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Thls repoe documents the Comcuve Measures Study/Feasibility Study (CMS/FS) pedormed 

for the 881 Hdlside Area, operable Umt 1 (OU-1), of the Rocky Flats hvmnmental 

Technology Site (RFETS) The study was conducted in accordance with the requmments of the 

Rocky Flats Interagency Agreement (IAG) of January 1991 This agreement was signed between 

the U.S Department of Energy (DOE), the U S Envmnmental Fhutecuon Agency (EPA), and 

the Colorado Department of Pubhc Health and the Envmnment (CDPHE) The agreement 

specifies that the CMS/FS shall be conducted followmg appropmte Comprehensive 

Envmnmental Response, Compensauon, and Lnbility Act (CRRCLA), and Resource 

Conservabon and Recovery Act (RCRA) guidance 

The pnmary source of guidance used m the prepmuon of tlus report was EPA’s Gwdancefor 

COndUcnng Remedial Inveshgahons and Feasibility Studres Under CERCW, whch outlmes and 

descnbes the requmments of the Nauonal Od and Hazardous Substances Pollubon Contrngency 

Plan (NCP) Also used was EPA’s RCRA Correcnve Acnon P h  guidance, published m May 

1994 In prepanng ths report, data on OU-1 were obtamed from both the Phase 111 RCRA 

Facility Inveshgahon/Remedial Investzgatzo? (RFVRI) Report, and the Rocky Flats Envmnmental 

Database System (RFEDS) k t l y  Where appropmte, recent sod gas survey data were used 

to enhance the conceptual m d e l  apphed & the development of nsrnedml actton alternames 

Followmg standard RCWCERCLA guidelines, results of the Phase III RPURI report were fmt 

exarmbed to determme primary site contaminants and exposure pathways. Once these risk 
drrvers were identifed, remedial amon objectives (RAOs) and preliminary remediabon goals 

(PRGs) were formulated to address risks to human h d t h  and the envmnment In the case of 

OU-1, the Bnvmnmental Bvaluatton (EE) porbon of the Baseline Risk Assessment (BRA) did 

not idenhfy any current or future nsks to enviroMlental mxptors. TheIefore, thls report 

focuses on mlnlmizmg the m k  to human receptors from con taminants identified in the RFI/RI 

report The RAOs identified for OU-1 m hsted below. 
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1) h v e n t  the rnhalatron of, ingeshon of, and/or dermal contact with VOCs and 
morgan~c contamraants m OU-1 groundwater that would result m a total excess 
cancer risk greater than 104 to lod for carcrnogens, and/or a hazard index greater 
than or qual to 1 for non-camnogens 

2) Prevent rmgrahon of contammints from subsurface sods to groundwater that 
would result m groundwater contammahon m excess of potentd groundwater 
apphcable or relevant and appropnate (ARARs) for OU-1 contarmnants 

3) Prevent migrahon of contammants m OU-1 groundwater from adversely 
mpactmg surface water q d t y  m Woman Creek 

These =Os were selected to address the pnmary nsk exposure pathways idenflied for OU-1, 

the pathways assocmted with groundwater and m k t l y ,  subsurface sods Surface sods were 

also identdkd as a m d u m  of concern m the OU-1 RFURI, however dus medurn is berng 

addressed under OU-2 Therefore, PRGs for RAOs deahg with groundwater and subsurface 

sods were idenWied by examuung both nsk- and applicable or relevant and appropmte 

requmment (ARAR)-based values The exposure route of groundwater mgeshon resulted m the 

highest p0tentm.l nsk to a future on-site resident As a result, the Colorado Basic Standards for 

Groundwater, found m 5 Colorado Code of Regulahons (CCR) 1002-8,3 11 5 and 3 11 6), were 
selected as appropnate PRGs for OU-1 

After-selectmg appropnate PRGs for OU-1, rernexhl amon altemahves were assembled that 

would provide vanous conceptual approaches for cleanup of the site. The alternatives selected 

for detailed analysis are the following 

a Alternahve 0 No Action 

0 Alternatwe 1. Inst~tutional Controls with the FEuch Drain 
L 

a Alternative 2. Groundwater Pumping and Soil Vapor Bxtraction 

a Alternahve 3. Groundwater Pumping and Soil Vapor Extraction with 
Thermal Bnhancement 
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0 Altername 4 Hot Au Injechon with M e c b d  Mrxing 

0 Altername 5 Soil Bxcavahon with Groundwater Pumprng 

These alternatwes were subjected to demled analysis as required by RCRA and CERCLA 

guidelmes, and the NCP (40 Code of Federal Regulabons 300 430) The standards and cntem 

used to analyze the alternatives are the followlng (with the excepbon of state and commumty 
acceptance whch are analyzed later m the CMS/FS process) 

Overall protechon of human health and the envvonment 
(mcludmg assessment of source control measures) 

Comphance with ARARS 

Long-term effechveness and permanence 

Reduchon of toxlcity, mobhty, or volume 

Short-term effechveness 

Implementabhty 

cost 

State acceptance 

Commumty acceptance 

The two threshold cntem, overall prowon of human health and the environment, and 

comphce with ARARS, are statutory requmments that must be satufied by any alternatme in 

order for it to be ehgible for selechon as the preferred Iemedd amon altematwe The five 

pnmary balancing cntena of long-tern effectiveness and permanence, d u m o n  in toxlcity, 
mobility and volume, short-term effdveness, mplementabfity, and cost are used to evaluate 

major performance objdves for each alternatwe The performance of each dternabve m 
addressmg each pmary balancing cntenon is evaluated and then compared across alternatives 
to assist in the selection of a p r e f e d  altemafxve 
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The two m-mg cntena, state acceptance, and community acceptance, evaluate the potent.lal 
acceptance of the preferred alternatwe by regulatory agencies and the commumty These last 

two cntena are not evaluated untd after formal pubhc comment on the CMS/FS and Correctwe 

and Remedd Action Proposed Plan (PP), and are addressed m the final Correctwe Acbon 
Decision/Record of Decision (CAD/ROD) 

The results of the detaded analysis of alternatwes are presented m ths report To support the 

analyses conducted herem, groundwater modehg and residual nsk assessment calculahons are 

mcluded m Appendices B and C, resjwtwely Cost estmates axe lrkewise mcluded m Appendm 
A A complete ARARs assessment is mcluded m Appendm D In general these analyses show 

that most of the alternatives mcluded m thls analysis wdl meet groundwater PRGs at Woman 

Creek The No AcQon altername may not meet these goals at the French Dram, however. In 
terms of protectmg human health and the envmnment, all of the altemtwes presented result 

m residual nsks of less than one m a mdhon at Woman Creek Only the No Amon scenano 

presents a nsk near one m ten thousand at the French D m  Costs assoc~ted with the 

altemabves ranged from $1 8 mdhon for the No Achon altername, to over $13 &on for 

Alternatwe 5 Sod Excavahon with Groundwater Pumpmg Costs for the other alternames 
were comparable, and ranged from $6 mdhon to $7 5 mdhon 

Based on these results, Altemve 0 No Actzorr would be the-alternatwe of choice If 

performance and comphce are only momtomi at Woman Creek. If, however, performance 

and comphce are momtored at the Fmnch Drain, then Altenratrve I Instrtunonal Controls 

with the French Drain would most likely be the preferred alternative. Alternative 1 would also 

be a vlable opbon If performance is momtored at Woman Creek, as a contingency measure untd 
more recent data are avdb le  concerning groundwater mgmbon in OU-1 and how observed 

data compare to p&cted data Further ducussion regarding the prefefied alternative for OU-1 

appears m the OU-1 PP 

I 
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1.0 INTRODUCTION 

Tlm Comhve Measures Study/Feasib&y Study (CMS/FS) report evaluates mform&on 
necessary to support selection of the preferred r e m a  altemahve(s) for Operable Umt 1 (OU- 

1) at the Rocky Flats Envmnmental Technology Site (RFETS) Tius report is part of a 

comprehensive program developed pursuant to the Rocky Flats Interagency Agreement (LAG) 

(January 1991) between the U S Department of Energy (DOE), the U S Envmnmental 

Protechon Agency (EPA), and the Colorado Department of Pubhc Health and the Envmnment 

(CDPHE) In accordance with the IAG, tlus report addresses CMS provisions of the Resource 

Consemahon and Recovery Act (RCRA) and FS provisions of the Comprehensive Envmnmental 

Response, Compensahon, and Lnbhty Act (CERCLA) 

1 1  Pum - seandOmuuza hon of Repo rt 

The CERCLA Rem& Inveshgahon (RI)/FS process provides the overall framework for tlus 

report, as specfled m the LAG, IX D 1 Relevant RCRA-specfic CMS crrtena are mcorporated 

withm ths framework, where appropnate In general, the CERCWRCRA process is mtended 

to gather mformahon sufficient to support an mformed nsk management deasion regardmg the 

most appropnate remedy for a gwen site The process mcludes 

Chamctemahon of the site’s physical con&hons 
Charactemahon of nature and extent of contammahon 
Charactemahon of fate and transport of contamhation 
Assessment of risk to human health and the envmnment 
Tmtabhty testing, rf appropriate 
Development, screening, and detaded analysrs of rpmedial al temves 
Selectron and implementahon of remedial actlon(s) 

This CMS/FS report documents the development, screening and detailed analysis of r e m a  

altemahves Following CDPm and EPA accept8tlCey the results of this report, along with 
informahon provided by previous reports, will be summarrzed in a Corrective and %medial 

Actlon -sed Plan (PP). The PP IS pub- for public review and comment; public 
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comments wdl be responded to prior to selectmg and mplementmg a remedy for OU-1 

This CMS/FS follows BPA guidance estabhshed for general CMS and FS reports, as o u h e d  

m Gsudance for conducnng Remedral Inveshgahons and Feasibiluy Stwiles Under CERCLA 

@PA 1988a) and m the RCRA Corremve Action Plan guidance @PA 1994) The guidances 

rnvolve three phases shown g r a p h d y  m Figure 1-1 The three phases are 

Development of remedmbon goals and identdhhon of process opbons 
Development and screenrng of alternatwes 
Detiuled analysis of alternaves 

The development of remednQon goals and identdkabon of process opbons is mcluded m ths 

report as Secbon 2.0 The IdenMicabon and Selmon of Technolopes and Representatwe 

Process Opbons Representatwe rem& technologies capable of meetmg remedmQon goals 

were selected for mclusion m rem& alternatives 

The Development of Alternabves phase is presented in Smon  3.0 of this report This phase 

idenMies and combmes potentdly feasible =medud technologies to develop a range of remerllal 

altematwes for OU-1 Specfic components of thls phase mclude 

Development of medIa-specIfic rem& actlon Objectives @os) 

Development of medn-specifk general response actions (GRAs) 

Identdicabon of volumes and/or areas of the media whch requm GRAs 

Identiticahon and screening of technolog~es and process optIons for each GRA 

Evaluabon bf process m o n s  within each technology type to select a representatwe 
process opbon for the development of rem* m o n  alternat~ves 

The Screening of altemabves is an m o d  phase that IS conducted if the number of alternatives 

developed is too large to be reasonably carried forward to the detailed analysis This screening 

IS conducted on the basis of effectiveness, implementability, and cost. This scmning was not 
conducted for OU-1. 

ou-1 CMsm Rcporr 
881 €iluade.Arrr 
Februuy 1995 1-2 



am CHARACTERIZATION 

L d 

A c n w  m x c n V E s  
ESTABLISH REMEDIAL 

PRGs (IE RISK ARARt) 

DEMLOP GENERAL RESPONSE ACTIONS 
DESCRIBING AREAS OR VOLUMES 

OF MEDIA TO WHICH CONTAINMENT 
TREATMENT, OR REMOVAL 
ACTIONS MAY BE APPLIED 

IDENTIFY POTENTIAL TREATMENT 
AND DISPOSAL TECHNOLOGIES 

AND SCREEN BASED ON 
TECHNICAL IMPLEMENTABILITY . 

EVALUATE PROCESS wnws BASED 
ON EFFECTIVENESS, IMPLEMENTABILITY. 

REPRESENTATIVE PROCESS FOR 
EACH TECHNOLOGY TYPE 

AND RELATIVE COST TO SELECT A 

I 

REPEAT PREWOUS SCWING STEPS - DETERMINE NEW DATA NEEDS 
- DEMLOP SAMPLING STRATAGIES 

AND ANALYnCAL SUPPORT TO 
ACQUIRE ADDITIONAL DATA - REPEAT STEPS IN RI SITE 
CHARACTERIZATION 

REWSED 
REMEDIATION 

GOALS 
(IF NECESSARY) 

+ 
SCREENING OF 
ALTERNATIVES 

1 

1 

REWSED 
REMEDl ATION 

GOALS 
(IF NECESSARY) 

DETAILED ANALYSIS 
OF ALTERNATIVES 

SELECT PREFERRED 

t- TREATABILITY 
TESTS 

COMBINE MEDIA-SPECIFIC 
TECHNOLOGIES INTO 

ALTERNATIVES 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Enwonmental Technology Site 

Golden, Colorado 

881 W E  AREA 
OPERABLE UNIT NO 1 

cMs/m Logic Flow 
Diagram 

Figure 1-1 



S m o n  4 0 presents the Detailed Analysls of Alternatives for those altematwe that were carried 

forward from the scmmng phase described above In thls phase, the altemat~ves are further 
refmed and analyzed m detad with respect to CERCLA cntem and RCRA standards that are 

provided m the Nabonal Oil and Hazardous Substances Pollubon Contmgency Plan (NCP) and 

the RCRA Correctwe Amon Plan guidance @PA 1994) The CERCLA cntem mclude 

Overall protecbon of human health and the envmnment 
Comphance with Apphcable or Relevant and Appropmte Requmments (ARARs) 
Long-term effmveness and permanence 
Reducuon of toncity, mobhty, or volume 
Short-term effectiveness 
Implementabhty 
cost 
State acceptance 
Commumty acceptance 

In the detaded analysis, the first seven of these cnteria are evaluated 111 two ways Fmt, each 
alternatwe is evaluated mdwidually on its abhty to sabsfy each of the seven cntem Second, 

the alternatwes are subjected to a comparatwe analysis with the other alternaQves The State 

acceptance and commumty acceptance cntem are addressed m the Comtwe AcUon Decision 

(CAD)/Record of Decision (ROD) h o r  to the issuance of the CAD/ROD, the PP is submitted 

for pubhc and State comment Table 1-1 provides a cornpanson of CERCLA evaluaQon clltena 

and RCRA standards. 

Because these CMS/FS phases - Development of Rem-on Goals and I&nMication of Process 
OpQons, Development and Screetllng of Altemat~ves, and Detailed Analysis of Altemtives - am 

based on the results of previously conducted steps of the RCRA Facility Invesbmon o / R I ,  

the following subset%ons briefly summanze the results of the R.FI/RI. Section 1.2 discusses the 

Site Background, S m o n  1.3 discusses the Physical Charactehcs of the site, S m o n  1 4 

discusses the Nature and Extent 

ou-1 CMsm Report 
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Table 1-1. 
Comparison of CERCLA Evaluation Criteria and RCRA Standards 

National Contingency Plan, 
CERCLA Evaluation Criteria 

40 CF'R 300.430(e)(9)Cii) 

Overall protection of human health and the 
environment 

Compliance with ARARs 

Long-term effectiveness and permanence 

Reduction of tomcity, mobhty, or volume through 
treatment 

Short-term effectiveness 

Implementability 

II Cost 

RCM Corrective Action Plan Standards 
OSWER Directive 9902.3-2A (May 1994) 

Protect human health and the environment 

Control the sources of releases' 

Comply with any applicable standards for 
management of wastes 

Attam media cleanup standards set by the 
implemcatmg agency 

Long-term reliabdity and effectiveness 

Reduchon m the tomcity, mobihty, or volume of 

Short-term effectiveness 

Implementabdity 
~ 

Cost 

' Thm cntenon is a d d d  under the Nahonal Conhngency Plan thrwhold cntena for Ovenll Protrctlon of Human Health and the 
Environment This cntenon is also directly nhted to the Long-Tenn Eff&venm and Permanence cntena 

ou-1 cMs/FsIlrport 
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of Contammation; Section 1.5 dxusses the Fate and Transport of Contammants; and S m o n  

1.6 summarues the J3asehe RI& Assessment S m o n  1.7 discusses mterim measures and 
mtenm remedul actions 

1 2 Site Backmound 

OU-1, also referred to as the "881 Hrllside Area", is located at the RFETS, a DOE owned 

fachty located appmxmately 16 mdes northwest of downtown Denver, Colorado (see Figure 

1-2) RFETS occupies appmxmately 6,550 acres of federally-owned land m northern Jefferson 

County, Colorado The majonty of the RFETS buddmgs are located withm a 400-acre area 

referred to as the RFETS secunty area The 6,150 acres sumundmg the secunty area are used 
as a buffer zone 

Pnor to 1994, the site was referred to as Rocky Flats Plant (RFP) Untd 1992, RFP fabricated 

nuclear weapon components from plutomum, u m u m ,  berylhum, and stamless steel Parts 
made at the plant were shpped elsewhere for assembly Support activities rncluded chemcal 
recovery and punfkation of recyclable transumc ra&onuchdes and research and development 

m metallurgy, machmng, nondestructive testmg, coatmgs, remote enpeemg, chemistry, and 

physics These actwihes generated raQoactxve, hazardous, and med waste On-site storage 
'and Qsposal of these wastes has contnbuted to hazardous and doac twe  contammation rn sods, 
surface water, and groundwater In July 1994 the plant was renamed to the RFETS to reflect 

a new mission of enmnmental restoration and the advancement of new and mnovatme 

technologies for waste management, characterization, and remediation 

OU-1 is located m the southern pornon of the secunty am,  on the hillside south of Buddmg 881 
and north of Woman Creek Historically, Buildmg 881 was used for enriched d u m  operat~ons 

and stainless steel manufacturing The laboratories 111 Building 881 also perfomed analyses of 
the mater& generated in productron. The hghest point in the immediate vicinity of OU-1 is 
Budding 881, which is appmxmately 6,000 feet above mean sea level The lowest point IS at 
Woman Creek, about 5,830 f& above mean sea level. Two surface drainages occur m the 

vicinity of OU-1. Woman Creek flows along the base of 881 Hillside south of OU-1, and the -A 

ou-1 CMsm RapoIt 
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South Interceptor ntch (SID) crosses OU-1 between the security area and Woman Creek. A 

French Dram was constructed m 1992 across a significant w o n  of OU-1 above the SID to 

collect alluvml groundwater as an Intern Measure/Intenm Remednl Action (lM/IRA) 

OU-1 rncludes 11 sub-areas that hstoncal mformahon suggested could eAbit potentd 

contammahon of sod, surface water, andor groundwater These sub-areas are r e f e d  to as 

Indwidual Hazardous Substance Sites (IHSSs) Figure 1-3 shows the locahons of these IHSSs, 

Table 1-2 presents theu descnphons The WRI was specifically designed to mveshgate the 

potentd contammahon at the MSSs, as well as m the mtervemg areas of OU-1 The resultmg 

data were used to charactem the physical and chemical con&bons at OU-1 

1 3 Phvsical Charactenshcs 

Informahon on the Physical Charactenshcs of OU-1 was obtamed prundy from the Phase 111 

RCRA Facilrty Inveshgahon/Remedial Inveshgahon (Rl?I/RI) Repon (DOE 19%) Where 

appropmte, more recent data from the Rocky Fhts Ehvmnmental Database System (RFEDS) 

were used update mterpretahons and to develop figures and contour maps presented herem Two 

sod gas surveys conducted after pubhcabon of the Phase III RWRI report also supplemented 

current mterpretahons (DOE 1994b, DOE 1994c) 

The physical ch-nshcs of OU-1 whch are relevant to the CMS/FS phases can be descnbed 

considemg geomorphologrc and hydmgeologic features 

1.31 Geomorph ologv 
i 

The geomorphology at OU-1 reflects the interacton of several erosional and depositional 

processes which have produced gently mlhg to moderately steep slopes on the Building 881 
hillslde The terrain has been reconfoured in several areas at various tunes* dumg the 

constru&on of Bddmg 881, the placement of fill and waste materials in several areas includmg 
the contractor yard and w e d  IHSSs, the grading of mads at the site, the construction of the 

OU-1 CMS/FS Rcport 
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Table 1-2. 
Individual Hazardous Substance Site Descriptions 

102 

103 

104 

105 1, 
105 2 

106 

107 

119 1, 
119 2 

130 

145 

IHSS Name 

011 Sludge 
Rt  Site 

Chermcd 
Bund Site 

out-of- 
Semce Fuel 
011 T8nk 
sites 

outfall Site 

H h d e  011 
Leak site 

Mulhple 
Solvent Spffl 
sites 

Ftadloactlve 
Site - 800 
Area #1 

sunt.ry 
Waste h e  
Leak 

Descrlpbon 
~~~ ~ 

App&cunakly Gx 70 ft2 area located .pproxun;rtely 180 feet south of Buddmg 881 where 
30 to 50 drums of non-ruhoachve ody sludge were emphed m the late 1950s The sludge 
was from the cleuung of two No 6 fuel od tanks, designated as IHSSs 105 1 and 105 2, and 
was backtilled when @sal operahons ceased 

Approxunately 50 feet m Lameter (2,000 ft *), the pit is cmular IS shape, and is located 
approxuMtely 150 feet southeast of Buddmg 881 on 1963 aend photographs Area was 
reportedly used to bury unknown c h e m d s  

Reportedly a former ( ~ ~ 1 9 6 9 )  hqud waste &pd pond m area erst of Buddmg 881 - no 
exact locahon or dunensions of pit - locahon IS uncertun due to poor @ty of 1965 atnd 
photograph Approxunate QmenslDns are 50 x 50 

Located unmedmtely south of Budchng 881, these were storage tanks for No 6 fuel od 
Suspected leaks m 1972 T& closed m place through filhg with asbestos-contrunutg 
mated and cement IHSS 107, the wslde 011 Luk Site, may have been caused by leakage 
from these tanks 

Overflow h e  from the suutary sewer sump m Buddmg 887 The outfall was used for 
&huge of untreakd suutary wastes m the 19508 and 1960s Due to concern about 
Qscharges from the outfall entemg Woman Creek, several small retcntlon ponds and an 
mtercqtor Qtch were U t  m 1955 and 1979, rtspechvely, to &vert the outfall water to 
Pond C-2 

Site of 1972 fuel od spffl from Bulldmg 881 foundahon Qpln outfall A concrete skunrmng 
pond was b d t  below the foundahon dram outfall to contam the od flowmg from the 
foundahon dram, and an mterceptor &tch was constructed to prevent od-contamwted water 
from reacbg Woman Creek 

Former drum storage areas east of Buddmg 881 along the southern penmeter road IHSS 
119 1 IS the larger weatem drum and scrap metal storage area, and appears to have contamed 
mostly drums UI the southern part of the IHSS Md mostly scrap metal m the northern part, 
although mated was moved around frequently as documented by aend photographs IHSS 
119 2 IS the smaller eastern chum and scrap metal storage area and rppursto have contuned 
mostly scrap metal The drums contamed unknown quanht~ea and types of solvents and 
wudes The scrap mecll may have b a n  d anth rt81Q.1 olts mdor h y h h c  coolants 

Area east of Buddmg 881 Uled betwben 1969 and 1972 to Qspose of sod and q h a l t  
contammated Wah low levels of plutomum urd uramum IHSS 130 IS referred to as the 
Contannnrttdsorl Dusposrt Area East of Buddmg 881 rn the HRR to better match the b r y  
of waste cheposll, the d e  IS urcludedm the dmusmonof the 900 area at RFETS m that 
report IHSS 130 con~uns .pproxunuely 320 tons or 250 cubic yards whch came h m  three 
8outcx~ 1) plutomum-conerrmnuad sod urd .blph.lt, placed UI &#ember of 1969,2) rood 
.eph.lt urd sorl rad cmtmmtd by lerhng drum rn tmmt and 3) 60 cu yds of plutomum 
contcunuuted d removed h m  m a d  the Buddmg 774 process waste tanks m 1972 

Su-urch cast-won Suntuy sewer lrae that ongmaks at the Bruldrng 887 hft stahon and that 
leaked on the hdlmde south of Bddmg 881 The h e  had conveyed mmtuy wastes and low- 
level radmachve laundry effluent to the aamtary treatment plant from about 1969 to 1973 

OU-1 CMS/Fs Rcp~rt 
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SID, and most recently, the construmon of the French Drain The steepness of the hillside, 

combined with vmous constmaon and excav&on acbvities at OU-1 , has multed in mechatllcal 

fadure mamfested m widespread slumpmg of mated  (DOE 1994a) A number of wells on the 

hillside have been damaged by th~s slumping These morphologic features influence surface and 
groundwater flow at the site 

Surface water at OU-1 occurs only dumg precipitahon and snow melt events, except m the 

mterceptor ditch and the French D m  Surface runoff generally flows toward Woman Creek, 

but hkely infiltrate, evaporates, transpmtes, or encounters the intemptor &tch or French Drarn 

before reachmg Woman Creek Surface water m the mterceptor ditch is dmcted toward 

collechon ponds for samphg pnor to dmharge Surface water m the French Drarn is dvected 

to the water mtment system portion of the IM/IRA whch removes organics and morganics. 

1 3  2 Hvdmgeo lopy 

Groundwater hydrogeology has been a central component of the OU-1 RFURI The most recent 
mteprettabons m the Phase III RFWRI report represent a comprehensive evaluabon of the OU 
hydmgeology, based on eight years of mvagafion and momtomg Groundwater at 09-1 is 

present m vmous geologc matenah mcludmg the unconsohdated surfcd material and the 
bedrock. A sigruficant permeabhty contrast occurs at the base of a weathered zone whch 

typically exlsts withm the upper 5 to 25 fi of the bedrock The weathered zone and overlying 

unconsolidated materials are generally 100 to 10,OOO times moTe permeable than the underlying 

unweathered bedrock. This permeabiity contrast significantly lunits the flux of groundwater 

mto and through the unweathed bedrock (relabve to the overlying matenah), and consequently 
serves as the bass for d e f m g  two hydrostrabgmphic umts The upper hydrostratigmphic unit 

(UHSU) conslsts of saturated m o n s  of the Rocky mats Alluvium, colluvial material, valley 

fill alluwum, and weathered bedrock; groundwater m these matenah is typically unconfined 

The lower hydrostratigmphc unit (LHSU) consuts of satumted unweathered bedrock 
Groundwater in the unweathered bedrock can be confined or unconfined. 

L 
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Over most of the site, groundwater flow m the UHSU occurs in disconnected northwest- 

southeast trending channels that have been scoured mto the bedrock surface Groundwater m 
both the UHSU and LHSU flows from north to south, toward the Woman Creek paleovalley 

Bedrock tughs and htholog~c variabdity, notably the presence of clay lenses, act to retard the 

rate of groundwater flow Flow has also been observed m ghde planes boundmg the slump 
blocks Parts of OU-1, partxularly m the eastern pornon, contam groundwater only m the 

spmg months when water table elevabons are typically tughest Groundwater levels across 

OU-1 are tugher m spnng than m the remamder of the year 

Recharge to the UHSU is muumal, and occurs pmanly through mfidtrabon of precipitabon 

Mltrabon rates range from 2 mches per hour for mtd Mltmbon, to 0.5 mches per hour for 

fa (saturated) ddtrabon Localtzed sources of recharge mclude seepage from the Rocky Flats 

Alluvium to colluvml mateds, and former recharge from the Buildmg 881 footmg drain, whch 

has smce been rerouted to the French D m  collmon system Flow from th~s drarn averages 

3 5 gallons per m u t e  (gpm) Dwharge occurs largely through evapotmspmUon and 

dlscharge at boundanes such as seeps, Woman Creek, the SID, and the French Dram (DOE 
1994a) 

From aqulfer test data, the average lmear flow velocity was m a t e d  at 70 feet per year m the 

vicmty of IHSS 119.1, 8 feet per year m the <icin~ty of Building 881, and 180 feet per year 

within the Valley Fill Alluvium The volume of UHSU groundwater at OU-1 was estmated at 

5 8 acre-feet m January 1992, and 5 acre-feet m Apd 1992 The decrease from January to 

April is largely due to the reroufing of the foundation drain which was a source of recharge in 
the western part of OU-1 (DOE 1994a). Water levels screened in the UHSU llse annually m 
response to spmg recharge and dechne during the remainder of the year (DOE 19949) 

I 

The overall range of hydrauhc conductivity values estimated for UHSU materials was 3 x lo3 
to 2 x 106 cm/sec The hydrologic data show a high dew of hetemgmerity m the UHSU 
matenals. The overall hydrauhc conductwity for the UISU ranges from 1.2 x 10” to 2 5 x lo-’. 
Homntal hydraulic condudlvity values in bedrock appear to be 10 to 1,OOO tunes greater than 
hydraulic conductivity values m the vertmd direction 
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Groundwater level data m the vicmity of the French Dmn suggest that the system is effectwe 

m capturing UHSU groundwater origmathg from OU-1. For example, data from most of the 

UHSU momtonng wells downgrahent (south) of the French D m  were dry m Apd 1993, a 

month typfied by hlgh water table elevauons (DOE 1994a) 

1 4  1 n 

Thls secbon summarrzes the results of the nature and extent of contammabon at OU-1 as 

presented m the Phase III RFI/RI report Table 1-3 summarues the contamrnants idenMed m 
the Phase 111 RFI/RI report nature and extent assessment for the medm of groundwater, surface 

sods, subsurface sods, surface water, and secllments The mvesbgatwe programs for these 

medm were designed to charactem the nature and extent of contaminaUon m the vicmity of the 

eleven MSSs, as well as the mtervemg areas of the 881 Hillside Area The resulting data 

mhcate that many of the MSSs are not sources of contanunabon. Furthennore, some sources 
occur outside of IHSS, or even OU-1 boundanes One of these situahons mvolves surface soil 
contanunatxon by amencium and plutonium, whch was shown m the Phase 111 RFI report to 

ongmate from w i t h  Operable Umt 2 (OU-2) Considenng h s  scemo, all subsequent 

charac!ermhon and rem& actwibes related to surface soil contammabon m OU-1 wdl be 
addressed under the OU-2 RFI/RI and CMS/FS programs 

1 4.1 Volatde Oggjuu 'c Compoun& 

Volatile organic compounds (VOCs) am present in subsurface, soils and groundwater at OU-1 
Chlomated solvents occur sporad~cally 111 s u b s u h  soils at the IHSSs Sources for VOCs in 

groundwater appear to cornlate with elevated concentraQons m subsurface soils. Toluene occurs 

W g h o u t  OU-1 m subsurface soils at relatively low concentrations. The nature and extent of 

the detections suggest the source of the toluene may be laboratory or field-introduced 

con tamhation-however, these hypotheses have not been confirmed. 

I 
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Table 1-3. 
Contaminants Identified in the RFI/RI by Media 

F I  
I Volatile Organic Compounds 

I PolyclrloriMte!d Biphenyls (PCBS) I 
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Table 1-3. 
(Continued) 

a Contanunaata m surface soda are bemg uldrseeed under OU-2 
Contanunaata m shaded medmdid not d t  ma crrncernsk greaterthan 106, nor ahazarc!mdex greaterthau one 

X- Ccmtammant M a COC whch haa bean detected m the medium 

1 
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Groundwater chemistry data mhcate VOCs occur in three general areas (DOE 1994a) 

South of Buddmg 881 
IHSS 119 l a m  
Southeast of IHSS 119 2 

Withm these three areas (see Figure 1-4), concentrahon graQents and vamuons m analytes 

suggest that multrple release pomts are lrkely Random isolated detectrons of relahvely lower 

concentrabons (0 11 to 6 ugh total VOCs) occur m the mtervenmg areas Each of these areas 
is Qscussed m the followmg subsecbons 

South of Buddm 881 

Groundwater m the area south of Buildmg 881 exhibits rehvely low concentrabons of 

chlorinated solvents (ranging up to 130 pg/t) The spatial drstnbuQon of these detaons is 

quite random, suggestmg potentml multrple pomt sources &torid mformabon combomte 

this intexpretahon-the use or Qsposal of chlorinated compounds m discreet areas (mcluding 

proxunal MSSs 145,107, and 106) 1s not documented The maximum VOC -on, 130 pgl! 

of 1 , 1 ,l-trrchloroethane (1 , 1 , 1-TCA), o c c u d  at well 0187. Although this well is immediately 

down-grahent of MSS 145, a subsequent sod gas survey presented in the previous Phase I 

RFI/RI Report &vealed no 1 , 1 , 1-TCA in the soil gas sample collected closest to well 01 87 

Sod gas survey results reveal a hgh concentration of tetrachomethene (PCB) m soil gas 

appmmately 30 feet southwest of well 5287 @OB 1994b). This d-on is the second 

iughest out of several hundred spl gas samples collected at OU-1, and suggests a potentd 
source for PCE in subsurface sods The detected concentration suggests the possible existence 

of residual or pooled dense non-aqueous phase liquid (DNAPL). However, PCE was not 

detected in groundwater samples collected from wells located immediately down-gmhent of the 

soil gas detection (wells 5487/5387) suggesting that either the solvent release did not Teach the 

water table (as a free phase wetting fmnt) or that groundwater is not present at the locaQon of 

I 
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the release These scenaflos illustrate the sporad~c nature and relabvely low concentrabons of 
VOCs m th~s area and suggest that muhple pornt sources emt south of Burldmg 881 

IHSS 119 1 Area 

Documented waste storage pmcQces at ths IHSS rncluded the release of chlonnated solvents 

InvesQgabve amvibes confjm that these releases pose a contmumg source for VOCs m 
groundwater VOC concentrabons are hlghest m the southwest pornon of thls MSS, an area 

exhlbitmg drummed waste III hstoncal aenal photographs The Phase I sod gas survey 

idenMied several locabons m this area whch may represent dwreet release pomts 

A cornpanson of the chemical suite detected ~fl groundwater at several locations withtn the drum 
storage area revealed at least two d~stmct chermcal mlxtures One is dommated by 

tnchlomethene (TCE) and l ,l ,l-TCA (well 0974) whde the other is dommated by cabon 

tetrachlonde (CCh) (well 1074) 

Phase III RFWRI results suggest VOCs occur h the form of DNAPLs m a zone drrectly beneath 

IHSS 119.1 An aqueous plume of TCE, TCA, and several other VOCs emanates from thls 

DNAPL zone along the preferentnl groundwater flow pathway T~IS  pathway IS currently berng 

mteqted  by the French Dram. 

The hstoncal maxunum concentraQon of VOCs m groundwater at OU-1 occufzed at well 4787, 

although detections at h s  well have been chamcteristidy sporadic and have involved relatively 

low concenbratons Tfus probably reflects the effectveness of the French Drain which was 

rnstalled upgradient of well 4787. As discussed previously, most monitoring wells downgrahent 

of the French Dram are dry. 

Concentrations of chl- solvents detected 111 two closely-spaced monitoring wells 
/ downment of IHSS 119.2 (wells 6286 and 6386) are attributed to potentml VOC release areas 

ou-1 CMm Rspoa 
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at both MSS 119 2 and upgrabent of the operable umt The occurrences of these VOCs in 
groundwater withm the MSS mclude one-tme d-ons of 9.3 pglt m UHSU well 34791, and 

0 1 pglt LHSU well 4587 Chlorofom detechons occurred three tunes m well 4587, with a 

maxtmum detechon of 18 pgll 

Wells 6286 and 6386 ehbited VOC concentrahons and are located m a -age hydraullcaUy 

downgradient from MSS 119 2 Therefore a VOC release pomt is suspected m MSS 119 2 

and is shown on Figure 1-4 based on the locabon of suspected waste &pal features depicted 

on aenal photographs It is 

speculated that contammabon from the 903 Pad is also contributmg to the VOCs detected m 
momtomg wells on the Hdlside The 903 Pad IS upgmhent of the impacted wells and IS known 

to be a soum for CCl., and other &ssolved chlorinated solvents in groundwater. 
The occurrence of chlomted solvents m subsurface sods m h s  area is hmted to a dean 

of 140 pglkg m borehole BH5887 The occurrence of VOCs in soil gas is h t e d  to low levels 

of PCE and 1, 1,l-TCA at one location withrn the MSS However, the magmtude of the soil 

gas detechons is several orders of magmtude less than those noted near Buildmg 881 and IHSS 
119 1 and are more representabve of the local background around IHSS 119.2 Nevertheless, 

as was the case at IHSS 119 1, the presence of a VOC release pomt w i t h  IHSS 119.2 

boundanes is suspected based on the downgm&ent groundwater chemstry 

The slze of thus suspected VOC release pomt is uncertam 

t 

In summary, VOC contammabon occurs m subsurface soils, soil gas, and groundwater at OU-1 

The nature and extent of VOCs in these medm m&cate that three general source areas emt' (1) 

the a m  south of Building 881, (2) IHSS 119.1, and (3) IHSS 119 2. Other IHSSs in OU-1, and 

the mtervenhg areas, occasionally exhibit random, low level wncentraQons which may reflect 
sources upgrahent of OU-1 

L 

1.4.2 Metals 

Metal contammants detected at OU-1 mclude vanadrum and selenium These metals were 

significantly elevated in groundwater, but not m subsurface soils. Hutoncal mformation does 
not indicate that these metals associated with wastes stored or disposed of at OU-1, but elevated 

1-19 



concentrabons in areas where VOC wastes were stoned It is unlikely that these metals were 

leached from the sod by orgamc wastes &sposed of at OU-1 smce hydrauhc od and chlomated 

solvents have poor chelabon propefies, and are not strongly acidx or basic Four areas have 
been identdkI at OU-1 with elevated selemum and/or vanadum as dmussed below 

Mulbple detecbons of selenium and vanadmm were noted m momtomg wells located m the 

southwestern pornon of IHSS 119.1 (Figure 1-5) Typically, the elevated metals were seen m 
assocmbon with VOCs In partrcular, the hghest metal concentrabon (2200 pglt' of Se) was 

detected m a well with one of the hghest VOC concentrations anywheE at OU-1 (Well 1074) 
The maxmum downgradient extent of selenium m groundwater at MSS 119.1 appears to be m 
the vicmty of well 0487. The occurrence of vanadlum is srmilar to selenium except that 

vana&um only occurs above background m UHSU wells. 

south of Buddm 88 1 

One d-on of vanadum was noted at well 5387 at approxmately six tunes the background 

level of 30 mgll This well exlubits concentrahons of vmous chlomated compounds m the 1 
to 25 pgjt'. range Seved potentd VOC source areas have been identified m the area south of 
Building 881, however well 5387 is not parhcularly close to the suspected soume amu. 

Nevertheless, it is conceivable that the vanadlum present m groundwater at 5387 represents a 

plume originating from one of the VOC soum areas pmously drscussed. The extent of 
vanadmm concentrabons above background near Buildmg 881 appears to be lmuted to the 

immednte vicmity of well 5387. 
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Area East of MSS 102 

One detechon of vanadmm and three detechons of selemum were noted above the backgmund 

level m well 6986 No detecbons of VOCs have been noted at thls well It is unclear whether 

these detecQons represent contarrunahon or naturally occumng levels as the maxzmum vanahum 

and selemum concentrahons represent 126 percent and 194 percent of background, respechvely 

Based on these relatwely low levels, a contammnt source is not suspected 111 thls area 

Southeast Comer of MSS 130 

Vanahum is the only contarmnant detected at thls locaaon over background levels A maxunum 

of 403 pg/t was detected at well 37191 whch represents appmxunately five tunes the 

background level Only exceedrngly low levels of VOC contamnabon (<O 5 pg/P) were found 

m asSOciabon with the vanadmm The extent of vanadium and selemum contammbon 111 the 

southeast corner of MSS 130 appears to be Wted to the medmte vicmty around well 37191 

In summary, metals detected at OU-1 were selemum and vanadwm These metals are found 

above background levels pnmady m groundwater Detectsons occurred m four areas IHSS 

199 1, MSS 119 2, south of buddmg 881, and east of IHSS 102 
* 

1 4 3  S e n  volatde Ommc - ComDou - rids 

The only semivolatile organic compounds (SVOCs) identified at OU-1 are PAHs and PCBs 
PAHs occur over most of OU-1, but are h t e d  to surface soils; concentraUons tend to decrease 
with depth In the Phase XII RFI/RI, PAHs are genedly not consided to be of OU-1 orib. 
However, asphalt and residues from a fire reportedly dsposed in IHSS 130 (DOE 1994a) may 

be a source for PAHs. PAHs have also been detected in sedunents. Seved areas of OU-1 have 

been identified where PAHs appear more concentrated reMve to the sumunding area. These 
areas, however, do not coincide with IHSS locations Given this distribution, the sou- for 

the PAHs at OU-1 are presumed to be general urban fallout mcluding asphalt dust and larger 
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pamcles, vehlcle exhaust, fumace exhaust, and fires on plant site. Similar distnbutions of PAHs 

occur at other OUs at RFETS, combomtmg this presumpuon. 

PCBs occur p m d y  m IHSSs 106, 119.1 and 119 2 surface and subsurface sods; generally 

lower concentmhons were randomly detected m sumundmg areas The contammint release 

mechamsm for FCBs is unknown One PCB detechon has also been noted m sedments, 

however, the observahon was at the western OU-1 boundary, upgradent of the OU-1 source 

areas For thls reason, PCB occurrence is not considered to be of OU-1 ongm 

1 4 4  Rad10 nuchdes 

Amencium, plutomum, and u m u m  have been idenMed as OU-1 contaminants and are elevated 

m surface and subsurface soh In addmon, plutonium and amencium are elevated m surface 

water and sedrment The widespd  plutomum and amencium contammuon in surface sod 

appears to be a result of deposition of wmd-dlssemmted plutomum/amenciumantammted dust 

ongmatmg from the 903 Pad Area Consistent with this hypothesis, them IS a general decrease 
m actwitm from east to west (ranging from a m m u m  of 22 7 pCdg to 0.0076 pCdg of 

plutomum and 4 15 pCdg to 0 0129 pCi/g of amencium). As menboned earher, smce the 

source of u m u m  contarnubon is surface sods 1s located in OU-2, thts contammuon wdl be 

addressed by the OU-2 RFI/RI and W / F S  proghns 

In contrast to the wide-spread plutomum/amenaum contamination, locabzed "hotspots" of 

plutonium/americium or uranium are present at OU-1. These "hotspots" are postulated to reflect 

releases of m&onuclidean taminated liquids stored 111 drums at OU-1, and have been addressed 
through an early removal actron discussed m -on 1.7. Areas withm IHSS 130 contam low 

actwities of americium and plutonium above the upper tolemnce limit (UTL) in the shallow 

subsurface soils in&catmg a near surface, widespmad source. Laahzed . areaswithmtheIHSS 

do contam low actmtm of plutonium and amencium above the UTL at depth 

b 

Unlike plutolllum and amencium, u m u m  wntaminabon is not wide-spread. Instead, u m u m  

occurs at d~screte locauons in surface and subsurface soils at OU-1. In some areas, umum- 
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233,-234/umum-238 rabos of approxunately 1 to 2 suggest detecbons represent naturally 

occunrng uranium In other areas, umum-233,-234/uralllum-238 rabos are hlgher, suggestmg 

contamnabon by ennched u d u m  As is the case for other ra&onuchdes, surfam sod 

contammbon by uranium wlll be addressed by the OU-2 RFI/RI and CMS/FS programs 

Aside from areas w i h  IHSS 130, the &stnbubon of radronucltdes at OU-1 appear random, 

rather than correlatmg with the MSSs 

1 4 5  1 Su marvofN b n  

In summary, contarmnant groups represented m OU-1 medla mclude VOCs, SVOCs, PCBs, 

metab and ra&onuchdes One or more contarmnants from these p u p s  has mpacted surface 

sods, subsurface sods, surface water, sedments, or groundwater The &st.nbubon of these 

contammntsinthesemedmislargelyrandorn, onlyMSSs 119 1, and 119.2, andthemsouth 

of Buildmg 881, exhibit clear evidence for consideration as sources IHSSs 102, 130, and 106 

also exhlbit contamnabon, but the nature and m b u b o n  of detecbons m these areas is 

mhcabve of potentral background contammabon or off-site sources 

1 5  a s  F f n  

Thls Section &scusses poteatml mechanisms by which con taminants identilied in the Phase III 
RFI/RI can mgrate. Although several mecharusms are identrfied m the followmg W o n s ,  the 

groundwater medlum is the most significant pathway. Figure 1-6 depicts potentml groundwater 

mgrabon pathways Note that h figure does not represent the volume and velocity of 
groundwater flow m these pathways Many areas of OU-1 are currently dry and remain dry 
throughout the year. The migmtion pathways presented in the figure present potential pathways 

assuming adequate pundwater is present. 
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1.5.1 Volatdeoreatll 'c Compounds 

The release mechamsms for VOCs at OU-1 are varied and mclude product leakage from stored 

dmms, possible leakage of dlute aqueous soluuons of VOCs from pipehes, and seepage of 

aqueous VOC solubons or product from mpoundments and hsposal pits In the area south of 

Buddmg 881, a release mechatllsm may mclude lealung samtary sewer h e s  (IHSS 145) In the 

western portion of OU-1 ("SS 119. l), the release mechamm 1s most lrkely leakage from drums 

stored on the land surface 

Once the contammant has entered the subsurface the pathways for VOC migrabon mclude 

gravity drrven wettmg fronts of aqueous solutions and/or small volumes of product through the 

vadose zone to the water table In the case of product, otherwise known as non-aqueous phase 

hquid (IUAPL), the density and relauve mmscibMy of chlonnated solvent can result m vertml 

migrabon of non-aqueous phase contammuon through the saturated zone Thls v e r t d  non- 

aqueous phase migrabon can be msted If the geologc m a t e d  retams the NAPL as residual 

or In either case, dusolubon to groundwater from 

residual or p l e d  NAPL can form an aqueous phase plume PnxipitaQon and ddtrabon would 

also contribute to VOC migrabon as chlonnated solvents axe hssolved and transported 

downward by mfiltratmg snowmelt and ramwater 

mpermeable ma ted  is encountered 

Dissolved phase Contammants migrate m the directton of groundwater flow The rate of 

mgrabon is dependent on the groundwater velocity and the Hmty (or attraction) to the geologrc 

mateds In the case of OU-1, the migration rates of organic confarmnanfs identif'ied m the 
Phase III RPURI qort  am retaded, relabve to the groundwater velocity, due p m a d y  to 

relabvely elevated attmmon to the clayey materials. Retardabon 1s partxularly sigruficant for 

OU-1 contammints with high octanol-water m b o n  coefficient L) values like CCl, (DOE 

1994a). 

At OU-1, UHSU groundwater flow patterns axe controlled to a huge degree by the topography 

of the bedrock surface. Active channels in the bedrock are covered by unconsolidated material 
of v a r p g  thxkness that is variably saturated TyjmaUy, groundwater w f l  flow towards the 
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axls of the bedrock channel and continue downgmdmt along the axls of the channel toward the 

south The exlstmg French Dmn acts as a hydraulic barrier which mtercepts contarmnated 

groundwater m the western and central porhons of OU-1 prior to reaching Woman Creek In 
the eastern portion of OU-1, where the French Dram does not extend, the p0tentm.I for 

contammant migrabon to Woman Creek ex&, but has not been confiied 

VOC-contammated groundwater may also ducharge to surface water through seeps whch have 

hstoncally been observed at OU-1 (DOE 1994a) Whde VOCs m surface water have been 
previously detected m the SID, the more recently constructed French D m  has m t e q t e d  thrs 

pathway 

Other rmgrahon pathways for VOCs mclude volatkahon of product mto soil gas and subsequent 

migxahon of sod gas laterally and veItmilly away from the source area VOCs can also *tion 

out of contammated groundwater mto sod gas move from sod gas mto groundwater, or desorb 

from geolop m a t e d  mto sod gas. Considemg the volatile nature of VOCs, they should not 

rmgrate m sigmfkant quanbhes through surface water or vlil wmd transport of VOC 

contammated surface sod 

1 5 2  Metals 

The mechamsm for the release of metal contaminants into the environment is less clear than for 

VOCs Selemum and vana&um are undocumented RFETS contaminants that axe presumed to 

be associated with the VOC wastes stored and drsposed of at OU-1 It 1s unhkely that selemum 

and vanadmm were leached from the soil by orgamc wastes -sed of at OU-1 since hydraulic 

od and chlomated solvents have poor chelahon properties, and are not strongly acidic or basic 

Nevertheless, the potential for leaching of these metals exists. Alternatively, these ConstitUentS 
may be naturally occurring; however, the= is msufficient data to support either conclusion In 
either case, the pnmary migrabon pathway 1s as a d~ssolved phase contaminant plume in 
groundwater "Ius migrabon 1s the same pathway discussed m Sedon 1 5.1 for VOCs 

I 
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1.5 3 Semivolatde Organic Cmmun& 

It is presumed that PAHs were deposited at OU-1 from fallout of combusbon products or wlnd 

blown asphalt dust Asphalt dust and larger particles may also have been transported and 

deposited by vehcles traversmg OU-1 or by dlsposal of asphalt waste at OU-1 

Once ln place, the &spersion mechsms for PAHs mclude verbal mipbon by rnfiltratmg 

surface water carrymg dlssolved PAHs or small parhcles with sorbed PAHs The low solubhty 

and hgh orgwc carbon pmbon coefficient (Idc) values of PAHs lunit mobhzabon of 

si@icant quanbbes ln the dlssolved form, and a -on of particulate matter t h u g h  the 

porous medla at OU-1 is unhkely to transport signrficant non-aqueous PAH mass Therefore, 

PAH transport vlil groundwater at OU-1 is not si@icant Other transport mechsms mclude 

surface water and wmd transport of parhculate, but sod and w e n t  data m&cate these 
migmhon pathways are also msigtllficant for PAH transport 

Transport mecbsms for PCBs are slmllar to those for PAHs PCBs are expected to be very 

mmobde gven the hgh k, values and the hgh carbon and clay content m surface sods at 

OU-1 Adsorpbon of PCBs at OU-1 is expected to be substand on sods and clay particles 

(DOE 1994a) 

1.5 4 Radro nuchdes 

Transport mechanisms relevant to mdionuchdes are similar to PAHs In particular, plutonium 

has a strong affiity for the sohd phase and will not be m a y  mobdinxi by pnxipitation and 
diltrabon Plutomum is strongly adsorbed to clay particles and is expected to undergo strong 

cation-exchange reactions due to its stsong positive charge (DOE 1994a) The primary transport 
mechaxusm for plutonium IS wmd drspersion 

I 
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1 5 5 Summam of Fate and Tranmrt of Co ntammtg 

The pnmary mode of contammint transport at OU-1 is through groundwater The dstnbuhon 

of contammts m groundwater illustrates the flow w o n s  and pathways which trend south 

towards Woman Creek These pathways are mtempted by the French Dram system pnor to 

reachmg Woman Creek, except possibly rn the far eastern poaon of OU-1 Chemical data 

mdcate that the pathways transport contammants from three pnmary source areas M S S  119 1, 
119 2, and south of buddmg 881 Groundwater contammahon outside of these pathways is 

random and generally mvolves relahvely low concentrahons 

16 Base h e  Bsk Assess ment 

The OU-1 Basehe &sk Assessment (BRA) consists of both a pubhc health evaluafion and an 
enwonmental evaluahon The pnmary purpose of each evaluahon is to examme the current and 

future nsks assocmted with contammints idenWied dunng the analysis of the nature and extent 

of contammhon The followmg subsechons summanze each evaluaQon and provide an overall 

summary of the nsks assocmted with OU-1 

161 Pub hc Health Evaluat.10 n 

h n n g  the course of the Pubhc Health Evaluation (PHE), site, populaLon, and land use data 

were analyzed m order to devise several representative exposure scenarios (potentdly exposed 

receptors) for assessing the risk to current and future human health from identified contaminants 

at the 881 Hillside Area For each of these scenarios, pathways were analyzed whch 
repmented exposure mutes from the source to potential receptors 

Pathway elements were examined relahve to the results of the Phase III field investqption whch 

indcated that contammation exlsts m the following media. groundwater, surface soils, 
subsurface so&, sediments, and surface waters The con taminants idenMied in these areas 

included VOCs, PAHs, PCBs, inorganic contaminants, and donuchdes. The con taminant 
release mechanrsms evaluated for OU-1 included leaching, volatilizafion, and resuspension of 

ou-1 CMsm Rqmt 
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partmlates by wmd Potentml transport medn idenWied we= surface water, groundwater, au, 

sod, and biota The exposure mute (the mute of entry into the human body) for these medm 

mcluded mgeshon, mhalahon, and dermal contact In accordance with the fisk Assasme# 

Gudance for Supegknd, Volume I - Human Healrh Evaluunon Manual (Part A) (EPA 1989a), 

If any of the above-menhoned pathway elements is rmssmg, the pr~je~ted -tor wdl not 

m i v e  a chemical or radionuchde dosage and no excess nsk wdl exlst from that contammant 

The OU-1 physical envmnment, mcludmg the French Dram and treatment system, was 

considered with mfonnahon about the potenMy exposed populauon, land use scenanos, and 

exposure pathways to form the conceptual site model This was evaluated to iden* complete 

pathways for c d b l e  and plausible exposure scenarios The followmg hst descnbes specfic 

exposure scenarios, and assocuted pathways, that were selected for quanhtahve assessment 

Current Off-Site Resident 

- Inhalahon of auborne parhculates 
- Sod mgeshon (followmg deposihon of partlculates on residentxal sod) 
- Dermal contact with sod (followmg anborne deposihon of partxulates) 
- Ingeshon of homegrown vegetables/fmit (followmg surface &sposihon and uptake of 

partlculates) 

Current On-Site Worker 

Inhalahon of airborne particulates 
Soil ingaon 
Demal contact with sod 
Sexbent mge&on 
Dermal contact with sedunent 
Surface water ingmon 
Dermal contact with surface water 

Future On-Site Worker 

- =on of VOCs in indoor air (office worker only) and outdoor au (construction 
worker only) 

- Inhalation of airborne particulates 
- Soilingestion 
- Dermal contact with soil 
- Sediment ingestion (office worker only) 
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- Dermal contact with sedunent (office worker only) 
- Surface water mgeshon (office worker only) 
- Dermal contact with surface water (ofice worker only) 

Future On-Site Ecologml Researcher 

Inhalabon of &me parbculates 
Sod mgeshon 
Dermal contact with sod 
Sedunent mgesbon 
Dermal contact with sedment 
Surface water mgesbon 
Dermal contact with surface water 

Future On-Site Resident 

Inhalabon of mdoor VOCs from basement vapor 
Inhalahon of partxulates 
Sod mgesbon 
Dermal contact with soil 
Sedunent mgeshon 
Dermal contact with sedment 
Surface water mgesbon 
Dermal contact with sudace water 
Ingeshon of homegrown vegetables/fruit (followmg surface deposihon of partuxlates 
and uptake). 

The results of the BRA mdicate that only t$e medlii of pmdwater and surface soils present a 
m k  greater than the acceptable llsk m g e  oil04 to 10-6. The risk to a human receptor from 
exposure to gmundwater con-@ of concern (COCs) is dtrven primarily by the exposure 

mutes of ingmon, and inhalation of volatrles. For a future on-site resident, thu risk is on the 
order of lU3 to 1U2, but applies only to exposures occurring directly at IHSS 119.1 

L 

The lnsk to a human receptor from exposure to surface soil COCs 1s dnven primarrly by the 

exposure mutes of ingesbon of vegetables, and mhdation of particulates. For a standad future 

on-site resident, ths  risk is on the order of lo3. It should be noted, however, that h m k  1s 

based on OU-1 sitewide average mbonuchde concentrations These average mhonuchde 

concentrations include a few areas of high contaminant concentdons (Le., "hotspots") that are 

Wted in extent and only exist within the boundanes of MSSs 119.1 and 119.2 These hotspots I 
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were Emednted under an early removal amon for OU-1 to measured (local) background 

concentrations The risk to a fiture on-site resident, excludmg the hotspots, is much lower than 

calculahons m&cate when mcludmg the hotspots Rmk results are summarued m Tables 1-4 and 
1-5 

162 

As part of the ovemll BRA, an envmnmental evaluabon @E) conducted to ascertam whether 

contammbon resultmg from RFKI'S actwitm m OU-1 may have mpacted or could adversely 

mpact ecological nxeptors 111 the vicmity Fso1ogm.l receptors are opemuonally defmed as 

plants and anrmals other than humans and domestxated species 

COCs were selected for the BE based on a compson of m-um concentrations of OU-1 
contammints to benchmark values. COCs identfied in the EE mclude VOCs, PAHs, PCB, 

mhonuchdes, and selemum The EE evaluated the mpact that these COCs had on the followmg 

endpomts 

Vegetatwe Commuolty 
Small Mammal Community 
Mule Deer Populabon 

0 .Toxic Expos&e to Top predators 

The results of the 5 indicate that the concentrabons of VOCs m groundwater, and PAHs and 

PCBs m sods are potentially tout to ecolo~cal receptors, however, the restricted -bution 

of these contarmnants huts the durabon and frequency of contact with receptofs and therefore 

h t s  exposures 
b 

16 3 plsksummary 

As mclicated by the PHE porUon of the BRA, nsks to human receptors at OU-1 are primarrly 
assocnted with expome to groundwater COCs Although this medium is not avadable for 
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Table 1-4. 
Summary of OU-1 Point Estimates of Carcinogenic Risk 

Total Excess 
SCenanO Cancer Risk D o m i t  C W  Dominant Pathway 

current 

On-Site Worker (Secunty 1 x 104 Plutomum-239, -240 
specialist) 

Inhalation of dust 

Off-Site Resident (Adult) 2 x l o d  Pl~toluum-239, -240 Inhalation of dust 

standard Future 

Future On-Site Worker 2 10-3 Plutomum-239, -240 Inhalation of dust 
(Offie) 

Future On-Site Worker 4 10-7 1, l-D~chlorosthene Inhalation of volatiles 
(Constructton) 

On-site Ecological 2 x 10-3 Plutomum-239, -240 Inhalation of dust 
Researcher 

On-Site Resident (Adult) 3 10-3 Plutomum-239, -240 Inhalat~on of dust 

I 

On-Site Resldat (Adult) 6 x UT3 1,l-I)lchlOroethene 
(Sitewide With Groundwater) 

On-Site Resident (Adult) 7 x lo2 1,l-Ihchloroethcne 
(Aasurmng Adequate 
Groundwater At Source) 

On-Site Residat (Adult) 4 x lo2 Plutolllum-239, -240 
(Groundwater At Source 
With Pubhc Water) 

@-Site Resldmt (Adult) s x io5 Ihbemo(a, h)anthracae 
(without s o u ~ i t h o u t  I Groundwater) 

Ingeshon of groundwater 

Ingdon of groundwater 

Ingdon of vegetables 
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Table 1-5. 
Summary of OU-1 Point Estimates of Noncarcinogenic Risk 

On-Site Worker (Sacunty NIA 

Off-Site Resident 1x10 '  

Specialist) 

Total Hazard Index 

scenario Dormnant coc 

8 x  lo5 b e n e  Dermal contact with soil 

6 x l v  Fluorene Ingestion of vegetables 

3 x la3 

1 x 1W Future On-Site Worker II (Construction) 

1 , 1 , 1 -Tnchlotathane Inhalahon of volahles 
through foundahon 

dutlng excavahon 
l,l,l-Tnchloroethane InhalaQon of volacllea 

on-site Ecological 
Researcher 

On-Site Resident 

OtherFUture 

5 x lo3 

NIA 

l,l,l-Tnchloiocthane Inhalation of volatdes 
through foundatlon 

NfA 

On-Site Resident (Sitewide 
With Groundwater) 

On-Site Resident 
(Assurmng Adequate 
Groundwater At Source) 

On-Site Resident 
(Groundwater At Source 
With Pubhc Water) 

NIA 

2 x 10" 

3 x 

3 x lo+' 

2 x 10-2 

Carbon Tetrachlonde 

Carbon Tetnachlor~de 

Ingestlon of groundwater 

. 
hg&on of groundwater 

Z x  103 I Pyrene Dermal contact with soil I 
I I 

%-Site Resident (Without 
!3"1thOUt 
Groundwater) 

7 x 1 0 3  

9 x loo 

1 x 

1 x lo+' 

3 x 10-3 

Carbon Tetrachlonde Jngestlon of groundwater I 

Ingestm of vegetables 
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current residential use, thls scenano presents the hghest, and only, unacceptable nsk per the 

NCP guidehe of 10'' to 106 Envmnmental nsks currently have not been identfied by the 

Phase III RFI/RI and therefore do not warrant further exammabon 

OU-1 nsks are a result of widespread contammation found m low concentrabons and m vanous 
medn throughout the site The Phase III RFWRI results mdmte that for the most part m&vidual 

IHSSs cannot be assocmted k t l y  with any one contammant group or area Table 1-6 hsts the 

pnmary contammants present at each IHSS IHSS 119 1, 119 2, and the area south of Buddmg 
881, represent the pmary sources for contamrnant rmgrabon 

1 7 Intenm MeasuresAntenm R e m a  A cbons 

The IM/IRA that was completed for OU-1 conslsts of a French Dram designed to collect 

contammated alluvial groundwater from the operable unit and to prevent further downgrahent 

migrabon of contarmnants The IM/IRA included a geotechnical mvesbgation that was 

performed 111 order to evaluate the site chamctenstcs along the proposed French Dmn alignment 

@G&G 1990) Constm&on of the Fmch Drain began m November 1991 and was completed 

m Apd 1992 The water treatment plant located m Building 891 1s paxt of the IM/IRA and will 

be converted to sitewide uses Heremafter this plant is referred to as the Buildmg 891 water 

treatment plant 

The French Dram was constructed by excavabng a trench appmximately 1,435 feet in length 

(DOE 1994a). The trench was keyed into bedrock material that exhibited a hydraulic 

conductivity on the order of 1 x 106 cm/sec A permeable membrane was placed on the 

upgradient side of the drain and an impermeable polyvinyl chloride membrane was placed on 

the downgradient side of the drain. A perforated pipe was placed along the drain to collec4 
groundwater, and the dmin was backfilled with gravel and then soil. Currently, groundwater 

collected from the dram is fed into an ultraviolet and hydrogen pemxide (vv&Oa treatment 
unit for tmtment of organic compounds. Inorganic contaminants removed via a series of 

ion exchange columns. 

& 
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Table 1-6. 
Summary of Primary lESS Contaminants 

* 

IHSS primary 
Number Contaminants' Disposition 

102 Groundwater cuntammated with PCE and 
TCE 

Considered in Buildmg 881 Area 

103 

104 

105 1 & 
105 2 

Possible groundwater and subsurface sods 
contarmnated with low levels of PCE and 
TCE 

Potentd toluene m subsurface and 
groundwater, wide array of PAHs 

Low levels of VOCs m groundwater, PCE 
detected below dettmon Imt, potential 
solvent contammation in sods at north end 

Considered in Buildmg 881 Area 

Not identified as a source - no 
action requlred 

Considered m Buildrng 881 Area, 
although not identified as a source 

106 

107 

119 1 & 
119 2 

4 

130 

145 
I 

Groundwater contanunated with chlorinated 
solvents, potential solvent contammation m 
sods at north end 

Groundwater contammated with chlormated 
solvents 

Groundwater contammated with chlormated 
solvents and selenium, possible DNAPL 
sources m subsurface, radionuclide hotspots 

Radionuclideumtammted sod and asphalt, 
PAHs m subsurface sods 

Considered m Bulldmg 881 Area, 
although not identified as a source 

Considered m Budding 881 Area, 
although not idenufied as a source 

Considered under IHSS 119 1 and 
Area East of 119 2 

No rlsk pathway for rads and 
PAHs m subsurface sods - no 
action requued, Not idenufied as 
a source of VOCs 

Considered m Buddmg 881 Area, 
although not idenafied as a source 

Groundwater contammated with chlormated 
solvents, potenhal low level rad 
contammmon 
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2.0 IDENTIEICATION AND SELECTION OF TECHNOLOGIES AND 
REPRESENTA'IWE PROCESS OPTIONS 

Thls sechon summarizes the results of the identlficabon, and selecbon of technologes and 

representatwe process opbons used m the development of rem& acbon dtemabves for OU-1 

Technolopes and representatwe process ophons were identrfied, screened, evaluated, and then 

selected for further evaluahon m the CMS/FS ' h s  sequentd task is ouhed and hscussed 

m both CERCLA RUFS and RCRA CAP guidance Bnefly summanzed, EPA guidance 

idenMies the followmg elements for selectmg representatwe process opbons 

Idenbfy hst of contammints of concern 

Develop medn-specfic RAOs 

Identrfy Prehlnary Remedmhon Goals (PRGs) 

Develop mh-specfic GRAs 

Identrfy volumes andor aceas of the medlil for GRAs 

Identrfy and screen technologes and process opuons apphcable to each GRA 

Evaluate process opbons withm each technology type to select a representatwe opbon 
for developmg Temedfal amon dternatms 

2 1 Contammants of Concern 

The list of contaminants identified m the Phase HI RWRI nature and extent assessment is 

s- 111 Smon 1.0 of h s  report Po~ntm.l contarmnants identified early in the WRI 

process were subjected to a mulb-level scmq process that resulted in pubhc health and 

ecological COCs for inclusion in the PHB and EE. The screening process shortened the list of 

potential contammints that are also nsk contributors. Contammints that survived the risk-based 

s c m m g  process are designated as COCs in the BRA 

The COCs scmed m the FME and HE were- 

OU-1 cMs/FS Report 
881 Hdlslde Area qq February1995 2-1 



e 

e 

0 

e 

e 

e 

e 
8 

e 

e 

e 

e 

carbon tetrachloride 
1, l-dxhlomethene 
tetrachlomethene 
1 , 1 , 1 -trichloroethane 
tnchlomethene 
toluene 
selemum 
PAHS 
PCBs 
amencium 
plutomum 
urafllum 

The screemng of COCs for sipfkant nsk to ecologcal receptors found that none of these 

contammints contnbute a signficant nsk to ecologcal receptors In ad&hon, adverse unpacts 
to the envmnmental receptors have not been idenwied m the EE Therefore COCs for 

ecologcal receptors are not further evaluated m thu report 

The scmmng of the contammints for human health nsk found some contammints do contnbute 

a sigdicant nsk The nsks associated with some of the contammants m groundwater exceed 

lo4 for future residentd receptors w i t h  the OU-1 boundanes The followmg groundwater 

COCs are idenwid at MSS 119 1 

t 

carbontetrachlonde 
1,14chlomethene 
tetrachloroethene 
l,l, 1-tnchloroehne 
selexuum. 

The& COCs only represent a portlon of the contammants i d e n ~ e d  at OU-1 The complete hst, 

presented m S a o n  1 0, wlll be exarrrmed relatwe to remedial amon altematwes 

2 2  R e m a  Action Oblectwa 

RAOs were formulated using appqnate regulatory guidelines @e., EPA RVFS and CAP 

guidances and the NCP) and by examhung the relevant COCs and their associated exposure 
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pathways. In general, RAOs are contaminant- and medium-specific goals for protecting human 

health and the envmnment In developmg appmpnate &%Os, guidance states that . . .ObjeChVeS 

should be as specfic as possible but not so specific that the range of altematwes that can be 
developed IS unduly lrmited " In order to quantrfy RAOs, PRGs were developed that prowde 

an idenMicabon of what an acceptable contarmnant level or range of levels would be for each 

exposure route of concern Note that a nsk range is presented for those RAOs that s p e c ~ y  a 

protectiveness level The range is necessary smce PRGs are typically estunated based on a nsk 

level of 1 x 10-6 for each contammant Dependmg on the number of contarmnants present, the 

summed residual nsk may therefore be shghtly hgher than 1 x 10-6, hence the defmed acceptable 

range. 

Review of the groundwater COCs and the assoelated exposure pathways resulted rn the followmg 

Prevent the mhalauon of, mgesbon of, andor dermal contact with VOCs and morgmc 
contammints m OU-1 groundwater that would result m a total excess cancer nsk 
greater than lo4 to 106 for carcinogens, andor a hazard index greater than or equal 
to 1 for non-carcmogens 

Prevent migrabon of contarmnants from subsurface sods to groundwater that would 
result m groundwater contammation m excess of potend groundwater ARARs for 
OU-1 contammants 

Prevent mgmhon of contarmnants m OU-1 groundwater from adversely mpactmg 
surface water quahty m Woman Creek 

These RAOs have been used to de t e rne  the area or areas within OU-1 q u a g  remedal 

amon evalmon The RAOs have been further quantified through the development of PRGs 

* ' n  2.3 1 s  . .  

This -on pmemts the sources of mfomation used for iden-g appxwpriate PRGs for OU-1 
PRGs are generally idensed through use of "mUy available mfomatmn, such as chemical- 
specific ARARs or other reliable information" @PA 199Oa). Where ARARs or "to-he- 
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considered” (TBC) cntena are not avadable, PRGs are developed on the basis of a 106 pomt-of- 

departure nsk for each chemcal withrn a gven medium. This also applies when ARARs a~ 
not considered sufficiently protectwe because of the presence of multiple contamurants or 

muluple pathways of exposure 

Note that PRGs developed at thls stage are considered mtnl goals whch may be modified 

through the course of the CMS/FS Frnal remednbon goals are not selected untd the remedy 

selechon phase of the CMS/FS, accordmg to the NCP requmments The ARARs presented m 
Secbon 2 3, as well as the mk-based PRGs, can be considered mtnl cleanup goals, however, 

exact cntena for fmal remednbon wdl be selected as the CERCLA process proceeds Ehther 

set of cntena could be used, a combmuon could be used, or revised PRGs could be used, if 
necessary The decision as to whether or not revised PRGs are requd is based on the cntena 

descnbed UI the preamble to the NCP (55 Federal Regwter (PR] 8717, March 8, 1990) whch 

states that, 

Prelunlnary remediahon goals may be revised based on the considembon of 
appropnate factors mcludmg, but not h i t ed  to exposure factors, uncertamty factors, and 
techcal factors 

Refemg to the detaded analysis of alternatwes, the preamble also s@tes that, 

The frnal selmon of the appropnate nsk level IS made when the Temedy is selected based 
on the balancmg cnteria 

Generally, chemcal-specfic ARARs take precsdence over mk-based PRGs, however, as noted 
above, final cleanup goals wlll depend on a variety of factors and will be agreed upon by the 

participatmg agencies (1 e , DOE, EPA and CDPHB) 

L 
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2.3 1 Dehbon  of Apdmble or Relevant and ApDropriate Requ irements 

CERCLA Sechon 121(d)(2), provides a statutory basis for determmg ARARs m a remedd 

acbon context Concemmg hazardous substances, pollutants, or contaminants that wdl remam 

on site, 

If any standard, requmment, cntena or knitahon under any federal envmnmental law 
or any [more stmgent] promulgated standard, requmment, cntem or hitauon under a 
state envlronmental or fachty sitmg law is legally apphcable to the hazardous 
substance concerned or is relevant and appropmte under the cmumstances of the release 
or threatened release of such hazardous substance, pollutant or contammant, the remedd 
acbon shall requue, at the complebon of the mrnedd action, a level or standard of control 
for such hazardous substance, pollutant or contarmnant whch at least attams such legally 
apphcable or relevant and appmp~te  standard, reqmment, cntem or h t a b o n  [42 
Un~ted States Code (USC) -----0 9621(d)(2) ] 

where "apphcable requmments" are those 

cleanup standards, standards of control, or other substantwe envmnmental 
protecbon requmments, cntem or bitations promulgated under federal 
envmnmental or state envmnmental or fachty sitmg laws that specifically address a 
hazardous substance, pollutant, contammant, rem& achon, locabon, or other 
cmumstance found at a CERCLA site Only those state standards that are idenMied by 
a state m tmely manner and that are more stringent than federal requmments may 
be apphcabre 

Accordmg to the NCP and the CERCLA Compluurce wrth Other Luws M~nual @PA 1988b) 

Relevant and appropmte wqumments am those cleanup standads, standards of 
control, and other substantwe requmments, C I ~ ~ ~ I M ,  or hutations promulgated under 
federal environmental, or state environmental or facility siting laws that, while not 
applicable to a hazardous substance, pollutant, contaminant, remedial m o n ,  location, 
or other cmumstance at a CERCLA site, address problems or situations sufficiently 
similar to those encounted at the CE?,RCLA site so that thezr use is well suited to the 
part~cular site Only those state standards that are identified 111 a tmely manner and 
are more stmgent than federal requirements may be relevant and a p p q r h .  
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Potential chemical-spezflic ARARS have been identified m accordance with CRRCLA guidance 
and the requirements of the NCP [see Title 40 Code of Federal RegulaQons (CFR) Part 300, 

S u b w o n  43O(e)(2)(i)] Chemical-speclfic requments under a vanety of Federal and state 

laws were reviewed to iden* potent& groundwater chemical-specdic ARARS 

The NCP also requves an evaluation of current or potent& uses of the groundwater, as part of 

the detemmation of ARARs (40 CFR 300 430(e)(2)(i)(A)(3) The groundwater classfication 

at RFBTS is discussed m the context of current and potentml future uses of groundwater beneath 
ou- 1 

2 3 2 Current Groundwater Classdicabon 

The Colorado Water Quallty Control Commission (CWQCC) designated the Quaternary and 

Rocky Flats Aqulfers beneath the RFETS as domestic use q d t y ,  agncultural use quahty and 

surface water protechon accordmg to 3 12 7 of 5 Colorado Code of Regulahons (CCR) 1002-8 

The rntent of these classficabons "is to protect specfied groundwater from uncontrolled 

degradabon and thereby protat exlstmg and future uses of groundwater "(5 CCR 1002-8, 

Subsechon 3 11 9) I 

2 3 3 Selecoon of Groundwater PRGs I 

Vanous laws and regulations have been reviewed for general applicabhty m the m h  for 

p0tentm.l groundwater cleanup standards at the OU-1 site The laws and regulations reviewed 

are 
L 

Safe I)rinlang Water Act and the implementing Federal and State programs (40 CFR 

through 105, mcludmg the State drinking water regulations 
140, 141 and C010radO Revised Statutes (CRS) 25-1-107-109,25-1-114, and 24-4-104 

Resource Consewahon and Recovery Act and the State's mplementmg xegulaQons (6 
CCR 1007-3), and 

I State Water Quality Control Act and the groundwater quahty implementmg regulations 
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(5 CCR 1002-8, 3 11 0 and 3 12 0) 

Table 2-1 idenMies the numencal standards assocmted with each of the reguwons related to 

q d t y  of groundwater Further review of each set of mlated groundwater xegulabons and the 

guidance estabhshed specfie to the NCP regulahons (40 CFR 300 430 (d)(2)(1)), refmed th~s hst 

of potentd numenal standards The most stmgent numerrc standards that have been 

promulgated and whch meet the defmbon of general apphcabihty m 40 CFR 300.400(g)(4) are 
the State Groundwater Standards m 5 CCR 1002-8, 3 11 5 The maxltnum contamrnant levels 

(MCLs) estabhshed m the State and Federal drvllung water program are less strmgent than the 

State Basic Standards for Groundwater The Resource Conservahon and Recovery Act 

groundwater pmtecuon standards do not mclude MCLs for most of the contamrnants of concern 

at OU-1 Therefore, the State Basic StanMs  for Groundwater were selected as the potential 

chemical-specfic ARARs The numenc site-specific standards m5 CCR 1002-8, 3 12 0 are to 

be considered m the evaluation of remedmbon alternatwes for OU-1 

The statewide standards for groundwater ~IE idenflied as the mtd PRGs for OU-1 and are 

presented m Table 2-2 

2 4 General Response Amons 

GRAs are general response strateges that are designed to satu@ rem& amon objectJves 

Examples of GRAS mclude treatment, contamment, excavation, and extramon GRAs are 

medwm-specfic and therefore, a hst of GRAs are developed for each medlum of concern 

GRAs were idenuied for the groundwater medum at OU-1 because Contarmnants of concern 
and PRGs are focused on th~s medlum Smce subsurface soils rn a potential contxnual source 
of groundwater contanunabon, subsurface sod GRAs wexe also developed which seek to protect 

groundwater from possible residual contaminauon 

i 
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Table 2-2. 
Comparison of Existing Concentrations and Groundwater PRGs 

(State Basic Standards for Groundwater) 
b g l 0  

v---d 
c L.L 

Carbon Tetrachloride I 81 20 360 6 1' 

Chemical 

1,l-I)lchlomthane 

1,2-I)lchloroethane 

1,l-Dichloroethene 

1,2-I)lchloroethene 

cis-l,2-Dichloroethene 

Existing Mss 119.1 Preluninary 
Concentration Concentration Remediation 
(grand mean)' (grand mean)' Goal2 

~~~~~~~~~~ ~ ~ 

2 10 4 94 1 ,Olob  

6 10 3 7  1' 

283 23 1,270 7 

NIA NIA 328b 

0 52 2 62 70 

16 I 4 68 

11 Tetrachloroethene 103 48 I 4595 I 5 

Toluene 4 68 16 48 1 

Total Xylenes 3 23 6 0 9  1 0 , m  

1 , 1 , 1 -Tnchloroethane 363 29 1,630 1 200 

1,1,2-Tnchloroethane 2 69 7 67 3 

Tnchloroethene 371 65 1,667 5 

11 Naphthalene I NIA I NIA I NIA 

283 4 5032 100 

8 68 43 3 2!%b 
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2 4 1 Subsu dace So d General Res_~o nse Amon8 

The GRAs identxfied for the OU-1 subsurface sod medmm are no acbon, msbtubonal controls, 

contamment, removal, d~sposal, m-situ treatment, and ex-situ treatment These GRAS target the 
subsurface sod RAO identxfied earher m Secbon 2.2 The RAO is focused on prevenbon of 
groundwater degradabon from residual subsurface sod sources. A bnef descnpbon of each GRA 

is provided below 

No Achon - Requrred by CERCLA as a benchmark for compmson agatnst other 
remedd acbon altemabves Thls unphes that no dmct acbon wdl be taken to alter 
the exlstmg situatron, other than short- and long-term momtomg of site condibons 

InSnfUnO?ZAl Controls - Refers to legal controls or management pohcies which mmmuze 
exposure to potentml contammnts, such as mtrictmg land use 

Cumazmnt - For subsurface sods, contamnent would consist of acbons wlvch 
m m E e  the spread of contamnubon andor mmnuze the d t r a b o n  of groundwater 
whch could be contammated by subsurface soil contammints 

Removal - For OU-1, removal unphes excavatron of contarmnated sods for treatment 
or hsposal May be combmed with extracbon of contaminated groundwater m areas 
of subsurface sod excavabon May also mclude dust control measures dumg 
excavabon to m m m  contamrnant migrabon 

Disposal - Disposal mvolves permanent deposlbon qf excavated so& either m an on- 
site or pemtted off-site &sposal facility It mcludes disposal without treatment, if 
possible, or &sposal subsequent to treatment measurn 

In-Situ 12.eatment - In general, m-situ treatment technolog~es seek to treat contammants 
m place without extramon or removal of large volumes of soil. Treatment would seek 
to remove, destroy, andor m o b d m  contaminants through biologd, chemical, or 
physical means Thls category mcludes biorernedntion, chermcal ox.idation/nxiu&on, 
sod washmg, thermal recovery enhancement, and vapor extramon techmques 

&-Srtu Treafment - This GRA is sh la r  to in-situ treatmemt except that wntamhatd 
soils would be removed before treatment above ground Tmted soils would be 
disposed of on-site or m a lrcensed d~sposal facil~ty. 
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2 4 2  Grou ndwater General ResDonse - Act10 nS 

The GRAS idenflied for the OU-1 groundwater m d u m  are no acbon, mshtubonal controls, 

contarnment, removal, m-situ treatment, and ex-situ treatment These GRAs target the RAOs 

for groundwater The RAOs are focused on prevenbon of migrabon of contaminants m 

groundwater and on prevenbon of mgeshon or m h o n  of orgmc compounds m groundwater 

A bnef descnpbon of each GRA is provided below 

No Acnon - Requlred by CERCLA as a benchmark for companson agamst other 
remednl acuon altematwes ' Ihs  mphes that no duect acbon will be taken to alter 
the exlstmg situauon, other than short- and long-term monitomg of site condbons 

Znsntunonal Controls - Refers to legal controls or management pohcies which rrrrmrmze 
the pubhc's exposure to potential con taminants Examples include controhg well 
placement and restnctmg land use 

Contaznment - For groundwater, contamment would consist of acbons whch mmmze 
the flux of vapor-phase VOCs to the surface andor m m l z e  the migrabon of 
groundwater contamlnants 

Removal - For OU-1, removal mphes extractron of contammated groundwater for 
treatment m the exlstmg Buddmg 891 water treatment system or other fac&bes 
Extrachon of contammated groundwater m areas of DNAPL may be possible through 
sod extracbon 

In-Sztu Treubeenr - In general, m-situ treatment tschnologies seek to treat contaminants 
m place without extmmon or removal of large volumes of groundwater or soil 
Treatment would seek to remove, destroy, andor mobilize contammants through 
biologd, chemcal, or physical means. 

&-,%tu Treatment - This GRA is slrmlar to in-situ treatment except that contaminants 
would be extracted/removed,before treatment above ground. Treated groundwater 
would be ducharged through exlsftng channels (1.e , the existing Building 891 water 
treatment system) 
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2 4 3 Volume and Area Estuna tes 

A volume calculahon was conducted for subsurface sods at MSS 119 1 to estunate a volume for 

the p0tentm.l residual DNAPL sources assumed to be present m MSS 119 1 The amount of sod 

requmng remedmhon was estunated by visually mspectmg the potentd source areas described 

m the Phase III RFI/RI report, and by assummg that subsurface sod remedabon achvihes would 

attempt to remedlate saturated zone sods to a depth of five feet rnto bedmck Figure 2-1 depicts 

the potentd sod excavahon area idenWied for IHSS 119 1 The exact amount of contammated 

subsurface sods cannot be calculated due to the lunited data avadable for ttus medium 

Lrmitabons on data is typical of sites contammated with residual DNAPLs The excavabon area, 

however, is estunated to contarn approxunately 17,500 cubic yards of sod 

Based on the results of the OU-1 Phase III WRI report and the BRA rn piut~cular, 

contammated groundwater m OU-1 was found to contribute a significantly bgher nsk to those 

receptors exposed to IHSS 119 1 groundwater than to receptors exposed to groundwater from 

other locabons 111 OU-1 IHSS 119 1 was designated a "source" locabon m the PHE for thls 

reason. Other areas of the operable umt contam groundwater contarmnant concentrabons above 

d-on b i t s ,  however, the concentrahons are greatest at thls MSS (see Figure 2-2) 

5 

The quanhty of groundwater requmg rem& amon m the IHSS 119 1 source area cannot be 

calculated pnxisely because of seasonal vambons in the water table. Instead, a lower bound 

was estunated usmg computer codes that compared the bedrock topography beneath the MSS 

to the water level data from wells located m this ~IXS The wells used to identrfy and delineate 

thls area were 0487, 0974, 1074, 4387, 32591, and 37991. T ~ I S  lower bound groundwater 

volume assumes groundwater beneath the IHSS is confined to the idenmed bedrock 
paleochannel. Tfus assumption is valid only during low water table conditions. An upper bound 

cannot be calculated M y ,  smce during spmg runoff the water table elevation rises above the 
bedrock paleshamel and no lateral extent of groundwater contaminaton specific to MSS 119.1 

can be measured d~~tmctly from other groundwater at OU-1 

L 

OU-1 CMs/Fs Report 
881 Wide Area lo' February 1995 2-13 



\ -- 

APPROXIMAm AREA \ 
OF EXCAVATION ( 7 AC) ,.2" 

Y) 8 \ 
\ 
\ 

EXPLANATION 
INDIVIDUAL HAZAPW?IS SUBSTANCE 51rE (IP55) AFL 
IHSS DESIGNATION DASHED WHERE DISTURBED 
DlJRlllC tZrlSTPUCTlON OF FRENCH 3PAlN 

ACTUAL SCRAP METAL AND DRUM STORAGE AREAS 
IN IP53 119 BASED ON PE"ISC i"0'3GR,AF'S @ 

FJ ACTUAL DRUM STORAGE AREP IN IPS5 119 
6ASE3 3N PEPIAL PHOTOCRLPYS 

0 8501889 ALLUVIAL WELL 

A 0271 PQE- 1 386 NELL 

0 BH1587 BCRErlOLE 

0 25 

4 
U S  DEPARTMENT OF ENERGY 
Rocky Flats Environmental Technology Site 

Golden Colorado 

881 HlLLSIDE AREA 
OPERABLE UNIT NO 1 

Potential 
Soil Ekcavation Area 

For MSS 119.1 
Figure 2-1 



-EXISTING BUILDING 891 Oo - WATER TREATMENT rOPERABLE UNIT NO 1 

5990 _-- - - -  5970 

- -  
. 

EXPLANATION 

4 INDMDUAL HAZARDOUS SUBSTANCE SITE (IHSS) AND 
IHSS DESlGNATlON DASHED WHERE DISTURBED 
DURING CONSTRUCTION OF FRENCH DRAIN 

@ ACTUAL SCRAP MmAL AND DRUM STORAGE AREAS 
IN IHSS I 19 EUSED ON AERIAL PHOTOGRAPHS 

ACTUAL DRUM STORAGE AREA IN I H M  119 1 
EASED ON AERIAL PHOTOCWHS 

INERRED EXTENT OF CONTAMINATION BASED ON 
1/92 DETECWN 

- 
O r n l M a  U W W E U  
A On1 PRE-1986 WEU 0 200 
Oenlsar BOREHOLE 

/ 

U S  DEPARTMENT OF ENERGY 
Rocky Flats Envlronmental Technology Site 

Golden Colorado 

Potential Extent of 
Contamination at MSS 119.1 



The Phase III RFI/RI report contiuns several saturated ~ c k n e s s  maps for OU-1 dunng a typical 

dry penod These maps were used to estunate the volume of contammated groundwater rn the 
source locabon when groundwater levels were at then lowest Usmg an average porosity of 

0 10 (DOE 1994a), the volume of groundwater estimated to be present m the southwest corner 

of IHSS 119 1 dunng the dry season is 80,000 gallons ' Iks  volume represents a smgle pore 
volume, although more than one pore volume would Wely have to be removed to acheve 

RAOs Durrng wetter penods, groundwater m thls area may nse above the paleochannel and 

thus result m much larger volumes requmg treatment 

In adhbon, the Phase III RFURI report estmated that the volume of avadable groundwater m 
OU-1 is between 5 0 and 5 8 acre-feet (1 6 and 1 9  &on gallons) The volume of 

groundwater estunated to be beneath MSS 119 1 and the volume of groundwater beneath OU-1 

are used to estmate remednbon requmments, however, because groundwater elevabons m 
OU-1 are hlghly dependent on seasonal vambons m pxecipitabon, these values are enpeenng 

estmates only 

2 5  d h n  

Thu secbon summanzes the technologes and process opbons that were 1dentdkx-J for 

rem&pon of OU-1 The w o n  also describes the m o n s  that were mamtamed for further 

evalwon based on an mtial screemg of technologies The iniM screening considered 

techn~cal mplementabhty, apphcabdity, and feasibility for site-specific contaminants and 

conditions This initial screening eliminated remedial technologies and process options that dld 

not warrant further considerabon at OU-1 A summary of the miM screening of technologtes 

for both groundwater and subsurface soils are presented m the following sedtons 
L 

2.5.1 Identiticabon an d Scree m e  of Techno lodes and Pmcess OD- for Sub@= S a  

The remedial technologies and process Options inibally identified for subsurface soils at OU-1 

by GRA am hted in the followmg bulleted list: 
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Insutuhonal Controls 

Access resmcuons 
Legal mtrrcbons on land use 

Contatnment 

Honzontal subsurface flow control 
- Subsurface d m s  
- Grout curtams 

- Sheet p h g s  
- Cryogemc bamer 

- Slurry walls 

Vertmd subsurface flow control 
- Grout mjecbon 
- Block dqhement  

Removal 

Excavahon 
- Loader/excavator/dozer 

Disposal 

on-Sltedlsposal 
- Enpeered on-site dqosal facihty 
- Pemtted off-site *sal fachty 

In-situ Treatment 

Biologd 
- Bioremedutuon 

Chemcal 
- Chemical oxldation/reduction 

Physical 
- Sodflushing 
- Vitrrfication 

I - -0 frequency/ohmic heating 
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- Vapor extramon - Hot adsteam stnppmg with m e c h d  muting 

&-Situ Treatment 

Biologcal 
- Bioremediation 
- Land apphcauon 

Chemical 
- 
I Solvent extractron 

Ultraviolet photolysis with chemcal om&bon 

Physical 
- Sod washmg 
- Stabhtron/SohMicaOon 

Thermal 

- Incmerabon 
- Thermal desopbon 
- Vitrification 

The pnxedmg technologies and process opbons were systemattcally screened to reduce the 

number to a more representative group of rem& technologies and opttons. The scmemng was 

performed by exammng the techcal unplementabhty of each technology andor process opbon 

for subsurface sods at OU-1 Figure 2-3 d e p t s  the subsurface sod x e m d  tecbno~ogy and 

process optrons screening aavities 

Subsurface soil rem& technolomes and pmess opbons that wem mmtamed for further 

evaluabon are as follows 
L 

Institut~onal Controls 

Access restnctrons 
Legal mtrmons on land use 

Contauunent 

I Horizontal subsurface flow control 
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- Subsurface dmns 
- Grout curtarns 

- Sheet p h g s  
- Cryogemc bamer 

- Slurry walls 

Vernal subsurface flow control 
- Grout m j a o n  
- Block &splacement 

Removal 

Excavation 
- Loader/excavator/dozer 

Dustcontrol 
- Dustsuppressants 

On-Site Qsposal 
- Engmeered on-site &sposal fachty 
- Permitted off-site Qsposal facfity 

In-situ Treatment 

Biologd 
- Bioremedmbon 

Physical 
- sollflushlng 
- Rad10 frequency/ohrmc heating 
- Vapor extracuon 
- Hot adsteam mpphg with mechanical b g  

&-Situ Treatment 

Biolog~cal 
- Bioremediation 

Chemcal 
- 
- Solvent extracton 

Ultrav~olet photolysis with chemcal oxidahon 
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Physical 
- Sodwashmg 

Thermal 

- Incmerahon 
- Thermal desorpbon 

2 5 2 Identfication and Screenme of Technologies and Proce ss mtlo ns for Gmundwater 

The followmg rem& technoloBes and process ophons wefe idenwid for groundwater at OU- 
1 

No Achon 

Momtomg 
- Groundwater momtomg 

Inshtuhonal Controls 

Access restnctions 
- 
- 

Legal restnchons on well placement 
Legal restmbons on land use 

Contauunent 

Horizontal subsurface flow control 
- Subsurface drams 
- Grout curtains 

- Sheet p h g s  
- Cryogemc bamer 

- Slurry walls 

Verbcal subsurface flow control 
- Grout lnJe€tlon 
- Block @lacement 

Removal 

Passivenemoval 
- Subsurface drains 

I 
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Actweremoval 
- Homontal and/or vertml extmdon wells or sumps 

In-situ Treatment 

Biologcal 
- Bioremdabon 

Chemical 
- Poly memabon 
- Chemical oxdabon 

Physical 
- Alrsparglng 
- Vapor extmcbon 
- Permeable treatment beds 
- In-situ adsorptton with wells (pr~~netary process) 

Ex-situ Treatment 

Biologd 
- Bioremednuon 

Chemical 
- Solvent extracbon 
- Ultraviolet photolysis with chemcal ondabon 

Physical 
- . Gammamhhon 
- Acbvated carbon or carbonaceous adsorbents 

- Membrane processes 
- Evaporahon 
- Freeze crystallmaon 

- Au strlppmg 

Thermal L 

- Incmerahon 
- Plasma arc cfischarge 
- Catalytic oxidahon 

These technolopes and process Options we= systematically screened to reduce the number of 
options to a smaller and more repmentatwe number appmprhte for the development of remedial 

alternatives The screentng was performed by examining the technical implementability of each 
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technology andor process opbon for OU-1 groundwater. The screening process is @ i d  m 
Figure 2-4 Technolog.les andor process opbons that were maintained for further evaluabon are 

as follows 

No Actron 

MONtOMg 
- Groundwater momtonng 

Insbtubonal Controls 

Access restnchons 
- 
- 

Legal restnmons on well placement 
Legal restncbons on land use 

Contamment 

Horrzontal subsurface flow control 
- Subsurface b s  

Removal 

Passive removal 
- Subsurface drams 

Actweremoval - Horrzontal andlor verbal extramon wells or sumps 

In-Situ Treatment 

Biologml 
- Bioremedahon 

Physical 
- Vapor extracbon 

&-Situ Treatment 

Biologd 
Bio=m&hon 

C h e m d  
- Ultraviolet photolysis with chemical oxidation 
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Physical 
- Actwated carbon or carbonaceous adsorbents 
- Austrrpprng 

Thermal 
- Plasma arc Qscharge 
- Catalyt~c omdabon 

2 6  E N  s t~ ns 

R e m a  technolopes and process opbons detemed to be mplementable at OU-1 were 

subjected to a more detaded evaluabon to detemme whch process options should be used to 

develop altemabves Thls more detaded evaluabon was performed by compamg the abihty of 

each process optron to sabsfy three cxitem; effectiveness, implementability, and cost. 

Site specfic condbons were considered m the evaluatron of remedd technolopes and process 

ophons The followmg site charactensbcs were pmmment factors m the evaluabon 

In general, levels of contammuon m groundwater are xelatwely low 

Contanmant dutribubon IS largely sporad~c or ubiquitous 

Underlyrng low-permeabihty unweathered bedrock surface serves to channel 

Aqueous concentmbons at MSS 119.1 mhcate the potential for DNAPLs 

groundwater flow 

Overall low permeabdity and high de- of hetemgeneity of saturated unconsolidated 
suf icd matemils contnbutes to preferentd flow potential. 

L 

The eval-on of process options for subsurface soils is presented m Figure 2-5, whde the 
evaluation of process options for groundwater is presented in Figure 2-6. 

Rather than evaluatmg each potentd process optron, representative process options were 

designated to represent a class of rem* technologies that could be applied at OU-1. Thls 
impmves the efficiency of the evaluation and allows for flexibility in the finat selection of 
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process opbons withm the chosen class of rem- technologes Preference was gven to 

technologes and process opbons whch address both groundwater and subsurface soil 
contammauon at OU-1 

Considenng these factors, the followmg representatwe process options were selected for 
altematwe development 

Groundwater momtonng 
Legal restnmons on well placement 
Legal restnmons on land use 
Subsurface drains 
Honzontal andor vertml extracbon wells or sumps 
Loader/excavator/dozer 
Hot adsteam stnppmg with mechaxucal mwng 
Vapor exbacbon 
radio frequency (RF)lohmic heatmg 

The evaluabon of process ophons to treat extracted groundwater favored the selecQon of the 

exlstmg Buddmg 891 water treatment system Smce the system has been proven to effectwely 
treat the contamlllilIlts pment m OU-1 groundwater (except CCJ., - planned modrficabons to the 

system WI.U effectwely address h s  deficiency), and smce the capital costs have already been 
m c u d  for designmg and constructmg thu system, this process opQon is the most favorable for 

aboveground 'treatment of groundwater Thus, other process options for ex-situ treatment of 

groundwater, mcludmg plasma arc dtscharge, catalfic omdation, and air stripjmg, were not 

considered m the development of remedial amon alternatives Plasma arc discharge and 

catalfic omdauon have pmhbitive operating costs for low mntaminant concentrations such as 
those at OU-1 h stripping does not desttoy or immobilize contarmnants, and would q u n e  

treatment of large quanQbes of off gases 

T 

The lrmited abhty to uniformly and appmxably m o v e  contaminated groundwater hrn the low 

permeabhty heterogeneous unconsohdated mateds, combined with the complex nature of the 

bedrock system beneath OU-1 favored treatment that would Temove midual sources (e.g., 
DNAPL zones) to the gmtest extent possible Removal of these sour'ces should be conducted 
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m a manner that rrrrmm~zes the potentml for m o b h g  contamrnants to move further mto the 

bedrock system, as well as intmducmg new potentd contammants to the subsurface 

Consequently, process opQons such as surfactant flushmg are not appmpnate Thls is the case 
because the subsurface geology may senously l m t  umfom dlstnbubon of surfactants m the 
subsurface, mmung treatment effectweness throughout the en- contammated zone may not 

be si@icantly mcreased Further, the decreased surface tension mduced by surfactants can 

enhance the moblllty of contaminants through otherwise relatwely mpermeable materrals OU-1 
bedrock has been characterrzed as fractured meanrng a decreased surface tension between 
DNAPLS and groundwater could cause signrfcantly greater contammant migrahon mto bedrock 

Fully,  surfactants wlll adversely affect operauon of the Buddmg 891 water treatment fachty, 

mamug an addbonal surfactant recycle umt operabon would be necessary pnor to water 

treatment The mcreased capital costs of a recycle system along with the high opemtmg costs 

for separabon processes, such as surfactant recycle, negate the marglnal effectiveness mcrease 

m treatment assoclilted with surfactant floodmg 

Other process opuons that requue mjechon of addluonal fluids mto the subsurface (e g , 
bioremedmbon and sod flushmg), are also not favorable at OU-1 The complex nature of OU-1 
subsurface geology and the lunited avadablllty of groundwater make systems whch rely on 

homogenous hstnbuhon of flushmg agents or nutrrents Micult to mplement Preferential 

groundwater flow pathways and bghtly consohdated sod matnces make mjection Micult to 

control Moreover, smce DNAPL zones are likely to exlst m isolated areas, injection 

technologms are unlrkely to be effective m xemedmtmg these areas 

In ad&Qon to the problems related to preferentml flow through the heterogeneous low 

permeabhty matenals, bioIemednhon was not mcluded m the development of remedial amon 
alternatives for the followmg &bod reasons. 

& 

The effectiveness of bioremedntion at OU-1 is limited by the nature of the 
contammnts identified Although laboratmy studies have shown up to 90 percent 
reduction of TCA and TCB concentrations under ideal mndiuons, researchers are 
skeptical as to the full-scale apphcabihty of biomnediation under field wn&tions, 
stating that "mplemenmon of biodegradation of chlomted hydrocarbons in field 
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situahons may be hited by the toxlcity of hgh concentmhons of these compounds to 
microorgarusms and by the slow rate of degradahon possible" (Baker et al 1994) 

PCE, a major OU-1 contarmnant, is a lughly refractory compound (resistant to decay) 
for wluch there is no estabhshed field method for degradatton at rates whch make 
tmtment pract.mil 

Bioremednhon is not effectwe m treatmg morgamcs such as selemum An 
aboveground treatment system could be used to remove selemum from extracted 
groundwater, however, thls would most ltkely lirmt the effectweness of remjecbon 
systems that recycle nutnents or non-mhgenous bactem 

Site con&Qons at OU-1, parhcularly fluid cmulahon, h i t  the techcal 
mplementabhty of bioremednhon at OU-1 The Phase III RFURI demonstrates the 
lack of a consistent, defmed water source beneath MSS 119.1 Well and borehole data 
m the area have m&cakd varymg water table levels and depths of saturated mnes 
Implementahon of bioremednbon at OU-1 would nqum mjection of large volumes 
of water to provide nutrients and/or non-mdigenous bactem to treatment zones Thls 
might mobilue and spread contammhon and accelerate slumpmg at OU-1 
Expenence with mstallatron of the french dram system has mdcated that slumpmg is 
a senous concern for unsaturated conhhons, and would be more senous for the hghly 
saturated conhhons that would be requrred to mplement bioremedntion 

For the m d u m  of subsurface sods, thermal demphon was chosen as the representahve process 

ophon for ex-situ treatment of contammated subsurface soils "hemal demmon offers the 

most cost effmve method of contarmnant removal for the sporad~c contaminant dutribuhon 

found at OU-1 Chermcal and physical treatments, such as ultraviolet photqlysis, chemic& 
oxidation, solvent extmchon, and sod washing require the addition of liquids to effect a mass 

transfer from sohd to hquid medn The resultmg hquid could not be treated m the Building 891 

water treatment facility without pmtreatment due to the presence of strong oxidizers, solvents, 

and/or dusoluhon agents Thus a separate hquid treatment process to treat the secondary m u d  

waste would be required The capital costs associated with such a treatment process, as well 

as the expense of solvents, washing agents, and oxidation qents, exceed the energy costs 

as~~~nted with thermal processes Thermal demphon was selected over inchemtion due to the 

low levels of contamination at OU-1 and the relahvely low heatmg value of chlorinated organics 

The hlgher temperatures q u d  for mcmerauon would requk excessive secondary fuel 

sources. Smce thermal desorpQon operates at signifbntly lower tempemturn, energy costs 

L 

ou-1 cMs/ps Report 
881 €Idlade Area 

%% February1995 2-35 



would be substantnlly lowered relahve to incmemon 

Due to the lunitahons of sod flushing and bioremediahon discussed previously, standad and 

thermally-enhand vapor extmchon process ophons were selected as m-situ subsurface soil 
treatments for alternahve development and wdl be used m conjunction with lmited groundwater 
pumpmg to remove contammated groundwater and potentd residual DNAPLs from OU-1 

subsurface soils 

Other ophons retamed for altemahve development mclude excavmon, whrch was retamed to 

pmvide conceptual vmety to the alternatwes presented for rernedmhon at OU-1 Hxcavmon 

could be used to remove subsurface sods or to locate pools of contammated groundwater, 

ensuring that any residual DNAPL zones are removed In addition, process options were 

retamed that would result m the assembly of b t e d  or mmmd achon alternahves, mcludmg 

groundwater momtormg, use of the existmg French Drain system, and msWuhonal controls 

These ophons are also discussed in Smon 3 0 

2 7  Exlstlng - IM/IRA Treatment Svstem 

The exlstmg Buddmg 891 water treatment system (Uv/IE2O2 and ion exchange) wdl be essentd 
for proposed remedml amon altematqm for OU-i and other operable umts that requlre 
aboveground groundwater treatment. The system constitutes a comprehensive process treatment 

train for treatmg water contaminated with organic and inorganic (includmg mhonuchde) 

contarmnants (see Figure 2-7) The system consists of a collection and pumping system to 
supply the treatment facfity, an mfluent storage and transfer system, separate treatment systems 
for 0-c and mo-cs contaminants, and an effluent storage and discharge system The 

system is designed for a 30 gpm flow rate capacity and has equalization tanks to normahe 

treatment rates 

L 

The french drain collection and pumping system includes the mvery  well pump located in 
MSS 119.1, and two french dmn sump pumps These pumps are normally controlled by level 
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switches m the well or sump that d e t e m e  whether the pumps operate. The collection system 
CoMBCts to the mfluent transfer system, whch mcludes two dluent equahzahon tanks and two 

mfluent transfer pumps The mfluent transfer pumps supply water from the dluent equalnabon 

tanks to a W/H202 treatment umt at a constant rate The W/H202 unit IS designed to destroy 
orgamc contaminants 111 the mfluent stream 

Treatment efficiency depends on flow rate (midence tune), H202 concentmoon, and UV 
wavelength mtensity The system has a design throughput of 30 gpm or 14,400 gallons per day 

(gpd) with an 8-hour operatmg slvft It uses 50 mgll of H202, with slxteen 15-kW W lamps 

providmg an equivalent power of 240 kW for b e g  down orgaolcs. 

When the water leaves the W&02 system, it enters the ion exchange system, which consists 

of the ion exchange surge tank, four columns contaming beds of ion exchange resms, and a 
degassing tower The ion exchange system processes the water m the followmg sequence 

1 The water enters the ion exchange surge tank and IS pumped at a constant rate mto the 
first ion exchange column This column contams 28 cubic feet of IOMC A-440, a 
strong base amon resin for removmg u m u m .  

2 The water then flows m y  to the second column, whch contams 32 cubic feet of 
IOMC CC, a weak acid cabon resm, for removing heavy metals 

The water then enters the degassmg tower to allow carbon dioxide and other gases 
produced dumg the W/H202 process to escape Excessive gas content m the ion 
exchange columns could cause short ch i tmg  of the resins thexeby reducing the 
efficiency of the system 

.I 

3. 

4 The water 1s then pumped to the third ion exchange column, whch contains 56 cubic 
feet of Ioimc C-240HY a strong acid resin for moving hardness and metals. 

5. The water then enters the fourth and final column, which contains 56 cubic f- of 
IOMC AFP-329, a weak base amon min, for removing anions 

6 The water, whch is now treated, is stored in one of three effluent stomge tanks and 
wharged by gravity feed 
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3.0 DEVELOPMENT OF REMEDIAL ACTION ALTERNATIVES 

a s  secQon presents the altemahves that were assembled for remedlilting the groundwater 

medium at OU-1 These alternatwes were assembled usmg the technologw identified in SecUon 

2 0, whch surnmarms the evaluabon and selechon of technologm and process opbons 

U W g  the exlstmg Buddmg 891 water treatment system is an mtegral component of all  the 

alternabves presented m thls -on with the exception of the No Achon alternatwe The 

Buddmg 891 treatment system is cumntly used for treatmg water from OU-1 and may also be 
used for treatmg contammated water from other areas of the RFETS Planned m&icabons to 

the system wdl allow it to treat hgher concentmbons of conbumants pnor to uutmtion of any 
remedd amviQes at OU-1 The details of the planned modlftcations are discussed in Secbon 

2 0  

3 1 Introducbon 

Rem& achon alternabves were developed by combmg process opbons selected as 

"representaQve" based on results of the evaluauon of process opbons and technologes Process 

opbons were combmed to develop alternatwes rangmg from treatment alternames that elmmate 
or mmmuze the need for long-term management to h t e d  or no acbon alternabves Tlus range 

of altematives includes contamnent options that mvolve little or no treatment but achieve RAOs 

by preventing exposures or by reducing the mobility of contaminants. The No Action alternative 
was developed to provide a baseline alternative against winch other alternatwes could be 
compared In all cases, the alternatwes wefe developed with the goal of acheving the RAOs 

of preventmg inhalation, ingemon, and dermal contact with VOCs, preventing migration of 
contammants from subsurface soils to groundwater, and protecting Woman Creek surface water 
from contammabon as presented m Section 2 0 by combhg approprate GRAs to form site- 

specific remediation strategies. 

The alternatives that were developed for mmediation of OU-1 are the following: 
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e Alternative 0 

e Alternatwe 1 

e Alternative 2 

e Altematwe 3 
Enhancement 

e Alternative 4 

e Alternative 5 

No Amon 

Inatubonal Controls with the French Drain 

Groundwater Pumping and Soil Vapor Extrac%on 

Groundwater Pumpmg and Soil Vapor Extracbon with Thermal 

Hot Air Injecbon with Mechanical Mixrng 

Sod Excavation with Groundwater Purnpmg 

Figure 3-1 depicts a summary of the development of rem& acbon alternatnes The figure 

presents the G U S  and process opbons that were combmed to form the vmous altemat~ves 

After developmg alternatwes for remhhon of OU-1, the altematmes were evaluated m detail, 

and the results of thls analysls are presented m the Detailed Analysls of Alternatwes m Sectton 
4 0  

3 2  Rem& Action Alternatives 

Groundwater remedud m o n  alternat~ves were developed that could potentially achieve the 

RAOs descnbed m Sectton 2 0 The primary nsk pathways that detemed T which GRAs would 

be used to develop alternahves were based on thebU-1 BRA, whch mdicated that ingabon of 

groundwater and inhalation of vapors rismg up through unsaturated soils were of most concern 
The following alternat~ves were designed to achieve RAOs by removing and destroying the 

contarmnants m groundwater, removmg subsurface sources of residual contamhation, d a g  

access to wells positioned withm the boundaries of OU-1, and/or wt ing  access to the entue 
site. These alternatives assume that surface sod hotspots would be removed pnor to 

commencing remedial activities, and would be put into tempomy storage for treatment with 

slmjlar wastes from OU-2 or shpped off site for immediate treatment andor disposal 
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3 2 1 Alternative 0. No Action 

The No Acbon alternative was developed to meet the requmments of the NCP whch specfies 

that a No Achon alternatwe should be developed regardless of site-specfic condrhons (EPA 

199Oa) The No Acbon altername provides a basehe agamst whch other altemat~ves can be 
compared dumg the detatled analysis of alternatwes The No Action alternative uses the results 

of the BRA to defrne exposure levels to receptors at the site under exlstmg condrbons and does 

not mclude any remedlal arnvibes 

The exlstmg French D m  collecuon system would be dlscontmued under thls alternative 

Collection of groundwater from the exlstmg collecoon well and French Dram would be 
dscontmued Groundwater would be allowed to flow down the hillside and around the French 

D m  toward Woman Creek 

The only actwity assoclated with the No Amon altemabve is groundwater momtomg to detect 

changes m contammant concentrabons or migrabon patterns Momtomg would b e p  
mmedmtely and would contmue u n a  it is determmed that momtomg is no longer requlred 

h s t m g  wells no longer deemed necessary would be abandoned as appropmte 

The= is no r e m d  tune frame for thls altemahve, smce the alternatwe rehes solely on natural 

degradabon and attenuaoon processes to meet RAOs For the purposes of detatled analysis, a 
30-year momtomg tune frame is assumed rn accordance with BPA guidance 

~ 

, 3 2 2  Al v e l  Institu F 
i 

Atematwe 1 seeks to acheve RAOs by mtrictmg access to wells impacted by OU-1 

contammints through mstitutional controls while continuing to txeat groundwater collected by 

the exlstmg French Dram at the Buddmg 891 water treatment system. Institut~onal controls 

would also be employed to pmvent unauthorized construmon and groundwater usage III all areas 

of OU-1. Degradation of groundwater would be mmmned by contiz1zed contamment and 
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treatment of groundwater. Subsurface midual sources would eventually be depleted by 

dissolubon to groundwater The capture of groundwater with the French D m  and use of 

mst~tut~onal controls to reduce exposure are both estabhhed remedal ophons Thrs altematwe 
targets groundwater m the areas of MSS 119.1, south of Buddmg 881, and a poaon of MSS 
119 2 for remedxahon Inshtubonal controls would be employed throughout OU-1 

The exlstmg French D m  and Buddmg 891 treatment system would contmue to operate u n d  
it is deemed no longer necessary The mMicabons discussed m Secbon 2 0 are assumed to 

have been completed for the purposes of demled analysis Groundwater monrtomg would begm 

unmedntely and contmue for as long as requued to venfy that contamlnant concentrabons m 
groundwater have been permanently reduced below appropriate h i t s  Wells no longer deemed 

necessary for momtormg would be abandoned as appropmte 

The Buddmg 891 treatment system has a design flow rate of 30 gpm, but the system cumntly 

operates mtermittently as volumes of collected groundwater hctate Current average flow from 

OU-1 sources is estmated at 10% of the design capacity, or 3 gpm (DOE 1994d) The rate of 
treatment is dependent on the amount of groundwater avadable at the French D m  

Wastes generated as a result of thls altematwe wdl be managed m comphce with apphcable 

regulat~ons The wastes include spent GAC from the off gas treatment system and Buddmg 891 

water treatment system, regenerant solubon from ion-exchange r a m  regeneration from the 

Buddmg 891 water treatment system, and wastes assocxated with momtonng well mstalWon 

such as drill cuttings and decontatninabon water The decontaminabon water could be sent to 

Buddmg 891. The regenerant solubon from the spent ion-exchange m m s  wdl be p H  neutralmd 

and sent to Bu2dmg 374 for evaporation m accordance with cumnt operat~onal practices. The 

spent GAC will be sent off site for regeneration. Altemative 1, however, does not present any 

admmstrabve or legal difficultxx smce it represents a Continuance of cumnt Operations at OU- 
1 

.1 

There is no remediabon time frame defined for Alternative 1 smce the French Drain system is 
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currently operatronal and would contmue to operate until acceptable contammant Concentrations 

are achieved. Based on current operations of the emtmg French Dram system, it is misonable 

to assume that due to the slow groundwater collection rate, operation of the French D m  system 

would be requrred for an extensive penod of tune Expenence with srmllar remaid actrons at 

DNAPL contammated sites suggests extremely long tune frames for complete residual depletion 

For the purposes of detaded analysis cost estmates, a 30-year tme frame for remednl actnuties 

is assumed based on EPA guidance 

3 2 3 Alternative 2 Groundwater PumDmg and Sod Va-pr Extraction 

Thls alternatwe seeks to aclueve RAOs by dewatemg the IHSS 119 1 source area usrng 

conventronal pumpmg techmques, and the implementaQon of a localrzed SVE system B s k  from 

contammated groundwater wdl be elmmated by extramon and treatment, wNe further 

degradabon of groundwater wdl be mumuzed by removal of residual DNAPL sources through 

S V E  The combmed technologes proposed under thls alternatwe are considered "emergmg 

technolo@es" whch may be more effective combmed than when apphed mdividually In 

general, tlus alternabve targets only the idenflied source area withm IHSS 119 1, although 

additional vapor extracbon wells could be mstalled m other areas to treat suspected DNAPL 

sources based on the results of a detaded sod gas survey to be conducted pnor to remedntion 

SVE would assist the vapomaOon and subsequent recovery of contaminants present m the 

saturated soils, unsaturated soils, and groundwater at OU-1 The technology targets 

contammants that have parhtioned to the aqueous phase in the subsurface, adsorbed onto 

subsurface sods, emt  as pools of DNAPL, or occupy sod pore spaces as vapor. Groundwater 

residrng m shallow pools throughout MSS 119 1 would be extracted v n  the existing French 

Drain, and one to three add~tional recovery wells. Collected groundwater would be treated by 

the emsting Building 891 water treatment system or another appropriate fa&@ with the 
modifhtlons h u s s e d  m Section 2. These same areas, once desaturated, would be subjected 

1 

to SVE to enhance the removal of any residual con taminants 
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In general, soil vapor extrachon is an m situ physical treatment technology that has been used 

pmatrly to remednte sod and gmundwater contammated with VOCs A typical SVE system 
consists of either a smgle, or if necessary, a network of vapor extrachon wells screened at 

depths consistent with the contammated sods If mulhple vapor extrachon wells are used, they 

are usually jomed together by a common header pipe Makeup or clean au, replacmg the 

contammated sod gas removed through SVE, enters the soil either passively VKI the ground 

surface and/or d e t  wells, or achvely VKI au mjechon wells Channehg, or short-cmuitmg, 

of the makeup au may be m m d ,  and the a u  reduected through the des& treatment zones, 

by the placement of a geotextde h e r  on the ground surface surroundmg the SVE wells 

The basic pmciple behmd SVE mvolves mducmg vapor flow through the unsaturated mne 

towards an extrachon well by applying a vacuum to that well Contammints volatihxi from 

the sod ma=, and those that are already m the vapor phase, are swept by the m e r  gas flow 

(au) to the extrachon well(s) The m e r  gas also tends to mcmw the v o l a h h o n  of any 

aqueous phase or free phase DNAPL contammints m the vicmty There are three mam factors 

that control the performance of an SVE operahon (a) the vapor flow rate through the 

unsaturated zone, (b) the flow path of m e r  vapors relative to the location of the contammants, 

and (c) the chemcal composihon of the contamrnants (Johnson et al 1989) 

To suqessfully desigh and operate an SVE system, site geology and contammint properbes must 

be considered Site geology can have a si@icant mfluence on a vapor extramon well’s rad~us 

of mfluence Geolog~cal factors mclude depth to groundwater, subsurface soiyrock type, and 

subsurface pemeabdity, whch must be great enough to allow m e r  vapors to strip VOCs from 

the subsurface ma- and carry them to an extramon well Soil vapor extramon performance 

is also dependent on the charactenshcs of the contamtnants targeted for extnctson. A compound 

is a likely candidate for SVE if it has a vapor pressure of 1.0 mm or more of mercury at 20°C 
and a dimensionless Henry’s Law constant greater than 0.01 (Dank0 1989) Table 3-1 presents 

these values for the p m a q  VOCs under consideration at OU-1 as well as other general physical 

and chemical data These five VOCs were chosen for evaluation of SVB due to their high 

concenmons relahve to other VOCs detected and their wide mge of Henry’s Law constants. 

I 
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Table 3-1. 
Physical and Chemical Properties of the Primary VOCs in Groundwater 

Chemml 
Molecular Specfi  

Formula' We@P Gravityb 

CarbonTebnchlonde 

1, l-Dichlomethene 

Tctrachloro#hcne 

l,l,l- 
Tnchloroethane 

Tnchloroethene 

Aqueous Vapor Henry's Law 
Solublllty Pressure Constant 
(mglf)' (mm Hg)' @~measlonless)~~ 

CCI, 153 82 1 59 

GH2C12 96 94 1 22 

c2c4 165 83 1 62 

(;H,Cl, 133 39 1 34 

C,HCl, 131 38 1 45 

765 I 757 I 90 I looz 

370 

121 

75 1 

87 

2,250 182 1414 

150 17 8 1 076 

1,500 100 0 599 

1,100 57 9 0 378 

a from Basics of Pump-adTrCat Ground-Water Remedia#on Technology, EPA/600/8-90/003, Office of Research 
and Development, March 1990 
from Selecting Process Equ@rnent, vd 1, Woods, McMaster Uluversity, Canada, 1990 
at2O'C 
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The use of these five compounds for analysls of the SVB altemahves should yield a good 

approxunahon of the actual perfomance of SVE for the site The data shown m Table 3-1 

mhcate that all of the VOCs under considerahon are amenable to recovery by SVE A 

conceptual view of the proposed cofligurahon of an SVE system is presented m Figure 3-2 

For thls alternabve it is assumed that approxunately 36 vapor extrachon wells would be mstalled 

m IHSS 119 1 and m other areas If deemed appropnate A detaded sod gas survey would be 

conducted pnor to m s u g  these wells m order to determme exact well locations and any 

additronal areas warrantmg remedlation Wells would be mstalled to a depth of approxunately 

20 feet and would be 4 to 6 mches m dnmeter These wells would be operated cychcally to 

enhance recovery and would be used m combmbon with a granular actwated carbon (GAC) umt 

to treat extracted vapors Cychcal operahon would allow contarmnant concentrahons m sod gas 

to return to near equhbnum levels dumg non-operahon, thus mcreasmg the mass of 

contammabon removed per volume of aw extracted mgher concentrahons m the extracted au 

stream would decrease operatmg costs, whde the cycled operahon of vmous wells would allow 

the use of less expensive equipment due to decreased capacity needs 

The exlstmg French D m  and Buddmg 891 treatment system would contmue operabon dumg 

rem& actrvihes to collect any contammated groundwater exlstmg downgrahent of the 

treatment area and not mpoved through dewatemg activihes After source removal and 

groundwater plume remediahon, the French Dmn could be decommissioned Without regular 
pumpmg of the sump pumps located m the French Dram, water would begin to flow around the 

French Dram and contmue toward Woman Creek Groundwater momtoring would be employed 
for the en- durahon of this altemahve to ensure water flowmg around the dram meets PRGs 

L 

Wastes generated as a result of h s  altematwe will be managed m comphce  with apphcable 

regulations. The wastes mclude spent GAC from the off gas treatment system and Buildmg 891 

water treatment system, regenerant solution from ion-exchange resin regenemon from the 
Buildmg 891 water treatment system, and wastes assoctated with well installahon such as d d  
cuttings and dmntammbon water The dmntaminahon water could be sent to Building 891. 
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The regenerant solubon h m  the spent ion-exchange resms wdl be pH neutralbd and sent to 
Buddmg 374 for evapombon m accordance with cumnt opemt~onal pmctices. The spent GAC 

wdl be sent off site for regenerabon 

The total remednbon tune frame assocnted with this alternatwe is approxrmately seventeen 

years Estmated tune frames assocmted with vaflous component remedd actnuties are three 
months for the detaded sod gas survey, three months for mobdmboddemobdmhon, and four 

years for treatment Once the SVE system was decommissioned, the French D m  would 

contmue operatmg for 10 years to remedmte the groundwater plume currently flowmg down the 

lullside Momtormg would contmue for an addiuonal three years after decommissiomg the 

French D m  to ensure that contammant levels remam below PRGs The GAC au treatment 

umt for SVE umt would most wlrely require a Nabonal Ermssion Standads for Hazardous Air 
Pollutants (NEsHAPs) pernut to operate, however th~s would not present any unusual 

admmstrative constmnts 

3 24 Alternatwe 3 
Enhancement 

Groundwater Pumpmg and Sod Vapor Extmct.10 n With Thermal 

OU-1 CMS/FS Report 
881 Hshde Area q b  February1995 

Thls alternatwe seeks to aclueve RAOs through combmg SVE as descnbed m Alternatwe 2 

-with thermal recovery enhancement techmques Groundwater extrachon is employed to treat 

contammated groundwater, whde SVE with thermal enhancement is used to remove residual 

ContanmaQon sources The altematwe considers two movafrve treatment technologes that can 

effect an mcrease 111 subsurface sod tempemturn - mho frequency heatmg and electrrcal 

resistance (ohmic) heatmg Both technoloees are Qscussed below, although for the purposes 

of detaded analysu, rad10 frequency heatmg is analyzed further, w h e m  ohrmc heatmg 1s 

merely assumed to be potentially apphcable at OU-1 and is not mcluded in the detatled analysis 

of alternatives A plan view of the alternatwe, includmg the treatment area with approxrmate 

well locations, is mcluded as Figure 3-3 
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ncv Heatmg 

RF heatmg was selected as one of the two representatwe process opbons to effect an elevabon 
m temperature of the subsurface matenals at OU-1 that are contammated with those contammnts 

that are VOCs RF heatmg is an mnovabve m-situ technology for volathzmg orgamc 

consbtuents m sod and water as well as vaponzmg pore space moisture The technology is 

desuable smce adhbonal chemicals are not mtmduced mto the subsurface and no specml 
arrangement (e g , gnds) are necessary as in conventional ohmic heating 

The m-situ RF heatmg process re~ulres m m a l  mtrusion, usmg 3- to 6-mch dnmeter boreholes 

contamng strategically placed antennae m the desrred tmtment area Through a combmed 

mechanism of ohrmc and chelectrrc heatmg, the temperature in the me& is msed and the 
volatde and semivolatde orgmc consbtuents are volathzed (Kasevich 1992) Volathzed 
orgmcs are then collected with the vapor extmcbon system and subjected to further treatment 

RF heatmg is expected to supplement vapor extramon m a manner that allows for quicker 

recovery of VOCs from certam areas of the subsurface Specfidy, heatmg VOC source areas 

can e-te VOC recovery m the vapor form (1 e ,  hotspots are Mely to contarn aqueous, 

DNAPL, and adsorbed phase VOCs whch would be dnven to vppor under elevated tempemu= 

condibons) Figure 3-4 dustrates a smple apphcabon of RF heatmg combmed with vapor 

extramon for t€us altemabve 

The helectnc loss of a matenal(1 e , the amount of energy a ma ted  dmipates as heat when 

placed m a varymg electnc field) contributes to the heating of the contaminated media An 
mduttor of a mated’s abrllty to successfully absorb electromagnetx energy is its dielectric 
constant Most sods have suitable &electnc constants that allow for effective tmtment Water 

and/or sod morn= is vaporized by RF energy; however, steam is transpaxmt to RF energy and 

dues not contznue to absorb mhabon energy. W e  the steam may become superheated, h 

occurs only by energy condumon from the sohd medlil and not from duect electromagnetic 

energy absoqbon. The steam m turn serves to heat smundmg mate&, enhancmg a d d b o d  

vajxmzauon Thus, water and/or sod momre does not present a hmdrance to the treatment 
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process Fractures and voids w i t h  the contammated matrix also do not present treatment 
problems smce thermal condumon 1s not the pnmary heat transfer m e c h m  Densely packed 

sods are well suited to h s  treatment as are other consoldated geologx mateds A vmety of 

heatmg profiles can be generated by mampulatmg the subsurface placement of RF antennae, then 

operatmg frequencies, and the phase output of the Merent antennae Vntually urnform heating 

w i t h  a specfied volume can be acheved with m m a l  heatmg of surroundmg ma ted  usmg 

a properly designed configuraoon Thus, locaked treatment can be attamed with proper design 

RF heatmg has been shown to be capable of mcreasmg sod temperature to appmxunately 500°F 
Thls temperature would be great enough to volatdue both SOW and potentdly dmolved phase 

contammants (e g , aqueous phase) m the subsurface mateds as well as dnve off any moisture 

m nearby pore spaces The temperature of the subsurface m d u m  would be raised gradually, 

therefore, vapor extracoon wells would be able to extract vapor as it is generated The heatmg 

and resultmg steam/vapor generaoon rate could be controlled so that the capacity of the vapor 

recovery system would not be exceeded Such control would prevent the spread of 

contammaoon by steam plume expansion Also, RF heatmg would only be mplemented m the 
vicmty of a vapor extracbon well Placement of an Rl? heating antennae m ths manner would 

provide assurance that RF heatmg would not lead to a spread of contammabon A vapor 

recovery system supplemented with RF heatmg would hkely requm addbonal a n  drying 
capacity smce it is expected that the RF heatmg system would lead to the extramon of a greater 

amount of soil moisture than convenbonal vapor extraction 

The pnmary piece of equipment of this alternative is the applicator antenna, which is placed m 
a borehole "Ius antenna is generally a flemble component of varying length that radmtes 

electromagnetx energy m the form of mho frequency waves The energy ongmates from a 

generator at the surface and is transmitted to the antenna via a metal coaxial cable. Standad 

d n b g  equipment can be used to complete a borehole The borehole is generally cased with 

fiberglass or a sunjlat m a t e d  that is transparent to electromagnetx radutoon The antenna can 
be placed m v e r t d  or horizontal boreholes Also, several antennae may be used concurrently 

in vmous areas with elevated contaminant concentrations. 
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Locahons of RF antennae and vapor extrachon wells for cleanup of the volatde subsurface 

contammts at OU-1 are contmgent on clemled design through whch the optunum system 

design would be defmed; however, it is assumed under this alternabve that RF heatmg antennae 

would be rnstalled m vapor extrachon wells near the vapor extrachon wells bemg operated The 
number of vapor extrachon wells requlred would range from 20 to 40 dependmg on saturahon 

levels The spacmg between boreholes can range dependmg on the RF heating frequency, depth 

mterval of heated volume, and propemes of the mateds heated An array of mulhple 

boreholes can provide umform heatmg of a gwen subsurface volume Control devices momtor 
performance of the RF generator and adjust the outputs to optmxze system performance Sod 

gas momtomg wells must be m place m the vicmty of the RF heatmg antennae These wells 

are necessary to momtor for potend mcreased migrahon of contamrnant outside of the radus 

of mfluence of the vapor extrachon well(s) 

Ohmic heatmg was also selected as one of the two representahve process ophons to effect an 

elevahon m temperature of the subsurface mateds at OU-1 that are contammated with volahle 

contammants Thls technology is considered an "emergmg" technology whch is currently bemg 

exarmned under the OU-2 treatabhty study program L&e RF heatmg, ohmic resistance heating 

is an movahve m-situ technology for enhancmg the performance of so@ vapor extra&on by 

volatkmg orgamc conshtuents m sods and groundwater, and by vaporizing pore space 

moisture Unlike RF heatmg, however, ohmic resistance heating results from the transmission 

of an electrical current through the medu targeted for cleanup As such, a prerequisite for 

ohrmc heatmg is that the m& must be able to conduct an electrical cumnt Ohmic heating 

requms the placement of a gnd of electrodes and sometxmes the addtion of water in the area 

targeted for remediahon. The process requires only minrmal intzusion and has most often been 

mplemented usmg SIX electrodes mstalled m a hexagonal pattern to the depth of the 

con taminants, with a vapor extramon well placed m the center of the pattern as shown in Figure 

3-5 (Alnes et al) 

I 
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Six- or three-phase power can be used to supply cumnt to the mstalled electrodes There is 

some benefit with SIX-phase power m that a more uniform heatmg pattern can be nxihzed m the 

area bemg treated (Buettner et al) However, the mcreased u d o m t y  comes at the expense 

of n&g addlbonal equipment to spht normal three-phase power mto SIX-phase Electmdes 

axe usually constructed of stlunless steel tubmg, whch can also serve as passive rn de t s  

The pnnciple of ohmic heatmg is sunple Basically, electncal currents are made to flow 

between electrodes placed m a contammted repon causmg resistance heatmg (much the same 

way that passmg an electncal cumnt through an oven heatmg element generates resistance 

heatmg) Current flow through subsurface materrals tends to be greatest 111 fme-gramed sods 

such as silts and clays These types of sods are generally less permeable than sands and gravel, 

thus, heatmg the clays and silts can dnve off contammints contamed therem that are not easdy 
accessible with convenhonal sod vapor extrachon Once the volatde contammts are dmen 
out of the less permeable clays and sdts mto the more permeable sands and gravel, they are 

more suscephble to recovery by vapor extrachon As with RF heatmg, sod moisture can be 
heated with ohmic heatmg to generate steam Steam can provide addihonal stnppmg of adsorbed 

contammants Also, the removal of soil moisture can mcrease the an flow permeabdity of the 

sod kmg treated, thus enhancmg the capablllty of vapor extmctxon to remove contarmnants (but 

lessenmg the ablllty to contmue heatmg the subsurface with electncal current) 

The pnmary pieces of equipment needed to support ohmic heating include stamless steel pipmg 

(for electrodes), a 60 Hz power supply, an 0pt10na.l SIX-phase transformer, thermocouples for 

momtoring subsurface temperature, and a vapor recovery/treatment system Bkctmde gnds may 
be placed at vmous locattons targeted for treatment Bxtracted vapors from multtple locations 

may be dmcted to a central treatment locabon or to mdlvidual treatment umts 
L 

The locahon of the electrode gnd(s) and vapor extraction well(s) for cleanup of the volatde 
subsurface con taminants at OU-1 are contingent on tmtabWy test results m which the optmum 

system design would be defmed, however, for this alternative it was assumed that one gnd 

would be installed at IHSS 119.1. This gnd would have SIX eltxtmdes inserted to approximately 
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20 feet below the surface m a hexagonal arrangement making up a m l e  with a diameter of 

appmxmately 20 feet AdQhonal gnds would be required to r e m d t e  the enwe site As 
previously Qscussed the conceptual approach presented for RF heatmg is tamed forward for 

detaded analysis The mformabon presented here on ohmic heatmg may be beneficd If it is 
selected as the preferred technology pnor to mplementaaon of any remaid achons at OU-1 

A sod gas survey, consistmg of approxunately 100 probes, wdl be conducted to determme exact 

locations of wells and to identlfy any adQhonal areas warrantmg remediahon There is a 

possibhty that DNAPL pools wdl be encountered dumg the remedmhon and may present a fire 

hazard or health and safety concern Procedures wdl be m place dumg the remedmhon to 

m m m  any hazards or concerns 

Based on hlstoncal photographs of the drum storage area at MSS 119 1 and an assumed lateral 
DNAPL Qspersion through the subsurface sod, the dmensions of the pnmary contaminant 

source were estunated at 100 feet by 100 feet by 20 feet Because SVE extmcbon rates are 
optmal m dry sod, the treatment zone wdl be dewatered by groundwater extramon wells 
I m t d  dewatemg is r e q u d  with mtexmittent operahons to keep the treatment zone dewatered 

throughout the entm r e m a  achon 

Extracted groundwater wdl be pumped to the French Dram where it wdl be transferred to the 

Buddmg 891 water treatment system descnbed in S-on 2 The French Dram wdl continue 

to capture groundwater for 10 years followmg soufce removal activities m order to capture the 

contaminated groundwater plume Three additional years of momtomg wdl be used to verrfy 

that the groundwater concentrafions rem= below PRGs 

The SVE system wdl opemte as described in Aternatwe 2, with the excquon that d o  

frequency antennae will be placed m wells as necessary to maintain elevated subsurface 

temperatures Appmxmately 36 vapor extramon wells fitted for radio-frequency antennae will 
be ddled with a 30% mhus of influence (ROO overlap m the treatment area. Based on the 

OU-2 SVE treatability study, it is estimated that 4-mch diameter wells will produce a well head 
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pressure of 120 lnches of water and a ROI of 10 feet under normal operabng conditions With 

an estunated sod pemeabhty of 0 05 darcy, it is anticipated that vapor extramon rates wdl 

approach 10 standard cubic feet per mmute (scfm) The treatabhty study at OU-2 m&cated that 

extrachon rates axe optunal dumg dry conhtions so the treatment area will be dewatered dumg 

the remediation Extrachon rates, documented dumg the SVE treatability study, at OU-2 

decreased from 40 scfm to 5 scfm dumg wet con&hons 

Intermittent openhon wdl be utdiixd to mcrease the removal efficiency of the SVE system 

PrefemWd vapor channehg, or short-cmuitmg, wdl be mmlzed  by a geotexble h e r  

Increased vapomahon caused by the elevated temperatures wdl reduce remednhon tune as well 

as mcreasmg removal efficiencies of the contaminants 

Extracted vapors wdl be transferred to an off-gas treatment system such as GAC umt A GAC 

system would q u m  two dud-mounted GAC vessels placed in senes and each contamng 1,500 

pounds of achvated Carbon each The GAC wdl need to be replaced approxmately every three 
months, i e , 1,500 pounds every 6 weeks, dependmg on the COC concentrahons, loadmg 

efficiencies, compeuhve adsorpuon rates, and type of Carbon The spent GAC wdl be 
regenerated at an off site fachty 

Vapor samphg from portals near the wells and GAC, umts w d l 6  used to detemme the 

effmveness of the enhanced SVE system, replacement rates for the GAC vessels, temperature, 

and humihty. In adhhon, pressure wdl be momtored at the wells and probes to d e t e m e  

extraction rates, radh of mfluence, and if short-circuiting is occurring. 

Wastes generated as a result of thls alternative will be managed in compliance with applicable 

regulations The wastes include spent GAC from the off gas treabment system and Building 891 

water treatment system, regenerant solution from ion-exchange resm regeneraton from the 

Budding 891 water treatment system, and wastes associated with well in-on such as drill 
cuttmgs and decontammhon water The decontamination water can be sent to Building 891 

The regenerant solution from the spent ion-exchange resins wlll be pH neutralized and sent to 
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Burlbg 374 for evaporaoon m accordance with cumnt 0perabona.l practxes The spent GAC 
will be sent off site for regenerahon 

Thls altemabve would requm a remdtion tune frame of approxmately 15 5 years Tlus 

mcludes thnx months for a detailed soil gas survey, thtlee months for mobhzahon and 

demobhzaQon, two years for treatment, ten adhhonal years of French D m  operation, and 

three years of groundwater momtomg to ensure that groundwater concentraUons remam below 

PRGs Thls would be requlred to venfy that all residual sources of DNAPLs 111 the subsurface 

have been remednted N E S W s  permits would be requued for any other gas treatment 

systems 

3.2 5 Altematwe 4. Hot Au Iniectron with Mechatllcal Mwng 

Tlus altematwe seeks to achleve RAOs through an movatwe m-situ technology that combines 

hot au  stnppmg with vigorous mmng of subsurface medm Contammated groundwater is 

remednted through extramon and treatment m the Buildmg 891 fachty, whde the subsurface 
residuals are addressed by source removal with hot'an mjection and m e c h d  mmng 

Tlus altematwe targets the ideWfkd source area m IHSS 119 1, but adhbonal areas could be 
mcluded based on the results of a d-ed soil gas survey p&g treatment The MSS 119 1 

source area is cs@ated at lod feet by 100 feet, with a depth to bedrock of approxmately 20 

feet 

This innovative technology operates under the same basic principles of SVE and thermal 

enhancement dwussed 111 the previous altematms, but combines these with vigorous mechamcal 

mmng to m c m e  treatment effectrveness by ensmg  m e r  gas contact with al l  contamination 

The muring of the sods by an auger allows homogenous treatment, avoiding the p0ssibilit.m of 

preferenhal subsurface flow channels that could result 111 non-uniform treatment. "Ius system 

represents an innovatwe combma&on of technologm to mcrease treatment effectweness and 

decrease treatment tune. 

L 
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The pmary treatment system m this altemahve consrsts of a caterpillar mounted drdl rig with 

spec- dnllrng equipment The dnll equipment IS capable of dehvering treatment reagents, 

such as hot i~u or steam, vm pipmg m a hollow drrll bit shaft The drdl bit has a cuttmg/mmg 

blade, whlch can vary m diameter from 4 to 12 feet Groundwater extramon wells would be 

placed m previously treated sod columns Dewatemg of a small area pnor to treatrng the mtd 
soil column would be accomplished via an extraction well dded with convenhonal ddhng 

equipment Extracted groundwater would be treated through the exlstmg Buddmg 891 treatment 

system The d d  ng can produce up to 350,000 ft lbs of torque, sufficient to provide excellent 
m m g  of subsurface sods as the ddl bit descends through the sod column The ddl bit also 

has mulbple mjmon ports for hot rn dehvery. The mulbple ports provide umform dehvery 

of hot an- throughout the treatment zone The caterpillar mounted dnll ng is moved from one 

treatment zone to another sequentdy untd the entm site IS remednted. The treatment columns, 

or dnll shafts, are overlapped by 30% to ensure adequate treatment throughout the entm site 

4 to 6 columns can be treated per day, dependmg on site con&hons. A conceptual view of the 

hot rn injechon and mechamcal mixlng technology is mcluded as Figure 3-6 

For volatde compounds such as those at OU-1, a negahve pressure shroud is p l a d  over the 

entm treatment zone to capture off-gases for dehvery to an onboard off-gas treatment system 

Mats are placed under and around the rig to ensure that contaminants do not reach the 

atmosphere by surfacing outside the shroud The shroud vacuum is connected to an off-gas 

treatment system A vapor-liquid separator =moves entratned liquids for deltvery to the 

Buddmg 891 water treatment system. Vapors contmue through the off-gas treatment system 

For the contaminants and concentrations at OU-1 , vapor phase carbon adsorption is the preferred 

treatment +on. Once treated, the an is recycled to a compressor and heater and reinjected to 

I 

L 

I the subsurface 

Wastes genemted as a mult of this alternative wlll be managed in compliance with applicable 

regulations The wastes mclude spent GAC from the off gas treatment system and Building 891 

water treatment system, regenerant solubon from ion-exchange resin regenembon from the 

Building 891 water treatment system, and wastes aummted with monitoring well installation 
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such as driU cuttmgs and dmntaminabon water The demntaminabon water can be sent to 

Buddmg 891 The regenerant solubon from the spent ion-exchange resms will be pH neutralized 

and sent to Buddmg 374 for evaporabon m accordance with current operational pmctxes The 
spent GAC wdl be sent off site for regenerabon 

Appromately 141 sod columns wdl be necessary to remednte the idenflied source area m 
IHSS 119 1, whch could be accomplished m three months The total remedd tune frame for 
ths alternatwe is 13 75 years, with three months for the detaded sod gas survey, three months 

for mobhzabon and demobdmbon, three months for treatment, ten adhbonal years of French 

Dmm operabon to remeduite the contammated groundwater plume, and three a d h b o d  years 

of momtomg to ensure groundwater concentrations remam below PRGs A plan view for thls 
alternatwe is mcluded as Figure 3-7 

3 2 6 Sod Excavabon with Groun dw ate r Pump m g Alte m abve 5. 

Thls alternabve is mtended to acheve M O s  through excavation of contammated gmundwater 
and sod beneath a dlscreet portron of the IHSS Thls alternative Men from the m situ 

treatment alternabves m that a p o ~ o n  of unsaturated aqd potentdly saturated sods at the IHSS 

would be excavated down to the water table to allow for the removal of localtzed groundwater 

contamnabon The excavated sods woyld be t m t e d b y  thermal desorpbon to mlnlmlze any 

further degradabon of groundwater beneath the IHSS from residual DNAPU present m the sods. 

This is a worst-case scenario whch would enable contammated water to be located and 

subsequently removed Such efforts may be required based on the current understanding of the 

hydrogeologic condhons at OU-1, whch suggest complex geology in the area RxcavaQon and 

groundwater pumpmg are estabhhed remedial technologies whch can be combmed with no 

significant r n c u l t i ~  

' l b s  alternabve would q u i r e  excavation of approximately 17,500 cubic yatds of unsaturated 

and potentially saturated soils in the southwest comer of IHSS 119 1 based on the results of the 

Phase III RFWRI (see Figure 2-1). Excavation of the required volume would result m an 
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excavated area of 0 7 acres, based on excavating a 100 ft. by 100 ft area down to bedrock (20 

ft ) with slopmg around the area of 2 to 1 

Excavation would be termmated shghtly below the underlymg bedrock to ensure that all 

contammated groundwater pools am reached The groundwater would be collected usmg sump 

pumps mstalled w i t h  the excavahon Standard submersible pumps would be used to dmct 

collected groundwater to the exlstmg French D m  sump pumps The pundwater would then 

be transferred to the Bulldmg 891 water treatment system at OU-1 for f d  treatment and 

discharge A conceptual view of the excavation and treatment process is shown in Figure 3-8 

A pipmg system from the excavation to the OU-1 treatment faclllty would be q u d  and would 

most hkely be constructed of PVC and bund to a sufficient depth to prevent freewng 

Surface sods located within the excavation area wdl be scraped and stoc4ded on site to be 

treated with surface sod from OU-2 at a later tune The subsurface sod wdl be excavated and 

transported to a stagmg area for treatment It is antrcipated that the stagmg area can be 

constructed withm 300 feet of the excavahon Management of the surface and subsurface sod 

wdl comply with 40 CFR 264 and may mclude creatmg a roof or other cover over the stagmg 

area to nunmuze precipitation onto the soil and prevent fi@trve dust losses, landscaping the area 

to create adequate dramage, placmg a pad or h e r  under the storage areas to prevent infiltration, 

and h i t m g  access to the storage sites The actual excavauon would be accomplished usmg 

convenuonal construmon equipment although bxeathmg apparatus may be included as part of the 

machmery or may be handled separately on an individual basu 

The excavated sod in the staging area will be dewatered and treated by a skid-mounted thermal 

desorption unit to below detection h i t s  for PCE, TCE, 1 , 1-DCE, CCI,, and 1 , 1 , 1 -TCA The 
treated soil should meet the RCRA Land I)lsposal Restncticms, mcluding restrictions for 

radionuchdes and metal compounds, pnor to disposal in a pmtted treatment, storage, and 
disposal (TSD) facility. It is assumed that an appropriate facility is located within 100 miles of 

the site. The treated soils could be disposed of on site, however due to the administrative 
difiiculties of dehting hazardous wastes, it has been assumed the tmted sods will be shipped 
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off site for &sposal. 

Groundwater extracted from the excavahon will be pumped to the French D m  where it wdl 

be transferred to the Buildmg 891 water treatment system The French Dram wdl contmue 

opemtmg for 10 years after Emahahon to collect contammated gmundwater Groundwater 

momtomg will contmue for an adhhonal3 years followmg French D m  hmntmuahon of 

French D m  operabon to venfy that the concentrations r e m m  below the PRGs at the French 

DIUI 

Rahologcal momtomg would be conducted for the dumhon of the excavataon due to the 

potend presence of plutonium rn the sods Although Altername 5 involves removal of the 

source of contammahon to groundwater at MSS 119.1, groundwater monitomg of groundwater 

would still be requrred once the mrnedd amon is complete to venfy that all sources of residual 

DNAPL contarmnaton have been r e m a t e d  Short-term monitonng of vapor concentraQons 

111 iill would also be requrred dumg the excavation and prror to its closure. 

A bund gas transmission h e  is located m the vicmty of MSS 119 1 and the French D m  
Site utihty maps wdl be consulted during the excavation and prior to laying the PVC pipe to 

ensure that the transmssion line is not damaged Standard health and safety pramces wdl also 

be used to ensure thatdqe transmissioi h e  remains mtact 

AU wastes generated as a result of tius alternative will be managed in comphce with apphcable 

n@abons They include spent GAC from the off gas treatment system and Building 891 water 
treatment system, regenerant solution from ion-exchange res& in Buddmg 891, treated soil, and 

wastes associated with rnstallation of momtomg wells such as dnll cuttings and decontamination 

water The regenerant solution from the ion-exchange resins will be pH neatmlized and sent to 

Buddmg 374 for e v q o n .  Treated soil will be managed before final disposal in essenbauy 

the same manner as untreated soil and the spent GAC will be sent off site for =generation 

b 

The total =medial bme frame for thu alternative is 14 years. This includes three months for 
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a detaded sod gas survey, three months for mobihzauon and demobhtion, m e  months for 

excavabon, ten additional years of French Dram operabon for plume remedration, and three 

subsequent years of conmued momtonng to ensure groundwater concentratrons remam below 

PRGs A plan view of Altername 7 is illustrated m Figure 3-9 

L 
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4.0 DETAILED ANALYSIS OF ALTERNATIVES 

4 1  Des cnpoon of Evaluabo n Cntew 

'Rus sechon analyzes the proposed remedd action altemahves usmg the cntem specdied at 40 

CFR 300 430 of the NCP and the RCRA COrreCnVt? Achon Plan (CAP) @PA 1994) Detads 

of the alternabves presented 111 Sechon 3 0 are used as the basis for these analyses whch address 

both the CERCLA cntena and RCRA standards There are m e  cntem designated m the NCP 

regulahons and rune standards under the RCRA CAP guidance The NCP and CERCLA 

guidance dwides the cntem mto threshold, balancmg, and m a y m g  cntem Threshold cntena 

are statutory requirements that must be satisfied for an altemahve to be ehgible for selection 

The two threshold critem for this detailed analysis are ovefall pmtemon of human health and 

the envmnment and comphce with ARARs 

The five pnmary balancmg cntem of (1) long-term effemveness and permanence, (2) reducbon 

m tomcity, mobhty, and volume, (3) short-term effecmeness, (4)mplementabhty, and (5) cost 

are used to evaluate each alternative's major performance objectwes The relame performance 

of each alternatwe 1s evaluated and then compared to others to iden* any one alternatwe 

meets all the cntena 

The two modd'jmg c n t e ~ ,  state acceptance and COmmuIllty acceptance, evaluate the feasibhty 

of mplementmg an altematwe m terms of its acceptance by regulatory agencies and the pubhc 

These criteria are not evaluated until after the formal public comment period on the CMS/FS 

report and proposed plan The criteria are addressed in the CADROD 
L 

4.1.1 Qverall w n  of Hu- and the Environment 

Under CERCLA critexion and RCRA standards, each alternative is evaluated for the overall 

protectweness of the proposed action. Proposed alternatives describe how human health and 

environmental risks are elimmated, reduced, or mntrolled through treatment, engineering 
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controls, or msWut~onal controls The overaU protemon of human health and environment 

cntena 1s a threshold cntem which an altemtwe must meet to be the selected amon In 
part~cular, each alternatwe is requlred to be evaluated m meetmg =Os estabhhed for the site 

The assessment also mvolves analyzmg whether PRGs are sabsfied through mplementabhty, 

long-term effectweness and permanence, and short-term effectweness The evaluaQon of overall 
protectiveness exammes whether an alternative results m any unacceptable nsks or cross-media 

lmpacts to a site The other threshold crrtem is comphce with ARARS Each alternahve is 
q u d  to be evaluated on the basis of how it compbes with ARARS 

4 1 2  C? te uuem nt 

The selecQon of ARARs for an alternatwe is governed by the regulahons of the NCP and EPA's 

Office of Sohd Waste and Emergency Response (OSWER) Dmbves Such a v e s  mclude 

the Complrance wuh Ofher Laws Manual (EPA 1988b) and the RCRA CAP guidance A 

discussion of the selecbon of chemical-specfic ARARS for OU-1 has been presented 111 Sectron 

2 Bnefly summanzed, ARARS 

0 Apphcable, a requmment that apphes, under cmumstances other than CERCLA, 
to the contammant, acbon, situahon, or locatron, or 

0 Relevant and appmpnate, a requmrnent not normally appbcable*tq the site but 
because the requirement addresses an amvity, location, or situabon similar to the 
site and the requuement is well-suited to the rem* amon proposed at the site, 
it IS judged relevant and appropru&. It is possible for a requmment to be 
relevant but not approPriate for a site 

As remedial action alternatives are developed and scmned through the CMS/FS process, 

environmental dandards are further analyzed and screened for the site. Action-specific and 

lmon-specific ARARS previously identified in the OU-1 CMS/FS process have been further 

screened to check the juWcbonal and ckumstantml ARAR prereqwites. Each ident&d 

stanch113 has been noted as apphcable, or relevant and appropriate, or not apphcable or relevant 

and appropriate for each a l t emve  at OU-1. Any proposed standard or guidance which could 

be relevant to the circumstances at OU-1, was consided in the screening process. Proposed 

' 
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standards and current guidance are described as TBCs m the detailed analyses. The cntena used 

to evaluate apphcable nqumments are 

e 

e 

0 

e 

e 

Is the substance or contarmnant addressed under the regulahon 
Is the time period in the regulaQon applicable 
Does the regulatron qum, h i t ,  or prohbit the actwioes 
Who is subject to the mgulauon 
Who is exempt from the regulauon 

The cntena used to evaluate relevant and appropnate requuements are 

e The substance or contammant addressed under the regdabon is smhr to the 
situahon at OU-1 

e The rneda affected by the requlrernent is slmrlar to the cmumstances at OU-1 

0 Activibes affected by the regulahon are smdar to actwiQes proposed at OU-1 

0 The area addressed by the regulahon is simdar to the area affected by the 
proposed alteratwe at OU-1 

e Structures, facbues, or technolomes addressed by the regulaoon are s u n k  to 
those proposed at OU-1 

0 Exernpons or vanances of a qumrnent are appqmte to the cmurnstances at 
ou-1. 

Each specrfic altername is assessed to deterne If the proposed action can comply with each 
identrfied ARAR or TBC Section 121(d) of CERCLA quires rem& acbons to comply with 
or exceed the ARARs designated at a site. It IS a threshold critem designated m the NCP 

regulations for proposmg an dtematwe at a site. Compliance with apphcable standards for 
waste management is also one of the criteria under the RCRA CAP guidance. 

& 

Comphce with an ARAR can be waived under specific circumstances as designated in 

CBRCLA, as amended [ S a o n  121(d)(4)] and in the NCP regulations. Any proposed waivers 

from the ARARs tm presented in the Proposed Plan and Record of Decision along with the 
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m o n s  for such an actton Reasons for a waver include 

e A State standard has not been consistently apphed m sunllar cmumstances 

e The proposed actron is an m t e m  amon 

e Comphce with the ARAR will result m greater nsk to human health and the 
envmnment than other alternahve ophons 

0 Compbce is not t e c h a l l y  feasible 

e The selected actron wlll attam a standard equivalent to an apphcable standard 
usmg another approach 

The RCRA CAP guidance does not mclude a specfic method for obtammg wavers from ARAR 
comphnce dumg a CMS The Guidehe does allow for some latitude m the estabhshment of 

m&a cleanup standards, however 

Medla cleanup standards may be proposed by the permittedrespondent m the CMS Report based 

on promulgated federal and state standards, nsk denved standards, site specific mformation, 

and/or apphcable guidance documents Altemabvely, standards may be set by the unplementmg 

agency pnor to the CMS stage If m d a  cleanup standards are set by the unplementmg agency, 

the permittedrespondent may propose to mod@ them dunng the CMS FIM~ medm cleanup 
I standards will be detemed by the unplementmg agency when the remedy is selected 

In adchbon to attarntng the estabhshed medm cleanup standads, potential remeches considered 

dumg the CMS process are requrred to comply with a l l  apphcable state or federal regulabons 
i 

State of Colorado Regulations allow for peUmmg for the modd3caQon or waving of RCRA 

regulations General requirements for the pe€itioning process are found in 6 CCR 1007-3, 

Subpart C - Rulemaking Mt~ons. This section provides that any person may mtion  to modify 

or revoke any pmvision in Parts 260 -ugh 265 of the Colorado Hazardous Waste Regulations. 

For example, wastes at a facility may be excluded from the list of hauudous wastes if the 
mtioner can demonstrate to the satisfaction of the CDPHE that the waste produced at the 
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faclllty does not meet any of the cntena u n k r  whch the waste was listed as a hazardous waste 

The results of the ARAR analysis conducted at OU-1 for each alternative IS presented in a 

tabular form m Appendnc D Key ARARs selected from Appendm D for &scussion ln the 
detsuled analysis of alternabves are those whch a-ie judged to be most cnbcal to an alternabve’s 

unplementabon Key ARARS lnclude 

0 Colorado Basic Standards for Groundwater - 5 CCR 1002-8, 3 11 5 and 3 11 6 

0 Colorado RCRA Regulabons - 6 CCR 1007-3 parts 264 and 268 and proposed 
changes to Part 261 

0 Colorado An Polluuon Control Regulabons - 5 CCR 1001-5, Regulaoon 7 

e Colorado Nongame, Endangered or Threatened Species Conservabon Act - CRS 
33-2-101 

Smce the State of Colorado is authorized by EPA to unplement the RCRA program, the RCRA 

ARARS under the State program are designated as key ARARS Releases and spds at OU-1 

occurred pnor to the effectwe date of the RCRA regulahons so many of the RCRA regulahons 

are designated relevant and appropmte rather than apphcable to OU-1 The excepbon to thls 

is the Colorado regulabons regardmg sohd waste management umts (SWMU) m 6 CCR 1007-3, 

264 90(a)(l) which are applicable to the cmumstances at OU-1 They state that the owner or 

operator of constituents ~tl SWMUs must comply with 264 101 Releases of hazardous 

constituents from SWMUs acuxchg to 264 101, Subpart F, require correctwe action for 

promon of human health and the envmnment 

Subpart P of the Colomdo RCRA regulations also collcefil groundwater protection Many of 

the subsections of this subpart are directed to regulated units but OU-1 is not a regulated unit. 
However, OU-1 hsts SwMus in a RCRA Part B permit application hveatmy. Themfore, 

sedions of Subpart F that rn mlevant and appqriate to OU-1 include. 
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I 

e 

e 

e 

e 

e 

e 

e 

6 CCR 1007-3,264 92 Groundwater protection standards 
6 CCR 1007-3, 264 93 Hazardous consbtuents 
6 CCR 1007-3, 264 94 Concentmbon limits 
6 CCR 1007-3,264 95 Pomt of compbce 
6 CCR 1007-3,264 96 Comphce penod 
6 CCR 1007-3, 264 97 General groundwater momtonng requmments 
6 CCR 1007-3,264 98 Detecbon momtonng progmm 

These subsecbons are focused on the specrfics of conductrng a groundwater momtonng program 

and detectmg exceedances of the groundwater protecbon standards 

The other requmments of the Colorado RCRA program that are apphcable to OU-1 are 

contamed m 6 CCR 1007-3, 264 101 This secuon requms that correctwe amons be located 
between the SWMU and the downgrahent fachty boundary or beyond the fachty boundary 

where necessary to protect human health and the envmnment, unless specfically prohbited due 

to a lack of property ownershp Onsite measures are detexmmed on a case-by-case basis 

Implementabon of groundwater protecbon measures are also part of the Colorado Water Q d t y  

Control Commission’s Basic Standards for Groundwater (5 CCR 1002-8, 3 11 0) Smce the 

Colorado State Basic Standards for Groundwater are potenhid chemical-spcfic ARARS, the 

unplementabon approach w i h  the standards would be relevant and appropmte but not 

apphcable CDPHE has lmplementabon responsibhty as d w e d  111 5 CCR’l002-8,3 11.6(B) 

The regulabons of 5 CCR 1002-8, 3 11 6(C) and @) provide some discmon m the selecbon 

of the pornt of comphce. Bnefly summanzed, the pomt of comphce could be established 

at any one of the followmg locations 

e The site boundary 

0 The hydrologically downgradtent limit of the area in which contamination exists 
at the tune identified 

e At some distance hydrologically downgradient from the activity causing the 
contarmnaton and closest to the activity as determined by site-specific factors, 
such as the established wellhead proteaiOn areas, the potential of the site as an 
aquifer recharge area, and the recommendations of the owner or operator. 
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Another part of the Colorado RCRA regulahons that are relevant and appropriate to OU-1 is the 

closure and post-closure requmments for regulated uruts The closure requmments of 6 CCR 

1007-3, 264 112 require preparahon of a closure plan that is consistent with the requirements 

of the groundwater protechon standards of Subpart F Elements of the State post-closure care 

requmments rn 6 CCR 1007-3,264 117 that are relevant and appropnate to OU-1 are the post- 

closure care penod and the requmments for mamtenance and morutomg of waste contamment 

systems III accordance with Subpart F The post-closure penod is 30 years after complebon of 

remediation unless changed by CDPHE Reasons for a reduced penod rnclude a demonstrahon 

that the groundwater protechon standard has not been exceeded for a pend of three consecuhve 

years In addibon, it must be vedied that the reduced tune is pmtechve of human health and 
the envmnment 

Au- emission standards under the Colorado RCRA regulahons (6 CCR 1007-3, 264 1033, 
264 1052, 264 1054, and 264 1057) and Regulabon 7 of Colorado’s Au Polluhon Control 

Regulabons are potenhally apphcable to the remedmon alternatwes that rnvolve VOC 

emissions Regulabon 7 requms the use of reasonably avadable control technology (RACT) to 

control VOC emissions of over two tons/year or two lbs/hour 

Colorado’s RCRA regulahons requue that VOC emissions from au  stnppmg RCRA treatment 

umts to be morutoiyi and operated m accoTdance with the RCRA closed vent and control device 

system standads The standaxds requm condensers or adsorbers to acheve 95 percent weight 

efficiency and to inshtute exhaust vent stream momtomg 16 CCR 1007-3, 264.1033(0, (g), or 

(h)] Valves and equipment leaks are required to be monitod and marntatned m a condmon 
to acheve the no detectable emssions level 

I 

The Colorado Nongame, Endangexed, or Threatened Species C o m m o n  Act (CRS 33-2-101 

et seq ) requires that indigenous species found to be endangered or tbreatened in Colorado be 

protected in order to maintain and enhance their numbers It is a relevant and appropriate 

requmment for the OU-1 earthdisturbing =mechation alternatives The Colorado Ihvision of 
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Wildlife (CDOW) has the responsibihty of determining management needs that will allow for 

the contmued sustaubihty of populabons of nongame species. 

The Colorado Nongame, Endangered, or Threatened Species Conservaoon Act is part~cularly 

si@icant to RFETS because it has the largest known populabon of Preble’s meadow jumpmg 

mouse (Zapus hudsomus ssp preblei) m Colomdo The Preble’s meadow jumpmg mouse is a 

species of specml concern m Colorado A special concern species is not legally protected but 

CDOW favors mmtammg the species and enhancmg its habitat where possible Federal 

authonbes currently consider the Preble’s meadow jumpmg mouse a Category 2 species whch 

is a can&date for hsting as a Federal thmtened or endangered species Stuhes to gather 

mfomabon concemg the species and its need for Federal and State pmtecoon are ongomg. 

Should the mouse be ltsted on the Fedeml Endangered Species Act Lst, the requmments of 
Secbon 7 of the Act would be a key ARAR Secbon 7 requires consultabon with the U S Fish 

and Wddhfe Service and m parhcular, preparation of a biologml assessment concerning the 

species and its habitat 

Habitat requlrements for the Preble’s meadow jumpmg mouse mclude mtact npanan corndors 

such as those found along Woman Creek There has been positme idenMicabon of Preble’s 

meadow jumpmg mouse m npanan areas adjacent to the OU-1 boundary As a Federal fachty, 

it is the obligabon of the operator of RFETS to rmntrmze the unpact of remedmon to npanan 
areas RFJEIS staff wdl coorrlmate actwioes with CDOW to ensure that the populaoon of 

Preble’s meadow jumpmg mouse at RFE”S is protected to the extent possible dumg 

unplementaoon of the selected alternative at OU-1. 

b 

e d  n 

One of the balancing criteria listed in the NCP is long-term effectiveness and permanence; in 
the CAP guidance it is listed as long-term reliability and effectiveness. Each alternative is also 

required to be waluated against this criteria. The NCP emphasizes the preference for treatment 

to achieve long-term protection and permanence for a site. RCRA CAP guidance also 
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emphasizes long-term Eliabhty and effmveness as a factor m selectmg a proposed altematwe 

Cntena for evaluatmg long-term effectweness and permanence mclude the followmg 

e Persistence, to~~city, and moblllty of hazardous substances and then consWuents 
and then tendency to bioaccumulate 

e Long-term UncertamQes associated with contamment 

e Long-term potential for adverse health effects 

e Long-term cost of momtomg and mamtenance 

e Ease of undertalung future r e m a  achon 

ConsideraQons are focused on the residual nsk remaming after Implementahon of the altematwe 

In part~cular, the evaluauon of the altematwe IS to consider whether RAOs wdl be met RAOs 

often are focused on long term effemveness and permanence The evaluauon of a proposed 
alternatwe must mclude an analysis of the potentnl threat to human health and the envmnment 

from untreated waste or treatment residuals remamng at the site after rerneduihon Thls 

analfical process includes the followmg elements 

e Volume and concentmuon of contammants m untreated m& 

e Volume and concentraQon of contarmnants m treated residuals 

e Requvements for 5-year site reviews and long-term moxutorrng 

e Micul tm assoc1sLfed with long-term operabons and maintenance 

e Adequacy and reliability of controls 

potential need to replace techcal components 

Potenbal exposure pathways and risks posed should the remedial action need 
leplacement 
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4.1 4 W m t  r V l m  h 

Another one of the balancmg cntem m the NCP and RCRA CAP guidance is reducbon of 

tomcity, mobhty, or volume of wastes through treatment The CERCLA critenon evaluates the 

abhty of an alternative to reduce the nsks at a site through the destruchon of tomc 
contammants, reduchon of the mass of toxlc contammants, reduchon m contammant mobhty, 

and reduchon of the volume of contammated medm The NCP states a preference for remedd 

alternatives that mclude treatment whch acheves ths cntenon as a pmcipal element of the 

remedy RCRA CAP guidance also specrfies reduchon m the tomcity, mobhty, or volume of 

waste as a standad for the selechon of a preferred alternatlve Specsic considerahons for 

reduchon of tomcity, mobhty, or volume (TMV) mclude the followmg 

e 

e 

e 

e Extent of TMV reduchon 
e Imversibhty of tmtment 
e 

Adequacy of the treatment process to address PRGs 
Specrfic qumments and lunitabons of the treatment process 
Volume of the contammated medn treated 

Quanhtres and toxlc charactenst~cs of treatment residuals or byproducts 

4 1 5  

Short-term effectweness is another of the NCP balancmg cntem and a standard of the RCRA 

CAP guidance In evaluatmg alternatives, the CERCLA cntenon and RCRA standads relevant 

to short-term effectweness consider the period of tune requid for construction and 

unplementabon of each alternative The cntenon evaluates communtty and worker protectron 

during the remedntion actmty as well as potend adverse envbnmental impacts that may result 

from the alternative. The consideration of envmnmental unpacts dumg remedhon includes 

elements as an evaluation of the impact of the alternatives on the quality of habitat at the site 

Implementability is a criteria under both the NCP n@atbns and RCRA CAP guidance. This 
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criterion addresses the tecbcal and adrmnistratwe feasibdity of implementing an altematwe 
includmg the avadabhty of matenah and services. Implementabdity IS parhcularly mportant 

for evaluatmg the rehabrllty of technologes that are mnovatwe or proprietary Speclfic 
considerabons relevant to mplementabhty mclude the followmg 

e 

e 

e 

e 

0 

e 

Ablllty to construct and operate the altematwe withm a 10- to 30-year tune frame 
Avadablllty of equipment and specdsts 
Avadablllty and rehblllty of the components of the altemative 
Ablllty to momtor the effectweness of the altemahve 
Demonstrated performance level of the treatment components and equipment 
Dfliculty m unplementmg future r e m a  actrons once the altematwe is m place 

The RCRA mplementabhty standard also requves addressrng these same considerabons for each 
alternative The mplementablllty evaluaUon is requlred to iden* the adrmtllstmtne and 

coordrnated local, State, and f4em.l requhments The CAP guidance requms idenbficaQon 
of necessary permits 

4 1 7  

Cost is a cntenon under the NCP regulaaons and RCRA CAP guidance 

balancing cntem under the NCP 
It is one of the 

Cost is to be evaluated vm the capital costs, long-term 
operaQon and mmtenance ( O w  costs, and postclosure costs Present worth costs are used 

to compare expenses of each dtematwe that occur over Merent time penods. By &scountmg 
all costs to a common base year, the cost of each altematwe can be reduced to a single figure 
for cornparatwe analysis l k s  report assumes a discount intemst rate of 5 percent (as specified 
in the CMS/p,S gu~dance) to calculate the pr'esent worth of each al-ve In addition, a 

maximum implemenWon penod of 30 years has been used for altematwe analysis. 

Cost can be a si@cantly different from one altemative to another and may be the major 
Memce in pmviding equivalent long-term effectveness and permanence An altemative with 

an excessive cost when compared to overall effectiveness may not be feasible 8s a preferred 
alternative. Also, an altemative with a low initial capital cost may have a larger total cost when 
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O M  is considered €hgher costs may be offset by unproved performance or greater long-term 

risk reduction in the comparattve analysls of altematives. However, the alternative that satisfies 
the CERCLA requlrements 111 the most cost-effective manner is selected as the preferred 
alternauve 

4 1 8 State Acce~tan ce 

State (and commumty) acceptance of the proposed preferred alternative are m d y m g  cntena 
according to the NCP regulahons and the RCRA CAP guidance on pubhc mvolvement Changes 

to the proposed correctwe measures may be made after considerauon of pubhc comments and 

a determmahon by CDPHE that changes are necessary to the preferred altername State 
acceptance refers to CDPHE’s or other state agencies’ comments on the appropmteness of the 
proposed preferred altemabve CDPHE’s concerns about the preferred altematwe and other 
altematwes are to be assessed as early m the regulatory process as practmble, usually 111 the 
remedd acQon plan/proposed plan The State’s comments on ARARs or proposed use of 
wavers are to be addressed by the lead agency 

4 1 9 Commumty Accmtance 

The community acceptance cnterdpubhc mvolvement pohcy of the NCP regulabons and RCRA 

CAP guidance is the last cntem to be evaluated pnor to final selection of a remedy. The DOE, 
EPA, and the State will evaluate the lssues and concerns msed by the pubhc m their comments 

on the proposed remedial achon plan/pmposed plan Interested people or groups in the 
commumty may support, have reserv&ons about, or appose some components of the preferred 
altematwe; theu concerns may mfluence the final selection of an altematwe in the CAD/ROD 

4 2  Analvses 

Background analyses have been conducted to obtain data to assist in the W e d  analysis of 
albmat~ves mcluding establishing groundwater monitoring requhments, groundwater modeling, 
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and residual nsk assessment. Each of these analyses are described m the followmg subsections 

4 2 1  Grou ndwater Mon~torrng 

Groundwater momtomg is mcluded as part of each altematxve pEented m this report For the 

purposes of the detiuled analysis of alternatwes, it is assumed that a performance momtonng 

system would be used to comply with the RCRA regulabons New wells would be rnstalled 

includrng one deep cluster and one shallow well cluster downgradlent of MSS 119 1 and 

possibly two additional wells upgrabent of Woman Creek It is suggested that mstallation of 

the well clusters be preceded by geo1ogm.l and geophysical support such as photographc 

heament analysis or three-dunensional seismic surveys "hIs would enable paleochannels and 

faulted zones to be clearly idenMied pnor to the well installatrons 

Samples would also be collected s e m u a l l y  fmm the French Dram Samples would be 
analyzed for orgam and morgmc contamrnants rncludmg mdwidual species of morgamc 

contaminants to idenMy mdividual metal species with a p0tent.d to bioaccumulate Th~s 

adhoonal analysis should not be a routme component of the samphg program 

4.2 2 m g  

Groundwater modehg has been performed to support the W e d  analysrs of the altematwes 

Groundwater modehg was completed to predict downgradient contammt concentrabons 

resulting from suspected DNAPL sources at XHSS 119.1. Three conceptual models were 
identdied and used to pred~ct future contaminant concen&@ons at the downgradient side of the 

French Drolin and III the alluvium of Woman Creek (Alkm&ve 0) The No Action model was 

used to examine contaminant migration patterns with no soume m0va.I and decommissioning 

the French Drain The Instatutional Controls model (Alternative 1) was used to examine 

contaminant migration patterns with the French Drain and extracton well in Operation The 

mediation model (Alternatives 3,4, and 5) was used to examine the effect of remediating the 
suspected sources within IHSS 119.1 to the PRGs, and to p d c t  downgradient concentdons 

L 
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once this goal was achieved. Based on the modehg results, the bstonc use of the site, and the 

pra&c nature of the observed contamination, it is assumed that the contammation occurred 

because of small episochc Sprus and that large pools of DNAPL do not exlst 

The model is considered to be consematwe (1 e ,  oveqmxbcts contammant concentmons) 

because 

- It IS two-dunensional and does not smulate &spersion transverse to the plane of 
the model Therefore, the concentmuons are consistently overestunated by the 
model 

- The model assumes a constant groundwater flow when the site frequently has 
penods of either low flow or no flow 

The model converged well with actual con&hons at the site as m&cated by 

- Convergence with observed hydraulic conductwhes and groundwater flow rate 
and duechon It md~cates that the advmve transport rates of the model are 
slmllar to actual con&tions 

- Smulauon of the ohserved spora&c nature of the contamrnant concentrahons 
The sporadic nature mdcates that the source is Intermittent, as the groundwater 
table nses, it contacts the residual DNAPL m the subsurface soil whch results 
in somp parhtioning ‘to the groundwater 

- Accurate p d a o n  of the effects of the French Dram and the extraction well on 
the hydroloDc system at the site 

In general, the results of the model m&ca&d that. 
L 

Contamrnant concentrataons are always overpTedcted by the model. The 
implications of this am* (1) estimgted exposwe concentrations am conservative 
because they bound &sewed concentmtiom, (2) alternate source locations and 
conditions (such as a source located somewhere outside the plane of the model, 
or a source with a Merent release mechanism such as diffusion fmm fractures 
in bedrock) are indirectly accouIIted for by the model, a Werent source is 
unlikely to result in hgher pd~cted concentrations, (3) spreading of a source 
caused by degdation and subsequent generation of a contaminant along a 
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flowpath IS also accounted for by the model because the estmated concentraUons 
are much hgher than actually observed, (4) p d & v e  smulabons overestimate 
contammant concentrahons because they are based on the same concepts as the 
cahbmted model, and (5) If the model was more m.l~st~c, the smulated 
concentrahons would be smaller and more consistent with observed data, whch 
would translate mto smaller concentrauons under the pnxbmve smulations 

- The model slmulates relahvely well the oscillatory behavior observed m actual 
concentrations Ttus supports the concept that the source penod~cally releases 
solutes and that the tmmg is related to seasonal vanafions m clunatx condmons. 

- The model accurately pxt&cts the effects of the French Dmn and the extmchon 
well The nse m slmulated 1,l-DCE and 1, 1 , 1-TCA concentrauons m Figures 
B-27 and B-25, respectively, that occur around 1992 is caused by smulatmg the 
operaQon of the French D m  whch started construcbon m November 1991 and 
fmshed m Apnl 1992 The nse m concentmuons is caused by the increased 
hydrauhc gxahent resultmg from the mstallabon and operabon of the French 
D m  whlch pulls groundwater more rapidly towards Well 0487 The smulated 
concentrahons b e p  decreasmg around 1993 when the extracQon well started 
operatmg The gmhents are reducsd when the exmaon well is smulated 
because it pulls groundwater away from Well 0487 The observed concentrations 
vary m the same manner The smilanty between the model and observed 
vmbons m concentrations leads to the conclusion that the observed vanahons 
are caused by the mstaJlahon and operahon of the French Dram and extracuon 
well That the model smulates th~s behavior underscores the conclusion that the 
model is an accurate and adequate representation of site conhbons The s p h g  
effect caused by the French D m  is observed m all contarmnants. 

Sensittvity analyses were completed for pomsity, decay rate, adsorption, and hydraulic 

conductwity. The sensitimty shown for adsoIpuon decreased with time as the effect of the decay 

rate mcreased on the contarmnant concentrations. The analysis for porosity also mhcated an 

overriding effect of decay as tune pmgmsed Hydraulic conductivity was consistently the most 

sensitive p a r a m e  chosen for the analyses and should affect tmqmt rates and dupemion. 
Therefore the hierarchy of sensitivity for the parammm chosen for the analyses IS 

Hydraulic Conduct~wty > > > > Decay > > Porosity and Adsorpbon 

Because the model converged well with observed hydraulic cooductivit.m, it was assumed that 
I 
I 
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the model was dbrated well with the actual hydmlogc system 

The computer smulahon code TARGET - 2DU (Dames & Moore 1985) was used to smulate 

contammant transport in the subsurface at OU-1 TARGET-2DU is a vertmlly-onented, fmte 

difference model that can smulate vanably saturated conhhons Thls model was selected due 

to the varrabhty of the saturated zone at OU-1, and because It has been successfully apphed at 

other Superfund sites to support fmal CADs/RODs Detiuled assumpoons and uncertambes 

associated with the model are mcluded m Append= B The model wdl be avadable for pubhc 

use m 1995 

In exammg the results of the modehg effort, PCE, TCE, l,l-DCE, l,l,l-TCA, and CCl, 

were selected as contamlnants at the site A hst of the peak concentmtrons, p d c t e d  for the 

contammants at the French Drarn and Woman Cnxk for each altematwe is found m Table 4-1 

For the No Action Aternatwe, concentrabons nse and then remam constant for the remamder 

of the modehg period For the Inshtubonal Controls with the French Dram Altematwe, the 

peak concentrabons occur at the begmug of the model They contmue to decrease with tune 

For the remednbon altematwes, Altematwes 2 through 5, concentmbons nse for a short tune 

then decrease for the remamder of the modeled penod 

The three conceptual models were also used to estunate residual m k  levels assocnted with the 

remednl acbon altemahves proposed m thrs sechon 

4 2 3 Residual ask Assess ment 

The residual risk assessment, presented in Appendm C, documents the appmach and calculations 

used to estunate risks asLssociated with the proposed altemtives. To select the most approPriate 

pathways and con taminants, the mults of the OU-1 PHI3 were reviewed. 

Groundwater modehug was performed to emmate the contaminant mncenmons in 
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groundwater, usmg the three conceptual models for OU-1. The mults were then compared to 

contamnant-specfic PRGs for OU-1 Using these results from groundwater modehg, 

noncarcmogemc hazard m&ces and carcmogemc nsks were calculated The results rndmte that 
none of the calculated noncarcrnogemc hazard mhces approach 1 and that the maxzmum 
calculated carcmogemc nsk, 1 2E-05, is for the No Achon scenano The acceptable 
carcmogemc nsk m g e  is 104 to lo6 Noncarcmogemc hazards greater than 1 can mdicate a 

potenhal for adverse effects to human health The carcmogemc nsks and noncarcmogemc 

hazards for each altematwe are hsted 111 Table 4-1 

The detarled analysis of altematwes evaluates the two threshold and five balancmg cntem for 

each altematwe The analysis is conducted at a level of detad that budds on the mformauon 

presented m Secuon 3 and is sufficient to pmvide an understandmg of each alternative Any 

uncertiunbes associated with the evaluauon are also identrfed m the detailed analysis Key 
trade-offs, with respect to the cntena, are idenMied for the altematwes Accordmg to the 
CMS/FS guidance, the results of the detaded analysis are designed to provide the basis for 

idenwmg a preferred alternatwe for the remedd achon 

Assumphons used m performmg the detsuled d y s i s  of al&mat~ves mclude the followmg 

e DNAPLs are potentrally present in the subsurface sod at IHSS 119.1 based on the 
results of the Phase III RFI/FU report. If present, it IS assumed that they are 
pnmanly m residual form and in small quantibes 

e Groundwater monitoring proposed under each ‘alternative will include samplmg 
and analysls at the French Drain sump and potentially a new performance 
monitming system at OU-1. The locations would be sampled semiannually and 
analyzed for both organic and inorganic contaminants. 

e A soil gas survey will be conducted prior to hWhg any of the proposed 
tnstment actions to more accurately define amis at OU-1 that xqum treatment. 
For purposes of the detailed analysis a 100 ft  x 100 ft  x 20 ft a m  locgted at the 
drum storage at MSS 119.1 is used for the treatment ma. 
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Table 4-1. 
predicted Peak Contaminant Concentrations and Human Health Risks 

PCE 10 

TCE 1,050 

Performance MoNtonng Locabon 

Downgradient of 
Alternative 1 1 1  

Alternative 0.  No Aebon 

5 7E-02 

44 

-~ ~~ 

1 , 1,l-TCA 

CCI, 

1,l-DCE II 0 22 13 1E46 II 
38 1 OE41 

1 8  7 7E-04 

Resident 

Worker 

0 14 2 4E-04 

11E-08 2 5E-11 

Predicted Peak Concentrations, pg/Pb II 

1,l-DCE 

l,l,l-TCA 

CCl. 

1 8E-03 14E-07 

5 2  4 8E-02 

0 12 2 3E-04 

Resident 3 3E-07 
I 

Worker 6 1E-14 

Warker 

3 SE-09 

2 4E-16 

n I 1 8E-12 II 
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Table 4-1. 
(Continued) 

4-19 

6 5  3 2E-02 

820 31 

0 22 3 1E46 
~~ 

23 4 8E-02 

18 7 7E46 



Table 4-1. 
(Continued) 

Performance Monitoring Location 
Alternative 

Alternahve 4 Hot Air Injection with Mechanical Mixing 

Predicted Peak Concentrations, pg/fbc 

PCE 13 2E-02 

TCE I31 
~~ 

1,l -DCE 

1 , 1 , 1-TCA 23 4 8E-02 

cc1, 1 8  7 7E46 

Carcmogemc RISP 
1 2E-08 Resident 6 7E-07 

Worker 9 8E-14 1 OE-15 

Noncarcrnogemc Hazard Index" 

Resident 5 6E-03 8 2E-05 

Worker 5 OE-10 6 5E-12 

Alternahve 5. Soil Excavahon with Groundwater Pumping 

Predicted Peak Concentrations, fig/P"" 

PCE 6 5  3 2E-02 

TCE 820 31 

1,l -DCE 0 22 3 1E46 

1 , 1 , 1-TCA 23 * 48E-02 

CCl, 1 8  7 7E46 

carcmogmc Rlskd 

Resident 6 7E-07 12E-08 

worker 9 8E-14 1 OE-15 

Noncarcmopc H d  Index" L 

ActuaI peak concentratmu should be Esrrr than modeled concentrat~lu mce opemt~on of the French Drun waa not 
mcludod m the groundwater model under romedmtm acenanoa 

Predicted by groundwater model TARGEiT-2DU (Damen & Moore 1985) 
PR- PCE 5 pdf, TCE 5 &f,  1,l-DCE 7 pdf, l,l,l-TCA 200 &I, md CCl, 1 &f 

d A ~ l e ~ m n g e o l ( r t o 1 0 6 p e r t h a N C P  
Hazard m&x greater than 1 mdlcatea a potentd for adverse human health effects 
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In the compmtwe analysis, a quahtatwe sensitwity analysls IS performed to assess the major 

assumpbons whlch, If mcomct, could sigtzlficantly mpact the results of the W e d  analysis of 

the alternatwes 

Thls section documents the detaded analysis of the proposed alternatwes 111 the followmg 
subsecuons 

AlternatweO No Acbon 

Alternative 1 InsQtuuonal Controls with the French D m  

Alternatwe 2 Groundwater Pumprng and Sod Vapor ExtracOon 

Altematwe 3 Groundwater Pumpmg and Sod Vapor Extraction with Thermal 
Enhancement 

Alternatwe 4 Hot Arr Injmon with Mechmcal MMng 

Alternatwe 5 Sod Excavahon with Groundwater Pumpmg 

4 3 1 Alternative 0. No Acbon 

The evaluauon of the two threshold and five balancing cntena for Altematwe 0 No Acbon is 

summanzed m the followlhg sub-ons 

4 3 1  1 OverallProtec bon of Human Health an dtheEn vironme nt 

The degree of promon for human health a d  the enmnment IS not rncreased from the current 

con&tions under the No Action Alternatme. Smilarly, the exposure potential IS not decreased 

by the alkmative. It relies on natural d e w t i o n  processes such as dispersion, volatilization, 

and biodegmdation to gradually reduce contaminant concentnilions so the tme for the site to 

undergo full remechation by natural d e w o n  IS difficut to predict. 

Chemical specific ARARs are currently not in compliance with the State groundwater s t a n u s ,  

I OU-1 CMS/FS Report 

4-21 



accodmg to groundwater momtonag nxults Under the No Acuon Atematwe, the site would 

remam noncompbt with the State’s Basic Groundwater Standards (5 CCR 1002-8, 3 11.5), 

accordmg to modelled condoons In aWUon, the RCRA CAP cntena for controhg 

contammbon is not sabsfied by the altematwe Thls altematwe may provide long-term 
effectiveness pnmanly because the natural degradabon processes are essentdly vreversible 

There are condibons that can emst, however, that allow the byproduct or endproduct of a 

degradaQon process to be more hazardous to the envmnment and human health than the ongmal 

contammant In addiQon, conditions at the site may allow some of the degradabon process to 

reverse or remam m flux 

Groundwater modehg indcates that the carcinogemc nsk at the downgradient side of the French 

Dram is below the acceptable risk range of 104 to 10-6 The carcmogemc nsk at the alluvium 
of Woman Creek is w i t h  the acceptable nsk range The noncarcmogemc hazard m&ces for 

the French Dram and Woman Creek do not mhcate a potentnl for adverse effects to human 

health Because the current site concbons do not change, there are no mcreases m potentnl 

nsks to the pubhc, workers, or the envmnment under the No Acbon Alternative It is assumed 

that current health and safety pract~ces wdl contmue to protect workers and visitors to the site 

4 3 1 2  Compliance With Amhcable or Relevant and ADpropmte Reaurrements 

Three types of ARARs, chemical-specfic, action-specific, and locabon-specfic, are evaluated 

for each alte-ve. The following semons evaluate the key ARARs qecfic to thu altematwe. 

The results of groundwater rnouxing from -1994 indicate that the State Basic Standards 

for Groundwater (5 CCR 1002-8,3.11.5) are currently exceeded beneath OU-1. Specrfic 

chemical concentmtions which exceed standards am CCI,, 1,2-DCA, l,l-DCE, 1,2,-DCB(ciS), 

DCE, l,l,l-TCA, and TCE 
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Review of the groundwater modeling results of the chemds present beneath OU-1 from 1969 

to 2029, and the hydrogeological conhbons, mdmte that the peak concentrabons of 

contammants probably would not comply with the State Basic Standards for Groundwater at the 

French Dram Peak concentrations of contamlnants at Woman Creek, except for TCE, 

probably would comply with the State Basic Standards for Groundwater Results of the 
modelmg also mdicate that the concentrabons of TCE at the French D m  may exceed the State 

Groundwater Standards beyond the year 2029, the h i t  of the groundwater model The results 

of the model reflect the lugh solubhty of TCE m water and a steady-state modelled flow of 

groundwater conhbons Assumphons of the model mclude a contmuous source of groundwater 

contammation without the French D m  operatmg nor unplementabon of any other remedlahon 

technology Explanabon of the model and further dwussions of the results of modehg are m 
Appenh B 

Achon-Spec& ARARs 

Smce contamlnants would be left m place at the MSSs at OU-1, a plan to momtor contamlnants 
would be requlred at the tune of closure A RCRA performance momtomg system would be 
unplemented with tlus altembve for 30 years or more Morutormg of the orgmc and morgmc 

consbtuents would be conducted m accordance with Subpart P of the State RCRA regulabons 

(6 CCR 1007-3,264 93-264 98) Momtomg would be conducted untd it is determined that the 

contaminants are m comphce with the State Basic Standards for Groundwater (5 CCR 1002-8, 

3.11 -5) The state groundwater standards for the contamnants are selected for monitormg since 
the RCRA regulahons do not have protection standards for the con-ts, except for 

selemum 

Co&ve action would only be monitoring for as long as necessary to achieve the state 

groundwater standads at the selected pomt of compbce. Mamtenance and monitoring of 
conmtuents would be required to be conducted for more than 30 years, based on modeling 
results The performance momtoring system would ope- until there is no exceedanax of 

groundwater standafds for thnx consecutive years. The post-closure period would be 
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detemuned by the time it takes for natural degrxhmon and dispersion of contarmnants 

Implementation of thts altematwe would mum a &munation by CDPHR that the cmectxve 

amon is protectwe of human health and the enmnment. Such a d e t e m Q o n  is not Irkely, 

smce h s  altematwe would not meet RAOs In addition, a pomt of compliance for the 
performance momtormg systems would need to be selected to demonstrate comphce with the 

RCRA correchve achon requmments and the ground water protechon standard (Subpart F) 

There would not be any an emissions assocrated with thls altematwe therefore the RCRA and 

au polluhon control program regulahons are not ARARs 

Alternative 0 would comply with the laws and regulations spec& to wetlands and h t e n e d  
and endangered or species of speczil concern When the French Dram is decomrmssioned, the 

wetland and n p m  habitat may tempooranly decrease m size The anhcipated long-term effect 

is a net gam m wetland acreage The CDOW wdl be consulted for advice on nubgahon 
measures to lessen the effects of the French D m  decommissionmg 

4 3 1 3 Lon?-Term Effechveness and Permanence 

The No Amon Altematwe involves groundwater monitoring for 30 years This altematwe 

should not provide ad&bonal p romon  for human health, the environment, and ecolog~cal 

mxptors because opemion of the French Drain, whch currently appears to be effective m 
captumg contammated groundwater, would be &scontmued under ths alternative. 

L 

Groundwater modeling indrcates that the No AcQm Altemve's cadnogenic risks at the 

French Drain and Woman Creek m within or below the acceptable rrsk mge of 104 to 106. 

The noncarcinogemc hazard indrces for the French Drain and Woman Creek do not ind~cate a 
potentd for adverse effects to human health 
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The altemative does not address treatment of the source nor does it control the source The 

French D m  would not be opera~onal and there is a possibihty that contammated groundwater 

may migrate from OU-1 Five-year reviews would be r e q u d  to detennme the effmveness 

of tlus altemahve untd the contaminant concentrabons are consistently below the PRGs and the 

agencies agree that the site is not a cause for concern 

4 3 1 4  R J  

The No Achon Alternabve wlll not sabsfy the NCP preference for treatment as a pmcipal 

element of an altematwe It does not treat groundwater and subsurface sod nor does it control 

the pnmary contammint source Sunllarly, no wastes are created as a result of th~s alternatwe 

except for wastes created during well mstallahon such as decontaminauon water and drill 

cuttlngs 

The No Achon Altemabve reduces the tomcity, mobhty, or volume of contarmnants only 

through natural degradative processes such as volatdmbon The remediahon tune for natural 

degradahon may be long even with low mtd contammant concentrauons, however it is assumed 
for ths altematwe that pundwater momtomg wrll be r e q u d  for at least 30 years 

4 3 1 5 Short-Tenn Ekectweness 

The No Amon Altematwe does not offer any adhtional promon for human health and the 

environment. Because no remedial amons are implemented, there are no additional short-term 
nsks to the local community, workers, ecological mxptors, or the enmment .  Existing health 

and safety procedures at the site are assumed to offer effectwe protemon for workers and 
L 
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visitors. Adherence to appropriate health and safety measures will be requlred for as long as 

momtormg achvihes are contmued at OU-1 

4 3 1 6 Imdernentabfitv 

The No Achon Alternatwe is easrly unplemented because its only component is long-term 

groundwater momtormg and the mstallahon of a performance momtormg system It should not 

be h i t e d  by the avilllabrllty of services and matenals nor are there any sigmfknt techcal or 

admlntstrative Miculhes associated with thls alternatwe 

Normally, natural degradatwe processes are mversible and result m compounds that are less 

hazardous than the on@ compounds There are con&bons that can emst, however, that allow 

the byproduct or endproduct of a degradative process to be more hazardous to the envmnment 
and human h d t h  than the on@ contaminant In addibon, condibons at the site may allow 

some of the degradative process to reverse or remam m flux 

4 3 1 7  Cost 

Capital costs assocnted with the No Acuon Alternatwe mclude the complmon of four 

groundwater momtormg wells, and post-closure costs consist of gmundwater momtoring for 30 

years There are no O&M costs ant~cipated for this dternatwe Total capital cost of this 

altematwe is $63,800, and the post-closure expenhtures total $1,740,400 The total cost for 

thls altematwe is $1,804,200 A detailed cost estimate is included m Appendix A 

The evalwon of the two threshold and five balancing criteria for Alternative 1- Institut~onal 

Controls with the French Drain is summaTlzed * in the following subsections 
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4.3.2.1 c t  H 

Alternatwe 1 wdl be protectwe of human health and the envmnment assummg that the 

mstmhonal controls are properly Implemented, the French Dram and Buddmg 891 water 
treatment system contmue openabon, and the site is not abandoned during the msbtuhonal control 

penod The potentml for exposure is reduced by removmg contammated groundwater at the 
French D m  Other mst~tut~onal controls may mclude restncbons on well construchon, well 

mstallabon, zomng, and property transfers 

The French Dram would capture contammated groundwater for treatment thereby preventmg 

potentml downgradient rmgrahon of contammants The alternatwe does not mvolve signdlcant 

dlstuMce of the site so short-term nsks wdl be mmlzed  for workers and the envmnment 
It is assumed that standard health and safety procedures wdl be sufficient to protect on-site 

workers and visitors Comphance with acbon-specfic ARARs can be achieved with thu 

altematwe as the area of Qsturbance is m m a l  for decommissionmg the French Dram 

Chemical-specfic ARARs can be met usmg the French Dmn and msbtutional controls 

Modehg mQcates that State groundwater standards (the PRGs) would be met, with the possible 

excepfion of TCE, at Woman Creek and the French D m  Natural degradabon is expected to 

be a factor m long-term effectweness and comphce with the because 6f the low 

contammnt concentrahons at IHSS 119.1 The mst~tuhonal controls are also a factor m 
determmng the long-term effectweness of this alternatwe 

Alternahve 1 meets the RCRA CAP cntem for attamng groundwater cleanup standards for all  

of the contarmnants, with the possible exception of TCE TCR concenwons at the French 

Dram do not meet the groundwater PRGs during the modeling time frame and may not meet 

I them until the source of contammation 1s depleted. 

Camnogenic lrsks at the French Dram and Woman Creek are below the acceptable m g e  of lo" 

to 106. The noncarcmogenic hazard indices for the French Drain and Woman Creek do not 
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mdxate a potentd for adverse effects to human health 

In Altername 1, DNAPL contammhon is conttolled by passive conmment and collemon of 
groundwater rather than actwe rem&oon This type of acuon IS usually well-suited to sites, 
such as OU-1, that have low aqurfer transmissivity, low pqected groundwater use, and low 

mtd contamrnant concentrahons 

Reduchon m contammant concentrations at the pnmary contamtnant source and m groundwater 

should occur over tune The actual remedmon tune is dependent on the locahons and volumes 

of the DNAPL contammhon whch are not certam at this tune Therefore, groundwater 
momtomg wrll be used to determme when the pnmary contamrnant source is no longer 

considered an issue 

4 3 2 2 Comphce With A-pphcable or Relevant and AgoDmte Rea_ uvements 

Three types of ARARs, chemical-specfic, acuon-specfic, and locauon-specfic, were evaluated 

for th~s alternatwe The followrng m o n s  discuss the key ARARS specfic to th~s alternahve 

Chemical-S-pecfc 1 ARARS 

The results of groundwater momtoring from 1989-1994 mhcate that the State Basic Standards 

for Groundwater (5 CCR 1002-8,3 11 5) are cumntly exceeded at OU-1 Contaminants which 

exceed the standanis are PCE, TCE, 1,l -DCE, 1,2-DCA, 1,2-DCacis), CCl,, and 1 , 1 , 1 -TCA 

1 

Concentnitions at the French Drain and Woman Creek were modeled to determine if Alternative 

1 would comply with the ARARs. Review of the groundwater modeling results fmm 1969-2029 

inhates that in all pmbabhty the concentrations of contaminants will be reduced to below the 
Basic Standads for Groundwater (5 CCR 1002-8, 3.11.5). According to the modeling results 
TCB, CCt, DCE, 1,l -DCE, and 1 , 1 , 1 -TCA would comply with the state groundwater standads 

by the year 2010 at the Woman Creek l m o n .  In adcbtion, the organic con taminant 
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concentrations would likely comply with the State Basic Standards for Groundwater at the 

French Dram Although the peak concentrations of TCE remm above the TCE groundwater 

standard, accordmg to the modehg results, the model conservatwely assumes an mhte  source 
Peak concentrabons of TCE would m a l l  probabihty be collected by the French Dram and 

treatment system and be reduced with tune to below the groundwater standard Assumpbons 

of the model and discussion of results are m Appendu B 

Action-Specfic ARARS 

The French D m  wdl collect contammated groundwater for treatment for as long as is necessary 

to consistently achleve the State groundwater standards However, some contammabon may be 

left due to the uncertamty of the locauon and volume of the contaminants, the spora&c nature 
of groundwater movement, and the c h a b c  condbons at OU-1 

Comphce with 6 CCR 1007-3,264 90 and 264 101 of the State RCRA program is required 

at OU-1 Srnce some contarmnants would be left m place, a plan to monitor contamrnants would 

be requlred at the tune of closure A RCRA performance momtomg system would be 
ynplemented with thls altemabve for as long as is necessary to demonstrate comphce with the 

state groundwater standards at the selected pornt of complrance Momtoring of the orgamc and 

horgamc consbtuents would be conducted m accordance with Subpart F of the State RCRA 

regulabons (6 CCR 1007-3, 264 93-264 98) A post-closure period of 30 years would be 

mtnted with CDPHE The State Basic Standards for Groundwater (5 CCR 1002-8,3 11 5) are 

identified as the momtomg levels since the RCRA regulations do not have the organtc 
con taminants hsted 111 the groundwater protecbon standards of 40 CFR 264.94. 

b 

conrective action would be conducted as long as 1~ecess81y to achieve the state groundwater 

standards at the selected pomt of compliance. Maintenance and monitoring of constituents is 

required until the performance monitoring system indicates w exceedamx of the groundwater 

standards for three consecutive years. The period to achieve compliance depends on the 
effectiveness of the water merit system as well as natural degradation. Implementation of 
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thrs altematwe would q u m  a determinaQon by CDPHB that the comxtwe acuon is protective 

of human health and the environment In adchon, a pomt of comphce for the performance 

momtomg system would need to be selected to demonstrate compltance with the RCRA 

combve achon requmments and the groundwater pmtemon standard (Subpart F) 

Other action-speclfic ARARS, such as the Colorado Water Quallty Control Act effluent 

htations for the water treatment system, would be comphed with dunng operabon of the 

system 

The State an  pollubon regulahons and RCRA hazardous an pollutant standards would not be an 

ARAR for thls altemabve smce there are not technologies or fachbes whch could be a source 

of emissions 

Location-Specfic ARARs 

Altematwe 1 would undergo a si@icant &srupbon when the French D m  is scheduled for 
decommissionmg Decommissionmg the French D m  wdl temporarrly dsturb wetlands and 

npanan areas around the dram The short-term effect of the decommission may be a loss of 

wetland acreage but the long-tern effect 1s expected to be a net gam m wetland acreage 

Mbgabon measures will be used to m m m  the mpacts and to comply with regulabons.on 

wetland protecuon and threatened and endangered or species of special concern. 

4 3 2 3 Long-Term Elffa  veness and Permanence 

Under thu alternative, the French Dram removes contaminated groundwater mgratmg from 

MSS 119.1, the area south of Building 881, and the western podon of MSS 119.2 It B 

expected that natural degradation will be a significant fador in ensunng long-term effectiveness 

for this alternative because of the low contaminant concentmtions. Groundwater monitoring will 
be conducted at the site until the contaminant Concentratons am consistently below the PRGs 

and the agencies agm that the site is no longer a cause for concern. For the purposes of this 
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detailed analysis, the period for groundwater momtoriag is 30 years. Every 5 years a review 

wdl be conducted at the site to determine the alternative's effectiveness and degree of 
permanence 

Human health nsks may be reduced at the site by restnctmg access to wells at the site and 

prolubitmg construcbon m the area The alternatwe can provide some long-term protecbon for 

human health and the envmnment provided the mshtuhonal controls remam m place 

Carcmogemc nsks at the French D m  and Woman Creek are below the acceptable nsk range 
of 10-4 to 10" The noncarcmogemc hazard mdices for the French D m  and Woman Creek do 

not mdmte a potentnl for adverse effects to human health 

The French D m  passively collects groundwater rather than actwely remedmtmg the site The 

theory behmd the alternatwe is that groundwater contamment should adequately protect human 

health and the envmnment The theory is corroborated for the contammants by the groundwater 

model, with the possible excephon of TCE, and the human health nsk CalculaUons The model 

mdicates that groundwater should meet the PRGs for the contammants at Woman Creek with the 

possible excepfion of TCE Because of the uncertamty regardmg the locabon and volume of the 

pnmary contammant source, groundwater collechon and treatment should contmue untd the 

groundwater consistently meets the PRGs to mcmse the de- of permanence acheved by the 

alternatwe 

Wastes generated as a result of thls altematwe wdl be managed amrdmg to applicable 

regulations Waste types mclude spent GAC and regenerant solutions from ion-exchange resins 

Regenerant solubon wdl be treated m the Buddmg 891 water treatment system by pH 
neutrabbon and evaprahon m Buildmg 374 The spent GAC will be sent offsite for 

regeneration There are no significant risks associated with handling the ionexchange resins or 
shipping the spent GAC 

I 
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4 3.2.4 Reduct10 n of Toxicitv. Mobhtv. or Volume Through Treatme nt 

Altemahve 1 does not achvely remahate the pnmary source of contammahon However, 

operahon of the French Dmn will reduce the mobhty and volume of cuntamtnants m 

groundwater at OU-1 contammant tox~city wdl be reduced when the groundwater is treated by 

W/Peroxlde m the Buddmg 891 water treatment system 

The Buddmg 891 treatment system currently operates with hgh removal efficiencies for all of 

the contammants except for CCh It is expected that the GAC umt from OU-2 wdl be added 

to the Buddmg 891 water treatment system and thls m&icahon will make it possible for the 

system to effectwely treat CCl., Wastes generated from th~s altematwe mclude regenerant 
soluhon from ion-exchange resms and spent GAC whch is sent offsite for regenerahon The 

regenerant soluhon is transferred to the Buddmg 891 water treatment system for pH 
neutraltzation and sent to Buddmg 374 for evaporahon 

contammant removal through groundwater extrachon is Irreversible, however contammahon 111 

sod at MSS 119 1 may contmue to contammate groundwater through ddtrahon Degradation 

and/or removal of the ccntamlnants should eventually be acheved but may requrre an extended 

penod of tune 

4 3 2 5 Short-Tern Effechveness 

Pmtmon of human health and the enmnment should not incmue under this alternative 
because it does not change the processes already in place at the site. The components of 

Altemtwe 1 ,  mst~tut~onal controls and operation of the French Drain, should not mcur 

addit~onal risks to the pubhc, on-site workers, ecological xeceptors, or the environment. 

Existing safety measures used for permanent workers and visitors should offer effective and 

reliable pmtemon at OU-1 Adherence to appqriate health and safety measures will be 
required for as long as momtomg actwitis are mtinued at OU-1. 

i 
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The mpact at Woman Cnxk is m m a l  and does not represent a departure from the current 

mpacts under the IM/IRA The groundwater model mdIcates that surface water standards for 

Woman Creek should be met for all of the contarmnants with the possible excepbon of TCE 
However, nsk-based calculabons mdIcate that the carcmogemc nsk and noncarcmogenic hazard 

are below the acceptable h i t s  

4 3 2 6 Implementabhty 

Alternative 1 should not h i t  the opbons for future remedmbon If it is deemed necessary It 

is easlly mplemented because the only ad&bon to current site condibons is the Implementahon 

of msbtubonal controls The benefits of the current operabons should not be sigmfbntly 

lncreased 

The rehabihty of the French Dram and Bulldmg 891 water treatment system is well documented 

m the IM/IRA reports The planned addibon of a GAC umt to the Bulldmg 891 water treatment 

system to remove CCl, does not present any sigmficant Miculbes smce the GAC umt exlsts 

onsite and is readlly avarlable Groundwater momtomg wdl contmue untll the groundwater 

consistently remms below the PRGs and the agencies agree that the site is no longer a cause 
for concern For the purposes of the detaded analysis, a 30-year penod of monitomg is 
assumed for the site 

Implementabhty of th~s altematwe is not lrrmted by the avadabihty of services and mater& 
assocnted with thts alternative Insbtubonal controls proposed under this alternative, such as 

deed or well restrimons, could be mplemented with no si@icant admt rabve  problems 

4 3 2.7 

Capaal costs associated with Atematwe 1 include the i n m o n  of four groundwater 

momtomg wells, the O&M costs mclude operation of the Building 891 water treatment system 
for 30 years, and the post-closuIe costs consist groundwatez momtodg for 30 years. Total 
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capital cost for thu altematwe is $63,800, the total O&M cost is $5,761,200, and the total post- 

closure cost is $1,740,400 The total cost of this alternative is $7,565,400 A detailed cost 

estmate for thls altemame is mcluded m A p p e n h  A 

4 3 3 Alternative 2 Groundwater Pumpne and Sod Vapor Extract10 n 

The evaluahon of the two threshold and five balancmg cntena for Alternative 2 Groundwater 
Pumprng and Sod Vapor Extraction is summanzed m the followrng subsecbons 

4 3 3 1  Overall Protechon of Human Health and th e En v m nmn e 1 

Altername 2 should be pmtechve of human health and the envmnment because it extracts and 

remedmtes contammated groundwater and sod vapor The exposure potentml at the site is 

reduced by remedmtmg the pnmary contammant source and reducrng contammnt concentrahons 

to the PRGs SVE and groundwater extrachon wdl decrease contammnt mobhty and volume 

The French Drarn wrll capture contammated groundwater and prevent downgmdent migmQon 
of contamrnants for 10 years after remedmhon is completed 

The RCRA CAP cntem for controlhg contammhon sources should be satlsfied by the 

components of ths altemahve It should also meet the RCRA CAP CII- for attammg’cleanup 

standards for all of the contammants except possibly TCE Groundwater modelmg mdcates that 

the contammant concentrabons, except perhaps TCE, should be below the PRGs at the 

downgrahent side of the French Dram and the alluvium of Woman Creek 

L 

Woman Creek is an intermittent stream whch requires p m o n  for a l o g ~ c a l  receptors under 
various xegulatory programs. Chemical-specfic ARARs for OU-1 should be met by 

groundwater extraction and SVE, based on results of groundwater monitomg Woman Creek 

surface water standanis should be met for human and ecological -tors 

Alternative 2 is easily unplemented because of the availabihty and mobfity of SVE systems. 
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The degree of permanence depends on the degree to whch the p n m q  contammant soum is 
remednted by the SVE system Fractured bedrock and low aquifer transmissivity may not be 

amenable to rapid and complete remednhon of DNAPL sources In addmon, the locabons of 

DNAPL sources are not well-known For SVE and groundwater extramon to completely 

remdate DNAPL, the well should be located withm or near the DNAPL source Otherwise, 
the extrachon rate depends on the passive parhhomg capabhty of the compound to 

groundwater 

Thls alternative would remednte the pmary contammant source at MSS 119 1 Carcmogemc 

nsks at the French D m  and Woman Creek are currently below the acceptable nsk range of 1v 
to lod, therefore mplementahon of thls alternatwe should lower the nsk range well below 1 m 
1,OOO,OOO Noncarcmogemc hazard m&es for the French Dram and Woman Creek do not 
mdmte a potend for adverse effects to human health . 

The mplementahon phase of Alternatwe 2 should be completed 111 4 years dependmg on the sod 

properhes, contammnt concentrahons, carbon type, and volumes of contammated subsurface 
sod and groundwater Dumg mplementaQon, there should be no adhuonal short-term nsks 

to the pubhc Potentd nsks to on-site workers mclude exposure to contammants m 
contaminated groundwater and sod vapor and safety hazards associated with d d h g  and 

construchon actwiues mlcs w@ be d through standard health and safety pract~ces 

4 3 3 2  Com x g  

Three types of ARARs, chemical-specific, amon-spec&, and location-specific, are evaluated 
for each altematwe. The followmg Sections evaluate the key ARARS specific to this altemtwe. 

Chemical-SDecific AWUQ 

The results of groundwater monitomg from 1989-1994 mdicate that the State Basic Standards 

for Groundwater (5 CCR 1002-8,3.11.5) are currently excexded beneath OU-1. SpecXic 
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chemical cuncentrafions whch exceed standards are PCE, 1,2-DCA, l,l-DCE, 1,2,-DCE(cis), 

CCL, 1 , 1, 1-TCA, and TCE 

Orgmc chemical concentrabons have been modeled to reflect remedmbon activities at OU-1 

usmg groundwater moxutomg results and the knowledge of hydrogeological conhbons The 

results of groundwater modelmg of the chemicals mdicate that Alternative 2 would comply with 

Basic Standards for Groundwater 10 years after unplementabon of remednbon, assummg the 

French D m  is m place The French D m  location would acheve the State Basic Standards 

after the loth year, with the excephon of TCE, accoxdmg to the modehg results However the 

steady-state model assumes the source of contamnabon remam dumg the penod of 

remedntion contammants at the loahon of Woman Creek would comply with the State 

Groundwater Standards sooner than 10 years after remednhon Assumphons of the model and 

results of the model are d~scussed m A p p e n h  B 

Action-Specrfc ARARs 

Some contammants would be left m place at the IHSSs (other than 119.1) w i t h  OU-1 The 

SOUTCP,~ at MSS 119 would be remednted to reduce contammant concentrabons Collection of 
the mobde contammints 111 groundwater at the French Dram and subsequent treatment of 

con&mants m the water treatment system would conbnue for as long as is necessary to acheve 

the State groundwater standads There is a potenaal for some contammnts to be left m place 

at some of the IHSSs smce groundwater movement IS sj)omd~c and subject to cha t ic  conhtions 

I 

1 

Comphnce with 6 CCR 1007-3,264 90 and 264 101 of the State RCRA program is r e q u d  

at OU-1 C o m p h m  with either the RCRA definition of point of compliance or the State 

groundwater regulatory &finition, will depend upon the selection of a point of compliance 

locabon by EPA, CDPHE, and DOE. 

A plan to monitor contaminants would be requW for the post-closue period A RCRA 
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performance momtoring system would be mplemented with this altematwe and would probably 

be needed for 10 years after remehhon accordmg to a review of modehg results Momtomg 

of the orgamc and morgamc conshtuents would be conducted 111 accordance with Subpart F of 

the State RCRA regulahons (6 CCR 1007-3,264 93-264.98) Momtomg would be conducted 

untd it is determrned that the contamurants are rn comphce with the State Basic Standards for 
Groundwater (5 CCR 1002-8, 3 11 5) The state groundwater standards are selected for 

momtomg smce the RCRA regulahons do not have protechon standards for the contammants, 

except for selemum 

Corrective achon would be conducted as long as necessary to achleve the state groundwater 

standards at the selected pomt of comphce Mamtenance and momtomg of constituents is 

requrred to be conducted for 30 years unless the performance momtomg system in&cates no 

exceedances of groundwater standads for three consecutive years and a shortened perrod of tune 

is approved by CDPHE Accordmg to the results of the madehg, the tune perrod for q u m g  

momtomg could be 10 years after source remedntion, however an mtd post-closure perrod 

of 30 years would be mtmted with CDPHE Implementauon of thls altemahve would requlre 

a determmaoon by CDPHE that the correctwe achon is protective of human health and the 

envmnment The pomt of comphce for the perfonnance momtomg system would need to 

be selected to demonstrate comphce with the RCRA correctwe acbon requirements and the 

groundwater promon standad (Subpart F) 

Other actron-specfic ARARS, such as the Colorado Water Quality Control Act effluent 

lmutafions for the water treatment system, would be complled with during operabon of the 

system 

The S W  system may be considemi to be a temporary RCRA unit because the it treats 

hazardous waste constituents. Therefm the requirements of Subpart S (6 CCR 1007-3, 

Subsemon 264 553) are applicable. In addition, any pmfilters, HEPA filten, and GAC used 
to remove VOCs m the off-gas treatment system should comply with the followmg pmvisions: 

. 

OU-1 CMS/FS Report 
881 -de Area 15% Febnmy1995 4-37 



e IdenMicahon of hazardous waste (Part 261) 

Au emission standards for process vents (Subsection 264 1033) 

Au emmion standards for equipment leaks (Subsechons 264 1052,264.1054 and 
264 1057) 

e Land &sposal restmtions (part 268) 

It is antxipated that the operahon and mobWaboddemobilmhon of the SVE treatment umt and 

treatment residuals should comply with the applrcable requmments of RCRA, and CHWA 

The Colorado Sohd Waste Regulauons (6 CCR 1007-2) are an ARAR for &sposal of any 
residual matenals that are not hazardous waste If sohd waste cllsposal is necessary, it should 

be m accordance with the regulabons 

a i  

Installahon of addihonal extramon and momtomg wells should be 111 accordance with the 

Colorado Water Well and Pump Installation Regulations (2 CCR 402-2) 

Altematwe 2 should comply with laws and regulahons regardmg werlands and threatened and 

endangered or specnl concern species There may be a short-term impact to wetlands from 
decommissiomg the French Dmn but the anhcipated long-term effect is an increase m wetland 

areas Mrhgabon measurn will be used to rmnunrze effects of the altemtwe on wetland habitat 

111 and near OU-1 The CDOW will be consulted, prior to disturbmg wetland habitat, to 

mplement adequate mhgation measws for promon of Preble’s mehow jumping mouse 

4 3.3 3 Long-Term Effectiveness and Pemane nce 

The pnmary contaminant som at MSS 119.1 should be x e m M  under Altemabve 2 The 

Fmch Drain will continue to captuxe any contamiuated grroundwater Still migrating from MSS 
I 

I 119.1, after the SVE umt is removed. Groundwater modehg mdicates that the groundwater 
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should achieve the State groundwater standards after 10 years. However, the French D m  
would operate untd the groundwater meets PRGs Natural degradation, in ad&bon to the SVE 
umt, wdl be a factor m ensumg long-term eff-veness A 5-year review of the site is requlred 
to de t e rne  If the most effectwe remedy is stdl bemg used at OU-1 

In general, SVE and groundwater extramon are proven technolopes for remedntmg 

contammated sites However, the degree of permanence after remednbon wdl depend on the 
extent of DNAPL contammabon outside of IHSS 119 1 The geology of OU-1 may not be 
amenable to rapid and complete remedmbon of DNAPL contammabon The sod has a low 

permeabrllty and may develop preferentml vapor channehg or short-cmuitmg A cap, such as 

a geOtext.de fabnc, wdl be placed around each SVE well to m m m  the tendency for short- 

cucuitmg The lacaQon of DNAPL at the site is still uncertam and, to ensure complete 

remedmbon, the SVE and groundwater wells should be located w i t h  or near the sourn 
Otherwise, the extracbon rate wdl stnctly depend on the contammant’s parbaon coefficient 

Altemative 2 should provide long-term protechon for potentd human receptors by mllllmlzmg 
the human health nsk assocmted with contammated groundwater The calculated carcmogentc 

nsks for the French D m  aid Woman Creek are below the acceptable risk range of 104 to 106 

Noncarcmogemc hazard m&ces for the French D m  and Woman Creek do not m&cate a 

potentd for+adverse effects’to human health 

4 3 3 4  Redumon of Tomcity. Mobaty. or Volume Thrgueh Treatment 

Alternatwe 2 sahsfies the NCP preference for treatment as a pmcipal element of an alternative. 

Groundwater extramon and SVB should reduce the volume and mobility of contammants in 
groundwater and the unsaturated zone, respectively. Groundwater extraction and SVB will 
reduce the volume by physically removing the con taminauts. Removing the contaminants will 

also d u c e  their mobility by preventing potential migration. 

b 

Bxtracted groundwater will be tmted in the Building 891 water tmitment system usmg W /  
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H& and ionexchange pmcesses. W/H& is a destructwe treatment process and will deem 

the contamrnant toxicity. Dumg ionexchange resm regeneration, the toxicity wdl be decreased 
because the regenerant will be treated to destroy the contammants. contamllliint toxrcity wdl also 

be reduced as the GAC from the SVE process is regenerated offsite 

Wastes generated as a result of ths alternabve wdl be managed accordmg to apphcable 

regulabons Types of wastes mclude spent GAC from the off-gas treatment system and Buddmg 

891 water treatment system, hquid from the SVE vapodhquid separator, regenerant solubon 

from ion-exchange rems m the BuiIdmg 891 water treatment system, and wastes assocnted with 

well mstdlation such as d d l  cuttings and decontammtion water The spent GAC will be 

shpped offsite for regenerabon and regenerant solubon wdl be sent to Buddmg 374 for 

evaporauon The decontammation water and liquid from the SVE hquidhapor separator wdl 

be sent through the Buddmg 891 water treatment system There are no sigruficant human health 

or envmnmental nsks assocnted with handlrng the ion-exchange resms and shlppmg the spent 

GAC 

4.3 3 5 Short-Term Wfecbveness 

Short-term effecbveness wdl be acheved through the SVE and groundwater extracbon system 

operabons Potend short-term mpacts on the envmnment mclude mmor d~sturbances to 

subsurface sod and dqlacement or loss of vegetahon dumg well lnstallatron actwihes The 

decomrmssion of the French Drain may tempody decrease wedand acreage but it is expected 

that the long-term effect wdl be an lncmise in the number of wetland acres. 

Short-term risks to the public are minlmal for Alternative 2 Risks to workers during 

m&on  include potential exposures to Contarmnants in extracted groundwater or soil vapor 

and safety hazards assoClsLted with drilling and other amt.ru&on actimties. Rtsks to workers 
Wdlbermnirmzed through standard constmction h d t h  and safety procedures 
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.. 4 3  3.6 Im-& 

Alternabve 2 1s easlly mplemented because SVE and groundwater extramon are commonly used 

technologes that do not requm umque or unusual equipment The mplementabllrty of thls 

altematwe should not be lunited by the avadabhty of services and matemls nor should there 

be significant adminutratwe difficulties The combination of low contaminant concentrabons 

and sod penneabfity may make it more Micult to mplement the alternatwe An SVE 
treatablllty study at OU-2 has been discontmued with a recornmendabon to not use SVE at the 

site 

The abhty to perfom future rem& acbons, If any, should not be bited by usmg SVE and 

groundwater exmcQon A performance monitomg program wdl monitor the concentraQon of 

contaminants for 13 years or more after compl&on of SVE Vapor and ra&ological momtonng 

progmms wdl be unplemented dumg construcuon and remedubon 

Vapor extraction wells can be mstalled usmg standard d d m g  techmques and construction 

mateds Operabon of the SVE system should not requu-e hghly speciahzed personnel or 

tr;immg A vapor momtoring program will be conducted at portals near the wells and the GAC 

umts to determme the SVE system's efficiency and approxnate replacement rates for the GAC 

4.3 3 7 Qg 

Costs for Altermove 2 mclude costs of the followmg items. 

L 

Sod gas survey (approximately 100 probes) 
Tbsw gmndwater e-on wells (6-inch diameter, 20-foot depth) 
36 vapor extraction wells (4-inch diameter, 20-foot depth) 
Three vapor e-on systems with blowers and filters 
Activated carbon adsorption system (2 vessels containing 1,500 pounds each) 
Associated piping, pumps, and instmmenWon 
Four groundwater momtomg wells (6-mch dmmeter, 20-foot depth) 
Opedon of the building 891 water treatment system 
Gmundwater monitoring 
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The total capital cost for Alternative 2 is $925,600 The total O&M cost is $5,287,700 

assummg operabon of the Buildmg 891 treatment system dumg the four-year SVE treatment 

period, and 10 years followmg completion of SVE The total post-closure cost of thls altematwe 
IS $833,300 mcludmg groundwater momtomg for 13 years followmg compl&on of remednuon 

The total cost of ths alternahve IS $7,046,600 A detailed cost estnnate is mcluded m Appendlx 

A 

4 3 4 Alternatwe 3 Groundwater Pumpme and Sod Vapor ExtracOon with Thermal 
Enhancement 

The evaluabon of the two threshold and five balancmg cntem for Aternatwe 3 Groundwater 

Pumpmg and Sod Vapor Extraaon with Thermal Enhancement is s u m m d  m the followmg 
sections 

4 3.4.1 Overall protectlo n of Human Health an d tbe &vmnment 

Alternative 3 protects human health and the envmnment by removmg DNAPLs from 

groundwater and remedxstmg the subsurface sod m-situ The potentml for exposure is reduced 

by remedratmg the pnmary contammint source and reducmg contammant concentmbons m 
groundwater to the PRGs SVE q d  groundwatei- e-on wdl reduce contammint mobiltty 

and volume 

The RCRA CAP critena for controllmg contamhation sources will be satisfied by the 

components of thrs alternative It wrll also meet the RCRA CAP cntena for attaming cleanup 

standads for all of the contarmnants, except possi6ly TCE Groundwater modeling indicates 
that the peak contarmnant concenmons, except perhaps TCE, would achieve PRGs at Woman 
Creek Peak PCE, TCE, and CCI, concentmbons are above the PRGs at the French Dmn but 

the groundwater model does not account for the operation of the French Drain after the 

alternative is implemented. The French Dmn should still be collecting groundwater at the tune 

of the peak concentmtions 
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Chemical-specfie ARARs should be met by usmg SVE and groundwater e x m o n  10 years 
after implementahon of these technologres Woman Creek is an intemttent stream whch is a 

concern to the eco10gm.l receptors Surface water standards estabhshed for ecolognl receptors 

should be met at Woman Creek 

Pmtechon of human health and the envmnment wdl be achleved by removal of the source to 

the extent prachcable The removal after remedmhon wdl depend on the locahon of the source 

of contammahon For SVE and groundwater extrachon to completely remedlate DNAPL 
sources, the wells must be located near or m the DNAPL source Otherwise, the extracbon rate 

depends on the passive partihomng capabfity of the compound The geology of OU-1 may also 

not be amenable to rapid and complete remedmbon of DNAPL contaminahon Factors that can 

be controlled such as gmundwater and vapor extmmon rates wdl be optmuzed to mcmse the 

degree of remednoon possible at the site 

Groundwater should be protected downgradrent of and w i t h  the OU-1 boundanes The French 

D m  wdl capture groundwater for at least 10 years followmg completion of remednhon before 

bemg decommissioned Because models are based on assumphons about a site, groundwater 

momtorng wdl  be performed for an ad&honal3 years to ensure that contaminant concentrabons 

Emam consstently below the PRGs. 

RF heatmg may have an adverse effect on the subsurfm soil due to the high temperatum 

requlred by the in situ process W e  the elevated temperatures wdl mcnase the removal 

efficiency of the contarmnants, some subsurface and surface biota may not be able to withstand 

the sustamed lugh temperatures It 1s expected that the majonty of biota will be able to 

repopulate itself within a reasonable amount of tune 
a 

Alternatwe 3 can perhaps be implemented with few administra tive drfficulties because SVB and 

groundwater extraction axe well-known pnocesses with documented performaaces. However, 

an SVE treatabdity study at OU-2 has been cfiscontinued because of low Contaminant 
concenmons at the site. RF heating is an movative technology which could cause some 
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&slocation of fauna and destruction of flora The a~eas currently targeted for h s  technology 
are a &stance from the nparm habitat of Preble’s meadow-jumpmg mouse 

Because AIternahve 3 should remedmte the pnmary contarmnant source at MSS 119.1, modehg 

shows that the carcmogemc nsks at the French D m  and Woman Creek should be below the 

acceptable nsk range of 1W to 106 The noncarcmogenic hazards associated with ths 

alternative at the French Drain and Woman Creek do not indmte a p o t e n d  for adverse effects 

to human health 

The Implementahon of SVE with thermal enhancement should be completed withrn 3 years 

Dunng Implementahon there are no unacceptable short-term nsks to the pubhc, although there 

may be some nsks to flora and fauna at the site There may also be potentd nsks to on-site 
workers from exposure to contammated water or sod vapor m adhhon to safety hazards 

assocmted with d n b g ,  construchon achvibes, and operatmg the RF heatmg elements nsks 

wdl be m m d  through standard health and safety prachces 

4 3 4 2 mqith Apghcable or Relevant and A D ~ ~ O D  mte R a-s u-e ent 

Three types of ARARS, chemical-specific, achon-specfic, and loahon-specfic, are evaluated 

for each alternahve The followmg sechons evaluate the key ARARS specfic to h s  alternahve * . 

Chemical-Specfic 

The results of groundwater mollltoMg from 1989-1994 in&cate that the State Basic Standards 

for Groundwater (5 CCR 1002-8,3 11.5) are cumntly exceeded beneath OU-1 Specific 

chermcal concentratrons whch exceed standards are PCB, 1,2-DCA, l,l-DCB, 1,2,-DcB(cis), 

CCL, l,l,l-TCA, and TCB. 

orgatllc chermcal collcentratlons have been modeled to reflect remedntion activities at OU-1 
using groundwater monitoring results and the knowledge of hydrogeological conditions The 
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results of groundwater modehg of the chemcals m&cate that Alternative 3 would comply with 

Basic Standards for Groundwater 10 years after mplementation of remexhbon, assuming the 

French D m  is m place The French Dram locabon would aclueve the State Basic Standards 

after the loth year, with the exceptron of TCE, according to the modehg results. However the 

steady-state model assumes the source of contammahon remms dumg the penod of 
remedmtron contamlnants at the locabon of Woman Creek would comply with the State 

Groundwater Standards sooner than 10 years after remedmtron Assumpbons of the model and 

results of the model are &scussed m Appenb B 

Actron-Specfic ARARs 

The amon-specfic ARARs assocnted with Altemabve 3 are the same as presented m Alternabve 
2 Compbce with RCRA requirements for identrficaton, storage, and hsposal of hazardous 

waste and orgamc au emissions and leaks should be aclueved Compbce with other amon- 

specfic ARARs is anbcipated to be smhr to the comphce dwussed under Altemabve 2. 

Some contamlnants would be left m place at the IHSSs (other than 119 1) withm OU-1 The 

sources at IKSS 119 would be remediated to reduce contammint concentmbons Collectron of 

the moblle contarmnants ~fl groundwater at the French Drain and subsequent treatment of 

contaminants 111 the water treatment system would contmue for as long as is necessary to acheve 

the State groundwater standards There is a potential for some contaminants to be left in place 
at some of the IHSSs smce groundwater movement is spomhc and subject to chatic con&hons 

. 

1 

Comphce with 6 CCR 1007-3,264.90 and 264 101 of the State RCRA program is required 

at OU-1 Compliance with either the RCRA definition of point of compliance or the State 

groundwater regulatory &finifion, wdl depend upon the selection of a point of compbce 
location by EPA, CDPHB, and DOE 

A plan to monitor Contaminants would be required for the post-closm period. A RCRA 
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performance monitoring system would be unplemented with tfus altematwe and would probably 

be needed for 10 years afkr remedmtion based on modelmg results Momtomg of the organ~c 

constituents would be conducted m accoTdance with Subpart P of the State RCRA regulaOons 

(6 CCR 1007-3,264 93-264 98) Momtomg would be conducted untd it is determmed that the 

contammints are m comphce with the State Basic Standads for Groundwater (5 CCR 1002-8, 

3 11 5) The state groundwater standards are selected for momtomg smce the RCRA 

regulaOons do not have protechon standards for the contaminants except for selemum 

Correctwe acbon would be conducted as long as necessary to aclueve the state groundwater 

standards at the selected pomt of comphce  Mamtenance and momtomg of consbtuents is 

requlred to be conducted for 30 years unless the performance momtomg system mhcates no 

exceedances of groundwater standads for three consecutwe years and a shortened period of tune 

i s  approved by CDPHE. Accodng to the results of the modelmg, the tune penod for requmg 

momtomg could be 10 years after source emedmtion, however an mtd post-closue penod 

of 30 years would be mtmted with CDPHE Implementahon of this altematwe would requm 
a deternunation by CDPHE that the correctwe acOon is protectwe of human health and the 
envmnment The pomt of comphce for the perfomance momtomg system would need to 

be selected to demonstrate cornplrance with the RCRA correctwe acbon requmments and the 

groundwater protechon standard (Subpart F) 

Other a&on-specfic ARARS, such as the Colorado Water Quality Control Act effluent 

lunrtatlons for the water treatment system, would be complied with dumg operabon of the 

system. 

1 

mon-Spec i fk  ARARs 

Assurmng addO0na.l extraction wells am placed away from the French Drain and Pond C-1, 

destruction of riparian vegetation and fbuna during t h e d  enhancement should be minimal 

Compltance with DOE wetland protection regulations and the State’s law Concerning non-me 
species should be acheved d this a l t e d v e  is implemented. Should it be n-, dprh 
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habitat will be replaced it is destroyed by RF heatmg. 

Impacts from decommissionmg the French D m  may result m a short-term loss of wetlands 

However, it is antmpated that the net effect of the decommissionmg should be a long-term gam 

m wetland acreage 

4 3 4 3 Long-Tern Effectiveness and Permanence 

Altemabve 3 should remedmte the pnmary contarmnant source at IHSS 119 1 The French 

D m  and extracoon wells wdl extract contammated groundwater for 10 years after 
unplementahon of the SVE and RF heatmg Because models are based on assumphons about 

a site, an adhtional 3 years of groundwater momtonng wdl be used to ensure long-term 

effectweness It is assumed that the low initial contaminant concentrabons will be a factor in 

ensuring long-term effectmeness A 5-year review of the site will be conducted to determme 

the effectweness of the altematwe 

Altematwe 3 may provide a lugh degree of permanence because thermal-enhanced SVE should 

remove more residual contammts trapped withrn the subsurface soil at OU-1 than normal SVE 
operabon However, the degree of permanence after remedlilfion will depend on the exact 

locabon of the source of contammints The locaQons of DNAPL are not well-defined and, for 

SVE and groundwater e m o n  to completely remediate a site, the wells must be located near 
or in the DNAPL Otherwise, the process depends on the passive partkoning capabhty of the 

contarmnant. In adhoon, the geology of OU-1 may not be amenable to rapid and complete 
rem&Qon of DNAPL ContammaUon The sod has a low permeability and may develop 

preferential vapor channeling or shoxt-circuiting To minimize the tendency for short-cmurtmg, 

a cap such as a geotextile fabric will be placed around each SVB well. 

L 

Long-term protection for human and ecological receptors should begm shortly after the 
alternative is implemented The calculated carclllogenic risks at the French D m  and Woman 
Creek, after implementation of this alternative, axe below the acceptable risk range of 10' to 10. 
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'. The noncarcurogemc hazards associated with thls alternative at the French Drain and Woman 

CmAc do not &ate a p0tent.d for adverse effects to human health A 5-year zmew wdl be 
conducted to detemme the contmued effaveness of thls altematwe 

Wastes generated as a result of h s  alternatwe wdl be managed rn complrance with apphcable 

regulabons The wastes mclude hquid from the SVE hquidvapor separator, spent GAC from 

the off-gas treatment system and Bulldrng 891 water treatment system, regenerants solubon from 

ion-exchange resms rn the Buildmg 891 water treatment system, and wastes assocnted with well 

mstallabons such as drill cuttmgs and decontammaQon water. The SVE hquidvapor separator 

waste and the decontammahon water can be sent to Bulldmg 891 The regenerant soluQon from 

the ion-exchange rems wdl be pH neutrahed and sent to Buddmg 374 for evaporaUon The 

spent GAC wdl be sent offsite for regeneration There are no sigmficant risks associated with 

h a n h g  the rems or shppmg the spent GAC 

4 3 4 4  Red m t  h T  n 

Altemative 3 satdies the NCP preference for treatment as a pmcipal element of the altematwe 

The volume and mobhty of the DNAPLs are reduced through groundwater extraction and 

thermally-enhanced SVE Physically removrng the contaminants will reduce thew mobhty by 
preventmg addlhonal migraQon 

Extracted groundwater and waste from the SVE hquidvapor separator wdl be treated at Bulldmg 

891 by W/Peroxide and ion-exchange processes W/H202 is a destructive water treatment 

process and results in d e c d  toxicity Spent GAC from the SVE off-gas tmtment system 

will be regenerated offsite resultmg m an addhonal redurnon rn toxicity 
L 

Contaminated materials generated as a result of this alternative include GAC from the off-gas 
treatment system and Building 891 water treatment system, Iiquid from the SVE liquidvapor 

qmator, regenerants soluuon from ion-exchange resins ~tl the Budding 891 water treatment 
system, and wastes associated with well rnstallaton such as drill Cuttings and decon tamhation 
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water The regenerants soluhon from ion-exchange resms will be pH neutTallzed and sent to 

Buddmg 374 for evapombon. The lrquid from the SVE separator and decontaminahon water 

wdl be sent to Buddmg 891 for treatment The spent GAC will be shpped offsite for treatment 
There are no sigmfkant nsks assocnted with handhg the regenemt soluhon or shppmg the 

spent GAC 

4 3 4 5 Short-Term Effectiveness 

Protechon of human health and the envmnment should begm shortly after unplementmg 

Alternatwe 3 Potentnl short-term unpacts on the envmmnent mclude disturbance to the 

subsurface sod and displacement or loss of vegetahon dumg construmon achvihes The RF 

heatmg may adversely affect some subsurface biota due to hgh soil tempemtures but it is 

antmpated that the biota wdl repopulate withm a reasonable amount of tune Decommssiormg 

the French Dram may result m a short-term loss of wetlands but it is anhcipated that the net 

effect of the decommission should be a gam m wetland acreage 

Potentnl short-term unpacts to the pubhc are m m a l  under Alternahve 3 Potentnl nsks to 

workers dumg remedmtion achvihes mclude exposure to contammts m extracted groundwater 

or sod vapor There may be safety hazards assocnted with d d m g  and other construchon 

achvihes as well as with the operahon'of the RF hea&g devices Risks to workers wrll be 
rrrrmmrzed through standad health and safw pmmces 

4 3 4.6 Imdementab&ty 

Alternatwe 3 can be mddy implemented SVE and groundwater extmaon are proven and 

commonly-used technologies that do not require unique or unusual equipment Although RF 
heatmg 1s a less common variation of the SVE process, it is avadable through specmhzed 
vendors The unplementabihty of Alternative 3 should not be limited by the avadab&ty of 
services and matenah nor should there be sigdcant admm&d~ 'vedifficulties Becauseofthe 

low soil pexmeability and contaminant concentrations, there may be techcal drfficulties in 
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mplementmg a SVE system A txeatabihty study at OU-2 incllcated that SVE was not a good 
ophon for that site 

The abhty to conduct future r e m d  aaons, if necessary, should not be hited by 
Implementahon of thermally-enhanced SVE and groundwater extrachon Groundwater 

motutomg wdl track potentml movement of contamlnants for at least 13 years Vapor and 

ra&ological momtomg wdl be conducted dumg the construchon and remednhon 

Vapor extramon wells wdl be mstalled usmg standard drdhg techxuques and construchon 

matenals Operahon of the basic SVE system should not qum lughly spec- personnel 

or tramng, however operahon of the RF heatmg antennae may qum specd tramng or 

assistance from the vendor The RF antennae can be mstalled m one or more of the vapor 

extrachon wells and moved from one well to another as requrred by the treatment process RF 

heatmg does not produce treatment residual waste 

A vapor momtomg program, conducted at the wells and GAC umts, wdl momtor the SVE 
system’s efficiency and determme replacement rates for the GAC umts Spent GAC from the 

off-gas treatment system and the Buildmg 891 water treatment system wdl be sent offsite for 

regenenuon Ion-exchange resms from the Buddmg 891 water treatment system wdl be 
=generated &site and the regenerants soluhon pH neutrahed and sent to Budding 374 for 

evaporahon Liquid from the SVE hquidvapor separator and decontammhon water will be sent 

to the Bufldmg 891 water treatment system 

4 3.4.7 
L 

Costs for Alternahve 3 include the following items 

e 
e 
e 
e 

e 

Soil gas survey (appmximately 100 pmbes) 
Three groundwater extraction wells (6-mch h e t e r ,  20-foot depth) 
36 vapor extraction wells (&inch diameter, 20-foot depth) 
Four gmundwater monitoring wells (&inch diameter, 20-foot depth) 
Three vapor extradion systems with blowers, filters, and other appurtenances 
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I 

e 

e RF heatmg umt 
e 

e 

e Groundwater momtonng 

GAC system (two skid-mounted umts containing 1,500 pounds of GAC each) 

Assocrated pipmg, pumps, and mstrumentahon 
Operahon of the buildmg 891 water treatment system 

The total capital cost of Altemahve 3 is $1,843,600 The total 0- cost is $4,798,200 

assummg operahon of the buildmg 891 treatment system dunng the two-year SVE treatment 

penod, and for 10 years followmg SVE The total post-closure cost for thls alternahve is 

$918,700 mcludmg groundwater momtonng for 13 years followmg complehon of remedmon 

The total cost of thrs altemahve is $7,560,500 A detlllled cost estmate is mcluded m Appendu 
A 

4 3 5  *g w' M 

The evaluahon of the two threshold and five balancmg cntem for Alternatwe 4 

Injechon with Mechatllcal Mwng is summanzed m the followrng subsechons 

Hot An 

4.3.5.1 Overall Protechon of Human Health and th e Envmnment 

Alternatwe 4 protects human health and the envmnment by removmg DNAPL contarmnants 

from subsurface soil and, if possible, groundwater at IHSS 119 1 The exposure potential is 
reduced by decreasing the volume of contammints through groundwater extramon and 

remechaUon of the primary contammant source. The French Dram and extraction wells will 

decrease contamxnant mobihty by capturmg contamxnated groundwater and preventing 

downgradient migrauon of conbumants 

. 

The RCRA CAP cntena for c o n m h g  contaminahon sources will be satufied by the 

components of h s  alternative It will also meet the RCRA CAP cntem for attamng cleanup 

standads for all of the contammants except possibly TCE. Gmundwater modeling indicates that 

the peak contamnant concentrations at Woman Creek, except perhaps TCE, wdl be below the 
PRGs Amrdmg to the model, TCE, PCE, and CCl, may not meet the PRGs at the French ! 

I 
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Dram, however the model does not mclude the French Dram which should be opemtmg to 

reduce peak concentrabons 

Atematwe 4 should meet key ARARs at the French Drain and Woman Creek The mtermittent 

stream status of Woman Creek, is a concern to ecologd receptors Surface water standards 

estabhshed for ecologtcal receptors should be met at Woman Creek 

Hot an- mjection may have an adverse effect on the soll at OU-1 due to the hgh soll 

temperatures that are reached dumg operabon WMe the elevated temperatures may mcrease 

the effectweness of the dtemabve, they may be harmful to some subsurface biota m the short 

term It is expected that the biota wdl repopulate itself m a reasonable amount of tune 

Altemabve 4 should provide permanence by remedntmg the pmary contamrnant area at MSS 

119 1 and reducmg long-term nsks to human health and the envmnment The degree of 

permanence acheved at the site depends on the extent that the pnmary contammint area is 

remedmted Uncertambes regardmg the nature and extent of the DNAPL sources may h u t  the 

degree of permanence acheved by Ahernatwe 4 

Because t h s  altematwe should remednte the source at MSS 119 1, groundwater modehg 

mhcates that carcmogemc nsk levels at the French Dram ahd Woman C d k  are below the 

acceptable nsk mnge of 104 to 106 Noncarcmogemc hazatd mdms for the French Dram and 

Woman Creek do not mdcate a potentd for adverse effects to human health 

Thu alternatwe should be completed m appmxunately 1 year depending on the actual volumes 
of contammated soil and groundwater, ContarmnaDt concentrabons, and mob&zaUon tune. There 

should be no addtional short-term risks to the public during implementation. Potential health 

trsks to on-site workers occur from exposure to contaminants in groundwater and soil vapor and 

safety hazards associafed with constmaon activitm, hot au injection, and Operation of the 

mechanical mmer tool Risks wdl be minimized through standad health and safety practms 

1 
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4.3.5.2 ComDhce With A m  bcable o r Relevant and ADDIoDfrate Reamments - 

Three types of ARARs, chemical-specfic, amon-spezific, and locabon-specfic, are evaluated 

for each alternative. The followmg sections evaluae the key ARARs spezfic to &.IS altemabve 

The designauon of ARARs for th~s alternatwe is the same as presented 111 Alternative 3 

Alternabve 4 should comply with chemical-specfic, acbon-specfic, and locabon-speclfic 

ARARS 

Chemical-Specfic ARARs 

The results of groundwater monrtomg from 1989-1994 mhcate that the State Basic Standards 

for Groundwater (5 CCR 1002-8,3 11 5) are currently exceeded beneath OU-1 Speclfic 

c h e m d  concentrations whch exceed standards are PCE, 1,2-DCA, 1,l-DCE, 1,2,-DCE(cu), 

CCL, 1 , 1 ,1-TCA, and TCE 

Organtc chemical concentrahons have been modeled to reflect remedmhon acbvibes at OU-1 

usmg groundwater momtonng results and the knowledge of hydmgeologcal con&bons The 

results of groundwater modehg of the chemcals m&cate that Alternabve 4 would comply with 

Basic Standards for*@oundwater 10 years after mplementation of r e m a o n ,  assummg the 

French D m  is 111 place. The French Drain locabon would achieve the State Basic Standards 

after the loth year, with the excepbon of TCE, accordrng to the modehg results However the 

steady-state model assumes the source of contamination Temains during the period of 

remediation contaminants at the location of Woman Creek would comply with the State 

Groundwater Standards sooner than 10 years after mmediabon Assumpbons of the model and 

results of the model are discussed in Appendm B. 

I 

Alternattve 4, similar to Altematme 3, may enhance the volume of contaminants that can be 
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extracted from the sod. Vapor momtomg wdl be used to detemme the effectwenas of the 

system and to ensure that bmkthugh does not occur in the GAC systems 

Some contamrnants would be left m place at the IHSSs (other than 119 1) withm OU-1 The 

sources at IHSS 119 would be remedmted to reduce contammmt concentrabons Collaon of 
the mobile contamlnants m groundwater at the French D m  and subsequent treatment of 

contammants ~fl the water treatment system would contrnue for as long as is necessary to acheve 

the State groundwater standards There is a potentd for some contamlnants to be left m place 

at some of the MSSs smce groundwater movement is sporadc and subject to clunabc condbons 

Complmce with 6 CCR 1007-3,264 90 and 264 101 of the State RCRA program is required 

at OU-1 Comphce with either the RCRA defhbon of point of comphce or the State 

groundwater regulatory defmbon, wdl depend upon the selecbon of a pomt of comphce 

locabon by EPA, CDPHE, and DOE 

A plan to momtor contammants would be requrred for the post-closure penod A RCRA 
performance momtomg system would be mplemented with thls altemabve and would probably 

be needed for 13 years or more after remedmbon according to the modehg results Momtonng 

of the orgmc conshtuents would be conducted m accofdance with Subpart F of the State RCRA 
regulabons (6 CCR 1007-3, 264 93-26498) Monitomg would be conducted until it is 

determmed that the contammints are m compliance with the State Basic Standards for 

Groundwater (5 CCR 1002-8, 3 11.5). The state groundwater standards are selected for 

monitormg slnce the RCRA mgulahons do not have p rowon  standards for the contaminan ts, 
except for selemum. 

1 

Co-ve -on would be conducted as long as necessary to achiwe the state pndwate r  

standards at the selected pornt of comphce Maintenance and monitoring of consbtuents is 

requrred to be conduded for 30 years unless the per€omance momtonng system indrcates no 
exceedances of groundwater standards for three consecutive years and a shortened period of tune 

is approved by CDPHE. According to the fesults of the modeling, the time perid for requiring 
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momtonng could be as short as 13 years after source remediation, however an htd post- 

closure pen& of 30 years would be initiated with CDPHE. Implementation of this dternahve 

would require a determmaQon by CDPHE that the comctwe amon is p m W v e  of human health 

and the envmnment. The pomt of c o m p h c e  for the performance momtoring system would 

need to be selected to demonstrate c o m p h c e  with the RCRA correctrve actton requvements 

and the groundwater protecbon standard (Subpart F) 

Other achon-spec& ARARS, such as the Colorado Water Quallty Control Act effluent 

Irmitabons for the water treatment system, would be cmmphed with dumg operahon of the 

system Other actton-specrfic ARARs should be comphed with m a manner smllar to 

Alternative 3 

Locatton-S-mific ARARs 

It is assumed that mechamd mwng, hot a n  mjectton, and extrachon well mstallahon wdl not 

be completed m the npamn habitat near the French D m  and Pond C-1 fipanan habitat WI.U 
be replaced If it is mdvertently destroyed by the hot au from the mechamcal mmer It is 
anhcipated that c o m p b c e  with DOE and Colorado regulations concerning wetlands and 

nongame species should be acheved with the Implementahon of thls alternahve 

4 3 5.3 Long-Term BTecta 'veness and Permanence 

Alternative 4 should protect human health and the envmnment by removmg contammated 

groundwater and r e m h t m g  contarmnafed soil at MSS 119 1. The French Drain will extract 

and treat contammated groundwater at IHSS 119.1 until the groundwater is reduced below the 

PRGs. Groundwater modehg indicates that the gmundwater should be h e  from DNAPL 

contarmnation within 10 years. Because groundwater models are based on assumptions about 

a site, however, three additional years of momtomg and Operatron of the French Drain will be 
conducted to ensure that the gmundwater mains below the PRGs The a h o n a l  monitoring 

and collection should provide long-term effectiveness and minimize the nsk to human health and 
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the envmnment The low contaminant concentrations and natural degradation should also be 
a factor m providmg long-term effectveness 

The carcmogetuc nsks from IHSS 119 1 at the French Dmn and Woman Creek axe below the 
acceptable nsk mnge of lo-" to 106 p m d y  because the DNAPL contammhon IS remedmted 

at IHSS 119 1 Noncarcrnogemc hazard rndices at the French D m  and Woman Creek do not 

mdicate a p0tent.A for adverse effects to human health 

The mechmcal mlxer-hot an- mjechon process should provide a large degree of permanence rf 
the pnmary contamlnant s o u r n  is fully remeduited The p m s s  maXlllllZes the chance for full 

remednhon by providmg a homogenous mlxture, hgh auflow through the sod, and an mcreased 

sod permeabhty for ease of removmg contammints Uncertamties regardmg the nature and 

extent of the DNAPL contammhon may h i t  the permanence of thls alternative A 5-year 

review of the altemahve wdl be used to determme the degree of mmednhon acheved by the 

mechamcal mlxer-hot a n  mjechon p m s s  

Wastes generated as a result of tlus altemahve wdl be managed m comphce with apphcable 

regulahons The wastes mclude hquid from a SVE hquidvapr separator, spent GAC from the 

off-gas treatment system and Bulldmg 891 water treatment system, regenerant soluhon from ion- 

exchange resms m the Buddmg 891 water mtment sys&m, and wastes assocmted with well 

mstallabon such as drrll cuttmgs and dmntammQon water The hquidhapor separator waste 

and the dmntammhon water can be sent to Buildmg 891. The regenerant solubon from the 

ion-exchange resms will be pH neutdmd and sent to Building 374 for evaporahon The spent 

GAC wdl be sent offsite for regenerabon. There ~IE no sig&?cant risks associated with 

handlzng the regenerant soluhon and shpping the spent GAC 
5 

4 3.5 4 Redumo n of Toxiaty. Mob sty. or Volume Through Treatm€3lt 

Alternative 4 should satufy the NCP preference for treatment as a pmc@ element of an 
altemative. Removing DNAPLs from the subsurface soil and groundwater will effectwely 
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reduce the mobility and volume of con taminants at IHSS 119.1 The mechanical mixer-hot air 

injmon process should incmse the sod permeability and volatilizabon rate thereby increasing 

the volume of contaminants that can be removed from the subsurface sod Groundwater 

extraction wdl reduce the contarmnant volume in groundwater and the French Dmn wlll prevent 

potentd migrabon of the contammauts outside of OU-1 Remdatmg the subsurface soil and 
groundwater will reduce contaminant mobihty by preventmg potentd downgmhent migmhon 

Extracted groundwater and waste from the hquid/vapor separator will be treated by UV/€&02, 

ion-exchange, and GAC processes in the Buddmg 891 water treatment system Wm02 is a 

destructme treatment process and wdl result m decreased contammant toucity GAC from the 

off-gas treatment system wdl be regenerated offsite resultmg m reduced contammint toxlcity 

Wastes generated as a result of this altemabve wdl be managed m complmce with applrcable 

regulabons The wastes mclude hquid from a hquidvapor separator, spent GAC from the off- 

gas treatment system and Buddmg 891 water treatment system, regenerant soluhon from ion- 

exchange resms m the Buddmg 891 water treatment system, and wastes assOclSited with well 

mstallabon such as drill cuttmgs and decontammation water 

4 3 5 5 Short-Term l3Tectweness 

Protection of human health and the environment should begin shortly after implementing 

Altername 4 Short-term mpacts on the envmnment mclude sod Wrbance and drsplacement 

or loss of veg-tion during remedial activihes The hot air injection and mechanical mixing 
may affect some subsurface biota due to the hgh temperatures that are reached during opemon, 

but it IS expected that the biota WIU repopulate itself withm a Teasonable amount of tune 
L 

Groundwater modelmg for Alternative 4 rndicates that the peak concentrabons at Woman Creek 

rn below the surf' water standards. The actual peak Concentrations should be less than the 

modeled concentraUons because the model assumed that the French Drain would be 
decommisSioned when the altemative was implemented Ecological receptors may be more ,~~ OU-1 CMS/FS Report 
881 Hdlucle Area 
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affected by Woman Creek's mtemttent stream status than by the con taminant concentmuons 

Potentd short-term unpacts to the pubhc are m m a l  under ths alternative Potentml rrsks to 

workers dumg remedmbon mclude exposure to contammnts m extracted groundwater and sod 

vapor Workers may also be exposed to health and safety hazards assocmted with the operation 
of the mechmcal mlxer Mlxlng the sod may mcrease the nsks assocmted with operatmg heavy 

equipment because of the mcreased possibhty of unstable sod The nsks wdl be mllllmlzed 

through standard health and safety pracbces 

4 3 5 6 Implementabhty 

Although the technology is not as common as other apphcable technolops, equipment for hot 

au mjection and mechmcal rmxlng is avadable from spec- vendors Altematwe 4 should 

not have any signficant admmstmbve ddXculbes, unless the hot m mjection and mechamcal 

muung are conducted m the llpanan habitat areas along Woman Creek 

The technology may be difficult to unplement due to the mstabhty of the claystone sod found 

at OU-1 Safety hazards may occur dumg remedntxon because the rmxzng may mcrease the 

possibhty for slope fdures by decreasing the sod's cohesive properha Also, the treatment 

zone may become completely med, saturated, and soft as the Iemednaon progresses 

Installing the necessary dewatering and momtomg wells mto the treatment zone may be Micult 

If a drill ng cannot be dnven onto the sod 

4 3.5.7 Q& 

Costs for Alternative 4 include the following items: 

e 

e Four groundwater moutonng wells 
e 

e 

e 

Sod gas survey (appmximately 100 probes) 

Mechamcal mixing unit (mcludmg off-gas treabnent) 
Assocmted pqing, pumps, and insbumentation 
Operation of the building 891 water treatment system 
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e Groundwater monitomg 

The total capital cost for Altemahve 4 is $1,781,400 The total O&M cost is $3,113,000 

mcludmg opemhon of the Buildmg 891 treatment system for 10 years followmg the completion 

of nemediation The total post-closure cost is $1,120,700 includmg groundwater momtoring for 

13 years followmg complehon of remediahon The total cost of thu altemahve is $6,015,100 

A detaded cost estunate is mcluded m Appendm A 

4 3 6 Alternative 5 Sod Excavabon with Groundwater Pumpmg 

The evaluahon of the two threshold and five balancmg cntena for Alternahve 5 

Excavahon with Groundwater Pumpmg is summanzed m the followmg subsechons 

Soil 

4 3 6 1 Overall Protmon of Human Health and the En vmnment 

AltemaQve 5 wlll be protechve of human health and the envmnment by usmg a combmhon 

of sod excavahon, groundwater extrachon, and treatment of contammated soil and groundwater 

The exposure potend is reduced at the site by decreasmg the wntammant conwntraUons 

through groundwater extrachon and removal of the pnmary contammint source. The French 

Dram WLU capture contammated groundwater and prevent .downgra&ent' mgrahon of 
contammants 

The RCRA CAP standard for controllmg contaminabon sources will be satdied by the 
components of Alternahve 5. Alternahve 5 wlll also meet the RCRA CAP standad for attamng 

cleanup standards for all of the contammnts with the possible excepOon of TCE Groundwater 

m&hg mdicates that the peak contarmnant concenmons, except perhaps TCE, will be below 

the PRGs at Woman Creek PCE, TCE, and CCI., may not meet the PRGs at the French Dram 
but the groundwater model assumed that the French Dram aperation would be discontinued when 

Altematwe 5 is implemented 

L 
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The sod excavahon and groundwater extramon of Alternative 5 should allow OU-1 to meet 
chemical-specific ARARs at the French D m  and Woman Creek. Woman Creek, as an 

mtemuttent stmm, 1s a concern for ecologcal receptors. Surface water standards should also 

be met at Woman Creek for both human and eco1ogm.l receptors Altematwe 5 wrll provide 
long-term effechveness because it removes the source of contammahon, offers a hlgh degree of 
permanence, and should be an effectwe method for removmg DNAPLs from the site The 

degree of permanence is dependent on the extent to whtch the sources m MSS 119 1 are 
remediated Uncertamhes r e g h g  the actual nature and extent of the DNAPL sources may 

h i t  the degree of permanence acheved by Altematwe 5 

Altemahve 5 may have a sigdcant unpact on the envmnment due to the large excavatton, sod 

storage, and transpoxtahon requmments Excavatmg the source a m  wlll adversely unpact the 

flora, fauna, and subsurface biota of the area It is anhcipated that proper mihgahon and 
reclamahon measures wrll m h h  long-term effects from thu altematme However, If the 

Fbeble's meadow jumpmg mouse becomes a Federally protected Endangered/Threatened species, 

the consultaoon process with U S  Fish and Wlldhfe may requm adhhonal unantmpated 
measures 

The carcmogemc nsk levels assocnted with DNAPLS at the French Dmn and Woman Creek 

under ths altemahve aie-lower than th6 acceptable nsk range of lo" to lod because the pnmary 

source of contammhon is removed through excavahon and the contaminant groundwater plume 

is captured by the French D m  The noncarcmogemc hazards assocated with the alternative 

at the French D m  and Woman Creek do not inhcate a potential for adverse effects to human 

health 
I 

It is anticipated that treatment of c o n e  sods should be completed withm 1 to 2 years of 

unplementahon dependmg on the contaminant concentrabons, subsurface soil volume, and the 

capacity of the thermal desorpbon umt. During unplementation, there is a potential for risk to 

the publlc due to contammated fiqyhve dust generated dunng the excavatton, transportahon, and 
storage of large volumes of subsurface soil. Rub to the public should be minimhd by using 
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dust suppressants, i e , water, to suppress the hgitive dust during transport and the constnrcbon 

of a roof or other cover for the storage areas. Fbtentd nsks to workers may occur from 

exposure to contarmnants m groundwater, sod, and fugtwe dust Workers may encounter safety 

hazards assocmted with operatmg excavabodbackfill equipment and the thermal demphon umt 

asks to workers wdl be mumuzed through standard health and safety practxes 

4.3 6.2 Comohce With Amhcable or Relevant and @ roDnate Reuulre merits 

Three types of ARARS, chemical-specfic, achon-spec&, and locauon-specfic, are evaluated 

for each alternatwe The followlng secbons evaluate the key ARARS specdic to thts altematwe 

The ARARs assocmted with this alternative are very similar to those presented and discussed for 

Alternatwes 3 and 4, Alternatwe 5 should comply with chemical-specfic, l-on-specfic, and 

acbon-specfic ARARs 

Chemical-Specrfic ARARs 

The results of groundwater momtonng from 1989-1994 m d n t e  that the State Basic Standads 

for Groundwater (5 CCR 1002-8,3 11 5) are cumntly exceeded beneath OU-1 Specdic 

-chemical concentmbons whch exceed standards are PCB, 1,2-DCA, l,l-DCE, 1,2-DCE(cis), 

CCh, l,l,l-TCA, and TCE 

OWC chemcal concentrations have been modeled to reflect remedmon actmbes at OU-1 

usmg groundwater momtonng results and the knowledge of hydrogeologcal con&oons The 

results of groundwater modehng of the chemicals m&cate that Altername 5 would comply with 

Basic Standards for Groundwater 10 years after Implementation of remediation, assummg the 

French Dram is m place The French Drain l m o n  would achieve the State Basic Standanls 

after the loth year, with the exception of TCE, according to the modeling results. However the 

steady-state model assumes the source of contamination mnam during the penod of 

mediation con taminants at the locabon of Woman Creek would comply with the State 

i 
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Groundwater Standards sooner than 10 years after remediation Assumptions of the model and 

results of the model are dwussed m Appendw B 

Achon-SueclfTc ARARs 

Some contamlnants would be left 111 place at the IHSSs (other than 119 1) w i h  OU-1 The 

sources at IHSS 119 would be remednted to reduce contammint concentrabons Collecbon of 

the moblle contammants m groundwater at the French Dmn and subsequent treatment of 

contammants m the water treatment system would contmue for as long as is necessary to achleve 

the State groundwater standards There is a potentml for some contamlnants to be left m place 

at some of the IHSSs since groundwater movement is sporad~c and subject to c h a h c  condhons 

Compliance with 6 CCR 1007-3,264 90 and 264 101 of the State RCRA program is requlred 

at OU-1 Comphce with either the RCRA defimbon of pomt of comphce ordthe State 

groundwater regulatory defmhon, wlll depend upon the selechon of a pomt of comphce 

locabon by EPA, CDPHE, and DOE 

A groundwater momtomg plan would be nxpred for the post-closure perrod A RCRA 

performance monitoring system would be implemented with this alternative and would probably 

be needed for 13 years or mofe Momtomg of the orgamc and morgamc consbtuents* would 

be conducted m accoTdance with Subpar& F of the State RCRA regulabons (6 CCR 1007-3, 
264 93-264 98) Momtoring would be conducted untd it 1s determined that the contaminants are 

in comphce with the State Basic Standards for Groundwater (5 CCR 1002-8, 3 11.5) The 
state groundwater standards are selected for monitoring since the RCRA regulations do not have 

promon standards for the contarmnants, except for selenium 
1 

Cone&ve achon would be conducted as long as necessary to achieve the state groundwater 

standards at the selected pomt of comphce Maurtenance and momtomg of constituents is 
requhd to be conducted for 30 years unless the performance monitomg system indicates no 

exceedances of groundwater standards for three consecutive years and a shortened period of tune 
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is approved by CDPHE A m d m g  to the results of the modelmg, the requhd monitomg 

penod is 10 years after source Iemedmbon, however an initial post-closure period of 30 years 

would be mtmted with CDPHE Implementaton of h s  alternabve would requm a 
determmbon by CDPHE that the correctwe amon is protectwe of human health and the 

envmnment The pomt of comphce for the performance momtomg system would need to 

be selected to demonstrate comphce with the RCRA correctwe acbon requmments and the 

groundwater protection standard (Subpart F) 

Subsurface sods at OU-1 contam hsted hazardous wastes, and are po tenmy regulated under 

Subbtle C of RCRA Dehstmg of the treated sods at OU-1 is a potentd ophon as the treated 

sod should meet the RCRA dehstmg requmments m A Gwde to Dehhng ofRCRA Wastes for 
Super.@& Remedial Responses (OSWER # 9347 3-09FS) Debsting of the eated sods would 

allow disposal of the sods on-site The dehstmg process can q u m  two years of agency review 

and approval 

Site-specfic treatabfity study data may become avadable from other OUs m the future Data 

provided by the suppher of the thermal desoqmon unrt shows that treatment of s& wastes 
has resulted m consbtuent levels below the delrsbng cnterra, the Nawnum Allowable 

Concentrabons (MACs) The conshtuents found m the subsurface sod that are hsted wastes are 

e carbon tetmchlonde 
e tetrachlomethene 
e 1 , 1, l-tnchloroethane 
0 tnchloroethene 
e toluene 
e xylenes I 

The treated sod should pose no significant threat to groundwater and would be fully pmtective 

of human health and the envmment 

Verifkabon testmg in all likelihood would need to be performed after tnatment to confirm 

delisting levels The VeTifiCation testing would inch& analysis for total and TCLP leachate 
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concentrahons 

procedures 

VeMication testmg would be performed using the appqnate QNQC 

It is possible that EPA’s proposed defhhon and treatment standards for hazardous sod could 

be promulgated pnor to the final CAD/ROD It is anhcipated that thls alternahve should meet 

any changes to the defmhon and treatment standads for hazardous sod Other acoon-speclfc 

ARARS, such as the Colorado Water Quallty Control Act effluent lunitahons and stormwater 

regulahons should be comphed with dumg the remednl achvihes The State’s au polluhon 
regulahons should not be an ARAR slnce there are no technologies or facdhes at OU-1 whlch 

could be a source of emissions 

Dewatemg wdl lnvolve placmg a PVC pipe from the excavmon to the French Dram Although 

the constmaon area mvolved in the activity would be small, there may be a short-term mpact 

to npamn and wetland areas around the French D m  It&gatron measures wlll be used to 

mrnunlze the &srupaon, however any destroyed rrparran areas wlll be replaced or created 

accordmg to DOE wetland regulahons 

Alternatpe 5 may result 111 adverse effects to threatened and endangered species or p i e s  of 

specd concern at the site Mitgahon measurn will be ducussed with the CDOW to minuniZe 
habitat dwuphon and to comply with regulahons for species such as the Preble’s meadow- 

jumpmg mouse Should the mouse become a Fedenilly protected species, consultahon with the 

U S Fish and WdWe Service will be mituted to comply with Sectton 7 of the Endangered 

Species Act. 
I 

4.3 6 3 Low-Term Effectiveness and Permane nee 

The excavation to bedrock and dewatering components of Altemtwe 5 will sigmficantly reduce 
potentd risks to human health and the envmnment by removmg contaminated groundwater and 
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subsurface soil The French Dmn and Buddmg 891 water treatment system wdl continue to 

extract and treat contaminated groundwater unbl concentrat~ons at the MSS are reduced below 

the PRGs Groundwater modeling m&ates that the contaminated groundwater should be 

removed after 10 years Because groundwater models are based on assumptions rather than 

known quanmes at a site, an adhbonal3 years of momtomg wdl be conducted to achleve the 

groundwater PRGs 

The carcmogemc nsks for the French Dram and Woman Creek are below the acceptable nsk 

range of 104 to 106 because the contammated sod and groundwater are removed from the 

treatment area The noncarcrnogemc hazard lndices associated with the French Drarn and 

Woman Creek do not mhcate a potentml for adverse effects to human health 

Followmg treatment of the primary contaminant source, contammated groundwater withtn OU-1 

may conmue to migrate away from IHSS 119 1 Modelmg m&cates that, because of the French 

D m  and the source removal, groundwater should meet PRGs for the conhumants at Woman 
Creek thereby providmg long-term eff-veness and rmnrmrzrng human health nsks 

Altemabve 5 should provide a hgh degree of permanence If the sources at MSS 119 1 are fully 

remednted Uncertaintm regardmg the nature and extent of the DNAPL sources may h u t  the 

d e p  of permanence acheved by the alternauve A 5-year review should be conducted to 

d e t e m e  the effecbveness of this altername 

To further prowde long-term promon and minimrze human health nsk, excavated soil will be 

managed according to applicable regulations and treated to below LDR standanis or levels of 

concern Bsposal will be at a pemtted TSD facihty with the possibihty of on-site Qsposal, 

if approved by CDPHE through the pe-t&on process There should be no si@icant risks 

associated with handling nomadmadive treated soil. 

4 3.6.4 Reductl ‘on of Toxicity. Mobdty. o r Volume “IKQ@ Treatment 

Altemafwe 5 satisfies the NCP preference for tmtment as a principal element of an alternative. 
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It should effectwely and mversibly reduce the mobility and volume of contaminants in OU-1 

by removmg the pnmary source of contarmnants from the subsurface and groundwater 

Excavatmg an estmated 17,500 cubic yards of sod within the treatment zone wdl reduce the 

volume of contamurants m subsurface sod in both the saturated and unsatumkd zones 
Removmg the source of the contammints wdl also reduce contaminant mobhty by preventmg 

potentd migmhon Dewatemg the treatment area of an estunated 80,000 gallons of 

groundwater wdl reduce the contammint volume and mobhty 

Tmtmg the contammated sod wdl reduce the contaminant volume and tomcity m the soil pnor 

to &sposal at a properly pemtted TSD fachty or potentally onsite In adchbon, extracted 

groundwater wdl be treated usmg the WmO,, ion-exchange, and GAC processes m the 

Buddmg 891 water tmtment system WmO, IS a destructive and ineversible p m s  and wdl 

decrease contarmnant tomcity 

Wastes generated as a result of thls alternatwe mclude regenerant soluhon from ion-exchange 

rems and GAC from the Buildmg 891 water tteatment system, treated sod, and wastes from 

well mstallabon such as dnll cuttings and decontammtion water The secondary wastes 

produced dumg treatment and the processes used to t m t  these wastes mclude. 

e Regeneraton of the ion-exchange resms resultmg in a .solution that wdl be treated 
at the Buddmg 374 Evaporator 

e Spent GAC that wdl be sent offsite for regeneration 

a Decontarmnaton water that will be sent to Building 891 for treatment by the 
WM2O2 and ion-exchange processes 

The treated sod and wastes such as drill cuttings will be managed according to 
applicable regulabons before being transported to a pemtted TSD facility. 

1 

e 

There should be no si@cant nsks assocxited with handling the wastes or shppmg 

nomadmaetwe treated sod 
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4 3 6 5 short-Term Effecbveness 

Pmtecbon of human health and the envmnment should b e p  shortly after the excavabon is 

completed for Altemabve 5 However, the alternatwe may have sigmficant short-term impacts 

on human health and the envmnment such as potentd worker and public health exposure to 

fuphve dust created dumg the excavabon, transportabon, and storage of excavated sod 

AdQbonal short-term effects mclude the Qsplacement or destruction of vegetabon 

Alternatwe 5 wdl have a sigtufkmt short-tern mpact on the Immedmte envmnment due to the 

large excavabon and m a t e d  transportabon requirements. Excavamg the contamnut source 

area wiU adversely mpact the site flora, fauna, and subsurface biota Mitigation measures will 

be used to mmmze the Impact. 

During Implementabon of Altemabve 5, there may be a rrsk to the public due to potentially- 

contammated dust generated dumg the excavabon, transportabon, and storage of large quanbbes 

of surficnl and subsurface sod Management of the soil wdl comply with 40 CFR Part 122.26, 
Part 264, and DOE orders Stormwater controls would be employed to reduce runoff at the site 

Methods such as creatmg a three-sided buildmg with a m f  or other cover for storage ateas to 

mlnlmlze fugbve dust will asslst m mmtmzmg exposure risks. There may be potentnl nsks 

to workers from exposure to+contaminants h groundwater, soil, or fugtive dust. Workers may 

also encounter safety hazards assoclitted with operating excavatiodbackfill equipment and the 

thermal dempbon umt R~sks to workers wdl be mumuzed through standard health and safety 
practices 

Although surface sods are bemg adrrmusdtively addxessed under OU-2, nuhonucfides are a 

short-tern effdveness concern under this alternative due to the potential for exposure to both 
on-site and off-site feceptors k m  fugibve dust Excavation activibes would maease the 
resuspension of mhonuclides in surface soils, thedy  haeasing off-site exposure point source 

terns as well as the flux of contaminants to Woman Creek. 
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Groundwater modeling for Altemative 5 mdicates that the peak concentmtions at Woman Creek 

are below the PRGs at OU-1 for all of the contammints except TCE The actual peak 

concentrations should be less than the modeled concentrations because the model assumed that 

the French Drain wdl be decommissioned when the alternative is implemented Therefore, 

ecologwil receptors at Woman Creek should not be affected by OU-1 groundwater contammants 

under this alternative Woman Creek is an intermittent stream whch may have a greater effect 

on ecological receptors because of a lack of water than the peak contammt concentrations 

4 3 6 6 Implementability 

Alternative 5 wdl not h t  the use of future remedial acbons at the site rf they are deemed 

necessary In adhtion, thermal demption is a proven sod remediation technology that should 

not mvolve admstrative d&?culties. Altername 5 should not be h t e d  by the avadabihty of 

semices and matenals There may be sigruficant technical or adinmstrative difficulties If 
Preble's meadow-jumping mouse is designated a Federally protected TlmatendEndangered 

species Such a designation would quire consultation under Section 7 of the Endangered 

Species Act P romon  of human health and the environment should begin shortly after the 
excavation is complete 

It is anticipated that 3 months will be required to m o b b  and demobilize the thermal desoqmon 

unit Standard equipment will be used for excavatmg the contaminated sod at IHSS 119 1 A 
large stowe area may be q u m d  for stockpiling and treabng the excavated soil but it is 

expected that sufficient space will be available adjacent to the excavation area The T~eated sod 
may be delisted as a hazardous waste to allow onsite disposition However, the process of 

delisting could q u u e  two years. In ad&Qon, for offsite disposal, the number of TSD facilities 

that will accept the subsurface soil may be ltmited if it contains radioactive materia. 

i 

Aw monitoring wdl be required during the operabon of the thermal demvtion umt and 

radiological monitoring will be conducted throughout the =mediation Groundwater monitoring 

will be conducted for 13 years after remedialion is complete to achieve the groundwater PRGs 
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4 3 6 7  (&t 

Costs for Alternatlve 5 mclude the followmg items 

0 

0 

0 

0 

0 

0 

0 Groundwater moxutomg 

Construmon of a stagmg area 
Use of conventlonal sod excavatlon and backf3.l equipment 
Four new groundwater momtonng wells 
Operatlon and mobhzatloddemobhzabon of a thermal desorptlon uxut 
Ihsposal of nonra&oactwe treated sod at a permitted TSD fachty 
Operatlon of the buddmg 891 treatment system 

The total capital cost for Alternative 5 fs $9,034,500 The total O&M cost is $3,113,000 

mcludmg operatlon of the Buddmg 891 treatment system for 10 years followmg the completron 

of excavatlon The total post-closure cost is $1,122,100 mcludmg groundwater momtomg for 

13 years followmg completlon of remedmtlon The total cost of thm alternative is $13,269,600 

A demled cost estmate is mcluded 111 Appenduc A 

4 4 Comparatlve Analv - sis of Alternatl ves 

'Jbs sectlon presents the c o m p t w e  analysis of alternatwes m relatJon to the specflic 

RCRA/CERCLA evaluabon cntem The results of the W e d  analysis of altematwes is 

summaflzed m Table 4-2 This information 1s used to compare altematwes m the followmg 

subsections 

4 4 1 Overall Pm-on o f Human H d t h  and the Enmnme nt 

The overall prosection of human health and the environment is highest with Alternative 1 

because of its low overall rrsk to human health and the enmnment whde prowdmg irreversible 

groundwater extramon and treatment. Alternatwe 1 should mult in no significant change m 
protection of human health and the environment. Alternatives 2, 3, and 4 currently offer the 

m e  venfiable protection as Alternatwe 1 because the l w o n s  of DNAPL sources are 
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unlcnown Alternatwe 5 provides ureversible treatment and the largest redumon m exposure 

potentd w i b  the shortest tune However, it also has the -test adverse effects to the 

envmnment and workers 

Alternatwes 2, 3, 4, and 5 reduce the exposure potentd by remedmtmg the source of 
contammabon Alternatwe 1 reduces the exposure potentd by contamng the source of 

contammabon and lunitmg access to the site A-g groundwater cleanup standards, a RCRA 
CAP cntena, is also met by Altematwes 1 through 5 Altematwe 0 neither meets thls cntena 

nor reduces the exposure potentd at the site 

Alternatwe 1 provides the least overall envmnmental effects of the altematwes because it 

mamtains the current ojmahons at the site and provides contauunent of the source Altematives 

2 and 3 do not substantially affect the envmnment but the permanence of SVE depends on 
knowmg the locabons of the DNAPL souxces whch are not well-defmed at OU-1 Alternames 

3 and 4 affect the envmnment more than Alternaove 2 because of the RF heatmg umts and the 

mechamcal mncer, respecbvely Altematwe 5 provides the greatest short-term &sruphon of the 

envmnment and the most permanent solubon Altematwe 0 offers the least permanent soluuon 

and greatest long-term concern to the envmnment 

* 
The calculated noncarcmogenrc hazards do not mdicate a potentnl for adverse human health 

effects The carcmogemc risks were below the acceptable m k  range of 104 to lo4 for the 

altematwes except for Altematwe 0 Altematwe 0 had a Carcinogemc risk of 1 2E-05 for an 

onsite resident. Other nsks to the publlc are m a l  with the ex-on of potentd fugtwe 
dust created under Altematwe 5 by the excavabon, tranp-on, and storage of potentidly- 

The overall rrsks to workers at the site mclude potentnl exposure to contauunants through 
groundwater extraction for Altemat~ves 1, 2, 3, 4, and 5 Workers may be exposed to 

contarmnant vapors for Alternatwes 2, 3, 4, and 5. However, calculated carcinogemc and 

nonmmogemc effects for workers were below the acceptable risk range for all of these 
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altemabves Alternabves 3, 4, and 5 may expose workers to safety hazards from operatmg 

equipment assocnted with the alternatives In adhtion, Alternative 4 may present safety hazards 

from potentd destabhzabon of the sod and Alkmatwe 5 may present hazards assocnted with 
fustwe dust 

Altematwe 1 is currently meetmg the RAOs for the site Remednbon should take less than 2 

years for Alternatwes 4 and 5 Altemabve 3 should remednte the site withm 3 years whde 

Altemabve 2 is estmated to be 5 years The remedmQon tune for Altemative 0 is dficult to 

p d c t  but it is assumed that groundwater momtomg WIU contmue for 30 years 

4 4 2  Compbce with Apphcable or Relevant and AppmDmte Reuulre ments 

Altemabves 1-5 would comply with the majonty of chemical-specific, acbon-pfic ,  and 

locahon p f i c  ARARs The possible excepbon is the peak concentration of one contammint, 

TCE, whch could possibly be above the chemical-pfic ARAR, the Colorado Basic Standards 

for Groundwater The durabon and concentraQon of the peak is dependent on the altemabve 
and locahon of the downgradient measured pornt These observabons are based on a review 
of modehg results It is also possible that the p d c t e d  peak concentrabons are over estmated 

and that Alternatwes 1-5 or some of these altematwes would not exceed the state groundwater 

standards Alkmabve 0 IS pdc ted ,  and m al l  likehhood, would not meet.@e state 

groundwater standards 

f 

Groundwater modeling mults have been used to assist in determining ARAR compliance. The 
two locatrons used m the smulabons of contammint concentrabons are the downgnuhent side 

of the french dram and the alluvium at Woman Creek Assumpbons of the model mclude 

availabdity of a contarmnaton source, even for mediation altemat~ves, through the period 

1969-2029 In adhbon, the solubfity of TCE m water IS nda0vely high m cornparison to the 

other chemcals used in the model Other modeled steady-state flow factors am discussed m 
Appenduc B 

& 
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The Merences III pmhcted peak concentmbons among the alternatives are s u m m d  as 

follows peak concentrations of organics do not comply with the state 

groundwater standards at the hnch dmn and peak concentrabons of the orgmcs, except for 

TCE, might comply with the state groundwater standards at the Woman Creek location after a 

penod of thltty or more years Alternatwe 1 peak concentraOons of orgmcs would probably 
comply with the state groundwater standards, except for TCE, sometune after 2010 at the 

French D m  locaoon and peak concentmbons of organ~cs (includmg TCE) would probably 

comply with the state groundwater standards at approxmately year 2010 at the Woman Creek 

location peak concentmuons of orgmcs would comply with the state 

groundwater standards, with the possible excepfion of TCE, ten years after remedahon is 

completed at the French Dram Peak concentrabons of orgamcs would comply with the state 
groundwater standards withrn ten years, and probably sooner, of completed remedmQon at the 
Woman Creek locabon 

Alternatwe 0. 

Alternatmes 2-5 

Comphce with the acbon-spec& ARARs are shghtly Merent among the alternahves 

Although all the alternabves would be requved to comply with the RCRA correctwe achon and 

groundwater protechon standard, the penod of tune requrred to complete correctwe acuon 

would vary among the alternatwes In adhbon, CDPHF, is requued to d e t e m e  that the 

selected comphce pomt and altemabve would be protechve of human health and the 

envmnment "his deternunahon could vary,from A l t e h v e  1 to Alternatwes 2-5 

The proposed groundwater perfomance momtomg system would be lnibated for thirty years 

UI acconrlance with the RCRA postclosure requhements. However, once the monitomg system 
mdmtes no exceedances of groundwater standards for 3 consecutwe years, the period of 

comphce monitomg may be reduced with the approval of CDPHE Although the period of 

momtonng is dependent on the selected point to demonstrate compliance, it can be stated that 

the comphce penod would be long for AltemaQve 0 as compared to Altemative 1 and that the 
comphce period for Alternatwe 1 would be relatively long compared to Alternatives 2-5 The 

momtonng Merenms would correlate to the Merences UI time to achieve the State 

groundwater standards, Le. Atematwe 0 may require 30 or morr: years of moniforiag, 

1 
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Altemabve 1 may require 16 years of momtonng , and Altematives 2-5 may requm 10 years 
or less of moxutormg 

The other major drfference among the alternatwes rn complyrng with the actlon-specrfic ARARs, 

is the a n  polluhon controls requved on the vapor extramon systems Alternatwes 2-4 would 

nqum complmce with the hazanlous orgamc emission controls under RCRA regulattons as 

well as the State’s an polluQon control Regulahon 7 Altemabves 0 and 1 would not requm 
such comphce as these alternatwes do not mvolve orgamc compound au  emissions 

Comphce with locahon-specfic ARARs is one of the major Memnces among the treatment 

technology alternatwes The alternatme that would requm the most mibgauon measures m 

order to comply with the State law on non-game species and DOE’S regulabon on wetlands 

protechon is Altemve 5 l b s  alternatwe would q u m  placement of a pipehe from IHSS 

119 1 to the French D m  Alternatwes 2, 3, and 4 are not antmpated to dlsrupt wetland areas 

with the treatment technoloBes proposed, however rf some areas are dlsturbed m the 

mplementabon of the technology, then comphce with the law and regulabons to protect 
wetland and non-game species would be requrred AU alternatwes, mcludmg No Actlon, could 

disturb a small area of wetlands for a very short tune (two to three days) dunng 

decommissiomg of the French Dram. Mrtrgabon measures would be unplemented to mmnize 
the &@xbance and’comply with the wetland and species p m m o n  requmments 

If the hb le ’ s  meadow-jumpmg mouse becomes Federally protected as a Threatenedhdangered 

species, then the comphce requkment for Alternative 5 could be much more elaborate 

Consultabon with U S Fish and Wddhfe Service would be requued and a biologcal assessment 

might need to be prep- 
L 

4 4 3  Long -tern Effecb veness and Permanence 

Alternative 5 offers the most permanent pmtection of human health and the environment because 

the pmary contammint source is physically removed and treated Altematives 2,3, and 4 offer 
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some protmon because the source 1s remediated to the extent possible by the technologies The 

degree of permanence depends on the extent that the wells are located next to a DNAPL source 
If the wells miss the DNAPL sources, the extracton rate 1s depndent on the passive w h o m u g  

capablllty of the contammnts Altematwes 3 and 4 may be more p romve  than Altematwe 
2 because they mcrease v o l a m o n  and provide more redumon m the contaxwant 

concentrations Alternatwe 1 offers the same protecbon of human health and the envmnment 

as the current conchons because it does not si@icantly change the current procedures at the 

site Altemahve 0 offers less protmon than is currently avadable at the site because it 

decommissions the French Dram whch is removmg contammated groundwater In ad&Qon, it 

does not contam, remedmte, or remove the pnmary source of contammahon 

Five-year reviews wdl be conducted for all of the alternatwes unbl contarmnant concentrations 

are consistently below the PRGs and the agencies agree that the site is not a cause for concern 

In addtbon, all of the altermhves requue groundwater momtormg to evaluate the site wn&tions 

Carcmogemc nsks and noncarcmogemc hazards are below the acceptable limits for all of the 

altemahves with the excepfion of Alternatwe 0 It lndtcates a carcmogemc nsk for an on-site 

resident of 1 2x105 at the French Dram whch is withm the acceptable range of 104 to 106 The 

carclnogemc nsk is 3 3x108 at Woman Creek under thls altername 

Altematwe 5 pmvides the best long-term effectiveness and permanence of the altematwes 

because it removes and treats the wn-on Alternatives 4, 3,  and 2 provide similar 

permanence and effectweness; they M e r  by increasing v o l a W o n  capabilities However, the 

eff-veness of SVE 1s dependent on locating the wells near the DNAPL sources and the source 
locaUons axe currently dl-defmed Alternatwe 1 provides some permanence and effectweness 

for the site because it removes and treats groundwater. Altemative 0 pmvides no pexmanence 

nor long-term effmveness except through natud &-on. 

4-77 



4 4 4  ~eductlo n of Towcity. Mobhty. and Volume Through flreatment 

Altemames 2,  3, 4, and 5 actwely remedmte the pntnaq source of c o n m o n  thereby 

sat&ying the NCP preference for treatment as a pnncipal element of the alternatwe 
Alternatives 2, 3, and 4 use SVE or a variabon of it whde Alternative 5 uses excavation and 

thermal desorption Altematwe 1 does not actwely remedmte the pnmary soume of 

contammtion, however it controls it by ContiUIllng and extractmg the contammated groundwater 

Extracted groundwater is then treated m the Buddmg 891 water treatment system Alternatwe 

0 does not remedmte nor control the pnmary source of contammaon It Shes on natural 

degndauon to restore the site 

Altematwe 5 provides a greater reduction of TMV than Alternatwes 2, 3, or 4 because it 

removes as well as remedntes the pnmary source of contammahon Altematwe 5 provides ex- 

situ treatment and d~sposal of the subsurface sod whereas Alternatmes 2 , 3 ,  and 4 provide m-situ 

treatment of the subsurface sod Groundwater is removed, treated, and d~sposed of for 

Alternatwes 1, 2, 3, 4, and 5 

Alternatwes 2 , 3 ,  and 4 vary accordmg to the enhancement used with SVE Atematwe 2 uses 

normal SVE, Alternatwe 3 uses thermally-enhanced SVE, and Alternatwe 4 provides thermally- 

enhanced SVE with a m m g  amon to provide greater soil permeabdity Because &krnative 

4 mcreases the sod permeabhty through homogenous rmxing, it creates a more hospitable 
envmnment for contarmnant volathzation than Altemabves 2 or 3. Smdarly, Alternative 3 wdl 

provide more reduction in volume and mobihty than Altematwe 2 because it provides a better 
envmnment for contarmnant volatihbon. 

L 

An meversible reduction in contammant toxicity IS provided by Alternatives 2,3, and 4 through 

the use of an off-gas treatment system, such as a GAC umt, for treatment of contammated sod 

vapors Thermal dempQon provides a slmllPt reduaon in con taminant soil tomcity for 
Altematwe 5. Altematwes 1 through 5 wdl equally and bversibly reduce contaminant 
groundwater toxicity by usmg the W/H202 and ionexchange processes in B u W g  891. 
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Alternahve 0 reduces contammant tomcity through natural degradation 

Wastes generated for Alternatives 2, 3, 4, and 5 are sunllar They mclude spent GAC and 

regenerant soluhon from ion-exchange mms m the Buddmg 891 water treatment system, drill 
cuttmgs and decontammabon water from well mstallahon, and hquid from the SVB hquidvapor 

separator Alternahves 2, 3, and 4 wdl have ad&Qonal quanhhes of spent GAC because of the 

off-gas treatment system for the extracted sod vapors Treated sod is an add~honal waste that 

wdl have to be managed and disposed of for Alternatrve 5 Altemahve 1 produces wastes 

assocmted with the UV/H,O, and ion-exchange processes m buddmg 891 and mstallahon of 

wells Alternahve 0 produces wastes assouted only with well mstallahon 

Alternatwe 5 IS ranked fmt for redurnon m toncity, mobhty, and volume of the contamrnants 

Alternatwes 4, 3, and 2 are ranked m n d ,  thud, and fourth, rernvely,  because of theu 

capabhbes for extractmg contaminated vapors from the sod matnx at MSS 119 1 Alternatwe 

1 is ranked fifth because it controls the primary source of contamination but does not reduce 

contamrnant sod tomcity, mobhty, and volume It also has a higher possibihty than Alternahves 
2, 3, and 4 of revertmg to the current con&hon once the remedmbon is considered complete 

Alternahve 0 is ranked last because it neither remedntes nor controls contammuon at OU-1 

4 4 5 Short-term ERecWeness 

An m c m  m the pmtechon of human h d t h  and the environment is achieved shortly after 

implementmg Alternat~ves 2 , 3 , 4 ,  and 5. Alternative 1 provides the same protection of human 

health and the envmnment that is cumntly avadable at the site Altematme 0 decreases the 

current promon of human health and the envmnment because it will decomsion the 
French Drain and allow potemtially-contamhted groundwater to migrate fnom the Site. 

AU of the altemat~ves wdl affect the envmnment when the French Drain is decomrmssioned 

The short-term effect may be a loss of w h d  acmage but the expected long-term effect is a 
net gain m wetland acreage. Adverse short-tern effects to the enmnment are greatest with 
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Altername 5 because of the soil excavauon and transportation. It may adversely affect flora, 

fauna, and biota at the excavabon and along the transportabon route dependmg on the mibgabon 

measures used to m m n e  fugItwe dust Altemative 4 may adversely affect the envmnment 

because of the sod mmng However, it should not affect the envmnment beyond the m e d n t e  

tnxtment area unless it rntermpts a major hydmgeologml channel or major soil destabhtxon 

occurs Altematwe 3 may adversely affect the envmnment because of the hgh temperatures 

that are reached by the RF heatmg Dependmg on the rmhgabon measures used, the flora and 

fauna of the area could be affected by a change III sod h o m n  or biota Altemabve 2 may 

affect the rmmediate envmnment with mmor hsturbances to the subsurface sod and some 
vegetatwe loss dumg the mstallahon of the SVE system and momtomg wells. De.pendmg on 

the types of msbtut~onal conmls that are selected, Altemabve 1 may have the same mrnunal 

effects to the envmnment as Alternatwe 0 Alternatwe 0 is expected to affect the envmnment 

through the French D m  decomrmssion and momtonng well mstallahon Ecolog~cal receptors 

at Woman Creek should not be si@icantly affected by the altematwes, except for Altematxve 

5 

Groundwater modelmg rndcates that the contarmnant concentrabons at pomts M y  upgradent 

of Woman Creek meet the surface water standads with the possible excepbon of TCE The 

actual concentrabons for Alternatwes 1 through 5 should be less than the modeled concentmbons 

&use the model assumed that the French D m  would be m e d m t e l y  decomnussioned rather 

than 10 years after remediabon as suggested within the dtemat~ves 

Alternative 5 will affezt human health by creating fugitive dust h m  the excavabon, 

transportation, and stomge of subsurface soil. Mtigabon measures will be used to mlnlmlze the 

dust. Short-term effects on human health are minimal for Alternatives 1 ,  2, 3, and 4 There 

should be no additional short-tern effects on human health for Alternative 0. 

I 

Alternatives 2, 3, 4, and 5 may affect workers through exposure to contmmants m 
groundwater, soil vapor, and operation of the =mediation and well installation equqment 

Alternative 5 wdl also affect worken by c-g fbgtive dust during excavation, transportabon, 
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and storage of contammated soil Altemahve 4 may create an addibonal hazard for workers by 

decreasmg the stabhty of the sod matflx Alternative 1 has the potentd to affect workers only 

through exposure to contarmnants m groundwater Because there is no sounx control or 
remednbon for Alternatwe 0, there should be no adhhonal risks to workers 

The short-term nsks are expected to be greatest for Alternames 5, 4, and 3 

should have m m a l  nsks and Altername 0 and 1 should have no adhbonal nsks 

Alternaove 2 

None of the alternames should h i t  future remedmon If it is deemed necessary by the 

regulatory agencies In adhhon, Altematwes 0-4 are not expected to have admitllstra tive 

Micukes before the alternames can be mplemented at the site. Alternatwe 5 may q u m  
ad&Qonal lead tune for agency approvals m either a RCRA delistmg process or Bndangered 

Species Act consultahon process 

Groundwater momtonng 1s r e q u d  for all of the alternames as long as the contarmnant 

concentmhons are above the PRGs and the agencies beheve there is a cause for concern at the 

site Vapor momtonng wdl be conducted for Alternatives 2, 3, and 4 to optimrze the SVR 
system and d e t e m e  qlacement rates for the GAC ulllts Vapor and radlologcal momtolmg 

will be conducted for Alternatwe 5 to inhcate health risks to workers 

There may be tecbcal problems with Alternabves 2, 3, and 4. For SVB and groundwater 

extraction to be effectwe, the wells should be located near or m the DNAPL source Otherwise, 
the technology is dependent on the passive partitioniag capability and rate of the compound In 
addition, the mechanical mixer in Alternatxve 4 homogenizes the soil which can decrease the 

cohesiveness of the sod. The deaeased cohesion may result m instabhty, slumping, and 

decreased tmmon for gettmg to the site and installing groundwater monitoring and extraction 

wells Alternatwe 4 may also requm specnl tramng to operate the rmxing equipment because 

of the propmtary technology. Alternative 3 may require special training from the vendor on 
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opemuon of the RF antennae before it can be Implemented 

Alternatwes 0 and 1 can be mplemented medmtely whde the remamng alternatwes may 

requlre 6 months before they can begm treatment of the pmary contamrnant source. Altername 

3 is avadable through specnhed vendors and Alternatwe 4 is a propnetary treatment, the lead 
tune necessary before treatment can begm for these alternatwes may be longer than the on@ 

estmahon 

Because of the lack of lead tune necessary for Implementation, Alternaves 0 and 1 am expected 

to be the easiest to unplement of the alternatwes Aternatwe 0 can be mplemented medmtely 

once it is approved, however, it is not expected to be easily approved because of the nature of 
the site Alternahves 2 and 5 should be easdy mplemented but may require a sur-month lead 

tune Alternatwes 3 and 4 may requm spemdmd traimng and addibonal lead tune to procure 

the equipment from vendors Atematwe 5 could require substantd time to mplement because 

of two facts 1) If the preble's meadow-jumpmg mouse becomes Federally protected, the 

consultauon process under the Endangered Species Act wdl be requued. The p m s  could 

requve a biological assessment in ad&bon to mibmon measures 2) Sods whch are treated 

could be dehsted under RCRA for onsite -sal The delisting process could require two years 

for agency review and approval 

4 4 7  Q&t 

The total costs for the altemabves are hsted m Figure 4-1. Altemtive 5 has the largest cost 

p d y  because of the large volume of sod that would require excavation, treatment, and 

hsposal The costs for Atematwes 1 and 3 a compamble Alte&tive 2's cost was less than 
Altematives 5, 1, and 3. Atematwe 4 has higher capital costs but due to the higher O&M cost 

of SVE, Alternatwe 2 has a hgher total cost than Altexnatwe 4. Altematwe 0 was the least 

expensive because it involved only the installation of monitoring wells and the associated 
momtonng actwities 
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CostElemmt 

QPM 
O&M 
Post Closure 
Total Cost 

Post Closure 
.O&M 

G D l d  

Alt 0 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 

$63,800 $63,800 $925,600 $1,843,600 $1,781,400 $9,034,500 
$0 $5,76l,U)o $5,287,700 $4,798,m $3,113,000 $3,113,000 

$1,740,400 $1,740,400 $833,300 $918,700 $1,120,700 $1,122,100 
$1,804,2bO $7,565,400 $7,046,600 $7,560,500 $6,015,100 $13,269,600 

Alto A l t l  Alt 2 Alt 3 Alt 4 Alt 5 

Figure 4-1. Summary of Remedial Action Alternative Costs 
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B.l.O INTRODUCTION 

Appenclu B presents the results of a subsurface solute transport model of the OU-1 site The 

purpose of the model is to provide a basis for residual nsk calculahons and design calculahons 

for the feasibhty study In thls appenchx, the followmg topics are dmussed the 

hydrogeologd conceptual model of the site, the framework of the comsponding numencal 

model, the results and pnxhchons of the model, and a quahtahve discussion of model 

uncemty Tables and figures are rncluded m the back of ths appenh after the references 
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B.2.0 HYDROGEOLOGICAL CONCEPTUAL MODEL 

The OU-1 conceptual model describes the pnmary processes that control the movement of 

solutes m the subsurface Such processes rnclude groundwater flow rates and dmxhons, solute 

release rates and tmmg, recharge and dwharge rates, &spersion, degradabon rates, and 
adsorpbon 

The groundwater flow system beneath the hdlside at OU-1 is descnbed 111 detad 111 the Phase III 

RFI/RI (DOE 1994) The followmg descnpbon is lunited to features at IHSS 119 1 that are 

mcoprated mto the flow and transport model of the site MSS 119 1 is where most of the 

observed contammahon at the site is located 

Groundwater flow beneath the Wside occurs 111 shallow colluvlal, alluvd, and bedrock umts 

with most of the flow concentrated m the colluvium and alluvium (DOE 1994) Groundwater 

flow tends to be focussed m areas of thck colluvium whch generally cornspond to topographc 

features The thlck colluvium is probably produced by deep bedrock weathermg m the area 

The weathemg is assumed to be caused by oxygenated water ddtmtmg the bedrock located 

beneath streambeds 
I 

Site data from Volume IV, Appenb A of the Phase III RFURI (DOE 1994) supports the theory 

that thck colluvium is found beneath streambeds The vernal -on of the French Dmn from 

Stabon 16+00 to 16+50 shows a thick band of colluvium beneath the dramage and the shear 

plane as conforrmng with the bedrock channel Thls shear plane may correspond to the depth 

of bedrock weathermg Therefore, there may be a relabonshp between the depth of weathermg 

and soil volume affected by slope mstabhty 

One hydrologic dmnage that extends upslope rnto IHSS 119 1, illustrated 111 Figures 3-23 and 

3-24 of the Phase III RFURI (DOE 1994), is where most of the groundwater in the vicinity of 

IHSS 119.1 flows Site data indicate that it has a thick band of colluvium Therefore, it is 

assumed that groundwater is generally chameked along h y h l o w  dnunages. 

OU-1 CMslFs Rep01t 
881 €Idbide Area z% U February1995 E 2  



Recharge and &scharge vary m the short-term at the site primarily because of the low 

groundwater volume and its large dependence on rainfall events and d t r a o o n  However, an 

average rate of recharge or dmharge can be calculated from mfilmon equaoons and long-term 

precipitatxon averages from site data or records from the National Oceamc and Atmosphenc 
Admmstration No site-spec$ic calculaoons or field measurements of recharge or dwharge are 
avadable 

Recharge to groundwater is assumed to occur from mterflow and bedrock flow from the Rocky 

Flats alluvium and is si@icantly affected by the low permeablllty of the colluvium and 

alluvium at the site Recharge is decreased dumg and condbons and hgh &all events 

because of the lowered ddtraoon capacity and permeablllty of the sod Smllarly, it is 

mcreased dumg spmg and fall when the sod has a greater ddtrahon capacity 

Groundwater discharge is assumed to occur due to the low permeablllty and moisture content 

of the sod and the low-flow condrbons caused by the and chmate at the site It occurs as 

evapotmnspmtxon and flow mto Woman Creek (Fedors et al 1993a and 1993b) Flow mto 

Woman Creek is mdmted by calculated hydmullc gmhents of the site and the theory that the 

groundwater follows topogmphc features 

The pnmary source of contammoon is assumed to be located m the-subsurface sod at IHSS 

119 1 Dumg the 1960s and 1 9 7 0 ~ ~  drums contamng volatile orgamc compounds (VOCs) were 

stored at IHSS 119 1 (DOE 1994) probable releases from the drums may have resulted m a 

residual DNAPL m the subsurface soil The residual DNAPL phase has not been directly 

observed but is inhcated by hgh concentrabons of VOCs in the areas near Well 0487, Well 

4387, Well 4787, and Well 5587. The drums are assumed to have started l a g  therr contents 

into the soil in 1970 although it is not specifically known at this time. The pnmary groundwater 

release mechamm is assumed to be dissolution of residual DNAPL assisted by mfiltration 

The transport of COntarmLliints m groundwater is contmlled by groundwater -on and 
flowrate. Other processes that affect contaminant fate and transport are hydrodynarmc 
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I zzq B-4 

dispersion, degradation, and admpbon Hydrodynamic dispersion is smulated using 

dlspersivity, groundwater velocity, and molecular drffusion Degradabon rates and mpbon 

pmpeaes for VOCs are discussed and reported the Phase III RJ?I/RI (DOE 1994) 

OU-1 CMSlFs Report 
881 W i d e  Area 



B.3.0 MODEL FRAMEWORK 

The computer smulabon code TARGET-2DU (Dames 8z Moore 1985) was used to smulate 

contammant transport m the subsurface TARGET - 2DU is a verhcally onented, two- 
dunensional, frnte Mexcnce model that can smulate vanably saturated conditions For the 

purposes of ths CMWFS, TARGEiT-2DU was morllfied to smulate a source with a constant 

concentration 

Because the model is two dunensional, it cannot smulate Qspersion (spreadmg) transverse 

(perpendmlar) to the model secbon Therefore, the modeled Qspersion m the plane of the 

model wdl be greater than the actual Qspersion Consequently, the model is consexvatwe and 

wdl overestunate Qspersion because it does not account for spreadmg of contammants m 
transverse to the model plane 

The model gnd as shown m Figure B-1 is 296 honzontal cells by 170 verhcal cells It has 

approxunately 25,000 actwe cells The gnd was designed to capture dews of the 
bedrocWcolluvium mterface and topography, to accurately smulate the vadose zone, and to 

m m r z e  errors caused by numerrcal Qspersion The locabon of the secuon of the model is 

shown m Figures B-2 and B-3, and corresponds to the trough of thlcker colluvium at IHSS 

119 1 

Two cntena are used to ensure mitllmal numencal Qspersion the Peclet number and the 

Courant number The grid Peclet number is the xat.10 of grid spacmg (length of a cell side) to 

dqersivity To minlmue numencal hspersion, the Peclet number generally should be less than 

or equal to one For thu model, dispersivity is much larger than cell lengths, so the Peclet 

number is much SmaUer than one. The gnd Courant number is the ratio of time step interval 

to groundwater travel tune across a cell. Slmilat to the -let number, the Courant number 

generally should be less than or equal to one. Because of low merits and hydraulic 

wnductwibes and moderate soxption, the Courant number for thls model is much smaller than 

one. 
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The Qstribution of boundary conditions and sod types are shown in Figures B-4 and B-5 Sod 

propert~es, degradation rates, and adsoquon btnbution coefficients for the COCs are Med m 
Tables B-la and B-lb The degradation rates used in the m&l were the maximum values hsted 
m the Phase III RFI/RI (DOE 1994) and they reflect the slowest ant~cipated degradabon rates 
at the site 

Figures B-7 through B-12 show the relauonshp between relatwe saturaoon, relafive hydrayhc 

conductivity, and pressure head as specfied m the model Calculated relative hydrauhc 

conductwity refers to values calculated by Fedors et al(1993b) usmg Van Genuchten's equabons 

relatmg pressure head, relative saturabon and relatwe hydmuhc conductnuty (Van Genuchten 

1980) The curve for colluvium is based on site data (Fedors et al 1993b), as mQcated m the 

figure The curves for bedrock and alluvium m the Woman Creek dramage are based on 
matenal #1 and mated  #2, respe&vely, m Table 3-1 of Fedors et al 1993a 

Each sod type is assumed to be homogeneous w i t h  the type and heterogenous between types 

Therefore, heterogeneity m the model is lunited to the colluvium, alluvium, and bedrock layers 
These hthologes have been identrfied and defined dumg the site charactemabon actwities 

Fractures m the colluvium resultmg from slope mstabhty are assumed to be healed, so that 

fractures do not provide preferend flowpaths It 1s assumed that most mstabhhes do not occur 

unless imtmted by human actrvihes and that, If actwe, slumpmg probably occurs at &I 
mpempbbly slow rate Ifthese ObservaQons are coned, then dmontinuibes (fractures) caused 

by mass movements would heal quickly m the easdy deformed colluvium This is supported by 

the lack of distmct features typically assocnted with slumpmg, i e ,  hscontinuities such as 

tension cracks at the upslope end of a slump The lack of such features IS assumed to be due 

to the slow rate of movement and to the characten&c deformabhty of colluvium 
L 

For the French Drain, a constant head cell of 5876 2 ft (1791.1 m) was set at the bottom of the 

drain to smulate flow to the drain, as shown in Figure B-5. The extraction well was simulated 

in the same manner, but with an elevation of 5910.2 ft (1801 4 m). These elevations were set 

slightly above the mterface between bedrock and colluvium mated based on the assumpUon 
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that the French DIU and extracbon well could not draw gnwndwater down to the mterface 

If this happened, the saturated thickness would approach zero and the flow would decrease to 

zero Smulatrons usrng the French D m  and extraaon well are &scussed m detad m followmg 

sezbons 

The bottom of the model was selected to be somewhat lower than the elevaQon of Woman Creek 

whlch is considered to be the ultmate dmharge pomt for groundwater at the site The French 

D m  is currently the assumed groundwater discharge pomt but was not mcluded m the model 
to decrease the complexlty of the site Because flow rates in the bedrock are much lower than 

those m the colluvium, the model is not very sensitwe to the locatron of the colluvium-bedrock 

boundary 

The pmary contammant source was smulated usmg a constant concentrabon boundary 

condhon based on the assumptron that a slow dwolutron of residual DNAPL is the source of 

groundwater contammabon The source cell shown m Figure B-5 is located at the mterface 

between bedrock and colluvium mated  m the model where elevated concentmhons of 

contammants m groundwater have been observed Because the sod are fme-gramed and have 

low pemeabllrty, the hkehhood is small that there is a large, conmuous, and mobde DNAPL 

present. In support of thu conclusion, the followmg hypothebcal cases are considered 

e Hv~othet~cal Case 1 Large spdl of DNAPL caused observed conkmunabon Spdl 
would spread over a large afea because of the low-permeab&ty sod DNAPL would 
penetrate only shallow sod due to spmding and reduced DNAPL source hydraulic 
head Large dissolved concentmbons would be observed over a wide area relatwe to 
the spill locabon. 

0 By~~thet~cal Case 2. Small episod~c spills of DNAPL caused the observed 
contamination. DNAPL would penetrate futher into low-pemeability soil than Case 
1 However, p e n m o n  would be Mted due to the soun’s low hydraulic head 
DNAPL would rapidly acheve residual -on as source head is dhpated Large 
dusolved concentrations would be observed over a small area relative to the spill 
locatron 

The descriptrons in the hypot.h&cal cases above are based on infomatron presented by Cherry 
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et all990 Case 2 is consistent with the large VOC conmntmhons observed m a limited area 
at MSS 119 1 It 1s also consistent with how the site was used lustoncally, i e , as a drum 

storage rather than for actwitm m whch solvents were acbvely used and spilled at the site 

Based on considerahon of these two cases and on the measured concentrations at the hillside, 
the most reasonable situabon is that the source m the subsurface is an Immobile, residual 
DNAPL 

Because SOLI mstabhbes have been documented at the OU-1 area (DOE 1994), the colluvium 

and bedrock mvolved m the movements is potenbally fractured To flow mto a fracture or pore, 
DNAPL must overcome the hsplacement pressure requved to displace water (Cherry et al1990) 

whch is the wettmg phase at the site Therefore, DNAPLs would be less suscephble to flow 

m fractures where water is present In adhbon as the fracture aperture decreases, more DNAPL 

head is requved for flow to occur mto the fracture The same pmciples apply to fme-gramed 
sod as well DNAPL, If present at the site, would be found m larger fractures and more coarse- 

gmned soil (Cherry et al 1990) 

For sigdcant DNAPL movement mto fractures, the fractures must be rnterconnected or m 
direct connechon with a large volume of DNAPL Fractures m claystone and siltstone are 

typically of small extent, few rn number, and poorly connected Therefore, it is not likely that 
SignrfiCant’DNAPL movement mto fractured bedrock has occufled at IHSS 119 1 

Figure 5-10 of the Phase III RFURI (DOE 1994) shows the probable situabon at OU-1 with 

regard to DNAPL, with the exception of (1) a pool of DNAPL in the colluvium and (2) 

movement mto bedrock fractures The first e x w o n ,  based on Case 2 , u  that the spdl must 

have been small and episod~c whch would not have resulted in a large, mobile, saturated pool. 

The second exception, based on the previous discussion regaxding DNAPL flow into fractures 
and pores, is that the DNAPL volume would have to be large to cause such a movement, 

otherwise the driving DNAPL head would not have overcome the displacement pressuxe In 
aabon,  the fractum would have to have been well-intemnnected 
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Based, in part, on the oscillatory behavior of observed concentrations m wells at the site, the 

source is assumed to release solutes on a pen0d.1~ basii, i.e., release occurs at the solubhty h i t  

for a DNAPL for SIX months of a year and does not occur the remahung SIX months Therefore, 

the source switches between an active and an inactwe state Thls concept is also consistent with 

the probable configurabon of the residual DNAPL Much of the DNAPL may be above the 
saturated zone dunng dry condibons, so that dissolubon wdl not occur and there is no migrabon 

to groundwater As wetter conhbons previul however, dissolubon of the residual DNAPL 

would occur as it contacts groundwater 
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B.4.0 CALIBUTION 

The model was cahbrated usmg steady-state flow for the tune pnor to the mstaUaUon of the 
French Dram and transient flow from the time of the F m h  Dram instaUaUon to the present 

The flow cahbrabon is assumed to be consematwe because the model always assumes flow 

occurs, whereas there are many areas and tmes of either no flow or low flow due to the and 
clunate (DOE 1994) 

The cahbrabon procedure was qdtabve  due to a lunited number of wells for companson This 

is a commonly accepted method of dbrahon, parttcularly when observabon data is scarce, 

stafist~cal measures and automated techmques requm a moderate to extensive data set to produce 

m m g f u l  and useful results For thrs study, several calibmtIon targets were used to enhance 

model rehablllty such as water levels, calculated gradents, and COC concentrabons Parameter 
values used m the model he w i k n  measured or probable mges 

The pnmary goal m cahbratmg the flow porhon of the model was to match the observed and 

calculated hydrauhc grahents between Wells 4387 to 0487,0487 to 4787, and 4787 to 5587 to 

determme If the model accurately smulates adv-ve transport rates Tables B-2a through B - ~ c ,  

whch can be used for compamtive puqoses, hsts observed and smulated grachents for these 

well paus. As mhcated m the tables, between Well 4387 and Well 04g7 and between Well 

0487 and Well 4787, the smulated hydrauhc grahent IS between the m m u m  and maxmum 
calculated grahents based on site data Therefore, downgrachent of the French Dmm and 

between the source and Well 4787, the model accurately simulates average advective transport 
tunes Between Well 4787 and Well 5587, the sunulated hydrauhc gmhent is smaller than the 

m u m  calculated gmhent based on site data 
L 

Between Well 4787 and Well 5587, the model smulates lower advective transport rates than the 

calculated rates that were based on site data. However, since the model overestimates the water 

level in Well 5587, the smulated gradient between Well 5587 and Woman Creek is likely higher 

than actual Thus, modeled COCs may be transported more rapidly than actual COCs between 
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Well 5587 and Woman Creek This would tend to offset the slower transport rate smulated 

between Well 4787 and Well 5587 

One parameter that was the focus of the cahbrauon is the areal hscharge rate To achieve 

cahbmhon, a net areal &scharge of 2 96 idyr from the water table was used A net recharge 

to groundwater yielded a smulated potenhometrrc surface aboveground whch is not observed 

at the site The other focus of the flow cahbrabon was determmg the hydrauhc conductivity 

of the vanous sod specfied 111 the model The selected values he w i t h  measured or probable 

ranges 

A secondary goal of the flow cahbrahon was to match smulated and observed water levels 

Figures B-13 through B-16 show smulated and observed hydrographs for Wells 0487, 4387, 
4787, and 5587, respectwely Although the model generally overestmates water levels, the 

ovemll hydrauhc gradients, and therefore Da.rcm transport velociues, are comparable to those 

observed at the site 

The flow mass balance provides a measure of how well the model is cahbrated Discrepancies 

111 the mass balance generally should be smaller than 5%, especdly for groundwater flow, 

otherwise errors 111 the flow domm may adversely affect subsequent transport smulauons As 
~Uustrated in Figure B-17, the @rcent discrepancy between sunulated Mows and outflows 

ranges from about -17% to -4% Large changes m mass error are related to changes 111 

hydraulic CondIhons, such as the smulation of extmmon wells. During these changes m 
hydrauhc con&bons, MeEnt or new stresses wdl cause temporary and sometunes large changes 

m ground-water flow Thls typically causes the mass error to change As the flow domm 

begrns to adjust to the new change, the mass error will decrease 
1 

Mass error is related to model size and complexity. In general, as models become larger or 

more complex, the mass emr  becomes larger. Larger models involve more calcubons so that 

the net emr, berng a sort of sum over the active model cells, will tend to have a larger error 

For example, in a model having 10 constant head cells, the flows in and out of these cells 
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depends on the head sunulated adjacent to them Thus, the flow to or from each constant head 
cell can vary and result m some intrinsic mass emr  m flow caused by the numencal 

approxuna~on and implementaoon of the smulabon code Given the same number of closure 

cntena, smllar models with twice as many constant head cells have generally the Same or hgher 

error than for a model with fewer constant head cells Th~s is due to the summaQon over the 
constant head cells However, the larger model may converge just as well as the smaller one 

even though the error is larger 

A smllar effect IS commonly observed for models with greater complexlty A model with more 

vanabon m hydmuhc conductwity, for example, wdl typicaUy have greater error gwen smrlar 

closure cntena Thls is caused by the greater complexity m the interrelahonshlps between 

model cells than between boundary con&bons Even with a larger error, more complex models 

may be as well-converged as smple models due to the complex mtemlahonshps between cells 

Another commonly observed phenomenon is that subdomms w i t h  the model may be very 

well-converged, whde other areas are moderately to poorly converged As long as the 

moderately to poorly converged parts are not m areas of p f i c  mterest, then the model 

generally can be considered converged adequately for pract~cal purposes Thls is possible 

despite the appearance of poor convergence or mass balance 

The mlmmum acceptable e m r  depends on the model's slze and complexity with a larger error 

bemg acceptable for larger or more complex models The OU-1 groundwater flow and transport 

model is large and somewhat complex. Therefore, the mass emrs depicted m Pigum B-17 are 

considered acceptable 
I 

Convergence of the model with regard to flow rate and direction was good, exhibiting monotomc 

behavior as mdicated in Figure B-18. The figure shows the normalized sum of the absolute value 

of mass e m r  over all active model cells for all time steps. To normalize the sum, each value 

was &videti by the maxunum absolute value of the sum so that all values range between zero 
and one. For transient flow calculations, the sum decreases from an initially large value for 
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each tune step, showing the monotomc convergence of the model at each time step. Thls results 

m the sawtooth pattern 111 Figure B-18 The mtal flat part of the curve 111 Figure B-18 
corresponds to the first part of the transient transport calculahon when steady-state flow is 

specfied Transient flow calculahons start at about the 400th itemon where there is a spdce 
m the sum 

After cahbratmg the steady-state flow, transient transport smulahons were done for each 

contammant The same tnal-and-error techmque was used m dbratmg the transport model 

The pnmary parameter changed dunng the transport cahbrahon was the tune that the source 

become active and mactwe Smulahon of a contmuous, constant-mncentrahon source resulted 

m excessively and urmahshcally large concentmhons at all observation pomts Pnonty m 
dbmting to Well 0487 was selected because it is closer than Well 4387 to pomts of 
demonstrahon whch are located mmedntely downgradient of the French Dram and pnor to 

ducharge mto Woman Creek Also, smulated concentrahons that exceeded observed 

concentmhons were preferred m the model to make it more consematwe 

Transport smulations started with the steady-state flow field, contmued for 20 years, then 

mcorporated the French Dmn and extrachon well, as shown m Figure B-6 Each transport 
smulahon was dbrated m a manner smdar to that used for the flow dbrahon Figures B-21 
through B-30 show breakthrough curves for each of the COCs, with observed concentrahons for 

mmpanson Three key components of the transport ahbration are shown m these graphs. 

’ 

0 COC conmntrabons are always overpmhcted by the model The imphcahons of thls 
are (1) estrmated exposure concentrabons are consematwe because they bound 
observed Concentratons, (2) altemate source locations and con&bons (such as a 
source located somewhere outside the plane of the model, or a source with a Merent 
release mechazusm such as diffusion from fractures m bedrock) are lndvectly 
accoullted for by the model; a Merent source is un lb ly  to d t  in higher predicted 
concentmtions, (3) sp-g of a source caused by degradation and subsequent 
generatxon of a COC along a flowpath 1s also accounted for by the model because the 
estunated concentrabons are much hgher than actually observed, (4) p d c t w e  
simulations overestimate COC concentrations because they are based on the same 
concepts as the calibrated model, and (5) if the model was more realistic, the 
simulated concenmons would be smaller and mom consistent with observed data, 

, 
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whch would translate mto smaller concentmtions under the predictive smulabons 

The model smulates relabvely well the oscillatory behavior observed m actual 
concentrabons Th~s supports the concept that the source penoddly releases solutes 
and that the bmmg is related to seasonal vanations m chmabc con&hons 

The model accurately predicts the effects of the French D m  and the extraction well 
The nse m smulated 1 , l  -DCE and 1 , 1 , 1 -TCA concentrahons m Figures B-27 and B- 
25, respectively, that occur around 1992 is caused by smulatmg the operahon of the 
French D m  whch started construchon m November 1991 and fmshed m Apnl 
1992 The nse m concentrahons is caused by the mreased hydraullc gradient 
resultmg from the mstallahon and opembon of the French D m  whch pulls 
groundwater more rapidly towards Well 0487 The smulated concentrabons begm 
decreasmg around 1993 when the extrachon well started opemtmg The gradents are 
reduced when the extrachon well is smulated because it pulls groundwater away from 
Well 0487 The observed concentrahons vary in the same manner The smhnty 
between the model and observed vanahons m concentrahons leads to the conclusion 
that the observed vanahons are caused by the mstallahon and operahon of the French 
D m  and extracbon well That the model smulates thls behavior underscores the 
conclusion that the model is an accurate and adequate qresentahon of site conditions 
The s p h g  effect caused by the French Drain is observed m all COCs 

The last component of the modehg addresses the issue of a moblle DNAPL Because the 

model provides a smple and plausible explanahon for observed splkes m VOC concentrahons 

and the exlstmg site data do not suggest its presence, 1t.s assumed that one does not exlst 

As with flow, the COC mass balance provides a measure of how well the model is converged 

Discrepancies m the mass balance should be smaller than 10%. The percent mass e m r  for 

TCE, depicted m Figure B-19, is calculated by usmg the rat10 of the mass error to the total 

solute mass in storage The change in relative error at abut 1992 is caused by shulatmg the 

French Dmn and m 1993 by the extraction well Percent emr  ranges from nearly 0 to 5 596, 

which is acceptable for the model 

The transport convergence is moderately good, exhibiting monotonic behavior as m&cated in 
Figu~e B-20 The plotted sum value is calculated the same as the sum value for flow The 

spikes at larger itemtions cortespond to changes m boundary conditions, Le., the simulahon of 
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the French Dram and extramon well This behavior mimics the observed behavior for mass 
emr, and is caused by the same effects Some oscdlatory behavior is observed, however, 
because the transport calculabons rapidly converge at each tune step Thts is typcal for 
transport calculabons The oscdlatory behavior 1s caused largely by the sue and complex M~UE 

of the model 
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B.5.0 RESULTS 

Tlus sechon presents a discussion of the results of the dbrated flow and transport model (often 
referred to as the basehe caltbrated model). From the caltbrated steady-state flow smulahon 

dlustmted m Figure B-31 , groundwater flow rates and duechons can be obmed Figures B-32 

through B-34 show the effects of the French D m  and extmmon well on groundwater flow 

The French D m  and extrachon well both draw down the water table resultmg m drawdown 

cones that extend upgradlent mto MSS 119 1 As expected, the drawdown cones are 

asymmetncal due to the slope of the water table The effect of the French D m  and extracuon 

well on COC transport was discussed m Sechon B 4 0 

A water budget accounts for the flow mto and out of the model domam Steady-state flow mto 

the model domam is smulated to be about 2 09 f?/day (0 059 m3/day) mostly from the Rocky 

Flats Alluvium Discharge from the model occurs as evapotmnspmhon and flow to Woman 

Creek EvapotranspmQon is estunated to be 0 59 ft3/day (0.017 m3/day) and flow to Woman 

Creek is estunated at 1 76 @/day per foot of creek bed (0 1635 m/day per m) Observed flow 

111 Woman Creek is lughly vanable (DOE 1994), however the average for May 1990 and 

September 1990 is about 13 @/day (0 368 m3/day) with a range of 2 16 @/day (0 061 m3/day) 

to 23 76 ft3/day (0 673 m3/day) Because the model represents average long-term condihons 

and the observahons are hghly vanable, the modeled flow is considered to be comparable to the 

observed con&hons 

Under transient condhons, simulated flow into the French Drain is about 0 0144 @/day (4 078 

x 1 0 4  m3/day) per foot of drain and flow mto the extramon well is abut  0 173 ft3/day (4 90 

x Measured flow mto the French D m  xpxents flow from most of the site, 

making it -cult to c o m p  the model and observed measmments, because of the large 

amount of flow that originates from the Building 881 footer dram However, measured flow 

into the drain is about 673 75 ft3/day (19.08 m3/day). Assuming that the distance over which 

the model represents groundwater flow as 1,435 ft (437 4 m), then the net smulated flow into 
the drain IS 206.86 ft3/day (5.86 m3/day) For the extraction well, measured flows average 

m3/day) 
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0 225 ft3/day (6 37 x m3/day) which are very sunilar to that smulated by the model 

Results of transport smulations for PCE are dtscussed m detail m the followmg paragraphs 

Results of other COC sunulauons wdl not be discussed because the compounds tend to behave 
slmllarly 

The modeled PCE plume after 22 @re-French Dram), 23, 26, and 28 years is shown m Figures 
B-35 through B-38 The plume moves downgradient slowly, at a rate of about 0 061 Wday 

(0 0186 m/day) and appears to penetrate a small d~stance mto the bedrock The majonty of 
movement is m the colluvium due to hgher groundwater flow rates Some migrabon m the 

vadose zone is also smulated comspondmg to dqersion in sod moisture 

After 24 years, the French D m  and extracbon well have a signrficant effect on the plume as 

shown by Figures B-37 and B-38 and discussed m Secbon B 4 0 regardmg cahbrabon The 

extracbon well pulls the plume back toward IHSS 119 1, and the French Dram captures the 

plume trapped between it and the extracbon well 
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B.6.0 SENSITIVITY 

Sensihvity analyses a~ used to assess the response of a model to changes m specific parameters 

Parameters that ehbi t  a large sensitwity or response are those for which small changes result 

111 widely vanable response Values for sensitwe parameters 111 a dbrated model are generally 

considered to be more certillll because there is only a small range m the parameter’s values over 

whtch model calibrabon can be acheved 

The method used m thu study mvolved changmg a parameter value m the cahbrated flow and 

transport model, re-executmg the model, and recordmg the response The varmon 111 PCE 

concentrabon at the French D m  demonstraQon pomt was used to assess model response The 

parameters m the sensitwity analysis were selected based on theu- probable sensitwity The 

selected parameters were porosity, decay rates, adsoqbon, and hydrauhc conductmty because 

each has the potentml to drrectly affect transport rates and smulated concentrabons 

Other parameters were not selected because they are less hkely to affect smulated 

concentmoons For example, the density Merence at the sou= for PCE is calculated to be 
0 015 %, whch is far below the generally accepted criteria of 1 % (Mackay et al 1985) used to 

assess the mportance of density-coupled flow and transport. The density Merence is calculated 

by assummg that 150 mg/L of a compound meant that the density rat10 of the compound to water 

was 150 1 ,OOO,OOO Thexefore, the density Merence IS 0 015 % 

Table B-3 lists the changes m parameters that were made to assess model sensitrvity Figures 

B-39 through B-46 illustrate the results of each shulabon and the percent difference m 
concenuon rekitwe to the basehe cahbrated model. Each parameter is d ~ ~ ~ ~ s s e d  in the 

following pamgraphs. 

b 

The results of the sensitivity analysis for adsorption are shown in Figurn B-39 and B-40 The 

fm figure shows the mults of the two sensitwity cases and the baseline calibrated results for 

compamon. The second figuxe shows the percent difference in PCB concentration xelatwe to 



the basehe cahbmted model As time pro5sses, the sensitivity with respect to adsorpQon 

decreases In all cases, the shapes of tbe curyes exhibit an exp0nenm.l form, which IS due to 
the mclusion of decay m the analyses 

Changes m adsorpbon cause a constant sM ~fl a breakthrough curve Such a s M  wlll result 
m a bell-shaped Merence curve, and, when overpmted with decay, the bell-shaped curve is 

also SW m the vemcal k b o n  Thls explams the form of the curves for adsorpbon 

Greater adsorpbon results m smaller sunulated concentrabons Smaller adsorptton results m 
larger smulated concentxabons The sensibvity of adsorpbon decreases with tune as decay 

b e p s  to have a s i g d h n t  effect on COC concentrabons In both cases, the concentrabons 
approach, but never equal, the basehe concentrabons due to the ovemdmg effect of the decay 

rates 

In the decay sensitivity analysis, decay was not slmulated so the sensibvity mcreases with tune 

as shown m Figures B-41 and B-42 If decay had been set to a value smaller than that m the 

basehe model, the opposite sensitivity would be observed The smallest dflerences occur for 

tunes less than 10 half-lives Thls is because smaller amounts of decay are slmulated at shorter 

tunes 

The porosity sensitwity, as shown m Figures B-43 and B-44, is s m h  m form to adsorpbon 

Changes m porosity result in slower or more rapid transport tune and, when compounded with 

decay, the breakthrough curve is shifted laterally and vertmlly. Meaningful percent Merences 

do not start u n a  about 1973, when noticeable brealdhrough begins Concentrations at the onset 
of the model represent extremely small values of cOncenfraton which may be due to numerical 
&spermon. The actual concentrabon is zero, but the modeled results, and hence the Merence 

curve, are not zero at the onset Thu phenomenon affects most of the sensiumty results at the 

onset of the model 

1 

Changes m hydrauhc conductwity affect transport mte and dispersion (Figures B-45 and B-46) 
Conceptually, two breakthrough curves for the same model, with only differing hydraultc 
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condumvity, should result m sunilar brealrthrough curves with varylng verhcal and homntal 

offsets For the case 111 whch hydrauhc conducttvity was decreased, the response was smaller 

because the change m conducttvity was smaller relatwe to the basehe dbmted  value 

Hydrauhc conductmy is consistently the most sensitwe parameter ln the model 

The order of greatest to least sensitmty of the parameters studied is 

Kxx > > > Decay > Porosity and Adsorphon 

with hydrauhc conductivity (Kxx) much more sensitwe than the other parameters The results 

of the sensitivity analysis venfy the theorettcal analysis of the govemmg equaoons The analysis 

mhcates that small changes m parameters result m large ddTerences 111 concenmon The 

model is considered robust because only a small range of values wdl gwe appropnate 
cahbrahon 
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B.7.0 UNCERTAINTY 

This sechon is a quabtahve discussion of uncertamtm assoc~ted with the model In general, 

uncertarntres can be dwided mto two types The frrst type results from an mcomplete knowledge 

of the system or processes. A real system can often be too complex or lack the necessary 

mformahon to be completely understood or modeled without making sunphfymg assumphons 

Parts of the system or pmsses  may also be omitted because they are thought to be less 

mportant than others The second type of uncertamty relates to the values assigned to mput 

parameters used to descnbe the system or processes In d t y ,  mput pamneters are not smgle 

values but vary over a range of possible values 

Table B-4 hsts specfic model assumphons or uncertaznty factors that could contnbue to 

vanahons m model pmhcQons The second column of the table gves the source of the 

uncertamty "Not sunulated" means a particular transport or transformahon process was not 

considered m the modehg "Measurement Error" mdmtes that there could be some unknown 

or unmeasured vanabhty or heterogeneity m the correspondmg property "Not Measured" 

mdicates that the parameter has not been measured under site-specfic condihons either m the 

field or m the laboratory In the thud column, "Incorn Flows" mdmtes that a Werent flow 

could result by a correspondmg change m the parameter The fourth column hsts the relative 

degree of uncertainty . 

The combmhon of parameters used m the model is not considered to be umque Other 

combmhons of the parameters may yeld a similar result However, the parameter values used 

generally he withm observed and accepted ranges, and therefore, the model 1s considered 

representatwe of site condihons 
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B.8.0 PREDICTIONS 

For pmhchons m whch the source is not remednted, the source is assumed D be large enough 

to provide an mfimte supply of groundwater contammhon In such smulahons, the source 

concentrahon is held constant throughout the smulahons For p d c h v e  smulahons m whch 
the source is remednted, the concentrahons m a 200-foot area of colluvium around IHSS 119 1 

are set to the appropriate water quahty standard For alternahves m whch the French D m  and 

extrachon well are removed, the steady-state flow condhons used for the first part of the 

smulahons are re-mposed based on the assumphon that steady-state flow is rapidly re- 
estabhshed relahve to the total tune of smulahon For all other predichons, steady-state flow 
is assumed to exlst at the be-g of the p d c h v e  part of the smulahon, i e the French 
D m  and extramon well are assumed to cmte an essentdly steady-state mndhon by the tune 

the predictwe smulahon starts 

Two pomts of demonstrahon are used to show the results of the p d c h v e  smulahons The fvst 
is located on the downgradient side of the French D m ,  about halfway between the water table 

and the colluvium-bedrock interface (see Figure B-38) The second pomt is located mmdately 

upgmdent of Woman Creek 111 the alluvium 

- .B 8 1 No Ahon Scemo 

In Alternahve 0, the French Drzun and extrachon well are removed but the source is not 

remednted Transport smulations be-g from 1996 and contmumg through 2028 were done 
for each of the COCs Under this scemo, the plume Continues to p w  with tune because the 

source remams m place providmg a constant release Figures B-47 through B-56 show the 

v m o n  of concentraton with time at the Fmch Dnun and Woman Creek At the Fmch 

Dram, the m m o n  of the drain and e m o n  well cause a dip in mncentrahons. After the 

dram and well are removed, concentmtions b e p  to recover and increase due to a continuing 

source and desomon At Woman Creek, slmllar results are obtained, however due to the 

longer travel mce and me,  the features of the curves rn more subdued, and the small dqs 
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m concentration are caused by changes in the flow system, such as the mstallation of the French 
Drain, upgrahent (m groundwater) of Woman Creek 

B 8 2 Insbtubonal Controls With the French D m  Scenario 

Under Alternative 1, the French D m  and extraction well remam m operation No remedlation 

of the source takes place under ths scenano Transport sunulabons b e g m g  from 1998 and 

contmumg through 2028 were done for each of the COCs Under ths scenmo, the plume is 

drawn to and captured by the extracbon well and French D m  Figures B-57 through B-66 

show the vanabon of concentmbon with tune at the French D m  and Woman Creek At the 

French D m ,  the mstallabon of the dram and extraction well cause a &p m concentrabons 

With the dmn and well m place, concentrahons peak for COCs with shorter half-hves 

Desoxpbon provides a decreasmg but undecayed source At Woman Creek, smdar results are 

obtarned, with drfferences caused by the longer travel &stance 

B 8 3 Remediation Scenarios 

Under Alternames 2, 3, 4, and 5, the French D m  and extracbon well are removed, and the 

source is remedlated Transport smulabons b e g m g  from 1998 and contmumg through 2028 

were done for each of the COCs For these sunulabons, a 200-foot strrp of colluvium assumed 

to be remedmted to the appropnate water q d t y  standard Under thls scemo, the plume that 

remazns m place after the source is removed conmum to move downphent with tune Figures 

B-67 through B-76 show the v ~ b o n  of concentra~on with tune at the French Dmn and 

Woman Creek At the French Dram, the mstallation of the cham and extraction well cause a 

&p m concentrabons The curves e*bit behavior that is a combmabon of the other sets of 

altemat~ves, 1.e. mncenmons that me briefly affer the drain and well am removed but rapidly 

decrease due to sourn remedntion At Woman Creek, smdar mults a n  obtamed with 

Merences caused by the longer travel distance 
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B.9.0 SUMMARY 

A groundwater flow and contammint transport model has been developed and cahbrated for OU- 
1 The model was used to smulate and p d c t  contammant movement from MSS 119 1 to the 

French D m  and Woman Creek The results of the model are used ln charactemlng the 

residual nsk assocrated with each of the remedmQon altematwes 

The model is considered to be conservahve for the followmg Teasons 

a The model is two dmensional, therefore Qspersion (spreadmg) transverse to the plane 
of the model is not smulated l k s  causes an overestmabon of the COC 
concentrahons 

The flow cahbmQon is consematwe because the model always assumes groundwater 
flow occurs whereas there are many areas and tunes of either no flow or low flow due 
to the and clunate (DOE 1994) 

e Concentrahons are generally always overestunated by the model The mphcahons 
are (1) estmated exposure concentrabons are consewatwe because they bound 
observed concentrabons, (2) alternate source locations and condltions (such as a 
source located somewhere outside the plane of the model, or a source with a Werent 
release mechamsm such as m s i o n )  are mdmctly accounted for by the model, i e , 
a Merent source is unhkely to result m hgher predicted concentmhons, (3) spreadmg 
of a source caused by degdabon and subsequent generabon of a VOC along a 
flowpath 1s also accounted for by the model because the estrmated concentmbons are 
much hlgher than actually observed, (4) pdct ive  slmulations overestmate VOC 
concentrations because they are based on the same concepts as the calibrated model, 
and (5) rf the model were more realistic, the simulated wncentrahons would be 
smaller and more consistent with observed data whch translates mto smaller 
Concentrations under the pmhmve smuwons & 

The model is cahbrated to avemge site con&ttons for flow and transport with adequate 

agreement Ween the model and observed conditions The model m&cates a good mass 
balance and exhibits monotonic convergence which 1s mdlcative of accurate calculabons. The 
model 1s considered adequate for predictwe purposes and representative of site conditions for 
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the following reasons 

0 The hydrauhc gmhents smulated m the model are generally witbm the range 
calculated usmg site data Therefore, advective transport rates are mdmhve of site 
condihons 

The model smulates relamely well the oscdlatory behavior observed m actual 
concentrahons "Ius supports the concept that the source pendcally releases solutes 
and that the release is hkely related to seasonal vamhons m chaQc  con&bons 

The model appromates the effects of the French Dmn and the extmchon well with 
moderate accuracy The rise m smulated DCE and TCA concentrahons that occur 
around 1992 is caused by smulatmg the French D m  The nse m concentmhons is 
caused by the mcreased hydraullc gmhent resultmg from the mstallahon and opemhon 
of the French Driun The dmn b e p s  to pull groundwater towards Well 0487 The 
smulated concentrahons and hydraullc grahent begm decmsmg around 1993 when 
the model b e p s  smulatmg the extramon well The extracQon well pulls 
groundwater away from Well 0487 The observed concentmhons vary m the same 
manner The sumlanty between the model and observed vmhons m concentrahons 
leads to the conclusion that the observed vanahons are caused by the mstallahon and 
operauon of the French D m  and extramon well That the model smulates ths 
behavior underscores the conclusion that the model is an accurate and adequate 
representahon of site con&hons The spilung effect caused by the French D m  is 
observed m a l l  COCs 

The last cmmponentbf the modehg mvesbgated the lssue of a moblle DNAPL Because the 
model provides a sunple and plausible explanauon for observed spikes m VOC concentraaons 
and extstmg site data do not suggest the presence of a mobde DNAPL, it is assumed that one 

does not exlst 

L 

The order of greatest to least sensitwity of the parameters studed is 

Kxx > > > Decay > Porosity and Adsorphon, 

with hydrauhc conductwity (Kxx) berng more sensitwe than the other parameters The results 
of the sensihvity analysis verify the expectations fnnn a th-cal analysis of the governing 
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I 

equations The analysis mchcates that small changes m parameters result in large differences in 

concentrahon The model is consldered robust because only a small range of values wdl give 

appmpnate dbmfion 

Three modehng scemos were sunulated representmg Merent alternatwes M c t e d  results 

for the No Acbon Altematwe mdxate that concentmuons at the French Dmn and Woman Creek 

wdl increase to peak concentmhons wihn 30 years M c t e d  results for the Insbtuuonal 

Controls with the French D m  Altematwe m&cate that concentmuons at the French D m  and 

Woman Creek wdl decrease with tune Peak concentmoons occur at the tune of the altematwe’s 

unplementahon Pred~cted results for the remedmhon altemahves lndicate that concentmhons 

at the French D m  and Woman Creek will lzlcrease slightly then decrease with tune Peak 

concentmhons occur withm 30 years 
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Table B-la 
Media-Specific Hydraulic Parameters Used in all Contaminant 

simulations 

Coefficient for Kr @si) 

Coefficient for Kr @si) 

Coefficient for Kr @si) 

~ I l m  Kr @si) 

II Hydraulic Panmeter I Units I Bedrock I Colluvium I Alluvium 

l/ft (Urn) 0 83 (2 72) 0 0148 ( 0486) 3 48 (11 42) 

0 41 044 193 

-3 -10 -3 

-- 01 01 01 

Hoiunntal hydraulic conductivity ft/d (m/d) 0 06 ( 018) 0 45 ( 137) 6 (1 829) 

Vertical hydraulic conductivity ft/d (mld) 0 06 ( 018) 02(061) 3 (914) 

Specific StOratlVlty l/ft 1E-4 1 5E4 3 5E4 
(3 3E-4) (4 9E4) (1 1E-3) 
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Table B-lb 
Contaminantspecific Modeling Parame!ters 

Tnchloroethcne (TCE) 

1 , 1 , 1 -Tnchlomthane (TCA) 

1,l -Dichloroethene (DCE) 

Carbon tetrachloride (CCL) 

Contaminant Distribution Coefficient HPlf Life Source Concentration 
0 (days) (Wm 

Tetrachloroethene (PCE) 4 34E-7 730 5 150 

3 8OE-7 1643 6 1 100 

3 99E-7 546 1 500 

3 08E-7 154 5500 

4 5OE-7 365 25 757 
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Table B-3 
Param&ers Analyzed in Sensitivity Analysis 

Umg 

Umg 

h Y S  

Parameter 

4 77 4 77 4 34 4 34 

3906 3906 4 34 4 34 

0 0 370 5 370 5 

Drstnbutton coefficient (Kd) 

Distnbution coefficient (Kd) 

Half life 

-_ 

f t / b Y  
W h y )  

Porosity 

Horizontal hydraulic conductwity 
0' 

0 18 0 225 0 36 0 45 

0 12 4 8  0 45 6 0  
(0 037) (1 463) (0 137) (1 829) 

Horizontal hydrauhc conductivity 
0' 

fvhY 
W h y )  

I Colluvium I Alluvium I Colluvium I Alluvium 

1 2  7 2  0 45 6 0  
(0 366) (2 195) (0 137) (1 829) 

The rat10 of horizontal to vertical hydrauhc conductmtits was kept the same for the sensitivity analyru, as it was for 
the bh6 model NDB 

L 
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Model assumption 
or uncertrun tyfador 

Twodmensional 
model 

Porous media 

steady-state flow 

Matenal properha 
are homogeneous 
withm a model layer 

T i i g  of release 

Nature of release 

Table B-4 
Model Assumptions and Uncertainty Factors 

cause of ullcecfiun 'tY 
or model error 

transport not 
simulated 

plow m fractures or 
other secondary 
porosity not simulated 

Transient flow i s  not 
smulated for 
cahbrahon 

Heterogeneity withm 
model layers 

Not well known 

Proctsses Other than 
d~ssolution are not 
d l d  

Probable effect on 
model results 

Incomct spatial 
distnbuhon of 
concentrations and flows 

Incorrect spatlal 
distnbution of 
concentrahons and fluxa 

Incorrect spatial 
distnbuhon of 
concentrations and flows 

Incorrect spatlal 
distnbwon of 
contarrrmrults and flows 

Incorrect spatial 
distnbuhon of 
contamuIant8 

B-34 

Relative degree of 
-lY 

Low Model adequately 
matches general trends m 
the honzontal behavior of 
the observed plume Model 
is  comrvahve due to 
underestmation of s p d m g  
transverse to model plane 

subsurface fdm plana 
have been mapped (DOE 
1994), it is  ldcely that such 
potcntral pathways have 
healed and are no longer 
permeable 

Low Although slip 

Low contarmnanttiansport 
and fluctuat~ons LII flow 
become less unportant over 
long petrods of tune The 
model IS conservahve m 
smulatmg contmually 
saturated condittons where 
seasonal w-g and drymg 
is known to occur 

Low Theprrmary 
hydrogeologc layem 
affect crsnsport are well 
Charactenzed 

Low Model is  generally 
conservahve Observed 
C4nlrnrnW have 
generally reached a steady- 
state CondItmn, Buggesclng 
that transport across the 
hdlside has aclueved etepdy 
state Th~fm,howldge 
of the tlmmg of release 1s 
not requued to predict 
future condhons 

Low Model is conservahve 
and bounds observed 
mncentratmu 

L 



I 
I Sorphon b e a r  sorphon IncoxTcct spatial Low orgrntccarbon 

Qstnbutlon of content of subsurface 
contarmnants matenals is low 

Naturalrechargeand 
discharge rates 

Decay and 
transformahon 

POrOSlty 

Drffusion coefficient 

DlspcfSlVlty 

s1m of soufce 

~ ~ 

Notmeaswed Incorrect 8patla.l Moderate.. Model is 
distnbutmn of 
contammants and flows 

sauuhve to thls paruneter 

Mulh-component Incorrect apatlal Low Model is c o ~ ~ r v a t ~ v c  
transport not distnbuhon of 
smulated due to lack contammnts 
of Slte-specific data 

Measurement error Incomct spahal Low Measurement error 
dstnbuhon of relahvely small 
contammatits 

Not mearmred IncQmct spatial Low Errorissmalland 
distnbuhon of 
contammants patameter 

distnbutmn of 
contarmnants a standard msumptlon 

model is IMalSihve to tbls 

Not measured Incorrect Spahal Moderate pairnaater~s 
based on d e  of ~ i t c ,  tbls IS 

Not measured Low Modelhasbaen 
assumed to be lnSens1tlve to 
source s1zt (Fcdora et al 
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C.1.0 INTRODUCTION 

The Phase III Resource Conservabon and Recovery Act (RCRA) Fachty 

InvesbgabodCornprehensive Envmnmental Response, Compensation, and Liabhty Act 

(CERCLA) Remedial Inveshgabon (RFI/RI) at Operable Umt No 1 (OU1) 881 Hrllside Area 
at the Rocky Flats Envlronmental Technology Site (RFETS) mcludes a Basehe Rsk Assessment 

(BRA) The BRA is compnsed of an Ecological Evaluation (EE) and a Pubhc Health Evaluation 

(PHE) The results of the complete OU1 PHE are presented m Volume X, Appendlx F of the 

Fmal Phase III RFI/RI, dated June 1994 [Department of Energy (DOE) 1994al 

Tlus nsk assessment performed for the OU1 Feasibhty Study (FS) is mtended to calculate and 

document the human health nsks assoclated with OU1 assummg that specfied remedial actions 

are rncorporated at the site Th~s nsk assessment considered the domrnatmg carcmogemc nsks, 

noncarcmogemc hazards, assoclated contammants, pathways, and receptors determmed m the 

PHE and calculated nsk based on contammant levels at the site due to mcorporation of specified 

remedial actions The three remdal acbon alternatives mclude no action, contmued use of the 

french dram and extraction well (mshtutional controls), and remediatmg the contammation at the 

source (remediahon) 
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C.2.0 EXPOSURE PATHWAYS, AND RECEPTORS OF CONCERN 

Ths secbon discusses the potentd release and transport of chemicals from OU1 Thls secbon 

also discusses the potentd receptors of concern and the exposure pathways by whch these 

receptors may be exposed to site contammants 

C 2 1 Exposure Pathways 

An exposure pathway descnbes a speclfic envmnmental pathway that can expose an mdividual 

to contammants that are onsite or ongmate from a site Five elements that must be present for 

an exposure pathway to be complete 

Source of chemicals 
Mechasm of chemical release 
Envmnmental transport medium 
Exposure poult 
Human mtake route 

An mcomplete pathway means that no human exposure can occur An exposure pathway is 

considered to be potentially complete and relevant If there are potential chemical release and 

transport mechmsms, and receptors idenMied for that exposure pathway 

An exposure route is the pathway through whch a contarmnant enters or mpacts an orgasm 

There are four basic human exposure routes 

D e d  abmpbon through contact with sod, surface water, or groundwater 
Inhalabon of volatde orgaruc compounds (VOCs) or -me pmculates 
Ingmon of sod, surface water, groundwater or food 
External mdntion if mhonuchdes are present 

As documented 111 the PHE, the pathways that dommated the human health risk are assoclszted 

with groundwater contaminahon TheEfoE, the pathways considered 111 this nsk assessment 

OU-1 CMS/FS Report 
881 W i d e  Area 3 3  February 1995 c-2 



wdl only consider groundwater contammahon associated with the p0tent.d remedml achons 

C 2 2 Recegtors of Concern 

Receptors that were quanhtatively evaluated m the PHE were 

Current offsite residents 
Future onsite residents 
Current onsite workers 
Future onsite workers 
Future onsite ecological researcher 

Of these potentd receptors, only the future onsite residents and the future onsite workers could 

be sigdicantly exposed to contaminants m the groundwater These two receptors and potential 

scenmos are conservative smce neither receptor could exposed until the RFETS has been 

released for unrestncted use The remamng receptors evaluated m the PHE do not have 

sigdicant exposure to groundwater and, therefore, were not evaluated m ths nsk assessment 

Although onsite residences are not consistent with future land-use plans, a hypothetical future 

onsite resident exposure scenano is evaluated m ths nsk assessment The future onsite resident 

is assumed to hve w i t h  the OU1 study area boundary at the Woman Creek locahon - To use 

the most consematwe scenano for dmxt mgeshon of groundwater, one of the future onsite 

resident scenmos assume that an adequate well water supply exlsts 

A future onsite worker, assumed to be an ofice worker, is also quanhtahvely evaluated m this 

nsk assessment The settrng for the office worker is hkely to have extensive paved anhs and 

well-mantamed laadscapmg It 1s assumed that mumpal water would be supphed to the office 

buildmg, and, therefore the future office worker wdl not dmxtly access OU1 groundwater 

C 2 2 1 Future Onsite Res ident 

Contaminants that volatilize from site groundwater and axe released to mdoor aw through the 
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house foundaQon represent a potentdly complete mhalahon pathway to future onsite residents 

Assummg that site groundwater is used within the household, mhalabon of VOCs from mdoor 

water use represents another potenmy complete mhahon pathway Inhalation of outdoor 

VOCs is considered msi@icant due to expected d~spersal and dduhon of the VOCs 

Assummg that site groundwater wlll be used w i t h  the future onsite residential household, dmct 

mgeshon of groundwater contammahon represents a potenhally complete pathway Future onsite 

residents also could physically contact contammated groundwater Therefore, dermal absorption 

of contammants from contact with contammated groundwater represents a potentially complete 

pathway 

The location of the groundwater contammahon for the future onsite resident is assumed to be 

Woman Creek 

C 2 2 2 Future Onsite Office Worker 

Smce the mumcipal water, not groundwater, wrll be used m an office buddmg, no dmct 

exposure to groundwater is anticipated for the future onsite worker The only r e m m g  

exposure pathway is volatikation of contammants from site groundwater and release to mdoor 

~LLT through the office bulldmg foundabon. The znhalation pathway is then potentdly complete 

for the future onsite office worker S m h ~  to the future onsite resident scenano, the mhalabon 

of outdoor VOCs is considered mcomplete due to expected d~spersal and drlution of the VOCs 

As with the future onsite resident the locabon of the contammbon for the future onsite office 

worker is assumed to be Woman Creek 
i 
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C.3.0 CONTAMINANTS OF CONCERN 

Thw sechon idenMies the contammants of concern and the contammant concentrations used m 
the nsk calculahons 

C 3 1 Contammants Identfied 

The OU1 PHE (DOE 1994a) idenMied the future onsite adult resident receptor as havmg the 

lughest potential nsk values for the followmg contammants 

1,l -Dichloroethene (1,l -DCE) 

Carbon tetrachlonde (CCh) 

Tetrachloroethene, also known as perchloroethylene (PCE) 

These nsks were calculated assummg adequate groundwater present and avadable for receptor 

use The total nsk values m the PHE for 1 , 1-DCE, CCL4, and PCE respectively are 3 8E-2, 

2 5E-3, and 1 1E-3, with the dommatmg pathway bemg mgesbon of groundwater for all three 

contammants 

The contammants with the hghest calculated nonmmogemc hazard mdms (HI) m the PHE 

for the future onsite adult receptor assunmg use of groundwater also mclude l,l-DCE, CCL4, 

and PCE In addibon to these three contammants, 1 , 1 , 1-trrchloroethane (1 , 1 , 1-TCA), has an 

elevated HI These four contammints also yielded the hghest HIS for the future onsite 

residentd chdd receptor and are of the same order of magmtude as the adult receptor 
1 

The three most d0-g pathways for these contammants are. mgesQon of groundwater, 

m h o n  of volatdes, and dermal contact with groundwater These pathways are all  dnven by 

groundwater contaminabon and, therefore, this rrsk assessment focuses on groundwater- 

associated pathways only Groundwater modehg results are used to denve wncentrahons of 

contammhon m groundwater at Woman Creek By comparrng llllhal modehg results with 
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respecbve contammant-specdic prehmmary remednbon goals (PRGs) for RFETS (DOE 1994b), 

these contammants were deemed appropnate to use m thls nsk calcuhbon Demled 

groundwater modehg results (refer to Appendm B) for these contarmnants are used to calculate 

carcmogemc nsk and noncarcmogemc HIS 

C 3 2 Concentrations of Contammants Identfied 

Groundwater modehg was used to calculate the expected contammahon m groundwater at 

vanous locations downgrahent of IHSS 119 1 The concentrabons were modeled to mclude the 

speclfic remediation scenanos startmg m 1969 and contmumg m tune steps The three scenanos 

were modeled out to the year 2029 Concentrahon averages were calculated for each 

contammant at the French D m  and at Women Creek For the no acbon and msbtubonal 

controls scenano, 30-year averages were calculated For the remediation scenano, concentration 

averages were taken begmnmg m 2008, after completion of remediation 

The calculated groundwater concentrations were then used m the Johnson and Ettmger (1991) 

sod gas model whch considers chemical-specfic parameters such as Henry's law constant and 

m diffusion coefficients to calculate a vapor concentrabon mside a burldmg, refer to the PHE 

for further detads To calculate the concentration m mdoor aa from groundwater use, the 

conservatively modeled groundwater concentrahons were mulbphed by the vohthzabon fracbm 

of 0 065 mg/m3 an per mg/l water 'Ihs conservabve approach is consistent with Andelman 

(1990) and is discussed further m the PHE The concentrahons of PCE and assmuted scenanos 

are summarrzed m Table C 3-1 

OU-1 CMSlFs Report 
881 Hrlleide Area 

35?- Feb-1995 
C-6 



I 

353 



C.4.0 EXPOSURE ASSESSMENT AND INTAKE EQUATIONS 

Pathway-specfic exposures or mtakes are quantxfkd through the use of mtake equations, 

exposure parameters, and exposure concentrabons Intake equabons are pathway-specific, whde 

exposure parameters and exposure concentrabons are scenano-specfic and pathway-specfic 

Exposure concentmoons for thls nsk assessment have been modeled usmg groundwater modehg 

techmques (Append= B) The generahed mtake equaoons associated with each pathway and 

the non-chemical speclfic parameters that are used m the equabons are presented m ths section 

C 4 1 Ingestion of Water 

Equaoon 1 was used to calculate dmct mgeshon, or mtake, of contammated water 

mgestion rate was adjusted m accordance with the scenano 

The 

CWXIRXEFXED 
BW x AT 

Intake (mg/kg/day) = 

where 

CW = Chemical mncentrabon m water (mg/hter) 
IR = Ingestion rate (hter/day) 
EF = Exposure frequency (daydyear) 
ED = . Exposuredumbon (years) 
BW = Body weight (kg) 
AT = Averapg tune @nod over whch exposure is averaged, m days) 

The chemical concentrabon m water is a modeled value and the modelmg techmques are 

described m the PHE (DOE 1994a) Some parameters vary between adult and c u d  receptors, 

such as mgeaon rates, exposure duratrons, and body weights The adult and chdd mgeshon 

rates are 2 liters and 1 hter per day, respectwely Bxposure frequency for residentml receptors 

is 350 days/year The exposure durabons for adult and child meptors are 30 and 6 years, 

re+vely. The adult and child body weights are 70 and 15 Mograms, respemvely The 

averapg tune for a carcmogen is 25,550 days, or 70 years 
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C 4 2 Dermal Contact With Water 

The future onsite resident is the only receptor that potentnlly can contact contammated 

groundwater Equaoon 2 was used to calculate the absorbed dose, or mtake, of the contammant 

through the slun Thls equation calculates the actual absorbed dose, not the amount of chemical 

that comes 111 contact with the slun 

where 

cw = 
SA = 
PC = 
ET = 
E F =  
E D =  
CF = 
BW = 
AT = 

CW x SA x PC x ET x EF x ED x CF 
BW x AT 

Absorbed Dose (mg/kg/day) = 

Chemical concentration m water (mg/hter) 
Slun surface area avadable for contact (cm2) 
Chemical-specfic dermal permeabhty constant (cm/hr) 
Exposure tune (hours/day) 
Exposure frequency (daydyear) 
Exposure duration (years) 
Volumetnc conversion factor for water (1 hter/IOOO cm3) 
Body weight (kg) 
Averagmg tune @nod over whch exposure is averaged m days) 

The chemical concentrabon m water is a modeled value as descnbed m the PHE Some 

parameters vary between adult and chdd receptors, such as slun surface areas, exposure 

durations, and body weights The adult and chdd slun surface areas are 23,200 cm2, and 9,180 

cm2, respectwely The dermal permeabhty constants are chemcal-specfic and then ongmation 

is discussed 111 the PHE Adult and c u d  exposure tunes for dermal contact with groundwater 

are 0 2 hourslday Exposure frequency for a residentd adult and chdd is 350 daydyear Adult 

and c u d  exposure durauons are 30 and 6 years, r ep twe ly  The volumetnc conversion factor 

for water is 0 001 hters/cm3 Adult and chdd body weights are 70 and 15 lulograms, 

mpectwely The averaging tune for a carclllogen 1s 25,550 days, or 70 years 
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C 4 3 Inhalahon of Avbo me Contammants 

Exposure scenanos mvolvmg the residentd adult, residentd chdd, and office worker mclude 

mtake of W r n e  contammants The contammants are m the vapor phase and o n p t e  from 

groundwater contammants volatdmng and dlffusmg through either a home foundahon or office 

buddmg foundation, as apphcable Assummg well water is used w i t h  the home, the residential 

receptor can also mhale contammants volathzed dumg m-home water use Dermal absorption 

of vapor-phase contammants is considered to be a neghgible portion of uzhalation mtakes and, 

therefore, is disregarded m accordance with l b k  Assessment Guidance for Superfund (RAGS) 

Supplemental Guidance [Envmnmental Protection Agency (EPA) 1991al Equation 3 was used 

to calculate mhalahon mtakes for residential 

Intake (mg/kg/day) 

and office worker receptors 

- CA x IR x EiF x ED 
BW x AT 

- (3) 

where 

CA = Contammant concentration m ax (mg/m3) 
IR = Inhalation rate (rn3/day) 
EF = Exposure frequency (daydyear) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averagmg tune (perrod over whch exposure is averaged m days) 

Both residential and office worker receptors have the potential to d a l e  vo1athm-l contammahon 

that has m s e d  through the foundabon of either a home or an office buddmg, as apphcable 

It is assumed that groundwater would not service onsite office buddmgs, therefore, only a 

residentd receptor could d a l e  volathzed contammabon due to mdoor water use The 

chemical concentrahons m mdoor ax (vola thd  through a foundahon and volatdmd due to 

indoor water use) a~ modeled values as described 111 the PHEL Some parameters vary betweem 

the onsite office worker, adult and chdd receptors, such as a h o n  rates, exposure 

frequencies, exposure durabons, body weights, and averaging tunes The rnhalatron rate is 15 

m3/day for a residentml adult (assummg mdoor amvihes), and 20 m3/day for both a residentnl 

chdd and office worker. The exposure frequency is 350 daydyear for a m i d e n d  adult and 
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chdd, and 250 days/year for an office worker The exposure durahon is 30 years for a 

residentd adult, 6 years for a residentd cud,  and 25 years for an office worker The body 

weight is 70 lulograms for a residentd adult and office worker, and 15 lulograms for a 

residential chdd 

C 4 4 Contammant Intakes 

The mtake equabons discussed use the nonchemical-specfic parameters, chemical-speclfic 

parameters, chemical concentrations, and appropnate scenanos to calculate respective chemical 

mtakes Tables C 4-1 through C 4-6 summame the carcmogemc and noncarcmogemc mtakes 

by scenano, receptor, and pathway 
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Table C.4-1 
Carcinogenic Intakes, No Action Scenario 

Contammant 

Inhalabon of Voiatdes Ingestmn of Dermal Contact Inhalabon of VolaWes fron 
Dlrrusmg Through Groundwater Groundwater Indoor use of Groundwata 

Foundatm (mgkgld) (mg/Lg/d) (mgkg/d) (mgkgld) 

IlFuture Onsite Office Worker 

eel, 
PCE 
1,l-DCE 

II eel, I 6 98E-11 I NAP I NAP I NAP 

8 79E-11 2 02E-05 103E-06 9 86E-06 
2 25E-10 1 llE-04 1 24E-05 5 43E-05 
3 72E-11 2 59E-06 9 61E-08 1 26E-06 

PCE 
1,l-DCE 

NAP = Not Apphcable Pathway 

~ ~ 

178E-10 NAP NAP NAP 
2 96E-11 NAP NAP NAP 
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CCl, 
PCE 
1,l-DCE 

c-12 

3 10E-14 7 14E-09 3 64E-10 3 48E-09 
108E-12 5 368-07 5 97E-08 2 61E-07 
4 65E-16 3 23E-11 120E-I2 1 58E-11 

CCl, 
PCE 
1,l-DCE 

2 46E-14 NAP NAP NAP 
8 58E-13 NAP NAP NAP 
3 69E-16 NAP NAP NAP 



Table C.4-2 
Carcinogenic Intakes, Institutional Controls Scenario 

Inhalatmn of Volatdes Ingestmn of Dermal Contact 
D~ffulng Through Groundwater Hltb Groundwater 

Contammant Foundatmn (mg/Lg/d) (mgWd) (mgkgld) 

Inhalatmn of Volat~Ies 
from Indoor use of 

Groundwater (mg/kg/d) 

((Future Onsite resident Wrth Water - Adult 

eel, 7 14E-13 NAP NAP 
PCE 8 03E-12 NAP NAP 
1.1-DCE 4 328-14 NAP NAP 

II CCL I 8 99E-13 I 207E-07 I 106E-08 I 101E-07 

NAP 
NAP 
NAP 

2 44E-06 11 PCE I 1 01E-11 I 501E-06 I 558E-07 I 

CCl, 107E-15 2 47E-10 
120E-13 5 93E-08 

1,l-DCE 9 57E-19 6 668-14 

I 1 84E-09 I I ~ , ~ - D c E  5 44E-14 I 3 78E-09 I 140E-10 I 

1 26E-11 120E-10 
6 60E-09 2 89E-08 
2 47E-15 3 24E-14 

1 CCl, 8 51E-16 NAP NAP NAP 
PCE 9 49E-14 NAP NAP NAP 

II ~ , ~ - D c E  I 7 60E-19 I NAP I NAP I NAP 
- ~ ~~ ~~ 

NAP = Not Apphcable Pathway 
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Table C.4-3 
Carcinogenic Intakes, Remediation S C ~ M ~ ~ O  

Contammant 

Inhalabon of VolaWes 1ng-n of Dermal Contact d Inhalabon of VolaWes 
D~ffwmg Through Groundwater Groundwater from Indoor use of 

Foundabon (mgkgld) (mg W d )  (mg/Lg/d) Groundwater (mg/kg/d) 

1 75E-07 I 1568-12 1 84E-08 I 

PCE 
1,l-DCE 

2 10E-11 

4 06E-13 2 01E-07 2 24E-08 9 80E-08 
3 94E-18 2 74E-13 102E-14 134E-13 

I 104E-05 I 1 16E-06 I 

CCI, 
PCE 
1,l-DCE 

5 06E-06 

6 6733-15 NAP NAP NAP 
3 22E-13 NAP NAP NAP 
3 13E-18 NAP NAP NAP 

()Future Onsite Office Worker 
Ilccl, I 124E-12 I NAP I NAP I NAP 

II R E  I 1 66E-11 I NAP I NAP I NAP 
I~I,I-DCE I 6 15E-16 I NAP I NAP I NAP 

II Woman Creek 
IlFuture Onsite Resident With Water - Adult 
II CCl' I 8 40E-15 I 193E-09 I 9 87E-11 I 9 43E-10 

NAP = Not Apphcable Pathway 
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Table C.4-4 
Noncarcinogenic Intakes, No Action Scenario 

Inhalabon of Volahles Ingesbon of 
D~fFusmg Through Groundwater 

Contarnurant Foundabon (mgkgld) (mgflrgld) 

Dermal Contact 
wth Inhalabon of Volatrles 

(mgkgld) Groundwater (mgkgld) 
Groundwater from Indoor use of 

cc1, 
PCE 
1,l-DCE 

il eel, I NA I 110E-04 1 445E-06 I NA II 

NA 5 90E-05 3 01E-06 NA 
NA 3 ZE-04 3 62E-05 NA 
NA 7 558-06 2 80E-07 NA 

11 WE I NA I 606E-04 I 534E-05 I NA II 

I 
I~I,I-DCE I NA 1 141E-05 I 4 14E-07 1 NA II 

1 , 1 ,l-TC A 4 40E-08 1 24E-03 4 88E-05 6 03E-04 
Future Onsite Resident Wth Water - Chdd 

l , l ,  1-TCA 2 19E-07 2 31E-03 7 21E-05 3 OOE-03 II Future Onslte Offie Worker 

CCl, 
FCE 
1,l-DCE 
1,l. 1-TCA 

CCl, 195E-10 NAP NAP NAP 
IlPCE 4 99E-10 NAP NAP NAP 

6 89B-14 NAP NAP NAP 
2 YE-12 NAP NAP NAP 
103E-15 NAP NAP NAP 
7 54E-11 NAP NAP NAP 

NA = Not Av&le 
NAP = Not Appltcable Pathway 
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Table C.4-5 
Noncarcinogenic Intakes, Institutional Controls Scenario 

Dermal Contact 
Inhalabon of VolaWes Ing-n of wlth Inhalabon of Volatdes 

Dltfusmg Through Groundwater Groundwater from Indoor use of 
Contamlnant Foundabon (mgkgld) (mgkgld) Groundwater (mg/kg/d) 

II French Dram 
IlFuture Onsite Resident With Water - Adult 

I NA 1 604E-07 I 308E-08 I NA 
I NA I 1468-05 I 163E-06 1 NA 

III.I-DCE I NA I 110E-08 1 4 10E-10 I NA 
l I i , i , i - ~ ~ ~  I 1 19E-09 I 335E-05 I 132E-06 1 163e-05 

IIFuture Onsite Resident With Water - Chdd 
CCI, NA 113E-06 I 4 55E-08 NA 
PCE NA 2 73E-05 2 41E-06 NA 
1.1-DCE NA 2 06E-08 6 O5E-10 NA 

I I I I 

1.1.1-TCA 5 93E-09 1 625E-05 1 1 95E-06 8 13E-05 
I ,  I I I I 

Future Onslte Office Worker 
CCl, 2 WE-12 NAP NAP NAP 
PCE 2 25E-11 NAP NAP NAP 
1.1-DCE 121E-13 NAP NAP NAP 

I I I I 

1 , 1 , 1-TCA 9 08E-10 NAP NAP NAP I ’  Woman Creek 
Future Onsite Resident With Water - Adult 
CCI, NA I 720E-10 I 3 67E-11 NA 
PCE I NA I 173E-07 I 193E-08 I NA 
1,l-DCE I NA I 194E-13 I 721E-15 1 NA 
l , l , l -TCA I 7 2813-12 I 205E-07 I 807E-09 1 9 97E-08 

IIFuture Onslte Resident With Water - Chdd 
I NA I 134E-09 I 5 43E-11 I NA 
I NA I 323E-07 I 284E-08 I NA 

II ~ , ~ - D c E  I NA I 3 62E-13 I 106E-14 I NA 
l I i , i , i - ~ ~ ~  I 3 62E-11 I 382E-07 I 119E-08 I 4 96E-07 

Future Onslte Offiie Worker 
eel, 2 38E-15 NAP NAP NAP 
PCE 2 66E-13 NAP NAP NAP 
1,l-DCE 2 13E-18 NAP NAP NAP 
1.1.1-TCA 5 54E-12 NAP NAP NAP 

NA = Not Avidable 
NAP = Not Apphcable Pathway 
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Table C.4-6 
Noncarcinogenic Intakes, Remediation Scenario 

Contammant 

Dermal Contact 
Inhalabon of VolaWes 1ng-n of wltb Inhalabon of VolaWes 

Dlffusmg Through Groundwater Groundwater from Indoor use of 
Foundabon (mgkgld) (mgkg/d) (mg/lrg/d) Groundwater (mgkgld) 

IlFuture Onsite Resident With Water - Adult 
CCI, NA I 105E-06 I 5 36E-08 NA 

1,l-DCE 
1 , 1 , 1 -TC A 

~~ 

NA 157E-10 5 83E-12 NA 
196E-09 5 53E-05 2 18E-06 2 69E-05 

cc1, 

II 1, I-DCE I 172E-15 I NAP I NAP I NAP 

NA 1 196E-06 I 7 91E-08 NA 

II 1 ,I , I-TCA I 1 50E-09 I NAP I NAP I NAP 

PCE 

Woman Creek II Future Onsite Resident With Water - Adult 

NA I 566E-05 1 4 98E-06 NA 
1,l-DCE 
l , l ,  1-TCA 

III,I-DCE I NA I 8 OOE-13 I 2 97E-14 I NA 

NA 2 93E-10 8 61E-12 NA 
9 78E-09 1 03E-04 3 22E-06 1 3 m 4  

II 1 ,I , I-TCA I 2 57E-11 I 723E-07 I 285E-08 I 3 5 3 4 7  

CCI, 3 47E-12 NAP NAP NAP 

CCI, NA 1 564E-09 I 2 88E-10 NA 

I 9 01E-13 I NAP I NAP 1 NAP 

PCE 
1,l-DCE 
1 , 1,l-TCA 

11 1,l-DCE I 8 76E-18 1 NAP I NAP I NAP 

NA 109E-06 9 64E-08 NA 
NA 149E-12 4 39E-14 NA 

128E-10 135E-06 4 21E-08 1 76E-06 

l l i , i , i - ~ ~ ~  I 1 96E-11 I NAP 1 NAP I NAP 

187E-14 

NA = Not Avadable 
NAP = Not A p p h b l e  Pathway 

NAP NAP NAP 
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C.5.0 TOXICITY ASSESSMENT 

Th~s secbon provides the torncity constants used for nsk charactemahon purposes and 

summarues torncologxal mfoxmabon Specfic denvabon of tomcity constants and respective 

sources is discussed m the PHE For ths nsk assessment, tomcity mformabon is summanzed 

for two categones of potenbal effects noncarcmogemc and carcmogemc effects These two 

categones were selected because of the shghtly Menng methodologies for estmatmg potenbal 

health nsks assoclated with exposures to carcmogens and noncarcmogens Tomcity mformation 

is provided for the four contammants of concern 

1,l-DCE 

1 , 1 , 1-TCA 

ccl, 
PCE 

Table C 5-1 also summwes chemical-specfic constants for each of these contammants 

C 5 1 1.1-DCE 

Volathzation and subsequent photsprndabon m t6e atmosphere are the pnmary transport and 

fate process for 1,l-DCE The avadable mformabon also mdIcates that sorpbon, bio- 

accumulabon, and degradabon of 1,l-DCE are possible, albeit, at lower rates and are not of 

envmnmental significance 

StudIes on the general tomcity and possible carcmogemcity of 1,l-DCE are hited oral LD50 
of 1,l-DCE m rat IS 1,500 mgkg Exposure to hgh wncentmUons IS often assmated with 

d~sturbances of the central nervous system C h m c  exposure to low doses of 1,l-DCE has been 

shown to produce hepahc and renal toxicity. However, 1,l-DCE does not produce embry- 

tomcity and teratogemc effects m expemental animals 
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The results of the studles on the carcmogemc effects of 1,l-DCE are mconclusive However, 
1,l-DCE has been shown to be mutagemc m several bacterral assays 

For 1 , 1-DCE, the oral reference dose (RfD) is 9 WE-03 mg/kg-day and the oral and lnhalation 
slope factors (SFs) are 6 OOE-01 and 1 75E-01 (mg/kg-day)-', respectively (Table C 5 1) 

C 5 2 1.1.1-TCA 

l,l,l-TCA is used as a solvent for clemng precision mstruments, for metal degreasmg, as 

aerosol propellants, as a pesticide, and 111 textde processrng 

1 , 1 , 1-TCA has a low toxlcity profile (oral LDs0 m rats is 11 ,OOO mg/kg) Both m humans and 

anrmals, hlgh concentrations of 1,l , 1-TCA causes, disturbances of the central nervous system 

charactenzed by such symptoms as depression, unbalance m equhbnum and temporary 

reversible loss of coordmahon Other effects mcludmg cardlovascular effects such as 

hypotension, premature ventncular contractions, and arrhythmia have been reported Effects 
such as lmtation of the skm, mucous membranes and eye as a result of exposure to 1 , 1 , 1-TCA 

has been reported (EPA, 1985) 

Torkelson et al (1958) exposed p u p s  of rats, rabbits, gumea pigs and monkeys to l , l ,  1-TCA 

vapor at concentrahons of 500, 1O00, 2000, or 10,000 ppm From these stuhes, it was 

detemmed that the female gumea pig was the most sensihve species of those tested At 500 

ppm, groups of eight male and eight female gumea pigs showed no evidence of adverse effects 

compared with unexposed and m-exposed controls after exposure for 7 hours/day, 5 daydweek 

for 6 months Groups of five female gumea pigs exposed to 1000 ppm l,l,l-TCA vapor 3 

hours/day, 5 daydweek for 3 months had fatty changes m the hver and statut.~caIly si@icant 

mcreased h e r  weights Thus, this study defmed a NOAEL of 500 ppm (2730 mg/d)  m gumea 

Pigs 

In a sunilar study, (Adams et al., 1950) groups of gumea pigs of 6-10 were exposed to 
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l,l,l-TCA (650 ppm) vapor 7 hours/day, 5 days week for 2 to 3 months These anunals 

exhibited a shght depression m weight gam compared with both au-exposed and unexposed 

controls, thereby estabhshmg a LOAEL of 650 ppm (3550 mg/m3) m gumea pigs 

On the basis of the exlstmg madequate m a l  data and absence of human carcmogemcity data, 

1 , 1 , 1 -TCA is not classlfiable as to human carcmogemcity (EPA weight-of-evidence classlfication 

D) There are no reported human data and m a l  studles (one Metme gavage, and one 

mtermediate-term mhalabon) have not demonstrated carcmogemcity Techcal grade 1 , 1 , 1 - 

TCA has been shown to be weakly mutagemc, although the contammant 1,4-dioxane, a known 

anunal carcmogen may be responsible for ths response 

CCl, is used m the preparabon of refndgerants, aerosols and propellants, the preparabon of 

chlorofluoromethanes, the production of semiconductors, dry c l m g  operations, vetennary 

medicme, and orgamc synthesis It is also used as an agricultural fumigant, a solvent for fats, 

o h ,  and rubber, and an mdustrral extractant 

The effects of CCl, were studied by Lamson and m o t  (1928) m patients receivmg CCl,, and 

magnesium sulfate orally as a treatment for hookworms -Qe authors repbrted the treatment of 

thousands of pabents with a smgle dose of 2 5-15 ml of CCl, without any adverse effects One 

man was reported to have safely rngested 40 ml of CCl, However, an "extremely small" 
populabon of adults &ed after receivmg 1 5 ml of CCl,, and doses of 0 18-0 92 ml were reported 

to be fatal to chddren 
1 

The tox~c effect of CCL, are potentrated by both the habitual and occasional mgestron of alcohol 

@PA, 1991b) pretreatment of laboratory ammals with ethanol, methanol, or isopropanol 

incm~ses the suscephbhty of the liver to CCl, Protective effects against CCh-mduced hpid 

perondabon are ehbited by vitarmn E, selemum and metluonme Very obese or 

undernourished persons or those suffenng from pulmonary dwases, gasmc ulcers or a tendency 
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to vomimg, h e r  or ludney Qseases, dmbetes or glandular Qsturbances, are especmlly sensitwe 

to the toxlc effect of CCl, (Von Oettmgen, 1964) 

Stewart et al (1961) reported the toxlc effects of expemental exposure of human volunteers 

to CCl, vapor Healthy males 30-59 years of age, were exposed to concentrations of 63, 69 

and 309 mg/m3 of CCl, m an exposure chamber for 180 mmutes at the two lower doses or 70 

mmutes at the hghest dose One of SIX subjects exposed to the hghest concentration 

expenenced had an mcreased level of umary urobhnogen 7 days after exposure In addition, 

two out of four subjects exposed to the hghest concentrabon and momtored for serum lron 

showed a decrease w i t h  48 hours after exposure 

Little data are avadable concemg the teratogemc effects of CCl, Schwetz et al (1974) found 

CCl, to be shghtly embryotoxlc and to a certam degree retarded fetal development, when 

admmstered to rats at 300 or lo00 mg/4 for 7 hours/day on gestation days 6-15 

Cases of chromc poisonmg have been reported by Von Oettmgen (1964) and others The 

c h a l  picture of chromc CCl, poisonrng is much less charactenstic than that of acute 

poisomg Pabents suffemg from ths condbon may complam of fatigue, lassitude, grddmess, 

m e t y  and headache The suffer from paresthesia and muscular twitchmgs, and show mcreased 

reflex excitabhty . They may bk moderately jaundiced, have a tendency to hypoglycemra and 

biopsy specunens of the h e r  may show fatty mfiitmbon Pabents c0mpla.m of lack of appebte, 

nausea and occasionally of dmrrhea In some mstances, the blood pressure is lowered and is 

accompamed by pam m the cardlilc region and mild anemra Other patients have developed pam 

m the ludney reeon, dysum and shght noctum, and have had ume contauztng small amounts 

of albumm and a few red blood cells B u m g  of the eyes and, m a few mstances, blurred 

vmon are frequent comphts  of those exposed If these symptoms are not pronounced, or of 

long standmg, recovery usually takes place upon dwmntmuabon of the exposure rf the proper 

treatment is received (Von Oettmgen, 1964) 

1 

Reports on pathologml changes in fatalits from CCl, poisomg are generally lrmited to 
- 
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fmdmgs m the hver and ladneys The bmn and lungs may be edematous The mtestmes may 

be hyperemic and covered with numerous petechnl hemorrhages and the spleen may be enlarged 

and hyperemic Occasionally the adrenal glands may show degeneratwe changes of the cortex 

and the hearth may undergo toxlc myocardlhs (von Oettmgen, 1964) 

There have been three case reports of h e r  tumors developmg after CCl, exposure Several 

studies of workers who may have used CCl, have suggested that these workers may have an 

excess nsk of cancer CCl, has been classfied by the EPA as a probable human carcmogen 

(EPA weight-of-evidence classfication B2) based on carcmogemcity m rats, mice and hamsters, 

producmg hepatocellular carcmomas m all three of these species (EPA, 1991c) 

C 5 4  =E 

PCE has widespread use m the dry-cl-g and textde mdustnes It is also used m the cold 

cleamng and vapor degreasmg of metals, as a chemical mtermediate m the synthesis of 

fluorocarbons, as a component of aerosol laundry treatment products, as a solvent for shcones, 

as the msulatmg fluid and coohg gas m elecmcal transformers, and m typewnter correction 

fluid PCE is not known to occur naturally, but contnbutes to water pollutron through leachmg 

from vmyl hers  m asbestos-cement water pipehes and as wastewater from metal fitllshmg, 

laundnes, alummum-formmg, orgmc chemical/plastm manufactumg , and mumcipal treatment 

plants Azr contammation is the result of emissions and vaponzatron losses from dry c l m g  

and mdustnal metal c l m g  (ATSDR, 1992) 

The effects hscussed below are due to occupatronal exposure levels whch are much hlgher than 

the expected envmmental levels. hrmanly, exposure occurs through mhalatron of 

contarmnafed mor mgestion of COIltarmnated water. PCE can cause hghtheadedms, diznness, 

euphona, bhdness, cardnc arrhythmas, hypotension, cyanos~s, respmtory depression, 

pulmonary hemorrhages, and central nervous system (CNS) depression m acute dosages When 

chromcally dosed, tngenial nerve unpment ,  h e r  mjury, and chapped slun can occur PCE 
is metabohzed and excreted very slowly. Indwiduals with dueases of the heart, hver, ladneys, 
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and lungs are the most vulnerable to PCE poisorung It has also been known to cause jaundce 

m newborns from PCE excrebon m the breast mdk [Agency for Tomc Substances and Disease 

Registry (ATSDR), 19921 

Histoncally, few acute or chromc mdustrral tomcity problems have ansen from the use of ths  

solvent, although researchers have reported both hepatotoxlty and CNS effects Ingested or 

lnhaled PCE is mostly excreted by the lungs The metabohsm of PCE is very slow, a very low 

percentage is excreted m the u m e  as metabohtes Currently no lnhalation RfD is avadable for 

PCE Prunary effects 

associated with PCE exposure mclude hver and ludney damage and CNS depression The oral 

RfD for chromc exposures is 1E-2 mg/kg/day with an uncertamty factor of lo00 There is 

medium confidence m ths  RfD because no one study combmed the features requmd for denvmg 

a hgh confidence RfD Confidence m the pmciple study is low, because it lacked complete 

hstopathological exammation at the no observed adverse effect level (NOAEL), and 

corroborative stuhes on its teratogemc and reproductive mpacts are laclung P A ,  1994) 

Oral RfDs have been calculated based on research with rodents 

PCE is hsted as a probable group B2 carcmogen m IRIS, has an oral SF of 5 20E-2, and an 

mhalabon SF of 2 03E-3 This classfication was based on studies performed on rodents, where 

lnhalation produced both leukemm and tumors of the h e r  PCE is for the most part 

nonmutagemc and has not been shown to cause reproducbve tomcity 
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C.6.0 RISK CHARACTERIZATION 

fisk charactemhon rnvolves estmatmg the magmtude of potentd adverse effects, surnmanzmg 

the nature of the threats to pubhc health, and considenng the nature and weight of evidence 

suppo-g these nsk estmates and the degree of uncertamty surrounbg the estmates 

Speclfically, risk charactenzation mvolves combmg the results of the exposure and tomcity 

assessments to provide numencal estmates of health nsk These estmates are compmsons of 

exposure levels with appropnate RfDs or estmates of the Wetme cancer nsk with a given 

mtake 

Generally, to quantlfy the health nsks, the mtakes are first calculated, as identified m Section 

C 4 0, for each apphcable scenano The mtakes were calculated from the concentrabons 

discussed rn Section C 3 2 and the methodology documented m RAGS (EPA, 1989) The 

speclfic mtakes, calculated m Secbon C 4, were then compared to the apphcable chemical- 

specrfic toxlcologcal data presented m Sechon C 5, to determme the health nsk 

The health nsks from the contammants were calculated to determrne potentml carcmogemc and 

noncarcmogemc effects as &scussed rn Sechons C 6-1 and C 6-2, respechvely 

C 6 1 fisk and Hazard Ouohent Calcuhhon 

Potenhal carcmogemc nsks are expressed as an estunated probablllty of an mdwidual developmg 

cancer from hfethe exposure to the carcmogen This probabhty is based on projected mtakes 

and chemical-specfic dose-response data called cancer slope factors (SFs) Cancer SFs and the 

estmated M y  mtake of a compound, averaged over a Metme of exposure, is used to estmate 

the mcremental nsk that an individual exposed to that compound may develop cancer. Potend 

carcmogemc nsks are estmated from the followmg equabon 

Rsk = Intake X SF 
where 
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h s k  = P0tent.d Metme excess cancer risk (umtless) 
SF = Slope factor for chemicals (mg/kg/day)-* 
Intake = Chemical intake (mg/kg/day) 

Potential health effects of chronic exposure to noncarcinogenic compounds is assessed by 

calculating a hazard quotient (HQ) which is denved by dividing the estimated daily intake by 

a chemical-speclfic RfD as shown in the following equation 

HQ = Intake/RfD 

where 

HQ = Noncancer hazard quotient (unitless) 
Intake = Chemical intake (mg/kg/day) 
RfD = Reference dose (mg/kg/day) 

A HQ greater than 1 0 indicates that exposure to that contaminant, (at the concentrations and 

for the duration and frequencies of exposure estimated in the exposure assessment), may cause 

adverse health effects in exposed populations However, the level of concern associated with 

exposure to noncarcinogenic compounds does not increase hear ly  as HQ values exceed 1 0 

In other words, HQ values do not represent a probability or a percentage For example, an HQ 

of 10 does not indicate that adverse health effects are 10 tunes more hkely to occur than an HQ 

value of 1 0, but that potential adverse health effects are of greater concern 

C 6 2 Carcinogenic Effects 

L 

Carcrnogemc risks from exposure to each contaminant were calculated and summed for a future 

onsite resident usmg groundwater, using pubhc water, and for a future onsite office worker 

usmg pubhc water The source of contaminaUon considered (1) mamtamng the current 

groundwater contammation level and removing the french dram and extraction well, (2) 
mamtammg the current groundwater contarmnaton level and contmurng the french drrun and 

extramon well operations, and (3) r e m a g  the contamination source and removing the 
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french dram and extrachon well These -tors and scenanos considered contammaahon at the 

French D m  and at Woman Creek Tables C 6-1 through C 6-3 summame the results of the 

nsk calculations by scenano, receptor, and pathway 

For all three scenanos, the hghest carcmogemc nsks at the French Dram and at Woman Creek 

are associated with the future onsite resident The nsks for the future office worker are 

neghflble (m the 10 l2 to range) 

The scenano that yielded the m m u m  calculated carcmogemc nsks was the no acuon scenano 

The total calculated nsk for the future onsite resident with ths exposure is 1 17E-05 with the 

dommatmg pathway of mgestion of groundwater with a nsk of 9 97E-06 (see Table C 6-1) The 

nsk from the next domlnant pathway, mhalahon of volatdes from mdoor use of groundwater, 

1s 8 44E-07 

The scenano with the next hghest calculated carcmogemc nsk assumed remdation of the 

contammation and discontrnumg the operation of the french dram and extraction well The total 

calculated nsk for the future on-site resident with ths exposure is 6 69E-07 with the dommatmg 

pathway of mgestion of groundwater with a nsk of 5 87E-07 (see Table C 6-3) 

The mstituhonal controls scenar~o has the lowest calculated carcmogemc nsks The total 

calculated nsk for the future on-site resident with thls exposure is 3 31E-07 with the dommatmg 

pathway of mgestion of groundwater with a nsk of 2 88E-07 (see Table C 6-2) In all three 

scenanos, PCE is responsible for the hghest nsks 

C 6 3 Noncarcmofzemc Effects 

The receptors and pathways used to evaluate carcinogemc effects were also used to evaluate 

noncarcmogemc effects The HIS for each contammint are the summed HQs for each exposure 

pathway If the HI exceeds uruty theR may be a concern for p0tent.d health effects and the 

exposure should be evaluated more closely. Tables C.6-4 through C 6-6 summame the results 
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of the HQ and HIS calculabons by scemo, receptor, and pathway 

The calculabon of HQs and respectwe HIS &d not yield a sigmfkant noncarcmogemc hazard 

(1 e , did not approach umty) The hghest HI is 2 59E-01 for a future onsite chdd resident and 

the no action scenano (see Table C 6 4) The dommatmg pathway for ths receptor is mgestion 

of groundwater with a HQ of 1 57E-01 from CCl, The remamng HIS ranged from 1 40E-01 

to 1 85E-12 
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C.7.0 UNCERTAINTY ANALYSIS 

Uncertiunty analysis is an mportant component of the nsk assessment process Accordmg to 

the EPA Gurdance on Risk Charactenzatlon for Rrsk Manugers and Rrsk Assessors, pomt 

estmates of nsk "do not fully convey the range of mformabon considered and used m 

developrng the assessment" (EPA, 1992) To provide mformabon about the uncertanbes 

associated with the nsk assessment, uncertamQes were identrfied dunng the PHE process (DOE, 

1994a) and are presented rn quahtative terms 

C 7 1 Sources of Uncertiunty 

There are four stages of analysis apphed dunng the nsk assessment process that can mtroduce 

uncertiunbes 

Data Collecbon and Evaluation 
Exposure Assessment 
Toxlcity Assessment 
fisk Charactenzation 

The uncertamty analysis charactemes the propagated uncertamty m pubhc health nsk 

assessments These uncertiunbes are dnven by uncerkunty m the chemical momtomg data, the 

transport models used to estmate concentrabons at receptor l&uons, receptor mtake 

parameters, and the tomcity values used to charactenze nsk Ad&bonally, uncertiunbes are 

rntroduced m the nsk assessment when exposures to several substances across mulbple pathways 

are summed 
& 

One approach to address the uncertiuntm is to use health-pmtectwe assumpuons Health- 

protective assumpbons are those that systemabdy overstate the magmtude of health nsks such 

that even with errors due to uncertainty m the methodology, actual health nsks are expected to 

be less than those calculated Thls process bounds the plausible upper h i t s  of nsk and 

fachtates an domed nsk management decision 
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C 7 1 1 Data Collecbon and Evaluabo n 

Vanab&ty m observed concentrabons is due to sampllng design and mplementabon, laboratory 

analysis, seasonahty, contammant level vanation, and natural vanation 

C 7 1 2 Exposure Assessment 

The largest measure of uncemty m the exposure assessment is associated with charactenzmg 

transport, dispersion, and transformabon of COCs m the envmnment, estabhshmg exposure 

settmgs, and denvmg estunates of chromc mtake The ultunate effect of tlus process is the 

generahon of a range or distnbuhon of estunates for mtake at a grven exposure pomt 

C 7 1 3 Toxlcity Assessment 

Toxlcity assessment is the process of charactenzrng the relabonslup between the dose or mtake 

of a substance and the mcidence of adverse effects m the exposed populabon Toxlcity 

assessments evaluate results from studies with laboratory anunals or from human epidemiological 

studies These evaluabons are used to extrapolate lugh levels of exposure, where adverse effects 

are known to occur, to low levels of envmnmental exposures, where effects can only be 

predicted based on stahshcal probabhbed The results of these extrapolahons are used to 

estabhsh quanbtabve mdmtors of tomcity 

C 7 1 4 Risk Charactemtion 

1 

The last step m the nsk assessment is nsk characternabon Tlus is the process of mtegratmg 

the results of the exposure and toncity assessments (1.e. , comparing the esdmates of mtake with 

appropnate toxlcologd measures to d e t e m e  the hke l ihd  of adverse effects m potentdy 

exposed populabons) Smilarly, the propagated uncertambes defined throughout the uncertamty 

analysis process are combmed and presented as part of the nsk chamctembon to provide an 

overall uncextamty m the m a t e  of nsk 
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C 7 2  Uncertamtv m Human Intake Pamn eters 

Inherent m the evaluabon of modeled contammant mtake is the uncertamty m the values used 

to assign mtakes Uncertamty parameters of mtake (such as mgesbon rate) as well as parameters 

of demographcs (residence tune, length of work day, etc ) are evaluated quantitahvely to the 

extent possible so that the uncertamty about the mean for those mportant vanables is propagated 

through the analysis along with modeled concentrations and toxlcity constants 

The selection of probablllty dlstnbuhons as mputs to exposure and nsk models is conducted 

accordmg to guidance set forth m the Exposure Factors Handbook (EFH) (EPA, 1990) 

"In general, the selecbon of a probablllty distnbuhon to represent an mput factor m 
the exposure models should be based upon any gathered mformatron about that 
factor, theorebcal arguments, and/or expert opmons A probablllty distnbuhon can 
be ascertamed for such mformabon as the followmg general shape of the 
distnbuhon, m m u m ,  maxunum, mode, mean, medm, midrange, and other 
percentdes Avadable data on the probablllty dlstnbubons for each of the exposure 
factors discussed m thls handbook have been presented m previous secbons When 
distnbution data are not avadable, distnbutions can be assigned usmg professional 
judgement It 

Although the exact shape of many of the distnbuhons is not known, the estunated distnbubons 

appromate the current state of knowledge about these vanables much better than a smgle pomt 

estmate From the data presented m EFH, it may be seen that for each vanable, a range of 

values exlsts In many cases, adhhonal mformahon such as central tendency values (e g , 
mean, m b )  and/or percentdes is provided Selecbon of a smgle pomt estmate from such 

data I.S a sigmfkant loss of mfomatron. In effect, a pomt estmate 1s a hstnbutron rn whch a 

srngle value has a 100 percent chance of occumg, and all other values have no chance of 

occurnng The data presented in EFH is capable of providrng much more infomation than a 

smgle pomt estmate, particularly for the purpose of nsk assessment 

A further considexahon is that exposure parameten may not be mdepemdent For example, there 

is typically a posihve cornlabon between inhalation rate and body weight A range of values 
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may be idenwied in the hterature for ths comlahon These comlahons range from moderate 

to moderately hgh 

C 7 3 Ouahtative Uncertamty Analvsis 

A quahtative uncertamty analysis can be used to estmate the mpact of aspects of a nsk 

assessment 

The mtml charactemahon that defines the nsk assessment for a site mvolves many professional 

judgments and assumphons Defmhon of the physical settmg, population charactenshcs, and 

selechon of the chemicals included m the nsk assessment are examples of areas for whch a 

quanhtahve estunate of uncertamty cannot be acheved because of the mherent r e h c e  on 

professional judgement 

Assumphons and supportmg rahonale regardrng these types of parameters, along with the 

potenhal mpact on the uncertamty (1 e , overestmation or underestmahon of uncertamty), are 

descnbed quahtatively above as part of the quahtative exposure assessment uncertamty analysis 

A quahtative uncertamty analysis is presented rn Table 1 
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Table C.7-1 
Selected Qualitative Uncertainty Factors 

Uncertamty Factor 

Exposure dumon 

Effect of Uncertamty Comment 

Exposure Estunnhon 

Assumed house volume and 
ventdatron rate 

Sod-gas source term 
assumptrons 

Natural miiltrahon rate 

Moisture content 

Water table fluctuahons 

Modehg of  VOCs from sod 
gas through the f o u n h o n  

vanablllty ln annual 
meteorologxA data 

Exposure scenano assumpbons 

The d o o r  concentrahon o f  sod gas pene&atmg 
the f o u n h o n  depends on lndoor vendahon 

Fate and Transport Estunntmn 

May shghtly overestunate or 
undemhmate nsk 

May overestunate or 
underesbunate nsk 

May overestmate nsk 

May overeatmate or 
undemstmate nsk 

May shghtly overestunate or 
undemhmate nsk 

May over estmate or 
unde- nsk 

May shghtly overeatmate or 
underestimate nsk 

May overesbunste nsk 

The heterogeneous sources were assumed to be 
homogeneous 

A conservahve value was used for t h ~ s  
Darameter 

Thw vanes seasonally m the upper vadose zone 
and mav be subiect to measurement error 

The average value used IS expected to be 
representahve of the depth over the 25-year 
exposure mod 

~ ~ 

There may be DNAPLs m the vadose zone, 
however, conservahve pssumptrons were used m 
the modelmg from the saturated zone 

Although a ngorous stahst14 analysls on annual 
vanabhty was not conducted, the annual 
vanabhty IS less than approxmately 1% ln each 
category, m l t l n g  ln less than npproxlmately 
5% from year to year 

The hkehhood of  future omte remdentral 
development IS small I f  future resldentd use 
of thtr ate does not occur, then the nsk 
estunates calculated for future onsite madents 
are hkely to ovEreSbuMte the true nsk associated 
Wth future use of thls Slte 

ASSUUI~~IOM regardmg medm mtake, populahon 
c h m c s ,  and exposurep.tterns may not 
chamctmze actual expowvt8 

May ovctesbmpte or 
ud- nsk 

The rssuUIptIon dmt an mQVvidd wdl work or 
m d e  at the ate Cor 25 or 30 year8 18 

mnservatwe Short-term expoaures mvolve 
mupanson to sub-chromc toncity values, wfuch 
arc geaarlly less mtncave than chrornc values 
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Non chemtcal-specdic constants 
(not dependent on chemtcal 
propel.tl4 

May ov- nsk Conservahve or upper bound values were used 
for all parameters mcorporated mto mtake 
calculahons 

May underesbuMte nsk Exposure pathways were ngorously evaluated 
for each sccnano and elumMted only d it was 
deternuned that they were either mcomplete or 
neghgble compared to other evaluated 
pathways 

Excluslon of some hypothetxal 
pathways from the exposure 

II 
May sllghtly ovenxtmate or 
underestunate nsk 

EPA permeablllty coefficients were 
algonthmtdy p d ~ c t e d  and have M 

uncertiunty of approxunately one order of 
maemtude 

Use of cancer slope factors II May overestunate nsk Potencies are upper 95th percentde confidence 
huts  Comdered unltkely to underestunate 
true nsk 

May overestunate or 
un&xwtmatc ilsk 

Exhapolahon from & to humans may 
rnduce error due to Merenw m absorption, 
phannacokmehcs, target organs, enzymes, and 
populahon vanabhty 

Cntical toncity values denved 
pnmurly from anunal stud~es 

May overecitunate or 
undereshmate nsk 

Assumes hear at low doses Tend to have 
conservative exposure assumptions 

Cnticd toncity values denved 
pnmanly from lugh doses, most 
exposures are at low doses 

Cntical tomcity values and 
classdimon of carcmogens 

Not all values represent the same degree of 
certamty AU ace subject to change as new 
evidence becomes avdable 

Carcmogemc COCs wthout mhalahon slope 
factors, may or may not be carcmogemc through 
the mhaIahon pathway 

May ovenxbmte or 
unde- nsk 

Lack of mhalahon slope factors 

May overeatunnte or 
underestunrte nsk 

Assumes that mbroduchon to the blood stream 
through the h acts d a r l y  to & w o n  
through the gut 

use of oral slope factors to . 
evaluate dennal absorphon 

May ov- nsk AddItion of nsks across waght- 
of-evidence c l d c a t ~ o n s  

A d t i o n  of nsks .CTOBB waght-of+vidence 
clasd&ons IS extremely health conservahve 
and Po-Y lllpppropnate 

Inhalahon RfDs or RfCs are not avdable from 
IRIS for some cbennclls 

The .asumphon that absorption IS eqruvalent 
across speclcs IS mphcit m the denvahon of the 
cnhcal bnuly values Absorptton may .chully 
vary w& chamcal 

May und- nsk Lack of RfDs or FtCs 

Effect of absorption May overtshmate or 
U-nSk 

The unavdabhty of consensus absorptaon 
values does not hchtatc wmpanson of absorbed 
dose to toxmty wnst.nts tused on .drmmstered 
dose 

Lack dermal abwxphon or duect 
d o n  tomcity values 
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C.8.0 SUMMARY 

These residual nsk calculabons d~scussed m thls nsk assessment were mtended to develop a 

quanbtative assessment of the nsk associated with appropnate receptors and scenarros after 

speclfc remdal acbon altemabves have been mplemented Based on mfonnabon from the 

PHE, the most conservabve contammabon, scenanos, receptors, and pathways, were evaluated 

Concentrabons of contammants were modeled usmg groundwater modehg techmques and then 

receptor mtakes were calculated The mtakes were combmed with toxlcological data m nsk and 

HQ equations to calculate potential probabhbes for carcmogemc nsk and noncarcmogemc HQs 

The carcmogemc nsks and HQs were then summed by scenano to yield total potentnl 

carcmogemc and noncarcmogemc effects 

The maxlfnum calculated carcmogemc nsk is for the no acbon scenano The total nsk to the 

future onsite resident with groundwater is 1 17E-05 

The HIS calculated for the scenanos and receptors were not siflicant (1 e , did not approach 

umty) The m m u m  HI is 2 59E-01 for a future onsite chdd resident and the no acbon 

scenano 

t 
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8702-8706) Further, it is not obvious that the preferred alternative, recommended 111 the OU-1 draft 
final CMS/FS report, would not achieve compliance with State Groundwater Standards Untd a specific 
point of compliance IS agreed upon, the EPA's assumption that a remedial action is necessary to achieve 
compliance under the State Groundwater Standards (which are different from the chemcal-specific 
ARARs presented in the CMS/FS) is invalid DOE has suggested demonstrating compliance with c e m n  
performance monitoring points prior to selection of a remedy, while compliance at several locations is 
evaluated by the agencies and the public 

Resolution. 

As discussed in the meeting held on December 14, 1994, between DOE, EPA and CDPHE, the results 
of the revised CMS/FS report will be reviewed prior to selecting a preferred remedy for OU-1 The 
results of the revised detailed analysis of alternatives will be presented to both agencies and mput will 
be solicited at that time for selecting an appropriate remedial action for preparation of the proposed plan 
for OU-1 

Comment 3 

The FS states that the preferred alternative for OU1 is institutional control without the french dram but 
with groundwater monitorings Under this strategy, chlorinated solvents in the subsurface wlll contmue 
to contaminate groundwater until sources diminish through natural processes However, due to some 
uncertainty regarding the Iocation and nature of the sources, it is difficult to detemme with confidence 
how long institutional controls and groundwater monitoring will be required Modelmg results presented 
in the FS indicate that concentrations at Woman Creek will continue to increase untd the year 2369, or 
for 375 years into the future To ensure that Woman Creek is protected, it follows that groundwater 
monitoring will be required as long as concentrations increase, but only 30 years of momtormg is 
accounted for in the cost estimate for the preferred alternative 

Response 

Due to the i m p q  of present w o h  analysis on cost estimates o f  momtormg periods extendmg beyond 
30 years, EPA guidance recommends that costs occurring beyond thuty years be neglected m feasibllity 
study cost analyses Specifically, the Remedial Action Costrng Procedures Manual (EPA 1987) states on 
page 3-21 "Remedial action alternatives requlrlng perpetual care should not be costed beyond thlrty years, 
for the purpose of feasibility analysis The present worth costs beyond this period become negligible and 
have little impact on the total present worth of an alternative Also, the Gurdance for conducnng 
Remedal Investqp&ons and Feasibility Studies Under CERCLA @PA 1988) states on page 6-13 "In 
general, the period of performance, for costing purposes should not exceed 30 years for the purpose of 
detailed analysis In addition, 30-year monitoring periods are required under RCRA for closure actions 
that may mpact groundwater (6 CCR 1007-3, 264 117) The costing of momtormg periods for thlrty 
years does not llmit the actual monitoring period, which would be extended if contmued momtorlng is 
required 

Resolution: 

As discussed in the meeting held on December 14, 1994, between DOE, EPA and CDPHE, the 
momtoring period described in the CMS/FS report will remam at 30 years as prescribed by guidance, 
except for remediation alternatives which may lmit the amount of monitoring requued 
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Comment 4: 

The source removal remedial alternatives offer the possibility of removing source areas and potentially 
reducing the post-closure monitoring period and the potential for future corrective action Therefore, the 
time required to reach remedial action objectives (RAOs) is one of the major difference among the three 
general types of alternatives evaluated (monitoring, containment, and source removal followed by residual 
contaminant containment and monitoring) The FS must evaluate the time element III more detad before 
a remedial alternative is recommended The report must also provide more discussion about the 
uncertamty of the source extent and how this uncertainty affects the effectiveness of the source removal 
technologies These discussions must also consider the degree of confidence gained after the proposed 
soil gas study is conducted In addition, the FS must estimate the time it wlll take to reach a point when 
monitoring is no longer required for each alternative and incorporate these results mto the comparative 
analysis The FS must also consider the uncertainty associated with the models when evaluating the 
effectiveness of the various strategies Finally, the FS should incorporate a sensitivity analysis mto the 
model results to further evaluate the impact of subsurface contaminant uncertainty 

Response. 

Where possible, the elements of this comment will be included in the revised CMS/FS report In 
particular, more text will be added to the document discussing the uncertainties mvolved with each 
remedial action and with the source areas in general However, it is because of the large uncexmnty 
associated with the source areas at OU-1 that it was not deemed appropriate to specify the momtoring 
periods required for each alternative Until data are available concemng the actual performance of a 
remedial action at OU-1, it is impossible to accurately predict the monitoring period required for any 
alternative, other than through standard guidance (I e , 30 years) In addition, it is believed that these 
time periods will not affect the selection of a preferred remedy, and therefore are not critical to the 
detailed analysis of alternatives 

Uncertainties associated with the groundwater model will be discussed further in the revised CMS/FS 
A sensitivity analysis was suggested by DOE previously but could not be accomplished m the schedule 
provided Both EPA and CDPHE acknowledged this fact and agreed that it would not be presented 111 

the draft final CMS/FS A sensitivity analysis will be imtiated for the OU-1 CMS/FS and wdl be 
incorporated based on schedule constraints 

Resolution: 

As discussed in meetings held on December 8 and December 14, 1994, between DOE, €PA and CDPHE, 
the resolution to this comment IS as stated in the response above 

Comment 5: 

Given the proximity of OU1 to Woman Creek, one of the primary functions of any remediation that 
occurs at OUl should be to protect Woman Creek and the associated ecological receptors Therefore, 
protecting ecological receptors associated with Woman Creek must be an RAO for OU1 

Response: 

This issue wlll be discussed further through a special work group designated by DOE and the regulatory 
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agencies to resolve specific comments 
report or the BRA and it is unclear why the EPA is rising the issue at this tune 

However, this exposure route was not mcluded m the RFI/RI 

Resolution: 

As discussed in meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE, 
this comment will be resolved by including additional detad in the short-term effectiveness evaluation of 
each alternative concerning impacts to Woman Creek and other envrronmental receptors In addition, 
an RAO will be added to include protection of ecological receptors in Woman Creek 

Comment 6: 

It is uncertain whether Woman Creek and the associated ecological receptors will be protected under the 
proposed remedial alternative Throughout the FS, the text states that m m u m  contarmnant levels 
(MCLs) need to be met only at Woman Creek to be protective It is not clear whether MCLs wlll protect 
ecological receptors associated with Woman creek The FS must be revised to tllustrate how Woman 
Creek ecological receptors will be protected from OU 1 contamination 

Response. 

See response to General Comment #5 

Resolution: 

See resolution to General Comment #5 

Comment 7:  

More demled discussion about the proposed monitoring plan must be added to the FS, particularly smce 
monitoring IS one of the primary features of the preferred alternative and is common to.all altemauves 
The alternatives that would suspend french dram operations but leave it m place (Altern&ves 0 and 1) 
imply that monitoring wllI continue, and that the french dram wlll be reactivated only if momtormg 
results exceed predicted values The only locations for which predicted values are given m Appendur B 
are both down gradient of the french drain The text does not specify which momtormg wells correspond 
to these locations Regardless, by the time concentrations begm to exceed predicted values down gradient 
of the french dram, it may be too late for the french dram to be effective If a contammation front is 
detected below the french drain, it IS probable that the contarmnants have already spread throughout the 
length of the french dram Momtoring wells that will be used to trigger remedial decisions should be 
located above the portion of the french dram that intersects the expected contarmnant flow path 
Currently, the closest well reported to have 9,500 mcrograms per liter (pg/L) of trichloroethene ("CE), 
2,600 pg/L of carbon tetrachloride, and 590 pg/L of tetrachloroethane VCE) from a sample collected 
in late 1992 On the basis of these results, french drain operation should not be discontmued under any 
of the alternatives If future wells are planned for the area above the french dram, mvestigative methods 
should be used that will optimlze the well location with respect to bedrock topography and the 
contarmnant plume 
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Response: 

The location of monitoring wells is typically not a component of the CMSFS as it does not affect 
alternative development or the detailed analysis of  alternatives This rnformation is usually mcluded III 
the PRAP/PP, CAD/ROD, or in a post-closure monitoring plan More mformation regardmg the 
monitoring plan will be incorporated into the CMSFS report at the agency's request, although DOE 
disagrees that the information is relevant to the remedy selection process Note that both regulatory 
agencies will have input to the monitoring plan through any of the documents mentioned above 

Resolution. 

As discussed in meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE, 
the resolution to this comment is as stated in the response above 

Comment 8: 

There is no mention in this document of the buried gas transmission lme that crosses OU 1 in an east-west 
direction between 119 1 and the French Drain The existence of this feature could c e d y  unpact some 
of the alternatives discussed in this document Additionally, since this line lies in the path of the 
migrating contaminated groundwater, an evaluation of how it might be affectrng rmgration is needed 

Response: 

It is unclear how this comment could impact the remedial action alternatives presented m the CMSES 
report The line is a utility feature which will undoubtedly be reviewed durmg demled design The 
purpose of the CMS/FS report is to evaluate conceptual approaches to remediation of OU-1 D e a s  such 
as the transmission line do not impact the analysis, especially in the case where the line is not III the 
immediate vicinity of the treatment zone as is the case here In addition, evaluation of the transmssion 
line as a potential route for contaminant migration is not within the scope or purpose of the CMWFS 
report This issue should have been raised during the preparation of the RFI/RI report if EPA felt that 
it warranted significant attention 

Resoluhon. 

As discussed in meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE, 
this comment will be resolved by including a reference to the gas transmssion h e  wherever alternatives 
are presented that could potentially be impacted by the presence of the lme 

Comment 9. 

This report fads to make use of all available and pertinent data, and this is especially critical rn the 
ground water modeling that was performed Apparently only analytical data from 1990 through md 1992 
was used in the modeling, even though data from 1987 to the present is readdy avadable for this purpose 
Nor were the soil gas survey results from December 1993 mentioned or presented, although a much older 
@re-1987) soil gas survey was cited a few times in the text What happened to the cores and associated 
data that were proposed in the OU 1 Treatability Study Work Plan, Sod Flushmg, Biotreatment, and Radio 
Frequency Heating, September, 19927 That work plan was designed for the purpose of collecting site 
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specific data to be used in evaluating alternatives for the OU1 CMS/FS and any data that was collected 
must be presented in this report 

Response. 

DOE believes it is appropriate to use the data set considered in the RFI/RI report for the groundwater 
model constructed for the OU-1 CMS/FS Groundwater monitormg data for the hillside is avalable to 
the present date and will continue to be available in the future However, the groundwater model must 
consider a data set that is static and cannot be updated continuously based on current monitormg 
programs The data set selected for the model is the most appropriate data set to use given its use in the 
RFI/RI report, to which results of the model are being compared Remedy selection is based on the 
results of the CMS/FS report, which in turn is based on the results of the FGI/RI report However, at 
the request of both agencies, the groundwater model has been revised to include data through 1994 It 
is assumed that this data will be sufficient to satisfy this comment 

Note that the intent of the treatability study work plan was not to gather soil characteruation data Rather 
the intent of the study was to gather soil samples for testlng of various treatment technologies 
Unfortunately, soil samples recovered contained few if any detectable concentrations of contarmnants even 
though they were taken from the most probable contaminant regions at IHSS 119 1 Data from the tests 
themselves were supposed to be used for evaluating alternatives Smce the tests were not performed due 
to the unavilability of contaminated soils, the data are not avadable to include 111 the CMS/FS report 

The CMS/FS report will be revised to reference both soil gas surveys The data was used mdlrectly m 
the CMS/FS during conceptualization of remedial action alternatives The text wdl be revised to include 
this information 

Resolution: 

As discussed in rnwtings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE, 
the resolution to this comment is as stated in the response above 
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Response to CDPHE General Comments on August 1994 
Draft Rnal Corrective Measures Study/Feasibility Study (CMs/FS) 

881 Hillside Area (Operable Unit 1) 
Rocky Flats Environmental Technology Site 

General Comments 

Comment 1. 

General Lack of Response to Division Comments -- The Division finds that the DOE has in general failed 
to adequately respond to or resolve the vast majority of our comments and concerns in this draft C M S F S  
report These concerns were discussed with DOE staff in several meetings and are documented m the 
Division’s comments to TM 10 and TM 11 The DOE’s failure to resolve these comments has resulted 
in the submittal of an incomplete and inadequate draft CMS/FS 

Response 

DOE has made every effort to adequately respond to comments received from both EPA and CDPHE 
Many of the concerns listed in the State’s comments on the OU-1 CMS/FS have not been rased durmg 
the various working meetings held between DOE, EPA, and the State since January of this year Issues 
such as classification of IHSS 130 as a mixed waste landfill significantly unpact the content of the OU-1 
CMS/FS and should have been discussed during the identification of preliminary remediation goals and 
remedial action alternatives Additionally, technical input from both agencies received durmg workmg 
meetings has not been representative of written comments received after review of both TMs and the 
CMS/FS report For example, the State has commented heavily on the conceptual approach and 
parameters used to develop the OU-1 groundwater model This information was presented to both 
agencies through several meetings beginning in June of this year and contmuing through July Both 
agencies were involved in reviewing the model as it was developed and at no tune did either agency 
indicate a concern over the conceptual approach applied DOE is disappomted that the State has criticlzed 
DOE’s approach to the consultive process, while continuing to lunit the value of such meetmgs These 
disparities have hindered proper resolution of outstanding issues - issues which often tunes are not 
discussed early in the process due to the State’s consistent submittal o f  comments on OU-1 documents 
much later than EPA comments 

Resolution. 

During the December 8 meeting between DOE, EPA, and CDPHE it was decided that regular meetmgs 
will be held to resolve outstanding issues on the OU-1 CMS/FS report These meetmgs wlll be 
instrumental in achieving a common forum through which all parties can come to agreement on specific 
items Resolution wlll be documented herem and mcorporated mto the revised CMS/FS report 
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Comment 2: 

Role of the State and RCRA Correction Action in Remedv Selection -- This Draft CMS/FS IS entuely 
focused on CERCLA and the CERCLA process No attempt has been made to meet the State’s 
RCRAICHWA requirements Under the IAG, the State will make a Corrective Action Decision under 
RCRAKHWA and the EPA will make a Remedial Action Decision under CERCLA The CMS/FS must 
be adequate to support both Agencies’ decisions The IAG specifically requires that Feasibility Studies 
/ Corrective Measures Studies comply with the requirements of CERCLA, RCRA, CHWA, and pertinent 
guidance and policy [paragraph 1521 The Division has stated on many occasions, both formally and 
informally, that the CERCLA process is only a template and some modifications to the process will be 
necessary to meet RCRAKHWA CMS requirements The DOE has repeatedly ignored these Division 
concerns 

In this draft CMS/FS report, the DOE’s position continues to be that consistency with CERCLA RI/FS 
guidance takes precedence over meeting RCRAKHWA CMS needs and requirements The DOE’s 
failure to address this issue has resulted in the submittal of a deficient CMS/FS document that does not 
meet the State’s needs in making a corrective action decision for all IHSSs in OU-1 The DOE must fully 
recognlze and meet all RCRAKHWA requirements in the Final CMS/FS and, where necessary, deviate 
from CERCLA FS guidance to meet such requirements Consistency with CERCLA guidance is not 
sufficient justification for ignoring the Division’s concerns and comments 

Response 

DOE disagrees with the State’s comment that the draft final CMS/FS report is focused solely on 
CERCLA and the CERCLA process Comments further state that no attempt has been made to meet the 
State’s RCRA/CH W A requirements CERCLA evaluation criteria duplicate RCRA evaluation criteria 
and include additional criteria which address community and state acceptance The State has 
acknowledged that Section 4 0 of the report was not reviewed This section represents the core of the 
CMS/FS and contains a detailed evaluation of both RCRA and CERCLA criteria DOE requests thqt the 
State specify what requirements are not being met under RCRAKHWA, since the detailed analysls of 
alternatives includes discussions on RCRA standards, evaluation criteria, and source control measures 
Additional information regarding specific deficiencies is requested prior to responding to this c o d e n t  
For information purposes the following table lists the evaluation criteria considered tinder both CERCLA 
and RCRA guidance 
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National Contingency Plan, 
Evaluation Cnteria 

40 CFR 300.430 (e) (9) (in) 

Overall protection of human health and the 
environment 

Compliance with ARARs 

RCRA Corrective Action Plan Guidance 
Evaluation C n t m a  

OSWER Dir-ve 9902.3-2A (May 1994) 

Protect human health and the envuonment 

Control the sources of releases' 

Comply with any applicable standards for 
management of wastes 

Reduction of toxicity, mobility, or volume 
through treatment 

Short-term effectiveness 

Attain media cleanup standards set by the 
implementing agency 

Reduction in the tomcity, mobdity or volume 
of wastes 

Short-term effectiveness 

11 Long-term effectiveness and permanence I Long-term reliabdity and effectiveness 

11 Implementability I Implementability 

11 cost I cost 

I 11 State acceptance 

I 11 Community acceptance 

'Ths cntenon is addressed under the National Contmgency Plan threshold cntena for Overall Pmection of Human 
Health and the Environment This cntenon IS also duectly related to the Long-Term Effectiveness and Permanence 
cntena 

Resolution 

During the December 8 meeting it was made clear that the State felt that the OU-1 CMS/FS report did 
not adequately address the RCRA CAP criteria in the detiuled analysis of  alternatives @AA) The State 
suggested a separate working session to review the DAA, and to provide mput mto the presentation of 
Section 4 0 of the CMS/FS DOE agrees that this approach will resolve this comment and agrees to 
provide more information in the report on the RCRA CAP process and how it is mtegrated with the 
CERCLA process Summary tables in Section 4 0 of the report wdl be revised to lnclude specific CAP 
criteria where the criteria differ from those evaluated under CERCLA For example, source control 
measures will be specifically discussed in the DAA to address this CAP criterion 
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Comment 3: 

DOE InaDproDriate ProDosal for a CAMU -- The DOE has proposed as part of all remedial alternatives 
for OU-1, that the Division designate the 881 Hillside at WETS as a corrective action management umt 
(CAMU) The DOE’s sole intention in proposing this designation appears to be avoidmg the active clean- 
up of the hillside The Division is bewildered by the DOE’s apparent lack of understandmg of the mtent 
and substance of the CAMU regulations The intent of CAMU is to facllitate an effective and efficient 
remedy, not to avoid the need for active corrective action The Division finds the application of C A I W  
proposed by the DOE in this document to be inconsistent with the intent of the CAMU regulations and 
both the substantive and administrative requirements of CAMU 

The Division is extremely disappointed that we were not consulted on this proposal or notified of the 
DOE’s intention to apply CAMU at OU-1 prior to the submittal of this CMS/FS report Based on our 
evaluation of all information available under OU-1, the Division finds no basis for designating OU-1 a 
CAMU If the DOE can provide sufficient information supporting the appropriateness of a CAMU at 
OU-1, this information must be discussed and a CAMU designation agreed to by the Agencies prior to 
its inclusion in the Final CMS/FS 

Response. 

DOE has proposed use of the Subpart S hazardous waste requirements as a possible means of achievmg 
“an effective and efficient remedy“ for OU-1 The infomation on the Corrective Action Management 
Unit (CAMU) rule that DOE has access to is the Commission’s proceedings on adopting the rule and the 
rule itself (6 CCR 1007-3, 264 552) The CAMU approach to OU-1 was proposed in this draft find 
CMS/FS for review and discussion with the State, as is required under the CAMU rule If the State does 
not agree that the CMS/FS report is the proper forum for discussing the CAMU concept at OU-1, then 
DOE requests that the State suggest an appropriate forum for this discussion within the confines of the 
IAG 

Resolution. 

During themeetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE, it 
was agreed that the CAMU language will be removed from the CMS/FS report CDPHE agreed that an 
IHSS by IHSS evaluation is not required for alternative development as long as each source area and 
IHSS is identified in the OU-1 CMS/FS and dispositioned in terms of remedial actions The CAMU 
concept was proposed to retain an OU-wide approach to alternative analysis at OU-1 Based on the 
State’s revised position on the IHSS by IHSS evaluation issue, the CAMU language wlll be removed 
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Comment 4: 

s n  -- This comment was originally made to 
TM 11 and has not been resolved to the Division's satisfaction in the Draft CMS/FS The draft CMS/FS 
does not contain sufficient information to support a CAD for all of the MSSs in OU-1 The Division 
will not consider the Final CMS/FS to be complete until all IHSSs and/or source areas in OU-1 are 
sufficiently addressed This draft CMS/FS only addresses contamination at IHSS 119 1, at a m u m  
the group of IHSSs south of Building 881, IHSS 130, and IHSS 119 2 must also be evaluated 

This concern was raised in the Division's comments to the draft TM 11 and clarified 111 a meeting with 
DOE and EG&G staff The DOE formally responded to this concern on September 30, 1994, almost a 
month after releasing the draft CMS/FS The Division finds the DOE response to this comment 
inappropriate, inaccurate and inconsistent with both the IAG and the risk screening approach that all 
parties agreed to 

The evaluation of each IHSS is consistent with the CERCLA process and has been recognlzed by the €PA 
as necessary and appropriate for all OUs at WETS Regardless of CERCLA guidance, the Division 
requires the CMS/FS contain sufficient information to fully support a corrective action decision by the 
Division under RCRAKHWA for each IHSS and/or source area in OU-1 

The DOE disagreement with the Division's application of the risk screening approach is concerning This 
screening methodology was agreed to by all parties, including the DOE 

The development of remedial action alternatives must start at the IHSS and/or source level Corrective 
measures must be selected for each IHSS and/or source area that are fully protective and meet all 
appropriate RAOs and PRGs The number and range of alternatives evaluated for each IHSS and/or 
source area may be limited by the scope and complexity of contamination and avadability of treatment 
options Alternatives selected for each IHSS should then be combined to form a range of remedial action 
alternatives for the operable unit When appropriate, IHSSs with similar effective alternatives can be 
combined to achieve economies of scale Alternatives developed at the operable unit level must provide 
the range of alternatives prescribed in EPA guidance 

The Division recognues that it may not be efficient to address all contammation strictly through IHSSs, 
in some instances it may be more efficient to address an area of contammation as a source area 
independent of the IHSSs This does not mean that each IHSS does not need to be addressed 

The DOE statement, in response to this comment under TM 11, that the groundwater contammation at 
the eastern edge of the operable unit has not been "definitively" tied to any one IHSS is correct but totally 
misleading As reported in the OU-1 RFI/FU Report, this contamination was in fact attributed by the 
DOE to multiple IHSSs, although not "definitively" To definitively tie the contammation on the eastern 
edge of OU-1 to IHSS 119 2 and/or the 903 Pad would require additional, largely unnecessary 
characterlzation field work Regardless of the source of contamination near IHSS 119 2 it must be 
addressed in the OU-1 CMS/FS 

I Response: 

The meetings referenced in this comment were held during the preparation of the OU-1 CMS/FS report 
Both regulatory agencies have repeatedly denied DOE'S informal requests to extend the schedule for 
preparation of  the CMS/FS report Many of  the comments received on the OU-1 CMS/FS are based on 
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unresolved issues from the OU-1 RFI/RI report The State must r e c o p e  that many of these issues 
impact the CMS/FS directly and therefore impact its schedule Because both agencies have repeatedly 
insisted that the CMS/FS report be produced prior to resolution of these issues, agreements made between 
the agencies and DOE may not be represented in the draft final CMS/FS 

In addition, as stated in the response to comments received on TM 11, DOE does not agree that 
individual IHSSs should be examined for remedial action alternatives The IAG states that the CERCLA 
RUFS guidance should be used as the template for conducting OU CMS/FSs The IAG also establishes 
the OU concept and recognizes the need for evaluating remedial actions at the OU level The OU concept 
is particularly suited to the circumstances of OU-1, where unspecified sources of groundwater 
contamination have resulted in OU-wide contamination at various levels The OU-1 RFI/RI document 
also does not support an IHSS by IHSS evaluation If the State feels that IHSSs should be evaluated 
individually for overall protection to human health and the environment, then the State should inmate 
these evaluations through the RFI/RI process and not the CMS/FS process The BRA results must at 
some point be used by the State to determine if further action is warranted at a site, or in this case, at 
an IHSS It is inappropriate for the State to request that the CMS/FS be used as a vehicle to identify no 
action decisions prior to conducting a detailed analysis 

DOE requests that the State provide additional guidance on the value of evaluatmg each MSS and source 
area independently in the OU-1 CMS/FS report As the last paragraph of this comment suggests, 'I the 
contamination near IHSS 119 1 must be addressed regardless of its source 'I DOE does not believe that 
the groundwater medium beneath OU-1, which represents the highest potential risk to viable receptors, 
can be evaluated on the basis of individual IHSSs DOE has proposed alternatives that remediate both 
the most contaminated areas of OU-1 groundwater, as well as the OU as a whole These alternatives 
adequately represent potential remedial action strategies at this OU To address this comment, the revised 
CMS/FS will contain additional information regarding each IHSSs status in terms of each alternative 

Resolution 

During the December 8 meeting, the State voiced the concern that the public may not be able to follow 
the decision process if individual IHSSs are not specifically discussed in the OU-1 CMS/FS report DOE 
suggested that IHSSs be discussed early in the report to identify specific source are& These source areas 
will then be addressed separately and evaluated for remedial actio< The discussion on IHSSs and how 
they are addressed by the source area approach will be included in future documents (such as the 
Proposed Remedial Action PladProposed Plan) as well The State concluded that individual alternative 
analyses are not required for each IHSS as long as each IHSS is included m the mitial discussion of 
source areas Also see resolution to General Comment #4 
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Comment 5: 

RCRAKHWA Criteria for the Evaluation of Final Corrective Measure Alternatives - The Division will 
use the RCRA corrective action evaluation criteria presented in the latest version of the RCRA Corrective 
Action Plan (OSWER Directive 9902 3-2A, May 1994), a guidance document produced by EPA for 
implementation of RCRA corrective action, as guidance in evaluating remedial action alternatives These 
standards reflect the major technical components of remedies including cleanup of releases, source control 
and management of wastes that are generated by remedial activities 

The specific standards as set out in the RCRA CAP guidance include 1) protect human health and the 
environment, 2) Attain media cleanup standards set by the implementing agency, 3) Control the source 
of release so as to reduce or eliminate, to the extent practicable, further releases that may pose a threat 
to human health and the environment, 4) Comply with any applicable standards for management of 
wastes, 5) Other factors Other factors include five general factors that will be considered as appropriate 
by the Division in selecting a remedy that meets the four standards above The five general factors 
include a Long-term reliability and effectiveness, b Reduction in the toxicity, mobility or volume of 
waste, c Short-term effectiveness, d implementability, and e Cost 

RCRAKHWA corrective action remedies must meet the above listed standards Therefore, the Fmal 
CMS/FS must provide detailed documentation of how the potential remedy will comply with each of the 
Five RCRA CAP standards 

Response 

DOE believes that the five criteria of EPA's RCRA Corrective Action Plan (OSWER Directive 9902 3- 
2A, pp 63-67) and the nine criteria of the National Contingency Plan (NCP) in 40 CFR 300 430(e)(9) 
are essentially identical (see Table in response to General Comment #2) It is DOE's understandmg that 
EPA has strived over the last seven years to provide guidance that can be consistently implemented at 
various sites with the same contaminants under the two sets of regulations The overall objective of the 
two acts is the same in situations of contaminant releases and agency selection of remedies Specific 
differences would seem to point to additional criteria in the NCP regulations such as community 
acceptance It is emphaslzed that the'RCRA Corrective Action Plan is a guidance as is the CERCLA 
RI/FS guidance 

The State asserts that RCRAKHWA corrective action remedies must meet the listed standards, and 
suggests that the CMS/FS provide detailed documentation of how the potential remedy wdl comply with 
each of the standards It is DOE's position that in fact the referenced "standards" are not standards but 
evaluation criteria These criteria are evaluated in the detailed analysis o f  alternatives presented m 
Section 4 0 of the CMS/FS report Until the State has reviewed this section of the document, it is 
inappropriate to assume that the RCRA 'CAP evaluation criteria are not included 

Resolution. See Resolution to General Comment #2 
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Comment 6. 

Effectiveness of Remedial Action/Corrective Action to Protect the Environment -- This comment was 
originally made to TM 11 and has not been resolved to the Division's satisfaction in the Draft CMS/FS 

The general assumption that remedial actions at OU-1 that are protective of human health will adequately 
protect ecological receptors and environmental resources at OU-1 is not appropriate in the CMS/FS 
report The DOE 
response to this comment under TM 11, that it is not necessary to consider environmental protectiveness 
in the OU-1 CMS/FS because the OU-1 BRA EE did not identify any significant hazards to ecological 
receptors, is not an acceptable response 

The effectiveness of each alternative to protect the environment must be evaluated 

The BRA EE finds that many of the contaminants evaluated in the BRA EE are toxic to ecological 
receptors at concentrations tound at OU-1, but that because of the limited extent of contamination, no 
adverse ecological impacts occur The assumption that contamination is limited and no adverse ecological 
impacts will occur is not valid under all of the OU-1 CMS/FS remedial alternatives - specifically, those 
alternatives which allow contamination to continue to migrate uncontrolled could invalidate this 
assumption The effectiveness of all remedial alternatives to protect the environment must be fully 
addressed in the Final CMS/FS 

Response 

The assumption that remedial actions at OU-1 that are protective of human health will be protective of 
ecological receptors is based on the results of the OU-1 RFI/RI report The results of the which indicate 
that there is no current or future significant risk to these receptors The effectiveness of each alternative 
to protect the environment is evaluated in the detailed analysis of alternatives (Section 4 0) This section 
was not reviewed by the State and therefore the comment that this evaluation was not conducted may be 
premature 

The State concludes that 'I the assumption that contamination is limited and no adverse ecological 
impacts will occur is not valid under all of the OU-1 CMS/FS remedial alternatives 'I due to the 
potential for contaminant migration This assumption is based on the RFI/RI surface soil evaluation and 
is not related to groundwater contamination which is the focus of the CMS/FS report The groundwater 
medium was not identified as a potential source of future risk to ecological receptors and therefore the 
assumption is valid, unless the State has identified future risks to ecological receptors from groundwater 
contaminants that are not identified in the OU-1 RFI/RI report 

' 

Resolution: 
I 

During the meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE, it 
was agreed that the resolution to this comment will be present a more thorough analysis of  short-term 
impacts to the environment under the Detailed Analysis criterion of Short-Term Effectiveness 
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Comment 7:  

Incomdete and Inaccurate Identification of ARARs -- The Division has commented on several occasions 
regarding specific deficiencies in the identification of ARARs for OU-1 The Division has expressed 
major concerns with the DOE'S identification and determination of ARARs under Th4 10 The majority 
of the Division's comments and concerns regarding ARARs have not been adequately addressed and 
remain unresolved in this draft CMS/FS In comments to TM 11, the Division deferred AR4Rs 
comments in hope that several outstanding issues could be resolved through the ARARs Workmg Group 
Unfortunately, the DOE has chosen to proceed at an extremely slow pace under the ARARs workmg 
group and the group has yet to entertain substantive ARARs discussions 

The Division's general comments on specific potential ARARs are presented below Additional ARARs 
comments are also included in the Division's specific comments All ARARs issues must be resolved 
in the Final CMS/FS before the Division will consider the document to be complete 

State Groundwater Standards -- The DOE has failed to present any valid argument to support its 
claim that the State groundwater standards are not ARARs This document states that 
"groundwater standards are not addressed ARARs because the classifications requirlng those 
standards have not been applied consistently throughout the State and thus fad the NCP criteria 
of 'general applicability' in 40 CFR 300 400 (g) (4) 'I This argument, much llke the last two 
arguments against the application of State groundwater standards as ARARs, is simply mcorrect 
Contrary to this argument, the phrase "general applicability" has nothing to do with whether or 
not standards have been applied consistently The preamble to the NCP explans that "of general 
applicability" means "that potential State ARARs must be applicable to all remedial situations 
described in the requirement, not just CERCLA sites 'I Consistent with the preamble's 
explanation, State groundwater standards are applicable to all situations, not just CERCLA sites 
and, therefore, are "of general applicability 'I Moreover, no "classifications" exist for orgamcs, 
rather, the standards for organics apply statewide regardless of classification Therefore, the 
claim that "the classifications requiring those standards have not been applied consistently" makes 
no sense 

RCRA/CHWA Subpart F Groundwater Protection -- RCRAKHWA groundwater protection 
standards were identified in the Division's comments to TM 10 as potential chem6al specific 
ARARs They have not been included in the draft CMS/FS These standards must be identified 
as potential ARARs in the Final CMS/FS 

Doctrine of Sovereign Immunitv -- The DOE, in response to Division and EPA comments on 
sovereign immunity, has stated that it has removed such language from the text of the CMSES, 
but that questions regarding sovereign immunity may still be discussed durmg ARARs workmg 
group meetings The Division and EPA positions' on sovereign immumty appear to be clearly 
presented, however if the DOE has any remaining questions at OU-1, they must be rased under 
this CMS/FS Report 

Surface Water Standards -- State surface water standards were identified m the Division's 
comments to TM 10 as potential chemical specific ARARs They have not been mcluded m the 
draft CMSIFS These standards must be identified as potential ARARs in the Final CMS/FS 
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e) Closure of French Drain -- The requirements for the final closure of the french dram must be 
identified as ARARs and included in the demled analysis of alternatives 

0 Radioactive. Hazardous and Mixed Waste Landfill ReQuirements -- The Division considers IHSS 
130 to be a mixed-hazardous waste landfill which must be closed m accordance with all 
applicable landfill regulatory requirements Therefore, the DOE must identify all ARARS and 
TBC associated with landfills in this CMSlFS This deterrmnation is based on the documented 
disposal of radioactive waste in the IHSS, the known or suspected disposal of hazardous waste 
debris associated with the OPWL in the IHSS, and the detection of hazardous waste constituents 
in groundwater monitoring wells directly downgradient of the IHSS This landfill is located on 
an unstable hillside, is not capped and has no controls in place to prevent future release or 
exposure to hazardous constituents or radionuclides Regardless of the current risk associated 
with IHSS 130, the DOE must meet all appropriate regulatory criteria for landfills The DOE 
must identify all ARARs relevant to solid, radioactive, hazardous and mlxed waste landfills 

Response 

DOE disagrees with the statement that the identification of ARARs in the OU-1 CMS/FS is rncomplete 
The State may disagree with the selection of ARARs, however, the identification of ARARs rn the 
CMS/FS and in TMs 10 and 11 was performed according to guidance and regulations (40 CFR 
300 430(b)(9), (d)(3), (e)(2), and (e)(9) During the review of TM 11, the State emphaslzed that action- 
specific ARARs were being reviewed and comments would follow shortly These comments were never 
received and therefore State comments were not available prior to preparation of the CMS/FS report 
The following responses are applicable to other portions of this comment 

a DOE has carefully reviewed the State’s position and the regulations concerning the State’s Basic 
Standards for Ground Water (5 CCR 1002-8,3 11 5) DOE has determined that the State’s basic 
standards are potential ARARs for all contaminants except radionuclides The CMS/FS wlll 
be revised to reflect this potential ARAR at OU-1 

b The RCRA groundwater protection standards (6 CCR 1007-3,264, Subpart F) were briefly 
mentioned in the detailed analysis of alternatives in the CMS/FS The CMS/FS wlll be revised 
to clarify that the RCRA groundwater protection standards are potential chermcal-specific ARARs 
and that the process of establishing groundwater protection standards at the point of compliance 
is part of the selection of a protective remedy under RCRA and CERCLA The RCRA 
groundwater protection standards are maximum contammant levels, background levels, or 
alternate concentration levels as approved by the Director (6 CCR 1007-3, 264 94) It IS noted 
that MCLs were used in the CMS/FS as the potential chemical-specific ARARs and thus used to 
identify PRGs 1 

C This comment is noted DOE believes that the proper forum for further discussion of sovereign 
immunity is the ARARs working group 

d Although the State identified the Colorado surface water quality standards as potential chemical- 
specific ARARs earlier in the CMS/FS process, surface water has not been one of the media 
investigated at OU-I The RFI/RI identifies soil and groundwater as the media of concern within 
the boundaries of OU-1 Information presented in the RFVRI on the water quality of Woman 
Creek and the South Interceptor Ditch is from OU-5 and other locations 
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e Clarification of this comment is required m order to respond to the comment The fiench dram 
collects ground water and to our knowledge is not a waste unit DOE is unfamdiar with specific 
requirements applicable to "closure" of  a french dram DOE requests that the State provide 
specific references to support the comment 

f The identification of IHSS 130 as a mixed waste landfill is the first comment from the State on 
this subject since the initial preparation of the CMS/FS report The RFIKI report did not 
identify this issue, and the comment was never raised by the State DOE requests that the State 
specify its requirements for determining what areas are considered mixed waste landfills at the 
RFETS, and what regulatory basis IS being used for these designations 

Resolution 

This comment is being resolved through the ARARs working group Comments a b , and d are 
resolved as stated in the responses above, however Comments e and f could not be subtantiated by 
the Division in terms of providing regulatory justification for the comments Closure requirements or 
performance standards are not available for the French Drain Likewise, the Division could not justify 
the position that IHSS 130 is a mixed waste landfill The CMS/FS report will be revised as appropriate 
to clarify the text 
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Comment 8. 

Point of Com~liance with Preliminary Remediation Goals -- The DOE has mcorrectly detemned Women 
Creek as the point of compliance for protectiveness and ARARs requirements at OU-1 State 
groundwater standards are applicable to all groundwater m OU-1 The pomt of compliance for 
groundwater PRGs at OU-1 is therefore anywhere that groundwater is present at OU-1 That is, they 
both must be met The correct point of compliance must be mcorporated mto this report and utlllzed 111 

the development and screening of alternatives Once a remedy is selected, a new pomt of compliance 
for remedy effectiveness will be chosen and specifically delineated 

Response 

Woman Creek has not been selected as a point of compliance in the draft final CMS/FS report DOE'S 
position on this issue is that the point ot compliance should be discussed in working meetings with the 
agencies The meetings held in July 1994, with representatives from both agencies, concerned 
groundwater monitoring and covered the subject of point of compliance These discussions were focused 
on the RCRA requirements found in 6 CCR 1003-7, 264 95 and the State's groundwater regulations m 
5 CCR 1002-8, 3-11 6 The RCRA requirements specify the followmg 

The point of compliance is a vertical surface located at the hydrauIically downgradient lmt of 
the waste management area that extends down into the uppermost aquifer underlying the regulated 
unit, where the "waste management area" is 

- the limit projected in the horlzontal plane of the area on which waste will be placed 
during the active life of a regulated unit, 

and includes horlzontal space taken up by any liner, dike, or other barrier designed to 
contain waste in a regulated unit, or 

- if the facility contains more than one regulated unit, the waste management area IS 

described by an imaginary line circumscribing the several regulated umts 

Whereas the State's requirements specify that for contarmnation identified and reported on or 
before September 30, 1992, the point of compliance for the statewide standards shall be at 
whichever of the following locations is closest to the contammation source 

the site boundary, or 

the hydrologically downgradient limit of the area m which contammation exlsts when 
identified 

The State's comment defining the point of compliance as 'I anywhere that groundwater is present at OU- 
1 'I appears to be inconsistent with both sets of regulations DOE requests clarification as to the basis 
for the State's assertion that the point of compliance has no relation to site boundaries, and that the pomt 
of compliance should be arbitrarily set in the CMSES, only to be revised once a remedy is selected 

Resolution: 

Resolution to this comment IS pending separate discussions concemmg point of  compliance issues 
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Comment 9: 

Selection of Preliminary Remediation Goals -- The DOE has selected State MCLs as PRGs for OU-1 m 
this draft CMS/FS While the division considers State and Federal MCLs to be potential ARARS for OU- 
1, the Division does not find that State MCLs are necessardy the appropriate PRGs for all c0ntarmnant.s 
for either IHSS 119 1 or the OU Sufficient documentation supportmg how and why the DOE selected 
State MCLs as PRGs for OU-1 is not included in the CMS/FS Report The rationale for selectmg State 
MCLs over risk based PRGs or other ARARs is not included in the draft CMS/FS PRGs should be the 
lower of chemical specific ARARs or risk-based PRGs that exceed background and appropriate PQLs 
Compliance with ARARs and protection of human health and the environment are two distinct CERCLA 
requirements for remedies PRG selection must be correctly implemented and fully documented 111 the 
Final CMSIFS 

Response 

PRGs were established by following the NCP (40 CFR 300 430 (e)(2)(1)) and RCRA CAP guidelmes 
(pgs 49 and 50) DOE does not agree that groundwater PRGs should be set at the lowest possible value 
available, regardless of the practicality of remediating to this value This is particularly true m the case 
of OU-1, where groundwater is marginally available and does not present a realistic source of usable 
drinking water This comment will be addressed further under the forum of the ARARS working group 
Justification for selection of State MCLs was provided during the workmg meetings held between DOE, 
EPA, and the State in January of this year, and is included in TM 10 At the request of both agencies 
much of the material presented in the TMs was not included in the OU-1 CMS/FS to lirmt duplication 
of material If this approach is no longer desired by the agencies, then DOE will mclude the material 
from both TMs in the revised CMS/FS report 

Resolution- 

During the meeting held on December 14, 1994 between DOE, EPA and CDPHE it was a g r d  that State 
groundwater standards will be identified as potential chemical-specific ARARs for OU-1 Groundwater 
PRGs will therefore be based on these standards Risk-based PRGs will not be presented m the final 
CMS/FS report It is assumed that State groundwater standards are considered protective By the State 
and therefore risk-based PRGs are not required for groundwater This is cdnsistent with the NCP that 
specifies that chemical-specific ARARs are generally appropriate when avalable ksk-based values are 
typically only necessary when chemical-specific ARARs are not avadable, or are otherwise not sufficient 
to protect human health and the environment 
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Comment 10- 

Development of Preliminarv Remediation Goals -- The Division does not find that the PRGs developed 
in section 2 3 of this draft CMS/FS adequately address all of the RAOs presented in Section 2 2 or the 
additional RAOs required in the Division’s specific comments The State MCLs selected by the DOE 
as PRGs for groundwater fail to meet the groundwater RAO as identified in this draft CMS/FS report 
No PRGs have been developed to ensure protection of groundwater from degradation by subsurface SOLI 
contamination under the subsurface soil RAO PRGs must be developed that ensure all RAOs are 
obtained at OU-1 This includes the complete and accurate identification of all chermcal specific ARARS 

Response 

DOE requests clarification of this comment Specifically, the comment states that State MCLs fail to 
meet the groundwater RAO listed in the draft final CMS/FS report, then goes on to state that no PRGs 
have been developed to ensure that protection ot groundwater from degradation by subsurface soil 
contamination under the subsurface soil RAO DOE requests clarification as to which RAOs the State 
is referring to in regard to the MCLs MCLs are presented as PRGs for groundwater and are not 
intended to target the subsurtace soil medium 

in addition, subsurface soil PRGs cannot be established unless there exists a clear source of subsurface 
soil contamination to groundwater Repeated efforts to obtain samples from the IHSS 119 1 area, that 
contain possible contaminant sources, have indicated that there are no clear source areas identifiable at 
the IHSS, and therefore no sources for which PRGs can be established and measurably achieved With 
regard to ARARs, identification of chemical-specific ARARs is discussed in the responses to General 
Comments #7 and #9, and will be addressed through the ARARs working group It is important to note 
here that not all RAOs necessarily require quantified PRGs 

Resolution. 

Based on the meeting held on December 8, 1994, this comment will be resolved by revising the 
subsurface soil RAO included in the CMS/FS report to state the followmg “Prevent mgration of 
contaminants from subsurface.soils to groundw’ater that would result in ground water contammation m 
excess of groundwater ARARs for OU-1 contaminants I‘ 

I 
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Comment 11. 

Risk Based PRG Calculation Methodolosy -- The Division specifically rased several concerns with the 
calculation of risk based PRGs in comments to TM 10 The DOE has faded to adequately address many 
of these comments Many of these issues remain unresolved from the Final Phase III RFIM Report 
The Division approved the Revised Final Phase 111 RFI/RI Report, Rocky Flats Plant 88 1 Hillside, OU1, 
June, 1994 contingent upon DOE’s revisions on a limited number of  issues These issues cannot smply 
be addressed by discussing them in the Phase I11 RFI/RI report comment-response section The Division 
has not been convinced by DOE’s arguments, and expects compliance with our requests 

The Division’s major issues included an adequate quantitative assessment of external irradiation both 
OU-wide and at the source, a good qualitative assessment of toxicity of PAHs and PCBs and also of those 
chemicals for which there are not as yet any EPA toxicity factors, calculation of mtake values for all 
those chemicals for which there are as yet no EPA toxicity factors, an assessment of surface soil exposure 
to the construction worker receptor, and a more objective presentation of the risks As of yet, the 
Division has not seen any revisions Therefore, DOE’s contention that absolutely no changes wlll be 
made in the PRG documents or methodology because similar methodologies were used in the lU/RFI 
document is premature The Division is particularly concerned by the DOE’s refusal to calculate external 
exposure to radiation by a future resident This calculation is supported both by RAGS (Part B, p 35) 
and by ICRP 26 and 30 

Response. 

The concerns listed in this comment do not apply to the OU-1 CMS/FS report They are primarily 
RFURI issues as stated in the comment and do not affect alternative development In addition, the State 
has requested throughout the comment document that the OU-1 CMS/FS report not include any reference 
to the surface soil medium DOE seeks clarification as to why the concerns listed in this comment are 
presented here, in light of the State’s comments regarding this medium Although the State is particularly 
concerned about external exposure to radiation by a future resident, DOE requests clarification of how 
this will affect the evaluation of remedial action alternatives for groundwater at OU-1 

Res’olution. 

Based on the meeting held on December 8, 1994, between DOE, EPA and CDPHE, this comment IS not 
relevant to the OU-1 CMS/FS report, and is therefore noted but does not requlre a revision to the 
document 
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Comment 12: 

Failure to Consider ALL Contaminants -- This comment was rused in the Division’s comments to TM 
10 and TM 11 It has not been fully addressed by the DOE and remans a deficiency in this draft 
CMS/FS report 

The Division, under its corrective action authority, will consider hazardous constituents found at OU-l 
in making a corrective action decision Therefore, the CMS must include all contammants and cannot 
be limited to only the BRA COCs The BRA COC screen was developed to focus the BRA risk 
evaluation on risk drivers This screen does not preclude non-COCs from being present at levels above 
risk based concern or that need management and monitoring This is evident m Table 5-2 of the draft 
CMS/FS where many non-COCs are shown to be present at OU-1 at concentrations above risk based 
PRGs As stated by the Division in previous comments, the Division requires that all contaminants 
identified at OU-1 be included and fully evaluated in the OU-1 CMS/FS 

Response 

The table referenced in this comment is unknown In addition, DOE requests clarification on the State’s 
position that all contaminants identified at OU-1 be fully evaluated It is unclear in this comment how 
a contaminant is “evaluated” The focus of the CMS/FS report is to evaluate remedial action alternatives 
using specific COCs as indicators to determine the effectiveness of each alternative The CMS/FS report 
will be revised to specify that the complete list of contammants are potential COCs, although the 
alternative evaluation process will remain unchanged 

The revised groundwater model will evaluate all of the organic contaminants identified mthe OU-1 BRA 
In addition, TCE will be modeled since it appears in concentrations slmilar to other identified BRA 
COCs Other contaminants, which appear at much lower concentrations in OU-1, wdl be qualitatively 
evaluated in the revised CMS/FS report This approach should meet the intent of this comment whde 
preserving the integrity of the existing groundwater model 

Resolution. 

This comment will be addressed by the revised groundwater model, which now includes all of the Ba 
organic COCs as well as TCE Other contaminants will be evaluated qualitatively but occur at much 
lower concentrations throughout the site, and are adequately represented by the modeled COCs 
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Comment 13: 

Subsurface Soils Preliminarv Remediation Goals -- The DOE has repeatedly faded to respond to the 
Division's concerns that subsurface soil contamination is not being adequately addressed m the CMS/FS 
The DOE continues to claim that subsurface soils were found not to present unacceptable risk in the BRA, 
and thus do not require consideration This is not correct, subsurface sods were rndlrectly evaluated rn 
the BRA through groundwater pathways, many of which were found to present elevated risks 

Regardless of the BRA, hazardous constituents are present in the subsurface soils within OU-1 and must 
be evaluated in the RCRAKHWA Corrective Measures Study and subsequent Corrective Action 
Decision Therefore, subsurface soils must be considered along with groundwater m developing RAOs 
and PRGs RAOs and PRGs for subsurface soils must be based on risk, protection of groundwater and 
ARARs 

Response 

DOE requests clarification from the State as to how subsurface soil PRGs can be developed based on risk, 
protection of groundwater, and ARARs, when no direct risks have been identified m the BRA, and 
chemical-specific ARARs currently do not exist for this medium The State has repeatedly suggested that 
PRGs be developed for subsurface soils without providing guidance as to what is bemg requested 

Additionally, given the wide variability in partitioning values found at OU-1, PRGs cannot be reliably 
calculated for subsurface soils based on these values DOE therefore requests that the State clarify 
whether it is asking for PRGs based on ingestion of subsurface soil, or on contammant transport to 
groundwater If the latter is the primary concern, then this issue should have been rased as an RFI/RI 
issue It is unclear why the State is continuing to question RFI/RI issues in this document 
inappropriately 

Resolution: 

Based on the meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE, 
subsurface soil PRGs will not be calculated directly The subsurface so'il RAO mcluded in the OU-1 
CMS/FS report will be revised as discussed in the respon'se to General Comment # 11 
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Comment 14: 

Inadeauate Documentation of Remedial Action Alternative DeveloDment and Screenine Process - The 
Division does not find the documentation and supporting rationale for the development and screening of 
remedial action alternatives as presented in TM 11 and the draft CMS/FS to be adequate The Division 
commented on the development and screening of alternatives in several specific comments to TM 11 
The DOE has failed to resolve these comments or address the Division’s concerns 

The DOE has on several instances chosen to cite CERCLA guidance as a rationale for not addressing the 
Division’s concerns This IS not adequate All of the Division’s comments must be fully resolved to the 
Division’s satisfaction and integrated into the CMS/FS The CMS/FS must include a thorough 
documentation of the remedy development and selection process, including appropriate supporting 
rationale It is not appropriate to reference the DRAFT TM 11 for this documentation 

Response 

The draft TM 11 document was incorporated by reference in the OU-1 CMS/FS report as agreed to by 
DOE, EPA, and the State during various working meetings At the request of both regulatory agencies 
this was done in order to limit the duplication of material found in the TMs and the CMS/FS report If 
desired, the final CMS/FS report will include all of the material originally presented in the TMs, although 
each document will still be available in the administrative record 

CERCLA guidance has been cited where necessary to justify the amount of detail included in the CMS/FS 
report, and/or to explain how specific concepts are applied in the CMS/FS process DOE has attempted 
to satisfactorily address the State’s concerns while maintaining the intent of RCRA and CERCLA cleanup 
guidelines which specify evaluating various criteria to determine both the feasibility and necessity of 
initiating remedial actions The State’s position to date has been that remedial action is warranted at OU- 
1 regardless of the results of the detailed analysis of alternatives DOE fundamentally disagrees with this 
approach and has therefore cited guidance where necessary to maintain an 
methodology for remedy selection 

Resolution: 

The revised CMS/FS report will not reference the draft TM 11 document 
information regarding both RCRA and CERCLA remedy selection processes 
comments as appropriate 

appropriate and accepted 

The report will provide 
and wdl mcorporate State 
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Comment 15: 

ImDacts of Decommissioning of the French Drain -- Several of the alternatives presented in this 
document, including the DOE preferred alternative, recommend the decommissioning of the french dram 
The text in several sections discusses decommissioning the french drain by breaching the dram with a 
backhoe It does not appear that the decommissioning of the drain was considered in modeling of 
contaminant migration down gradient of the drain Specifically, any breach in the drain would become 
a preferential pathway for transport to Women Creek Contaminated groundwater collected in the 
"decommissioned" drain would essentially be discharging directly to Women Creek as surface water 
This pathway must be considered in modeling the impact of decommissioning the drain 

The current modeling assumes that if the french drain were decommissioned, contamination would 
eventually reach Women Creek via continued migration of the contaminant plume down gradient of the 
drain The fate of contaminated groundwater collected within the french dram after decomssioning 
must be considered in modeling the impact of such alternatives 

Additionally, the eventual final closure of the french dram raises many issues that have yet to be 
considered including potential decontamination methods, closure performance standards and potential post- 
closure care requirements for the drain The Division strongly recommends that the DOE fully consider 
these issues in evaluating the role of the french drain in remedial alternatives at OU-1 

Response 

Decommissioning of the drain was not considered in modeling of contaminant migration downgradient 
of the drain As discussed in the response to General Comment #1, this issue was not raised during the 
various meetings held with both regulatory agencies to discuss the conceptual approach applied to 
modeling OU-1 Additionally, it is unclear 1) how decommissioning of the dram would result in direct 
discharge to surface water, and 2) how the State wishes this pathway to be considered in modeling the 
impact of decommissioning the drain DOE therefore requests clarification as to what type of modeling 
the State is suggesting for the french drain 

The State's comments regarding decontamination methods for the french drain are likewise unclear DOE 
is unaware of any regulatory provisions for decontaminating this type of urut, for closure performance 
standards, or potential post-closure care requirements DOE requests clarification as to what State 
requirements are being referenced, and how these requlrements affect selection of a preferred remedy at 
ou- 1 

Resolution. 

Resolution of this comment is pending information from the State concemng decontamination 
requirements, closure performance standards, and potential postclosure care requirements for the dram 

OU-1 CMSlFS R C ~ O I ~  
Comment Response Document 
February 1995 

clzz 19 



Comment 16: 

Role of Institutional and Engineering Controls -- NCP explans that mtitutional controls shall not 
substitute for active response measures as the remedy unless such active measures are d e t e m e d  not to 
be practicable, based on the balancing of trade-offs among alternatives (300 430 (a) (1) (111)) Clearly 
not the case here In any event, the use of institutional controls to lmit exposure at the site does not 
alleviate the requirement to meet, or waive all ARARs 

Response 

DOE agrees with the statement on the use of institutional controls DOE requests clarification of the 
State’s position given the State’s acknowledgment that it has not reviewed the detalled analysis of 
alternatives, and therefore has not examined the analysis of the RCRA and CERCLA evaluation criteria 
(1 e , trade-offs) for each proposed remedial action DOE also requests that the State specify why 
institutional controls are not appropriate for OU-1 DOE agrees that the use of mtitutional controls do 
not alleviate the requirement to meet, or waive all ARARs, and does not present this view m the CMS/FS 
report 

Resolution. 

This comment does not require resolution 
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Comment 17: 

Regulatory Requirements for IHSS 130 Radioactive Site - 800 Area -- Recent groundwater monitoring 
data for the three monitoring wells directly down gradient of IHSS 130 (36391, 36691, 37191) show the 
presence of hazardous constituents not detected during the Phase I11 RFI/RI sampling The date from two 
of these wells over the time frame utilized in the RFI/RI (1990 to mid 1992) were lirmted to only a slngle 
sampling event The newer 1993 monitoring data may confirm the HRR report that hazardous waste 
associated with the OPWL were disposed of at this IHSS and are potentially leaching from this IHSS into 
the groundwater As a result, the Division is currently reviewing this monitoring well data to determme 
if IHSS 130 is a potential hazardous waste landfill, as well as a radioactive waste landfill As such, the 
Division requires that remedial action alternatives be developed for this landfill that are protective of 
human health and the environment, and meet all the appropriate regulatory requirements 

Response. 

DOE disagrees with the assumption that IHSS 130 should be considered a mixed waste landfill DOE 
requests that the State provide justification as to why this IHSS falls into this regulatory classification 
DOE also disagrees with the State’s position given that it is still trying to determine whether IHSS 130 
is a potential hazardous waste landfill based on downgradient groundwater data This comment represents 
a significant departure from the approach to alternative development presented to the agencies since 
January of this year Raising such an issue after preparation of the draft final CMS/FS llmits the value 
of the consultive process that has been occurring to date between DOE and the regulatory agencies The 
State has criticized DOE for its approach to negotiating issues, however, it appears as if the discourse 
which occurs during CMS/FS working meetings is not being considered in written comments Since 
January of this year the focus of the OU-1 CMS/FS has been on groundwater remediation This approach 
is supported by the FWI/RI report and the BRA m particular DOE’S position is that it is inappropriate 
to target units for remediation which have not been identified as risk contributors at the site and do not 
exceed existing ARARs 

Resolution. 

During the meeting held on December. 14, 1994, betwe& DOE, EPA, and CDPHE, the State revised its 
position that IHSS 130 is considered a mixed waste landfill The State IS currently revrewlng its approach 
to classifying this IHSS 

1 
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Comment 18. 

Use of All Available Data -- The modeling and analysis of groundwater data in this report must use all 
available field data Groundwater monitoring data for the hillside is available from 1987 to the present 
Limiting this report to groundwater data from 1990 to mid 1992 is not appropriate Additionally, there 
IS no mention of the December 1993 soil gas survey conducted at IHSS 119 1 The Division requlres 
that all available field data be used in the Final CMS/FS It is important to note that the RFI/RI was 
performed using data gathered at a finite point in time (1990 to mid 1992) Inclusion of any new, 
pertinent data into the development of the final CMS/FS is essential in order to help ensure an accurate 
CMS/FS Therefore, as new information is obtained and evaluated, further field work at OU-1 may be 
required prior to a remedy selection 

Response 

DOE believes it is appropriate to use the data set considered in the RFI/RI report for the groundwater 
model constructed for the OU-1 CMS/FS Groundwater monitoring data for the hillside is avsulable to 
the present date and will continue to be available in the future The data set selected for the model is the 
most appropriate data set to use given its use in the RFI/RI report, to which results of the model are 
being compared However, at the request of both agencies, the groundwater model has been revised to 
include data through 1994 It is assumed that this data will be sufficient to satisfy this comment 

DOE disagrees with the State’s position that as new information is obtained and evaluated, further field 
work at OU-1 may be required prior to remedy selection Remedy selection is based on the results of 
the CMS/FS report, which in turn is based on the results of the RFI/RI report DOE believes that the 
State is inappropriately suggesting continued RFI/RI characterlzation, while continuing to request that the 
CMS/FS be conducted regardless of unresolved characterlzation issues 

The CMS/FS report will be revised to reference all soil gas surveys The data was used indirectly in the 
CMS/FS during conceptuallzation of remedial action alternatives The text will be revised to include this 
information 

- Resolution. * 

This comment will be resolved as discussed in the response presented above 

a 
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Comment 19: 

Detailed Analvsis of Alternatives -- As documented in the Division's comments, the DOE has made many 
fundamental mistakes in the CMS/FS process, including selection of ARARs and PRGs, and the 
development of alternatives The number and degree of these mistakes have forced the Division to 
conclude that the underlying basis for the detailed analysis of alternatives and the preferred alternative 
presented in this draft CMS/FS are fatally flawed and without basis The Division requires that, after 
the ARARs, PRGs, development of alternatives and all other underlying errors in this report are 
corrected, the detailed analysis ot  alternatives and DOE preferred remedy by reworked ' 

The detailed analysis of alternatives must include detailed documentation of how the potential remedy will 
comply with each of the five standards for evaluation of a final corrective measure alternative presented 
in the RCRA Corrective Action Plan (OSWER Directive 9902 3-2), as well as the rune CERCLA criteria 
Specifically, the Division requires the reworked detailed analysis of alternatives to include how the 
sources of releases will be controlled, and to comply with any applicable standards for management of 
wastes as evaluation criteria 

The Division has not specifically commented on section 4 0 Detailed Analysis of Alternatives, of this 
draft CMS/FS The Division finds that based on the number and significance of the unresolved issues, 
the evaluation of section 4 is not warranted at this time This should not be construed as concurrence 
by the Division on anything contained in Section 4 of the draft CMS/FS 

Response: 

DOE does not agree that "mistakes" were made in the CMS/FS process at OU-1 Many of the issues 
raised by the State have failed to point to specific deficiencies in the CMS/FS report and mtead are 
general statements that are not supported by clear examples In many cases, issues presented are opmions 
of the State which have not necessarily been identified by the EPA as deficiencies Several comments 
received from the State suggest that the document does not include an analysis of the RCRA "standards" 
Because the State did not evaluate the detailed analysis of alternatives where these criteria are evaluated, 
DOE does not believe these comments are warranted The table included in the response to General 
Comment #2 delineates how the RCRA evaluation criteria compare to the CERCLA evaluation criteria 
which are included in the detailed analysis of alternatives The State has suggested 111 several comments 
that the RCRA criteria have not been considered As shown in the table included 111 the response to 
General Comment E, CERCLA and RCRA evaluation criteria are slrmlar and are discussed at length 
in Section 4 0 of the CMWFS report 

. 
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Resolution. 

During the meeting held on December 14, 1994, between DOE, EPA and CDPHE, the State revised its 
position that the OU-1 CMS/FS report does not contin sufficient information regarding the RCRA CAP 
evaluation criteria, with the exception that source control measures are not adequately discussed under 
alternatives that do not attempt to remediate the source of contamination at IHSS 119 1 The revised 
CMS/FS report will include more a detailed discussion concerning source control measures under each 
alternative 
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Comment 20: 

Failure to Adeauatelv Consider Risk in Evaluating Alternatives - In the CMS/FS document, DOE based 
its decision on whether remediation alternatives protected human health solely on the modeled predictions 
of the fate and transport of one chemical, PCE They did not discuss CC14, 1,1,-DCE, or any other 
hazardous constituents This is unacceptable RAGS Part B states that all chemicals with risks greater 
than 1x106 "should remain on the list of chemicals of potential concern for that medium" (RAGS part 
B p 16) A remediation decision based on only one chemical does not consider the cumulative risks from 
all chemicals in a particular media In this case, the remediation decision does not even consider the risks 
from CC14 and 1,l-DCE, both of which are more toxic and present in higher concentrations at OU1 than 
PCE Moreover, HQs were not even calculated for inhalation exposure (see Tables C 6-4, 5 & 6) 
because no inhalation RfD was available for PCE 

If DOE had done a toxicity assessment on this chemical it would have been apparent that there is no 
evidence that this chemical causes local respiratory tract irrigation, so that it would be appropriate to do 
route-route extrapolation on the oral toxicity factor for this chemical As it is, DOE did not even evaluate 
the single chemical it assessed in the CMS/FS for noncarcinogenic effects by the lnhalation route of 
exposure 

Response 

The revised OU-1 CMS/FS will include each BRA COC in the risk evaluation for each alternative, with 
the addition of TCE due to its presence in unusually high concentrations at OU-1 Results from the 
groundwater model will be examined for each of these COCs and will be incorporated in the appropriate 
residual risk discussions 

The residual risk for the residential receptor will be documented consistent with the methodology 
presented in Appendix C An inhalation reference dose for PCE was not available in IRIS, HEAST, or 
ECAO The issue of a RfD for PCE will be deferred to ECAO for additional guidance prior to revision 
of the CMS/FS report 

Resolution 

The resolution to this comment is as stated in the response above 
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Comment 21 

Groundwater Modeling -- This model is a first attempt to describe a complex system and as such tends 
to raise as many or more questions than it answers about the conceptuallzation of the source locations and 
inclusion of decay products The concept of a single flow line withm a preferential channel may not 
adequately describe the flow system between the chosen calibration wells Slumping is an active process 
on the hillside and may interrupt what appears to be a bedrock low channel Current top of bedrock 
information may not be detailed enough to define a single flow path accurately, therefore this model 
represents a theoretical flow path with a gradient similar to flow paths that may exist on the hillside 
Only one conceptualization of the source was considered, a residual DNAPL located 111 one cell at the 
bedrocWalluvium interface Alternate source conceptuallzations such as difhsion into the pore waters 
of the bedrock between fractures were not mentioned The model shows a fair amount or contarmnant 
moving through the bedrock portion of the model so a source within bedrock could be important 
Discussion of the choices made in the model conceptuallzation is an important element m model 
documentation 

Contaminant calibrations were apparently performed with less than the full suite of avdable data and not 
all contaminants in the PCE decay chain were considered The source and location of each succeedmg 
Contaminant becomes dispersed from the transport of its parent product Such complex llnkage of 
contaminant models becomes too difficult for a transport model dealmg with one product at a tune 
Recognition of this complexity would indicate this model is not "conservative" 

The EnglishlMetric conflict is not yet resolved in this country Data in this report is presented in metric 
units but the model is run in English units and the conversions are not presented The best option seems 
to be to present both to facilitate review of the model 

Response 

Specific issues in this comment are addressed in the following bullets 

The concept of a single flow line within a preferential channel is based on the hydrogeologic conditions 
and hydrogeologic conceptual model prkented in the RFI/RI report, and on fundamental techques for 
developing and applyinb a numerical model Data from the RFYRI report reveal limted saturated 
conditions at OU-1, mdicating that flow directions are restricted laterally The data also mdicate that flow 
is down the hdlside, consistent with porous-media flow and typical hdlslope hydrology The alignment 
of the modeled flowpath corresponds to the suspected source area beneath IHSS 119 1, and the 
groundwater flow direction coincident with the bedrock channel, consistent witht the Phase XII RFI/RI 
Therefore, the model represents the most credible flowpath from IHSS 119 1 to Woman Creek As such, 
the modeled flowpath is the "shortest" flpwpath in terms of distance and travel tune Other flowpaths 
would represent "longer", less conservative, flowpaths 

With regard to slumping, the "interruption" referred to the comment may have little to no effect on 
groundwater flow direction and magnitude The geologic cross-section produced as part of the Phase XII 
RFI/RI from geologic mapping during the construction of the french drain does not mdicate that 
discontinuities caused by mass movement of colluvium "mterupt" the bedrock channel which IS 
represented in the model (refer to Volume IV Appendix A of the Phase III RFI/RI figure showmg the 
vertical section of the french drain from station 16+00 to 16+50) The section actually shows the "shear 
plane" as conforming with the bedrock channel (in the section the "shear plane" is also referred to as a 
"potential shear plane", and a "discontinuous shear plane") 
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The source represented in the model is that presented in the Phase III RFI/RI as the most credible based 
on data collect during the RFI/FU Since the model over estlmates all COC concentrations, larger sources 
(in terms of size) due to spreading caused by decay, or alternate sources are accounted for indlrectly by 
the model Consider also the possibility of three sources for groundwater contammation a source above 
the water table, a source at the bedrockkolluvium interface, and a source in the bedrock For a source 
above the water table, the contaminant could not dissolve freely into groundwater A constant source at 
the bedrocWcolluvium interface could dissolve indefinitely into groundwater A source in the bedrock 
could also dissolve into groundwater but would migrate at a slower rate than the source at the 
bedrocWcolluvium interface Thus, a constant source at the bedrockkolluvium lnterface represents a 
conservative scenario Diffusion as a release mechanism would result in much smaller releases of COCs 
because it typically occurs at rates much lower than groundwater flow Further discussion of 
conservatism and sources is contained on responses to specific comments 

Movement of a solute in bedrock does not indicate source in bedrock No data gap with regard to 
bedrock was identified in the Phase I11 RFI/RI report Therefore, no bedrock source was smulated ln 
the modeling 

With regard to the issue of conservatism, the model is conservative in two aspects The smulated 
groundwater flow is conservative because the model always assumes flow occurs, whereas there are many 
areas and times of no flow (or low flow) due to dry conditions The overall hydraulic gradients, and 
therefore Darcian velocities, are comparable to those observed at the site Model predictions are 
conservative because they consistently over predict COC concentrations TCE has been mcluded as a 
COC in the model predictions 

The COCs modeled are consistent with the COCs identified m the Phase III RFI/RI baselme risk 
assessment, and discussed with the agencies on May 23, 1994 This meeting included DOE’S explanation 
of exactly how the model was to be constructed All parties participated in the discussion The model 
was developed in accordance with these discussions as well as with the active participation of CDPHE 
and EPA representatives during the various informal workmg meetmgs that occurred during the modelmg 
process The function of the model in the FS is to provide a predictive tool to facditate the selection of 
a remedial alternative 

I Resolution: 

The resolution of the topics covered in this comment is discussed m more detad m the response and 
resolution of specific comments 
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