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PREFACE 

This Feasibility Study for the Groundwater Operable Unit at Paducah Gaseous Diffusion Plant, 
Paducah. Kentucky, nOE/OR/07-1857&D (Internal Draft) was prepared to evaluate remedial alternatives 
for potential application to the Groundwater Operable Unit groundwater contamination located at the 
United States Department of Energy's Paducah Gaseous Diffusion Plant (PGDP). This work was 
perfonned under Bechtel Jacobs Company LLC subcontract 23900-BA-RM086F. Publication of this 
document will meet a primary document deliverable for the DOE pursuant to the PGDP's Federal Facility 
Agreement. This feasibility study was prepared in accordance with the U.S. Environmental Protection 
Agency's Guidallce fiJlo COl1ductillg Remedial Investigatiolls ami Feasibility Studies Under CERCLA 
(EP NS40/G-89/004) . 
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. EXECUTIVE SUMMARY 

'Th~ ·U.S:'Ikpartment of Energy (DOE) is conduCting environmental restoration activitie~;lafthe 
Paducah Ga~eous Diffusion Plant (PODP) under the DOE Environmental MaTJagement and Enrichment 
Facilities Program. Remedial efforts are required 1<) address ground\Valcl: contamination th~H has resulted 
from previous waste-handling and disposal practices. The DOE is conducting theSe remedial activities in 
compliance with the requirements of the Commonwealth of Kentucky and the U.S. Environmental Protection 
Agency (EPA) under the Comprehensive Environmental RespOnse, Compensation. arid Liabiljty,;Act . 
(CERCLA). This act requires the usablc groundwater to be remediated and brought back to beneficial usc 
within a time frame that is reasonable given the particular circumstances oflhe sileo ... 

, ,'. 

SCOPE 

-
'-" . 

u .. 
- ,', 

"~. i· . 
"~' ;··.;'~.,itd·() ).; :~:'·.:\·;:':.~di~: ,;~~)": ; ... ·ti.:l··~: ... .'~ 

So~~ceunits and areas of contami~atiorf~t thePGDPhave bee~':combined i'nto operable unit~.·O~~ .'::' 
such opera~le.,unit is the Groundwater Oper~ble'tjriit(GWOU).'The,GWOU has beenidentifie~ in, the 
PGDP Site Management Plan as a priority for remedial action because it includes suspected sources of 
off-site contamination (DOE 1999). Representatives of DOE, EPA, and the Commonwealth of Kentucky 
have evaluated the solid waste management units (SWMlJs) applicable to the GWOU. As a result of these 
meetings, the GWOU contains SWMUs and areas of concem (AOCs) that previously were grouped in 
Waste Area Groupings (WAGs) 6,26, 27;and 28. Table ES.1 contains the listing of SWMUs'that are 
included in the GWOu. The potential remedial technologies for the groundwater contamination associated 
with these SWMUs are being addressed in this feasibility study (FS). Also, as a result of the' deCisions 
made by the representative agencies, the SWMUs C-749 Burial Ground (SWMU 2), C-404 Burial Ground 
(SWMU 3), and C-747.Burial Grounds (SWMUs 4, .7, and 30), although having been identified as 
s~spected sources of groundwater contamination, were deferred to the Burial Grounds oPerable Unit 
(BGOU). The decision was predicated on the fact that ~1J burial grounds contain waste materials that· 
.woul<i be.,a continuing ,so~rce. ,of coptaminants to groWldwater ;until. remediated.: These :waste ,cells may 
•. ••.. .. .,.~. ~ "j . - '. ". , . .. . ~. '.. ~. --.,. " .. ,'". .' .. . .' _. . .• " • ' \ . '.. f· • 

. contain niaterials that could be an ongoing source of groundwater.con~mination .. jlDd)tmay be 
technically difficult to gain access to the underlying groundwater' cont3mllultion whliethc' waste cell 
material still is intact. Furthermore, since.ltheremedialaltematives undei,consideration forjhe';BGOU 
may include excavation of the burial' giound~~ thetechriic~i' c'ircunistan~~s suggest' it "would be' more 

. effecti,:e and effi~ient to coordinate implem~~~~on.~fthe,grollOdYiater actio~s with ~e<i}\'ast~.;~~lJ actio~s .... :.! ....• '~jk;:, 
. that ultImately wIll be selected under theBGOU .. Therefore,:groundwater actIons for these specific bunal.::·.:";;i'.; \;'~'':!:)i' 

/ ;.: :.( .. \;~ : grO~d~: are. being' def~ ~~. ~.~ ~~WOH~~§.~;ili~,!iPQ~~:.',T.~~~~. ES};f~b1()tes ~ontai~,the:~.lis~#.i;~t.;,~,:rf;'Hl},:idJ¥~i 
: .~ '·'·.::·.\-;,f;i,bunal groWld SWMUsto which groWldwater remedial measures are bemg'deferred (I.e.; the' BGOUp\}':~\'.1:;i\~{j;i/,'S.::2;'tli'f 
;.', .. :.~' [ . '&lCS([:;~~:'~f);'.:t<:s~)::':; .:: ..... {,.;,.~~ .. :;:'~:?!i>~i;f.~'::;i~j~?3i~~fl(ji;~~j~J~,:~1;~,~~i;~}j,~f¢.;¥t~~%?~"';jX(~;;~~:)~~;;A:~~i~f'(i;[r)::·~:'i~b*~~~:i~ ';\:>:"~~~i .:), ;'J~1]}\~~~. 
~. ;,:~~.'.:..;: ::?':;::: ... ):;::t:\':.~s .~: ~~~~t: -l.!, ~~~~I.ops .reac~~ ·~;Y(~~~ll~llfC~~9~~m~"1~f~W.~.: EP J\., "and the, Co~~~~e~~t~,.of:: ':":::: :~:~\';:':~:~:'.
i'i"";'·:;~::::::·:.:"~;,,/~:~~~c~;:;:!t:,~~as;~'~4~~o/IDlO~.,',~~t,.,:,!h.e..·;~~~~t9f~9!i~ ;tf:~iit~HylOcl~de,the ·target:;~o!l~~lOan~r::.oft\;:}:!t'{~~~:' 
i"'; ; :":5 i~'}/:i;; tlichl()roethene (TCE)~'TGEaense: nonaqueo~-pluiSChquld (DNAPL), TCE degradation products, and~. '.'.}': {'",",~:U" 
j' :""r: .. , :)./>', techrietium-99;:,etrc)J .Thc"detailed . analy,sisJ,will: be:~'p'erfonriCd" .on ·alteniatives·.~ Containing \ a\ single:,' :: <::::. ;';'~rJI~; 
r'I','- :·t;,'.;,~~t;·i?{ ..... ; .... . ",~ .' l!··.·'·A.·· it- ....... ~ ...... ~... ..: ..... ,",", ,,- ·(~\J.',"~ifJ}<1'J., 1~ •• J~\1. ... ~,o:.~~.'.p~;u x," .~· ... I •• " .: .... ;.ij4." l ............ h1~ ....... ! ...... t (t~>.I" I· ~"::' -', :.(.. -' ~"~~.~. 
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• Potential GWOU source ar~including WAG 22 (SWMUs 2, 3, 7, ~nd 30) and WAG 3 (SWMU 4) have been derc~cd to lIic BGOU. 
"Lasagna is the nume ora developing remediation technology thut is being implement(:d at SWMU 91 to address the source or 
, .. soil and groundwater contamination,' "" 
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Previous remedial investigations (RIs) of the WAGs that compose the GWOU, along with data 
gathered through routine monitoring, have provided the necessary information to develop the following 
conclusions concerning groundwater in the RGA and the UCRS . 

• Three groundwater plumes (Southwest Plume, Northwest Plume, and Northeast Plume) exist in the 
RGA. Two of the plumes, the Northwest Plume and the Northeast Plume, have migrated offsite 
(outside of the DOE property). The Southwest Plume has migrated to the unsecured area outside the 
PGDP security fence but remains within the DOE property boundary. 

• The three groundwater plumes are the result of the release of contaminants at multiple source areas 
around PGDP, with the largest being the C400 Decontamination Building area in WAG 6. 

• The concentration of TCE contamination in soil and water samples from the C-400 Building area 
indicates that free-product TCE exists in the UCRS and the RGA. 

• The levels of TCE contamination at the C-720 Building and SWMU 1 (WAG 27) suggest the 
presence of free-product TCE in the UCRS soils only. 

• 99Tc contaminant concentrations exist throughout the Northwest and Southwest Plumes and in 
limited portions of the Northeast Plume located inside the PGDP Security Fence, but do not result in 
excessive risk to the off-site groundwater user. 99Tc concentrations have been measured onsite 
(inside security fence) in excess of 16,000 and 5,000 pCilL in the Northwest and Southwest Plumes, 
respectively, which correlates to 6 x 10-4 and 2 x 10-4 excess lifetime cancer risk (ELCR), respectively, 
to a residential groundwater user. These considerations also equate to doses to a residential 
groundwater user of 16 and 5 mrem/yr for water drawn from the respective plumes. 

• A summary of these previous investigations is contained in the Data Summary Report (DSR), which is 
included as Appendix A of this report Also, these investigations, through a baseline risk assessment, have 
identified a limited number of COCS that would impact an off-site groundwater user or the Little Bayou 
Creek. Little Bayou Creek receives groundwater discharges from the RGA, downgradient of the 
PGDP. However, the primary COCs that drive the need for action, as demonstrated in the baseline risk 
assessment and by fate and transport modeling, are TCE, its degradation products (1,I-dichloroethene, 
1,2-dichloroethene, and vinyl chloride), and 99oyc. 

The organic compounds are considered primary COCs for the GWOU for several reasons. First, their 
contnbution to total ELCR and noncancer hazards in most areas at and around the plant is much greater 
than that of other contaminants (see Fig. ES.l). Second, the uncertainty associated with the estimates of 
risk and hazard for TCE and its degradation products is much smaller than that of other contaminants. 
Third, fate and transport modeling indicates that TCE and its degradation products are likely to persist in the 
environment and be the dominant contributors to unacceptable risk and hazard for the foreseeable future. 

Several reasons also exist for considering ~c as a primary COC. First, this radionuclide's migration 
in the environment is very rapid and movement to off-site locations is known to occur. Second, significant 
risk to humans may occur if ~c in groundwater enters the human foodchain (i.e., in farm produce and 
fish). Third, 99Tc has a long half-life and will persist in the environment for the foreseeable future. 

Transuranics, beryllium, and various inorganic chemicals (i.e., metals) also were detected in samples 
during the groundwater field investigations, but are not considered primary COCs for this FS. The primary 
reason for this decision is that the frequency of detection for those compounds was not consistent, and 
detections at elevated concentrations were not widespread. Also, the levels did not substantially increase 
risk as compared to the primary COCs . 
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• 

• 

" '·The DSR develops a conceptual site model 'of the PGDP. This conceptual site model is a 
representation of known site conditions and is intended to provide a framework for the assessment of the 
FS. ThePGDP is one of two active uranium enrichment facilities in the United States. It is a large. 
industrial plant that has been in operation since 1951. The security-fenced perimeter surrounds a total of 
748 acres, which includes four main process buildings, a maintenance and stores building, a cleaning 
building, electrical switchyards, cooling towers, and other support facilities, as well as burial grounds and 
large storage yards housing cylinders of depleted uranium by-product. . 

TCE, a common industrial solvent, and ~c, a man-made radioisotope. are the two primary"~~undwate/' 
contaminants previously known to be associated with the PGDP. Both TCE and ~c have migrated offsite 
as dissolved containination: the Northeast Plume (TCE); the Northwest Plume (TCE and~Tc); and the. 
Southwest Plume (TCE and ~c). Recent RIs.of suspected source areas to groundwater contamination have 
revealed that additional COCs are present onsite: mainly' several metals, carbon tetrachloride, ,and TCE :.:' '., 
degradation compounds. However. these contaminants do not appear to be widespread off~i~<:~ .,: !" • • .. '. . 

,.: < <.'::.- .,,~ .:~:.<.:-:':'.; ,;i)l-:... "):~J~~~:t ~:'.'~"T 
Both geology and the continuing operation of the plant control the contaminant migratioridirections:1' 

The PGDP overlies the buried south bank of the ancestral (Pleistocene-age) Tennessee River: The sand 
and gravel deposit of the ancestral Tennessee River, at a depth of 20 to 30 m (60 to 90 ft) onsite, forms 
the shallow aquifer beneath the PGDP and the contiguous land extending north to the Ohio River. This' 
aquifer, known as the RGA, is the primary pathway for contaminant migration to off-site ·areas. ; 
Groundwater flows north in the RGA to discharge into the Ohio River . 
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concentrations that significantly exceed background levels (in the Northeast Plume). ~c (Fig. ES.5) is the 
primary radionuclide to be found frequently in off-site groundwater in activities in excess of background • 
levels. 

The groundwater contaminants associated with the PGDP are dissolved in groundwater and migrate 
off site with groundwater flow. TCE is slightly soluble in water. Under the current setting, approximately 
7,000 years will be required to deplete the shallow TCE free product at the C-400 Building by dissolution 
in,infiltrating groundwater. This' groundwater flow system is known as th~ UCRS. Thus, TeE dissolved 
phase contamination is ,expected to persist for a very long period,oftime,in the absence ofa remedial action. 

TheJeading edge of the Northwest. ,Plume appears to have stabilized at its present location. fu part, 
the Northwest Plume discharges into Little Bayou Creek near the Tennessee, Valley Authority's Shawnee 
Steam Plant. Thus, Little Bayou Creek becomes a point of exposUre for the area ecosystem. DOE operates 
two well fields to reduce and contain the Northwest Plume core of contamination. 

The Northeast Plume reaches northeast of the PGDP to near a residential area along Metropolis Lake 
Road. This plume does not discharge to a surface water body and appears to be slowly advancing northward .. ' 
At the same time, contaminant concentrations near the source area are declining (as evidenced by TCE levels 
in MW255 and MW258), and apump"'and-treat facility is containing the'north edge of the high-concentration 
core of the plume.. ' '. 

ThePGDP's SouthwestPlume is a relatively recent development that extends approximately 0.5 knl 
beyond the on-site secured perimeteL'Because it was first recognized in 1999, no interim containment 
system is in place yet for this plume. 

REMEDIAL ACTION OBJECTIVES' 

As a result of the Rls and baseline risk assessment that have been performed at Paducah concerning 
groundwater and the conclusions that are listed above, the following groundwater problem statements 
have been developed. . 

• TCE exists as,free.productin three highly characterized areas (C-400 Building;C-720 Building, and 
SWMU 1). This organic compound is found in both the UCRS and RGA at the C-400Buildingand 
in the UCRS at the C· 720 Building and SwMu L The mass of TCE in these locations must be 
reduced, removed" or contained 'before it is possible to return the groundwater at and around ,the 
PGDP back to beneficial use. ' . ; 

o Other areas appear to exist where TCE occurs in the subsurface as free product. These areas -include 
the source zones of the Northeast Plume. Potential remains for additional unknown' . source zones of 
free productTCE to be present at the PGDP. The remedial'strategy to be selected must deal with this 
uncertainty .. 

• TCE and its .degradationproducts exist' at high concentrations at five burial' grounds that cannot be 
addressed directly as partofthe GWOU~ Due to. their complexity, SWMUs 2,3,.4, 7, and 30 will be 
remediatedas part of the BGOU .. Because the mass of TCE and degradation prodUcts cannot be 
reduced oNemoved as part of the GWOU, the migration ofthe TCE from these burial grounds needs 
to be contained before it is"possible to retum.the groundwater at and around PGDP to beneficial use. 

• TCE and its degradation productsexi'st at lower concentrations throughout three major plumes both 

• 

on and offD0Eproperty. These dissolved concentrations need to be reduced before the groundwater at • 
. or around the PGDP can be brought back to beneficial use. ' . 
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• Dissolved phase TCE is discharging at low concentrations to surface water in Little Bayou Creek in 
the off·site area. These releases,need to be .contained or eliminated to remove direct contact risks to • 
human health and the environment. 

In order to develop a remedial alternative that provides for the protection of human health and the 
environment, remedial action objectives (RAOs) were developed based on the risks identified in the 
baseline risk assessment and the ab~ve gr6undwatei' problem statements. The RAOs that were used in 
screening technologies and developing remedi'al alternatives are as follows. 

. " . . 

• Ontil such time that groundwater is returned toberieficial use, protect a potential groundwater user . 
. north of the Porters Creek Terrace from contamination in excess of maximum contaminant levels 

(MCLs), and ensure that exp6sure to groundwater does not present an~uitacceptable risk to human 
health and the environment. Note: The Porters, Creek rerrace isa:: buried geologic feature, a 
groundwater barrier, that extends east and west of the south end of the PGDP. 

it . Until such time that groundwater.is .returned to beneficial use, protect potential human and ecological 
receptors from exposure to contaminated groundwater discharged to' surface water. Contaminant 
concentrations must be low enough to, ensure that exposure to discharged groundwater does not 
present an unacceptable risk to~uman health and the environment.' . 

-Return usable groundwater to beneficial use wherever practicable, within a time frame that is 
reasonable, given the particular circumstances of the site. If restoration of groundwater to beneficiaJ 
use is not practicable, then prevent further migration of the plume and evaluate further risk reduction. 

Specifically, to protect human health, target contaminant concentrations will be reduced, at 
minimum, to their MCLs or natural state. Because the primary groundwater COCs over the long term at • 
the PGDP (i.e., over 4,000 years, see Fig. ES.l) are TCE, which has .an MCLof 5 1J.g/L, and its 
breakdown products, meeting the MCL for TCE will result in meeting the MCLs for other COCs, 
assuming appropriate source remediation. Similarly, .ecological receptors will be protected by ensuring, 
t~at there are no adverse impacts where groundwater discharges to surface water. 

ALTERNATIVES 

. 'Fol1o~ing the development of the above RAOs; a series ·of.gen~ralresponse ~ctions were developed 
to m~et tlte··RAO requirements for-the problem statements ,previously listed. These general response 
actions. included treatment, containment, ·.excavation, extraction,and disposaL D~tailed discussion of the 
resultSof,thegeneral response action development' is c~ntained in· Chapter 2, "Development of Remedial 
Alternatives." The general response actions.then were used to Screen remedial technologies and develop 
"representative process ,options" fOf'applicability to the contaminants driving the risk for the GWOU. 
This.screening process . included the assistance of the. DOE's Innovative Treatment Remediation 
Demonstration (ITRD) organization's Technical Assistance Group. The ITRD's Technical Assistance 
Group was composed of scientists. and, engineers· from the DOE National Laboratories, the EPA, the 
Commonwealth of Kentucky, and environmental industry companies. The results of the ITRD activities 
are contained inthe.PllducahProject Innovative'Technology Review located in Appendix C, Volume 4. 

Using the general response actions'analy~is, alternatives were developed using selected technologies 
that are applicable to the COCs for thisFS and the Primary Source Areas, Secondary,Source Areas, and 
~issolved Phase Plume Areas at PGDP; Table ES.3 identifies the alternatives in terms' of the remediation 
strategies and process options. A brief description of each GWOUalternative is presented in the • 
following subsections. ;, . 
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.' Af~~~ i~~t~;n~tive~ ~~re asse~bl'ed: ea~h altern~tive wa~ ~valu~t~~, in a~co~dance with c~~c~:A~\~~~~~.~?;~Z~;~~ 

against seven of the nine ciiteria. Two of the nine criteria are threshold criteria that include Overall PrOtectiqn:JJ;~, '1 
of Human Health and the Environment and Compliance with Applicable or Relevant and Appi~priate'·· t·.:,,-:-, , ;: 
Requirements .. Five of the remaining c~teria are primary balancing crite~ia upon wh.ic~ the an~l~sis~'iS'.~~~·~~:"i.l1GJ.,.[}t 
based. They mclude Long-term EffectIveness and Permanence; ReductIon of TOXICIty, Moblltty, or .. ,f~:(§:;'*l'::.;. 
Volume through Treatment; Short-term Effectiveness; Implernentability; and Cost. The final two criteria',:"j?\ti:~:/i~;t 
are Commonwealth Acceptance and Community Acceptance, which will be evaluated and included in the "::;~<A~!;::'!\ 
record of decision documentation for the GWOV. ." .' . ':.:.' " .".;;>,,)~ 

N. A:::O:;::::i:e~ial ru~tives were evaluated. . .~; "':~{'~~1;~ 
':"(;:':,:.>;~ 

This is a no-action alternative that provides a basis for evaluation and comparison of other reme¥i~.1 )~(~;X:~)):;,~ 
alternatives. This action does not include costs for the termination of any of the currently in-place remedial ,;:;;y:L;;:;i{'!;::-j',~ 

Primary Source Area - Vapor Extraction Technology Alte~native 
'. 

The Vapor Extraction Technology would remove primary contaminant source areas in the VCRS. 
For this technology. extraction wells in the zone of interest would be plaCed under vacuum to withd~aw 
soil gas and limited water volumes. containing the contamination. An ex situ system would treat the ;.,~,r, 
contaminants, in the off-gas and liquid waste streams. 'Section 4.2.2.1, describes' the types of vapor ' .; .. :. ; 
extraction systems that could be implemented for the GWOV. Vapor Extraction Technology is effective 
for the remediation ofVOCs. Although Vapor Extraction is not intended for 99Tc, it also may remove ~c 
contamination if groundwater contaminated with 99Tc is produced from the area being treated. Vapor and • 
liquids recovered would be treated before being released to the atmosphere and to an outfall, respectively.' ,,' 
The present value unit cost of implementing this alternative would be $554.393 per acre-foot. '''', I,; 

f· . ;::~ .. ' ::~~~>ii 
Primary Source Area - Direct Heating Technology Alternative ;..,:;. ";.~ ;.' ':; 'I, " ~ 

( . . ~ . ,:: ~ "~ .. ,~ ;, '." : . " .. ;"" ~~; .. ,,' ,:.,,:'",.' <;;:~~.. ,;}; 
, The Direct Heating Technology would remove primary contaminant:source a~eas-in the VCRS"This-":!~;C'~:::%~/;:::~:~~' 
technology heats the soil within the targeted area. Once the ar~a is heated,:the containinants-niore'readil);' ::·/.::ri>/?:r) ';: 
partition to a gaseous state that can be recovered, through either soil.vapor,extractiol1 or a surface plemim,:' ':<' ,:).~::;..:.; 
or released to the atmosphere. Section 4.2.2.2 of this FS, describes the types of direct heatingth8tcould~, ... ;; : ~tiJ~i~t;'.t .( .' 
,. • ., " , • • ,1 ... ' I , • ..,(.' :.,-.~~ ').:' ~1\"\ ~tj,. 

, '. .. .. :be imp~em~~t~d for.:t~~,G~p'U"·Direct ~~~ing.Tec~o]~gy ~s.ef!e;c.~,ve./or th~,~~~~~ia~.?~.~~(1Y~~~~; ~J<,'~:1;w\::' 
.. ';. i,; .. A1though'.some. ~c may·be:removed,dunng trea~n~·:Dlrect·Heating:.Technologx·ls not'mtended asia~::,??f',:,;,f:.'1. ) 
, ··:·;::.':~::~'!trc'remediation techn()]ogyt~aporiU{d ;Ilquids' teoo~ercit \vo~ld b'e·-tre"~ted .before itieiiig 'rel~aSedi td .the.; '. }~~~~;~~ , .' .~j 

:. ", ; :; ;,,;~ <::abD:osph~re" and to 8ri~outfalf/resP.ectiv~IYrnie'~sent value: unit '~t~tif~impteIDeri:ting 'tllls ~alte~ativelf.;J,;/",;)~(,~'· ~,; 
" ".··-:,~:';,~.-·~j'ldL'!'-$4't··34759 .. ·.··t~.{~ ... '&>., "4'"'I1J.1,,;;,,:,,,~:.;:~~··"':<\'(';;,,~·"':i",~, II .. >.:.','" :j'. II'.::',', .~ ~~ ~ ,It''l~.·"'' j.~ .'~\ [;.;..;r"·.,.:·.'.-,-:,1":.1<..,.',,. ..... ,? 
! .' .J',IiWOU "lie , •. peracre-,oot.i . .'.;$'~(' ~~ ,!:,(\:,:".,.~ .. ", .~: "/,.,, '. '':,' l', ":-'~"': '.:;', '" i ',' "I~ ,)'." ";".)','-;/\, •. 
~ ';i;> ,,' :;:' ;:i;:~;·;;·~;i{~:~~~~~.;~~!~;R+;·:;;t{J,~i?j:~{~: ;'<;l;:~~~ ::.:::~~:: ',~::?;'{:I:'~~:·,i.:,." '.::, . >. > :1·.;:;"iJ:' ',""{:';';'\!:::',: ::F"":: ': .. :'~'" .:~:::/ -" ' .. ;' l'::~~{~r: '~:::;? ::.;',{, ;':' ;.~:'r:'? 
: ":' .' ,-,.,;. :·\:;.~~~~m~rY[~~tc~·~~ .. i~xcav~ti~~T~h~f)lo~ Alte~native! .>:;.) :,)' I~:::>:;':' ~,-:,: ~;' '.' \ ... " ': '. "'1' '~i:L',' :::~ ..... ;. :>~.;::;>.";~. 
;,' .. ~~~~ : :~j.~~,.:-: .. '~~::~~f:·,~r;;·;·.\.l~1:\·t~/.~~ :.'''':':;\:·.\~ll\ ' .... ~l~:.: ::\I'~: .,(: .. :, ... ~.,; .. -.::~\ ',: . ~~·t·;f-·~~·;'--t-·, '.,fl~~··.' .. \ .... l .... ~ ':'ttf§ j~:, ":~,~.>,:.:\.!.'~,~:'~.~ .... 
j. '.' .!' .. ' .~'!. ,~:~}i~~·rl1te .EXcawtiQ,D AlternatiVe woUld remoye, primlllycontarntnant Source~areas in the UCRS; EXcavation:; ,.~ '. /~'" ';;;,:1' t,): 
Fj:::> :~~\/~~~{:ri~i~i':~o~~:~:s61l~Knd;,~llj~ -C(;r;bUninah~·:fro'm·\tbe':;'sollrCe'ti.rea;;;including' !DNAPL; thereby .:p~~~nting. :':<'::" <,;' ~: ~.: 
[~. "',: ::·':,·tk\l~cidition~fcocs:'fr&ri1'·~~.tl1e.RGA1\I'hJs aitemative"'i~',~rteCtivd.fOhill the' COCs. It is' e£" ;'led tfut(:':.;~·"$t·'·,J·" ;i' 
f:' ~<, '; ~ ·:(~:s()i]~'\W-giila~··be;/:~~tCd\b'··<,iF . v .. riate::;~cim610 '. es' :1:0 :tefuoYe'>oontamffiation be'fore landtfttil' .<The' :~: ~" " ~",'\.'"d, ~, ... '" .~:' -:::, ,:.", ;J! .. i.(1 ", ,:h"'~ ~.f-.;",..,.,. /~, ---r' " q.!,l- "'~~ ~~Pt. ." '. . ,. '.,~ . gt. J.:,t..t,;...', •. , 1',1' t:l. ':;H":': I ~.' - •.• '~ ( ". 'I. "g '. y,~":' \~ ~ ~j, .. >n·), "' .; 
\. ',:; .. .' ", ,..: ~;},'EXcavation;;Teclfuology:baS; practiC81 ,depth, limItations .. of encountering gI:oundwater.' The present value/, ';' >.;, \:, '1 :l., iF; 

:,::: ,:. ~\,i:~·r~:.,Wiit'c~~of'iDipiemeiitirlg:ilikal~tiVeLwould ~:$5~9jO.929"per'~cre-fooL " ~.,:;, ~-::.,~ '" "'.: ~ '>~~F~<,"~ ~ ".;:,:::l,~.:.,' :~~~.~.:~: : :'~. 
i '/ .~:: V~~, ~\ '[; ''-0,"': '"~v: ~~f~"'~'f~~ :- ~ r;; 1: ~. it .~~: .. ".~( t'i; .; ~'" >~ f. ~V':t"~ , ~I .:~ ~.~.' (;;',:.: "l ~F ,.:-,:' :'tl \ ;.; \~j.-t ,I \" .o"" ;"~ :~;;-:~. , . • ~; ;::. :/' :. 'f:~ \ ·;':t~f·~·' \ i~·I.~:, ~. r:' . "'" . \ ;) ~ t. ( ,~. 
:-~\)'~:t:~:'.r;/j:·./)..:/}.~·!Jf\'~\\I,;".I."·,l.~·f·~~~~(\fi;~i'1~":'itf;"" ,; "I~.;.~;.', #.".":;!~-'":' ·:,,'_?<i."~J .. ··,':·· .. t: t"~" l~ .~.~, .t~: . .. ,.>.\...~::; 1 ~ }:(~"~,. "::," '\ti'.( ;/~" ~ .. ;:,\{. ~!'\"':Y"t~'O<'''"» 
• ~"I"\' ~'''''/~t;;~-~~~'''''~·~l,:;. _,)·'I""'}';,'I;,I'i';.fI ',' -':J •••• ':.·;;~'!\~J:,\"l~~' 1,l •• ;r ..... ,:.Jo ..... : •• '~' •• '~·-fl:-'t'1.~.~ l·~~,.t '. t')";..' , t..··#·.~·~...Il~i\.~ ~I;~~ I ~'''!"J'!I..: ',1':.1, 

;::~';,::; t\ .. , ~l::'\ ;.<.i~~'~l·,~b,i~\:ji'! j'i './' i ',t,i~' , ,;:.. ,'J,;;li, ... ,<. '':t, ~< ~. ".;:~,J,: ,~, ,:-' .\'; :'~':,~: ,~, .. ;;'*t'\'" ": "'. ';';l ,,:: ;,':"':~ ~~r .~': \ ~:, ,.' .. '> • !.\11 

1'~frt&:,t~~~~Jg~~h~;~;(tr::' :~:.~;'::~:;\,\':;:"~:,~~;;t~:;<,~;~iD~,:::~·· ;/~~;s;;,;!::;: .. ; ~~!:~:;}\f';,~';;' .... " .. ;. 
'. ;i!fu;,·L,,!~:(dOc)!QCiliO)}:'; ,;-"!t', ,', ~,' ":",::: ,', ',j., , "~ES,i;lr4)' J! ....... j\'3 ,',," ,<~,'r .. ,,:.' ,,'\:'-'. ~·"'"<'"1fi.>,~t{~!o·,.·:,·" ~' 

f~i~~~~~fIt~t~;t.~§:,j;::~{:E,"~n~I:fl~,~~ilt~_jc~:"~;~ ~;,l>,;X;';:~:~;iIi:~,'~:;D~~::~~~~ 
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, ., > ~oDdary So.~1a:e~ '" ~~m:E~ractlon;~eChnology Alternative" , j" l;":li:;,;,})j~;i~' 
• 

• :,,;. ,:The Steam Extraction Tec~ology 'would be implemented in a DNAPL source' zone area of the RGA ~: 

• 

(i.e., Secondary Source Area).'Injection wells would be used to inject steam into the zone of interest The. 
_ steam would volatilize the contaminants and allow' them to partition more readily to the gaSeous phase for 
recovery. Contaminants would be extracted via vapor and liquid phases via centrally located extraction 
well. The Steam Extraction Technology is effective for the removal of VOC contamination. The Steam 
Extraction Technology also will remove ~ ~c"in the local area 'of implementation,' since ~c will be 
"carried" along with the produced water from the extraction well. Vapor and liquids recovered would be 
treated before being released to the: atmosphere and to an outfall, respectively: The preserit value u~i,t cost 
-ofil1iplementing this alternative would be $1,042,276 per acre-foot.' , 

.. ~ L :.'.~ , '.~ ',:. ' ,I : 

Secondary Source Area - Pump-and-Treat Technology Alternative . i.' ..... ", J;", "'.,,;>, 

f::':.~.LJ.~ ' ... "" .:-: .: ", . :~!d~l' :~.df~{,;;~:.~;··.·, .. i{'~'~~.~~ ;:' :.-'(j: .• /~ \':, .l_·g~~t.~.'.~fii;£';:;'i'.t'; :t·~· .. !~< . '"I: i .. -::~);! ,.:~iJ.:-:::}:JJ:-:t?" 

.. ;r1>, line p,ump:and-Treat Teehnologywould.be implementedinaDNAPL source zone area·ofthe'RGA:'··' 
.. (i.e~, Secondary Source· Area). Extraction wells would be placed in the zone of interest, and c'ontaminated .. 

grou~dwater .would be pumpedfro~the:wells and treated. The Pump-and-Treat Technology is effective;;:: :, 
for VOC and ~c contamination; however~ treatment time frames may be long. The treated !water would' 
result in a vapor phase and liquid phase that would undergo treatment before being released to' the 
atmosphere and to an outfan, respectively. The present ,value' unit cost of implementing this alternative 
would be $1,076,353 per acre-foot. 

Secondary.Source Area - Oxidation Technology Alternative 
.. ". : i:" .. , ; ,I~ ',":,;;d ~ ',- ( I" ,_ r:; ··<i~ 

.... The Oxidation Technology alternative would be implemented in a DNAPL source zone area of the RGA 
(i.e:, Secondary Source Area). Injection wells would be used to inject the zone of interest (i.e., secondary 
sources within the RGA) with an oxidizing compound such as potassium permanganate or sodium 
permanganate. The VOCs, including TeE DNAPL, would react with the oxidizing compound and would . 
~de~tr<>yed ill situ from the reaction with the oxidant.~Although this technology is effective on VOCs, it 
would not remediate any ~c contamination. The . present value unit cost of implementing this alternative 
would be $12,218,892 per acre-foot. . , . 
. ":~·,/JhHn<t.X/.·i~ n :Ji: ::,} 'I ·-(~~.iI ::JJ ~: )'·.;r~~)~i::~' ~ .:.~.:'.:' .1:H:-~~t {:"">!; u- ~Jr~} :}o -'L:!' ~(.:! ,;.:;~~.~ f~f .. ~·' .~;.t; .H3")' ~i \' ~ .)~) '.! C\' ;-< t.i ;~~ .. ··r )~L~ -Uf), :l);.~~:·:~ ;:-\ .... :,'~ 

Dissolved· Phase Plume Area-:-rump-and-Treat TechnologyAlternative· ',-"." ':~'" 1;l :;!L; ~'i'l )'.::1': 
• I .... , ... " \.".,.j' ". -. .., - .. , .. " '~-' .. ,. .. . 

,.,' 

't'·· 

.; 
;: ~-

... ' ".1" .. ' , 

.. - . :" •.•. d,.; .•. j-'" ·'l·i'·I·.~A'·': -,o,':l ::;~'f';:tl'l:A U:;,('/tlrJ '1.t.H~(!;i; .. :' J:"' ~.,;:r·.~!:r~ f:, :! .. i:/j·d~··· . '.J~'. ~·:~r··.J'./.r,t.': :.'.1'(1 .. ,'.... J 

~ :':H~L~e"~,~inp~a~~::;i.re~! :t~hD.~.!,ogy ~~o~~~ .~}mplein~ted inJ~e.;J)issolved Phase f~eaof.~e ,plum~s;.! " ......:(, .~;; I:;:' 
'. '.' .. ' ~tr,a,.c~9~, ~~I!s,.,~9~1~)?~,.p.~a9~4 lDJbe .~~~,C?rlD~t:S~ ~4.~nta~J?~fed groundwater: w()ulc:l.l>~/ p'~mP.e.d:\::i) M;,f~:j~;.~{ 

'. '.:.' <~:. ~111 th~}~~lIs and tr~~·''Pt~f~~-~~~~t;r.~~OJQgy::I~,~ff~~y~~~or. yOC. and ~~c i~n~~tio?~\;r::~·:i.'.;:: '; 5::~:':'; 
: ~,; .... 'c";;:'): however, treatment time frames ~y be long. The suiface treatment of the produced water would result 10 .. ;: ··t/:tn.":]',':, 

.1 •• ",- •• ' '.'.,.' •• ,-•••• ¥~.\' 'j' '-', , ' ,,-, .". ,.?· ..... ·' ..... \.'r.· ••.. '.~'~H.t.,~'~ 
I .;.': ~ ;':_;;~c :;;;r aJ.i,q~j~Jm9 .. ~Y.~p,0~.p,~ ·~tw..OillpJ~~~go.\~pnep,t.J~.rQ~.;being.released, to, ~e -atmosphere)~d,to, an;~ ::::. ::!~:~.<\.>. 
:.' ...... f;,1~~.;·~~ff!~~(5SB>~P~~!~;~~mt~~~~~!~~i~~~~q~p.l~e~~ing·,~~,s:~1~em~ti"':~:~oul~:~~:.~,361.~O~?, ~l' ... :',';}:'>~:;<:: .. :. 
;'" :,: :;.;;··.~~sre;f.~~~i~~))t'~'ff~~~;~Ji~·p!:g~¥~V:·,f+¥\~t~j:·AA~t!tft?1~~f~~rl~(~'.~~y1' r;5l"t:'~·~5:9·Wf. (:P~."'~;)' \JO~··f~t·.~U!~ :"! ". '.' \.>.' ,,'. 
;.' . '. ":., ".'" ~ \. ,":1.". '.'.; :;'., .':;,'i·.?·J~iWJ~.A,tJ:;n ~e.I1'})~ite;iJ.!iir!~<il'9" -J:;,lichlJ.!!\'-{\:tm fbw t, f'j~;r'rl;::') ~ ': ':pbv': n '::(P';" tu~~' 1\ 1".1 ." . 
. Dissolved Phase Plume Area -' Ozonation Technology Alternative. ,': :. '. . ..' : .. ".' ,':, > \.,;'{~,>J~::-:: .\:-:<·S;·,\~t');-;~·:,;:::"i ':~)" .':: "'/',/. ,; ·:!\'l';":"'~':;:'·;,".:.; '.'. , .. ~.::,.,.!/ \: ......... : .. ; . '., ' .. ~', .. :', : . .'. '. ",' 
l :. :\;:;:.'~~ \~1·,;:,:..r,;~;~~:\2~~a~~p T~hO~lo~ ~~~ye wou~~ ~,es~oy:',T<;~ dis~~lv~d, p~e concen~tio":s'Bri:d ot.be( ',',' .(:" 
{' )):.': .. \;.\ ;.\VQC~~~~·areas ofthe)l<;JA .. ,:In a~dltion~ ~c)v~uld.be.removed ~m'groundwater as. It passed across ' ';. 
\ ::S!,~·:, ';:} /7i: ~1Ui:'ion·f~xelWlge;;medla:':mcorPonltCd intO: theOionatlon 'Systein~ .Injection. wells' 'would be··use(I .toinjed· ',. . ...... I' 
f', ~'-',"""'!""',. ·,··t·-;'F .. ".~.; .. ',:. l't" ':~ .• ' .... ".' ..... ". .,'.,,1. ~ '~'. '.",. ',' '.' ,.', '-.' " . '.: .,' ;,' ,,'. . "~". 

ii' ".·."·::0~1,;tthezo~e 'ofiriterest (I~e;fthe RGA) With· oZone; ~The YOCs~ould react with the oioneand, thtis,would be' .."" 
: ... : .. : ·:';,~:!destroyed),;:~iiu .. ::PLiiTIPs :Iocated in"the iOjectioii wells'\vill 'force. grOundwater across an·ion.'ex.change·>·i.;~!! \;1.':'::'. 

;, ~.:.: ;;, : '.·r:~ ~~":medi~; .~i~;~lhCated )'fu;, ~;'~iDJeCtion :.wells: ,Th~. 'iolt",cx:ctuinge ,'media' .wiIf remove' ~c' 'in' situ "~froiri the '.:".-, .... ·r;·'~.' '\ ~t"l'. 'Ii 

i ", .,~" ".:,:/. ~.:. ~ .. , "undWit~K&;fo~~&f':' .;'·Ia~ '.bit~k· mt6~ the;~Wells; ':ni~" ~seiif \;8iue.' Unit 'cost 'of .~. lemeiitiD:· tms:.; . i ' .. :::.;\ . ';, '''',,>~:', ; 
I ti

, .. '·'"··'~ ,." "';'," ".hj_.,;.· ,.,1D.g"P·"-ai ,d'·,. .', _I ..... """'T~. \. '{'P";""" ,n' .. ,' ":". "'. , 1mp .',' ~ • . i , •• ,. ,;,,' .: .' '" ,,~' lteriiiti' , .... ,. ''Jd'~'$1S OfiSI ' ., •. " . (4 • l' '1' ' .• '/. • '1' •• ',. ,. " 1 ,,~ • .',,' • "" , i.. " .. , .. ,' ., . I 

:!~~·:·~;;~~;1:2i~Am~<lr\;::~'~,~ '1: ;'),r,}:.::si{ ;,,'!:::};':;:~:~.; ';~,:;:;,;'.';:,{ ;,:~',;::/::\;'~~(~,;/,: '." ,: , 
, ".,::;, ,f". ~J.td04:}'(JjS!~(b,;;\:t,. ,,""; '. 'I.:" 0" "., '. """ "'.~' i'A" . J .. 1ES~fl5) ,'" .' ",~. if. ,,; " . I'Y\.~' ," ~,"o' ." ~:' '1 ' •. Il.i)'! t.,';&'f·" iVy. " • < I,' .' """.' 

~~ Jt~~[S;~~I2~~f~itl~, ~:.£;:; :.~~.L~: ~~.;;.·,f~id:{._'.: iJi~_'".:i~:~E,~;.;f;;"IL; .', ' 
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Dissolv4!d Pha~ Phinie Are~ :... Permeable Treatment Technology Alternative 
-' .. :"/.~'.i· ~,t 

",;, The Permeable Treatment Zone Technology would destroy TCE dissolved phase contamination and'~>');r, ,; 
otherVOCs within the RGA. In addition, the PTZ Technology would capture,rTc within the treatmenC:-if\'f;4z~'iJ:x, 
zonc. Thc)realt~l('nt zoncs, constrllcted with iron or other reactivc mcdia; would he strategically placed in' ':',i':'~~~;:!i~\: 
lhe, R,Gi\;. Tl),(' PI\'"CIII \'aluL' unilcu;';1 tlf' illlpklllcllt ing (hi:; altcrnali \'l: \,\'(Il1'ld hL'.~i;L~'L2~::; I"l~r :"Ic' r lll1::'; , ";"~~'?(~' 

','J:;' : .. ; ; ": 

Dissolve<i Phase Plume Area - Oxidation Technology Alternative . ,.:; 

i:': ";' ': '.::>~ 

, ,The Ox'idilti'o~ Te~'hnology alternative would removeTCE dissolved phase concentrations and other 
VOCs' from areas of the RGA. Unlike the Secondary Source Area technologies described above, the 
Oxidation Technology in this alternative would be designed to remove only dissolved phase contaminant 
concentrations\Injection wells would be used to inject :the zone of interest (i.e., the RGA) with 'aii,~,<>?;;::,: 
oxidizing compound such as potassium permanganate or sodium pernlanganate. The VOCs, including '; "'" ~,"':',l: 
TCEDNAPL, would,reactwith the oxidizing compound and, thus;' would be destroyed ill';S·itil from the \::)/!i1r~:!~f3 
reaction with the oxidant: Although this technology is effective for the remediation of VOCs, it would no(; ':,:'.::A~l~~:;~\ 
remediate any 'J'ITc contamination. The present value unit cost of implementing this alternative would be·<~,;:'G:PJr::' 
$1,51,63,6 per acre-foot. ";<5· .,-, ," ii,'" :'~f)i~>i':) 

{~,I': i~ ...... ~-:.,'; . ::;. .' :'." I .' ... ')':\'j:~':~> :.-
Dissolved Phase Plume Area - Bioremediation Technology Alternative') -

The Bioremediation Technology aItemative would remove dissolved phase VOC:s from arcas of the 
RGA. Injection wells would be used to inject nutrients for native bacteria within the zone of interest (i.e., 
the RGA). Depending on the design of the bioremediation alternative, either aerobic or anaerobic 
bioremediation could be implemented. Although this technology is effective for the remediation of VOCs, 
it would not remediate any 99Tc contamination. The present value unit cost of implementing this 
alternative would be $205,154 per acre-foot.. ' 

,,' The Comparative Analysis Table, ,Table- ES.4, provides a summary analysis of the alternatives 
including risk reduction, timeframe for remediation, and costs.:'·' • ," ' ,,~, J' J ' 

, " 
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~lt:~:.f~;~"=~ t ~',~·.d'r."·:·", {'~., tift!" B """"'C k""""c-, U "'B' .' C . k 'II 

Long time frame '. 
l)i:ededto"comply with 
tiiermcil-Specific·. . 
AItARs'associated With 
contaminated ;;;\ 
groundWiiiCr 'Of ~~rface 
water~·~~~ft~;·~·! .:~" '-':,': 
Complies with. . 

l . . E . identified location-
r""l:":'yj"" {-.;. ",z, .. , ',,""1>,;"',:~~: for thls,alternatlve, ,',. Sp-ecificARARS by' 

~1;~1~~~~l;'~ii~~ .;~. 
1'r:,":;:.'~~:'",;'::..:'(·~ .1\C!i~".specdic .\, No action~lfic::., c:;omphance WIth the 
I • . , , ."". " , •. ;;. ~"',,.,, ",'" #j(IT' ARARs" 'd 'fied 'd' '." tified' :-:.... h" " ,;.":"",:-:. >';, i'/1c,:.'i{;if; ::r:~'jJ;'~:'.·1;',,~:,'·' .,;' .' . were I ent!.I. I, en I ~""on-. i 

( i:<;>:~ .. ~;:,F:)~~'" ii@i:ii~::'f;:.:':t· identified criteria \Ym';,~ identified criteria will 

, ~, 1 • ' 

Residual risks remain' Residual,risks remain 
high during the .first 30' high duririgthe first 30 
'ye;irs;-resjdtiarrisks:~ '~', Ye3rs;~"iequiie: :, .. , 
witt be reduced in'"" ,._~~ additionalineasUres to 
7JJOO ,: ... rs:~¥!,;~f,ttJii;5,l}. I, ~t MCrs""atthe POC. 

• 
.'"Table ES.4. Comparative analysis table;'· " .. ' 

Excavation 
OJ'emll Pmtedion 0 H"man Healt" and tIle Em'iron",ent 
Not protective unless Not protective unless N<it protective unless 
combined with additional combined with combined with 
measures additional measures additional measures 
Discharges from the Discharges from the Discharges from the 
Northwest J>lume into Northwest Plume into Northwest Plume into 
Little Bayou Creek' will Little Bayou Creek will Little Bayou Creek wi It 
continue, continue, continue ... 

, , Com (illnce II'/t" ARARs 
Long time frame needed Long time frame 
to comply with chemical- needed to comply with 
specific ARARs chemical-specific 
associated with ARARs associated with 
contaminated contaminated 
grOundwater aT surface groundwater or stiTrace 
water:':; .::{,: ",', water, 
Complies with identified Complies with " , 
location-specific ARARs identified location
by Incorporation of specific ARARs by, 
requirements into design incorporation of 
and Pre~onslruction requirements into ' 
planning. ;:'~:: "'" " .. :.' . design and pre~ 

Compliance with the 
identified action-speeific 
ARARSwill be achieved 
through inCOrporation of 
the requirements in the 
design and planning 
phase of implementation. 

; ;~#~ ~:.:~.r.:( 

,:.: ;~;:-'-F' ;: ,J' 

Compliance with 
identified criteria will be 
achieved, 

construction lannin 
Compliance with the 
identified action
specific ARARs will ~. 
achieved through ,-
incorporation of the 
requirements in the 
design and planning 
phaseof ' 
i lementation, 
Compliance with 
identi fied criteria will 
be achieved. 

LDn -remr E ectlveness and Pemranence 
Residual risks remain Residual risks remain 
high during the first 30 high during the first 30 
years; will require years; will require 
additional measures to additional meaSures to 
meet MCls at the POCo meet MCLs at the POe. 

long time frame 
needed to comply with 
chemical-specific 
ARARs assOciated with 
cpn,taminated,,, ' 
groundwater. or surface 
water., " 
Complies with 
identified location
specific ARARs by 
incorporation of" 
requirements into" 
design and pre- ' 
construction lannin . 
Compliance with the 
identified action-. 
specific ARARSwill be 
achieved through ' ' 
incorporation of the 
requirements in the 
design and planning 
phase of., ' 
im lementation: 
Compliance with 
identified criteria will 
be achieved. , 

Residual risks remain 
high dUring the first 30 
years; will require 
additional measures to 
meet MCLs at the POC, 

Not protective unless 
combined with _ 
additional measures 
Discharges from the 
Northwest Plume into 
Little Bayoll Creek will 
continue, . 

Long time frame 
needed to comply with 
chemical-specific 
ARARs associated with 
contaminated . 
groundwater or surface' 
water. 
Complies with 
identified location- . 
specific ARARs by 
',rlcorporation of . 
requirements into . 
design and pre
construction lannin 
Compliance with the 
identified action~ 
specific ARARs will be 
achieved through 
incorporation of the 
requirements in the 
design and planning 
phase of 
im lementation, 
Compliance with 
identified criteria will 
be achieved. 

Residual risks remain 
high during the first 30 
years; will require 
additional measures to 
meet MCLS at the POCo 

• 
:"'11. 

Oxidation Technolo' V 

Not protective unless" -
combined with 
additional measures 
Discharges from the ;-., 
Northwest Plume intO'. , , 
Little Bayou Creelnvill" 
continue, . 

.~ -- '~~-.,-. .,-

Long time frame ,"; 
needed to comply with" 
chemical-specific" '. 
ARARs associated \\;tl1 
contaminated .. " .... -, .... 
groundwater ;'~~;.r:i;e . 
water. ,: : .. .::.:.:..., 
Complies with 
identified location- ,:'; . 
specific ARARs by"" 
incorporation of..;; 
requirements Into",') ,j,. 
design and pre- ,.0..:,:,,;-

construction lannin , 
Compliance with 
the identified action-:: 

specific ARARs will be 
achieved through .... ~"::-' 
incorporation of the 
requirements in the 
design and planning" 
phase of ,. 
i lementation:":' 
Compliance with 
identified criteria will ',' 
be achieved. 

Residual risks remain 
high during the first 30 
years; will require,. 
additional measureS to 
meet MCLs at the POCO' ' 

''',' 
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<; Vapor Extraction 
·c .. ···.", Techno'o 

Table ES.4 (continued) 

Prima Source Areas 
Direct Heating 

Techno'o \' 
Adequate and reliable 

Required 
;'." 

Minimal environmental 
impacts and mitigative 
measures 

TCE and VOCs will be 
treated. Highly effective 
on DNAPL. Minimal 
'!C \vill be captured. 

High reduction in VOC 
toxicity and volume of 
sourees. Minimal 
reduction in ""Tc volume. 

• 1'-," /. 

Exca\'ation 
Adequate and very 
reliable where 
applicable. Relinbility 
decreases where 
infrastructure impedes 
i lementation 
Required 

Minimal overall 
environmental impacts 
and mitigative 
measures. However, 
local impacts will be 

ificant. 

Excavation with ex situ 
thermal treatment of 
soil 

All contaminated soils 
will be removed. TCE 
and other vors will be 
treated. Highly effective 
on DNAPL if within 
excavation zone. 
High reduction in VOC' 
toxicity and volume of 
VOC and ""Tc sources 
within the zone of 
excavation. 

Steam Extraction 
. Technolo . 

Adequate an~.~liable. 

Requi.red .' .... ::, 
'\; 

Minimnl environmental 
impacts and mitigative 
measures 

.,/ . 

. '-'. ~" 

Steam extraction; ion 
exchange and air . 
stripper with cnt/ox .... 
s stem .. 
TCE and VOC's will be 

treated. Highly effective 
on DNAPL. ""Tc. will be 
captured .. ' 

High reduction in vor 
toxicity and volume of 
sources. Moderate 
reductions in "'rc 
volume .. 

Reversible 

Treatment residuals 
include ."'Tc :.' .' ... . 
contaminated ion: ... . 
exchange resin and salt 
from off- as treatment. 
Satisfied for voes 

No negative impacts to 
the community are 
antici ated. 

Seconda Source Areas 
Pump-and-Treat 

Technolo . 
Adequate and reliable. 

" 'I ~: . 

Required 

Minimal environmental 
impacts and mitigative 
measures 

Pump and treat, ion 
exchange and air 
stripper with cat/ox 
s stem. 
TCE and VOC's will be 
treated. Minim:llly 
effective on DNAPL. 
Minimal 9~C will be 
captured. 

Low volume ofVOe 
contaminants recovered. 
High reduction in 
toxicity of voes 
recovered. Large 
reductions in ""Tc 
volume. 
Reversible 

Treatment residuals 
include ""Tc 
contaminated ion
exchange resin and salt 
from off- s treatment. 
Satisfied for voes 

No negative impacts to 
the community are 
antici ated. 

Adequate and ,. '. "J 

moderatelv relinble.· 
~ i":·' .;. 

, .t;. 

Required 

Minimal environmental 
impacts and mitigative 
measures ":,', 

III situ oxidation. "'" 

TCE and VOC's.will be 
treated: Moderately to 
highly effective on 
DNAPL. Not el1'ective 
on""Tc. 

High reduction in VOC' 
toxicity. No impnct on 
""Tc 

'.:.:.'" 

Irreversible 
,',-,;r ·.;.r 

None.· . ,.,;.;,,'-/: ; ", 

Satisfied for voes 
.; >:. 

No negative impacts to :" 
Ihe community are 
antici aled. 



".!1' '.' 

• Table ES.4 (continued) 

Excavation 
Risks to workers from 
handling contaminated 
soils. Risks can be 
minimized through 
adherence to 
health/safety protocols. 

Minimal environmental 
impacts and mitigative 
measures 

Approximately 1,000 

',. Steam Extraction, 
TechnoloRY 

Minimal risks to 
\Yorkers from Iiaiidiit;'g .' 
contaminated 
groundwater, Potential 
exposure to steam under 
pressure. Risks can be 
minimized through' 
adherence to . . 
health/safety prtitOcols. 
Minimal environmental 
impacts and mitigative 
measures 

Approximately 7,000 
years, 

j,t _ 

Feasible to implement 

Feasible to implement. 
ARARs waiver 
required. 

Availability of vendors 
is limited 

":,,' 

Secondary Source Areas 
Pump-and-Treat 

Tec:hnoloRY 
Risks to workers from, 
handling contaminated 
groundwater. Risks can 
be minimized through 
adherence to 
health/safety protocols. 

Increase in discharge to 
creeks will result. 

Approximately 7,000 . 
years 

Feasible to implement 

Feasible to implement. 
long-term presence 
required. ARARs 
waiver required. 
Services and materials 
are readily available. 

:.,' 

", ,. :.', . 

• 
- . ~.-~~~. 
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Oxidation Techiiolol!Y' •. 
Risks to workers ffom i 
handling oxidand~.isks~ 
can be minimized :.<~.; 
through adherence to ',';' 
health! safety protocols] 

.'; 

Minimal environmental 
impacts and mitigativ,e.'i 
measures . ".j 

Approximately 7,000 ;,.! 
yenrs I .·:L~# .. :..,.::,~;~d 

Feasible to implement) 
. . , ' I 

1 ; ,": ·~·':'·':)·£.~·T 

Feasible to implement. ': 
ARARs waiver"'" :1 
required. .....~ J 

,I' ~., ::., • 

Availability of vendors: 
is limited. 

--. - .. ) 
J, . _.', ,~ .... -, 
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Table [SAa. Comparative anal)'sis table 

and 
""Tc will be capturl'd ~nd held 
within the ifcr, 

• 

Residual risks rem:lin high 
during the. first 30 ye:lrs; will ' 
require :ldditional me:lsures to , 
meet MCLs at the source zones, 

;. 

. ~. ,~~.'.~~)'.' 
. "~'.;:r...,~. ~' .. ~ . 
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Dissolnd I'hast' Arens 

Permeable Trcatment Zone 
Technolo",' 

High reduction in dis~ol\'ed 
phase VOC toxicity ~nd \'olume. 
High reduction in dissolved 
phase ""Tc volume, 
Irre,'ersible, 
Treatment residuals ~re ""Tc 
contaminated iron liIings. 

• 
Oxidation Tethnolol!" Billremcdi:1tilln TechnololO' " 

High reduction in dissoh'ed I-li\!h rCdUCli<l:l in dissolved ... 
phase VOC toxicity and "olume, ph;se voe h,\idty and volume: :.'.', 

Irreversible. 
None 

Satisfied for voes 

Potential negative impacts to the 
communitv are anticipated. 
Minimal risks to workers from 
handling contaminated 
groundwater. Potenti:.1 exposure 
to oxidant Risks can be 
minimized through adherence to 
health/safe!YQTotocols, 
Moderate environmental imp:lct, 
May eliminate voe discharge 
to Little Bayou Creek. 

Approximately 7,000 years in 
souree areas. ""Tc le\'els will not 
be affected, . 

Feasible to implement 
Feasible to implement. Long
term presence required. ARARs 
\\'tIiver required. 
A,':.ilability of\'endors is 
limited 

RC\'crsiblc 
100 pg:L \( 't's, Note: residual 
\·o('s m:ly bd to higher risk 
th~n originul VOC's due to . 
degl':ldation, 
Satisfied Ill!' VOC's 

Noncgativc impacts to the 
communil\' :Ire :lI1tici~ated. 
Risks to wl'l'h'l's from handling 
cll!l\:l1l1ill:'Il',: );~"tmd\\":.ter, .':. 
Risks C:ln ),,' :ninimized through 
:.dhcro:nce 1<' ;',;i11h.'safety . 
pTl1tncllls, .' 

l\·lnder.11c el1\:l'Ilnl11ental impact, 
May deere:!,., voe discharge to 
Lillie Bayou ( ·reck. 

W~'" • 

.. ::. .. ,~ 

Appr(lxim~tl'!:" 7.0UO years in . ., .::,":.' 
soure!;' are:.". "'Tc levels will no~ 1"< .. ': .: 
bc affectcd, I .. ·.:.' .. : 

Feasihle to i::l1lil:mcnt 
Fc~siblc 1(1 i:;lnkmcnt. Long
ter111 pn:scnl'l' required. ARARs 
",ai\'cr reQt:i:'~d, 

reodilv 0\'3il;,hl.:. 

. .... : 

. _ .... 

" ... 
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1. INTRODUCTION 

This chapter provides a brief introduction to the Paducah Gaseous Diffusion Plant (PGDP) and an 
explanation of the purpose and organi7.ation of thc report. Detailed solid waste management unit 
(SWMU)-spccific hackground inl()rmation, including the site description, site history, and nature and 
extent of contamination, is referenced. The fate and transport of selected contaminants of concern (COCs) 
is described, and baseline risk assessment infornlation is summarized. 

1.1 PURPOSE AND ORGANI ZA TION OF THE FEASIBILITY STUDY REPORT 

This Groundwater Operable Unit Feasibility Study (FS) report was developed consistent with the 
PGDP Site Management Plan (SMP) (DOE I 999a) and is intended to satisfy requirements for an FS under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 40 Code of 
Federal Regulatiolls (CFR) 300.430 and for a corrective measures study under the Resource Conservation and 
Recovery Act (ReRA). Further, the intent of the report is to evaluate the cost and benefit characteristics of 
viable alternatives to allow the selection of an appropriate remedy for incorporation into a Groundwater 
Operable Unit (GWOU) Proposed Remedial Action Plan (PRAP). The SMP (DOE 1999a) specifies that 
the Federal Facility Agreement (FFA) must effectively coordinate RCRA corrective actions and 
CERCLA remedial actions because the PGDP operates under a RCRA Part B Permit with Hazardous and 
Solid Waste Amendments (HSW A) corrective action requirements for the SWMUs. Therefore, this FS 
report has been prepared in accordance with CERCLA, but it also fulfills the RCRA requirements for a 
corrective measures study. 

Section 1.1.1 presents the purpose and scope of this FS report. The organization utilized to prepare 
the report is contained in Sect. I. I .2. 

1.1.1 Purpose and Scope 

In August 1998, the U.S. Department of Energy (DOE), U.S. Environmental Protection Agency 
(EPA), and Commonwealth of Kentucky agreed to restructure the remedial strategy for the PGDP. This 
restructuring would reflect the accomplishment of sitewide remedial objectives as opposed to the original 
strategy, which emphasized a SWMU-by-SWMU approach. The basis for the revised strategy is the 
protection of human health and the environment through implementation of actions focused on accomplishing 
the following remedial objectives: 

• protection of off-site residents from consumption of contaminated groundwater and a return of 
groundwater to beneficial use, 

• protection of recreational users associated with Bayou/Little Bayou Creeks and the West Kentucky 
Wildlife Management Area (WKWMA), 

• protection of industrial workers, and 

• protection of ecosystems. 

To accomplish these objectives, four remedial action operable units (OUs) have been defined with 
each having a specific emphasis corresponding to the above remedial objectives: GWOU, Surface Water 
OU (SWOU), Soils OU (SOU), and the Burial Grounds OU (BGOU). Each OU is scoped to remediate an 
area and contaminated media(s) associated with PGDP. The SWOU is directed at remediating the surface 
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water bodies including the outfall ditches. im\'>oundment ponds. and Little Bayou and Bayou Creeks. The 
SOU is designed to remediatc the contaminated soils associated with the plant and not located in a 
waterway, outfall. ditch: or burial ground. The BOOU scope includes all of'the contamination that is 
associated with! the landfills aitdburial gro~ndsthat arc associated with the plant. The GWOU is to 

, develop andimplemcnl a remedial altemative'for COCs associated with the groundwater beneath and near 
PGDP. Once theliGOU. SWOU., GWOU. ~md SOU arc comjJleted. a Compreheiisive,;Sitewide OU will 
be~conducted.(Massey 1998aand 1,998b).· , ',. ' 

, Each SWMU or Area of Concern (AOe) at PGDP was'assigned to, one or more6f the OUs. The 
GWOU received 18 SWMUs or AOCsthat were previously included in the following seven Waste Areas 
Groups (WAGs): "j. . . 

• . WAG 6. 
• WAG:26. 
• WAG 27. and 
• WAG 28. 

Representativc~of the, DOE: State of Kentucky .and USEPAreevaluated the placement of several 
SWMUs.As a -result ot'this reevaluation. several SWMUs that were contained in the OWOU have been 
nowbeenp,laced in'the 'BGOU for ~einedial action selection. TheseSWMUs .areas follows: 

• SMWtJ:2 -C-749 Uranium :Burial' Ground ' .' 
.SWMlJ 3 -<:-404 Low-Level Radioactive/Hazardous Waste Burial Ground 
• SWMU 4 - C-747and C-748-B Burial Grounds 
'. SWMlJ 7- C-747-A Burial Ground 
• SWMU 30-C-747-A Bum Area 

The relocation of these SWMUs was predicated on the fact thaUhese SWMUs include w~stc cells 
may contain materials that 'could ·be an ongoing soiJrce of groundwater contamination,. and it may be 
technically difficult to gain access to the underlying groundwater' contamination whilettte waste cell 
material, is still intact. Furthermore;. since the remedial alternatives under consideniti~n for. the BUOU 
may include excavation of the 'burial, !,'Tounds,' the technicalcircumst~n~e~s4ggest ,'it ,would; be more:. 
effective, and efficient to coordinate implementation of the groundwater actions with, the waste cell actions 
that ~ltim~tely:will be selectedunderthe,BGOU.~ .' ,,,, 

Table, 1.1 and Fig. 1.1 identify theW AGs and SWMUs currently within the scope of the GWOU FS. 
Each oCthe S,wMUs ,listed in Table ,1<.1 was. added to the GW0U becauseofthe presenceofcontan~inated 
groundwater from that SWMU or the potential to contaminate groundwater based on modeling. A 
complete' crosswalk of Paducah SWMUs to OUsis contained inAppendi,xC6. Figure 1.2 identifies the 
groundwater plumes that arecontaiited, in WAG 26.' ' 

Also as a result of decisions reached byJhe representatives of theOOE, Commonwealth of Kentucky 
and EPA, it was determined that. the scope of this 'FS will have the, following targ'et 'contaminants. 

otrichloroethene (TeE) 
o TCE dense nonaqueous"'phase liquid (DNAPL) 
o TCE degradation products 
.tec~netium-99 (99Tc). 

• 

The detailed analysis for this'FS has been'performed on alternatives containing a single applicable • 
technology. The technologies receiving complete detailed analyses were those contained in the eight ,.':-
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Table 1.1. WAG ami SWMlIlisting for the GWOlf at the .,GIW 

• --

WAG SWMli Ilcscriptioll 
WAG6 SWMLJ II C-400 TeE Leak Sill' 

SWMLJ 26 C-400 to C-404 Underground Trans/l:r Linc 
SWM1I40 C-403 Neutralization Pit 
SWM1I47 C-400 Technetium Storagc Tank Area 
SWM1I203 C-400 Wastc Discard Sump 

WAG 26 AOC 201 Northwcst Plume 
AOC 202 Northeast Plume 
AOC 210 Southwcst Plumc 

WAG 27 SWMU I C-747-C Oil Landfann 
SWMlJ 91 C-745-8 Cylinder Drop Test Area (Lasagna) 
SWMU 196 C-746-A Septic Systems 
SWMlJ 209 C-720 Compressor Shop Pit 
AOC 211 C-720 TCE Spill Site - Northeast 

WAG 28 SWMlJ 99 C-745 Kellogg Building Site 
SWMlJ 183 McGraw Underground Storage Tank 
SWMU 193 McGraw Construction Facilities 
SWMU 194 McGraw Construction Facilities 
AOC 204 Dykes Road Historical Staging Area 

AOe Area of Concern 
GWOlJ Groundwater Operablc Unit 
PGDP Paducah Gaseous Diffusion Plant 
SWMU solid wastc managcmcnt unit • TCE trichlorocthenc 
WAG wastc arca group 

• 
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WAG 6 
SWMU 11-~ Trichloroethene leak SIte 
SWMU 26-<:-400 In C-404 Underground Transfer Une 
SWMU ~403 Neutralization Pit 
SWMU 41-<:--100 Technetium Storaage Tank Area 
SWMU 2fIl.-c-400 Waste Disca-d Sump 

SWMU 1-C-747-C Oillandfarm 
SWMU 196-·-C-746-A. Septic Systems 
SWMU 209-C-720 Compressor Shop Pit Sump 
ACe 211--C-720 TCE Spill Site - Northeast 
C 12O----Maintenance and Stores Building 

WAG28 
SWMU 99-<:-745 Kellogg Building Site 
SWMU 183---McQaw Underground Storage Tank 
SWMU 193---McGraw Construction Facilities 
SWMU 194---McGraw Construction Facilities 
ACe 204----Dykes Road Historical Staging Area 

, , 
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alternatives that were combined into treatment trains in the III GWOlJ. These technologies have heen 
further brokcn down to applicablc areas that included Primmy Source Areas. Secondary Sourcc Arcas. and 
Dissolved Phase Plume Areas. The dclinitions of these groups as applied in this D2 document arc as follows: 

• Primary Source Areas are those areas with the target contaminants present and have DNAPL 
concentrations in the surficial soils and soils of the Upper Continental Recharge System (lJCRS) 
located above the Regional Gravel Aquifer (RGA). 

• Secondary Source Areas are those areas with the target contaminants present and have DNAPL 
concentrations in the RGA. 

• Dissolved Phase Plume Areas are those areas within the RGA that contain the target compounds but 
have no DNAPL concentrations present. 

The technologies that received detailed analysis are as follows: 

• Primary Source Areas 

• Secondary Source Areas 

• Dissolved Phase Plume Areas 

1.1.2 Report Organization 

Vapor Extraction Technology 
Direct Heating Technology 
Excavation Technology 

Steam Extraction Technology 
Pump-and-Treat Technology 
Oxidation Technology 

Pump-and-Treat Technology 
Ozonation Technology 
Permeable Treatment Technology 
Oxidation Technology 
Bioremediation Technology 

This FS report has been prepared in accordance with the "Integrated FS/Corrective Measures Study" 
outline prescribed in Appendix D of the FFA for the PGDP (EPA 1998). As such. this FS report is 
considered to be a primary document. Primary documents may be described generally as those documents 
diat the DOE is required to issue to the EPA and the Kentucky Department for Environmental Protection 
(KDEP) to fulfill the obligations of the FFA (EPA 1998). All subsections contained in the referenced 
outline have been included for completeness. Where specific sections of this outline do not apply, the text 
of the document provides clarification. Subsections have been added to the outline, as appropriate, and 
have been included to provide clarity and enhance the organization of the document. 

1.2 BACKGROUND INFORM A TION 

The following section presents background information concerning the regulatory setting at the 
PGDP. It also provides a site description of the PGDP and of the GWOU, as well as a summary of the 
process history, the nature and extent of contamination, the contaminant fate and transport, and the risks 
associated with the GWOU . 
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1.2.1 Rcglilator};· Setting 
"i', . 

This scCtion'suminat'ize~itic'fr~~cwork for environmental restoration at the PGDP, including the 
major acts and accompanyingrcgulationsdriving response actions, such as the CERCLA and the RCRA. 

,ltalso describes the doclIments controiling resPonse actions, such as the Administrative Ordci· by Conscnt 
(AtO),thc FI;'A, and th~\ SMP .. , . .,. . 

In Augustl98~k TCE and .'I'ITcwer,e, dctected in private wells, north of the PGDP .,.The contaminants 
originated as waste generated frommateri~isconimonly used during the operational hi~tory of the PGDP. 
As,a result, the DOE and theEPA, with the participation of the Commonwealth of Kentucky, entered into 
an ACO, effective November 23,~·.).988.,1ihe ,ACO is a .site-specific, legally binding .agreement betwecn 
the DOE and the EPA that trigger~d investiga'tions to determine the nature and extent of contamination ill. 
t~e vicinity orthe PGDP. The ACOdefines the following mutual objectives for the ~OEand the EPA: 

• 

• 

• 

. . ' I, ' 

determine the nature and extent of threats to human health and welfare and the environment caused 
by off-site grOundwater contamination"originating from, thePGDP; 

ensure that the environmental impa~tS associated with known and potential releases are thoroughly 
investigated and that appropriate action is taken to protect human health and welfare and the 
environment: .... 

establish a workplan and schedule('s) fordeyeloping, impl~~enting, and monitoring response actions; 
and· ... 

":1: 

• facilitate cooperation among. exchange of information between, and participation of the'parties in the 
action. 

The, ACO was drafted under Section~ I04·and.,1q6 ~f the CERCLA. For the purposes of the ACO,· 
the: EPA determined that .hazardous substances had been released into the environment from the PGDP 
and that the potential pathways of migration ~onsiitute both an actual release and a thn.!atened release'. 
under CERCLAdefinitions[42 U.S;C.A. § 9601(22)]. 

. .' , _. ., • ~ .~ • ". ,.' 1 

. Section 105(a,)(8)(8) of CERCLA [42 U.S.C.A.§ 9605(a)(8)(8)], as amended by the Superfund 
Amendments and Reauthorization Act; requires .theEPA to promulgate a list of national priorities among 
the known or thr~atenedreleases ofhazardous,subs~nces; pollutants; or contaminants throughout the United' 
.State's~ On Jtme' 30,1994, ·theEPA pfaced the PGDPomtheNational. Priorities List (NPL) [59 Federal 

. Register (FR) 27989 (May' 31, 1994)]. 'Sites on the NPL are required to. evaluate ,'releasesa.nd conduct 
re~ediali actioris/removala'ctions in ,accordance with ,CERCLA'sNational· Oil 'and Hazardous Substances, 

.PollutionOContingency·Plan(NCP). ,As .the Ieadiage~cy underCERCLA~ ,the 'DOE "is responsible for·' 
conductingcleanup,activities atlhe' PGDP .in compliance with applicable or relevant ,'and appropriate 
requirements (ARA:Rs). " 

The CERCLA is noHhe only dr.iver forcIeanllP atthePGDP. The RCRA,in addition to regulating 
the generation, transportation;, ,treatment, storage;, andi,disposa'i ,ofhaiardous waste, requires 'corrective 
actionforreleases'ofhaZardous c()I:lsiitue~tsfrom SWMUs. . .'.... ., 

The DOE was issued a Kentucky Hazardous Waste Management Permit and an EPAHSWA permit 
on July 16,1991. The KDEP. portion of~he ReRA permit was issued pursuant to Chapter 224 of the 
K.R.S. by authority granted from the EPA totheKDEP. The EPA issued its portion oCthe RCRA pemlit 

• 

• 

pursuant to the HSWA. The RCRA permits require the proper treatment, storage, and disposal of waste; • 
corrective action (i.e., cleanup); closure of regulated units; and investigation of off-site contamination. 
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To ensure that duplication of investigative/analytical work and documentation under both the RCRA 
and the CERCLA is minimized, the EPA, the KDEP, and the DOE signed the FFA for the PGDP on 
February 13, 1998, pursuant to Section 120 of the CERCLA. At that time, the FFA superseded the ACO . 
The FF A coordinates the CERCLA remedial action and the RCRA corrective action processes into a 
single, comprehensive procedure for site remediation. The FFA ensures that response actions be in 
compliance with ARARs under CERCLA, and that such actions be taken in a timely manner. 

The FFA requires that the DOE prepare and submit to the EPA an annual SMP. The SMP is designed 
to coordinate and document the selected OUs, removal actions and proposed removal actions, work 
priorities, projected activities, and timetables and deliverables for the current and two successive fiscal 
years. The SMP also includes a basis for prioritizing response actions as well as the prioritization criteria. 
Additionally, the SMP contains a list of commitments and long-tenn projections. 

Paragraph II E.2 of the Secretarial Policy Statement on the National Environmental Policy Act 
(NEPA) (DOE 1994d) states, "To facilitate meeting the environmental objectives of CERCLA and to 
respond to concerns of regulators, consistent with the procedures of most other Federal agencies, the DOE 
hereafter will rely on the CERCLA process for review of actions to be taken under CERCLA and will 
address NEPA values and public involvement procedures as provided below ... Department of Energy 
CERCLA documents will incorporate NEPA values, such as analysis of cumulative; off-site, ecological, 
and socioeconomic impacts, to the extent practicable." To meet this goal, NEPA values have been 
incorporated into this document to the extent practicable. 

1.2.2 Site Description of the PGD P Area 

In this site description section, information is provided concerning environmental setting, land use, 
demographics, topography, climate, air quality, noise, ecological resources, and cultural resources of the 
PGDP. The section concludes with an overview of the surface water hydrology, geology, and hydrogeology 
of the region. 

1.2.2.1 Setting, land use, and demographics 

Setting and Land Use 

The PGDP is located in western McCracken County, Kentucky, about 6.5 km (4 miles) south of the 
Ohio River and approximately 16 km (lO miles) west of the city of Paducah (Fig. 1.3). Approximately 90% 
of the area within an 8-km (5-mile) radius of the plant is agricultural or forested land. Urban and industrial 
lands comprise less than 4% of the surrounding area, and surface water bodies cover approximately 5% 
(MMES 1993). 

The land at the PGDP and the area that surrounds it have been designated as the following: 

• On-Site Secure 
• On-Site Unsecure 
• Off-Site 

DOE Property Inside Security Fence 
DOE Property Outside Security Fence 
Outside of DOE Property 

The total amount of land held by the DOE at the Paducah Reservation is 1,439 hectares (3,556 acres). 
The industrial portion of the PGOP is situated within a fenced security area consisting of approximately 
303 hectares (748 acres). Within this area, designated as On-Site Secure (i.e., fenced and patrolled) land 
use is exclusively industrial and numerous buildings and offices, support facilities, equipment storage areas, 
and active and inactive waste management units are present. Outside the fenced security area is 
approximately 804 hectares (1,986 acres) of land designated as On-Site Unsecure that the DOE leases to 
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the Commonwealth of Kentucky as part of the WKWMA. The land leased to the WKWMA is designated 
as recreational and is used extensively for outdoor recreation such as hunting, horseback riding, and 
fishing. The remaining portions of the DOE property, all of which also are designated as On-Site 
Unsecure, consist of approximately 279 hectares (689 acres) of land maintained by the DOE and 54 
hectares (133 acres) of easements acquired by the DOE (DOE 1998a). All other acreage located outside 
that which DOE owns is designated as Off-Site. Figure 1.4 details the current land use surrounding the 
PGDP. No changes to land use are expected in the foreseeable future. 

Four federal highways (U.S. 45, 60, 62, and 68) and one interstate highway (1-24) are in the vicinity 
of the PGDP (Fig. 1.3). Highway 60 is used most frequently by plant personnel for access to the PGDP. 
The closest commercial airport is Barkley Regional Airport, which is located approximately 8 km (5 miles) 
southeast of the plant. 

Demographics 

The population of McCracken County, as of July 1995, was reported as 64,577 persons. Counties 
adjacent to McCracken, in closest proximity to the plant, reported the following popUlations: Ballard 
County, Kentucky, 8,232 and Massac County, Illinois, 15,370 (DOC 1995). The total population within 
an 80-Ian (50-mile) radius of the plant was estimated at 500,000 with approximately 66,000 residing 
within a 16-km (lO-mile) radius of the PGDP (DOE 1994a). Between 300 and 500 individuals reside 
within the boundaries of the former Kentucky Ordnance Works (TCT-St. Louis 1992). The small 
communities of GrahamviUe, Heath, and Kevil are within a 5-km (3-mile) radius of the DOE property 
boundary. Larger municipalities such as Paducah and LaCenter, Kentucky, and Joppa and Metropolis, 
lllinois, are within a 16- to 32-km (10- to 20-mile) radius of the site. 

1.2.2.2 Surface features and topog raphy 

The PGDP is situated in an area characterized by low relief. Elevations vary from about 107 to 119 m 
(350 to 390 ft) above mean sea level (amsl) on the plant property, with the ground surface sloping at a rate 
of approximately 5 m/km (27 ftlmile) toward the Ohio River. Two main topographic features dominate the 
landscape in the surrounding area: the loess-covered plains, at an average elevation of 119 m (390 ft) amsl; 
and the Ohio River floodplain zone, dominated by alluvial sediments, at an average elevation of 96 m 
(315 ft) amsl (USDA 1976). The terrain of the PGDP area is slightly modified by the dendritic drainage 
systems associated with the two principal streams in the area, Bayou Creek and Little Bayou Creek. These 
northerly flowing streams have eroded small valleys that are approximately 6.1 m (20 ft) lower in 
elevation than the adjacent plain. 

1.2.2.3 Climate, air quality, and noise 

Climate 

The climate of the PGDP area can be described as humid-continental. It is characterized by warm and 
humid summers and moderately cold and humid winters. Temperatures for the summer months average 
29.4°C (85°F), while winter temperatures average 2.2°C (36°F). During the winter months, temperatures 
drop below freezing an average of60 nights and 10 days. 

Precipitation is distributed relatively evenly throughout the year and averaged 128 cm (50 in.) per 
year from 1969 to 1989 (CH2M HILL 1992). The 5-year average annual precipitation for the region from 
1990 to 1994 was 113.13 cm (44.54 in.) per year (MCC 1995). Most groundwater recharge and stream 
flooding occur between November and May. when evapotranspiration is normally less than the remainder 
of the year . 
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The average prevailing wind in the area is from the south to southwest at approximately 16 km per 
hour (9.8 mph). Generally. stronger winds arc observed when the winds are from the southwest or nOl1hwest. 

Air Qualify 

The PGDP is located in the Paducah-Cairo Interstate Air Quality Control Region of Kentucky. which 
includes McCracken County and 16 other counties in western Kentucky. Data from the state's air monitors 
are used to assess the region's ambient air quality for the criteria pollutants (ozone. nitrogen oxides. carbon 
monoxide. particulates. lead. and sulfur dioxide) and to designate nonattainment areas (i.e .• those arcas for 
which one or more of the National Ambient Air Quality Standards are not met). McCracken County is 
classified as an attainment area for all six criteria pollutants (KEQC 1992). In addition, the U.S. Enrichment 
Corporation (USEe). which operates the PGDP, -operates an ambient air monitoring system to assess the 
impact of various air contaminants emitted by the PGDP on the surrounding environment. Ambient air 
monitoring of radioactive particulates (1,'1"OSS alpha and gross beta) is accomplished by six continuous 
samplers. Eight additional ambient air sampling stations are operated by the Commonwealth of Kentucky 
Agreement in Principal organization to monitor air impacts from the PGDP. 

Noises associated with plant activities generally are restricted to areas inside buildings located onsite. 
Currently. noise levels beyond the security fence are limited to wildlife. hunting. traffic moving through 
the area. and operation and maintenance activities associated with outside waste storage areas located close 
to the security fence. 

1.2.2.4 Ecological and cultural resources 

Soi/ ... alld p,.ime Farm/mId 

Six soil types are associated with the PGDP as mapped by the Natural Resources Conservation 
Service (NRCS), formerly the Soil Conservation Service (USDA 1976). These are Calloway silt loam. 
Grenada silt loam. Loring silt loam. Falaya-Collins silt loam, Vicksburg silt loam, and Henry silt loam. 
The dominant soil types. the Calloway and Henry silt loams, consist of nearly level, somewhat poorly 
drained to poorly drained soils that formed in deposits of loess and alluvium. These soils tend to have low 
organic content, low buffering capacity, and acidic pH ranging from 4.5 to 5.5. The Henry and Calloway 
series have a fragipan horizon, a compact and brittle silty clay loam layer that extends from 66 em (26 in.) 
below ground surface (bgs) to a depth of 127 cm (50 in.) or more. The fragipan reduces the vertical 
movement of water and causes a seasonally perched water table in some areas at the PGDP. In areas 
within the PGDP where past construction activities have disturbed the fragipan layer. the soils are best 
classified as "urban." 

Prime farmland, as defined by the NRCS, is land that is best suited for food, feed, forage. fiber. and 
oilseed productions, excluding "urban built-up land or water" [7 CFR §§ 657 and 658]. The NRCS 
detemlines prime farmland based on soil types found to exhibit soil properties best suited for growing 
crops. These characteristics include suitable moisture and temperature regimes. pH. drainage class. 
permeability, erodibility factor, and other properties needed to produce sustained high yields of crops in an 
economical manner. Prime farmland is located north of the PGDP plant area. The prime farmland north of 
the plant is predominantly located in areas having soil types ofCalJoway, Grenada. and Waverly. Except for 
a single alternative, which has considerable drilling in the area north of the plant, only temporary impacts 
are expected to occur for the prime farmland through monitoring well installations (USDA 1976) . 
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Vegetatioll 

Vegetation at the PGOP primarily consists of agricultural, grassland, scrub-shrub, and mixed f()rest 
communities. The WKWMA employs un aggressive management program designed to promote native 
prairie vegetation using burning, mowing, and various other techniques. These managed areas have the 
greatest potential 'or restoration and establishment of a sizable prairie preserve in the Jacksoll Purchase 
area (KSNPC 1991). 

Wildlife 

Small mammal surveys conducted on the WKWMA documented the presence of southern short-tailed 
shrew (Blarill(l cam/illellsis), prairie vole (Microllls ochrogasler), house mouse (Mus IIIII.\·CIIIII:,), rice rat 
(Olyzomys pllllIs/ris), and deer mouse (Peroll~l'SCUS sp.) (KSNPC 1991). Large mammals commonly present 
in the area include coyote (Callis la/railS), opossum (Dit/elp"is marsupialis), groundhog (Marmola mOllax), 
whitetail deer (Odocoilewi virgi"ianlls), raccoon (Procyoll 10/01'), and gray squirrel (Scillrus caro/illcllsi.,·). 

Typical birds of the area include European starling (SIIlI'llIlS vulgaris), cardinal (Cardillali.'i cardill(llis), 
red-wing blackbird (Agelaius p/IOC!llicells), mourning dove (Zellaida macroura), bobwhite quail (CO/iIllIS 
virgilliclllllS), turkey (Meleagris gal/opa\lo), killdeer (C"aradrills vocifel'lls), American robin (7im/lis 
migl'll/o/'illS), eastern meadowlark (SllIl'IIella maglla), eastern bluebird (Sialia siali.'i), bluejay (CYOllOcillll 
crista/a), red-tail hawk (Buteojamaicellsis), and great homed owl (Bubo virgilliallus), ducks, and geese. 

Amphibians and reptiles present include cricket frog (Aeris crepi!mlS) , Fowler's toad (B/~/() 
wood/lOusii liHv/eri), common snapping turtle (Che/ydra serpellli/la), green treefrog (Hy/a cillerea), 
chorus frog (Pselldacris Iriseriata), southern leopard frog (Raila lllrieularia), eastern fence lizard 
(SceiopOI'ltS wll/II/allls), and red-eared slider (Tracl,emys scripta e/egalls) (KSNPC 1991). • 

Mist netting activities in the area have captured red bat (Lasillrlls borealis), little brown bat (Myolis 
luei/tlgllS) , Indiana bat (Myolis sodalis), northern long-eared bat (Myolis septe11lriollalis), evening bat 
(Nycticeiu,\' /wlllera/is), and eastern pipistrelle (Pipistrelllls sllbflavlls) (KSNPC 1991). 

TI,reatelled alld Elldallgered Species 

Potential habitat for federally listed threatened and endangered (T &E) species was evaluated for the 
area surrounding the PGOP during the 1994 U.s. Anny Corps of Engineers (COE) environmental 
investigation of the PGOP (COE 1994) and inside the fence of the PGDP during the 1994 investigation of 
sensitive resources at the PGOP (COM Federal 1994). No T &E species or potential habitats for any T &E 
species were observed during the inside-the-fence investigation. The Indiana bat (listed endangered) has 
been observed in the PGOP area. 

Cllltllral, Arc/,aeological, alld HisllJric Re!wllrce!t· 

Cultural resources were evaluated for the PGDP during the 1994 COE environmental investigation 
of the PGOP (COE 1994). No PGOP properties are currently listed or proposed for listing on the National 
Register of Historic Places (NRHP). However, determinations of NRHP eligibility have not been 
completed for PGOP production facilities. Below ground areas inside the plant security fence are 
considered to be disturbed significantly such that undisturbed sites of archaeological significance are very 
unlikely. Potential impacts to cultural resources are considered on a project-by-project basis in accordance 
with the National Historic Preservation Act. 
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1.2.2.5 Surface water hydrology and wetlands 

SUrface Water Hydrology 

The PGDP is located in the western portion of the Ohio River basin. The plant's surface water drains 
to tributaries of the Ohio River; surface flow is to the east and northeast toward Little Bayou Creek, and 
to the west and northwest toward Bayou Creek (Fig. 1.5). Both Bayou and Little Bayou Creeks are 
perennial streams that ultimately discharge into the Ohio River. Little Bayou Creek is an intermittent 
stream upgradient ofPGDP but becomes perennial near PGDP due to the plant's effluents. Bayou Creek 
is the larger and primary of the two creeks. The surface water and surface soils within the drainage areas 
of both creeks generally are acidic. 

Bayou Creek flows generally northward along the western boundary of the plant from approximately 
4 km (2.5 miles) south of the plant to the Ohio River. Little Bayou Creek originates within the WKWMA 
and flows northward along the eastern boundary of the plant. Little Bayou Creek joins Bayou Creek in a 
marsh located approximately 4.8 kIn (3 miles) north of the PGDP. Other surface water bodies located in 
the area surrounding the PGDP include the Ohio River, Metropolis Lake, Crawford Lake, numerous small 
ponds, gravel pits, and settling basins. 

At the PGDP, man-made drainage ditches receive stormwater and effluent from the plant. These 
waters are routed through outfalls and eventually discharge into Bayou and Little Bayou Creeks. The 
Kentucky Pollutant Discharge Elimination System (KPDES) permitted outfalls have a combined average 
daily flow of 18.5 million liters per day (4.88 mgd) and are monitored by the PGDP. 

Wetlallds 

Wetlands were identified during the 1994 COE environmental investigation for the area surrounding 
the PGDP. This investigation identified 1083 separate wetland areas of varying types (COE 1994). Five 
acres of potential wetlands were identified inside the fence at the PGDP (COE 1994). The COE made the 
detennination that these areas are jurisdictional wetlands. 

Wetlands inside the plant security fence are confined to portions of drainage ditches traversing the 
site. These areas provide some groundwater recharge, flood water retention, and sediment retention. 
While the opportunity for these functions and values is high, the effectiveness is low due to water exiting 
the area quickly through the drainage system. Other functions and values (e.g., wildlife benefits, recreation, 
diversity, etc.) are very low. 

Floodplaills 

Floodplains were evaluated during the 1994 COE environmental investigation of the PGDP (COE 
1994). This evaluation used the Hydrologic Engineering Center Computer Program (HEC)-2 model to 
estimate 100- and 500-year flood elevations. Flood boundaries from the HEC-2 model were delineated on 
topographic maps of the PGDP area to determine areal extent of the flood waters associated with these events. 

Flooding is associated with the Ohio River, Bayou Creek, and Little Bayou Creek. The majority of 
overland flooding at the PGDP is associated with stormwater runoff and flooding from Bayou and Little 
Bayou Creeks. Drainage ditches inside the PGDP security fence can contain nearly all of the expected 
100- and 500-year flood discharges (COE 1994) . 
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1.2.2.6 Regional geology/bydrogeo logy 

This section summarizes the stratigraphy and hydrogeology of the PGDP area. The information 
presented in this section is derived primarily from the Report of the Paducah Gaseous Diffusion Plant 
Groundwater Investigation Phase III (MMES 1992a), unless otherwise indicated. 

Regional Geology 

The PGDP is located in the Jackson Purchase region of western Kentucky, at the northern tip of the 
Mississippi Embayment portion of the Gulf Coastal Plain Province. Cretaceous, Tertiary, and Quaternary 
sediments, with an approximate thiclmess of 104 m (340 ft), unconformably overlying Paleozoic bedrock, 
make up the stratigraphic sequence in the region. The pre-Cretaceous erosional surface is irregular, 
generally sloping south-southwest approximately 7 to 8 mIkm (35 to 40 ftlmile). The strike of the 
Cretaceous and Tertiary strata is parallel to the margin of the Mississippi Embayment with the dip 
uniformly toward the embayment axis (USGS 1980). The deposits overlying the bedrock consist of the 
following strata, in order of decreasing depth: the rubble zone, the McNairy Formation, the Porters Creek 
Clay, the Eocene Sands, the continental deposits, .and surficial loess and/or alluvium. Figure 1.6 presents 
a schematic diagram illustrating the relationships among the geologic horizons present at the PGDP. 

Paleozoic bedrock regionally dips moderately (approximately 1 degree) to the northeast toward the 
nIinois Basin. Faulting has created local variations in orientation of bedrock strata. In 1981, Kolata, Treworgy, 
and Masters mapped northeast-southwest trending faults of the Fluorspar Area Fault Complex in Paleozoic 
rock north of the Ohio River in TIIinois (ISGS 1981). Later research has shown that some faults of the area 
offset Tertiary and Quaternary sediments (Nelson et al. 1997). Continuity of these faults into Kentucky is 
not known. W.W. Olive mapped a few faults in Tertiary and Quaternary material in the Jackson Purchase 
region. However, he reported that most faults offsetting post-Paleozoic strata shown on his map were based 
on indirect evidence and were possibly attributable to causes other than tectonic faulting (USGS 1980) . 

The principal geologic feature in the PGDP area is the Porters Creek Clay Terrace, a large, low-angle, 
subsurface terrace trending approximately east-west across the southern portion of the plant. This terrace 
is believed to be the result of the erosion of the Porters Creek Clay by the ancestral Tennessee River. Due 
to the erosion, the Porters Creek Clay is essentially absent from the PGDP area north of the terrace slope. 

North of the terrace slope, continental deposits directly overlay the McNairy Formation, a sequence of 
marine clays, silts, unconsolidated sands, and occasional fine gravel. The continental deposits are 
subdivided informally into the Lower Continental Deposits, consisting of chert gravel in a matrix of sand 
and silt, and the Upper Continental Deposits, which consist of thin interbedded layers of clayey silt, sand, 
and occasional gravel. Fine-grained aeolian deposits called loess commonly overlay the continental 
deposits. However, along rivers or creeks, the surficial deposits are typically alluvium. 

In the PGDP area south of the terrace slope, the Porters Creek Clay directly overlies the McNairy 
Formation. The Porters Creek Clay is unconformably overlain by either the Eocene Sands or the 
continental deposits. The principal gravel facies within the continental deposits south of the Porters Creek 
Clay Terrace slope are Miocene-Pliocene gravels, commonly referred to as Terrace Gravel deposits. 

Regiollal Hydrogeology 

Several water-bearing zones are present in the PGDP area. North of the Porters Creek Clay Terrace, 
the primary water-bearing units, in order of increasing depth, are the UCRS, the RGA, and the McNairy 
Formation (Fig. 1.7). The RGA has been identified as the uppermost aquifer at the PGDP (MMES 
I 992b). South of the buried terrace slope, the principal water-bearing units are the Terrace Gravel, the 
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Eocene· Sands, and the McNairy Fonnation. The RGA is the dominant groundwater flow system at the 
PGDP and contains the major on-site .and off-site contaminant plumes. 

" .. 

" . For thisFS report, the'subsurface stratigraphy at the PGDP has been divided intoihe following six 
correlatable hydrogeologfc ,units (HUs), based.primarily on the .physical properties that'describe the HU's 

, ,general ability toh<;lld and/or condUct water: 
.. , 

.' HU: 1 --,-Loess, . 
• :: If£! 2 ~. the sands and gravels of the UCRS, 
• HU 3 -the.aquitardbetween:,the overlying shallow sands ,and gravels and the underlying RGA, 
• HU 4,-'-'-thegenerally thin sand horizon at thetop of the RGA, 
• . HU5:~ the main sand~md gravel deposit of the RGA, and 
• . HU6- the McNairy Flow System. 

·HU 1 is the uppennost member of the UCRS and consists of surficial deposits of clayey silt of wind
biown origin (loess). The loess deposits are typically 1.5 to 7~6 m (5 to 25 ft) thick in the PGDP area. 

HU 2 consists of numerous, sand ,and gravel units within a Iess-permeableclayey silt matrix of the 
.' Upper Continental Deposits. HU 2 has been further divided 'into two units, HU 2A and HU 2B. The 

uppermost unit, HU 2A, is a gravel or sand layer found, approximately 4.8 III (16 ft) bgs across most of the 
site, Below HU 2A, and; typically separated from it by clay or silt lenses. of varying thickness, is a thin 

. horizon of sand or gravel' lenses desigriated HU2B. The HU 2B units occur at various elevations beneath 
the reservation, and their degree of interconnection is not ,known. 

• I, 

At the base of the UCRS, a clay; silt, or cIayey~silt layer (HU 3) separates the HU 2 sands and 
gravels from the underlying RGA. This layer is relatively continuous across the PGDP, but its thickness varies. • 

. HU, 4 is a discontinuous sand, typically found at the top of the RGA beneath the PGDP. HU 4 is 
hydraulically connected to. HU 5 as they exhibit almost identical hydraulic heads in locations where 
nested wells are completed in both units. 

Most of the ,flow in the RGA occurs in HU 5, which consists of the gravel and sand facies of the 
Lower Continental Deposits. The unit ranges in thickness from 3 to 21.3 m (10 to' 70 ft) beneath the 
PGDP and to, the north but pinches outcagainst the base of the Porters Creek Clay ,terrace slope under the 
south end ofthePGDP. . ' '. 

, ,t , . ,. 

HU6, the McNairy Flow System, includes most of the McNairy Formation: The McNairy Formation 
averages. 70 m (230 ft) thick and lies at depths ranging from 18 to 37 m (60 to. 120 ft) bgs. Where the 
sands ,of the upper part of the McNairy Fonnationare present directly beneath theRGA, they.are grouped 
within the'RGA.· " 

Figure 1.8 identifies the HUs on a representative soil ,boring log from a monitoring welHn the area .. 
Table 1.2 summarizes the available hydl-aulicconduct{vity data from tests of the primary' HUs in the 
PGDP area. . 

Groundwater Flow 

Groundwater flow is predominately vertically downward in the UCRS, , providing recharge to the 
RGA. In general, the depth to the UCRS water table is less than 20 ft in the westem half of the PGOP and as 
much as 40 ft in the northeastem comer. The main features of the local water table are ('1) a broad trough 
in the northeast and central areas of the PGDP, (2) a linear discharge area associated with a drainage 

00·00\ (doc)106120 I 1~20 

• 



• 

• 

LEGEND 

CJ 
S.u·J 

Elevation 
(tl amsl) 

-
255.1-

j(\~r, j 
~ 

~9S·'Jl 

~"('Ol 
28~.O 

2ac 0 

~ 

::::l 

P'1 [: .......•. :J 

t... ____ _ 
----------t. ______ •.• -0 

..... ------ - -------
:-:====~:: - -----. -----~ -.. - .. --, ------. -----• _ •• - _._ '" I 

I
· ': ; ". :::.;:::,: 
.":~:':~'::.~ 
17---;-···.·~ 
j" ••.••• --~'. 

---.--:- ~.~ 

=--=--=- -=- I 
=-::?-::?-~-=-=1" ~ ------------- -. _._-----.----- --.-------

'. '.-' --:-. " ... 

TJ ICo 5' 

:=--' . .:. -.:::-:'-:j 
-.--~ 

------' 
:..! 

DOCUMENT No. DOEiDRl07-1851&D2 

Hydrogeolo gic 
Units 

HU 1 

HU 2A 

HU 28 

HU3 

HU 5 (RGA) 

HU G 

Loess 
Deposits 

Upper 

Lower 

McNairy 
Formation 

C1 
0 
;J -:::::J 
C1) 
:::::J 

~ 
0 
I'D 
'C 
0 
~, 

Vi 

U. S. DEPARTMENT OF ENERGY 
DOE OAK RIDGE OPERA nONS 

PADUCAH GASEOUS DIFFUSION PLANT 

_ _ _ _ Science Applications 

• 

International Corporation 
L-____________ F_i_g_o_l_oS_o __ " __ y_d_r_o_g_e_o_lo_g __ ic __ u_n_it_s_o ______________ -L ... __ --_-.-._~~;_~~~1 ______ ~o=a~kR~~~:OOe·O~~ .. T~~~~=~~~~~~3~18~3~1 ______ _J 

1-21 
FIGURE No. FS1-8 
DATE 05-15-01 



Table 1.2. Hydraulic conductivity data for the PGDP ,",:, HU Low Mean' High Tn~e of test and reference 
UCRS(Kh) UCRS(~) UCRS(~) UCRS(Kh) UCRS(Kh) 

(em/sec) 1:0 x 10-8 6.9 X 10-4 Slug tests 
(ftJday) . 2_9 ><10:5 1.96 (CH2M !lILL 1992) 
HU3,(K,.) HU3(K,;) HU3·(K,.) HU3 (K.) HU3(Kv) 
(em/sec) 2.0 x 10-4 Pumping testat C-404 

" ' (ftJday) 5.7 x 10-1' (Terran 1990) 
(em/sec) 1.1 x 10-5 1.1 X 10-4 Pumping·test at C-333 
(ft'day) 3'.0 x 10-2 3.0 X 10-1

-; (Terran 1992) 
RGA(Kh), RGA(Kh) RGA (Kh) RGA (Kb) ,RGA(Khl ' 
(em/sec) '1.9 x 10-2 3~8 x 10:2 Pumping test at C-404 (Terranl990) 
(ftJday) 53 -:'. 107 
(em/sec) 3.2 x 10-5

, 5.2 X 10-2 'Slug tests (CH2M HILL (992) 
(ftJday) 9.1 x 1O~2 146 
(em/sec) 3.5 x 10-2 5.3 X 10-1 Pumping test at C-537 (CH2M HILL 
(ftJday) 100 150 (992). 
(em/sec:) 3.5 X 10-' ~.2 x· 10-,', PU!Dping test atC-D3 Cferran (992) 
(ftJday) , 1,000 ' 1,200 

;. 

(emlsee) 1.9 x 10-' 4,3x 10-' Pumping test at Northeast Plume 
(rt/day) 529 l;2U eontairunent' well field (DOE 1997a) 
(em/sec) 9.5 x 10-' 2 PtlmpingJest at Northwest Plume north 
(ftJday.) 2,686 5,700 containment well field (LMES 1996a) 
McNairy (Kh) McNairy (Kh) McN airy (Kh) McNairy (Kh) ,McNairy (~) 
(em/sec) 6.2 x 10-6 Analysis of cyclic water level trends in 

. (ftJday) 1.7 x 10-2 McNairy wells (LMES 1996b) • (em/sec) 2.9 x 10-5 1.8 x 10-4, ", Sluglests (CH2M HILL 1992) 
(rt/day) 8,2 x 10-2 5:2 x 10-' 
McNairy (K,.) McNairy (K,.) McNairy (K,.) M~Nairy (K.) .McNairy (K,.) 
(em/sec) 1.8 x 10-8 5.0x 10-4 'Peimeametert~sts,ofC-746-U landfill and 
(ftJday) 5.1 x 10-5 I Northwest Plume containment well field 

\ 
samples (LMES ·1996b) 

(em/sec) 1.6 x 10-7 , Analysis of cyclic water leyel trends in 
(rt/day) 4.5 x 10-4 McNairy .wells (LMESI996b) 
HU hydrogeologic unit 
PGDP Paducah Gaseous DitTusionPlaJ:lt 
RGA Regional Gravel Aquifer ' 
UCRS Upper Continental Recharge System 

, ' 
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channel (the East-West Ditch) in the northwest quadrant of the PGDP, and (3) a lateral hydraulic gradient 
toward Bayou Creek on the west side of the PGDP. Strong dowpward vertical gradients of 0.5 mlm and 
greater prevail across the site in the VCRS . 

The RGA typically has a relatively high hydraulic conductivity and so serves as the dominant flow 
system in the area. Hydraulic gradients direct groundwater flow in the RGA laterally to the north where 
the regional groundwater systems discharge into the Ohio River. Figure 1.9 presents the average RGA 
hydraulic potential surface map (relative to mean sea level) for the PGDP area. Over most of the plant area, 
the lateral gradient within the RGA is very low and on the order of 7 x 104 m/m. Groundwater velocity 
within the RGA is estimated to range from 61 to 122 m/year (200 to 400 ft/year) to the north-northeast, 
toward the Ohio River (DOE 1994a). 

Silts and fine sands of the McNairy Formation, found beneath the RGA sediments, form the lower 
confining unit to the shallow aquifer system. The regional groundwater flow direction in the McNairy 
Formation is toward the Ohio River. Vertical hydraulic gradients in the McNairy Formation are 
downward beneath the PGDP but upward near the Ohio River. 

Water Balance 

Recharge to the RGA primarily is via infiltration from the VCRS. The Terrace Gravel flow system 
contributes some underflow to the RGA to the east and west of the PGDP. Groundwater flow models 
have provided the best analysis of the groundwater recharge budget at the PGDP. The annual rainfall for 
the PGDP averages 127 cm (50 in.) per year. Of this rainfall total, approximately 22 cm (8.5 in.) of water 
infiltrates through the VCRS to the RGA. The remainder of the rainfall total is returned to the atmosphere 
through evapotranspiration or routed to creeks as surface runoff. 

The PGOP is a water-intensive facility, on average using between 37.9 and 75.7 million liters (10 to 
20 million gal) of water per day withdrawn from the Ohio River. Although it is known that leakage from 
the plant water utility system must be a significant contribution to RGA recharge, water use surveys have 
proven inadequate to quantify the amount. Groundwater flow modeling provides the best estimate of the 
impact of plant water utilities. The area recharge in the vicinity of the four PGOP cooling tower complexes 
and two main lagoons north of the PGDP must be approximately 86 cm (34 in.) per year (166,000 L-
44,000 gal - of water per day) for the model to duplicate groundwater flow directions evidenced by the 
main PGOP groundwater plumes. It is likely that other large lagoons at the PGOP (e.g., The C-611 Water 
Treatment Plant Lagoons) may also be sites of enhanced recharge. 

1.2.3 Description and History of SWMUs in the GWOU 

Because of the broad scope of current and historical operations at the PGOP, numerous SWMUs 
impact the GWOV. The history and investigation of these SWMUs is documented in many remedial 
investigation (RI) and site evaluation reports that have been written since the beginning of the DOE 
Environmental Restoration Program at the PGDP. Appendix A of this FS, the Data Summary Report 
(DSR), provides a review of the primary SWMUs associated with the GWOV and groundwater 
investigations at the PGDP. 

1.2.4 Nature and Extent of Cont amination in the GWOU 

The DSR (Appendix A) includes an abstract of the assessment of the nature and extent of soil and 
groundwater contamination taken from each previous RI report. In addition, the OSR provides a sitewide 
perspective of the nature and extent of groundwater contamination related to the PGOP through a series of 
maps based upon the collective GWOV database. Viewed together, these sections provide an empirical 
basis for evaluating the impact of each SWMU, and the PGDP in general, upon the RGA . 
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• 
1.2.5 Contaminant Fate and Tra IIsport 

Sampling and analysis of b'TOundwater provides a direct measure for the evaluation of risk to current 
human and ecological receptors. However. due to the complexities of contaminant fate and transport. current 
dissolved contaminant levels are not a good indication of past or future exposures. Contaminant fate and 
transport modeling is an estahlished and conservative approach for estimating future contaminant levels 
that can be used in risk assessment. 

1.2.5.1 Conceptual site model 

The conceptual site model is a statement of known site conditions that serves as the framework for 
fate and transport modeling. These site conditions include hydrogeologic and transport parameters. as 
summarized in preceding text, as well as contaminant source characteristics. Because the PGOP is a large 
industrial facility with over 40 years of continuous operation. several types of contaminant sources have 
been discovered that impact the GWOU. Previous investigations for the PGDP have characterized many 
of these contaminant sources and the dominant groundwater pathways. In addition, b'TOundwater flow 
model development for the PGDP has added crucial insight into aquifer properties and transport parameters. 

The PGOP overlies the south bank of the ancestral Tennessee River. A 30-ft-thick sand and gravel 
deposit of the ancestral Tennessee River extends north from beneath the PGDP to the Ohio River. These 
course sediments form the shallow aquifer beneath the PGOP, known as the RGA. Approximately 60 ft of silt 
and clay with horizons of sand and gravel lenses overlie the RGA. The groundwater flow system developed 
in these shallow sediments is called the UCRS. Groundwater flow in the UCRS is predominantly 
downward. to recharge the RGA. Hydraulic gradients direct groundwater flow in the RGA laterally to the 
north where groundwater discharges into the Ohio River. Figure 1.9 presents the average potentiometric 
surface for the RGA. 

• Collla",i"allt SOllrces, Relea.r.e MecltallisIIIs, alld Migratioll Pat"Hlays 

• 

TCE and ~c are the primary contaminants in off-site groundwater that have been previously associated 
with the PGOP. Some metals and other organic compounds (notably carbon tetrachloride and deb'Tadation 
products of TCE) have been identified in RGA groundwater at the PGOP, but these appear to be less 
persistent. Section 4 of the DSR (Appendix A) evaluates the nature and extent of the main PGOP COCs. 
Both historical waste management facilities and spills and leaks associated with production operations are 
responsible for most of the known contaminant sources to the GWOU. The setting of the primary SWMUs 
contributing to groundwater contamination and the main contaminants attributed to each are as follows. 

Groundwater contaminant(s) 
Source areas Setting VCRS RGA 

C-400 South 
C-400 North 

Leaks from TCE transfer pump and stoml sewer 
Leaks from waste treatment pit and waste 
storage tank 

TCE TCE 
TCE and Wrc 99Tc 

AOC 211 (C-720 Northeast) 
C-720 Southeast 
C-333 Northeast 
North-South Diversion Ditch 
SWMUI 
SWMU4 
SWMUs 7 and 30 
SWMU99 

Spill from degreasing operation 
Leaks from storm sewer 
Process building operations 
Infiltration from effluent ditch 
Infiltration from landfarm 
Infiltration from waste burial pits 
Infiltration from waste burial pits 
Infiltration from scrap yard 

UCRS 
AOC 
TCE 

Upper Continental Recharge System RGA 
Area ofConcem SWMU 
trichloroethene ~c 
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TCE 
TCE 
TCE 
99

Tc 
TCE 

TCE and 9'1'c 
TCE and 99Tc 

99Tc 
Regional Gravel Aquifer 
solid waste management unit 
technetium-99 

TCE 

TCE and 99Tc 
TCEand '!'ITc 



The detection of contaminants in soil and groundwater during the JlerviousRlsat the PGDP confirms 
the potential lor mcdia-spccHic, ~hemical, transport. Both TeE and wTccan move as dissolved'contaminants 

. leaching frmn the SWMUs throllgh the luiderlying soil to the groundwater. Moreover, TCE has the ability 
to move as a DNAPL ,through soil.and groundwater. Where DNAPL occurs in the subsurface. TeE will 
be dispersed through the soil~ along its mib'Tation pathway and may pool .ontop of low~permeability 
: layers. In' either:case. the DN:APL fomis· a secondary source of TeE .in the 'subsurfacelhaf. will leach 
dissolved contamination tOif:,'foundwater., Figure 1.10 illustrates the conceptual site model for the PGDP. 

"t, 

Olicea' di!isolved contaminant reaches the RGA, the contaminant can be transported through the 
groundwatcr·to·downbrradient receptors. The fate and transport modeling of the GWOU FS evaluates four. 

, potential points of exposure to'-contaminated' groundwater defined as integrator points (IPs): 

• the PGDP securityfence,~herc a.~ell might be drilled into'the RGA by 'a future homesteader; 
.. 1' 

• the DOE property' ,boundary, where a well might be drilled into the RGA by a future homesteader; 
, " .' ' , ., -. . 

).' , , " 

• . a reach of Little Bayou Creek near the Tennessee Valley Authority's (TVA's) Shawnee Stearn Plant. 
where recreational users and. ecological receptors may be- impacted by disch~rge of the RGA to the 
,creek; and . .,' . 

' •. 1.-

• • t.. • • • , 

• . 'the Ohio River. where recreational users and ecological receptors may be impacted by discharge of 
theRGA to the river, which forms the discharge zone for all of tile regional grou:nd.water systems. 

. Four b'Toun<;twater c~ntaminant plumes define the major groundwater flow paths in the RGA bcneath 
the'PGDP. as follo~s: 

• The Northeast Plume exits the ,east ,side or'the ,PGDP and flows appr~ximatCly 2 miles off-site in a 
northeastward arc. 

• 

o 

" .: 

PGOP's Northwe,~tPlume migrates off-site.from ,the· northwest comer of the facllity and extends 
approximately 2.5 'miles north, to,.Idttle Bayou Creek. .. , .' 

,I' 

The' Technetium~99 ·Plume i~aves thePGDP from the north side and tracks east <>f the Northwest 
Plume t~. a.canal off.theOhioRiver. 

o A Southwest Plume reaches a short distance (less than 2,000 tt) to the west of the PGDP. 

These plumes provide empirical.evidence of the potential for exposure to:PGDP contaminants through 
the groundwater pathway and facilitate a',measureof,the-transport distanc~ of'PGDP-derived contaminants 
to exposure points. The DOE has enacted :an interim Water Policy action that provides municipal water 
service to residents of tIle affected area to prevent direct exposure thr~ugh the ingestion route. 

DNAPL E"idellce 

As at most DNAPL sites; field sampling has been: unable to yield a sample of the DNAPL or 
persuasively define the limits of a, PNAPL zone. The primary lines of evidence to ,support the presence of 
a TCE DNAPL at the PGDP are as follows: 

• the occurrence of TCE in soilsamplesata concentration greater than that which can be provided by 
contaminated water in the soil potos!ty~ , • 
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• dissolved phase concentrations of TCE near the solubility limit In groundwater from suspected 
source zones, and 

.' . high.dissolved phase concentrations of TCE throughout the depth of the RG1\"in source zones and 
.. downgradientplumes. . ' .. \ 

Table 1.3·summarizes dimension and volume. estimates for the representative' known and suspected 
TeE DNAPL zones at the PGDP ; Figure '1.11 shows the 'locationof th~se DNAPL zones. Documentation for 
the, estimates for the TCE DNAPL source zones at the C-400 and G-720 Buildings, as well as the C-747-C 
~FOmierpil Landfann, is provided'jnAppendix C~5. ' 

., 

Th~.relativelyclose spacing betWeen source areas and 'the ,presence of preferred groundwater flow 
pathways has led':to a commingling of dissolved-phase plumes·at, the PqDP, such that the. impact of 
downgradient sources is difficult to determine. Thus,' the assessment and remediation of groundwater 
contanllnation at the PGDP is best achieved from a sitewide perspective. 

Hydrologic Properties 

· .. 'TheUCRS cons'ists of clayey silt with horizons wh~re sand and gravel lenses are common. PGDP 
hydrogeologists have differentiated the UCRS into three general horizons: 

• HU 1 - an upper silt and clay interval, 
• HU 2 - an. intervening interVal :where sand and.gravel lenses are common, and 
• HU 3 - a lower silt and clay interval. ,: 

In general, the water table is less than 20 q deep in the western half of the PGDP and as much as 40 ft • 
deep in the northeastern corner. The main (eatures of ·the local water table are (1) a broad trough in the 
northeast and.central areas of the PGDP, (2) a linear discharge area associated with a drainage way (East-
West Ditch) in the northwest ,quadrant of the PGDP, .. and (3) a lateral hydraulic gradient toward Bayou 
Creek on ,the west side of the PGDP. Strong downward vertical gradients of 0.5 ftlft and greater prevail 
across the site in the UCRS. . , 

The RGA typically is comprised of a relatively thin HU 4 upper sand horizon and a thick HU 5 sand 
and gravel interval. A subcrop of the PortersCreek:Clay; extending beneath the south end of the PGDP, 
marks the south limit of the RGA.· Silts and fine sands ofthe McNairy Formation, found beneath the' RGA 
sediments, form the lower confining'uriit to the shallowiaq'Uifer system. Although lateral hydraulic gradients 
within ,the RGA at the PGD£ are on the order of I x 10-4 to 1 x 10-3 ftlft, the high hydraulic conductivity of 
the RGA seqiments supports average groundwater flow velocities of 0.5 to 2 ftlday. Table 1.2 summarizes 
the hydraulic conductivity measurements ofHUs at thePGDP. 

Water'B'alallce 

Groundwater flow models have provided the best analysis of the groundwater recharge budget for 
the.PGDP. The annual rainfall for the PGDP averages 50 in./y.ear. Of this ramfall total, approximately 8.5 in. 
of water infiltrates through the U:CRS to the ,RGA. The remainder of the rainfall total is returned to the 
atrrlosphere through evapotranspiration or routed .. to creeks.as surface runoff. Groundwater flow modeling 
also has emphasized the impact ot'plantwater,t.itilities. The area recharge in the vicinity of the fourPGDP 
cooling tower complexes and two·.mainlagoons northdfthePGDP must be approximately 34 in./year for 
the model to duplicate groundwater flow directions evidenced by the main PGDP groundwater plumes. 
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Table 1.3. Representative known and suspected DNAPL source zones at the PGDP 

DNAPL Zone DNAPL 
DNAPL Estimate Thickness Surface Area Volume Volume 

Zone Basis· (meters) (meters2
) (metersJ

) (liters) Setting 
Northwest Plume 

UCRS C-400 (Southeast) 
TCE Transfer Pump A 17 301 5,228 107.259 Heavy industrial setting 
C-400 (Southeast) 
Leak Site (SWMU II) 
C-400 SOllth End B 16 263 4,164 85,427 Heavy industrial setting 
Storm Sewer 
C-747-A Burial Ground C 15 1,839 28,037 Unknown. Zone below mixed-waste 
(SWMU 7) maybe small burial cell 
C-745-B Cylinder Drop A II 557 5.947 1.635 Remediation technology 
Test Area (SWMU 91) selected (Lasae:nanf) 

RGA C-400 (Southeast) D 12 1.353 16.911 547,822 Heavv industrial settine: 
• • w 

TeE Transfer Pump 
C-400 (Southeast) D 7 93 623 20.189 Heavy industrial setting 
Leak Site (SWMU II) 
C-400 South End D I 182 139 4.500 Heavy industrial setting 
Storm Sewer 

• Estimate Basis Codes: 
A 3-dimensional characterization of source zone soil contaminant levels 
B 2-dimensional characterization of source zone soil contaminant levels 
C Maximum possible DNAPL zone volume based on thickness ofUCRS below waste unit and areal dimensions of\\,aste unit 
D 3-dimensional characterization of dissolved phase plume in source area 
DNAPL dense nonaqueous-phase liquid 
PGDP Paducah Gaseous Diffusion Plant 
RCRA Resource Conservation and Recovery Act 
RGA Regional Gravel Aquifer 
SWMU solid waste management unit 
TCE trichloroethene 
UCRS Upper Continental Recharge System 

• 
Operable Unit 
Assignment for 

Source Zone 

Groundwater 
Operable Unit 

Groundwater 
Operable Unit 
Burial Ground 
Operable Unit 
Groundwater 
Operable Unit 
Groundmlter 
Operable Unit 
Groundwater 
Operable Unit 
Groundwater 
Operable Unit 
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Table 1.3. (continued) 

" 

" 
DNAPLZone DNAPL Operable Unit 

DNAPL Estimate thickness Surface Area Volume Volume Assignment for 
Zone 'Basis ,,(meters) (metersZj (meters") (liters) Setth12 Source Zone 

Southwest Plume 
UCRS Southeast C-720 B 7 49 368 6.624 Heavy industrial setting' Groundwater 

Building Storm Sewer Operable Unit 
Northeast Cor-nerof E II I 9 189 Moderate industrial setting Groundwater 
C-720 Building' Operable Unit 
C-747-C Former Oil B 6 I 9 189 Grassed field Groundwater 
Landfartn (SWMU l) , Operable Uriit 
C-749 Uranium Burial C I) 2,973 27,187 ' <1,703 Zone below, pyrophoric Burial Ground' 
Grolirici (SWMU.2) , , ' uranium burial...ground Operable Unit 
C-404 Low-Level'Waste Unmown. Zone below'RCM-c1osed Burial Ground 
Burial Ground C i 5 ' ' 4.942 73.825 maybe mixed-waste burial ground Operable Unit 
(SWMU 3) small " " 

C-747-C Contaminated F 18 No'Basis Small ' >4,000 Grassed field Burial Ground 
Burial Yard (S.WMU4) 

.' 

for Estimate ., .Opera'ble Unit 
TeE Spill ~ite A 20 ' 2 46 <189 Roofed drum storage pad No Assignment 
(SWMU 136) -

Northeast Plume 
UCRS C-403 Neutralization Pit E 13 1'1 14·6 3.002 Heavy industrial s~tting , Ground wa ter 

(SWMU <to)' '. - Operable Unit 
RGA Undefined Source G No Basis No Basis Small >4,000 Near northeast comer of Groundwater 

for Estimate for Estimate. .' C~333 BtiiIdine Operable Unit , .. ,. ,. 
" 

Terrace Deposits 
Dykes Road Hi~torical , E 2 2 4 <189 Le\;el field bisected by " Surface Soil 
Staging Area (AOe 204) • - -< deep drail1aee ditch Operable Unit 

, 

* Estimate Basis Codes: 
A 3-dimensional characterization of source zone soil contaminant levels 
B 2-dimensional ci;aracteriz~tionof soutce zone soil coritaminal1tlevels 
C Maximum possible DNAPL zone volunle based on thickness ofUCRS below waste unit and areal dimensions of waste unit 
E Conceptual mod,el and characterization of dissolved phase plume near source area , 
F Professional judgement arid site experience - based on extent of Southwest Plllm~ and dissolved phase levels near the source area 
G Professional judgement and site experience - based on extent of Northeast Plume and recent trends of declining dissolved phase levels near the source area 
AOC Area of Concern RGA Regional Gra\'elAquifer 
DNAPL dense nonaqueous-phase liquid SWMU solid waste management unit 
PGDP Paducah Gaseous Diffusion Plant TCE trichloroethene ' 
RCRA Resource Conservation and Recovery Act UCRS Upper Continental Recharge System 

• 
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1.2.5.2 Contaminant fate-and-transportanalyses 

As a part of previous RIs conducted at the PGDP, screening-level fate and transport modeling of 
contaminants was performed specific to each WAG's conceptual model. The purpose of this modeling 
was to help discemwhich contaminants may pose a significant problem in the future to off-site receptors. 
Screening level modeIlhg utilizes conservative assumptions (worst-case scenario) with regard to source 
delineation as well as transpo~. parameters in a simple, one--dimensional (I-D) analytical fate and 
transport, model. In the past, a number of different: 1-D modeling codes were used, including Seasonal Soil 
Compartment Model (SESOIL)" Analytical Transient 1-, 2-:, 3~Dimensional Mode~ (AT123D), and 

. Multimedia Environmental'PollutahtAssessment System (MEpAS). Since, 1997, the MEPAS code has been 
used exclusively. It was selected as the beSt model to use (1) to simulate both, partially saturated and 
,saturated conditions; (2) to simulate degrading source terms; (3) .to simulate several exprisure pathways 

,iotherthan groundwater; (4) to perform, risk calculations; and (5) for its ease of use. However,'since some 
; of the WAGs included in this GWOU FShad RIs performed prior to 1997, not,all of the fate'imdtransport 
. modeling presented here was conducted 'using MEPAS. . 

The information in the Rls that focused on fate'and transport modeling of the groundwater pathway are 
utilized'inthe GWOU FS.Fate,and transp<>rtmooeling conducted as a part of the R1s for WAG 22 (SWMUs 7 
and 30), 'W I\G 6 (C-400 building area), ' WAG 27, and WAG 28 were reViewed for use in evaluating the 
cumulative impactS of various contamirtants at receptor points for this GWOU FS atthe<PGDP. 

, 'M~deling r,esults for each of the previous RIs only reported simulated n:taximum concentr~tions. that 
would; be ,contributed from various ~sources to receptor points of interest~ In order, to evaluate the 
cumulative effects of all of these WAGs, however, it is necessary to evaluate the' simulated concentrations 
over time from all the source areas that impact a particular. receptor point. Thus, output data were 

• 

regenerated at each of three receptor points: the PGDP security fence, the DOE property boundary, and • 
the Ohio River. An additional receptor, point was ,evaluated at a reach of Little Bayou Creek near the 
TVA's Shawnee Steam Plant for any sWMUs which contribute to that location, in~ludingWAG 6 and 
WAG 22 (SWMUs 7' and 30). Table.1.4 presents the approximate distances from the. source to the 
applicable receptor points used in the fate and transport analysis. 

Table 1.4. Distances to the receptor locations/int~gratorpoints from the source areas 

Distance to PGDP 
Fenceline' 

Area 1ft) 
WAG 3 (SWMU 4) 2,220 
WAG 3 (SWMU 5) '890 
WAG 3 (SWMU 6>- 920 
WAG'6{Sectors 1 through 8) 3,300 
WAG'22 (SWMUs 1 and 30) 400 
WAG 21 (SWMU91) , ,350 
WAG 27{SWMU 00l) 500 

. , WAG 27 (C-720) 1;800 
WAG 27(SWMUI9~ 800· 
WAG,28 (SWMU99) 10 
WAG 28 (SWMU 99 west of 700 
Kellogg Building) 
WAG,28 (SWMU 193) 3,000 
WAG 28 (SWMU (94) " 10 
DOE 
PGDP 

U.S. Department of Energy ,H: 
Paducah Gaseous Diffusion Plant· : 
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Distance to DOE Distance.to 
Property Boundary Bayou Creek 

;Ift) Iftl 
4,130 N/A 
2;180 N/A 
2,820 N/A 
5,500 16,500 
2,400 13,500 
2,500 N/A 
3,300 N/A 
4;600 N/A 
2,800 N/A 
4,500 N/A 
4,800 N/A 

1;400 N/A 
4,500 N/A 

SWMU 
WAG 

Solid Waste Management Untt 
Waste Area Group 

1-32 

Distance to the 
Ohio River 

[ftl 
,N/A 
N/A 
N/A 

·21,000 
18;000 
22,000 
22,800 
24,100 
19,800 
19,500 
19;800 

22,400 
19,500 

• 
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• 
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Using these data, output was generated at the four receptor points in the form or time versus 
concentration plots fix the preliminary contaminant migration (eM) CO('s. The constituents whose predicted 
maximum concentrations exceed the groundwater criterion arc designated as preliminary CM COCs. 
Constituents that arc not expccted to arrive at the watcr table within the 1,OOO-year modeling period are 
eliminated Ii·om consideration as preliminary CM COCs. The preliminary CM COCs include: antimony, 
chromium, manganese, cobalt, TCE. vinyl chloride, IJ'JTc, uranium-234 e3~lJ), uranium-235 (~3'U), and 
uranium-238 (mU). These constituents were selected as a result of the fate and transport modcling 
conducted in the Rls, which detcrmined that these contaminants posed the most sib'1lificant contribution to 
off-site contamination. Because many of the WAGs had numerous sources, the results were first combined 
by each contributing source and then by each WAG's contribution. 

The complex nature of the hydrogeology and contaminants in the numerous SWMUs at the PGDP 
precluded development of a single computer model to describe fate and transport of contaminants at this 
site. Rather, a combination of small-scale analytical groundwater transport models and simple estimates 
of contaminant attenuation/dilution along specific pathways were combined in the framework of the 
conceptual model for fate and transport analysis. The combination of methods is site specific and was 
discussed in detail in the PGDP RI reports. The summary of fate and transport analysis performed under 
different WAGs is presented in the following paragraphs. 

WAG 22 

Fate and transport modeling for this WAG was conducted using SESOIL and A T123D modcls. 
Based on historical process knowledge and the findings of sampling and analysis at SWMUs 7 and 30, 
the following contaminant sources were identified. 

• Waste burial pits, including Pit A, Pit B/C, and the F Pits. As-built drawings indicated the presence 
of additional pits, including Pit D and Pit G. Because Pit G is located beneath Drum Mountain. it was 
assumed. based on process knowledge, that the nature and extent of contamination in Pit G is the. 
same as in Pits Band C. (Note: Additional contamination may be present in Pit G that is related to 
Drum Mountain. Future remedial assessments or actions must address this uncertainty.) 

• Surrounding surface soils, whieh appear to act as a source of surface runoff. 

• Surrounding subsurface soils, specifically in the area of the old incinerator, directly south of SWMU 30. 

The following conclusions were made about the distribution of contaminants in the SWMUs 7 and 30 
source areas and surrounding environmental media: 

• Contaminants disposed of in the three primary source areas of SWMUs 7 and 30, Pit A, Pit BIC Pits, 
and the F Pits include metals, radionuclides (primarily 99Tc and uranium), organic solvents (primarily 
TCE), and fuel-related volatile and semivolatile organic compounds (SVOCs). Of the contaminants 
disposed of in the source areas, only 9<JTc and several VOCs were detected in the UCRS and RGA. 
Metals, other radionuclides, and SVOCs were not detected in either unit. 

• DNAPL from an historic release appears to be trapped in HU 3 or HU 4, near the top of the RGA, in 
the vicinity of, and underlying, Pit B near MW 66. 

• Contaminants have also been detected in surface soils. These contaminants, thought to be unrelated to 
contaminants buried in the waste burial pits, are found in the upper 1 ft of soils and include uranium 
and other radionuclides, polychlorinated biphenyls (PCBs), and polynuclear aromatic hydrocarbons 
(PAHs). These contaminants are associated with activities at the old incinerator, spills of radioactive 

OO'{)OI (doc)106 1 201 \-33 



wastes, and airbQl11e' radi()activity from Drum Mountain. Based Qn sampling Qf the! sllrHlcc drainage 
. sediments and waters, :the cQntaminantsi~ the SWMUs 7.and 30 surfacesQilsappear to be migrating 

to. the drainage ditches.' .. ." . : .. ' I 

'. ' 

. A co.mplete descriptio.n of the site geQlogy and hydrolo.gy is provided in the RI'repo.rt. A north 
, ,drainage ditch and a SQuth drainage ditch capturestQrynwater runoff. FIQW in these ditches is in a westerly 
directiQn,~ndthe ditches co.nvergeb~yQnd the.western bo.undary o.f,SWMU '30 and' flo.W toward Bayo.u 

. Creek. The screening pro.cesses to select thecQfltaminants from the individual SQiJrce areas fQr fate and 
transPQrt mo.delingare presented in the RI repQrt, '.' .' . . i' 

The summary . o.fresults Qfthe quantitative modeling fQr.WAG 22 represented the expected maximum 
cQncentrations at the l"eCeptQT 'locations that included the DOE pro.perty bo.undary and the PGbJi security 
fence. These results were the predicted future maximum co.ncentratiQns resulting from the integratiQn of 
the contribLitiQns frominultiple SQurces and different pathways. Vertical<transPo.rtmo.delirig to. the RGA 
fQrall the so.urce areas;induding UCRS, was perforn1ed using SESOIL to. predict the maximum leachate 
cQncentratio.ns.at the RGAinierface. The leachate. cQt:1centratio.ns wereco.mpared against their respective 
risk-based concentratiQns '(RBCs). All .Qf the constitllents that, exceeded the' groundwater RBCs were 
selected fo.r:ho.rizontaltnmsport modeling using AT]23D. The'model derived.peakcQntributing cQncentratiQns 
at 30yearsand in ] 00 years at the PGDP security fence ·in the directiQn Qf flQW ,and the peak contributing 
co.ncentratiQnsin 30 and'·'lOO years at the DOE ,property boundary in,the direction QfflQw. Based Qn these 
analyses it was determined that ()9Tc was ,the only constituent- that' wQuldcontinue.tQ be a major problem at 
the receptor Io.cations. TherefQre; :~c ~aschQsen. fQr further fate and·transPQ'rt evaluations in Qrder to 
facilitate preparatiQn'ofthe future risk scenario. fQr GWOU risk assessment. 

The revised transPQrt analysis fQr 9<JTc included develQping predicted cQncentrations versus time 
plQts at the fQur pro.bable, receptQr locatiQns/IPs. The IPs used in this mQdeling are .the' Ohio. River, PGOP • 
security fence, DOE property boundary, and a reach Qf Little Bayo.uCreek near the TVA's Shawnee 
Steam Plant.' Figure L]2 repr(!sentS plQts of predicted grQundwater concentrations fQr ~c (i.e., the' 
preliminary ,eM COCs from WAG 22) versus time at the fQur, recepto.r' IQcatiQnsdue .to. cQmbined 
cQntaminant loading frQm the WAG 22'sQurce areas. The curves in this figure represent an estimate Qf 
tQtalcQncentratiQn versus, time at the IPs. These curves were developed by combining multiple curves o.f 
concentratiQn versus time based ~n mQd,el results predictiQns from the individual so.urces Qfthe WAG. 

, 
WAG6 

The ME'PAS modeling fQr'thisWAG was cQnducted using so.urce terms for eight of the nine sectQrs 
delineated fQr this area. The ninth area (SectQr 9) had nQSQurce delineated. ThissectQr was delineated 
Qnly. fQr,purpQses Qf assessing the presence and locatio.n of adissQlvedcQn'taminant plume Qriginating 
from Sector 2. ' 

FQrthose soil sample anaiyteswith estabifshedpreliminary remediatiorigQals (PRGs) Qr backb'TQund 
levels~·mQdelers'co.mpared.all detectiQns"it:1 a:sector against the larger o.fthe PRGo.rtwice.the .backgrQund 
le.vel. .JfnQdetectiQn of the analyte wasabQve the reference level, then that analyte'was:screened Qut as a 
sectQr-related contamin~nt. No.te:, screening against twice background was applied' Qnly t? reduce the 
number QfcQntaminants fQr fate and transPo.rtmo.deling to. a manageable level. This was not the screening 
process used in the RI risk assessment. 

Next, labQratory-related cQrita~inants,dec,ontaminatiQnsolvents, and essential human nutrients were 
excluded from the list of PQtential sectQr~related contaminants. LabQratory-related cQntaminants in the 
WAG 6 RI database included acetone, carbon. disulfide, methylene chloride, and all phthalate esters, 
Detections Qfthe sQlvents 2,.propanQ]and 2-hexanQneappeared to. be geQgraphicallY unrelated, Qther than 
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Fig. 1.12. Predicted Tc-99 activity concentrations at the PGDP receptor locations due to loading from 
WAG PGDP. 
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common to discrete borings. These chemicals; typically Used as decontamination solvents, are not thought to 
be sector-related contaminants. The essential human nutrients screened from consideration as sector-related 
contaminants are-calcium, chloride, iodine, magnesium, potassium, sodium, and phosphorus. Additional 
anal:Ytes~erescteened out of the list of sector-related contaminants where very few detections (typically 
one) of ~e"analyte were present in the database for the sector and analyte concentrations did not greatly 
exceed a screening leveL. These analyte: concentrations that did not greatly exceed a screenin'g level were 
determin~d<oysite~xpeits hased on ,the -range of observed contaminant levels and the closeness of the 

, screening level to the sample quantification !level. Analyte concentrations that did not greatly exceed a 
'scre€ming level were determmed by site experts based on the range of observed contaminant levels and 
the closeness of the screening level to the sample quantification leveL" 

In general, the full distance to adjacent boreholes where a contaminant could be documented to be 
;below detection ievel and the full depth to where a contarrtinant could be assessed to be below detection 
level defined the extent of the modeled source terms. Asa consequence, many source terms incorporate the 
entire vohime of the unsaturated soil in a sector. However, ina few instal1ces where source delineation 

, was not so clearly derived, some professional judgment was necessary to assess source zones. In all 
instances, modelers applied conservatism (worst case) in the definition of the extent ofthe source zones. 

'For e'ach defined sector within WAG 6, constituents were modeled for both surface and subsurface 
sources. The source terms for "Surface" and "Subsurface," respectively: apply to topsoil and the UCD (host 
fOrnlatlon of the VCRS). Modelers identified ,sources of undissolved contaminants within the lower 
Continental Deposits (host formation of the RGA) for Sectors 5 and 7. These source terms are identified 
as "RGA." 

, 
.. 

'" 

, " 

;MEPAS will handle a number of partially saturated zones, but restricts the user to one saturated zone. 
At the PGDP, the primary saturated zone is the ,RGA. The RGA is considered the primary groundwater • 
pathway through which contaminants can leave the site. To represent each SWMU within WAG 6 as 
accurately as possible, available geophysical logs and borings were reviewed and a hydrogeologic 
conceptual model was developed for the MEPAS simulations. For each of the sectors modeled in WAG 6, 
two model layers were used. The first layer was the partially saturated zone (VCRS), and the second was 
the saturated zone (RGA). A complete description of the hydrogeology of this area may be found in 
Apperidix C of the WAG 6 Rl report. 

B~sed on these analyses it was determined that TCE,vinyl chloride,. antimony, 99Tc, 2:i
4V, 235U, and 238U 

are the constituents that- may continue to be rriajorproblems,.at the receptor locations. Therefore, these 
constituents are defined! as the preliminary CM COCs from WAG 6, and they are selected for further fate and 
transport evaluations in order to facilitate preparation,:ofthe future risk scenario for GWOU,risk assessment. 
The revised transport analysis for CM,COCs included developing predicted concentrations versus time plots 
at the Jour probable receptor locations or IPs. The .IPs, used in this modeling are the Ohio River, PGDP 
security fence, DOE property bo,ui1dary, and a reach of Little Bayou Creek near the TVA's Shawnee Steam, 
Plant. The source terminformatiori for eachse'?tor is ,provided in ,the GWOU DSR. Figure 1.13 represents 
theplots.of MEPAS predictedgroun:dwaterconcentrations for 99Tc versus time at the four IPs due to 
combiri'ed contaminant lmldingcfrom theWA.G6source areas. The curves in this figure represent estimates 
oftota1.concentration versus time at the IPs. These curves were developed by combining multiple curves of 
concentration versus time forpreliminary CM {::OCs based on model results predictions from the individual 
sources;ofthe WAG. Figures for the remaining'CMCOCs are presented in Appendix C3. 

WAG27 

'0 

Within the WAG 27 grouping, contaminant fate and transport modeling was conducted using • 
MEPAS for the groundwater pathway for SWMU I,SWMU 91, SWMU 196 and the C-720 complex. , ' 
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Fig. 1.13. Predicted Tc-99 activity concentrations at the PGDP receptor locations due to loading from 
WAG 6. 
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Contaminant transport from WAG 27 to exposure points located at the PGDP security fence, the DOE 
property boundary, and the Ohio River were modeled over a maximum IO,OOO-year period. The following 
paragraphs sUImmirize the source tenn information for the modeling and the resultS of the MEPAS 
simulations. A summary of the contaminant screening process and conceptual model is also included 
here. For a complete description of the WAG 27 source identification, screening process; and complete 
'MEPAS simulation results. for all ofthec,ontaminants identified, the reader is directed to Appendix C of 
:Remediallnvestigation Report for Waste Area ;Grouping 27 at the Paducah Gaseous Diffusion Plant, 

. Paducah. KentUcky, DOElORl07-1 T77&D2.(DOE 1999c). 

" Groundwater contaminant migration at WAG 27 occurs principally by dissolution of contaminant 
sources present in the UCRS soils and subsequent transport by advective and dispersive mechanisms to 
theRGA. ~i,soccurs as rainwater ihfilttlltes from the surface and percolates through the contamination 
zone'in the saturated zone. The contaminated leachate then mixes with the ambient groundwater while 
migrating laterally in the direction of groundwater flow to exposure locations. 

, . ' 

-,' ; 

, An additional source'release mechanism at the WAG 27 is DNAPL dissolution. WAG 27 contains 
several distinct areas ofTCE DNAPL releases, Due to its greater density. than w~ter and low solubility, 
DNAPL movement is, gravity driven, largely .independent of groundwater.:flow, and often is directed by 
subtle textural changes in the soils. Where spill volumes'aresufficientlyla~ge, DNAPts will penetrate to 
significant depths. As dissolution removes residual DNAPL ganglia left· along the DNAPL flow path, 
discrete soilrces of, contamination result where DNAPLis pooled ab9ve. zones of lower ,penneability. 

Values of various'parameters.describing the site soils, geology, and hydrogeology are inputs to the 
MEPAS program. The majoIity of traf1.sport parameters were derived independently for each WAG 27 
site based upon site-specific data. When relevant on-site data were not available, data collected at nearby 
SWMUs having similar hydrogeologic conditions were utilized to define parameters. Where no site
specific data were available, MEPAS default values were used. The soil and aquifer transport parameters 
used are' presented in the GWOU DSR. . , . 

The contaminant source concentrations were detennined'from soil-sampling results.' Where soil~sampling 
data were not available, groundwater data were. used to back-c~lculate the soil concentrations used in the 
model. Simulated sources were defined separately for the. UCRS and the RGA· to accominodate the 
remedial~ action decision pro~ess~ .' 

• ' To represent each SWMU within. WAG 27 as accurately as possible, available geophysical logs and 
borings were 'reviewed andahydrogeologic conceptual model was developed for the MEPAS simulations. 
Table 1.5 presents a summary of the breakdoWn ofMEPAS modellilyers for each SWMU simulated. A 
more detailed description is available in Appendix Cofthe R1report. 

Table 1.5~ Hydrogeologic:conceptualmodel ~or WAG 27 MEPASmodeling 

Number of Partially Number of Saturated . Total Number of Model Layers 
:Location Saturated Zone Layers ' Zone ;Layers Used inMEPAS Simulation 

SWMUI' 2 (UCRS,c,HU3) l(RGA) J 
SWMU91 3 (HUI, UCRS, Hl:J3) " 1 (RGA) 4' 

SWMU 196 3 _(HUI, UCRS, HU3) . 1 (RGA) 4 
C-720 3 (HUI, UCRS,ffiJ3) I (RGA) ", 4 ," 

HU ' = hydrogeologic UOit SWMU solid waste management UOit 
MEPAS .=Multimedia Environmental Pollutant Assessment'SYstem UCRS Upper Continental Recharge System 
RGA Regional Gravel Aquifer WAG = Waste Area Group 

OO'{)OI (doc)/061201 1-38 

• 



The source term information for the contaminants selected for groundwater fate and transport modeling 
from this WAG is presented in the GWOU DSR. 

• Based on these analyses it was determined that TCE, vinyl chloride, and antimony are constituents 

• 

• 

that may continue to be major problems at the receptor locations. Therefore, these constituents were defined 
as the preliminary CM COCs from WAG 27, and they were selected for further fate and transport 
evaluations in order to facilitate preparation of the future risk scenario for GWOU risk assessment. The 
revised transport analysis for the preliminary CM COCs included developing predicted concentrations 
versus time plots at the three probable receptor locations or IPs. The IPs used in this modeling are the Ohio 
River, PGDP security fence, and DOE property boundary. The GWOU Data Summary Report presents the 
source term information for the preliminary CM COCs listed above. Figure 1.14 represents a plot of 
MEPAS-predicted groundwater concentrations for antimony [a CM contaminant of potential concern 
(COPC)] versus time at the three IPs due to combined contaminant loading from the WAG 27 source 
areas. The curves in these figures represent estimates of total concentration versus time at the IPs. These 
curves were developed by combining multiple curves of concentration versus time for preliminary CM 
COCs based on model results predictions from the individual sources of the WAG. Figures for the 
remaining CM COCs are presented in Appendix C3. 

WAG 28 

For the WAG 28 MEPAS simulations, contaminant source concentrations and source inventories 
were derived from soil sampling results. The sampling data used included the 1999 WAG 28 RI data as 
well as historical sampling conducted at the site in support of the CERCLA Site Investigation (CH2M 
Hill 1992). The following investigations provided additional data used at specific sites: 

• the 1995 Northeast Plume Investigation, consisting of the site evaluation at SWMUs 193 and 194 
and the Groundwater Phase IV Investigation; and 

• the 1995 sampling conducted at AOC 204 for the site evaluation for the Outfall 0 10, 0 II, and 012 areas. 

MEPAS requires values for various parameters describing the site soils, geology, and hydrogeology. 
The majority of transport parameters were derived independently for each WAG 28 site, based upon site
specific data. When relevant on-site data were not available, data collected at nearby SWMUs having 
similar hydrogeologic conditions were utilized to define a given parameter. Where no site-specific data were 
available (i.e., Kd values), MEPAS default values were used. The soil and aquifer transport parameters 
that were input into the MEPAS model for SWMU 99, SWMU 193, SWMU 194, and AOC 204 are 
presented in the GWOU DSR. The screening process by which contaminants to be modeled were identified 
can be found in the RI report. The source tenns for the constituents modeled are presented in the GWOU 
DSR. To represent each SWMU within WAG 28 as accurately as possible, available geophysical logs and 
borings were reviewed and a hydrogeologic conceptual model was developed for the MEPAS simulations. 
Table 1.6 presents a summary of the breakdown of MEPAS model layers for each SWMU simulated. A 
more detailed description is available in Appendix B of the RI report:-

Table 1.6. Hydrogeologic conceptual model for WAG 28 MEPAS modeling 

Number of Partially 
Location Saturated Zones 

SWMU 99 2 (UCRS, HU3) 
SWMU 193 2 (UCRS, HUn 
SWMU 194 2 (UCRS, HU3) 
AOC 204 2 (HU2, HU3) 
AGC - Area 01 Concern 
HU hydrogeologic unil 
MEPAS Multimedia Environmental Pollutant Assessment System 
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Number of 
Saturated Zones 

1 (RGA) 
1 (RGA) 
1 (RGA) 
I.(RGA) 

RGA 
SWMU 
UCRS 

Total Number 
of Model Lavers 

3 
3 
3 
3 

RegIonal Gravel AqUIfer 
solid waste management unit 

Upper Continental Recharge System 
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Based on these analyses it was detennined that 99Tc, TCE, manganese, lithium, strontium, cobalt, 
and chromium are constituents that may continue to be major problems at the receptor locations. Therefore, 
these constituents were defined as the preliminary CM COCs from WAG 28, and they were selected for 
further fate and transport evaluations in order to facilitate preparation of the future risk scenario for 
GWOU risk assessment. The revised transport analysis for the preliminary CM COCs included 
developing predicted concentrations versus time plots at the three probable receptor locations or IPs. The 
IPs used in this modeling are the Ohio River, PGDP security fence, and DOE property boundary. The 
source tenn information for each area for the preliminary CM COCs listed above is presented in the 
GWOU Data Summary Report. Figure 1.15 represents a plot of MEPAS-predicted groundwater 
concentrations for 99Tc (a CM coq versus time at the IPs due to combined contaminant loading from the 
WAG 28 source areas. The curves in these figures represent estimates of total concentration versus time 
at the IPs. These curves were developed by combining mUltiple curves of concentration versus time for 
preliminary CM COCs based on model results predictions from the individual sources of the WAG. 
Figures for the remaining CM COCs are presented in Appendix C3. 

WAG3 

For the WAG 3 MEPAS simulations, contaminant source concentrations and source inventories were 
derived from soil sampling results. The WAG 3 Rl, the SI (CH2M HILL 1991, 1992), and the Data Gaps 
Investigation Report (DOE 2000a) provided surface and subsurface soil data used to develop the source 
terms. Source terms for surface soils were delineated for the most part along drainage pathways. Discrete 
subsurface source areas were defined for each contaminant present in the partially saturated layer. 

MEPAS requires values for various parameters describing the site soils, geology, and hydrogeology. 
The majority of transport parameters were derived independently for each WAG 3 site, based upon site
specific data. When relevant on-site data were not available, data collected at nearby SWMUs having 
similar hydrogeologic conditions were utilized to define a given parameter. Where no site-specific data were 
available (i.e., ~ values), MEPAS default values were used. The DSR presents soil and aquifer transport 
parameters that were input into the MEPAS model for SWMU 4, SWMU 5, and SWMU 6, as well as the 
source terms for the constituents modeled. The screening process by which contaminants to be modeled were 
identified can be found in the RI Report. To represent each SWMU within WAG 3 as accurately as possible, 
available geophysical logs and borings were reviewed and a hydrogeologic conceptual model was developed 
for the MEPAS simulations. 

Table 1.7 presents a summary of the breakdown ofMEPAS model layers for each SWMU simulated. A 
more detailed description is available in Volume 4, Appendix B of the WAG 3 RI Report (DOE 2000b). 

Table 1.7. Hydrogeologic conceptual model for WAG 3 MEPAS modeling 

N umber of Partially Total Number of Model 
Location Saturated Zones Number of Saturated Zones Layers 

SWMU4 
SWMU5 
SWMU6 
RGA 
HU 
MEPAS 

1 (UCRS) 1 (RGA) 
2 (UCRS, HU3) IJRGA) 
2 (UCRS, HU3) 1 (RGA) 

Regional Gravel AqUifer SWMU 
hydrogeologic unit UCRS 
Multimedia Environmental Pollutant Assessment System 

2 
3 
3 

sohd waste management UOit 
Upper Continental Recharge System 

Based on these analyses it was determined that 234U, 238U, 99Tc, 237Np, TCE, DCE, vinyl chloride, 
manganese, copper, cobalt, and iron are constituents that will continue to be major problems at the receptor 
locations. Therefore, these constituents are defined as the preliminary CM COCs from WAG 3, and they are 

OO-OOI(docYQ61201 1-41 



I 
~-

_N 

-DOCUMENT No_ DOE/ORl07-1857&D2 

1200000 

1000000 

-. 
...::l 800000 -.-W 
c.. --= 0 

600000 .--~ 
------------l -I-+- Renceline -

~i -.- Prop. Boundary 
. , .. . : -+- Ohio River ' -c __ ._. _______ . _____ ._' _c ______ .J 

I.io -= ~ --c;,I 

= 400000 -0 
U 

. " 

200000 

o 50 100 _J50 200, 250 300 

Time (year) 

U. S. DEPARTMENT OF ENERGY_ 
DOE OAK RiDGE OPERATIONS . 

PADUCAH GASEOUS OfFFUSION PLANT 

Fig. us. Predh:ted Tc-99 activitYc~hcentrations at the PGDP receptor -locations due to loading from _ Sci"nceApplications 
.3!!!!' - -~ - Intemational (:orpora_ (ion 

-~·::;£i:;fi::;'~-· ~. P.O. Box 25!I2 .. ~ WAG 28. - - . -"_-

I-xx -'. \ -- - • 
---•• -.. Oak RUt e Tennessee 37831 

FIGURE No. 
DATE 

- FS1-15 

(~ 
....... ,:,,' 



• 

• 

• 

selected for further fate and transport evaluations in order to facilitate preparation of the future risk 
scenario for GWOU risk assessment. The revised transport analysis for the preliminary CM COCs 
included developing predicted concentrations versus time plots at the two probable receptor locations or 
IPs. The IPs used in this modeling are the PGDP Security Fence, and DOE Property Boundary. Source 
term information for each area for the preliminary CM COCs listed above is presented in the GWOU 
Data Summary Report. Figure 1.16 represents a plot of MEP AS-predicted groundwater concentrations for 
9~C (a CM COC) versus time at the IPs due to combined contaminant loading from the WAG 3 source 
areas. The curves in these figures represent estimates of total concentration versus time at the IPs. 

These curves were developed by combining multiple curves of concentration versus time for preliminary 
CM COCs based on model results predictions from the individual sources of the WAG. Figures for the 
remaining CM COCs are presented in Appendix C3. 

Summary of Modeling Results for the GWOU FS 

The plots of predicted concentrations versus time at the four IPs, generated for the preliminary CM 
COCs from the individual WAGs, were combined to estimate the maximum concentration of a constituent at 
any particular time. For example, the concentration versus time curves for 99Tc at the PGDP Fence from 
WAG 22, WAG 6, and WAG 28 were combined to produce a new curve representing the total concentration 
versus time at the PGDP Fence shown in Figure 1.16. Figures representing the plots of total concentrations 
versus time at the four IPs for all the preliminary CM COCs at this site are presented in Appendix C3. 

Limitations and Assumptions 

Predictions of future conditions at the receptor locations based on contaminant loading from the 
source area (waste unit) require that a set of assumptions be made regarding the physical and chemical 
conditions present at the site. Use of these assumptions introduces some uncertainties in the predictions . 
In addition, some mechanisms that affect contaminant mobility are ignored in order to limit the 
complexity and cost of site characterization required to support the contaminant migration analysis. The 
main assumptions that introduce uncertainty are as follows. 

• Infiltration of water through vadose zone soils consists of 1-0, steady flow through soils with uniform 
average soil properties. This represents average flow over the period of interest. Dispersion is not 
incorporated into the vadose zone estimate that may affect the maximum predicted groundwater 
concentration or the arrival time of the constituent. More complex flow may either increase or 
decrease contaminant mobility and transport to the water table. 

• Soil sample analytical results accurately reflect the chemical, physical, and hydrologic characteristics 
of the transport media (vadose zone soils) and the contaminants that are present. The analysis of 
sample results is configured to present a conservative interpretation of site conditions. 

• Soil-water partitioning of constituents is linear, reversible, and at equilibrium. This allows the use of 
the partitioning coefficient (Kd). Kinetic-based partitioning would likely decrease the concentration 
of contaminants in pore water, decreasing groundwater concentrations of preliminary CM COCs at 
the receptor locations. 

• Natural attenuation due to biodegradation is completely ignored. This is a highly conservative 
assumption. Biodegradation would significantly decrease the concentration ofCM COCs. 

• The use of Kd and Rl to describe the reaction term of the transport equation assumes that an 
equilibrium relationship exists between the solid- and solution-phase concentrations and that the 
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relationship is linear and reversihlc. Thc Kd values in this analysis represent literature values and 
may not always represent the site conditions. The values sc\ected for this analysis were intended to 
produce conservative results. A summary of model parameters used at the PGOP is presented as 
Appendix C-~ of this FS. 

The total concentration at the If> (representing contrihutions from alI the sources) is obtained by 
summing the predicted concentrations at the IP based on contaminant loading from the individual 
source areas. This is a highly conservative approach and may overestimate the concentrations at the 
IP by an order of magnitude. 

In every case. conservative assumptions were used in order to bias the analysis toward a false 
positive rather than a false negative result. The input parameters used in the analysis were developed from 
site-specific data for the SWMUs. When site-specific data were not available. they were either taken from 
data for the PGOt>. MEPAS default. or from EPA-suggested conservative default values. 

There arc also uncertainties with DNAPL movement at this site. The MEPAS modeling docs not 
account for the DNAPL, instead it assumes that all the TCE (including DNAPL) is either in the dissolved 
phase or adsorbed to soil particles. It assumes equilibrium partitioning between the solid-phase and 
dissolved-phase concentrations. thereby overestimating the leaching rate. Therefore. the estimate of 
approximately 250 years for TCE (a ONAPL at this site) to be removed from the site without any active 
treatment. based on MEPAS modeling. is highly conservative. 

The DNAPL-watcr mass transfer rate is estimated as the sum of two mechanisms. First. water 
infiltrating vertically through the separate phase plume in the unsaturated zone is assumed to leach 
soluble components from the DNAPL according to equilibrium phase partitioning. Second, groundwater 
passing by the ONAPL in direct contact with the aquifer moves soluble components according to the 
nonequiIibrium mass transfer function. Based on these assumptions it is estimated that it will take more 
than a thousand years to remove the DNAPL from the PGOP sites. It should be noted here that this. 
estimation did not account for the immobile residual DNAPL. Residual ONAPL in the saturated zone 
occurs as hydraulically discontinuous blobs trapped within the continuous water phase, and residual 
ONAPL in the unsaturated zone occurs as thin films and as pendular rings of ONAPL at particle contacts. 
and held against gravitational drainage in the unsaturated zone. 

Volatilization of Sorbed Contaminants on Soil 

Because of very high concentrations ofTCE and vinyl chloride in the vadose zone soils of PGOP source 
areas. a study was undertaken to evaluate the potential for vinyl chloride and TCE vapor exposures. SESOIL 
modeling was used to estimate the volatilization release ofTCE and vinyl chloride from the contaminated 
soils in the vadose zone. As an example. Sector 4 of WAG 6. which has the most contaminated soils with 
TCE and vinyl chloride, was selected for this analysis. The volatilization/diffusion model in SESOIL is based 
on the model of Farmer et al. (1980) and Millington and Quirk (1961) and is a discretized version of rick's 
first law over space. assuming vapor phase diffusion as the rate-controlling process. SESOIL-predicted 
vapor flux from the site was used to estimate on-site, ground-level atmospheric concentration based on 
the following equation (EPA 1988): 

where. 
C(x) 

Q 

OO-OOI(doc)/06l201 

C(x) = Q/(3.142*dy*dz*Jl), 

ground-level atmospheric concentration of the pollutant at a distance x from the site 
(mass/vol), 
mass release rate. mass/time, 
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dy 
dz " 

J! 

latcnildispcrsio;l (crosswind direction), (distance), 
v<;rtical dispers'i'on (cros,swind direct,ion), (distance), and 
mean willd speed, (distance/time). 

,,' , 

,Figure 1.17 presents plots of atmospheric concentrations of vinyl chloride within a distance of 100 III 

, on a centerline of a plum~ directly downwind!from~the source. These results indicate that there may he a 
, potential threat to human health as the ,predicted maximum :concentrations, exceed the human. health 

standard for both'TCE and vinyl chloride. However,' at a downwind distance of 200 m'. the ground-level 
atmospheric concentration fl.'duces ,to less than the. atmospheric standards. Also, by reducing thevolatili ... .ation 

. index by 50%, a parameterinSESOIL .that allows O,to IO()'Yt, volatilization reduces the concentration to 
'below the standard. Beca~sclhese results indicated that risks could be present, sampling activities were 
'performed in 'spring 2000. The results of thesesturlies indicated that exposure to TeE, or' vinyl chloride 
volatilizing from source areas or trom.the contaminant plumes at the PGDP, does not present significant 
risk. (See the uncertainty section o(the risk assessment presented in the FS for additional inlormation 
regarding this study.) 

'I' 

.1.2~6 Risk Assess~ent Summary, 

1.2.6.1 I)revious assessments 

. Several baseline risk assessments have be~n performed for the GWOU and the sources contributing 
contaminants to it. The assessments for the ~0!1rce units appear in the following re~orts. 

, " 

.0: 
\ ' 

• Res'llils (?f'the Pllblf(: Heallh and Ecological A,,'s~ssmenl. Phase II (CH2M.HiII 1991a) ['Fhis report is 
'Vol. (, of ResullS :'(4' Ihe Sile Invesligalion. Phase II., at the Padllcllh Gaseolls D(ffusirm Planl, 
Padlleal,. Kel1tudy (CH2M Hill 1992)1" , '. 

. .. 
• ,; Baseli1le Risk Assessment/or the Ul/{lergrOll1ld Storage Ta1lks al the C-20(). C-7 J(),' a1ld C-750 

Buildillg.", Palilicah Gaseolls Diffllsion Plant. Paducah. KelliucAy(DOE 1992) 

• ' Reme~/ial bIV~,\'ligalioll Addelldum lor Waste Area Grollpillg 22, Burial Grolllld.,:, Solid Wasle 
Mallageme11l Ullils 2 alld 3, at the Paducah Gaseous Diffusion Plallt, Paducah. Kentucky (DOE 1 994a) 

• Remediallllvestigalioll A(/delldllmlor Waste Area Grouping 23, PCB Siles, althe Paducah Gaseous 
Diffusiol1 PIli/II, Padlleall. Kentucky (>DOE 1994b) 

• Resource COllse",alio/1 alld Recovery Act Facili~)': 1""estigationIRemediallllvesligatiol1 Report lor 
. WasIl' Area GrOl;pil1g.\' /alld tat Paducah Gaseous Diffusion Plant, Paduca". Ke/1/lIcky (DOE 1996a) . 

• Baselilie Risk Assessm~llt lor Exposure to Po~)'cyclic Aromatic Hydroc:m'bol1s at ,Umfergrolflul 
Slorage T.lIIiks C-750 A&B; Paduca" Gaseous Diffusioll Plant, Paducah, Kellludy(DOE 1996b) 

I , 

o Baselille Risk Assessmelli for Underground St01,:age Tallks /30, 131, /32, 133, alld 134 (IS presel1ted 
ill the WAGs 1&7 RFIIRI, Paducah G(iSeollsDijJilsioll Plal1t, Padueah. Kelllllcky, UST Facili~I'ISile 
ldel1l(fiClllioll Number 63 I 9{) 73 (DOE 1996c) 

• Data Summary alld Illtelpretatioll Reporl lor II/terim Remedial Desigll at Solid WasIl' Managemelll 
Vllil 2 (?f WaSIl' Area Groupillg 22 at the Paducah Gaseous D(ffllsioll Plalll, Padllcah, Ke11lltcky 
(DOE 1997b) 
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• 'Remedial Investigation for Solid Waste Management Units 7 and 30 of Waste Area Grouping 22 at 
the Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 1998b) 

• . Remedial1nvestigation,Report for Waste Area Grouping 6 at the Paducah Gaseous Diffusion Plant, 
Paducah, Kentucky ODOE 1999b) 

• Remedial Investigation Report for Waste Area Grouping 27 at the Paducah Gaseous Diffusion Plant 
,Paducah, Kentucky (DOE 1999c) . 

i· . 
• Residual Risk Evaluation for Waste Area Grouping 23 and Solid Waste Management Unit I of Waste 

Area Brouping 27 at the Paducah GaSeous Diffusion Plant, Paducah, Kentucky (DOE 1999d) 

• Remedial Investigation Reportfor Waste Area Grouping 28 at the Paducah Gaseous Diffusion Plant 
Paducah, Kentucky (DOE 2000a) 

• Remedial Investigation Report for Waste Area Grouping 3,at the Paducah Gaseous Diffusion Plant, 
Paducah, Kentucky (DOE 200Gb) 

The assessments for the GWOU (i.e" groundwater integrator unit investigations) appear in the 
following reports: 

• . Results of the Site Investigation, Phase I at the Paducah Gaseous Diffusion Plant, Paducah, 
. Kentucky (CH2M Hill 1991b); 

.> \ . 

• 'Results of the Public Health and Ecological Assessment, Phase II (CH2M Hill 1991a) [This report is 
Volume 6 of Results of~he Site Investigation, Phase II at the Paducah Gaseous Diffusion Plant, .• 
Paducah, Kentucky (CH2M Hill 1992»); 

• Human Health Baseline Risk Assessment /or. the Northwest' Plume, Paducah Gaseous Diffusion 
Plant, Paducah, Kentucky(DOE 1993); and 

• Baseline Risk Assessment and Technical- Investigation Report for the Northwest Dissolved Phase 
Plume, Paducah Gaseous Diffusion Plant (DOE 1994c). 

Please see Appendix B ofthis FS report for detailed reviews of the results from the baseline human 
health risk assessments (BHHRAs) contained in these reports and for a summary of the ecological risk 
assessment contained in DOE 1994c. ' 

. Overall, the ,source control unit investigations previously listed indicate· that direct exposure 
(Le., ingestion, inhalation, and dennal contact)to.contarninated media(i~e., soil, sediment, and groundwater) 
may lead.to unacceptable risks at all source con:trolunits,~xcept the underground storage . tanks (USTs) 
under Orieor more of the scenarios. assessed. However, these investigations also indicate that not all of the 
units are sources· of off-site groundwater contamination. The following list summarizes the units that were 
found to be . sources of off-site groundwater contamination and the contaminants associated with that'source. 

• WAG 6 - Source of antimony; copper, iron, manganese, carb'on tetrachloride, tetrachloroethene, 
TeE, TeE breakdown products, and 99Tc. 

• WAG27 -Source of antimony, manganese, silver, thallium, vanadium, phenanthrene, xylenes, TeE, 
and TeE breakdown products. 
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• WAG 2R - Source of chromium. lithium. manganese. strontium. TeE. and II<JTc . 

• WAG 3 -- Source of arsenic. cobalt. copper. iron. manganese. nickel. vanadium. I, l-dichloroethene. 
carbon tetrachloride. TeE. TeE breakdown products. 2.11Np. 2WpU• 2211Ra. IllITe. and uranium isotopes. 

• WAG 22/SWMUs 7 and 30 Source of the TeE breakdown product vinyl chloride and IllITe. 

• WAG 22/SWMU 2 - Source of arsenic. PCBs. TCE. and TCE breakdown products. 

• WAGs I and 7 - Not a source. (See exception for SWMU 8. Fate and transport modeling for SWMl J H 
has not been completed: however, this unit is a known source of metals contamination to the creeks 
surrounding it.) 

• WAG 23 - Not a source. 

• USTs - Not a source. 

Therefore, fate and transport models for source units indicate that several metals, TCE and its 
breakdown products. and several radionuclides may be migrating through b'Toundwater to off-site areas 
from source control units at the PGDP. Specifically, the contaminants include antimony. arsenic. chromium. 
cobalt. copper. iron. lithium, manganese. nickel, silver. strontium, thallium. vanadium, 1,1 dichloroethene. 
carbon tetrachloride. tetrachloroethene. PCBs, phenanthrene, xylenes, TCE, trans-I.2-dichloroethene. 
cis-I,2-dichloroethene. vinyl chloride, 2J7Np, 23Qpu, :!:!6Ra. CJ'Tc. and uranium isotopes. Overall. the 
groundwater inteb'Tator unit investigations listed above indicate that the dominant contaminants in 
groundwater at the PGDP are TCE. the TCE breakdown products. QlTc and. possibly. carbon tetrachloride. 
However, several other organic compounds are infrequently detected and pose considerable risk. Additionally. 
these investigations indicate that although various inorganic chemicals pose considerable risk. these 
chemicals may not be related to releases from the PGDP but are at naturally occurring concentrations. 

1.2.6.2 Baseline human health risk assessment for the GWOU 

In addition to the aforementioned reports, a BHHRA was prepared to reexamine the risks to human 
health from exposure to groundwater at and around the PGDP using the most recent sampling information 
available. This BHHRA appears in Appendix B of this FS report. A summary of the methods used to 
complete this assessment and the information in this BHHRA appears below. (Note that the BHHRA also 
iricludes a dose assessment for residential use of groundwater. Please see Attachment 10 to the BHHRA 
for an explanation of the methods used to derive the dose assessment results presented here.) 

The BHHRA in Appendix B utilizes information collected during a number of previous investigations 
and during routine monitoring to characterize the baseline risks posed to human health from contact with 
contaminants in groundwater at the PGDP. The assessment also uses information from fate and transport 
modeling to estimate the baseline risks posed to human health through contact with groundwater and 
other media impacted by contaminants migrating from the various sources at the PGDP to four points of 
exposure. Generally. baseline risks are defined as those that may be present now or in the future in the 
absence of corrective or remedial actions. 

The assessment in Appendix B follows the methods and presentations in Methods for Conducting 
Human Health Risk Assessments and Risk Evaluations at the Paducah Gaseous Diffusiol1 Plant. 
DOE/ORl07-1506&DI. as modified by regulatory comments (DOE I 996d). The Methods Document. 
which integrates the human health risk assessment guidance from the EPA with that from the KDEP and 
incorporates the various instructions contained in regulatory agency comments on earlier risk assessments 
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performed I()r the PGDP. received linal approval from the Commonwealth of Kentucky for use in 
environmental investigations and restoration activities at the PGDP in February 1998. As noted in the ., 
Methods Document, the methods used here are consistent with those in rUsk A ...... es ... melll Gllidallce.fiJl" 
Superfulld (RAGS) (EPA 1(89) and additional guidance developed and distributed by EPA and KDEP 
subsequent to the release of RAGS. 

The BI·IHRA. utilizing sampling data. derives risk estimates for several area and depth data 
agb'Tegates and individual sampling stations. The areas are as follows: 

• Area a - inside TeE-contaminated area at C-400 Building - inside industrialized area; 
• Area b - inside the Northwest TeE Plume - inside industrialized area (i.e., west main plant); 
• Area c inside the Northeast TeE Plume - inside industrialized area (i.e., east main plant); 
• Area d -.. outside the TeE Plumes - south of ('-400 in industrialized area; 
• Area e -- inside the Northwest TeE Plume - outside industrialized area; 
• Area f -. inside the Northeast TCE Plume - outside industrialized area; 
• Area g - outside the TeE Plumes - west of industrialized area (i.e .• west of plume); 
• Area h··, outside the TeE Plumes - cast of industrialized area (i.e .. cast of plume); 
• Area i-outside the TeE Plumes - north of industrialized area (i.e .. between the plumes): 
• Area j -- outside the TeE Plumes - TV A area; 
• Area k - outside the TeE Plumes - south of industrialized area above terrace; 
• Area I - inside plant area - composed of Areas a, h, c, and d: 
• Area m - outside plant area - composed of Areas e, f: g. h. i. j, and k: and 
• Area n·- all b'TOundwater - composed of Areas m and n. 

These areas were chosen to remain consistent with previous integrator unit assessments and to ensure • 
that the exposure concentrations were appropriately calculated using information representative of 
contamination found within the TCE contaminant plumes at and around the PGDP. Figure I. t R depicts 
these areas. Plates I and 2 in Appendix B also depict the areas and present the sampling points associated 
with each area. 

The depth classifications used in the BHHRA, utilizing sampling data. were based upon a combination 
of the depth at which the sample was collected and the characteristics of the subsurface in the area of the 
sampling station. These groups and their definitions are as follows: 

• HU I - data from a sample collected in Hydrogeological Unit I; 

• HlJ2 - data from a sample collected in Hydrogeological Unit 2; 

• HU3 - data Ii'om a sample collected in Hydrogeological Unit 3; 

• HU4 - data collected from a sample collected in Hydrogeological Unit 4; 

• HU5 - data collected from a sample collected in Hydrogeological Unit 5: 

• HU6 - data collected from a sample collected in Hydrogeological Unit 6: 

• Other - data from a sample collected from a hydrogeological unit not included above (i.e .. Terrace 
Gravel. Porters Creek Clay. and Eocene Sands); 

• UCRS - data from samples assigned to HU I, HU2, or HU3; 
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• RGA - data from samples assigned to HU4 or HUS; and 

• McNairy Formation -, data from samples assigned to HU6. 

Except for the data aggregation described above, all data screening matched that used in the baseline 
risk assessments for source units described earlier. . 

Consistent with regulatory guidance and previous agreements, the BHHRA, utilizing sampling data, 
evaluateqscenarios that encompass both current use and several hypothetical future uses of groundwater 
at the PGDP. These scenarios and the exposure routes considered under each are as follows: . 

Industrial worker 

• Ingestion of groundwater 
• D~rmal contact with groundwater while showeri~g . 
• Inhalation of vapors emitted by groundwater while showering 

Recreational user 

• . Incidental ingestion of water while swimming in:ponds filled with groundwater 
• Dermal contact with water while swimming in ponds filled with groundwater 
• Dermal contact with water while wading in ponds filled with groundwater 
• Consumption of fish raised'·in ponds filled with groundwater 
• Consumption of venison from deer drinking groundwater 
• Consumption of meat from rabbits drinking groundwater 
• Consumption of meat from quail drinking groundwater 

Rural resident 

• lngestion of groundwater. 
• Dermal contact with groundwater while~howering 
• Inhalation of vapors emitted by groundwater during household use 
• lnhalation of vapors emitted by gr~undwater while showering 
• Consumption. of vegetables 
o Consumption of beef from cows drinking groundwater 
• Consumption of milk from cows drinking groundwater 
'. Consumption of meat from .chickens ·and turkeys.'diinking groundwater 
• Consumption of eggs from chickens drinking. groundwater 
• Consumption of pork from swine drinking groundwater 

A summary of the risk characterization residtsover all areas (i.e., Area n) is presented in Table 1.7. 
Summary tables for other areas are presented as Tables 5.10. through 5.22 in Appendix B. (Dose 
assessment results over all areas are summarized in the footnote to Table 1.7) 

The BHHRA for modeling. data foIlowed the same methods as those used to perform the assessment 
of sampling data. However, for the. assessment of-modeling .data, the exposure concentrations were the 
modeled values discussed in Sect. 1.2-.5.3, only. four p~ints' ~f exposure were modeled, and only risk from 
residential use (i.e., the first four exposure routes listed .under the "Rural resident" above) was estimated 
for those points. The four points' of exposure were at the PGDP security fence, at the PGDP property 
boundary, at Little Bayou Creek, and at the Ohio River. 
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• 
Receptor 

Future Worker 
(McNairy Forl11ation) 

Future Worker 
(RGA) 

Future Worker 
(lJCRS) 

Future Worker 
(other) 

Total 
ELCR4

•
h 

2.3 x 10'· 

1.4 x 10.2 

J.9 x 10.2 

5.6 x 10" 

• 
Table]. 7. Summar~' of risk characterization for Area n 

o/n nA, 
Total Total Total 

ELCRCOCs nCR ELCR POCs nCR H14• h S"stemic To~icih' COCs 
Arsenic 10.(1 Direct ingestion 58.0 4.5 Antimony 
Beryllium 60.3 Dermal contact 17.0 Arsenic 
Trichloroethene 4.6 Inhalation of \'apors 25.0 Cadmium 
~2·Ra 0.5 Chromium 
2!!Rn 23.7 Iron 

Vanadium 
Trichloroethene 

Arsenic 0.1 Direct ingestion 87.0 33 Antimony 
Beryllium 1.0 Dermal contact 3.8 . Cadmium 
I.I-Dichloroethene 2.0 Inhalation of vapors 9.7 Chromium 
Acrylonitrile 0.2 Iron 
Carbon tetrachloride 0.7 Vanadium 
Chloroform <0.1 I. I -Dichloroethene 
Methylene chloride <0.1 Acrylonitrile 
Arocior-1254 <0.1 Carbon tetrachloride 
Tetrachloroethene 1.0 Aroclor-1254 
Trichloroethene 3.1 TetTachloroethene 
Vinyl chloride 90.6 Trichloroethene 
.nCs <0.1 cis-I.2-Dichloroethene 
!!6R3 0.4 trallS- I .2-Dichloroethene 
2!!Rn 0.9 
"'Tc <0.1 
11RU <0.1 
Arsenic 0.2 Direct ingestion 87.0 89 Antimony 
Beryllium <0.1 Dermal contact 3.2 Arsenic 
I.I-Dichloroethene 2.2 Inhalation of vapors 9.7 Cadmium 
Benzene <0.1 Chromium 
Bromod ich I orometh:me <0.1 Iron 
Chloroform <0.1 Manganese 
Trichloroethene 4.1 Vanadium 
Vinyl chloride 92.8 I. I -Dichloroethene 
mRn 0.6 Trichloroethene 
"Tc <0.1 cis-I.2-Dichloroethene 
~)·U <0.1 trans-I.2-Dichloroethene 
mU <0.1 
Arsenic 2.5 Direct ingestion 38.0 4.9 Antimony 
Beryllium 10.0 Dermal contact 3.5 Cadmium 
I,I-Dichloroethene 20.7 Inhalation of vapors 58.0 Chromium 
Trichloroethene 0.3 Fluoride 
Vinyl chloride 19.8 Iron 
!!!Rn 46.1 Manganese 
22'Th 0.2 Vanadium 

1.2-Dichloroethene 
cis-I.2-Dichloroethene 

• 
nln 

Total 'v.. Total 
HI Sntemic Toxlclt\' POCs HI 

52.2 Direct ingestion 81.0 
3.4 Dermal contact 15.8 
11.2 Inhalation of\"apors 3.3 
2.7 
6.6 
5.0 
11.6 
6.8 Direct ingestion 5(1.5 
<0.1 Dermal contact 17.8 
1.5 Inhalation of \'apors 25.7 
<0.1 
<0.1 
<0.1 
<0.1 
12,3 
1.6 
2.3 
65.0 
4.4 
2.1 

1.6 Direct ingestion 51.b 
<0.1 Dermal contact 184 
<0.1 Inhalation of \'apors 301) 
<0.1 I 

<0.1 
<0.1 
<0.1 
<0.1 
89.2 
6.7 
<0.1 

21.0 Direct ingestion 85.8 
8.7 Dermal contact 9.7 
2.1 In ha lation of vapors 4.5 
2.1 
31.6 
18.9 
4.2 
2.8 
2.9 
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Receptor 
Recreator 
(McNJiry Formatinn) 

RecreJtor 
(RGA) 

" 

Recre:Hor 
(UCRS) 

Recrcator 
(other) 

Resident 
(McNuiry Formaliori) 

" 

Toial 
EI.CR·,b ELC:RCOCS 

4:0 x 10'· Ars~ntc ' 
Beryllium 

'. 
Trichloroethcne 

". ,. 

6.1 x 10'.1 Arsenic 
Beryllium 

- I :f-Dichlorocthcne 
Acrylonitrile 
B is( 2 -ethylhexyl Jphtha la te 
Carbazole 
Carbon tetr:ichloride 
Chrys,cne, " 
Arocior-1254 
PCBs .. 
Tetrachloroethene 
Trichloroethene 
Viiivl'chiciride 

. 

~~(,R1 

1.5 x 10" Arscn.ie. 
Beryllium 
I.! ~Dichloroeihene 

. :frich!~'~ethene, 
Vinyl chloride 

2.1 x 10" Arsenic 
Beryllium 
I.I-Dichlorocthcne 
Trichloroethene 
Vinyl chloride .- .. 

1,1 x 10') Arsenic 
Beryllium 
Trichloroethene 
:~·Ra 

:~:Rn ' 
, ""Tc. -.-~ 

Table 1.7. (continued) 

'Y.I' " 
··Cv" 

Total Tota,1 
ELCR ELCR POCs ElCR 
0,9 Direct ingestion 2.2 
92.9 Dermal contact' 97.8 
6.2 
,. 

-
<0.1 Dir~ct ingestion 13.0 
6.0 Dermal contact' 870 
0,9 
<0.1 
<0.1 
<0.1 
1.5 .. 
<0.1 
0.1 
<0.1 
12.6 
16.4 
62.2 
<0.1 
<D.! Direct ingestion 15.0 
0.6 Derma! contact' 115.0 
1.1 
25·7 ' 
73.0 

.. 

1.0 Direct ingestion 6.R 
71.5 Derma! contact' 93.2 
10.1 
1.7 
15.6 

12.7 Direct ingestion 70.0 
62.2 Dermal contact 9.7 
11.5 ' Inhalation c,f \'apors" 20.2 
0.4 
13.0 
0.1 

• 

, 'v. 
Totlll " Total "A. Total 
HI·,b S"strmk'To:deih' COCs HI Sntemic Toxicitv POCs HI 

8.8 Antimony 51.0 Direct ingestion 4.7 
Bervllium 1.7 Dermal contact' 953 
Cadmill;" 18,6 
Clfromium 2.7 

I 
Iron' 1.3 
Van:idillli, 8.2 
Tricilloroethene 14.4 

70 Antimony ~. -- 6.0 Direct ingestion 2,h 
Berylliuli, 0,2 Oerma! contact" 9'7,-1 
Cadmium " 

,. 1.2 
Chromium .. ,: .fJ " 
Va'nadium 0.5. ' 
Carbon tetrachloride 5,0" 
Arc,c!oT-12S.i . 5.2 
Tetrachloroelhelie 7.1 
Trichloroethenc 72,9 
cis-I.2-Dichloroethene 0.7 

.. . -

. 

200 Antimonv 
.. 

!A' Direct ingestion 2,6 
Cadmiuo', OJ Derma! c{intact 97.-1 
Chromium' D.! 
1\"1 anganese' 0.1 
\':lniidium 0.2 
I.I-Dichloroethene <0,1' 
Et!;):lhenzene <0.1 
Trich!oroethenc 96.7 
cis-! .2-Dich!oroethene !.O 

6.2 Antimony 31.7 ' Oirect in!!estioll h.9, 
Cadmium 22.! Derm~1 c~rltact 93.1 
ChromiLim ~ 3.1 : , 
Iron 9.7 
Manganese 16.1 
Vanadium !0,7 
Trichloroethene 2.9 

39 Aluminum OJ Direct ingestion 
" 

6-1.2 
Antimon'y 37.5 Dermal contact . 5.0 
Arsenic 2.7 !nhalatiol~ of vapors" 308 
Barium 0.5 -- .. 

Beryflium 0.7 
Cadmium 7.5 
Chromium.. ' 2.0 

, . 
Fluoride, 0.7 
Iron 5.1 
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V> 
V> 

• 
Receptor 

Resident 
(McNairy Formation) 
(continued) 

Resident 
(RGA) 

Resident 
(UCRS) 

Total 
ELCR·· h 

1.1 x 10.1 

2.9 x 10.1 

ELCRCOCs 

Arsenic 
Beryllium 
1.1.2-Trichloroethane 
I.I-Dichloroethene 
1.2-Dichloroethane 
Acrylonitrile 
Benzene 
B is(2-ethylhc~yl lphtha late 
Carbazole 
(,arbon tetrachloride 
Chloroforl11 
Chloromethane 
Methylene chloride 
Aroclor-1254 
PCBs 
Tetrach loroethene 
Trichloroethene 
Vinyl chloride 
1~IAm 

1)7("S 

1"Np 
nORa 
~!!Rn 

""Tc 
mU 
mU 
~)·U 

Arsenic 
Beryllium 
I.I-Dichloroethene 
I .2-Dichloroeth:lI1e 
Benzene 
Bromodichloromethane 
Chloroform 
Dibromochloromethane 
Methylene chloride 
Trichloroethene 

• Table 1.7. (continued) 

.~) 'Yo 
Total Total 
ELCR ELCR POCs nCR 

<0.1 Direct ingestion 55.0 
0.5 Dermal contact 1.1 
<0.1 Inhalation of \'apors" ~3.l) 

5.8 
<0.1 
0.2 
<0.1 
<0.1 
<0.1 
0.9 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
0.5 
4.0 
87.4 
<0.1 
<0.1 
<0.1 
0.2 
0.3 
<0.1 
<0.1 
<0.1 
<0.1 

0.1 Direct ingestion 55.0 
<0.1 Dermal contact 1.0 
6.3 Inhalation of vapors·1 43.9 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
5.3 

• 
'Vo 

Total Total % Total 
Hid Sntemic Toxiclh' COCs HI Svstemlc Todclt,· POC! HI 

Manganese 1.5 
Molybdenum 1.2 
Nickel o.~ 

Vanadium 3.3 
Trichloroethene 36.3 

800 Antimony 1.7 Direct ingestion I~.i 

Arsenic <0.1 Dermal contact 1.6 
Berylliul11 <0.1 Inhalation of \'aI'Or5" :;;:3.7 
Boron <0.1 
Cadmium 0.2 
Chromiul11' 0.4 
Fluoride <0.1 
Iron <0.1 I Lithium <0.1 I l\'Iang:mese <0.1 

i 
I\Iolybd~num <0.1 I Nickel <0.1 
Sih'er <0.1 
Vanadium <0.1 
I.I.I-Trichloroethane <0.1 
I.I-Dichloroethene O.~ 

1.2-Dichloroethane <0.1 
2-Butanone <0.1 
4-Methyl-2-pentanone <0.1 
Acetone <0.1 
Acrylonitrile 1.0 
Benzene <0.1 
Brornomethane <0.1 
Carbon tetrachloride 16.9 
Ch lorobenzene <0.1 
Chloroform <0.1 
Ethylbenzene <0.1 
Aroclor-125~ OJ 
Tetrachloroethene 0.5 
Trichloroethene 70.1 
cis- I .2-Dichloroethene 5.7 
l1·nlls-I.2-Dichloroethene 2.7 

2.400 Aluminum <0.1 Direct ingestion 13.4 
Antimony o.~ Dermal contact 1.8 
Arsenic 0.1 Inhalation of vapors" 84.8 
Barium <0.1 
Cadmium <0.1 
Chromium <0.1 
Flm'ride <0.1 
Iron <0.1 

I Manganese <0.1 
I\lercuTV <0.1 



'" o 

Total 
Receptor [ .. CRa. :. 

Residcnt 
(UCRS) 
(continllcd) 

Residcnt ~.7 x 10" 
(other) 

NoIC: (OC.!i = ronl:Jll1lnanl 01 C'lll1l'Cm 

ELCR = e.\cess lifetime can,'er risk 
Itl = ha~ard index 

CY.. 
.. 

Total 
[LCR Co"es ELeal 

Vinvl chloride 880 
:J"N·p <0.1 
:)"Pu <0.1 
!!f'Ril <0.1 
l::Rn 0.2 
""Tc <0.1 
::RTh <0.1 
i."u <0.1 
!,1~u <0.1 
l)'U <0.1 

.. ' 

Arsenic 1.6 
Beryllium 5.5 
t .1-Dichlol'Octhcne 59.3 
Methylene chloride <0.1' 
Trichloroethene 0.4 
Vinyl chloride 19.2 
l!"Ra <0.1 
::lRn 13.6 
::sTh 0.1 
!)'U <0.1 
mU <0,1 

POCs ~ pathway of conee", 
RGA '; Regioilal Gr:i\'el Aquifer 

-

Table 1.7. (continued) 

% 
Total 

ELCR rocs nCR 

, 

Difect ingcstillii 25.0 
Dermal contact 1.1 
Ini,alniion 'of vnpors" 74.0 

'. -

UCRS" Cpper Continenlal Recharge Syslem ' 

Values for ELCR grealer than I , 10': tall oUlside Ihe calculalion bounds in EPA Iq~;'aand are ;pproximalc "alucs only, 

DID 
Total Total %.Totnl 
HI·· h S\'stemic Toxicit\· COCs HI S\'Stefulc Toxlclh' rocs HI 

Molybdenum <0.1 
Nickel <0.1 
Sil\'er <0.1 
Strontium <0.1 
Uranium <0.1 
Vanadium <0.1 
I.I-Dichloroethene 0.5 
1.2-Dichloroeth:lne <0.1 
1.2-Dichlordethene <0.1 
2.4-Dimethylphenol <:0.1 
Benzene <0.1 
Brorn.odichioromethanc <0.1 
Chloroform <0.1 

; 
Dimcthylbcniene <0.1 
Ethylbcnzenc <0.1 -

Naphthalene O.J 
Trichlol:oethene 89.9 
ci.~-1.2:Dichloroethene 8.1 
'I'mls,J .2~Dicl'loroetlient: 0.5 

50 Aiumiiillli1 0.5 Dirccfingestilln 58.5 
Anti'mony 126 Dermal c'nntac: cd 
Arsenic' 1.1 Inhalati0l1 ohapors" 35.2 
Beryllium 0.2 
Cadmium ~.8 

Chromium 1.3 
Fluoride 1.4 
Iron 20:5 
Manganese 11.8 
Nickel O.~ 

Vanadiu'tT!, 2,4 
I.I-Dich loroethene 2.8 
1 .2 -Dich loroethene 8,8 
Ac~tone 0.5 
Naphth:llene 13.5 
Trichloroethene ~,O 

cis-I.2-Dichloroethene 8.9 

Risk results for olherarcas arc prescnled in Tables ;,10 Ihrough 5.13 in Appelldi~ 13 oflhis FS Report, Dose assessment results (summarized bel,ow for use of\\'aler dr:t\\'n from Ihe RG.-\ in .. \rea ") are in .-\Itachmcnl 10 t(l 

Arpcndix n nflhis FS Rcport 

"Tolal ELCR and Intal HI columns arc "a lues fmm direcl conlaCI palhways wilhoullead included. 
',he ELCR "a lues are Iho;c for lifetime e\posure, The HI "a lues are Ihose for a child . 
. Sum of dci,nal,,"nla"1 \\'hilc \\'ading and while s,l'inlllling, 

. "Sum of inhala1ion of emi"i"n; fmlll gmund"'iller while slio\\cring and during household use, 

• • ••• 

I 

I 
I 

I 



• • • Table 1.7. (continued) 

Summary of Dose Assessment for Use of Groundwater Drawn from the RGA b~' the Adult Resident 

Radion uclide Dose (mrem/vr) % of Total Dose 
Americium-24I 2.1 31% 
Cesium-137 0.1 1% 
Cobalt-60 <0.1 <1% 
Neptunium-237 1.3 20% 
Plutonium-239 0.3 5% 
Radium-226 1.8 26% 
Technetium-99 0.2 3% 
Thorium-230 0.2 3% 
Uran i ul11-234 OJ 5% 
Uran i UI11-135 <0.1 1% 
Uranium-235/236 <0.1 <1% 
Uraniul11-238 0.4 5% 
Total 6.9 

Notes: 
All doscs wcre calculated lIsing the representative concentrations for Area n. 
Doses 10 child arc one-halfllrlhose 10 the adult due to their lower ingestion rate (2 L'day \'ersus I L·day). 



The major conclusions and ooservations Irom these 'Issessments are presented in the following 
material. Note that the procedure outlined in the Methods Document was utilized to select the land lIses. 
pathways, and COCs lor lhe assessment of sampling data. This procedure is as follows. 

• To determine land-usc scenarios of concern, risk characterization results lor total systemic toxicity /total 
hazard index (fUHand totalrisk:(total excess lifetime cancer risk (ELCR)j for each land-usc scenario 
at each area was compared to benchmarks of I and I x IO~I' for Hl and ELCR, respectively. Land-usc 
scenafios with tot,iI HIs exceeding the,henchmark of I were deemed land-use scenarios of concern lor 
'systemic toxicity. Land-use scenarios with 'total ELCRexceeding ,the benchmark of I x 10-h were 
deemed land-usc scenarios of concern for ELCR. 

• To determine paC's. lhe exposure route HI and ELCR over allC'OPCs within the land-use scenarios 
of concern ~;erecompared to benchmarks of O. i and I x 10-6 for exposure route HI and ELCR. 
respectively. Exposure routes with His and ELCRs that exceed these benchmarks were deemed 
POCs for thatland-'use scenario of concern. 

• To determine COCs .. the chemical-specific Wand ELCR contri~uted by each cope over all 
pathways within a land-use scenario of c~ncem were compared to benchmarks of 0.1 and I ~ '10-1

, for 
chemical-specific HI and ELCR. respectively. COPCs with chemical,.specific His ,or ELCRs that 
exceed these benchmarks were deemed COCs for that land-use scenario of concern. 

LalUl U'ie ... of COllcem fTl}'" tlte A.'i.'ie.'i.'inuml of Salllpliltg Data 

Not all area/depth classifications were found ,to have land~use scenarios of concern for both systemic 
toxicity and ELCR. However. the RGA was found to be of concern lor all uses in all areas. and the UCRS • 
was found to be of concern for residential and industrial use in all areas where data were available and for 
recreational use in'allbut Areas c. f. h; andj. 

The McNairy Formation ,had more areas than the VCRS and RGA where the hind uses assessed were 
not of concern. Under the industrial worker scenario, Areas a, c, d. f. and i, were not of concern; under the 
recreationaluscr, Areas a, c.,d, f, h, and i, were not of conc~rn; and under the rural resident. Areas a; b, and 
f, were not of concern. (Note that data were not available for the McNairy Formation in Areas a and b. 
Also, the McNairy Formation did not apply to Area k.) '. 

Area k(i.e.;groundwatertaken to the south of the PGDP on the terrace) was of concern for each land 
use fOf systemic toxicity and ELCR. 

'Patlt",ay ... ofC(JIu.'em fro", tlteAssessmellt·ofSamp/illg Data 

All direct contactexposure routes (i.e .• those involving ingestion. dermal contact, and inhalation) and 
the ,sumoI' the biota consumption exposure routes were of concern for:at least onearealdepth classification 
combination. However, specific biota consumption routes were determined to not be,ofconcern lor some 
areas. Biota consumption routes for ,the recreational user .that 'were not of concern in any area were 
consumption of venison. rabbit, and qua'it.. Biota,consumption routes for the resident that were not or 
concern in any area were consumption of eggs andconsumpfion of pork. Biota consumption routes lor the 
recreational lIser and resident that were of concern for virtuallY' all area and depth classification 
combinations were consumption of fish and consumption of vegetables. respectively. 
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COlltamillallts of C(JI,,:erll fro", lite As.';e.Ii.'illtelll of Sampling DIIIII 

Multiple COCs were found for each of the land uses. These COCs are summarized by scenario 
across all areas in Table 1.8 and summarized for the residential scenario across all areas in Table 1.9. As 
shown in Table 1.9,22 of the COCs across groundwater sources are inorganic chemicals, 33 of the COCs 
across groundwater sources are organic compounds. and 10 of the COCs across groundwater sources are 
radionuclides. 

Combining the results for systemic toxIcIty and ELCR and considering the magnitude of the 
chemical-specific HIs and ELCRs. the following COCs were identified in the BHHRA as "priority 
COCs" in UCRS !,'roundwater across all use scenarios (excluding Area k). 

• Inorganic chemicals - arsenic. antimony, beryllium, cadmium. chromium. iron, lead. manganese. nickel. 
and vanadium 

• Organic compounds - I, I-dichloroethene, benzene. chloroform. ethylbenzene, naphthalene. trail.\"-

1.2-dichloroethene, ci.\·-I ,2-dichloroethene. TCE. and vinyl chloride 

• Radionuclides - 222Rn 

For Area k. the "priority COCs" in groundwater across all use scenarios were as follows: 

• Inorganic chemicals - antimony. beryllium. cadmium. iron. lead. manganese. and vanadium 

• Organic compounds - I, I-dichloroethene, 1.2-dichloroethene. naphthalene. cis-l.2-dichloroethene. 
TCE. and vinyl chloride 

• Radionuclides - 222Rn 

For the RGA. the following COCs were identified m the BHHRA as "priority COCs" JI1 RGA 
groundwater across all use scenarios. 

• Inorganic chemicals - antimony, arsenic, beryllium. cadmium, chromium. iron, lead, manganese. 
molybdenum, and vanadium 

• Organic compounds - I, I-dichloroethene. acrylonitrile, carbon tetrachloride, Aroclor-1254. 
tetrachloroethene, cis-I.2-dichloroethene. /mlls-I ,2-dichloroethene. TCE. and vinyl chloride 

• Radionuclides - .?26Ra and mRn 

For the McNairy Formation, the following COCs were identified in the BHHRA as "priority COCs" 
in McNairy Formation groundwater across all use scenarios. 

• 

• 

• 

Inorganic chemicals - antimony, arsenic. beryllium. cadmium. chromium. Iron. manganese, 
molybdenum. and vanadium 

Organic compounds - TCE 

Radionuclides - n2Rn 
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Table 1.8. Summar)' of coes for residential lise of groundwater over all areas (linlillcred) .". McNairy Migration from 
Analytc Formation RGA tieRS Source ArC;lS 

flwr/:ullic' cllel/lictll COO .. 

Aluminum X X 
Antimony X X X X 
Arsenic X X X X 
Barium X X 
Beryllium X 

:.,,~ 
X" ~, 

Boron X 
Cadmium X X .<" X 
Chromium 

~:- .. X X ~ X 
Copper X 
Fluoride X X X 
Iron X ·····"}r· X X 
Lead x.. __ X 
Lithium X X 
Manganese X ··x' X X 
Mercury X 
Molybdenum X X X 
Nickel X X X 
Silver X X X 
Strontium X X 
Thallium X 
Uranium X • Vanadium X X X X 

OrKullic co",ptllllld COc.,· 
1,1,1-Trichloroethane X 
I, 1,2-Trichloroethane X 
I,I-Dichlorocthenc jC X 
1,2-Dichlorocthane X X 
1,2-Dichloroethenc X 
cis-I,2-Dichloroethene X X X 
tral/s-I,2-Dichloroethcne X X X 
2-Butanone X 
2,4-Dimethylphenol X 
4-Methyl-2-pcntanone X 
Acetone X 
Acrylonitrile X 
Benzene X X 
Bis(2-ethylhexyl)phthalate X 
Bromodichloromethanc X 
Bromomethane X 
Carbazole X 
Carbon tetrachloride X X 
ChI oro benzene X 
Chloroform X X 
Chloromethane X 
Dibromochloromethane X 
D imeth ylbenzene X • Ethylbenzene X X 
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Analyte 
Methylene chloride 
Naphthalene 
Phenanthrene 
Aroclor-1254 
Polychlorinated biphenyls 
Tetrachloroethene 
Trichloroethene 
Vinyl chloride 
Xylenes 

mArn 
I37CS 

237Np 
1WpU 

22('Ra 

222Rn 

9'lTc 
134U 
mU 
138U 

Table 1.8. (continued) 

McNair~' 
Formation 

X 
X 
X 

x 

.X 
X 

;.,C~' 

. X 
X 

RadiOlIlle/ide COO; 
X 
X 
X 

~,' , -: -... , :;C'" 
X 
X 
X 
X 
X 

- ~> 

HCRS 
x 
X 

.....• j{.>:~ .• ; ..... .. -. 

'. X .. , ... 

X 
X 
X 

.. ." 
X 
X 
X 
X 

Migration from 
Source Areas 

X 

X 
X 
X 
X 
X 

X 

Notes: A solid cell indicates that the analytc was identified as a priority cae because its chemical-specific HI exceeded I. or its 
chemical-specific ELCR exceeded I x J(r

4 for one or more areas. An "X" indicates that the analyte was identified as a 
cae with a chemical-specific HI between 11.1 and 1 or a chemical-specific ELCR between I x /0'(> and I x 10.4

. A blank 
cell indicates that the analyte was not a CDC' for the specified group. 
CDC contaminant of concern 
RGA Regional Gravel Aquifer 
UCRS Upper Continental Recharge System 
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Table 1.9 .• ;rcqucn9' of dctcction of COCs for residcntilll use of groundwatcr o\'cr all areas (unfiltercd) 

.~ 
Migration fnllll 

. ~ 
McNairy \ .,! 

Analrte Formation R{;A lfCRS Source Areas 
!lIor/:ollic c"emkol COc. .. 

Aluminum 30/110 IM/201 
Antimony .. ~ -: ':>r176 ... ' , . ... 16/1'096 i,n 7/177 r ' .' X 
Arsenic . :.'~~/~9 , ~7/1j(jiC, . ~11326 X 
Barium 51159 1851197 
Beryllium ::}\;:1I$9 .: . .<43/974:'( . "1 51f7(f:; . 
Boron 34/48 

., ]159 .. 'i91i.389 " 

8/33(, Cadmium 
Chromium '.; ,2(49 34S./q6~ ... 53/32, X 
Copper X 
Fluoride 71171 718/841 1381194 
Iron "" j Hili 19 '-. 'H39iHi;i _ ... . ., 239/259 X 
Lead '31/Jo.?8., .... 151243 
Lithium 24/48 X 
Manganese . 118/119' 7i9/.il~2, 

... 
.80/229 X 

Mercury 5/226 
Molybdenum liso 3ilS09 11133 
Nickel 2/59 324/1060 601203 
Silver 18/693 4165 X 
Strontium 9/10 X 
Thallium X 
Uranium 77/308 • Vanadium 21/32 ... 3711717 121/143 X 

01'/:011;(' compOI",d COCs 
I ,1. I-Trichloroethane 111667 
1.1.2-Trichloroethane 1/1805 
1.1-Dichloroethene 7/1Mi' 'i01205 
1,2-Dichloroethane 111824 1/233 
1.2-Dichloroethene 2/15 
c:is-I.2-Dichloroethene 4511738 58/218 X 
tralls-I.2-Dichloroethcne 8/1800 3/237 X 
2-Butanonc 45/404 
2.4-Dimethylphcnol 1110 
4-Mcthyl-2-pcntanonc 3/433 
Acetone 58/406 
Acrylonitrile 11384 
Benzene 2/1646 4/269 
Bis(2-ethylhexyl)phthalate 7/35 
Bromodichloromethane 1/233 
Bromomethane 3/436 
Carbazole illS 
Carbon tetrachloride 6/1823 X 
Chlorobenzene 3/435 
Chloroform 16/1757 10/236 
Chloromethane 14/434 
Dibromochloromethane 1/43 
Dimethylbenzene 13/269 • Ethylbenzene 2/1649 15/270 
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Analyte 
Methylene chloride 
Naphthalene 
Phenanthrene 
Aroclor-1254 
Polychlorinated biphenyls 
Tetrachlorocthcne 
Trichloroethene 
Vinyl chloride 
Xylenes 

WArn 
I37CS 
2J7Np 
239

pU 

116Ra 

122Rn 

9'ITc 
2J4U 

2l5U 
2J8U 

Tablc 1.9. (continucd) 

McNairy 
Formation RGA 

47/435 

; ::~: -~.:, .. : !!~~ -" ,:-
11135 

HCRS 
16/42 
1117 

r '''~'':''1'lt78(r~ -.-
- : "107I'54, ' .• -.'- -' 1782/2578 '," .'-... ~. 327/i/i.3 ... '-~ 

;,,,:,,~.~-.. ,,,". "'~"";:_.~::: ,}(1,~4~~,. :,:_:~.,·.;:~.,,)~i24~~_:: _.-
RadiOllue/ide coo. 

16/29 
14/44 

641106 12/23 
6120 

19/22 i-'-':"-~-~ool7r-~'-' 9115 

L=~'~:~;~:~~~§ __ : ,- '~:~-: . ~ __ , ~Q.9!~!9. _:,~ .... -_;~.~ ~;?~Ij9.~ ~::-:~':-, 
113/158 2652/3857 583/651 

24133 14/16 
10/22 619 
21130 13/14 

Migration from 
Source Areas 

x 

x 
X 
X 
X 
X 

x 

Notes: Solid cells indicales thai the analytc was idenlified as a priority cac because its chemical-specific HI exceeded I or ils 
chemical-specific ELCR exceeded I x 10.4 for one or more arcas. 

Frequency of detcclion is over all areas. 
Frequency of deteclion cannot be derived for migralion from source areas . 

COC conlaminant of concern 
RGA Regional Gravel Aquifer 
UCRS Upper Continental Recharge System 
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(Note that "priority COCs" arc those that present either a chemical-specific HI or ELCR at one or more 
areas, across all land lIses. that exceeds I orl x 10'~, respectively.) 

Result~1ro"'tlteA."ise."i."illlellt of Mlldelillg Datu 

Results lor lheassessmenl of modding data for the property boundary point of exposure are 
presented in Figs, L19 through 1.22. (ResultS for other areas are similar and are in Sect. 5 of the BHIm.A 
in Appendix .8.) These ·results show that the total l i·U and ELCR is dominated through . years 2600 ~md 
4700, respectively,.by releases ofTCE from ,the' DNAPL source except for a period fromabou~ years NO 
to 140 (Figs. 1.19 and 1.20). During this period, the.risk from exposure to contributions from source areas 
(i.e., SWMlJs in WAGs 6, 22, 27, and 28) is greater. 'However, the results also snow that the majority of 
ELCR and HI from contributions from source areas during this during this period also are from TCE 
(Figs. 1.21 and 1.22). After year 2600 for HI and year 4700 for ELCR, driving source area contaminants 
are antimony for HI and uranium isotopes for ELCR. 

Although TCE migrating from DNAPL and source areas dominate HI and ELCR until far into the 
future, exposure to other contaminants. migrating from source areas also have unacceptable levels of 
chemical-specific HI and ELCR. As shown in Figs. 1.21 and 1.22, respectively, chemical-specific HIs 
from lithium, antimony, manganese and chromium migrating each exceed 1, and. chemical-speci fie ELCR 
fromvinyl chloride, "'ITc, and BHU each exceed I x 10.4 • 

1.2.6.3 Risk management consider a tions 

.: 

. In order to evaluate the remedial actions appropriate for the GWOU~ the COCs need to be evaluated 
to identify those contaminants that can best be used to support the development>of remedial action 
objectives (RAOs) and select among remedial alternatives. lbissection:summarizespertinent information • 
about each of the 65 COCs identified previously in order to develop:a smaller list of-representative COCs 
that can be used to screen remedies in later portions of thisFS. This infonnation is draWn in large part . 
from Tables 1.7 through 1.10 and Figures 1.19 and 1.22. As noted above, 2i 'of the COcs identified in the 
GWaU BHHRA are inorganic chemicals, 33 of the COCs are organic compounds, and' 10 of the COCs 
are·nidionuclides. (Note that .these COCs were selected under residential use.) 

Alu",illu", 

Aluminum is a COC for·systemic toxicity for the McNairy Formation and UCRS :but not theRGA 
. The contribution of aluminum to total HI for use of water drawn from these two sources (39 and 2400, . 
respectively) is minimal (0.3% and <0.1%; respectively). Additionally, the calculation of the HI for 
aluminum utilizesa"provisional toxicity value [i.e., a 'provisional reference dose (RID)], which makes the 
HlIess certain than that for some other COCs. The frequencies of detection in unfilter(!d samples care 27%, 

. for McNairy -Formation and 83% for UCRS .. The' frequencies of detection in filtered 'samples are similar at 
23% and 51%, respectively. Based upon the small contribution and uncertain toxicity value, aluminum is 
not considered a cae further in this FS. 

AlltilllOllJ' 

Antimony is a priority cac for systemic toxicity for the McNairy Formation. RGA. and UCRS. The 
contribution of antimony to' total HI for use of water drawn from these three sources (39. 800, and 2400. 
respectively) is moderate for the McNairy Formation (37.5%) but minimal for the other two water sources 
(1.7% and 0.4%. respectively). Antimony was .identified as posing a significant migration risk from 
source areas in both previous reports and in modeling completed for this FS. The noncancer toxicity value • 
(i.e .. RID) for antimony is an approved value. However, the frequencies of detection in both unfiltered 
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Table 1. t O. Fre(IUenc~' of detection of COCs for residential use of groundwater over all areas (filtered) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Copper 
Fluoride 
Iron 
Lead 

Analyte 

Lithium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Silver 
Strontium 
Thallium 
Uranium 
Vanadium 

241Am 

I37CS 

237Np 
239

pU 

22bRa 

222Rn 

99Tc 
234U 

235U 
2.18U 

McNairy 
Formation RGA tIeRS 

Itrorgallic chemical COO. 
931181 

"'iii60""" 
4V30I .. 

0/0 0/0 0/0 

f.~:~ ... _:. ~ iQ§?I}I:':-~T··~·.;Fi:'~~~~WlF.l~~~~~:~-~l~~;'~;.S~~-· 
12/36 

'1 i2/H4 --:... ·"'~:"545JI043"'--'-"-"-'.'-:--·"132Ji98 ..... . 
n .... ,·'· "'~~~- ''':''''''' _,:'P ....... ·,_.'-~..,._, .• ~ ..... ,'..:.or~""'.,"' ...... _~.; ... -i ... _~· •.. _.·~ ... · . 0 

19/32 

0/0 
. 0/0 

0/0 

141574 

3/203 
01126 

44/173 
0152 
011 

311129 
--.::' J25i444'-' .. -;-....- 106/129' ." 

Radionuclide COCs 
0/0 
0/0 
0/0 0/0 

0/0 
r-7·'·."{j!(r:?"·~7: 0/0 

.. ~;l.~._~.;:..QLq":.:~._.c:., .=".::.... Jll§ 
0/0 0/0 

011 0/0 
011 
0/) 

0/0 
0/0 

Migration from 
Source Areas 

x 
X 

x 
X 

X 

X 
X 

X 
X 
X 

x 

X 

Notes: Solid cells indicates that the analyte was identified as a priority COC for unfiltered water because its chemical-specific 
hazard index exceeded I or its chemical-specific ELCR exceeded I x I O~ for one or more areas. 

Only inorganic chemicals and radionuclide COCs were identified from filtered samples. 
COC contaminant of concern 
RGA Regional Gravel Aquifer 
UCRS Upper Continental Recharge System 
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(1%,0.5%; and 4%,) and filtered l~ampl~s"(O(X.~ 3%, and 1%) arc very low lor all three water sources. 
Based upon the very low frequency of detection, antimony is not considered further in this FS as a COe; 
however, consideration of antimony in future source ac:tions may be appropriate because of migration risk. 

Arsellic 

Arsenic is a priorityCOC for systemic ,toxicity and ELCR for the McNairy Formation, RGA, and 
UCRS .. The contribution of arsenic t() totai I'll for use of water drawn from these three sources (39, 800, 
and 2400, respectively) i~ minimal fof all threecwater sources (2::7'Yo; <0.1 %, and 0.1%, respectively). The 
contribution of arsenic to totaiELCR fOf'lIse of water drawn from these three sources (I.] x ]0-3, J.I X to-I, 

and 2;9 x 10-', respectively) is moderat~ for the McNairy Formation (12.7%) but minimal for the other 
two water sources «0. ]%, and 001 %, respe·ctively). Arsenic was identified as posing a significant 
migration risk from source areas in previous reports but not in the fate and transport modeling completed 
iri theFS. The toxicity values for arsenic (RtDand cancer slope factor) are approved values, and arsenic 
is a known human carcinogen (Class A.). Thefrequenci,es of detection in both unfiltered (7'%, 4%, and 
25%) and filtered samples (2%, 2%. and ]4%) are low for the McNairy and RGA but moderate for UCRS. 
Based upon the minima] contribution to total HI,'arsenic is-notconsideredfurther in this FS as a COe. 

• . _ .... I 

Barium 

Barium is a coe for systemic toxicity forth~' McNairy Fo~ation andUCRS. The contribution of 
barium to total HI for use of water draWn from these two sources. (39 and 2400, respectively). islminimal 
for both water sources (0.5%' and <0.1 %, respectively). The noncancer. toxicity value for barium is· an 
approved value. Frequencies of detection in both unfiltered (86% and 94%) and filtered samples (88% 
and 9]%.) are high for both water sources. Based upon the minimal contribution to total HI, barium is not 
considered further as a COC in this FS.el 

Beryllium 

Beryllium is a priority COC for systemic toxicity for the McNairy Formation and RGA and,for 
ELCR for the McNairy Formation, RGA, and UCRS. The contribution of beryllium to total HI for use of 
water drawn from the McNairy Formation' and'RGA(39 and 800, respectively) is minimal (0.7% and 
<0.1,%, respectively). The contribution of berylt'ium to total ELCR for use of water drawn fro~ allthr~e 
sources (I.] x 10-3,1.1 x 10:',and 2';9 x 10-', respectively) is high for the McNairy Formation (62.2%) 
but ,minimal for the other two' water sources (O;~%, and: <0.1 %, respectively). The noncancer toxicity 
value for beryllium is an.approved value, but the cancer value (oral only) was recently withdrawn. The 
frequencies of detection in .both unfiltered (2%,4%, and 3%) and'fi)tered~amples (0%, 3%:and 0%) are' 
very "low' for all ,three watersources.'Based'upon the low frequency of ,detection, beryllium is not 
considered· further as aCOC in this FS. 

Boroll 

:-Boron is aCOC for systemic toxicity for the RGA. The contribution of boron to total.HI for water 
drawn from the RGA (800) is minimal «0.1%). The noncancer toxicity value for boron is an approved 
value. The frequencies of detection in both unfiltered (71%) and filtered samples (61%) are moderate. 
Based upon the minimal contribution to total HI, boron is not considered further as a COC in this FS. 

Cadmium 

Cadmium is a priority coe for systemic toxicity for the McNairy Formation, RGA, and UCRS. The 
contribution of cadmium to total HI for use of water drawn from these three water sources (39, 800, and 

00-00 I(doc)/06 1 201 1-70 

'. 



• 
2400, respectively) is small for the McNairy (7.5%.) Fomlation and minimal for the other two water 
sources (0.2%. and <0.1%" respectivc\y). The noncancer toxicity value for cadmium is an approved value . 
The frequencies of dctection in both unfiltered (2'X., 1%, and 2%) and filtered samples (0%, 0.7%, and 
1%) are very low for alI three water sources. Based upon the minimal contribution to total HI and the low 
frequency of detection, cadmium is not considered further as a coe in this FS. 

CltromiuIII 

Chromium is a priority COC for systemic toxicity for the McNairy Formation, RGA, and UCRS. 
The contribution of chromium to total HI for use of water drawn from these three water sources (39. 800, 
and 2400, respectively) is small for the McNairy Formation (2.0%) and minimal for the other two watcr 
sources (0.4% and <0.1 %, respectively). Chromium was identified as posing a significant migration risk 
from source areas in previous reports and in the fate and transport m~deling completed for the FS. The 
noncancer toxicity value for chromium is an approved value. The frequencies of detection in unfiltered 
samples are low for water drawn from the McNairy Formation (4%) and moderate for water drawn from 
the RGA and VCRS (25% and 16%, respectively). However, the frequencies of detection in filtered 
samples arc very low for. all three water sources (0%, 2%, and 0.3%). Based upon the minimal 
contribution to total HI and the low frequency of detection (especially when results from unfiltered and 
filtered samples are compared), chromium is not considered further in this FS as a COC; however. 
consideration of chromium in future source actions may be appropriate because of the migration risk. 

Copper 

Copper is not a cac for any water source. However, copper was identified as posing a sibrnificant 
migration risk from source areas in previous reports but not in the fate and transport modeling completed 
for the FS. Based upon the lack of any current risk, copper is not considered further as a cac in this FS. 

• Fluoride 

• 

Fluoride is a COC for systemic tOXICIty for the McNairy Formation, RGA, and VCRS. The 
contribution of fluoride to total HI for use of water drawn from these three sources (39, 800, and 2400, 
respectively) is minimal for all three water sources (0.7%, <0.1%, <0.1%, respectively). The noncancer 
toxicity value for fluoride is an approved value. The frequencies of detection in unfiltered samples are 
high in samples from all three water sources (100%, 85%, and 71 %). Analyses for fluoride were not 
performed on filtered water samples. Based upon the minimal contribution to total HI, fluoride is not 
considered further as a cac in this FS. 

fro" 

Iron is a priority cac for systemic toxicity for the McNairy Formation. RGA, and VCRS. The 
contribution of iron to total HI for use of water drawn from these three sources (39, 800, and 2400. 
respectively) is low for the McNairy Fonnation (5.2%.) and minimal from the other two water sources 
«0.1% for both). The noncancer toxicity value for iron is a provisional value. The frequencies of 
detection in unfiltered samples are high for samples drawn from all three water sources (97%, 75%, and 
92%). However, the frequency of detection in filtered samples is high for the McNairy Formation (95%) 
and moderate for RGA and VCRS (26%. and 46%, respectively). Based upon the fact that the toxicity 
value for iron is a provisional value, iron is not considered further as a COC in this FS. 

Lead 

Lead is a priority cac for systemic toxicity for the RGA and VCRS based upon the results from the 
EPA's Integrated Exposure Uptake Bio-kinetic Lead Model and comparisons to regulatory values . 
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'However,' the frequency of deteCtion in 'both un'filtered (3(X, and 6%) and filtered samples (0.3(y., and O.9(y.,) 
draWn from these two Water sources arc low. Based upon the frequency of detection ,information. lead is not 

. considered further as a COC in this FS. ' 

Lithium 

" Lithium isa coe for systemic toxicity for the RUA.The contribution of lithium to total HI for use 
of water drawn from this, source (800). is minimai ,( <0; I %). The noncancer toxicity: value for lithium is an 
approved value. Lithiunl,"wasidentifie~, 'as po~ing a significant migration risk from source areas in 
previous rcj)Orts and in the fate and transpOrt model ing completed for the, FS. The frequencies of detection 
in unfilter(!d(50%) and filtered samples (33%) are moderate. Based upon the minimal 'contribution to 

,total HI. lithium is not considered' further as a coe in this FS; however, due, to the migration risk. 
consideratiqn oflithium during fuiu~e source,actions may be appropriate. 

"" 

Mallgallese' 

Manganese is a priorityCOC fOl7systemictoxicity for the McNairy Formation, RGA, and UCRS. 
'The contribution :of manganese to 'totaL H) for ,use of'water drawn from these three sources (39, 800. and 
2400. respectively) is minimal (L5.%,'<O.I%, <0.1%, respectively). The noncancer toxicity value for 
manganese'is an approved value.: M~mgiu1t;se was identified as posing a sib'11ificant migration risk from 
source areas in previous reports and in the fate and transport modeling completed for the FS. The 
frequencies of detection in both filtered (99(X" 62%, and 79%) and unfiltered samples' (98%, 52%, and 
67%) were high to moderate for ,all watersources.,:Based,upon,theminimal,conti'ibution to total HI. 
inanganese is not considered further as '3, cae, in this FS; however, due to the' migration risk. 
consideration of manganese during future source, actions may be appropriate. ' 

Mercury 

Mercury is a coe for systemic toxicity for the UCRS. The contribution of mercury' to total HI for 
use' of water drawn from, the VCRS :(2400) was minimal .«0.1%). The noncancer. toxicity value for 
mercury is an approved value. 'The frequencies of detection of mercury in both unfiltered and filtered 
UCRS samples are low (2% and 1%, respectively). Based upon the minimal contribution to total Bland 
the low frequency of detection, mercuryi~:not consi~en!d.further as a coe inthisFS.' . 

• . • !. .. , 

Molybde;Ium. ,L 

. , 

Molybdenum is a priority COCfol7 systemic toxicity, for the lYfcNairy Formation and· RGA and a 
coe for systemic toxicity for the VCRS. The contribution of mercury to total HI for use of water drawn 
from these three sources (39.800, arid 2400, respecti.vely) is minimal (1.2%, <0.1 %, and <0.1 (y." 

respectively): The noncancer toxicity yalue for- molybdenum is an, approved value. The frequencies of 
detection :in both unfiltered (2%,6o/~, and 0.8%) and filtered,(2%; 3%, and 0%) are smallJo minimal. 
Based' upon the minimal' contribution to total' HI and', the .small to' minimal frequency of detection, . ' 
molybdenum 'is not considered' further:a~ a COC in this FS. 

Nickel 

• 

Nickel is a COC for systemic tOXICity for the McNairy Formation, RGA, and UCRS. The 
contribution of nickel to total HI for use of water drawn from these three sources (39, 800, and 2400. 
respectively) is minimal (0.4%, <0.1 %, and <0,1%, respectively). The noncancer toxicity value for nickel 
is an approved value. The frequencies of detection in unfiltered samples are small for water drawn from 
the McNairy Formation (3%,) but moderate for the other two water sources (31 %, and 30%). The ei 
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frequencies of detection in filtered samples are minimal for water drawn from the McNairy Formation 
(0%) and moderate f(lr the other two water sources (23%1 and 25%1). Based upon the minimal contribution 

• to total HI, nickel is not considered further as a cae in this FS. 

• 

• 

Silver 

Silver is a cae I()r systemic toxicity for the RGA and lJCRS. The contribution of silver to total HI 
for use of water drawn from these two sources (800 and 2400, respectively) is minimal «0.1%, for both). 
The noncancer toxicity value for silver is an approved value. Silver was identified as posing a significant 
migration risk from source areas in previous reports but not in the fate and transport modeling completed 
for the FS. The frequencies of detection in both unfiltered (3% and 6%) and filtered samples (2% and 0%) 
are small to minimal. Based upon the minimal contribution to total HI and the small to minimal frequency 
of detection, silver is not considered further as a cac in this FS. 

Strolltium 

Strontium is a coe for systemic toxicity for the UCRS. The contribution of strontium to total HI for 
use of water drawn from the UCRS (2400) is minimal «0.1%). The noncancer toxicity value for 
strontium is an approved value. Strontium was identified as posing a sih'Tlificant migration risk from 
source areas in previous reports and in the fate and transport modeling completed for the FS. The 
frequencies of detection in unfiltered (90%) water is high but in filtered water (0%,) is minimal. However, 
the number of samples upon which analyses for strontium were performed is small compared to that for 
other cacs (ten and one for unfiltered and filtered, respectively). Hence. considerable uncertainty exists 
in the presence and extent of strontium contamination in the UCRS at the PGDP. Based upon the minimal 
contribution to total HI and the uncertainty in the presence and extent of contamination, strontium is not 
considered further as a cac in this FS; however. collection of additional information concerning the 
presence and extent of strontium contamination may be appropriate . 

TI,alli"III 

Thallium is not a COC for any water source. However. thallium was identified as posing a sih'Tlificant 
migration risk from source areas in previous reports but not in the fate and transport modeling completed 
for the FS. Based upon the lack of any current risk, thallium is not considered further as a cac in this FS. 

Ura"i"111 (a ... a metal) 

Uranium is a cac for systemic toxicity for the UCRS. The contribution of uranium to total HI for 
use of water drawn from the ueRS (2400) is minimal «0.1 %). The noncancer toxicity value for uranium 
is an approved value. The frequencies of detection in unfiltered and filtered samples (25% and 24%" 
respectively) are moderate. Based upon the minimal contribution to total HI, uranium is not considered 
further as a cae in this FS. 

Vanadilllll 

Vanadium is a priority cae for systemic toxicity for the McNairy Fonnation. RGA, and UCRS. The 
contribution of vanadium to total HI for use of water drawn from these three sources (39, 800, and 2400) 
is small to minimal (3.3%, <0.1%, and <0.1%, respectively). The noncancer toxicity value for vanadium 
is an approved value. The frequencies of detection in unfiltered (66%. 52%, and 85%) and filtered 
samples (59%. 73%, and 82%) are moderate to high. Based upon the minimal contribution to total HI. 
vanadium is not considered further as a cae in this FS . 
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1,1,1-Triclt/(Imelluiile 

'1, 1,1-Trichloroethane is a coe for systemic toxicity for the RGA. The contribution of 
I,I,I-trichloroethanc to total HI for use of watcr drawn from the RGA (800) is minimal «0.1%,). Thc 
noncancer toxicity value for I, lJ -trichloroethane is a provisional value. The frequency of detection in 
unfiltered samplCs «0.0 I 'X,) is minimal. Based upon the minimal contribution to total Hhnd the minimal 
frequency of detection, '1', I ~I-trichloroethane ,IS not considered further as a coe in this FS .. , 

1, 1,2-Triclt/oroell,alle 
.,! 

1,1;2-Trichloroethane is a.COe for ELCR for thcRGA. The contribution of 1,1 ,2-trichloroethane to 
total ELCR for use of waterdraw~ from the .RGA (L1 ,x 10.1

) is 'minimal «0.1°;(,). The c~ncer toxicity 
" . value for I, I ,2-trichloroethane is an approved value. The Jrequency. of detection in unfiltered samples 

«O.OJ %) is ·minimal. Based upon the minimal contribution to total ELCR and the minimal frequency of 
'detection, I, I ,2-trichloroethane is not considered further as aCOC in this FS. 

t I,FDichloroethene is ~i'priorityCOC for bot~.systemictlJxicity and ELCR 'or the.RGA and UCRS. 
The contribution of I.I-dichloroethene to total HI for use of water, drawn from these two sources (800 and 
2400, respectively) is minimal (0.4% and 0.5%; respectively)~ The contributio~ ofl.l-dichloroethene to 
total ELCRfor use of\vaterdrn\Vn from'these,two sources (1.1 x 10-1 and,2.9·x IO- I 

.. respectively) is 
small (5.8% and 6.3'X" respectively). The toxicity values for I,I-dichloroethene are approved'values. This 
organic compound is a debrradation .product .of TC~. The, frequencies of detection in unfiltered samples 
are minimal (0,4% and 5%. respectively), .Even though I, l-dichloroethene'scontribution to total HI, 
ELCR. and frequencies of detection ares'mall to minimal, -this organic compound will be considered • 
further as a coe in this FS because it is a degradation product ofTCE. . .,' 

1,2 .. :,Dicllloroet"alle 

1,2-Dichloroeihane is a COCfor,both systemic toxicity and ELCR fo~ the RGA and VCRS. The' 
contribuiion of 1,2~ichloroethane to.,.total HI for: use ,of water ,dr-awn from these two sources (800 and' 
2400, respectively) is minimal «0.1 % ,for both): ''fhe contribution of l,2-dichloroethane to total ELCR for 
use of water drawn from these two sources (L1 x 10-1 and 2.9 x 10-1

• respectively) is also minimal 
«0.1% for both). The toxicity values for 1.2-dichloroethaneare approved values. The frequencies of 
detection in unfiltered samples. are minimal «0.1% ;and 0;4%. respectively). Based upon .the minimal 
contribution to total HI and. ELCR and the minimal frequencies of detection. 1.2-dichloroethane is not 
considered further asa COC in.thisFS. .....,' 

1,2;.Dicllloroetl,elle, cis-I,2 .... Dicliloroetllelle, alldt,.alls-I,2-Dicllloroetllelle 

Both isomers ofl,2-dichloroethenc:are priorityCOCs for systemic toxicity for the RGAand VCRS. The 
mixture of isomers (1,2-dichloroethene)was identified as a COC for systemic toxicity for. the UCRSonly, The' 
contribution of cis-I,2-'dicllloroethenet<?total HI for use of water drawn from these two sources (800 and 
2400; respectively) is small ,(5. 7% and. 8J%,respectively),and the contribution of tral1s-l';2-dichloroethene 
is slightly'.smaller (2.7%. arid 0',5%, respectively), The contribution of 1.2-dichloroethene to total HI for 
use of ~ater drawn' 'from the VCRS i~ minimal «0;) %). The noncancer toxicity values for these organic 
compounds are approved values. These orgalliccompounds are also degradation products of TCE. These 
organic compounds were identified as posing' a significant migration risk from source areas in previous 
reports but not in theCate and transport modeling completed for the FS. The frequencies. of detection for • 
cis-1,2-dichloroethene in unfiltered samples are small and moderate (3% and 27%, respectively). but . 
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• 
those for trail.\'- L2-dichloroethene arc minimal to small (0.4%. and 1.2%., respectively). The frequency of 
detection for 1,2-dichloroethene in unfiltered samples drawn from the UCRS is 13%., hut few sample results 
are available (15). Based upon this information, hoth isomers of 1.2-dichloroethene and their mixture will 
be considered further as CO('s in this FS. 

l-ButallOlte 

2-Butanone is a coe for systemic toxicity for the RGA. The contribution of 2-butanonc to total III 
(800) for use ofwatcr dmwn from the RGA is minimal «0.1%). The noncancer toxicity value for 2-butanone 
is an approved value. The frequency of detection for 2-butanone in unfiltered samples is moderate (II (Yo). 
Based upon the minimal contribution to total HI. 2-butanone is not considered further as a cae in this FS. 

1,4-Dimetllylp/,eIUJI 

2,4-Dimethlyphenol is a coe for systemic toxIcity for the UCRS. The contribution of 
2,4-dimethylphenol to total HI (2400) for use of water drawn from the UCRS is minimal «0.1%.). The 
noncancer toxicity value for 2.4-dimethylphenol is an approved value. The frequency of detection for 
2,4-dimethylphenol in unfiltered samples is moderate (10%). but few sample results are available (10). Based 
upon the minimal contribution to total HI, 2,4-dimethylphenol is not considered further as a coe in this FS. 

Acetolle 

Acetone is a COC for systemic toxicity for the RGA. The contribution of acetone to total 1-11 (BOO) 
for use of water drawn from the RGA is minimal «0.1 %,). The toxicity value for acetone is an approved 
value. The frequency of detection of acetone in unfiltered samples is moderate (14%). Based upon the 
minimal contribution to total HI. acetone is not considered further as a cae in this FS. 

• Acrylollitrile 

• 

Acrylonitrile is a COC for both systemic toxicity and ELCR for the RGA. The contribution of 
benzene to total HI (800) and total ELCR (1.I x 10.1

) for use of water drawn from the RGA is small and 
minimal (1.0% and 0.2%, respectively). The toxicity values for acrylonitrile are approved values. The 
frequency of detection for acrylonitrile in unfiltered samples is minimal (0.2%). Based upon the minimal 
frequency of detection, acrylonitrile is not considered further as a COC in this FS. 

Bellzelle 

Benzene is a COC for both systemic toxicity and ELCR for the RGA and UCRS. The contribution of 
benzene to total HI (800 and 2400. respectively) and total ELCR (1.1 x 10.1 and 2.9 x 10.1

, respectively) 
for use of water drawn from these two sources is minimal «0.1% in all cases). The toxicity values for 
benzene are approved values. The 'frequencies of detection for benzene in unfiltered samples are minimal 
to small (0.1 % and 1 %. respectively). Based upon the minimal contribution to total HI and ELCR and the 
minimal frequencies of detection, benzene is not considered further as a cac in this FS. 

Bb.(2-et"yll,e.xyl)plttl,alale 

Bis(2-ethylhexyl)phthalate is a cac for ELCR for the RGA. The contribution of bis(2-
ethylhexyl)phthalate to total ELCR (1.1 x 10. 1

) for use of water drawn from the RGA is minimal «0.1 (X.). 

The toxicity value for bis(2-ethylhexyl)phthalate is an approved value. The frequencies of detection for 
bis(2-ethylhexyl)phthalate in unfiltered samples are moderate (20%), but the number of sample results are 
lower than those for most other COCs (35). Based upon the minimal contribution to total ELCR, bis(2-
ethylhexyl)phthalate is not considered further as a cae in this FS . 
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BrOlllodicl,lt,rolllel"('lIe 

Bromodichloromethanc is a COC for systemic toxicity and ELCR for the llCRS. The contribution of 
bromodichloromethanc to total HI (2400) and total ELCR (2.9 x 10·') for use of water drawn from the 
VCRS is minimal «O.IIX, for both). The toxicity value for bromodichloromethane is an approved value. 
The frequency of detection for bromodichloromethane in unfiltered samples is minimal (0.4%). Based 
upon the minimal contribution to total HI and total ELCR and the minimal frequency of detection, 
bromodichloromethane is not considered further as a COC in this FS. 

BrOlllolllet"alle 

Bromomcthane is a COC for systemic toxicity for the RGA. The contribution of bromomethane to 
total HI (800) for use of water drawn from the RGA is minimal «0.1 %). The toxicity value for 
bromomethane is an approved value. The frequency of detection for bromomethane in unfiltered samples 
is minimal (0.7%). Based upon the minimal contribution to total HI and the minimal frequency of 
detection, bromomethane is not considered further as a COC in this FS. 

Carbazole 

Carbazole is a COC for ELCR for the RGA. The contribution of carbazole to total ELCR (1.1 x ] 0·' ) 
for use of water drawn from the RGA is minimal «0.1 %). The toxicity value for carbazole is an approved 
value. The frequency of detection for carbazole in unfiltered samples is small (7%). but the number of 
sample results are lower than for most other COCs (15). Based upon the minimal contribution to total HI 
and the minimal frequency of detection, carbazole is not considered further as a COC in this FS. 

Carboll tetrachloride 

Carbon tetrachloride is a priority COC for systemic toxicity and ELCR for the RGA. The contribution· 
of carbon tetrachloride to total HI (800) and total ELCR (1.1 x 10·') for use of water drawn from the RGA 
is moderate for systemic toxicity (16.9%) and minimal for ELCR (0.9% for both). The toxicity values for 
carbon tetrachloride are approved values. Carbon tetrachloride was identified as posing a significant 
migration risk from source areas in previous reports but not in the fate and transport modeling completed 
for the FS. The frequency of detection for carbon tetrachloride in unfiltered samples is minimal (0.3%). 
Based upon the moderate contribution to systemic toxicity and its potential for future migration, carbon 
tetrachloride is considered further as a COC in this FS. 

CI,lorobellzelle 

Chlorobenzene is a COC for systemic toxicity for the RGA. The contribution of chlorobenzene to 
total HI (800) for use of water drawn from the RGA is minimal «0.1%). The toxicity value for 
chlorobenzene is an approved value. The frequency of detection for chlorobenzenc in unfiltered samples 
is minimal (0.7%). Based upon the minimal contribution to total HI and the minimal frequency of 
detection, chlorobenzene is not considered further as a coe in this FS. 

Cllior%rlll 

Chloroform is a COC for both systemic toxicity and ELCR for the RGA and VCRS. The contribution 
of chlorofonn to total HI (800 and 2400, respectively) and total ELCR (l.l x 10-' and 2.9 x 10-', 
respectively) for use of water drawn from these two sources is minimal «0.1% in all cases). The toxicity 
values for chlorofonn are approved values. The frequencies of detection for chlorofonn in unfiltered 
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samples are minimal to small (0.9%, and 4%" respectively). Based upon the minimal contribution to total 
HI and ELCR and the low frequencies or detection, chlorofl,rm is not considered further as a COC in this FS . 

Cllloromet/ulIIe 

Chloromethane is a cac for ELCR for the RGA. The contribution of chloromethane to total ELCR 
(1.1 x 10-1

) for use of water drawn from the RGA is minimal «0.1%). The toxicity value for chloromethane 
is an approved value. The frequency of detection for chloromethane in unfiltered samples is small (3'Yct). 
Based upon the minimal contribution to total HI and the small frequency of detection, chloromethane is 
not considered further as a COC in this FS. 

Dibromocl,lorometl,alle 

Dibromochloromethane is a COC for systemic toxIcIty for the UCRS. The contribution of 
dibromochloromethane to total HI (2400) for use of water drawn from the UCRS is minimal «0.1 %,). 
The toxicity value for dibromochloromethane is an approved value. The frequency of detection for 
dibromochloromethane in unfiltered samples is small (2%), but the number of sample results are lower 
than for most other COCs (43). Based upon the minimal contribution to total HI and the small frequency 
of detection. dibromochloromethane is not considered further as a COC in this FS. 

Dillletl,ylbellzelle 

Dimethylbenzene is a COC for systemic toxicity for the UCRS. The contribution of dimethylhenzene 
to total HI (2400) for use of water drawn from the UCRS is minimal «0.1%). The toxicity value for 
dimethylbenzene is an approved value. The frequency of detection for dimethylbenzene in unfiltered 
samples is small (5%). Based upon the minimal contribution to total HI and the small frequency of 
detection, dibromochloromethane is not considered further as a COC in this FS . 

Etl,ylbellzelle 

Ethylbenzene is a COC for systemic toxicity for the RGA and VCRS. The contribution of ethyl benzene 
to total HI (800 and 2400. respectively) for use of water drawn from these sources is minimal «0.1 % for 
both). The toxicity value for ethylbenzene is an approved value. The frequencies of detection for ethylhenzcne 
in unfiltered samples drawn from the RGA and VCRS are minimal and small (0.1 % and 6%, respectively). 
Based upon the minimal contribution to total HI and the rather low frequency of detection, ethyl benzene 
is not considered further as a COC in this FS. 

Metllylelle c/rloride 

Methylene chloride is a COC for ELCR for the RGA and VCRS. The contribution of methylene 
chloride to total ELCR (1.1 x 10.1 and 2.9 x 10-1

• respectively) for use of water drawn from these sources 
is minimal «0.1% for both). The toxicity value for methylene chloride is an approved value. The 
frequencies of detection for methylene chloride in unfiltered samples drawn from the RGA and VCRS are 
moderate (II % and 38%, respectively). Based upon the minimal contribution to total ELCR, methylene 
chloride is not considered further as a COC in this FS. 

Nap/'t/,alelle 

Naphthalene is a COC for systemic toxicity for the UCRS. The contribution of naphthalene to total HI 
(2400) for use of water drawn from the VCRS is minimal (0.3%). The toxicity value for naphthalene is an 
approved value. The frequency of detection for naphthalene in unfiltered samples is small (6%), but the 
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number of sample results are lower than for most other COCs (17). Based upon the minimal contribution to • 
total HI and the small frequency of detection, naphthalene is not considered further as a COC in this FS. 

Plle"allIl,relle 

Phenanthrene is not a COC for any water source. However, phenanthrene was identified as posing a 
significant migration risk from source areas in previous reports but not in the fate and transport modeling 
completed for the FS. Based upon the lack of any current risk, phenanthrene is not considered further as a 
COC in this FS. 

Po/yell/orillated biplleIlY/'" alld Aroc:lor-1254 

PCBs and Aroclor-1254 are coes for ELCR for the RGA. (Aroclor-1254 is a priority COC) The 
contributions of each of these to total ELCR (l.l x 10.1

) for use of water drawn from the RGA are 
minimal «0.1%). The toxicity values for PCBs (and Aroclor-1254) are approved values. PCBs were 
identified as posing a significant migration risk from source areas in previous reports but not in the fate 
and transport modeling completed for the FS. The frequencies of detection for PCBs and ArocJor-1254 in 
unfiltered samples are small and minimal (0.7% and 4%, respectively). Based upon the minimal 
contribution to total HI and the small frequency of detection, PCBs and Aroclor-1254 are not considered 
further as coes in this FS. 

Tetrac/lloroeillelle 

Tetrachloroethene is a priority COC for systemic toxicity and ELCR for the RGA. The contributions 
of tetrachloroethene to total HI (800) and total ELCR (l.l x 10-1

) for use of water drawn from the RGA 
are small (0.5% for both). The toxicity values for tetrachloroethene are approved values. Trichloroethene • 
is a degradation product of tetrachloroethene. Tetrachloroethene was identified as posing a significant 
migration risk from source areas in previous reports but not in the fate and transport modeling completed 
for the FS. The frequency of detection for tetrachloroethene in unfiltered samples is minimal (0.6%). 
Based upon its being a precursor of TCE and its potential for future migration, tetrachlorocthene is 
considered further as a COC in this FS even though its level of contribution to total HI and ELCR and 
frequency of detection are low. 

Triel,/oroetllelle 

Trichloroethene is a priority COC for systemic toxicity and ELCR for the McNairy Formation, RGA, 
and UCRS. The contributions ofTCE to total HI (39, 800, and 2400, respectively) for use of water drawn 
from these sources is moderate for the McNairy Formation (36.3%) but large for the RGA and UCRS 
(70.1 and 89.9%" respectively). The contributions ofTCE to total ELCR (I.I x 10--" 1.I X 10-3

, and 2.9 x 10-1
, 

respectively) for use of water drawn from these sources is moderate for the McNairy Formation (11.5%) 
but small for the RGA and UCRS (4.0% and 5.3%). The toxicity values for TCE are provisional values. 
Trichloroethene was identified as posing a significant migration risk from source areas in previous reports 
and in the fate and transport modeling completed for the FS. The frequencies of detection for TCE in 
unfiltered samples drawn from the McNairy Formation, RGA, and UCRS are low for the McNairy 
Formation (6%) and moderate for the RGA and UCRS (69% and 52%, respectively). Based upon this 
information, TCE is considered further as a COC in this FS. 

Villyl clrloride 

Vinyl chloride is a priority COC for ELCR for the RGA and UCRS. The contributions of vinyl • 
chloride to total ELCR (1.1 x 10-3 and 2.9 x 10.1

, respectively) for use of water drawn from these sources 
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is large for both the RGA and lIeRS (87.4%, and 88.0%,). The cancer toxicity value for vinyl chloride is 
an approved value, and vinyl chloride is a known human carcinogen (Class A). Vinyl chloride is a 
degradation product of TeE. Vinyl chloride was identified as posing a significant migration risk from 
source areas in previous reports and in the fate and transport modc1ing comp\ctcd for the FS. Thl' 
frequencies of detection for vinyl chloride in unfiltered samples drawn from the RGA and lICRS arc 
small for the RGA (0.1%,) and moderate for the lJCRS (14%). Based upon this information, vinyl chloride 
is considered further as a cac in this FS. 

Xylelles 

Xylenes are not a cac for any water source. However, xylenes were identified as posing a significant 
migration risk from source areas in previous reports but not in the fate and transport modeling completed 
for the FS. Based upon the lack of any current risk, xylenes are not considered further as a cac in this FS. 

Anrericiunr-241 (wAIII) 

Americium-241 is a cae for ELCR for the RGA. The contribution of 241 Am to total ELCR (1.1 x 10'1) 
for use of water drawn from the RGA is minimal «0.1 %). (Dose to adult for use of RGA water in Arca n 
is 2.1 mremlyr.). The toxicity value for 2-11 Am is an approved value. The frequency of detection for 2-11 Am in 
unfiltered samples is moderate (55%), but the number of sample results are lower than for most other cacs. 
Based upon the minimal contribution to total ELCR, 241 Am is not considered further as a cac in this FS. 

Cesium-lJ 7 (1J7 0,') 

Cesium-137 is a cac for ELCR for the RGA. The contribution of mCs to total ELCR (1.1 x 10'1) 
for use of water drawn from the RGA is minimal «0.1 %). (Dose to adult (or use of RGA water in Area n 
is 0.1 mremlyr.). The toxicity value for mes is an approved value. The frequency of detection for Ines in 
unfiltered samples is moderate (32%). but the number of sample results are lower for most other COe's .. 
Based upon the minimal contribution to total ELCR, LHCs is not considered further as a cac in this FS. 

Neptulliulll-237 (117 Np) 

Neptunium-237 is a cac for ELCR for the RGA and VCRS. The contribution of 2l7Np to total ELCR 
(1.1 x 10'1 and 2.9 x 10'1, respectively) for use of water drawn from the RGA is minimal «0.1 %). (Dose 
to adult for use of RGA water in Area n is 1.3 mremlyr.). The toxicity value for 237Np is an approved 
value. The frequencies of detection for 231Np in unfiltered samples from the RGA and UCRS are moderate 
(60% and 52%, respectively), but the number of sample results for the UCRS are lower for most other cacs. 
Based upon the minimal contribution to total ELCR, 237Np is not considered further as a cac in this FS. 

Plutonium-239 is a cac for ELCR for the UCRS. The contribution of2J"pu to total ELCR (2.9 x to'l) 
for use of water drawn from the UCRS is minimal «0.1%). (Dose to adult for use ofRGA water in Area 
n is 0.3 mrem/yr.). The toxicity value for mpu is an approved value. The frequencies of detection for 
239pU in unfiltered samples from the UCRS are moderate (30%), but the number of sample results for the 
UCRS are lower than for most other cacs. Based upon the minimal contribution to total ELCR, 2·l<IpU is 
not considered further as a cac in this FS. 

Radium-226 (116 Ra) 

Radium-226 is a cac for ELCR for the McNairy Formation, RGA, and UCRS. (It is a priority cae 
for the RGA.) The contribution of 22<>Ra to total ELCR (1.1 x to·3, 1.1 x to· l , and 2.9 x 10.1. respectively) 
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for'use of water drawn from all thr~e'kour~es is small to minimal (0.4%" 0;2'%, and <OA%,respectivcly) . 
(Dose to adult for usc of RGA water in Area n is I.X mrcm/yr.). The toxicity value for !!('Ra is an 
approved ~alue; The frequcnciesofdetection for ~~I'Ra,ip unfiltered samples from the three water sources 
are moderate to,.high (86'%, 83%., and 60%., respcctiv(!ly), but the numberof,sampleresults for all watcr 
sources are lower thari for most oth~r COCs. ·Based upon the minimal contribution to total ELCR, !!1'Ra is 
not considered further as a CO(~in this FS. ' . ,: . 

Rado,,-222' (::!::!! R,,) 

.Radon-222 i~a priority COC for ELCR for the McNairy Formation, RGA. and lJCRS:Thecontrihution 
, .of2HRfi to t~tal tLCR (1.1 x 100J, I. ixlO· I

, and 2.9 x 1001 , respectively) for use of water draWn from all 
three sOl:lrces is moderate for.the McNairy For:rnation (13.0%) but minimal for the RGA and VCRS (0.3%. 
and 0.2%, respectively). (Dose to adult for use of RGA water in Area n was not calculated: please see 
Attachment 10 to Appendix B.)The toxicity value for mRn is an approved value. The frequencies of 
detection for 222Rn in ,unfiltered· samples from the three water sources are very high (100% for each). 
Based upon this' information. especially the, frequency of detectiOll~' it would appear tha(mRn sho.uld be 
considered further as a coe in this FS.However, additional informationinSection"6 of'the BI'I~II{A 
(Appendix B}-and, in. a report entitled Pac/ucah,Groundwater Con/amina/;ot":' Detailed History ami 
Summal)' of Fuiill'e Actions (KYIH-4l1Rev. J:, December 1988) indicates that the identificatlori of ~~~Rn 
as a priority. COC is an artifact ofthe;.riskassessment data summariZation process. G~nerally,;as noted i~ 
the aforementio~edreport; it is unlikely that the PGDP isa significant source of~22Rn. 

• :. 

"Since Thorium-230 has a half-life of approximately 80,000 years, the production of Radon-222 
is extremeIY,slow. Uranium from plant operations cannot coniributeto any significant formation 
of Radon-222 because all the l'horium was removed in the refining and feed preparation 
processes ... Radon-222in the plant aquifer is unrelated to plant operations."·· • 

, .. 

Therefore, m~is not considered further as a COC in this FS. 

Tec/llletiuIII-99 ('''Te) 

Technetium-99is a COC Jor£LCR for the McNairy Formation, RGA, and VCRS. The contribution 
of 'J'I1c to tota)'ELCR (.J.I x IO-J• 1.·1 ~ 10:1, .and 2.9 x 1001 , respectively) foruse ofwater1drawn from all 
three,sources·is minimal (0.1 %, <0.1 %, and <0.1 %, respectively): (Dose toaduIt for use·of RGAw'ater in 
Area n is 0.2>mrem/yr.). The:, toxicity vahie .for 'I'ITc is an approved v.due. -Technetium-99 was,identified 
as ,posing a .significant migration r.isk 'from s'ource areas in previous reports and in the' fate and transport 
modeling completed for the FS.The frequencies of detection for 9\lTc' in .unfiIteredsamples,from .the three 

. water sources are moderate. to high(72%, 69%, and 90%, respectively). Based upon this in,formation 9\lTc . 
,is considered further as a COC in:this FS. . 

Urolli"III-238 (J~U), Uro"iu"',~23oj (J5 U), .a"d Uro"i'~'~~-2j4 (mU) . 
: .1." 

Theuraniuru i~otopesare COCsi'of EtCR fortheRGA and VCRS. The con'tribution 'of each to the 
total ELCR( 1.1 x 1001 and 2.9 X 1001 , respectiveIY)'is minimal in all cases «O.I'Yo). (Dos~s,toadult for 
use, ofRGA water in Area n areO.J;·<O'.l/andO.4 mremlyr., respectively, for the' three l;lr~.ni.unt isotopes). 
The,toxicity values {or 'the uranium isotopes are approved values. The frequencies 6f detection for ~JKU, 
235U, and 23-1Uin the RGA are moderate (70%, 45%, and 73%, respectively) as' are those: for the VCRS 
(93%,67%, and 88'Yo, respectively;) Based upon the minimal contribution to the totalEl':.CR. the uranium 

. isotopes are not considered further as COCs in this FS. 
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Slimmary tif COO· It I be Atltlre .... \·etl ill II,e FS 

Based upon the inlormation presented above. the following COC's are those that will be used in this 
FS to develop RAOs and screen remedial technologies. 

• l.l-Dichloroethene 
• I ,2-Dichloroethene (mixed. cis. and lra"s) 
• Carbon tetrachloride 
• Tetrachloroethene 
• Trichloroethene 
• Vinyl chloride 

• ~c 

It should be noted that these contaminants currently contribute the most to potential risk from use of 
groundwater at and around the PGOP both now and in the future. However, it also should be noted that 
under current conditions, only potential risks exist because groundwater is not used at the PGDP and 
because an alternate watcr supply has beenprovidcd . 
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2. DEVELOPMENT OF REMEDIAL ALTERNATIVES 

This section describes the first phase of the FS, the development of remedial alternatives. The 
remedial alternatives were developed using the following six-step process. 

I. RAOs were developed based on the COCs, calculated remedial goal options (RGOs), and ARARs. 
(This infonnation is summarized in Sect. 2.1.) 

2. General response actions were developed for each media. Actions necessary to achieve the RAOs 
were identitied. (This information is summarized in Sect. 2.2.) 

3. Volumes and/or areas of contaminated media, to which general response actions may be applied, 
were identified. (This information is summarized in Sect. 2.2.) 

4. Technologies potentially applicable to each general response action were identified. They then were 
screened to eliminate those that are not technically implementable. (This infonnation is summarized 
in Sect. 2.3.1.) 

5. Within each technology type, specific process options were identified and screened with respect to 
effectiveness, implementability, and cost effectiveness. Representative process options were selected 
for use during the assembly and evaluation of remedial alternatives. Although specific process 
options were selected. the selected process options are intended to represent the broader range of 
process options that are available within each general technology type. (This information is 
summarized in Sects. 2.3.2 and 2.3.3.) 

6. Finally. the selected technology types and representative process options were assembled into 
remedial alternatives representing a range of treatment and containment combinations as specified in . 
the NCP. (This infonnation is summarized in Sect. 2.4.) 

Sections 2.1 through 2.4 summarize the results of these steps. Additional, extensive, supporting 
documentation. such as the identification and screening of technology types and process options, is 
presented in Appendix C of this report. 

2.1 REMEDIAL ACTION OBJECTIVES 

RAOs consist of medium-specific or OU-specific goals for protecting human health and the 
environment (EPA 1988). The RAOs are developed by taking into account use scenarios of concern, 
pathways of concern, COCs, RGOs, and ARARs. 

Based upon previous investigations and the GWOU risk assessment, industrial workers. rural 
residents, recreational users. and ecological receptors are most likely to be affected by groundwater 
contaminated by PGOP operations. Accordingly. the following RAOs have been established. 

• Return usable groundwater to beneficial use wherever practicable, within a time frame that is 
reasonable given the particular circumstances of the site. If restoration of groundwater to beneficial 
use is not practicable, then prevent further migration of the plume and evaluate further risk reduction. 

• Until such time that groundwater is returned to beneficial use, protect potential groundwater users 
north of the Porter's Creek Terrace from contamination in excess of MCLs and ensure that exposure 
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to groundwat~r does not' present an unacceptable risk to human health' and the environment. (Note: 
The, Porters Creek Terrace is a buried geologic feature. groundwater barrier. that extends east and 
west of the south end fjfthe PGDP.) 

, • ~ ; '. ; '. ! 

• 'Until such time that groundwater Is'retumedto beneficial use, pr~tect potential human and ecological 
receptors from exposure to contaminated gr.oundwater, dischargcd to surface water. Contaminant 
concentrationsmList be low enough to' ensure that exposure, to dischar;ged groundwater does not 
present an unacceptable risk to human ihealthiand the environment. 

, . .' ,I 

To protect human health. coe concentrations must bereduccd, ata,minimunl,toMCLs. The primary 
groundwater COCs over thl.: long term at the pdDP (i,c .• over 4.000 years) arc TCE, its breakdown 
products, and ·I'Tc. Since T¢E has I;ln MCL of 5 J.lglL meeting the MCL for TCE will result in meeting 
the MCLs for the other voe COCs, assuming appropriate source remediation. TheMCL 'for q"Tc is 4 
mremlyr. It may be necessary to achieve concentrations more stringent than MCLs if multiple COCsare 
present in the groundwatenhat lead to greaterris~s due to cumulative impacts. 'Risk-based concentrations 
may be used to pr6tect ,humans that are exposed to groundwater discharged to surface water based on the 
receptor' available for contact. 'Ecological receptors. will be protected by ensuring that no adverse impacts 

, occur where groundwater discharges to surface water. - , 

" 

2.2 GENERAL RESPONSEA CTIqNS AND 'ASSOCIATED AREASIVOLlIMES 

The following subsections presentm~dia-spe<?ific, gen~,ral~sPonse actions. Since the GWOU is large in' 
scope and' multiple remedial, actions will be required, for the purposes of this FS, a representative site for 

• " 

each media was chosen. Areas and volumes for specific SWMUs will be developed at a later date as part • 
of the individual GWOU Records of Decision (RODs). . , . , . .' ~ {" 

Volumes associated with persomii proi~ctjv'e.equipm~nt (PPE); decontamination water. cuttings from 
drilling activities, and other similar wastes are not presented in this section. These volumes are dependent 
on the construction activities associateq with ~ach remedial alternative, 'so they are ,presented as appropriate 
in Chap. 4, "Detailed Analysili'of Alteinatives~" '. " ' , ' 

. '. , '! 

2.2.1 Air 

Air is'nota medium requiring remediation aSipart of the GWOU.However, best management practices 
(BMPs)will be employed as needed during any remedial activities topreventlminimize air pollution. 

2~2'.2Soil 

~Ithough blfoundwater is the primary medium r~quiring remediation within the scope of the GWOU. 
some SWMUs thataresignifica!lt sources of groundw~ter contamination (such as the C-400arca) fall 
within the scope of the'GWOU. In general, SWMUs.that are'sources of .groundwatercontamination 
contain COCs. in the soil· thaLmay ,be .. located aboveor:below.thewater table. 'Generalresponse<actions' 
applicable to soils inchJde access restrictions, containment, ill situ treatment, and excavation with ex silll 
treatment and/ordisposal. A representative.a~eaand',volume for a UCRS primary source is presented in 
Table 2.1. This representative area' and volume was developed using a known contaminated area at the 
southeast comer oCthe C-400 Building. The representative area is 52,425 ft2 with :an estimated depth of 
30 feet. This site represents ~ highly contaminated and highly industrial area. The volume of excavated soil 
always will be greater than the ill situ volume of contaminated soil that is to be excavated as a result of 
overexcavation. potential sloping requirements, and the increased volume associated with disturbing the soil. 
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Table 2.1. General response actions and areas/volumes of principal sources and groundwater plumes 

General 
Res~onse Action 
Treatment 

Containment 

Excavation 

Extraction 

Disposal 

Representative I'rimar~' Source-
lJCRS VOC Contamination 

Recovered vapors and liquids 
would require ex sitll treatment 

NA 

Representative Volume": 1.512,750 ftl 
(bulk volume) 

Representative Volume": 1.5 12.750 ftl 
(bulk volume) 

Treatment residuals may require 
disposal; excavated soils/solids 
would require disposal at an 
approved facility 

" Assumes a representative area of 52.425 ft~ at a 3() ft depth. 

Representative Secondary 
Source - RGA Contamination 
Recovered vapors and liquids 
would require ex s;11I treatment 

NA 

NA 

Representative Volume": 
6,283, ISO fe (bulk volume) 

Treatment residuals may require 
disposal 

Representative 
Dissolved Phase "Iume 
Recovered vapors and 
liquids would require ex 
situ treatment 

600 ft width; 1,000 ppb 
TeE contours; 200 gpm 
pump rate 

NA 

NA 

Treatment residuals may 
require disposal 

h Assumes a representative area of 125.663 ft~ (approx. a 400 ft treatment diameter) at 50 to 100 feet in depth. 

2.2.3 Surface Water 

Remediation of contaminated surface water will be addressed separately on a plant-wide basis as part 
of the SWOU. Remediation of contaminated surface water is not within the scope of this FS. Although 
contamination associated with the North-South Diversion Ditch (NSDD), which is part of the SWOU. is 
believed to have contributed to groundwater contamination, general response actions for surface water are 
not applicable. BMPs will be employed as needed during any remedial activities to prevent pollution of 
surface waters. 

Contaminated groundwater from the Northwest Plume appears to be discharging into Little Bayou 
Creek. Although remediation of contaminated surface water is not within the scope of this FS, protection 
of potential surface water receptors does fall within the scope. General response actions may be appropriate 
for groundwater to protect surface water receptors, such as containment to eliminate discharge into the creek 
or treatment of the contaminated groundwater at the point of discharge or at an upgradient location. 

2.2.4 Groundwater 

Groundwater is the primary medium requiring remediation within the scope of the GWOU. General 
response actions include containment. ill silll treatment, extraction with ex situ treatment and/or disposal. 
The primary COCs targeted for remediation are TeE. its associated debrradation products, and 9<lTc. It is 
believed that remedial actions targeted at these COCs will satisfy the RAOs and coremediate other 
contaminants (such as metals) to varied degrees. Table 2.1 presents a representative plume width of 600 ft 
for a 1,000 ppb contour. This representative plume was developed using a known contaminated plume 
(i.e., the Northwest Plume). If treatment actions are employed. disposal actions will be applicable to waste 
streams produced following treatment. The volumes of materials requiring disposal may be less than or 
greater than the original volume of material to be treated, depending upon the treatment technology(ies) 
employed . 
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2.3 IDENTIFICATION ANO SCREENING' OF REMEDIAL TECHNOLOGIF.S ANI)I)ROCESS 
OPTIONS 

Consistent with E'pA guidance (E.PA 1988); potentially suitahle technologies, includingiimovative 
, technologies, have been identified and evaluated to satisfy l 40; CFR 300.430 (e)(2)(ii). The following 

subsections hri~fly summ'arize the identification and screening of remedial technologies a':ld process 
options for each media~specific· general response action. Technically valid process opiionsalso are 
evaluatedand,screened. Technology identification and evaluation tables are presented in Apperidix C4. 
'. . 

The identification and screening of remedial technologies and process options for this FS were directly 
supported by two stud,ics previously conducted at PGDP by external experts .. From Septemher 1996 
through July 1998, the)\ir Force Institute of Technology (AFlT) and Virginia' Commonwealth University 
worked closely with D'OE to conduct- decision analysis evaluations of teChnology types and process 
options potentially capable ofremediating TCE (DNAPLand dissolved phase) and ')lITc at; WAG 6 of the 
PGDP. During February 1999, the PGDP site began working with the Innovative Treatment Remediation 
Demonstration (ITRD) Program, which is . funded by the DOE ,Office of Environmental Restoration to 
help accelerate the adoption and implementation of new and innovative~emediation technologies. The 
ITRD technical advisory group for ·theGWOU evaluated innovative technologies, gathered. cosLand 
technical information, and provided a report with recommendations (presented in Appendix C2):Thc 
I'fRD conducted. ,a bench-scale' treatability study to evaluate. reactive media for potential use in a 
permeable reactive barrier. The AFIT and the ITRD studies contributed significantly to .this FS. 

In addition, during 1999, DOE assembled a Deployment Assistance Team (OAT) to review the status of 
actions associated with remedial actions at the PG~P and to recomm~nd a pat~ forward. The technologies 
eval~atedin this report are'consistent with the path forward recommended by the OAT (DOE 1999) . 

2.3.1·lnitialld~nt'fication· and S c reelting 'of Technologiesa~dProcess Options 
. ',: .' .' . 

. The tCIm "te~hnology type" refers to general categories'of remedial' te'chnologies. The term "process 
option" refers to specific.processes within each technology type. Tables I through 6 in Appendix C2· identify 
a universe of remedial technology types potentially applicable for ~ach genefUl response actiort by media. 
These tables also present 'process options for each remedial technoiogy type and a brief description of the 
process options. The initial screening ,step allows 'ptocess opti6~s' that are not technically tmplementable . 
to be ddeted, from further consideration,as'~ell as identifying techndlogy tYP~s and.process options that 
were initiilll yconsidered (EPA 1988). Process options that are demonstrated to: be effective or ;poten:tially. 
e'ffective for :al least,. one type of COCand are potentiallyimplementable maybe' retained for further 
consideration (either as a single treatment or as part of a treatment train). Process options that do not meet 

.; this,criterionare deleted,fromfurther consideration. These tables alsoicontain a brief summary of comments 
from the initial screening process. Vendor literature and several .EPA, DOE, and U.S ... Departmentof 
Defense (DOD) reports were'con.sulted to perform the initial: id!!ntificationandscreening phase. The 
results of the studies conducted at PGDPby AFITand ITRD support and complement this screening step, 

, -':". 

Since the inception of EPA 's' Superfund.:pro!,'Tam.in 1980, the'remedial and removal,pr.ogranlshavc 
found that certain categories ·of sites :have similar charactef:istics~such'as tYpes of contaminants present, 
types of disposal practices, or how en vi romrienta I media are aCfeded: Based on information acquired from 
evaluating an~ cleaning up these sites, the ·Superfund program' has uridertaken .. variousinitiatives to 
incorporate lessons \earned, .. develop 'presumptive reme'dies for sites with 'similar characteristics, 
streamline the remedial planning process, and in general accelerate the pace of cleanups at NPL sites 
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(EPA 1993). These inItiatives have resulted in the publication of numerous guidance documents, 
directives, and policy statements relevant to the GWOl}: these include the following: 

• Guidallce 011 Accelerating CERCLA Ellvironmelltal Restoratioll (II Federal Facilities, PB97-143804 
(EPA I 994a), encourages the usc of presumptive remedies and innovative technologies; 

• Colllamillllllts lIml Remedial Optiolls at Solvelll-Colllamillllted Sites. EP N600/R-94/203 (EPA 
1994b), identifies response actions and remedial technologies commonly used-and demonstrated to 
be effective-for remediation of soils and groundwater with contaminants similar to PGDP GWOl}; 

• Remediation Techllologies Screelling Matrix alld Referellce Guide, EPA 542-B-93-005 (EPA 1994c), 
identifies a comprehensive listing of remedial technologies for vee -contaminated soil and groundwater; 
effectively addresses the preliminary screening step to determine the technical implementability of a 
given technology for possible use at PGDP GWOU; 

• Presumptive Respo"se Strategy and Ex-Situ Treatment Technology for COlltamillated Groundwater 
at CERCLA Sites, EPA 5401R-96/023 (EPA 1996), states that groundwater extraction and ex situ 
treatment constitute EPA's presumptive remedy for contaminated groundwater; however, this 
guidance is still under development and subject to change once issued as a final draft; and 

• Presumptive Reme(lies: Site Characterizatioll alld Techllology Selectiollfor CERCLA Sites with Volatile 
Orgallic Compoullds ill Soils, EPA 540-F-93-048 (EPA 1993), identifies soil vapor extraction (SVE), 
thermal desorption, and incineration as presumptive remedies. Another commonly used technology 
for contaminated soils is bioventing. 

2.3.2 Evaluation of Process Options 

• Tables 7 through 12 (in Appendix C2) present the remedial technology types and process options for 

• 

each general response action that were retained for further consideration following the initial screening 
documented in Tables I through 6 (in Appendix C2). These tables summarize the evaluation based on the 
effectiveness of each process option relative to other process options within the same technology type, the 
implementabiIity of the process option, and the cost, relative to other process options within the same 
technology type. The effectiveness evaluation is focused on the potential effectiveness of the process 
options to handle the estimated area/volume of contaminated soil and meet the RAOs, potential impacts to 
human health and the environment during construction and implementation, and the reliability of the 
process options with respect to COCs and conditions at the areas to be remediated. The implementability 
evaluation includes both technical and administrative feasibility of implementing the process options and 
places greater emphasis on institutional aspects, such as obtaining services and permits. The cost 
evaluation does not include detailed estimates, but is based on relative capital and operation and 
maintenance (O&M) costs. This evaluation, or screening step, allows additional process options to be 
deleted from further consideration so that a representative process option from each technology type can 
be selected for subsequent assembly of alternatives. Several references, including EPA, DOE, and DOD 
reports, were consulted to evaluate the effectiveness, implementability, and cost of the process options for 
this screening phase. The results of the studies conducted at PGDP by AFIT and ITRD support and 
complement this evaluation and screening step. 

2.3.3 Retained Process Options 

Based upon the results of the process option evaluations contained in Tables 7 through 12 (in 
Appendix C2), the list of process options retained for further consideration was significantly refined. In 
accordance with EPA guidance, an attempt has been made to select one "representative process option" 
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. fr~~ each technology'iype lor ~Ise when a~sembling the-remedial alternatives. This' does hot necessarily 
delete any particular pr()~ess opt'ion 'from 'later consideration. EPA guidance (EPAI98R) contains the 
following explanation for.selecting onc:processoption h; represent each technology type:' . .' 

One representative process is sciected. if possible. for each technology type to '~implify the 
suhsequent ~evelopment.and evall1~tionof alternatives without limiting' flexihility during remedial 
design~' The representative. pr:ocess'providesa basis for',developing performance specifications 
. during preliminary design~ .however, the specific ,process actuallYiused' to implement .the remedial 
action at a site may'not be selected until the remedial desib'll phase. In some cases, more ,than one 

. process option may be sclc~ted for atechnology·type,This may~be done'iftwo'or more processes 
are sufticientlydiffererit i~.theirperformance that one would riot adequately represen't the other. 

: .:. ,.,.\.,' . 
Table 2.2 summarizes the representative process options that were .selected following the technology 
screening activities. 

2.4 ASSEMBLY 'OFREMEOI AL' ALTERNATIVES 
'\. • ~ 'l' 

,For CERCLAactions, the range of aiternatives should incl~de a no-action alternative, one or more 
alternatives that involve containment with . little ~r no treatment, and;a range. of alternatives in which 
treatment addresses the principal threat arid diminate~ or minimizes· the need for .long-term management 
(EPA 1988). '..'. " 

. Section 121(b)of CERCLA identifies the following statutory preferences when developing and 
evaluating remedial alternatives: ,'. 

• Remedial actions involving treatm.ent that permanently and significantly reduce the toxicity. mobility. 
and volume of the coritaminant~or .haZardous substanc(!~. ar~ preferred; ,.;:. 

• 

• 

Off-site transport and disposal'~f h~zardous· substance~ ~r contaminated. mat~rials:without'treatment is 
consideredthe'leastfavorable'r~m~dial actio~ when practical treatment technologies.are.avaihible; and 

Remedial actions using permanent solutIons; alternative treatment technologies. or resource recovery 
technologiesar~ to be'assess~d. .. . 

. 2A .. 1' Development o'rPrelimina~y Alternatives 

. As·stated·inChap. l.ofthis report:, this FS.addresses COCspresenting risks to off-site b'foundwater 
users regardless of the' media contaminated. The cQntainin~ted media includes· I) soils (i.e.; primary sources 
of groundwater contamination), 2)grolmd~ater 'containing DNAPL or 9'JTc (i.e .• secondary sources). and 
3 ).groundwater containing.dissolved:"phase:.contamimltiori. The lollowing subsections describe the alternatives 
presented in .thisFS· for each' of these media: '. . 

. . I 

. 2.4~ 1. LNo Action· Alternative 

This remedial alternative provides a .basis for assessing the effects of taking no remedial action and 
provides a baseline against which. the other alternatives are compared. No additional monitoring or site 
restrictions are included as part ofthis··alternative. The five-year reviews mandated by CERCLA.would be 
required since untreated wastes would remain ·onsite. A thorough description of this alternative IS 
provided in Sect. 4.2.1.1 of thisireport. 
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. Table 2.2. Summary of representative process options 

General Response Contaminants 
Media Ac:tions Tec:hnolollY Tvpes Proc:ess Options Addressed Comments 

Soil No Action NA NA None Provides a baseline for comoarison. 
Institutional Actions Access Restrictions All All May be used singly or in combination with other technology types 

process ootions. 
Monitoring All All May be used singly or in combination with other technology types' 

orocess ootions. 
Containment Actions All All All Retained for secondary consideration; remo\'al actions are prdern:d. 

Removal Actions Excavation and All All Intended for use in combination with 1.'.1' situ trelltment and. or disposal 
Dewatering actions. 

Treatment Actions Physical!Chemical Thermal Desorption VOCs Pnesumptive remedy; preferred option for ex sim treatment of \'OC-
(ex si1ll) contaminated soils. Radionuclides may prohibit use. 

Soil Vapor Extraction VOCs Presumptive remedy; preferred option tor ill si1ll treatment of \'0('-
(iII situ) contaminated soils. Radionuclides rna" orohibit use. 

Solidification/Stabilization All May be favorable because it is etTective for radionuclides and met:lls. 
Monitored Natural Attenuation All Considered as a low-cost. oassive. in silll treatment option. 

Them1al Ex sim Vitrification All EtTecti\'e for all contaminants. An on-site. full-scale demonstration of an 
innov,ative oxidation and vitrification process (Le,. \'ortecn !) is planned, 
Howe\'er. legal challcnges have resulted in delaying the acth'ity for an 
undetermined amount of time. 

Disposal Actions On-Site Disposal All All Retained for consideration in coniunction with excavation, 
OIT-Site Disposal All All Retained for secondary consideration; on-site disposal options are 

oreferred. Retained for consideration in coniunction with exca\ation, 
Interim Storage All All Retained for consideration in support of disposal options, 

Groundwater No Action NA NA None Provides a baseline for comoarison. 
Institutional Actions Access Restrictions All All May be used singly or in combination with other technology types' 

orocess ootions. 
Monitoring All All May be used singly or in combination with other technology types 

orocess ODtions. 
('ontainment Actions Hydraulic Containment All All Aoolicable in RGA. 

Removal Actions Extraction Vapor Extraction (Dual Phase VOCs Applicable in saturated portions of UCRS. 
Extraction) 

Pump-and-Treat All Applicable in RGA. 
Steam Extraction (Dynamic VOCs Retained tor removal ofTCE DNAPL in RGA and lower V(,RS, 

Unde!'fll'ound Stripping) 
/17 silll Treatment Physical/Chemical Permeable Tre:llment Zones VOCs and Applicable in RGA. A 3-~'ear. full-scale. treatability study will be 

Actions Radionuclides conducted in the Southwest Plume beginning late 2000. 
O~idation VOC's Annlicable to dissolved-nhase TCE; not aoolicable to DNAPLs. 

/11 situ Ozonation (Ozone VOCs Applicable to dissolved-phase TCE; addition of ion -exchange mcdi:l 
Snarging) rnay allow treatment of radio nuclides. 

Monitored Natural Attenuation All Considered as a lo\\'-cost. passive. ill situ treatment option. 
Thermal Direct Heating (Six-Phase Suil \lO('s Applicable in UCRS and has potential applicability to mlatiles 

Heating) cont:lmination in the RGA. 
Biological Treatment All VOC's and Applicable to dissoh'ed-phasc TC'E and .... Te; recommended by DOE's 

R:ldionuclides DAT:' 
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Table 2.2. (continued) 

General Response Contaminants 
Media Aetions Tl.'Chnololtl'T,·pes Process Options Addressed Comments 

Groundwater Ex si/II Treatment Miscellaneous EPA Presumptive Remedies" All Retained for consideration in conjunction with ~oundwater removal 
(continued) Actions actions. 

Disposal Actions Permilled Discharge to KPDES-permitted Outfall(s) All Retained for consideration in conjunction with groundwater remo\'al 
Surface Water and e.f silll treatment actions. 

" DOE I <)<)9. Draft "ReconUllendatlons for Accelernted Cleanup at Paducah. Deployment Asslstlnce Team (OA T) Repon for ('Icalllng Groundwater at the Paducah Gaseous OlfTUSIOll Plant. Paducah. Ky. :-:o\'ember 30. 
"EPA 1<)%. Presllm,,'i,'c Rcs"ollst! Slrntegy alltl E.,·Si,,, TrenlmclII Terllll%g ... (or COn/amillnted GrO,,1/dwaler al CERCLA Siles. EPA S~O R·96-023. U.S. Environlmntal Protection :\~ency. \\·ashington. 0.('. 

OAT 
DNilPL 
DOE 
EPA 
KPDES 
Nil 

• 

Deployment Assistance Team 
dense nonaqueous phase liquid 
U.S. Depanmcnt of Energy 
U.S. Environmental Protection Agency 
Kentucky Pollutant Discharge Elimination System 
Not Applicable 

PGOP 
RGA 
TeE 
LTRS 
\'OC 

Paducah Gaseous OiO'usion Plant 
Re~ioltll Gra\'el Aquifer 
trichloroethene 
LIpper Continental Recharge System 
\'olatile organic compound 

• • 
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2.4.1.2 Primary Source Area Alternatives 

Primary Source Areas, as defined within this FS, are those areas with the target contaminants present 
and have DNAPL concentrations in the surficial soils and soils of the VCRS above the RGA. The use of 
technologies to reduce sources within the UCRS would prevent additional contamination from entering 
the RGA, which is the uppermost aquifer at the PGDP. Three alternatives for the remediation of primary 
sources were evaluated. These include Vapor Extraction Technology, Direct Heating Technology, and 
Excavation. 

Vapor ExtractiOl' Tec/lllology 

The Vapor Extraction Technology would remove -primary contaminant source areas in the VCRS. 
For this technology, an extraction well in the zone of interest would be placed under vacuum to withdraw 
soil gas, containing the contamination. An ex situ system would treat the contaminants in the off-gas 
waste stream. Section 4.2.2.1 describes the types of vapor extraction systems that could be implemented 
for the GWOU. Vapor Extraction Technology is effective for the remediation of VOCs. It also may 
remove ~e contamination, depending on the type of Vapor Extraction system implemented. 

Direct HeatillC Tecllllology 

The Direct Heating Technology would remove primary contaminant source areas in the VCRS. This 
technology heats the soil within the targeted area. Once the area is heated, the contaminants more readily 
partition to a gaseous state that can be recovered. either through soil vapor extraction or through a surface 
plenum, or released to the atmosphere. Section 4.2.2.2 of this FS, describes the types of direct heating that 
could be implemented for the GWOV. Direct Heating Technology is effective for the remediation of 
VOCs. Although some 9'lTc may be removed during treatment, Direct Heating Technology is not intended 
as a <)'ITc remediation technology . 

Excavatioll 

The Excavation Alternative would remove primary contaminant source areas in the VCRS. Excavation 
would remove soil and all contaminants from the source area, including DNAPL, thereby preventing 
additional COCs from entering the RGA. This alternative is effective for all the COCs. 

2.4.1.3 Secondary Source Area Alternatives 

Secondary Source Area, as defined within this FS, are those area with the target contaminants of 
present and have DNAPL concentrations in the RGA. Source reduction activities conducted in the RGA 
would prevent additional contamination from dissolving or moving within the groundwater and would 
possibly prevent the enlargement of the contaminant plumes. Three alternatives for the remediation of 
secondary sources were evaluated. These include Steam Extraction Technology, Pump-.and-Treat Technolob"},, 
and Oxidation Technology. 

Steam Extractioll Tec/lllology 

The Stearn Extraction Technology would be implemented in a DNAPL source zone area of the RGA 
(i.e., secondary source area). Injection wells would be used to inject steam into the zone of interest 
(i.e., secondary source areas). Contaminants would be extracted via a centrally located extraction well. 
The Steam Extraction Technology is effective for the removal of VOC contamination. The Steam 
Extraction Technology also will remove 9'lTc in the local area of implementation since 99Tc will be 
"carried" along with the produced water from the extraction well . 
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Pump-alld-Treat TedllloitJg)' 

The Pump~and-Treat Technology Would:l~e impiemented in a DNAPL source wne area'of the RGA 
(i.e .• secondary sQurccare,a). Extraction ,~d.l~ w~uld be placed in the 7..one.ofintcrcst and contaminated 
. groundwater would be pumped from the wells and treated. The Pump-and-Treat Technology is effective 
. for VOC and 9'Tccoritamin;ation; however. treatment time frames may be long. ..,. 

\'. 

Oxidatioll Ted; IIoll'C)' 

The Oxidation Technology altcrnative1wouldbe implemented i~ a DNAPL source zone area of the RGA 
,(i.e., secondary source area). Injection wells would be used.to inject the zone of interest (i.e., secondary 
sources within the RGA) with 'an oxidizing compound such as potassiumpermanganate or sodium 
peimanganate. The VOC;:s, including TCE DNAPL, would .react with the oxidizing compound and thus, 

-.would be destroyed from'the reaction with the ·oxidant. Although this technology is effective on VOCs, it 
would not remediate anY99Tc contamination. .. 

2.4.1.4 Dissolved Phase Plume Area 

The general scope and role of the GWOUis to address groundwater contamination. Remediation of 
the GWOU.therefore. may include remedial actions. at source areas ,as well as dissolved phase contamination 
within the groundwater plumes. This;FSe~aluatedfive alternatives for the treatment ,of dissolved phase 
plumes. The alternatives evaluated include Pump-and-Treat TecQnoloh'Y,Ozonation Technology, Permeable 
Treatment 'Zone Technology, Oxidation Technology, and Bioremediation Technology as described in the 
following sections. .!'. .':.,' . . . 

Pump-alld-Treat Techllology 

The.Pump~and-Treat Technology would be implemented in the RGA contaminant plumes (i.e.; dissolved. 
phase area). Extraction ,wells would be placed in the 'zone of interest and contaminated groundwater 
would;~,be pumped from the wells and treate&The Pump-and-Treat Technology is effective for VOC and 99 '.' ." . 

Tc contamination: however, treatment time framc;s may: be long. 

Ozollatioll Tedlllology 
';,\ 

The Ozonation Technology alternative: would destroy TCE .dissolved phase concentrations and other 
VOCsJrom,areasofthe RGA.lnaddition, 9')Tc would be re~ovedfromgroundwater as it passed across 
an ion exchange media incorporated'into the:Ozoriation. system. Injection wells would be used. to inject 
the ;zoneofinterest .. ( i;e~; the"RGA) with, ozone;'The vqCs would·,react with.the,ozonearidthus~ ,would"be 
destroyed. Pumps located in the irij'ectionwells ~ill force gro,undwateracross an ion exchange media also 
located -in ·the injection wells. The ion exchange media will remove 9

1

)Tc from the hrroundwater circulating 
through. the wells. . 

PerllleableTreatl;,i!llt ZOlle Tecllllology 
, 

The Permeable Treatment Zone Technology would'destroyTCE dissolved phase contamination and other 
VOCswithiri theRGA. In addition;- the' PTZ Technology' would capture 99Tc within the treatment zone. 
The treatment zones, constructed with iron or other r~active '!"edia; would be strategically placed in the RGA. 

Oxidatioll Techllology 
. . . 

The Oxidation Technology alternative would remove TCE dissolved phase concentrations and other • 
VOCs from areas of the RGA. Unlike the Secondary Source Area technologies described above, the 
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Oxidation Technology in this alternative would he designed only to remove dissolved phase contaminant 
concentrations. Injection wells would be used to inject the zone of interest (i.e., the RGA) with an 
oxidizing compound such as potassium permanganate or sodium permanganate. The VOCs, including 
TCE DNAPL, would react with the oxidizing compound and thus, would be destroyed from the reaction 
with the oxidant. Although this technology is effective for the remediation of VOCs, it would not 
remediate any 9<)Tc contamination. 

Biorellledial;oll Teclmololf), 

The Bioremediation Technology alternative would remove VOCs from areas of the RGA. Injection 
wells would be used to inject nutrients for native bacteria within the zone of interest (Le., the RGA). 
Depending on the design of the bioremediation alternative, either aerobic or anaerobic bioremediation 
could be implemented. Although this technolo!,'Y is effective for the remediation of VOCs, it would not 
remediate any 9'

JTc contamination. 

2.4.2 GWOlJ Remediation Strategies 

Since the GWOU is extensive and contains a number of SWMUs, multiple remedial actions are 
planned. At a minimum, these multiple actions will focus on remediation of (a) on-site sources, (b) off-site 
dissolved-phase groundwater plumes, and (c) potential "fenceline" containment or treatment actions. 
These future remedial actions may address one or more SWMUs using the alternatives presented in this 
FS. The multiple actions also may use a combination of alternatives to address one or media types. For 
example, a primary source alternative and a secondary source alternative may be used together in a future 
remedial action. 
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3. SCREENING OF REMEDIAL ALTERNATIVES 

This section describes the second phase of the FS. the screening of remedial alternatives. 

At this phase of the FS. the preliminary remedial alternatives that have been assembled can be 
evaluated and screened to reduce the number of alternatives that will undergo the more thorough detailed 
analysis outlined in Chap. 4. However. the screening of alternatives is an optional phase. and because a 
manageable (i.e., not excessive) number of remedial alternatives have been developed, it is not necessary 
to screen these alternatives before conducting the detailed analysis . 
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4. DETAILED ANALYSIS OF ALTERNATIVES 

This section descrihes the third and final phase of the FS. the detailed analysis of the remedial 
alternatives. Section 4. I provides a brief introduction to the detailed analysis and the nine evaluation 
criteria prescribed hy the CERCLA (42 U.S.C.A. §§ 9601 through 9675). Section 4.2 presents the 
individual analysis of each alternative against the nine criteria, and Sect. 4.3 contains a comparative 
analysis of the alternatives. 

4.1 INTRODUCTION 

This chapter describes and evaluates the alternatives developed in Chap. 2 for remediating the GWOU. 
Each alternative undergoes a detailed, comparative analysis in which its advantages and disadvantages are 
evaluated. The detailed analysis of each alternative includes the following components: 

• a description of each remedial alternative, 
• an evaluation that incorporates the first seven of nine CERCLA criteria, and 
• an objective discussion of the projected environmental consequences of each alternative. 

4.1.1 Comprehensive Environmental Response, Compensation, and Liability Act Requirements 

Pursuant to the C'ERCLA and the NCP (40 CFR 300), remedial action alternatives must be evaluated 
in an FS. Pursuant to CERCLA § 12 I, the remedial action selected as the preferred alternative should do 
the following: 

• • protect human health and the environment; 

• 

• attain ARARs. or define criteria for invoking a waiver; 

• be cost effective; 

• use permanent solutions and alternative treatment technologies or resource recovery technologies to 
the maximum extent practicable; and 

• satisfy the preference for treatment that reduces toxicity, mobility, or volume as a principal element 
(or explain why this is not attainable). 

To assess whether CERCLA § 121 requirements would be met by the remedial action alternatives 
analyzed in an FS, EPA developed· the following nine evaluation criteria: (1) overall protection of human 
health and the environment; (2) compliance with ARARs; (3) long-term effectiveness and permanence; 
(4) reduction of toxicity, mobility, or volume through treatment; (5) short-term effectiveness: 
(6) implementability; (7) cost; (8) state acceptance; and (9) community acceptance [40 CFR 
§300.430(e)(9)(iii)]. Pursuant to the NCP, these criteria have been grouped into threshold, balancing. and 
modifying criteria categories [40 CFR § 300.430(f)( I lei)]. Consistent with Section 6.2.2 of Gui{lallce for 
Conducting Remedial Investigatiolls and Feasibility Studies Under CERCLA, OSWER Directive 9355.3-0 I 
(EPA 1988a). each remedial action alternative identified in this FS has undergone an evaluation based on 
the first seven CERCLA criteria. Consistent with the preamble to the NCP [55 FR 8723 (March 8. 1990)]. 
comments from the Commonwealth of Kentucky will be incorporated into the final FS, and community 
acceptance will be evaluated during a public comment period that follows publication of a PRAP for the 
selected remedial action . 
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In the preamble to the original and revi~ed Nell (55 FR 8666 through 8810 (March 8, 1990) and 53 FR 
51394 through 51520 (December 21,1988)] and in several guidance documents (EPA1988a and 1988b), 
the EPA further categorizes the criteria into subcriteria. Based on the NCP and, the referenced documents, 
a discussion ofthe'·nineCEliClA ~riteria andsu~riteria is presented in the following ~ubsections. 

4.1'.1.1 Threshold criteria 
~ " .". 

The selected remedial action alternative must meet these criteria. These criteria include overall 
. protection ofhuinan healih and the environment and compliance with ARARs. ' 

'Overall Protect;oi,of HII",all Healtll alld tlleEllv;rOlllllellt 

Under this criterion; alternatives are evaluated to determine the ability to reduce risk tb.human health 
and the environment. The evaluation also is used to d~temiine whether altC!r:nativespose unacceptable 
short-termor cross-media impacts. For each alternative, the evalUation includes a discussion of the following: 

• how the source of c.ontamination is to b~ reduced or controlled; and 

• how the si'te-related risks to human health and'the environment areio be r~d~c'ed, and whether target 
levels are attained. ' 

Co",p/itillce witl, ARARs 

Congress specifiedin CERCLA § 121 (42 U'.S.c.A. § 9621) that remedial~ctions for the c1~anup of 
hazardous substances must comply with the requirements, criteria, standards, or limitations under federal 
or more stringent state environmental laws that are legally applicable or relevant and appropriate to the • 
hazardous substances or circumstances at a site .EP A defines and explains ARARs using two categories. 
First, EPA categorizes ARARs as being either "applicable" or "relevant and appropriate" to a site. The 
terms and conditions pertinent to this category are as follows. 

• . "Applicable" requirements are ,those cleanup standards~ standards of control, and other substantive 
requirements, criteria, or limitations promulgated under federalenvironment;,tl, state environmental, 

. .\. .. ; 

or facility,siting laws that specifically address' a hazardous substance; pollutant, contaminant, 
remedial action, ,location, or other circumstance found at aCERClA site (40 CFR § 300.5). 

0.. ,'~Relevantand .appropriate" are requirements that address proble~s that are sufficiently similar to 
those encountered at the site. that their use is well 'suited to the particular site. " . 

• Facility siting laws that address problems or situations suffic~ently similar to ,those ,encountered at the· 
CERClA site that their use is well suited to the particular site (40 CFR § 300.5). 
J. . • 

o "Requirements under federal or ~t3te law: may be either applicable or relevant and appropriate to 
, CERClA cleanup actions, but -noI60th. '.If a' requirement is riot applicable, it must be 'both. relevant 
andappropriateinorderfof-it to he·an'ARAR.In cases when both a federal and a.state ARAR are 
available, or when· two 'potentialARARsaddress the 'same issue, the more stringent regulation must 

'be selected. However, incaseswhere:'EPA has:delegated implementation of a federal· environmental 
pr()gram to a state; the analogous state program requirements are the ARARs. 

o Other information not meeting the 'definition of an ARAR may be necessary to dete~li~e what is 
protective of human health, welfare, or the environment, or the informa'tion may be useful in developing 
CERClA remedies. Additionally, ARARs do not exist for every chemical or circumstance found at a 
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CERCLA site. Therefore. EPA believes it may be necessary. when determining cleanup requirements 
or designing a remedy, to consult reliable information that otherwise would not be considered a 
potential ARAR. Criteria or guidance developed by EPA, other federal agencies, or states may assist 
in determining, for example, health-based levels for a particular contaminant or the appropriate method 
for conducting an action for which there are no ARARs. This other information is to be considered 
(TBC) information and may be used when developing CERCLA remedies. Such TBe information 
falIs generally within three categories: (1) health effects information, (2) technical information on 
how to perform or evaluate investigations or response actions, and (3) policy. A possible fourth 
category for TBC information is proposed regulations, when they are noncontroversial and likely to 
be promulgated as drafted. 

The second EPA categorization for ARARs is based on whether the ARARs are specific to the 
chemical(s) present at the site (i.e., chemical specific), the remedial action being evaluated (i.e., action 
specific), or the location of the site (i.e., location specific). The terms and conditions pertinent to this 
second category are as follows. 

• "Chemical-specific" ARARs usually are health- or risk-based numerical values or methodologies 
that, when applied to site-specific conditions, result in the establishment of numerical values. These 
values establish the acceptable amount or concentration of a chemical that may remain in. or be 
discharged to, the ambient environment [53 FR 51437 (December 21,1988)]. 

• "Action-specific" ARARs usually are technolo!,'Y- or activity-based requirements or limitations placed 
on the remedial action being evaluated. Selection of a particular remedial action at a site will trigger 
action-specific ARARs that specify appropriate technologies and performance standards [53 FR 51437 
(December 21, 1988)]. 

• "Location-specific" ARARs generally are restrictions placed upon the concentrations of hazardous 
substances or the conduct of activities solely because they are in special locations. Some examples of . 
special locations include floodplains, wetlands, historic places, and sensitive ecosystems or habitats 
[53 FR 5 1437 (December 21, 1988)]. 

Examples of chemical-, action-, and location-specific ARARs are as follows: 

• Chemical-specific ARARs - MCLs, KPDES effluent limits; 

• Action-specific ARARs - Performance and design standards; and 

• Location-specific ARARs - Preservation of historic sites, regulations pertaining to activities near 
wetlands or floodplains. 

As discussed in the preamble to the NCP at 53 FR 51443 (December 21, 1988), potentially 
responsible parties (PRPs) conducting remedial actions, or portions ofremedial actions, entirely on-site as 
defined in 40 CFR § 300.5, must comply with the substantive portions of ARARs but not with the 
procedural or administrative requirements. Substantive requirements pertain directly to the actions or 
conditions at a site, while administrative requirements (e.g., permit applications and procedural requirements) 
facilitate remedial action implementation. 

The CERCLA § 12 I (d)(4) [42 U.S.c.A. § 9621(d)(4)] provides several ARAR waiver options that 
may be invoked, provided that human health and the environment are protected. Finally. under § 121(e) 
[42 U.S.C.A. § 9621(e)], PRPs (such as DOE) are not required to obtain federal, state, or local permits in 
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order to' conduct on-site respon~e actions; however. the substantive requirements of the permitting • 
'programs must be followed. .,' . ,'.' ,. . \. " 

. 'In the NCP at 40 CFR§ 300.150, EPA has addr~sscd, the, relationship ofARARs,to worker protection 
standards. EPA states that CERCLA respOnse actions must comply with the worker .pr.otection standards and 
requirerrients~fthe Occupational Safety and Health, Act, of: 1970,(29 U.S£. §§ 651 .through 67R) and 
analogous state laws; however, the standards and requirements are not ARARs [55 FR 8680:(March 8, 1990)]. 

.: ';- . 

: The DOE~ in Orders 440.l,Worker :Prolecl;oll Ma,,~gelllent for DOE Felleral ami COIlI1;acl(}r 
Employees. and 5480.4, Ellviro1llllelllal Protection. S(~fety. and Health Protectioll Stalldarll\'(DOE 1991 
and 1995), establishes general' requiren:tents J()r environmental protection,safety; .and health standards for 
DOE and its icontraCtor operaiion~. The 6rd~rs are DOE internal standards forlhe protection of DOE 
employees and contractor worker~; and~ consistent \Vith 40 CFR, § 300:150, are notARARs. Nonetheless, 
the Orders must' be' :rollowe(j'dU'ring the desib'T1, construction, operation, ,modification (ifnny), and 
decommissioning phases of the remedial action. 

Finally, 'in 10 CFR § 835, the bOEsetsforth occupational ~tandards for radiation protection of 
workers at its facilities .. The regulation; lik~ DOE

I 
\Or~ers 440.1:, and 5480.4, is an internal DOE worker 

protection standard 'and is not ariARAR. '. '.". ' .. " .. " " ' " .• ' ' 

4~1."2Balancing criteria 

,. Balancing criteria are' the primary criteria upon which analyses of remedial actions are,based. The 
criteria provide decision makers with a means for determining which alternative best achieves the 
remedial objectives. The balancing criteria include long-term effectiveness. and performance; reduction of 
toxicity, mobility, or volume through treatment; short-term effectiveness; impJementability; and, cost. At • 
this time" the DOE has not irretrievably or irreversibly committed any resources, to bias the selection of 
any ofthe alternatives described in this document. ' ' 

LOIIg-Term Effectivelless alld PerlllallelU:e 

Long-term effectiveness andpernlanence are e'valuated based' on the magnitude of residual risk and 
the 'adequacy and reliability of controls used to manage remaining waste (untreated waste and ,treatment 
residuals) over the long term (j;e.~'after remedial objectives are met). Alternatives that afford ,the highest 
degree of long-term .effectiveness and permanence are those that leave ,little'oT; no waste at the site, make 
long-term maintenanceiand monitoring', unnecessary, and minimize the need for institutional controls. The 
assessment of long-term effectiveness, is made 'considering the following factors:. 

o the magnitude of.the residual risk to ,human and environmental r~ceptors rem~ining from untreated 
waste or treatment residues at the completion .ofinterimremedial activities; 

o 

• 

" ~ .. 

anass~ssment'of the type, degree, and adequacY, of long-term management (including engineering 
;controls, monitoring, and O&M}requlred 'for untreated waste or treatment residuesreinaining atthe site; 

, \," . . 
, '.' !- I 

.... ' 

an assessment',of ,thelong·'lerin reliability 'of engi~~enng and/or instit~tional actions to provide 
continued protection from untreated:waste·ortreatment residues; . 

o . ,the ,potential need for replacement of the .actionand the continuing need for repairs to maintain the 
performance of the remedy;, " .. ', . 

• long-ternl effects on floodplain, wetlands, T &E species, and ecological communities; 
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• long-term effects on historical and cultural resources; 

• long-term effects on land usc; and 

• cumulative effects. 

Reductioll of Toxicity, Mobility, or Volllme Tllrollgll Treatlllellt 

The statutory preference is to select a remedial action that employs treatment to reduce the toxicity, 
mobility, or volume of hazardous substances. This criterion addresses the anticipated performance of the 
technologies that may be employed to achieve treatment goals. Alternatives that do not employ treatment 
technologies are not considered to reduce toxicity, mobility, or volume of contaminants. This criterion 
considers: 

• the treatment processes; 

• the amount of hazardous materials that will be treated or destroyed; 

• the deh'fee of expected reduction in toxicity, mobility, or volume through treatment, including how 
the principal threat is addressed through treatment; 

• the degree to which the treatment will be irreversible; and 

• the type and quantity of treatment residuals that will remain following treatment. 

SllOrt-Terlll Effectivelles ... 

The short-term effectiveness of an alternative is evaluated relative to its effect on human health and· 
the environment. Clearly insignificant impacts are not addressed in detail, but all relevant environmental 
attributes are considered, and enough infonnation is provided to demonstrate why greater consideration is not 
needed. 

The short-term effectiveness assessment is based on the following key factors: 

• short-term risks that might be posed to the community during implementation of an alternative; 

• potential for impact on workers during construction and the effectiveness and reliability of protective 
measures; 

• potential for an adverse environmental impact that may result from the action and the effectiveness 
and reliability of mitigation measures in preventing or reducing the potential impact; 

• socioeconomic effects; 

• time until remedial objectives are achieved; and 

• cumulative effects . 
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IlIIplelllelllabi/ity 

Implemcntability deals with the technical and administrative feasibility of implementing an alternative 
and the availability of necessary materials and services required during its implementation. The following 
factors are considered during the implementability analysis: 

• technical feasibility; 

• administrative feasibi1it~,includi~g " 
" , 

ste. ps 'required t'~ coordinate wi~~o~her ag~n~ies .to implement the remedy; and 
. . 

, ::,J 
steps required to set up. long-term or future coordination among agencies, and the ability to 
obtain permits for off-site activities; 

• availability~f services and materials,' inc.Il!ding . . ; . 

Cost 

available capacity and location ofnee~edtreatment, storage, and disposal services; .' 
!" 

i 

availability of necessary equipment and sPecia1istst~-impiement an alternative;' 

timing of the availability of prospective technologies under '~~ilside'ration; and 

the potential for 'obtaining bids that are:competitive (which maybe particularly important for 
innovative technologies). 

Preliminary cost'estimates are 'presented fof each remedial alternatlv~. T;he FS-Ievel estimates are' 
intendedto·aid in making project-evaluations and comparisons between alternatives. Consistent with EPA 
guidance (EPA 1988b), the estimates have an'expected accuracy of -30% to +50% for the scope of action 
described for each alternative. The management .andintegration (¥&I) contract approach has been used 
as the basis for ,preparing ·the Cost estimates. TIle M&Icontractor will. be responsible for contract 
administration. 'of all remediation work for this project. Detailed breakdowns of thecos!- estimates, 
including majoNissumptionsused to 'develop the cost ~stimates, are presented in AppendixC7 . 

. The estimates are divided into 'capitalcost,andO&M cost. All esti~ateshavebe~n escalated using 
DOE-approved annual rates,arida schedule for ,the, various,.activities based on ·similar' project experience. 
Also,present-worth values ,are included' using a discount factor o( 5°.(0 (EPA 1988b); Contingency costs 
havebeeri .. included as 25%' of the total cost. . . " . 

'0 Capital costs are defined as those expenditures required to initiate and install an alternative. These 
. are short~term costs and. are excluslveof'costsrequired to maintain,the action.throughout the project 
'lifetime.Capitaicosts consist of direct (construction};and indirect (non construction and overhead·). costs. 

" Directcosts..include construction costs (material,' labOr; and eq~ipment incurred to develop, construct, . 
. and: implement an action); service equipment,process and new ,proces's 'buildings,utilities,and1waste 
disposaJ.costs.Jndirectcosts ·inClude services ,that are not actually a part of construction 'but .arerequired to 
·implement a remedial ,alternative;. such'as·expenditures for engineering (Title Iand::JIdesign engineering, 
Title III inspection), project integration,',Project administration and management,and financial services . 
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• O&M costs arc long-term costs associated with ongoing remediation at a site. These costs, which are 
necessary to ensure the continued effectiveness of an action, occur after construction and installation 
are completed. The costs include labor, materials, utilities, and services required to monitor, operate, 
and maintain the facilities for a period ofJO years or more. 

• Present-worth analysis is used to evaluate the capital and O&M costs of an alternative on a present 
worth, or present value, basis. Present-worth analysis is a method of comparing expenditures for various 
alternatives that occur over different time periods. By discounting all costs to a common base year, 
the cost for different alternatives can be computed on the basis of a single cost figure for each alternative. 
The total present worth for a given alternative is equal to the full amount of all costs incurred through 
the end of the first year of operation (capital costs), plus the series of expenditures in following years 
reduced by the appropriate future-value/present-worth discount factor. This analysis allows the 
comparison of alternatives on the basis of a single cost representing an amount that, if invested in the 
base year and disbursed as needed, would be sufficient to cover all costs associated with the action 
over its planned life. The discount rate represents the cost of borrowed capital. Present-worth costs are 
given as prescnt value. The estimated present worth of each remedial alternative was determined on a 
discount rate of 5% and a base maintenance/monitoring study period of 30 years per EPA guidance. 

4.1.1.3 Modifying criteria 

The preferred remedial alternative is implemented after state regulatory agencies and the public have had 
an opportunity to comment on the RIfFS and the PRAP document that follows the RIIFS. The modifying 
criteria, and the process by which DOE complies with them, are described in the following section. 

State Acceptallce 

State acceptance provides for the consideration of any formal comments by the Commonwealth of 
Kentucky [40 CFR § 300.430(e)(9)(iii)(H)]. 

Communit), Acceptallce 

Many of these alternatives will impact the community or replace current facilities. In order to define 
that impact, it is necessary to consider community acceptance. Documented community concerns about 
alternatives will be solicited during the public comment period for the PRAP and will be addressed in 
making a final decision on the remedy to be selected. A ROD document will include a responsiveness 
summary in which documented community concerns will be addressed [40 CFR §300.430(e)(9)(iii)(I». 

4.2 INDIVIDUAL ANALYSIS OF ALTERNATIVES 

This section contains an individual detailed analysis of each of the twelve alternatives utilizing the nine 
CERCLA criteria supplemented with appropriate NEPA values. 

Also as a result of decisions reached by the representatives of the DOE, State of Kentucky and EPA, 
it was determined that the scope of the scope of alternatives for this FS will have the target contaminants 
ofTCE, TCE DNAPL, TCE degradation products and 99Tc. The detailed analysis also will be performed 
on alternatives containing a single applicable technology. These technologies were further broken down 
to applicable areas that included Primary Source Areas, Secondary Source Areas, and Dissolved Phase 
Plume Areas. The definitions of these groups as applied in this D2 document are: 
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• Primary Source Areas arc those areas with the target contaminants present and have DNAPL 
concentrations in the surficial soils and soils of the UCRS located above the RGA. 

• Secondary Source Areas are those areas with the target contaminants present and have DNAPL 
concentrations in the RGA. 

• Dissolved Phase Plume Area are those areas within the RGA that contain the target compounds but 
have no DNAPL concentrations present. 

The technologies that receivcd dctailed analysis below are as follows. 

• Primary Source Area 

• Secondary Source Areas 

• Dissolved Phase Plume Area 

4.2.1 No Action Alternative 

Vapor Extraction Technology 
Direct Heating Technology 
Excavation Technology 

Steam Extraction Technology 
Pump-and-Treat Technology 
Oxidation Technology 

Pump-and-Treat Technology 
Ozonation Technology 
Permeable Treatment Technology 
Oxidation Technology 
Bioremediation Technology 

The following subsections contain a description of the No Action Alternative, a detailed analysis/· 
assessment, and a summary. 

4.2.1.1 Description of No Action Alternative 

This alternative will consists of no action toward remediating the groundwater contamination. Five
year reviews will be conducted because waste is left in place. 

Because alternative proposes no active mass removal or containment, the time until remedial objectives 
are attained is dependent upon natural attenuation. For the primary COC, TCE, the time for complete 
dissolution of the DNAPL mass under the C-400 Building is the limiting factor. Although much brreater 
TCE volume is present in the RGA DNAPL zone at C-400 (estimated at approximately 550,000 L in the 
RGA and 105,000 L in the UCRS), the significantly lower groundwater flow rates in the UCRS extend the 
period of dissolution. Approximately 7,000 years will be required to remove the expected DNAPL volume 
under natural conditions. Once the DNAPL is removed, on-site TCE levels will drop to below the MCL 
of 5 JlglL in less than 10 years and off-site groundwater will flush clean within approximately 50 years. 

4.2.1.2 Assessment of No Action Alternative 

The detailed analysis of this alternative, using the CERCLA criteria, is presented in the following 
subsections. 
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Overall Pmtectioll of Hllmall Healtll alllltlte EIIVir(}lllllellt 

Implementation of this alternative would not provide overall protection of human health or the 
environment. Risks would remain uncontrolled, and the RAOs would not be achieved. If residents (within 
the Water Policy Box) begin to use groundwater for home use, they would be subject to an increased level 
of risk under current conditions. 

Compiiallce witll ARAR.~ 

Potential chemical-specific ARARs 

Chemical con/amillatioll. The aquifers are known to contain chemical contaminants in the fonn of 
metals and organics. The federal and state water quality requirements include sta~dards that would be 
applicable ARARs. The regulations that apply are found in 40 CFR 141 (National Primary Drinking Water 
Standards); 40 CFR 143 (Secondary Drinking Water Standards); 401 KAR 5:029 (General Provisions); 
and 401 KAR 5:031 (Surface Water Standards). These standards, summarized in Table 4.1, include general 
state standards, domestic water supply standards, and standards applicable to wann water aquatic habitat. 
These are applicable based upon the classification of the designation for surface water use associated with 
the area (Ohio River, River Mile 940.7 to River Mile 943.3) as specified in 401 KAR 5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for completeness. 
Those standards that must be achieved in order to meet the applicable requirements are the lowest of the 
applicable standards, which in most cases are the MCLs. 

Radiological contaminatioll. The OU is known to be contaminated with radionuclides such as '''Tc. 
DOE's Order on Radiation Protection of the Public and Environment, DOE Order 5400.5 (codified at 
10 CFR 834), is TBC infonnation for cleanup of radionuclides at DOE sites. The order, as codified, 
requires that remediation activities must not result in radiation exposures to members of the general 
public greater than an effective dose equivalent (EDE) of 100 mremlyear from all exposure pathways .. 
Exposure to the general public must also be as low as reasonably achievable (ALARA) (DOE 1990). 

The DOE Order 5400.5 also contains reference values. known as derived concentration guidelines 
(DCGs), for operational DOE facilities. Based on the DCGs, radionuclide concentrations in air and drinking 
water must not exceed an EDE of 10 mremlyear and 4mremlyear, respectively to the total body or any organ. 

The Nuclear Regulatory Commission (NRC) also has set criteria for decommissioning standards at 
nuclear facilities at 10 CFR 20 Subpart E. These rules require that residual radioactivity at nuclear sites 
meet a total EDE of 25 mremlyear for unrestricted release. In addition to the NRC standards, EPA has 
issued guidance for cleanup levels at CERCLA sites with radioactive contamination. EPA has disagreed 
with the protectiveness specified within the NRC standard and has specified that a 15 mremlyear EDE be 
used as the risk level that is protective of human health and the environment. EPA has also codified exposure 
limits for environmental radiation protection standards for nuclear power operations at 40 CFR 190. 
These requirements apply to operations involved in uranium fuel cycle and include enrichment operations. 
Subpart B of these requirements specifies that the annual dose equivalent to the public must not exceed 
25 mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any other organ as the result of 
exposures to planned discharges of radioactive materials, radon and its daughters excepted, to the general 
environment from uranium fuel cycle operations and to radiation from these operations. These requirements 
would be considered relevant and appropriate because the release to the groundwater would not be planned. 

The Commonwealth of Kentucky is an NRC Agreement State and has promulgated regulations for 
radiation protection of the public. The Kentucky radiation protection standard for individual members of 
the public is 0.1 rem (100 mrem) EDE per year or less (902 KAR 100:019 Section 10), which is 
equivalent to the DOE radiation protection standard found in DOE Order 5400.5 . 

OO.()()1(doc )1061201 4-9 



0 Table 4.1. GWOU chemical ARAR table 0 

8 
~ KAR Surface x 
'§ Water Standards KAR Warm Water KAR Warm Water 

KAR General (Domestic Water Aquatic Habitat Aquatic Habitat Outstanding State .... 
:? Standards Supply) Criteria-acute Criteria-chronic Resource Waters !\ICls MClGs 

COC 401 KAR 5:029 401 KAR 5:031 401 KAR 5:031 401 KAR 5:031 401 KAR S:031 D 40 CFR 141 40 CFR 141 
Metals (pg/L) 

aluminum 
antimony 4300 6 6 6 
arsenic 3406 5011506 50 50 
barium 2,000 2,000 
beryllium 0.4 4 4 
boron 
cadmium 5 eO 118(1n Hord) .J 687) elO 78~~(ln Hord) .1.71~) Same as warm water 5 5 

chromium 100 elO 81qO(ln H.rd)· J n(,)11 br e10.8190(ln Hord)·O 68~Fllr 
aquatic 
16/11" 100 100 

copper 1,000 elO Q4~1 (In Hord) ·1 7(0) elO 8~4~ (In H.rd) .1 701) same as warm water 1.300 
aquatic 

iron 4 
manganese 50 

-$:>. nickel 4600 100 e'o SolbO In H:l.rdl "1 ~~~) elO s..O I In Hord) -0 O~s.) 
I 

50 ell.n lin Hord·. ~~) - silver 
0 

uranium 
vanadium 

Other brorganics (pg/L) 
fluoride 2,000 2.000 4,000 4.000 
nitrate 10,000 10,000 10.000 10.000 

Organics (pg/L) 
acrylonitrile 0.65 0.058 
Aroclor-1254 0.0014 0.5 
benzene 71 1.2 5 
bromodich loromethane 46 
carbon tetrachloride 4.4 0.25 5 
chloroform 470 5.7 
1,1 ~ichloroethene 0.057 7 7 
1,2-dichloroethene 
cis-I.2~ichloroethene 70 70 
trans-I,2~ichloroethene 140,000 100 100 
naphthalene 
trich loroethene 81 2.7 5 
vinyl chloride 515 2 1 

Radiollllclides 
Am-24 I 

• • I; • . .... : ' 



• 
COC 

~ Neptuniurn-237 
Technetium-99 
Thoriurn-228 
Uranium-234 
Uranium-238 

KAR General 
Standards 

401 KAR 5:029 

Gross Alpha (pCi/L) 15 
Gross Beta (mrem) 50 

KAR Surface 
Water Standards 
(Domestic Water 

Supply) 
401 KAR 5:031 

"Metal standards are for total recoverable. except Chromium (VI) that is dissolved 
"Standard is for Arsenic as Arsenic (III) 
'St:mdard is for Chromium (III)/Chromium (VI) 
"Standard is for dissolved Chromium (VI) - acute/chronic 

• Table 4.1. (continued) 

KAR Warm Water 
Aquatic Habitat 
Criteria-acute 

401 KAR 5:031 

KAR Warm Water 
Aquatic Habitat 
Criteria-chronic 
401 KAR 5:031 

Outstanding State 
Resource Waters 
401 KAR 5:031 Q 

'Maximum Contaminant Levels found in drinking water regulations for the Commonwealth of KentLicky at 401 KAR. Chapter 8 are equivalent to Federal MCLs. 

~ 
I 

CFR Code 0/ Federal Regrtlntions 
cac Contaminant orConcem 
KAR 
MCLs 
MCLGs 

Kentucky Administrative Regulations 
maximum contaminant level 
maximum containment level goals 

MCLs 
40 CFR 141 

4 mrern/year 
15 

• 
J\1CLGs 

40 CFR 141 



Due to the differing views and values among NRC EPA and nOEtotal EDE for members of the 
general public, EPA and DOE have agreed not to finalize their respecti-.:e standards until an agreement 
can be reached. In the interim, DOE Order 5400.5 is identified as TBC information and the NRC standard 
is identified as relevant and appropriate. Therefore, the radiation protection standard identified within the 
NRC regulations at 10 CFR 20 Subpart E requiring an EDE of 25 mrem/year or less shall, be used as the 
exposure limit for the general public. . '. 

Chemical-specific ARARs sUlnmaly.lmplementationofthis alternative would not meet the chemical
specific ARARs provided in Table 4.1 applicable .to groundwater and surface water where groundwater 
discharge occurs. The ,current state of the associated groundwater and surface water do not meet criteria 
such as MCLs, KAR water quaiity standards, or maximum contaminant level goals (MCLGs). In addition, 

,. the potential disCharge of groundwater to surface water bodies may not meet applicable KA~ Warm 
Water Aquatic Habitat Criteria:. for chronic or acute exposures. 

Potential location-specific ARARs. This alternative does not result in modification of the existing 
terrain or habitat. No 10cation-specific.ARARsare identified with this alternative. . " 

Potential action-specificARARs. This alternative does not require. action to be taken; therefore, no 
action-specific ARARs are identified forthis alternative. 

The potential ARARs for the No-Action alternative are presented in TableA.2. There are no IQCation- or 
action-specific ARARs for this alternative. . 

. The No Action Alternative would not comply with the MCLs for TCE at the point of compliance or 
points of exposure. In addition, the MCLsapplicable to antimony, chromium (action level}, and alpha-
emitting radionuclides would be exceeded at the point of compliance (plant fenceline ) and points of • 
exposure (DOE property boundary, Ohio River) if contaminants were allowed to continue to mibtrate off-site 
according to the modeling used,in the development of this fS. As stated in the risk assessment, the metals 
and radionuclides based upon historic observations are far less mobile than current inodeling indicates. 
Based on the time frames illustrated in the model required for migration to the point of compliance and 
the historic~1 observations associated with migration of metals and radionuclides at th~PGDP, 
exceedance' of the associated MCLs is considered unlikely. However, monitoring of the groundwater for 
these contaminants would be required to demonstrate no migration of these contaminants. ..,,: .' .:. 

Because of the TCEcontamination currently encountered ·in the groundwater at ,the point of 
compliance and point of exposure, this alternative does not comply with identified chemical-sp'ecific 
ARARs. In order to conduct this alternati.ve, an ARAR waiver would be required. . 

,LoIIg-Terlll Effeclivelless alldPermallellce 

'. This alternative includes no .controls for exposure .and no . long-term management measures. A 
discussion of the magnitude ,of residual risk at the site is presented in'the following section. 

Magnitude and residual risk. The residual risk within the. GWOU may increase because vinyl 
chloride is part of the. breakdown path ·of TOE. five-year reviews, mandated by CERCLA [40 CFR 
§300.430(f)(4)(ii)]; will be, required to demonstrate the integrity and effectiveness of the controls and 
confirm that additional exposure .pathwayshave·notdeveloped. 

Adequacy and reliability of··contr.ols. No ·Iong-term O&M and controls are associated, with this 
alternative. 
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Table 4.2. Summary of Potential ARARs for the No Action Alternative 

Standards. Rt'qllirement. 
Criteria. or I.imitation Citation Uescription of R~lIirement 

Ch~"'kill-sp~cijic ARARs 
National Primary Drinking 40 CFR 141 ProvidL'S chemical-specific numeric 
Water Standards standards for toxic pollutants 

expn:sscd as MCb and MCLGs. 

National Secondary Drinking 40CFR 143 ProvidL'S secondary maximum 
Water Standards contaminant levels for public water 

systems 
Kentucky Surface Standards 401 KAR 5:031 l'rovidL'S chemical-specitic numL'Tie 
including and 5:026 standards tor pollulants discharged 

• Warm Water Aquatic or lound in surface waters. 
Habilat Criteria 

• Kentucky Domestic Water Provides chemical-specific 
Supply numeric standards tor pollulants in 

• Kentucky General Standards domestic water supplies. 

• Kentucky Outstanding State 
Resouree Waters 

Radiation Exposure of the OOEOrder Specifics that the general public 
General Public at I>OJ: 5400.5 must not receive an etfective dose 
Facilities L'quivalent of> I 00 mrcmlyear 

from all exposure pathways. In 
addition. all releases of radioactive 
materials resulting in doses to the _. general public must mect the 
ALARA criteria. 

Decommissioning Standards at IOCFR 20. Specifies a residual activity at 
Nuclear Facilities Subpart E nuclear tacilities tor unrestricted 

release of 25 mremlyear. 

Environmental Radiation 40 CFR 190. Requires that the annual dose 
Protection Standards for Subpart B equivalent to the public must not 
Nuclear Power Oper.1tions exceed 25 mrem to the whole 

body. 75 mrem to the thyroid. and 
25 mrem to any other organ as the 
result of exposures to planned 
discharges of radioactive materials. 
radon and its daughters excepted. 
to the general environment from 
uranium fuel cycle operations and 
the radiation from these operations. 

Location-specific ARA Rs 
No location-specific standards 
are ARAR for this alternative. 

Action-specijic A RARs 
No action-specitic standards are 
ARAR for this alternative 

as 10", as reasonably achie\'ablc ALARA 
ARAR 
CFR 
DOE 
GWOtJ 
KAR 
MCLGs 
MCLs 
NRC 
TOC 

applicahle or relevant and appropriate requirement 
Cod,· of Federal R,'/{"Intions 
U.S. IJcpartmellI of Energy 
groundwater operable unit 
Kentucky Administrali\'c Regulations 
maximum contaminant 1e",,1 goals 
naaxinJUm contaminant Ie\'el 
U.S. Nuclear Regulalory Commission 
10 be considered 
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<:omments 

These requirements arc relevant and appropriate due 
to the nature of the contaminants tilUnd within the 
groundwater. 

These requirements arc TBCs as they have heen 
established as guidelines tor the states and arc nllt 
federallyenforeeable. 
These standards arc applicable to the segment of Ihe 
Ohio River into which Ihe Litlle Bayou ("reck 
discharges. The requiremenls found in thcse standards 
arc applicable due to the groundwater III surlace 
WIlier interlace 10 Little Dayou Creek and SUbSL'qUL'ltly 
to the Ohio River. 

Note: Clean Water Act Water Quality Criteria arc 
not relevant and appropriate because Kentucky has 
promulgated these state standards that Kentucky has 
determined to be appropriate for waters of the State. 
This requirement is TBC intormation. 

These standards arc considerL-d tll he appl icahle tn 
the GWOU. 

These standards are considered to be relevant and 
appropriate and are equivalent tll the NR<.· 
standards. 



Environmental impacts 'a~d mitigative' measures.' The f()lIowing text des.cribes potential' long-term 
impacts to resources and mitigative measures t(> 6ff..,et any potential impacts. Tihe depth of impact analysis 
and mitigative measures is corrclatedto the degree to which a resource may be impacted. 

Land use. No impacts to: land use would result from implementing this alternative. 
. . . 

Socioeconomic.\'. The no-action alternativ.e would not have any direct effects 'on': socioeconomics. 
However, ,the continl;led presence of ~ontaminants in' the groundwater will prevent its .use and:'may limit 
economic development opportunities until the groundwater is brought back ·to'beneficiai use. 

t.':· . 

Airquali~valld IUJise. Air quality and noise would not be affected, by implenlenting this ailernnt ivc. ' 

Vegetation. No impacts to vegeta!ion would result from implementing this alternative. 

Wildlife. N~ impacts ,to wildlife would result from implementation of this alternative. 

Threatened mia elidallgerell species. No impacts would result from implementing this alternative. 
\' .,,' .,', 

Cultllral resource~. 'No long-term effects' are anticipated for. this alt~rnative. 

Groulldwater. Implementation of No Action Alternative is not expected to have any adverse impact 
, on groundwater hydrology and ambientflowcood,tions. 

Sutface water. C~rrent discharges fro~ the Northwest ·Plume: into Little Bayou Creek will continue; 
however, cae levels will decrease' ~s the plume dissipates. No. adverse impacts to wetlands have been 
identified currently, and no additional impacts are expected as a result of surface water discharges. 

Floodpltiills. No long-term effects are anticipated for this alte~ative .. 

Wetlands. No long-term effects are anticipated for this alternative. 

Soils allli prime/armlalld. No long-term impacts wo'uld be,expected to occur to soils and famlland. 
No prime farmland is located at or adjacent to' these units. ." 

Trallsportatioll. No long-term director indirect effects will result fro~implementing this· alternative. 

Cumulative impacts. Cumulative impacts are defined as the incrementa) impact .of an action when 
added to other past,. present, and reasonable foreseeable future actions, regardless 'of what agency or 
person undertakes other such actions. No notable cumulative impacts resulting from this alternative have 
been identified. '. 

' .. :,' 

Reductio" of Toxicity, Mobility, or Volume Through Treatme"t 

The No Action Alternative does ,not include any 'treatment technologies to address the source areas; : 
therefore, a reduction in toxicitY, mobility, or volume through treatment of the sources would not be . 
achieved. Toxicity within the GWaU may ,increase:.since vinyl chloride is part of the, br~akdown path, of 
TCE. EventuaHY,the volume and :toxicity ofCOCswould decrease. Within the ·first 30 years of the 
alternative, the DNAPL volume at C-400 would be expected to be reduced by 20,000 L, 3% of the total 
volumepresent. 
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SIIorl-Term f..J/eclivelle ... !t· 

Community protection. This alternative would not pose additional risks to the community because 
no action would be taken. 

Worker protection. This alternative would not pose additional risks to workers, because no action 
would be taken. 

Environmental impacts and mitigative measures. Short-term environmental impacts and mitigative 
measures are qualitatively assessed and include an evaluation of the impacts on environmentally and 
potentially sensitive ecological resources, short-term impacts on socioeconomic and cultural resources. 
and cumulative impacts of remedial construction and other activities occurring in the area. 

Lane/use. Land use at the PGDP would not change existing conditions if the no-action alternative is 
implemented; thus, no land use impacts would occur. 

Socioecollomic.\'. The socioeconomic conditions of the PGDP area would not change with implementation 
of the no-action alternative. However. as a result of shutting down the existing Groundwater Remedial 
Actions, a limited reduction in workforce could occur. These reductions would be limited and are not 
expected to sib'llificantly impact other operations at the plant or the surrounding community. However. the 
presence of contaminants in the groundwater will prevent its use and may limit economic development 
opportunities until the groundwater is brought back to beneficial use. 

Air quality ami noise. No air quality or noise impacts would occur as a result of implementation of 
this alternative. 

Vegetatioll. No adverse impacts to vegetation have been identified as a result of implementing this 
alternative. 

Wildlife. No impacts to wildlife are expected from implementation of this alternative. 

Threatened alld endangered species. No impacts are expected from implementation of this alternative. 

Cultural resources. No cultural resources would be impacted if the no action alternative is implemented. 

Grolllu/water. Implementation of the no action alternative is not expected to have any adverse impact 
on groundwater hydrology and ambient flow conditions. 

Sw/ace water. Current discharges from the Northwest Plume into Little Bayou Creek will continue; 
however, coe levels will decrease as the plume dissipates. No adverse impacts to wetlands have been 
identified currently, and no additional impacts are expected as a result of surface water discharges. 

Flooe/plains. The no-action alternative would not have an adverse effect on floodplains as no construction 
would occur (COE 1994). 

Wetlands. No short-term effects are anticipated for this alternative. 

Soils and prime farmland. No impacts to soils would be experienced as a result of no action. No 
prime farmland is located at or adjacent to these units. 

Transportation. No short-term direct or indirect effects are anticipated for this alternative . 
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CUlllu/lItil'e impacts. Cumulative impacts are defined as the incremental impact of an action when 
added to other past, present, and reasonable foreseeable f\lture actions, regardless of what agency or 
person undertakes other such actions. No notable cumulative impacts resulting from this alternative have 
been identified. 

Implei,ielltability 

This alternative wouldn~tposeany implementability collcerns'since, no action would be taken. 

'., i 

I: 

: These cost estimates' are based upo'n FS-Ievel scoping and are intended to aid with 'selection ofa 
preferred alternative. Consistent with EPA guidance, the estimates have an expected accuracy of -30% to 
+50% for the proposed scope of action{EPA 1988b). 

Because this is a no-action alternative, no capital costs and no O&M costs are associated with this 
, alternative: Costs,' associated with the 'termination of the . currently in-pl~ce remediar'actions including 
pump-and-treat systems, the monitoring network. and the Water Policy are not included. 

, , ! . ,~' " ", 

4.2.1.3 Evaluation, summary of the ,No Action Alternative' 

The No Action Alternative is a no-action alternative .. Implementation of this alte~~tive'would not 
provide overall protection of human health or:the environment. Risks would.remain uncontrolled, and the 
RAOs would not be ,achieved., This alternative does not include any treatment technologies to addr~ss the 
source areas; therefore, a reduction In toxicity, mobility, or volume through.treatment of the sources 
would not be achieved. Toxicity within the GWOU may increa~e because, vinyl chloride is part of the 

. breakdown path of TCE.EventuaIly;the 'volume of COCs would decre'a'se.Five-year reviews would ,be • 
required because waste is left in place. 

. 4.2.2 Primary Source Area 
:'1 

, The following subsections provide a detailed analysis of alternatives for the' Prirriary' SOli~~e Area. A 
Primary .source Area is defined for· the purposes of this GWOU FS as those areas, with the target 
contamil:tants of TeE, TCEdegradation 'produCts, or 9'lTc preseri'i 'and' havingDNAPL c~ncentrations in 
the surficial soils and soils of the UCRSlocated above the RGA. 

4.2.2.1 Primary Soilrce Area - Vapor Extraction Technology 

The following subsections contain a description of Primary Source Area - .Vapor Extraction 
Technology. Alternative and the detailed· anaiysis. .', 

Descriptio" ofPrilllarySource Area - Vapor,Extractioll Tecltllology 
. '. . . 

, ' 

Vapor extraction isa common technology used' to abate areas of subsurface contamination by VOCs. 
These contaminants partition to soil ,gas. With vapor extraction, an extraction well is placed :under 
vacuum to.withdrawsoibgas, containing; the.contamination:· A 'number of ex situ processes are available to 
treat the contaminants in'the off-gas waste stream. ",.' 
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There are three general categories of the vapor extraction technology: passive soil vapor extraction 
(SVE), standard SVE, and high vacuum SVE. 

• • Passive SVE, also known as barometric pumping, relies upon the atmospheric potential generated by 
passing low-pressure weather fronts to induce the movement of contaminated soil gas to the atmosphere. 

• 

• 

• Standard SVE uses pumps that generate a vacuum of 13 to 25 cm (5 to 10 inches) of mercury. 

• High vacuum SVE pumps typically generate vacuums of38 to 74 cm (I5 to 29 in.) of mercury. They 
are primarily used in areas of tight vadose zone soils with hydraulic conductivities ranging from 10.6 to 
10.7 em/sec, such as those common to the PGDP. Vapor extraction vendors frequently use soil 
fracturing in conjunction with high vacuum SVE in tight soils to enhance the permeability of the soil 
and the radius of influence of the remediation system. The high vacuum SVE's radius of influence 
typically is 3 to 6 m (10 to 20 ft) in tight soils and 9 to 15 m (30 to 50 ft) in more conductive soils. 

Vapor extraction is only applicable in the vadose zone, where soil gas can migrate to the extraction 
well. Several extraction well systems have been developed that lower the water table and induce vapor 
extraction in formerly saturated soils. Dual Phase Extraction combines the benefits of a powerful vacuum 
system applied to the well to recover soil gas with a pump placed in the bottom of the well to recover 
groundwater and lower the water table. Dual Phase Extraction and similar systems are capable of 
remediating the vadose zone and typically saturated zone of the UCRS together. Technologies that 
remove water also are capable of remediating 99Tc-contaminated sites. Dual Phase Extraction is the 
selected process option for the vapor extraction alternative that is evaluated in the following text. 

The vapor extraction alternative provides no RGA source zone volume reduction or treatment of 
dissolved phase plumes. In the absence of a source-area action, the worst RGA source zones can be 
expected to contaminate on-site groundwater with VOC levels in excess of MCLs for approximately 
1,000 years. Alone, vapor extraction of the worst UCRS source zones is expected to leave enough 
residual to contaminate groundwater with VOCs above MCLs for 2,000 years. Dissolved phase actions 
could reduce contaminant levels outside of the source zone areas to below MCLs in less than 100 years. 
However, the dissolved phase actions would be required to continue for the 2,000 years until the UCRS 
source zones are depleted. 

The vapor extraction alternative consists of the following primary components: 

• implementing Dual Phase Extraction to reduce sources of contamination in the UCRS; 

• implementing a groundwater monitoring system to monitor the post action effectiveness of the 
remedial measure and to provide protection; and 

• performing five-year reviews of the alternative as required by CERCLA. 

Descriptions of these components are provided in the following sections. Figure 4.1 illustrates the 
primary components of the vapor extraction alternative. The vapor extraction alternative features significant 
DNAPL mass reduction in the UCRS DNAPL source zones. 

Access Restrictions. The primary source areas and highest concentration portions of the groundwater 
contamination addressed by the GWOU are located within portions of the PGOP that are within security 
fences. On-site workers are, and would continue to be, alerted to potential exposure hazards at these units 
through the use of work permits, administrative controls, and safety programs . 
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Fig. 4.1. Primary source area - dual phase vapor/liquid 
extraction technology. 
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Source Reduction Activities in the tIeRS. Source reduction activities would be conducted on-site 
in the VCRS to reduce the level ofCOCs that are entering the RGA, which is the uppermost aquifer. 

Environmental Media Monitoring. The existing b'TOundwater monitoring program would be continued 
to monitor the movement of COCs. The monitoring prob'Tam would inteb'Tate existing PGDP monitoring 
wells, where possible, with additional monitoring wells to be installed as needed following a review of the 
existing program. 

CERCLA Five-Year Review. It is anticipated that this remedial alternative would result in 
"contaminants remaining at the site above levels that allow for unlimited use and unrestricted exposure": 
therefore, this remedial action would be reviewed "no less often than every five years" in accordance with 
40 CFR 300.430 (f)(4)(ii). 

Assessmellt of Vapor Extractioll Altemative 

A detailed analysis of the perfonnance of the vapor extraction alternative against the nine CERCLA 
criteria is provided. 

Overall ')rotection of Human Health and the Environment. Implementation of this alternative 
provides for COC volume reduction in soils and b'TOundwater in VCRS source zone areas. This 
technology is primarily targeted for DNAPL areas but also has limited effectiveness for the removal of 
dissolved-phase "'Tc. 

The water and off-gas waste streams would require subsequent surface treatment. An air stripper 
would be used to separate VOCs from the produced wastewater. It is not expected that f)<'Tc would be 
entrained in vapor phase emissions due to the radionuclide's high solubility in water. The water treatment 
system would trap "'Tc on ion exchange resin and the resin would be disposed of or regenerated by an 
approved mechanism. Processing through a catalytic oxidizer would destroy VOCs produced from air. 
stripping or vapor extraction. 

The continuation of a groundwater monitoring program would provide indirect protection for human 
health and the environment by minimizing the potential exposure to contaminated groundwater through 
early identification and avoidance. 

Although the vapor extraction alternative, alone, would not satisfy the RAOs for the GWOV with 
regards to projection of human health and the environment, this alternative would support the achievement 
ofRAOs when implemented in concert with other source reduction and dissolved phase GWOV technologies. 

Compliance with ARARs. An alternative must meet this threshold criterion to be eligible for 
selection. The following discussion summarizes the potential ARARs and TBC Guidance for Primary 
Source Area - Vapor Extraction Technology. 

Potelltial chemical-specific ARARs. The potential chemical-specific ARARs for Vapor Extraction 
Technology are summarized in the following paragraphs. 

Chemical COlltamillatioll. The aquifers are known to contain chemical contaminants in the form of 
metals and organics. The federal and state water quality requirements include standards that would be 
applicable ARARs. The regulations that apply are found in 40 CFR 141 (National Primary Drinking Water 
Standards); 40 CFR 143 (Secondary Drinking Water Standards); 401 KAR 5:029 (General Provisions): 
and 401 KAR 5:031 (Surface Water Standards). These standards, summarized in Table 4.3, include general 
state standards, domestic water supply standards, and standards applicable to wann water aquatic habitat. 
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Table 4.3. Summary of potential ARARs for Primary Source Area - Vapor Extraction Technology 

Standards, Requirement, 
Criteria, or Limitation Citation Description of Requirement Comments 

C/lenrical-Speci/ic ARARs 
National Primary Drinking 40 CFR 141 Provides chemical-specific numeric standards for toxic These requirements are relevant and appropriate due to 
Water Standards pollutants expressed as MCLs and MCLGs. the nature of the contaminants found within the 

groundwater. 

National Secondary Drinking 40 CFR 143 Provides secondary MCLs for public water systems. These requirements are TBCs, as they have been 
Water Standards established as guidelines for the states and are not 

federally enforceable. 
Kentucky Surface Standards 40 I KAR 5 :031 and 5 :026 Provides chemical-specific numeric standards for pollutants These standards are applicable to the segment of the 
including discharged or found in surface waters. Ohio River into which the Little Bayou Creek discharges. 
• Warm Water Aquatic Habitat The requirements found in these standards are applicable 

Criteria Provides chemical-specific numeric standards for pollutants in due to the groundwater to surface water interface to 
• Kentucky Domestic Water domestic water supplies. Little Bayou Creek and subsequently to the Ohio River. 

Supply 
• Kentucky General Standards Note: CW A Water Qual ity Criteria are not relevant and 

• Kentucky Outstanding State appropriate because Kentucky has promulgated these 
Resource Waters state standards that Kentucky has determined to be 

appropriate for waters of the State. 
Radiation Exposure of the DOE Order 5400.5 Specifies that the general public must not receive an effective dose This requirement is TBC information. 
General Public at DOE Facilities equivalent of>IOO mremJyear from all exposure pathways. In 

addition, all release of radioactive materials resulting in doses 
to the general public must meet the ALARA criteria. 

Decommissioning Standards at 10 CFR 20, Subpart E Specifies a residual activity at nuclear facil ities for unrestricted These standards are considered to be applicable to the 
Nuclear Facilities release of 25 mremJyear. GWOU. 

Environmental Radiation 40 CFR 190, Subpart B Requires that the annual dose equivalent to the public must not These standards are considered to be relevant and 
Protection Standards for exceed 25 mrem to the whole body, 75 mrem to the thyroid, appropriate and are equivalent to the NRC standards. 
Nuclear Power Operations and 25 mrem to any other organ as the result of exposures to 

planned discharges of radioactive materials, radon and its daughter 
products excepted, to the general environment from uranium 
fuel cycle operations and the radiation from these operations. 

• • ~ • 
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Standards, Requirement, 
Criteria, or limitation 

Protection of Wetlands 

Endangered Species Act 

Migratory Bird Treaty Act 

Citation 

10 CFR Section 1022. 
Executive Order I 1990 
40 CFR 230.10 
33 CFR 330.5 

16 U.S.c. 1531 et seq. 
Section 7(a)(2) 

16 U.S.C. 703-711 
Executive Order 13186 

• • Table 4.3. (continued) 

Description of Requirement Comments 
Location-Specijic ARARs 

Activities must avoid or minimize impacts to wetlands to These requirements are applicable due to the presence 
preserve and enhance their natural and beneficial value. If of wetlands, but will be met though avoidance of 
wetland resources are not avoided. measures must be taken to wetlands during construction and implementation of 
address ecologically sensitive areas and mitigate adverse effects. altematives. 
Such measures may include. minimum grading requirements. 
runoff controls. design and construction considerations. 

Allows minor discharges of dredge and fill material. or other minor 
activities for which there are no practicable alternatives. provided 
that the pertinent requirements of the NWP system are met. 
Actions that jeopardize the existence of listed species or result Action that is likely to jeopardize fish, wildlife, or 
in the destruction of adverse modification of critical habitat must plant species or destroy or adversely modify critical 
be avoided or reasonable and prudent mitigation measures taken. habitat-applicable. 
Federal Agencies are encouraged (until requirements are Action that is likely to impact migratory birds, 
established under a formal MOU) to do the following: habitats. and resources-applicable. 
• avoid or minimize. to the extent practicable. adverse impacts 

on migratory bird resources when conducting agency actions; 
• restore and enhance the habitats of migratory birds. as 

practicable; 
• prevent or abate the pollution or detrimental alteration ofthe 

environment for the benefit of migratory birds. as practicable; 
• ensure that environmental analysis offederal actions required 

by the NEPA or other established environmental review 
processes evaluate the effects of actions and agency plans of 
migratory birds. with emphasis on species of concem: and 

• identify where unintentional take will likely result from 
agency actions and develop standards andlor practices to 
minimize such unintentional take. 



Table 4.3. (continued) 

Standards, Requirement, 
Criteria or Limitation Citation Description of Reauirement Comments 

Action-Specific ARARs 
Fugitive Dust Emissions during 401 KAR 63:010 Precautions must be taken to prevent particulate matter from These requirements are applicable and will be met 
site preparation and construction becoming airborne. Such precautions must be incorporated into through the use of appropriate dust control practices 
activities. the planning and design ofacti\"ities and include actions such as identified during alternative design phase. 

• wetting or adding chemicals to control dust fTom construction 
activities; 

• using materials such as asphalt or concrete (or other suitable 
chemicals/fixing agents) on roads or material stockpiles to 
prevent fugitive emissions; 

• using covers on trucks when transporting materials to and 
from the construction site(s). 

The requirement specifies that for on-site construction 
activities, no visible emissions may occur at the PGDP 
fenceline. Similar points of compliance shall be identified for 
construction activities that occur outside the fence. 

Toxic Emissions 401 KAR 63:022 The regulations require that a determination of toxic emissions These requirements are considered to be applicable and 
be made in order to assess the applicability of required controls. shall be complied with through calculation of 
Calculations of the significant emission levels are compared to significant emission levels for toxic materials and 
the allowable emission limits specified in Appendix A of63:022. application of best available control technology as 
If emission levels are exceeded, best available control technologies necessary during the design of the alternative. 
must be incorporated into eauioment/orocess design. 

Monitoring Well Installation 401 KAR 6:310 Monitoring wells (including extraction wells) must be These requirements are considered to be applicable. 
constructed in a manner to maintain existing protection against Compliance with well design and protection standards 
the introduction of pollutants into aquifers and to prevent the shall be achieved through the use of approved well 
entry of pollutants through the borehole. In addition, wells with design and materials of construction. While in service, 
no further use must be plugged and abandoned in accordance wells shall be secured as required. Wells with no further 
with the reQuirements soecified. use shall be "lugged and abandoned as reQuired. 

Discharge of Stormwater 40 CFR 122, Stormwater discharges from construction activities on-site are These requirements are considered applicable for all 
401 KAR 5:055 subject to the requirements of the KPDES permit. This requires on-site construction or treatment activities where a 

that BMPs to control stormwater runoff and sedimentation be discharge of stormwater or treated groundwater occurs. 
employed. Although off-plant construction activities within the For off-site construction activities, these requirements 
contaminated area are not subject to the permit, these are considered relevant and appropriate and will be 
requirements should be considered relevant and appropriate and adhered to. Compliance with these ARARs shall be 
be incorporated into any off-site construction activities. achieved by application of required controls during the 

design phase of the alternative . 

• • • ' •• f' 
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Standards, Requirement, 
Criteria or Limitation Citation 

Hazardous Waste Management 40 CFR 260 through 268; 
401 KAR 32 through 37 

PCB Waste Management 40 CFR 761 

ALARA 
ARAR 
BMP 
CFR 
CWA 
DOE 
GWOU 
KAR 
KPDES 

as low as reasonably achievable 
applicable or relevant and appropriate requirement 
best management practice 
Code of Federal Reglllnt;olls 
Clean Water Act 
U.S. Department of Energy 
groundwater operable unit 
Kentucky Administrative Regulation 
Kentucky Pollutant Discharge Elimination System 

• Table 4.3. (continued) 

Description of Requirement 
All wastes or environmental media containing wastes must be 
characterized to determine whether the waste also is a 
hazardous waste in accordance with 40 CFR 262.11 and 401 
KAR 32:010. If it is determined that a waste is a hazardous 
waste or that environmental media contain a hazardous waste 
subject to the RCRA regulation. the substantive requirements of 
40 CFR 262 through 268 are applicable. These standards 
include design and operation of storage and accumulation areas, 
waste handling and shipment. and treatment technologies or 
numeric standards applicable to wastes before disposal. 
TSCA requirements for the management of PCB wastes or 
items containing >50 ppm PCBs or from a source of 50 ppm or 
greater. Requirements include the following: 

• waste and material management; 
• characterization of PCB-containing materials; 
• labeling and storage for disposal; 
• manifest completion for shipment offsite; 

• decontamination of affected equipment or items; 

• disposal of PCB wastes. 

These requirements will be complied with if PCBs are found at 
concentrations requiring compliance. 

MCLGs 
MCLs 
NRC 
NWP 
PCB 
PGDP 
TBC 
TSCA 

maximum containment level goals 
maximum contaminant le\'el 
Nuclear Regulatory Commission 
Nationwide Permit 
polychlorinated biphenyl 
Paducah Gaseous DiO'usion Plant 
to be considered 

= Toxic Substances Control Act 

• 
Comments 

These requirements are applicable and will be 
complied with through characterization of wastes and 
environmental media generated as a result of 
implementation of the alternath·c. Waste management 
will be predicated upon the characterization and 
comply \vith all substantive requiremcnts associated 
with hazardous waste management. if identified as 
such. 

These requirements are applicable if PCBs are found 
or result from items or equipment regulatcd under 40 
CFR 761. Activities necessary to comply with thcse 
ARARs shall be incorporated into the planning phase 
of the alternativc implementation. 



These are applicable based upon the classification of the designation for surface water use associated with 
the area (Ohio River, River Mile 940.7 to River Mile 943.3) as specified in 401,KAR ,5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for completeness. 
Those standards that must be achieved in order to meet the applicable requirements are the lowest of the 
applicable standards, which in most cases are the MCLs. 

. . 

Rad;ological COl1lam;l1al;OI1. The OU is known to be contaminated with radionuclides such as <)<lTc, 
radon, uranium. and uranium daughter products. DOE's Order on· Radiation Protection'ofth'e Public and 
Environment, flOE Order 5400.5, is TBC ,information for: cleanup of radionuclides at DOE sites. The 
order requires that remedIation activities must not result in radiation exposures to members of the general 
public greater than an EOE of 100 mremlyear from all exposure pathways. Exposure to the general public 
also must be ALARA (OqE 1990). ' 

The DOE Order 5400.5 also contains reference values, ,known as, DCGs, for operational DOE 
facilities. Based on the DCGs, radionuclide concentrations in air and drinking water must not exceed an 
EDE of 10 mremlyear and 4. rnremlyear, respectively, to the total body or any organ. . 

.~ 

The Nuclear Regulatory Commission (NRC) also has set criteria for: decommissioning standards at 
nuclear facilities at 10 CFR 20 Subpart E. These rules require that residualradioactivity at nuclear, sites 
meeCa total EDE of 25 mremlyear for unres'trictedrelease. In addition to ~he NRC standards, EPA has 
issued guidance for cleanup levels at CERCLA sites with radioactive, contamination. 'EPA has disagreed 
with the protectiveness specified! within the NRC standard, and has specified'that a 15 rnrem/year EDE be 
used as the riskleveI thatisprotective of human health and the environment. EPA alsoha's codified'exposure 
limits for environmental' radiation protection standards for ,nuclear power operations at -;tOCFR 190. These 
requirements apply to operations involved in uranium fuel cycle arid include enrichment operations. Subpart B 
of these requirements specifies that the annual dose equivalent to the public inust not exceed 25 rnrem to .• 
the whole body, 75 mrem to the thyroid, and 25 mrem to any other organasth~ result of exposures to planned 
discharges of radioactive materials, radon,andits:daughter products excepted~to the general environment 
from uranium fuel cycle operations and to radiation from these operations~ These requirements would be 
considered relevant and appropriate because the release to the groundwater wO,uld not be planned. 

The Commonwealth of Kentucky is an NRC Agreement State and has promulgated regulations for 
radiation protection of the public. The Kentucky radiation protection standard for individual members of 
the p'ublicis 0.1 rem (100 rnrem) EDE per: year or less (902 KAR 100:019 Section 10), which is 
equivalent to the DOE radiation protection standard found in DOE Order 5400.5. ' 

Due to the differing views and values among'NRC, EPA, and DOE total EDE for members of the' 
general public, EPA and nOE haveagreednof. to.finalizetheir respective standards until an ait-eement 
can be reached. In the interim, DOE Order 5400.5 is identified as TBCinformation,and'theNRC standard 
is identified as relevant and appropriate. Therefore,: the radiation protection standard identified within the 
NRC regulations at 10 CFR 2QSubpart E requiring an'EDE of 25 rnremlyear or less shall be used as the 
exposure limit for the general' public. ' . , , 

Chemical-specific ARAR'summa1J', The chemical-specific ARARs associated with the implementation 
of this alternative are outlined in· Table 4.3. Implementation of this alternative would not result in 
.attainment of the chemical .. specific ARARSassociated with the off-site groundwater plumes. Attainmerit 
of the identified ARARs would be met in the future .as implementation progresses. Continued monitoring 
of the groundwater will be used during the five-year reviews to ensure that the identified goals are met 
and that concenlrationsofCOCs continue to decrease. 

Potential /ocatioll-specijic ARARs. The potential location-specific ARARs for this alternative are 
summarized in the following paragraphs. 
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Wetlalllis. Although no wetlands have been identified within the area where construction activities 
will occur, certain jurisdictional wetlands have been identified in on-site drainage ditches within the plant 
boundary. In order to comply with thesc applicable requirements. wetlands shall be avoided. 

As statcd in the regulations, construction activities must avoid or minimize adverse impacts on 
wetlands and act to preserve and enhance their natural and beneficial values (Executive Order )) 990, 
40 CFR 6.302(a), 40 CFR 6 Appendix A, and 10 CFR 1022). These applicable requirements include 
avoiding construction in wetlands, avoiding (to the extent practicable) long and short-term adverse impacts 
to floodplains and wetlands, avoiding de!,'Tadation or destruction of wetlands, and avoiding discharge of 
dredge and fill material into wetlands. In addition, the protection of wetlands shall be incorporated into all 
planning documents and decision making as required by )0 CFR )022.3. Although not anticipated, if this 
alternative results in impacts to wetlands that cannot be avoided, the substantive requirements of the 
nationwide permit (NWP) 38 (33 CFR 330) will be met. 

Off-site operations shall not impact wetlands, and all treatment will be conducted either ill situ or in 
units already in operation. 

Elldallgered Species a"d MigratolJ' Bird ... Actions taken by federal agencies are prohibited from 
impacting T&E species or adversely modifying critical habitat (50 CFR 17.94) in accordance with the 
Endangered Species Act (16 USCA 153) et seq. Section (7)(a)(2». These requirements are potential 
ARARs in the event T &E species or their habitats are found at or near areas where remedial action is to 
occur. An ecological resource investigation inside the PGDP security fence did not detect any T &E species 
or their preferred habitats (COM Federal 1994). The U.S. Fish and Wildlife Service (USFWS) has not 
designated critical habitat for any species within the DOE property. However, outside the PGOP fence on 
the DOE property, potential habitats for federally listed T&E species was reviewed and Indiana bat 
habitat was evaluated during the COE (1994) environmental investigation. The COE study determined 
that total potential bat habitat consisted of20% of the 994-ha (2,456-acre) study area. Remedial activities 
must be evaluated to ensure that such actions do not adversely impact areas identified as critical habitat· 
for any identified endangered species. 

In addition, Executive Order 13186 directs federal agencies to enter into an MOU with the USFWS 
to further the purposes of the Migratory Bird Treaty Act (16 U.S.C. 703-711). Until such time as the 
memorandum of understanding (MOU) between DOE and the USFWS is finalized, Federal agencies are 
encouraged immediately to begin implementing the conservation measures set forth in the Executive 
Order. The requirements of the Executive Order are applicable and must be considered during planning 
and design of the remedial action. 

Potelltiai aClioll-specijic ARARs. The potential action-specific ARARs for Vapor Extraction 
Technology are summarized in the following paragraphs. 

Monitori"g well illstallatioll requiremellls. This alternative includes the installation of additional 
monitoring and extraction wells. Installation of these wells would have to be conducted in a manner to 
maintain existing natural protection against the introduction of pollutants into aquifers and to prevent the 
entry of pollutants through the borehole (401 KAR 6:310 Section ) 3). These requirements also mandate 
the construction materials required for well construction, well design criteria, well completion activities, 
and well abandonment methodologies. These requirements are considered applicable to design and 
installation of monitoring and extraction wells associated with the implementation of this alternative. 

Fugitive dust emissiolls. Construction activities on-site may result in the production of particulate 
airborne pollutants (dust). The Kentucky Air Quality standards found in 40) KAR 63:010 include 
requirements governing fugitive dust emissions. These standards require that dust-suppression measures 
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be undertaken that include activities such: as use of water .orchemicals to control emissions. placement of • 
asphalt or coricrete~and stockpiling ·ofSQils. The standards also require that visible dust generated from 
the implementation of the re~edial aitemative not be discharged beyond the property boundary of the 
site. Trucks transporting material outside .the property, ~undary, where materials could become airborne, 
must be covered. These requirements are considered to: be applicable to the implementation of this 
. alternative and will be complied with carcfui planning to ensure that excavated' materialS are sufficiently 
wetted or protected 'to control dust generation. Specific activities.thatcould result in the generation of 
fugitive dust that must be considered during the design phase include well installation arid construction. 

: .. . , . 

Radionllcl ide emiSSion stalldat:ll\·. ,Airborne emissions of,radionuclide~. may. occur asa 'result of on .. site 
construction 'activities~::Although.this potential is low for such emissions to occur, the regulations at 
40 CFR 61.92· would;:tequire that the emissions not exceed amounts that would cause an EDEtothe public 
of 10 rnrernlyear. In.order to determine whether the alternative complied with this applicable requirement. 
computer modeling using the CAP-88. or other EPA-approved models must be undertaken~ If the modeling 
demonstrates the radionuclide emission. to be in excess of .1% of the 10 rnrernlyear· standard, emission 
rates must be measured as required by 40 CFR 61 ;93. This ARAR shall be complied with by planning 
,activities in such a manner as to control fugitive emissions from construction and excavation activities. 

Toxic emission ·standards. Although toxi~ emissi~ris are not expected· as a result of 'construction 
activities, or with'the pumping oOhe' groundwater tg theon-site water treatment facility, these emission 
requirements would be applicableifsuch emissi~ns do occur. Due to organic concentrations found in the 
groundwater and potentially within' the subsurface soils at depth,.·there is a 'low potential for such 'emissi'ons 
to occur. The regulations 8t40 1 KAR63 :022 require that the emissions be evaluated' to determine whether 
they are sib'11ificarit fo~ each specific ~oxicair,pollutant. If!a~alysis indicates the toxic emission.requirements 
are triggered. the regulations·'specifY,!.hat no s,?urce may exceed the alIowable 1emission limit specified in • 
Appendix A of 40 I KAR 63 :022,. If applicable, these rules would require the application of best available 
control technology to limit toxic einissio~s. If. calculations indicate that the emission rates specified 
within the rule are not exceeded, the calculation package may be used. to demonstrate compliance with 
these requirements. Activities that must be considered, include excavation and treatment of contaminated 
groundwater . 

.': Slormwaler discharge. Construction activltl~s will be subject to the substantive requirements 
associated with tile KPDES"permitthat req~lres the use,ofBMPs and sediment/erosion controls to control 
transport of sediment in stormwater runoff. These requirements are considered tmbe applicable. 

. . \' 

. Waste :management requirements. Hazardous materials and wastes shall be generated during the 
implementation of this alternative. It is anticipated that these,wasteswilLbe low-level radioactive wastes 
and, therefore,' subjecttotheOOE Order 435.1 requireme"'ts,that apply to the management'oCall radioactive 
wastes generated at DOE facilities. This requirement ,is TBC rather than applicable or relevant ,and 
appropriate because it is a DOE Order rather.thana. fed~ral or stater:egulationor standard. 

" ," 

. The'potentialalso exists ·t!.tat som~'orall of the wastes, generated from treatment may ,be RCRA 
hazardous wastes 'as defined in 40 CFR 26l.of the federaL program. All wastes 'generated shall be subject 
to .the· hazardous waste deterrriination requirements of 40 CFR, 262 and 401 KAR 32:MO; If it is 
determined that any wastes are, in fact" hl;lzardous wastes, the m~terials must be, managed in accordance 
with the substantive requirements found.in'40.:CFR 262 through 40CFR 268 (401 'KAR 32 through 37). 
These standards include storage requ'irements,transportation requirements, and disposal requirements. 
Specific requirements, applicable to each waste stream must be identified after characterization of the 
material is complete. These requirements shall be complied with through the development of a waste 
management plan (WMP) during the design phase of implementation. If materials are identified as·RCRA 
hazardous waste, these requirements are applicable. 
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Although considered unlikely, the potential exists that wastes generated from the implementation of 
this alternative may contain PCBs regulated under the Toxic Substances Control Act (TSCA). These 
regulations would be applicable to this alternative if PCB concentrations were found in soil or water that 
exceeded 50 ppm or PCBs were found and attributable to a source whose concentrdtion exceeded 50 ppm 
PCBs. The substantive requirements for management of PCB wastes found in 40 CFR 761 would be 
applicable and include standards for storage, shipment, and equipment decontamination. These requirements 
shall be complied with through the development of a WMP during the design phase of implementation. If 
materials are identified as TSCA PCB regulated material, these requirements are applicable. 

Action-specific ARAR summary. This alternative will trigger action-specific ARARs with regard to 
the treatment and handling of the contaminated groundwater removed from the aquifer. These include the 
requirements for compliance with the substantive requirements to control of sedimentation during construction 
activities and the applicability of the RCRA requirements for wastes generated as a result of implementation. 
In addition, the requirements of TSCA will be applicable if regulated PCB-containing materials are 
identified. This alternative will comply with these requirements during the planning phase to include 
compliant waste handling, storage, and disposition components. If wastes from treatment of groundwater 
or excavation of soils is determined to be hazardous wastes under RCRA, the substantive requirements for 
storage, management, and disposal of hazardous wastes shall be incorporated into the alternative during the 
planning phase. Activities that may be required for RCRA and TSCA compliance include use of appropriate 
containers, labeling of containers, appropriate storage area design and operation (secondary containment 
or storage for less than 90 days in a compliant accumulation area), and transportation of wastes. 

A summary of the ARARs for the implementation of Primary Source Area Vapor Extraction Technology 
are presented in Table 4.3. . 

Compiiallce wit/. ARARs ~·ummary. Implementation of this alternative would not achieve immediate 
compliance with the MCL for TCE. Compliance at the fenceline has been calculated to occur in approximately 
1,000 years. Compliance with the MCL at the DOE property boundary and Little Bayou Creek is calculated' 
to occur in approximately 1,000 years. 

In addition, this alternative addresses the reduction of source areas and control of groundwater plumes 
via ill situ treatment and addresses organic constituents. The MCLs applicable to antimony, chromium 
(action level), and alpha-emitting radionuclides would be exceeded at the point of compliance (plant 
fenceline) and points of exposure (DOE property boundary, Ohio River) if contaminants were allowed to 
continue to migrate off-site from source areas, according to the modeling used in the development of this FS. 
As stated in the risk assessment, the metals and radionuclides based upon historic observations are far less 
mobile than current modeling indicates. Based on the time frames illustrated in the model required for 
migration to the point of compliance and the historical observations associated with migration of metals and 
radionuclides at the PGDP, exceedance of the associated MCLs is considered unlikely. 

In order to comply with the identified chemical-specific ARARs, an ARAR waiver will be required 
due to the time frames required to meet the specified concentrations within the GWOU at the point of 
compliance and points of exposure. 

As discussed, no potential location-specific ARARs have been identified within the area where remedial 
action will occur. However, to ensure that jurisdictional wetlands are not impacted, all construction 
activities associated with this alternative will be reviewed as a safeguard. The protection of wetlands is 
not considered a location-specific ARAR at this time, as jurisdictional wetlands have not been identified 
within the areas impacted by the implementation of this alternative . 
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Construction and implcm~ntation of th~altemative may trigger several action-specific ARARs such 
as'the requirements associated wi,tli wetl installation and. abandonment, fugitive-dustemissions, radionuc1ide 
emissions. arid toxic emissions. 'The requirements associated with the ,installation and abandonment of 

"groundwater wells will 'be met though use ,of well designs and materials'of construction. as specified at 
401 KAR 6:31O,Section 13. All well installations ,and ,abandonment practices incorporated into'the 
'approved Remedial t)esignshall,~comply with the substantive, requirements of 401 KAR 6:310; 

," : 

Fugitive, dust 'emissions' th'at' m~y occurdunng construction'activities will be controlled as required 
by 401 KAR 63:010. BMPs' such' as wetting or covering ·ofpotential sources of fugitive dust will be 
incorporated into' the remedial desihrfl., The specific ,.actions to be;developed shall: control potential 

", emission sources to ensure that dust emissions do not migrate from the'immediate area where construction 
" 'activities occur. It is anticipated that. ,inmost, cases, the moisture content in the soil will be sufficient to 

,J control dust emissions during well installation .. However, practices such as the wetting of disturbed soils, 
collection of soils, or r~seeding activities shall be considered: and incorporated into the remedial design, as 
necessary. to ensure compliance with these requirements. Radionuclide.emissiori~,atconstruction sites 
'also must be considered during the implef!lentation phase .. In order to ensure that the emission standard of 
10 mrern/year EDE to the public is met, concentrations of radionuclidesin soils' and groundwater must be 
evaluated. If the potential for such emissions:is identified, modeling using the CAP.:88 orother'EPA'-approved 
methods must be undertaken dur'ing the desib.:n phase of the alternative. It is anticipated that the primary 
conveyance of airborne raqi(muClides\wiJI be in.particulate forrn;.therefore; control of'fugitivedust emissions 
also will result· incompliance with' the emission standards applicable to radionuc1ides. If radiological 
contamination from plant aCtivities is found. in soils where constructionactivities,ri're planned. the soil will 
be ,protected or containerized to . prevent airborne migration. Mea'sures necessary to prevent airborne 
emissions or radionuclides shall be evaluated and incorporated. as appropriate, into'the remedial design in 
order to comply with these ,requirl7ments, dur:ing implementation of-this alternative. ' . 

. ". 

Emissions of toxins such as volatil'e ~rga~i~s also must be evaluated before implementation. Although 
the potential for exceedance of toxic air emissions is considered to below, an .evahjation of the potential 
for such emissions must be undertaken during the remedial design. Potential emissions must be evaluated 
for each toxin present in the plumes (i.e., TCE, ,vinyl chloride; etc.) to determine whether the contaminant 
levels found in the subsurface could result, in airborne emissions in excess oCthe allowable limits 
specified in Appendix A of 401 KAR 63:022. Compliance with the emissions staridards Shall be achieved 
for this alterT;ative through the evaluation processor:the application of the best available control technology 
where emissions.are calCulated to exceed allowable ,levels. Emission ' control equipment wiIJ be incorPorated 
into :implementation activities during the,~emedial,design"as necessary. ,based, upon the initial eval,uation. 
This:requirement will be complied with during implementation of the alternative.: ". 

. , . l . 

, The construction' aCtiv,ities associa~ed 'Yith this alternative will require that BMPs for sedimentation/ 
erosion controls be estabJished.This requirement ,will be complied with through the use· of sediment 
fences or other appropriate means. The remedial design shall'incorporate the specific controls necessary 
to ensure that the construction sites do not allow sedimentation and/oJ'. erosion of disturbed areas in order 
to comply with this 'r~qt.ii~ement during impl~ll1entation of thisalternative~ . . : 

Treatment ofgro~ndw.ater may'res~IL.in ,the.generation of secondary wastes that wiil trigger"'the 
characterization requirements associated with RCRA.J7he implementing regulations found·at 40 CFR.262 
and :40)' KAR' 32:01 Oreguire that generators of solid wastes ( or contaminated eiwironmental medla).must 
'deterniinewhether .the waste also. is. a hazardous waste. If the materials generated 'from,theoimplementation 
of this alternative are .found: to be hazardous' ,wastes, the materials shall,be containerized and managed as 
such, The requirements mandate that hazardous wa~tesbe properly labeled and stored in areas that 
comply with thetechnicaI. standards for storage·of hazardous waste in containers. These standards shall be 
complied with through testing of soils before excavation activities. If the soils are found to be hazardous, 
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appropriate storage areas shall be constructed and maintained. All hazardous waste generated during the 
implementation of this alternative shall be shipped for off-site disposal using the EPA Identification 
Number for the PGDP. Hazardous wastes shall be shipped to facilities permitted to treat, store, or dispose 
of the hazardous waste(s) being shipped. These activities shall be incorporated into the remedial design 
for this alternative in order to comply with these requirements. 

Secondary wastes generated during the implementation of this alternative also may be subject to 
regulation under TSCA as PCB remediation waste and DOE Order 435.1 as LLW. Characterization of these 
materials will be required in order to determine whether specific wastes are regulated under these 
requirements. If it is determined that the waste generated is a PCB or LL W, appropriate management 
standards will be incorporated into the Remedial Design. Existing information will be used where 
practicable to determine the regulatory status of all waste to be generated before implementation. 

Long-Term Effectiveness and Permanence. This evaluation addresses the results of the vapor 
extraction alternative in terms of risk remaining at the site after completion of the action and the effects of 
required long-term controls. A discussion of the magnitude of residual risk at the site and adequacy and 
reliability of controls is presented in the following sections. 

Magllitllde of residual risks. The vapor extraction alternative is designed to remediate contaminated 
groundwater by reducing COC volumes in source areas. However, nonaqueous phase COCs are likely to 
remain in place following treatment of the VCRS by vapor extraction. As long as the VOCs and IIIITc 
levels remain high in the source areas, the residual risk would remain high in the source area and 
downgradient areas. For a prolonged period following the startup of the alternative remedial action, the 
residual risk would remain consistent with the risk present prior to taking the action. VOC levels would 
remain elevated for approximately 2,000 years for the areas of worst DNAPL contamination after 
implementation of this alternative. Vapor extraction would have to be implemented in concert with other 
VCRS and RGA technologies to achieve MCLs at the Points of Compliance in a reduced time frame . 

Five-year reviews, mandated by CERCLA [40 CFR §300.430(t)(4)(ii)], would be required to 
demonstrate the integrity and effectiveness of controls and to confirm that additional exposure pathways 
have not developed. 

Adequacy alld reliability of cOlltrols. The vapor extraCtion alternative would have a moderate to 
high reliability for operation and control. The components that make up the vapor extraction systems, 
catalytic oxidizer, and ion exchange system have been used extensively for the treatment of air and water 
and have proven to be reliable. Due to the potential for high COC concentrations, the system design likely 
would require redundancy in treatment equipment to ensure acceptable COC removal from effluents. 
Because of this redundancy in air strippers, pumps, etc., the system would have flexibility, allowing the 
system to continue effective operation at a reduced capacity. The complete system, with extraction and 
monitoring weBs, would be located inside the secure area of PGDP. The long-term control for this 
alternative (i.e., groundwater monitoring) is adequate and reliable. 

Ellvirollmelltai impacts alld mitigative measures. The following text describes potential long-term 
impacts to resources and mitigative measures to offset any potential impacts. The depth of impact analysis 
and mitigative measures.is correlated to the degree to which a resource may be impacted. 

Land lise. Implementation of this alternative would result in minimal adverse impacts to land use. 
Long-term impacts would be related primarily to monitoring wells. Following construction of the alternative, 
the bulk of the land disturbed during construction would be returned to its prior use. A LUCIP would be 
developed, as necessary, per the requirements of the PGDP LUCAP (DOE 2000) . 
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Socioeconomics. The socioeconomic conditions of the PGDP and surrounding area would not be 
eXpCcted to change as a result' of implerri~n'til1g :the vap~r e~tractionaltemative: Construction contractors 
would perform the construction and operation ofthefaciliti,es for the alternative, The'permanentijobs that 
,could develop as a result of thIs action:are small in r~lation to the size of the population of the surrounding 
area. The implementation of the vapor extraction alternative would also not result in a substantial decrease 
or increase in the personnclat :PGDP. However,the presence of contaminants in th~gfoundwater w.ould 
prevent its' use and may limit economic'.development opportunities until the groundwater is broughtback 
to beneficial use. ",. " . , 

, :. 

,Air'qullli~v and noise. 'Long~term debrradation, 'of air quality is not expected as a result' of the 
implementation of this alternative:' The YOes, which are ,removed from the extracted soil gas a~d 
groundwater, are destroyed by catalytic oxidation afterwards and do not become air COCs. The potential 
for a temporary increase in fugitive dust- emissions during construction would be mitigated by keeping 
dust-prone areas watered to suppress dust. 

No long-term ,incre~se in noise is expected from this alternative. During construction, there would be 
local increases in noise levels because of operating machinery. However, the noise increase would be in a 
limited area and would not affect human receptors. Hearing protection would 'be used 'to protect the 
workers construc,ting the sYS!em. . 

\, :1 
.j. 

Vegetatioi,. Construction of the vap6r extraction system would be located in the active industrial 
section ofthePGDPand would only'impact 'replanted grasses; ,Once construction is concluded, disturbed 
vegetation could be restoredthru'ugh seeding and natural regeneration.,Therefore,no long-term impacts to 
vegetation are expected frori; the' irrii>lementati~n of.this remedy. The Installation of the extraction and 
mo'nitoring well system is expected to take three months; 

I, ' .. 
, , , 

Wildl(fi!. Activities associated, with this alternative could result in a limited. temporary disruption of 
the habitat of birds. mammals. and reptiles inhabiting the immediate area surrounding the extraction and 
monitoring wells. Howe~er. no long-term impacts to wildlife would be expected. ' ' 

No adverse impacts are expected for aquatic life in the KPDES outfalls and creeks. The implemen~tion 
of the vapor extraction alternative would not require construction activity in the creeksand,o~tfal,1 tributaries . 

... , 

Threatened and endang~red sp~cies. No adverse impacts were identified that would result from 
impleinentingihis .~Iternative. 'The potential r90sting areas of the ,Indiana bat, as "identified by Bryan 
(COEl993)~ are not locatedin;theexpected area. for this alternative; " " ,.! '. ' , , " " 

Cultural resources. ,No long-term, effects ar~ ,anticip~ted for this alternative. 

, , Groundwater. The on-site activities associated1with this alternative are designed to 'reduce the VCRS 
sources ofVOCs and, to.a limited degree,the 9'TC. 

, ,SUlface water. The relative contribution oLthe discharges of treated groundwater to ;the flow,' o( 
Bayou and Little ;Bayou' Creeks, would be small. Implementation of this alternative is not expected to ' 
impact surface water"quality.Siltanderosion controls would be used during construction activiti~s. The 
treatment system would, be designed to remove the COCs from the extracted groundwater. and to meet 
substantive release requirements ,of thePGDP\sKPDES permits. . ' 

• ' ,', I 

Floodplaills. No .impacts are expected with the implementation of the vapor extraction alternative. 
The action would not take place in any floodplain of any stream at PGDP. 
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Wetll/lld,', The implementation of this alternative should not impact the hydrology of wetlands in the 
area. All construction activities are expected to be within the main area of the PGDP and outside of 
wetland areas. 

Soils alld prime fitrllllcmd, No long-term impacts arc expected from the implementation of this 
alternative. Minor impacts would occur to soils in the areas of construction during implementation of the 
vapor extraction alternative. Impacts would be mitigated through the use of standard construction practices 
of placing erosion and drainage control in the construction areas as necessary. During well installation, 
testing, and operation, the potential exists for the release or spill of small volumes of contaminated water. 
These potential releases would be mitigated through the use of engineering measures to contain spiUs and 
contaminated soils. The area impacted would be smalI and would be affected only for a short time. 

Transportatio1l. No long-tenn direct or indirect effects arc anticipated for this alternative. The 
implementation of the vapor extraction alternative would result in transportation of environmental soil 
and groundwater samples to laboratories. During the operation of the alternative, ion exchange resins 
would be transported to treatment, storage, or disposal facilities. Standard engineering practices would be 
used to ship these waste materials. Also, all applicable regulatory requirements for shipment of LL W 
materials would be foHowed. 

Cumulative impacts. Cumulative impacts are defined as the incremental impact of an action when 
added to other past, present, and reasonable, foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative impacts reSUlting from this alternative would have to be 
identified at a later time during development of site specific GWOU decision documents. 

Reduction in Toxicity, Mobility, or Volume Through Treatment. Implementation of the vapor 
extraction alternative would result in source volume reduction. Passive and standard SVE would address 
only volatile organic contamination. High vacuum extraction would remove condensate that could contain 
99Tc. Vapor extraction of all DNAPL zones would be expected to remove up to 90% of the UCRS DNAPL., 
Any contaminated water that may be extracted as part of the SVE would be treated to remove the VOCs and 
99Tc before releasing the treated water to the area creeks. Air stripping, for the VOCs, and ion exchange, 
for the ()t)Tc, would be the primary means of treating the wastewater stream. The resulting vapor phase 
would be passed through a catalytic oxidizer to destroy VOCs. The 99Tc would remain adsorbed to the 
ion-exchange resin and is not destroyed. Nearly 100% of the extracted contaminants would be treated 
andlor destroyed. However, since the VOCs and 99Tc are only incrementally removed, the toxicity of the 
COCs would continue for an extended period after the implementation of this alternative. 

The vapor extraction alternative is reversible. Source reduction can be stopped without irreversible 
damage to the chemical and physical soil properties. The VOC levels in the UCRS would be reestablished 
once the operations are discontinued. However, the implementation of this alternative may shrink the 
UCRS DNAPL zone, leading to a reduced area of impact in the RGA, and should significantly reduce the 
time over which the VOCs would persist in a DNAPL phase. 

This alternative would meet the preference for treatment via an ex situ treatment system. FoIlowing 
treatment of the extracted groundwater and soil gas, treatment residuals would exist. The VOCs are 
destroyed through catalytic oxidation. Sodium chloride, produced from the scrubbing of the off-gas, 
would be a primary treatment residual. Spent ion-exchange resin, from the treatment of the 99Tc, also 
would be a primary treatment residual. The spent ion-exchange resin would be a low-level waste. 

Short-Term Effectiveness. This criterion involves the evaluation of alternatives for community 
protection, worker protection, environmental impacts, and the time until remedial response actions are 
achieved. A discussion of each is provided in the following paragraphs . 
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COllllllullity proteCti~"~ The potential 'for adv~rse impacts to the community from the implementation 
of this alternative is minimal. Engineering c~htrols would be used to reduce off-gas emissions. This 
alternative would be implemented within the PGOP or just outside the security fence and ,should not 
result in danger to the surroundingcomrnunity. Restrictions would be used to limit the access of persons 
that may be in 'the area during construction. This wouidinclude warning signs;,temporary control fencing. 
and periodic security patrols: Also, environmentatmonitoring would be conducted' during the construction of 
extraction,and monitoring wells where C~smay;be,present. ' 

Worker proteciiOl~. Imi>lementationof~he vapor ~xtraction alternative has the potential for worker 
exposu're'to contaminated subsurface soils and ,groundwater during environmental: sampling; well installation, 
and remedial operations. Potential exposure pathways include inhalation of du~t-. containing contaminated 
soils, dermal contact with subsurface soils, and d'ermalcontact with contaminated groundwater. The pOtential 
for worker exposure is very \unlikelydueto the PGDP risk management requirements (i.e., worker protection 

,procedures, PPE, and engin~ering controls for off-gas treatment). 

Potelltial ellvirOl'me"t~1 impacts alld mitigatil'gmeasures; 'Short'-tenn environmental impacts and 
mitigative measures are qualitatively ·assessed and include an evaluation of the, ,impacts on environmentaIly 
and potentially sensitive ecological resources, short-term impacts on socioeconomic and cultural resources, 
and cumulative impactspf the remedial construction. ' " ' 

Land us~. I'rriplementation of this .alternative would result in minimal adverse impacts to land use 
related to treatment facilities.and mopitoring \vells.Following construction and operation 'of the alternative, 
the bulk of the land disturbed during construction would be returned to its prior use. A LUCIP would be 
developed as necessary per the requirements of the PGDPLUCAP (DOE '2(00). . 

, . 

S~~ioecollo~llics. Theso~ioeconomic conditions of the PGDP and surrounding area would not be • 
affected. Construction contractOl:s would perform construction and operation of the facilities for t,he vapor 
extraction, alteft:lative. The number, of permanent jobs that'could develop as a result of the action is small-
in relation to the size ·of the population: of the surrounding area. Implementation of the vapor extraction 
alternative also would not result ,in, a decrease or increase of personnel-at the PGDP. '" 

Ai,' quality alld,nois~:,Thepotential for ashort-tenn, .temporary increase in fugitive dust emissions 
during construction. would belllitigated ,by, .keeping dust-prone ,areas watered to suppress dust. Off-gas 
treatment would prevent degradation, of air quality duringoperatiori. There would be local increases in 
noise levels· due to operating machinery during construction,'and.operation. However, the noise increase 
would be in a limited area, Hearing protection would be used toprotectthe workers constrUcting' the syste~. 

V£?get~tioll. Cons~ction,of the vapor extraction systems wouldbe"located in the active industrial 
section ,of the PGDPand would. impact only replanted,g'rass. ,Once construction is concluded,. disturbed 
vegetation could be restored through seeding and natural regeneration. " 

, , 

" Wildlife. The implementation of the vapor extraction alternative would occur in the industrial portion 
ofthePGOPand not require 'activity, to. take place in the creeksimdPGDPoutfall tributaries. No adverse 
impacts are expectedfor·aquatic life. During construction'; the potential impacts to the wildlife and creeks 
are thro~gh migration,9f ,sedill1ents ,and erosion.; Standard 'engineering practices of pr~viding erosion 
control fencing, materials, ,and fabrics in the ,construction areas would ,minimize' these impacts. The 
volume of water expected to be released would be minimal. This would occur following construction over 
approximately a 3-year period while the SVEis operating. 

Threatened alld endallgered species. No adverse impacts have been identified that would result from • 
the implementation of the alternative. The Indiana bat, which regionally has suitable habitat, is not " 
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expected to be impacted by this altemative. The potential roosting areas of the Indiana bat, as identified 
by Bryan (COE 1993), are not located in the expected area for this alternative 

Cultural resources. No long-term effects are anticipated for this alternative. 

Groundwaler. The on-site activities associated with this alternative are designed to reduce levels of 
VOCs and, to a limited extent, ~c in the VCRS DNAPL zones. This alternative is not expected to result 
in additional groundwater debrradation. 

Surface water. The implementation of this alternative is not expected to impact surface water quality. 
Silt and erosion controls would be used during construction activities. The treatment system to remove 
the COCs from the extracted groundwater would be designed to meet substantive release requirements of 
the PGDP's KPDES permits. The relative contribution of the discharges of treated groundwater to the flow 
of Bayou and Little Bayou Creeks from the implementation of this alternative would be insignificant. 

Floodplains. No impacts are expected with the implementation of the vapor extraction alternative. 
The actions would not take place in any floodplain of any stream at the PGDP. 

Wellallll.\·. This alternative would be implemented within the main industrial area of the PGDP and 
should not impact the hydrology of wetlands. Silt and erosion control measures would be used during 
construction activities to minimize impacts to wetlands. 

Soils ami primefarmland. No significant short-term impacts are expected from the implementation of this 
alternative. Impacts would be mitigated through the use of standard construction practices of placing erosion 
and drainage control in the construction areas as necessary. During well installation, testing, and treatment 
facility operation, the potential exists for the release and spill of contaminated water. These potential releases 
would be mitigated through the use of engineering measures to contain spills and contaminated soils . 

Transportation. Only minimal short-term direct or indirect effects are anticipated for this alternative. 
The implementation of the vapor extraction alternative would result in transportation of environmental soil 
groundwater samples to laboratories. During the operation of the alternative, it would be necessary to 
transport ion-exchange resins to treatment, storage, or disposal facilities. Standard engineering practices 
would be used to ship these waste materials. Also, all applicable regulatory requirements for shipment of 
low-level waste materials would be followed. 

Cumulative impacts. Cumulative impacts are defined as the incremental impact of an action when 
added to other past, present, and reasonable, foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Site-specific GWOU decision documents would have to identify 
cumulative impacts resulting from the implementation of this alternative, if selected. 

Time ulltil remedial respOilse objectives are achieved. The vapor extraction alternative would not 
result in achievement of RAOs specified for the GWOU or MCLs without the implementation of 
additional groundwater remedial measures. However, achievement of targeted contaminant reductions at 
each specific source zone would be completed in less than 4 years from the beginning of implementation 
at each source zone. This alternative, alone, would not provide protection for the groundwater or surface 
water user for approximately 2,000 years. 

Implementability. Activities to be conducted under the vapor extraction alternative include: 

• implementing Dual Phase Extraction to reduce specific sources of contamination in the UCRS; 
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• maintaining on-site groundwater monitoring to provide protection until' the remedial actions have 
been completed; ,j' ! ' ' 

• maintaining off-site'groluldwatermonitoringto provide protection until theremedial actions have heen 
completed; and 

• performi~g five-year revi~ws ofihe alternati~e as required by,CE,RCLA. 

.Tee/mical fea.\·ibility. Vapor extriu;:tion is a, standard remediation teohnology available from multiple 
vendors. Construciionof SVE extraction wel1s ,andimonitoringwelIs is, technically feasible using standard 
equipment 'and technologies. However: it isexp'ec'ted that the industrial setting of the PGDP, may create 
dirticultiesin somesoutce zone areas. Theequip~ent that ~ould be usedjn a water treatment facility and 
tHe pipelines to convey the contam:imit~d!water is also standard and proven technology. Downtime is 
expected to be minimal for maintenance and repairs. Effluent sampling of the released water and off-gas 
would ensure that the treatment systems are meeting the effectivenessgoals of the alternative. 

SVE has been used successful1y at other con~minated sites. The lo~ co~ductivity of the UCRS soils 
may have an ,adverse impact on this technology. If the soil conductivity in ,the subsurface is not sufficie~t 
to pern:tit sum,cient air flow to rem~ve the COCs, i1 mearisof inducing 'secondary conductivity may be 
needed 'or the period ofperfomiance for the technology may nee,d to be increased. " '", " ' 

The construction and operation of ,this alternative would not pr()hibit the, implementation of' other 
GWOtJ'technologies: ,", 

, l ' , _ • 

" Ad",ill;strativefeasibUity. The alternativ,e is administratively feasible. Treated water.and air meeting 
the substantive· requirements of the stat~ and' federal regulations would be discharged:as part of this • 
alternative. Treatment; handling, and transportation and disposal ,of the residuals would require proper 
procedures; however, no difficulties areexpeeted. An ARARs waiver will be required for this alternative, 
since MCLs would not"be attained ina timelY'ina~'mer. 

.' . . , 

, Availability of services alld materials. Services imd materials for the construction ,of this alternative are 
readily available. Ready availability of multiple vendors would increase the likelihood of competitive bids. 

. . .', '. ' , -'. . ~ . ': 

This' alternative would result in the generation of waste soil cuttings and driIling and development 
water from the construction of extraction, wells and monitoring welIs. Th~,consiruction of,treatment,facilities 
may generate clean coricrete, wire,and 'pipe, constructiot:tdebris. Allofthe'se materials either would be 
treated,asnecessary, and'~e1eased, ,as in the ~evelopmerit water, or disposed of appropriately. 

The operation of the treatrrientsystem wo~ld result in the generation of sodium chloride, from the 
scrubbing:ofthecatalytic oxidizer off~gas, andion-exchange resins spent with~c;, Both of these materials 
would be stored until appropriate diSpOsal can be arranged.' , 

'Cost. Table 4.4 summarizes the prelIminary unit cost estimates for the vapor extraction alternative. 
These preliminary unit :cost ,estimates are 'based 'upon FS~level scopi[lg and are, :intended to. aid'with 
selection of a preferred alternative. The estlmates"have an' expected accuracy of -30%" to, +50% for the 
proposed scope of action (EPA 1988a). T-he capital cost:estimate repre~ents those,expenditures, required to 
implement thisremediaLalternative. The O&M cost estimates represent expenditures required to maintain 
the remedy after the initial.phase'of remedialactionconstruction is completed. The total contingency cost 
presented includes direct, indirect. and all O&M-associated contingency costs. The total cost.inc1udes all 
capital costs, direct and indirect with O&M and associated'repOrts, plus 25% contingency costs, for a 30-year 
term of comparison. All estimates have been escalated using DOE-approved annual rates and a schedule • 
for the various activities based on similar project experience. Present worth values also are included using -
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a discount factor of 5%, (EPA 1988b). (Additional information regarding the preliminary cost estimates is 
presented in Appendix C7.) 

Table 4.4. Preliminary unit cost estimates for the vapor ext.raction alternative 

Total unit capital costs (per acre-foot) 
Total operation and maintenance costs 
Overhead 
Total contingency 
Total cost 
Total cost (present worth) 
Nole: preliminary cosl eslimates are per acre-fool. escalaled and presenled in dollars. 

$229.117 
$78.023 
$242.977 
$137,529 
$687.648 
$554.393 

State/Commonwealth Acceptance. The Commonwealth of Kentucky acceptance or nonacceptance 
of this alternative would be addressed in the ROD should the vapor extraction alternative be selected as the 
preferred alternative. 

Community Acceptance. Following a formal public comment period on the PRAP for the GWOU. 
comments from the community would be addressed formally in a responsiveness summary. which would 
be presented in the ROD. 

Eval"atioll ... """"ary of'"e vapor extractioll ulterllalive 

The vapor extraction alternative would involve implementation of UCRS source zone remedial actions 
and environmental media monitoring to track COC mib'Tation. UCRS source zone remedial actions would 
remove large quantities of COC mass in a short period of time. resulting in lowering the COC concentrations 
in mib'Tating b'TOundwater in the RGA. Implementation of monitoring would provide an indirect protection . 
as monitoring COC mib'TUtion allows for minimizing the potential for exposure to contaminated environmental 
media through avoidance. Because the source areas would be aggressively remediated, the residual risks 
left in place would be reduced but not removed. However. residual risk in the source areas would not be 
unacceptable under future industrial land use. Residual risk also would remain in the off-site plumes until 
remediation of the whole plume is completed and successful. Short-term risks to construction workers 
would exist. due to potential exposure to contaminated groundwater during environmental monitoring 
activities and maintenance of the treatment systems. Additional exposure is possible due to dermal and 
inhalation contact during changeout of treatment media. However, risks to workers would be minimized 
by strict adherence to approved risk management procedures (e.g., health and safety plan and use of PPE). 

Implementation of the vapor extraction alternative would require high capital for implementation and 
moderate O&M costs. Input from the Commonwealth of Kentucky and the community has not yet been 
received but would be added to a ROD once the public comment period has been completed. 

4.2.2.2 Primary Source Area - Direct Heating Technology 

The following subsections contain a description of Primary Source Area - Direct Heating Technology 
Alternative and its detailed analysis. 

De .. ,criptioll of Primary Source Area - Direct Healillg Tec/lllology 

Direct heating is a developing technology with some proven applications in the restoration of vadose 
zone soil containing volatile and semi-volatile contaminants. As the soil is heated, the contaminants more 
readily partition to a gaseous state that can be recovered, through soil vapor extraction or a surface 
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plenum, or, released to 'the atmosph~re~ In ~ther applications, direct heating may 'be used to stimulate 
biological restoration of subsurface contaminants; , 

, ' 

A number of approaches have' beeri tried, to direct heat soilsandlor water and contaminants ofthe vadose 
zone. The two most developed methods induce resistive heatirig of the soil using radio frequency energy or 
electrical energy. A secondary benefit of resistive heating is that the low-permeability soils that lXP,ically 
require the Iq~gesttime to remediate are naturally, preferentially heated. Thus, theenergyis,[qcused on 
those areasrthat typically require the most effort. Direct heating has the added benefit that the generation 
of steam and desiccation of soli leads to an increase of soil permeability. Soil gas containing contaminants is 
able to more readilY, migrate to,a collection or release point 'Electrical resistive heati~g;appliedas Six-Phase 
'Heating, is the selected process option for the direct heating alternative that is evaluated in this FS. ' 

Six-Phase Heating uses a 7-electrode arrayl\vith 6 electrodes arranged in a ,perimeter hexagonal 
pattern 'and a neutral ,electrode located in the, center'of the hexagon (see Fig. 4.~). A typical array,diameter is 
8.,):1 m (25~35ft), with the heated zonediameter:being approximately 40% Weater. An electrical conditioner 
splits the common 3-phase, 60Hz po\Versourceint06distinct phases. The power supplied to each of the 
perimeter electrodes is out of phase with one another. Thus, ,electrical energy flows among all 7 electrodes, 
producing ncar-uniform soil, resistance heating. As 'applied at the PGDP, each of the 7electrodes would' 
be constructed to serve also" as a soil vapor extraction wei I. 

Six~Phasc Heating and similar systems are capable of remediating the, vadose zone and saturated zone 
of the VCRS together. As the soil below the, water table is heated, the contaminants are heated to the point 
of boiling (many VOCsboil at temperatures less than the, boiling point of water). The gaseous contaminant 
rises to the water table, due to buoyancy;, andparttti'ons to the soil gas. Thus, contaminants ,may be 
recovered with or without 'Sib'l1ificant gerieration of water steam, Direct heating \technologiesare applicable 
to both dissolved phase VOCs and DNAPL within the target remediation zones. Direct heating technologies, • 
like Six Phase Heating. that remove water also a~ecapable or'remediatihg 9~Tc-contaminated sites. ' 

, '," 

, ' The direct heating alternative, ifit is lirnited to the pri~ary ~ources (those inthe VCRS), provides no ' 
RGA source zone volume reduction or treatm'eitt Qf dissolved phase plumes. In, the absence of a Secondary 
Source Area action, the' 'Worst RGA source zones can beexpe~ted' to contaminate: on-site groundwater 
with VOC levels in excess of MCLs forapp'roximately 1,000 years. Alone, direct heating ofthe' worst 
VCRS source zones is expected to leave enough residuai to contaminate groundwater with'v0Gs above 
MCLs for 350 years: Dissolved phase, actions: could reducecOJltaminantlevelsoutsideofthe Primary and 
Secondary,.Source Areas to below' MCLsin '~~s, than 1,00' years. However, the dissolved ,phase: actions 
would be required to continue for the 1,000 years until the RGA source zones are depleted. 

. " ' ..' ~ 

, "TIle direct heatingaltemative consists ofthefoll6wing,primary components: . .. '. . , 
;. , 

" , 

• implementingSix-Phase'Heating to ieducesour~es of conta~ination in the VCRS; 
, , ' 

• implementing, a' groundwater monitoring system to monitor thepost~action effectiveness of the remedial 
measure 'and to provide protection; , ',,, 

• '.c, 

'. restricting PGDP worker access to groundwater; and 

• performing five-year reviews· of the alte~ati~~':a~ required by CERCLA. 

Descriptions of these. components' areprovidediri the following sections. Figure 4.2 summarizes the 
components of the direct heating~lternativ~. The direct heating alternative features· significant DNAPL • 
mass reduction in the VCRS DNAPL source zones. 
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Access Restr,ictions. The primary source areas and highest concentration portions of the groundwater 
contamination addressed by the GWOU are located within portions of the. PGDP that are within security 

. fences. 'On~site workers are, and would continue to be, alerted to potential exposure hazards at these units 
through the lise of work pennits, administrative controls,and safety programs. 

Source Reduction Activities in the VCRS. Source reduction activities would be conducted onsite 
in the UCRS to:r~duce the level ofCOCsJhat are entering the RGA, which is the uppermost aquifer. 

Environmeo'tal . Media. Monitoring. The existing grouridwater monitoring. program would be 
continued to 'mortitor the mc)Yement ofCOCs. 1:he monitoring program would integrate existingPGDP 
monitoring wells, where .possible, with ,additional monitoring wells to be installed, as needed, following a 
review of the existing program. . : : .. : . . 

:'. CERCLA Five-Year ·Review. It'is anticipated that this rem~dial alternative would result in 
"contaminants remaining at the site above levels that allow for unlimited use and unrestricted exposure"; 
therefore, this remedial action would be reviewed'~no less often than every five years" in accordance with 
40 CFR 300.430 (t)(4)(ii); . 

Assessment of Direct Heating Alternati~e 

A detailed analysis of the performance of the direct' heating: alternative ~gainst th~ nine CERCLA 
criteria is provided. . '.' 

, ~. " 

Overall Protection of Human Health and. the Eiivi~onlllent. implementation of this alternative 
provides for COC volume reduction in soils' arid groundwater in OCRS source zone areas. This 

f. 

technology is primarily targeted for DNAPLareas but also has limited effectiveness for the removal of • 
dissolved-phase 99Tc. . . 

, '. ." . , .. ' ....; 99 
The off·gas waste stream would require subsequentsunace treatment. It is not expected that Tc 

would contaminate vapor-phase emissions because"the flldionuclide has a high affinity for liquid water. 
However, the off-gas waste stream may entrain 's,ome liquid water within. the vapor extraction system. 
Thus, the treatment system would include a :watertreatment system'to trap 99Tc on ion exchange resin. The 
resin would be disposed of or regenerated .by an approved mechanism. 'Processing. through a catalytic 
oxidizer would destroy VOCs'produced from vapor extraction. . 

The continuation ofa groundwater monitoring program' would provide indirect protection for human 
health and the environment by minimizing the ·potential exposure to contaminated groundwater through 
early identification and avoidance .. 

:Although the direct heating aitemative~ aione~ would not satisfy the Remedial Action Objectives 
(RAOs) forthe GWOU with regards'to projection of human health and the environment, this alternative 
would support the achievement ·of RAOs when implemented in concert with other source reduction and 
dissolved phase GWOU technologies. . . 

Compliance with ARARs . ;" 

Potelitial c1.emical-specific ARARs 

Chemical contamination. The aquifers are Imown to contain chemical contaminants in the fonn of 
metals and organics. The fe~eral and state water quality requirements include standards that would be • 
applicable ARARs. The regulatioris that apply are found in 40 CFR 141 (National Primary Drinking Water 
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Standards); 40 CFR 143 (Secondary Drinking Water Standards); 401 KAR 5:029 (General Provisions); 
and 401 KAR 5:031 (Surface Water Standards). These standards, summarized in Table 4.5, include general 
state standards. domestic water supply standards, and standards applicable to warm water aquatic habitat. 
These are applicable. based upon the classification of the designation for surface water use associated 
with the area (Ohio River. River Mile 940.7 to River Mile 943.3), as specified in 401 KAR 5:026. All 
potentially applicable chemical ARARs for ('Des have been included in the table for completeness. 
Those standards that must be achieved in order to meet the applicable requirements are the lowest of the 
applicable standards, which in most cases are the MCLs. 

Radiological colltamillatioll. The GWOU is known to be contaminated with radionuclides such as 
99Tc, radon, uranium, and uranium daughter products. The DOE's Order on Radiation Protection of the 
Public and Environment. DOE Order 5400.5. as codified at to CFR 835, is TBe information for cleanup 
of radionuclides at DOE sites. The order requires that remediation activities must not result in radiation 
exposures to members of the general public greater than an EDE of 100 rnremlyear from all exposure 
pathways. Exposure to the general public also must be ALARA (DOE 1990). 

DOE Order 5400.5 also contains reference values. known as DCGs, for operational DOE facilities. Based 
on the DCGs, radionuclide concentrations in air and drinking water must not exceed an EDE of to mrem/year 
and 4 mremlyear, respectively, to the total body or any organ. 

The NRC also has set criteria for decommissioning standards at nuclear facilities at to CFR 20 
Subpart E. These rules require that residual radioactivity at nuclear sites meet a total EDE of 25 mrem/year 
for unrestricted release. In addition to the NRC standards, EPA has issued guidance for cleanup levels at 
CERCLA sites with radioactive contamination. EPA has disagreed with the protectiveness specified 
within the NRC standard and has specified that a 15 rnrem/year EDE be used as the risk level that is 
protective of human health and the environment. EPA also has codified exposure limits for environmental 
radiation protection standards for nuclear power operations at 40 CFR 190. These requirements apply to 
operations involved in uranium fuel cycle and include enrichment operations. Subpart B of these . 
requirements specifies that the annual dose equivalent to the public not exceed 25 rnrem to the whole 
body. 75 mrem to the thyroid. and 25 mrem to any other organ as the result of exposures to planned 
discharges of radioactive materials, radon and its daughter products excepted, to the general environment 
from uranium fuel cycle operations and the radiation from these operations. These requirements would be 
considered relevant and appropriate since the release to the groundwater would not be planned releases. 

The Commonwealth of Kentucky is an NRC Agreement State and has promulgated regulations for 
radiation protection of the public. The Kentucky radiation protection standard for individual members of 
the public is 0.1 rem (100 mrem) EDE per year or less (902 KAR ] 00:0 19 Section 10), which is 
equivalent to the DOE radiation protection standard found in DOE Order 5400.5. 

Due to the differing view and values among NRC, EPA, and DOE total EDE for members of the 
general public, EPA and DOE have agreed not to finalize their respective standards until an agreement 
can be reached. In the interim, DOE Order 5400.5 is identified as TBC information and the NRC standard 
is identified as relevant and appropriate. Therefore, the radiation protection standard identified within the 
NRC regulations at 10 CFR 20 Subpart E requiring an EDE of 25 mremlyear or less shall be used as the 
exposure limit for the general public. 

Cllemical-spedjic ARAR summary. The chemical-specific ARARs associated with the implementation 
of this alternative are outlined in Table 4.5. Implementation of this alternative would not result in 
immediate attainment of the chemical-specific ARARs associated with the off-site groundwater plumes or 
surface-water groundwater interfaces (i.e., Warm Wa"ter Aquatic Habitat Criteria). Attainment of the 
identified ARARs would be met in the future as implementation progresses. Although a TBC. the radiological 
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Standards, Requirement. 
Criteria. or Limitation 

National Primary Drinking Water 
Standards 

National Secondary Drinking 
Water Standards 

Kentucky Surface Standards 
including 
• Warm Water Aquatic Habitat 

Criteria 
• Kentucky Domestic Water 

Supply 
• Kentucky General Standards 
• Kentucky Outstanding State 

Resource Waters 
Radiation Exposure of the 
General Public at DOE Facilities 

Decommissioning Standards at 
Nuclear Facilities 

Environmental Radiation 
Protection Standards for Nuclear 
Power Operations 

• 

Table 4.5. Summary of Potential ARARs for Primary Source Area - Direct Heating 

Citation Description of Requirement Comments 
Cltf!mical-SJLf!cijic ARARs 

40 CFR 141 Provides chemical-specific numeric standards for toxic These requirements are relevant and appropriate due to the 
pollutants expressed as MCLs and MCLGs. nature of the contaminants found within the groundwater. 

40 CFR 143 Provides secondary MCLs for public water systems. These requirements are TBCs, as they have been 
established as guidelines for the states and are not 
federally~ enforceable. 

401 KAR 5:031 and Provides chemical-specific numeric standards for pollutants . These standards are applicable to the segment of the Ohio 
5:026 discharged or found in surface waters. River into which the Little Bayou Creek discharges. The 

requirements found in these standards are applicable due 
Provides chemical-specific numeric standards for pollutants in to the groundwater to surface water interface to Little 
domestic water supplies. Bayou Creek and subsequently to the Ohio River. 

Note: CWA Water Quality Criteria are not rele"ant and 
appropriatc because Kentucky has promulgated these state 
standards determined to be appropriate for Kentucky wuters. 

DOE Order 5400.5 Specifies that the general public must not received an effective This requirement is TBC information. 
dose equivalent of> I 00 mrem/year from all exposure pathways. 
In addition, all releases of radioactive materials resulting in 
doses to the general public must meet the ALARA criteria. 

10 CFR 20, Subpart E Specifies a residual activity at nuclear facilities for unrestricted These standards are considered to be applicable to the 
-release of 25 mremlyear. GWOU. 

40 CFR 190, Subpart B Requires that the annual dose equivalent to the public must not These standards are considered to be relevant and 
exceed 25 mrem to the whole body, 75 mrcm to the thyroid, appropriate and are equi"alent to the NRC standards." 
and 25 mrem to any other organ as the result of exposures to 
planned discharges of radioactive materials, radon and its 
daughters excepted, to the general environment from uranium 
fuel cycle operations and radiation from these operations. 

• • 



• • • Table 4.5. (continued) 

Standards. Requirement, 
Criteria. or limitation Citation Description of Requirement Comments 

Localioll-Specijic ARARs 
Protection of Wetlands 10 CFR Section 1022 Activities must avoid or minimize impacts to wetlands to These requirements are applicable due to the presence of 

Executive Order 11990 preserve and enhance their n:ltural and benefici:ll value. If wetlands but will be met through a\'oidance of\\'etlands 
40 CFR 230.10 wetland resources arc not avoided. measures must be taken to during construction and implementation of alternati\·es. 
33 CFR 330.5 address ecologically sensitive areas and mitigate adverse effects. 

Such measures may include, minimum grading requirements. 
runoff controls, design and construction considerations. 

Allows minor discharges of dredge and fill material or other minor 
activities for which there is no practicable alternative provided 
that the pertinent requirements of the NWP svstem are met. 

Endangered Species Act 16 U.s.c. 153 I et seq. Actions that jeopardize the existence of listed species or result Action that is likely to jeopardii'e fish. wildlife, or plant 
Section 7(a)(2) in the destruction of adverse modification of critical habitat must species or destroy or ad\'ersely modify critical habitat-

be avoided or reasonable and prudent mitigation measures taken. applicable. 
Migratory Bird Treaty Act 16 U.S.C. 703-711 Federal Agencies arc encouraged (until requirements arc Action that is likely to impact migratory birds. habitats. 

Executive Order 13 186 established under a formal MOU) to do the following: and resources-applicable. 

• avoid or minimize, to the extent practicable, adverse impacts 
on migratory bird resources when conducting agency 
actions: 

• restore and enhance the habitats of migratory birds. as 
practicable: 

• prevent or abate the pollution or detrimental alteration of the 
environment for the benefit of migratory birds, as practicable: 

• ensure that environmental analysis of federal actions required 
by the NEPA or other established environmental review 
processes evaluate the effects of actions and agency plans of 
migratory birds, with emphasis on species of concern: and 

• identify where unintentional take will likely result from 

I 
agency actions and de\'elop standards andlor practices to 
minimize such unintentional take. 
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Standards, Re.quirement, 
Criteria; or .LImitation 

Fugitive Dust Emissions during 
site preparation and construction 
activities . 

Toxic Emissions 

Monitoring Well Installation 

Discharge of Stormwater and 
Treated Groundwater 

• 

Citation 

401 KAR 63:010 

401 KAR 63:022 

401 KAR 6:310 

40 eFR 122 
401 KAR 5:055 

Table 4.5. (continued) . 

Description of Requirement 
Action-Specific ARARs .. 

Precautions must be taken to pre\'ent particulate.matter from 
becoming airborne. Such precautions .nlust be incorporated into 
the planning and design ofacti\'ities and include actions such as 

• wetting or adping chemicals to control dust from construction 
activities; 

• using materials such as asphalt or concrete (or other suitable 
chemicals/fixing agents) on roads or material stockpiles to 
prevent fugitive emissions; and . 

• using covers on truckS \vhen transporting materials to and 
from the con'struction site(s). .. 

The requirement specifies that for ori-site construction 
activitie~(no'~'isible emissions may occur at the PODP 
fenceline. Similar points of compliance shan be idemified for 
construction activities thai occur outsideJhe fence. . 
The regulations requirethiita deiermi"~tion Clft()xicemissions 
be made .in order. to assess the applicability ofrequired controls. 
·Calculations ofihe significant emissi.on leye.ls are compared t() 
the allo\vable emission limits specified in Appendix A of 40 I 
KAR 63:022. If emission levcls are exceeded, the best available 
co"trol·technologiesmust be indorporated into .. 
equipment/process aesign. -
Monitoring wells (including exrracti.olJ wells) must be constructed 
in a manner to maintain existing protection against the introduction 
of po II utlll1!S into aquifers and to prCyent the entry of pollutants 
through the borehole. In addition, abandoned \vells must be 
plugged and abandoned in accordanc(wjth the requirements 
specified.· .. 
Stormwater discharges from construction activities on-site are 
subject to the requirements of the KPDESpermit. This requires 
the BMPs·to control storm\\'atcr runoff and sedimentation be 
employed. Although off-plant constructiori acti~'ities within the 
contamimited area are not subject to the perlnit, these 
reql,lirements should be consid.ered relevant and apptopriateand 
be incorporated into any off-site construction activitie~. 

Discharge of treat cd groundwater wiIJbe conqu~ted in 
. cQlTlpliance with the substantive requirements of the KPDES 

. ~ogramand the CWA.· . 

• 

Comments 

These requirements are applicable and will be met through 
the usc of appropriate dust control practiccs idcntificd 
during alternati,'c design phase. 

These requirements afe considcrcd to be applicable and 
shall be complied with through calculation of significant 
emission levels for toxic materials and application of the 
best available control technology, as necessary, during the 
design of the alternative. 

These requirements are corisi.dered to be applicable. 
Compiiance with well design and protection standards shall 
be achieved through the use ofapproyed well design and 
materials ofcons~uction. While in service, wclls shall be. 
s.ecured as required. Ab:mdoncd wclls shall be plugged :lIJd 
abandoned as required. . 
Th,ese requirements are considered applicable for all on
site constructiori or treatment activities where a discharge 
of stormwater or treated groundwater occurs. for off-site 
constru.ction activities, these requirements are considered 
relevant a~d appropriate and will be adhered to. 
CQmpliance \vith these ARARs shall be achieved by 
appiicationofreqLiired controls during the design phaseof 
the alternative. 

• • 
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Standards, Requirement, 
Criteria, or Limitation Citation 

Hazardous Waste Management 40 CFR 260 through 
264 and 268 401 KAR 
31 through 34. 36 and 
37 

PCB Waste Management 40 CFR 761 

AlARA 
ARAR 
BMP 
CFR 
CWA 
DOE 

as low as reasonably achie\'able 
applicable or relevant and appropriate requirement 
best management practice 
Code of Federnl Regllia/iolls 
('lean Water Act 
U.S. Dcpartment of Energy 

• Table 4.5. (continued) 

Description of R~uirement 
All wastes or environmental media containing wastes must be 
characterized to determine whether the waste also is a hazardous 
\\'aste in accordance \\'ith 40 CFR 262.11 and 401 KAR 32:010. 
If it is determined that a \\'aste is a hazardous waste or that 
environmental media contain a hazardous waste subject to the 
RCRA regulation. the substantive requirements of 40 CFR 262 
through 268 are applicable. These standards include design and 
operation of storage and accumulation areas. waste handling 
and shipment. and treatment technologies or numeric standards 
applicable to wastes prior to disposal. 
TSCA requirements for the management of PCB wastes or 
items containing >50 ppm PCBs or from a source of 50 ppm or 
greater. Requirements include the following: 

• management of waste and material; 
• characterization of PCB-containing materials; 
• labeling and storage for disposal; 
• manifest completion for shipment off-site; 
• decontamination of affected equipment or items; and 
• disposal of PCB wastes. 

These requirements will be complied with in the event that PCBs 
are found at concentrations requiring compliance with this part. 

GWOU 
KAR 
KPDES 
M(,l 
M(,lG 
NRC 

groundwater operable unit 
Kentucky Administrative Regulation 
Kentucky Pollutant Discharge Elimination System 
maximum contaminant Ic\'el 

.. maximum containment le\'cl goal 
Nuclear Regulatory Commission 

• 
Comments 

These requirements are applicable and will be complied 
with through characterization of\\,astes and environmental 
media generated as a result of implementation of the 
alternative. Waste management will be predicated upon 
the characterization and will comply with all substantive 
requirements associated with hazardous waste 
management. if identified as such. 

These requirements are applicable if PCBs arc found or 
result from items or equipment regulated under 40 CFR 
761. Activities necessary to comply with these ARARs 
shall be incorporated into the planning phase of the 
alternative implementation. 

NWP 
PCB 
PGDP 
RCRA 
TBC 
TSCA 

Nationwide Permit 
polychlorinated biphen~ I 
Paducah Gaseolls Ditrusiol1 Plant 
Resource Cllnsenation and Rcclll"cry Act 
to be considered 
Toxic Substances Control A,t 

I 

! 
I 



exposure standards included in DOE Order 5.400.5 shall be achieved and will be confirmed through 
monitoring. Continued monitorin!rofthe groundwater will be used during the five-year reviews to ensure 
that identified goals are met and.that'concentrations ofCOes continue to decrease. 

Potelltialloc:atiml-specijic ARAR ... · 

Wetland,'. Although no ,wetlands have been identified within the area where construction activities 
will occur, certain jurisdictional wetlands have been identified in on-sitc"'drainage ditches within the plant 
boundary. In order to comply with these applicable requirements; wet(ands,shall be avoided~ 

As stated in the regulations. construction activities must avoid ·or minimize adverse impacts, on 
wetlands and act to preserve and enhance their natural and beneficial values (Executivc'Order 11990. 
40 CFR 6.302(a). 40 CFR6 Appendix A. and 10 CFR' 1022). These applicable requirements include 
avoiding construction in wetlands, avoiding (to the extent practicable) iong7 and short~term adverse 
impacts to floodplains and wetlands. avoiding deb'Tadation or destruction of wetlands,and avoiding the 
discharge of dredge and fill material into wetlands~ In addition •. the protection of wetlands' shall be 
incorporated into all planning documeritsand decision making. as·required by 10 CFR 1()2l.3. Although 
not anticipated. it' this alternative results in impacts to wetlands that cannot be .avoided.the substantive 
requirements oCthe NWP 38 (33 CFR330)will bernet. " 

" . 

Implementation of this alternative. is not anticipated to impact wetlands during the construction or 
implementation phase. Compliance with these applicable requirements shall be attained to the greatest 
extent possible through careful planning during the location of the specific areas for installation.:,AII 
treatment act'ivities conducted ill situ and ex situ, are not anticipated to result in the discharge of ('des to 
wetlands~ thereby complying with ,the requirements, ", : . ' , 

Endallgered Species and Migratol) , Bird,'. Actions taken by federal agencies are prohibited from 
impacting T&Especies or adversely modifying critical habitats (50 CFR 17.94) in accordance with' the 
Endangered Species Act (16 USCA 1531 et seq. Section (7)(3)(2». These' requirements are pOtential' 
ARARs in the event T &E species or their ,habitats are found at or near areas where remedial action is to 
occur. An ecological resource investigation inside the PGDP security fence ,did not detect any T&E 
species or their preferred habitatsc.(CDM, ,Federal 1994). The USFWS has' not designated critical' habitat 
.for any species within the D0Eproperty. However. outside the PGDP fence on the DOE property. 
potential habitat for federally listed T&E species was reviewed, and Indiana bat habitat was evaluated 
during the COE (1994) environmental jnvestigation. TheCOE study determined that total potential bat 
habitat consisted of 20% oUhe 994-ha (2,456-acre) study area. Remedial activities mus~ be evaluated to 
ensure that such actions do not adversely impact areas identified as critical habitat for any identified 
endangered species.' .' 

In, addition. Executive Order 13J86dii-ects federal agencies to enter into an MOU with the USFWS 
to further the ',purposes of the Migratory Bird Treaty Act (16 U.S;c. 703'-711). Until such time as' the 
MOU between DOE and the USFWS is finalized, federal agencies are encouraged :immediately begin 
implementing the conservation measures set, forth in the Executive Order. The requirements of' 'the. 
Executive Order are applicable and:must be considered during planning and design of the remedial action. 

Potelltial aerioll-specific ARARs ' 

Mo"itori"g well i"stallatio" reqllireillelits. This alternative includes the installation of additional 
monitoring and extraction wells. Installation of these wells would have to be conducted in a manner to 
maintain existing natural protection against the introduction of pollutants into aquifers and to prevent the 
entry of pollutants through the boreholeJ401 KAR 6:310 Section 13). These requirements also mandate 
the construction materials required for well construction, well desib'll criteria. well completion activities, 

00-00 1 (docY06 1 201 4-44 

• 



• 

• 

• 

and well abandonment methodologies. These requirements are considered applicable to design and 
installation of monitoring and extmction wells associated with the implementation of this alternative . 

Fugitive tlus/ emissiolls. Construction activities on-site and off-site may result in the production of 
particulate airborne pollutants (dust). The Kentucky Air Quality standards found in 401 KAR 63:010 
include requirements governing fugitive dust emissions. These standards require that dust suppression 
measures be undertaken, which include activities such as the use of water or chemicals to control emissions, 
placement of asphalt or concrete, and stockpiling of soils. The standards also require that visible dust 
generated from the implementation of the remedial alternative not be discharged beyond the property 
boundary of the site. These requirements are considered to be applicable to the implementation of this 
alternative and will be complied with through careful planning to ensure that disturbed or excavated 
materials are sufficiently wetted or protected to control dust genemtion. Specific activities that could 
result in the generation of fugitive dust that must be considered during the desib'11 phase include 
construction, well installation and excavation/disposal of contaminated soils. For off-site construction 
activities, the point of compliance for airborne dust emissions must be identified, in addition to the 
application of material-handling practices necessary to control such emissions. 

RatliOlluclide emissioll statui ani\-. Airborne emissions of radionuclides may occur as a result of on-site 
construction and treatment activities. Although the potential is low for such emissions to occur, the 
regulations, which require that the emissions not exceed amounts that would cause an EDE to the public 
of 10 mremlyear, at 40 CFR 61.92 would be applicable. In order to determine whether the alternative 
complied with this applicable requirement, computer modeling using the CAP-88 or other EPA-approved 
model must be undertaken. If the modeling demonstrates that the radionuclide emission is in excess of 1 % 
of the 10 mremlyear standard, emission rates must be measured as required by 40 CFR 61.93. This 
ARAR shall be complied with by planning activities in such a manner as to control fugitive emissions 
from construction activities . 

Toxic emissioll stlllltlard". Increases in toxic emissions are expected as a result of treatment activities; 
therefore, emission requirements associated with toxic emissions would be applicable. The regulations at 
401 KAR 63:022 require that the emissions be evaluated to determine whether they are significant for 
each specific toxic air pollutant. If analysis indicates the toxic emission requirements are triggered, the 
regulations specify that no source may exceed the allowable emission limit specified in Appendix A of 
401 KAR 63:022. In order to demonstrate compliance with these requirements, estimates of emission 
rates must be made. These estimates and subsequent calculations will be used to determine whether 
sib'Tlificant emissions requiring engineering controls can be expected though application of the thermal 
treatment. If applicable, these rules would require the application of best available control technology to 
limit toxic emissions. If calculations indicate that the emission rates specified within the rule are not 
exceeded, then the calculation package may be used to demonstrate compliance with these requirements. 
Activities that must be considered include thermal treatment of soils and contaminated groundwater. 

Stormwater discharge. Construction activities will be subject to the substantive requirements associated 
with the KPDES permit that requires the use of BMPs and sediment/erosion controls to control transport 
of sediment in stormwater runoff for construction activities. BMPs shall be developed during the planning 
and design phase of the implementation of the alternative. These shall include erosion control and 
sedimentation features such as silt fences and grading, as necessary, in order to comply with this ARAR. 

Action-specific ARAR summary. Fugitive emission requirements for dust shall be complied with 
through the application of appropriate engineering and material management controls such as wetting or 
covering of materials during construction. Specific actions shall be developed during the planning phase of 
alternative implementation. In addition, points of compliance for fugitive dust emissions shall be established . 
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Emissions associated' with rf1dio~uclides and toxic mdterials are expected, to increase asaresult of 
the thermal treatm'ent u'ssoc'iatcd wittrthis alternative. Emission estimates and required modeling to ensure 
that receptors arc not put at risk during the c()nstn~cti(lI1 and operations phuses arc required to demonstrate 
compliance with' the requirements, at a minimun In the event emissions are ,identified that require 
emission contfols,' these controls shall be' incQrporatcd into the design of: the treatment system,' as 
necessary, to ensure compliance ~ith the id~ntilicd standar:ds. . . 

• ':, ! ',' , 

. : .' " 

Compliance withstorn1water runoff and sedimenLcontrol requirements shall be considered either as 
applicable or relevant and appropriate standards, BM:Ps shall be developed during the planning and design 
phase to ensure that stormwater discharge rcquircmt;nts are met. '(lreatment,ofcontaminated b'TOundwater 
shall be conducted in order to meetthe substantive requirements of the KPDES program and the CWA. 

, \ . 

A summary of the A~Rs for the Implementation of Primary Sourc~;Zone Direc't Heating Technology 
Alternati,ve is presented,in Table 4.5: 

. ' 

CompiiulU:e witlt ARAR ... su"""ury. 'Implementation of this alternative would not achieve immediate 
compliance with the MCL for TCE. ,In addition t~is alternative. would not address any 'contamination of 
soils or b'T()Undwater with met~iIs orradionuclides""': 

. ! ': " . ~ 

, In order to comply' witH the identified chemical-:~pecifi(; ARARs, an ARAR waiver will be required 
due to the time frames required to meet the. specified concentrati~ns within the GWOU at the point of 
compliance .andpoints of exposure. 

, . ' 

As discussed, no pot~ntiallocation~spccific ARARs,have been identified within the area in which 
remedial action will'occur.However, to e~sure that jurisdictional wetlands are not impacted, al,l, 
construction activities (well. installation) associated with this alternative will be rev:iewed as a safeguard. • 
The protection of wetlands is riot considered a location-specific ARAR at this time because jurisdictional 
wetlands have not been identified within the areas impacted by the implementation of this alternative. 

. . ' 

Construction and implementation of the alternative m~y trigger several a~tion-specific ARARs sucH' 
as the requirements associated with weil ins.allation and abimdonment, fugitive dust emissions, radionuclide 
emissions, toxic emissions, and discharge of stonnwater. and treated groundwater. The'requirements 
associated with the installat:ion and abandonment of brroundwater wells will be'lriggeredand met though 
the usc.of well desib'TlS arid materials of construction as 'specified at ,40,1 KAR6:31O Section 13. All well 
installation,;andabandonment ,practices :incorp'orated '.into:the remedial design shalL comply with the 
substanti,ve.requirements of-401 KAR 6:310. Specific desib'TlS will be: developed and approved before 
implementation of this alternative . .' ' " ' 

Fugitive dustemissioils 'that may occur during construction activities will be controlled as, required 
by 401 KAR 63:010. BMPs, such as the wetting or covering of potential sources of fugitive dust, will be 
incprporated into the remedial design'.The specific actions to be developed shall control potential emission 
sources·to ensure that dust emissions do not rriigrate fromJhe immediate area where,construction activities 
occur.Jtis'anticipated that,,in,most cases,.themojsture'content in the soilwill:be sufficient tocontrol,dust 
emissions during well installation. However, practices such as wetting of disturbed soils, collection of 
soils; or reseeding activities shall be considered'and incorporated into the rernedialdesign, as necessary, 
.to ensure compliance with ,these requirements; Radionuc1ide emissions at·constructionsitesalso must be 
considered during the implementation phase. To ensure that the emission standards of 10 mrem/year EDE 
to the public is met, concentrations of r~dionuc1ides in soils and groundwater mustbe:evaluated;. If the 
potential for such emissions is identified, modeilrig using the CAP-88 or other EPA-approved methods'must 
be undertaken during the desigriphase oithe alternative. It is anticipated that the primary conveyance of • 
airborne radionuclides will be in particulate form; therefore, control of fugitive dust emissions also will 
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result in compliance with the emission standards applicahle to radionuclides. If radiological contamination 
from plant activities is found in soils where construction activities are planned. the soil will be protected 
or containerized to prevent airborne migration. Measures necessary to prevent airborne emissions or 
radionuclides shall he evaluated and incorporated. as appropriate. into the remedial design in order to 
comply with these requirements during implementation of this alternative. 

Emissions of toxins such as volatile organics also must be evaluated before implementation. 
Although the potential for exceedance of toxic air emissions is considered to be low. an evaluation of the 
potential for such emissions must be undertaken during the remedial design. Potential emissions must be 
evaluated f()r each toxin present in the plumes (i.c .• TCE, vinyl chloride. etc.) to determine whether the 
contaminant levels found in the subsurface could result in airborne emissions in excess of the allowahle 
limits specified in Appendix A of 401 KAR 63:022. Compliance with the emissions standards shall be 
achieved for this alternative through the evaluation process or the application of best available control 
technology where emissions are calculated to exceed allowable levels. Emission control equipment will 
be incorporated into implementation activities during the remedial desib'll, as necessary, based upon the 
initial evaluation. This evaluation shall be conducted for each activity that has the potential to emit toxics. 
This requirement will be complied with during implementation of the alternative. 

The construction activities associated with this alternative may require that BMPs for sedimentation/ 
erosion controls be established if the extent of the disturbed area exceeds regulatory trigger levels. These 
requirements will be complied with through use of sediment fences or other appropriate means. The 
control of sedimentation and runoff is a TBe in the event that the areal extent of the construction does not 
exceed the five acres specified within the rules. The remedial design shall incorporate the specific 
controls necessary to ensure that the construction sites do not allow sedimentation and or erosion of 
disturbed areas in order to comply with this requirement during implementation of this alternative. 

Soils from the installation of wells as a part of this alternative will trigger the characterization 
requirements associated with RCRA. The implementing regulations found at 40 CFR 262 and 40 I KAR . 
32:010 require that generators of solid wastes (or contaminated environmental media) must determine 
whether the waste also is a hazardous waste. If the materials generated from the implementafion of this 
alternative are found to be hazardous wastes. the materials shall be containerized and managed as such. 
The requirements mandate that hazardous wastes must be properly labeled and stored in areas that comply 
with the technical standards for storage of hazardous waste in containers. These standards shall be 
complied with though testing of soils before excavation activities. If the soils are found to be hazardous. 
appropriate storage areas shall be constructed and maintained. All hazardous waste generated during the 
implementation of this alternative shall be disposed of in an approved landfill. These activities shall be 
incorporated into the remedial design for this alternative in order to comply with these requirements. 

This alternative also may result in the generation of soils that contain regulated PCBs. As required 
under 40 CFR 761. soils will be characterized to determine their regulatory status under the rule and. 
therefore, be managed accordingly. If soils are found to be regulated PCB remediation wastes they shall 
be stored in conforming storage that is properly marked and in proper containers before disposal at an 
approved facility. Equipment that becomes contaminated with PCBs during the remedial action must be 
decontaminated. as required under the decontamination standards, and tested before release. Testing using 
the swipe method shall be conducted, and no equipment shall be released until it is demonstrated that the 
surface concentration of PCBs is below 100 mg/100 cm!. 

Soils found to contain radiological contamination also must comply with the requirements of DOE 
Order 435.1 for the handling of low-level radioactive wastes at DOE facilities. All containers of soils that 
are low-level radioactive waste shall be properly marked and stored (if necessary) before disposal. 
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Long-Term F.ffcctivcncss and Pcrm~ncncc. This evaluation addresses' the' results of the direct 
heating alternativ'e in terms of risk remaining at . the site after completion of. the action and :the :enects of 
required long-ternl controls, A discussion of the mab'llitude of residual risk at the site and adequacy and 
reliability' of controls is presented in the follow.ing sections. 

Magllitude (if re.\·idual ri.vb. The direct heating altcrnative is designed to remediak contaminated 
groundwater by reducing coe volumes in source .areas. Nonaqueous phase VO('s are likely to remain in 
place following, treatmeni .of the ,l)CRS, by direct heating. However, it !is 'expected that direct' 'Incating 
would: havc' a greater' efficiency of.contaminan~removal than vapor phase extraction. As long as the 
VOCs and IllITe levclsrcmain high in the. source areas, theresiduah'isk would remain high in the source 
area and downgradicnt areas~ For a,pr()longe~ period following:thestartup of the alternative remedial action, 
the residual risk'would .remain consistent with ,the·,risk present.prior to taking the· action. Residual·VOe 
levels would remain e1eyated for approximately 350 years for the areas of worst DNAPL contamina'tion 
after implementation of this' alternative. >Direct heating would have to be .implemented in concert . with other 
UCRS and RGA tcchn~logi~s to a'chieveMCLsat the 'Points, of Compliance in a ~educed time frame. 

, " ' • 1 

Five-year reviews, mandated 'by CERCLA'[40 CFR §300.430(f)(4)(ii)], would be required to 
demonstrate the inteb'T'ity and effectiveness of .controls and: confirm that additional exposure pathways 
have ,notdevClopcd. 

Adequacy al~d reliabiliiy ofcollirois. The direct, heating .alternative would/have a modercite reliability' 
for operation and controL Six':,Pha'se Heating has ,been applied successfully at six full-scale c1e~nups. 
Cauilyticoxidation and 'ionexchange have been used extensively for the. treatment' of air and, water and 
have proven to be reliable. Due to the. pot.ential for high COC concentrations, the system .desib'll 'likely 
would require redundancy in treatment equipment to ensure .acceptable COC removal from effluents. 

.~. 

Because or this redundancy of treatment units. pumps. etc., the system would' have 'flexibility, allowing • 
the system to continue effective, operation at a reduced capacity., The complete 'system. withelectnldes' 
and monitoring wells, would be 'located inside the secure area orp.GDP. The long-term' control for thiS. 
alternative (i.e., groundwater monitoring»)sadequate and reliable. 

Ellviro"",elltal i"'pact ... alld ",itiga.tive mea ... ure.". 'Th~ followi~g text 'describes potential long-term 
impacts to resources and mitigative measures ·to offset any potential impacts. The depth of impact analysis 
and mitigative measures is corr~lated to the deWee.towhich a resource may be impacte~. . . 

Lalld lise. Implementation.of this alternati'v~would result in minimal adverse impacts to hind use. 
Long-terni impacts would be related,' primarily to .. monitoring wells. Following- construction of the 
alternative. the bulk of the land disturbed ,during construction would be returned to its prior use. A LUCIP 
would be developed. as necessary"per the requirements ofthePGDP ,LUCAP (DOE 2000). ' 

SocioeC:0l10llli(;s. The socioeconomic .conditions of the PGDPand surrounding area would not be 
expected to change as a result of implementing the direct ,heating alternative. Constructioncoritractors would 
perform the' construCtion and operation of the facilities for t,he alternative. The. permanent jobs ·that c()uld 
develop as a ,result ofthisaction are small in relation to the size of the population of the surrounding area. 
The implementation of the direct heating alternative also. would not result in a substantial decrease or 
increase in the persortnelatPGDP. However, the presence of contaminants':in 'the: groundwater may 
prevent groundwater's use and may limit economic development opportunities until the groundwater is 
brought back to beneficial use. 

Air quality and noise. Long-term degradation of air quality is not expected as a result of the 
implementation of thi~ alternative. The VOCs that are removed from the extracted soil gas are destroyed 
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by catalytic oxidation and do not become air (,O('s. The potential lor a temporary increase in fugitive dust 
emissions during construction would be mitigated by keeping dust prone areas watered to suppress dust. 

No long-term increase in noise is expected Irom this alternative. During construction. there would be 
local inc'reases in noise levels because of operating machinery. However. the noise increase would be in a 
limited area and would not aflcct human receptors. Hearing protection would be used to protect the 
workers constructing the system. 

Vegetatioll. Construction of the direct heating system would be located in the active industrial 
section of the PGDP and would impact only replanted grasses. Once construction is concluded, disturbed 
vegetation could be restored through seeding and natural regeneration. Therefore, no long-term impacts to 
vegetation arc expected from the implementation of this remedy. The installation of the electrode and 
monitoring well system may take several months. 

Wildl((e. Activities associated with this alternative could result in a limited, temporary disruption of 
the habitat of birds, mammals, and reptiles inhabiting the immediate area surrounding the electrodes. 
However, no long-term impact to wildlife would be expected. 

No adverse impacts are expected for aquatic life in the KPDES outfalls and creeks. The implementation 
of the direct heating alternative would not require construction activity in the creeks and outfall tributaries. 

Threatened ami endangered specie.... No adverse impacts were identified that would result from 
implementing this alternative: The potential roosting areas of the Indiana bat, as identified by Bryan 
(COE 1993). are not located in the expected area for this alternative. 

Cullural resources. No long-term effects are anticipated for this alternative . 

Groll/ltlwater. The on-site activities associated with this alternative are desib'11ed to reduce the UCRS 
sources of VOCs and, to a limited degree, the 'I'lTc. 

SUlface waler. The relative contribution of the discharges of treated groundwater to the flow of 
Bayou and Little Bayou Creeks would be small. Implementation of this alternative is not expected to 
impact surface water quality. Silt and erosion controls would be used during construction activities. The 
treatment system would be designed to remove the COCs from the extracted groundwater and to meet 
substantive release requirements of the PGDP's KPDES permits. 

FI(}odplains. No impacts are expected with the implementation of the direct heating alternative. The 
action would not take place in any floodplain of any stream at PGDP. 

Wellalleis. The implementation of this alternative should not impact the hydrology of wetlands in the area. 
All construction activities are expected to be within the main area of the PGDP and outside of wetland areas. 

Soils and prime farmlalld. No long-term impacts are expected from the implementation of this 
alternative. Minor impacts would occur to soils in the areas of construction during implementation of the 
direct heating alternative. Impacts would be mitigated through the use of standard construction practices 
of placing erosion and drainage control in the construction areas as necessary. During electrode 
installation, testing, and operation, the potential exists for the release or spill of small volumes of 
contaminated water. These potential releases would be mitigated through the use of engineering measures 
to contain spills and contaminated soils. The area impacted would be small and would be affected only for 
a short time . 
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Tral1sportatio/I. No long-term direct or indirect effects are anticipated for, this alternative. The 
implementation of the 'direct heating alternative would result in transportation of environmental soil and 
groundwater samples to laboratories. During the operation of the alternative, ion exchange resins would 
be transported totn:atment, storage, ordisposal.lacilities. Standard,engineering practices would be used 
to ship these was'te, materials. Also. all applicable regulatory, requirements would be followed for 
shipment of LLW materials. ' 

Cumulative impacts. Cumulati,ve ,impacts ,arc defined, as thcjncremental impact of ana'ction when 
added to othe~ past, present, and, reasonable. foreseeable future actions; regardless of what agency or 
person undertakes other such actions. Cumulative'impacts resultingfrom'this'alternative would have' to be 
identified ata'later tim~ during development of site specific' GWOU decision documents. 

Reduction in Toxicity~ Mobility. or Volume Through Treatment. Implementation of the, direct 
heating alternative would result in source volume reduction; Although direct heating is primarily effective 
for the rcmovalofV~s, so~e reductioJ;l in dissolved phase: 99Tc may be realized. Direct heating of all 
DNAPL zOnes would be expected to remove up to 99% of the VCRS DNAPL. Any containinaied water 
that may be extracted as part of direct heating would be, treated to remove 99Tc before releasing 'the water to 
the area creeks. The 99]:C would remain adsorbed to the' ion.,:exchange·resin and would not be destroyed. 
Any entrained water should be effectively heated and 'air stripped within the off-gas collection system. 

" The'resulting vapor phase would be ,passed through a catalytic oxidizer to destroy vdCs. Nearly 100% of 
the extracted contaminants would be ,treated and/or destroyed. However, sinee the VOCsand 9<)Tc are 
onlyincremeQtally removed,' the toxicity of the COCs would continue for an extended period after the' 
i~plementatiori of this alternative. ' ", - " , ", 

Source reduction can be stopped before completion oethe remediation goals. However, it is expected 
that the direct heating alternative would,cause some irreversible changes to the area soiK The soil texture,' • 
likely would be disrupted: by desiccation:· Moreover, directh'eating may ind~ce precipitatiQn, ~f m;n~ral ' 
cements. 

The VOC levels in the VCRS would be reestablished once the operations are discontinued, l:Iowever, 
the 'implementation "of this -alternative: may shrink the -UCRS DNAPL zone,' leading to a r~duced area of 
impact in the RGA,and ,should significantly 'reduce 'the time over which the VOCs would persist in a 
DNAPLphase. Direct heating is anticipated to leav,e less resid~al contamination than vapor extracti9n. 

. ~. . : . '. 

. lihis alternative would meet the preference for treatment via an ex;situtreatment systein~ Following 
, treatment of the extracted soil gas, treatment residuals would exist. The VOCs are destroyed through 
catalytic oxidation. Sodium chloride, produced from-the scrubbing of'the off-gas, would be a primary 
treatment residual. Spent ion-exchange resin,' from the treatment of. the 99Tc, also would 'be' a primary 
treatment residual. The spent ion-exchange resin would bela LL W. " , 

. " " \ \ , 

Short.;,Term Effectiveness. This criterion involves the evaluation of alternatives for community 
protection, worker protection, environmental impacts, and the time until remedial response actions are 
achieved. Adiscussion Of each is provided in the following, paragraphs, 

Commullity protectiim. The potential fOfadverse :impacts i~ the co~i.mity from the implementation 
of this alternative is minimal. Engiriee~ing controls would be used to reduce off-gas emi~sions., This 
alternative would be implemented within the PGDP or just outside the security fence aJ;ldishould"not
result in danger to the surrounding community. Restrictions would be used to Iimit'the access of persons 
that may be in the area during construction. This would include warning signs, temporary control fencing, 
and periodic security patrols, Also, environmental monitoring would be conducted during the construction of • 
electrodes and monitoring wells where COCs may be present. 
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Worker protectioll. Implementation of the direct heating alternative has the potential for worker 
exposure to contaminated subsurface soils and groundwater during environmental sampling, electrode 
installation, and remedial operations. The possible exposure pathways include inhalation of dust containing 
contaminated soils, dermal contact with subsurface soils, and dermal contact with contaminated groundwater. 
In addition. direct heating poses a potential contact-with-heated-elements hazard to the site worker. The 
large electrical loads required for Six-Phase Heating are associated with increased electrical hazards. 
However, worker exposure is very unlikely due to the PGDP risk management requirements (i.e., worker 
protection procedures, PPE. and engineering controls for off-gas treatment). 

Potelltiot ellvirollmelltat impacts alld mitigotillg measures. Short-term environmental impacts and 
mitigative measures have been qualitatively assessed and include an evaluation of the impacts on 
environmentally and potentially sensitive ecological resources, short-term impacts on socioeconomic and 
cultural resources. and cumulative impacts of the remedial construction. 

Lalld lise. Implementation of this alternative would result in minimal adverse impacts to land use 
related to treatment facilities and electrodes. Following construction and operation of the alternative, the 
bulk of the land disturbed (luring construction would be returned to its prior usc. A LUCIP would be 
developed as necessary per the requirements of the PGDP LUCAP (DOE 2000). 

Socioecol1omics. The socioeconomic conditions of the PGDP and surrounding area would not be 
affected. Construction contractors would perform construction and operation of the facilities for the direct 
heating alternative. The number of permanent jobs that could develop as a result of the action is small in 
relation to the size of the population of the surrounding area. Implementation of the direct heating 
alternative also would not result in a decrease or increase of personnel at the PGDP. 

Air quali~v and noise. The potential for a short-term. temporary increase in fugitive dust emissions 
during construction would be mitigated by keeping dust-prone areas watered to suppress dust. Off-gas 
treatment would prevent degradation of air quality during operation. There would be local increases in . 
noise levels due to operating machinery during construction. However, the noise increase would be in a 
limited area. Hearing protection would be used to protect the workers constructing the system. 

Vegetation. Construction of the direct heating systems would be located in the active industrial 
section of the PGDP and would impact only replanted grass. Once construction is concluded, disturbed 
vegetation could be restored through seeding and natural regeneration. 

Wildlife. The implementation of the direct heating alternative would occur in the industrial portion of 
the PGDP and not require activity to take place in the creeks and PGDP outfall tributaries. No adverse 
impacts are expected for aquatic life. During construction, the potential impacts to the wildlife and creeks 
are through migration of sediments and erosion. Standard engineering practices of providing erosion
control fencing. materials, and fabrics in the construction areas would minimize these impacts. 

Threatened and endangered species. No adverse impacts have been identified that would result from 
the implementation of the alternative. The Indiana bat. which regionally has suitable habitat. is not 
expected to be impacted by this alternative. The potential roosting areas of the Indiana bat, as identified 
by Bryan (COE 1993). are not located in the expected area for this alternative 

Cu/tural resources. No long-term effects are anticipated for this alternative. 

Groundwater. The on-site activities associated with this alternative are designed to reduce levels of 
VOCs and, to a limited extent, ~c in the UCRS DNAPL zones. This alternative is not expected to result 
in additional groundwater degradation . 
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'Sw:[lu:e'water. The, implemcntation pfthis alternative is not expected to impact surface water quality. ., 
Silt and erosion controls would bc used during construction activities. The treatment system would be 
.desigried to meet substantive ~eleaserequirements of the. PGDP's KPDES 'pennits. The relative 
contribution of the discharges of trcatcd gfoundwater to the flow of Bayou and Little Bayou Creeks from 
the implementation ofihisaltemative wo~ldbe insignificant. 

F/oodplaill.~. No impacts are expected: with the implementation of tbe direct heating alternative; The 
actions would not take place in any floodplain of any stream at the PGDP. 

'). 

Wet/{J/lll\·. This alternative would be iinplernent~d'within the ~ain industrial area of the PGDP and 
should not impact thc' hy~rology~Cwetlands. ~ilt and erosion control measures would be used during 
construction aCti'vities to minimize impacts .to wetlands. -

" ' 

Soils alldp;';me farm/and. No sib'l1ificant short-tenn, impacts are expected, from the implementation 
of this alternative. ImpaCts would be mitigated through the use of standard 'construction practices of 
placing erosion and drainage control in' theconstructi~n areas as,n~cessary. During electrode installation~ 
testing, andtreatrilent facility ope'ration, ,thepotenti~lI exists for the, release, and spill of ' contaminated 
water. These potential releases would be mitigated through the use of engineering measures to contain 
spills and contaminated s~ils. I, -, ,~ 

'" 

Trall.\iJ()rlllli~n. Only minimal short-tenn direct .or indirect 'effects are anti<:ipated for this alternative. 
The implerrientation of the direct heating al~emative would result in transportation of environmental soil and 
groundwater' sam'plesto laboratories. During ,the operation of ,the alternative, it would be necessary to 
transport iorr-cxchange resinstotreatnient. storage. or disposal facilities. Standard engineering practices 
would be used to ship these waste materials. Also. ~Il applicable regulatory requirements would be • 
followe? fo~ shipment of LL W materials. 

Clllmilatil'e illlpa~/.\". CUtTIul~tive impacts,~~e defined as the incremental impact of an action when 
added to other past. present. and reaso~able, foreseeable future actions, regardless of what agency :or: 
person undertakes other such actions. :Site-specific GWOU decision documents would have to identify 

,cumulative impacts resultil)g, from the implementation of this alternative, if selected. ' -' 
. ' .' ." ), . 

,Til/Ie Ulllil'rellledial'respom.e objectives are ,Q~/'ieved. The direct heating alternative .would, not 
result in achievement ofRAOs specified for the GWOU or MCLs' without the implementation of 
additional b'foundwateJ: ,remedial measures. Ho~ever, achievement of.targeted contaminant reductions at 
each ,specific source 'zone' wo'uld be completed in less than 2 years from the :beginning ofim'plementat'ion 
af eachsou~cezone~ This alternative, 'alone,would:rot provide protection for the groundwater or surface ' 
waieruser for approximately 1,060 years. 

! , .. J •• 

. ', Implementability. Activities to be conducted under the direct heating alternative include: 

• iml?lementing Six-Phase Heating to reducespecific.sources of contamination in the VCRS;' 

, -

.' maintaining on-site groundwater monitoring to provide protection until the ,remedial' actions have 
been completed; 

o maintaining off-site groundwater monitoring to provide protection until the remedial actions have been 
completed; and 

• perfonning five-year reviews of the alternative as required by CERCLA. ' 
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Tec/",;cai fea.dbility. Direct heating is a developing remediation technology available from a limited 
number of vendors. Construction of Six-Phase Heating electrodes is technically feasible. However, 
technology-specific equipment is required for operation. It is expected that the industrial setting of the 
PGDP may create difficulties in some source zone areas. The equipment that would be used in the vapor 
treatment facility is standard and proven technology. Downtime is expected to be minimal for 
maintenance and repairs. Effluent sampling of the released off-gas would ensure that the treatment 
systems are meeting the effectiveness goals of the alternative. 

Direct heating has been used successfully at six other contaminated sites. The increase in soil 
conductivity (permeability) associated with direct heating would be advantageous in the low conductivity 
VCRS soils. 

The construction and operation of this alternative would not prohibit the implementation of other 
GWOU technologies. 

Adm;II;!I·trative feasibility. The alternative is administratively feasible. Treated air meeting the 
substantive requirements of the state and federal regulations would be discharged as part of this alternative. 
Treatment, handling, and transportation and disposal of the residuals would require proper procedures; 
however, no difficulties are expected. 

Availability of services alld materials. Services and materials for the construction of this alternative are 
available from a limited number of vendors. It is estimated that less that six vendors are available and 
experienced in implementing direct heating technologies. 

This alternative would result in the generation of waste soil cuttings from the construction of electrodes 
and soil vapor extraction wells. The construction of treatment facilities may generate clean concrete, wire, 
and pipe construction debris. All of these materials either would be treated, as necessary. and released or 
disposed of appropriately. 

The operation of the treatment system would result in the generation of sodium chloride, from the 
scrubbing of the catalytic oxidizer off-gas, and ion-exchange resins spent with ~c. Both of these 
materials would be stored until appropriate disposal can be arranged. 

Cost. Table 4.6 summarizes the preliminary unit cost estimates for the direct heating alternative. 
These preliminary unit cost estimates are based upon FS-level scoping and are intended to aid with 
selection of a preferred alternative. The estimates have an expected accuracy of -30% to +50% for the 
proposed scope of action (EPA 1988a). The capital cost estimate represents those expenditures required to 
implement this remedial alternative. The O&M cost estimates represent expenditures required to maintain 
the remedy after the initial phase of remedial action construction is completed. The total contingency cost 
presented includes direct. indirect,and all O&M-associated contingency costs. The total cost includes all 
capital costs, direct and indirect with O&M and associated reports, plus 25% contingency costs, for a 30-
year term of comparison. All estimates have been escalated using DOE-approved annual rates and a 
schedule for the various activities based on similar project experience. Present worth values also are 
included using a discount factor of 5% (EPA 1988b). (Additional information regarding the preliminary 
cost estimates is presented in Appendix C7.) 

State/Commonwealth Acceptance. The Commonwealth of Kentucky acceptance or nonacceptance 
of this alternative would be addressed in the GWOU decision documents should the direct heating 
alternative be selected as the preferred alternative . 
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, Table 4.6. P~elin~in~ry un~t cost estimates for the direct heating alternative 
. I J • 

:rotal capital costs (per acre-foot) 
Total operation and maintcnance costs 
Overhead 
Total C9nti!1gcncy 
rotalcost 
Total cost (present worth) 
Note: ;prcliminary cost estimates arc per acrc-foot. escalated'andprcsentcd in dollars. 

$460.948 
$60,727 
$108.831 
$64,329 

5694.837 
5434.759 

Community Acceptance. Following a formal public comment period on the PRAP,for the,OWOU. 
comments from the community would be addressed formally in a responsiveness summary, which would 
bt{presented in the appropriate GWOU ROD. ' 

.Evaluatio.IIs"",,,,ary oft/,edirect /,eatil'g alten'lltive "', 
. '\ 

The direct heating alternative would involve implementation of UCRS source zOne remedial actions 
and' environmental media monitoring to track coe migration. UCRS sourcezoneremedia] actions would 
remove large quantities ofCOC mass in a short period of time, resulting in lowering the coe concentrations 
available to impact migratinggroulldwaterin:the RGA. Implementation of monitoring would provide an 
indirect protection, as monitoring COC 'migration allows for' minimizing the potential for exposure to 
contaminated environmental media through avoidance. Because'the source areas would be aggressively 
remediated, the residual risks \eft in place would be reduced but not removed. However, residual risk in 
the source areasi~ould not be unacceptable under' future industrial land use~Residualrisk also would remain 
in the off-site plumes until remediation of the whole ,plume is completed and successful. Short-term risks 
to construction workers would exist,due to potential exposure' to contaminated gl-olmdwater during 
environmental monitoring activities and maintenance of the treatment systems. Additional exposure is 
possible due to dermal and inhalation contact during changeout of treatment media, exp~sure to, heated 
surface~, and e,:,posure to electrical hazards. However, risks to workers would be minimized by strict 
adherence ,to approved risk management procedures (e.g.,'health and safety plan and useof~PE). 

Implementation of the direct heating alternative would 'require high capital for implementation and 
moderateO&M costs, Input from the Commonwealth of Keritucky and the community has not yet been 
received but ~ould be added to a GW0U ROD once the public .commentperiodhas been complete(j." 

4.2~2j Pri,mary Source Area - Excavation Technology 

The following section contains a description of the Primary Source Are~ '~Excavation Technology 
and its detailed analysis. ',' : . , 

" . , ..... 
," 

De'icriptiOl, of Pri",arySource Area - Excavatioll. 
, . 

. ' 

. This technology 'for the GWOU"pr~vides for 'the excavation of primary contaminant source areas in 

• 

the UCRS"'arid the appropriate 'treatment/disposal of the excavated material. Fig. 4.'3 contains a gra'phical 
"snapshot"representing the primary source'excavation technology. Excavation would remove all (;ontaminants 
from the source area, incIuding:DNAPL,thereby ,preventing additional TOes from entering the RGA. 
Laterally,excavationactivities,~uhetargeted source would be continued until soil samples'coJlectedfrom 
the sidewalls of the excavation indicated thai all contamination above a predete'rmined deanup level had 
been removed or until the practical limits of excavati«;>n were reached, based on site-specific conditions 
(i.e., presence of buildings, roads, etc.). Vertically, excavation would be continued until the first of the • 
following three situations was. encountered: (1) soil samples collected from the floor of the excavation 
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Fig. 4.3. Primary source area - excavation technology. 
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indicated "clean" soils; (2) groundwater was encountered; or (3) the practic~llimltof excavation, given 
specific site characteristics, was reached. All contaminated soils excavated from the tar.get areawo~ld be 
treatedex.~itu. and treatment residuals would be disposed of properly. . 

In those areas where complete excavation was possible, 100% of contamination would be removed 
fromthe source area and a CERCLA five-year review would not be required .. However, If the primary 
source zone was not completely excavated, and additional remedial alternatives were required to address 

. residual soil and/or dissolved phase contamination, five-year reviews might be required. 
, . 

Although.excavation,would'remove all contamination to the extent practical from the source area, it 
would not address dissolved phase contamination present in the groundwater. Therefore, continued long
:term monitoring of diss.olved phase contaminate movement from the area would be required. 

Excavation technology provides aggressive reduction of source zOne volume by removing the COCs 
available, for transmission: to the RGA In those primary source areas where complete excavation is 
possible, 100% reduction in TCE and 99Tc would be achieved in the UCRS. If Excavation Technology 
were implemented at all Primary Source Areas, this technology would result in a .2.9% reduction in the 
volume ofTCE present in theRGA over a period of30 years~ , 

Access Restrictions. The UCRS primary source areas that would be addressed by excavation under 
the GWOU are located inside the PGDPsecurity fence. On-site workers are, and would continUe to be, 
alerted to potential exposure hazards at these units through, the use of work permits~ administrative 
controls, and safety programS. 

Environmental Media' Monitoring. This tec~ology would remove 100% of'the contamination • 
from the UCRS in those primary ,source areas where complete excavation was possible and would reduce 
the amount of contamination available for migration to groundwater. However, it would not address 
dissolved phase contamination already present in the RGA., and a long-term groundwater monitoring 
program would be required to,assess the movement of dissolved phase contaminants from the source area. 

CERCLA Five-YearReview~ Due to the immediate ,and irreversible nature of the excavation 
te'chnology, the CERCLA Five-Year Review process would not be required to monitor the effectiveness 
of the alternative. 

Assessment'of PrimarySource Area - Excavation 
I ' 

A detailed analysis of the performance of the excavation technology against the nine CERCLA 
criteria is provided in the following sections. 

Overall Protection of Human ;Health' and, the Environment 

Implementation of the .excavation alternative would reduce VOCand ~c contamination in the UCRS 
target zones by removingcon~aminant· mass and reducing DNAPL volume., Following 'excavation, the 
contaminated soilremoved from the target:zone would undergo a treatment'process such as.low-'temperature 
thermal stripping to remove the,hazardous'characteristic presented by the volatile,organics. Following 
treatment, excavated soils would be disposed of in a PGDP landfill. ' 

Implementation of thisaltemative would reduce the amount of contamination available for migration 
to the RGA and would decrease the risk to a potential future groundwater user or to ariecological receptor 
that might be exposed to contaminated groundwater discharging to surface water. However, excavation of • 
primary source areas within the UCRS will not, by itself, satisfy the RAOs for the GWOU. Achievement 
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of RAOs would require the implementation of additional source reduction technologies to address those 
areas not fully accessible to excavation and the implementation of dissolved phase technologies to address 
contamination that already is present in the RGA. 

Compliance with ARARs. An alternative must meet this threshold criterion to be eligible for 
selection. The following discussion summarizes the potential ARARs and TBC Guidance for Primary 
Source Area - Excavation Technology. 

Po'e,,'ial c/,emical-specijic ARARs. The potential chemical-specific ARARs for Primary Source 
Area - Excavation Technology are summarized in the following paragraphs. 

Chemical cOlltamillatioll. The aquifers are known to contain. chemical contaminants in the fonn of 
metals and organics. The federal and state water quality requirements include standards that would be 
applicable ARARs. The regulations that apply are found in 40 CFR 141 (National Primary Drinking Water 
Standards); 40 CFR 143 (Secondary Drinking Water Standards); 401 KAR 5:029 (General Provisions); 
and 401 KAR 5:031 (Surface Water Standards). These standards, summarized in Table 4.1, include general 
state standards, domestic water supply standards, and standards applicable to warm water aquatic habitat. 
These are applicable based upon the classification of the designation for surface water use associated with 
the area (Ohio River, River Mile 940.7 to River Mile 943.3) as specified in 401 KAR 5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for completeness. 
Those standards that must be achieved in order to meet the applicable requirements are the lowest of the 
applicable standards, which in most cases are the MCLs. 

Radiological cOlltamination. The OU is known to be contaminated with radionuclides such as 9'
JTc, 

radon, uranium, and uranium daughter products. DOE's Order on Radiation Protection of the Public and 
Environment, DOE Order 5400.5, is TBC information for cleanup of radionuclides at DOE sites. The 
order requires that remediation activities must not result in radiation exposures to members of the general 
public greater than an EDE of 100 mremlyear from all exposure pathways. Exposure to the general public· 
also must be ALARA (DOE 1990). 

The DOE Order 5400.5 also contains reference values, known as DCGs, for operational DOE 
facilities. Based on the DCGs, radionuclide concentrations in air and drinking water must not exceed an 
EDE of 10 mrem/year and 4 mremlyear, respectively, to the total body or any organ. 

The NRC also has set criteria for decommissioning standards at nuclear facilities at 10 CFR 20 
Subpart E. These rules require that residual radioactivity at nuclear sites meet a total EDE of 25 mremlyear 
for unrestricted release. In addition to the NRC standards, EPA has issued guidance for cleanup levels at 
CERCLA sites with radioactive contamination. EPA has disagreed with the protectiveness specified 
within the NRC standard and has specified that a 15 mremlyear EDE be used as the risk level that is 
protective of human health and the environment. EPA also has codified exposure limits for environmental 
radiation protection standards for nuclear power operations at 40 CFR 190. These requirements apply to 
operations involved in the uranium fuel cycle and include enrichment operations. Subpart B of these 
requirements specifies that the annual dose equivalent to the public not exceed 25 mrem to the whole 
body, 75 mrem to the thyroid, and 25 mrem to any other organ as the result of exposures to planned 
discharges of radioactive materials, radon and its daughter products excepted. to the general environment 
from uranium fuel cycle operations and to radiation from these operations. These requirements would be 
considered relevant and appropriate because the release to the groundwater would not be planned. 

The Commonwealth of Kentucky is an NRC Agreement State and has promulgated regulations for 
radiation protection of the pUblic. The Kentucky radiation protection standard for individual members of 
the public is 0.1 rem (l00 mrem) EDE per year or less (902 KAR 100:019 Section 10), which IS 

equivalent to the DOE radiation protection standard found in DOE Order 5400.5. 
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Due to the differing views and values among NRC, EPA, and DOE regarding total EOE for members 
of the general public, EPA and DOE have agreed not to finalize their respective standards until an 
agreement can be reached. In the interim, DOE Order 5400.5 is identified as THe information and the 
NRC standard is identified as relevant and appropriate. Therefore, the radiation protection standard 
identified within the NRC regulations at 10 CFR 20 Subpart E requiring an EOE of 25 mrem/year or less 
shall be used as the exposure limit for the general public. 

Chemical-specific ARAR sUlIlmary. The chemical-specific ARARs associated with the implementation 
of this alternative are outlined in Table 4.7. Implementation of this alternative would not result in 
immediate attainment of the chemical-specific ARARs associated with the off-site groundwater plumes. 
Attainment of the identified ARARs would be met in the future as implementation progresses. Continued 
monitoring of the groundwater will be used during the five-year reviews to ensure that the identified goals 
are met and that concentrations of COCs continue to decrease. 

Potelltiallocatioll-specijic ARARs. The potential location-specific ARARs for excavation of source 
areas are summarized in the following paragraphs. 

WetlalUl.\·. Although no wetlands have been identified within the area where construction/excavation 
activities wiII occur, certain jurisdictional wetlands have been identified in on-site drainage ditches within 
the plant boundary. In order to comply with these applicable requirements, wetlands shall be avoided. 

As stated in the regUlations, construction activities must avoid or minimize adverse impacts on 
wetlands and act to preserve and enhance their natural and beneficial values (Executive Order 11990. 
40 CFR 6.302(a), 40 CFR 6 Appendix A, and 10 CFR 1022). These applicable requirements include 
avoiding construction in wetlands, avoiding (to the extent practicable) long and short-term adverse impacts • 
to floodplains and wetlands, avoiding degradation or destruction of wetlands, and avoiding discharge of 
dredge and fill material into wetlands. In addition, the protection of wetlands shall be incorporated into all 
planning documents and decision making, as required by 10 CFR 1022.3. Although not anticipated, if this 
alternative results in impacts to wetlands that cannot be avoided, the substantive requirements of the NWP 
38 (33 CFR 330) will be met. 

Endal/gered Species and Migratory Birds. Actions taken by federal agencies are prohibited from 
impacting T&E species or adversely modifying critical habitat (50 CFR 17.94) in accordance with the 
Endangered Species Act (16 USCA 1531 el seq. Section (7)(a)(2». These requirements are potential 
ARARs in the event T &E species or their habitats are found at or near areas where remedial action is to 
occur. An ecological resource investigation inside the PGOP security fence did not detect any T &E species 
or their preferred habitats (COM Federal 1994). The USFWS has not designated critical habitats for any 
species within the DOE property. However, outside the PGOP fence on the DOE property, potential 
habitat for federally listed T &E species was reviewed and Indiana bat habitat was evaluated during the 
COE (1994) environmental investigation. The COE study determined that total potential bat habitat consisted 
of 20% of the 994-ha (2,456-acre) study area. Remedial activities must be evaluated to ensure that such 
actions do not adversely impact areas identified as critical habitat for any identified endangered species. 

In addition, Executive Order 13186 directs federal agencies to enter into an MOU with the USFWS 
to further the purposes of the Migratory Bird Treaty Act (16 U.S.c. 703-711). Until such time as the 
MOU between DOE and the USFWS is finalized, federal agencies are encouraged to immediately begin 
implementing the conservation measures set forth in the Executive Order. The requirements of the 
Executive Order are applicable and must be considered during planning and design of the remedial action. 

Potelltial actioll-specijic ARARs. The potential action-specific ARARs for excavation of source • 
areas are summarized in the following paragraphs. 
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Monitorillg well illstallatioll requirements. This alternative includes the installation of additional 
monitoring. Installation of these wells would have to be conducted in a manner to maintain existing 
natural protection against the introduction of pollutants into aquifers and to prevent the entry of pollutants 
through the borehole (40 I KAR 6:310 Section 13). These requirements also mandate the construction 
materials required for well construction. well design criteria, well completion activities, and well 
abandonment methodologies. These requirements arc considered applicable to desib'll and installation of 
monitoring and extraction wells associated with the implementation of this alternative. 

Fugitive {lust emissions. Construction/excavation activities may result in the production of particulate 
airborne pollutants (dust). The Kentucky Air Quality standards found in 401 KAR 63:010 include 
requirements governing fugitive dust emissions. These standards require that dust-suppression measures 
be undertaken that include activities such as use of water or chemicals to control emissions, placement of 
asphalt or concrete. and stockpiling of soils. The standards also require that visible dust generated from 
the implementation of the remedial alternative not be discharged beyond the property boundary of the 
site. Trucks transporting material outside the property boundary, where materials could become airborne, 
must be covered. These requirements are considered to be applicable to any excavation and will be 
complied with through careful planning to ensure that excavated materials are sufficiently wetted or 
protected to control dust generation. Activities that could result in the generation of fugitive dust that 
must be considered during the design phase include the excavation/disposal of contaminated soils. 

Radiolllu.:lide emission standards. Airborne emissions of radio nuclides may occur as a result of on-site 
construction activities. Although the potential is low for such emissions to occur. the regulations at 
40 CFR 61.92 would require that the emissions not exceed amounts that would cause an EDE to the public 
of 10 mremlyear. In order to determine whether the alternative complied with this applicable requirement. 
computer modeling using the CAP-88 or other EPA-approved models must be undertaken. If the modeling 
demonstrates the radionuclide emission to be in excess of I % of the 10 mrernlyear standard. emission 
rates must be measured as required by 40 CFR 61.93. This ARAR shall be complied with by planning 
activities in such a manner as to control fugitive emissions from excavation activities. . 

Toxic emissioll standards. Although toxic emissions are not expected as a result of construction 
activities. these emission requirements would be applicable if such emissions do occur. Due to organic 
concentrations found in the groundwater and potentially within the subsurface soils at depth. there is a 
low potential for such emissions to occur. The regulations at 401 KAR 63:022 require that the emissions 
be evaluated to determine whether they are significant for each specific toxic air pollutant. If analysis 
indicates that the toxic emission requirements are triggered, the regulations specify that no source may 
exceed the allowable emission limit specified in Appendix A of 401 KAR 63:022. If applicable, these 
rules would require the application of best available control technology to limit toxic emissions. If 
calculations indicate that the emission rates specified within the rule are not exceeded, the calculation 
package may be used to demonstrate compliance with these requirements. 

Storm water discharge and KPDES requirements for groundwater trealmelli. Construction/excavation 
activities will be subject to the substantive requirements associated with the KPDES permit that requires 
the use of BMPs and sediment/erosion controls to control transport of sediment in stormwater runoff. In 
addition, groundwater will be treated in a wastewater treatment unit where discharge will be subject to the 
substantive requirements of the KPDES program. These requirements are considered to be applicable. 

Waste management requiremems. Hazardous materials and wastes may be generated during the 
implementation of this alternative. It is anticipated that these wastes (soils) will be low-level radioactive 
wastes and. therefore. subject to the DOE Order 435.1 requirements that apply to the management of all 
radioactive wastes generated at DOE facilities. This requirement is TBC rather than applicable or relevant 
and appropriate because it is a DOE Order rather than a federal or state regulation or standard . 

00-001 (doc)/061201 4-59 



'The potential alsO exists that some ~r~1I of the wastes generated.from treatment may be'RCRA • 
hazardous wastes as defined in 40 CPR, i~'l of theifederal pro1,'Tam. All wastes generated shall be subject to 
the hazardous wastedetennimition req~lreme~rs 01'40 CFR 262 and 40 I KAR 32:0 I O. If it is detennined that 
any wastes arc, in fact, hazardous wastes,,thematerials must be managed in accordance with the substantive 
requirements found in 40 CFR262 through40'.CFR 268 (401 KA:R 32 through 37). These standards include 
storage:. requirements, transportation requirements, . and disposal requirements.' Specific . requirements 
applicable to each waste stream 'must 'be ·iderttified after characterization of the ,material is complete. 
These.requirements shall be complied wi.th through the. development of a (WMP).d'uring the design phase of 

; implementation. Ifmat,erials are, identified! as RCRA hazardous waste,these requiremcrttsiare applicable. 
- : ' ',l.: - " - ,'} 

'Although c'onsidered unlikely, thepot~ntial exists that wastes generated from the implementation:of 
thWalternative may contain PCBs regulated. under the Toxic Substances Control Act· (TSCA). These 
regulations would be applicable to this alt~rnative if PCB concentrations were found in soil or water that 
exceeded 50'ppmorPCBs were found a~d'attributable to a source whose concentration exceeded 50 ppm 
PCBs. Thesubstaritive requirements for management of PCB wastes Jound:in 40 CFR 761 would be 
applicable and inch.idestandards forstor~ge.shipt:nent, and equipment decontamination. These requirements 
shaH be complied with through the'developmerifofa WMP during the 'design phase. of-implementation. If 
materials are identified as TSCA PCBregulat~d,materi~l~these, requirements ate· applicable. ' 

Actioll-specific ARAR slimmalJ, .. ,Thisalternative will' trigger action-specific ARARs with regard to 
the excavation and disposal· of the sOljrCeareas. These. include the requirement for compliance with the 
substantive requirements o(the KPDES'programfor the control of sedimeritation and discharge of any 
treated groundwater (remo~ed from soils 9r ,wlthi~ excavations) and the applicability ·of,the RCM 
requirements for wastes generated as a fe'sult' of implementatioQ. In addition, the' requirements of TSCA 
may be applicable if PCB-containing ma't~rials are identified'., This alternative will comply with these • 
.requirements during the planning phase to inClude. compliaQt waste handling, storage,and disposition 
components. The proposed alternative will comply with the substantive requirements of both the CW A 
and RCRA requirements, as the'treatment and discharge of treated effluent in compliance with the CWA . 
meets both requirements and such treatment is allowed under RCRA. If wastes from treatment of 
contaminated water or excav'3'tion of soils is detennined to be hazardous wastes under RCRA, the 
substantive requirements for storage, mariageme~t, liDd disposal of hazardous wastes shall be incorpo~ted 
into,the alternative during 'the planning phase: Activities that may be required for RCRA arid TSCA 
complianceinchiae use of appropriate containers~ labeling of containers, appropriate storage area design 
and operation (secondary containment or storage for less than 90 days in a compliant accumulation area), 
and transportation of wastes. 

A summary of the ARA,Rs for the.implementati()n ·of excavation are presented in Table 4.7. 

, Compliallce witl, ARARs summary. Implementation of this alternative would not achieve immediate 
compliance with the MCL for TeE. Compliance at. the fenceline and the DOEcproperty boundary has 
been calculated to occur !n approximately I ,000 years. . 

. . 

.Inaddition~this iilternativeaddresses the ~eduction of source areas bllt would not control groundwater 
plumes. The MCLs applicable to antimony, chromium (action level), and alpha-emitting. radionudides 
would be exc~eded at the point 'of compliance :(piant fenceline) and points of exposure (DOE property 
boundary, Ohio River) if contaminants were allowed to remain within the groundwater, according'to the 
modeling used in' the development of this FS .. As stated in the risk assessment,cthe metals1and'radionuclides 
based upon historic observations are far less mobile than current modeling indicates. Based on the time 
frames illustrated in the model required for migratIon to .the point of compliance and .the historical observations 
associated with migration of metals an~ radionuclides at the PGDP, exceedance·ofthe associated MCLs is • 
considered unlikely. 
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Standards, Requirement, 

Criteria, or l..Imitation 

National Primary Drinking 
Water Standards 

National Secondary Drinking 
Water Standards 

Kentucky Surface Standards 
including 
• Warm Water Aquatic Habitat 

Criteria 
• Kentucky Domestic Water 

Supply 
• Kentucky General Standards 
• Kentucky Outstanding State 

Resource Waters 

Radiation Exposure of the 
General Public at DOE Facilities 

Decommissioning Standards at 
Nuclear Facilities 

Environmental Radiation 
Protection Standards for 
Nuclear Power Operations 

• • 
Table 4.7. Summary of potential ARARs for Excavation 

Citation DescrlQtlon of ReqtJirement Comments 
Chemical-Specific ARARs 

40 CFR 141 Provides chemical-specific numeric standards for toxic These requirements are relevant and appropriate due to 
pollutants expressed as MCLs and MCLGs. the nature of the contaminants found within the 

groundwater. 

40 CFR 143 Provides secondary MCLs for public water systems These requirements are TBCs. as they have been 
established as guidelines for the states and are not 
federally enforceable. 

401 KAR 5:031 and 5:026 Provides chemical-specific numeric standards for pollutants These standards are applicable to the segment of the 
discharged or found in surface waters. Ohio River into which the Little Bayou Creek discharges. 

The requirements found in these standards are applicable 
Provides chemical-specific numeric standards for pollutants in due to the groundwater to surface water interface to 
domestic water supplies. Little Bayou Creek and subsequently to the Ohio Ri\·er. 

Note: CW A Water Quality Criteria are not rele\·ant and 
appropriate because Kentucky has promulgated state 
standards that Kentucky has determined to be 
appropriate for waters of the State. 

DOE Order 5400.5 Specifies that the general publ ic must not receive an effective dose This requirement is TBC information. 
equivalent of> I 00 mremlyear from all exposure pathways. In 
addition, all release of radioactive materials resulting in doses 
to the general public must meet the ALARA criteria. 

10 CFR 20, Subpart E Specifies a residual activity at nuclear facilities for unrestricted These standards are considered to be applicable to the 
release of25 mremfyear. GWOU. 

40 CFR 190, Subpart B Requires that the annual dose equivalent to the public must not These standards are considered to be relevant and 
exceed 25 mrem to the whole body, 75 mrem to the thyroid. appropriate and are equivalent to the NRC standards. 
and 25 mrem to any other organ as the result of exposures to 
planned discharges of radioactive materials, radon and its daughter 
products excepted, to the general environment from uranium 
fuel cycle operations and the radiation from these operations. 



Table 4.7. (continued) 

Standards, R~iJireri1ent, 
Criteria or Limitation Citation Des~riptiori of Requirement Comments 

Locatio,,-SpecijicA RA Rs 
~ ~ ~, 

Protection of Wetliuids 10 CFR Section 1022. Activities must avoid or minimiz.eimpiicts 'to ,vetlands to These requirements are applicable due to the presence 
Executive Order 11990 preserve and enhance their natural and beneficial value. If of wetlands. but ",ill be met though avoidanc,e of 
40 CFR 230.10 we.tland resources are not avoided. measures must be taken to wetlands during construction and implementation Of 
33 CFR 330.5 address ecologically sensitive areas and mitigatl:adverse effects. altemati,'es. . 

Such measures may include. inif,imum grading requirements. 
runoff controls; and design anc! construction considerations . 

• ,t 
" 

Allows ininor discharges of dredge and fill material, or oth~ minor 
activi~iesfor which there are no practicable alternatives. provided 
that the peninent requirements of the NWJS. system are met. , 

Endangered Species Act· 16 U.S.c. 1531 et seq. Actions that jeopardize the e.xistence oflisted~species or result Action that is likely to jeopardize fish. wildlife. or 
,,' Section 7(a)(2) in the destruction <;Ir adverse modification of critical habitat must plant species or destroy or ad,'ersely modify critical 

.', 

be avoided.or reasonable andprudent mitigation measures taken. habitat-applicable. . , 

Migrarory Bird Treaty Act 1.6 U,S.C. 703-711 Fed,era.! Agencies are'encouraged (until requirements are Action that is likely to impact migratory birds. 
.- Executive Order 13186 established under a formal MOU) to do the following: habitats. and resources-applicable. 

" 

• avoid or minimize, to the extent praCticable; adverse iinpaets 
o,n TJ1igratoiy bird resOurces when conducting agency actions; 

-restore and imh!nce the habitats ofriligratory birds, ~~' " - . • , .----

" praC!icable; . 

• prevent or abate the pollution or detrimental alteration of the 
environment for the benefit of migratory birds, as practicable; 

• ensure that environmental analysis offederal actions required 
by the NEPA or other established environm,ental review 
proce~ses evaluate the effects of actions and agency plans on 
migratory birds. witf:! ~mphasis on species of concern; . 

• identify where,unintentional take wili likely result from, 
'. 

agency aciions, and developstandardsand/or practices to .. 
minimize such, unintentional take. 

, ' 

• • 



• • • Table 4.7. (continued) 

Standards, Requirement, 
Criteria. or Limitation Citation Description of ReQuirement Comments 

Action-Specific ARARs 
Fugitive Dust Emissions during 401 KAR 63:010 Precautions must be taken to prevent particulate matter from These requirements are applicable and will be met 
site preparation and construction becoming airborne. Such precautions must be incorporated into through the use of appropriate dust control practices 
activities. the planning and design of acth'ities and include actions such as identified during alternative design phase. 

• wetting or adding chemicals to control dust from 
construction activities, 

• using materials such as asphalt or concrete (or other suitable 
chemicals/fixing agents) on roads or material stockpiles to 
prevent fugitive emissions, and 

• using covers on trucks when transporting materials to and 
from the construction site(s). 

The requirement specifies that for on-site construction activities, 
no visible emissions may occur at the PGDP fenceline. Similar 
points of compliance shall be identified for construction activities 
that occur outside the fence. 

Toxic Emissions 401 KAR 63:022 The regulations require that a determination of toxic emissions These requirements are considered to be applicable and 
be made in order to assess the applicability of required controls. shall be complied with through calculation of 
Calculations of the significant emission levels are compared to significant emission levels for toxic materials and 
the allowable emission limits specified in Appendix A of63:022. application of best available control technology as 
If emission levels are exceeded, best available control technologies necessary during the design of the alternath·e. 
must be incorporated into equipment/process design. 

Monitoring Well Installation 401 KAR6:310 Monitoring wells (including extraction wells) must be These requirements are considered to be applicable. 
constructed in a manner to maintain existing protection against Compliance with well design and protection standards 
the introduction of pollutants into aquifers and to prevent the shall be achieved through the use of approved well 
entry of pollutants through the borehole. In addition, wells that design and materials of construction. While in sen'ice, 
have no further use must be plugged and abandoned in wells shall be secured as required. Wells that have no 
accordance with the requirements specified. further use shall be plugged and abandoned as required. 

Discharge of Contaminated 40 (,FR 122, Stormwater discharges from construction activities on-site are These requirements are considered applicable for all 
Stormwater and Treated 401 KAR 5:055 subject to the requirements of the KPDES permit. This requires on-site construction or treatment acti\'ities where a 
Groundwater that BMPs to control stormwater runotTand sedimentation be discharge of stormwater or treated groundwater occurs. 

employed. Although otT-plant construction activities within the For otT-site construction activities, these requirements 
contaminated area are not subject to the permit, these are considered relevant and appropriate and will be 
requirements should be considered relevant and appropriate and adhered to. Compliance with these ARARs shall be 
be incorporated into any otT-site construction activities. achieved by application of required controls during the 

design phase of the alternative 
Discharge of treated groundwater will be conducted in 
compliance with the substantive requirements of the KPDES 
program and the CWA. 



... 
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Standards, ReqlJlremenf, 
Criteria' or Limitation Citation 

Hazardous Waste Management 40 CFR 260 throiigh 268. 
401 KAR 32 through 37 

PCB Waste Managemcnt 40 CFR 761 

ALARA 
ARAR 
BMP 
CFR 
CWA 
DOE 
GWOU 
KAR 
KPDES 

• 

as low'as reasonably achievable' 
appficable or relevant and appropriate requirement 
best management practice 
Code of Fer/ernl Regulations 
Clean Water Act 
U,S, Department of Energy 
groundwater operal?l~ unit 
Kentucky Administrative Regulation 
Kentucky Pollutant Discharge Elimination System 

. ,-;:.-

Table 4.7. (continued) 

Description of Requirement 
All wa,stes or.environmentalmediacontaining wastes must be 
characterized to determ,in~ whether the waste also is a·", 
hazardous waste in accordance wiih 40 CFR 262.11 and 40 I 
KAR31:010. Ifit isdeichmined that a \\'aste is a hazarqous 
waste or that environmental media contain a hazardous waste 
subject to the RCRA regulation, t.he substanti\'e re,ql!jrernentsof 
40 tFR 262 through 268 ate applicable. These standards 
include design and operation of storage and accun1ulationareas, 
waste handling and shipment. ancltre.atm~nt ~e~!mologies or 
numeric standards applicable to wastes before disposal., 
TSCArequirements f()r the rnanagemeiit of PCB wastes or 
items containing >50 ppm PCBs or (rom a s()urceof50 ppm "or 
greater. Require!11ents ir':i.c1ude th~~e: .,' 

.. :,.:-
• waste and material management;, 
• ,characterization of PCB-contain in g material s; 
". labiWng and storag~ for disposal;'~, , 
.; manifest completion fOTShlpment offsite; 
• decontamination of affected equipmentoritems; al1Q 
• disposal of PCB wastes . , ' , " 

These requirements \~ill bc complied withif"PCB,s ar~ found at ' . 
concentrations requiring compliance: 

McLGs· 
MCLs 
NRC 
NWP 
PCB 
PGDP 
TBC 
TSCA 

maximum containment level goals 
maximu'm contaminant level 
Nuclear Regulatory Commission 

, Nationwide Permit 
polychlorinated biplienyls 
Paducah Gaseous Diffusion Plant 
to be considered 
Toxic Substances Control Act 

• ' 

Comments 
These requirements are applicable and will be 
complied with through characterization of wastes and 
environmental media gencrated as a result of 
implemcntation ofthc altemath'c. Wastc management 
will be predicated upon the cbaracterization and 
comply with :ill substantive reqLiire'menrs asso~,i:lted 
with hazardous waste manage,men!. i f ide~ti fiedas 

h 
,. ,,'., ' 

suc . 

These requirements are applicabl~ if PCBs are found 
or result from items or equipriien.t reguhitedunder 40 
CFR 761. Activities necessarv to complv with ihese 
ARARs shall beiri:corpo'rated into thepianning phasc 
of the aItemati\'e implcmeniation, . 

~ .• 
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In order to comply with the identified chemical-specific ARARs, an ARAR waiver will be required 
due to the time frames required to meet the specified concentrations within the GWOU at the point of 
compliance and points of exposure. 

As discussed, no potential location-specific ARARs have been identified within the area where remedial 
action will occur. However, to ensure that jurisdictional wetlands are not impacted, all construction/excavation 
activities associated with this alternative will be reviewed as a safeguard. The protection of wetlands is 
not considered a location-specific ARAR at this time, as jurisdictional wetlands have not been identified 
within the areas impacted by the implementation of this alternative. 

Implementation of the alternative may trigger several action-specific ARARs such as the requirements 
associated with soil disturbance, fugitive-dust emissions, radionuclide emissions, toxic emissions, disposal 
of contaminated media, and discharge of stormwater and treated water. The requirements associated with 
the instanation and abandonment of groundwater welJs wiIJ be met though use of well designs and 
materials of construction, as specified at 401 KAR 6:310 Section 13. All well insta)]ations and abandonment 
practices incorporated into the approved Remedial Design shaH comply with the substantive requirements 
of 401 KAR 6:310. 

Fugitive dust emissions that may occur during construction activities wiH be contro)]ed as required by 
.40 1 KAR 63:010. BMPs such as wetting or covering of potential sources offugitive dust will be incorporated 
into the remedial design. The specific actions to be developed shaH control potential emission sources to 
ensure that dust emissions do not migrate from the immediate area where construction activities occur. It 
is anticipated that, in most cases, the moisture content in the soil wiIJ be sufficient to control dust emissions 
during excavation and well installation. However, practices such as the wetting of disturbed soils, 
collection of soils, or reseeding activities shall be considered and incorporated into the remedial desib'11, as 
necessary, to ensure compliance with these requirements. Radionuclide emissions at construction sites 
also must be considered during the implementation phase. In order to ensure that the emission standards 
of 10 mrcm/year EDE to the public is met, concentrations of radionuclides in soils and groundwater must be' 
evaluated. If the potential for such emissions is identified, modeling using the CAP-88 or other EPA-approved 
methods must be undertaken during the design phase of the alternative. It is anticipated that the primary 
conveyance of airborne radionuclides will be in particulate form; therefore, control of fugitive dust emissions 
also will result in compliance with the emission standards applicable to radionuclides. If radiological 
contamination from plant activities is found in soils where construction activities are planned, the soil wiIl 
be protected or containerized to prevent airborne migration .. Measures necessary to prevent airborne 
emissions or radionuclides shaH be evaluated and incorporated, as appropriate, into the remedial design in 
order to comply with these requirements during implementation of this alternative. 

Emissions of toxins such as volatile organics also must be evaluated before implementation. Although 
the potential for exceedance of toxic air emissions is considered to be low, an evaluation of the potential 
for such emissions must be undertaken during the remedial design. Potential emissions must be evaluated 
for each toxin present in the source zones (i.e., TCE, vinyl chloride, etc.) to determine whether the 
contaminant levels found in the subsurface could result in airborne emissions in excess of the allowable 
limits specified in Appendix A of 401 KAR 63:022. Compliance with the emissions standards shall be 
achieved for this alternative through the evaluation process or the application of the best available control 
technology where emissions are calculated to exceed aHowable levels. Emission control equipment will be 
incorporated into implementation activities during the remedial design, as necessary, based upon the 
initial evaluation. This requirement will be complied with during implementation of the alternative. 

The construction/excavation activities associated with this alternative will require that BMPs for 
sedimentation/erosion controls be established. This requirement will be complied with through the use of 
sediment fences or other appropriate means. The remedial design shall incorporate the specific controls 
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necessary to ensure that the construction sites do not allow sedimentation andlor erosion of disturbed 
areas in order to comply with this requ'irement during implementation of this alternative. 

Excavation of contaminated soils and' treatment of contaminated surface water and groundwater may 
result in the generation of wastes that will,trigger the characterization requirements associated with RCRA, 
The implementing regulations found at 40 CFR 262 and 40 I KAR 32:0 to require that 'generators of solid 

, wastes (or contaminated environmental media) ""ust determine whether the waste also is a hazardous waste. 
If the material's generated from the implementation of this alternative are found to be hazardous wastes, 
the materials shall be containerized and managed as such. The requirements mandate tha{hazardous wastes 
be properly labeled and stored in, areas, that comply with the technical' standards for storage of hazardous 
wasteiil containers. These standards ,shan be ,complied with through testing of soils he fore , excavation 
activities. If the soils are found to be hazardous, aPPl'Opriate storage areas shall be constructed arid maintained. 
All hazardous waste generateddunng the impl~mentation of this alternative shall be shipped for off-site 
disposal using the EPA.Identificati~n Number for the PGDP:.Hazardous'wastes shall be shipped to facilities 
permitted to treat, store~ or dispose of the hazardous waste(s) being shipped. These activities shall be 
incorporated into the remedial desi'gn for this alternative in order to comply with these requirements. 

Contaminated soils and secondary was~es generated during the implementation of this alternative 
also may be subject to regulation under TSCA as PCB remediation waste and DOE Order 435.1 as LLW. 
CharacteriZatiori' of these materials will be required in ,order to determine whether specific wastes are 

. regulated under these requirements. If it is determined that the waste generated is a PCB or LL W, appropriate 
management standards ~i11 be incorpo~ated intp the Remedial Design. Existing information will be used 
where'practicable to determine the regulatory status of all waste to be generated before implementation. 

• , 

Long-Term Effectiv~ness and Permanence. This evaluation addresses the results of the alternative • 
in terms of risk remaining at the site' after completion of the action and the effects of the required long-
term control. A discussion of)he maghitude of the residual risks aLthe site' and the adequacy and 
reliability ofthe controls is presented in the following section. ' 

. '. . . . . 

Magllitude o!residual risks. The exc,av.ationtech~ology is designed to remediate contaminated soils 
in'the UCRS by removing those soils and .their associated·contamination.from the source area for ex situ 
treatment: Atthose sources where, excavation can be fully implemented; all residual risk associated with 
the contaminated soils would 'be eliminated ,upon completion ofthe;excavation activities. However, due to 
constraints caused by the current 'industri'al' setting, fuli excavation of some ,primary source zones in the 
VCRS would not, be 'possible and other source 'reduction technologies would "have ·to be implemented to 
reduce residual risks associ~ted with the re~ainingcontaminated soil. In addition, this alternative is not 
designed to address dissolved phase contaminants, and additional technologies ·would be required to 
mitigate theTisks associated with the'm. ' 

In those areas where excavation was fully implememed and allresidlial soil contamination was 
removed, fiVe-year revieWs, as mandated by CERCLA [40 CFR §300.430(f)(4)(ii)], would not be required. 
However, if the primary source zone was not ,completely excavated and 'additional remedi~1 alternatives·' 
were'required to address residu~lisoii ~J1d/ordissolve~,phase contamination, five.:year reviews might be 
'required"todemonstrate the iritegrity, and, effectiveness of those controls alld to confin'n that additional 
exposure pathways had not developed: , ' ' 

Adequacy alld reliability ,ofcolltrols. Excavation would be a very reliable method of contaminant 
reduction for those UCRS source areas where excavation is applicable and can be fully implemented. 
Since no contaminant residuals would r~main at the source area, no long-term. treatment controls would 
be required. The reliability of the alternative would, however, decrease in those areas where infrastructure • 
impeded its unobstructed implementation. ' 
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Ellviro","ellta! impact ... alld mitigative IIIea ... ure.... The following text provides a description of 
potential long-term impacts to resources and mitigative measures to offset any potential impacts. The 
extent of the impact analyses and mitigation measures are correlated to the debrree to which a resource 
might be impacted. 

Land lise. Implementation of this alternative would not result in any changes to the current land use 
in the vicinity of the PGDP; however. local impacts to the subsurface soil and to land use in the vicinity 
of the target area would be major due to the effects of excavation. Following performance of the 
alternative. the surface of the disturbed area would be restored. to the extent possible, to its prior use. 

Socioecollomic. The socioeconomic conditions of the PGDP and surrounding area would not be 
expected to change as a result of the implementation of this alternative. Existing socioeconomic structure 
would remain after excavation activities were implemented and long-term employment in the area would 
not be changed due to implementation of the alternative. 

Air qlltlli~v and noise. No long-term negative impacts on air quality would be experienced due to 
implementation of this technology. Engineering controls for dust abatement would be implemented during 
excavation as necessary. 

No long-term increase in noise is expected as the result of this alternative. 

Vegetatioll. Excavation of primary UCRS source zones would not be expected to occur outside of the 
industrialized areas located within the PGDP. Therefore. no long-term impacts to vegetation are expected 
from the implementation of this alternative. 

WildNfe. Excavation activities associated with remediation of the primary source zones in the UCRS 
would be confined to areas located within the PGDP security fence and would not occur in the creeks and 
tributaries that surround the plant. Therefore, no long-term impacts to wildlife are expected due to the' 
implementation of this alternative. 

Tlrreatenel! and endangered species. No long-term impacts to T&E species are anticipated for this 
alternative. The Indiana bat, which regionally has a suitable habitat, is not expected to be impacted by this 
alternative since the potential roosting areas of the Indiana bat, as identified by Bryan (COE 1993), are 
not located in areas that would be impacted by the implementation of this technology. 

Cultural resources. No long-term effects to cultural resources are anticipated from this alternative. 

Groundwater. Through excavation, potential UCRS contamination source zones would be fully or 
partially eliminated, depending on the degree of implementability of the alternative at the target area. 
Degradation of groundwater as a result of this alternative is not expected. However, due to the disturbance 
of soil structure, should areas not be cleaned but only disturbed by nearby excavation, the potential exists 
to increase the downward vertical migration of DNAPL. 

Surface water. Due to the soil disturbance caused by excavation, implementation of the excavation 
technology would have the potential to increase sediment loads carried by surface water runoff from the 
plant. However, standard engineering controls using BMPs would be used to minimize the migration of 
sediments to the extent possible. 

Floodplains. No long-term impact to floodplains would be expected from this alternative since 
excavation would not be conducted within the floodplains . 
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. Wet/amls. The implementation of this technology would not impact the integrity of.the wetlands in • 
vicinity of the' PGDP. All excavation activities would be confined to ,the area of PGDP located within the . 
security fence. ' ", 

Soils all(lprime farmland. Prime farmland exists north of the PGDP and DOE property. No long
term impacts to this farmland would:b~ . expected from the implementation of thisalternative·since all 
excavation activity would be confinedito.areas I<?cated ~ithin the PGDPsecurity fence. However;' at the 
targeted UCRS source areas, surface and subsurface, soil would be removed and replaced with .clean 
backfill. Standard engineering controls using HMPs would be used during excavation to .minimize impact 
due to erosion. .' 

Trail.\portatioll.' No long-term direct or indirect effects to transportation are allticipated for this 
alternative. ' 

Cumulative impacts. Cumulative impacts are defined as the incremental impacts of an action when 
added 'to other past, present, and n!asonabl(!, foreseeable future actions, regardless ofwhat agency or person 
undertakes such actions. Cumulative impacts resulting from implementation of this .alternative would 
have to be identified at a later time durin~ development of site-specific GWOU decision documents. 

Reduction ofT~xicity, Mobility, or V~lume :tbrough Treatment. The statutory preference is to , 
select a remedial action that employs treatment to redu<:e the toxicity, mobility" or volume of hazardous 
substances. This criteri~n 'addresses the anticipated ,performance of the technologies that may be 
employed to a'chieve treatment' goak The. treatment processes proposed. in the alternative include 
excavation of contaminated soils to remove contaminant mass from the source zone and low-temperature 
thermal stripping of the excavated materials to remove· the hazardous ,characteristic presented by the 

.. volatile organics. Following treatment, excavated soils will be disposed of in the PGDP landfill. 
I .' .' -. 

.i. 

While TeE a~d QQTc 'are the primary COCs address~d by thisFS. implementation of,theexcavation 
technology would address any non-dissolved phase contamination present within the source zone (i.e., volatile 
organics, metals, radionucJides, etc.). If the targeted area could be fully excavated, no contaminants would 
remain, thereby r<;ducing toxicitY".mobility"and: Y,o)ume of the contaminants remaining at the source area 
by ,100%,. Excavation and ex situtreatmen,t is anon-reversible technology. ' 

. ., '/'., . 

Contaminated soil' excavated during the implementation of.thisalternative would require treatment 
prior to disposabtoreduce thetoxicity,.mobility, and volumeot:contamination.lt is assumed:that a'trealment 
process such as low-temperature thermal stripping would be performed on the excavated materials, 
thereby removing and. destroying nearly 1.00% of the VOCs,through':catalytic oxidation. :ResidiJals that 
would remain following this treatment ..yould include the excavated soils (less VOC contaminatibn), 

,sodiumi'.chloride residtialproduced.during scrubbing,of the off-gas from the catalytic oxidizer, and ion 
exchange resin containingQQTc. . 

The -majority of the QQTccontamination present in the excavated soil would not be removed by 
thermal s~ipping: This Q9Tcand any other non-VOC contaminants that remained in the 'excavat~d soil 
following treatment ..yould be,landfilled at the PGDP,providing nearly 100%reduction in mobility for 
these residuals by transferril1g them from an uncontrolled toa controlled environment. 

Short-Term Effectiveness. The short-term effectiveness of an alternative is evaluated relative to its 
effect on human health and the environment. This .involves;evaluating the alternative for the criteria of 
community protection, worker protection, environmental impacts,' and the time until remedial response 
actions are achieved. A discussion of each is provided in the following paragraphs. 
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Com",u,,;t)' protect;o". Implementation of this alternative could result in some short-term impacts to 
the community due to the potential for increased dust emissions and the release of volatilized contaminants 
to the air during excavation activities and treatment of the excavated material. However, excavation 
activities would be restricted to the area within the PGDP security fence and, since there are no residences 
in that immediate area, possible short-tenn impacts to the community are expected to be minimal. In 
addition, engineering controls would be utilized to minimize the dust and off-gas emissions associated 
with excavation, soil handling, and soil treatment. 

Worker protectioll. This alternative has the potential for worker exposure to contaminated soil and 
groundwater during performance of the excavation activities. Potential exposure pathways would include 
dermal exposure and the inhalation of dust. Impacts to workers would be minimized through the use of 
formalized operating procedures, proper PPE, and engineering controls for off-gas treatment and dust 
emission reduction. 

Potelltiut ellViro",,,elltat i",pacts alld mitigatil'g measures. Short-term environmental impacts and 
mitigative measures are qualitatively assessed and include an evaluation of the impacts on environmentally 
and potentially sensitive ecological resources, short-term impacts on socioeconomics and cultural resources, 
and cumulative impacts of the remedial measure. 

La"d use. Land use in the immediate area of the target zone would be disrupted during excavation 
activities. However, following completion of the excavation, the pit would be backfilled and the surface 
of the disturbed area would be restored, to the extent possible, to its prior use. 

Socioecollomic. The socioeconomIc conditions of the PGDP area would not change with implementation 
of this alternative. Construction contractors would perform excavation activities and the number of 
permanent jobs that would develop as a result of this action would be small in relation the size of the 
population in the surrounding areas. No increase or decrease in the personnel at PGDP would be expected 
to result from implementation of this alternative. 

Ai,. quality a"d noise. Some short-term impacts to air quality in the area would be expected due to 
the release of dust and volatilized contaminants during excavation activities. Engineering controls would 
be utilized to minimize the dust and off-gas emissions associated with excavation and soil handling. 

During excavation there would be local increases in noise levels due to the operation of machinery; 
however, these increases are not expected to be above those noise levels that occur during normal plant 
operations. Hearing protection would be used to protect workers in the immediate vicinity of the 
excavation. Minor, short-term noise impacts to the area surrounding PGDP could result from transportation 
activities associated with the treatment and disposal of excavated material. 

Vegetatioll. There would be limited adverse impacts to vegetation in the immediate vicinity of the 
target zone due to excavation and operation activities. Following completion of remedial activities, all 
necessary rehabilitation practices will be used to restore the vegetation, to the extent possible, to its 
condition prior to implementation of the alternative. 

Wildlffe. Short-term impacts to wildlife in the vicinity of PGDP due to the implementation of this 
alternative would be minimal. All excavation activity would be restricted to the industrial portion of the 
plant and no excavation would occur in the creeks or tributaries. Any potential impacts to wildlife and 
creeks associated with erosion and sediment migration resulting from excavation activities would be 
minimized to the extent possible through the use of standard engineering practices such as erosion control 
fencing and materials . 
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Threaielled allli endangered .\'Pec~e.\'. No ad~erse impacts to T&E species were identified that would • 
result from the implementation of this ,alternative. The Indiana bat, which has· suitable 'habitat located 
within the region, would not bejmp~cted by: this alternative. All excavation activities would be restricted to 
the.industrtlilan!as of POOp· and the poteritiaLrOosting'ar~as of the Indiana ,bat, as identified by Bryan (COE 
1993), are not located'within theseareas.; ... 

Cullural resources. No short-term impacts to cultural resources would be expected to occur as a 
result of the implementation ofthis.alternative. '." .,. .. 

-' " 'i\ 

Grolllulll'(ller. 'Irnpleinerita~io~ o~ 'e,~'ca~ation te~hnologyi woul4 provide for' the .. 'reduction or 
elimination of·UCRS VOC sources that-have the ,potential ,to supply contaminants to groundwater., There 

. would also be a' reduction or'elirninati~n of the volume of 99Tc or anyother'c<>ntaminant present in the 
UCRS within the target zones~ Degradation to groundwater would not be expeCted to occur as a result of 
excavation activities. However, .due. to the ·disturbance.of soil structure, excavation could increase the 
potential for further d9wOWardverti~al migration of ONAPL. 

'~.~ ;. . . .' . 

Surface wati>r.\The :j>otential does! exist f~r short-term impa~ts to surf~ce water due to erosion and 
sediment mibrration associated with ex~avation activities. Howeve~, standard engineering coritrols using 
BMPs would be utiIiit:d to,minimize'sediment migration,to the extent possible,. and Ii ttl e or no increase in 
sediment discharge 'volume wpuld be expected. Through the use of these engineering controlS,'no adverse 
impacts to surface 'water in the vicinity of PGOP would be expected as .a result of the implementation of 
this alternative. . 

F/o{){/p/ains. 'Imple'mentation of this technology,would not, result in any short-term impacts'to 
floodplains in the VIcinity of POOP. Excavation would not be conducted in the floodplain of any 'stream 
at POOP. .' 'j-. 

'\ :' 

Wetlallll\'.. Implementation of this alternative would not impact the integrity of wetlands in the vicinity of' 
PGOP,since all excavation activiti~s would be conducted within the industrial-area of the plant. 

) " " , 

\ Soils u;ul priille farmland. ,No shori-term impacts to fa~la'nd' would occur as ,a result of the 
implemerltation of this alternative. Soils within the localized target zOnes would be impacted as a result of the 
excavation .activities. . . 

Trallspot:tqti'6i,: Duri~g the' :performance .of .exc'avation actlvltles, increased t vehicle activity· 
associated with ihetransport ·.of excavated soil to the POOP landfill would occurtn the area surrounding 

'.thePGOP. liladdition, :impiemeritatlonof this alternative would res~ltin the transportof'environmental 
soil samples to environmentallabonitories and the transport of ion~xchange resins to trea~ent; 'storage, 
or disposal facilities. Standard ~~gineer:irtg. practices will be .usedto,.shipthese materials safely. AIl 
regulatory shipping regUla,tions will he used for the shipment of low-level waste materials. .' 

Cumulative impacts: Cumulative impacts are defined as the jf;lcremental impact of an:actioncwhen added 
to other ,past, present, and reasonable, 'foreseeable future .actions, regardless of what agency or person 
undertakes other such actions. ,Cumulative impacts resulting. from this .alternative will. '·have to be 
identifi~d at a later time duri~g deyelopment of site-specific OWOU decision documents. 

J • • -

Time Ulltil remedialresp'ollseobjectiv~s.,~re ac~'ieved. Implementation of-the excavation technology 
alone would not result' in t}ieachievement ofMCLs or of the RAOs specified for the GWOU. The 
implementation of additional' groundwater remedi~1 alternatives would be required to achieve these 
standards. However, if the RAOs specified for the GW'OU were applied only to the targeted UCRS source 
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area, implementation of this alternative would achieve RAOs at the source zone in less than 2 years from 
the time of implementation . 

Implemcntability. Activities to be conducted under this alternative include excavation of 
contaminated soil from targeted source zones in the UCRS and the appropriate treatment of the excavated 
material prior to disposal in the PGDP landfill. 

Tech,,;clll fell.dbility. Excavation is a technically feasible, reliable, and proven method of soil 
remediation. and numerous vendors that could implement the technology are available within the area. 
However, excavation ofthe entire targeted source area may not be possible due to constraints imposed by the 
proximity of the area to structures and shoring up of nearby structures could be required. Also, contaminants 
present at depths below the water table would be inaccessible to this technology. Air monitoring would be 
required due to the potential for the release of VOCs during excavation. In addition, precipitation that 
occurred during implementation of this alternative would impact excavation activities and could create 
the need for treatment and/or disposal of water that collected in the excavated hole. 

Ad",i,,;slral;ve fells;bUity. Implementation of this alternative is administratively feasible. Compliance 
with substantive requirements associated with federal and state regulations would be necessary. Compliance 
with regulations associated with KPDES discharges, air treatment, and transportation also would be 
required. An ARARs waiver will be required since the MCLs for groundwater will not be attained in a 
timely manner. 

Cost. Table 4.8 summarizes the preliminary cost estimates for implementation of an Excavation 
Technology in a Primary Source Area of the UCRS. These preliminary unit cost estimates are based upon 
FS-level scoping and are intended to aid in selection of a preferred alternative. The estimates have an 
expected accuracy of -30 to +50% for the proposed scope of action (EPA 1988a). The capital cost 
estimate represents those expenditures required to implement this remedial alternative. The O&M cost 
estimates represent expenditures required to maintain the remedy after the initial phase of remedial action· 
is completed. The total contingency cost presented includes direct, indirect, and all O&M associated 
contingency costs. The total cost includes all capital costs, direct and indirect with O&M and associated 
reports, plus 25% contingency costs, for a 30-year term of comparison. All estimates have been escalated 
using DOE-approved annual rates and a schedule for the various activities based on similar project 
experience. Present worth values also are included using a discount factor of 5% (EPA 1988b). (Additional 
information regarding the preliminary cost estimates is presented in Appendix C.) 

Table 4.8. Preliminary unit cost estimates for Primary Source Area - Excavation 

Total capital costs/acre-foot 
Total operation and maintenance costs 
Overhead 
Total contingency 
Total cost 
Total cost (present worth) 
Note: preliminary cost estimates arc per acre-foot, escalated and presented in dollars. 

$3,482,401 
$14.460 

$3.007,959 
$1,626,205 
$8.131.025 
$5,930.929 

State/Commonwealth Acceptance. Comments received from the Commonwealth of Kentucky will 
be incorporated into this FS as appropriate following review of the draft report. 

Community Acceptance. Following a formal public comment period on the PRAP for the GWOU, 
comments from the community will be addressed formally in a responsiveness summary, which will be 
presented in the ROD document. 
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Eva!uatioi, .\·I1I1I11'ary ~f Pri"ia;'), StJur£'e Area - Excavatioll Tecllllo!ogy 

, Primary Source Area - Excavatioll Technology isa technically feasible, reliable; and proven method 
'of soirremediation that would provide treatment for l1CRS contaminant source'areas by removing 100% 
'of the contaminated media from the targeted zone in those areas where excavation was fuIly implementable. 
Excavated material would be treated to destroy nearly 100% of associated VOC contamination and then 
would be placed in. the PGDP landfiHto provide containment for any other contaminants remaining in the 

, treated media. Due to the,iipmcdi(lte and irreversible nature or the excavation technology, no long~-terin 
controls. would be required; to maintain remedial,proh'Tess. 

Excav"ationwould eliminate r~siduiil risk and provid~ ,100% contaminant volume reduction'in the 
target area when site conditions allowed full implementation of the technology. However, due to proximity 
to structures or to the depth of the contamination beneath the water table, 'some source areas may not 
support· full excavation arid would require the implementation of additional technologies to provide 
contaminant remediatiorLThese technical constraints would limit the appropriateness of this alternative 
for some UCRS source ateas, ' 

, ,'FinaIly, excavation ~fprimary source 'a~eas ~ithin. the UCRS wiIl not, by itself, satis'fy the RAOs for 
the GWOU.Achievement of RAOs would r~quire the, impleme~tation~ of additional source reduction 
technologies to address. those areas not fully accessible to excavation and the implementation of dissolved 
phase technologies, to address contaminatiori that isalready present in the RGA. 

4.2~3 Secondary Source Area 

.! 

The following subsections provide a' detailed analysis of altemati~es for the Secondary Source Areas. 
A Secondary Source Area is d~finedfor the purposes Of this GWOU FS as those areas with the target '. 
contaminants of TCE, TCE degradation products, or I)I'T~ pre,sent and having DNAPL concentrations in 
the RGA. ," , . , 

4.2.3.1 Secondary. Source Area - Steam Extr:action Technology , 

The folIowing subsections 'contain a description of Secondary Source Area - Steam Extraction 
Technology alternative and the detailed analysis. ' 

Descriptio" o/SecolldarySource Area ~Steam ExtractiOl' Tecllllo!ogy 
, .... ' .. ' .. ) 

This alternative would consist of implementing a Steam Extraction Technology in a DNAPL source 
zone area of the RGA, The purpose of the alternative would be to remove TOE DNAPL, Qther VOCs and' 
99Tc contaminants from areas of the RGA that have sufficient TCE concentrations to be considered as 
having free phase TeE, or TOE DNAPL, ,present in the zone. The, steam extraction would be-performed 
by,using a series of injection and extraction wells in the selected treatment area to inject steam into the 
subsurface area containing the contaminants. The injected steam would be used to volatilizc,.the VOC 
contaminants, which then would be collected at the"surface and treated. Additionally, liquids would be 
extracted that also would contain VOCsand 99Tc. The liquids would be treated using surface treatment 

, equipment to remove the contamihantsprior to releasing the cleaned water ,to an outfall. The surface 
treatment.most likely would consist of.an air str.ipper'to remove VOCs~and anion exchange' system to 
capture the' 99Tc. The vapor phase would require treatment to remove any VOCs from that,air stream.'The 
most likely treatment for the vapor phase would be catalytic oxidation. The catalytic oxidation unit 
emissions would be scrubbed to prevent remove contaminants prior to releasing to the atmosphere. 

Figure 4.4 contains a "snapshot" that graphically summarizes what is involved in the application of • 
Steam Extraction Technology. 
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The source-reduction efforts of implementing this technology will diminish the time until on-site 
groundwater VOC levels attributed to the DNAPL zone areas in the RGA reach the 5 J.l.glL MCL. However, 
due to th~ technology not effecting removal of the DNAPL TCE contaminants in the UCRS area, it is 
anticipated.that groundwater will ,not return to the drinking water standard for TCE for approximately 
7,000 years. The technology also will only remove 99Tc in the local area of implementation. This is due to 

; 99Tc.beingimpacted onlyasaresult of produced water. The off-site portions of the groundwater plumes 
, will be.affected only by the reduced quantity of DNAPL present· in the RGA that is available for 
dissoivl~g and producing the migrating plumes. 

, ',:. 

Theexisti~ggfoundwater monitoring progra~, which is being implemented under a separate action, 
would be continued to monitor the movement of COCswithin the RGA. The monitoring program will 
integrateexisfug PGDP monitoring .wells; where possible, with additional monitoring wells to be installed, as 
needed,following a review of the existing program. ' . ' 

'Fi~e-Year Reviews. This remedial alternativ~ would result in residual "contaminants remaining at 
the site above levels that.allow for unlimited use II:nd unrestricted exposure"; therefore, this remedial action 
would be reviewed "no less often than every fiyeyears" in accordance with 40 CFR 300.430 (f)( 4)(ii). 

, Ass~ss""ent of Secondary Source Area Stea,i,Extr,tlction ;Techno/~gy 

The detailed analysIs of this alternative, using the CERCLA criteria, is presented in the following 
subsections. ' . . ,. ,',. " . 

. '; .... 

" .. , 

Overall Protection of Human Health and the Environment. Secondary Source Area Steam 
Extraction Technology .includes the removaland·treatnlenfofVOCs;TCE DNAJ.>L, and 99Tc in the RGA. 
The technology would reduce VOC contamination' in die'RGA only. It would have only a moderate • 
effecti~eness'on the 99Tc contamination. This,alternative alone-will not satisfy the RAOs for the GWOU 
or protection of the ecological receptors that maybe exposed to contaminated gr6undwaterdischarging to 
'the surface water. It will support achieving ,the'RAOs when. implemented in concert with other source 
reduction and dissolved phase GWOU technologies. ' ' . 

Compliance with ARARs 
.' : 

Potential chemical-specific ARARs 

Che,mical contamination. The aquifers are known to contain chemical contaminants in the form of 
metals and organics. The federal and state water quality requirements include ,standards that would be 
applicabieARARs. Theregulationstha:t applY'are found in 40CFR 141 (National Primary DrinkingWater 
Standards); 40 CFR 14J:(Secondary Drinking Water Standards); 401 KAR 5:029 (General Provisions); 
andAO:l'KAR 5:031 (Surface Water Standards). These standards are summarized in,Table .4.9 and include 
state general standards, domestic water supply s'tandards,and standards applicable'to warm water aquatic 
habitat. These are applicable based upon the classification of-the designation for surface water.use associated 
with:the area (Ohio River, River Mile 940.7 to River. Mile 943.3), as specified in 401 KAR 5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for· completeness. 
Those standards that must:be achieved in order to meet ,the applicable requirements are the lowest of the 
'applicable standards, which in most cases are the MCLs. 

Radiological contamination. The GWOU is known to be contaminated with radionuclides such as 
99Tc, radon, uranium, and uranium daughter products. The DOE's Order on Radiation Protection of the 
Public and Environment, DOE Order 5400.5, as codified at 10 CFR 835, is TBC information for cleanup 
of radionuclides at DOE sites. The order requires that remediation activities must not result in radiation 
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Table 4.9. Summary of·Potential ARARs for Secondary Source Area - Steam Extraction Technology 

Standards, Requirement, 
Criteria, or Limitation Citation Description of Requirement Comments 

C"emical-S~cijic ARARs 
National Primary Drinking Water 40 CFR 141 Provides chemical-specific numeric standards for toxic These requirements are relevant and appropriate due to the 
Standards pollutants expressed as MCLs and MCLGs. nature of the contaminants found within the groundwater. 

National Secondary Drinking 40 CFR 143 Provides secondary MCLs for public water systems. These requirements are TBCs. as they have been 
Water Standards established as guidelines for the states and are not 

federally enforceable. 
Kentucky Surface Standards 401 KAR5:031 and Provides chemical-specific numeric standards for pollutants These standards are applicable to the segment of the Ohio 
including 5:026 discharged or found in surface waters. River into which Little Bayou Creek discharges. The 
• Warm Water Aquatic Habitat requirements found in these standards are applicable due 

Criteria Provides chemical-specific numeric standards for pollutants in to the groundwater to surface water interface to Little 
• Kentucky Domestic Water domestic water supplies. Bayou Creek and. SUbsequently. to the Ohio River. 

Supply 
• Kentucky General Standards Note: CW A Water Quality Criteria are not relevant and 
• Kentucky Outstanding State appropriate because Kentucky has promulgated these state 

Resource Waters standards that Kentucky has determined to be appropriate 
for state waters. 

Radiation Exposure of the DOE Order 5400.5 Specifies that the general public must not receive an effective Tl)is requirement is TBC infomlation. 
General Public at DOE Facilities dose equivalent of> 1 00 mremlyear from all exposure pathways. 

In addition, all releases of radioactive materials resulting in 
doses to the general public must meet the ALARA criteria. 

Decommissioning Standards at 10 CFR 20, Subpart E Specifies a residual activity at nuclear facilities for unrestricted These standards are considered to be applicable to the 
Nuclear Facilities releases of 25 mremlyear. GWOU. 

Environmental Radiation 40 CFR 190, Subpart B Requires that the annual dose equivalent to the public must not These standards are considered to be relevant and 
Protection Standards for Nuclear exceed 25 mrem to the whole body, 75 mrem to the thyroid, appropriate and are equivalent to the NRC standards. 
Power Operations and 25 mrem to any other organ as the resu It of exposures to 

planned discharges of radioactive materials, radon and its daughter 
products excepted, to the general environment from uranium 
fuel cycle operations, and radiation from these operations. 



8 
8 

Standards, Requirement, 
Criteria, or Limitation 

Protection of Wetlands 

Endangered Species Act 

Migratory Bird Treaty Act 

Fugitivc Dust Emissions during 
site preparation and construction 
activities. 

• 

Citation 

10 CFR Section 1022; 
Executive Order 11990; 
40 CFR 230.10: 
33 CFR 330.5 

16 U.S.c. 153 I et seq. 
Section 7(a)(2) 

16 U.S.C. 703-711 
Executive Order 
13186 

401 KAR 63:010 

Table 4.9. (continued) 

Description of Requirement Comments 
Localioll-Specijic ARARs 

Activities must avoid or minimize impacts to wetlands to These requirements are applicable due to the presence of 
presen·e and enhance their natural and beneficial value. If wetlands but will be met though avoidance of wetlands 
wetland resources are not avoided, measures must be taken to during construction and implementation of altcrnati'·es. 
address ecologically sensitive areas and mitigate adverse effects. 
Such measures may include minimum grading requirements. 
runoff controls. and design and construction considerations. 

Allows minor discharges of dredge and fill material. or other minor 
activities for which there is no practicable alternative. provided 
that the pertinent requirements of the NWP system are met. 
Actions that jeopardize the existence of listed species or result Action that is likely to jeopardize fish, wildlife. or plant 
in the destruction of adverse modification of critical habitat must species or destroy or adversely modify critical habitat-
be avoided or reasonable and prudent mitigation measures taken. applicable. 
Federal Agencies are encouraged (until requirements are Action that is likely to impact migratory birds. habitats, 
established under a formal MOU) to do the following: and resources-applicable. 

• avoid or minimize. to the extent practicable. adverse impacts 
on migratory bird resources when conducting agency actions; 

· restore and enhance the habitats of migratory birds. as 
practicable; 

• prevent or abate the pollution or detrimental alteration of the 
environment for the benefit of migratory birds. as practicable; 

• ensure that environmental analysis of federal actions required 
by the NEPA or other established environmental review 
processes evaluate the effects of actions and agency plans for 
migratory birds. with emphasis on species of concern; and 

• identify where unintentional take likely will result from 
agency actions and develop standards andlor practices to 
minimize such unintentional take. 

ACI;oll-Specij[c ARARs 
Precautions must be taken to prevent particulate matter from These requirements are applicable and ,viII be met through 
becoming airborne. Such precautions must be incorporated into the use of appropriate dust-control practices identified 
the planning and design of activities and include actions such as during alternative design phase. 

• wetting or adding chemicals to control dust from 
construction activities; 

• using materials such as asphalt or concrete (or other suitable 
chemicalslfixing agents) on roads or material stockpiles to 
prevent fugitive emissions and: 

• using covers on trucks when transporting materials to and 
from the construction site(s). 

• • 
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Standards, Requirement, 

Criteria, or Limitation Citation 
Fugitive Dust Emissions 
(continued) 

Toxic Emissions 401 KAR 63:022 

Monitoring Well Installation 40 I KAR 6:310 

Hazardous Waste Management 40 CFR 260 through 
264 and 268; 
40 I KAR 31 through 
34,36, and 37 

ALARA 
ARAR 
CFR 
CWA 
DOE 
GWOU 
KAR 

as low as reasonably achievable 
applicable or relevant and appropriate requirement 
Code of Federnl Regulations 
Clean Water Act 
U.S. Depal1ment of Energy . 
groundwater operable unit 
Kentucky Administrative Regulations 

• Table 4.9. (continued) 

Description of Requirement 
The requirement specifics that for on-site construction activities, 
no visible emissions may occur at the PGOP fenceline. Similar 
points of compliance shall be identified for construction acti\'ities 
that occur outside the fence. 
The regulations require that a determination of toxic emissions 
be made in order to assess the applicability of required controls. 
Calculations of the significant emission levels are compared to 
the allowable emission limits specified in Appendix A of 401 
KAR 63:022. If emission levels are exceeded. the best available 
control technologies must be incorporated into equipment/process 
design. 
Monitoring wells (including extraction wells) must be 
constructed in a manner to maintain existing protection against 
the introduction of pollutants into aquifers and to prevent the 
entry of pollutants through the borehole. Wells with no further 
use wells must be plugged and abandoned in accordance with 
the requirements specified. 

Action-Specijic ARARs 
All wastes or environmental media containing wastes must be 
characterized to determine whether the waste also is a 
hazardous waste in accordance with 40 CFR 262. I I and 40 I 
KAR 32:010. Ifit is determined that a waste is hazardous or 
that environmental media contain a hazardous waste that is 
subject to the RCRA regulation. the substantive requirements of 
40 CFR 262 through 268 are applicable. These standards 
include design and operation of storage and accumulation areas, 
waste handling and shipment. and treatment technologies or 
numeric standards applicable to wastes prior to disposal. 

MCl 
MClG 
NRC 
NWP 
PGDP 
RCRA 
TBC 

maximum contaminant level 
maximum containment level goal 
U.S. Nuclear Regulatory Commission 
Nationwide Permit 
Paducah Gaseous Diffusion Plant 
Resource Conservation and Recovery Act 
to be considered 

• 
Comments 

These requirements are considered to be applicable and 
shall be complied with through calculation of significant 
emission levels for toxic materials and application of best 
available control technology. as necessary. during the 
design of the alternative. 

These requirements are considered to be applicable. 
Compliance with well design and protection standards shall 
be achieved through the use of approved well design and 
materials of construction. While in service. wells shall be 
secured as required. Well with no further use shall be 
plugged and abandoned as required. 

These requirements are applicable and will be complied 
with through characterization of wastes and environmental 
media generated as a result of implementation of the 
alternative. Waste management will be predicated upon 
the characterization and will comply with all substantive 
requirements associated with hazardous waste 
management, if identified as such. 



exposures to members ef the general public greater than an EDE of I 00 mre~year from all exposure 
pathways. Exposure to the general public also must be ALARA (DO~ 1990). 

DOE Order 5400.5 also contains reference values. known as DCGs, for operational DOE facilities. 
Based on the DCGs, radionuclide concentrations ,in air and drinking water must not exceed an EDE of 
10 mrem/year and 4 mrcm/year, respe~tively;~to,the total body or any'otgan. 

The NRC also has set criteria for decommissioning standards at nuclear taciiities, in 10 CFR 20 
Subpart E. These rules require that residUlil'radioactivity at nuClear sites meet a total EOE of25 mrem/year 
for unrestricted release. Ifl ,addition to the NRC standards, EPA has issued guidance for, cleanup levels at 
CERCLA sites with radioactive' contamination." ' 

," 

EPA has disagreed with 'the protectiveness specified within the NRC stan~ardand has specified that 
a 15 mrem/year EDE be used as'the risk levei that :is:protective of human heaIthand the environment. 
EPA also has codified exposure limits for environmentill radiation protection standards for nuclear power 
operations in 40 CFR ,190. The~e requirements ,apply to operations involved in the uranium fue\cyc1e and 
include enrichment ~perations. SubpartB of these requirements specifies that the annual dose equivalent 
to the public not exceed 25 'mrem to the whole body, 75 mremto the thyroid, and 25 mrem to any other 
organ as the result of exposures to phiiuled discharges of radioactive materia,s,':nidon and its daughter 
products excepted, to the general:en~ironment from uranium fuel cycle operations and the radiation from 
these operations. These requirement.s would be considered relevant and"appropriate because release to the 
groundwater would not be planned. ..... 

..' . 

The Commonwealth of Kentucky is an NRC Agreement State and has promulgated regulations for 
radiation protection of the public. The Kentucky radiation.protection standard for individual members of • 
the public is 0.1 rem (l00 mrem) EOE per year or less (902 KAR 100:019 Section 10), which IS 

equivalent to the DOE radiation protection standard,found in DOE· Order 5400.5: 

" Due to the differing views and values among NRC, EPA, and DOE total EDE for members, of the 
general public, EPA and DOE have agreed not to finalize their respective standards until an agreement 
can 'be reached. lIn: the interim, DOE Order 5400;5 is identified as TBC inform~tion,: and the NRC 
standard is identified as relevant andappropriate~ Therefore~ the radiation protection staridardidentified 
within the NRC regulations in 10 CF~ 20 SubparfE, requiring an EDEa( 25 mremlyear.or less, .shall be 
used as the exposure limit for thegeneralpublic. . .. , ' '. . . . 

Chemical-specific ARAR Sumll~~IJI. The chemical-specific ARARsassociated with the implementation of 
this alternative are outlined in Table ,4.9. Implementation ,of this alternative would not result in immediate 
attainment of the chemical-specific ARARs associated. with the off-site groundwater plumes. Attainment 
of the identified ARARs would be met in the future·as implementation ,progresses. Although TBC 
information, the radiological, exposure standards included in DOE Order 5400.5 shall be achieved and will 
be confirmed through monitoring.Continued·monitoring'ofthe groundwater will be used during the five-year 
reviews to ensure that the identified goals an! met and that concentrations ofCOCs continue to decrease. 

Potelltitiiiocatioll-specijic ARARs 

Wellands. Although no wc;t1ands have been identified within the area where construction activities 
will occur, certain jurisdictional wetlands :have been identified in on-site drainage ditches within the plant 
boundary. In order to comply with these applicable requirements, wetlands shall be avoided. 

As stated in the regulations, construction activities must avoid or minimize advers~ impacts on 
wetlands and act to preserve and enhance their natural and beneficial values [Executive Order 11990, • 
40 CFR 6.302(a), 40 CFR 6 Appendix A, and 10 CFR 1022]. These applicable requirements include 
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avoiding construction in wetlands, avoiding (to the extent practicable) long-term and short-term adverse 
impacts to floodplains and wetlands, avoiding deb'fadation or destruction of wetlands, and avoiding 
discharge of dredge and fill material into wetlands. In addition, the protection of wetlands shall be 
incorporated into all planning documents and decision making as required by 10 CFR 1022.3. Although 
not anticipated, if this alternative results in impacts to wetlands that cannot be avoided. the substantive 
requirements of the NWP 38 (33 CFR 330) will be met. 

Operations shaIl not impact wetlands, and all treatment will be conducted either ill situ or in units 
already in operation. 

Endallgered Species and MigratolJ! Birds. Actions taken by federal agencies are prohibited from 
impacting T&E species or adversely modifying critical habitat (50 CFR 17.94) in accordance with the 
Endangered Species Act (16 USCA 1531 et seq. Section (7)(a)(2».- These requirements are potential 
ARARs in the event T &E species or their habitats are found at or near areas where remedial action is to 
occur. An ecological resource investigation inside the PGDP security fence did not detect any T &E species 
or their preferred habitats (COM Federal 1994). The USFWS has not designated critical habitats for any 
species within the DOE property. However, outside the PGDP fence on the DOE property, potential 
habitats for federally listed T &E species were reviewed, and Indiana bat habitat was evaluated during the 
COE (1994) environmental investigation. The COE study determined that total potential bat habitat consisted 
of 20% of the 994-ha (2,456-acre) study area. Remedial activities must be evaluated to ensure that such 
actions do not adversely impact areas identified as critical habitat for any identified endangered species. 

In addition, Executive Order 13186 directs federal agencies to enter into an MOU with the USFWS 
to further the purposes of the Migratory Bird Treaty Act (16 U.S.c. 703-711). Until such time as the 
MOU between DOE and the USFWS is finalized, federal agencies are encouraged immediately to begin 
implementing the conservation measures set forth in the Executive Order. The requirements of the 
Executive Order are applicable and must be considered during planning and design of the remedial action. 

Potelltiai actio,,-specijic ARARs 

Monitoring well/injection installatioll requirements. This alternative includes the installation of 
additional monitoring wells, injection wells, and extraction wells. InstaIlation of these wells would have 
to be conducted in a manner to maintain existing natural protection against the introduction of pollutants 
into aquifers and to prevent the entry of pollutants through the borehole (401 KAR 6:310 Section 13). 
These requirements also mandate the construction materials required for well construction, well design 
criteria, well completion activities, and well abandonment methodologies. These requirements are considered 
applicable to design and installation of monitoring, injection, and extraction wells associated with the 
implementation of this alternative. 

Fugitive dust emissions. Construction activities may result in the production of particulate airborne 
pollutants (dust). The Kentucky Air Quality standards found in 401 KAR 63:010 include requirements 
governing fugitive dust emissions. These standards require that dust-suppression measures be undertaken, 
including activities such as use of water or chemicals to control emissions, placement of asphalt or 
concrete, and stockpiling of soils. The standards also require that visible dust generated from the 
implementation of the remedial alternative not be discharged beyond the property boundary of the site. 
For the purpose of compliance with these requirements, the site boundary is interpreted to mean the DOE 
site boundary or the immediate boundary of construction activities that occur on non-DOE property. 
Trucks transporting materials outside the DOE property boundary, where materials could become 
airborne, must be covered. These requirements are considered to be applicable to the implementation of 
this alternative and will be complied with through careful planning to ensure that excavated materials are 
sufficiently wetted or protected to control dust generation . 
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Radiolllldide emissi(),; stllluianis. Airborne emissions ofradionuclides may occur as a result of on-site 
construction activities. Although the pot~ntial is low for such emissions to occur, the regulations in 
40 CFR 61.92 would: be applicable, requiring that the emissions not exceed amounts that would cause an 
EDE to the public of 10 inreffilyear~ In.'order t~ determine whether the alternative' complies with this 
applicable requirement. computer mo&ling using the CAP-88 or other EPA-approved models'inust be 
undertaken. If the modeling demonstrates ,that the radionuclide emission is in excess of 1% of the 
10 mrenl!year standard, emission rates must be me~sured as required by 40 CFR 61.93. This ARAR shall 
be complied with by planning. a:ctiviti~s in sticha inanner as to control fugitive emissions from 
construction and treatment activities. ' 

Toxic emissioll standards. Although toxic emissions are not expected as a result of construction 
activities or with the pumping of the groundwater to the on-site water treatment facility. these 'emission 

, ft!quirements would be applicable if such an emission does occur. Due to organic, concentrations' found in 
the groundwater and potentially: within" the subsurface soils. there is'a low potential for such emissions to 
occur. The regulations at 401 'KAR 63:022 r~quire 'thatemissionsbe evaluatedto;detennine whether they 
are significant for each sPecific toxic' airpoIlUf:ant. If analysis indicates the! toxic emission requirements 
are triggered. the regulations spC(:ify that no source may exceed the allowable emission 'limit specified in 
Appendix A of 40 I KAR63:022. if applicable, ,these ru~es wouldxequire application of the best available 
'control technology to Iimi't toxic emissions. If calcula~ionsjndicate!that the emission rates specified within 
the rule are riot exceeded, then the caiculation package may be used to demonstrate compliance with these 
requirements. ACtivities that must be considered include collection and treatment of contaminated 
groundwater. vapors. extracted, and s.team. '. ' 

StorlllW~lIer disclrarge. C~nstruction activities will be subject to the substantive' requirements 
associated with the KPDES permit that requires the use, of BMPs·and sediment/erosion controls to control 
transport of sediment in stotlnwater runoff. These requir~ments are considered to be applicable. 

Waste management reqlliremellls. Secondary wastes may be generated during the implementation of 
this alternative in the form of treatment residuals and potentially contaminated environmental media. All 
wastes generated shall be subject to the.hazardous·waste·determination requirements of 40 CFR 262 and 
40 I ' KARJ2:0 10: 'Soils and treatment residuals; sha1l.be .. assessed: to,determine whether they contain a 
hazard~us ",aste.' If it is determined that any,~astesare, in fact, hazardous wastes, the materials must be 
m~naged in accordaqce with the substantive,requirements found in 40 CFR 262thiough 40 CFR 268 
(401 KAR 32 through 37). These ~tandards in~lude storage requirements. transportation requirements. and 
disposal requirements. Specific requirements ;applicablt;!to each waste stream must be identified after 
characterization of the materiai is complete. These requirements 'shall . be complied with through the 
development of . a WMP' during' the deSign phase of implementation. If materials are identified as 
ReRA-hazardous wastes, these requirements are applicable. 

Action-specific ARAR swnmtilJl: This altern~tive will trigger action-specific ARARs with regard to 
the treatment of the contamina'ted groundwater. In addition, the requirements ofRCRA may 'be applicable 
if hazardous waste is generated. This altemative,willcomply with these requirements during the planning 
phase iti include compliant waste handling, stor~ge,and disposition components. 

. . 

A summary of the ARMs for the implementation ofthis alternative is'presented in Table 4.9. 

Compliallce w;tll ARARssummary. Implementation of this alternative would not achieve 
compliance with theMCL for TeE. In .a<;fdition this technology does not address contamination from 
metals or radionuClides present within the soiis or groundwater. Because this alternative does not 

• 

immediately meet the stated MCLs,an ARAR waiver or agreed schedule of compliance would have to be • 
sought as part of the ROD and PRAP. 
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To comply with the identified chcmical-specific ARARs. an ARAR waiver will be required due to 
the time frames required to meet the specified concentrations within the GWOU at the point of 
compliance and points of exposure. 

As discussed. no potential location-specific ARARs have been identified within the area in which 
remedial action will occur. However. to ensure that jurisdictional wetlands are not impacted, all 
construction activities associated with the installation of the extraction wells, monitoring wells, and 
injection wells will be reviewed as a .safeguard. The protection of wetlands is not considered a location
specific ARAR at this time because jurisdictional wetlands have not been identified within the areas 
impacted by the implementation of this alternative. 

Construction and implementation of the alternative may trigger several action-specific ARARs, such as 
the requirements associated with well installation and abandonment, fugitive dust emissions, radionuclide 
emissions, and toxic emissions. The requirements associated with the installation and abandonment of 
groundwater wells will be met though the use of well designs and materials of construction, as specified at 
401 KAR 6:310 Section 13. All well installation and abandonment practices incorporated into the 
approved remedial design shall comply with the substantive requirements of 401 KAR 6:310. 

The treatment of groundwater will require the injection of steam into the subsurface and extraction of 
groundwater. vapors and steam. During the remedial design assessment, all materials used in the construction 
will be reviewed to ensure that materials that could further impact water quality are not used or are 
limited in use. 

The construction activities associated with this alternative may require that BMPs for sedimentation! 
erosion controls be established. Sedimentation control is required if the area to be disturbed during 
construction exceeds regulatory limits. Regardless of the size of the construction area(s) sedimentation 
controls will be TBC information. This requirement will be complied with through the use of sediment 
fences or other appropriate means. The remedial design shall incorporate the specific controls necessary . 
to ensure that the construction site(s) do not allow sedimentation and/or erosion of disturbed areas to 
comply with this requirement during implementation of this alternative. 

Fugitive dust emissions that may occur during construction activities will be controlled as required 
by 40 I KAR 63:010. BMPs, such as the wetting or covering of potential sources of fugitive dust, will be 
incorporated into the remedial design. The specific actions to be developed shall control potential emission 
sources to ensure that dust emissions do not migrate from the immediate area where construction activities 
occur. It is anticipated that. in most cases, the moisture content in the soil will be sufficient to control dust 
emissions during well installation. However, practices such as wetting of disturbed soils, collection of 
soils. or reseeding activities shall be considered and incorporated into the remedial design, as necessary, to 
ensure compliance with these requirements. Radionuclide emissions at construction sites also must be 
considered during the implementation phase. In order to ensure that the emission standard of 10 mrern/year 
EDE to the public is met, concentrations of radionuclides in soils and groundwater must be evaluated. If 
the potential for such emissions is identified, modeling using the CAP-88 or other EPA-approved method 
must be undertaken during the design phase of the alternative. It is anticipated that the primary conveyance 
of airborne radionuclides will be in particulate form. Therefore control of fugitive dust emissions also will 
result in compliance with the emission standards applicable to radionuclides. If radiological contamination 
from plant activities is found in soils where construction activities are planned, the soil will be protected 
or containerized to prevent airborne migration. Measures necessary to prevent airborne emissions or 
radionuclides shall be evaluated and incorporated as appropriate into the remedial design in order to 
comply with these requirements during implementation of this alternative . 
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·Emissions oft9xin~. such ,as' volatile organics, also must be evaluated before implementation. 
Although the potential fof exceedance of toxic air emissions is considered to be low, an evaluation of the 
pOtential for such emissions must be undertaken during the remedial design. Potential emissions must be 
evaluated for each toxin present- in the plumes (i.e., TCE, vinyl chloride and ,other degradation ,products) 
to determine'whether the contaminant levels found in the. subsurface could result in airborne emissions in 
excesso(the allowable .'(imits·specifiedin Appendix A of 40.1 KAR '63:022, Compliance with the 
emissions standards shall be achieved fot-this alternative through the .evaluation process or the application 
of best available control technology where emissions are. calculated to 'exceed allowable levels. 'It is 
anticipatedl'that through the use of an .extraction system,all airemissionstandards,;willbe met. 
Appropriate emission control equipment ,will be incorporated into the treatment system utilized. The 
specificationsJor this equipment shall.beidentified during the remedial'design based upon the initial 
evalll~tion. This requirement will be complied with during implementation of the alternative. 

Excavated soils and s~~ond:ary wastes ge~er~ted from the ill situ tr~atment of groundwater will result 
in the generation of~astes that will trigger the charactetjzation requirements associated with tlie RCRA 
regulation. The implementing regulations. found at 40 CFR 262 and 401 KAR 32:010 require that 
generators of solid ~astes (or contaminated environmental media) mu'st determine whether the waste also 
is a 'hazardous waste, If the materials generated from the implementation ·of this alternative are found to 
be hazardous' wastes;' thetna~erials sh~U be c9ntainerized and ,managed as: such. The requirements mandate 
that hazardous wastes' be properly labeled and stored in areas'that comply with the' technical standards for 
s'torage of hazardous waste in c(,ntainers: These standards shall be complied with though testing of soils 
before excavation activities and testing of secondary wastes generated'during groundwater'treatment. If 
anyofthese materials lire found,tc}be hazardous waste regulated under RCRA, appropriate storage areas 
shall be constructed and maintained~ All hazardous waste· generated during. the' implementation of this 
altemativethat is required tobeshipp~d'foroff-site disposal shall use the EPA Identification Number for 
the ·:PGDP. Hazardous wastes shall.be shipped to facilities permitted to treat; store, or dispose of the 
hazardous waste(s) being shipped, ifon':site treatment or disposal is not allowable. These activities shall 
be'incorpor'at&i fnto the relTIedialdesign for thiS alternative in order to comply with these requirements. ' 

. I: ", f' 

Secondary wastes and soils generated during the implementation of this alternative also may be subject 
to regulation under TSCA (as PCB remediation waste) and. DOE Order 435.1 (as LLW). Characterization 
of these materials will be, required, to determine whether speci fic wastes are reguhlted under these 
requirements.Ifit is.determined that the vyaste generated is a PCB or ,LLW, appropriate management 
standards will beincorpora~ed into the remedial design. Existing information will 'be . used: where 
;practicable to determIne tl1eregulatorystatus, o{:all waste to be generated before implementation. This 
'alternative will comply with, all TSCA and LLW requirements . 

. , ' " . .' 

. Long-Term Effectiven~ss aitdPer.manence~"Secondary Source Zone Steam Extraction Technology 
. offers a relatively~igh level of l,ong-term:c.ontrolfor VOCs and, DNAPL TeE contaminants located in 
ar~as oLthe ·RGA th~tmay be subject tC}'treatment. There would only be a ,moderate-,impact to 99Tc 
located in the treated areas since remoyal is limited to that whic,h is entrained iin produced groundwater as 
a result of the operation. Theimplementation,ofthistechnology onlYin.theRGA will provide little to no 
control over target contaminants located in the UCRS or the dissolved ,phase plume areas, I. 

), ~ 

'eMag"itude o!res;dual-risk, Residual risk in theRGkwill remain in'place after implementation of a 
Steam Extraction 1echnol~gy.The technology will require assistance from other technologies either in 
the UCRS or RGA to meet the MCLs at the,:p()int of compliance. This alternative will reduce VOCs, TCE 
DNAPL, and 99Tc by extracting them from the RGA with the assistance of heat generated from the 
injection of steam in the targeted areas. The technology will have little to no impact on contaminants 

• 

present in the UCRS or the.dissolvedphase plume areas unless those areas are targeted for the treatment. • 

00-00 I (doc )106120 I 4-82 



• 

• 

• 

Following treatment of the selected RGA areas, residual COCs would contribute to long-term risks. 
However, the five-year reviews. mandated by CERCLA [40 CFR §300.430(O(4)(ii)]. would be an effective 
means to demonstrate that contaminant levels were reduced from the technologies implementation and 
additional exposure pathways have not developed. 

Adequacy alld reliability of cOlltrol.... The reliability jor operation and control of Steam Extraction 
Technology would be high because the components that make up the treatment systems have been used 
with some success at a small number of hazardous waste sites throughout the nation. Thermal computer 
modeling would be used to design the site-specific location. injection and extraction well layouts. and 
flowrates of the Steam Extraction Technology to ensure appropriate capture zones. However, should 
extended interruptions of electrical power, fuel, or other vital systems occur, the potential would exist for 
COCs to escape from the treatment system area. Long-term groundwater monitoring will be required to 
monitor the extended effectiveness of the treatment following its completion. 

Intrusive activities onsite will be prevented as necessary through the use of work permits and safety 
programs, thereby limiting the access of plant personnel to the contaminated groundwater. 

Ellvirollmellla/ impacts alld mitigatil'e measures. The following paragraphs summarize potential 
long-term impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mitigative measures is correlated to the degree to which a resource may be impacted. 

Land use. Long-term land use impacts would be minimal, as the current land use classifications 
would not change. The minimal long-tenn impacts would be related to the monitoring wells and 
monitoring facilities that would rema·in following the technolob'Y'S implementation. A LUCIP would be 
developed as necessary per the requirements of the PGDP LUCAP (DOE 2000) . 

Socioeconomics. The presence of contaminants in the groundwater will prevent its use and may limit 
economic development opportunities until the groundwater is brought back to beneficial use. However.· 
no long-term effects to socioeconomics would result from the implementation of this technology. There 
would be few changes to permanent jobs within the PGDP area as a result of implementing this teclmology. 

Air lJuality and noise. No long-term effects to air quality and ambient noise levels would result from 
implementation of this alternative. 

Vegetation. No long-term effects to vegetation would result from this alternative. 

Wildlife. No long-term effects to wildlife or T&E species would result from this alternative. 
Construction in creeks and tributaries will not occur as a result of implementing this technology. The 
likely target areas for the implementation of this technology are in areas of existing industrial buildings or 
other industrial facilities. 

Threatened and endangered species. Long-term impacts to T&E species are not expected to occur. 
Construction in creeks and tributaries or other habitat areas is not expected to occur. The likely target 
areas for the implementation of this technology are in areas of existing industrial buildings or other 
industrial facilities. 

Cultural resources. No long-term effects to cultural resources are anticipated for this alternative. 

Groundwater. As a result of implementing a Steam Extraction Technology in Secondary Source 
Areas. potential RGA VOC sources and ~c are either reduced or eliminated. As a result of the use of 
heat from the steam injection, physical and chemical changes may occur to DNAPL. These changes may 
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result' in undesired mi!,'fation of contaminants to noncontaminated areas. Groundwater monitoring 
systems will be used to mbnitor th'e·. migrationaf contaminants tononcontaminated areas. 

SlIIface water. No adverse impacts to streams are expected to~esult fr~~implementing Steam 
Extraction Technology in 'a Secondary Source Area (RGA). No,adverse impacts to wetlands ar:eexpected 
to occur either: There will, be only srnall increases in water discharge volumes to outfalls . 

. Floodplains. No' long.:teini impacts to floodplains are expected as a result implementing this 
alternative. No additional,' significant; .Iong~t~rm, adverse effects to floodplains have been identified as 

, .,.' ,:' \' 

resulting from this' alternative. " .... ' " . , ' , , .. 
" .' '. . . - , 

....... Wetlalld,·. No long-term impacts to wetlands have been identified as resulting from implementing 
this' alternative. This alternative would be impleme,nted within the main fenced area of the PGDP. 

Soils alld prime farmlalld. Prime' farmland would not be impacted by.the implementation of this 
alternative as the area has been'previously disturbed and; consequently, is not dassified as prime farmland. 

TralllpOl:tati~n. No long.,term direct;~indirect, or cumulative effects to transportation are ant~cipated 
from implementing this alternative: . ' 

. Cumulative I",pacts. Cumulative impacts are defined as the incremental impact of an action when 
added to .. other .past,.present, and ,reasonable foreseeable future aCtions, regardless of what agency or 
person undertakes other such actions. Cumulative impacts resulting from this alternative will have to be 
identified at a later time during deyelopmentof site-specific GWOU decision documents. 

" . 
Reduction of Mobility, Toxicity~ or Volume Through Treatment. Steam Extraction Technology • 

Would he used to remove VOCs, TCE DNAPL, and ""I[c contaminants from source areasiocated in the 
RGA.:The prod~~ed water resulting from the steam . extraction would! be air stripped' to rem~ve VOCs. 
The vapor phase: from the air ,stripper would. be treated by catalytic oxidation for VOCs. The produced' 
water al~o would be treated by ion exchange for removal of~9'lTc; Since all extracted groundwater is 
treated sufficiently, the amount of hazardous materials destroyed or treatedidepertds directly upon the 
design and, efficiency .of the Steam 'Extraction: Technology and the amount of contami~ant present in the 
targeted treatment area. 'ILis expected that 70% to 95 % of the VOC contaminants in the target could be 
removed by the steam extraction. Nearly 100% of the VOCc0rttaminants,removed,wouldbe,destroyed by 

, . ,. - . . .. ) , . 9" 
, surface treatment system. The Ion Exchange Technology would not result in the destruction of the Tc, 
. since the' material is only captured on the treatment resin. . 

The.implementation of a Steam Extraction Technology w~uM ~educe, the long-term volume of 
VOCs, DNAPL, and 99Tc.contamination present in the RGA through 'the extraction.ofthose contaminants. 
The implementation of this technology would not be expected to alter the chemical and physical soil 
properties of the RGA and, as such,would not prevent the suqsequent implementation of.an additional 
technology, should itbe determin~dt~at additioqaltreatnient is needed for,the targetareas. 

,17he type and 'characteristicsof'residual substirface contamination 'wouldbe similar to that of the 
contaminants prior to treatment. Residual contaminants would pose a risk although contaminant quantities 
would be'reduced following. treatment. Residuals from the treatment of contaminants in the surface 
equipment would consist of salt· from' the' scrubbing of the' off-gas from the catalytic oxidizer, treated 
groundwater, and ion exchange resin containing the ?9Tc produced. As a result of the· destructitm ofVOCs 
in the catalytic oxidizer,the use·ofa Ste~m Extraction Technology may meet the statutory"preference for 
treatment as a principal element of the remedial action .under CERCLA. In addition to thetabove residuals, 
there would·'be miscellaneous materials· from the treatment including lime from the off.:·gas scrubber, PPE, • 
and other miscellaneous wastes. 
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Short-Term Effectiveness. The short-tenn effectiveness of implementing a Steam Extraction 
Technology in a Secondary Source Area of the RGA was evaluated relative to its effect on community 
protection, worker protection. environmental impact, and the time until RAOs are achieved. Environmental 
impact was further evaluated for NEPA values. This intonnation is presented in the following subsections. 

Community protection. The potential lor adverse impacts to the community from the implementation 
of this alternative is minimal. Engineering controls, as discussed above, can be implemented to reduce the 
off-site gas emissions related to the air stripping of the groundwater to remove VOCs. The likely target 
areas for treatment will be located in the main industrial area of the PGDP. Restrictions will be used to 
limit the access of persons that may be in the area during construction. This will include warning signs, 
temporary control fencing, and periodic security patrols. Also, environmental monitoring would be 
conducted during the construction of monitoring wells where COCs may be present. Following 
completion of the construction activities, only temporary periodic access will be required for sampling of 
the monitoring wells used to check the long-tenn effectiveness of the action on the RGA. 

Transportation of residual wastes from the ex situ treatment processes, which will be limited in 
volume. may introduce increased risks to off-site communities. However, proper packaging and other 
required safcty features would be used to limit releases as a result of accidents. 

Worker protectioll. During the implementation ofa Steam Extraction Technology. workers could be 
exposed to COCs during short periods of time. Potential exposure could result from direct contact with 
contaminated soil and/or groundwater during construction and ex situ treatment activities. The production 
and injection of steam associated with implementation poses a potentially serious risk to workers, and 
potential concerns exist regarding the potential migration and breakout of steam at the surface. However. 
short-tenn risks are not expected to exceed acceptable limits. Health and safety requirements and PGDP 
procedures would further control the exposures . 

Ellvirollmelltal impacts alld mitigative measures. The following paragraphs summarize potential· 
short-tenn impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mitigative measures is correlated to the degree to which a resource may be impacted. 

Land lise. The areas expected to be targeted for implementation of a Steam Extraction Technology 
would be located inside the main PGDP facility. To that end. short-tenn land use would not be affected by 
this alternative, as the current land-use classifications would not change. There would be minimal impacts 
to land use. These short-tenn impacts would be related to the presence of treatment facilities and 
monitoring wells. A LUCIP would be developed, as necessary, per the requirements of the PGDP 
LUCAP (DOE 2000). 

Socioeconomics. This alternative would not be expected to change the economic conditions in the 
nearby area. There would be a minimal increase in temporary jobs related to the construction and 
operation of the facilities. 

Air quality and /loise. Heavy equipment traffic and operation associated with construction would 
provide a minimal increase dust and vehicular emission levels. The use of BMPs during construction would 
reduce short-tenn direct impacts to air quality from dust. Noise associated with construction activities would 
occur in the immediate vicinity of the PGDP. There also would be treated emissions associated with the 
treatment operation. These emissions can be expected to provide a short-tenn degradation of air quality in 
the vicinity of the operation. The emissions, however, would be treated to remove contaminants, and these 
emissions would comply with federal, state, and local regulations concerning air contaminant releases . 
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Vegetatioll. There would be 'some short-term, .impacts to vegetation in the construction area . 
However, the area impacted is expected to be ~ess than 5 acres. After construction is complete, 'vegetation 
would be restored. ' , 

!, \ ';. 

Wild/~re alUltllreatel1ed,al1delldallgered species. The likely ,target areas for the treatment by Steam 
Extraction T~chnology are locatcifwithin ~he,ird,ustrial portion of the PGDP>No. construction: is:cxpected 

Hto occur in,' the creeks. arid tributaries; therefore, the impacts to wildlife are expected to be minimal. Very 
little or no wildlife habitat is associated. with these areas. Some .small mammals and birds'·may use ,these 
areas and, consequently, some small mammals may perish. Indirect effects such .asdisplacement during 
construction would occur due to dis'turbance of habitats"noise, and activities associated with construction; 
however, after constructio~\ is completed, revegetation and natural repopulation topre-constructionconditions 
likely would occur: No effects to T &E species would result from implementing this alternative.' 

," 

Cultural resolirces.'No short-term effects on cultural resources would be anticipated ,'to occur from 
the implementation of this alternative.. (, i ' 

. ' '. :. 

GroUl;(lwater. Asa result of implementing a Steam Extraction Technology in Secondary Source Areas, 
potential RGA VOC sourcesand'l9Tc are ~elther reduced or eliminated, thereby producing a positive effect. 
As a result ofthe use ,of heat from the steam injection, physical and, chemical changes may occur to DNAPL. 
These changesmay:resultin unde,siredmignitiori of contaminants to noncontaminated.areas. Groundwater 
monitoring'systerris wiII be used to monitor the migratiQn of contaminants to noncontaminated areas~ . .,. . '. " . 

" !i . 

• ': 

Sllrfac:e water. No short.,term adv.erseimpacts,to streams are e~pected ,to. result from implementing a 
Ste~rrl'ExtractionTechnology in a secondary Source. Area (RGA). No adverse impacts to wetlan'dsare 
expected to occur either.' There will be only small increases in water discharge volumes to outfalls during • 
the ~peration. 

:,:.. 

'Floodplains. No short-term impacts ,to floodplains are expected a~, a resui't of implementing this 
alternative; 

Wetla"d\·. No short-term impacts to wetlands have been identified as resulting from impl~menting this 
alternative. This alternative likely w6uld be imp~emented within:the main fenced industrial area of the PGDP. 

- '," " ' 

Soils, alld,prime farnila"d.Prime f~rmland wouid no(be impacted 'by the implementation of this 
alternative; as the area has 'been pieviously'disturbedand,.consequently,~is not classified as,.prime farmland. 

" ,;,,' ',' ",' " , 

Transportation, There would a small increase in short-term direct, indirect, or cumulative effects to 
transportation are anticipated from implementing this alternative. These impacts would be the result of 
equipment transportation during construction and transportation/of residual wastes during the treatment 
operation. However, proper packagirig ,and· other ,required safetY: features would be u;s~d to limit releases 
as a resuItof accidents when transporting the waste residiJals. . 

T;me,u",;lact;oll' ;sco';;p/ete.1lmplementation of this alternative will n~t re~mlt ii1,achiev~ment of 
the. GWOU RAOs spedfied or groundwater MCLs. Approximately 7,000 years will be required before 
groun~water: may be used following the .application of Steam Extraction Technologies"~nly in the 
Secondary Source Areas oftheRGA. Ther~ductionofsources within:the RGA' only will.no,tpreventthe 
Primary Source Areas located within 'the tiCRS from continuing to impact'the grouridwater. It wi'll be 
necessary to ,implement other source 'reduction and dissolvedphasedt«,!chnologiesin conjunction with 
Steam ' Extraction Technologies in the Secondary Source Areas to'reduce the time th~ groundwater will 
remain unusable. 
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Implemcntability. The implementability of Steam Extraction Technologies in the Secondary Source 
Areas of the RGA was evaluated based upon its technical feasibility, administrative feasibility, and the 
availability of services and materials. This information is summarized in the following subsections. 

Tee/"'ical fea.dbility. Implementation of Steam Extraction Technologies is technically feasible. 
These technologies have been implemented at other hazardous waste sites. and the necessary equipment 
may be readily obtained. The technology is believed to be reliable if adequate monitoring is provided and 
the technology is allowed to operate for an adequate time period. With regard to reliability, potential 
concerns exist for the potential migration and breakout of steam at the surface; however, steam breakouts 
during previous applications at other sites have been corrected easily without adverse consequences to the 
operation. Implementation difficulties may arise due to the industrial areas of the PGDP, which have large 
buildings high concentrations of utility corridors that may provide migration pathways for the steam and 
also interfere with injection and extraction well placement. 

Implementation of an ex situ treatment system for treating the extracted groundwater is technically 
feasible. Ex situ treatment using a similar process option is being conducted currently at the PGDP. All 
components of the treatment system use proven technologies that are readily available. The equipment 
used is proven and reliable, and downtime is expected to be minimal for maintenance and repairs. The 
effectiveness of the treatment system in removing the COCs would be monitored by effluent sampling to 
ensure that the released water is in compliance with regulatory requirements. 

Admilli ... trative fea.dbility. This alternative is administratively feasible. All activities would be 
conducted in accordance with substantive federal, state, and local requirements. Waivers of ARARs are 
anticipated to be necessary to implement these actions since the MCLs for groundwater will not be 
obtained in a timely manner . 

Availability of material alld services. The services and materials necessary to implement this 
alternative are readily available. The potential exception would be personnel/vendors necessary to . 
implement the Steam Extraction Technology. The equipment is standard industrial equipment used in 
other fields such as petroleum production. However, the number of vendors experience at implementing 
steam extraction in the environmental remediation arena is limited. 

The construction of this alternative will result in the generation of waste soil cuttings and drilling and 
development water from the construction of injection, extraction, and monitoring wells. Additionally, the 
alternative will generate construction debris during the building of the treatment facility. All of these materials 
either will be treated as necessary and released, as in the development water, or disposed of appropriately. 

The operation of the treatment system wilt result in the generation of sodium chloride from the scrubbing 
of the catalytic oxidizer off-gas and ion exchange resins spent with 99Tc. Both of these materials will be 
stored until appropriate disposal can be arranged. Due to temporal variations, the availability of adequate, 
on-site, storage space would need to be assessed (or made available) immediately prior to implementing 
this alternative. 

Cost. Table 4.10 summarizes the preliminary unit cost estimates for implementation of a Steam 
Extraction Technology in a Secondary Source Area of the RGA. These preliminary unit cost estimates are 
based upon FS-Ievel scoping and are intended to aid with selection of a preferred alternative. The 
estimates have an expected accuracy of -30 to +50% for the proposed scope of action (EPA 1988a). The 
capital cost estimate represents those expenditures required to implement this remedial alternative. The 
O&M cost estimates represent expenditures required to maintain the remedy after the initial phase of 
remedial action is completed. The total contingency cost presented includes direct, indirect. and all O&M 
associated contingency costs. The total cost includes all capital costs, direct and indirect with O&M and 
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associated reports, plus 25% contingency costs, for a 30-year term of comparison. All estimates have been 
escalated using DOE-approved annual rates and a schedule for the various activities based on similar 
project experience. Present worth values also arc included using a discount factor of 5% (EPA 1988b). 
(Additional information regarding the preliminary cost estimates is presented in Appendix C7.) 

Table 4.10. Preliminary unit cost estimates for Secondary Source Area Steam Extraction Technology 

Total capital costs/acre-foot 
Total operation and maintenance costs 
Overhead 
Total contingency 
Total cost 
Total cost (present worth) 
Note: preliminary cost estimates arc per acre-foot, escalated and presented in dollars. 

$780,268 
$136,096 
$750,576 
$416,735 

$2,083,677 
$1.042.276 

State/Commonwealth Acceptance. Commonwealth of Kentucky acceptance or nonacceptance of this 
alternative will be addressed in the ROD should this alternative be selected as the preferred alternative. 

Community Acceptance. Following a fonnal public comment period on the PRAP for the GWOU, 
comments from the community will be addressed fonnally in a responsiveness summary, which will be 
presented in the ROD. 

Evaluatioll Summary ofSecolldary Source Area Steam Extraction Tecl",ology 

This alternative consists of implementing a Steam Extraction Technology in a Secondary Source 
Zone of the RGA to remove VOCs, TCE DNAPL, and 99Tc contaminants present in the RGA in the 
targeted area; monitoring of the aCtion; and conducting five-year reviews as required by CERCLA. 
Monitoring COC migration allows the potential for exposure to contaminated groundwater to be 
prevented or minimized, and it also allows the effectiveness of the remedial actions to be evaluated. 
Although the Secondary Source Area in the RGA would be reduced following the implementation, the 
residual contamination and risks would remain. These residual risks in the RGA, as well as risks that still 
may be present in the UCRS and the dissolved phased plumes, will prevent the use of the groundwater for 
an estimated 7,000 years. It also would be necessary to conduct other source area reductions and 
dissolved phased plume actions to reduce the time the groundwater would be unusable. 

Implementation of this alternative alone will not be protective of human health and the environment. 
It must be combined with other source area and dissolved phase plume actions. Steam Extraction Technologies 
can be implemented in compliance with ARARs. Long-tenn effectiveness could be achieved to an 
acceptable degree (70%-95% mass removal within with the RGA Secondary Source Area within 15 years 
of implementation); however, because of the nature of the soil and groundwater contamination associated 
with the GWOU, it will take several years and other actions to remediate completely. Residual 
contamination will remain in the groundwater, with TCE levels exceeding the MCL for approximately 
7,000 years. The volume of COCs would be reduced by ex situ treatments. Limited short-tenn risks to 
workers would exist during the construction and operation phase of the alternative. The alternative is 
technically and administratively feasible to implement. The unit cost of this alternative, which is intended 
to address only the Secondary Source Areas of the RGA in the GWOU at the PGDP, is quite significant. 
Input from the Commonwealth of Kentucky and the community has not yet been received, but it will be 
added to later versions of this FS report and the corresponding ROD once the respective comment periods 
have been completed. 
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4.2.3.2 Secondary Source Area - Pump-and-Treat Technology 

The following subsections contain a description of Secondary Source Area - Pump-and-Treat 
Technology Alternative and the detailed analysis. 

Description of Secondary Source Area - Pump-and-Treat Technology 

This alternative would consist of implementing a Pump-and-Treat Technology in a DNAPL source 
zone area of the RGA. The purpose of the alternative would be to remove TCE DNAPL, other VOCs, and 
99Tc contaminants from areas of the RGA that have sufficient TCE concentrations to be considered as 
having free phase TCE, or TCE DNAPL, present in the zone. This technology requires a series of 
extraction wells installed in the RGA in the secondary source areas of contamination. The wells will 
extract groundwater containing both VOCs and 9~C. The produced water will be conveyed to a regional 
treatment facility for COC removal prior to being released. The treatment of the water to remove the 
COCs will be by air stripping for TCE and ion exchange for the 99Tc. The treated water will be tested 
before being released to an outfall. 

Figure 4.5 contains a "snapshot" that graphically summarizes the components of the Secondary 
Source Area Pump-and-Treat Technology alternative. 

The source reduction efforts for the implementation of this alternative will diminish the time until 
on-site groundwater VOC levels attributed to the DNAPL zone areas are below the MCL. However, due 
to the technology not effecting removal of the DNAPL TCE contaminants in the UCRS area, it is 
anticipated that groundwater will not be returned to the drinking water standard for TCE for approximately 
7,000 years. The off-site portions of the groundwater plumes will only be affected by the reduced quantity 
ofDNAPL present in the RGA that is available for dissolving and producing migrating plumes. 

• If the UCRS sources are effectively removed by a companion treatment technology, the secondary 

• 

sources of DNAPL in the RGA can reach the MCLs by the Pump-and-Treat Technology in approximately 
100 years. 

The existing groundwater monitoring program would be continued to monitor the movement of COCs 
within the RGA. The monitoring program will integrate existing PGDP monitoring wells, where possible, 
with additional monitoring wells to be installed, as needed, following a review of the existing program. 

CERCLA Five-Year Review. The CERCLA Five-Year Review process will be used to monitor the 
effectiveness of the alternative and to identify any needed changes. 

Assessmellt of Secondary Source Area Pump-and-Treat Technology Altemative 

A detailed analysis of the performance of the Secondary Source Area Pump-and-Treat Technology 
alternative against the nine CERCLA criteria is provided. 

Overall Protection of Human Health and the Environment. This alternative would reduce VOC 
contamination in the RGA and also would prevent COC migration from source areas to downgradient 
areas and sustaining the plume contaminant concentrations. However, the effectiveness of Pump-and-Treat 
is limited by the dissolution rate of VOCs in water. The volatile COCs are removed from the groundwater 
system and air stripped. In addition, Pump-and-Treat will have high effectiveness on the 99Tc contamination. 
The 99Tc is removed from the groundwater system and trapped on an ion-exchange resin . 
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Although this alternative alone would not satisfy the RAOs for the GWOU by protecting ecological 
receptors that may be exposed to contaminated groundwater discharging to surface water, it would 
support achieving the RAOs when implemented in concert with other source reduction and dissolved 
phase GWOU technologies. If pump-and-treat technology is implemented in the RGA at all secondary 
source zones. hydraulic containment of contaminants migrating in the plumes would be effected. This would 
result in achieving RAOs and MCLs in the dissolved phase plume areas within approximately 100 years 
based on groundwater modeling results. 

The continuation of the groundwater monitoring programs will provide indirect protection for human 
health and the environment by minimizing the potential exposure to contaminated b'TOundwater through 
early identification and avoidance. 

Compliance with ARARs 

Pote"t;al cI,em;cal-specijic ARARs 

Chemical Co1llamination. The aquifers are known to contain chemical contaminants in the form of 
metals and organics. The federal and state water quality requirements include standards that would be 
applicable ARARs. The regulations that apply are found in 40 CFR 141 (National Primary Drinking Water 
Standards); 40 CFR 143 (Secondary Drinking Water Standards); 401 KAR 5:029 (General Provisions); 
and 401 KAR 5:031 (Surface Water Standards). These standards, summarized in Table 4.11, include general 
state standards, domestic water supply standards, and standards applicable to warm water aquatic habitat. 
These are applicable. based upon the classification of the designation for surface water use associated 
with the area (Ohio River, River Mile 940.7 to River Mile 943.3) as specified in 401 KAR 5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for completeness. 
Those standards that must be achieved in order to meet the applicable requirements are the lowest of the 
applicable standards. which in most cases are the MCLs . 

Radiological cOlltaminatioll. The GWOU is known to be contaminated with radionuclides such as 
99Tc, radon, uranium. and uranium daughter products. DOE's Order on Radiation Protection of the Public 
and Environment, DOE Order 5400.5, as codified at 10 CFR 835, is TBC information for cleanup of 
radionuclides at DOE sites. The order requires that remediation activities must not result in radiation 
exposures to members of the general public greater than an EDE of 100 mremlyear from all exposure 
pathways. Exposure to the general public also must be ALARA (DOE 1990). 

DOE Order 5400.5 also contains reference values, known as DCGs, for operational DOE facilities. 
Based on the DCGs, radionuclide concentrations in air and drinking water must not exceed an EDE of 
10 mremlyear and 4 mremlyear, respectively, to the total body or any organ. 

The NRC also has set criteria for decommissioning standards at nuclear facilities in 10 CFR 20 
Subpart E. These rules require that residual radioactivity at nuclear sites meet a total EDE of 25 mremlyear 
for unrestricted release. In addition to the NRC standards, EPA has issued guidance for cleanup levels at 
CERCLA sites with radioactive contamination. EPA has disagreed with the protectiveness specified 
within the NRC standard and has specified that a 15 rnremlyear EDE be used as the risk level that is 
protective of human health and the environment. EPA has also codified exposure limits for environmental 
radiation protection standards for nuclear power operations in 40 CFR 190. These requirements apply to 
operations involved in uranium fuel cycle and include enrichment operations. Subpart B of these 
requirements specifies that the annual dose equivalent to the public must not exceed 25 rnrem to the 
whole body, 75 rnrem to the thyroid, and 25 rnrem to any other organ as the result of exposures to 
planned discharges of radioactive materials, radon and its daughters excepted, to the general environment 
from uranium fuel cycle operations and to radiation from these operations. These requirements would be 
considered relevant and appropriate since the release to the groundwater would not be planned. 
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Table 4.11. Summary bf potential ARARs for Secondary Source Area Pump-and-Treat Technolo~' 

Standards, Requirement, 
Criteria or Limitation Citation DesrripJion of R~ulrement Comments 

ChemicQI-Specific ARARs 
National Primary Drinking Water 40CFR 141 Provides chemical-specific numeric standards for toxic These requirements are relevant and appropriate due to the 
Standards pollutants expressed as MCLs and MCLGs. nature of the contaminants found within the groundwater. 

National Secondary Drinking 40 CFR 141 Provides secondary MCLs for public water systems. These requirements are TBCs, as they have been 
Water Standards established as guidelines for the states and are not 

federally enforceable. 
Kentucky Surface Standards 401 KAR5:031 and Provides chemical-specific numeric standards for pollutants These standards are applicable to the segment of the Ohio 
including 5:026 discharged or found in surface waters. River into which the Little Bayou Creek discharges. The 
• Warm Water Aquatic Habitat requirements found in thesc standards are applicable due 

Criteria Provides chemical-specific numeric standards for pollutants in to the groundwater to surface water interface at Little 
• Kentucky Domestic Water domestic water supplies. Bayou Creek and subsequently the Ohio River. 

Supply 
• Kentucky General Standards Note: CW A Water Quality Criteria are not relevant and 
• Kentucky Outstanding State appropriate because Kentucky has promulgated these state 

Resource Waters standards, determined to be appropriate for Kentucky waters. 
Radiation Exposure of the DOE Order 5400.5 Specifies that the general public must not receive an effective This requirement is considered TBe information. 
General Public at DOE Facilities dose equivalent of>IOO mremlyear from all exposure pathways. 

In addition, all releases of radioactive materials resulting in 
doses to the general public must meet the ALARA criteria 

Decommissioning Standards at 10 CFR 20, Subpart E Specifies a residual activity at nuclear facilities for unrestricted These standards are considered to be applicable to the 
Nuclear Fad I ities release of25 mremlyear. GWOU. 

Environmental Radiation 40 CFR 190, Subpart B Requires that the annual dose equivalent to the public must not These standards are considered to be relevant and 
Protection Standards for Nuclear exceed 25 mrem to the whole body, 75 mrem to the thyroid, appropriate and are equivalent to the NRC standards. 
Power Operations and 25 mrem to any other organ as the result of exposures to 

planned discharges of radioactive materials. radon and its daughter 
products excepted, to the general environment from uranium 
fuel cycle operations and radiation from these operations. 

• • • 
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o 

• 
Standards, Requirement, 
Criteria, or Limitation 

Protection of Wetlands 

Endangered Species Act 

Migratory Bird Trcaty Act 

Citation 

10 CFR Section 1022; 
Executive Order 
11990: 
40 CFR 230.10; 
33 CFR 330.5 

16 U.S.c. 1531 et seq. 
Section 7(a)(2) 

16 U.S.c. 703·711; 
Executive Order 
13186 

• • Table 4.11. (continued) 

Description of Requirement Comments 
Locatioll-Specijic ARARs 

Activities must avoid or minimize impacts to wetlands to preserve These requirements are applicable due to the presence of 
and enhance their natural and beneficial value. If wetland wetlands. but they will be met through a\'oidance of 
resources are not avoided. measures must be taken to address wetlands during construction and implementation of 
ecologically sensitive areas and mitigate adverse effects. Such altemath·es. 
measures may include. minimum-grading requirements. runoff 
controls. and design and construction considerations. 

Allows minor discharges of dredge and fill material. or other minor 
activities for which there are no practicable alternatives. provided 
that the pertinent requirements of the NWP system are met. 
Actions that jeopardize the existence of listed species or result Action that is likely to jeopardize fish. wildlife, or plant 
in the destruction of adverse modification of critical habitat species or destroy or adversely modify critical habitat-
must be avoided or reasonable and prudent mitigation measures applicable. 
taken. 
Federal Agencies are encouraged (until requirements are Action that is likely to impact migratory birds. habitats. 
established under a formal MOU) to do the following: and resources-applicable. 

• avoid or minimize. to the extent practicable, adverse impacts 
on migratory bird resources when conducting agency actions: 

• restore and enhance the habitats of migratory birds. as 
practicable; 

• prevent or abate the pollution or detrimental alteration of the 
environment for the benefit of migratory birds. as practicable; 

• ensure that environmental analysis offederal actions required 
by the NEPA or other established environmental review 
processes evaluate the effects of actions and agency plans of 
migratory birds. with emphasis on species of concern; and 

• identify where unintentional take likely will result from 
agency actions. and develop standards andlor practices to 
minimize such unintentional take. 



8 
8 

Standards, Requirement, 
Criteria, or limitation 

Fugitive Dust Emissions during 
site preparation and construction 
activities. 

Toxic Emissions 

Monitoring Well Installation 

Discharge of Stormwater and 
Treated Groundwater 

• 

Citation 

401 KAR 63:010 

401 KAR 63:022 

401 KAR 6:310 

40 CFR 122 

401 KAR 5:055 

Table 4.11. (continued) 

Description of Requirement Comments 
Action-Specific ARARs 

Precautions must be taken to prevent particulate matter from These requirements are applicable and will be met through 
becoming airborne. Such precautions must be incorporated into the use of appropriate dust control practices identified 
the planning and design of activities and include actions sueh as during the alternative design phase. 

• wetting or adding chemicals to control dust from construction 
activities; 

• using materials such as asphalt or concrete (or other suitable 
chemicalslfixing agents) on roads or material stockpiles to 
prevent fugitive emissions; and 

• using covers on trucks when transporting materials to and 
from the construction site(s). 

The requirement specifies that for on-site construction 
activities, no visible emissions may occur at the PGDP 
fenceline. Similar points of compliance shall be identified for 
construction activities that occur outside the fence. 
The regulations require that a determination oftoxic emissions These requirements are considered to be applicable and 
be made in order to assess the applicability of required controls. shall be met through calculation of significant emission 
Calculations of the significant emission levels are compared to the levels for toxic materials and application of best available 
allowable emission limits specified in Appendix A of401 KAR control technology, as necessary. during the design of the 
63:022. If emission levels are exceeded, best available control alternative. 
technologies must be incorporated into equipment/process design. 
Monitoring wells (including extraction wells) must be constructed These requirements are considered to be applicable. 
in a manner to maintain existing protection against the introduction Compliance with well design and protection standards 
of pollutants into aquifers and to prevent the entry of pollutants shall be achieved through the use of approved well design 
through the borehole. In addition, abandoned wells must be and materials of construction. While in service. wells shall 
plugged and abandoned in accordance with the requirements be secured as required. Abandoned ,veils shall be plugged 
specified. and abandoned as required. 

Action-Specific ARARs 
Stormwater discharges from construction activities onsite are These requirements are considered applicable for all on-
subject to the requirements of the KPDES permit. This requires site construction or treatment activities where a discharge 
that BMPs to control stormwater runoff and sedimentation be of storm water or treated groundwater occurs. For off-site 
employed. Although off-plant construction activities within the construction activities, these requirements are considered 
contaminated area are not subject to the permit, these relevant and appropriate and will be adhered to. 
requirements should be considered relevant and appropriate and Compliance with these ARARs shall be achieved by 
be incorporated into any off-site construction activities. application of required controls during the design phase of 

the alternative. 
Discharge of treated groundwater will be conducted in 
compliance with the substantive requirements of the KPDES 
program and the CW A. 

• • •• 



• 
Standards, Requirement, 
Criteria. or Limitation Citation 

Hazardous Waste Management 40 CFR 260 through 
264 and 268; 

40 I KAR 3 I through 
34.36. and 37 

PCB Waste Managcment 40 CFR 761 

ALARA 
ARAR 
CFR 
DOE 
GWOU 
KAR 
KPOES 
MCl 

as low as reasonably achievable 
applicable or relevant and appropriate requirement 
Code of Federal Regulnriol/s 
Department of Energy 
Groundwater Operable Unit 
Kentucky Administrative Regulations 
Kentucky Pollutant Discharge Elimination System 
maximum containment level 

• Table 4.11. (continued) 

Description of Rflluirement 
All wastes or environmental media containing wastes must be 
characterized to determine whether the wastes are hazardous in 
accordancc with 40 CFR 262. I I and 401 KAR 32:010. Ifit is 
determined that a waste is a hazardous waste or that 
environmcntal media contain a hazardous waste subject to the 
RCRA regUlation, the substantive requirements of 40 CFR 262 
through 268 are applicable. These standards include design and 
operation of storage and accumulation areas. waste handling 
and shipment. and treatment technologies or numeric standards 
~licable to wastes prior to disposal. 

Action-Specifrr: ARARs 
TSCA requirements for the management of PCB wastes or 
items containing >50 ppm PCBs or from a source of 50 ppm or 
greater. Requirements include the following: 

• management of waste and material; 
• characterization of PCB-containing materials; 
• labeling and storage for disposal; 
• manifest completion for shipment offsite; 
• decontamination of affected equipment or items; and 
• disposal of PCB wastes. 

These requirements will be complied with in the event that 
PCBs are found at concentrations requiring compliance. 

MClG 
NRC 
NWP 
PCB 
PGOP 
RCRA 
TBC 
TSCA 

maximum containment level goal 
U.S. Nuclear Regulatory Commission 
Nationwide Permit 
polychlorinated biphenyl 
Paducah Gaseous Diffusion Plant 
Resource Conservation and Recovery Act 
to be considered 
Toxic Substances Control Act 

• 
Comments 

These requirements are applicable and will be met through 
characterization of wastes and environmental media 
generated as a result of implementation of the alternative. 
Waste management will be predicated upon the 
characterization and comply with all substanti,·c 
requirements associated with hazardous waste 
management if identified as such. 

These requirements are applicable if PCBs arc found or 
result from items or equipment regulated under 40 CFR 
76 I. Activities necessary to comply with these ARARs 
shall be incorporated into the planning phase of the 
alternative implementation. 



The Commonwealth of Kentucky is an NRC Ab'fccmcnt State and has promulgated regulations for 
radiation protection of the public. The Kentucky radiation protection standard for individual members of 
the public is 0.1 rem (100 mrem) EDE per year or less (902 KAR 100:019 Section 10), which IS 
equivalent to the DOE radiation protection standard found in DOE Order 5400.5. 

Due to the differing view arid' values among NRC, EPA, and DOE totalEDE forrriemb~rs of the 
general :public, EPA and DOE have ab'feed not to finalize their respective standards until an agreement 
can be reached. In the interim, DOE Order 54005 is identified as TBC information and the NRC standard 
is identified as relevant,and appropriate. Therefore, the radiation protection standard identified within the 
NRC regulations in 10 CFR20 Subpart E, requiring an EDE of25 inrern/year or less, shall be used as the 
exposure limit for the general public. 

Chemiclll-.\pecijic ARAR summary'. The chemicai-specific ARARs associated with the impleme~tation 
of this alternative are outlined in Table 4.11. Implementation of this alternative would not result in 
immediate attainment of the chemical-specific ARARs associated with the off-site groundwater plumes. 
Attainment of the identifiedARARs would be met in the future as implementation .progresses. Although 
TBe information, the radio'logical exposure standards included in DOE Ordei5400.~shaUbe-:acbieved 
through.~monitoring.Continued monitoring of the gr~lJndwater will be used during the -five-year reviews 
to ensure the identified goals are met and that concen~ations of COCs continue to decrease ... -_ . 

,t' 

Potelltiallocation-specific ARARs 

Wellands. Although,no'wetlands have been identified within the area where-construction actiVities 
wi'll occur, certain jurisdictional wetlahds have been identified in on-site dr~inage ditches within the plant 
boundary. In order to comply with these applicable requiremer:tts, wetlands shall be avoided. 

As stated in the regulations, constructi~ri activities must avoid: ~r miniiuiZc adverse:impacts to 
wetlands and act to preserVe and enhance their natural· and-,beneficial values [Executive Order 11990~ 
40 CFR 6302(a), 40 CFR 6 Appendix A, and 10 CFR, 1022]: These applicable requireme~ts include 
avoiding construction in wetlands,avoiding (to the extent.practicable):]ong- and short-term -adverse impacts 
to floodplains and wetlands~avo-iding degrCldation or destruction of wetlands; and avoiding discharge of 
dredge and fill material into wetlands. In addition, the protection of wetlands shall be incorporated into all 
planning documents'and decision making as required by 10' CPR 1022.3. AlthQugh.n~~ anticipated, if this 
alternate results in impacts to wetlands that cannot be avoided, the substantive requirements of the NWP 38 
(33 CFR 330) will be met. 

This alternative shall comply withthese requirements by siting construction locations in areas where 
wetlands do not occur. Engineering controls shall be established as necessary to ensure operations shall 
not impact wetlands. 

Endangered Species ,and MigralolJ' Birds. Actions taken by.federal agencies are prohibited from 
impacting T&E. species or' adversely modifying critical habitats (50'CFR 17.94 )inaccordance with the 
Endangered Species Act (16.'tJSCA1531 et seq. Section (7)(a)(2». These requirements are potential 
ARARs in the event T&Especiesortheirhabitats are found at or near areas where remedial action isto 
occur. An ecological reSOlu'ce inv~stigation inside'thePGDP security fence did not detect any T &E speCies 
or their preferred habitats (CDM:Federal 1994). The USFWS has not designated critical habitat for any 
species within the DOE property. However, outside thePGDP fence onrJhe DQE property, potential 
habitats for federally listed T&E species were reviewed, and Indiana bat habitat was evaluated during the 
COE (1994) environmental investigation. The COE study determined that total potentia:l bat habitat consisted 
of 20% of the 994-ha (2,456-acre) study area. Remedial activities must be evaluated to ensure that such 
actions do not adversely impact areas identified as critical habitat for any identified endangered species. 
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In addition, Executive Order 13186 directs federal agencies to enter into an MOU with the USFWS 
to further the purposes of the Mibrratory Bird Treaty Act (16 U.S.c. 703-711). Until such time as the 
MOU between DOE and the USFWS is finalized, federal agencies are encouraged immediately to begin 
implementing the conservation measures set forth in the Executive Order. The requirements of the 
Executive Order are applicable and must be considered during planning and design of the remedial action. 

Pote"t;ai act;oll-!;pecijic ARAR.\· 

Monitorillg well illstallatioll requirements. This alternative includes the installation of additional 
monitoring and extraction wells. Installation of these wells would have to be conducted in a manner to 
maintain existing natural protection against the introduction of pollutants into aquifers and to prevent the 
entry of pollutants through the borehole (40 I KAR 6:310 Section 13). These requirements also mandate 
the construction materials required for well construction, well design criteria, well completion activities, 
and well abandonment methodologies. These requirements are considered applicable to design and 
installation of monitoring and extraction wells associated with the implementation of this alternative. 

Fugitive dust emissions. Construction activities onsite and offsite may result in the production of 
particulate airborne pollutants (dust). The Kentucky Air Quality standards found in 401 KAR 63:010 include 
requirements governing fugitive dust emissions. These standards require that dust suppression measures 
be undertaken, which include activities such as the use of water or chemicals to control emissions, the 
placement of asphalt or concrete, and the stockpiling of soils. The standards also require that visible dust 
generated from the implementation of the remedial alternative not be discharged beyond the property 
boundary of the site. For the purposes of compliance with these requirements, the site boundary is interpreted 
to mean the DOE site boundary or the immediate boundary of construction activities for construction that 
occurs on non-DOE property. Trucks transporting material outside the DOE property boundary, where 
materials could become airborne, must be covered. These requirements are considered applicable to the 
implementation of Pump-and-Treat Technology and will be complied with through careful planning to 
ensure that excavated materials are sufficiently wetted or protected to control dust generation. Specific 
activities that could result in the generation of fugitive dust that must be considered during the design 
phase include construction and well installation. 

Radiomtclide emission standards. Airborne emissions of radionuclides may occur as a result of 
construction activities. Although the potential is low for such emissions to occur, the regulations at 
40 CFR 61.92 would be applicable, requiring that the emissions not exceed amounts that would cause an 
EDE to the public of 10 mremlyear. To determine whether the alternative complies with this applicable 
requirement, computer modeling using the CAP-88 or other EPA-approved models must be undertaken. If the 
modeling demonstrates the radionuclide emission in excess of 1% of the 10 mremlyear standard, emission 
rates must be measured as required by 40 CFR 61.93. This ARAR shall be complied with by planning 
activities in such a manner as to control fugitive emissions from construction and excavation activities. 

Toxic emission standards. Although toxic emissions are not expected as a result of construction 
activities or with the pumping of the groundwater to the water treatment facility, these emission requirements 
would be applicable if such an emission does occur. Due to organic concentrations found in the 
groundwater, the potential for such emission to occur is low. The regulations at 401 KAR 63:022 require 
that the emissions be evaluated to determine whether they are significant for each specific toxic air 
pollutant. If analysis indicates the toxic emission requirements are triggered, the regulations specify that 
no source may exceed the aIlowable emission limit specified in Appendix A of 401 KAR 63:022. If 
applicable, these rules would require the application of the best available control technology to limit toxic 
emissions. If calculations indicate that the emission rates specified within the rule are not exceeded, then 
the calculation package may be used to demonstrate compliance with these requirements. Activities that 
must be considered include pumping and treatment of contaminated groundwater . 
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StormwlIter di."'chllrge ,and KPDES r~qu.ii·ellle"ts for groulldwater treatmellt. Construction activities 
will be subject to the substantive requirements of.the KPDES Penn it, requiring<the use of,BMPs and 
sediment/erosion controls to direct transport of sediment in stonnwater runoff. In addition, groundwater 
will be treated" in a wasiew~tertreatment unit whose discharge will be subject to the substantive 
requirements of the KPOES' program. These requirements are considered to be applicable. 

Waste managemelll requirements. cit is anticipated that these wastes generated from the treatment of 
contaminated b'Toundwater will be low-level radi9a9~ive wastes, and, therefore, subject to DOE Order 435.1 
requirements thai apply to the management of all, radioactive ~astes' generated at DOE facilities. This 
requirement is TBC rather than,applicable.or' relevant and appropriate, as it is a DOE ordeNather than a 
federal or state regulati?" or standard: . ' 

. . 

The potential also eXIsts for so~e' or al(of the wastes generated from treatment to be RCRA 
hazardous wa~tes as defined in 40 CfR 261ofth~ ~ederal p~ogram. All wastes,. generated shall be subject to 
the hazardous waste determination requirements of40 CFR 262 and 401 KAR 32:010. Ifit is determined that 
any wastes are,in fact, hazardous wastes, the materials must be managed.in accordance with the substantive 
requirerrtents found' iti 40 CFR 262 through 40 CFR 268 (401 KAR 32 through 3;7), These standards 
inc1udestorage requirements, trimsportation,requirements, and disposal requirements, Specific requirements 
applicable to each waste stream ,must be, identified after characterization of the material is' complete. 
These requirements shall be complied with through the ~evelopment of a WMP during the' design phase of 
implementation; If materials are identified as RC~ hazarctous wastes, these requirements are applicable. 

. .). ' I . 

Altho~gh considered unlikely, thepot~ntiill exists, th~t.wastes g~nerated from ,the implem~ntation of 
this alternativeinay contain PCBs regulat(!rl under TSCA., These regulations would be applicable to this 
alternative if'PCB concentrations \vere found in soil or water ,that'exceeded 50 ppm or PCBs were; found 
and attributable to a source whose"';o~centration exceeded 5.0 :ppmPCBs. The substantive requirements • 
for management of PCB wastes found in40 CFR .1~ (would ,be applicable and should include standards 
for storage. shipment, and equijnnent decont~mination. Th,ese requirements shall be complied ,with 
through the development of a WMP dufing the design phase of implementation. If materials are identified 
as TSCA PCB regulated material, these requirements are applicable. 

, " 

Actioll~~pecijic ARAR slil~"nary. This alternative wili trigger action-specific AiARswith regard to 
the treatment and handling of the coritamimited groundwater removed from the aquifer. These incl~de the 
substantive requirement under the K~bES'program and the CWA for ,discharge of treated groundwater 
and' the ,applicability ofthc'RCRA re,q!lirements for wastes 'generated as'a:,result'ofimplementation. In 
addition, the requirements ofTSCA may .beapplicable ifPCB-containing materials, are identified. This 
alternative will comply with these requirements duliirig. the plimning phase to' iridudecompIiant ,waste 
handling and storage and disposition components. The proposed' alternative wilLcomply with both the 
requirements of the CW A of 1972 and RCRAbecause the treatment and discharge of trelitedeffluent 
from CW A compliant outfall is ,allowed under, RCRA. If waste, from treatment of groundwater is 
determined to be !hazardous under ~:CRA",the substantive requirements for,;storage, management, and 
disposal of hazardous wastes shall ,be incorporated ':,into the alternative during the planning phase. 
Activities that maybe required for RCRA and TSCA compliance include these: use of appropriate 
containers,labeling of containers, ~ppropriates'~orage ~rea design and operation'; (secondary containment 
or storage for less than 90 days in a compliant accumulation areak and transportation of wastes. 

A summary of the ARARsfor the implemeritation of Secondary Source Zone Area-Pump;.and-Treat 
technology are presented in Table 4.11. . , 

Compliallce wit" ARARs summary. Implementation of this alternative would. not achieve • 
compliance with the MCLs for TCE. It-has been calculated that meeting MCLs would not occur for 7,000 . 
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years due to the presence of the Primary Sources. If the pump and treat is performed to provide total 
containment, compliance with the MCL at the DOE property boundary is calculated to occur in approximately 
15 years. If the area targeted for total containment is near the Little Bayou Creek, MCLs may be obtained 
in approximately 15 years. Because this alternative does not immediately meet the stated MCLs, an 
ARAR waiver or agreed schedule of compliance would have to be sought as part of the ROD and PRAP. 

In order to comply with the identified chemical-specific ARARs, an ARAR waiver will be required 
due to the time frames required to meet the specified concentrations within the GWOU at the point of 
compliance and points of exposure. 

As discussed, no potential location-specific ARARs have been identified within the area in which 
remedial action will occur. However, to ensure that jurisdictional wetlands are not impacted, all 
construction activities associated with the installation of all monitoring, extraction, and injection wells 
necessary to implement Pump-and-Treat Technology will be reviewed as a safeguard. The protection of 
wetlands is not considered a location-specific ARAR at this time, because jurisdictional wetlands have 
not been identified within the areas impacted by the implementation of this alternative. 

Construction and implementation of the alternative may trigger several action-specific ARARs such 
as the requirements associated with well installation and abandonment, fugitive dust emissions, radionuclide 
emissions, toxic emissions, and discharge of stormwater and treated groundwater. The requirements 
associated with the installation and abandonment of groundwater wells will be met though the use of well 
designs and materials of construction as specified in 401 KAR 6:310 Section 13. All well installation and 
abandonment practices incorporated into the approved remedial design shall comply with substantive 
requirements of 401 KAR 6:310. 

Fugitive dust emissions that may occur during construction activities will be controlled as required 
by 401 KAR 63:010. BMPs, such as wetting or covering of potential sources of fugitive dust, will be 
incorporated into the remedial design. The specific actions to be developed shall control potential emission 
sources to ensure that dust emissions do not migrate from the immediate area where construction 
activities occur. It is anticipated that, in most cases, the moisture content in the soil will be sufficient to 
control dust emissions during well installation. However, practices such as wetting of disturbed soils, 
collection of soils, or reseeding activities shall be considered and incorporated into the remedial design, as 
necessary, to ensure compliance with these requirements. Radionuclide emissions at construction sites 
also must be considered during the implementation phase. In order to ensure that the emission standard of 
10 mremJ year EDE to the public is met, concentrations of radio nuclides in soils and groundwater must be 
evaluated. If the potential for such emissions is identified, modeling using the CAP-88 or other EPA
approved method must be undertaken during the design phase of the alternative. It is anticipated that the 
primary conveyance of airborne radionuclides will be in particulate form. Therefore, control of fugitive 
dust emissions also will result in compliance with the emission standards applicable to radionuclides. If 
radiological contamination from plant activities is found in soils where construction activities are planned, 
the soil will be protected or containerized to prevent airborne migration. Measures necessary to prevent 
airborne emissions or radionuclides shall be evaluated and incorporated, as appropriate, into the remedial 
design to comply with these requirements during implementation of this alternative. 

Emissions of toxins such as volatile organics also must be evaluated before implementation. Although 
the potential for exceedance of toxic air emissions is considered to be low, an evaluation of the potential 
for such emissions must be undertaken during the remedial design. Potential emissions must be evaluated 
for each toxin present in the plumes (i.e., TCE, vinyl chloride, etc.) to determine whether the contaminant 
levels found in the subsurface could result in airborne emissions in excess of the allowable limits 
specified in Appendix A of 401 KAR 63:022. Compliance with the emissions standards shall be achieved 
for this alternative through the evaluation process or application of the best available control technology 
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where emissions arc calculated to exceed allowable levels. Emission control equipment will be incorporated 
into implementation activities during the remedial design, as necessary, based upon the initial evaluation. 
This requirement will be complied with during implementation of the alternative. 

The construction activities associated with this alternative may require that BMPs for sedimentation/ 
erosion controls be established if the areal extent of the disturbed area exceeds regulatory trigger levels. 
These requirements will be complied with through the use of sediment fences or other appropriate means. 
The control of sedimentation and runoff shall be a TBC in the event that the areal extent of the 
construction does not exceed the 5 acres specified within the rules. The remedial design shall incorporate 
the specific controls necessary to ensure that the construction site(s) does not allow sedimentation and/or 
erosion of disturbed areas in order to comply with this requirement during implementation of this alternative. 

This alternative results in the removal and treatment of contaminated groundwater using Pump-and-Treat 
Technology. Groundwater collected as part of the pumping activities must be treated to meet discharge 
effluent limits before release. This requirement shall be met through the vapor extraction system and 
discharge to a KPDES permitted outfall. The treatment system shall be designed to meet current KPDES 
discharge limits. 

Long-Term Effectiveness and Permanence. This evaluation addresses the results of the alternative 
in terms of risk remaining at the site after completion of the action and the effects of required long-term 
controls. A discussion of the magnitude of residual risk at the site and adequacy and reliability of controls 
is presented in the following sections. 

Magllilllde of residual risk. The Secondary Source Area Pump-and-Treat Technology alternative is 
designed to remediate contaminated groundwater in the on-site source areas of DNAPL in the RGA. 
However, residual risk in the RGA will remain in place after implementation, due to the presence of the • 
Primary and Secondary Source Areas. In the near term, following the startup of this alternative remedial 
action, the residual risk will remain consistent with the risk present before taking the action. Following 
startup and continued long-term operation of the remedy, the residual risk will decrease for a groundwater 
user in the area outside the site if hydraulic containment is affected. This residual risk wiII continue to 
decrease as the containment system continues to prevent further COC migration from the source areas. 

The technology will require assistance from other technologies, either VCRS or RGA, to meet the 
MCLs at the point of compliance. Groundwater modeling results for the COC concentrations in the RGA, 
as discussed above, indicate that MCLs will be reached for TCE in approximately 200 years in the area of 
the source. The Pump-and-Treat Technology will have the slowest decline in residual risk. 

Five-year reviews, mandated by CERCLA [40 CFR §300.430(f)(4)(ii)], will be required to demonstrate 
the integrity and effectiveness of the controls and confirm that additional exposure pathways have not 
developed. 

Adequacy alld reliability of COlltro/S. Secondary Source Area Pump-and-Treat Technology will have 
high reliability for operation and control. The components that make up the treatment systems have been 
used extensively for the treatment of water and wastewater and have proven to be adequate and reliable. 
The Pump-and-Treat Technology alternative will require extensive maintenance due to the extended 
period of time the operation must continue. 

Pump-and-treat systems of the size required for this alternative, by design, have partial redundancy 
due to independent operating systems (i.e., multiple pumps, air strippers, etc.). Also, the system can be 
designed to be modular with critical systems, such as power distribution, designed with additional 
capacity to handle future additions of extraction wells or treatment equipment to the remedy. An example 
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could be the addition of extraction wells in a given area to ensure complete containment of the migrating 
COCs. Numerical modeling will be used to size and place extraction wells such that an appropriate 
capture zone is developed. However. should extended interruptions of electrical power occur, the 
potential would exist for COCs to escape from the system. 

The pump-and-treat system will generate spent ion-exchange resins used to remove the 99Tc. 
Additionally, treatment of vapor phase effluents will result in the generation of a waste material used to 
capture the TeE. Intrusive activities onsite will be prevented, as necessary. through the use of work 
permits and safety programs. thereby limiting the access of plant personnel to the contaminated groundwater. 

E"v;rOl,,,,elltal ;"'pact ... alld mitigative measures. The following paragraphs summarize potential 
long-term impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mitigative measures is correlated to the degree to which a resource may be impacted. 

Lalld use. Implementation of this alternative would result in minimal impacts to land use and no 
changes to the population surrounding the PGDP. Following construction of the alternative, the bulk of 
the land disturbed during construction would be returned to its prior use. Long-term impacts would be 
related to the operating facilities, extraction wells, and monitoring wells. A LUCIP will be developed as 
necessary per the requirements of the PGDP LUCAP (DOE 2000). 

Socioeconomics. The socioeconomic conditions of the PGDP and surrounding area would not be 
expected to be impacted by the implementation of the Secondary Source Area Pump-and-Treat Technology 
alternative. The construction and operation of the facilities for this alternative would be performed by 
construction contractors. The number of permanent jobs that could develop as a result of the action is 
small in relation to the size of the population of the surrounding area. The implementation of this alternative 
also would not result in a decrease or increase in the personnel at PGDP. However. the presence of 
contaminants in the groundwater will prevent its use and may limit economic development opportunities 
until the groundwater is brought back to beneficial use. 

Ai,. quality a"d "oise. A long-term degradation in air quality is not expected as a result of the 
implementation of .this alternative; however, there will be a long-term emission of TCE from the 
operation of the facility. The TCE, which is removed from the extracted groundwater. is destroyed by 
catalytic oxidation afterwards and would not be an air-contaminant concern. The potential for a temporary 
increase in fugitive dust emissions during construction would be mitigated by keeping dust prone areas 
watered to suppress dust. 

No long-term increase in noise is expected from this alternative. During construction, there will be 
local increases in noise levels due to operating machinery. However, the noise increase will be in a 
limited area and will not affect human receptors. Hearing protection would be used to protect the worker 
constructing the system. 

Vegetatio". This alternative likely would be implemented in target areas within the eXlstmg 
industrial area of buildings and facilities; therefore, no long-term impacts to vegetation is expected from 
the implementation of this remedy. Once construction is concluded. any disturbed vegetation could be 
restored through seeding and natural regeneration. 

Wildlife. This alternative likely would be implemented in target areas within the existing industrial 
area of buildings and facilities. Therefore, no long-term impacts to wildlife are expected from the 
implementation of this remedy. In addition, no long-term adverse impacts are expected for aquatic life in 
the KPDES outfalls and creeks. Construction in creeks and tributaries will not occur. Large volumes of 
water are expected to be released; however, the actual quantities will be determined in the development of 
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the PRAP. Should it become necessary. the treated b'fOundwaterthat would be released' could be split 
among several outfalls to distribute flow between the Bayou and Little Bayou Creeks. 

-oi 

Threatelled alld elldallgere(/ species. No long-term adverse impacts were identified for this 
alternative. The Indiana. bat, which regionally, has suitable habitat. is not expected to' be impacted by this 
altern~tive. The' potential roosti.n!(arcas, of the Indiana bat. as identified by Bryan (COE 1993). are not 
located'inthc expected area~orthis alternative. " ,> '" " 

• - _, ,~I \ . • . . , . 

I '1 ~ 

'Cultural resources. No long-term impacts to cultural resources are anticipated for this alternative. 

Groimd»'aler. Thiough imple~entahonofthi~ 'alternative. potential RGA VOC sources to groundwater 
either are reduced or-eiiminated over an' extended period ottime by indirect dissolution- of the sources. In 
addition,: there will 'bemoderfite'redudiorito qC'Tc. If successful, the potential exists for the RGA to be 
restored to full use after the downgradient portions of the plumes are attenuated. Degradation to groundwater 
is not expected; however, pOtential adverse,.impacts of the altematiye would .be ,the unlikely. but possible. 
migration ofTCEDNAPLfrom current areas'a's a result of the extraction and drawdownofthe aquifer. 

• ',' '" • t _ . .,' .' , .. 

The ,array of extraction wells 'should be~ufficlel1t i~ eliminate, the'"adqition of COCs to the off-site 
portions of the plumes. It is not expected" that the extraction- rate of the pump-and-treat system would 
substantially deplete the amount of water in,the, RGA.The waterresources in _ the RGA are sufficient to 
sustain the 'rate of extraction. However.: th'e, extraction rate, _ due todrawdown of the 'aquifer; may 
temporarily impact welisiscreened in theupperRGA.Should ex~essive drawdowri ,result from the expected 
extraction rate, the volume of water :produced potentially could be reduced to a level that produces a 
capture zone necessary to contain the COC migration. The incr~ased pumping rate potentially could affect 
water levels in the upgradient Terrace Ora:vel. However, no significant decline in water levels is expected: 
moreover, no water supply wells in the Terrace Gr,avel are located in the proximity of the POOP. • 

Slilface water. No adverse impacts to streams are expected to occur. H~wever, d~e to increased 
pumping arid treating of groundwater. there will be large increases in the KPOES discharges yolumes. 
The actual quantities' will be determined\n the development ofr~he:PRAP.Currently; theoutfaHs that 
contribute to 'Bayou Creek have. a combined. yearly flow of 0.720 mgd, a maximum flow of -1'5..85' mgd, 
and an average flow of 5.5 mgd. PGDPcurreritly provides approxlmately.85% of the flow to Bayou on 
average, and during periodsoflow base flo"':, nearly 1'00% (Geotrans 1993).,Flowinthe8ayouCreek is 
highly variable\dependingon activities, at thePGDP. season; and recent pr~cipitation. The mean monthly 
flows of Bayou Creek vary from 20.5 to, 38'.8 mgd. The creek also accommodates'high energy episodes as 
evidenced by many deposits of sand and gravel along its banks. 

" ,; ., , " 

Surface 'water quality is not expected to be impacted with the' implementation of this remedy. The 
treatment system to remove theCOCs from the· extracted groundwater will be designed' to meet the 
release requirements of the KPOES permit. Also, controls for silt and erosion will be used during the 
construction activities. 

" Floodplaills. Nolong-tenri,.impacts are expected with' the in:tplementation of this alternative. The 
action\would,n()ttake place'in any floodplairiof anystreaniafPGDP:' " . 

Wetla1lds. No significant .impacts to the integrity of wetlands are expected. This:alternative would be 
implemented within the on-site industrial area,ofthe'PGDP. However, the potentiaLexists that wetlands 
may be impacted along the nearby creeks' due to . the increased water discharges and :construction 
activities. The wetlands in the area of the PGDP Occur due tosui"face flow into poofIydrained soils and 
not from recharge from the RGA. The exception to this would be the area of Little Bayou Creek near the 
TVA Shawnee Steam Plant that does receive recharge fiom theRGA. This is approximately two miles 
from where the Secondary Source Area treatments would occur. 
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Soils lIlIll prime farmland. No long-term impacts to soils and prime fannland are expected from the 
implementation of this alternative. Minor impacts will occur to the soils in the area of construction during 
implementation of this alternative. Impacts would be mitigated through the use of standard construction 
practices of placing erosion and drainage control in the construction areas, as necessary. During well 
installation. tcsting. and treatmcnt facility operation. the potential exists for the release and spill of 
contaminated water. These potential releases will be mitigated through the use of engineering measures to 
contain spills and contaminated soils. 

Prime farmland exists north of the PGDP and DOE property. The NRCS has identified prime 
fannland as the Calloway, Waverly, and Grenada soil series in the area between the PGDP and the TVA 
Shawnee Steam Plant. This alternative would be implemented within the on-site industrial area of the 
PGDP within the security fence; therefore, it would not affect the off-site prime farmland to the north. 

Transportation. No long-term direct or indirect impacts to transportation are anticipated for this 
alternative. The implementation of this alternative will result in transportation of environmental soil and 
groundwater samples to environmental laboratories. During the operation of the alternative, ion-exchange 
resins will be transported to treatment storage or disposal facilities. Standard engineering practices will be 
used to ship these waste materials. Also, all applicable regulatory requirements for shipment of LL W 
materials also will be followed. 

Cumulative impact. Cumulative impacts are defined as the incremental impact of an action when 
added to other past, present, and reasonable, foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative Impacts resulting from this alternative will have to be 
identified at a later time during development of site specific GWOU decision documents. 

Reduction in Toxicity, Mobility, or Volume Through Treatment. This alternative implementation 
will result in pumping and treating in the vicinity of the source area to remove VOCs and 99Tc. Depending 
on the design and layout of the pumping system, hydraulic containment may be effected that would· 
prevent further migration of contaminants from the site. Such a containment field will be produced via a 
pump-and-treat system. The contaminated water will be treated to remove the VOCs and 99Tc through the 
use of air strippers for VOC reductions and ion exchange resin for 99Tc before releasing the treated water 
to an outfall. Once the TeE is air stripped, the resulting vapor phase will be passed through a catalytic 
oxidizer with a scrubber for emission reduction to destroy the TCE. The 99Tc will remain adsorbed to the 
ion exchange resin and will not be destroyed. Nearly 100% of the extracted contaminants would be 
tt:eated and/or destroyed through the use of catalytic oxidation and ion exchange. 

Since TCE and 99Tc are only incrementally removed from the groundwater plume, the toxicity of the 
TCE and 99Tc in the groundwater plume will remain. After long-term operation of the alternative, 
approximately 100% of the VOC and 99Tc contamination would be removed; therefore, the toxicity of the 
plumes will dissipate due to the removal of the COCs via the pump-and-treat system. 

Implementation of this alternative would not affect the chemical and physical soil properties within 
the treatment area. This alternative provides no direct reduction in COC mobility. 

The implementation of this alternative will result in the complete removal of the sources (after prolonged 
operational period). However, the alternative is reversible. Should the operation of the alternative be 
terminated, the groundwater plumes will reestablish with some reduction in COC concentrations. 

Following treatment of the extracted groundwater, the treatment residuals will exist. The TCE is 
destroyed through treatment of the catalytic oxidizer. The treatment residual from this process is production 
of sodium chloride from the scrubbing of off-g~s from the oxidizer. The treatment of the ~c also will result 
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in a treatment residual in the form of a spent ion exchange resin. The spent ion exchange resin will be a 
LL W. This alternative may meet the preference for treatment through the use off-gas VOC treatment systems. 

Short-Term Effectiveness. This criterion involves evaluating alternatives for community protection, 
worker protection, environmental impacts, and the time until remedial response actions are achieved. A 
discussion of each is provided in the following paragraphs. 

Comnlllllity protectioll. The potential for short-term adverse impacts to the community from the 
implementation of this alternative is minimal. This alternative would be implemented within the on-site 
industrial area of the PGDP within the security fence; therefore, it would not affect the surrounding 
community. Also, environmental monitoring will be conducted during the construction of extraction and 
monitoring wells where COCs may be present. Engineering controls can be implemented to reduce off
gas emissions. 

Worker protectioll. Implementation of this alternative has the potential for worker exposure to 
contaminated subsurface soils and groundwater during environmental sampling and well installation. 
Potential exposure pathways include inhalation of dust that contains contaminated soils, dermal contact 
with subsurface soils, and dermal contact with contaminated groundwater. Impacts to on-site workers 
would be minimized through use of engineering controls for off-gas treatment, PPE, and formalized 
operating procedures. 

Ellvirollmelltal impacts and mitigative measures. Short-term environmental impacts and mitigative 
measures are qualitatively assessed and include an evaluation of the impacts on environmentally and 
potentially sensitive ecological resources, short-term impacts on socioeconomics and cultural resources, 
and cumulative impacts of the remedial construction. 

Lalld use. Implementation of this alternative would result in minimal adverse impacts to land use 
with no changes to the population surrounding the PGDP. Following construction of the alternative, the 
bulk of the land disturbed during construction would be returned to its prior use. All short-term impacts 
would be related to treatment facilities and monitoring wells. The areas expected to be targeted for this 
technology are anticipated to be within the industrial areas of the PGDP facility. A LUCIP will be 
developed as necessary per the requirements of the PGDP LUCAP (DOE 2000). 

Socioecollomics. The short-term socioeconomic conditions of the PGDP and surrounding area would 
not be expected to be impacted by the implementation of this alternative. The construction and operation 
of the facilities for this alternative would be performed by construction contractors. There would be 
minimal temporary jobs resulting from construction and operations of this alternative. The number of 
permanent jobs that could develop as a result of the action is small in relation to the size of the population 
of the surrounding area. Also, the implementation of .this alternative would not result in a decrease or 
increase in the personnel at PGDP. 

Air quality alld noise. Short-term degradation of air quality is not expected since off-gas treatment 
will be included as part of this alternative. The potential for a short-term temporary increase in fugitive 
dust emissions during construction would be mitigated by keeping dust prone areas watered to suppress 
dust. Also, during construction there will be some local short-term increases in noise levels due to 
operating machinery. However, the noise increase will be in a limited area and will not affect human 
receptors. Hearing protection would be used to protect the workers constructing the system. 

• 

• 

Vegetation. This alternative likely would be implemented in target areas within the eXlstmg 
industrial area of buildings and facilities; therefore, no adverse impacts to vegetation are expected from 
the implementation of this remedy. Once construction is concluded, any disturbed vegetation could be • 
restored through seeding and natural regeneration. 
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Wildl(fe. Short-term impacts to wildlife are expected to be minimal since most of the activity will be 
contained within the industrial portion of the PGDP. Construction in creeks and tributaries may be 
required to address increased discharges of water from the treatment process. However. no adverse 
impacts are expected for aquatic life in the KPDES outfaJls and creeks. Should it become necessary, due 
to increased volumes of discharged water. the treated groundwater that would be released could be split 
among several outfalls to distribute flow between the Bayou and Little Bayou Creeks. 

Threatened am/ em/angered species. Short-term adverse impacts to T &E species is not likely to 
occur since implementation ofthis alternative would be confined to the PGDP industrial area. The Indiana 
bat, which regionally has a suitable habitat, is not expected to be impacted by this alternative. The 
potential roosting areas of the Indiana bat, as identified by Bryan (COE 1993), are not located in the 
expected area for this alternative. 

Cultural resources. No short-term impacts to cultural resources are expected for this alternative. 

Grou"dwater. Through implementation of this alternative, potential RGA VOC sources to groundwater 
either are reduced or eliminated over an extended period of time by indirect dissolution of the sources. In 
addition, there will be moderate reduction to 99Tc. If successful, the potential exists for the RGA to be 
restored to full use after the downgradient portions ofthe plumes are attenuated. Degradation to groundwater 
is not expected; however, potential adverse impacts of the alternative would be the unlikely, but possible. 
migration ofTCE DNAPL from current areas as a result of the extraction and drawdown of the aquifer. 

The array of extraction wells should be sufficient to eliminate the addition of COCs to the off-site 
portions of the plumes. It is not expected that the extraction rate of the system would substantially deplete 
the amount of water in the RGA. The water resources in the RGA are sufficient to sustain the rate of 
extraction. However, the extraction rate, due to drawdown of the aquifer, may temporarily impact wells 
screened in the upper RGA. Should excessive drawdown result from the expected extraction rate. the 
volume of water produced potentially could be reduced to a level that produces a capture zone necessary . 
to contain the COC migration. The increased pumping rate potentially could affect water levels in the 
upgradient Terrace Gravel. However, no significant decline in water levels is expected; moreover. no 
water supply wells in the Terrace Gravel are located in the proximity of the PGDP. 

Slilface water. No short-term adverse impacts to surface water are expected from implementing this 
remedy. However. there will be large increases in discharge volumes as a result of treatment of extracted 
groundwater. During construction, controls for silt and erosion will be used to minimize impacts to the 
surface water. 

Floodplaills. No short-term impacts are expected with the implementation of this alternative. The 
action would not take place in any floodplain of any stream at PGDP. 

Wetlallds. No significant impacts to the integrity of wetlands are expected. This alternative would be 
implemented within the on-site industrial area of the PGDP. However, the potential exists that wetlands 
may be impacted along the nearby creeks due to the increased water discharges and construction 
activities. The wetlands in the area of the PGDP occur due to surface flow into poorly drained soils and 
not from recharge from the RGA. 

Soils alld prime farmland. No short-term impacts to soils and prime farmland are expected from the 
implementation of this alternative. Minor impacts will occur to the soils in the area of the construction 
during implementation of this alternative. Impacts would be mitigated through the use of standard 
construction practices of placing erosion and drainage control in the construction areas as necessary . 
During well installation, testing, and treatment facility operation, the potential exists for the release and 
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spill of contaminated water. These potential releases will be mitigated through the use of engineering 
measures to contain spills and contamirlated soils: . 

I " ,. 

Prime farmhind exists north 'df the POOP and DOE property. The ~RCS has identified prime 
farmland as the Calloway, Waverly, and Gr~nada soil series in the area,between the PGDp,and the TVA 
Shawnee Steam Plant. This alternative would be impiemented within the on-site industr:ial area of the 
POI)P within the security fence; th~refore;it would not affect the o[f:'siteprime farmland to the north. 

. , ' 

" -'. ". 

", i Transporlatiim.· Minimal impacts to tnlnsportation may"occur du'ring con~t~ction activities. The 
implementation of this alternative will' result in transportation of environmental soils samples and 
groundwater samples to environmental laboratories. During the operation of the llltemative, ion exchange 
resins will be ·transported to treatment, storage, or disposal facilities. Standard engineering practices will 
be used to ship these waste materials. Also, all applicable regulatory. requirements for shipment of LL W 
materials also will be followed. '. . . ", 

. .. .. . I· . 

'Cumulative impac/~' Cumulative impacts are defined as the incremental impact of an action when 
added 'to other past; present, and 'ieasonabl~, foreseeable future actions, regardless' of what agency or 
person undertakes other such actions~ Cumulative Impacts res,ulting from ,this alternative ,will have to be 
identified at a'latertime dur.ng ~eveIopment of site specific OWOU decisi~n documents; 

, Timeulltil actioll is complete. Implementation of this alternative will not result in achievement of 
the specified OWOU RAOs for groundwater MCLs. Approximately 7,000 years will be ,required before 
grouridwatermay be used following'the application of ,the' Pump-and-Treat Technology only in the 
Secondary Source Areas of the RGA.The reduction of sources only within the ROA wiUnot prevent the 
Primary Source Areas located within the. UCRS from contin~ing to impact the groundwater. It will be 
necessary to'implement other Source Redl;l~tion and Dissolved Phase Plume technologies in conjunction • 
with Pump-and-Treat Technologies il',l ttie Secondary Source Areas to r:educ~the time the groundwater 
will remain unusable. . " . :; ,,'I ". '. '. ,. .,. 

. Implementability. Theiinplementability ,?fPump-and~Treat Technology in the Seconda.ry Source 
. Areas of the ROA was evaluated base'd upon its technical feasibility,' administrative feasibility, and the 

availability of services and materials. The information is summarized in the following subsec.tions. 
. . 

\ " 

Tec/lllical feasibility.' The construction or' extraction wells and m~nitoring wells ,is: a ~resumptive 
remedyithat is technically feasibh:,using standard equipment and technologies and available from multiple 
vendors. In addition, the .equipment that would be used in constructing a water treatment facility and 
pipelines to convey the contaminated water also' are standard. The tre!1tment ; equipment. types used in 
treating the water: are proven technologi'es;'Equipment that is used isprovenand.reliable, and downtime is 
expected to be minimal for maintenance and repairs. However, the alternative will require extensive 
maintenance due to the extended period of time the operation m~st continue .. In ~ddition,some difficulties 
may arise during installation due to the industrial 'setting of the POOP. Construction of·this alternative 
would not prohibitthe implementation of other OWOU technologies. ' : 

" .'1 

The effectiveness of the treatment system in removing the COCs will be monitored by erfluent 
sampling to ensure the released water is incompliance withregulatoryrequlreinents. Air and; groundwater 
monitoring would be required. 

Admillistrative feasibility. Thisaltemative is administratively feasible. Compliance with substantive 
requirements associated with federal and state regulations would .be n¢cessary.Treated water would be 
discharged to an outfall. Treatment of the residuals, handling, and transportation and disposal would • 
require proper procedures; however, no difficulties are expected. An ARAR waiver will be required for 
this alternative since MCLs are not achieved in timely manner. 
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Availability of !.ervic:e~· alld material.... Commercially available services and materials for the 
construction of this alternative are readily available. Additionally, numerous vendors will increase the 
likelihood of competitive bids. 

The construction of this alternative will result in the generation of waste soil cuttings, drilling, and 
development water from the extraction wells and monitoring well construction. Additionally, the construction 
will generate clean concrete, wire, and pipe construction debris during the building of the treatment 
facility. All of these materials either will be treated as necessary and released, as in the development 
water, or disposed of appropriately. 

The operation of the treatment system will result in the generation of sodium chloride from the 
scrubbing of the catalytic oxidizer off-gas and ion exchange resins spent with 99Tc. Both of these 
materials will be stored until appropriate disposal can be arranged. 

Cost. Table 4.12 summarizes the preliminary unit cost estimates for implementation of the 
Secondary Source Area Pump-and-Treat Technology alternative for the RGA. These preliminary unit cost 
estimates are based upon FS-Ievel scoping and are intended to aid with selection of a preferred alternative. 
The estimates have an expected accuracy of -30 to +50% for the proposed scope of action (EPA 1988a). 
The capital cost estimate represents those expenditures required to implement this remedial alternative. 
The O&M cost estimates represent expenditures required to maintain the remedy after the initial phase of 
remedial action construction is completed. The total contingency cost presented includes direct, indirect, 
and all O&M associated contingency costs. The total cost includes all capital costs, direct and indirect 
with O&M and associated reports, plus 25% contingency costs, for a 30-year term of comparison. All 
estimates have been escalated using DOE-approved annual rates and a schedule for the various activities 
based on similar project experience. Present worth values also are included using a discount factor of 5% 
(EPA 1988b). Additional infonnation regarding the preliminary cost estimates is presented in Appendix C7 . 

Table 4.12. Preliminary unit cost estimate for Secondary Source Area Pump-and-Treat Technology 

Total unit capital costs (per acre-foot) 
Total operation and maintenance costs 
Overhead 
Total contingency 
Total cost 
Total cost (present worth) 
Note: preliminary cost estimates are per acre-foot, escalated and presented in dollars_ 

$353,106 
$767,963 
$733,498 
$463,642 

$2,318,211 
$1,076,353 

State/Commonwealth Acceptance. The Commonwealth of Kentucky acceptance or nonacceptance 
of this alternative will be addressed in the ROD should Secondary Source Area Pump-and-Treat Technology 
be selected as the preferred alternative. 

Community Acceptance. Following a formal public comment period on the PRAP for the GWOU, 
comments from the community will be addressed fonnally in a responsiveness summary that will be 
presented in the ROD. 

Evaluatioll summary o/Secolldary Source Area Pump-mId-Treat Tec/lllology 

Secondary Source Area Pump-and-Treat Technology would involve pump and treating for source 
reduction of the on-site secondary source areas of the RGA and environmental media monitoring to track 
COC migration. Pumping and treating of the high-concentration secondary sources removes COC mass 
from the groundwater and can control the migration of the source. Implementation of monitoring will 
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provide an indirect proi~ction. as monitoring cae migration allows for minimizing the potential for 
exposure to contaminated environmental media through avoidance. 

Residual risk will remain in the off-site plumes lor 7.000 years. If the J)ump-and-Treat Technology 
system effects total hy<iratilic . containment. risk will.remain: until dispersiona~ddegradati()ncause the 
'plumes to dissipate.Short-term'risks to. construction worke~s would existhecause ofpotenti~lI exposure to 
contaminated . groundwater .during environmental monitoring activities and 'maintenarice of' the 
groundwater treatment' systems'. Additional ex.posure is possible due to dermal arid inhalation contact 
during changcout of treatment media. However, risks to workers will be minimized by, strict adherence to 
approved risk management procedures (e.g .. health and safety plan and·use,ofPPE). ' . 

IInplementation of Secondary ~ource Area Pump-and-Treat Technology would require moderate 
capital and high O&M costs due to coritinUous pumping and treating of groundwater. Input from the 
Commonwealth of Kentucky and the community has not yet been received, but these will be added to a 

. ROD once the public comment period has been completed. 

4.2;3.3 ~eCoildary Source Area - Oxidation Technology 

The followirig subsectio'ns contain' a description of Secondary Source. Area - Oxidation Technology 
. Alternative and the detailed analysis. , . . 

Descriptio" of SecOl.dary Source A~ea':" Oxidatioll Tecllllology 
", " •. /,1 . 

.'; 

.. . This alternative would consist of implementing an Oxidatio~ Technol~gy in a DNAPL source zone 
area of the RGA. The purPose of the alternative would be to ,remove TCE DNAPL and other voe 
contaminants from areas of the RGA that have sufficient TCEconcentrationsto be considered as sites of • 
free phase TeE, or TCE DNAPL. In this technology, a series of.injection;wells would be. drilled into the 
RGA . in the target areas. The injection wells then would be used .to inject into the zone of interest, the 
RGA, an oxidizing compound such as .potassium permanganaie or sodiumpermanganate. The oxidizing 
compound then would react with the VOCs, or TCE DNAPL, and they would be destroyed in the reaction 
with the oxidant. The 99Tc contamination would not be remediated by the oxidation technology. This 
alternative is. an 'il1silu treatment and would not require any ex situ treatment of produced water or release 
of air emissions. It will, however, require the placement of injection wells and injection equipment to 
effect the introduction of oxidant into the RGA. . 

·Figure 4.6 contains a "snapshot" that graphically summarizes what is involved in the application of 
Oxidation Technology. ' 

, ,The source-reduction efforts of implementing this technology will diminish the time until on-site 
groundwllter VOC levels attributed to the DNAPLzone areas in the RGA reach the 5 J..l.gaMCL. However, 
because the technology does not remove the TCE,DNAPL in the associated UCRS.art!a, it isariticipated 
that groundwater will not be returned . to ,the; drinking wale(standard for TCE' for .~pproximately 7;000 
years"@xidation Technologies wilf.not remove 99Tc .as .part of the operation. This is because 99Tc is not 
destroyed as a result of oxidation. The off-site portions of the groundwater.plumes will ;be affected only 
by the reduced quantity of DNAPL present in the RGA that isavai~able for dissolving· and producing the 
migrating plumes. .,,' , . 

The existing groundwater monitoring program, which is being il11plemented under a separate action, 
would be continued to monitor the movement of COCs within ·theRGA. The monitoring program will 
integrate existing PGDP monitoring wells, Where possible, with additional monitoring wells to be 
installed as needed following a review of the existing program. 
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Five-,year Reviews. This remedial Cilternative would result in residual "contaminants remaining at 
the site above levels that allow for unlimited use and unrestricted exposure"; therefore, this remedial action 
would be reviewed "no less often than every five years" in accordance with 40 CFR 300.430 (f)(4)(ii). 

AS,sessment of Secondary Source Area -.:. Oxidation Technology 

" ': The detailed analysis of this' alternative, using the CERCLA criteria is presented in the following 
subs~ctions" ' 

Overall Protection of Human Health and the Environment: Secondary Source Area Oxidation 
Technology includes the in situ treatment of VOCs and TCE DNAPL in the RGA. The technology would 

, reduce VOC contamination in the RGA only. ,It is not expected that oxidation would have any impact on 
the(1Tc contamination present in the, treatment area. The 99Tc present in the RGA is chemically oxidized 

" to it highest potential state of TC04' However, should the oxidant encounter 99Tc in a reduced state, the 
oxidant may increase dissolved levels Of99Tc ih the groundwater. This alternative alone will not satisfy 
'the RAOs for the' GWOU or pr,otection of the ecological receptors that may be exposed to contaminated 

, ; groundwater discharging to the; surface water. It will support'achieving the RAOs when implemented in 
'iconcert with other sourceiteduction and dissolved phase GWOU technologies. 

Compliance with,A'RARs. An alternative must meet this threshold criterion to be eligible for 
selection. The following discussion summarizes the potential ARARs and TBC Guidance for use of 
Secondary Source Area -:Oxidation Techn'ology. 

, Potential chemical-specific ARARs, 'The potential chemical-specific ARARs for this alternative are 
summarized in the following paragraphs. ' ' 

Chemical contamination. The aquifers are known to contain che~ical contaminants in the form of 
metals and organics. The,federal and state water quality requirements include standards that would be 
applicable ARARs. The regulations that apply are found in 40'CFR i41' (Natio'naIPrimary Drinking Water 
Standards); 40 CFR 143 (Seconda..y,DrinkingWater Standards); 40lKAR 5:029 (General Provisions); 
and401 KAR 5:031 (Surface Water Standards): These standards, summarized in Table 4.13, include general 
state standards, domestic water supply standards"and standards applicable to warm water aquatic habitat. 
These are applicable based upon the classification of the designation for surface water use, associated with 
the area (Ohio River; River Mile'940.7 to River Mile ,943.3) as specified iri 401 K:AR 5 :Oi6. All 'potentially 
applica9Iechemicai ARMs for COCs have been ,included in the table for completeness. Those standards 
that must be achieve~ ,in order to, meet the applicable requirements are the lowest of the applicable 
standards, which in most cases are the'MCLs.' , ' 

Radiological contamination. The OU is known to be contaminated with radlonuclide~ such as 99Tc, 
radon, uranium, and uranium daughter products. DOE's Order on Radiation Protection of the Public and 
Environment, DOE Order 5400.5, is TBC information for cleanup of radionuclides at ,DOE sites. The 
order requires that remediation 'activities not result in radiationexposures.to members of ,the general 
public greater than an EDEof 100mrernlyearfrom all exposure pathways. Exposure to the general public 
also must be ALARA (DOE 1990). ' 

DOE Order 5400.5 also contains reference values, known as DCGs, for operational DOE facilities. 
Based on the DCGs, radionuclide concentrations in air and drinking water must not ,exceed an EDE of 
10 mrernlyear and 4 mrernlyear, respectively, to the total body or any organ.' , 

The NRC also has set criteria for decommissioning standards at nuclear facilities at 10 CFR 20 
Subpart E. These rules require that residual radioactivity at nuclear sites meet a total EDE of 25 mrernlyear 
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Standards, Requirement, 

Criteria, or Limitation 

National Primary Drinking 
Water Standards 

National Secondary Drinking 
Water Standards 

Kentucky Surface Standards 
including 
• Warm Water Aquatic Habitat 

Criteria 
• Kentucky Domestic Water 

Supply 

· Kentucky General Standards 
• Kentucky Outstanding State 

Resource Waters 

Radiation Exposure of the 
General Public at DOE 
Facilities 

Decommissioning Standards at 
Nuclear Facilities 

Environmental Radiation 
Protection Standards for 
Nuclear Power Operations 

• • 
Table 4.13. Summary of potential ARARs for Secondary Source Zone - Oxidation Technology 

Citation Description of Requirement Comments 
CI,em;cal·Specific ARARs 

40 CFR 141 Provides chemical-specific numeric standards for toxic pollutants These requirements are relevant and appropriate due to 
expressed as MCLs and MCLGs. the nature of the contaminants found within the 

groundwater. 

40 CFR 143 Provides secondary MCLs for public water systems These requirements are TBCs. as they have been 
established as guidelines for the states and are not 
federally enforceable. 

401 KAR 5:031 and Provides chemical-specific numeric standards for pollutants These standards are applicable to the segment of the 
5:026 discharged or found in surface waters. Ohio River into which the Little Bayou Creek 

discharges. The requirements found in these standards 
Provides chemical-specific numeric standards for pollutants in are applicable due to the groundwater to surface water 
domestic water supplies. interface to Little Bayou Creek and subsequently to the 

Ohio River. 

Note: CW A Water Quality Criteria are not relevant 
and appropriate because Kentucky has promulgated 
state standards that Kentucky has determined to be 
appropriate for waters of the Commonwealth. 

DOE Order 5400.5 Specifies that the general public must not receive an effective dose This requirement is TBC information. 
equivalent of>IOO mrem/year from all exposure pathways. In 
addition, all release of radioactive materials resulting in doses to 
the general public must meet the ALARA criteria. 

10 CFR 20. Subpart E Specifies a residual activity at nuclear facilities for unrestricted These standards are considered to be applicable to the 
release of 25 mrem/year. GWOU. 

40 CFR 190, Subpart B Requires that the annual dose equivalent to the public must not exceed These standards are considered to be relevant and 
25 mrem to the whole body. 75 mrem to the thyroid, and 25 mrem appropriate and are equivalent to the NRC standards. 
to any other organ as the result of exposures to planned discharges 
of radioactive materials. radon and its daughter products excepted, 
to the general environment from uranium fuel cycle operations and 
the radiation from these operations. 



Table 4.13. (continued) 

Standards. Requirement. 
Criteria, or Limitation Citation Description of Requirement Comments 

Locatioll-Specijic ARARs 
Protection of Wetlands 10 CFR Section 1022; Activities must avoid or minimize impacts to wetlands to preser\'e These requirements are applicable due to the presence 

Executive Order 11990; and enhance their natural and beneficial \'alue, If wetland resources of wetlands. but will be met through avoidance of 
40 CFR 230.10; are not avoided. measures must be taken to address ecologically wetlands during construction and implementation of 
33 CFR 330.5 sensitive areas and mitigate adverse effects. Such measures may altemati\'cs. 

include. minimum grading requirements. runoff controls. and 
design and construction considerations. 

Allows minor discharges of dredge and fill material. or other minor 
activities for which there are no practicable alternatives, provided 
that the pertinent requirements ofthe NWP system are met. 

Endangered Species Act 16 U.S.c. 1531 et seq. Actions that jeopardize the ex istence of listed species or result in Action that is likely to jeopardize fish, wildlife. or 
Section7(a)(2) the destruction of adverse modification of critical habitat must be plant species or destroy or adversely modify critical 

avoided or reasonable and prudent miti~ation measures taken. habitat-applicable. 
Migratory Bird Treaty Act 16 U.S.C. 703-71 I; Federal Agencies are encouraged (until requirements are Action that is likely to impact migratory birds. 

Executive Order 13186 established under a formal MOU) to: habitats, and resources-applicable. 

• avoid or minimize. to the extent practicable. adverse impacts on 
migratory bird resources when conducting agency actions: 

• restore and enhance the habitats of migratory birds. as 
practicable; 

~ 
I 

IV • prevent or abate the pollution or detrimental alteration of the 
environment for the benefit of migratory birds. as practicable; 

• ensure that environmental analysis of federal actions required by 
the NEPA or other established environmental review processes 
evaluate the effects of actions and agency plans on migratory 
birds. with emphasis on species of concern; and 

• identify where unintentional take will likely result from agency 
actions and develop standards and/or practices to minimize such 
unintentional take. 

• • • 
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Standards, Requirement, 
Criteria or limitation 

Fugitive Dust Emissions during 
site preparation and construction 
activities . 

Toxic Emissions 

Monitoring Well Installation 

Discharge of Stormwater 

Citation 

401 KAR 63:010 

401 KAR 63:022 

401 KAR 6:310 

40 CFR 122; 
401 KAR 5:055 

• • Table 4.13. (continued) 

Description of Requirement Comments 
Actioll-Spedjic ARARs 

Prccautions must be taken to prevent particulate matter from These requirements are applicable and will be met 
becoming airborne. Such precautions must be incorporated into the through the use ofappropriatc dust control practices 
planning and design of activities and include actions such as identified during altcrnati\·c dcsign phase. 

• wetting or adding chemicals to control dust from construction 
activities; 

• using materials such as asphalt or concrete (or other suitable 
chemicals/fixing agents) on roads or material stockpiles to 
prevent fugitive emissions; and 

• using covers on trucks when transporting materials to and from 
the construction site(s). 

Thc requirement specifies that for on-site construction activities. no 
visible emissions may occur at the PGDP fenceline. Similar points 
of compliance shall be identified for construction activities that 
occur outside the fence. 
The regulations require that a determination of toxic emissions be These requirements are considered to be applicable and 
made in order to assess the applicability of required controls. shall be complied with through calculation of 
Calculations of the significant emission levels are compared to the significant emission levels for toxic materials and 
allowable emission limits specified in Appendix A of63:022. If application of best available control technology as 
emission levels are exceeded, best available control technologies necessary during the design of the alternative. 
must be incorporated into equipment/process design. 
Monitoring wells (including injection wells) must be constructed in These requirements are considered to be applicable. 
a manner to maintain existing protection against the introduction of Compliance with well design and protection standards 
pollutants into aquifers and to prevent the entry of pollutants shall be achieved through the use of approved wcll 
through the borehole. In addition. wells that have no further use design and materials of construction. While in service. 
must be plugged and abandoned in accordance with the wells shall be secured as required. Wells that have no 
requirements specified. further use, shall be plugged and abandoned as required. 
Stormwater discharges from construction activities on-site are These requirements are considered applicable for all 
subject to the requirements of the KPDES permit. This requires that on-site construction or treatment acth·ities where a 
BMPs to control stormwater runofTand sedimentation be discharge of stormwater or treated groundwater occurs. 
employed. Although ofT-plant construction activities within the For ofT-site construction activities, these rcquirements 
contaminated area are not subject to the permit, these requirements are considered relevant and appropriate and will be 
should be considered relevant and appropriate and be incorporated adhered to. Compliance with these ARARs shall be 
into any ofT-site construction activities. achieved by application of required controls during the 

design phase of the alternath·e 
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Standards, Requirement, 
Criteria or Limitation Citation 

Hazardous Waste Management 40 CFR 260 through 
268; 
01 KAR 32 through 37 

PCB Waste Management 40 CFR 761 

ALARA 
ARAR 
BMP 
CFR 
CWA 
DOE 
GWOU 
KAR 
KPOES 

• 

as low as reasonably achievable 
applicable or relevant and appropriate requirement 
best management practice 
Code of Federal Regulnriolls 
Clean Water Act 
U.S. Department of Energy 
groundwater operable unit 
Kentucky Administrative Regulation 
Kentucky Pollutant Discharge Elimination System 

Table 4.13. (continued) 

Description of Requirement 
All wastes or environmental media containing wastes must be 
characterized to determine whether the waste is also a hazardous 
waste in accordance with 40 CFR 262. I I and 401 KAR 32:010. Ifit 
is determined that a waste is a hazardous waste or that environmental 
media contain a hazardous waste subject to the RCRA regulation, the 
substantive requirements of 40 CFR 262 through 268 are applicable. 
These standards include design and operation of storage and 
accumulation areas, waste handling and shipment, and treatment 
technologies or numeric standards aQPlicable to wastes before disposal. 
TSCA requirements for the management of PCB wastes or items 
containing >50 ppm PCBs or from a source of 50 ppm or greater. 
Requirements include the following: 

• management of waste and material:. 
• characterization of PCB-containing materials: 
• labeling and storage for disposal: 
• manifest completion for shipment off-site: 
• decontamination of affected equipment or items: and 
• disposal of PCB wastes. 

These requirements will be complied with if PCBs are found at 
concentrations requiring compliance. 

MCLGs 
MCLs 
NRC 
NWP 
PCB 
PGDP 
TBC 
TSCA 

maximum containment level goals 
maximum contaminant level 
Nuclear Regulatory Commission 
NatioO\\;de Permit 
polychlorinated biphenyls 
Paducah Gaseous DifTusion Plant 
to be considered 
Toxic Substances Control Act 

• 

Comments 
These requirements are applicable and will be 
complied with through characterization of wastes and 
environmental media generated as a result of 
implementation of the altemati\·e. Waste management 
will be predicated upon the characterization and 
comply with all substantive requirements associated 
with hazardous waste management if identified as 
such. 

These requirements are applicable if PCBs are found 
or result from items or equipment regulated under 40 
CFR 76 I. Activities necessary to comply with these 
ARARs shall be incorporated into the planning phase 
of the alternative implementation. 
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for unrestricted release. In addition to the NRC standards. EPA has issued guidance for cleanup levels at 
CERCLA sites with radioactive contamination. EPA has disagreed with the protectiveness specified 
within the NRC standard and has specified that a 15 mrem/year EDE be used as the risk level that is 
protective of human health and the environment. EPA also has codified exposure limits for environmental 
radiation protection standards for nuclear power operations at 40 CFR 190. These requirements apply to 
operations involved in the uranium fuel cycle and include enrichment operations. Subpart B of these 
requirements specifies that the annual dose equivalent to the public not exceed 25 mrem to the whole 
body, 75 mrem to the thyroid, and 25 mrem to any other organ as the result of exposures to planned 
discharges of radioactive materials, radon and its daughter products excepted. to the general environment 
from uranium fuel cycle operations and to radiation from these operations. These requirements would be 
considered relevant and appropriate because the release to the groundwater would not be planned. 

The Commonwealth of Kentucky is an NRC Agreement State and has promulgated regulations for 
radiation protection of the public. The Kentucky radiation protection standard for individual members of 
the public is 0.1 rem (100 mrem) EDE per year or less (902 KAR 100:019 Section 10), which is 
equivalent to the DOE radiation protection standard found in DOE Order 5400.5. 

Due to the differing views and values among NRC, EPA, and DOE regarding total EDE for members 
of the general public, EPA and DOE have agreed not to finalize their respective standards until an 
agreement can be reached. In the interim, DOE Order 5400.5 is identified as TBC information and the 
NRC standard is identified as relevant and appropriate. Therefore. the radiation protection standard 
identified within the NRC regulations at 10 CFR 20 Subpart E requiring an EDE of 25 mrern/year or less 
shall be used as the exposure limit for the general public. 

Clremical-.\pecific ARAR SU"""a1J'. The chemical-specific ARARs associated with the implementation 
of this alternative are outlined in Table 4.13. Implementation of this alternative would not result in 
immediate attainment of the chemical-specific ARARs associated with the off-site groundwater plumes. 
Attainment of the identified ARARs would be met in the future as implementation progresses. Continued· 
monitoring of the groundwater will be used during the five-year reviews to ensure the identified goals are 
met and that concentrations ofCOCs continue to decrease. 

Polelliiol locotioll-specijic ARARs. The potential location-specific ARARs for Secondary Source 
Zone - Oxidation Technology are summarized in the following paragraphs. 

Wel/allds. Although no wetlands have been identified within the area where construction activities 
will occur, certain jurisdictional wetlands have been identified in on-site drainage ditches within the plant 
boundary. In order to comply with these applicable requirements, wetlands shall be avoided. 

As stated in the regulations, construction activities must avoid or minimize adverse impacts on 
wetlands and act to preserve and enhance their natural and beneficial values (Executive Order I 1990, 
40 CFR 6.302(a), 40 CFR 6 Appendix A, and 10 CFR 1022). These applicable requirements include 
avoiding construction in wetlands, avoiding (to the extent practicable) long-term and short-term adverse 
impacts to floodplains and wetlands. avoiding degradation or destruction of wetlands, and avoiding 
discharge of dredge and fill material into wetlands. In addition, the protection of wetlands shan be 
incorporated into all planning documents and decision making as required by 10 CFR 1022.3. Although 
not anticipated, if this alternative results in impacts to wetlands that cannot be avoided, the substantive 
requirements of the NWP 38 (33 CFR 330) will be met. 

Off-site operations shall not impact wetlands. and all treatment will be conducted either ill situ or in 
units already in operation . 
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Endangered Species and Migratory Birdv:' Actions taken by federal agencies are prohibited from 
impacting T&E species or adversely modifying critical habitat (50 CFR 17.94) in accordance with the 
Endangered: Species Act (16 UsCA J.531 et .t;eq. Section (7)(a)(2». These requirements are potential ARARs 

.,intheevent T &E species or their habitats are found, at or near areas where remedial action is to occur; An 
. ecological. resource invest'igation inside the PGDP security fence did: not detect any T &E species or their 
preferred hahitats (COM Federal 1994). The'USFWS has not desib1J1ated critical habitats for; any species 
within the DOE property. However, outside the PGOP fence on the DOE property, potential habitats for 
federally listed T&E species were reviewed, arid. Indiana bat habitat was evaluated during the COE (1994) 
environmental investigation. The COE studydetennined that total potential bat habitat consisted of 20% 
of the 994~ha (2,456-acre) study area~ Remedial activities must be evaluated to ensurethat'such actions do 
not adversely impact areas identified as criticaJ habitats for any identified endangered species. 

In addition, ExecUtive Order 13186 direicts federal agencies to enter.into an MOU with the USFWS 
to further the purposes of the Migrat6ryBird Treaty Act (16 :U.S.C. 703-711). Until such time as the 
MOU between DOE and the USFWS is' finalized, federal agencies are encouraged immediately to begin 
implementing the conservation measures set forth in the Executive Order. The requirements of the 
Executive Order are applicable and must be consid~reqduring planning and design.ofthe remedial action. 

Po'e,,'ial acliOl,j,specijic ARARs. The potential action-specific ARARs for this alternative are 
summarized in the following paragraphs. 

.: 

Monitoring and injection well installation requirements. This alternative includes the installation of 
additional monitoring and injection wells. Installation of these wells would have to be conducted in a 
manner to maintain existing natural protection against the .introduction of pollutants into aquifers and to 
prevent the entry of pollutants through the borehole (401. KAR 6:310 Secti9n 13). These requirements also 
mandate the construction materials required for well construction, well design criteria, well completion • 
activities, and well abandonment methodologies. These' requirements are considered applicable to design 
and installation ofmonitorin'g and extraction' wells associated with the implementation ofthis,alternative.· 

, .', ' 

Fugitive dust emissions. Construction activities for well installation onsite may result in the production 
of particulate airborne pollutants (dust). The Kentucky Air Quality standards,.found in 401 KAR 63:010 
include requirements governing fugitive dusi emissions. These standards require that dust-suppression 
measures be undertaken that include activities such as use of water or chemicals to control emissions, 
placement of asphalt or concrete, and stockpiling of soils.' The standards also require that visible dust 
.generated from the implementation of the . remedialaltemati~e ,not be discharged ,beyond the property 
boundary of the site. These 'requirements are 'considered ,to be applicable to the implementation of this 
alternative and will be complied with through planning to ensure construction activities incorporate appropriate 
c~ntrols (e.g., wetting, covering, etc.) to control dust generation. Specific activities that could result in the 
generation of fugitive dust thatimust be considered during thedesign<phase include constrilction.and well 
installation: 

", 

Radionllclide emission standards. Air\Jo~e,emissions of .radio nuclides may occur as,a result of on
site construction :activities. Although the poteritia\'is low for such emissions to occur, the regulations at 
40 CFR 61.92 would require that the emissions' not. exceed amounts that wouid, ca.use ,anEDE ,to' the 
public of 10 tnremlyear. In order to determine whether the .altemativecomplied with this applicable 
requirement, computer modeling using the CAP~880r other EPA-approvedimodels must"be undertaken. If 
the modeling demonstrates ·the nidionuclide emission to be in excess of 1 % of the' 1 0 mremlyear standard, 
emission rates must be measured ,as required by 40 CFR61.93. This ARARshaIl be complied with by 
planning activities in such a manner as to control fugitive emissions from construction activities~ 
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Toxic emissioll stalldards. Although .toxic emissions are not expected as a result of construction 
activities or with the pumping of !,IToundwater to an on-site water treatment facility, these emission 
requirements would be applicable if such emissions do occur. Due to organic concentrations found in the 
groundwater and potentially within the subsurface soils at depth, there is a low potential for such 
emissions to occur. The regulations at 401 KAR 63:022 require that the emissions be evaluated to 
detennine whether they are significant for each specific toxic air pollutant. If analysis indicates the toxic 
emission requirements are triggered, the regulations specify that no source may exceed the allowable 
emission limit specified in Appendix A of 40 I KAR 63:022. If applicable, these rules would require the 
application of best available control technology to limit toxic emissions. If calculations indicate that the 
emission rates specified within the rule are not exceeded, the calculation package may be used to 
demonstrate compliance with these requirements. 

Stor"'W(lter discharge. Construction/well installation activities will be subject to the substantive 
requirements associated with the KPDES pennit that requires the use of BMPs and sediment/erosion 
controls to control transport of sediment in stonnwater runoff. In addition, groundwater will be treated in 
a wastewater treatment unit where discharge will be subject to the substantive requirements of the 
KPDES pro!,'Tam. These requirements are considered to be applicable. 

Waste managemellt requirements. Hazardous materials and wastes may be generated during the 
implementation of this alternative. It is anticipated that these wastes will be low-level radioactive wastes 
and, therefore, subject to the DOE Order 435.1 requirements that apply to the management of all 
radioactive wastes generated at DOE facilities. This requirement is TBC rather than applicable or relevant 
and appropriate because it is a DOE Order rather than a federal or state regulation or standard. 

The potential exists that some of the wastes generated may be RCRA-hazardous wastes as defined in 
40 CFR 261 of the federal program. All wastes generated shall be subject to the hazardous waste 
detennination requirements of 40 CFR 262 and 40 I KAR 32:010. If it is detennined that any wastes are. 
in fact, hazardous wastes, the materials must be managed in accordance with the substantive requirements· 
found in 40 CFR 262 through 40 CFR 268 (401 KAR 32 through 37). These standards include storage 
requirements, transportation requirements, and disposal requirements. Specific requirements applicable to 
each waste stream must be identified after characterization of the material is complete. These 
requirements shall be complied with through the development of a WMP during the design phase of 
implementation. If materials are identified as RCRA-hazardous waste, these requirements are applicable. 

Although considered unlikely, the potential exists that wastes generated from the implementation of 
this alternative may contain PCBs regulated under the Toxic Substances Control Act (TSCA). These 
regulations would be applicable to this alternative if PCB concentrations were found in soil or water that 
exceeded 50 ppm or PCBs were found and attributable to a source whose concentration exceeded 50 ppm 
PCBs. The substantive requirements for management of PCB wastes found in 40 CFR 761 would be 
applicable and include standards for storage, shipment, and equipment decontamination. These requirements 
shall be complied with through the development of a WMP during the design phase of implementation. If 
materials are identified as TSCA PCB-regulated material, these requirements are applicable. 

Actiol1-specific ARAR summary. This alternative will trigger action-specific ARARs with regard to 
the installation of wells and the handling of the potentially contaminated soils from well installation. All 
wells installed must be conducted in a manner to maintain existing natural protection against the introduction 
of pollutants into aquifers and to prevent the entry of pollutants through the borehole (401 KAR 6:310 
Section 13). Generated wastes must meet the requirements for compliance with the RCRA requirements 
for wastes generated as a result of implementation. In addition, the requirements ofTSCA may be applicable 
if PCB-containing materials are identified. This alternative will comply with these requirements during 
the planning phase to include compliant waste handling, storage, and disposition components. The 
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proposed alternative will comply with the substantive requirements of both the CWA and RCRAbecause 
the discharge of treated effluent in' compliance with the CW A meets both,requirements, and because such 
treatm~nt is allowed under RCRA. If wastes from treatment of groundwater or excavation of soils is 
determined to be hazardous wastes under RCRA, the substantive requirements for storage, management, 
and dispOsal of hazardous wastes shall be incorporated into the alternative during the 'planning'phase. 
'Activities'that may be required for ReRA and TSCA compliance include use of appropriate ,containers, 
labeling of containers, appropril,lte,storage I;lreadesign and operation (secondary containment or storage 
for'less than 90 days in a compliant acc,uinulation area), and transPQrtation of wastes . 

. \ 
. , 

, A summary of the ARARs for the implementation of this alternative are presented in Table 4.13. 

Compiiallce witll ARARs summary. Implementation of this alternative would notachieve compliance 
with the MeL for TCE. Compliance at ,the fenceline·andDOE property boundary has been, calculated to 
occur in approximately 7,000 years. The MCLsapplicable to antimony,' chromium (action 'level), and 
alpha-emitting radionuclide~\vould be exceeded at,the point ofcoQ'lpliance (plant fenceline) and points of 
exposure (DOE property boundary, Ohio River), if containinants,were allowed to 'continlle to 'migrate 
offsite from source areas, according to the modeling used in the development of this FS. As stated in the 
risk assessment, the metals and radionuclides,based upon historic observations are far less,'mobile thim 
current modeling indicates. Base.don the time frames Illustrated in the modelrequired,for migration to the 
point of compliance and the historical observations associated with migration of metals and radionuclides 
at the PGDP! exceed~nce:oft~e associated MCLs is considered unlikely.' . 

In order to c<lmply with'the identified chemical-specific ARARs, an ARAR waiver will be required 
due to the time frames required to meet the specified concentrations within the GWOU at the point of 
compliance and points 'of exposure. _ . 

'. , " 

As discussed,no potential location-specific ARARs have, been .identified within the area where 
remedial action will occur. However, to,~nsure thatj!lris~ictional:wetlandsare not impacted; all construction 
activities associated with this alternative will be reVIewed asa safeguard. The protection of wetlands is 
not considered aioc'ation~specific ARAR at this ,time because jurisdictional wetlands have not been 
identified within the areas impac~ed by'the imple~entation of this alternative: 

i:, 

eoilstruction and 'implementation of the ~ltern~tive may trigge~ several acti~n-specifi~ ARARs such 
as the requirements associated with well installation and abandonment, fugitive-dust emissions, radionuclide 
emissions,toxicemissioils, arid discharge of'stormwat,er ancltreated groundwater. The 'requirements, 
associated with the installation and abandonment of weIls will be met ;though 'use of weU designs and' 
materials of construction . as specified at 401 KAR 6:310, Section -13. All well installations and abandonment 
practices incorporated into the, approved Remedial Design shall comply w,ith the substantive requirements 
of 401 K:AR 6:310. ' ' 

• 

Fugitive dust emissioras that may occur during construction activities will be controlled as required 
by 40 I KAR 63:010 .. BMPs, such as wetting or covering 'of potential sources of fugitive dust, will be 
incorporated into the remedial design. The specific actions:to be developed shall control potential emission 
sources to ensure that .dust erriissions do not rhi~te from the immediate area where construction activities 
occur. It is'anticipated that, in most cases, the moisture content in the soil will be sufficient to control dust 
emissions~during wellitistallatioh~ H'owever, ,practices such as.the wettingofidisturbed:soils, collection of 
soils, or re'seeding activitiesshaU b~co~sidered and incorporated into the remedial design. as necessary, 
to ensure compliance with these requireinents~ Radionuc1ide emissions at construction sites also must be 
considered during the implementation phase. In orderto ensure that theell1ission standards of JOmrem/year 
EDE to'the public is met, concentrations of radionuclides in soils and ,groundwater must be evaluated. If • 
the potential for such emissions is identified, modeling using the CAP;;88 or other EPA-approved methods 
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must be undertaken during the design phase of the alternative. It is anticipated that the primary conveyance 
of airborne radionuc1ides will be in particulate fonn. Therefore, control of fugitive dust emissions also 
will result in compliance with the emission standards applicable to radionuclides. If radiological 
contamination from plant activities is found in soils where construction activities are planned, the soil will 
be protected or containerized to prevent airborne migration. Measures necessary to prevent airborne 
emissions of radionuclides shall be evaluated and incorporated, as appropriate, into the remedial design in 
order to comply with these requirements during implementation of this alternative. 

Emissions of toxins such as volatile organics also must be evaluated before implementation. 
Although the potential for exceedance of toxic air emissions is considered to be low, an evaluation of the 
potential for such emissions must be undertaken during the remedial design. Potential emissions must be 
evaluated for each toxin present in the plumes (i.e., TCE, vinyl chloride, etc.) to determine whether the 
contaminant levels found in the subsurface could result in airborne emissions in excess of the allowable 
limits specified in Appendix A of 401 KAR 63:022. Compliance with the emissions standards shall be 
achieved for this alternative through the evaluation process or the application of the best available control 
technology where emissions are calculated to exceed allowable levels. Emission control equipment will 
be incorporated into implementation activities during the remedial design, as necessary, based upon the 
initial evaluation. This requirement will be complied with during implementation of the alternative. 

The construction activities associated with this alternative will require that BMPs for sedimentation/ 
erosion controls be established. This requirement will be complied with through the use of sediment 
fences or other appropriate means. The remedial design shall incorporate the specific controls necessary 
to ensure that the construction sites do not allow sedimentation and/or erosion of disturbed areas in order 
to comply with this requirement during implementation of this alternative. 

Wastes. including secondary wastes generated from the installation of wells. will trigger the 
characterization requirements associated with RCRA. The implementing regulations found at 40 CFR 262 
and 40 I KAR 32:0 I 0 require that generators of solid wastes (or contaminated environmental media) must· 
determine whether the waste also is a hazardous waste. If the materials generated from the implementation 
of this alternative are found to be hazardous wastes, the materials shall be containerized and managed as 
such. The requirements mandate that hazardous wastes be properly labeled and stored in areas that 
comply with the technical standards for storage of hazardous waste in containers. These standards shall be 
complied with through testing of soils before excavation activities. If the soils are found to be hazardous, 
appropriate storage areas shall be constructed and maintained. All hazardous waste generated during the 
implementation of this alternative shall be shipped for off-site disposal using the EPA Identification 
Number for the PGDP. Hazardous wastes shall be shipped to facilities permitted to treat, store, or dispose 
of the hazardous waste(s) being shipped. These activities shall be incorporated into the remedial design 
for this alternative in order to comply with these requirements. 

Wastes, including secondary wastes generated during the implementation of this alternative, also may 
be subject to regulation under TSCA, as PCB remediation waste, and under DOE Order 435.1, as LLW. 
Characterization of these materials will be required in order to determine whether specific wastes are 
regulate<J under these requirements. If it is determined that the waste generated is a PCB or LL W, appropriate 
management standards will be incorporated into the Remedial Design. Existing information will be used 
where practicable to determine the regulatory status of all waste to be generated before implementation. 

Long-Term Effectiveness and Permanence. Secondary Source Zone Oxidation Technology offers 
a relatively high level of long-term control for VOCs and DNAPL TCE contaminants located in areas of 
the RGA that may be subject to treatment. There would no positive impact to 99Tc concentrations located 
in the treated areas since 99Tc cannot be destroyed by oxidation. The implementation of this technology 
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alone in the RGA will provide little to no control over target contaminants located in the UCRS or the 
dissolved phase plume areas. . 

Magllitude ofresidllal risk. Residual risk in the RGA will.remain in place after implementation of 
an Oxidation Technology. The technolob'Ywill require assistance from other technologies either in the 

'. UCRSor RGAto'meet the MCLs at the point of compliance. This alternative will reduce VOCs and TCE 
DNAPL by ill situ oxidation using an oxidant to react with' the contamination. The' technology will have 
no impact on contaminants .present in the,uCRS or the dissolved ,phase plume areas. . 

. . " ; ~ ... 

,'; i • Following treatment of 'theselectedRGA 'areas, residual'COCs would contribute to long-term risks. 
However,the fiveLyear reviewSl11arida,ted by'CERCLA [40 CFR §300.430(O(4)(ii)] would be an effective 
means to demonstrate that contamInant .Iev,els were reduced from the technology's implementation and 
additional exposure pathways have not developed. The Oxidation Technologies will' achieve residual 'risk 
in the shortest amount of time incomparis6ri~to the other Secondary Source Area technologies evaluated. 
The reaction with.the oxidant is iilstantaneousupon contact between the contaminant'and the oxidant. 

'. 

Adequacyalldreliability ojcoill;ols. The reIiability for operation and control of Oxidation Technolob'Y 
would be moderate. The components that make .up the treatment systems such as an. oxidant, injection 
wells, metering pumps, etc., are common industrial items that have. been used for many yeats successfully . 

. However, the limiting factor in '.~he reliability of the oxidation process is ensuring that the contaminants 
and oxidants come' into coiltact with one another and allow the reaction to occur. The contact of the' two 
compounds is ,largely controlled by the subsurface conditions. ~f the RGA and whether liquids can be 
injected into the areas. The RGA has high,penn~ability;therefore"this limitation is not expected to be 
encountered. Another limiting factor is the presence ofIarge amounts of organic material being present in 
the treatment zone. The oxidant will react with VOCsasweIl as with any other organic compounds 
present. If large quantities of organics are present, the oxidant.is ,sJX!nt on reacting with these'extraneous 
organic compounds 'and not reactirig~iththec(mtaminants.Computer modeling would be :used to design 
the· site-specific loc'ation, injection-welliayouts:to ensure appropriately sized treatment zones and that 
contaminants are not migrated to noricontal11~n~tedareas.due ·to the injection process, However,:should 
extended interruptions of electrical power, fuel" ~r other vital systems occur, the potential would exist 'for 
COCsto escape frol11.thetreatment system area. <Long-tenn groundwater monitoring will· be required' to 
assess the extended effectiveness of the treatment following its completion. 

Intrusive activities onsitewill'be prevented, as necessary, through the use of work pennits and safety 
,prob'fams,thereby limiting the access, of plant personnel· to the contaminated groundwater. . 

• ~ I' ."J • ,. . • 
, , ' 

Ellviroll",elltalimpactsand,n,itlgative ·",easures. The foll~~ing paragraphs summarize potential 
'long-tenn impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mitigative measures is correlated to the degree to. which a resource may,beimpacted. 

- " ."., 
Land lise. Long-tenn land use impacts would be minimal, as the current larid-usec1assifications 

would not change. The minimallong-tenn impacts would be related to the monitoring wells. and monitoring 
facilities that wouldremairl'following the techno)ogy'simpletneritation. A LUCIP would be.developed, as 
necessary, per the requirements ofthePGOPLUCAP(DOE 2000) .. 

. " . . 

Socioeconomics. Thepresence of contaminants in the groundwater will prevent its use and .may limit 
economic development opportunities until the groundwater' is brought back to beneficial use. However, 
no long-term effects to socioeconomics would result from the implemeritation of this technology. There 
would be few changes to permanent jobs within the PGOP area as a result of implementing this technology. 

Air quality a"d "oise. No long-tenn effects to air quality and ambient noise levels would result from • 
implementation of this alternative. 
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Vegetation. No long-term effects to vegetation would result from this alternative . 

Wildl(fc.,. No long-ternl effects to wildlife or T&E species would result from this alternative. 
Construction in creeks and tributaries will not occur as a result of implementing this technology. The 
likely target areas for the implementation of this technology arc in areas of existing industrial buildings or 
other industrial facilities. 

Threatellc{1 amI emlllllgered .\pec:ies. Long-term impacts to ~&E species are not expected to occur. 
Construction in creeks and tributaries or other habitat areas is not expected to occur. The likely target 
areas for the implementation of this technology are in areas of existing industrial buildings or other 
industrial facilities. 

Cultural resources. No long-term effects to cultural resources are-anticipated for this alternative. 

Groulldwater. As a result of implementing an Oxidation Technology in Secondary Source Areas, 
potential RGA VOC sources either are reduced or eliminated. As a result of the use of injecting an 
oxidant into the groundwater, an aesthetic change in the quality of the groundwater may occur due to the 
precipitation of manganese dioxide. There will no reduction in 9<JTc contaminant levels. If 99Tc in a non
fully oxidized state is encountered by the oxidant, the dissolved phase 99Tc concentrations may increase. 
This is not expected to occur, however, since, the 9<JTc in the RGA is expected to be already fully 
oxidized. Groundwater monitoring systems will be used to monitor contaminant levels and to assess the 
migration of contaminants to noncontaminated areas due to the injection process. 

SuI/ace water. No adverse impacts to streams are expected to result from implementing an Oxidation 
Technology in a Secondary Source Area (RGA). No adverse impacts to wetlands are expected to occur 
either. There will be no increases in water discharge volumes to outfalls as a result of this alternative . 

Floo{/plaills. No long-term impacts to floodplains are expected as a result implementing this
alternative. The Oxidation Technology for Secondary Source Areas likely will be implemented only 
within the industrial areas ofPGDP. 

Wetla"cl\·. No long-term impacts to wetlands have been identified as resulting from implementing this 
alternative. This alternative likely would only be implemented within the main fenced area of the PGDP. 

Soils lIml prime farmlalld. Prime farmland would not be impacted by the implementation of this 
alternative as the area has been previously disturbed and, consequently, is not classified as prime farmland. 
Prime farmland exists north of the PGDP and DOE property. The NRCS has identified prime farmland as 
the Calloway, Waverly, and Grenada soil series in the area between the PGDP and the TVA Shawnee 
Steam Plant. 

Transportation. No long-term direct, indirect, or cumulative effects to transportation are anticipated 
from implementing this alternative. 

Cumulative Impacts. Cumulative impacts are defined as the incremental impact of an action when 
added to other past, present, and reasonable foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative impacts resulting from this alternative will have to be 
identified at a later time during development of site-specific GWOU decision documents. 

Reduction of Mobility, Toxicity, or Volume Through Treatment. Oxidation Technology would 
be used to destroy VOCs and TCE DNAPL in source areas located in the RGA. The process is by ill situ 
destruction. It is expected that 60%-90% of the VOC contaminants in the target area could be expected to 
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be destroyed by the oxidant. The,Oxidant Technologies will have no positive effect on the ()tTc contaminant 
levels in the treatment area. 

:fhe implcrt;lentation of an Oxidation Technology would reduce the long-term ,volume,and toxicity of 
VOCs and DNAPL present in the RGA through the destruction of those contaminarits. The implementation 
of this technolbgy is expected to alter the chemical and !physical soil properties of the RGA and, as such, 

. may .preventsubsequent implementation of, an . additional technology, should it· be determined that 
additional treatment is needed for the targeta~eas~One identifiediphysical alteration is the precipitation of 
manganese diOXide in the RGA formation. "~ 

,I.; , 

The type and'. characteristics of residual subsurface contamination would be similar to that of the 
contaminants prior ,to treatment.. Residual, contami~ants would pose a risk. although contaminant quantities 
would be reduced;.:following treatment. Since the treatment occurs in situ, there will be no residuals 
contaminant to be disposed of from any surface or ex silutreatment. Oxidation :fechnology may meet the 
statutory preference for treatment as a principal e1emeritof the remedial action under CERCLA. . 

.! '. .. . 1; . 
, .' 

Short-Term Effectiveness. The short-term effectiveness of implementing an' Oxidation Technology 
ina Secondary Source'ATea' of theRGA was evaluated' relative to its effect on community. protection, 
worker.protection,~rivironmental impac~, and the .time until RAOs are .achieved.Environmental' impact 
was further evaluate~ lor NEPA values. This information is presented in the following 'subsections .. 

. '. 

COnlnlullity proiection. The' potential for adverse impacts to the community from the implementation 
of this alternative is minimal. The potential impacts, identified, include spillage of the oxidant during 
injection and inadverterit surface release of oxidant during injection. The target area fdr the' injected 
oxidant iIi a' Secondary SOurce Ar~as is the RGA thatHes at a depth of greater than 50.·ft. The injection of 
the oxidant will be through tubing or pipe. Due to the depth, the oxidant·,is likely not to surface as a result • 
of the injection process .. The Little Bayou Creek, into which the RGA discharges near the Ohio River, is . 
approximately' two 'miles away from the area likely to be treated inside thePGDP fences; Due to this 
distance; the oxidant will have become ineffective prior to its flowing into the Little Bayou Creek many 
years .after the injection. Also, engineering controls, including ,appropriate packaging and handling 
mechanisms, will be used prevent a spill of oxidamthat could impact the community. The 'likely target 
areas for treatment will be located in the main industrial area of the ,PGDP~. Restrictions' will be used to 
limit the access of persons that may be i~' the area during construction. This will include warning signs. 
temporary control fencing.;and periodic security patrols. Also, environmentalmohitoringwould be conducted 
during theconstniction ofmonit~ring wells where ·COCs may bepresenLFollowing completion of the 
construction activities, only temporary periodic access will be required for sampling' of the monitoring 
wells used to check the long-termeffeetiveness ,of the action on the RGA. ' . ' 

Transportation of oxidant will be required periodically from manufacturing facilities to POOP. 
Proper packaging and other required safety features would be ,used to' limit rele~ses' ·as a result of 

'.' -acCidents when shipping the oxidant materials. 

Worker protectioll. During the .implementation of an Oxidation· :technology, workers could be 
exposed to COCs during short periods of time. Potential eXPQsure could result from direct contact with 
contaminated soil andiorgrou~dwater during construction:ofthe injection wells~The workers>also will be 
exposed to oxidant. a 'hazardous substance •. during injection operations. Appropriate handling procedures, 
injection equipment, and PPE would be utilized to minimize the potential for worker exposure or injury 
while handling the oxidant. However, short-term risks are not expected to exceed acceptable limits. 
Health and safety requirements and PGDP'procedures would further control the exposures. 
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Ellviro",,,elltai impacts alld IIIitigative IIIea.otllre .... The following parabrraphs summarize potential 
short-tenn impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mitigative measures arc correlated to the degree to which a resource may be impacted. 

Land use. The areas expected to be targeted for implementation of an Oxidation Technology in a 
Secondary Source Area likely will be located inside the main PGDP facility. To that end, short-tenn land 
use would not be affected by this alternative, as the current land-use classifications would not change. 
There would be minimal short-term impacts to land use. These short-term impacts would be related to the 
presence of injection wells and monitoring wells. A LUCIP would be developed, as necessary, per the 
requirements of the PGDP LUCAP (DOE 2000). 

Socioecollomic .... This alternative would not be expected to change the short-term economic conditions 
in the nearby area. There would be a minimal increase in temporary jobs related to the construction of 
injection wells and injection operations. 

Air quali(l' alld noise. Heavy equipment traffic and operation associated with construction of the 
injection wells would provide a minimal increase in dust and vehicular emission levels. The use of BMPs 
during construction would reduce short-term direct impacts to air quality from dust. Noise associated with 
construction activities would occur in the immediate vicinity of the PGDP. There would be no air 
emissions as a result of implementing an oxidation technology. 

Vegetation. There would be some short-term impacts to vegetation in the area of construction of the 
injection wells. However, the area impacted is expected to be less than 2 ha (5 acres). After construction 
is complete. vegetation would be restored. 

Wildlife and threatened and endangered species. The likely target areas for treatment by Oxidation 
Technology are located within the industrial portion of the PGDP. No construction is expected to occur in 
the creeks and tributaries. Therefore, the impacts to wildlife are expected to be minimal. Very little or no 
wildlife habitat is associated with these areas. Some small mammals and birds may use these areas and, 
consequently, some small mammals may perish. Indirect effects such as displacement during construction 
would occur due to disturbance of habitats by noise, and activities associated with construction; however, 
after construction is completed, revegetation and natural repopulation to pre-construction conditions 
likely would occur. No effects to T&E species would result from implementing this alternative. 

Cultural resources. No short-term effects on cultural resources would be anticipated to occur from 
the implementation of this alternative. 

Groulldwater. As a result of implementing an Oxidation Technology in a Secondary Source Area, 
potential RGA VOC sources are either reduced or eliminated, thereby producing a positive effect. The 
oxidation process results in the precipitation of manganese dioxide that can have a negative aesthetic 
impact to brroundwater. The 99Tc .cont~mination levels will not be impacted by the oxidation process. 
Groundwater monitoring systems will be used to monitor the effectiveness of the oxidation process. 

Surface water. No short-term adverse impacts to streams are expected to result from implementing 
an Oxidation Technology in a Secondary Source Area (RGA). No adverse impacts to wetlands are expected 
to occur either. There will no increases in water discharge volumes to outfalls during the operation. 

Floodplains. No short-term impacts to floodplains are expected as a result of implementing this 
alternative. 

Wetlands. No short-term impacts to wetlands have been identified as resulting from implementing this 
• alternative. This alternative likely would be implemented within the main fenced industrial area of the PGDP. 
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: 'SolIs 'and pi"iinc fari,,/{llul.' I)rime farmland would not be impacted by' the implementation of this 
alteniative as the area has been previou'sly disturbed and, consequently, is not classified as ,prime farmland. 

, , 

Transportation. Minimal short-term direct, indirect, or cumulative efiects to transportation are anticipated 
from implementing this alternative., These impact~woul,d be the result of equipment transportation during 
construction arid transportation of oxidant raw.matt;tials during the treatment operation~ However, proper 

, , packaging and other required safety features would be used to limit releases as a result of accidents when 
'transporting,these materials. " 

Time ulltil actioll is cOlllplete. Implementation of this alternative will not result in achievement of 
the specified GWOU RAOs or groundwater MCLs. Approximately 7,000 yeats will be required before 
groundwater may" he used following the applic'iltion of an Oxidant Technology only' in the Secondary 
Source Areas of the RGA. The reduction of sources only within ,the 'RGA will not preyent the Primary 
Source Areas located within the VCRS from continuing to impact the groundwater. ,It will ,be necessary to 
implement other source reduction and dissolved phased technology's in conjunction with Oxidation 
Technology's in the SecoridarySour~e Area~ to reduce the timethe groundwater will remain unusable. 

, . '. , 

Implementability. The' implementab,ilitY~fOxidation Technologyinlthe Secondary. Source Areas of 
'the RGA was 'evaluated b~sed upon it's technic:al feasibility, administrative feasibility, and the availability 
of services and materials. This information is summarized in the following subsections. 

" Tecllllical feasibility.' Implementation of Oxidation Technology is technically feasible. This 
technology, although innovative, has been implemented at other, hazardous waste sites, and the necessary 
equipment may be readily obtained. Oxidation uses standard commercially available equipment. The 
technology is available from a limited number of.vendors.lmplementation difficulties, may arise related to 
'the industrial areas: of the PGDP, which have large buildings,at:ld high concentrations of utility corridors • 
that may interfere with injection well' phicement. A monitoring network will be necessary, to monitoring 
the'effectivcness ofihe treatment op!!rations. ' ," " " 

"t _ 

Adlllil,;strative feasibility. This alternative is administratively feasible. All activities would be conducted 
in, accordance with substantive federal, state, ~nd local requirements. Waivers of ARARs are anticipated 
tobenecessary to implement these 'actions' sinc'e MCLs will ~ot be attained in a timely manner. 

Availability oFlllaterial alld seryices., The services and materials necessary to implement this 
alternative' are readily available'. Thepoteritial exception would be. personne'llvendors necessary to 
.implement the Oxidation Technology. The equipment is standard industrial equipment used in other fields 
such as wastewater treatment. However, the ,number of ,vendors experienced atimplementingoxida'tion in 
the environmental remediation ar~na is limited, " " '", ' " ' 

'. ' ", " 
, j. , 

The construction of this alternative will ,r~sult in ,the generation of waste soil cuttings and drillirig and 
development water from the construction, of injection , and' monitoring wells. 'Additionally, 'the construction 
wiII generate construe'tion debris ,during the building of' any required injection facilities. AU of these 
materials either will be treatecJ, as necessary .and released, as 'in the development water, or disposed of 
appropriately. ' ' " 

Cost. Table 4.14 summarizes the preliminary 'unit cost estimates for implementation of Oxidation 
Technology in a Secondary Source Area of theRGA., These preliminary 'unit' cost estimates are based 
upon FS-Ievel scoping and are intended to aid with selection ofa preferred alternative. The estimates have 
an expected accuracy of -30 to +50% for the proposed scope of action (EPA 198~a). The capital cost 
estimate represents those expenditures required to implement this remedial alternative. The O&M cost • 
estimates represent expenditures :required to maintain the remedy afte'tthe initial phase of,remedial action 
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is completed. The total contingency cost presented includes direct. indirect, and all O&M associated 
contingency costs. The total cost includes all capital costs, direct and indirect with O&M. and associated 
reports, plus 251X, contingency costs. for a 30-year term of comparison. All estimates have been escalated 
using DOE-approved annual rates and a schedule for the various activities based on similar project 
experience. Present worth values also are included using a discount factor of 5% (EPA 1988b). 
(Additional inlormation regarding the preliminary cost estimates is presented in Appendix C7.) 

Table 4.14. Preliminary unit cost estimates for Secondary Source Area Oxidation Technology 

Total capital costs/acre-foot 
Total operation and maintenance costs 
Overhead 
Total contingency 
Total cost 
Total cost (present worth) 
Note: preliminary cost estimates are per acre-foot, escalated and presented in dollars. 

$213.347 
$6,072.038 
$3.558.054 
$2,460,860 

$12,304,300 
$12.218.892 

State/Commonwealth Acceptance. Commonwealth of Kentucky acceptance or nonacceptance of 
this alternative wi1l be addressed in the ROD should this alternative be selected as the preferred alternative. 

Community Acceptance. Following a formal public comment period on the PRAP for the GWOU, 
comments from the community will be addressed formally in a responsiveness summary, which will be 
presented in the ROD. 

Evaluatioll !"""mary o/Secolldary Source Area Oxidatioll Tec/lllology 

This alternative consists of implementing Oxidation Technology in a Secondary Source Zone of the 
RGA to remove VOCs and TCE DNAPL present in the RGA in the targeted area, monitoring of the· 
action, and conducting five-year reviews as required by CERCLA. Monitoring COC migration allows the 
potential for exposure to contaminated groundwater to be prevented or minimized, and it also allows the 
effectiveness of the remedial actions to be evaluated. Although the Secondary Source in the RGA would 
be reduced following the implementation, residual contamination and risks would remain. These residual 
risks in the RGA, as well as risks that may still be present in the UCRS and the dissolved phased plumes. 
will prevent the use of the groundwater for an estimated 7,000 years. It also would be necessary to 
conduct other source area reductions and dissolved phased plume actions to reduce the time the groundwater 
would be unusable. 

Implementation of this alternative alone will not be protective of human health and the environment. 
It must be combined with other source area and dissolved phase plume actions. Oxidation Alternatives 
can be implemented in compliance with ARARs. Long-term effectiveness could be achieved to an 
acceptable degree (60%-90% mass removal within with the RGA Secondary Source Area within 15 years 
of implementation). However, because of the nature of the soil and groundwater contamination associated 
with the GWOU, it will take several years and other actions to remediate completely. Residual 
contamination will remain in the groundwater, with TCE levels exceeding the MCL for approximately 
7,000 years. The volume and toxicity of the VOCs would be reduced by in situ destruction. Limited short
term risks to workers would exist during the construction and operation phase of the alternative. The 
alternative is technically and administratively feasible to implement. Implementation of this alternative, 
which is intended to address only the Secondary Source Areas of the RGA in the GWOU at the PGDP, 
requires a high capital cost. Input from the Commonwealth of Kentucky and the community has not yet 
been received, but it will be added to later versions of this FS report and the corresponding ROD once the 
respective comment periods have been completed . 
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4.2.4 Dissolved Phase Plume Area 

The following subsections provide a detailed analysis of alternatives for the Dissolved Phase Plume 
Areas. A Dissolved Phase Plume Area is defined for the purposes of this GWOU FS as those areas in the 
RGA with the target contaminants of TCE, TCE degradation products, or <)QTc but having no DNAPL 
concentrations present. 

4.2.4.1 Dissolved Phase Plume Area - Pump-and-Treat Technology 

The following subsections contain a description of Dissolved Phase Plume Area - Pump-and-Treat 
Technology Alternative and the detailed analysis. 

Pump-alld-Treat Technology 

." 

This alternative would consist of implementing a Pump-and-Treat Technology in portions of or over 
the entire RGA dissolved phase plume areas located both in the PGDP On-site Secure Area and the Off
site Unsecure Area. The purpose of the alternative would be to remove TCE dissolved phase concentrations. 
other volatile organic contaminants, and 9~C contaminants from areas of the RGA. Unlike the Secondary 
Source Area technologies evaluated above, the Pump-and-Treat Technology in this alternative would be 
designed only to remove dissolved phase contaminant concentrations. In this technology a series of 
extraction wells would be installed in a blanket type fashion in which wells would be spaced periodically 
across the entire plume area or in a linear arrangement allowing discrete sections of the plume to be 
remediated over a given time period. The wells will extract groundwater containing both VOCs and 'l9Tc. 
The produced water will be conveyed to a regional treatment facility for COC removal prior to being 
released. The treatment of the water to remove the COCs will be by air stripping for TCE and ion 
exchange for the 99Tc. The treated water will be tested before being released to a KPDES system outfall. • 

Figure 4.7 contains a "snapshot" that graphically summarizes the components of the Dissolved Phase 
Plume Area Pump-and-Treat Technology alternative. 

The dissolved phase contaminant reduction efforts of implementing this technology in the dissolved 
phase plume areas will have only minimal impact to returning groundwater to beneficial use. This is due 
to the fact that without removal of Primary and Secondary Sources located beneath the PGDP plant areas, 
the plumes will regenerate over time due to the presence of dissolving DNAPL concentrations of TCE. 
Therefore, due to the technology'S not effecting removal of the DNAPL TCE contaminants in the UCRS 
and RGA areas (Primary and Secondary Source Areas), it is anticipated that groundwater will not be 
returned to the drinking water standard for TCE for approximately 7,000 years. 

The existing groundwater monitoring program would be continued to monitor the movement of COCs 
within the RGA. The monitoring program will integrate existing PGDP monitoring wells, where possible, 
with additional monitoring wells to be installed, as needed, following a review of the existing program. 

Five-Year Review. The CERCLA Five-Year Review process will be used to monitor the 
effectiveness of the alternative and to identify any needed changes. 

Assessment of Dissolved Phase Plume Area Pump-alld-Treat Tec/lllology 

A detailed analysis of the performance of Dissolved Phase Plume Area Pump-and-Treat Technology 
against the nine CERCLA criteria is provided. 
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Fig. 4.7. Dissolved phase plume area - pump and treat technology. 

L./Ui,..Ulv,t:I'i: NO. UU~/Ur<iU/-185l&D2 • 

TO TREATMENT 

SUBSURFACE PIPING 

U. S. DEPARTMENT OF ENERGY 
DOE OAK RIDGE OPERATIONS 

PADUCAH GASEOUS DIFFUSION PLANT 

BECHTEL BECHTEL JACOBS COMPANY, LLC 
J ACOBS 

MANAGED FOR THE US DEPARTMENT OF ENERGY UNDER 
..... us GOVERNMENT CONTRACT DE-AC-OS-980R22700 

~,,, .......... ," ..... ,,, '.~ Oak R' e, Tennessee • PadllClh. Kentuck • Palimoulh. Ohio 

I:itlr· 
..;p.u&..;, 

Science Applications 
International Corporation 

P.O. BOll 2502 
Oak Ri e Tenneaaee 37831 

FIGURE No. 
DATE 

FS4-7 
05-25-01 



, , 

Overall Protection of Human Health,and the Environment. This alternative would reduce dissolved 
pha~e-VOC contamination in the:RGA and would have high effectivene~s on the 99Tc contamination. The 
volatile COCs are removed from the groundwater system and air stripped. The 99Tc is removed from the 
groundwater system arid trapped on an ion-exchange resin.; , 

AlthOligh ~his technology is applicable to the reduction of Secondary Source Area concentrations, 
this detailed 'analysis is for onlydissolyed phase areas of the' plumes. ' 

,. Althou~ this alternative alone would not satisfy theRAOs for the GWOU,it would support achieving 
the RAOs when implemented in concert with primary and secondary source reduction. technologies. Without 
the removalofPril11ll1)r and Secondary Sources, the MCLs upgi-adient wilLnot be achieved for,an estimated 
7,00Cfyears. rfthe pump-and .. treafsystemeffectstotalhydraulic containment, this altemattvewould result 
in achieving RAOs and MCLsiil the dissolved phase plume areas within approximately 15 years based on 
groundwater analysis. This altematiye may:satisfy the RAO for protec~llg ecological receptors that may 
be exposed to contaminatedgy:oundwater discharging to surface water: However, in order for this to be 

'effective when implemented alone, ,an extendedloperatlonalperiodwill be required. 

The continuation of the groundwater monitoring programs will provide indirect protection for human 
health ,and the environment by minimizing the potential e~PQsure to contaminated groundwater through 
early identification and avoidance. ., ' "c,· " ", ; 

Compliance with ARARs 

Potential chemical-specific ARARs 

Chemical Contamination. The aquifers are known to contain chemical contaminants in the form of 
metals and organics. The federal and state water quality requirements include standards that would be 
applicable ARARs. The regulations that apply are found in 40 CFR 141 (National Primary Drinking Water 
Standards); 40 CFR 143 (Secondary Drinking Water Standards); 401 KAR 5:029 (General Provisions); 
and401 KAR5:031 (Surface. Water Standards). These,standards; summarized in Table 4.15, include general 
state standards, domestic water supply standards, and standards' applicable to warm water aquatic habitat. 
These are applicable, based: upon the classification of the designation for surface water use associated 
with the area (Ohio River, River Mile 940.7 to River Mile 943.3) as specified;in 401 KAR 5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for cornpleteness. 
Those standards that must ,be achlev~d in order to meet the applicable requirements are the lowest of the 
applicable standards, which, in ,most cases are the MCLs. 

Radiological contamination. The GWOU is ~own to be contaminated with radionuclides such as 
99Tc, radon,' uranium, and uranium daughter products. DOE's Order on'Radiation Protection of the Public 
and Environment, DOE Order 5400.5" as 'codified at 10 CFR 835, is ,TBC information for cleanup of 
radionuclides at DOE sites. The order requires that remediation activities must not' result, in radiation 
exposures to members of the general public greater than an 'EDE 'of 1 OOrnremlyear from all exposure 
pathways. Exposure to the generalpubllcalsomust'beALARA (POE 1990)., 

I . ~ .;. ." . : (. I . :. 

DOE Order 5400.5 also,tontains reference values, kn~wn as DCGs,for operational DOE facilities. 
Based on the DCGs, radiomiclide concentrations in air and drinking water rnust not exceed an EDE of 10 
rnremlyear and 4 mremlyear, respectively, to the total body or any organ. 

The NRC also has set criteria for decommissioning standards at nuclear facilities in 10 CFR 20 
Subpart E. These rules require that residual radioactivity at riuclear sites meet a total EDE of 25 rnremlyear 
for unrestricted release. In addition to the NRC standards, EPA has issued guidance for cleanup levels at 
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CERCLA sites with radioactive contamination. EPA has disahrreed with the protectiveness specified 
within the NRC standard and has specified that a 15 mrem/year EDE be used as the risk level that is 
protective of human health and the environment. EPA has also codified exposure limits for environmental 
radiation protection standards for nuclear power operations in 40 CFR 190. These requirements apply to 
operations involved in uranium fuel eycle and include enrichment operations. Subpart B of these 
requirements specifics that the annual dose equivalent to the public must not exceed 25 mrem to the 
whole body. 75 mrem to the thyroid, and 25 mrem to any other organ as the result of exposures to 
planned discharges of radioactive materials, radon and its daughters excepted, to the general environment 
from uranium fuel cycle operations and to radiation from these operations. These requirements would be 
considered relevant and appropriate since the release to the hrroundwater would not be planned. 

The Commonwealth of Kentucky is an NRC Ahrreement State and has promulgated regulations for 
radiation protection of the pUblic. The Kentucky radiation protection standard for individual members of 
the public is 0.1 rem (100 mrem) EDE per year or less (902 KAR 100:019 Section 10), which is 
equivalent to the DOE radiation protection standard found in DOE Order 5400.5. 

Due to the differing view and values among NRC, EPA, and DOE total EDE for members of the 
general public, EPA and DOE have agreed not to finalize their respective standards until an agreement 
can be reached. In the interim, DOE Order 5400.5 is identified as TBC information and the NRC standard 
is identified as relevant and appropriate. Therefore, the radiation protection standard identified within the 
NRC regulations in 10 CFR 20 Subpart E, requiring an EDE of 25 mrem/year or less, shall be used as the 
exposure limit for the general public. 

Chemical-spec!fic ARAR summmy. The chemical-specific ARARs associated with the implementation 
of this alternative are outlined in Table 4.15. Implementation of this alternative would not result in 
immediate attainment of the chemical-specific ARARs associated with the off-site groundwater plumes . 
Attainment of the identified ARARs would be met in the future as implementation progresses. Although 
TBe information, the radiological exposure standards included in DOE Order 5400.5 shaH be achieved 
through monitoring. Continued monitoring of the groundwater will be used during the five-year reviews 
to ensure the identified goals are met and that concentrations ofCOCs continue to decrease. 

Potentia//ocatioll-specijic ARARs 

Wetland.\'. Wetlands have been identified within the area where construction activities wiH occur, 
certain jurisdictional wetlands have been identified in on-site drainage ditches within the plant boundary. 
In order to comply with these applicable requirements, wetlands shall be avoided as possible. 

As stated in the regulations, construction activities must avoid or minimize adverse impacts to 
wetlands and act to preserve and enhance their natural and beneficial values [Executive Order 11990, 
40 CFR 6.302(a), 40 CFR 6 Appendix A, and to CFR 1022]. These applicable requirements include avoiding 
construction in wetlands, avoiding (to the extent practicable) long- and short-term adverse impacts to 
floodplains and wetlands, avoiding degradation or destruction of wetlands, and avoiding discharge of 
dredge and fill material into wetlands. In addition, the protection of wetlands shall be incorporated into all 
planning documents and decision making as required by 10 CFR 1022.3. Although not anticipated, if this 
alternate results in impacts to wetlands that cannot be avoided. the substantive requirements of the NWP 38 
(33 CFR 330) will be met. 

This alternative shall comply with these requirements by siting construction locations to the extent 
possible in areas where wetlands do not occur. Engineering controls shaH be established as necessary to 
ensure operations shaH not impact wetlands . 
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Table 4.15. Summary of potential ARARs for dissolved Phase Plume - Pump-and-Treat Technology 

Standards, Requirement, 
Criteria, or limitation Citation Description of Reauirement Comments 

Chemical-Specific ARARs 
National Primary Drinking Water 40 CFR 141 Provides chemical-specific numeric standards for toxic These requirements are relevant and appropriate due to the 
Standards pollutants expressed as MCLs and MCLGs. nature of the contaminants found within the groundwater. 

National Secondary Drinking 40 CFR 141 Provides secondary MCLs for public water systems. These requirements are TBCs, as they have been established 
Water Standards as guidelines for the states and are not federallv enforceable. 
Kentucky Surface Standards 401 KAR 5:031 and Provides chemical-specific numeric standards for pollutants These standards are applicable to the segment of the Ohio 
including 5:026 discharged or found in surface waters. River into which the Little Bayou Creek discharges. The 
• Warm Water Aquatic Habitat requirements found in these standards are applicable due 

Criteria Provides chemical-specific numeric standards for pollutants in to the groundwater to surface water interface at Little 
• Kentucky Domestic Water domestic water supplies. Bayou Creek and. subsequently, the Ohio Rivcr. 

Supply 
• Kentucky General Standards Note: CWA Water Quality Criteria are not rclevant and 
• Kentucky Outstanding State appropriate because Kentucky has promulgated these state 

Resource Waters standards. determined to be appropriate for Kentuckv waters. 
Radiation Exposurc of the DOE Order 5400.5 Specifies that the general public must not receive an effective This requirement is considered TBC information. 
General Public at DOE Facilities dose equivalent of> I 00 mremlyear from all exposure pathways. 

In addition. all releases of radioactive materials resulting in 
doses to the general public must meet the ALARA criteria. 

Decommissioning Standards at 10 CFR 20, Subpart E Specifies a residual activity at nuclear facilities for unrestricted These standards are considered to be applicable to the 
Nuclear Facilities release of25 mremlyear. GWOU. 

Environmental Radiation 40 CFR 190, Subpart B Requires that the annual dose equivalent to the public must not These standards are considered to be relevant and 
Protection Standards for Nuclear exceed 25 mrem to the whole body, 75 mrem to the thyroid, appropriate and are cquivalent to the NRC standards. 
Power Operations and 25 mrem to any other organ as the result of exposures to 

planned discharges of radioactive materials, radon and its 
daughters excepted, to the general environment from uranium 
fuel cycle operations and radiation from these operations. 

LoCtltion·Soecific ARARs 
Protection of Wetlands 10 CFR Section 1022; Activities must avoid or minimize impacts to wetlands to preserve These requirements are applicable due to the presence of 

Executive Order 11990; and enhance their natural and beneficial value. If wetland wetlands. but they will be met through avoidance of 
40 CFR 230.10; resources are not avoided, measures must be taken to address wetlands during construction and implementation of 
33 CFR 330.5 ecologically sensitive areas and mitigate adverse effects. Such alternatives. 

measures may include, minimum-grading requirements, runoff 
controls, and design and construction considerations. 

Allows minor discharges of dredge and fill material or other minor 
activities for which there are no practicable alternatives, provided 
that the pertinent requirements of the NWP system are met. 
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• • • Table 4.15. (continued) 

Standards, Requirement, 
Criteria, or Limitation Citation Dest:riptlon of Requirement Comments 

Endangered Species Act 16 U.S.c. 153 I et seq. Actions that jeopardize the existence of listed species or result in Action that is likely to jeopardize fish, wildlife. or plant 
Section 7(a)(2) the destruction of adverse modification of critical habitat must species or destroy or adversely modify critical habitat-

be avoided or reasonable and prudent mitigation measures taken. aQ}:)licable. 
Migratory Bird Treaty Act 16 U.S.c. 703-71 I; Federal Agencies are encouraged (until requirements are Action that is likely to impact migratory birds. habitats. 

Executive Order established under a formal MOU) to do the following: and resources-applicable. 
13186 

• avoid or minimize, to the extent practicable. adverse impacts 
on migratory bird resources when conducting agency actions; 

• restore and enhance the habitats of migratory birds. as 
practicable; 

• prevent or abate the pollution or detrimental alteration of the 
environment for the benefit of migratory birds. as practicable; 

• ensure that environmental analysis offederal actions 
required by the NEPA or other established environmental 
review processes eval uate the effects of actions and agency 
plans of migratory birds. with emphasis on species of 
concern; and 

• identify where unintentional take likely will result from 
agency actions, and develop standards and/or practices to 

~ minimize such unintentional take. 
I 

Actiol/-Specific ARARs 
Fugitive Dust Emissions during 401 KAR 63:010 Precautions must be taken to prevent particulate matter from These requirements are applicable and will be met through 
site prcparation and construction becoming airborne. Such precautions must be incorporated into the use ofappropriatc dust control practices identified 
activities. the planning and design of activities and include actions such as during the alternative design phase. 

• wetting or adding chemicals to control dust from construction 
activities; 

• using materials such as asphalt or concrete (or other suitable 
chemicals/fixing agents) on roads or material stockpiles to 
prevent fugitive emissions; and 

• using covers on trucks when transporting materials to and 
from the construction site(s). 

The requirement specifies that for on-site construction 
activities, no visible emissions may occur at the PGDP 
fenceline. Similar points of compliance shall be identified for 
construction activities that occur outside the fence. 



IV o 

~ 
I 

Standards, Requirement, 
Criteria or Limitation 

Toxic Emissions 

Monitoring Well Installation 

Discharge of Stormwater and 
Treated Groundwater 

Hazardous Waste Management 

• 

Citation 
401 KAR 63:022 

401 KAR 6:310 

40 CFR 122 

401 KAR5:055 

40 CFR 260 through 
264 and 268; 
40 I KAR 31 through 
34,36, and 37 

Table 4.15. (continued) 

Description of Requirement Comments 
The regulations require that a determination oftoxic emissions These requirements are considered to be applicable and 
be made in order to assess the applicability of required controls. shall be met through calculation of significant emission 
Calculations of the significant emission le\'els are compared to the levels for toxic materials and application of best available 
allowable emission limits specified in Appendix A of 40 I KAR control technology. as necessary. during the design of the 
63:022. If emission levels are exceeded. best available control alternative. 
technologies must be incorporated into equipment/process desigtl. 
Monitoring wells (including extraction wells) must be constructed These requirements arc considered to be applicable. 
in a manner to maintain existing protection against the introduction Compliance with well design and protection standards 
of pollutants into aquifers and to prevent the entry of pollutants shall be achieved through the use of approved well design 
through the borehole. In addition. abandoned wells must be and materials of construction. While in service. wells shall 
plugged and abandoned in accordance with the requirements be secured as required. Abandoned \\'ells shall be plugged 
specified. and abandoned as required. 
Stormwater discharges from construction activities onsite are These requirements are considered applicable for all on-
subject to the requirements of the KPDES pernlit. This requires site construction or treatment activities where a discharge 
that BMPs to control stormwater runoff and sedimentation be of stormwater or treated groundwater occurs. For off-site 
employed. Although off-plant construction activities within the construction activities, these requirements arc considered 
contaminated area are not subject to the permit, these relevant and appropriate and will be adhered to. 
requirements should be considered relevant and appropriate and Compliance with these ARARs shall be achieved by 
be incorporated into any ofT-site construction activities. application of required controls during the design phase of 

the alternative. 
Discharge of treated groundwater will be conducted in 
compliance with the substantive requirements of the KPD~S 

. program and the CW A. 
All wastes or environmental media containing wastes must be These requirements are applicable and will be met through 
characterized to determine whether the wastes are hazardous in characterization of wastes and environmental media 
accordance with 40 CFR 262.11 and 401 KAR 32:010. Ifit is generated as a result of implementation of the alternative. 
determined that a waste is a hazardous waste or that environmental Waste management will be predicated upon the 
media contain a hazardous waste subject to the RCRA regulation. characterization and comply with all substantive 
the substantive requirements of 40 CFR 262 through 268 are requirements associated with hazardous waste 
applicable. These standards include design and operation of management if identified as such. 
storage and accumulation areas, waste handling and shipment, 
and treatment technologies or numeric standards applicable to 
wastes "rior to disposal. 

• • 
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Standards, Requirement, 
Criteria, or Limitation Citation 

PCB Waste Management 40 CFR 761 

ALARA 
ARAR 
CPR 
DOE 
GWOU 
KAR 
KPDES 
MCl 

as low as reasonably achievable 
applicable or relevant and appropriate requirement 
Code of Federal Reglliations 
Department of Energy 
Groundwater Operable Unit 
Kentucky Administrative Regulations 
Kentucky Pollutant Discharge Elimination System 
maximum containment level 

• Table 4.15. (continued) 

Description of Requirement 
TSCA requirements for the management of PCB wastes or 
items containing >50 ppm PCBs or from a source of 50 ppm or 
greater. Requirements include the following: 

• management of waste and material; 
• characterization of PCB-containing materials; 
• labeling and storage for disposal; 
• manifest completion for shipment off site; 
• decontamination of affected equipment or items; 
• disposal of PCB wastes; 

These requirements will be complied with in the event that 
PCBs are found at concentrations requiring compliance. 

MClG 
NRC 
NWP 
PCB 
PGDP 
RCRA 
TBC 
TSCA 

maximum containment level goal 
U.S. Nuclear Regulatory Commission 
Nationwide Permit 
polychlOrinated biphenyl 
Paducah Gaseous Diffusion Plant 
Resource Conservation nnd Recovery Act 
to be considered 
Tmdc Substances Control Act 

• 
Comments 

These requirements are applicable if PCBs are found or 
result from items or equipment regulated under 40 CFR 
761. Activities necessary to comply with thesc ARARs 
shall be incorporated into the planning phase of the 
alternative implementation. 



Endangered Species and Migralm:l' Bird,'. Actions taken by federal agencies are prohibited from 
impacting T&E species or adversely modifying critical habitats (50 CFR 17.94) in accordance with the 
Endangered Species Act (16 USCA 1531 el seq. Section (7)(a)(2». These requirements are potential 
ARARsin the event T &E species or their .habitats arc found at or near areas where remedial acti,on is to 
occur. An ecological resource investigation inside the PGDP security fence did not detect any T &E 
species or their preferred habitats (CDM Federal 1994). ThcUSFWS has not designated critical habitat for 
any species within the DOE property. However, outside the 'PGDP fence on the DOE property, potential 
habitats for fcderally..listed T &E species were reviewed. and Indiana bat habitat was evaluated during the 
COE (1994) environmental investigation. The COE study determined that total potential bat habitat consisted 
of 20% of the 994-ha (2,456-acre) study area. Remedial activities must be evaluated to ensure that such 
actions do not adversely impact areas identified as critical habitat for any identified endangered species. 

In addition, Executive Order 13186 directs federal agencies to enter into an MOU with the USFWS 
to further the purposes ofthe Migratory Bird Treaty Act (16 U.S.c. 703-711). Until suchtim~,as the 
MOU between DOE and the USFWS is finalized, federal, agencies' are encouraged immediately to begin 
implementing the conservation measures set forth in the Executive Order: The requirements of the 

. Executive Order areapplicable and must be considered during planning and design of the remedial action. 
. . 

Potelltial actioll-specijic ARARs 
, ; 

.~ 
\ :~ 

Monitorillg well installatioll requirements. This'aiternative includes. the installation of additional 
monitoring and extraction wells. Installation of these wells would have to be conducted in a manner to 
maintain existing natural protection against the introductionofp~lIutants' into aquifers and to prevent the 
entry of pollutants through the borehole (401 KAR 6:3tOSection 13). These requirements also mandate 
the construction materials required' for well construction, 'Yell design criteria, well completion activities, 
and well abandonment methodologies. These requirements are considered applicable to design and • 
installation of monitoring and extraction wells associated with~theimplementatiOJl of this altenuitive. 

Fugitive dust emissions. Construction activities onsite and offsite may result in th~ production of 
particulate airborne pollutants (dust). The Kentucky Air Quality standards found in 401 KAR' 63:010 
include requirements governing' fugitive dust emissions. These standards require that d'ust suppre~sion 
measures be undertaken, which include activities such as the use of water or chemicals to control emissions, 
the placement of asphalt or concrete, and'the stockpiling of soils. The standards also require that visible 
dust generated from the implementation of the remedial alternative not be discharged beyorid the property 
b9undary of the site. For the purposes of compliance with these requirements, the site boundary is 
interpreted to mean the DOE site boundary or the immediate boundary of construction activities for 
construction that occurs on non-DOE property. Trucks transporting material outside the IDOE :property 
boundary, where materials could become airborne, must be covered. These requirements are considered 
applicable to the implementation of Pump-and-Treat technology and will·be complied with through careful 
planning to ensure that excavated materials are sufficiently wetted or protected to control dustgeneration. 
Specific activities that could result in the generation ·of fugitive dust that must be considered during the 
design phase include construction and well installation. . 

Radiolluc!ide emission sta1ldards. Airborne emissions of rad"ionuclides may occur as a result of 
construction activities. Although the potential is low for such'. emissions to occur, the regulations at 
40 CFR 61.92 would be applicable, .requiringthaHhe emissions not exceed amounts that would cause an 
EDE to the public of to mremlyear. To determine whether the alternative complies with this applicable 
requirement, computer modeling using the CAP-88 or other EPA-approved models must be undertaken. If the 
modeling demonstrates the radionuclide emission in excess of 1% of the 10 mremlyear standard, emission 
rates must be measured as required by 40 CFR 61.93. This ARAR shall be complied with by planning 
activities in such a manner as to control fugitive emissions from construction and excavation activities. 
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Toxic emission standards. Although toxic emissions are not expected as a result of construction 
activities or with the pumping of the groundwater to the water treatment facility, these emission requirements 
would be applicable if such an emission does occur. Due to organic concentrations found in the groundwater, 
the potential for such emission to occur is low. The regulations at 401 KAR 63:022 require that the 
emissions be evaluated to determine whether they are significant for each specific toxic air pollutant. If 
analysis indicates the toxic emission requirements are triggered, the regulations specify that no source 
may exceed the allowable emission limit specified in Appendix A of 401 KAR 63:022. If applicable, 
these rules would require the application of the best available control technology to limit toxic emissions. 
If calculations indicate that the emission rates specified within the rule are not exceeded. then the 
calculation package may be used to demonstrate compliance with these requirements. Activities that must 
be considered include pumping and treating of contaminated groundwater. 

Storm water discharge and KPDES requireme11ls for groundwater treatmellt. Construction activities 
wiII be subject to the substantive requirements of the KPDES Permit, requiring the use of BMPs and 
sediment/erosion controls to direct transport of sediment in stormwater runoff. In addition, groundwater 
wiII be treated in a wastewater treatment unit whose discharge will be subject to the substantive 
requirements of the KPDES·program. These requirements are considered to be applicable. 

Waste management requirements. It is anticipated that these wastes generated from the treatment of 
contaminated b'TOundwater will be low-level radioactive wastes and, therefore, subject to DOE Order 435.1 
requirements that apply to the management of all radioactive wastes generated at DOE facilities. This 
requirement is TBe rather than applicable or relevant and appropriate, as it is a DOE order rather than a 
federal or state regulation or standard. 

The potential also exists for some or all of the wastes generated from treatment to be RCRA hazardous 
wastes as defined in 40 CFR 261 of the federal program. All wastes generated shall be subject to the 
hazardous waste determination requirements of 40 CFR 262 and 40 I KAR 32:010. If it is determined that any 
wastes are. in fact, hazardous wastes, the materials must be managed in accordance with the substantive· 
requirements found in 40 CFR 262 through 40 CFR 268 (401 KAR 32 through 37). These standards 
include storage requirements, transportation requirements, and disposal requirements. Specific requirements 
applicable to each waste stream must be identified after characterization of the material is complete. 
These requirements shall be complied with through the development of a WMP during the design phase of 
implementation. If materials are identified as RCRA hazardous wastes, these requirements are applicable. 

Although considered unlikely, the potential exists that wastes generated from the implementation of 
this alternative may contain PCBs regulated under TSCA. These regulations would be applicable to this 
alternative if PCB concentrations were found in soil or water that exceeded 50 ppm or PCBs were found 
and attributable to a source whose concentration exceeded 50 ppm PCBs. The substantive requirements 
for management of PCB wastes found in 40 CFR 761 would be applicable and should include standards 
for storage, shipment, and equipment decontamination. These requirements shall be complied with 
through the development of a WMP during the design phase of implementation. If materials are identified 
as TSCA PCB regulated material. these requirements are applicable. 

Actioll-Specijic ARAR summary. This alternative will trigger action-specific ARARs with regard to 
the treatment and handling of the contaminated groundwater removed from the aquifer. These include the 
substantive requirement under the KPDES program and the CW A for discharge of treated groundwater 
and the applicability of the RCRA requirements for wastes generated as a result of implementation. In 
addition, the requirements of TSCA may be applicable if PCB-containing materials are identified. This 
alternative will comply with these requirements during the planning phase to include compliant waste 
handling and storage and disposition components. The proposed alternative will comply with both the 
requirements of the CW A of 1972 and RCRA because the treatment and discharge of treated effluent 
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from CWA compliant outfalI,i~,alIowed under RCRA. If waste from treatment of groundwater is detennined 
to be hazardous under RCRA, the substantive requirements for storage~ management, and disposal of 
hazardou'swastes shaII be incorporated into the alternative during the planning phase~ Activities that may 
be required 'for RCRA and TSCA complia~ce illclude these: use of appropriate containers, lab'eling of 

" containers, appropriate storage area design and operation (secondary containment or storage for less than 
90 days in acompliant:a:c'cumulation area), a~dtranspoflation of wastes. ' ", ", " 

'. " :-!,' . . 
, A summary of theARARs for the impl(!mentation,of Pump-and-TreatTechnology is presented in 

,Table4.15. ' 

Compliance with ARARs summary. Implementation of this alternative would not achieve compliance 
with the MCl for TCE due to the existence of Primary and SeconClary Sources remaining in place. If the 
Pump-and-Treat Technology is 'used to pT<,)vide total, containment, compliance at the fencelirie has been 

, calculated to occur in approximately 15 years. If total containment is effected, compliance with the MCl 
at 'the DOE property boundary and Little Bayou 'Creek is calcuiated to occur in approximately 15 years. 
Because this alternative' does' not immediately meet, the stated MCls" an, ARAR 'waiver or agreed 
schedule of compliance would have to be sought as ,part of the ROD andpfoposed plan. 

In 'ordcrto co~ply with the identified chemical~specifi'c ,ARARs. an' ARAR waiver will be required 
due to the 'timeframes\requiredt~ meet the specified concentrations within the GWOU at the point of 
compliance and point~of.exposure. !" ' 

. t '. 

As discussed. no potential location-specific ARARs have been identified within the area in which 
'remedial action will occur. However, to ensure that jurisdictional wetlands are not impacted. all construction 
activities associated with the iristallationof all monitoring,; extraction; ,and, injection welIs necessary to 
implement Pump-and~treaitechnc'>logy will be re~iewed as, a safeguard. The protection of w~tlands is not • 
considered a location-specific ARAR at thistimebecause jurisdictional wetlands have not been' identified 
within the areas impacted by the implementation oiihis alternative. " '," ','/ t 

", ~ , . '. " 

<Construction and implementation o( the':ah~mative may trigger several action-specific ARARs such 
as the requirements associated with well installatjol1 and ab~~dC?nment, fugitive dust.emissions; radionuclide 
emissions., toxic emissions,and discharge! ofst'o~water :and treated groundwater. The requireinents 
associated with the"installa'tion and'abandonmeritofgroundwater wells wiUbe met though the use of well 
designs and materials9f cons~i;tIctio~ as specified at,401,KAR 6:310 Section ,13. All well ,installation and 
abandonment practices 'incorporaie~d.Jin.to 'the, approved remedial design shall complywith:substantive 
requirements of401 KAR6:31,O. ," ' 

'; -~. 

'; . '-

Fugitive ,dust emissions' that may occur during construction activities ,will be controlled as 'required 
by '40 IKAR' 63:010. BMPs such as wetting,: 'or covering 'of potential sources of fugitive: dust will be 
incorporated into the remedial design. The~eCific actions to be deve1o~d' shall control potential emission 
sources to ensure that dust emissions do not migrate from, ,the immediate area' where construction 
activities occur. It is anticipated that,in most. cases, the tnoisturecontenlin the soil will be sufficient to 
control 'dust emissions during well ,installation. Howev~r, ,practices such as wetting of disturbed soils, 
collection of soils,or reseedingactivit~es sh~~l:be considered ,and incorp~)fated' into the remedial design, as 
necessary,' to ensure compliance with thesere'quireinents. Radionuc1ide ,emissions' at construction sites 
also must be considered during the, implementation phase: In order to ensure that the emission standard of 
10 mremlyear EDE to theI)ublic is met, concentrations ofradionuclides in soils and groundwater must be 
evaluated. If the poteritial for such emissions is identified. modeling using the CAP-88 or other EPA
approved method must be undertaken during the design phase of the alternative. It is anticipated that the 
primary conveyance of airbOJneradionuclides ,~iIl be in particulate form. Therefore, control of fugitive • 
dust emissions also will result in compliance with the emission standards applicable to radionuclides. If 
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radiological contamination from plant activities is found in soils where construction activities are planned, 
the soil will be protected or containerized to prevent airborne migration. Measures necessary to prevent 
airborne emissions or radionuclides shall be evaluated and incorporated as appropriate into the remedial 
design to comply with these requirements during implementation of this alternative. 

Emissions of toxins such as volatile organics also must be evaluated before implementation. 
Although the potential for exceedance of toxic air emissions is considered to be low, an evaluation of the 
potential for such emissions must be undertaken during the remedial design. Potential emissions must be 
evaluated for each toxin present in the plumes (i.e .• TCE, vinyl chloride, etc.) to determine whether the 
contaminant levels found in the subsurface could result in airborne emissions in excess of the allowable 
limits specified in Appendix A of 401 KAR 63:022. Compliance with the emissions standards shall be 
achieved for this alternative through the evaluation process or application of the best available control 
technology where emissions are calculated to exceed allowable levels. Emission control equipment will 
be incorporated into implementation activities during the remedial design, as necessary, based upon the 
initial evaluation. This requirement will be complied with during implementation of the alternative. 

The construction activities associated with this alternative may require that BMPs for sedimentation/ 
erosion controls be established if the areal extent of the disturbed area exceeds regulatory trigger levels. 
These requirements will be complied with through the use of sediment fences or other appropriate means. 
The control of sedimentation and runoff shall be a TBC in the event that the areal extent of the construction 
does not exceed the 5 acres specified within the rules. The remedial design shall incorporate the specific 
controls necessary to ensure that the construction site(s) do not allow sedimentation and or erosion of 
disturbed areas in order to comply with this requirement during implementation of this alternative. 

This alternative results in the removal and treatment of contaminated groundwater using pump-and
treat technology. Groundwater collected as part of the pump-and-treat activities must be treated to meet 
discharge effluent limits before release. This requirement shall be met through the vapor extraction 
system and discharge to a KPDES permitted outfall. The treatment system shall be designed to meet 
current KPDES discharge limits. 

Long-Term Effectiveness and Permanence. This evaluation addresses the results of the alternative 
in terms of risk remaining at the site after completion of the action and the effects of required long-term 
controls. A discussion of the magnitude of residual risk at the site and adequacy and reliability of controls 
is presented in the following sections. 

Magllitude of residual risk. The Dissolved Phase Plume Area Pump-and-Treat Technology is 
designed to remediate contaminated groundwater by preventing further migration of the COCs from DOE 
property to off-site areas. In the near term, following the startup of this alternative remedial action, the 
residual risk will remain consistent with the risk present before taking the action. Following startup and 
continued long-term operation of the remedy, the residual risk will decrease for a groundwater user in the 
area targeted by the alternative. This residual risk will continue to decrease as the system continues to 
prevent further COC migration in the dissolved phase plume. 

However. residual risk in RGA located upgradient of the pump and treatment system will remain in 
place in the source zone areas during implementation for approximately 7,000 years. This is because of 
nonaqueous phase concentrations ofTCE in the source areas. The source areas for the TCE contamination 
have concentrations that provide indications that TCE is present in a nonaqueous phase. Nonaqueous 
phase COCs will remain in place, dissolving slowly into migrating groundwater for long periods of time. 
This will allow the plumes to redevelop over a period of time should pump-and-treat be terminated. As 
long as the TCE and 99Tc concentrations remain high in the source areas, the residual risk will remain 
high in the source area and downgradient areas before the pump-and-treat extraction wells . 
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The technology wiil requi~e assi~t~nce from other technologies in the UCRS and the RGA to meet 
the MCLs upgradient of pump-and-treat system location. Groundwater modeling results for the COC 
concentrations in the RGA, as· discussed above. indicate that MCLs will be reached for TCE in 
approximately 15 years if the technology is implemented in concert with primary and secondary source 
reduction technologies. -, . ' 

Five-year ,reviews, 'mandated by CERCLA (40 CFR §300.430(O(4)(ii)]. will be:required to 
demonstrate the. integrity and effectiveness of the controls and confirm that additional-exposure pathways 
have not develop·ed. . . , ' 

Adequac.y alld reliability of cOlltrols-Dissolved Pllase Plullle Area. Pump:.and-Treat Technology 
will have high reliability for operation and controLThe components that, makeup the treatment systems 
have been used 'extensi vely for the treatment of water and· wastewater and have proven to' be adequate and 
reliable. Thepump-and-treat alternative will require extensive maintenance due to the extended period of 
time the operation must continue~ 

Pump-and-treat systems of the si~ required for this alternative, by, desigri,'have partial'redundancy 
due ,to independent operating systems (i.e., multiple pumps"airstrippers,-etc.): Also. the ,sys'tem can be 
des'ignedto benlodular with critical systems such as power, distribution .designed with additional capaCity 
to handle futu~e additiorts of extracti'on wells or treatment equipment to the remedy. An· example could be 
the addition of extraction wells in a,givell'area to ensure complete containment of the migrating 'COCs. 
Numerical modeling will 'be used to size ,and place extraction wells such that ari appropriate capture zone 
is developed:' However, 'should extended interruptions of electrical power occur, the potential would exist 
for COCs to escape from th~ pump and treat system. ., 

The pump-and-treat 'system~ imd -portions of the groundwater monitoring system likely will be • 
located outside of the securitY ar~a ofPGDP on government and, to some extent. private or public land. 
The complete systems. with many extraction and monitoring wells; will be spread over a large area;' 
therefore, only limited periodic security realistically could be provided. However, security fences could 
be relocated to provide additional security to portions of the remedia)'action located near the 'current 
security area if.it were determined to be necessarx~ _' . 

The pump-and-treat system will generate spent ion-exchange resins used,toremove the <)<ITc. 
Additionally, treatment of vapor phase effluents will Tesult in the generation of a waste material used to 
capture the TCE. 

1 . '". , ,I." • 

Ellviroll"u!"illl ,,,,pacts :~IId ",itigativeh,easur;es. The followingparagtJlphs~sumtnarize ,potential 
long-tertn impacts to resources andptitigativ!! measures to offset any potential impacts. The!depth of 
impaclanalysis and mitigative measures is correlated to the degree to which a resource maybe impacted. 

Lalld u.'Ie. Implementation of this alternative, w~~ld resultin:,moderate· impacts to land use but with 
no changes to the population surrounding the PGD». Following construction of the alternative, the bulkof 
the land disturbed duringconstructioll would,be r~tumed to its· prior use. However, the long-term impacts 
to land use would be related to ,the 'operatingfacili~ies,extraction ~ells, monitoring wells, treatment 
facilities, and associ~ted access roads, electric utilities, and pipelines. A LUCIP will-be developed as 
necessary per the requin=mentsofthe PGDP LUCA:P:(DOE 2000). . 

. ..' , . 

. , " -~; . . 

Socioeconomics. The socioeconomic conditions of thePGDP and surrounding area would not be 
expected to be impacted by the implementation of the Dissolved Phase Plume Area Pump~and-Treat 
Technology alternative. The construction and ~peration of the facilities for this alternative would be • 
performed by construction :contractors. The number of permanent jobs that could develop as a result of 
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the action is small in relation to the size of the population of the surrounding area. The implementation of 
this alternative would also not result in a decrease or increase in the personnel at PGDP. However, the 
presence of contaminants in the groundwater will prevent its use and may limit economic development 
opportunities until the b'foundwater is brought back to beneficial use. 

Air ijllllWl' lind lIoise. A long-term deb'fadation in air quality is not expected as a result of the 
implementation of this alternative; however. there will be a long-term emission from the operation of the 
facility. The TCE, which is removed from the extracted b'foundwater, is destroyed by catalytic oxidation 
afterwards and would not be an air-contaminant concern. The potential for a temporary increase in fugitive 
dust emissions during construction would be mitigated by keeping dust prone areas watered to suppress dust. 

No long-term increase in noise is expected from this alternative. During construction. there will be 
local increases in noise levels due to operating machinery. However, the noise increase will be in a 
limited area and will not affect human receptors. Hearing protection would be used to protect the worker 
constructing the system. 

Vegetatioll. There will be long-term impacts to vegetation expected from the implementation of this 
alternative. The alternative will require the installation of operating facilities, extraction wells, monitoring 
wells, and treatment facilities. There also will be associated roads, electric utilities, pipelines for the 
facilities. The long-term impacts will be the removal of trees for the placement of the facilities. In 
addition, activities associated with this alternative would result in a limited temporary disruption of the 
habitats of birds. mammals, and reptiles inhabiting the immediate area surrounding the wells or treatment 
system. However, considerable habitat is available in the contiguous area for displaced mammals. The 
quantities of trees that would be removed have not been determined as the total target areas have not been 
identified. However, the system can be designed to minimize the removal of trees by aligning access 
roads to miss trees as feasible. Once construction is concluded, portions of the disturbed vegetation could 
be restored through seeding and natural regeneration . 

WildNfe. Long-term impacts to wildlife are expected for aquatic life in the KPDES outfalls and 
creeks due to construction in the creeks, tributaries and wetlands. Large volumes of water are expected to 
be released; however, the actual quantities will be determined in the development of the PRAP. Should it 
become necessary, the treated groundwater that would be released could be split among several outfalls to 
distribute flow between the Bayou and Little Bayou Creeks. 

In addition. activities associated with this alternative would result in a limited temporary disruption 
of the habitat of birds, mammals, and reptiles inhabiting the immediate area surrounding the wells or 
treatment system. However, considerable habitat is available in the contiguous area for displaced 
mammals. The quantities of trees that would be removed have not been determined as the total target 
areas have not been identified. However, the system can be designed to minimize the removal of trees by 
aligning access roads to miss trees as feasible. Once construction is concluded, portions of the disturbed 
vegetation could be restored through seeding and natural regeneration: 

Threatelled alld endangered species. Long-term adverse impacts to T &E species are likely to occur. 
The Indiana bat, which regionally has suitable habitat, will likely be impacted by this alternative The 
potential roosting areas of the Indiana bat, as identified by Bryan (COE 1993), indicate that the increased 
density of potential habitat occurs at the extreme ends of the dissolved phase Northwest Plume. The 
actual target areas for implementation of this alternative have not been determined at this time; therefore. 
the impacts to the habitat cannot be determined. However, the placement of the wells and access roads 
can be strategically placed to minimize impacts as feasible. After a detailed design of the extraction well 
field with associated monitoring wells and access roads is completed, a reanalysis of potential impacts to 
the Indiana bat habitat will need to be completed . 
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CulllIral re.wJl'rces., No long-ternl impacts to cultural resources arc anticipated for this alternative. 

Groulldwaler. Through' implementation of this alternative. RGAcontaminant concentrations of 
VOCs and II'ITt either are reduced or eliminated over an extended period of time. Activities associated 
with this alternative arc designed to contain the source of the TCE and 1)lITc and facilitatetheremediation 
of the source arcas through 10ng~ten11 i~directdissolut~~,nofthe sources; Ifsuccessful.thc potential exists 
for the, RGA' to be restor,ed,tofuH usea,fter the, downgradient portions of the plumes are attenuated. 
Degradation to brroundwater is note~pech!d:' however:. potential, adverse, impacts of.the alternative would 
be th~unJikely. bu't po'tential migratt6n of TeE DNAPL from-current areas as a result of the extraction 
and drawdown of the aquifer. ' ' ," ' 

The array of extraction weils'should be sufficient to eliminate the addition of COCs to the off-site 
portions of the plumes. It is riot exPected that'the extraction rate of the pumping system would substantially 
deplete the amount of water in the RGA. The water resources in the RGA are sufficient to sustain the rate 
of extraction. However, the extraction rate, due todrawdown of the aquifer, may temporarily impact wells 
screened in the upper RGA. Should excessi-.:e drawdown result fromJhe expected extraction rate, the 
volume of water produced potentiali'y, c'o,~ld be redticed to a 'level th,atproduces a capture wne necessary 
to contain theCOC migration: The increased, pumping,rate pot~ntially could affect water levels in the 
upgradient Terrace Gravel. However, rio significantr:decline in water levels, is expected; 'moreover, no 
water supply wells in the Terr~ce Gravel are,}ocated in the proximity, of the PGDP. 

Surface waler.,There will be impacts.to streams du~ to'increased pumping and treating of groundwater 
causingJargeincreases in the KPDES discharges volum~s. The actual quantitieswill.be determined in the 
development of the PRAP. 'Curre'lldy, the outfalls that contribute to Bayou Creek have; a combined yearly 
flow of-0.720 mgd. a maximum,iflowof 15.85 mgd, and an average flow of5.5mgd. PGDP currently provides 
approximately 85% of the flow to Bayou on average,. and during periods of low base, flow, nearly 100(X. • 
(Geotrans 1993), Flow in the Bayou Creek is highly variable depending on activities at the PGDP. season. ' 
and recent precipitation~ The mean monthly flows of ~ayou Creek vary from 20.~ to 38.8 mgd. The creek 
also accommodates high energy episodes as ~videricedby:many deposits of sand and gravel along its banks . 

. . ~ , 

Surface: water quality is not expected to be:irrip~cted 'with the ,implementation of this remedy. The 
treatment system to remove the 'COCs from th~ exticlctedgroundwater~'iJ1 be designed to meet the 
release requirements of the KPDES permit. This alternative' may result, in the elimination or reduction of 
contaminants being discharged to Little Bayou Creek. Also, controls for silt and erosion will be used 
during the construction activities. ' .,' " . 

,:" I,' ,;, 

Floodplaills. No long-term impacts are expected with' the implementation of this, alternative. The 
action would not.take place in. any floodplain orany stream at PGDP. ' . 

Wellands. This alternativewiUimpact"wetlarids during construction and after implementation of the 
system. The wetlands may be impacted along, the nearby·creeks.due to the increased~ater discharges and 
construction activities. However, the implementation of this alternative should not impact the hydrology 
of wetlands in the area. The wetlands~in the area of the PGDP 'occur as a r~sult of surface water flow into 
poor:iy drained soils and not recharge from'the RGA. ' , ' " 

To the extent practicabie,iextraction'and mo~itoring wells would be located outside wetlands. The 
construction in wetlands would only cause a temporary disruption to the wetlands functions. Most of the 
expected impacts will be as a,result of access ways to the drilling sites and pipelines transporting the 
groundwater to the treatment facility. ' ' . 

Natural regeneration and local site conditions would help restore wetlands disturbed by construction • 
activities. Silt and erosion control measures will be used during the construction activities to minimize 
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impacts to wetlands. Also, other measures such as requiring low soil pressure equipment and working on 
mats will be used to minimize impacts to the wetlands as necessary. The wetlands also will be recontoured 
to the original surface following construction. 

Soils alld prime farm/alld. This alternative will cause impacts to soils and prime farmland. The 
impacted areas will be limited to areas with access roads. pipelines. extraction wells and monitoring wells. 
The exact number of acres of prime farmland impacted cannot be determined until the design of the well 
field is completed. Impacts would be mitigated through the use of standard construction practices of placing 
erosion and drainage control in the construction areas, as necessary. During well installation, testing, and 
treatment facility operation, the potential exists for the release and spill of contaminated water. These potential 
releases will be mitigated through the use of engineering measures to contain spills and contaminated soils. 

Prime farmland exists north of the PGDP and DOE property. The NRCS has identified prime 
farmland as the Calloway, Waverly, and Grenada soil series in the area between the PGDP and the TVA 
Shawnee Stcam Plant. After completion of the well installations, only the areas occupied by the wells, 
pipelines, and associated access roads wiJ) be affected. All other areas will be returned to their normal 
state. The impacts will be in the form of mowed vegetation, potential spills, and vehicle traffic. Impacts 
wiJ) be mitigated through the use of standard constructioJ:1 practices of placing erosion and drainage 
control in the construction areas and using engineering measures to contain spills and contaminated soils. 

Trallsportatioll. No long-term direct or indirect effects are anticipated for this alternative. The 
implementation of this alternative will result in transportation of environmental soils samples and 
groundwater samples to environmental laboratories. During the operation of the alternative, ion-exchange 
resins will be transported to treatment storage or disposal facilities. Standard engineering practices will be 
used to ship these waste materials. Also, all applicable regulatory requirements for shipment of LL W 
materials also will be followed. 

• CUlIlulative impact. Cumulative impacts are defined as the incremental impact of an action when· 

• 

added to other past, present, and reasonable, foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative Impacts reSUlting from this alternative will have to be 
identified at a later time during development of site specific GWOU decision documents. 

Reduction in Toxicity, Mobility, or Volume Through Treatment. This alternative's implementation 
will result in pumping and treating of the dissolved phase plume area to ensure that migrating COCs are 
captured. The contaminated water wiJ) be treated to remove the TCE and 99Tc through the use of air 
strippers for VOC reductions and ion exchange resin for 99Tc before releasing the treated water to a 
KPDES outfall. Once the TCE is air stripped, the resulting vapor phase will be passed through a catalytic 
oxidizer to destroy the TCE. The 9~C will remain adsorbed to the ion exchange resin and will not be 
destroyed. Nearly 100% of the extracted contaminants would be treated and/or destroyed through the use 
of catalytic oxidation and ion exchange. 

Since TCE and 9~C are only incrementally removed from the groundwater plume, the toxicity of the 
TCE and 9'1Tc in the groundwater plume will remain. After long-term operation of the alternative, 
approximately 100% of the VOC and 99Tc contamination would be removed; therefore, the toxicity of the 
plumes will dissipate due to the removal of the COCs via the pump-and-treat system. 

Implementation of this alternative would not affect the chemical and physical soil properties within 
the treatment area. This alternative provides no direct reduction in COC mobility. 

The implementation of this alternative will result in the complete removal of the sources (after 
prolonged operational period). However, the alternative is reversible. Should the operation of the alternative 
be terminated, the groundwater plumes will reestablish with some reduction in COC concentrations . 
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Following treatment of the extracted brroundwater, the treatment residuals will exist. The TCE is 
destroyed through trea'tmerit in the catalytic oxidizer. The treatment residual from this process is production 
of sodium chloride from the scrubbing of off-gas from the oxidizer. The treatment of the IJ<)Tc also will 
result in a treatment residual in th~ form of a spent ion exchange resin. The spent ion exchange resin will 
bea LLW;" '" 

. , I, 

Short-Term ·Effectiveness. The short-:tenn (!ffectiveness of implementing a' Pump-and-Treat 
Technology ii"'the Dissolved 'Phase' Plume Area of the RGA was evaluated 'relative to its effect on 
'community protection, worker protection,.I~nvironme~talimpacts. and thetime:until RAOs are achieved. 
Environmental impact' was further evaluated, for NEPA values. A discussion of each is provided in the 
following paragraphs. ' 

ComlllUl';ty protectio".' The pot~ntial for short-term adverse impacts to the community from the 
implementation of this alternative, is minimaL Th¢ likely target areas will' be the dissolved phase portions 
of the 'groundwater, plurnes that lie . between PGOP .and the Ohio River. The :areas 'specifically contain 
property of DOE, TVA, the WKWMA, and also a parcel of privately held land. The likely target area of 

" the alternative does not haVe' residences' in the imillediate vicinity, and is used periodically by sportsmen 
utilizing theWKWMk :Restrictions will' be, used to limit. the access of persons who may be' in the' area 
during construction. This will"ih~lude~arning signs, temporary control fencing,and periodic security patrols. 
Also"environmental monitoring will be conducted during the construction of extraction and rhonitoring 
wells where 'COCs may bepre~ent; Engi,neering controls can be implemented ,to reduce off-ga's emissions. 

Worker protectioll. Implementation of this alternative has the potential for worker exposure to 
contaminated subsurface soils and groundwater during environmental sa:mpling and well installation. 
Potential exposure pathways include inhalation of dust that contains contaminated soils~ dermal con'tact 
with subsurface soils, and dermal contact with contaminated groundwater. Impacts to on-site workers • 
would be minimized through use of, engineering: controls for off-:gas treatment~'PPE; 'and formalized 
operating procedures. ' " , ', 

Ellvi;o'"me"tal 'impacts, alld mitigative measures. The following paragraphs summarize' potential 
short-term impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mi~igative mea~uresis correlated to the'. degree to which a resource maybe impacted. 

Lam/use. Implem~ntation of this ~lternative would result in moderate adverse impacis to land use 
surrounding the PGDP. No changes to ,the population surrounding the PGDP are anticipated. Following 
construCtion :of the alternative, the bulk of the.I and, dis turbed during construction would be returned to its 
pri~t 'use. All short-termimpa~ts,would b~ associated' ,with the installation of access roads, treatrn~nt 
facilities. ,pipelines, and monitonng wells. A LUClPwill'be developed as nec'essary pef the requirements 
of the PGOP LUCAP (DOE 20(0). ' ' ' 

SocioecOIlOmics. The short-term socioeconomic cQnditions of thePGDP and surrounding area would 
be 'slightly impacted by 'the,imp)ementation: of this alternative. 'Phe construction and operation of the 
facilities for this alternative would beperfonned :by iconstructioncontractors.'A moderate' number of 
temporary 'construction jobs would be associated, 'with' constrUction of treatment facilities, wells, and 
roads. The number of permanent jobs that could develop as a result of the action is small in relation to the 
size of the population oCthe surrounding area: Also, ,the implementation of this alter+;ative would not 
result in a decrease or increase in the personnel atPGDP; . 

Air quali~v alld noise. Short-term degradation' of air quality is not expected sin~e off-g~s treatment 
will be included as part of this alternative. The potential for a short-term.tempor~ry increase in fugitive • 
dust emissions during construction would be mitigated by keeping dust .prone areas watered to suppress 
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dust. Also, during construction there will be local increases in noise levels due to operating machinery. 
However, the noise increase will be in a limited area and will not affect human receptors. Hearing 
protection would be used to protect the worker constructing the system. 

Vegetatioll. There will be large short-term impacts to vegetation resulting from construction and 
operation activities primarily associated with mowing, clearing, accessing the drill sites. Activities 
associated with this alternative would result in a limited temporary disruption of the habitat of birds, 
mammals, and reptiles inhabiting the immediate area surrounding the wells or treatment system. 
However, considerable habitat is available in the contiguous area for displaced mammals. The quantities 
of trees that would be removed have not been determined, as the total target areas have not been 
identified. However, the system can be designed to minimize the removal of trees by aligning access 
roads to miss trees as feasible. Once construction is concluded, disturbed vegetation could be restored 
through seeding and natural regeneration. 

Wildlife. Short-term impacts to wildlife are expected to be moderate. Construction in creeks and 
tributaries may be required to address increased discharges of water form the treatment process. However, 
no adverse impacts are expected for aquatic life in the KPDES outfalls and creeks. A temporary 
disruption of the habitat of birds, mammals, and reptiles inhabiting the immediate area surrounding the 
wells or treatment system is anticipated. Should it become necessary, the treated groundwater that would 
be released could be split among several outfalls to distribute flow between the Bayou and Little Bayou 
Creeks. It is anticipated that the impact to wildlife with be primarily reversed after the installation of the 
alternative is completed. 

n,reatel1e(1 and endangered species. Short-term adverse impacts to wildlife are expected to be 
moderate from implementing this alternative. The Indiana bat, which regionally has suitable habitat, 
likely will be impacted by this alternative The potential roosting areas of the Indiana bat, as identi fied by 
Bryan (COE 1993), indicate that the increased density of potential habitat occurs at the extreme ends of 
the dissolved phase Northwest Plume. The actual target areas for implementation of this alternative have 
not been determined at this time; therefore, the impacts to the habitat cannot be determined. However, the 
placement of the wells and access roads can be strategically located to minimize impacts as feasible. After 
a detailed design of the extraction well field with associated monitoring wells and access roads is 
completed, a reanalysis of potential impacts to the Indiana bat habitat will need to be completed. 

Cultural resources. No short-term impacts to cultural resources are expected for this alternative. 

Groundwater. Through implementation of this alternative, RGA contaminant concentrations of 
VOCs and 99Tc either are reduced or eliminated over an extended period of time. Activities associated 
with this alternative are designed to contain the source of the TCE and 99Tc and facilitate the remediation 
of the source areas through long-term indirect dissolution of the sources. If successful, the potential exists 
for the RGA to be restored to full use after the downgradient portions of the plumes are attenuated. 
Degradation to groundwater is not expected; however, potential adverse impacts of the alternative would 
be the unlikely, but potential, migration of TCE DNAPL from current areas as a result of the extraction 
and drawdown of the aquifer. 

The array of extraction wells should be sufficient to eliminate the addition of COCs to the off-site 
portions of the plumes. It is not expected that the extraction rate of the pumping system would substantially 
deplete the amount of water in the RGA. The water resources in the RGA are sufficient to sustain the rate 
of extraction. However, the extraction rate, due to drawdown of the aquifer, may temporarily impact wells 
screened in the upper RGA. Should excessive drawdown result from the expected extraction rate, the 
volume of water produced potentially could be reduced to a level that produces a capture zone necessary 
to contain the coe migration. The increased pumping rate potentially could affect water levels in the 
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upgradient Terrace Gravel. However. no si!,rniiicant,decJine in water'levcJs is expected; moreover. no 
water supply wells in the Terrace Grovel are ,located in ,the proximity of the· PGDP. 

SUiface waler. No short~term adversejmpacts to surface water are expected from ·implementing this 
remedy. However. there will be impacts .io the streams due to large increases in the discharge volumes 
because of the increased pUmping and treating of groundwater. The aC.tual quantities will be determined in 
the development of the propQsed remedial action plan. During construction. controls for silt and erosion 
will be used to minimize ,impacts to the surface water., This alternative may result in the reduction or 
elimination of contaminants being discharged to Little Bayou Creek. 

Floodplains. No short-tertn impacts to floodplains are expected with the implementation of this 
alternative. The action would riot take place in any floodplain of any stream at PGDP;' 

Wetlalle/s. There will be short-term impacts to the wetlands. Most of.the expected impacts will be as 
result of access ways to the drilling sites an&~he, construction,of pipelines. to transport the groundwater to 

. the treatment facility. In addition;,tl11s ,alternative will result injncreased flows in the creeks due to 
increased discharges from the ptimp.,and:-ireat sy:;tem. 

The wetlands in the area or'the PGOP occu~.due to surface .flow into'poorly drained soils and not 
'recharge from ,the RGA To the extent' practicable, extraction w,ells would be located outside wetlands. 
The construction in wetlands would onlycause a temporary disruption to the wetland's functions. Natural 
regeneratioiland local site conditions would help restore wetlands disturbed by construction activities. 
Sihand erosion control measure~ will ~e used during-the construction activities to minimize'impacts to 
wetlands. Also. other measures such as Tequiring low soil pressure equipment and working on mats will 
be used to minimize impacts to the wetlands as necessary. The wetlands,'will also be re-contoured to the 
original surface following construction. ' • 

Soils and prime farmland. This alternative will cause impacts to soils and: prime fal111'land. The 
impacted areas will' be limited tosreas With, access roads, pipelines •. extraction wells and monitoring 
wells. The exact number of acres ~f prime farmland impacted cannot be determined until the design of the 
well field is completed. Impacts would be mitigated' through the use of standard construction practices of 
placing erosion 'and drainage control in the construction areas as necessary. During well installation. 
testing, and treatment facility operation, the ,potential exists ~for the release and spill of contaminated 
water. These potential releases will be mitigated through the use of engineering measures to contain spills 
and contaminated soils. 

Prime fannland exists north, of the PGDP ,and DOE property. The NRCS ,has identified prime 
farmland as the Calloway, Waverly, and Grenada soil series in the area between thePGDP and the TV A 
Shawnee Steam Plant. After completion of:the well installations, only the areas 'occupied 'by the wells, 
pipelines,' and associated access roads will he affected. All other,areas will be returned to their normal 
state. The impacts wi'llbe in the form of mowed vegetation, potential spills, and vehicle traffic~lmpacts 
will be mitigated through the use of standard construction practices of placing erosion and drainage 
control in the construction areas and using engineering measures to contain spills'and contaminated soils. 

Transportation. No significant impacts to transportation. are expected during construction activities 
ofthis'alternative~ The implementation ·of this alternative will result in transportation of environmental 
soils samples and groundwater samples to environmental .Iaboratories. During the operation' of the 
alternative, ion-exchange resins will be trarisported to treatment storage or disposal facilities. Standard 
engineering practices will be used to ship these waste materials. Also, aU applicable regulatory 
requirements:for shipment of LLW materials also will be followeq. .. . 
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CUlllulative impact. Cumulative impacts are defined as the incremental impact of an action when 

added to otber past. present, and reasonable, foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative Impacts resulting from this alternative will have to be 
identified at a later time during development of site specific GWOU decision documents. 

Ti",e ulllil aclioll is complele. Implementation of alternative will not result in achievement of RAOs 
specified for GWOU or groundwater MCLs. Approximately 7,000 years wiIl be required before groundwater 
may be used following the implementation of Pump-and-Treat Technology only in the Dissolved Phase 
Plume Areas of the RGA. Without the reduction of DNAPL sources, the plumes will regenerate over 
time. It will be necessary to implement Primary and Secondary source reduction technologies in conjunction 
with the Pump-and-Treat Technology in the Dissolved Phase Plume Area in order to reduce the time the 
groundwater remains unusable. 

Implementability. The implementability of the Pump-and-Treat Technologies in the Dissolved 
Phase Plume Areas was evaluated based upon its technical feasibility, administrative feasibility, and the 
availability of services and materials. This information IS summarized in the following subsections. 

Tee/lllical feasibility. The construction of extraction wells and monitoring wells is a presumptive 
remedy that is technically feasible using standard equipment and technologies and available from multiple 
vendors. In addition, the equipment that would be used in constructing a water treatment facility and 
pipelines to convey the contaminated water also are standard. The treatment equipment types used in 
treating the water are proven technologies. Equipment that is used is proven and reliable, and downtime is 
expected to be minimal for maintenance and repairs. However, the alternative will require extensive 
maintenance due to the extended period of time the operation must continue. Implementation difficulties 
may arise due to attempting to design the well fields around sensitive areas in the target area. Some of 
these items may include wetland, Indiana bat habitat, and creeks. Construction of this alternative would 

• not prohibit the implementation of other GWOU technologies. 

• 

The effectiveness of the treatment system in removing the COCs will be monitored by effluent 
sampling to ensure the released water is in compliance with regulatory requirements. Air and groundwater 
monitoring would be required. 

Admillislralive feasibility. This alternative is administratively feasible. Compliance with substantive 
requirements associated with federal and state regulations would be necessary. Treated water would be 
discharged to a KPDES permitted outfall. Treatment of the residuals, handling, and transportation and 
disposal would require proper procedures; however, no difficulties are expected. An ARARs waiver will 
be required, since MCLs will not be achieved in a timely manner. 

Availability of services alld ",aterials. Commercially available services and materials for the 
construction of this alternative are readily available. Additionally numerous vendors will increase the 
likelihood of competitive bids. 

The construction of this alternative will result in the generation of waste soil cuttings, drilling, and 
development water from the extraction wells and monitoring well construction. Additionally, the construction 
will generate clean concrete, wire, and pipe construction debris during the building of the treatment 
facility. All of these materials either will be treated as necessary and released, as in the development 
water, or disposed of appropriately. 

The operation of the treatment system will result in the generation of sodium chloride from the 
scrubbing of the catalytic oxidizer off-gas and ion exchange resins spent with 99Tc. Both of these 
materials will be stored until appropriate disposal can be arranged . 

OO.()() I (doc Y06120 I 4-145 



It is expected that ~n ARAR waiver will be necd since MCLs will not be attained in a timely manner. 
, ';" 

Cost. Table '4.16 summariZesth~ preliminary unit cost estimates for the, Dissolved Phase Plume 
. Pump-and-TreatTcchnology alternative. These preliminary unit cost estimates arc based upon FS-Icvel 
scoping and arc intended to aid with selecti<)flof a preferredalt~rnative. Theestimates:have an expected 
accuracy of -30 'to ,+50% for the,proposed scope of action' (EPA 1988a).The capital, cost estimate 
represents those 'expenditures' required to i~plement this remedial alternative. TheO&M cost estimates 
represent expenditures required: to maintain ,the remedy after ,the ,initial phase, of remedial action 

. construction is completed. the total contingency cost presented includes direct; indirect, and all O&M 
'associated contingency costs. The total cost includes all;capital costs, direct and indirect with O&M and 
associated reports, plus'25%contingency costs, fora 30-year term of comparison. All estimates have been 
escalated using DOE-approved annual rates and a schedule for the various activities based on similar 
project experience. Also, present worth values are included using a discount factor of5% (EPA 1988b). 
(Additional information regarding the preliminary cost estimates is presented iii AppendixC7.) , 

, ' 

Table 4.16: Preliminary unit cost estimates for Dissolved Phase Pump-and-Treat Technology 

Total'unit capital.costs (acre~feet) . 
Total operation and maintenance co~ts 
Overhead ' , 
Total, contingency . 
Total! cost ' 
Total cost (present worth) 
Note: preliminary cost estimates arc per acre-feet, escalated and presented· in dollars. 

$130,436 
$199,866 
$223,860 
$1'38,540 

.$692,703 
• $361.039 

State/Commonwealth Acceptance. The Commonwealth of Kentucky acceptance or nonacceptance .! 
of this alternative will be addressed in the ROD should Dissolved Phase Plume Pump-and-Treat 
Technology be selected as the preferred alternative .. 

!', .' !!'" , . .' ") 

Community Acceptance. Following a formal public comment period on the PRAP for the GWOU, 
comments from the community will be addressed formally in a responsiveness summary that will be 
presented in the ROD. ".' 

Evalua~;o" S,,",,"ary of Di~solv~dPlltlSe Plume Pump-Ql,d-TreatTecllllolotfy 

. Dissolved Phase Plume Pump-and-TreatTechnology, , would . involve pumping and treating of the 
'plumes, environmental media monitoring to trackCOC migration, and conducting ,five-year reviews as 
required by CERCLA. Pumping and treating of the plumes removes COCmass from the groundwater and 
controls theJ:niwaiion ofthe.COCs. Implementation of monitoring will provide an'ilidirect ,protection, as 
monitoringCOC migration allows for minimizing the potential for exposure .to contaminated environmental 
media through avoidance. The pump and treat system may prevent the further migration ofCOCs offsite. 

i i:·· . 1" " . , .; 

Implementation of this·~1ternative: alone: win not :beprotective 6fhumanhealth and the .environment. 
The residual risks would remain at the· site because the toxicity or vohhne of the source ar~a contamination 
would not be reduced exceptt~rough(jissolution and dispersion in groundwater. Residual conUlmination 
wilhemain in the groundwater withTCE levels exceeding the MCL for approximately 7,000 years. 

Short-term risks to construction workers would exist because of potential exposure to contaminated 
groundwater during environmental.monitoring activities and maintenance of the wells and groundwater 
treatment systems. Additional exposure is possible due to dermal and inhalation contact during changeout .1 
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of treatment media. However, risks to workers will be minimized by strict adherence to approved risk 
management procedures (e.g.,-health and safety plan and use ofPPE) . 

Implementation of Dissolved Phase Plume Pump-and-Treat Technology would require moderate 
capital and high O&M costs due to continuous pumping and treating of groundwater. Input from the 
Commonwealth of Kentucky and the community has not yet been received, but these will be added to a 
ROD once the public comment period has been completed. 

4.2.4.2 Dissolved Phase Plume Area - Ozonation Technology 

The following subsections contain a description of Dissolved Phase Plume Areas - Ozonation 
Technology Alternative and the detailed analysis. 

Description of Dissolved Pl,ase Plume Area - Ozonation Technology 

This alternative would consist of implementing an Ozonation Technology in the RGA Dissolved 
Phase Plume, or portions thereof. The RGA Dissolved Phase Plume Areas are located in both the PGDP 
On-site Secure Area and the Off-site Unsecure Area. The purpose of the alternative would be to remove 
the TCE dissolved phase concentrations, other VOCs, and ~c contaminants from areas of the RGA. Unlike 
the Secondary Source Area technologies evaluated above, the Ozonation Technology described in this 
alternative would be designed to remove only dissolved phase contaminant concentrations. In this technology 
a number of injection wells would be drilled into the RGA at the target locations. The injection wells 
could be installed in a linear pattern transecting the plume migration route; or they could be installed a 
blanket-type fashion in which wells would be installed uniformly across the entire plume area. The 
injection wells then would be used to inject ozone into the RGA. The ozone then would react with, and 
destroy, VOCs. If the linear transect pattern is used, the distance between transects would be such that the 
VOC-destroying ozone would not be depleted from the groundwater before reaching the next 
downgradient injection transect. If a "blanket" installation were selected, the wells would be spaced in a 
pattern to allow the ozone to be injected over the entire target area, thereby treating the entire area of 
concern. The ~c groundwater contamination also would be remedied by the use of ozonation technology. 
The injection wells will be configured in a manner that will force groundwater to circulate through the 
injection well (see Fig. 4.8). Water passing through the well bore will cross an ion exchange media that 
will capture 9~C. The use of this alternative will be performed in situ and will not require any ex situ 
treatment of produced water or release of air emissions. 

As this technology will target only the Dissolved Phase Plume Areas, it would have only minimal 
impact to returning the groundwater to beneficial use. This is due the fact that without the removal of 
Primary and Secondary Sources located beneath the PGDP plant areas, the plumes will regenerate over 
time due to the presence of dissolving DNAPL concentrations ofTCE. Because the technology would not 
remove the DNAPL TCE contaminants in the UCRS and RGA areas (Primary and Secondary Source 
Areas), it is anticipated that groundwater will not be returned to the drinking water standard for TCE for 
approximately 7,000 years. 

The existing groundwater monitoring program, which is being implemented under a separate action, 
would be continued to monitor the movement of COCs within the RGA. The monitoring program will 
integrate existing PGDP monitoring wells, where possible, with additional monitoring wells to be 
installed, as needed, following a review of the existing program. 

Five-Year Reviews. This remedial alternative would result in residual "contaminants remaining at the 
PGDP site above levels that allow for unlimited use and unrestricted exposure"; therefore, this remedial action 
would be reviewed "no less often than every five years" in accordance with 40 CFR 300.430 (t)(4)(ii) . 
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Assesslllellt of Dis:wlved Pllase Plume A,.ea - Ozollatioll Tecllllology 

The detailed analysis of this alternative using the CERCLA criteria is presented in the following 
subsections. 

Overalll»rotection of Human Health and the Environment. Dissolved Phase Plume Area Ozonation 
Technology includes the ill situ treatment of dissolved phase concentrations of VOCs and 99Tc in the 
RGA. A1though this technology is applicable to the reduction of Secondary Source Area concentrations, 
this detailed analysis is for only dissolved phase areas of the plumes. The technology would reduce VOC 
and 99Tc contamination in the RGA only. This a1ternative alone will not satisfy the RAOs for the GWOU. 
It will support achieving the RAOs when implemented in concert with source reduction technologies. 
Furthermore. achieving RAOs could be expedited if this technology were supplemented with other 
dissolved phase GWOU technologies. It is possible for this alternative to be protective of the ecological 
receptors that may be exposed to contaminated groundwater discharging to the surface water. However, 
for this protection to be permanent, the technology will require continuous long-term operation in the 
target area. because without DNAPL source removal the plumes will regenerate over time. 

Compliance with ARARs 

Potelltial c/lemical-specijic ARARs 

Chemical contaminatioll. The aquifers are known to contain chemical contaminants in the form of 
metals and organics. The federal and state water quality requirements include standards that would be 
applicable ARARs. The regulations that apply are found in 40 CFR 141 (National Primary Drinking Water 
Standards): 40 CFR 143 (Secondary Drinking Water Standards); 401 KAR 5:029 (General Provisions): 
and 40 I KAR 5:031 (Surface Water Standards). These standards are summarized in Table 4.17 and include 
state general standards, domestic water supply standards, and standards applicable to warm water aquatic 
habitat. These are applicable based upon the classification of the designation for surface water use associated· 
with the area (Ohio River, River Mile 940.7 to River Mile 943.3), as specified in 401 KAR 5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for completeness. 
Those standards that must be achieved in order to meet the applicable requirements are the lowest of the 
applicable standards, which in most cases are the MCLs. 

Radiological cOlllamillalioll. The GWOU is known to be contaminated with radionuclides such as 
~c, radon, uranium, and uranium daughter products. The DOE's Order on Radiation Protection of the 
Public and Environment, DOE Order 5400.5, as codified at 10 CFR 835, is TBC information for cleanup 
of radionuclides at DOE sites. The order requires that remediation activities must not result in radiation 
exposures to members of the general public greater than an EDE of 100 mrem/year from all exposure 
pathways. Exposure to the general public also must be ALARA (DOE 1990). 

DOE Order 5400.5 also contains reference values, known as DCGs, for operational DOE facilities. 
Based on the DCGs, radionuclide concentrations in air and drinking water must not exceed an EDE of 
10 mrem/year and 4 mrem/year, respectively, to the total body or any organ. 

The NRC also has set criteria for decommissioning standards at nuclear facilities in 10 CFR 20 
Subpart E. These rules require that residual radioactivity at nuclear sites meet a total EDE of 25 mrem/year 
for unrestricted release. In addition to the NRC standards, EPA has issued guidance for cleanup levels at 
CERCLA sites with radioactive contamination. EPA has disagreed with the protectiveness specified 
within the NRC standard and has specified that a 15 mrem/year EDE be used as the risk level that is 
protective of human hea1th and the environment. EPA also has codified exposure limits for environmental 
radiation protection standards for nuclear power operations in 40 CFR 190. These requirements apply to 
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Table 4.17. Sumtn~ry of Potential ARARsfor Dissoh'ed Phase Plume Area - Ozonati6n T~chnology 

Standards, Requirement, 
Criteria, or Llrllitation Citation 

" Clrelllical-Si1eci/ic ARARs ' 
National Primary Drinking Water 40 CFR 141 Provides chemical-s'pecific numeriC standards for toxic 

pollutants expressed as MCLs and MCLGs. Standards . 

National Secondary Drinking 
Water Standards rr 

Kentucky Sui-face Standards 
including . . 
• Warm Water Aquatic Habitat 

Criteria 
• Kentucky Domestic'Water 

Supply ,. , '. 
• Kentucky General Standards 
• Kentucky Outsta'nding State 

Resource Waters 

Radiation Exp~sure ofthe , 
General Public at DOE facilities 

Decommissioning Standards at 
Nuclear Facilities 

Environmental Radiation 
Protection Standards for Nuclear 
Power Operations 

Protection of Wetlands 

• 

40 CFR 143 

401 KAR 5:031 and 
5:026 

Provides secondary MCLs for public water systems. 

Provides cheinic:il-specjfic numeric standards for pollutants 
disc:harged or found in surface waters. ' 

Provides chemical-specific numeric standards for pollutants in 
dO,!,!es.tic \\'at~~ s~ppJi.es; ... 

DOE Order 5400,5 Specifies tha/the general public must not receive an effective 
dose~equivalel1iof> I 00 mreinlyear from aUexposure pathways: , 

'. In ad,ditiori, all. releases ()fnidioactive material§ resulting in . 
doses to the general public must meet the ALARA criteria, 

10 CFR 20, Subpart E 

40 CFR J 90, Subpart B 

10 'CrR Section 1022; 
",Executive Order 
11990; 
40 CFR 230.10 33;. 
cfR 330.5 

Specifies a residual activity at nuclear facilities for unrestricted 
releases of25 mremlyear" ~, 

. ,-' 

Requires that the annual dose equivalent tO,the public must not 
exceed 25 mrem to the wHole body, 75 mr~m to the thyrOid, and 
25 mrem to aliy other organ as the result of exposures to planned 
discharges ofra9ioactivematerials, radon arid its daughters 
excepted,to th~general environment from uranium fUel cycle 
operations and radiation from these operatioris. ' ' 

~ _Localloll-Specific ARARs 
Activities muslavoid or niiniinizeimpacts to wetland~ to 
preserYe and enhance their n~tural and beneficial value, If 
wetland resources are not avoided,measures,must be taken to 
address ecologically sensitive areas and mitigate adverse effects. 
Such measure.s may include, minimum grading requirements, 
runofTcontrols, and des,ign and construction ~onsiderations, 

Allows minor discharges of dredge and fill material, or other minor 
activities for which there is no practicable alternative, provided 
that the pertinent r~uirements of the NWP system are met. 

• 

Comments 

These requirements are relevant and appropriate due to the 
nature of the contaminants found within the ground\\·ater. 

These requirements.are TBCs,as they have be~nestablished 
as guidelines for the states and are not federallY enforceable. 
These standards are applicable to the segment of the Ohio 
River into whic,~ Little Bayou creek discharges, The 
requirements found iii these stand~rds are ap'plicable due 
tothfgroundwil!er to surface,~'ater interface to Litlle 
Bayou Creek and sl:1bsequently to the Ohio Ri\'er. 

Note:' CWA Water Quality.Criteria are not relevant and 
appropriate because Kemucky has promu Igated these 
state standards that Kentucky has determined to be 
appropriate for state waters: . 
. This requirerrien't'is TBe inform:1tion, 

These standards are considered to be applicable to the 
GWOU. . . 

These standards are considered to be relevant and, 
appropriate and are equi\'alerit to the NRC standards, 

. The,~~ ~guirements are applicable due to the presence of 
wetlands but will be metthro!1gh avoidance of wetlands 
duri'rig construction and implementation of alternati\'es, 

.' • 
.' 



• • • 
Table 4.17. (continued) 

Standards, Requirement, 
Criteria, or Limitation Citation DescripJion of ~ulrement Comments 

Endangered Species Act 16 U.s.c. 1531 et seq. Actions that jeopardize the existence oflisted species or result in Action that is likely to jeopardize fish. wildlife. or plant 
Section 7(a)(2) the destruction or adverse modification of critical habitat must be species or destroy or ad"ersely modify critical habitat-

avoided or reasonable and prudcnt mitil!;ation measures taken. aQI>licable. 
Migratory Bird Treaty Act 16 U.S.c. 703-711 Federal Agencies arc encouraged (until requirements are Action that is likely to impact migratory birds. habitats. 

Executive Order established under a formal MOU) to do the following: and resources-applicable. 
13186 

• avoid or minimize. to the extent practicable. adverse impacts 
on migratory bird resources when conducting agency actions: 

• restore and enhance the habitats of migratory birds. as 
practicable; 

• prevent or abate the pollution or detrimental alteration of the 
environment for the benefit of migratory birds. as practicable: 

• ensure that environmental analysis of federal actions required 
by the NEPA or other established environmental review 
processes evaluate the effects of actions and agency plans of 
migratory birds. with emphasis on species of concern; and 

• identify where unintentional take will likely result from 
agency actions and develop standards and/or practices to 
minimize such unintentional take. 

Action-Specific ARARs 
Fugitive.Dust Emissions during 401 KAR 63:010 Precautions must be taken to prevent particulate matter from These requirements are applicable and "'ill be met 

::.. 
I 

site preparation and construction becoming airborne. Such precautions must be incorporated into through the use of appropriate dust-control practices 
activities. the planning and design ofactiyities and include actions such as identified during alternative design phase. 

• wetting or adding chemicals to control dust from construction 
activities; 

• using materials such as asphalt or concrete (or other suitable 
chemicalslfixing agents) on roads or material stockpiles to 
prevent fugitive emissions; and 

• using covers on trucks when transporting materials to and 
from the construction site(s). 

The requirement specifies that for on-site construction activities. 
no visible emissions may occur at the PODP fenceline. Similar 
points of compl iance shall be identified for construction 
activities that occur outside the fence. 

Toxic Emissions 401 KAR 63:022 The regulations require that a determination of toxic emissions These requirements are considered to be applicable and 
be made in order to assess the applicability of required controls. shall be complied with through calculation of significant 
Calculations of the significant emission levels are compared to the emission levels for toxic materials and application of best 
allowable emission limits spccified in Appendix A of 40 I KAR available control technology as necessary during the 
63:022. Ircmission leyels are exceeded. the best available control design of the alternative. 
technologies must bc incorporated into equipment/process design. 
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Standards. Requirement, 
Criteria, or limitation Citation 

Monitoring Well Installation 401 KAR 6:310 

Hazardous Waste Management 40 CFR 260 through 

AlARA 
ARAR 
CFR 
CWA 
DOE 
GWOU 
KAR 

• 

264 and 268; 
40 I KAR 31 through 
34,36, and 37 

as low as reasonably achievable 
applicable or relevant and appropriate requirement 
CodC' oJ FC'dC'rnl RC'grtlations 
Clean Water Act 
U.S. Department of Energy 
groundwater operable unit 
Kentucky Administrative Regulations 

Table 4.17. (continued) 

Description of Requirement 
Monitoring wells (including extraction wells) must be 
constructed in a manner to maintain existing protection against 
the introduction ofpoIJutants into aquifers and to prevent the 
entry of pollutants through the borehole. In addition. abandoned 
wells must be plugged and abandoned in accordance with the 
requirements specified. 

CI,em;cal-Specijic ARARs 
All wastes or environmental media containing wastes must be 
characterized to determine whether the waste is also a hazardous 
waste in accordance with 40 CFR 262.11 and 40 I KAR 32:01·0. 
If it is determined that a waste is hazardous or that environmental 
media contain a hazardous waste that is subject to the RCRA 
regulation, the substantive requirements of 40 CFR 262 through 
268 are applicable. These standards include design and operation 
of storage and accumulation areas, waste handling and shipment, 
and treatment technologies or numeric standards applicable to 
wastes prior to disposal. 

MC'l 
MC'lG 
NRC 
NWP 
PGDP 
RCRA 
TBC' 

maximum contaminant level 
maximum containment level goal 
U.S. Nuclear Regulatory Commission 
Nationwide Permit 
Paducah Gaseous DilTusion Plant 
Resource Conservation and Recovery Act 
to be considered 

• 

Comments 
These requirements are considered to be applicable. 
Compliance with well design and protection standards 
shall be achie\"ed through the use ofappro\"{'d well design 
and materials of construction. \\"ile in seryicc. wclls 
shall be secured as required. Abandoned wells shall be 
plugged and abandoned as required. 

These requirements are applicable and will bc complied 
with through characterization of wastes and 
environmental media generated as a result of 
implementation ofthe alternative. Waste management 
will be predicated upon the characterization and will 
comply with all substantive requirements associated with 
hazardous waste management if identified as such. 

• 
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• 
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operations involved in the uranium fuel cycle and include enrichment operations. Subpart B of these 
requirements specifics that the annual dose equivalent to the public not exceed 25 mrem to the whole 
body. 75 mrem to the thyroid. and 25 mrem to any other organ as the result of exposures to planned 
discharges of radioactive materials. radon and its daughter products excepted, to the general environment 
from uranium fuel cycle operations and the radiation from these operations. These requirements would be 
considered relevant and appropriate because release to the groundwater would not be planned. 

The Commonwealth of Kentucky is an NRC Agreement State and has promulgated regulations for 
radiation protection of the public. The Kentucky radiation protection standard for individual members of 
the public is 0.1 rem (100 mrem) EDE per year or less (902 KAR 100:019 Section 10), which IS 

equivalent to the DOE radiation protection standard found in DOE Order 5400.5. 

Due to the differing view and values among NRC, EPA, and DOE total EDE for members of the 
general public, EPA and DOE have agreed not to finalize their respective standards until an agreement 
can be reached. In the interim, DOE Order 5400.5 is identified as TBC information and the NRC standard 
is identified as relevant and appropriate. Therefore, the radiation protection standard identified within the 
NRC regulations in 10 CFR 20 Subpart E, requiring an EDE of 25 mrem/year or less, shall be used as the 
exposure limit for the general public. 

Chemical-specific ARAR SlIIllIllalJ'. The chemical-specific ARARs associated with the implementation 
of this alternative are outlined in Table 4.17. Implementation of this alternative would not result in 
immediate attainment of the chemical-specific ARARs associated with the off-site groundwater plumes. 
Attainment of the identified ARARs would be met in the future as implementation progresses. Although 
TBe information, the radiological exposure standards included in DOE Order 5400.5 shall be achieved 
and will be confirmed through monitoring. Continued monitoring of the !,tToundwater will be used during the 
five-year reviews to ensure the identified goals are met and that concentrations ofCOCs continue to decrease . 

Potelltiallocatioll-specijic ARARs 

Wetlallll .... Wetlands have been identified within the area where construction activities will occur, 
certain jurisdictional wetlands have been identified in on-site drainage ditches within the plant boundary. 
In order to comply with these applicable requirements. wetlands shall be avoided. 

As stated in the regulations, construction activities must avoid or minimize adverse impacts on 
wetlands and act to preserve and enhance their natural and beneficial values [Executive Order 11990. 
40 CFR 6.302(a), 40 CFR 6 Appendix A, and 10 CFR 1022]. These applicable requirements include 
avoiding construction in wetlands, avoiding (to the extent practicable) long-term and short-term adverse 
impacts to floodplains and wetlands, avoiding degradation or destruction of wetlands, and avoiding 
discharge of dredge and fill material into wetlands. In addition, the protection of wetlands shall be 
incorporated into all planning dociJments and decision making as required by 10 CFR 1022.3. Although 
not anticipated, if this alternative results in impacts to wetlands that cannot be avoided, the substantive 
requirements of the NWP 38 (33 CFR 330) will be met. 

Off-site operations shall not impact wetlands. and all treatment will be conducted either ill situ or in 
units already in operation. 

E"dallgered Species alld Migratory Birds. Actions taken by federal agencies are prohibited from 
impacting T &E species or adversely modifying critical habitat (50 CFR 17.94) in accordance with the 
Endangered Species Act [16 USCA 1531 et seq. Section (7)(a)(2)]. These requirements are potential ARARs 
in the event T &E species or their habitats are found at or near areas where remedial action is to occur. An 
ecological resource investigation inside the PGDP security fence did not detect any T &E species or their 
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'preferred habitats (COM Federal 1994). The USfW'S has notdesih'Tlated,critical habitats for any species 
within the DO~: property. How~ver: outsi,de the PGOP fence on,the DOE property, potential habitats for 
federally listed T &E species were reviewed"and Indiana bat habitat was evaluated during the COE (1994) 
environmental investigatio~. The COE study~etermined:that total potential, bat habitat.consisted of 20% 
ofthe'994-ha C2A56-acrc) study area. Remedirilactivities:'must be evaluated to, ensure that such actions do 
not adverscl y' impact areas id~nti fled as critica I habi tat for any identi fled endangered species. 

'" Iii' addit'ibn. Exec~tive Orde~ I Jl!86 directs. ,federal· agencies to enter into an MOU,with the USFWS 
to further thepufp~sesofthe Migratory Bird Treaty 't\ct{l6 V.S.c. 703-7H).Until such time as the 
MOU between DOE and the USFWS is finalized., federal agencies are encouraged immediately to begin 
implementing the conservation measures set forth in the Executive Order. The requirements of the 
Executive,ordcr are applicable and mus~ be considered during planning and design ofth~remedial action. 

-, /. . 
Poti!lltial actioi,-spe~ijic ARARs 

" , , 

. Moiiit(}r~lIg we/llii~ieclio" illstallatiOl; require.,iwlIls. This alternative includes the installation of 
additional 'monitoring wells arid injection wells. Installation of these wells would have to be cohductedin 
a manner to maintain existing natural protection against the introduction of pollutants into aquifers and to 
preventthe entry of pollutants through the bor.eholeJ 401 KAR 6:310 Section B)~ These requirements 
also mandate the constructIon ,materials required for well construction, well design criteria; well completion 
actIvities, and weU abandonmentmetho'dologies. These requirements are considered applicable to design 
and instalhition of monitoring. injection, and'.extraction wells associated with the implementation of this 
alternative. " . 

,I Fugiiil'{, (/ust emis.fiolls. Construction activities may result in the production of particulate airborne • 
pollutants (dust). The Kentucky Air Quality standards found in 401 KAR 63:010 include requirements 
governing fugitive dust emissions. These standards require that dust-suppression measures be undertaken. 
including activities such as use of water or chemicals to control emissions, placement of asphalt of 
concrete,' and stockpiling of soils. The standards. also require that. visible dust generated Jrom the 
implementation of the remedial alterriative not be discharged beyond the property,'bOundary ofthe site. 
For the 'purp~se of compliance .with these requirements, the site boundary is interpreted to mean the DOE 
site :boundary or the immediate boundary of construction activities that occur on non-DOE property. 
Trucks transporting material ,outside';the property boundary, where materials:could become airborne, must 
be~co'vered. these requirements are considered tobe!applicable to the implementation ,of this alternative 
and wiH be' complied with thr.ough careful planning to ensure.thatexcavated materials are sufficiently 
wett~d'or protected to control dust:generation. '. ' .' . 

. Radiolluclideemissioll stallda~ds. Airborneemi~sions of radionuclides may occur ~sa result of on
site construction activities .. Although th~.potential is ,low for such emissions to occur, the"regul~tions in 
40CFR'61.92 would be applicable,reql,iiring that the. emissions not exceed amounts that wouid cause an EOE 
to' the public of 10 rilreinlyear. In order to determine whether the alternative complies with this applicable 
requirement. computer modeling using theTAP-88 or other EPA-approved models must be undertaken. If the 
modeling demonstrates that theradionuclide emission ,is in excess of 1% of the IOmrein/year standard. 
emission rates must be measured, as required by 40 CFR '61.93. This ARAR 'shall he complied with by 
planning activities in such a manner as to control fugitive emissions from construction and treatment activities. 

, ,'; 

Toxic emission stalldards; Although toxic; emissions are not expected as a result of construction 
activities or with the pumping of the groundwater to. the on-site water treatment facility, these emission 
requirements would be applicable if such an emission does occur. Due to'organic concentrations found in 
the groundwater and potentially within the subsurface soils, there is a low potential for such emissions to • 
occur. The regulations at 401 KAR 63:022 require that emissions be evaluated to determine whether they 
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are significant for each specific toxic air pollutant. If analysis indicates that the toxic emission requirements 
are triggered. the regulations specify that no source may exceed the allowable emission limit specified in 
Appendix A of 40 I KAR 63:022. If applicable. these rules would require application of the best available 
control technology to limit toxic emissions. If calculations indicate that the emission rates specified 
within the rule are not exceeded. then the calculation package may be used to demonstrate compliance 
with these requirements. Activities that must be considered include collection and treatment of contaminated 
groundwater. 

S(ormwater discharge. Construction actIVitIes will be subject to the substantive requirements 
associated with the KPDES permit that requires the usc of BMPs and sediment/erosion controls to control 
transport of sediment in stormwater runoff. These requirements are considered to be applicable. 

Wasle mallagement requirements. Secondary wastes may be generated during the implementation of 
this alternative in the form of potentially contaminated environmental media. All wastes generated shall 
be subject to the hazardous waste determination requirements of 40 CFR 262 and 40 I KAR 32:0 10. Soils 
shall be assessed to determine whether they contain a hazardous waste. If it is determined that any wastes are. 
in fact, hazardous wastes, the materials must be managed in accordance with the substantive requirements 
found in 40 CFR 262 through 40 CFR 268 (401 KAR 32 through 37). These standards include storage 
requirements, transportation requirements. and disposal requirements. Specific requirements applicable to 
each waste stream must be identified after characterization of the material is complete. These 
requirements shall be complied with through the development of a WMP during the design phase of 
impJementation.Ifmaterials are identified as ReRA hazardous wastes, these requirements are applicable. 

Actiol1-specific ARAR summary. This alternative will trigger action-specific ARARs with regard to 
the treatment of the contaminated groundwater. In addition. the requirements of RCRA may be applicable 
if hazardous waste is generated. This alternative will comply with these requirements during the planning 

• phase to include compliant waste handling. storage, and disposition components. 

• 

A summary of the ARARs for the implementation of this alternative is presented in Table 4.17. 

Compliallce will. ARARs summary. Implementation of this alternative would not achieve compliance 
with the MCL for TCE. In addition this technology does not address contamination from metals or 
radionuclides present within the soils or groundwater. Because this alternative does not immediately meet 
the stated MCLs, an ARAR waiver or agreed schedule of compliance would have to be sought as part of 
the ROD and PRAP. 

To comply with the identified chemical-specific ARARs, an ARAR waiver will be required due to 
the time frames required to meet the specified concentrations within the GWOU at the point of 
compliance and points of exposure. 

As discussed, no potential location-specific ARARs have been identified within the area in which 
remedial action will occur. However, to ensure that jurisdictional wetlands are not impacted, all construction 
activities associated with the installation of the monitoring wells and injection wells will be reviewed as a 
safeguard. The protection of wetlands is not considered a location-specific ARAR at this time because 
jurisdictional wetlands have not been identified within the areas impacted by the implementation of this 
alternative. 

Construction and implementation of the alternative may trigger several action-specific ARARs, such 
as the requirements associated with well installation and abandonment, fugitive dust emissions, radionuc1ide 
emissions, and toxic emissions. The requirements associated with the installation and abandonment of 
groundwater wells will be met though the use of well designs and materials of construction. as specified 
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at 401 KAR 6:31'0 Section 13. All well installation and abandonment practices incorporated into the 
approved remedial design shall comply with the substantive requirements 01'40 I KAR6:31 O. 

. . 

The treatment of groundwaterwilll'equire the injection of materials into the subsurface. During the 
remedial design assessment;'allr:nateriaIs used in the construction will be reviewed to ensure that 
materials that could further inlpactwater quality are not used or are limited in usc . 

. The construction activities associated with this alternative may require that BMPs for sedimentation/ 
erosion' controls be established. Sedimentation control is required if the area to be' disturbed during 
construction cxceeds regulatory limits. Regardless of the size of the construction area(s). sedimentation 
controls will be TBC information. This requirement will be complied with .throughthe use of sediment 
fences or other appropriate means. The remedial. design shall incorporate the specific .controls necessary 
to ensure that the construction 'site{sJ donot allow sedimentation and/or erosion o(disturbed areas to 
comply with this requirement during implelllentation of this alternative .. . . 

• 

Fugitive dust emissions that may ~ccur during.constnlction activities will be controlled as required 
by 401 KAR 63:0 I O. 'BMPs, such as the wetting or covering; of potential sources of fugitive dust, will be 
incorporated into the'r<!ri1edial design. The speCific actions to bc developed shall control, potential emission 
sources to ensure that dust emissions do not migratefromthe immediate area where construction activities 
occur. It is anticipated that, in most cases, the,moisture content in the soil,~ill be sufficient to control dust 
emissions during well installation. However. practic,es such as wetting of disturbed soils; !collection of 
soils; or reseeding activities shall be consideredr~md incorporated into the remedial design as necessary to 
ensure compliance with.these requirements. Radionuclide emissions at construction sites' also must be 
considered during the impie'rnentation phase. In order to ensure that the emission standard of 10 mremlyear 
EDE to the public is met, concentrations of radiqnuclides in soils and groundwater must be evaluated, I I' 
the potential for' such emissions are identified. modeling usir,g the CAP-88 or other EPA-approved • 
method must be undertaken during the design phase of the alternative. It is anticipated that the primary 
conveyance of airborne radionuclides' will be ;in particulat~ form. Therefore control of fugitive dust 
emissions also will result in complian'ce with the emission standards applicable ,to radionuclides. If 
radiological contamination from plant activitiesisJound in soils where ,construction activities are planned. 
the soil will be protected or containerized 'to prevent airborne migration .. Measures necessary to prevent 
airborne emissions or radionuClic:ies shall be evaluatedandiincorporated,!asappropriate~intothe.re·medial 
design in order to comply with these requirements during'implementation·ofthisaltemative .. 

Emissions of toxins, such as volatile organics, must also be evaluated before implementation; Although 
the potential for exceedance of toxic air emissions isconsic:lered to be low, an 'evaluation of the potential 
for such emissions must b~ undei1akenduring t~e remedial design. Potential emissions must be evaluated 
for each toxin present in the plumes (i.e., TeE, vinyl chloride, etc.) to determine whether the contaminant 
levels found in the subsurface could result in airborne emissions in excess of the allowable limits specified 
in Appendix A of401.KAR 63:022. Compliance with the emissions standards shall be achieved for this 
aItemativethrough the evaluation process or the application of best available control technology where 
emissions are cidculated to ex'ceed allowable levels. It is anticipated"that through the use.ofthe ozonation 
system there will no air emissions at ali. Howe~er, the potential does exist that vapors may migrate from 

. the injections wells 'durlngthe operation. Appropriate emission control equipment will be incorporated 
into the treatment system as necessary. The specifications for this equipment shall be identified during the 
remedial design based upon the initial evaluation. This requirement will be complied with during 
implementation of the altemativ.e. 

Secondary wastes generated from .the ill situ treatment of groundwater will result in the generation of 
wastes that will trigger the characterization requirements associated with the RCRA regulation. The 
implementing regulations found at 40 CFR 262 and 401 KAR 32:010 require that generators of solid 
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wastes (or contaminated environmental media) must determine whether the waste also is a hazardous 
waste. If the materials generated from the implementation of this altcmative are found to be hazardous 
wastes, the materials shall be containerized and managed as such. The requirements mandatc that 
hazardous wastes must bc properly labeled and stored in areas that comply with the technical standards 
for storage of hazardous waste in containers. These standards shall be complied with by testing of 
secondary wastes generated during groundwater trcatment. If any of these materials arc found to be 
hazardous waste regulated under RCRA. appropriate storage areas shall bc constructed and maintained. 
All hazardous waste generated during the implementation of this alternative that is required to be shipped 
for off-site disposal shall use the EPA Identification Number for the PGDP. Hazardous wastes shall be 
shipped to facilities permitted to treat. store, or dispose of the ha7..ardous waste(s) being shipped. if on-site 
treatment or disposal is not allowable. These activities shall be incorporated into the remedial design for 
this alternative in order to comply with these requirements. 

Secondary wastes generated during the implementation of this alternative also may be subject to 
regulation under TSCA (as PCB remediation waste) and DOE Order 435.1 (as LLW). Characterization of 
these materials will be required to determine whether specific wastes are regulated under these requirements. 
If it is determined that the waste generated is a PCB or LLW, appropriate management standards will be 
incorporated into the remedial design. Existing information will be used where practicable to determine 
the regulatory status of all waste to be generated before implementation. This alternative will comply with 
all TSCA and LL W requirements. 

Long-term Effectiveness and Permanence. Dissolved Phase Plume Ozonation Technology offers a 
relatively high level of long-term control for VOCs and ~c located in areas of RGA treatment. The 
implementation of this technology alone in the RGA will provide little to no control over Primary and 
Source Area target contaminants located in the UCRS or the RGA. The only exception would the 
potential for collateral reductions in VOC concentrations when the dissolved phase target is adjacent to a 
Secondary Source area. It also should be understood that without the removal of the DNAPL source 
zones, the plumes would regenerate over time. 

Magllilude of residual risk. Residual risk in the RGA will remain in place after implementation of 
an Ozonation Technology. The technology will require assistance from other technologies in eithcr the 
UCRS or RGA to meet the MCLs at the point of compliance, thereby preventing the regeneration of the 
dissolved phase plumes. This alternative will reduce VOCs in the dissolved phase plume areas by ill situ use 
of ozone to react with and destroy the Voc. ~c will be captured on an ion exchange media as contaminated 
groundwater circulates through the injection wells. The technology will have no impact on contaminants 
present in the UCRS or the RGA source areas unless those areas are targeted for the treatment. 

Following treatment of the selected RGA areas, residual COCs would contribute to long-term risks. 
However, the five-year reviews, mandated by CERCLA [40 CFR §300.430(f)(4)(ii)), would be an effective 
means to demonstrate that contaminant levels were reduced from the technologies implementation and 
additional exposure pathways have not developed. 

Adequacy and reliabUity of controls. The reliability for operation and control of Ozonation Technology 
would be moderate. The components that make up the treatment systems such as injection wells. 
compressors, ozone generators, and down-hole pumps are common industrial items that have been used 
for many years successfully. However, a limiting factor in the reliability of the ozonation process is 
ensuring that the VOCs and ozone come into contact with one another as well as with the Q9Tc and ion 
exchange media. The contact of the contaminants and the treatment media is largely controlled by the 
subsurface conditions of the RGA. The RGA has high permeability; therefore, this limitation is not 
expected. Another limiting factor is the presence oflarge amounts of organic material being present in the 
treatment zone. The ozone will react with VOCs as well as any other organic compounds present. If large 
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quantities of organics arc present. ,the ozone is spent on reacting with these extraneous organic compounds 
and not reacting with the contaminants. Computer modeling would be used to design ,the site-specific 
location. injection-well layouts, .and ozone concentrations to ens~re appropriately sized treatment zones 
and that contaminants are not mi!,'fated to noncontamination areas.due to the injection process and that 
contaminants art:.destroyed. It also should be understood that the, technology mustoperateccontinuously to 
ensure 'that complete coverage of the contamin~tlt plu~e occurs. Should extended interruptions of 
electrical power or oiher vital systeirisoccur~ the potential would exist for COCs to escape from the 
treatment system 'area. Long-tellJl'grou'nd\ya~er' m~nitoring will be required to monitor the extended 
effectiveness of the treatmen.t followirigits c.ompletion. 

E"virOlll"elltal impa~tsa"d j,tiiigative'measures. The. following paragraphs summarize potential 
l.ong-term impacts to resources and mitigative measures to offset these impacts. The depth-of-impact 
analysis is proportional to the de!,'fee'of expected impact. 

Land use. Long~tehn, land use impacts ,would b~, few for the implementation of this alternative. The 
long-term impact's will be related to the placement and 'use of injection and monitoring wells and access 
roads used in the 'operation. If designed to target' the entire, off-site plu~e;there could' be several hundred 
injection wells used in the operation; The ar~as of u~e will ,include the WKWMA, DOE, and TVA, as 
wells as a number {jf private land parcels. The total acreage. impacted cannot be determined without first 
identifying the target areas and determining whether linear injection or blanket type injection is to be 
used. However,it is expected that less than one-fourth of an acre per injection well, not including service 
roads, will be 'impacted in the long term. A ,LlJCIP would be developed as necessary per the requirements 
of the PGDP LUCAP (DOE 2000r' ' . 

Socioeconomics, The presence of co~tamiri~nts in the gToundwater will prevent its use and may limit 
economic 'development opportunities until the gro'undwater is brought backto beneficial use. However, • 
no long~term effects 'to socioeconomics'would result from the implementation of this technology. There 
would be minimal change t.o the number of permanent jobs within the PGOP area as a result of 
implementing this technology. . 

. ' . . ...,! ~) 

Air qua/i(l' and noise. No lon~':'ierm'~:tfects' to air quality and ambient noise levels would, result fr.om 
implementation of this alternative. Theozonation technologies will not result, in an air emission that must 
be treated.' 

! ,', 

Vegetation; There will be long-term impacts to vegetation as a result of this alternative. The 
alternative will require theinstallatioilofinjection wells, monitoring wells, and, associated access r.oads on 
DOE, WKWMA. and TVA land,as ,well as on ;private property. The long-;term impacts' will be the 
removal of vegetation for the plateirie~t~ofthe, facilities. The,amount of vegetation destr.oyed has not been 
determined, as the total"target'.or installation patt~rns have not',beendetermined .. However,the system can 
be designed to minimizeihevegetation destruction by locating access roads, and wells to' minimize 
vegetation impact. Some reclamation ,will be possible after construction is complete . 

. iWildli/e. There will be limited iong.,ierm effects to wildlife resulting from implementing this alternative. 
The long-term impacts will be the removal oftre~s that will result in.desn:uctionofwildlifehabitat. There 
is,lhowever, considerable habitat ava'ilabI'e in adjacent areas for the displaced mammals, birds; etc. The 
amount of habitat destructi.on has 'riot been estimated because the .total target area and injection patterns 
have not been defined. However. the system can be designed to minimize the removal;.of habitat by 
locating access roads and wells. to minimize impact. Some habitat reclamation will be' possible after 
construction is complete.' " " .. 
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Construction in creeks and tributaries may occur as a result of implementing this technology. 
However, the system design and the use of directional drilling can be used to minimize the impacts to the 
creeks and tributaries. However, it is likely that access roads will have to cross creeks and tributaries. 

Threatelled alld elldangel'ell specie.\'. Long-term impacts to T &E species are expected to occur. 
Indiana bat habitat, as mapped by Bryan (COE 1993), indicates that potential habitat occurs in the 
dissolved phase plume areas, particularly at the near the terminus of the dissolved phase Northwest 
Plume. The actual target areas for implementation of the ozonation technology have not been determined 
and, therefore, the impacts to habitat cannot be determined. However, the placement of wells and access 
road can be strategically placed to minimize impacts. Technologies such as directional drilling also can be 
used. After a detailed design of the injection well field, possible impacts to Indiana bat potential habitat 
will need to be evaluated. 

Culturall'esoul'ces. No long-term effects to cultural resources are anticipated for this alternative. 

Groundwater. As a result of implementing an Ozonation Technology in the Dissolved Phase Plume 
Areas, VOC and ~c contamination in the RGA either is reduced or eliminated. No aesthetic changes in the 
quality of the groundwater should occur as result of injecting ozone into the groundwater. Groundwater 
monitoring systems will be used to monitor contaminant levels and for the migration of contaminants to 
noncontaminated areas due to the injection process. The implementation of this alternative would not 
require the pumping of brroundwater to the surface for treatment. All treatment is performed in situ. 

SllIjiu:e water. No adverse impacts to streams are expected to result from implementing an 
Ozonation Technology in a Dissolved Phase Plume Area (RGA). There will be no increases in water 
discharge volumes to outfalls as a result of this alternative. The alternative may result in the reduction or 
elimination of contaminants being discharged to the Little Bayou Creek. However, if the DNAPL source 
areas are not removed at the PGDP, it will be necessary to repeat the action, since the plumes will 
regenerate over time and reimpact the Little Bayou Creek. 

Floodplains. It is not expected that work will impact floodplains in the long term. 

Wetlalld\·. It is expected that only limited impacts to wetlands will result from implementing an 
Ozonation Technology in the Dissolved Phase Plume Area. These impacts will be the result from 
construction of wells and access roads. The wetlands in the area near to PGDP occur due to surface flow 
into poorly drained soils and not from recharge from the RGA. These wetlands are isolated and relatively 
small; therefore, measures can be taken to avoid impacts to the subsurface fragipan that would damage 
the wetland integrity. The exception to this would be the area of Little Bayou Creek near the TVA 
Shawnee Steam Plant that does receive recharge from the RGA. These wetlands are relatively extensive. 
The only mitigating measure would be to design the ozonation system to miss wetland areas of concern to 
the extent possible. 

Soils and prime farmland. Prime fannland would be impacted by the implementation of this 
alternative. The impacts would be the use of the land for the construction of injection and monitoring 
wells as well as the associated access roads. If the entire off-site plume area is targeted, there could be 
several hundred injection wells constructed to be used in such an operation. The areas of use will include 
the WKWMA, DOE, and TVA, as wells as a number of private land parcels. Prime farmland exists north 
of the PGDP and DOE property. The NRCS has identified prime farmland as the Calloway, Waverly, and 
Grenada soil series in the area between the PGDP and the TV A Shawnee Steam Plant. The total acreage 
impacted cannot be determined without first identifying the target areas and determining the number and 
distribution of injection wells. However, it is expected that less than one-fourth of an acre per injection 
well, not including access roads will be impacted. A LUCIP would be developed as necessary per the 
requirements of the PGDP LUCAP (DOE 2000). 
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Trallsportatioll. 'No long-term direct, indirect, or cumulative effects to transportation are anticipated 
from implementing this alternative. 

Cumulative Impacts. Cumulative impacts ,are defined as the incremental impact of an action when 
added to other past, present, and, reasonable foreseeable future actions, regardless of what agency or 
person undertakes other such,actions. CUJt:lulativeimpactsres~lting from thisaltern'ative' will be identified 
at a later time duTing d~velopmentof site-specific GW6U deCision documents. ' ... 

1 

Reduction 'of Mhbillty, Toxicity, or Volun:ae Through Treatment. Technology would be used to 
destroy VOC contarrii~arits: contained in .the Diss~lved Phase Plume Areas in the RGA. The process is by 
illsitll destruction. If is expected'that nearly 100% of the VOC contaminants in the target area are 
expected to bc destroyed by the ozone. It also is expected that nearly 100% of the 99Tc contamination will 
be removed from the groundwatertflrough the use of an ion exchange media. However unless the source 
of the 'contamination IS removed, the plume will regenerate for 7,000 years. 

. Theimplernentation of an Ozonation Technology would reduce thelong-terin volume.and toxicity of 
. VOCsand')l)Tc present in theRGA through the destructionV0Cs or capture of 99Tc. The implementation 
of-this technology is not expected to alter the chemical and physical soil properties of,the RGA and, as 
su'ctl, . may' should .not prevent subsequent implementation of an additional technology, .should it be 
detenninedthat additional treatment'is.rieeded for the target areas. ., 

The type and characteristics of residual subsurface contamination would be similar to that 'of the 
contaminants prior to treatment. Residual~ontaminants would pose a risk, although co~taminantquantities 
would be considerably reduced following treatment. Since the treatment' of VOCs occurs ill sitll, there 
will be no residual contaminant to be disposed of from any surface or ex situ treatmertt. However spent • 
ion exchange media will,require proper a disposal. Ozonation Technology will meet the statutory 
preference for treatment as a principal element of the remedial action under CERCLA. ,". ' . 

Short-Term,·Effectiveness. The short-term effectiveness of implementing ari OiOnation Technology 
in the Dissolved Phase Plume Area of the RGA was evaluated relative. to its effect on community 
protection, . worker protection, environmental impact, and: the time until RAOs are achieved. Environmental 
im.,act. was. further evaluated for NEPA value~. This information is presented in the follo'Y·i~gsubsections. 

. ,,' 1': ~. -\ . . 
.' \' .. , . . 

,,'" 'Co~,",unity protection. The.potential.foradverse impacts to the crimrri~nity fro~the in:tplementation 
·of this. alternative is. minimal. 'The likely target- areas' will thedissol ved phase portions of the' groundwater 
plumes, which lie betweenPGDP arid the Ohio' River. The 'areas specifically, contain ~propf!rty of the 

. WKWMA, T:VA;,DOE, and.also parcels of privately ,held lan'd:The,potentialimpacts identified· include a 
releas~ of ozone during injection ;and inadvertent··surface'release of ozori~ during injection. The target area 
for the injected ozone in a Secondary Source Areas is the RGA that lies ~ta depth of ' greater than 50 f1. 
The injection of.the ozone will be through tubingor pipe .. Due to the depth, ,the ozone is likely not to 
surface as a result of the injection process. The Littl~::B.h~ti cteek~'into which ~~e RGA discharges near 
the Ohio River,may be in ·the target 'area. ForthaF reason, special!design . precautions will.be used to 
insure that the ozone spends prior to flowing"int()'ihe 'stretchofLitt,leBayou Creek nearthe T;VA Steam 
Plant.A.lso, engineering . controls, '~ncluding'appropriate packaging and' handling mechanis~s, will be 
used prevent a spill of ozone that colild impa'ctthe corrirtlUnity. Restrictions will be used to 'limit the 
access of persons. that may be in the area during construction and injection operations. This will include 
warning signs, temporary control fencing, and periodic securitypatro!s. Also, environmental monitoring 
would be conducted during the 'construction of monitoring weHswhe,re c'OCs may be. present. Following 
completion of the construction 'activities, only temporary periodic access' will be required for sampling of 
the monitoring wells used to check the long-term effectiveness .of the action on the RGA. • 
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Transportation of ion exchange resin from manufacturing facilities to PGDP will be required 
periodically. Proper packaging and other required safety features would be used to limit releases as a 
result of accidents when shipping the resin materials. 

Worker protectioll. During the implementation of an Ozonation Technology, workers could be 
exposed to COCs during short periods of time. Potential exposure could result from direct contact with 
contaminated soil and/or groundwater during construction of the injection wells. The workers also will be 
exposed to ozone, a hazardous substance, during the injection operations. Appropriate handling procedures. 
injection equipment, and PPE would be utilized to minimize the potential for worker exposure or injury 
while handling the ozone production equipment. However, short-term risks are not expected to exceed 
acceptable limits. Health and safety requirements and PGDP procedures would further control the exposures. 

EllvirOl,,,,elltal impacts alld mitigative measures. The following paragraphs summarize potential 
short-term impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mitigative measures are correlated to the degree to which a resource may be impacted. 

Land use. The areas expected to be targeted for implementation of an Ozonation Technology in the 
Dissolved Phase Plume Area lies between PGDP and the Ohio River. The expected land to be impacted 
includes land of WKWMA, DOE, TV A, and, potentially. parcels of private land. The short-term impacts 
will be related to the construction and use of injection and monitoring wells and access roads used in the 
operation. If the entire off-site plume areas are targeted, there could be several hundred injection wells 
used in such an operation. The total acreage impacted cannot be determined without first identifying the 
target areas and injection well density. However. it is expected that approximately one-fourth of an acre 
per injection well, not including access roads, will be impacted. The impacted area, in the short term, 
likely will be slightly larger than in the long term. This is due to the need to get support vehicles to the 
locations to install the injections wells and monitoring wells. Once the wells are installed. less equipment 
will necessary to support the injection operations. A LUCIP would be developed as necessary per the 
requirements of the PGDP LUCAP (DOE 2000). 

Socioeconomics. This alternative would not be expected to change the short-term economic conditions 
in the nearby area. There would be a moderate increase in temporary jobs related to the construction of 
injection wells and injection operations. 

Ai,. quality and lIoise. Heavy equipment traffic and operation associated with construction of the 
injection wells would result in a minimal 'increase in dust and vehicular emission levels. The use of BMPs 
during construction would reduce short-term direct impacts to air quality from dust. Noise associated with 
construction activities would occur in the immediate vicinity of the work locations, which may be near 
private residences for the Northeast Plume. The noise levels would increase during construction and will 
diminish during the actual ozone injection operations. There would be no planned air emissions as a result 
of implementing an ozonation technology. 

Vegetatiol1. There will be moderate impacts to vegetation as a result of this alternative. The alternative 
will require the installation of injection wells, monitoring wells, and associated access roads on DOE, 
WKWMA, and TVA land, as well as on private property. The impacts will be the removal of vegetation 
for the placement of the facilities. The amount of vegetation destroyed has not been determined, as the 
total target or installation patterns have not been determined. However, the system can be designed to 
minimize the vegetation destruction by locating access roads and wells to minimize vegetation impact. 
Some reclamation will be possible after construction is complete. 

Wildlife. There will be moderate effects to wildlife resulting from implementing this alternative. The 
impacts will be the destruction of wildlife habitat through vegetation removal. There is, however, 
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considerable habitat available in ,adjacent areas for the displaced mammals, birds, etc. The amount of 
habitat destruction has not been estimated because the total target area and injection patterns have not 
been defined. However, the system can be designed to minimize the removal of habitat by locating access 
roads and wells to minimize impact:Som,e habitat reclamation will be possible after construction is complete. 

Construction in creeks and tributaries may; ,occur, as a result of ·implementing this technology. 
However, the system deSIgn and the use of direct,ionaldrilling can be used tOiminiinize the impacts to the 
creeks arid tributaries. However, it is likely that access r<mds wiIlhave to cross creeks and tributaries. 

. . . ."" . 

Threatellet/ alld endangered .lpecie~:~ . Immediate impacts ·to T &E species are ·likely to occur. Indiana 
bat habitat, as mapped by Bryan,(COE 1993). indicates that potential habitat occurs in the dissolved phase 
plume areas. particularlyneart.he terminus of the dissolved phase NorthwestPlume: The actUlll target areas 
for implementation of the ozOnation technology have not .been determined and, therefore, the impacts to 
habitat cannot be determined .. However, the placement of wells and access road can be strategically 
planned to minimize impacts. Technologies such as. directional drilling also can be used. After a detailed 
design of the injection well pattern. impacts to Indiana bat ,potential habitat will need to be evaluated . 

. Ciilt~ral resourcf!s. No short-t~rm effects to cultural resources are anticipated for this alternative. 
. .' 

Groullilwater. As a result of implementing an Ozonation Technology in the Dissolved Phase Plume 
Areas, VOC, and 99Tc contamination in the RGA either iSfj!duced or eliminated. No aesthetic changes in the 
quality of the groundwater should occuras result of injecting ozone into the groundwater. Groundwater 
monitoring systems will be used to monitor contaminant levels and for ·the migration of contaminants to 
noncontaminated areas due to the injection process. The implementation of this alternative would not 
require the pumping of groundwater to the surface for treatment. All treatment is performed ill situ. 

Sutfacewater. No advers~ impacts to streams are expected to result from implementing an Ozonation 
Technology in a Dissolved Phase Plume Area (RGA). There will be no increases in water discharge 
volumes to outfalls as a result of thi~ alternative. The alternative may result in the reduction or elimination 
of contaminants being discharged to. the Little BayouCreek .. However, if the DNAPLsource areas are not 
removed'at the PGDP, it will be necessary to repeat the action, since the plumes will regenerate over time 
and reimpact the Little Bayou Creek. 

. ! \' 

" Floodplaills. It is expected that work may o~cur in the floodplain of the Ohio River in the short-term. 
However, it is not expected that impacts will'. occur .as a result implementing ·this alternative. No 
modifications to floodplains such as realignment, trenching, orrelocatingwill occur. 

Wetlands. It is expected that~nl'ylimitedimpacts to' wetlands will result from implementing an 
Ozonation Technology in the Dissolved Phase Plume Area. These impacts will be the result from 
construction Of wells and access roads. The wetlands in the area near to POOP occur due to surface flow 
into poorly drained soils and not from recharge from the RGA. These wetlands are relatively small and 
isolated; therefore, trieasurescanbetaken to avoid them and not impact. the subsurface fragipan, which 

, would damage the wetland' integrity~' The.,exception to this would be. the area of Little Bayou Creek near 
the TVA Shawnee Steam Plant that does receive recharge from the RGA. The wetlands in·this area are 
relatively extensive, arid the only mitigating measure would be to design the ozonationsystem to miss 
wetland areas of concern to the ext.ent ,possible. 

Soils alUl prime farmlalld. Prime farmland would be impacted by the implementation of this 
alternative. The impacts would be the use of the land for the construction of injection and monitoring wells 
as well as the associated access roads. If the entire off-site plume area is targeted, there could be several 
hundred injection wells constructed. The areas of use will include the WKWMA. DOE. and TVA. as 
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• 
wells as a number of private land parcels. Prime farmland exists north of the PGDP and DOE property. The 
NRCS has identified prime farmland as the Calloway. Waverly, and Grenada soil series in the area between 
the PGDP and the TV A Shawnee Steam Plant. The total acreage impacted cannot be determined without 
first identifying the target areas and determining the number and distribution on injection wells. However, it is 
expected that less than one-fourth of an acre per injection well. not including access roads, wiII be impacted. 
A LUCIP would be developed, as necessary, per the requirements of the PGDP LUCAP (DOE 2000). 

Transportatioll. No short-term direct. indirect, or cumulative effects to transportation are anticipated 
from implementing this alternative. It will, however. be necessary to transport waste soils and deVelopment 
water during construction and start up operations. The appropriate precautions and controls and packaging 
will be used to protect against spill during the transportation of these items. 

Cumulative Impacts. Cumulative impacts are defined as the incremental impact of an action when 
added to other past, present, and reasonable foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative impacts resulting from this alternative will have to be 
identi fied at a later time during development of site-specific GWOU decision documents. 

Tillie u"til actio" is complete. Implementation of this alternative will not result in achievement of 
the GWOU RAOs specified or groundwater MCLs upgradient of the installation. RAOs and MCLs could 
be achieved in the immediate vicinity and downgradient of the installation within 15 years. Without the 
reduction of DNAPL sources, the plumes wiII continue to regenerate from source areas for approximately 
7,000 years and the ozonation operation would need to operated full-time during this period. It will be 
necessary to implement source reduction actions to shorten the completion time. 

Implementability. The implementability of Ozonation Technologies in the Dissolved Phase Plume 
Area of the RGA was evaluated based upon its technical feasibility. administrative feasibility. and the 

• availability of services and materials. This information is summarized in the following subsections. 

Tecl",ical feasibility. Implementation of Ozonation Technologies is technically feasible. These 
technologies, although innovative, have been implemented at other hazardous waste sites, and the necessary 
equipment should be readily obtained. Ozonation uses standard commercially available equipment. The 
technology is available from a limited number of vendors. Implementation difficulties may arise due to 
design the injection systems around sensitive areas. Sensitive areas include wetlands, Indiana bat habitat, 
and creeks. A monitoring network will be necessary to evaluate the effectiveness of the treatment operations. 

Admil,istrative feasibility. This alternative is administratively feasible. All activities would be 
conducted in accordance with substantive federal, state, and local requirements. Waivers of ARARs are 
anticipated to be necessary to implement these actions. 

Availability of material a"d services. The services and materials necessary to implement this 
alternative are readily available. The potential exception would be personnel/vendors necessary to implement 
the Ozonation Technology. The equipment is standard industrial equipment used in other fields such as 
wastewater treatment. However, the number of vendors experienced at implementing ozonation in the 
environmental remediation arena is limited. 

The construction of this alternative will result in the generation of waste soil cuttings and drilling and 
development water from the construction of injection and monitoring wells. Additionally, the construction 
will generate construction debris during the building of any required injection facilities. Appropriate 
disposal, treatment, and discharge options are available for the expected waste streams. 

It is expected that an ARAR waiver will be required for this alternative since MCLs will not be 
• attained in a timely manner. 
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Cost. Table 4.18 sum~arizes the preliminary unit cost estimates for implementation of an Ozonation 
Technology in 'Ii Dis~olved Phase Plume Area of theRGA. These prelimimiry unit~ost estimates are 
based upon FS-leveI' scopingand ,ar~ intended to aid with selection Of a preferred alternative. The 

, estimates have an expected accuracy'of -30, to +50% for .the proposed scope of action '(EPA 1988a). The 
capital cost estimate represents those expenditures required to implement this remedial' alternative. The 
O&M cost-estimates repre,sent expenditures required to maintain the remedy after the initial phase of 
remedial action is completed. ,The tota I contingency cost presented includes direct. indirect, and all O&M 
associated contingency costs. ,1!IW total cost includes all capital costs. direct and indirect wlthO&M and 
associated reports. plus 25%,coiltingericy costs, for a 30-year term of comparison. All estimates hav~ been 
escalated using DOE-approved annua( rates and a schedule for the various activities based on similar 
project experience. Present worth values also are included using a discount factor of 5% (EPA 1988h). 
(Additional information regardirw the preliminary cost estimates is presented in Appendix C7.) 

, Table 4.18: Prelimina~y unit cost estimates fot Dissolved 'Phase Plume Area - Ozonation Technology 
, . ~' " . 

Total capital costs/acre-foot 
Total operation and maintenance costs 
Overhead 
Total, contingency 
Total cost" 
Total cost (present worth)' 
Note: preliminary cost estimates are per acre-foot. escalated and presenledin dollars. 

,$31,3,21 
·$31.575 
$44,684 
$26,895 

$134,477 ' 
$75,065 

State/Commonwealth Acceptance. Commonwealth of Kentucky acceptance or nonacceptance of 
this alternative will be addressed in the RODifit is selected as the preferred alternative. 

" 

" Co~munity Acceptan~~. Following a formal publjc comment period on the PRAP for the GWOU. 
comments' from the community will beaddTessed formailyin a responsiveness 'summary, which will be 

, presented In the ROD. ' " ' ' , ", ' , 
" . 

Evaluati~,i su;nmary ofDissolvedpi.ase Plume Area - Ozollatioll 'Teclmology 
: . .' . . \. . 

:, This '~I~ernative con~ists of implementin'gan Ozonation Technology ina Dissolved Phase Plume Area 
, ," . 99 ' 

oftheRGA to remove VOC contaminants and Tc present in the RGA in the targeted area. Monitoring of 
the action, and conducting five~year reviews as required by CERClA also is included. 'Monitoring coe 
migration will. prevent or minimize exposure to,cohtaminated groundwater; 'arid it' also allows the, effectiveness 
of the remedial actions to be evaluated. Although the Dissolved Phase Area concentration' in the RGA 
would be reduced following the implementation, the residual contamination and risks w.ouldremain. These 
residual ,risks in the RGA from Primary and Secondary Source Areas still ,wilLbe present ,and prevent the 
use of the groundwater for an ,estimated, 7;000 years. It would necessary'to conduct source area reductions 
and supplemental dissolved phase'plumeaction's to reduce'the time the groundwater would:beunusable. 

Implementation of this alte~ative alone will ,not be protecti~e of huinarih~alth ~nd theen~ironment. 

.; 

• 

It must be combined with actions in the source areas~ The Ozonation Altemativecan ,be implemented in 
compliance,with ARARs: long-terri1:effectiveness could be 'achieved to,an a~ceptable degree (100% mass 
removal within the Dissolved Phase Areas of the RGA'iri less' than 15 years ,of implementation). 
However, because of the nature of the soil and groundwatercontamination associated with the GWOU, it 
will take much longer or other actions to remediate' perma~ently. Residual contamination will remain in 
the groundwater, with TCE levels exceeding the Mel for approximately 7,000 years. The volume and 
toxicity of the VOCs and 99Tc would be reduced by ill situ destruction and capture, respectively. limited • 
short-term risks to workers would exist during the construction and operation phase of the alternative. The 
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alternative is technically and administratively feasible to implement. The unit cost of this alternative, 
which is intended to address only the Dissolved Phase Areas of the RGA in the GWOV at the PGDP, is 
quite significant. Input from the Commonwealth of Kentucky and the community has not yet been 
received but will be added to later versions of this FS report and the corresponding ROD once the 
respective comment periods have been completed. 

4.2.4.3 Dissolved Phase Plume Area - Permeable Treatment Zone Technology 

Description of Dissolved Phase Plume Area - Permeable Treatment Zone Tecltnology 

Permeable Treatment Zone Technology Alternative for the Dissolved Phase Plume Area would 
include using reactive media zones to remove migrating contaminants in the RGA aquifer from the three 
plumes present at the PGDP. The specific action may be from capturing only the portions of the plumes 
that contain higher concentrations of contaminant or the placement of zones across the entire plumes at 
specifically targeted locations. The treatment zones would use iron or other reactive media to destruct 
TCE or other VOCs and to capture 99Tc in the zone. A graphical description of the technology is shown in 
Fig. 4.9 (snapshot figure) The use of the PTZ to provide groundwater contamination treatment has 
become more commonplace in the last decade. The best description of the many applications to date can 
be found on the Internet at http://www.rtdf.orgipubliclpermbar/pbrsumms/default.cfm.This site contains 
the site descriptions of 37 locations where the technology has been used. Continued groundwater 
monitoring both onsite and offsite will be used to monitor COC migration. A CERCLA five-year review 
program will continue during the life of this activity to meet the requirements of CERCLA. 

This alternative provides no aggressive reduction of Primary or Secondary Source Area contaminant 
volume. In the absence of a source-area action, on-site groundwater TCE levels can be expected to remain 
above the MCL of 5 flg/L for approximately 7,000 years. The highest COC levels, reSUlting from the 
dissolution of the RGA DNAPL zone, will persist for approximately 1,000 years. Thereafter, the influence 
of dissolution from the VCRS DNAPL zones dominates. These trends influence the expected TCE levels 
downgradient of the PTZ at the PGDP perimeter. For this alternative, as long as the RGA and VCRS 
DNAPL persists, off-site groundwater TCE levels will remain above the 5 flg/L MCL. After approximately 
1,000 years, the PTZ will be able to reduce TCE levels in groundwater migrating offsite to below 5 flg/L 
and off-site groundwater quality will return to beneficial use approximately 60 years thereafter. 

Environmental Media Monitoring. The existing groundwater-monitoring program will be continued 
to monitor the movement of the COCs within the RGA. The monitoring program will integrate existing 
PGDP monitoring wells, where possible, with additional monitoring wells to be installed, as needed, 
following a review of the existing program. Different objectives such as the flow gradients along the axis of 
the newly created PTZs may require additional monitoring points in order to determine the effectiveness 
of the PTZs in reducing contamination levels. 

CERCLA Five-Year Review. The CERCLA Five-Year Review process will be used to monitor the 
effectiveness of the alternative and to identify any needed changes. 

Assessmellt of Dissolved Phase Plume - Permeable Treatment ZOlle Techllology 

A detailed analysis of the performance of Permeable Treatment Zone Technology for the Dissolve 
Phase Plume Area against the nine CERCLA criteria is outlined in detail below. 

Overall Protection of Human Health and the Environment. Implementation of this alternative would 
use PTZs to prevent the off-site migration of the contaminated groundwater from the DOE property to 
downgradient areas. The technology will be effective at removing TCE and VOC contaminants by destruction . 
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Fig. 4.9. Dissolved phase plume area - permeable treatment zone technology. 

• 

.; .......... , .. 

..... ~ 

U. S. DEPARTMENT OF ENERGY 
DOE OAK RIDGE OPERATIONS 

PADUCAH GASEOUS DIFFUSION PLANT 

JACBOEBCSHT~ B~!iXfo~ ~~£~9~T£~~~~Yu~tRC ~ us GOVERNMENT CONTRACT DE·AC·Q5.980R22700 
_'_C_yUC . Oak R e, Tennessee • Paducah, Kent - Portsmouth, Ohio 

Science Applications 
c~~~-r:.-' Intemational COfl)oration . __ __ P.O. BOJ< 2!i02 

--•• -. Oak Ri e Tennessee 37831 

FIGURE No, 
DATE 



• 

• 

• 

It also will capture ~c and adsorb it to the reactive media. Although this alternative will reduce dissolved 
phase contaminant levels in the migrating groundwater, it will not alone satisfy the RAOs for the GWOU . 
However, it will support achieving those RAOs when implemented in concert with Primary and Secondary 
Source reduction technologies. The continuation of the groundwater-monitoring program will provide indirect 
protection for human health and the environment by minimizing the potential exposure to contaminated 
groundwater through early identification and avoidance. Should major changes occur in the groundwater 
hydrological cycle, modifications can be made to the PTZ structure by addition of new zones. This will allow 
for continued treatment of the contamination if changes occur in the currently defined groundwater system. 

Groundwater modeling of the groundwater flow in the RGA provides data to support COC reduction 
over time after implementation of a PTZ Technology to prevent further COC migration to off-site areas. 
Modeling indicates that in approximately 60-100 years, after removal of RGA DNAPL, the TCE 
contaminant concentrations in the off-site plumes will decrease to the required MCLs. 

The implementation of a PTZ Technology does provide for a reduction in groundwater contamination 
levels through destructive chemical dehalogenation of the chlorinated solvents. This chemical reaction in 
the PTZ media is shown in Fig. 4.10, as described by researchers. 99Tc will be retained in the PTZ by 
chemical precipitation and chemisorbtion. Figure 4.11 shows the current groundwater system for 
technetium. Since the PTZ will drastically increase the pH of the groundwater flowing through it, the 
technetium will be removed by the noted phenomena as the pH moves toward the bottom of this graph 
and more to the right (due to increases in the pH in the PTZ). 

PTZ Technology will destroy the volatile chlorinated organic COCs in the plume by chemical reduction 
and dehalogenation and reduce 99Tc by chemisorbtion. Reactive media used in the construction of the 
PTZ will produce dehalogenation of the chlorinated solvents~ chemical precipitation of the technetium in 
the zone will cause the end products to be trapped and fixed as they flow through the treatment zone . 

Compliance with ARARs 

Potential chemical-specific ARARs 

Chemical contamination. The aquifers are known to contain chemical contaminants in the fonn of 
metals and organics. The federal and state water quality requirements include standards that would be 
applicable ARARs. The regulations that apply are found in 40 CFR 141 (National Primary Drinking Water 
Standards) and 40 CFR 143 (Secondary Drinking Water Standards), 401 KAR 5:029 (General Provisions) 
and 401 KAR 5:031 (Surface Water Standards). These standards, summarized in Table 4.19 include general 
state standards, domestic water supply standards, and standards applicable to warm water aquatic habitat. 
These are applicable based upon the classification of the designation for surface water use associated with 
the area (Ohio River, River Mile 940.7 to River Mile 943.3) as specified in 401 KAR 5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for completeness. 
Those standards that must be achieved in order to meet the applicable requirements are the lowest of the 
applicable standards, which in most cases are the MCLs. 

Radiological contamination. The OU is known to be contaminated with radionuclides such as 99Tc, 
radon, uranium, and uranium daughter products. DOE's Order on Radiation Protection of the Public and 
Environment, DOE Order 5400.5, as codified at 10 CFR 835, is TBC infonnation for cleanup of 
radionuclides at DOE sites. The order requires that remediation activities must not result in radiation 
exposures to members of the general public, greater than an EDE of 100 mrem/year from all exposure 
pathways. Exposure to the general public also must be ALARA (DOE 1990) . 
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Table 4.19. Summary of Potential ~ for Dissolved Phase Plume - Permeable Treatment Zone Technology 

Standards, Requirement, 
Crlter~or Limitation 

National Primary Drinking 
Water Standards . 

National Secondary Drinking 
Water Standards 

Kentucky Surface S~ndards 
including .- . 
• Warm Water Aquatic Haoitat 

Criteria· 
• . Ke_ntucky Domestic· Water 

Supply 
• Kentucky General Standards 
• Kentucky Outstanding State 

Resource Waters 

Radiation Exposure of the 
General Public at DOE 
Facilities 

Decommissioning Standards at 
Nuclear Facilities ;. 

EilVironmental Radiation 
Protection Standards for 
Nuc~ear Power Operations. 

-. 

Citation 

40 CFRI41 

40 CFR 143 

40 I KAR 5:031 and 
5:026 

DOE Order 5400.? 

Description of Requirement 
Chemica/-Specific ARARs _ . _ 

Provides chemical-specific numeric standards for toxic 
pollutants express~d as MCLs and MCLGs. 

Provides secondary MCLs for public water systems. 

Provides chemical-specific numeric standards for pollutants 
discharged or found in surface waters. 

ProvideS chemical-specific numeric standards for pollutants in 
domestic water supplies. 

Specifies that the general public must n!)t received an effective ... 
dOs.c equivalent of> I 00 mremlyear trom all exposure pathways. 
In addition, all releases of radioactive materials resulting in 
dosest~ the general public must meet theALARA criteria. 

\0 CFR 20; Subpart E Specifies a residual activity at nuclear facilities for unrestricted 
release of25 mremlyear . 

. 40 CFR 190, Subpart B 
R.equ~res that the annual dose equivalent to the public must riot 
exceed 25 mreni to the whole body, 75 mrem to the thyrOid, 
and 25 mrem to any other orgafl as the result of exposures to 
planned discharges of radioactive materials; radon, and its daughter 
products excepted, to the generai environment from urariium· 
fuel cycle operations and the radiation from these operations . 

• 

_ .. Comments 

These requirements are relevant and appropriate due 
to the nature of the contaminants found within the 
groundwater. 

These requirements a.r~ TBes, as they have been 
esta~lished as guideliriesforthe states and are not 
federally enforceable. 
T1ies~standards are applicable to the segment of the 
Ohio River into which tt\e Little Bayou Creek 
discharges. The requirements fQund in these standards' 
are applicable due to tpe groundwater to surfage water· 
interface to Little Bayou Creek and, subsequently, to 
the Ohio River. 

Note: CWA Water Quality Criteria are not relevant 
and appropria!e because Kentucky has promulgated 
these state standards that Kenfucky has determined to 
be appropriate for waters of the State; 
This requirement is TBe information. 

These standards are considered to be applicable to the 
GWOU .. 

These standards are considered to be relevant and 
appropriate and are equivalent to the NRC standards. 



• • • Table 4.19. (continued) 

Standards, Requirement, 
Criteria, or Limitation Citation De5(ription of Requirement Comments 

Location-Specific ARARs 
Protection of Wetlands 10 CFR Section 1022 Activities must avoid or minimize impacts to wetlands to preserve These requirements are applicable due to the presence 

Executive Order and enhance their natural and beneficial \'alue. If wetland of wetlands. but will be met though avoidance of 
1199040 CFR 230.10 resources are not a\'oided. measures must be taken to address wetlands during construction and implementation of 
33 CFR 330.5 ecologically sensitive areas and mitigate adverse effects. Such alternatives. 

measures may include. minimum grading requirements. runoff 
controls. design. and construction considerations. 

Allows minor discharges of dredge and fill material, or other minor 
activities for which there are no practicable alternatives, provided 
that the~ertinent r~quirements of the NWP system are met. 

Endangered Species Act 16 U.S.c. 1531 et seq. Actions that jeopardize the existence of listed species or result Action that is likely to jeopardize fish. wildlife. or 
Section 7(a)(2) in the destruction of adverse modification of critical habitat must plant species or destroy or adversely modify critical 

be avoided or reasonable and J'TUdent mitigation measures taken. habitat-appl icable. 
Migratory Bird Treaty Act 16 U.S.c. 703-711 Federal Agencies are encouraged (until requirements are Action that is likely to impact migratory birds. 

Executive Order established under a formal MOU) to do the following: habitats, and resources-applicable. 
13186 

• avoid or minimize. to the extent practicable. adverse impacts 
on migratory bird resources when conducting agency actions; 

• restore and enhance the habitats of migratory birds. as 
practicable; 

~ 
I 

• prevent or abate the pollution or detrimental alteration of the 
environment for the benefit of migratory birds, as practicable; 

• ensure that environmental analysis of federal actions required 
by the NEPA or other established environmental review 
processes evaluate the effects of actions and agency plans of 
migratory birds, with emphasis on species of concern; and 

• identify where unintentional take will likely result from 
agency actions and develop standards andlor practices to 
minimize such unintentional take. 

Action-Specific ARARs 
Fugitive Dust Emissions during 401 KAR 63:010 Precautions must be taken to prevent particulate matter from These requirements are applicable and will be met 
site preparation and construction becoming airborne. Such precautions must be incorporated into through the use of appropriate dust control practices 
activities. the planning and design of activities and include actions such as identified during alternative design phase. 

the following: 

• wetting or adding chemicals to control dust from construction 
activities; 

• using materials such as asphalt or concrete (or other suitable 
chemicalslfixing agents) on roads or material stockpiles to 
prevent fugitive emissions; 

• using covers on trucks when transporting materials to and 
from the construction site(s). 



~ 
I 

Table 4.1 9. (continued) 

Standards, Requirement, 
Criteria or Limitation Citation Description of R~uirement Comments 

Fugitive Dust Emissions The requirement specifies that for on-site construction 
(continued) activities. no visible emissions may occur at the PGDP 

fenceline. Similar points of compliance shall be identified for 
construction activities that occur outside the fence. 

Toxic Emissions 401 KAR 63:022 The regulations require that a determination of toxic emissions These requirements are considered to be applicable 
be made in order to assess the applicability of required controls. and shall be complied with through calculation of 
Calculations of the significant emission levels are compared to significant emission levels for toxic materials and 
the allowable emission limits specified in Appendix A of63:022. application of best available control technology, as 
If emission levels are exceeded, best available control technologies necessary, during the design of the alternative. 
must be incorporated into equipment/process design. 

Monitoring Well Installation 401 KAR 6:310 Monitoring wells (including extraction/injection wells) must be These requirements are considered to be applicable. 
constructed in a manner to maintain existing protection against Compliance with well design and protection standards 
the introduction of pollutants into aquifers and to prevent the shall be achieved through the use ofappro\'ed well 
entry of pollutants through the borehole. In addition, abandoned design and materials of construction. While in sen·ice. 
wells must be plugged and abandoned in accordance with the wells shall be secured as required. Abandoned wells 
requirements specified. shall be plugged and abandoned as required. 

Chemical-Specific ARARs 
Discharge of Storn1water and 40 CFR 122 Stormwater discharges from construction activities onsite are These requirements are considered applicable for all 
Treated Groundwater 401 KAR 5:055 subject to the requirements of tile substantive requirements of the on-site construction or treatment activities where a 

KPDES permit. This requires that BMPs to control stormwater discharge of stormwater or treated groundwater 
runoff and sedimentation be employed. Although off-plant occurs. For off-site construction activities. these 
construction activities within the contaminated area are not requirements are considered relevant and appropriate 
subject to the permit. these requirements should be considered and will be adhered to. Compliance with these ARARs 
relevant and appropriate and be incorporated into any off-site shall be achieved by application of required controls 
construction activities. during the design phase of the altcrnative. 

Discharge of treated groundwater will be conducted in 
compliance with the KPDES program and the CWA. 

as low as reasonably achievable ALARA 
ARAR 
BMP 
CFR 
CWA 
DOE 
GWOU 
KAR 

applicable or relevant and appropriate requirement 
best management practice 

KPDES 
MCL 
MCLG 
NRC 
NWP 
PGDP 
TBC 

Kentucky Pollutant Discharge Elimination System 
maximum contaminant level 
maximum contaminant level goal 

• 

Code a/Federal Regulations 
Clean Water Act 
U.S. Department of Energy 
groundwater operable unit 
Kentucky Administrative Regulation 

U.S. Nuclear Regulatory Commission 
Nationwide Permit 
Paducah Gaseous Diffusion Plant 
to be considered 

• ••• .' 
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The DOE Order 5400.5 also contains reference values, known as DCGs, for operational DOE 
facilities. Based on the DCGs. radionuclide concentrations in air and drinking water must not exceed an 
EDE of 10 mrernlyear and 4 mrernlyear. respectively, to the total body or any organ. 

The NRC also has set criteria for decommissioning standards at nuclear facilities at 10 CFR 20 
Subpart E. These rules require that residual radioactivity at nuclear sites meet a total EDE of 25 mrern/year 
for unrestricted release. In addition to the NRC standards, EPA has issued guidance for cleanup levels at 
CERCLA sites with radioactive contamination. EPA has disagreed with the protectiveness specified 
within the NRC standard and has specified that a 15 mrern/year EDE be used as the risk level that is 
protective of human health and the environment. EPA also has codified exposure limits for environmental 
radiation protection standards for nuclear power operations at 40 CFR 190. These requirements apply to 
operations involved in uranium fuel cycle and include enrichment operations. Subpart B of these 
requirements specify that the annual dose equivalent to the public not exceed 25 mrem to the whole body, 
75 mrem to the thyroid, and 25 mrem to any other organ as the result of exposures to planned discharges 
of radioactive materials, radon and its daughter products excepted, to the general environment from 
uranium fuel cycle operations and to radiation from these operations. These requirements would be 
considered relevant and appropriate since the release to the groundwater would not be planned. 

The Commonwealth of Kentucky is an NRC Agreement State and has promulgated regulations for 
radiation protection of the public. The Kentucky radiation protection standard for individual members of 
the public is 0.1 rem (100 mrem) EDE per year or less (902 KAR 100:019 Section 10), which is 
equivalent to the DOE radiation protection standard found in DOE Order 5400.5. 

Due to the differing views and values among NRC, EPA, and DOE total EDE for members of the 
general public. EPA and DOE have agreed not to finalize their respective standards until an agreement 
can be reached. In the interim, DOE Order 5400.5 is identified as TBC information, and the NRC 
standard is identified as relevant and appropriate. Therefore, the radiation protection standard identified 
within the NRC regulations at 10 CFR 20 Subpart E requiring an EDE of 25 mrernlyear or less shall be 
used as the exposure limit for the general public. 

Chemical-.\pecijic ARAR summary. The chemical-specific ARARs associated with the implementation 
of this alternative are outlined in Table 4.19. Implementation of this alternative would not result in 
immediate attainment of the chemical-specific ARARs associated with the off-site groundwater plumes 
for uses in the immediate vicinity of the PGDP property. Attainment of the identified ARARs would be 
met in approximately 1,000 years as implementation progresses. Implementation of this alternative should 
result in compliance with the requirements applicable to warm water aquatic habitats, as the installation of 
the PTZ will intercept potential COCs before discharge to Little Bayou Creek. Continued monitoring of 
the groundwater will be used during the five-year reviews to ensure the identified goals are met and that 
concentrations of COCs continue to decrease. 

Potelltial Locatioll-Specijic ARARs 

Wetlallds. Wetlands have been identified within the area where construction activities will occur, 
certain jurisdictional wetlands have been identified in on-site drainage ditches within the plant boundary. 
In order to comply with these applicable requirements, wetlands shall be avoided. 

As stated in the regulations, construction activities must avoid or minimize adverse impacts on 
wetlands and act to preserve and enhance their natural and beneficial values [Executive Order 11990, 
40 CFR 6.302(a), 40 CFR 6 Appendix A, and 10 CFR 1022]. These applicable requirements include 
avoiding construction in wetlands, avoiding (to the extent practicable) long and short-term adverse impacts 
to floodplains and wetlands, avoiding degradation or destruction of wetlands, and avoiding discharging 
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dredge and fill material into wetlands. In additio~. the protection of wetlands shall be incorporated into all 
planning documents and decision making as required by 10 CFR 1022.3. Although not anticipated. if this 
alternative results in impacts to wetlands that cannot be avoided. the substantive requirements ofNWP 38 
(33 CFR 330) will be met., ' , 

. J " 

Implementation of this alternative is not ~~ticipated to impact wetlands during the construction phase. 
Compliance with these applicable requirements shall be attained to the greatest extent possible through 
careful planning during the location of the specific areas for installation. All treatment will be conducted 
ill situ and is ~ot anticipated to ,discharge to wetlands, thereby complying with the requirement of no 
degradation. ' ,,' 

" " ' 

EI1d'allgered Species and Migratory Birds. Actions taken by federal agencies are prohibited from 
impacting T&E'species or adversely m~difying critical habitat (50 CFR 17.94) in accordance with the 
Endangered Species Act,O'6 USCA 1531 et seq. Section (7)(a)(2». These requirements are potential 
ARARs 'in' the event T &E species or, their' habitats .are found at or near areas' where remedial action is to 
occur. An ecological resource iriv,estigrition inside the PODP ,security fence did not detecr any T &E species 
or their preferred' habitats (CD'M Federal,1994). The USFWS has not designated critical habitat for any 
species within the DOE property. However, outside the PODP fence on the DOE property. potential 
habitats for federally listed T&E species were reviewed, and Indiana bat habitat was evaluated' during the 
COE (1994 ) environmental investigation. The COE study determined that total 'potential bat habitat consisted 
of-20% of the 994-ha (2,456:-acre) study area. Remedial activities must be evaluated to ensure th'at such 
actions do not adverselyimpact areas identified as critical habitat for any identified endangered species. 

In addition, Executive Order 13186 directs federal agencies to enter into an MOU with the USFWS 
to further the purposes of the Migratory Bird Treaty Act (,16 U ;S.c. 703--711). Until such time as the • 
MOUbetween DOE and the USFWS, is finalized. federalagencies are encouraged immediately to begin 
implementing the conservation meas~r~s set forthdn the Executive Order. The requirements of the 
Executive Order are applicable and must be ,considered during,planning,and design of the remedial action'. 

Potelllial actioll-specific ARAR:~, ;': 

MOllitorillg well illstaliatil,Jll' reljuirem(!Ilts. This~ltemative includes the installation of additional 
monitoring and' injection wellS<I,nstallation .of the,se wells would have to be conducted in a manner to 
maintain existing 'natural protection against the il1troductionof pollutants into aquifers and to prevent the 
entry 'of pollutimts through the bor~hole ,(~Ol' KAR 6:310 Section 13). These requirements also mandate 
the construction materials required fOr well construction, well design criteria, well completion activities, 
and well abandonm~nt methodologies. These requirements are considered ,applicable to, design and 
installation 'of monitoring andinjeciion wells associated with the implementation of this alternative. 

Fugitive dust emissiolls. Constructipn activities onsite and offsite may result in the production of 
particulate airborne pollutants (dust). The Kentucky Air Quality standards found in401 KAR 63:010 include 
requirements governing fugitive dust (!missions. These standards require that dust suppression measures 
be undertaken. including activities ,suc~as; use of water or chemicals to control emissions, placement of 
asphalt 'or concrete. and stockpiling of soils . The, standards alsoreqtiire that visible dust 'generated from 
the implementation oCthe remedial alternative not be discharged beyond the property boundary of the 
site. Trucks transporting material outsid~the p~opertyboundary, where materials could: become airborne. 
must be covered. These requirements are considered to be applicable to the implementaiion .of this 
alternative and wili be complied with through careful planning to ensure 'that excavated materials are 
sufficiently wetted or protected to contrpl dust generation. Specific activities that, c04ld result in the 
generation of fugitive dust that must be considered during the design phase include construction, well • 
installation, and excavation/disposal of contaminated soils. For off-site construction activities, the point of 
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compliance f()r airborne dust emissions must be identified in addition to the application of material 
handling practices necessary to control such emissions . 

Radiol1l1dide emissioll stalldar{ls. Airborne emissions of radionuclidcs may occur as a result of on
site construction activities. Although the potential is low for such emissions to occur, the regulations at 
40 CFR 61.92 would be applicable, requiring that the emissions not exceed amounts that would cause an 
EDE to the public of 10 mremlyear. To determine whether the alternative complied with this applicable 
requirement. computer modeling using the CAP-88 or other EPA-approved models must be undertaken. If 
the modeling demonstrates the radionuclide emission to be in excess of 1 % of the 10 mremlyear standard. 
emission rates must be measured, as required by 40 CFR 61.93. This ARAR shall be complied with by 
planning activities in such a manner as to control fugitive emissions from construction and excavation 
activities. 

Toxic emissio1l stalldards. Although toxic emissions are not expected as a result of construction 
activities or with the pumping of the groundwater to the on-site water treatment facility, these emission 
requirements would be applicable in the event that such emissions do occur. Because of organic 
concentrations found in the groundwater and potentially within the subsurface soils at depth, there is a 
low potential for such emissions to occur. The regulations at 401 KAR 63:022 require that the emissions 
be evaluated to determine whether they are significant for each specific toxic air pollutant. If analysis 
indicates that the toxic emission requirements are triggered, the regulations specify that no source may 
exceed the allowable emission limit specified in Appendix A of 401 KAR 63:022. If applicable, these 
rules would require the application of the best available control technology to limit toxic emissions. If 
calculations indicate that the emission rates specified within the rule are not exceeded, then the 
calculation package may be used to demonstrate compliance with these requirements. Activities that must 
be considered include excavation and treatment of contaminated groundwater . 

Storm water discharge. Both on-site and off-site construction activities will be subject to the substantive 
requirements associated with the KPDES permit that requires the use of BMPs and sediment/erosion· 
controls to control transport of sediment in stormwater runoff for construction activities. BMPs shall be 
developed during the planning and design phase of the implementation of the alternative. These shall 
include erosion control and sedimentation features such as silt fences and grading, as necessary, in order 
to comply with this ARAR. 

Actio1l-specific ARARs summary. Fugitive emission requirements for dust shall be complied with 
through the application of appropriate engineering and material management controls such as wetting or 
covering of materials during construction. Specific actions shall be developed during the planning phase of 
alternative implementation. In addition, points of compliance for fugitive dust emissions shall be established. 

Emissions associated with radionuclides and toxic materials are not expected but will be addressed 
through appropriate engineering estimates and required modeling to ensure that receptors are not put at 
risk during the construction phase. If such emissions are identified, emission controls shall be incorporated 
into the construction methods employed during the planning and design phase of alternative implementation. 

As discussed above, compliance with stormwater runoff and sediment control requirements shall be 
complied with as applicable or relevant and appropriate standards. BMPs shall be developed during the 
planning and design phase to ensure that stormwater discharge requirements are met. 

A summary of the ARARs for the implementation of Dissolved Phase Plume - Permeable Treatment 
Technology are presented in Table 4.19. 

Compliallce witl. ARARs summary. Implementation of this alternative would not achieve immediate 
• compliance with the MCL for TCE. Compliance at the fenceline has been calculated to occur in 
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approximately 1,000 years. Conij)liance with the MCL,atthe DOE property boundary is calculated to 
occur in approximately 1,000 years and at Little Bayou Creek in approximately 40 years. Because this 
alternative does not immediately meet the stated MCLs, an ARAR waIver or agreed schedule of 
compliance would h~ve to be sought as part of the ROD and PRAP. 

In order to comply ~ith the identified chemical-spcc.ificARARs, an ARAR waiver will be required 
. due to the time frames required to :meet the specifiedconcentrations·within the GWOU at the point of 

compliance and poirttsofexposure." '.' ". . . " 
I.: ~ . i • } 

As discussed, no\potentiallocation~spccificARARs have been identific;:d within the area where remedial 
action will occur. However,to 'ensure tliat jurisdictiomiJ. wetlands are not impacted, all construction 
activities associated with the installation of the PTZs in this alternative will be reviewed as a safeguard. 
The protection of wetlands is not considered a location-specific ARAR at this lime because jurisdictional 
wetlands have not been identified within the areas impacted by, the implementation of this alternative. 

, • . I 

Construction .and implementation.of the alternative may t~igger several actio~-specific ARARs such 
. as the requirements associated: with well installation and abandonment, cbnstruction of the PTZs, fugitive 

dust emisslons,radioriuclide·emissions, and toxic emissions, The requirements associated with,theinstallatiori 
and abandonment of groundwater wells wil)' be met through the use of well desib'11S and· materials of 
construction as specified at 40·l'KAR 6:310 'Section l3:~11 well installation and abandonment practices 
incorporated into the' approved remedial desigil shaH 'comply with the substantive ,requirements of 
401 KAR 6:3 IO. . 

Construction of the PTZ~' will require theihjection of materials into the subsurface. During the 
remedial design assessment, all materials used in the construction will be reviewed to ensure that materials 
that could further impact water quality are not used or are . limited in use. The construction activities 
associated wit~this alternative maY'fequire that BMPs for sedimentation/erosion controls, be established. 
Sedimentation control is required if the area to ,be disturbed;duririg construction exqeeds, regulatory triggers .. 
Regardless of the size, sedimentation controls will be a TBC if the areal extent of the area disturbed 
during construction does ~ot require sedimentation. control. This require,ment .will, he complied with 
through,the ,use of sediment fences or other appropriate means. The remedial desigfi·shall incorporate the 
specific controls. necessary to ensure that the construction site(s) do not allow sedimentation and or erosion 
of disturbed areas in order to comply with this requirement during implementation of this alternative. 

i • . 

Fugitiv~ d~st emissions that may occur during construdion activities '."'i~l ~e .contro·lled as required 
by 401. KAR 63:0l0.BMPs, such as wetting or covering ofpotentia:l sources of fugiti~e dust, will be 
incorp()rated into the remedial design. The .specific actions to be developed shaU,control potential emission 
sources to ensure that dust emissions do not migrate. from the immediate! . area .:where construction 
activities occur. It is anticipated that, .in most cases; the moisture content in the soil will be sufficient to 
control dust emissioris during well. and'PTZ instalhition. However,.practicessltch as wetting of disturbed 
soils, collection of soils, or reseeding activities shall be'conside~ed and incorporated Into the remedial design 
as necessary to ensure compliance with these requirements. RadionuCIide emissions at construction sites 
also must be considered, during the implementation. phase. In order to ensure that. the ,emission standard of 
10mremlyear.EDE tothepublicisinet, concentrations of radio nuclides in soils and groundwater must be 
evaluated. If the potential for such emissions is identified, modeling using the CAP-88 or other 
EPA-approved methods must be undertakenduririgthe,desigo phase of the altemativedtis anticipated that 
the primary conveyance of airborne radionuc1ides will bein particulate. form; therefore, control of fugitive 
dust emissions will also result in ,compli~mce with the emission standards applicable to radionuc1ides. If 
radiological contamination from plant activities is found in soils where construction activities are planned, 
the soil will be protected or containerized to preyentairborne migration. Measures necessary to prevent 
airborne emissions or radionuc1ides shaqbe evaluated and incorporated, as appropriate, into the remedial 
design in order to comply with these requirements during implementation of this alternative. 
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Emissions of toxics, such as volatile organics, must also be evaluated before implementation. 
Although the potential for exceedance of toxic air emissions is considered to be low. an evaluation of the 
potential for such emissions must be undertaken during the remedial design. Potential emissions must be 
evaluated for each toxic present in the plumes (i.e., TCE, vinyl chloride. etc.) to determine whether the 
contaminant levels found in the subsurface could result in airborne emissions in excess of the allowable 
limits specified in Appendix A of 40 I KAR 63:022. Compliance with the emissions standards shall be 
achieved for this alternative through the evaluation process or the application of best available control 
technology where emissions are calculated to exceed a))owable levels. Emission control equipment will 
be incorporated into implementation activities during the remedial design, as necessary. based upon the 
initial evaluation. This requirement will be complied with during implementation of the alternative. 

Long-Term Effectiveness and Permanence. This evaluation addresses the results of the alternative 
in terms of risk remaining at the site after completion of the action and the effects of the required long-term 
control. A discussion of the magnitude of the residual risks at the site and the adequacy and reliability of 
the controls is presented in the following section. 

Magllitude of residual risks. Permeable Treatment Zone Technology is designed to remediate 
contaminated groundwater by providing i" situ treatment. In the near term, fo))owing the start up of a 
PTZ remedial action that contains all three PGOP groundwater plumes, the residual risk will remain 
consistent with the risk before taking the action. Following start up and continued long-term operation of 
the remedy. the residual risk will decrease with the concentration levels as they decrease in the RGA. This 
wiJI result in lower eventual risk for the potential groundwater users in the area. Groundwater modeling 
results for the COC-concentrations in the RGA indicate that a 60-year operation of the PTZ system after 
removal of the RGA ONAPL eventually will result in the reduction of the TCE concentrations in the 
RGA to MCLs . 

The residual risk for the potential groundwater user located upgradient of the PTZ will remain for an 
undetermined period of time. This is due largely to the nonaqueous-phase concentrations of TeE in the 
primary and secondary source areas. The source areas for the TCE contamination have concentrations that 
indicate that TCE may be in a nonaqueous phase. Nonaqueous-phase COCs may remain in an area, 
dissolving slowly into migrating groundwater, for an extended period of time. As long as the TCE and 
99Tc concentrations remain high in the source areas. the residual risks will remain high in those source 
areas and other downgradient areas in advance of the PTZ. Should the PTZ cease effectiveness, the 
plumes will regenerate due to the presence of the Primary and Secondary Source Areas. 

Five-year reviews, mandated by CERCLA [40 CFR §300.430(t)(4)(ii)], will be required to demonstrate 
the integrity and effectiveness of the controls and confirm that additional exposure pathways have not 
developed. 

Adequacy and reliability of controls. The PTZ Technology wiJ) provide adequate controls of the 
plumes migrating from the facility to the downgradient receptors through the use of routine groundwater 
monitoring and the treatment provided by the PTZs. The use of PTZs to treat groundwater contamination 
is an evolving science. It has been proven to have applications at a number of sites, like PGOP. for the 
removal of chlorinated solvents. Since chlorinated solvents are destroyed by dehalogenation, they can be 
reduced to be less hazardous by products of the reactions, which can be allowed to migrate in the 
groundwater environment. Other more hazardous potential by-products of the reaction, however, are less 
acceptable in the groundwater for their potential risk effects on the groundwater receptors. Some of these 
by-products are more amenable to natural degradation than TCE. Natural degradation in the current 
environment of the RGA is not acceptable for natural degradation of TCE (Clausen 1997) but could 
potentially be for other by-products, such as vinyl chloride . 
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The PTZ system for treatment of the groundwater contamination will accumulate 'l'ITc in the media 
'during operation. Retention 'ric the technetium in these media will be tested during the upcoming 
· treatability study tor the PTZ demonstration to be conducted in Summer: 2001. . 

.. " '.' ' 

. Future maintenance of ,th~'PTZs ~~nbe"inaintained. through agreements with service providers. 
, Intrusive activities that couid da'mage or destroytheP,TZs will be prevented by access agreements. It is 
· expected'thatlorig-tenn maintenance of the PTZ will be infrequent· and limited in scope to replacement of 
media. The PTZ Treatability Study implemeritation and the information developed' from it will support 

· the determination as'to the e~tei1t of maintenance required. . 
.,; 

E,wirolllllelltal i",pact.\·illld"'itigativemea . ..,~res. The following text provides a description ofpotential 
long-term impacts to res~urces and mitigative measures ,to offset any potential impacts. The depth of the 
impact analysis and mitigatlohmeasures is correlated tothe deb'TCC to which a resource might be impacted. . , . 

• .I ' ":," • 

Laud use. linplementationofthis alternative would result in any changes to.the current larid use around 
the PGDP. Following construction of the alternative, the bulk of the land disturbed during the construction 
activities will return to it~prior use. Only a few acres will remain with monitoring and assodated access 
·roads. A I.:UCIP will be developed, as necessary, per the requirements of the PGDP LUCAP,(DOE 2000). 

", 1 '4 • -

Socioec.'OIiomic. The socioeconomic ~onditions~( thePGDP and· surrounding area' would not be 
, expected to change as a result of the implementation of this alternative. Existing socioeconomic structure 
wm remain after implementation 'of this system of PTZs. The long-term employment in the area will not 
be ;,changed 'because of the'irista'nation of the PTZ. However, the presence of c'ontaminants in the 
groundwater will prevent its use andma'y limit economic' development opportunities until the groundwater 
is brought back to beneficial use. 

; , 

Air qualify al1d Iloise. Long-ten'n impacts are not expected. to air quality with the PTZ Technology. 
Infact,"air quality, as corripared to existing operating systems, will be improved with the installation of a 
completely nonpolluting ill sllti PTZ·sYs~em. " , 

• I ' _ 

Long-ternl increases in noise are not expected as the resul.t of this alternative. " 

Vegetatioll., Construction activities associat~d with cthe installation of the·PTZs and monitoring 
network may take upto 1 year. There will be' impacts to vegetation in the long term. The level of impacts 
is dependent on the selected location of the co~struction. :If the zone is near the PGDP, the level' of long
term impacts to vegetation will be very minimal.OIfthe selected areas are nearer the extreme far end of the 
plumes, the impacts to vegetation will be larger. The impacts will be in the form,ofloss of trees. During 
the construction period, numerous activities that will impact trees and, therefore, disrupt the habitat for 
birds, mammals, reptiles,and other animals. Revegetation around the construction. areas will be mitigated 
by engineering, controls such as reseeding. However, once.the system is installed; there will be rio surface 
evidence of the operation of the system. The only mild' operating influenct; would be the monitoring well 
system;used to monitor the operatiofiof the PTZ. ,At inter:v~ls, technicians may visit.the·monitoring wells 
in'the.area to collect sarrlples't~;~ssess the operating 'effectiveness of the ;PTZsystem~ :' . 

.. WildNfe. As mentioned above, th~ construct,ion activities at the PTZ locations might, disrupt some of 
the wildlife ·in· the area. However, these activities will take only a short period of time duririg the year of 
the construction phase for any giveniuea. Activities during the remainderoLthelife of the project should 
include monitoring well vi s'its. to take required samples at monthly or quaaerly intervals, as dictated by 
the ,sampling and analysis plan. Noother"activities in the area of the PTZ installation will interrupt the 

• 

wildlife functions that currently take place there. • 
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Threatellell alld elldallgered species. It is expected that impacts to the habitat of the Indiana Bat may 
occur in some instances of implementing of this alternative. If the implementation is near the existing 
plant, the impacts will be none to minimal since much of the area is clear already. If the implementation is 
nearer the Ohio River or in the area of the Little Bayou Creek, the impacts may be larger. This is due to 
presence of more potential habitat in that area. The habitat, as mapped by Bryan (COE ) 993), indicates 
that increased density of potential habitat occurs at the extreme ends of the Northwest Dissolved Phase 
Plume. However, since the actual location or locations for implementation have not been determined, the 
actual impact cannot be determined. After detail design of the alternative, it will be necessary to perfornl 
a reanalysis of impacts. No impacts are anticipated for this alternative. 

Cultural resources. No long-term effects are anticipated for this alternative. 

Groundwater. Activities associated with this alternative are designed to intercept and treat the 
contaminated groundwater migrating from the PGDP through the use of PTZs. The PTZs wiII treat the 
contamination currently moving from the PGDP to potential receptors outside the DOE property. This 
wiJI eventually remove the risk currently associated withthe off-site groundwater. The VOCs are destructed, 
while the CJ<ITc is captured on the reactive media making up the zone. A groundwater-monitoring program 
will track and monitor the presence of the groundwater contaminants during the treatment period. 

Surface water. Permeable Treatment Zone Technology has no detrimental effect on the surface water 
near PGDP, but it might have a positive impact, depending upon the implementation area. A seasonal 
surface water connection with the shallow groundwater occurs along a stretch of the Little Bayou Creek 
northeast of the PGDP (Fryar 2000). The installation of a PTZ upgradient of the creek will intercept and 
treat this groundwater in the RGA before it can impact the Little Bayou Creek. This would remove 
potential COCs that could be intercepted by Little Bayou Creek before discharge into the Ohio River. 
Modeling predicts that such an impact potentially could occur in 15 years or less . 

Floodplains. This alternative should have no impact on the floodplains, since it should not be 
installed within the floodplains. 

Wetla"ds. The installation of this alternative may have only minimal impact on wetlands. The 
wetlands in the area of the PGDP occur due to surface water flow into poorly drained soils without 
adequate recharge into the RGA. Since the implementation of this alternative occurs in a linear fashion, 
there are limitations to moving the alignment of the zone to prevent impacts to wetlands in the area of 
concern. Directional drilling, ifnecessary, can be used to prevent impacts on small scale wetlands. During 
construction activities, every effort will be made to avoid wetlands during the installation of the injected 
PTZ. Any damaged areas will be repaired or replaced as part of the construction activities. 

Soils and prime farmland. There will be long-term impacts in implementing this alternative. Minor 
impacts will occur during construction. Impacts will be mitigated using standard DOE construction 
practices, which place erosion and drainage control at construction areas. Spills of contaminated water 
will be controlled by engineering practices for spill containment. The impacts will be in the form of 
monitoring wells and associated access road. The amount of impact to land cannot be detennined until a 
remedial design is completed, which will allow the length ofth.e PTZs to be determined. 

Transportation. No long-term direct or indirect effects are anticipated for this alternative. The 
implementation of this alternative will result in the transportation of iron media, soil samples, 
groundwater samples, and a small amount of drilling and injection wastes. Standard engineering practices 
will be used to ship these materials safely. All regulatory shipping regulations will be used for the 
shipment of LL W materials . 
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CUlIlulative impclct.\'. Cumulativ:e impacts are defined;as the incremental impacts of an action whcn 
added to other past. present. and reasonable. future foresee~ble actions, regardless of what: agency or person 
undertakes such actions. No notable cumulative impac~s result from the implementation of this action. 

" - :. 

Reduction' of Toxicity~"M~bUitY, or Volume through Tr,eatment. 'The statutory preference is to 
select a remedial action tha(emphjystreatmcnt to reduce the toxicity, mobility"or volume of ha~rd()lIs 
substances: This criterion addresses the anticipated, performance of the technologies that may be employcd 
to achieve treatment goals. The treatment pro~esses proposed ·in this alternative includes'the injection or 
installation of PTZs into the RGA in order to treat the contaminated groundwater by reducing the chiorinated 
solvents and removing the ?'1Tc . . :! . 

The locations and lengths of the P'f,Z installations have not been selected at this time. As the 
contaminated brfOundwaterflows through thest;.treatment zones.,the J.'CE will react with, the media to be 
rediJctively dehaiogenated to harmless products such as salts. gases, and water, and the'technetium is 
either co'"precipitated or sorbed: and' physically captured, in the media! by physical filtration. The University 
of Kentucky currently is studying this m~chanismto more. closely' define the actual mechanisms that 

.> 

. occur in the emplacement. However, if PTZs near the, existing paDP security fence' 'are ,installed to 
remove both TeE and 99Tc and treat the cntin! Northwest, Northeast, and Southwest Plumes,' during the 
30 years of the active treatm~nt, approxim~tely 5() biIlion,gal (based on current groundwater data) of 
contaminated groundwater' wiII 'flow through. these treatment systems. The' reduction' of source zone 
volume is limited to that obtained through dissolution oftheDNAPL under the same conditions as the No 
Action alternative.' Accordingly, .these zoneS. :if installed, would remove' only 20,000 L, 3% of t~e total 
volume preserit. within the first 30. years of implementation. Additional zones could also be installed out 
in the existing Northwest, Northeast. and Southwest Plumes: ,~hese PTZs, if utilized. could treat the 
untreated plumeCOCs, which are ~airrently ~ib'Tating off-site ,in the high concentration zones. They could • 
be constructed to allow for the possible movement of current plumes of contamination in a wider field of 
interception. In any arnou,nt and locale of implementation, thePTZs wiH:functionina similar rrianner to 
remove the COCs from the aquifer. A second set of zones alsowill provide'some redundancy if the first 
set does not meet treatment goals. Also, an~ther possibility is to install an additionalPTZ immediately 
upgradient of theLittleBayouc:r~ek" where it will intercept the plume before potential exp~sure in the 
Little Bayou ~reek.- ' , 

·Ilis expected' that the tr~atment zones wiIl be designed to reduce theC0C levels- in the aquifer 
system to MCLs. However, due. 10 the limited rate of migration in the aquifer and the fact,that the flushing 

. Qf COCs from the"aquifer media .. in a naturaL system may take several pore volumes.' it may take 
additional time for the aquifer( cac concentrations to be reduced to MCLs. However, the treatment goals 
of the PTZ will be to treat the COCs to MCLs in the PTZ. 

Experiments are being conducted in the,treatability study to determine the dynamics ~f the technetium 
reactions in the media. The currently anticipated rate ,of precipitation and filtration in the media should 
provide for thecapacitY.ofthe media to allow for stabilization in thePTZduring itsuse'fullife and far into 
the next century. H~wever. a more,accurate.estimateofthe·stabilization·mechanisms and tne rate at which 
the 99Tc is taken-up and held will need to be documented after completion of the treatability studies. 

Following installation of the PTZs, no. further residuals. from the implementation are anticipated. 
Drilling and construction wastes :will be created during the installation of the PTZs. It' is currently 
anticipated that the media will remain in the aquifer at the end of its useful life. It will,however, still 
contain the stabilized 99Tc in the matrix of the media in the aquifer following the treatment phase of the 
system. The installation of the PTZ technology is essentially irreversible due to the placement of the reactive 
media at depth. It would be virtually impossible to remove the media under normal construction means . 
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The PTZ Technology. as mentioned above. reacts to capture only the '/'ITc contaminant. To that end. 
the 99Tc will be a treatment residual located at depth in the RGA and located on the reactive media. It is 
not known at this time. the length of time the 'I')Tc will remain absorbed to the reactive media. Since the 
VOCs are destructed ill situ. the PTZ Technology qualifies for the statutory preference for treatment of 
contaminants under CERCLA. 

Short-Term Effectiveness. This criterion involves evaluating alternative for community protection. 
worker protection. environmental impacts, and the time until remedial response actions arc achieved. A 
discussion of each is provided in the following parab'Taphs. 

CommUldty protectioll. The potential for adverse impacts to the community from the implementation 
of this alternative is minimal. It is expected that implementation locations will be selected to minimize 
impacts to the community especially in the Northeast Plume where private land is present above the 
plume. The other plumes have little private land in their respective areas. The land is predominantly 
owned by DOE, TVA, and the WKWMA. 

Worker protectioll. PTZ Technologyhas the potential for worker exposure to contaminated soil and 
groundwater during installation. Potential exposures include dermal exposure and inhalation of dusts. 
Procedures and PPE will minimize the potential for exposure. 

Potential ellvirollmelltal impacts alld mitigatillg measures. Short-term environmental impacts are 
assessed and include an evaluation of sensitive resources, socioeconomic. cultural resources. cumulative 
impacts and other activities in the area. 

LUlU/use. There would be limited impacts to land use in the short term. During implementation. 
areas for would be used for access road, monitoring well installations, and injection wells. Following 
completion of the construction, the area of the injection wells would be returned to its original usc. 
However. the monitoring wells and access roads would remain in place. A LUCIP would be developed. as 
necessary, per the requirements of the PGDP LUCAP (DOE 2000). 

Socioecollomic. The socioeconomic conditions of the PGOP area would not change with 
implementation of the PTZ Technology. There would be a limited number of temporary construction jobs 
that result from its installation. 

Air quality and IIoise. During implementation of PTZ technology, local dust suppression procedures 
and practices will be used for the drilling and injection phase of the construction. 

Noise levels would be increased during construction, but are not expected to be above those noise 
levels that occur during normal plant maintenance and operations. Ambient noise levels in the area of the 
PGOP would not change from present conditions; thus, no noise impacts would occur. 

Vegetation. There would be adverse impacts to vegetation as a result of this alternative due to 
construction of additional off-site injection and monitoring wells. The location selected for the placement 
of the PTZ wiII actually determine the level of impacts. If the selected area is near the current PGDP. the 
limits will be minimal since these areas are relatively clear of trees. If the selected area is nearer the Ohio 
River or Little Bayou Creek, the impacts wiII be larger due to the heavy vegetation in those areas. 
Methods to mitigate the loss of the trees will include the use of direction drilling as possible and the use 
of limited vegetation reduction during construction. All necessary rehabilitation practices also will be 
used to revegetate the areas at the completion of construction. 

Wildlife. As mentioned above, the construction activities at the PTZ locations might disrupt some of 
the vegetation in the construction area; therefore the wildlife in the area also will be impacted. However, 
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these activities will ,ohlytak~:~ shor; period of time during the ,year, of the construction phase for any 
given area. Activities during 'the remainder of the life of the project should, include monitoring well visits 
to take required samples at monthly or quarterly int,er~als as dictated by the sample and: analysis plan. No 
other activities in the area of the PTZ installation will interrupt the wildlife functions~ which currently 
take place there. The mitigative measures discussed in the Vegetatioll section also willh'e implemented. as 
feasible, to control impacts to wildlife. 

. ';1 • 

Threatened mid elldlillgel:~d ~:pecie.\·. It isexpected that impacts to the habitat ,of the Indiana Bat may 
occur in some instances of implementing of this alternative. If the implementation is near the existing 
plant, the impactsw,ill be !lone to minimal since much ofthe'area' is clear already. If the implementation is 
nearer'the Ohio River. or i~ ~he area of the Little Bayou Creek, ~he impacts may be larger. This is due to 
presence of more potential habitat in :that area. The habitat, as mapped by·Bryan (COE 1993), indicates 
that increased density of potential habitat occurs at the extreme ends of the Northwest Dissolved Phase 
Plume. However, ~ince the' actual locations' for implementation have not been determined" the actual 
impacts cannot be ,determined. However, after detail design of the alternative, it will be necessary to 

,perform a
i 
rea~alysis ofimpact~: No impacts are anti.cipated for this alternative. ' 

CultuIM'resources. No advers~i:mpacts toculturairesources were identified for this alternative. 

Groundwater. Implementation of ~TZ Technology is not expected to have any adverse impact on 
groundwater hydrology and ambie~t flow conditions. However, positive improvements in the reduction in 
COC concentrations from the installation of the PTZ should be apparent in less thail 6 months following 
installation. 

.~ 

There are fourpotential faih.ireareas that may impact the PTZ. These include incomplete,breakdown of 
the TCE~ desorbingof~c and fouling of the rone, or improperly.matching the surroundirigpermeabilitics. • 
The incomplete breakdown of the TCE due, to insufficient residence time in the zone could resLiIt in the 
release' JfbreakdovVn produCts sucha's vinyl,chloride, which then would result:iil,its presenting a risk. The 
99Tc will be absorbed in the zone. However, it is not destroyed and, as such, may be released as some 
pointin.the future. AI~o, since the zone is constructed by ,putting non:..native material into thesubsurface, 
if thepem1eabiliti~s are ,not matched sufficiently, the, zone could ,result in preventing flow of-groundwater 
through it and migrating the location of the contaminant plume. Biological actiomby~bacteriacan foul the 
zone and impact the flow of groundwater through the zone, also resulting in' therel6cation 'of the 
contaminant plume. Thus, the potential adverse impacts of the PTZ in the'alternative could'be"the failure 
,of the system to ,completely,remove, TCE from'migrating groundwater, recontaminating with degradation 
product, or relocation ,of the contaminant plume. This would result in the recontamination of dissolved-
phase plumes with ,other, compounds or 'contaminating previously uncontaminated',grOlindw3ter. The 
treatability testing" of the PTZ technologies should indicate the potential of these failures before 
completing the implementation of this alternative. " ",) 

Suiface waler. No short:-term adverse impacts are expected for surface water from implementing this 
remedy'. However, if the PTZ,;is selected for installation .near the .Little Bayou Creek and the TV A 
Shawnee. Steam Plant; improvementsin.the surface water resulting from the influence on Little Bayou 
Creek should be measurable after as little as 15 months' of installation. ' : ' 

Floodplains. PTZ Techna'logy. ~ould not-have an adverse effect on floodplains. The aCtion should 
not take place in any floodplain: of any streamatPGDP. 

Wetlands. The installation of this alternative may have only minimal impact on wetlands. The 
wetlands in the area of the PGOP occur due to surface water flow into poorly drained soils without • 
adequate recharge into the RGA. Since the implementation' of this alternative' occurs in a linear fashion, 
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there are limitations to moving the alibJtlment of the zone to prevent impacts to wetlands in the area of 
concern. Directional drilling, if necessary, can be used to prevent impacts on small-scale wetlands. During 
construction activities, every effort will be made to avoid wetlands during the installation of the injected 
PTZ. Any damaged areas will be repaired or replaced as part of the construction activities. 

Soils lIlIll prime.fi.lI"IlIllllld. There will be short-term impacts in implementing this alternative. Minor 
impacts will occur during construction. Impacts wiJI be mitigated using standard DOE construction practices, 
which place erosion and drainage control at construction areas. Spills of contaminated water wiJI be 
controlled by engineering practices for spill containment. The impacts will be in the form of monitoring 
wells and injection wells and associated access road. The amount of impact to land cannot be determined 
until a remedial design is completed, which wi)) allow the length of the PTZs to be determined. 

Trall.'Iportatioll. No long-term direct or indirect effects are anticipated for this alternative. The 
implementation of this alternative wiJ) result in the transportation of iron media, soil samples, groundwater 
samples, and a sma)) amount of drilling and injection wastes. Standard engineering practices wiJ) be used 
to ship these materials safely. All regulatory shipping regulations will be used for the shipment of LL W 
materials. 

Cumulative impacts. Cumulative impacts are defined as the incremental impacts of an action when 
added to other past, present, and reasonable. future foreseeable actions, regardless of what agency or person 
undertakes such actions. No notable cumulative impacts result from the implementation of this action. 

Time ulllil remedial respoIISe objectives are ac/lieved. The use of groundwater downgradient 
without the presence of the PTZs may require 7,000 years to reach acceptable concentrations. Recent 
modeling indicates that approximately 60 years of attenuation will be necessary after the placement of the 
PTZs before downgradient groundwater, including that groundwater that may be discharging into Little 
Bayou Creek, may be used with the protection of the sitewide treatment system (Barber 1999). However, 
implementation of this alternative will not result in the achievement of the specified GWOU RAOs or the 
MCLs upgradient of the PTZ technology without the implementation of additional groundwater 
alternatives to remove the Primary and Secondary Sources. 

Implementability. Activities to be conducted under this alternative include continuation of the 
existing environmental monitoring activities to track COC migration and placement of PTZ Technology 
to remediate migrating contaminated groundwater. 

Tec/mical feasibility. Implementation of Dissolved Phase Plume - Permeable Treatment Zone 
Technology is technically feasible. Similar PTZs have been installed in at least five other sites in a similar 
manner. More than 37 PTZs have been constructed in the last decade. For more information on the 
existing installations, refer to www.rtdf.org. However, one of the goals for the demonstration project 
being conducted in 2000 and 2001 is determining the constructability of such a PTZ in the actual 
conditions of the Southwest Plume area. There are, however, only a limited number of vendors that are 
currently experienced in the installation of the PTZ Technology. The PTZ Technology also is 
incompatible with some other technologies such as oxidation. The PTZ Technology results in a strongly 
reducing environment. As such if an oxidant is placed in the PTZ, there will a reaction and the actions 
will offset one another, damaging the capacity to remove contaminants. 

Adm;,,;stralive feasibility. The currently anticipated treatability study for the Southwest Plume will 
assure administrative feasibility and availability of services and materials for the PTZ at the PGDP site. It 
is anticipated that an ARAR waiver will be required for this alternative since MCLs will not be attained in 
a timely manner . 
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Cost. Table 4.20 summarizes the preliminary unit cost estimate for a PTZ Technology Alternative. 
These preliminary unit cost estimates are based upon FS-Ievel scoping and are intended to aid in selection 
of a preferred alternative. The estimates have an ex.pected accuracy of -30 to +50% for the proposed scope 
of action (EPA 1988a). The capital cost estimate represents those expenditures required to implement this 
remedial alternative. The O&M cost estimates represent expenditures required to maintain the remedy 
after the initial phase of remedial action is completcd. The total contingency cost presented includes direct, 
indirect, and all O&M associated contingency costs. The total cost includes all capital costs, direct and 
indirect with O&M and associated reports, plus 251X, contingcncy costs, for a 30-year tenn of comparison. 
All estimates have been escalated using DOE-approved annual rates and a schedule for the various activities 
based on similar project experience. Present worth values also are included using a discount factor of 5% 
(EPA 1988b). (Additional infonnation regarding the preliminary cost estimates is presented in Appendix C.) 

Table 4.20. Preliminary unit cost estimate for Dissolved Phase 
Plume Area - Permeable Treatment Zone Technology 

Total unit capital costs (per acre-foot) $58,328 
Total operation and maintenance costs $22,763 
Overhead $63,122 
Total contingency $36,053 
Total cost $180,269 
Total cost (present worth) $124,28S 
Note: preliminary cost estimates are per acre-foot. escalated and presented in thousands of dollars. The per acre-foot cost is 
equivalent to two 600' x 50' x 0.5' panels. 

State/Commonwealth Acceptance. Commonwealth of Kentucky acceptance or nonacceptance of • 
this alternative will be addressed in the ROD should PTZ Technology for treatment of Off-site Dissolved 
Phase Plume be the preferred alternative. 

Community Acceptance. Following a fonnal public comment period on the PRAP for the GWOU. 
comments from the community will be addressed formally in a responsiveness summary, which will be 
presented in the ROD. 

EvaluatiOll summary of Dissolved Pllase Plume Area - Permeable Treatmellt ZOlle Tecllllology 

Permeable Treatment Zone Technology would provide treatment for the existing plumes as they migrate. 
This will minimize the potential exposure of residents or visitors to potential groundwater contamination 
beyond the location of the PTZ Technology. Since the source areas upgradient of the PTZ Technology 
will remain a continuing source of contamination, which will require monitoring and treatment by the 
PTZs, risks will remain in the source areas for long periods of time. This will require the maintenance of 
the PTZs for treatment of the contamination for long periods of time. Extended monitoring and maintenance 
will be required to provide protection from this alternative. 

The PTZ Technology is technically and administratively feasible. It also will result in the ill situ 
destruction of VOCs and the capturing of ~c on the reactive media. The capital cost of implementing the 
PTZ Technology is large. The use of the PTZ Technology near the area of interaction of the Northwest 
Plume and Little Bayou Creek could protect against the release of contaminants to the surface water. 
Input from the Commonwealth of Kentucky and the general public has not been obtained yet. 

4.2.4.4 Dissolved Phase Plume Area - Oxidation Technology 

The following subsections contain a description of Dissolved Phase Plume Area - Oxidation Technology • 
Alternative and the detailed analysis. 
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Description of Dissolved Phase Plume Area - Oxidation Technology 

This alternative would consist of implementing an Oxidation Technology in portions of or over the 
entire RGA dissolved phase plume areas located in both the PGDP On-site Secure Area and the Off-site 
Unsecure Area. Unlike the Secondary Source Area technologies evaluated above, the Oxidation Technology 
in this alternative would be designed to remove only dissolved phase contaminant concentrations. In this 
technology, a series of injection wells would be drilled into the RGA in the target areas. The injection 
wells could be installed in a linear pattern transecting the plume migration route, or they could be 
installed a blanket type fashion in which wells would be spaced periodically across the entire plume area. 
The injection wells then would be used to inject into the zone of interest, the RGA, an oxidizing 
compound such as potassium permanganate or sodium permanganate. The oxidizing compound then 
would react with the VOCs, or TCE DNAPL, and they would be destroyed from the reaction with the 
oxidant. Using the linear pattern, the oxidant would travel with the groundwater and oxidize the 
contaminants. The linear patterns would be spaced such that the oxidant would not spend, or become 
in~ffective, before reaching the next downgradient injection pattern. Using the "blanket" installation, the 
wells would be spaced in the remedial design to allow the oxidant to be injected over the entire target area 
thereby oxidizing the entire area of concern. The 99Tc contamination would not be remediated by the 
oxidation technology. The use of this alternative will be performed in situ and will not require any ex situ 
treatment of produced water or release of air emissions. It will, however, require, as discussed above, the 
placement of injection wells and injection equipment to effect the introduction of oxidant into the RGA. 

Figure 4.12 contains a "snapshot" that graphically summarizes what is involved in the application of 
Oxidation Technology to the Dissolved Phase Plume Area. 

The dissolved phase contaminant reduction efforts of implementing this technology in the dissolved 
phase plume areas will have only minimal impact on returning the groundwater to beneficial use. This is 
due the fact that without the removal of primary and secondary sources located beneath the PGDP plant 
areas, the plumes will regenerate over time due to the presence of dissolving DNAPL concentrations of 
TCE. Due to the presence of the sources, the groundwater will not be returned to beneficial use for 
approximately 7,000 years. Oxidation Technologies will not remove ~c as part of the operation. This is 
due to the 99Tc element not being destroyed as a result of oxidation. Additional measures will be required 
to remove the 99Tc from the Off-site Plume Areas. 

The existing groundwater monitoring program, which is being implemented under a separate action, 
would be continued to monitor the movement of COCs within the RGA. The monitoring program will 
integrate existing PGDP monitoring wells, where possible, with additional monitoring wells to be 
installed as needed following a review of the existing program. 

Five-Year Reviews. This remedial alternative would result in residual "contaminants remaining at the 
PGDP site above levels that allow for unlimited use and unrestricted exposure"; therefore, this remedial action 
would be reviewed "no less often than every five years" in accordance with 40 CFR 300.430 (f)(4)(ii). 

4.2.4.4.2 Assessment of Dissolved P/'ase Plume Area - Oxidation Technology 

The detailed analysis of this alternative using the CERCLA criteria is presented in the following 
subsections. 

Overall Protection of Human Health and the Environment. Dissolved Phase Plume Area Oxidation 
Technology includes the in situ treatment of dissolved phase concentrations of VOCs in the RGA. 
Although this technology is applicable to the reduction of Secondary Source Area concentrations, this detailed 
analysis is only for dissolved phase areas of the plumes. The technology would reduce VOC contamination 
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in the RGA only. It is not expected that oxidation have any impact on the IJ'ITc contamination present in 
the treatment area. The e)<)Tc present in the RGA is chemically oxidized to it highest potential state of 
TcO ... However, should the oxidant encounter ..,e}Tc in a reduced state, the oxidant may increase dissolved 
levels ofCjCjTc in the groundwater. This alternative alone will not satisfy the RAOs for the GWOU. It will 
support achieving the RAOs, when implemented in concert with other source reduction and dissolved 
phase GWOU technologies. It is possible for this alternative to be protective of the ecological receptors 
that may be exposed to contaminated groundwater discharging to the surface water. This is possible due 
to the low levels of e}~c present in the groundwater in the areas of the Little Bayou Creek. However. for 
this to be permanent when implemented alone. the technology will require repeat applications in the target 
area: without DNAPL source removal. the plumes will regenerate over time. 

Compliance with ARARs. An alternative must meet this threshold criterion to be eligible for 
selection. The following discussion summarizes the potential ARARs and TBC Guidance for use of Oxidation 
Technology. 

Polelltial chemical-specific ARARs. The potential chemical-specific ARARs for this alternative arc 
summarized in the following para!,rraphs. 

Chemical cOlltamination. The aquifers are known to contain chemical contaminants in the form of 
metals and organics. The federal and state water quality requirements include standards that would be 
applicable ARARs. The regulations that apply are found in 40 CFR 141 (National Primary Drinking Water 
Standards); 40 CFR 143 (Secondary Drinking Water Standards); 401 KAR 5:029 (General Provisions); 
and 401 KAR 5:031 (Surface Water Standards). These standards, summarized in Table 4.22, include general 
state standards. domestic water supply standards, and standards applicable to warm water aquatic habitat. 
These are applicable based upon the classification of the designation for surface water use associated with 
the area (Ohio River, River Mile 940.7 to River Mile 943.3) as specified in 401 KAR 5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for completeness. 
Those standards that must be achieved in order to meet the applicable requirements are the lowest of the' 
applicable standards, which in most cases are the MCLs. 

Radiological contaminatioll. The OU is known to be contaminated with radionuclides such as 9'lTc. 
radon, uranium, and uranium daughter products. DOE's Order on Radiation Protection of the Public and 
Environment, DOE Order 5400.5, is TBC information for cleanup of radionuclides at DOE sites. The 
order requires that remediation activities must not result in radiation exposures to members of the general 
public greater than an EDE of 100 rnrernlyear from all exposure pathways. Exposure to the general public 
also must be ALARA (DOE 1990). 

The DOE Order 5400.5 also contains reference values, known as DCGs, for operational DOE 
facilities. Based on the DCGs, radionuclide concentrations in air and drinking water must not exceed an 
EDE of 10 mrernlyear and 4 mrernlyear, respectively to the total body or any organ. 

The NRC also has set criteria for decommissioning standards at nuclear facilities at 10 CFR 20 
Subpart E. These rules require that residual radioactivity at nuclear sites meet a total EDE of 25 mrem/year 
for unrestricted release. In addition to the NRC standards, EPA has issued guidance for cleanup levels at 
CERCLA sites with radioactive contamination. EPA has disagreed with the protectiveness specified 
within the NRC standard and has specified that a 15 mrernlyear EDE be used as the risk level that is 
protective of human health and the environment. EPA also has codified exposure limits for environmental 
radiation protection standards for nuclear power operations at 40 CFR 190. These requirements apply to 
operations involved in uranium fuel cycle and include enriclunent operations. Subpart B of these requirements 
specifies that the annual dose equivalent to the public must not exceed 25 mrem to the whole body, 
75 mrem to the thyroid, and 25 mrem to any other organ as the result of exposures to planned discharges 
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of radioactive materials, radon and 'its daughter products excepted. to the general environment from 
uranium fud cycle' operations and to radiation from these operations., These requirements would be 
considered relevant and appropriate becausc,the release to the groundwater would not be planned; 

The Commonwealth of Kent:ucky is an -NRc Agreement State and has pr()mulgated regulations for 
radiation protection of the 'pUblic, The Kentucky nldiation protection. standard for individual 11lcmbers of 
the public is 0.1 rem (100 mrem)'EDE per ye!:lr or less (902 KAR..lO,O:O 19 Section 10), which IS 

equivalent to the DOE' radiation: protection stan~ard found in IDOE Order 5400:5. 
. ~ . 

:. '.;i 

Due to the differing views and values among NRC,EPA, and DOE total EDE for members of the 
general public, EPA and DOE have agre~d not to finalize their respective standards until an agreement 
can be reached. In'ine'interim, DOE'Order 5400.5 is identified as TBCinfonnation and the NRC standard 
is identified as reIe'vanUmd appropriate. Therefore, the radiation protection standard identified within the 
NRC regulations at 10 CFR 20 Subpart E. requiring an EDE of 25 mremlyear or less shall be used as the 

, 'exposure limit for the g~neral public. 

Chemical-spec({ic ARAR Slllllmm)' .. The chemical-specific ARARs associated with the implementation 
of this alternati:ve are ,outlined in Table,' 4.21. Implementation of this alternative would not result in 
immediate attainment of the ~hemical~specific A:RA~s associated with the off~site groundwater plumes. 
Attainment of the identified ARA~s lv,ould be melin, the future as impl(!Il1entation progresses. Continued 
monitoring 'of the gfoun.dwaterwill be used:during the five-yearr~views to ensure the identified goals are 
met and 'that conceniratjo~s'ofC()Cs continue to~ecr~ase. ' 

Pote"t;QllocQt;o,,~.fpecijic' ARAR.~. The potential location-specific ARARs for Alternative 3 are 
summarized in the following paragraphs. 

Wetlalld~. Wetlands have been identified within the area where construction activities will occur. and 
certainjurisdiction81 wedandshave.been identified inon~sitedrainage ditches within the plant boundary: 
In order to comply with these applicable requirements wetiandsshall be avoided., ' 

' .. \ As stated in: the regulations,construCtion ~ctivitie~:m,usta~oid or min~~izeadverse impacts on 
wetlands and act to preserve ~m(1 enhance their .natural and· beneficial values (Executive Order 11990. 
40' CFR 6.302(a);' 40 CFR 6 Appeiidix A, anrl, I OCFRlOi2). These applicable requirements include 
avoiding construction in wetlarids~avoiding (to,the extentpracticable) loiig~tenn'andi.short-temi adverse 
impacts to'Jloodplains andwetlands,'avoiding degradation or destruction: of wetlands, and; avoiding 
discharge of dredge and fill material into wetlands. In addition, the protection of wetlands shall be 
incorporated into all planning documents a~d decision making as, required by 10 CFR 1022.3;· Although 
notahtlcipated, if this alternate' results in impacts to wetlands that cannot be avoided, the substantive 
requirements oftheNWP 38 d~'CFR '330) will bemet.<. . 

Off-site operations are expected to impactwetlands, and·all treatment will 'be conducted either ill silll 
or in units already in operation. To the:ex(en~i>ossible, wetlands will be avoided ,through the 'use of 
selected drilling sites:anddin!ctional drilling::', ' . . 

. , .. ; , . ,'.' " , 

., 

• 

Endallgered Species 'and Migratory Birds. Actions taken by federal~gencies are prohibited from 
impacting T&E species or adversely modifying critical habitat (50 CFR 17.94) in accordance with the 
Endangered Species Act (16 USCA 153;1- e(seq. Section (7)( a)(2».· These.n~quirementsare potential: ARARs 
in the event T&Especiesor their habitats are found,:at or near areas where remedial action is to occur. An 
ecological resource investigation inside the PGDP security fence did not detect any T &E species or their 
preferred habitats (CDMFederal 1994 ).,The USFWShas not designated critical. habitat for any species • 
within the DOE property. However, outside the PGDP fence on the DOE property, potential habitats for 
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Standards, Requirement, 
Criteria, or Limitation 

National Primary Drinking 
Water Standards 

National Secondary Drinking 
Water Standards 

Kentucky Surface Standards 
including 
• Warm Water Aquatic Habitat 

Criteria 
• Kentucky Domestic Water 

Supply 
• Kentucky General Standards 
• Kentucky Outstanding State 

Resource Waters 

Radiation Exposure of the 
General Public at DOE Facilities 

Decommissioning Standards at 
Nuclear Facilities 

Environmental Radiation 
Protection Standards for 
Nuclear Power Operations 

• • 
Table 4.21. Summary of potential ARARs for Dissolved Phase Plume Oxidation Technology 

Citation Deserilltion of Requirement Comments 
C/remica!-Speciflc ARARs 

40 CFR 141 Provides chemical-specific numeric standards for toxic pollutants These requirements are relevant and appropriate due to 
cxpressed as MCLs and MCLGs. the nature of the contaminants found within the 

groundwater. 

40 CFR 143 Provides secondary MCLs for public water systems. These requirements are TBCs. as they have been 
established as guidelines for the states and are not 
federallv enforceable. 

401 KAR 5:031 and Provides chemical-specific numeric standards for pollutants These standards are applicable to the segment of the 
5:026 discharged or found in surface waters. Ohio River into which the Linle Bayou Creck discharges. 

The requirements found in these standards are applicable 
Provides chemical-specific numeric standards for pollutants in due to the groundwater to surface water interface to 
domestic water supplies. Linle Bayou Creek and subsequently to the Ohio Ri\'er. 

Note: CWA Water Quality Criteria are not relevant 
and appropriate because Kentucky has promulgated 
these state standards that Kentucky has determined to 
be appropriate for waters of the Commonwealth. 

DOE Order 5400.5 Specifies that the general public must not receive an etTective dose This requirement is TBC information. 
equivalent of> I 00 mrem/year from all exposure pathways. In 
addition. all release of radioactive materials resulting in doses to the 
general public must meet the ALARA criteria. 

10 CFR 20, Subpart E Specifies a residual activity at nuclear facilities for unrestricted These standards are considered to be applicable to the 
release of 25 mremlyear. GWOU. 

40 CFR 190, Subpart B Requires that the annual dose equivalent to the public must not exceed These standards are considered to be relevant and 
25 mrem to the whole body. 75 mrem to the thyroid, and 25 mrem to appropriate and are equivalent to the NRC standards. 
any other organ as the result of exposures to planned discharges of 
radioactive materials, radon and its daughters excepted, to the 
general environment from uranium fuel cycle operations and the 
radiation from these o~erations. 



Table 4.21. (continued) 

Standards, Requirement, 
Criteria, or Limitation Citation Description of Requirement Comments 

Location-Specific ARARs 
Protection of Wetlands 10 eFR Section 1022, Activities must avoid or minimize impacts to wetlands to preserve These requirements are applicable due to the presence 

Executive Order and enhance their natural and beneficial value. If wetland resources of wetlands, but will be met though avoidance of 
11990 are not a\'oided, measures must be taken to address ecologically wetlands during construction and implemcntation of 
40 eFR 230.10 sensitive areas and mitigate adverse effects. Such measures may alternatives. 
33 eFR 330.5 include, minimum grading requirements, runoff controls, design, and 

construction considerations. 

Allows minor discharge of dredge and fill material, or other minor 
activities for which there are no practicable alternatives. provided 
that the pertinent requirements of the NWP ~stem are met. 

Endangered Species Act 16 U.S.c. 1531 et seq. Actions that jeopardize the existence of listed species or result in the Action that is likely to jeopardize fish. wildlife. or 
Section 7(a)(2) destruction or adverse modification of critical habitat must be plant species or destroy or adversely modify critical 

avoided or reasonable and prudent mitigation measures taken. habitat-appl icable. 
Migratory Bird Treaty Act 16 U.S.c. 703-711 Federal Agencies are encouraged (until requirements are established Action that is likely to impact migratory birds. 

Executive Order under a formal MOU) to do the following: habitats. and resources-applicable. 
13186 

• avoid or minimize, to the extent practicable, adverse impacts on 
migratory bird resources when conducting agency actions; 

• restore and enhance the habitats of migratory birds, as practicable; 
• prevent or abate the pollution or detrimental alteration of the 

~ 
I 

environment for the benefit of migratory birds, as practicable; 
• ensure that environmental analysis of federal actions required by 

the NEPA or other established environmental review processes 
evaluate the effects of actions and agency plans on migratory 
birds, with emphasis on species of concem; and 

• identify where unintentional take will likely result from agency 
actions, and develop standards andlor practices to minimize such 
unintentional take. 

• • • 



• • • Table 4.21. (continued) 

Standards, Requirement, 
Criteria, or Limitation Citation Description of Requirement Comments 

Action-Specific ARARs 
Fugitive Dust Emissions during 401 KAR 63:010 Precautions must be taken to prevent particulate matter from These requirements are applicable and will be met 
site preparation and construction becoming airborne. Such precautions must be incorporated into the through the use of appropriate dust control practices 
activities. planning and design of activities and include actions such as identified during alternative design phase. 

• wetting or adding chemicals to control dust from construction 
activities; 

• using materials such as asphalt or concrete (or other suitable 
chemicals/fixing agents) on roads or material stockpiles to 
prevent fugitive emissions; and 

• using covers on trucks when transporting materials to and from 
the construction site(s). 

The requirement specifies that for on-site construction activities. no 
visible emissions may occur at the POop fenceline. Similar points of 
compliance shall be identified for construction activities that occur 
outside the fence. 

Toxic Emissions 401 KAR 63:022 The regulations require that a determination of toxic emissions be These requirements are considered to be applicable and 
made in order to assess the applicability of required controls. shall be complied with through calculation of 
Calculations of the significant emission levels are compared to the significant emission levels for toxic materials and 
allowable emission limits specified in Appendix A of63:022. If application of best available control technology as 
emission levels are exceeded. best available control technologies necessary during the design of the alternative. 
must be incolJ'.Orated into eguil'mentlprocess design. 

Monitoring Well Installation 401 KAR 6:310 Monitoring wells (including extraction wells) must be constructed in These requirements are considered to be applicable. 
a manner to maintain existing protection against the introduction of Compliance with well design and protection standards 
pollutants into aquifers and to prevent the entry of pollutants through shall be achieved through the use of approved well 
the borehole. In addition. abandoned wells must be plugged and design and materials of construction. While in service. 
abandoned in accordance with the requirements specified. wells shall be secured as required. Abandoned wells 

shall be plugged and abandoned as required. 
Discharge of Stormwater 40 CFR 122. Stormwater discharges from construction activities on-site are These requirements are considered applicable for all 

401 KAR 5:055 subject to the requirements of the KPDES permit. This requires that on-site construction or treatment activities where a 
BMPs to control stormwater runofTand sedimentation be employed. discharge of stormwater or treated groundwater occurs. 
Although ofT-plant construction activities within the contaminated For ofT-site construction activities. these requirements 
area are not subject to the permit. these requirements should be are considered relevant and appropriate and will be 
considered relevant and appropriate and be incorporated into any adhered to. Compliance with these ARARs shall be 
ofT-site construction activities. achieved by application of required controls during the 

design phase of the alternative. 



~ 
I -\0 

N 

Standards, Requirement, 
Criteria, or Limitation Citation 

Hazardous Waste Management 40 CFR 260 through 
268; 
401 KAR 32 through 
37 

PCB Waste Management 40 CFR 761 

ALARA 
ARAR 
BMP 
CFR 
CWA 
OOE 
GWOU 
KAR 
KPDES 

• 

as low as reasonably achievable 
applicable or relevant and appropriate requirement 
best management practice 
Code of Federnl Regulatiolls 
Clean Water Act 
U.S. Department of Energy 
groundwater operable unit 
Kentucky Administrative Regulation 
Kentucky Pollutant Discharge Elimination System 

Table 4.21. (continued) 

Description of Requirement 
All wastes or environmental media containing wastes must be 
characterized to determine whether the waste also is a hazardous 
waste in accordance with 40 CFR 262.11 and 401 KAR 32:010.lfit 
is determined that a waste is a hazardous waste or that environmental 
media contain a hazardous waste subject to the RCRA regulation. the 
substantive requirements of 40 CFR 262 through 268 are applicable. 
These standards include design and operation of storage and 
accumulation areas, waste handling and shipment. and treatment 
technologies or numeric standards applicable to wastes before disposal. 
TSCA requirements for the management of PCB wastes or items 
containing >50 ppm PCBs or from a source of 50 ppm or greater. 
Requirements include 

• management of waste and material; 
• characterization of PCB-containing materials; 
• labeling and storage for disposal; 
• manifest completion for shipment ofT-site; 
• decontamination ofafTected equipment or items; and 
• disposal of PCB wastes. 

These requirements will be complied with if PCBs are found at 
concentrations requiring compliance. 

MCLGs 
MCLs 
NRC 
NWP 
PCB 
PGDP 
TBC 
TSCA 

maximum containment le\'el goals 
maximum contaminant level 
Nuclear Regulatory Commission 
Nationwide Permit 
polychlorinated biphenyls 
Paducah Gaseous Diffusion Plant 
to be considered 
Toxic Substances Control Act 

• 

Comments 
These requirements are applicable and will be 
complied with through characterization of wastes and 
environmental media generated as a result of 
implementation of the alternative. Waste management 
will be predicated upon the characterization and 
comply with all substantive requirements associated 
with hazardous waste management. if identified as 
such. 

These requirements are applicable if PCBs are found 
or result from items or equipment regulated under 40 
CFR 761. Activities necessary to comply with these 
ARARs shall be incorporated into the planning phase 
of the alternative implementation. 



• 

• 

• 

federally listed T &E species were reviewed and Indiana bat habitat was evaluated during the COE (1994) 
environmental investigation. The COE study determined that total potential bat habitat consisted of 20% • 
of the 994-ha (2,456-acre) study area. Remedial activities must be evaluated to ensure that such actions do 
not adversely impact areas identified as critical habitat for any identified endangered species. 

In addition, Executive Order 13186 directs federal agencies to enter into an MOU with the USFWS 
to further the purposes of the Mib'Tatory Bird Treaty Act (16 U.S.c. 703-71 I). Until such time as the 
MOU between DOE and the USFWS is finalized, Federal agencies are encouraged immediately to begin 
implementing the conservation measures set forth in the Executive Order. The requirements of the 
Executive Order are applicable and must be considered during planning and design of the remedial action. 

Potelltial actioll-specijic ARAR.\·. The potential action-specific ARARs for the Dissolved Phase 
Plume Oxidation Technology alternative are summarized in the following parabrraphs. 

Monitoring and injectioll well illstal/ation requireme1l1s. This alternative includes the installation of 
additional monitoring and injection wells. Installation of these wells would have to be conducted in a 
manner to maintain existing natural protection against the introduction of pollutants into aquifers and to 
prevent the entry of pollutants through the borehole (401 KAR 6:310 Section 13). These requirements 
also mandate the construction materials required for well construction, well design criteria, well completion 
activities, and well abandonment methodologies. These requirements are considered applicable to design 
and installation of monitoring and extraction wells associated with the implementation of this alternative. 

Fugitive dust emissions. Construction activities for well installation may result in the production of 
particulate airborne pollutants (dust). The Kentucky Air Quality standards found in 401 KAR 63:010 include 
requirements governing fugitive dust emissions. These standards require that dust-suppression measures 
be undertaken that include activities such as use of water or chemicals to control emissions, placement of 
asphalt or concrete, and stockpiling of soils. The standards also require that visible dust generated from 
the implementation of the remedial alternative not be discharged beyond the property boundary of the site' 
or the construction location. These requirements are considered to be applicable to the implementation of 
this alternative and will be complied with through the planning to ensure that construction activities 
incorporate appropriate controls (e.g., wetting, covering, etc.) to control dust generation. Specific activities 
that could result in the generation of fugitive dust must be considered during the design phase include 
construction and well installation. 

Radionudide emission standards. Airborne emissions of radionuclides may occur as a result of 
construction activities. Although this potential is low for such emissions to occur, the regulations at 
40 CFR 61.92 would require that the emissions not exceed amounts that would cause an EDE to the 
public of 10 mremlyear. In order to determine whether the alternative complied with this applicable 
requirement, computer modeling using the CAP-88 or other EPA-approved models must be undertaken. If 
the modeling demonstrates the radionuclide emission to be in excess of 1 % of the 10 mrem/year standard, 
emission rates must be measured, as required by 40 CFR 61.93. This ARAR shall be complied with by 
planni~g activities in such a manner as to control fugitive emissions from construction activities. 

Toxic emission standards. Although toxic emissions are not expected as a result of construction 
activities or with the in situ treatment of the groundwater, these emission requirements would be 
applicable if such emissions do occur. Due to organic concentrations found in the groundwater and 
potentially within the subsurface soils at depth, there is a low potential for such emissions to occur. The 
regulations at 401 KAR 63:022 require that the emissions be evaluated to determine whether they are 
significant for each specific toxic air pollutant. If analysis indicates the toxic emission requirements are 
triggered, the regulations specify that no source may exceed the allowable emission limit specified in 
Appendix A of 401 KAR 63:022. If applicable, these rules would require the application of best available 
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control technology to limit toxic emiSSIOns. If calculations indicate that the emission rates specified 
within the rule are not exceeded. the calculation package may be used to demonstrate compliance with 
these requirements: 

Slormwaler discharge. Construction/well installation activities will, be ,subject to the substantive 
. requirements associated with the KPDE~ permit that requires ,the use of BMPs and sediment/erosion 

controls to control transport of sediment In stonnwater runoff. In addition, groundwater produced from 
monitoring well development operations will bet~eated in a wa~tewater treatmenl:imit where discharge 
will be subject to the substantive ,n!qtiirements of the K~bES program. These requirements are 
considered to be applicable.'" " ' 

Waste management /·equireme'llis. HaZardous materials and wastes may be generated during the 
implementation of this alternative. It is anticipated that these wastes will below-level radioactive wastes 
and, there1ore. subject to the DOE Order 435.1 requirements that apply to the management of all 
radioactive wastes generated at DOE facilities. This requirement is TBe rather than applicable or relevant 

. and appropriate, because itis a DOE Ordefnither than a federal or state regll'lationor standard. 
, 

, The, potential exists that some of the wastes generated from well install~tion' may be RCRA hazardous 
wastes as defined in 40 CFR 261 of the Tederal proh;...am. All wastes generate,dshall be subject to the 
hazardous waste determination requirements of 40 CFR 264 and 40 I i<AR 32:0 I o. if it.is determined that any 
wastes are, in fact" hazardous:wastes,..tlie, materials must be managed in accordance with: the substantive 
requirements found in, 40 CFR 262 through 40 CFR 268 (401 KAR 32 'through 37)., These standards 
include storage requirements, transportation requirements, and disposal requirements. Specific requirements 
applicable \to each waste istreammust 'be identified after characterization of the material is complete. 
These requirements shall be complied with through the deveiopment ofa WMp'during the desih'l1 phase of 
implementation. If materials are identified as RCRA hazardous waste, these requireinents are applicable. • 

Although con~idered unlikely, the potential exists that wastes generated frori'tthe implementation of 
this alternative may contain PCBs regulated 'under the Toxic Substances Control Act (TSCA). These 
regulations would be applicable to this alternative if PCB concentrations 'were found in ,s()il o~ water that 
exceeded 50 PPm'or PCBs werefotind andattributabJe''to a source whose concentration exceeded 50 ppm 
PCBs.: The substantive requirements ,for management of PCB wastes'foundiii'40 CFR761 would be 
applicable and include standards for storage, shipment, and equipment decori'tamination. These requirements 
shall be complied with through the development ofa WMP dyring the design phase of implementation. If 
materials are identified· as TSCA PCB regulated material these'requirements are applicable. 

. . . '1 

AClioll-spec~fic AiuR SUl1llIlalJ'. This, aiternative· will trigger action.,specific ARARs with regard to 
the installation of weils and the handling ofthe potentially contaminated soils from well installation. All 
w~lisinstalled must be conducted in a manner,to maintain existing Ollturalprotection against the'introduction 
of pollutants into aquifers and topreverit the entry of pollutants ~through the borehole (40 I KAR 6:310 
Section l3).Generated w:~stesmust meet the requirements for co'mpliance with the RCRArequirements for 
wastes generated as a result of implementation. In addition, the requirements ofTSCAmay be applicable 
if PCB-containing materials are identified. This alternative will comply with these requirements during 
the planning phase to include compliant waste handling, storage,and'disposition compo,nents. The proposed 
alternative will comply with'the substantive requirements of both'lhe CWA and RCRAbecause the 
treatment and discharge of treated effluent,.in compliance with the CW A, meets both requirements, and 
because such treatment is allowed under RCRA. If wastes from treatment of wetl 'development groundwater 
or excavation of soils is determined to ,be hazardous wastes under RCRA, the substantive requirements for 
storage, management and disposal of hazardous wastes shall be incorporated 'into the alternative during 
the planning phase. Activities that may be required for RCRA and TSCA compliance include use of 
appropriate containers, labeli,ng of containers, appropriate storage area design and operation (secondary • 
containment or storage for less than 90 days in a compliant accumulation area), and transportation of wastes. 
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A summary of the ARARs for the implementation of this alternative arc presented in Table 4.21 . 

Compliallce witlt ARAR.'i ."ullllllary. Implementation of this alternative would not achieve compliance 
with the MCL for TCE. Compliance at the fenccline has been calculated to occur in approximately 
7,000 years. Compliance with the MCL at the DOE property boundary is calculated to occur in approximately 
7,000 years. With continuous application of oxidants to prevent the plumes from regenerating, MCLs can 
be achieved in 15 years. The MCLs applicable to antimony, chromium (action level), and alpha-emitting 
radionuclides would be exceeded at the point of compliance (plant fenceline) and points of exposure 
(DOE property boundary, Ohio River) if contaminants were allowed to continue to migrate offsite from 
source areas, according to the modeling used in the development of this FS. As stated in the risk 
assessment, the metals and radionuclides, other than 99Tc. based upon historic observations are far less 
mobile than current modeling indicates. Based on the time frames illustrated in the model required for 
migration to the point of compliance and the historical observations associated with migration of metals 
and radionuclides at the PGDP, exceedance of the associated MCLs is considered unlikely. 

In order to comply with the identified chemical-specific ARARs. an ARAR waiver will be required 
due to the time frames required to meet the specified concentrations within the GWOU at the point of 
compl iance and points of exposure. 

As discussed. no potential location-specific ARARs have been identified within the area where remedial 
action will occur. However, to ensure that jurisdictional wetlands are not impacted. all construction 
activities associated with this alternative will be reviewed as a safeguard. The protection of wetlands is 
considered a location-specific ARAR at this time, because jurisdictional wetlands have been identified 
within the areas of implementation of this alternative. 

Construction and implementation of the alternative may trigger several action-specific ARARs such 
as the requirements associated with well installation and abandonment, fugitive-dust emissions, radionuclide 
emissions, toxic emissions, and discharge of stormwater and treated well-development groundwater. The 
requirements associated with the installation and abandonment of wells will be met though use of well 
designs and materials of construction as specified at 401 KAR 6:310 Section 13. AJl well installations and 
abandonment practices incorporated into the approved Remedial Design shall comply with the substantive 
requirements of 401 KAR 6:310. 

Fugitive dust emissions that may occur during construction activities will be controlled as required 
by 401 KAR 63:010. BMPs such as wetting or covering of potential sources of fugitive dust will be 
incorporated into the remedial design. The specific actions to be developed shall control potential emission 
sources to ensure that dust emissions do not migrate from the immediate area where construction 
activities occur. It is anticipated that, in most cases, the moisture content in the soil will be sufficient to 
control dust emissions during well installation. However, practices such as the wetting of disturbed soils. 
collection of soils, or reseeding activities shall be considered and incorporated into the remedial design, as 
necessary, to ensure compliance with these requirements. Radionuclide emissions at construction sites 
also must be considered during the implementation phase. In order to ensure that the emission standard of 
10 mrem/year EDE to the public is met, concentrations of radionuclides in soils and groundwater must be 
evaluated. If the potential for such emissions is identified, modeling using the CAP-88 or other EPA
approved methods must be undertaken during the design phase of the alternative. It is anticipated that the 
primary conveyance of airborne radionuc1ides will be in particulate form; therefore, control of fugitive 
dust emissions will also result in compliance with the emission standards applicable to radionuc1ides. If 
radiological contamination from plant activities is found in soils where construction activities are planned. 
the soil will be protected or containerized to prevent airborne migration. Measures necessary to prevent 
airborne emissions or radionuclides shall be evaluated and incorporated, as appropriate, into the remedial 
design in order to comply with these requirements during implementation of this alternative . 
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Emissions of toxins such as' volatile organics also must be evaluated before implementation. • 
Although the potential for excecdance of toxic air emissions is considered to bc'low, an evaluation of the . ". 
potential for such emissions must be undertaken during the remedial design:. Potential' emissions must be 
evaluated for eac'it toxin' prescnt in the plutpes (i.e., TCE,vinyl chloride; etc.) to determine whether the 
eontairi'lrlant levels found in the subsurface could result in airborne emissions in ;excess' of the allowable 
limits 'specified ill Appendix A 0(401 KAR63:022.,Compliance withthe'cinissions standards shall bc 
achieved for this alternative through't'he evaluation process or the application of the best avaiiable'cotitrol 
technology wher~ emi~~ions are c~lculated to' .. ex~ee~l allowable levels. Emission control equipment will 
be incorporated into implement~tion.activiti<;s during the remedialdesibrrt, as necessary, based upon the 
initial evaluation. This requirement ,will be complied with during implementation of the alternative. 

The construction activities ~sso~iatedwith this alternative will ~eqtiire that BMPs for sedimentation/ 
erosion controls be, ~stabli,shed. This requireme,nt wiJkbe complied with through the use of sediment 
fences or other' appropriate' means. -The remedial design shall incorporate the specific controls necessary 
to ensure that the construction sites do not allow sedimentation and/or erosion of disturbed areas in order 
to comply with t~is'~equlre~~ni duri~g implementationofthis alternative. . 

Wastes including secondary wastes generated from the . installation of wells will trigger the 
characterization requirements,associated with RCRA. The implementing regulations found at 40 CFR 262 
and 401 KAR32:010 re,quirethat generators of solid .wastes (or contaminated environmental media) must 

, de~ermine wh~ther the waste~'lso isa hazardous waste, If the materials generated from the ·implementation 
of this altemaiivearefound.to ,b~,hizardous wastes, tile materials shall be containerized and managed as 
such. The requirements mandate that hazardous wastes must be properly labeled and stored in areas that 
comply with the technical standards for storage of hazardous waste, in containers. These standards shall be 
complied w.ith through testing of soils during drilling and waste mimagement activities. If the soils are 
'found to be':hazardous, appropri~te st~rage area~shall be constructed and maintained. All hazardous waste • 
generated during the implementation of this alternative shall be shipped for off-site disposal using the 
EPA Identification NUl,1lber for the PGDP. Hazardous wastes shall be shipped to facilitiespennitted to 
treat, store, or dispose of the hazardous waste(s) being shipped. These activities shall be incorporated into 
the reme~ial design f~r this al,ternative 'in ~r:d.er, to comply:with these requi~~rnents. 

Wasies including secondary wastes gene~ted during:theimplementati~n of this alternative also may be 
subject to regulation unQer TSCA as, PCB remediation waste and DOE·Order 4J5~1 as LLW. Characterization 
of these matenals'will be required iriordeJ; to determine whether specifi~ wastes are regulated .under these 
requ·irements. Wit .Is <ietermiriedth~t the waste ,generated is a PCB or 'LLW, appropriate management 
standards will be incorporated"into the Remedial Design. Existing information, wiUb~ used where 
practicable to determine ~he regulatory status pf all waste to 'be generated before implementation. 

, \ ~. ' 

Long-Term Effectiveness and Permanence. Dissolved, Phase Plume Oxidation Technology offers a 
relatively'high: level of long-term 'control for., VOCs contaminants located in areas of the RGA that may be 
subject' to treatment. There w:ould no positive' impact to 99T~'concentrations located 'in: the treated areas 
since 99Tc cannot be destroyed by o'xidation" The, implementation" of this, techriology only in the RGA will 
provid~lit1le to no control over,Primary and Source Area target cQntaminantsloeated'ln the lJCRSor the 
RGA. The only exception woul,d. the 'pOtential for collateral reductions in VOC concentrations when the 
dissolved phase target AOC is in close proximity: of a S~condary: Source, area. It also'should be 
understood that withoiJt the removal or'the DNAPL source zones,ihe plumes will regenerate over time. 

, 

Magnitude of residual risk. Residual risk in the RGA will remai~ in place after implementation of 
an Oxidation Technology. The technology will require assistance from other technologies, either in the 
UCRS or RGA, to meet the MCLs'at the point of compliance, thereby preventing the regeneration of the • 
dissolved phase plumes. This alternative will reduce VOCs in the dissolved phase plume areas by in situ 
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oxidation using an oxidant to react with the contamination. The tcchnology will have no impact on 
contaminants present in the UCRS or the RGA source areas, unless those areas are targeted for the treatment. 

Following treatment of the selccted RGA areas, residual COCs would contribute to long-term risks. 
However, the five-year reviews, mandated by CERCLA [40 CFR §300.430(t)(4)(ii)]. would be an effective 
means to demonstrate that contaminant levels were reduced from the technologies implementation. and 
additional exposure pathways have not developed. 

Adequacy alld reliability of cOlltrols. The reliability for operation and control of Oxidation 
Technology would be moderate. The components that make up the treatment systems such as an oxidant. 
injection wells. metering pumps, etc .• are common industrial items that have been used for many years 
successfully. However. a limiting factor in the reliability of the oxidation process is ensuring that the 
contaminants and oxidants come into contact with one another to allow the reaction to occur. The contact 
of the two compounds is largely controlled by the subsurface conditions of the RGA and whether liquids 
can be injected into the areas. The RGA has high permeability; therefore, this limitation is not expected to 
be encountered. However, variation in the permeabilities from one location to another also will limit the 
oxidant and the contaminants from reacting. Overtime. the oxidant will migrate into these tighter areas 
under natural migration just as the TCE. 

Another limiting factor is the presence of large amounts of organic material being present in the 
treatment zone. The oxidant will react with any other organic compounds present as well as with VOCs. 
If large quantities of organics are present. the oxidant is spent on reacting with these extraneous organic 
compounds and not reacting with the contaminants. Computer modeling would be used to design the site
specific location, injection well layouts, and oxidant concentrations to ensure appropriately sized 
treatment zones and that contaminants are not migrated to non-contamination areas due to the injection 
process and that contaminants are oxidized. It also should be understood that multiple applications of the 
technology may be warranted to ensure complete coverage of the contaminant plume occurs. However, 
should extended interruptions of electrical power. fuel. or other vital systems occur, the potential would· 
exist for COCs to escape from the treatment system area. Long-term groundwater monitoring will be 
required to monitor the extended effectiveness of the treatment following its completion. 

Ellvirollmelltal impacts alld mitigative measures. The following paragraphs summarize potential 
long-term impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mitigative measures is correlated to the degree to which a resource may be impacted. 

Land lise. Long-term land use impacts would be low for the implementation of this alternative. The 
long-term impacts will be related to the placement and use of injection and monitoring wells and access roads 
used in the operation. If it chosen to target the entire off-site plume areas, there could be several hundred 
injection wells used in such an operation. The areas of use will include the WKWMA, DOE, and TVA, as 
wells as a number of parcels of privately owned land. The total acreage impacted cannot be determined 
without first·identifying the target areas and determining whether linear injection or blanket type injection is 
used. However, it is expected that less than one-fourth of an acre per injection well will be impacted in the long 
term. A LUCIP would be developed as necessary per the requirements of the PGDP LUCAP (DOE 2000). 

Socioeconomics. The presence of contaminants in the groundwater will prevent its use and may limit 
economic development opportunities until the groundwater is brought back to beneficial use. However, 
no long-term effects to socioeconomics would result from the implementation of this technology. There 
would be few changes to permanent jobs within the PGDP area as a result of implementing this technology. 

Air quality and noise. No long-term effects to air- quality and ambient noise levels would result from 
implementation of this alternative. The oxidation technologies will not result in an air emission that must 
be treated. 
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Vegetatioll. There will be long-ternl impacts to vegetation as a result of this alternative. The 
alternative will require the installation of injection wells, monitoring wells and associated access roads on 
DOE, WKWMA, and TVA land. as well as on private property. The long-term impacts will be the 
removal of trees for .the placement of t~e facilities. This will result in dIsruption of habitat or birds, 
mammals, and reptiles inhabiting the immediate,area.,There is however; considerable habitat available in 
contiguous areas for.:the displaced mammals, birds, etc. The quantities of trees. that would require moving 
has not been determined, as the total target areas have not been identified nor h.as the means of desib'Tling 
the,' injection method (i.e~, linear or blanket). However, the system canbedesib'11ed to minirnize the 
remoyal of~rees by aligning the access road, to miss trees as feasible. Also,' well installations can be 
performed by minimizing the removal of trees rather than clearing an area for each injection and 
monitor.ing well. The areas can be vegetatively restored to grasses following construction. 

. . . . 

. ', .. ;; . 

. Wildlife. There will be limited long-term effects to wildlife reSUlting from implementing this alternative. 
The long-term impacts will :be the .removal. of trees that will result in disruption of habitat of birds, 
milllunals~'and reptiles inh~biting the immediate area. There is however, 'considerable habitat available in 
contiguous area for the displaced mammals; birds. etc. The quantities of trees that would require moving 
has not been determined as. the' total target areas have not been' identified nor has the means of desigtling 
the injection method (i.e., linear or blanket). However, the system can be designed to. minimize the 
removal of habitat and trees by aligning access road to miss trees as feasible: Also, well installations can 
be ,performed by minimizing the removal of trees 'rather than . clearing an area for each injection and 
monitonng well. The areas can be vegetatively restored to grasses following constrUction . 

.. , 

Construction in creeks and Jributaries may· occur as a result of implementing this technology. 
However, since the creeks and .tributaries are somewhat narrow, the design of the system and the use of 
direCtional drilIing can be usedJominimize the impacts to the creeks and tributaries. However, it is likely • 
that access roads will have to cross creeks and tributaries in the implementation. . 

,Threatened a;,d elldallgered species. Long-term impacts to T&E species arc expected to occur. The 
Indiana bat, which regionally has suitable 'habitat, is expected be impacted by'this alternative. The habitat, 
as mapped by Bryan (COE 1993); indic~testhat increased density of potential habitat occurs at the 
extreme ends of the dissolved phase N~rthwest Plume. The actual target areas for impl~mentation of the 
oxidation technology. have not been determined and, therefore, the impacts to ,habitat cannot be 
det~rmined. However, The placement of welIs and access roads can be strategically placed'to minimize 
impacts. Technologies such as directional ,drilling also can be used. However, after .a.detailed design of 
the injection we 11 field, a reanalysis of'potential impacts to Indiana bat habitats wiUneed to .be completed . .. : ,. 

. '. 
Cliltural resources. No long-term effects to cultural resources· are anticipated for this alternative. 

'! , . ! • ~ 

Groulldwater. As a result of implementing an Oxidation Technology ill the Dissolved Phase Plume 
Areas, potential RGA voe cQntarriinationeither is reduced 'or eliminated. As a result of the 'u~e of Injecting 
an oxidant into the groun~water, an aesthetic change in the quality of the groundwater may occur due to 
the precipitation and migration of manganese dioxide. The manganese dioxide ,also may precipitate in 
large enough particles that would prevent its migration. In this instance the precipitation ~ould result in 
potentially reducing the permeability of the formation and limiting'water prqduction. A posit;ve aspect of 
the precipitation is the softening of the water due to removal of dissolved manganese~' 'there will no 
reduction in 99Tc contaminant levels. If~c contaminant in non-fully oxidized state is encountered.by the 
oxidant, the dissolved phase 99Tc concentrations may increase. This is not expected to· occur; however. 
since the 99Tc in the RGA is already fully oxidized. Groundwater monitoring systems will be used to 
monitor .contaminant levels and for the migration' of contaminants to noncontaminated areas due to the 
injection process. The implementation of this alternative would nofrequire the production of groundwater • 
to the surface for treatment. All treatment is performed ill situ following the injection of the oxidant. 
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Surface water. No adverse impacts to streams are expected to result from implementing an Oxidation 
Technology in a Dissolved Phase Plume Area (RGA). No adverse impacts to wetlands are expected to 
occur either. There will be no increases in water discharge volumes to outfalls as a result of this 
alternative. The alternative may result in the reduction or elimination of contaminants being discharged to the 
Little Bayou Creek. However. if the DNAPL source areas are not removed at the PGDP, it will be necessary 
to repeat the action, since the plumes will regenerate over time and reimpact the Little Bayou Creek. 

Floodplains. It is not expected that work will impact floodplains in the long-tenn. 

Wetlam/s. It is expected that only limited impacts to wetlands will result from implementing an 
Oxidation Technology in the Dissolved Phase Plume Area. These impacts will be the result from construction 
of wells and access roads. The wetlands in the area near to PGDP occur due to surface flow into poorly 
drained soils, not from recharge from the RGA. Therefore measures, including directional drilling, can be 
taken not to impact the subsurface fragipan and destroy the wetland integrity. The exception to this would 
be the area of Little Bayou Creek near the TV A plant that does receive recharge from the RGA. The only 
mitigating measure would be to design the oxidation system to miss wetland AOCs to the extent possible. 

Soils and prime farmland. Prime fannland would be impacted by the implementation of this alternative. 
The impacts would be the use of the land for the construction of injection and monitoring wells, as well as 
the associated access roads. If it is chosen to target the entire off-site plume areas, there could be several 
hundred injection wells used in such an operation. The areas of use will include the WKWMA, DOE, and 
TV A, as well as a number of parcels of privately owned land. Prime fannland exists north of the PGDP 
and DOE property. The NRCS has identified prime fannland as the Calloway, Waverly, and Grenada soil 
series in the area between the PGDP and the TVA Shawnee Steam Plant. The total acreage impacted cannot 
be detennined without first identifying the target areas and determining whether linear injection or blanket 
type injection is used. However. it is expected that less than one-fourth of an acre per injection well will 
be impacted in the long term. However, this area can be expected be slightly larger during construction 
due to the need to get support vehicles into the area. Once construction is complete, vehicles use will be 
minimal during the injection operations. How much of this acreage would be located on the soils cannot 
be determined at this time, since the target areas have not be identified and the well locations designed. A 
LUCIP would be developed, as necessary, per the requirements of the PGDP LUCAP (DOE 2000). 

Transportation. No long-term direct. indirect, or cumulative effects to transportation are anticipated 
from implementing this alternative. 

Cumulative impacts. Cumulative impacts are defined as the incremental impacts of an action when 
added to other past, present, and reasonable foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative impacts resulting from this alternative will have to be 
identified at a later time during development of site-specific GWOU decision documents. 

Reduction of Mobility, Toxicity, or Volume Through Treatment. Oxidation Technology would 
be used to destroy VOC contaminants contained in the Dissolved Phase Plume Areas in the RGA. The 
process is by ill situ destruction. It is expected that 60%-90% of the VOC contaminants in the target area 
could be expected to be destroyed by the oxidant. The Oxidant Technologies will not have an effect on 
the 9'lTc contaminant levels in the treatment area. 

The implementation of an Oxidation Technology would reduce the long-tenn volume and toxicity of 
VOCs present in the RGA through the destruction of those contaminants. The implementation of this 
technology is expected to alter the chemical and physical soil properties of the RGA and as such may 
prevent subsequent implementation of an additional technology should it be detennined that additional 
treatment is needed for the target areas. One identified physical alteration is the precipitation of 
manganese dioxide in the formation . 
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The type and characterist!cs of residual subsurface contamination would be similar to that of the 
contaminants prior to treatmenl~ R,esidual c~ntaminants would pose a risk, although contaminant quantities 
would be considerably reduced following:trealm,cnt. Since, the treatment occurs ill situ, there will be no 
residual contaminants to be disposed of from any surface .or ex situ treatment. The technology will, 
however, not remove the 9lJTc contamif}at'fon if it is present in the plume. [Since 99Tcmay be present and 
there will be some' residual VOC contamination in the RGA and ifthe souTce areas are not also removed, 
the groundwater will remain unusable foran ext~l'lded;period of time.]"Oxidation Techn610gy will meet 
the statutory preference for treatment asa principal element of the remedial action under C::ERCLA. 

Short:.Tcrm·Effcctivencss. The short-term effectiveness of implementing an Oxidation Technology 
in the Dissolved p,hase Plume Area of the RGA was .evaluated'relative to its effect on community 
protection, worker protection, ellvironmental impact, and the tiine until RAOs are achieved. Environmental 
impact was further evaluated for NEPA values. This information is presented'in the following subsections. 

Con",,,l1Iity protectioll. The Potential for, adverse impacts to the community from the implementation 
of this alternative' is minimal. The likely target areas wiII be the dissolved phase portions of the 
groundwater plumes that lie between PGDP and the Ohio' River. The areas specifically contain property 
of the WKWMA, TVA, DOE, ,and also parcels of privatdy held'land. The potential impacts identified 
include' spill 'of the oXIdant ~uring injection and iriadvertentsurface release of oxidant during injection. 
The target area for the injected oxidant in a Secondary, Source Areas is the RGA that 'lies at a depth of 
greater than 50 ft. The injection of the: oxidant will be through'tubing or pipe. Due fo the depth, the 
oxidant is likely not'to surface asa result of the injection process. The Little Bayou creek~into, which the 
RGA discharges near the Ohio River, may. be inthc,target area. For that reasori, special design precautions 
will be' used to insure that .the oxidant spends prior to flowing into the stretch of Little Bayou Creek near 
the TVA Steam Plant. Als<?, engineering controls, including appropriate packaging and handling mechanisms, 
will be used pre"enta spill ot:.oxida,nt that could'impact the community. Restrictions'w'ill be used to limit • 
the access of persons that may be in the area during construction and injection ;~perations. This wiIl 
include warning signs, temporary control fencing. and.periodic security patrols. Also, environmental 
monitoring would be conducted during .the constructi~n;of monitoring wells where c6cs may.be present. 
Following completion or"the construction activities, only,temporary periodic access will be required for 
sampling of the m~nitoring wells used to check the long-term effectiveness of the acti<;>n 011 the RGA. 

Transport~tio~ of oxidant will be required periodically from manufacturing fa~ilities to PGDP. 
Proper packaging and other required safety features would be used to limit releases,as a result of 
accidents when,shipping the oxidant-materials. " 

, Worker protection. During the implementation of an";Oxidation Technol~gy, workers'could be 
exposed to'COCs during short periods of time. Potential exposure could result from direct contact with 
contaminated soil and/or groundwater during construction of the injection wells, The workers also will be 
exposed to oxidant, a hazardous substance, during the injection ~perations. Appropriate handling:procedures. 
injection equipment,.and PPE would, be utilized to minimize the potential for worker exposure or injury 
while handling the Oxidant. However, short:..tenn dsks are not expected to exceed.acceptable limits. 
Health and safety requirements an'd PGDP procedures would further control the ,exposures. 

. ,'= . . 

Environmental impacts and mitigative measures. The f~lIowing paragraphs sumrnarizepotential 
short-term impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mitigative measures is correlated to the degree to which a resource maybe impacted. 

Lalld usc. The areas expected ;to be targeted for implernentation of an Oxidation Technology in the 
Dissolved Phase Plume Area 'lies between PGDP and the Ohio River. The expected land to be impacted 
includes land of WKWMA, DOE, TVA, and potentially multiple parcels of privately held property. The 
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short-term impacts will be related to the construction and placement and usc of injection and monitoring 
wells and access roads used in the operation. If it is chosen to target the entire off-site plume areas, there 
could be several hundred injection wells used in such an operation. The total acreage impacted cannot be 
determined without first identifying the target areas and determining whether linear injection or blanket 
type injection is used. However, it is expected that less than one-fourth of an acre per injection well will 
be impacted in the long term. The impacted area in the short term likely will be slightly larger. This is due 
to the need to get support vehicles to the locations to install the injections wells and monitoring wells. 
Once the wells are installed, few pieces of equipment will necessary to support the injection operations. A 
LUCIP would be developed, as necessary, per the requirements of the PGDP LUCAP (DOE 2000). 

Socioeconomics. This alternative would not be expected to change the short-term economic conditions 
in the nearby area. There would be a minimal increase in temporary jobs related to the construction of 
injection wells and injection operations. 

Air quality and noise. Heavy equipment traffic and operation associated with construction of the 
injection wells would provide a minimal increase of dust and vehicular emission levels. The use of BMPs 
during construction would reduce short-term direct impacts to air quality from dust. Noise associated with 
construction activities would occur in the immediate vicinity of the work locations, which may be near 
private residences for the Northeast Plume. The increased noise levels would be during construction and 
will diminish during the actual oxidant injection operations. There would be no air emissions as a result 
of implementing an oxidation technology. 

Vegetation. There will be short-term impacts to vegetation as a result of this alternative. The 
alternative will require the installation of injection wells, monitoring wells and associated access roads on 
DOE. WKWMA, and TVA land, as welJ as to private property. The long-term impacts will be the 
removal of trees for the placement of the injection facilities. This will result in disruption of habitat of 
birds, mammals, and reptiles inhabiting the immediate area. There is however, considerable habitat 
available in contiguous areas for the displaced mammals, birds, etc. The quantities of trees that would 
require moving have not been determined, as the total target areas have not been identified, nor has the 
means for designing the injection method (i.e., linear or blanket). However, the system can be designed to 
minimize the removal of trees by aligning the access road to miss trees as feasible. Also, well installations 
can be performed by minimizing the removal of trees rather than clearing an area for each injection and 
monitoring well. The areas can be vegetatively restored to grasses following construction. 

Construction in creeks and tributaries may occur as a result of implementing this technology. 
However, since the creeks and tributaries are somewhat narrow, the design of the system and the use of 
directional drilling can be used to minimize the impacts to the creeks and tributaries. However, it is likely 
that access roads will have to cross creeks and tributaries in the implementation. 

Threatened and endangered species. Short-term impacts to T&E species are expected to occur. The 
Indiana bat, which regionally has suitable habitat, is expected to be impacted by this alternative. The 
habitat, as mapped by Bryan (COE 1993), indicates that increased density of potential habitat occurs at 
the extreme ends of the dissolved phase Northwest Plume. The actual target areas for implementation of the 
oxidation technology have not been determined and, therefore, the impacts to habitat cannot be determined. 
However, the placement of wells and access roads can be strategically placed to minimize impacts. 
Technologies such as directional drilling also can be used. However, after a detailed design of the injection 
well field, a reanalysis of possible impacts to potential Indiana bat habitat will need to be completed. 

Cliitural resources. No short-term effects to cultural resources are anticipated for this alternative . 
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Groundwater. As a result o.f implementing an Oxidatio.n Techno.lo.gy in the Disso.lved 'Phase Plume • 
Areas, po.tential RGA vot co.ntaminatio.n either is reduced o.r eliminated. As a resulto.f the use o.f " 
injecting an o.xidant into. the !,'fo.u~,c;lwater.ar"aestheticchange in the quality o.f the gro.undwater may 
occur due to. ,the, precipitation o.f manganes~ dio.xide. The manganese dio.xide precipitatio.ri may nut change 
the water aesthetically if the precipitant is sufficiently large that it doesn't mi!,'fate. The precipitatio.n also. 
will result in the softening o.f the waterdu~. to. theremo.val.o.fdisso.l,ved manganese. There will no 
reduction' iri' ""Te contaminant levels:.J("9Tc co.ritamin~nt, in no.n~fully o.xidized state is enc'o.unkred by the 
o.xidant,the disso.lved ph~l!;e'~'Tc co.ncentratio.n~ may increase~ Ho.wever, this is no.t 'expected to. o.ccur; 
since the 9

1

'Tc in the RGA is already fully o.xidized. Gro.undwater mo.nito.ring systems will be used to. 
mo.nito.r co.ntaminant levels and for the mi!,'fatio.n o.f co.ntaminants to. no.nco.ntaminated areas due to. the 
injection process. The implementation o.fthis alternative wo.uld no.t require the pro.ductio.n o.f groundwater 
to. the surface for treatment. All treatment is performed ill situ fo.llo.wingthe injectio.n of theo.xidant. 

Sill/ace waler. No adverse impacts to. str~ams areexpe~ted;to..result fro.m implementing an Oxidatio.n 
Techno.lo.gy in a Dissolved Phase Plume Area (RGA). No adverse ,impacts to. wetlands are expected to. 
o.ccur either: There will be noincreases:in water'discharge vo.lumes:,to. o.utfalls as a result o.fthisaltemative. 
The alternative may result in the ~eduction'~r ~iiniiriatio.n ~f contaminants being discharged to. the Little 
Bayo.u Creek. Ho.wever,' if the DNAPL s'o.urc::e ar~as are not ,remo.ved at the PGDPi it will be necessary to. 
repeat the actio.n,' since the plumes'will regenerate ,over t,ine and reimpact the ,Little Bayo.u Creek. 

, ' 

Floodplains. It is expected that wo.rk may o.ccur in the flo.odplain o.fthe Ohio. River in the sho.rt-term. 
However. it is no.t expected that impacts will occur as a result implementing this alternative. No. 
mo.dificatio.ns such as re.;aligiiment,trenching, relo.cating o.f floo.dplains will o.ccur. 

. ' ~ , ' . . - " . :"' . 

,Wet/ami.\'. It.is expecteQ that o.nlY'lirriited impacts to. wetlands will result fro.m' implementing an 
Oxidatio.nTechno.lo.gy ihtheDisso.lved Phase Plume Area. These impacts will be the result from,co.nstructio.n • 
o.f wells and access roads. The wetlands in the area near toPGDP o.ccur ,due to. surface flo.w into. po.o.r1y 
drained,so.ils. nut from recharge fro.mthe RGA. Therefo.re measu,res, including directio.nal drilling, can be 
taken to. nut impact the subsurface fragipan and destro.y the wC!tland integrity. The exceptio.n to. this wo.uld 
be the area o.f Little Bayo.u Creeknear'the TVA plant thatdoeHeceive recharge from the RGA. The o.nly 
mitigatingmeasure'W'ould b~,to. design the o.xidatio.n:system to. ritiss wetland' AOCs , to. the extentpo.ssible. . " ': '. , ~ 

S~i1s a;,d primejarmland: Primefliinlland would,be impacted'by the implementatio.n of this ,alternative. 
The impacts wo.uld!be the u~e o.fthe land fur the co.nstructio.n,ofinjectio.n andmonito.ring,wells,as well as the 
asso.ciated access ro.ads. If itischo.sen to. target the entire off-site plume areas, there co.uldbeseveral hundred 
injectio.n wells used in s1Jch ano.pera'tio.n:.The areas o.fuse wi))incillde, the. WKWMA,DOE,and TVA, as 
well.as a numbero.f parcels o.f'privately owned 'land. PrimeJanriland exists no.rth ,o.f thePGDP and DOE 
pro.perty. The NRCS has identified prime, farmland as the Callo.way, Waverly, and Grenada so.il series in the 
area between the PGDP and the TVA Shawnee Steam Plant. Th~to.taJ. acreage impacted canno.t be determined 
witho.ut first identifying the target areas and, determining whether, linear iIij ection o.rblanket. typeinjectio.n 
is used. Ho.wever, it is expected that lessthan()iie-fourth~o.fanacre:,per injectio.n wellwiIJ be impacted in 
the long term. Ho.wever; this area. can be expected be slightly larger during co.nstruction due, to. the need to. 
get suppo.rt vehicles into. the area; Once. co.nstructio.n, is'co;mplet~, thc;re will'be6r:tly ,minirnalv.ehiclesused 
during the injectio.n o.peratio.ns. Ho.w much~ of ihis acreagewo.uld be lo.cated o.nthe soils canno.t be 
determined at this time since the target are'as have not be identified and; 'ttiewell lo.catio.ns designed. A 
LUCIP wo.uld be develo.ped, as necessary, per the requirements of the PGDP LUCAP (DO£2000). 

. . .. ':1, .: :; 

Transportation. No. short-term direct, indirect, or cumulativc;effects to. transpo.rtatio.n are anticipated 
from implementing this alternative. It will, ho.wever, be necessary' to. transpo.rt waste so.ils and develo.pment 
water during co.nstructio.n and o.xidants during o.peratio.ns. The appro.priate precautio.ns and co.ntro.ls and • 
packaging will be used to. protect against spill during the transportatio.n o.fthese items. 
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Cumulative Impacts. Cumulative impacts are defined as the incremental impacts of an action when 
added to other past, present, and reasonable foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative impacts resulting from this alternative will have to be 
identified at a later time during development of site-specific GWOU decision documents. 

Time u,,'iI acl;oll ;.~ clJlllplele. Implementation of this alternative will not result in achievement of 
the GWOU RAOs specified or b'fOundwater MCLs. Approximately 7.000 years will be required before 
groundwater may be used following the application of an Oxidant Technology only in the Dissolved 
Phase Plume Areas of the RGA. Without the reduction of DNAPL sources. the plumes will regenerate 
over time. Also, <)<~'c levels will not be reduced as a result of the implementation of an oxidation technology 
in the Dissolved Phase Areas. It will be necessary to implement other source reduction and dissolved 
phased technologies in conjunction with Oxidation Technologies in the Secondary Source Areas to reduce 
the time the groundwater will remain unusable. 

Implemcntability. The implementability of Oxidation Technologies in the Secondary Source Areas 
of the RGA was evaluated based upon its technical feasibility, administrative feasibility, and the 
availability of services and materials. This information is summarized in the following subsections. 

Tec/mical feasibility. Implementation of Oxidation Technologies is technically feasible. These 
technologies. although innovative, have been implemented at other hazardous waste sites. and the necessary 
equipment can be readily obtained. Oxidation uses standard commercially available equipment. The 
technology is available from a limited number of vendors. Implementation difficulties may arise due to 
designing the injection systems around sensitive areas in the target areas. Some of these items may 
include wetlands. Indiana bat habitat, and creeks. A monitoring network will be necessary to monitoring 
the effectiveness of the treatment operations. 

Admi"i.~lralive feasibility. This alternative is administratively feasible. All actIvlttes would be 
conducted in accordance with substantive federal. state, and local requirements. Waivers of ARARs are 
expected to be necessary to implement these actions, since MCLs will not be achieved in a reasonable 
time frame. 

Availability of material alld services. The services and materials necessary to implement this 
alternative are readily available. The potential exception would be personnel/vendors necessary to 
implement the Oxidation Technology. The equipment is standard industrial equipment used in other fields 
such as wastewater treatment. However, the number of vendors experienced at implementing oxidation in 
the environmental remediation arena is limited. 

The construction of this alternative will result in the generation of waste soil cuttings and drilling and 
development water from the construction of injection and monitoring wells. Additionally, the construction 
will generate construction debris during the building of any required injection facilities. All of these 
materials either will be treated, as necessary, and released, as in the development water, or disposed of 
appropriately. 

Cost. Table 4.22 summarizes the preliminary unit cost estimates for implementation of an Oxidation 
Technology in a Dissolved Phase Plume Area of the RGA. These preliminary unit cost estimates are 
based upon FS-Ievel scoping and are intended to aid with selection of a preferred alternative. The 
estimates have an expected accuracy of -30 to +50% for the proposed scope of action (EPA 1988a). The 
capital cost estimate represents those expenditures required to implement this remedial alternative. The 
O&M cost estimates represent expenditures required to maintain the remedy after the initial phase of 
remedial action is completed. The total contingency cost presented includes direct, indirect, and all O&M 
associated contingency costs. The total cost includes all capital costs, direct and indirect with O&M and 
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associated reports, plus 25% conti'rigency costs, for a 30-year term of comparison. All estimates have been 
'escalated' usitlg DOE':appf(~ved annual rates and a schedule for the :various activities based on similar 
project experience: Present wort~ values also arc included using a discount factor of'5% (EPA 1988b). 
(Additional information 'regardirigthe preliminary cost estimates is presented in Appendix C7.) 

Table 4.22. p';eli~~inary 'unitC()~1 e~timal~s fo~ m'ss~lv~d Phase :Plume Arca- OXi~alion' Tcchnology 

Total capital: costs/acre-feet 
Total operation and maintenance costs 
Overhead' , , 
Total contingency 
Total cost 
Total cost (present worth) " 
Note: preliminary cost estimates arc per acre-foot, escalated and presented in dollars, 

$60,340 
$3'5,509 
$71,831 
$41,920 

$209,601 
$157,636 ' 

" State/~ommonwealth Acceptance. Commonwealth·of Kentucky acceptance or nonacceptance of 
this alternative will be addressed in the ROD should Alternative 3 be selected as the preferred alternative . 

• !' ; 

Com~unity Acceptance. ,Following a fonnal public comment period on the PRAP'for the GWOlJ, 
comments from the community will be addressed fonnally in,aresponsiveness summary, which will be 
presented in the ROD. , ',' ". -" 

Evalualioll !tUIII",'~ryi~jDis!wlved Pilased,Plullle Area - Oxidalioll Tecllllology 
, ' ,. 

This alternative consists of implementing an Oxidation Technology in a Dissolved Phase Plume Area 
of the RGA to reJTlove VOC contaminants, present in the RGA,in the targeted area, monitoring of the 
action: and conducting five-year r,eviews as required by CERCLA, Monitoring COC migration allows the 
potential for exposure to contaminated groundwater to ,be prevented' or minimized through early warning 
of miwation to other areas: and it also allows the effectiveness of the remedial actions to be evaluated. 
Although the Dissolved Phase Area concentration in the RGA would be reduced following the 
implementation, the residual contamination and;risks would remain, These residual risks in the RGA from 
Primary ~ndSecondary So~rceAreas stiU will be present and: prevent tlieuse of the gfoundwater for ~n 
estimated'7~000 years. The'oxidation technolo!''Ywm not;remove ~c contamiriation~ It would be necessary 
also to conduct source area reductions and ,dissolved phased plume actions for 99Tc contamination to 
reduce ihe time the'groimdwater would be unusable.:;,l . ,,", ; 

Implementation of this altem~tive alone will not be protective of huma'nhealtha~d the environment. 
It must be combined with other source area and 'dissolved phase plume actions.' Oxidation Alternatives 
can be' 'implemented, incompriance,with ARARs. Long-term effectiveness could <be achieved to an _ ,.I _ -," _ 

acceptable degree (60%..,90% mass removal within the Dissolved Phase Areasofthe RGAwithin 15 years 
of implementation). However, because of the nature of the soiJ.andgroundwater contamination associated 
with the GWOU" it will :take several years and other actions to remediate completely. Residual 
contamimltion will remain in the grouridwater,withTCE levels 'exceeding theMCL for approximately 
7,000 years. The volume andto~icityiofthe VOC COCs would'be reduced by ill Sill/destruction. Limited 
short-tenn risks to workers would. exist, during the construction and'operation phase of the alternative. The 
alternative is technically and administratively feasible to implelhent. The unit cost of this alternative, 
which is intended to address only ,the Dissolved Phase Areas of. the RGAin the GWoli ,at the PGDP is 
quite significant. Input from the Commonwealth of Kentucky and the community has not yet been 
received but will be added to later versions of this' FS report and the corresponding ROD once the 
respective comment periods have been.completed,. 
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4.2.4.5 Dissolved Phase Plume Area - Bioremediation Technology 

The following subsections contain a description of Dissolved Phase Plume Area - Bioremediation 
Technology and the detailed analysis. 

Description of Dissolved Phase Plume Area - Bioremediation Technology 

This alternative consists of implementing a Bioremediation Technology in portions of, or over the 
entire, RGA dissolved phase plume areas located both in the PGDP On-site Secure Area and the Off-site 
Unsecure Area. The purpose of the alternative would be to remove TCE and other VOC dissolved phase 
contaminants from areas of the RGA. In this technology, a series of injection wells would be drilled into 
the RGA in the target areas. The injection wells could be installed in a linear pattern transecting the plume 
migration route, or they could be instaJIed in a blanket-type fashion in which wells would be spaced 
periodically across the entire plume area. The injection wells would be used to inject a nutrient solution 
(such as lactate or methane) into the RGA that would promote the bacterial activity and, in turn, destroy 
the contaminant. 

Two approaches can be used in bioremediation. In one fonn of bioremediation, the contaminant is 
consumed by the anaerobic bacteria that are present in the subsurface. In this approach, the potential 
exists for the production of toxic degradation compounds to be fonned. This method of bioremediation is 
found to be the fastest, since the contaminants are consumed directly by the bacteria as an energy source. 
In the anaerobic approach, large volumes of lactate will be required to be introduced into the RGA to 
convert the subsurface environment from an aerobic to an anaerobic environment. The RGA, in its natural 
state, can have oxygen contents up to 8 ppm. The aerobic bacteria would flourish in the presence of the lactate 
and consume the oxygen in the aquifer. Once the oxygen is depleted, the aerobic bacteria population 
would decrease, leaving the aquifer in an anaerobic state. The anaerobic bacteria then proliferate and 
consume the contaminants . 

The other means of bioremediation is to use another indigenous bacteria present in the subsurface to 
destroy the contaminants as a secondary food source to the bacteria. This process requires the introduction 
of an energy source (primary food source) to the subsurface to promote the activity of methanogenic 
bacteria. As the bacteria consume the primary food source, they also consume the contaminants that are 
secondary foods to them. The methanogenic bacteria in this method are, to some degree, impacted by the 
destruction of the contaminant. As the contaminant is consumed, an epoxide is developed, which is toxic 
to the bacteria. This results in the limitation of the remediation due to the loss of the bacteria. 

In both methods, once the nutrients no longer are available, either injected or naturally, the bacterial 
activity will decrease to pre-remedial, or natural, levels. Delivery of the nutrients to the areas is critical. 
Using the linear pattern, the nutrients would travel with the groundwater and cause the bacteria to flourish 
in the areas of the nutrient flow. The linear patterns would be spaced such that the nutrients would not 
dissipate before reaching the next downgradient injection pattern. Using the "blanket" installation, the 
wells would be spaced to allow the nutrients to be injected over the entire target area, thereby 
proliferating the native bacteria and removing the contaminants from the entire area of concern. 

The 99Tc contamination would not be reduced by the bioremediation technology. The use of this 
alternative will be performed in situ and will not require any ex-situ treatment of produced water or 
release of air emissions. However, as discussed above, it will require the placement of injection wells and 
injection equipment to effect the introduction of the nutrient solution into the RGA. 

Figure 4.13 contains a "snapshot" that graphically summarizes what is involved in the application of 
Bioremediation Technology to the Dissolved Phase Plume Area . 
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Fig. 4.13. Dissolved phase area - bioremediation technology. 
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The dissolved phase contaminant reduction efforts of implementing this technology in the dissolved 
phase plume areas will have only minimal impact to returning the groundwater to beneficial use. This is 
due the fact that, without the removal of Primary and Secondary Sources located beneath the PGOP plant 
areas, the plumes will regenerate over time due to the presence of dissolving DNAPL concentrations of 
TCE. Due to the technology not effecting removal of the ONAPL TCE contaminants in the UCRS and 
RGA areas (Primary and Secondary Source Areas), it is anticipated that groundwater will not be returned 
to the drinking water standard for TCE for approximately 7,000 years. Bioremediation Technologies will 
not remove IjljTc as part of the operation. Additional measures will be required to remove the ()C)Tc from 
the Off-site Plume Areas. 

The existing groundwater monitoring prOb'fam, which is being implemented under a separate action, 
would be continued to monitor the movement of COCs within the RGA. The monitoring program will 
integrate existing PGDP monitoring wells, where possible, with additional monitoring wells to be 
installed as needed following a review of the existing program. 

Five-Year Reviews. This remedial alternative would result in residual "contaminants remaining at the 
PGDP site above levels that allow for unlimited use and unrestricted exposure"; therefore, this remedial 
action would be reviewed "no less often than every five years" in accordance with 40 CFR 300.430 (f)(4)(ii). 

Assessmellt of Dissolved PI.ase Plume Area - Bioremediatioll Tecllllology 

The detailed analysis of this alternative using the CERCLA criteria is presented in the following 
subsections. 

Overall IJrotection of Human Health and the Environment. Dissolved Phase Plume Area 
bioremediation Technology includes the ill situ treatment of dissolved phase concentrations of VOCs in 
the RGA. The technology would reduce VOC contamination in the RGA only and. as implemented, only 
in the VOC dissolved phase portions of the plumes. It is not expected that bioremediation would have any 
impact on the CjC/Tc contamination present in the treatment area. This alternative alone will not satisfy the 
RAOs for the GWOU. It will support achieving the RAOs when implemented in concert with other source 
reduction and dissolved phase GWOU technologies. It is possible for this alternative to be protective of 
the ecological receptors that may be exposed to contaminated groundwater discharging to the surface water. 
However, for this to be permanent when implemented alone, the technology will require repeat applications 
in the target area, because without DNAPL source removal, the plumes will regenerate over time. 

Compliance with ARARs 

Potelltial chemical-specific ARARs 

Chemical colrlamillatioll. The aquifers are known to contain chemical contaminants in the form of 
metals and organics. The federal and state water quality requirements include standards that would be 
applicable ARARs. The regulations that apply are found in 40 CFR 141 (National Primary Drinking Water 
Standards) and 40 CFR 143 (Secondary Drinking Water Standards), 401 KAR 5:029 (General Provisions) 
and 401 KAR 5:031 (Surface Water Standards). These standards are summarized in Table 4.23 and include 
state general standards, domestic water supply standards, and standards applicable to warm water aquatic 
habitat. These are applicable based upon the classification of the designation for surface water use associated 
with the area (Ohio River, River Mile 940.7 to River Mile 943.3) as specified in 401 KAR 5:026. All 
potentially applicable chemical ARARs for COCs have been included in the table for completeness. 
Those standards that must be achieved in order to meet the applicable requirements are the lowest of the 
applicable standards, which in most cases are the MCLs . 
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Table 4.23. Summary of potential ARARs for Dissolved Phase Plume - Bioremediation Technolog~' 

Standards, Requirement, 
Criteria, or Limitation Citation Description of Requirement Comments 

C"em;cal-S~ciJ1c ARAR.f 
National Primary Drinking Water 40 CFR 141 Provides chemical-specific numeric standards for toxic These requirements are relevant and appropriate due to the 
Standards pollutants expressed as MCLs and MCLGs. nature of the contaminants found within the groundwater. 

National Secondary Drinking 40 CFR 143 Provides secondary MCLs for public water systems. These requirements are TBCs, as they have been 
Water Standards established as guidelines for the states and are not 

federally enforceable. 
Kentucky Surface Standards 401 KAR 5:031 and Provides chemical-specific numeric standards for pollutants These standards are applicable to the segment of the Ohio 
including 5:026 discharged or found in surface waters. River into which the Little Bayou Creek discharges. The 
• Warm Water Aquatic Habitat requirements found in these standards are applicable due 

Criteria Provides chemical-specific numeric standards for pollutants in to the groundwater to surface watcr interface to Little 
• Kentucky Domestic Water domestic watcr supplies. Bayou Creek and. subsequently. to the Ohio River. 

Supply 
• Kentucky General Standards Note: CWA Water Quality Criteria are not relevant and 
• Kentucky Outstanding State appropriate because Kentucky has promulgated these state 

Resource Waters standards that Kentucky has determined to be appropriate 
for state waters. 

Radiation Exposure of the DOE Order 5400.5 Specifies that the general public must not receive an effective This requirement is TBC information. 
General Public at DOE Facilities dose equivalent of> I 00 mremlyear ITom all exposure pathways. 

In addition. all releases of radioactive materials resulting in 
doses to the general public must meet the ALARA criteria. 

Decommissioning Standards at 10 CFR 20, Subpart E Specifies a residual activity at nuclear facilities for unrestricted These standards are considered to be applicable to the 
Nuclear Facilities release of 25 mremlyear. GWOU. 

Environmental Radiation 40 CFR 190, Subpart B Requires that the annual dose equivalent to the public must not These standards are considered to be relevant and 
Protection Standards for Nuclear exceed 25 mrem to the whole body, 75 mrem to the thyroid, appropriate and are equivalent to the NRC standards. 
Power Operations and 25 mrem to any other organ as the result of exposures to 

planned discharges of radioactive materials, radon and its 
daughters excepted, to the general environment from uranium 
fuel 9'c1e operations, and radiation from these operations . 

• 



• • • Table 4.23. (continued) 

Standards, Requirement, 
Criteria, or Limitation Citation Description of Requirement Comments 

Locatioll-Specific ARARs 
Protection of Wetlands 10 CFR Section 1022: Activities must avoid or minimize impacts to wetlands to preserve These requirements are applicable due to the presence of 

Executive Order and enhance their natural and beneficial value. If wetland wetlands. but will be met though avoidance of wetlands 
11990: resources are not avoided. measures must be taken to address during construction and implementation of alternati\·es. 
40 CFR 230.10; 33 ecologically sensitive areas and mitigate adverse effects. Such 
CFR 330.5 measures may include. minimum grading requirements. runoff 

controls, design and construction considerations. 

Allows minor discharges of dredge and fill material, or other minor 
activities for which there is no practicable alternative. provided 
that the pertinent requirements of the NWP system are met. 

Endangered Species Act 16 U.S.c. 1531 et seq. Actions that jeopardize the existence of listed species or result Action that is likely to jeopardize fish. wildlife, or plant 
Section 7{a){2) in the destruction of adverse modification of critical habitat must species or destroy or adversely modify critical habitat-

be avoided or reasonable and prudent mitigation measures taken. applicable. 
Migratory Bird Treaty Act 16 U.S.c. 703-711; Federal Agencies are encouraged (until requirements are Action that is likely to impact migratory birds, habitats. 

Executive Order established under a formal MOUl to do the following: and resources-applicable. 
13186 

• avoid or minimize, to the extent practicable, adverse impacts 
on migratory bird resources when conducting agency actions; 

• restore and enhance the habitats of migratory birds, as 
practicable; 

• prevent or abate the pollution or detrimental alteration of the 
environment for the benefit of migratory birds. as practicable: 

• ensure that environmental analysis of federal actions required 
by the NEPA or other established environmental review 
processes evaluate the effects of actions and agency plans of 
migratory birds, with emphasis on species ofconcem; and 

• identify where unintentional take likely will result from 
agency actions and develop standards and/or practices to 
minimize such unintentional take. 
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Standards, Requirement, 
Criteria or Limitation 

Fugitive Dust Emissions during 
site preparation and construction 
activities. 

Toxic Emissions 

Monitoring Wellinstallaiion 

Discharge of Stormwater and 
Treated Well Cor'npletion Water 

• 

Citation 

401 KAR 63:010 

401 KAR 63:022 

401 KAR 6:310 

40 CFR 122; 
401 KAR 5:055 ' 

Table 4.23. (continued) 

Desciiptiori of Requirement 
Actio,,:"SpeCific ARARs 

Precalitions must be taken to prevenf particulate matter from 
becoming airborne. Such precautions must be incorporated into 
the planning and design of acti\'ities and include actions such as 

• Wetting or adding chemicals to coritrotdust from 
construction activities; 

• Using materials.such as asphalt or concrete (or other suitable 
chemic~ls/fixing agents) on roads or material stockpiles to 
prevent fugitive erriissions; and 

• Usi.ng covers on trucks when transporting materials to and 
from the construction site(s). 

The requJremenfspecifies that for on-site. construction 
activities. no visible emissions may occur at the PO[)p 
fenceline: Similar points c,f corripliance }ihall be identified for 
con'stfuction, activities thilt occur outside the fence. " , 
The. regulations require thtit a determination oftoxic~m.issions 
be made in order to assess the applicabilityofrequire4~ontrots. 
Calculations of the significant emission levels are compared to the 
allowable emts,sion limits sP'«:cified in Appendix A of 40 I KAR 
63:022, If erriission levels are exceeded. best'available control 
technologies must be incorporated into 'equipmentlprbcess design .. 
Monitoring wells (iiiciuding ~xtraction wellsfmuSt be constructed 
inamilnner to mainta,in existing protection againstthe intrC>4,uc:tion 
of pollutants into aquifers and to prevent the entry of pollutants 
through the,borehole . .Inaddition. 'wells with no further use mU,st 
~e plugged and abandoned in accordance w.ith the requirements 
specified., _ ._ ' , 
Stormwater discharges from construction activities on-site are 
subject to t~e requirements of the KPDES permit. This requires 
that BMPsto control stormwater runofTand sedimentation be 
e~ployed. AlthougtiofT-plant ~onstruction activities within the 
contaminated area are not subject to the permit, these. 
requirements should be considered relevimtand apPropriate and 
be incorporated into any otT-site construction activit,ies. 

Discharge oftreat~d groundwater will be conducted in compli.ance 
with the substantive requirements of the KrOES program and 
CWA. ,'. 

• 

Comments 

These requirements are applicable and will be met through 
the use of appropriate dust-control pnictices identificd 
during alternati\'e design phase; 

These requirements are consid~r~d to be applicable and 
shall be complied with through calculation of significant 
emission levels for toxi!= materials and application of best 
available control technology as necessary during the 
design of the alternative. 

These requirements are considered.to be applicable. 
Compliance \vith well design and protection standards 
shall be ach ieved through, the lis~ of approved weB design 
and materials of construction. WhIle in service, wells shall 
be secured as required. Wells with no further use shallbe 
plugged and abandoned as required. . 
These requirements are considered applicable for all on
site construction or treatme,ntactivities where a discharge 
of storm water or treated groundwater occurs. For ofT-site 
construction activities, these requirements are considered 
relevant and appropriate and will be adhered to. 
Compliance with these ARARs shall be achieved by 
application of required controls during the design phase of 
the alternative. ' 

".tt 
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Standards, Requirement. 
Criteria, or Limitation Citation 

Hazardous Waste Management 40 CFR 260 through 
264 and 268; 
40 I KAR 3 I through 
34,36, and 37 

PCB Waste Managcmcnt 40 CFR 761 

A LARA 
ARAR 
BMP 
CFR 
CWA 
DOE 
GWOU 
KAR 
KPDES 

as low as reasonably achievable 
applicable or relevant and appropriate requirement 
best management practice 
Code of Federal Regfllnliolls 
Clean Water Act 
U.S. Department of Energy 
groundwater operable unit 
Kentucky Administrative Regulations 
Kentucky Pollutant Discharge Elimination System 

• Table 4.23. (continued) 

Description of Requirement 
All wastes or environmental media containing wastes must be 
characterized to determine whether the waste also is a 
hazardous waste in accordance with 40 CFR 262. I I and 40 I 
KAR 32:0 10. If it is determined that a waste is hazardous or 
that environmental media contain a hazardous waste that is 
subject to the RCRA regulation, the substantive requirements of 
40 CFR 262 through 268 are applicable. These standards 
include design and operation of storage and accumulation areas, 
waste handling and shipment, and treatment technologies or 
numeric standards applicable to wastes prior to disposal. 
TSCA requirements for the management of PCB wastes or 
items containing >50 ppm PCBs or from a source of 50 ppm or 
greater. Requirements include the following; 

• waste and material management: 
• characterization of PCB-containing materials; 
• labeling and storage for disposal; 
• manifest completion for shipment offsite; 
• decontamination of affected equipment or items; and 
• disposal of PCB wastes. 

These requirements will be complied with in the event that 
PCBs are found at concentrations requiring compliance. 

MCl.. 
MC'LG 
NRC 
NWP 
PCB 
PGDP 
RCRA 
TBC 
TSCA 

maximum contaminant level 
maximum containmentle\'el goal 
U.S. Nuclear Regulatory Commission 
Nationwide Permit 
polychlorinated biphenyl 
Paducah Gaseous Diffusion Plant 
Resource Conservation and Recovery Act 
to be considered 
Toxic Substances Control Act 

• 
Comments 

These requirements are applicable and will be complied 
with through characterization of wastes and environmental 
media generated as a result of implementation of the 
alternative. Waste management will be predicated upon 
the characterization and comply with all substantive 
requirements associated with hazardous waste 
management, if identified as such. 

These requirements are applicable if PCBs are found or 
result from items or equipment regulated under 40 CFR 
76 I . Activities necessary to comply with these ARARs 
shall be incorporated into the planning phase of the 
alternative implementation. 



Radiological coillamillatioll. The GWOlJ is known to be contaminated with radionuclides such as 
99Tc, radon, uranium, and uranium daughter products. DOE's Order on Radiation Protection of the Public 
and Environment. DOE Order 5400.5. as codified at 10 CFR 835, isTBC information for cleanup of 
radionuclides at DOE sites. The order requires that remediation activities must not result in radiation 
exposures to members of the general public greater than an EDE of 100 mremlyear from all exposure 
pathways~ Exposure to the general public also must be ALARA (D~E 1990). 

DOE Order 5400.5 also 'contains reference values, known as DCGs, for operational DOE facilities. 
Based on the DCGs, radionuclide concentrations in air and drinking water must not exceed an EDE of 
10 mremlyear and 4 mremlyear, respectively, to the total body or any organ. 

The NRC also has set criteria for decommissioning. standards at nuclear. facilities in 10 CFR 20 
Subpart E. These rules require that residual radioactivity at nuclear sites meet a total EDE of 25 mremlyear 
for unrestricted release. In addition to the NRC standards, EPA has issued guidance, for cleal1:up levels at 
CERCLA sites with radioactive contamination. EPAhas:disagreed with the proteptiveness specified 
within the NRC standard and has specified that a 15 mrem/year EDE be used as the risk level that is 
protective of human health and the environment: EPA also has codified exposure limits for environmental 
radiation protection standards for nuclear power operations in 40 CFR 190. These requirements apply to 
operations involved in uranium fuel i cycle and include enrichment operations. Subpart B of these 
requirements specifies that the annual'dose equivalent'to the public not exceed 25 mremto the whole 
body, 75 mrem to the thyroid, and 25 mrem to any other organ as the result of-exposures to planned 
discharges of radioactive materials, radon and its. daughter products excepted, to the general environment 

. from uranium fuel cycle operations and to .radiation from these operations. These'requirements would be 
considered relevant and appropriate since release to the groundwater would not be planned.' 

The Commonwealth of Kentucky is an NRC Agreement State and has promulgated regulations for • 
radiation protection of the pUblic. The Kentucky radiation protection standard. for individual members of 
the public is 0.1 Tern (100 mrem) EDE per year or less (9~2 KAR 100:019 Section 10); which is equivalent 
to the DOE radiation protection standard found in DOE Order 5400.5. Due to the differing view and values 
among DOE, EPA, and the NRC total EDE for ,members of the general public, DOE and EPA have agreed 
not tofinalizc their respective standa~dsuntil:an agreement can be reached. In the interim, DOE Order 5400.5 
is identified as TBC information and the NRC standard is identlfied.as relevant and appropriate. Therefore, 
the ,radiation protection standard identified within the NRC regulations in:10 CFR 20 SubpartE. requiring 
an EDE of 25 mremlyear or less, shall be used as the exposure limit for the general pUblic. 

Chemical-specific ARAR summa/yo The chemical-specific ARARs associated with the implementation 
of this alternative are outlined in Table 4.23. Implementation of this alternative would not result in 
immediate attainment of ' the chemical-specific ARARs associated with the off-site ground \Vater plumes. 
Attainment of the identified ARARs would be met in the future as implementation progresses. Although 
TBC information, the radiological exposure standards included in DOE Order 5400.5. shall be achieved 
and will be confirmed through monitoring. Continued monitoring of the groundwater will be used during 
the five-year reviews to ensure .that the identifie~goals are met and that concentrations of COCs continue 
to decrease. As this alternative will effectively treat metals .or radionuclides, only concentrations of 
organics will be decreased. 

POlelll;allocal;Oll-specijic ARARs 

Wetlands. Wetlands have been identified within the area where well construction activItIes are 
anticipated to occur, certain jurisdictional wetlands have been identified within the area. In order to 
comply with these applicable requirements, wetlands shall be avoided to the extent practicable. 
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As stated in the regulations, construction activities must avoid or minimize adverse impacts on 
wetlands and act to preserve and enhance their natural and beneficial values [Executive Order 11990, 
40 CFR 6.302(a), 40 CFR 6 Appendix A, and 10 CFR 1022]. These applicable requirements include 
avoiding construction in wetlands, avoiding (to the extent practicable) long- and short-term adverse impacts 
to floodplains and wetlands, avoiding degradation or destruction of wetlands, and avoiding discharge of 
dredge and fill material into wetlands. In addition, the protection of wetlands shall be incorporated into all 
planning documents and decision making as required by 10 CFR 1022.3. Although not anticipated, if this 
alternative results in impacts to wetlands that cannot be avoided, the substantive requirements of the NWP 38 
(33 CFR 330) will be met. 

Off-site operations shall avoid impacts to wetlands, and all treatment will be conducted either ill s;tll 
or in units already in operation. 

Endangered Species and Migratory Birds. Actions taken by federal agencies are prohibited from 
impacting T&E species or adversely modifying critical habitat (50 CFR 17.94) in accordance with the 
Endangered Species Act (16 USCA 1531 et seq. Section (7)(a)(2». These requirements are potential ARARs 
in the event T&E species or their habitats are found at or near areas where remedial action is to occur. An 
ecological resource investigation inside the PGDP security fence did not detect any T &E species or their 
preferred habitats (CDM Federal 1994). The USFWS has not designated critical habitat for any species 
within the DOE property. However, outside the PGDP fence on the DOE property, potential habitats for 
federally listed T &E species were reviewed, and Indiana bat habitat was evaluated during the COE (1994) 
environmental investigation. The COE study determined that total potential bat habitat consisted of 20% 
of the 994-ha (2.456-acre) study area: Remedial activities must be evaluated to ensure that such actions do 
not adversely impact areas identified as critical habitat for any identified endangered species. 

In addition, Executive Order 13186 directs federal agencies to enter into an MOU with the USFWS 
to further the purposes of the Migratory Bird Treaty Act (16 U.S.C. 703-711). Until such time as the 
MOU between DOE and the USFWS is finalized, Federal agencies are encouraged immediately to begin· 
implementing the conservation measures set forth in the Executive Order. The requirements of the 
Executive Order are applicable and must be considered during planning and design of the remedial action. 

Potelltial actioll-specijic ARARs 

Monitorillg weI/ i"stal/aliol1 requirements. This alternative includes the installation of additional 
monitoring wells. Installation of these wells would have to be conducted in a manner to maintain existing 
natural protection against the introduction of pollutants into aquifers and to prevent the entry of pollutants 
through the borehole (401 KAR 6:310 Section 13). These requirements also mandate the construction 
materials required for well construction, well design criteria, well completion activities, and well abandonment 
methodologies. These requirements are considered applicable to design and installation of monitoring and 
extraction wells associated with the implementation of this alternative. 

Fugitive dusl emissions. Construction activities onsite may result in the production of particulate 
airborne pollutants (dust). The Kentucky Air Quality standards found in 401 KAR 63:010 include 
requirements governing fugitive dust emissions. These standards require that dust-suppression measures 
be undertaken, including activities such as use of water or chemicals to control emissions, placement of 
asphalt or concrete, and stockpiling of soils. The standards also require that visible dust generated from 
the implementation of the remedial alternative not be discharged beyond the property boundary of the 
site. For the purpose of compliance with these requirements, the site boundary is interpreted to mean the 
DOE site boundary or the immediate boundary of construction activities that occur on non-DOE property. 
These requirements are considered to be applicable to the implementation of Alternative 6 and will be 
complied with through careful planning to ensure that excavated materials are sufficiently wetted or 
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protected to control dust generation. The only activity that could result in the generation of fugitive dust 
that must be considered during the design phase is the installation/construction of additional wells. 

RadiO/wdide emissiollslandarc/.\'. Airbo~e emissions.ofradionuclides may occur as a result of on
site construction activities~Afthough the potentialjs low for such~missions to occur, the regulations in 
40 CFR 61:92 would' bC applic~ble, n;quiringthai.th~":'e~issions not exceed amounts that would' cause an EDE 
to-the public of 10 mrenllyear. In ordedo deteTmiri~iwhetherthe,alternative complies with this applicable 
requirement; computer :modeling using,theCAP~88 or other EPA,-approved modelsmust-be,undertaken. If 
the modeling demonstrates that the radionucIide emission is in excess ofl% of the IOmrem/year standard, 
emission rates must be measured as required by40 CF,!R 61.93. lbis ARAR shall be complied with by 
planning activities in such a ~anner as to control 'fugitive emissions from installation of monitoring wells. 

, Toxic emission slandard\·. Although toxic emissions are not ,expected as a result of construction 
activities or with the pumping of th(! groundwater,to the on-site water 'treatment- facility, these 'emission 
requirements wQuldbeapplicable if such an emission,does,occm. Due to organic concentrations found in 
the grouridwater and potentially within the su~~urface soils, there is a-Io.w'potential for·such emissions to 
OCCUT;' Theifcg'uhltions;at 40l,KAR ~3:022 require that emissions be evaluated to detennine whether they 
are sib'Tlificant for each specific toxic air' pollutant. If analysis indicates the toxic emission requirements 
are'triggered, the regulations specify, that no ~ource ~ay exceed the allowable'emission limit'specified in 
Appendix A of 401 KAR 63:022. If applicable; theseruleswould require application of the best available 

,control-technology to limit toxic emissions. If calculations indicate that theemissiori rates specified within 
the -rule-are. not exceeded, the calcul~tion.,package may be used·.to demonstrate compliance with these 
requirements.' Activities that must be considered include installation and construction of monitoring wells. 

- , ' 

Slor",WlIler discharge alld KPDES requirements for groulldwater treatmelll. Construction activities • 
wilIbe'subject to the substantive requirements associated with the KPDESpennit that requires the use of 
BMPs and sediment/erosion controls ,to ,cqntrol transport .of sediment in stonnwater riJrioff. These 
requirements are considered to be applicable . 

• ; _ F '. ~ .! I 

Waste manage,,;e1ltrequirenlellts. Wa~tes and contaminated environmental media shall be generated 
during the implementation of this alternative in the fonn of soils _and water from the'installation and 
completion of wells. It is anticipated that at least a portion of these wastes will be low-level radioactive 
wa'stes 'and, therefore, subject to DOE Order 435.1 requirements that apply to ·themanagement of all 
radioactive wastes generated at riOEJaCiii'iies. This r~quirement;is TBC rather:,than applicable or relevant 
:'and approp~iate becau~e it is a DOE Or:dc;r' rather, than a federal or state regulation-or standard . 

. -, The potential also exists for some 'or· aU of the wa.ste~ or soils generated from treatment to be ReRA 
hazardous wastes as defined'in 40 CFf!. 261 of the feder~I, program. All wastes or soils generated shall be 
subject to the hazardous waste determination requirements of 40', fFR 262 and 401 KAR 32:010. Soils 
shall be assessed to detennine whether they contain a hazardous waste. If it is detenninedthatany wastes 
are, in fact, hazardous wastes" or if soils are determined to contain, hazardous wastes"the materials must 
be managed tn accordancewithithe substanti've requirements- found in 40 CFR 262throughAO CFR 268 
(401 KAR 32 through 37). These '~tandards,.iJ1clude stor~ge"requirements,dransportation' requirements, 
and disposal requiretrients.Specific'requirem<7ntsapplicable to each waste stream must be identified after 
characterization of the material is complete: -These requir~ments shall, be complied with :through the 
development ofa WMP during the design phase of implementation. If materials are identified as RCRA
hazardous wastes, these requirements are applicable. 

Although considered unlikely, the potential exists for materials (wastesandlor soils) generated from 
the implementation of this alternative to contain PCBs regulated underTSCA.These regulations would 
be applicable to this alternative if PCB concentrations were found in soil or water that exceeded 50 ppm 
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or PCBs were found and attributable to a source where concentration exceeded 50 ppm PCBs. The 
substantive requirements for management of PCB wastes found in 40 CFR 761 would be applicabJc and 
include standards for storage, shipment. and equipment decontamination. These requirements shall be 
complied with through the development of a WMP during the design phase of implementation. If 
materials are identified as TSCA PCB-regulated material, these requirements are applicable. 

Action-spec{lic ARAR SUIIlIIIlII)'. This alternative will trigger action-specific ARARs with regard to 
the control of storm water runoff and waste management during weIl instaIlation. The requirements of the 
KPDES prob'Tam associated with the discharge of weIl completion water/decontamination fluid and the 
applicability of the RCRA requirements for wastes generated as a result of implementation. In addition. 
the requirements of TSCA may be applicable if PCB-containing materials are identified. This alternative 
will comply with these requirements during the planning phase to include compliant waste handling. 
storage. and disposition components. The proposed alternative will comply with substantive requirements 
of both the CW A and RCRA as the treatment and discharge of treated effluent in compliance with the 
CWA meets both requirements and is allowed under RCRA. If wastes from treatment or soils from well 
installation are determined to be hazardous wastes under RCRA, the substantive requirements for storage, 
management. and disposal of hazardous wastes shaIl be incorporated into the alternative during the planning 
phase. Activities that may be required for RCRA and TSCA compliance include: use of appropriate 
containers, labeling of containers, appropriate storage area design and operation (secondary containment 
or storage for less than 90 days in a compliant accumulation area); and transportation of wastes. 

A summary of the ARARs for the implementation of this Dissolved Phase Plume - Bioremediation 
Technology alternative is presented in Table 4.23. 

COlllpliallce willi ARAR.'i .''iUllllllary. Implementation of this alternative would not achieve compliance 
with the MeL for TCE and would not lessen any metals or radionuclide concentrations present in 
groundwater. Because this alternative does not immediately meet the stated MCLs, an ARAR waiver or 
agreed schedule of compliance would have to be sought as part of the ROD and PRAP. 

In order to comply with the identified chemical-specific ARARs, an ARAR waiver will be required 
due to the time frames required to meet the specified concentrations within the GWOU at the point of 
compliance and points of exposure. 

As discussed, no potential location-specific ARARs have been identified within the area where remedial 
action will occur. However, to ensure that jurisdictional wetlands are not impacted, all construction 
activities associated with the installation of the monitoring wells will be reviewed as a safeguard. The 
protection of wetlands is not considered a location-specific ARAR at this time because jurisdictional 
wetlands have not been identified within the areas impacted by the implementation of this alternative. 

Construction and implementation of the alternative may trigger several action-specific ARARs, such 
as the requirements associated with well installation and abandonment, construction of the PTZs, fugitive 
dust emissions, radionuclide emissions, and toxic emissions. The requirements associated with the 
installation and abandonment of groundwater wells will be met though the use of well designs and 
materials of construction as specified in 40 I KAR 6:310 Section 13. All well installation and abandonment 
practices incorporated into the approved remedial design shall comply with the substantive requirements 
of 401 KAR 6:310. 

Construction of the monitoring wells and the ill situ treatment of groundwater will require the 
injection of materials into the subsurface. During the remedial design assessment, all materials used in 
construction will be reviewed to ensure that materials that could further impact water quality are not used 
or are limited in use. The construction activities associated with this alternative may require that BMPs 
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for sedimentation/erosion controls be established. Sedimentation,control is required if the area to he 
disturbed during construction exceeds regulatory limits. R~gardlessofthe size of the construction area(s), 
sedimentation controls are TBC. This requirement wiH be complied with through use of sediment fences 
or other appropriate means. The remedial design shall incorporate the specific controls necessary to 
ensure that the construction site(s) do not allow sedimentation and or erosion of disturbed areas in order 
to comply with this requirement during implementation ofthis,altemative. 

;. r 

" Fugitive dust emissions that, may occur during construction activities will be coritrolled as required 
by 401 KAR 63:010. BMPs' such as w,etting or covering of potential sources of fugitive dust will be 
incorpOrated into the remedial design. l11e specific actions to be developed shaH control potential emission 

',sources to ensure that dust emissions do no't migrate from the immediate area where construction 
activities occur. It is anticipated that, in most cases, the moisture content in the soil will be sufficient to 
control dust emissions during' well installation.' However, practices such as wetting of disturbed soils, 
collection ofsoils~ or reseeding activities shall be considered and.incorporated into the remedial desi!,'ll, as 
necessary, to ensure compliance wit~ these requirements. Radionuclide emissions at construction sites 
also must be considered during the ,implementation phase. 'In order to ensure th~lt the emission standard of 
to mremlyear EDE to'the puhlicjs met, concentrations of radio nuclides in soils and groundwater must be 
evaluated. If the potential for such emissions is identified, modeling using the CAP-88 or other 'EPA-approved 
methods must be undertaken during thed~sign phase of the alternative. It is 'anticipated tha(the primary 
conveyance of airborn'e radiomlclides will he in particulate form; therefore, control of fugitive dust 
emissions also will result in compliance with the emission standards 'applicable to radionuclides. If 
radiological contamination from plant activities is found in soils where construction activities are planned, 
the soil will be protected or contaiiwrized to prevent airborne migration. Measures necessary to prevent 
airborne emissions or radionuclides shaH be evaluated and incorporated' as'appropriate intothe"rcmcdial 
desi!,'ll to comply with these requirements during implementation of this alternative. 

Emissions of toxins, such as volatile organi~s, must also be evaluated before implementation. 
Although the potential for exceedanceoftoxic air emissions is considered to be low, an evaluation of the 
potential for such emissions must be undertaken during the remedial design. Potential emissions must be 
evaluated for each toxin present in the plumes, (Le., T,CE, vinyl chloride; etc:) to determine whether the 
contaminant leve'ls' found in the subsufface could result in airborne emissions in excessonhe allowable 
limits specified in Appendix A of 401 KAR 63 :022. Compliance with the emissions standards shall be 
achieved for this alternative through the evaluation process ,or the application of tile best available control 
technology in whichemissibns are calculated to exceed,allowable levels. It is anticipated that through the 
use Of a dliaf phase extraction,system, all air emission.standards will be met. Appropriate emission control 
equipment will be incorporated "into the, ,treatment system utilized. The specifications for this' equipment 
shall be identified during the remedial design based upon the initial evaluation. This requirement will be 
complied with during implementation of the alternative. 

The construction activities associated with this alternative may require that BMPs for sedimentationl 
erosion controls 'be established if the areal extent of the disturbed area exceeds regulatory trigger levels. 
These requirements wiIlpe complied with through the use of sediment fences or other appropriate means. 
The control of sedimentation and nmoffis TBC:ifthe areal extent of.theconstruction does,not exceed the 
5 acres specified within the' rul~s. The remedial design shall incorporate the specific controls necessary to 
ensure that the construction site(s) do not allow sedimentation and or erosion of disturbed areas in order 
to comply with this requirement during implementation of this alternative. 

Installation of wells may result in theg(!neration of wastes and secondary wastes that will trigger the 
characterization requirements associated with the RCRA. Implementing regulations found at 40 CFR 262 
and 401 KAR 32:010 require that generators of solid wastes (or contaminated environmental media) must 
determine whether the waste also is a hazardous waste. If the materials generated from the implementation 
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of this alternative are found to be hazardous wastes, the materials shall be containerized and managed as 
such. The requirements mandate that hazardous wastes must be properly labeled and stored in areas that 
comply with the technical standards for storage of hazardous waste in containers. These standards shall he 
complied with through testing of soils before excavation activities. If the soils are found to he hazardous, 
appropriate storage areas shall be constructed and maintained. All hazardous waste generated during the 
implementation of this alternative shall be shipped for off-site disposal using the EPA Identification 
Number for the PGDP. Hazardous wastes shall be shipped to facilities permitted to treat, store, or dispose 
of the hazardous waste(s) being shipped. These activities shall be incorporated into the remedial design 
for this alternative in order to comply with these requirements. 

Secondary wastes generated during the implementation of this alternative also may be suhject to 
regulation under TSCA as PCB-remediation waste and DOE Order 435.1 as LL W. Characterization of 
these materials will be required to determine whether specific wastes are regulated under these requirements. 
If it is determined that the waste generated is a PCB or LL W, appropriate management standards will be 
incorporated into the remedial design. Existing information will be used where practicable to determine 
the regulatory status of all waste to be generated before implementation. 

Long-Term Effectiveness and Permanence. Dissolved Phase Plume Bioremediation Technology 
offers a relatively high level of long-term control for dissolved phased VOC contaminants located in areas 
of the RGA that may be subject to treatment. There would no impact to 'IYTc concentrations located in the 
treated areas, since 99Tc will not be destroyed by bioremediation. The implementation of this technology 
only in the RGA will provide no control over Primary or Secondary Source Area target contaminants 
located in the VCRS or the RGA. The only exception would the potential for collateral reductions in 
VOC concentrations when the dissolved phase target area of concern is in close proximity to a Secondary 
Source area. However, due to the high concentrations of the dissolved contaminants in the source areas, 
the contaminants become toxic to the bacteria and prevent the removal of the DNAPL. It also should be 

• understood that without the removal of the DNAPL source zones, the plumes will regenerate over time. 

• 

MaCllilude ofresiduai risk. Residual risk in the RGA will remain in place after implementation of a 
Bioremediation Technology. The technology will require assistance from other technologies either in the 
VCRS or RGA to meet the MCLs at the point of compliance, thereby preventing the regeneration of the 
dissolved phase plumes. This alternative will reduce VOCs in the dissolved phase plume areas by ill situ 
bioremediation using nutrients to increase bacterial action on the contaminants. The technology will have 
no impact on 9'lTc contamination present in the RGA source areas unless those areas are targeted for the 
treatment by a remedial measure that is effective against 99Tc. 

Following treatment of the selected RGA areas, residual COCs, especially in the source zone areas, 
would contribute to long-term risks. However, the five-year reviews, mandated by CERCLA [40 CFR 
§300.430(O(4)(ii)], would be an effective means to demonstrate that contaminant levels were reduced 
from the technologies implementation, and additional exposure pathways have not developed. 

Adequacy alld reliability of COli trois. The reliability for operation and control of Bioremediation 
Technology would be moderate. Bioremediation is a mature technology. The components that make up the 
treatment systems such as a nutrient solution, injection wells, metering pumps, etc., are common industrial 
items that have been used for many years successfully. The technology has been implemented successfully 
in a number of aquifers. However, a technical concern does exist with the chemistry of the RGA. The aquifer 
has a high saturation of oxygen, up to ahout 8 ppm, which is not conducive to anaerobic bioremediation. The 
bacteria that would be active in destruction of the TCE in the RGA, with this level of dissolved oxygen and 
under natural conditions, are aerobic type bacteria. It will be necessary to introduce lactate or a similar nutrient 
source into the subsurface to deplete the aquifer of oxygen so that aerobic bacteria die off as a result of no 
oxygen. It is estimated that up to 4 million pounds oflactate solution may be needed to complete this process . 
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The mcthanogenic destruction of the VOCs will requirc the introduction of methane or a similar 
substance for the bacteria to use as an energy source, or primary food will be required. As part of the 
consumption of the methane, the bacteria also consume the VOCs or TCE. However, as a result of the 
consumption of the TeE, the :bacteria produce epoxides as part of the biological process. The development 
of an epoxide,iri some instanc'es, has led to the destruction of the implementing 'bacteria, which then 
causes the process to be self-limiting. 

. t ' .,' . 

Additionally, it will likely,b<; necessary to use computer modeling to desib'11 the site-specific location, 
injection well layouts, and nutrient solution concentrations to ensure appropriately sized treatment zones 
and that contaminants are not migrated, missed, or by-passed in the operation. Long:..term groundwater 
monitoring will be required to monitor theextended.effectiveness of the treatment following its completion. 

, , 

, Ellviro"IIIei,tal i111pact.~ alld ",itigative IIIeaSlires. The following paragraphs summarize potential 
long-term impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis arid mitigative measures is correlated to the deb",ee to which a resource may be impacted. 

Land lise. Long-term land use impacts would be lo~ for the implementation of this alternative. The 
long-term impacts will be rehit~dto ~he placement and use of injection and monitoring wells and access 
roads used in the opera't1orl. If it i's chosen to target tht7,entire off-site plume areas, there could be several 
hundred injection wells used in such ~n operatio~. The areas of use will include DOE, TV A; and the 
WKWMA, as wetlsas'a numberofparcels ofpri~atelyowned land. The total acreage impacted cannot be 
determined without first identifying the target areas and determining whether linear injection or blanket
type"injection is to be used. However, it is expecte.d ihat less: than one-fourth of an acre per injection well 
will be impacted~in the long term. This vyould not include the area occupied by ,the access road, since the 
length, of the road carinot be determined without knowing, the well locations. A LUCIP woiJld be 
developed as necessary per the requirements ofth~ PGDP LUCAP (DOE 2000). ' . ' 

Socioecol/omic.\'. The presence of contaminants in the groundwater will prevent its use and may limit 
economic'development opportunIties until'the groundwater is brought back to beneficial use. However, 
no long-term effects to socioeconomics would result from the implementation of this technology. There 
would be few changes to permanent jobs within the PGDP area as a result of implementing this technology. 

, '\ 

Ai,. qllalitl' and 'lOis~. No long-te~ effects to air quality anda~bient noise leveis would result from 
implementatio~ of this alternative. The bioremediation technologies will not result Iii an air,emission that 
must be'treated. 

" ,Vegetation. There will be long-term impacts to vegetation as ,a result of this alternative. The 
alternative will require the installation9finjection wells, monitoring wells, and associated access roads on 
DOE, TVA, and WK WMA land as ~eU as private property. The long-term impacts will be ,the removal of 
trees for the placement ofthe facilities. This will disrupt the habi'tats of birds, mammals~ and reptiles 
inhabiting the immediate area. There is, however, considerable habitat available in contiguous area for the 
displaced mammals, birds; etc. The q~antitiesof trees 'that W9uld, require moving 'has not been determined, 
as the total target areas have not been identified or the, means to designing the injection method (i.e., linear 
or blanket). However, 'the system can be,'design~d tomiriimize:,theremoval of trees by aligning the access 
road to miss trees as feasible. Also, Well installations can be performed , by minimizing the removal of 
trees rather than clearing im area fot,each injection and monitoring well. The areas'can'be vegetatively 
restored to grasses following construction. 

Wildlife. There will be limited long~term effects to wildlife resulting from implementing this alternative. 
The long-term impacts will 'be the removal of trees that will result in disruption of habitats of birds, 
mammals, and reptiles inhabiting the immediate area. There is, however, considerable habitat available in 
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contiguous area for the displaced mammals. birds. etc. The quantities of trees that would require moving 
has not been determined. as the total target areas have not been identified or the means to designing the 
injection method (i.e .• linear or blanket). However. the system can be designed to minimize the removal 
of habitat and trees by aligning the access road to miss trees as feasible. Also well installations can be 
performed by minimizing the removal of trees rather than clearing an area for each injection and 
monitoring well. The areas can be vegetatively restored to b'fasses following construction allowing some 
wildlife to reintroduce into the area. 

Construction in creeks and tributaries may occur as a result of implementing this technology. 
However, since the creeks and tributaries are somewhat narrow, the design of the system and the use of 
directional drilling can be used to minimize the impacts to the creeks and tributaries. However, it is likely 
that access roads will have to cross creeks and tributaries in the implementation. 

Threatened anti endangered species. Long-term impacts to T&E species are expected to occur. The 
Indiana bat, which regionally has suitable habitat. is expected to be impacted by this alternative. The 
habitat as mapped by Bryan (COE 1993), indicates that increased density of potential habitat occurs at the 
extreme ends of the dissolved phase Northwest Plume. The actual target areas for implementation of the 
bioremediation technology have not been determined and, therefore, the impacts to habitat cannot be 
determined. However, the placement of wells and access road can be strategically placed to minimize 
impacts. Technologies such as directional drilJing also can be used. However, after a detailed design of 
the injection well field. a reanalysis of potential impacts to potential habitat for the Indiana bat will need 
to be completed. 

Cullllral resources. No long-term effects to cultural resources are anticipated for this alternative. 

GroltlUlwaler. As a result of implementing a Bioremediation Technology in the Dissolved Phase Plume 
Areas, potential RGA VOC contamination either is reduced or eliminated. As a result of injecting a nutrient 
solution into the groundwater, there will be increased biological activity in the aquifer. Once the VOCs have' 
been consumed by the bacteria, the increased biological activity will dissipate over time, due to the lack of 
nutrients. No long-term degradation of groundwater is expected. There will no reduction in "'Tc contaminant 
levels. Groundwater monitoring systems will be used to monitor contaminant levels and the progress of 
the remediation. The implementation of this alternative would not require the production of groundwater to 
the surface for treatment. All treatment is performed ill situ. following the injection of the nutrient solution. 

SUlface Waler. No adverse impacts to streams are expected to result from implementing a Bioremediation 
Technology in a Dissolved Phase Plume Area (RGA). There may be limited impacts to wetlands, as 
discussed below. There will be no increases in water discharge volumes to outfalls as a result of this 
alternative. The alternative may result in the reduction or elimination of contaminants being discharged to the 
Little Bayou Creek. However, if the DNAPL source areas are not removed at the PGDP, it will be necessary 
to repeat the action since the plumes will regenerate over time and reimpact the Little Bayou Creek. 

Floodplains. It is not expected that work will impact floodplains in the long term. 

Wetlands. It is expected that only limited impacts to wetlands will result from implementing a 
Bioremediation Technology in the Dissolved Phase Plume Area. These impacts will be the result from 
construction of wells and access roads. The wetlands in the area near PGDP occur due to surface flow 
into poorly drained soils and not from recharge from the RGA. Therefore, measures, including directional 
drilling, can be taken not to impact the subsurface fragipan and destroy the wetland integrity. The 
exception to this would be the area of Little Bayou Creek near the TV A Shawnee Steam Plant that does 
receive recharge from the RGA. The only mitigating measure would be to design the bioremediation 
system to miss wetland areas of concern to the extent possible . 
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Soils alit! primeji,hllllllul. Prime faffilland would be, impacted· by the implementation of this alternative. • 
The impacts would be the uSe"0ftheland'for the construction of injection and monitoring wells as well as ','! 

the associated access roads';''Jr it is cho~en to target the entire off-site plume areas,therecould be several 
hundred injection wells used in such an operation. The areas of use will include D0E, TVA, and the 
WKWMAas wells as a number of parcels of priyately owned land. Prime farmland exists north of the 
PGDPand DOE property. The NRCS ,has identified prime farmland as the Calloway; Waverly, and Grenada 
soil series in the area between the PGDP and the TV A Shawnee Steam Plant. The total 'acreage impacted 
cannot be determined without first identifying the target areas,and determining whether linear injection or 
blanket-type injection is to be used. However, it is expected that less than one-fourth'of an acre per 
injection well will be impacted in th~long term. This area can' be expected tobe .. slightly larger during 
construction due to the ne~d..to get s,:!pport vehicles into the area. Once construction is complete, there 
will be only minimal vehicles used during the injection operations. How much .of this acreage would be 
located on the prime farmland soils cannot be determined at this time, since the target areas have not been 
identified and the w~lIloc~tion.s: dC;!signed. A LUCIP would be developed, as necessary, per the requirements 
ofthe PGDP LUCAP (DOE 2000). 

, ,Trall.\'p(iI~tatioll; No l()ng-te~ direct, indirect, orcun:lU,lative effects to transportation are anticipated 
from implementing this al~emat,ive., '" ' ", ,.' ,,' 1 

, , 

Cumulative Impacts.' c.umuiative, Impacts are defi~~d as the incremental impact of an action when 
added ~ to other past, presellt, and reasonable foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative impacts resulting from this alternative will have to be 
identified at a later time during development of site-specific GWOU decision documents. '"" 

Reduction of MobiHty, Toxicity, or Volume Through Treatment. Bioremediation Technology would 
be used to destroy VOC\:onta:mi~ants contained in the Dissolved Phase Plume Areas 'in the RGA. The • 
process is by ill situ destruction .. It is expected that 90% of the VOC contaminants'.ill the target area could 
be expected to' lk destruc'ted' by oloi-emediation~ A limited factor in bioremediation is that once 
contaminant concentTiliionsget toa level wh~r~by' insufficient nutrients·exists to:sustainthe'bacteria, the 
remediation stops. It isexpe~tedth,at this critical contaminant level may,be in the:IOO ppb range~ which is 
above the 5 ppb MCL forTC:,E. If methanog~nic bacteria are used, the limiting factor is ,that epoxides are 
produced that may resuli in the destrUction' of the implementing:bacteria, which: may drive':lhe"remediation 
to be limited. The Bioreinedia'tion T~chnologies will ~ot have an effect on the 99Tc contaminant levels. 
The destruction of the cOl1taminants by the bacteria results in the release of gasesand',chlorides. The gases 
,8t)d,the injected methane, if u~,ed, will migrate to the vadose zone and eventually,to the atmosphere. The 
concel1tra~ions will not present a hazard' upon release. ' , " 

The implementation' of a, Bioremediation Technology would, reduce' the,' long.:term 'volume and 
toxicity of VOCs present' in the RGA through the destruction of those contaminants. The implementation 
of this technology is not expected to alter the physical soil properties of the RGA and, as such, should not 
prevent the implementation of an additional, technology should'it be determined that: additional treatment 
is needed for the target areas. However, bioremediation by anaerobic bacteria can, in some instances. 
result in the production of TCE degradation products ,thatmay be more toxic 'than the' original TCE. 
Although the presence of the degradation products may not preclude' the implementation ofadditiorial 
technologies, it may, to some degree, limit the n.ll!l1ber of technologies available. . 

. '. ~,!,., , .. 

. . • ,I ','. . 

The tYPe and characteristics of residual subsurface contamination would be similar to that of the 
contaminants prior to treatment.. If the bioremediation is implemented without the removal of the source 
zone areas at PGDP, residual contaminants would exist in the RGA following treatment and would pose a 
risk. However, contaminant quantities would be considerably reduced foIlowing treatment in the target 
areas. Since the treatment occurs ill situ, there will be no residual contaminants to be disposed of from any 
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surface or ex situ treatment. The technology will, however, not remove the 'l'lTc contamination if it is 
present in the plume. Since 'l<)Tc may be present and there will be some residual VOC contamination in 
the RGA, and if the source areas are not also removed, the groundwater will remain unusable t<)r an 
extended period of time. Bioremediation Technology will meet the statutory preference for treatment as a 
principal element of the remedial action under CERCLA. 

Short-Term Effectiveness. The short-term effectiveness of implementing a Bioremediation Technology 
in the Dissolved Phase Plume Area of the RGA was evaluated relative to its effect on community 
protection, worker protection, environmental impact, and the time until RAOs are achieved. Environmental 
impact was further evaluated for NEPA values. This information is presented in the following subsections. 

Comntllllity protectioll. The potential for adverse impacts to the community from the implementation 
of this alternative is minimal. The likely target areas will be the dissolved phase portions of the 
groundwater plumes that lie between PGDP and the Ohio River. The areas specifically contain property 
of DOE, TVA. the WK WMA, and also a parcel of privately held land. 

Worker protectioll. During the implementation of a Bioremediation Technology, workers could be 
exposed to COCs during short periods of time. Potential exposure could result from direct contact with 
contaminated soil and/or groundwater during construction of the injection wells. The workers also will be 
exposed to the nutrient solutions during the injection operations. Although the nutrient solutions are non
toxic. appropriate handling procedures, injection equipment procedures, and PPE would be utilized to 
minimize the potential for worker exposure or injury while handling the nutrient. Short-term risks are not 
expected to exceed acceptable limits. Health and safety requirements and PGDP procedures would further 
control the exposures. 

EllvirOilmellta/ impacts mId mitigative mea!.ures. The following paragraphs summarize potential 
short-term impacts to resources and mitigative measures to offset any potential impacts. The depth of 
impact analysis and mitigative measures is correlated to the degree to which a resource may be impacted. 

Lalld lise. The areas expected to be targeted for implementation of a Bioremediation Technology in 
the Dissolved Phase Plume Area lies between PGDP and the Ohio River. The expected land to be impacted 
includes land of DOE, EPA, WKWMA, and potentially multiple parcels of privately held property. The 
short-term impacts will be related to the construction and placement and use of injection and monitoring 
wells and access roads used in the operation. If it is chosen to target the entire off-site plume areas, there 
could be several hundred injection wells used in such an operation. The total acreage impacted cannot be 
determined without first identifying the target areas and determining whether linear injection or blanket
type injection is to be used. However, it is expected that less than one-fourth of an acre per injection well 
will be impacted in the long term. The impacted area in the short term likely wiIl be slightly larger. This is 
due to the need to get support vehicles to the locations to install the injections wells and monitoring wells. 
Once the wells are instalIed. less equipment will be necessary to support the injection operations. A 
LUCIP would be developed. as necessary, per the requirements of the PGDP LUCAP (DOE 2000). 

Socioeconomics. This alternative would not be expected to change the short-term economic conditions 
in the nearby area. There would be a minimal increase in temporary jobs related to the construction of 
injection welIs and injection operations. 

Air quality and noise. Heavy equipment traffic and operation associated with construction of the 
injection wens would provide a minimal increase in dust and vehicular emission levels. The use of BMPs 
during construction would reduce short-term direct impacts to air quality from dust. Noise associated with 
construction activities would occur in the immediate vicinity of the work locations, which may be near 
private residences for the Northeast Plume. The noise levels would be increased during construction and 
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will diminish during the actual nutrient injection operations. There would be no air emissions as a result 
of implementing a Bioremediation Technology. 

Vegetatioll. There will be short-term impacts to vegctation as a result of this' alternative. Thc 
alternative will require the installation of injection wells. monitoring wells, and associated access roads on 
DOE, WKWMA. and TVA land as well as private property. The short-term impacts will be the rCIll<lVal 
of trees for the placement of the injection facilities. This will'result in disruption of habitats of birds. 
mammals; and reptiles inhabiting the immediate area. There,is, howe~er, considerable habitat available in 
contiguous area for the displaced mammals. birds.,etc~The,quantities'oftrees that would,require moving 
ha:s llot been deteimined, as'the total target ar~as have not been identified and neither has the means to 
designing thc injection method (i.e., linear ,or blanket). However, the system can be designed to minimize 
the removal of trees by alib'Tling the access road to miss trees as feasible., Also, well installations can he 
performed' by mInimizing the removal' of .trees rather than, clearing an area for each injection and 
monitoringwell. The areas can be vegetat\vely restored to grasses following construction. 

Construction in cre,c::ks and tributaries may occur as a result of implementing this technology. 
However, since the 'creeks and tributaries are somewhat narrow" the desib'Tl of the system and the use of 
directional drilling can be used to minimize the impacts to the creeks and tributaries. However, it is likely 
that access roads will have to cross creeks and tributaries in the implementation. 

, Wildlife. There wiII be moderate shorHerm ,effects to wildlife resulting from'implementing this 
alternative. The long-term'impacts will be the removal of trees that will result in disruption of habit at of birds • 
mammals ~and reptiles inhabiting the immediate area. There is however,'considerable habitat availahle in 
contiguous area for the displaced mammals, birds. etc. The quantities of trees that would require moving 
has not been detcrmined as the total target areas have not been identified and the means to designing the 
injection method (i.e .• linear or blanket). However, the systemcan'be:designed to minimize'the removal.: 
of habitat and trees by aligning access'road to miss trees as feasible. Also well installations can he 
performed by minimizing the removal of trees rather than clearing an area for each injection and 
monitoring well. The areas can be veget~tively restored,tograsses following"construction, allowing some 
wildlife.to reintroduce into the area. I 

Construction in creeksafld tributaries may occur as a result-of implementing this technology. However. 
since the creeks and tributaries are ,somewhat narrow, the design, of the system and ,the use of directional 
drilling can be used' to minimize .the jmpact~ to :the creeks and,tr'ibutaries and~ thereby, minimizing the 
impacts to wildiife. However, it is likely that.access .roads will have to cross creeks and tributaries in the 

< " 

implementation.' , .; , -
.. ' 

'. . 

Threatelle(/ alld elldallgered species, Short-:t~nU impacts to T&Especies are expected to occur. The 
Indiana bat, which regionally has suitable habitat, is expected to be impacted· by this alternative. The 
habitat. as mapped by Bryan (COE 1993),.indicates that increased density of potential habitat occurs at the 
extreme ends of the dissolved phase Northwest Plume. The actual ,target areas for implementation of the 
bioremediation technology have not been determined and, therefore, ,the impacts to habitat cannot be 
determined .. However, the placement of wells and accessroadtcan be, strategically-placed to minimize impacts. 
Technologies such as directional drilling also can be used. However, after a detailed design of the injection 
well field, a reanalysis of potential impacts to potential habitats for the Indiana bat will need to be completed . 

. \.. 

Cultural resources. No short-term effects to cultural resources are anticipated for this alternative. 

Groulldwater. As a result of implementing a Bioremediation Technology in the Dissolved Phase 
Plume Areas, potential RGA VOC contamination either is reduced or eliminated. As a result of the use of 
injecting a nutrient, there will be increased biological activity in the aquifer. The increased biological 
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activity wiII diminish to pre-treatment levc\s once the nutrient injections stop and the VOC contaminant 
food supply dissipates. It is not expected that other adverse impacts to groundwater will occur as a result or 
this alternative. Groundwater monitoring systems will be used to monitor contaminant levels and the eflccts 
of the technology. The implementation of this alternative would not require the production of groundwater 
to the surface for treatment. All treatment is performed ill situ following the injection of the nutrient solution. 

SlIIface water. No adverse impacts to streams are expected to result from implementing a Bioremediation 
Technology in a Dissolved Phase Plume Area (RGA). No adverse impacts to wetlands are expected to 
occur either. There will be no increases in water discharge volumes to outfalls as a result of this alternative. 
The alternative may result in the reduction or elimination of contaminants being discharged to the Little 
Bayou Creek. However, if the DNAPL source areas are not removed at the PGDP, it will be necessary to 
repeat the action, since the plumes will regenerate over time and reimpact the Little Bayou Creek. 

Floodplains. It is expected that work may occur in the floodplain of the Ohio River in the short ternl. 
However, it is not expected that impacts will occur as a result of implementing this alternative. No 
modifications such as realignment, trenching, or relocating of floodplains will occur. 

WetlalUls. It is expected that only limited impacts to wetlands will result from implementing a 
Bioremediation Technology in the Dissolved Phase Plume Area. These impacts will be the result of 
construction of wells and access roads. The wetlands in the area near PGDP occur due to surface flow 
into poorly drained soils and not from recharge from the RGA. Therefore, measures, including directional 
drilling, can be taken not to impact the subsurface fragipan and destroy the wetland integrity. Thc 
exception to this would be the area of Little Bayou Creek near the TV A Shawnee Steam Plant that docs 
receive recharge from the RGA. The only mitigating measure would be to design the bioremediation 
system to miss wetland areas of concern to the extent possible. 

Soils lIlUl prime farmland. Prime farmland would be impacted by the implementation of this alternative . 
The impacts would be the use of the land for the construction of injection and monitoring wells. as well as 
for the associated access roads. If it is chosen to target the entire off-site plume areas, there could be 
several hundred injection wells used in such an operation. The areas of use will include DOE, TV A, and the 
WKWMA, as wells as a number of parcels of privately owned land. Prime farmland exists north of the PGDP 
and DOE property. The NRCS has identified prime farmland as the Calloway, Waverly, and Grenada soil 
series in the area between the PGDP and the TV A Shawnee Steam Plant. The total acreage impacted cannot be 
determined without first identifying the target areas and determining whether linear injection or blanket-type 
injection is to be used. However, it is expected that less than one-fourth of an acre per injection well will 
be impacted in the long term. This area can be expected to be slightly larger during construction due to the 
need to get support vehicles into the area. Once construction is complete, there will be only minimal vehicles 
used during the injection operations. How much of this acreage would be located on the soils cannot be 
determined at this time, since the target areas have not been identified or the well locations designed. A 
LUCIP would be developed, as necessary, per the requirements of the PGDP LUCAP (DOE 2000). 

Trallsportatioll. No short-term direct, indirect, or cumulative effects to transportation are anticipated 
from implementing this alternative. It will, however, be necessary to transport waste soils and development 
water during construction and nutrient solutions during operations. The appropriate precautions and 
controls and packaging will be used to protect against spill during the transportation of these items. 

Cumulative Impacts. Cumulative impacts are defined as the incremental impacts of an action when 
added to other past, present, and reasonable foreseeable future actions, regardless of what agency or 
person undertakes other such actions. Cumulative impacts resulting from this alternative will have to be 
identified at a later time during development of site-specific GWOU decision documents . 
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Tillie ,,"til actio" is complete. Implementation of this alternative will not result in achievement of 
the GWOU RAOs specified or groundwater MCLs. Approximately 7.000 years will be required hcf()re 
groundwater may be used following the application of a Bioremediation Technology' itl the Dissolved 
Phase Plume Areas of the RGA: Withouttht; reduction of DNA:PL sources. the plumes will regenerate 
overtime. Also, \/<)Tc levcIs will nol be reduced as a result of t~e implementation ·of a Bioremediation 
Technology in the Dissolved Phase Areas. ,It,will be necessary tooimplement source reduction and other 

• :,' 1 ..' . - ", • 

dissolved phased technologie!,'. in conjunction with Bioremediatiol1 Technologies to reduce the time the 
. 'groundwater will remain unusablc. ; 

.1 lniplementability. The implemenbtbility of Bioremediation Technologies in the Dissolved Phase 
Plume Area was evaluated based upon its technical, feasibility, administrative' 'feasibility. and the 
availability of services and materials. This information i~ summarized in the following subsections. 

Tecl",ical feasibility. Implementation of Bioremediation Technologies is, technically feasible. These 
technologies have been implemented. at ,other. hazardous. waste sites successfully, and the 'necessary 
equipment may be readily obtained. Bioremediation uses standard commercially available equipment and 
materials. The technology c'an be implemented by multiple vendors. However, a technical concern docs 
exist with the chemistrY of the RGA. The, aquifer .. hasa high saturation of oxygen; 'which, generally is about 
8,ppm. The bacteria that' would be ac~ive in destruction of the TeE in the RGA with this level of dissolved 
oxygen and under natural conditions aremethanogenic or aerobic. The use of the aerobic bacteria in the 
destruction or the contaminants, will require the injection of a nutrient source to provide an energy source 
or primary food, for the bacteria to consume. The bacteria also will consume the contamiriant as they arc 
consuming the methane. However, ,them~thanogenic bacteria:will produce epoxidesi iri this operation. 
which can' be toxic to the bacteria which then results in the death of the methanogenic bacteria. This 
further results in the termination of the process due to lack of methanogenic bacteria. 

The oxygen level of, up to 8 ppm .in the RGA is not the best suited for, the bacterial anaerobic 
destruction of the TCE. The' anaerobic destruction of TeE can ,produce undesirable degradation products~ 
However, sufficient lactate iIljection will cause an increase in anaerobic bacteria, which will deplete the 
oxygen supply: Once the oxygen supply is depleted, the aerobic bacteria cease activity and'anaerobic 
degradation bacteria begin activity~ It is estima,ted that approximately 4 million pounds of 60% lactate 
solution may be required for injection ~ver the activities'operation. Imple'mentation diffi'cultiesalso may 
arise due to desib'll the irijectionsystems around sensitive areas in the target areas. Soine of these items 
may inClude wetlands, Indiana .bat"Habitat. and creeks. A monitoring network wMbe necessary to 
monitoring the effectiveness of the treatment operations. ' ,,' '.' . . 

Adn,illistrative feasibility.; This alt~rnative is administratively feasible., All' activities would be 
conducted in accordance with substantive federal, state, and local requirements. Waivers of' ARARs are 
anticipated to be necessary to implement these actions, since MCLs will not~l>e attained':in a timely manner. 

Availability ofnraterial alld services. The services and materials necessary to implement this alternative 
are readily available. There are multiple vendors available that are experienced in bioremediation 
implementation. The equipm~ntjs standard. industrial equipment used in other fields such as wastewater 
treatment. . . , ," . , 

The construction of this alternative wilLresult in the generation of waste soil cuttings and drilling and 
development water from the construction of injection and ,monitoring wells. Additionally, the construction 
will generate construction debris during the building of , any required injection fadlities. All of these 
materials will either be treated as necessary and released, as in the development water; or disposed of 
appropriately. 
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Cost. Table 4.24 summarizes the preliminary unit cost estimates for implementation of a Bioremediation 
Technology in a Dissolved Phase Plume Area of the RGA. These preliminary unit cost estimates are 
based upon FS-Ievel scoping and arc intended to aid with selection of a preferred alternative. The 
estimates have an expected accuracy of -30 to +50% for the proposed scope of action (EPA 1988a). The 
capital cost estimate represents those expenditures required to implement this remedial alternative. The 
O&M cost estimates represent expenditures required to maintain the remedy after the initial phase or 
remedial action is completed. The total contingency cost presented includes direct, indirect, and all O&M 
associated contingency costs. The total cost includes all capital costs, direct and indirect with O&M and 
associated reports, plus 25% contingency costs, for a 30-year term of comparison. All estimates have been 
escalated using DOE-approved annual rates and a schedule for the various activities based on similar 
project experience. Present worth values also are included using a discount factor of 5% (EPA 1988b). 
(Additional information regarding the preliminary cost estimates is presented in Appendix C7.) 

Table 4.24. Preliminary unit cost estimates for Dissolved Phase Plume Area - Bioremediation Technology 

Total capital costs/acre-foot 
Total operation and maintenance costs 
Overhead 
Total contingency 
Total cost 
Total cost (present worth) 
Note: preliminary cost estimates are per acre-foot. escalated and presented in dollars. 

$49,043 
$66.952 
$81,920 
$50.507 

$248,424 
$205,154 

State/Commonwealth Acceptance. Commonwealth of Kentucky acceptance or nonacceptance of this 
alternative wiIJ be addressed in the ROD should this alternative be selected as the preferred alternative . 

Community Acceptance. Following a formal public comment period on the PRAP for the GWOU, 
comments from the community wiJI be addressed formally in a responsiveness summary, which will be 
presented in the ROD. 

Evaluatioll su",,,,ary of Dissolved Phased Plume Area - Biore",ediatioll Tec/lllology 

This alternative consists of implementing a Bioremediation Technology in a Dissolved Phase Plume 
Area of the RGA to remove VOC contaminants present in the RGA in the targeted area, monitoring of the 
action, and conducting five-year reviews as required by CERClA. Monitoring COC migration allows the 
potential for exposure to contaminated groundwater to be prevented or minimized. and it also allows the 
effectiveness of the remedial actions to be evaluated. Although the Dissolved Phase Area concentration in 
the RGA would be reduced following the implementation, the residual contamination and risks would 
remain, especially at the Primary and Secondary Source Areas. These residual risks in the RGA from 
Primary and Secondary Source Areas still will be present and prevent the use of the groundwater for an 
estimated 7,000 years. The bioremediation technology will not remove 99Tc contamination. It also would 
be necessary to conduct source area reductions and dissolved phased plume actions for ~c contamination 
to reduce the time the groundwater would be unusable. 

Implementation of this alternati ve alone will not be protective of human health and the environment. 
It must be combined with source area and dissolved phase plume actions. Bioremediation Alternatives 
can be implemented in compliance with ARARs. long-term effectiveness could be achieved to an 
acceptable degree 90% mass removal within the Dissolved Phase Areas of the RGA within 15 years of 
implementation. However, because of the nature of the soil and groundwater contamination associated 
with the GWOU, it will take several years and other actions to remediate completely. Residual 
contamination wiJI remain in the groundwater, with TCE levels exceeding the MCl for approximately 
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7,000 years. The' volume and toxicity of the VOC's COCswould be reduced by' ill situ destruction . 
Limited short-term risks to workers would, exist during the .construction: arid. ,operation phase of the 
alternative. The alternative is techllicallyand administrativelyfeasible to implement The unit.cost of this 
alternative, which is intended to address only the Dissolved Phase Areas of the RGA in the GWOU at the 
PGDP, is quite s'i~ifican~.I,~p~t fr60l ;tpe Commo~wealth of;Kentucky and the community has not yet 
been received, but these wiIl.beadded.to,later versions o(thisFS,report and the correspondirig RQD once 
'the respective comment :perioqshave been completed .. ,. . 
1 , '. 1 J ~, .• 'I . . - . 

4.3 COM PARA TIVE:ANA:L YSIS OF ALTERNATIVES 

Table 4.25 contains a' summary of the d~iailed evahjatici~~ for each alternative. This table serves as a 
comparative analysis of the twelve al~ernatives; 

• ' , , 

By far, the largest of theDNAPL zones at the PGDP is located at the southeast comer of the C-400 
Building. For each of the FS alternatives, the main C-400QNAPL source zoneis'the limiting' case for the 
time ,required for. sufficient source zone mass removal to·diminish risk to a groundwater user.,None of the 
technologies when implemented alone provide for meeting the GWOU RAOs in a timely manner. It is 
required to implement multiple technologies in concert to reduce the. time·the groundwater is unusable. 
The Primary Source Area Technologies provide .the greatest removal of contaminants and' 'reduction"of 
time untilgroundwaterbeccimes of beneficial use·(I;OOO years),The Secondary SourceAfea technologies 
and Dissolved Phase Plume Technologies provide ,the longest ,time, until groundwater becomes beneficial 
(7,000 years). This is due to the Primary Source Areas lo~ dissolution rate. If,ho":,eYer, the Dissolved 
Phase Area Technologies are. implemented to· effect a" containment of con'taminant. mignltion from the 
PGDP, .which requires continuous operatIon, the groundwater 'can'become useable 6utside th~se zones in 
approximately 15 years. , .• 

The Primary and Secondary Source Area'technologies that provide' th'e additio'~of eileq,ryto the 
subsurface (Din!ct Heating, Steam Extraction) to volatilize.the VOCs are expected to he mos'teffective at 
removing Jhe DNAPL concentrations since they use air or: vapor .as.,a carrier to' remoy,e. the volatiie 
contaminant. However, these technologies wiII have limited effectiveness on the reduction of 99Tc since 
9~Tc reductions are driven by removal of groundwater. Whereas, the: 'pl;Imp:-~nd-Treat Technologies will 
provide the greatest reductions in 99Tc, they will be effected by theJiinih~d dissolution of, TCE into the 
groundwater. ExcavationTechnologies provide the greatest remov~I'efficiencies but ~iII' limited, by depth 
of contaminants and influx of groundwater when excavating below'the groundwater table. 

, ' • ~ •• ',.. I • , , .; • 1'" • 

Table-4.26 presents, the expected TCE volume reduction for each of the alternatives during the first 
'30 years of implementation. ' " , 

"j 
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Crit~rla 

Description 

Iluman health 
protection 

Environmental 
protection 

Chemical-specific 

Locntion-specific 

Action-speci fie 

Other criteria and 
guidance 

Magnitude of 
residual risk 

Adequacy and 
reliability of 
controls 

Need for S-year 
review 

No Action 
No Action 

Does not protect human 
health 

Discharges from the 
Northwest Plume into 
Little Bayou Creek will 
continue. 

Long time frame needed 
to comply with chel11ical-
specific ARARs 
associated with 
contaminated groundwater 
or surface wllter. 
No location-specific 
ARARs were identified 
for this alternative. 

No action-specific 
ARARs were identified 
for this alternative. 

Compliance with 
identified criteria will be 
achieved. 

Residual risks remain 
high during the first 30 
years; residual risks will 
be reduced in 7.000 

I years. 
No implementation of 
controls preventing 
exposure to potential 
receptors. 

Required 

Vapor E:ottraction 
Technology 

Not protecti \'e un less 
combined with additional 
measures. 
Discharges from the 
Northwest Plume into 
Little Bayou Creek will 
continue. 

Long time frame needed 
to comply with chemiclll-
specific ARARs associated 
with contaminated 
groundwater or surface 
water. 
Complies with identified 
location-specific ARARs 
by incorporation of 
requirements into design 
and pre-construction 
Iplanning. 
Compliance with the 
identified action-specific 
ARARs will be achieved 
through incorporation of 
the requirements in the 
design and planning phase 
of implementation. 
Compliance with 
identified criteria will be 
achieved. 

Residual risks rem:lin high 
during the first 30 years; 
will require additional 
measures to meet MCLs 
at the POCo 
Adequate and reliable. 

Required 

• • ••• ." 

Table 4.25. Comparath'e Analysis Table 

Priman' Source Areas Secondary Source Areas 
Direct Heating E:otcavation Steam E:ottraction Pump-and-Treat Oxidation Technology 
Technolm. Technolo2v TeehnololZY 
O,'erall Protection of Hllman Health alld the Em';ronlllellf 
Not protective unless Not protective unless Not protective unless Not protective unless Not protective unless 
combined with additional combined with additional combined with additional combined with additional combined with additional 
measures. measures. measures. measures. measures. 
Dischllrges from the Discharges from the Discharges from the Discharges from the Discharges from the 
Northwest Plume into Northwest Plume into Northwest Plume into Northwest Plume into Northwest Plume into 
Little Bayou Creek will Little Bayou Creek will Little Bayou Creek will Little Bayou Creek will Little Bayou Creek will 
continue. continue. continue. continue. continue. 

Compliance with ARARs 
Long time frame needed Long time frame needed Long time frame needed Long time frame needed Long time frame needed 
to comply with chemical- to comply with chemical- to comply with chemical- to comply with chemicllI- to comply with chemical-
specific ARARs associated specific ARARs associated specific ARARs associated specific ARARs associated specific ARARs associated 
with contllminated with contnminated with contnminated with contamin:lled with contaminated 
groundwater or surface groundwnter or surface groundwater or surface groundwater or surface groundwater or surface 
water. water. water. woter. water. 

Complies with identified Complies with identified Complies with identified Complies with identitied Complies with identified 
location-specific ARARs loclltion-specific ARARs location-specific ARARs location-specific ARARs location-specific ARARs 
by incorporation of by incorporation of by incorporation of by incorporation of by incorporation of 
requirements into design requirements into design requirements into design requirements into design requirements into design 
and pre-construction nnd pre-construction and pre-construction and pre-construction nnd pre-construction 
Iplanning. planning. plnnning. Iplanning. planning. 
Compliance with the Compliance with the Compliance with the Complinnce with the Compliance with the 
identified action-specific identified action-specific identified action-specific identified action-specific identi lied action-speci fie 
ARARs will be achieved ARARs will be achieved ARARs will be achie\'ed ARARs will be achie\'cd ARARs \\'ill be achie\'cd 
through incorporation of through incorporation of through incorporation of through incorporation of through incorporation of 
the requirements in the the requirements in the the requirements in the the requirements in the the requirements in the 
design and planning design and planning phase design and planning desigp and planning design and planning 
I phase of implementation. of implementation. phase of implementation. I phas~ of implementation. phase of implementation. 
Compliance with Complinnce with Compliance with Compliance with Complinnce with 
identified criteria will be identified criteria will be identified criteria will be identified criteria will be identified criteria will be 
achieved. achieved. achieved. achieved. achieved. 

LOIIR-Term E/fectivelless and Permallence 
Residual risks remain Residual risks remain Residual risks remain Residual risks remain Residual risks remain 
high during the first 30 high during the first 30 high during the first 30 high during the first 30 high during the first 30 
years; will require ye:lrs; wi II require years; will require years; \\'iII require years; will require 
additional measures to additional measures to additional measures to additional measures to additional measures to 
meet MCLs at the POc. meet MCLs at the POCo meet MCLs at the POCo meet MCLs at the POc. meet MCLs at the POc. 
Adequate and reliable. Adequate and \'ery Adequate and reliable. Adequate and reliable. Adequate and moderately 

reliable where applicable. reliable. 
Relinbility decreases 
where in frastructure 
impedes implementation. 

Required Required Required Required Required 
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Criteria 
Description 

Environmental 
impacts and 
mitigative 
measures 

Treatment 
processes used 

Amount destroyed 
or treated 

Degree of 
reduction of 
toxicity. mobility. 
or volume 

Irreversibility of 
treatment 
Type/quantity of 
residuals 
remaining after 
treatment 
Statutory 
preference for 
treatment 

Community 
protection 

Worker protection 

Environmental 
impacts and 
mitigative 
measures 

• 

No Action 
No Action 

No action would allow 
current rates of 
contamination to 
continue. 

None 

None 

No reduction in toxicity. 
mobility. and volume. 

Not applicable. 

Not applicable, 

Not applicable. 

No increase in risk to 
community as no action 
is taken. 
No risks to workers as no 
action is taken. 

No action would allow 
current rates of 
contamination to 
continue. 

Table 4.25. (continued) 

Prima" Sounf Areas 
Vapor Extraction Direct Heating Excavation Steam Extraction 
TechnoloB}' Technolo~ Technolol!Y 
Minimal environmental Minimal environmental Minimal overall Minimal environmental 
impacts and mitigative impacts and mitigative environmental impacts impacts and mitigative 
measures. measures, and mitigative measures, measures. 

Ho\\'e\'er, local impacts 
will be sil!1lilicant. 

Reduction ofTo:ridt)', Mobilit", or I'D/lillie through Treatment 
Vapor extraction; ion Direct heating with ion Excavation with ex sitll Steam extraction; ion 
exchange and air stripper exchange and air stripper thennaltreatment of soil. exchange and air stripper 
with cat/ox system. with cat/ox system. with cat!ox system. 
TCE and VOCs will be TCE and VOCs will be All contaminated soils TCE and VOCs will be 
treated. Moderately treated. Highly effective will be removed. TCE and treated. Highly effective 
effective on DNAPL. on DNAPL. Minimal ""Tc other VOCs will be on DNAPL. ""Tc will be 
Minimal ""Tc will be will be captured. treated. Highly ellecti\'e captured. 
captured. on DNAPL if within 

excavation zone. 
High reduction in VOC High reduction in VOC High reduction in VOC High reduction in VOC 
toxicity and volume of toxicity and volume of toxicity and volume of toxicity and volume of 
sources. Minimal sources. Minimal VOC and ""Tc sources sources. Moderate 
reduction in ""Tc \'olume. reduction in "Tc volume, within the zone of reductions in ""Tc 

excavation. volume, 
Reversible. Irreversible. Irreversible. Reversible. 

Treatment residuals Treatment residuals Treatment residuals Treatment residuals 
include "Tc contaminated include ""Tc contaminated include ""Tc contaminated include ""Tc contaminated 
ion-exchange resin and ion-exchange resin and ion-exchange resin and ion-exchange resin and 
salt from ofT-gas treatment. salt from ofT-gas treatment. salt from ofT-gas treatment. salt from ofT-gas treatment. 
Sritisfied for VOCs. Satislied for VOCs. Satisfied for VOCs, Satisfied for VOCs. 

S/,ort-term Effectil'eness 
No negative impacts to No negative impacts to No negative impacts to No negative impacts to 
the community are the community are the community are the community are 
anticipated. anticipated. anticipated. anticipated. 
Minimal risks to workers Minimal risks to workers Risks to workers from Minimal risks to workers 
Ii'om handling from handling handling contaminated from handling 
contaminated contaminated groundwater. soils, Risks can be contaminated 
groundwater. Risks can be Large volumes of minimized through groundwater. Potential 
minimized through electricity are used. Risks adherence to health!salety exposure to steam under 
adherence to health/safety can be minimized through protocols. pressure. Risks can be 
protocols. adherence to health/safety minimized through 

protocols, adherence to health/salety 
protocols. 

Minimal environmental Minimal environmental Minimal t:nvironmental Minimal environmental 
impacts and mitigati\'e impacts and mitigative impacts and mitigativc impacts and mitigath'e 
measures, measures. measures. measures. 

• 

Secondan' Source Areas 
Pump·and-Treat Oxidation Technology 
Technology 
Minimal environmental Minimal environmental 
impacts and mitigative impacts and mitigative 
measures. measures. 

Pump-and-treat; ion 111 sitll oxidation 
exchange and air stripper 
with cat/ox system. 
TCE and VOCs will be TCE and VOCs will be 
treated. Minimally treated. Moderately to 
ellective on DNAPL. highly effective on 
Minimal 9~C will be DNAPL. Not effective 
captured. on "Tc, 

Low volume of VOC High reduction in VOC 
contaminants recovered. toxicity. No impact on 
High reduction in toxicity 9OTc. 
of VOCs recovered. Large 
reductions in ""Tc volume. 
Reversible. Irre\'ersible. 

Treatment residuals None. 
include "Tc contaminated 
ion-exchange resin and 
salt from on:gas treatment. 
Satisfied for VOCs. Satisfied lor VOCs. 

No negative impacts to No negative impacts to 
the community are the community are 
anticipated. antici,,-ated. 
Risks to workers Irom Risks to workers from 
handling contaminated handling oxid:lnl. Risks 
groundwater. Risks can can be minimized through 
be minimized through adherence to health! 
adherence to health/safety safety protocols. 
protocols. 

Increase in discharge to Minimal environmental 
creeks will result. impacts and mitigatiw 

mC:Jsures, 

' • 
, .' 



• • • Table 4.25. (continued) 

Criteria No Attloo Prlman' Sourte Areas Secoodarv Source Areas 
Description No Action Vapor Extraction Direct Heating Excavation Steam Extraction Pump-and-Treat Oxidation Technology 

Technology Technolo~ Technology Technology_ 
Time until action Time until the Approximately 1.000 Approximately 1.000 Approximately 1.000 Approximately 7.000 Approximately 7.000 Approximately 7.000 
is complete 

Technical 
feasibility 

Administrative 
feasibility 

Availability of 
services and 
materials 

Total cost: 
escalated 
Total costs: 
:present worth 

General 

General 

ARAR 
MC'l 
POC' 
RAO 
RGA 
TC'E 
UC'RS 
VOC' 
""Tc 

groundwater is years. years. years. years. years. years. 
attenuated is 7.000 years. 

Iml1lt'IIIt'nlllbilitj' 
Feasible to implement. Feasible to implement. Feasible to implement. Feasible to implement Feasihle to implement. Feasible to implement. Feasible to implement. 

above water table and 
where infrastructure allows. 

Feasible to implement. Feasible to implement. Feasible to implement. Feasible to implement. Feasible to implement. Feasible to implement. Feasible to implement. 
ARARs waiver required. ARARs waiver required. ARARs waiver required. ARARs waiver required. ARARs waiver required. Long-tenn presence ARARs wai\'er required. 

required. ARARs waiver 
required. 

Feasible to implement. Services and materials are Availability of vendors Services and materials are Availability of vendors is Sen'ices and materials are Availability of\'endors is 
readily available. and equipment is limited. readilyanlilable. limited. readilya\·ailable. limited. 

VII;I COSI (Pt'rllcrt>-foot lind ;11 dO//llrs) 

SO $687.648 $694.837 58.131.025 52.083.677 52.318.211 S 12.30-1.300 

SO 5554.393 $434.759 55.930.929 $1.042.276 $1.076.353 S 12.218.892 
COIIIIIIOIfII't'II/,h Ac:et'planct' 

Comments from the Commonwealth of Kentucky will be incorporated into this FS report as appropriate following review of the draft report. 
COIIIIII'III;IJ' AcCt'DlallCt' 

Following a formal public comment period on the PRAP. comments from the community will be addressed in a responsiveness summary. which will be presented in the GWOU ROD 
documents. 

applicable or relevlll1t and appropriate requirement 
maximum contaminant levels 
pathway of concern 
remedial action objective 
Regional Gravel Aquifer 
trichloroethene 
Upper Continental Recharge System 
volatile organic compound 
tcchnetium-99 



Table 4.25a. Comparath'e Analysis Table 

Criteria Dissoh'ed Phase Areas 

Description Pum~ and Treat TE'chnoloi~' Ozonation Technolol!.~· 
Permeabte Treatment Zone 

Technolo2~' Oxidation Tei:hnolo2~' Bioremediation Technolol!.~· 
(JIoeral/ Protection ofHllman Healt" alld t"e ElIl'irollnlelll " 

Human health protection Not protective, unless combined Not protective unless combined Not protective un less combined' Not protective unless combined Not protective unless combined 
\vith additional measures with additional measures with additional meaSures with additional measures with additional measures 

Environmental protection May remediate discharges Ii"orn May remediate discharges from May remediate discharges Jrom May remediate discharges from May remediate discharges from 
the Nonhwest Plume into Little the Nonhwest Plume into Little the Nonhwest Plume into Little the Nonhwest Plume into Little the Northwest Plume into Little 
Bayou Creek. Long-term Bayou Creek. Long-terrl1 . Bayou Creek. Long-term Bayou Creek., Long-term Bayou Creek. Long-term 
presence will be required. ,presence \vill be required. presence will be required. p_resence will be re,guired. .l'.resence will be re,guired. 

Compliance ",it" ARARs 
(,hemical-specific Long time frame needed to Long tin)e frame needed to Long time frame needed to Long time frame needed to Long time frame needed to 

comply with chemical-specific comply with chemical-specific comply \\;ith chemical-specific , comply with chemical-specific comply with chemical-specific 
ARARs associated with ARARs associated with ARARs associated with ARARs associated with ARARs n,ssociated with 
contaminatedgrtlundwater. contaminatedgrQuridwater. contaminated lZTOundwater. contaminated groundwater. contaminated groundwater. 

Location-specific Complies with identified location~ Cornplies \\ith identified location- Complies \\ith identified location- C()rnplies \'1~hidentitied location- Cornplies \\ith identified location-
specific ARARs by incorporation specific ARARs by incorporation specilic ARA~ by incorporation specilic ARARs by incorporation specific ARARs by incorporation , of requirements into design and of requirements into design and of requirements into design and ' 'of requirements into design and of requirements into design and 
pre-construction !)lanning. '. pre-construction !)Ianning: pre-construction planning. pre-con'struction planning. Pre-construction planning. 

Action-speci fic ('orilpliance with the identified Compliance witJ:tthe identified Compliance with the identified Compliance \vith the identified Coinpliimce with the, identified 
action-sp~ific ARARs \\'iIIbe action-specific ARARs will be action-specific ARARs will be action-specific ARARs will be action"specilic ARARs will be 
achieved through incorporation achieved through incorporation 'achieved th'rough incorporation achieved through incorporation achieved through incorporation 
of the requirements in the design ofthe.'requlrements in the design of the requi'remeriisin the design of the requirements in the design of the r~quirements in the design 
and planning Phllse of and planning phase of and planning phase of' .and planning phase of and piamii,!)g phase of 
implemeniation. ' imQlementaiion. implementation. implementation. implementation. 

Other criteria and guidance Comp.1iance with identified Cornplian~e \vith identified Compliance\yith identified Compliance with identified Cornplia'lce with identified 
criteria will be achieved. criteria will be achieVed. criteria, will be achieved. criteria will be achieved. criteria will be achieved. 

.. Long-Term Eff~ctivi"ess lind Permallellu 
Magnitude or residual risk Residual risks remain high, Residual risks remain ~igh Residuaf.risks remain high Residual risks remain high Residual risks.remain high 

during th'e first 30 years; wiB during the first 30 years; will during the first 30 years; will during the first 30 years; will during the lirst 30 years; will 
require additional measures to requireaoditiorial measures to require additional measures to require additional measures to require additional measures to 
meet MCLs at the source zones. meet MCLs at the source zones. meet MCLs atthes'ouree zones. meet MCLs at the source zones. meet MCLs at the source zones. 

Adequacy and reliability of Adequate and reliable' Adequate and reliable Adequate and reliable Adequate and reliable. Adequate and reliable 
controls 
Need for 5-year review Required Required Required Required Required 
Environmental impacts arid Moderate environmental .Lo\\- environmental impacts and Low environmental impacts arid Low environmental.impacts and Lo\venvironmental impacts and 
mitigative measures impacts and mitigative measures mitigative measures mitigative measures mitigative measures mitigative measures 

, 
" .. ' , Redllctioll ofToxicitl', MobiliiJ', or Volitnle tl'I-Olitll Treatment " 

Treatment processes used Purnp and treat~ ion exchange and III situ otonation \vithion III situ permeable tfeatm~t zone IlIsi", oxidation III situ bioremediation 
air stripper with cat/ox,system. exchange ._ 

.. 

Amount destroyed,or TCE and VOCs will be treated. TCE and VOCs ~\'iII be t~ated .. T(,E and VOe's will be treated. TCE and VOCs will be treated. TCE and VOCs will be treated to 
treated ""Tc will be captured. ' , ""Tc will be captured. ""Tc will be captured and held 99Tc \"i11 not be captured. a 1f\'el'of approximately I 00 ~lgtL. 

within the aquifer. "Tc' will not be captured. 
Degree of reduction of High reduction in dissolved High reduction in dissolved High reduction in dissolved High reduction in dissolved High reduction in dissoh'ed 
toxicity, mobility, or phase VOC toxicity and volume. phase VOC toxicity and volume. phase VOC toxicity and volume. phase VOC toxicity and volume. phase \'OC to:o;icity and volume. 
volume High reduction in dissol\'ed High reduction in dissolved High reduction in dissolved 

phase 99Tc volume. ,phase: 99Tc volume. phase: ""Tc \·olume. 

••• 
" .• 
". '~I'<.' 
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• • • Table 4.25a. (continued) 

Criteria . Dissolved Phase Areas 
Permeable Treatment Zone 

Description Pump and Treat Technolo.gy Ozonation Technolo~' Technolog~' Oxidation Technolog~' Bioremedlation TechnoloID' 
Irreversibility of treatment Reversible Irreversible Irreversible. Irreversible. Reversible 
Type/quantity of residuals Treatment residuals include Tc Treatment residuals are . ..,. c Treatment residuals are Tc None I 00 ~lg:L \'OCs. Notc: residual 
remaining aller treatment contaminated ion-exchange resin contaminated ion-exchange contaminated iron tilings. \'O('s m:ly I~d to higher risk than 

and salt from off-gas tre:llmenl. resin. original VOCs due to degradation. 
Statutory preference lor Satisfied for VOCs; Satisfied for VOCs Satisfied for VOCs and ""Tc. Satisfied for VOCs Satisfied for VOCs 
treatment 

SI,ort-Urnt Effedil'elless 
Community protection Minimal negative impacts to the No negative impacts to the No negative impacts to the Potential negative impacts to the No negative impacts to the 

community are anticipated. community are anticipated. community are anticiQated. community are anticipated. community are anticipated. 
Worker protection Minimal risks to workers from Minimal risks to workers from Risks to workers from handling Minimal risks to workers from Risks to workers from handling 

handling contaminated handling contaminated contaminated soils. Risks can be handling contaminated contaminated groundwater. 
groundwater. Risks can be groundwater. Risks can be minimized through adherence to groundwater. Potential exposure Risks can be minimized through 
minimized through adherence to minimized through adherence to health/safety protocols. to oxidant. Risks can be adherence to health/salety 
health/salety protocols. health/safety protocols. minimized through adherence to protocols. 

health/safety l"'otocols. 
Environmental impacts and Moderate environmental impact. Moderate environmental impacl. Moderate environmental impact. Moderate environmental impact. Moderate environmental impact. 
mitigative measures May eliminate contaminant May eliminate VOC disch:lrge M:lY eliminate contaminant May eliminate VOC discharge May decrease VOC discharge to 

discharge to Little Bayou Creek. to Little Bayou Creek. discharge to little Bayou Creek. to little Bayou Creek. Little Bayou Creek. 
Increase in water discharge to 
creeks will result. 

Time until action is Approximately 7.000 years in Approximately 7.000 years in Approximately 7,000 years in Approximately 7.000 years in Approximately 7,000 years in 
complete source areas. Approximately souree areas. Approximately source areas. Approximately souree areas. ~c levels will not souree areas. ~c levels will not 

100 yrs or less in downgradient 100 yrs or less in downgradient 100 yrs or less in down gradient be affected. be alfected. 
areas. areas. areas. 

Im"leme",abilitl' 
Technicalleasibility Feasible to implement Feasible to implement Feasible to implement Feasible to implement Feasible to implement 
Administrative feasibility Feasible to implement. Long- Feasible to implement. Long- Feasible to implement. Long- Feasible to implement. Long- Feasible to implement. long-

tern, presence required. ARARs term presence required. ARARs term presence required. ARARs term presence required. ARARs term presence required. ARARs 
waiver required. waiver required. waiver required. waiver required. waiver required. 

Availability of services and Services and materials are Services and materials are Availability of vendors is Availability of vendors is Services and materials are 
materials readily available. readily available. limited limited readily available. 

Cost (ill tllol/sallds 0/ dollars) 
Total cost: escalated $692,703 I $134,477 $180.269 S209,601 S248.424 
Total costs: present worth $361.039 $75.065 S124.285 SI57,636 S205,I54 

Commonwealtll ACCf!l1tallce 
General Comments from the Commonwealth of Kentucky will be incorporated into this feasibility study report as appropriate following review of the drat) report. 

General 

ARAR 
RAO 
RGA 
TeE 
UCRS 
VOC 
""Tc 

Commllnlt), AccelJtallce 
Following a formal public comment period on the proposed plan, comments from the community will be addressed in a responsiveness summary. which will be presented in 
the GWOU Record of Decision documents. 

applicable or rele\'ant and appropriate requirement 
remedial action objective 
Regional Gravel Aquifer 
trichloroethene 
Upper Continental Recharge System 
volatile organic compound 
technctium-99 



Table 4.26. Expected TCE volume reduction within 30 years 

TCE Volume Reduction 
VCRS RGA 

Alternative (total of210,217 liters) (total of 576,511 liters) 
No Further Action 2% (4,835 liters) 3% (19,025 liters) 
Vapor Extraction 75% (157,663 liters) 3% (19,025 liters) 

Primary Source Direct Heating 95% 199,706 liters) 3% (19,025 liters) 
Excavation 100% (210,217 liters) 3% (19,025 liters) 
Steam Extraction 2% (4,835 liters) 87% (570,746 liters) 

Secondary Source Pump and Treat 2% (4,835 liters) 38% (247,900 liters) 
Oxidation 2% (4,835 liters) 79% (5 I 8,860 liters) 
Pump and Treat 2% (4,835 liters) 15% ( 100,029 liters) 
Ozonation 2% (4,835 liters) 15% (100,029 liters) 

Dissolved Phase Permeable Treatment Zone 2% (4,835 liters) 15% (100,029 liters) 
Oxidation 2% (4,835 liters) 15% (100,029 liters) 
Bioremediation 2% (4,835 liters) 15% (96,724 liters) 

• 

• 
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