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1.0 INTRODUCTION

Cimarron Corporation's site (Cimarron Site) near Crescent, Okalahoma, is a former fuel rod
manufacturing facility. Since the cessation of operations, the site has been undergoing
decommissioning. This decommissioning is being performed by Cimarron Corporation with oversight
from the Nuclear Regulatory Commission (NRC) and the Oklahoma Department of Environmental
Quality (Oklahoma DEQ). The evaluation presented in this report has been performed to update the
understanding of Cimarron Site's geology and hydrogeology based on new data collected since the
initial conceptual site model (CSM) was developed. This CSM is focused specifically on areas where
impacts remain to be fully remediated: Burial Area #1 (BA #1 Area); the Western Upland Area; and the
Western Alluvial Area. Cimarron Corporation completed this evaluation to assist in development of a
consensus, among agencies and interested parties, on existing site conditions for use in developing
plans for actions to complete remediation of the site.

1.1 Role of Conceptual Site Models

A CSM is defined as a written or pictorial representation of an environmental system, and the biological,
physical, and chemical processes that determine the transport of contaminants from sources through
environmental media to environmental receptors within the system (ASTM El 689-95(2003) el).

A CSM is typically used to integrate available site information and to evaluate whether additional
information should be collected. The model is used furthermore to facilitate the selection of remedial
alternatives and to evaluate the effectiveness of remedial actions. The development of a CSM is
normally iterative. Model development should start as early as possible in the site investigation process.
In addition, the model should be refined and revised throughout the site investigation process to
incorporate additional site data.

1.2 Existing Cimarron Site Characterization Documents/Models

Assessment at the Cimarron Site has been ongoing since the decommissioning process began in 1979.
From this period, the following nine principal characterization documents were integral in the
development of the prior CSM that has been used for the Cimarron Site:

1. Site Investigation Report for the Cimarron Corporation Facility, Logan County, Oklahoma, James
L. Grant & Associates, September 1989.

2. Radiological Characterization Report for Cimarron Corporation's Nuclear Fuel Fabrication
Facility, Crescent, Oklahoma, Chase Environmental Group, October 1994.

3. Groundwater and Surface Water Assessment for Cimarron Corporation's Former Nuclear Fuel
Fabrication Facility, Crescent, Oklahoma, Chase Environmental Group, Inc., December 1996.

Report No. 04020-044, OSM 1-1 August 2005
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4. Cimarron Decommissioning Plan Groundwater Evaluation Report for Cimarron Corporation's
Former Nuclear Fuel Fabrication Facility, Crescent, Oklahoma, Cimarron Corporation, July
1998.

5. Environmental Assessment by the Office of Nuclear Material Safety and Safeguards of the
Proposed Decommissioning Plan and Other Proposals Related to the Cimarron Corporation
Former Fuel Fabrication Facility, Nuclear Regulatory Commission Office of Nuclear Material
Safety and Safeguards, July 1999.

6. Burial Area #1 Groundwater Assessment Report for Cimarron Corporation's Former Nuclear
Fuel Fabrication Facility, Cimarron Corporation, January 2003.

7. Justification for Utilization of Fully Penetrating Groundwater Monitoring Wells in Shallow Alluvial
Aquifer at the Cimarron Facility, Chase Environmental Group, January 2003.

8. Assessment Report for Well 1319 Area for Cimarron Corporation's Former Nuclear Fuel
Fabrication Facility, Cimarron Corporation, December 2003.

9. Technetium-99 Groundwater Assessment Report for Cimarron Corporation's Former Nuclear
Fuel Fabrication Facility, Crescent, Oklahoma, Chase Environmental Group, Inc., December
2003.

A brief synopsis of each of these nine reports is presented in the box below.

'1. -ýSite Investigation Report
for-tlhe Climarron
Coýrporation Facility, L~ogan,

Oo~iy'klahoma
Jar.e , Lrantf and

Septern 1989

'hs sreport summarizes ageologi£al:and hy1rogeologic#! site investgaions
ndub:bdcted at the Cimarron S,'ite 6.rd io'o'ided the basis .for understanding'the

•geological and hydrogeologica cIntrols on surface soil,. bedrock;A acl.ia r

tra ioogical imp~acts and the potenftial mo~ements Of rrimpacts, shi 're~
aa proidod the first comprehensive CSM and set the stage f6rdet6ermingrn1 v.hi

aes tsiecould -havbe -'f Cimarr-- area ofteste .ould.ave_ enaffected radiologically byforme ..G.me ...
.fa iitya t6tivities . -.,.

This preot contains the folowing in ormAtion!

, Characterization of the sitholg and,

bedrock at the site;

.Characuerizatioi d a'quifter properties including hydr auIc c•` 6 duc ivity,
grouandwater flowmdirectin•se.: and '" .dint;

* Chairabte rization. of ,groundwater. qlual ity- nd deteriato of 'the:

effects: that faciit`'- dperations, may have- had o' groiinriwater qu ity;'
and

* letermrninaionhof t~he mo~bility of ýradion~uclide's-, priualuanium, i n
,the- -subsurface and,.,the ability 'f 9dbsygface ~rnatrialS'4to< retard,
Migration at the Ciniaýrron Site.-

Report No. 04020-044, c5M 1-2 August 2005
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2.Radiologicldl
Characterization Report
ýCimarron Co'r'por'ation's
Niuclear Fu6el Fabricatioi
Facility,'e iiCre, enlGt,
Oklahomria
C hase Env~ironmental Gr(
1994

This' r6e6prt presents.the, 'r-ditsl..df. field" r"aldiological Iinvestigations at the
for, r. Cimarron Site. It facilitated 'the.subsequ~nt decommissioning of areas

_ 6enrtially :affected by pre~i6Cvios facility operations. , the rep~rt also
n summari"es"the.site 0eo aiiri istbr"and the decommrfissioning activities,
- •such asitetid'val Of iriaCted waste& iid sOil up to that date at the Cimarronsuch Asý46ffi. v 6: imi. ,ýt .clat;.:,•. At th it r

up
1 Ths 6eph presents results f rom a combination of scoping surveys,

"characterzati.o .suerveys, rer.ediition Control sueys pre-
re"iediation surveysp•s;t, remediatin surveys, final s.urveys,,h and
cbrfirmnatory surveys (Oak Ridge institute forSci ence'and Educat-i:
(OR[SE) and NRC confirmatory suryey results are in•cluded forsome

-areas and, in- sodm6ecases; survey result sare includedfeor areasthata
had already bee6rlese bythel'N-R"C).,

SOnly uraOni anrid plutonium' inchemically separated forrmiwere used
.-in.the pto6ductionh processesIat the Ciarnsite..Th'e.co ntýation.

of.• daughtie rad i onces:iwass negligibl.e a iuni a
, :::!detected: in 'groundwaterU-anhd soi samples :re-e.•,t-:,t naturali

ba1kground levls a• thu .not due-to tie 'effe6t.'bf facility
operations. "*~>

3. roundwater ,'aridSurfai
Water Assessment for
C.imarron Corporation s-
Foirmer N06 1 -ear F "uel
Fabrication F acillity,
Crescent, Oklahoma . ii L b,

Chase 'Environmental Grou6
Inc.
December 1996-

,e TThis report:reviewsTbackground wate '-qua i;•assesses historical and 'thenr-
.6-crent' groundwater .data to' -determine- imacts- rfrom past ati6n; and

.. :. dentfies ý6haes 6t .. r6undwater.K,quality. since issuance o :the. reort
Jpr.. rdb<Jam.es L.Grarnt•a'Associat•s i-'.198. This report alsr reviews

.0'si,;ing surface and grudatrdt, includ ing data from-:a corh~preh riiie,
sampling event performed in 1996. The conclusions of thi~s report are:,

e Background, near surf~ace groundwater, quality, i s hard, to' very ýhard,
an~d cont'ains elevate'd conc'ent'rations of dissolved, soicsb;'hd lbidesl,,
SUlfates, and nitratesý th~us limitin'g its poteritial for as~g a '06table

*',Te eooyr of the site limits the groundlw~ter available for. Withdrawalfor beneficial usage'to approximl o g n rminuteor less of'

vsustained pumping.7

Shallow groundwater which is found ih'SandsoeAadtBls
north.northwesteu•nil it is dischanrged to either the ground surf',a :

, e qlog loVlying, bluffs and' cliffs orthe Cinrron River;
sees ao'7s o t t e,''C

~alluvium.,

* With source, removal and further remediation, subsata
'imrprovements in localized grodnhdWatdr quality.,had been iýealize'td as
of'the date- 6f 'this reort. Grounidwater tdstipni i ihdcated h~
ope'ratioris may. have -affected the grounidwater quality Adjacdit. to
one or'-tvo former waste mainagemnent Units.
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On 6 Woe wi' ioftion contained griuridwater exceeding the-u•anikm'
6iffuierif'cond jtrati6n (EC) -limhitsi presented -in, 10 CFR 2,0. Wel

."1'3•85; 1 oa6t6•., be-tween- trenches :within tfhe 'BA #1 Area,; showed a
total "Uriaum.•conentration that was tic6 :th6, EC Iimit in 1996.

ta urnum, as Mi n .

However, th:i99e ~amp lIn results reflect •i- ubstahiai reductionin
c. n nti• ,ririi 66 ti the it1990 le'iel of 27, times the EC limit. In,
generl;, frý ',"other wells with sihl lvtduairý §riagenera, {•f th;:slightly • e~~ ... .........n similai

dwwr(iinroving quality) trends we urI Gr6un dwaier

impacts were contained totally on site.

The dlee'pqr! wellslocated in Sandstone C, have not shoiWn` any affect
fronih form~rflacility operatios

Dcom missionhilng P
Groundwater Evalu
Repo'r~ft-fo Cimrarron
C6orporati&~s. Form
Nuclear Fuel Fabrica
FOaciilty, Crescent,
Oklahoma

Cimarron Cbirporation
,July 1998

phe purpose of this repot wasto provide informatiOn rega•rding groundwater
Iaan at .thie'Qmarron Sif forAndlusiro in the Cimarroii Decommissioning Plan.
tifon This .report .adlr~esse 'vicinity and si~e geology/'hydrolog prsets'

summairy'* of closiireac~tiv)ities, for ý'areias th atiha .grounowater. impact,.*
debscries b'cgbn ~ii ffected area grouid ia'er quaity a.ssesse thition : .tr~r~dfrig _iof envirorMehltatla for affected eas&and presents a proposal.for

additional Work at theBkA #'A1rea. The conclusions of thiSr were 'as)

r Effective confining mudstone strata are'prese•itb•' etw en eachl6fthe

groundwater zones of Sandstones A,• B, and C'morIsit. These
mudstones influence :the lateral flow of groundwater n c

the potential ~downWard migr'ation of shallow groundwater, between.
the three sandstone units. .,

* The bluffs overlooking the Cimarron. River ~represent a v'ery'ag
discharge zone that continually drains the upper sandstones In act,

.the upper sandstoness we're not saturated in those siteareas 1near ,e

- T:7he6 historicalIJ&n& more-recent groundwater an .. d . su..rf.aceý'. ; wate r,
investigations clearly showed that groundwater radionucide impacts

.hadabteaorhd e,6ntinued their-.decreasing trends from..the le.vels

... 44, • ,:: .4~p r g~b' .'7" ' •"•' 4, 44 4

reporteda in.1 1989-by JL Grant.and, Associates..-.,- 4.

- hallo undwater in Sandstones A and Bgeneralydis res to
*the incised 1drainage pathwa ys and the seeps in the- lowd lying ýbluff sl

andc.liffs that bord"erthe floodplain of the Cimarron River-,

Dee'6per 4groun~dwater in both Sandsto'nes B an -icage t h:

all v:- I: i ep.6.,ith a tt, undaaerlie- and comprise the C'irarror 'Riverbottom (and the adjoining floodplairn.

Cimanrron~ Corporation would continue to monitor gonwtrJ h

gfrou waer in the
beieed -tat_ g rundwte cjnhWrtns Wddldý continue to

, o .o -decreaset-'agreedto onuct additional .studi, fd'th -pur pos of
.,-.,understanding the attnuation:nmechanisms.. These studies were to

incl'ude'additionallý ydrogeologic evaiuabons of the general area.... 7, . . .. .: ."-•" :• • ;;:, -. ,: ' :.' -,, . - .. ,: " '- : •' • " .: . . " , . ." . . . . : . , ..
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• Cimarron Corporation agreed to retain and contrQl the property aeas

formerly licedsed under NRC Raaioactive Material SNM-928 -:Ui the'
pro• posed .gri.bddwatet criteria wedr met. h the unlikely ev entt that.

th• urarium con~centrations did ot de lihe sufficiently duriri the
:~ ~ ~ ~ ~ h . ..... r:!e.t£"a.'ii• p:gini. 0'i-::di.!;:..I ,, : n y ': iqjie

monitring" .period Cimaro Coprto ,greed to prepare,
corecitiv6 abtip hrogram.,

5. Environmentail''This report .. se. . es. e'.i environmenta impact-of th._j e -9!isionn

Asessment b6y the Office of byCmr,"6rorton tas osdr' no-actionalternative.,'
NulCear Mater-ial Safet.Y ad Thi s report w ytherepare _,anIdi'ra`National. Environmnta

ýAfeurds~of the Prpsd adNC' e ationi§ in 1 CFR5
e~r osed P'olicy Act of 1969. (N E PA)adN Rs ?.'g 51

Oth• rProposasRelated . : to NR staff reewed bot teeneficil ad .ader t6tialiact
n peration" proposed decommiSsion The staff's c6nclusions were as foIlows:

Former Fuel Fabricatio "": fenRadiation ,exposures of oors .vtravehing near the site

Fbecause of .nhmt&'operations and wasote tansportation will be well
Nuclear Regulatorywihntelmtcotidin1CF20

Conm ission~ Office ofNudclearwihnteiscoandin1.3R0
Material Safety and * Cmarron'ý Corporatio proposed a" grouindwater, sadrdo .
.Safeu.rd .. e a

-Becquerels peJlte (BqIL) (180, pi'ocuries per.ltr[~/] o oa
Jl1999- uaum wihideosrtdoeqate to "the allowable; 0.25:

mill isievedsr&§ý' iear (mn~v/ylr) (25 millirems~i per year (mrerh/yr) Ttal
- " " EffectiVD6 e Equivalent (TEDE) to th h tical aidiidul

Y•!? te.,. .. ,."Stahd6`diking the wter, NRC staff fudth poposed groundwae
stndr of6.7 BqL(8 ~/',frttluaim to be acceptabile

.because the 0.025 rnSv/,yr (25 m re /yr) dose .associated with that
standar, wh added o the. negligible dose from• all other pathways
is,: we. ... .6w.. 0.1 raSv/dr (100i imrer/yr)hit i! 10, CFR 20.1301

i f'•)! d' "d " Ii.:-i' "rb r oft e p bi."n a iinfor individual i, brTfp6pibi. n diin the Jikelihobd of thisio.
.. • -... •groundwater eebeg e f esc Or.agricultural purposes'is

low. ,ue lha,........

-:On the bas. of th is. report NRC staff .onCluded that tihe proposd'adkct
-wuld not have any significait effect on the quality of the human environment

and did not warrant thepreparation of an environrental rpact statement.

6:Burial Area #1 This document details the comprehensive investigation of uranium inhgroundwate
;Giondwaer-ssesment.."'r:' in he A # iea.Jh6conclus~ions presented in this report were as follows:
Report for.orme , * ,",':N'one of the sobis withi th e areaf ogrodricdvate impact 'exceedt• th

Corporation's -fe
ulea Option 1 criteria for unrestricted 'release (30 pjccuies itio gr [p/ ig1

F l above backgrounid) in tlhe :NRG: Branch Technical ,Position (BTP)
cimarron Corporation "Disposal or Orinite St6iagie of ThoiuL anid Uranium i Wastes from Pat•

Operations.
Jlanu~ary26003

!Uranum conentrations in Sandstbne randged fr6ni 6 to 34 pCifL for the•

locations monitored, which is consistent with background levels of
Sandstone C.

* A clay/mudstone lithologic unit underlies a sigrnificant portion of the area
of uranium impact.ý
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SThe, shallow 'droundwater shows 8 steep gradient in the bedrock area,
and flattens cisiderabl• as§groundwater discharges into the alluvium.

.... o T 6ege 6•"ofhe area has been adequately characterized.

- G6etechnioperties of •ub•ur ace niaterials have been quantified.

4 *The source of licensed material has been removed.

!The disposal 'trenches extended through the k ow-perrea iity materials
that covered Sandstone B and the moe~ eable alluvial mraterial.
* h pland area is characterized b 1Bw..'ia u ried , by Mudstone.A over yin~ gSadstoe B,

escarpmient covered by alluvieal i6terials.

eThre is a tzat one charateriz'ed. by low-'rmeali ity material,

(clayV S.d with deipth in the'ealluvial 6hann~l.

o-. The alluvium ty"pically consists "of a. layer of fine, '6nll-ounded nsads
.o6verlain by:silts and clays. In a small portion of the area, the sand
extends to the sufa

-- o There is a Iow-permeability layer (clay and/or shale/mudstohe) 4uniderlying.
thealluvial sands in most of thearea.

74.Justification for,, This technical assessment presents both hydrogeological and future, and use
"Utilization of Fully - in Iform-ation that expla'in stheI ra Itionale ,Ibehind I Cimarron CooIo tons.ýdcso to
Penetrating.Groundwater install monitor wellslýth6t.are'screened across.thee. full saturated thickness of the
Monitoring Wells in Shallow, alluvial aquifeir This: paper -addresses -the nature of the alluvia! 'aquifer, and

Aui Aquifer atthe....explains why potential ,future users of groundwater would install wells screened
.Cimarron Facility- iriugitit " thcnstts thehcon, Iosaturatedtllune

sThis technical assessmentrpresents the conclusiori that the shabllow alluvium

.,January 2003 downgradien 'the BA#1 :Area consists 'f a vertically undifferentiated and

unconfined hydrogeologic unit that is formed by a complex mixture of mostly sand
with laterally discontinuous alluvial deposits of clay, silt, and gravel '

ý -As a result of the geologic and hydroge:ologic chairacteristics of the shallow alluvial-
aquif'trelaithn.-,and uncofifned ,NWater-bearing zone of the alluvial
deposits icannotprac-telly bseintmpated wnl upper and/or, lowe•tone fr

vetcldifferentiation of the u'r iumi impatthat Will re 'Ire remediatihvetia e~V _a ~ equ ,

8. Asses'sment Report for Thi=s report summarizes the groindwate evaluation of licensed mater aln Ithe area
Well 1319 Area for Cimarron of the: formeru Uraniu mi .Plant yard near "Well 1319. The report presents-the

owoLioIIs Former followhng conceusitns. the
..Nuclear Fuel:Fabrcation t..
F.cility- .'.'-,Lcensd material i the Well 1319 Area was limited to sandstdnes B and

C imarron Corporta~tbn 4

D-, c..ember 2003 . Sandstone Awas unlmactedbecause the original -Well 1319 1,was. not

perforated through the Sandstone A int6ryali
"' ..... ;, ,...'Groundwater in Sandstones Band C exceeding the limit of'180 pCi/L was

..restricted to a very smallareadowngradient of the former Well 1i3191..
The .report emonstrates that groundwater beneat the Uranium Plant yaid had

bee-n remediated and the area was ready for eleise.
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9. Technetium,99 This report presents.. th.er'ersuits of tlie,,Tec ttfiur-99 (Tc-9"9 'Ur6Lndwater
Groundwater Assessment assessment peiforern•efor the Cimarrion site, -This assessment wias performed in
Report for Cimartron respohse t'o the NRC's; March 12, 2002, l~t<futeevlainoth

Corporation' FormerIsin presenc oflatbi of thCNcrpratron s ormer . presence ouTcl99 in groundwater at the Cirnarron Site. The sourceof the Tc-99 at
Nuclear Fuel Fabricaion the fac iiy i •du6e ttho isirdieriuclide;d which is a fissioh prqdti U beir shilped tOFac iity, .. resce.n.t, -s a contamiantpresent in Atoic Energy Commission (AEC) suppedthe fadii~týa ýa aot niih frii EnergyeCOkl ahom uraniurm ;hexafluoride (Uýf). feed material. This report presents th6,, following

Cdhaet Enviro'nm~entala Go Up `re-s~ujIts:-
Ilnc.dw ditDecember 203 .ShallowI" gro0undWaterwithin Sahdstones A and B dongraie from U-

.'Plond #2hasbeen pactdby prior site' operati ns and shows elevated
.b~nqqiratjratio-nf Tc`99>-

, Seep 1208,was, ith eonly sampling ocation that has yeded Tc-99
concentrationsi gUideline value of

3,790 OI/L-

S since the origi"n' s :ou0re(i.e., U-Pohnd #1 and #2) had beenr removed,
.- :conce.taton.f Tc-99 irn groundwat6rand at th- de will

,o ntinue to cl • ee'as Welleia••-6ndtratseion f Tc-99 in thl el•ium.
This report `derý_oist ratedtl"Ath"tJvated Ieieof Tc-99 were0

fro twoe fomew nao U-Pond #1 and U-P6hd 2#?withi
S' d A'' d tt'tase menutc aesoSandstoneAa and.ptthe seep outcps..

1.3 Purpose

The purpose of this refined CSM is to compile and integrate both historical and current information into a
comprehensive model of the BA #1 Area and the Western Alluvial Area. The refined CSM will also be
used to facilitate the selection of remedial alternatives and to evaluate the effectiveness of remedial
actions in removing licensed material from site groundwater. This refined CSM is intended to establish a
foundation for all parties to share the same understanding of the site characterization, which will enable
technical and regulatory personnel to resolve issues concerning the site, and facilitate the decision-
making process.

1.4 Technical Considerations

During the course of investigations and assessments of surface water and groundwater at the Cimarron
Site since 1990, multiple approaches and methodologies have been discussed and resolved between
Cimarron Corporation, NRC, and Oklahoma DEQ. These agreements and understandings have been
incorporated into the data acquisition programs at the site. These agreements and understandings,
therefore, have a bearing on the information and interpretations outlined in this refined CSM report. The
following is a summary of these technical considerations, agreements, and understandings:

* For the purposes of this refined CSM report, areas of the Cimarron Site that have continuing
groundwater impacts are more extensively considered than areas that have been released

0
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and/or areas that are pending release because they currently comply with decommissioning
criteria (e.g., Well Area in Subarea K).

* Cimarron Corporation derived a site-specific release criteria limit of 180 pCi/L for uranium in
groundwater, which was subsequently approved by NRC and Oklahoma DEQ.

* NRC stipulated that Tc-99 would have an action limit of 3,790 pCi/L in groundwater at the
Cimarron Site.

* Groundwater monitor wells installed in the Cimarron River alluvium are screened across the
entire saturated interval.

1.5 Branch Technical Position Options and Groundwater Release Criteria

NRC approved use of the 1981 Branch Technical Position (BTP) as the criteria for decommissioning
soils at the Cimarron Site. In their October 5, 1991, letter (SECY 81-576) NRC staff identified five
acceptable options for disposal or onsite storage of uranium or thorium. Two of these BTP Options
(BTP #1 and BTP #2) have been incorporated into License Condition 27(b) and were utilized at the
Cimarron Site during decommissioning activities. These two options are described as follows:

* BTP Option #1 - Allows for the disposal of natural thorium with daughters in secular equilibrium,
depleted or enriched uranium, and uranium ores with daughters in secular equilibrium with no
restriction on burial method. The concentration limits for natural thorium and depleted or
enriched uranium are set sufficiently low that no member of the public is expected to receive
unacceptable radiation under any foreseeable use of the material or property. Material that
meets Option 1 limits can be treated as "clean" soil. The BTP Option #1 concentration limit for
uranium is 30 pCi/g for enriched uranium and 35 pCi/g for depleted uranium.

" BTP Option #2 - Allows for the disposal of natural thorium with daughters in secular equilibrium
and depleted or enriched uranium with no daughters present when buried under prescribed
conditions with no subsequent land use restrictions and no continuing NRC licensing of the
material. Under this option, burial will be permitted only if it can be demonstrated that the buried
materials will be stabilized in place and not be transported away from the site. Acceptability of
the site for disposal will depend on topographical, geological, hydrogeological, and
meteorological characteristics of the site. At a minimum, burial depth will be at least four feet
below the surface. The BTP Option #2 concentration range is up to 100 pCi/g for soluble
uranium and up to 250 pCi/g for insoluble uranium.

The release criteria for groundwater at the Cimarron Site is 6.7 Bq/L (180 pCi/L) total uranium. Cimarron
Corporation will retain control of the property licensed under NRC Radioactive Material License
SNM-928 until the groundwater release criteria are met.
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* 1.6 Report Structure

This report is organized as described below.

SECTION 1.0 INTRODUCTION - Presents a discussion of the role of a CSM, a review of past site
characterization efforts and understandings, and the reasons for development of this refined CSM.

SECTION 2.0 GEOLOGICAL CONCEPTUAL SITE MODEL - Presents a discussion of the regional
geology of the Cimarron Area, the stratigraphy of the Cimarron Project Site, including detailed
stratigraphic correlations, and a summary of the Cimarron Project Geological Model.

SECTION 3.0 HYDROGEOLOGICAL CONCEPTUAL SITE MODEL - Presents a discussion of the
general hydrogeology of the Cimarron Area, groundwater flow at the Cimarron Site (including delineation
of water-bearing units, potentiometric surfaces, flow patterns, surface water interactions, Cimarron River
floodplain), and specific area groundwater flow regimes (i.e., BA #1 Area and Western Plume Area).

SECTION 4.0 GEOCHEMICAL CONCEPTUAL SITE MODEL - This section presents a discussion of
the groundwater geochemistry of the primary water-bearing zones; a discussion of the various
geochemical patterns observed in groundwater in the BA #1 Area, Western Upland Area, and Western
Alluvial Area; and a discussion of the distribution of licensed nuclear material detected in groundwater in
these areas.

SECTION 5.0 INTEGRATED CONCEPTUAL SITE MODEL - This section combines the geological,
hydrogeological, and geochemical models for the BA #1 Area, Western Upland Area, and Western
Alluvial Area and presents an updated and refined CSM based on site data available as of 2004. The
goal is to facilitate an understanding, not only of the nature and extent of uranium impact and the
environment in which it is present, but of how the uranium is being transported, and expectations
regarding its impact on potential receptors.

SECTION 6.0 CONCLUSIONS AND RECOMMENDATIONS - This section presents key conclusions
from the previous sections and recommendations for finalizing the refined CSM and for evaluation of
remedial alternatives.

SECTION 7.0 REFERENCES - Provides bibliographic citations for references used in development of
this report.
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* 2.0 GEOLOGICAL CONCEPTUAL SITE MODEL

2.1 Regional Geology of the Cimarron Area

2.1.1 Topography

The Cimarron Site lies within the Osage Plains of the Central Lowlands section of the Great Plains
physiographic province, just south of the Cimarron River in Sections 11 and 12, T16N, R4W in Logan
County, Oklahoma (Figure 2-1). The topography in the Cimarron area consists of low, rolling hills with
incised drainages and floodplains along major rivers. Most drainages are ephemeral and receive water
from storms or locally from groundwater base flow. The two major drainages in the project area are
Cottonwood Creek, which lies about 7 miles south of the site, and the Cimarron River, which borders the
site on the north. Elevations in the Cimarron area range from 930 feet above mean sea level (amsl)
along the Cimarron River to 1,010 feet amsl at the former plant site. Vegetation in the area consists of
native grasses and various stands of trees along and near drainages. The soil thickness in the project
area ranges from about one to eight feet. Three unnamed drainages within the site boundaries were
dammed to store water for agricultural and industrial use at the former plant site.

2.1.2 Regional Stratigraphy and Structure

* The bedrock geology of the Cimarron Area is dominated by Permian-age clastic sedimentary rocks of
the Garber-Wellington Formation as shown in Table 2-1.

These units dip to the west at 30 to 40 feet per mile (Carr and Marcher, 1977). The Permian-age Garber
Sandstone and underlying Wellington Formation, which comprise the Garber-Wellington Formation,
include lenticular channel and sheet-flood sandstones interbedded with shales and mudstones. The
combined thickness of the Garber Sandstone and the Wellington Formation is about 1,000 feet.
Because the two formations are difficult to distinguish in drill core and in outcrop and have similar water-
bearing properties, they are often treated as a single mappable formation and grouped into a single
hydrostratigrahic unit, the Garber-Wellington Aquifer (Wood and Burton, 1968).

Structurally, the Cimarron area is part of the Nemaha Uplift of Central Oklahoma (Figure 2-2). The
Nemaha Uplift trends northward across Oklahoma and was formed during a period of uplift, faulting, and
erosion that occurred between the Mississippian and Pennsylvanian Periods in the Oklahoma area. The
Nemaha Uplift consists of north-northwest trending normal faults and anticlinal structures that influenced
early Pennsylvanian-age sedimentation in the Oklahoma region (J.L. Grant and Associates, 1989). By
middle Pennsylvanian time, the Nemaha Uplift was not active. During the Permian, when the Garber-
Wellington Formation was deposited, Central Oklahoma was part of the eastern shelf of a shallow
marine sea. The sandstones and shales of the Garber-Wellington Formation were deposited as part of
a westward-advancing marine delta fed by numerous streams flowing to the west and northwest. Thus,
the sands of the Garber-Wellington Formation are often sinuous, discontinuous, and exhibit the rapid

0
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* facies changes typical of a deltaic channel and overbank depositional system. Sand accounts for 35 to
75 percent of the Garber-Wellington Formation (Carr and Marcher, 1977).

2.1.3 Cimarron River

The Cimarron River borders the northern side of the Cimarron Site. Floodplain sediments along the
south side of the river in Sections 11 and 12 (Figure 2-1) are within the Cimarron Site boundaries. This
river drains 4,186 square miles of Central Oklahoma from Freedom to Guthrie, Oklahoma (Adams and
Bergman, 1995). The Cimarron River is a mature river with a well-defined channel and floodplain. The
stream bed is generally flat and sandy and the river is bordered by terrace deposits and floodplain
gravels and sands (Adams and Bergman, 1995). The river is perennial with a low-water median flow
rate of approximately 100 cubic feet per second (cfs) and a high-water median flow rate of 600 cfs
(Adams and Bergman, 1995). In the area of the Cimarron Site, the ancestral Cimarron River has carved
an escarpment into the Garber-Wellington Formation. Floodplain alluvial sediments currently separate
most of the river channel from the escarpment within the site boundaries.

2.2 Stratigraphy of the Cimarron Site

The stratigraphy of the Cimarron Site is dominated by the Garber-Wellington Formation. The Garber
Formation is exposed along the-escarpment that borders the Cimarron River. The Wellington Formation
was found at depth in a deep drill hole, but is not exposed within the project area. A boring completed in

* 1969 near the plant site penetrated 2,078 feet of the Garber-Wellington Formation (J.L. Grant and
Associates, 1989). Identified in this boring was 200 feet of Garber Formation sandstones underlain by
960 feet of Wellington Formation red shales. Beneath the Wellington Formation, the Stratford Formation
was found at a depth of 1,160 feet and consisted of red and gray shales with interbedded anhydrite.

Within the Cimarron Site boundaries, the Garber Formation consists primarily of sandstone layers
separated by relatively continuous siltstone and mudstone layers (J.L. Grant and Associates, 1989).
The sandstone units frequently have interbedded, but discontinuous, red-brown shale and mudstone
lenses. Lateral facies changes are common in the sandstones and represent shifting channel locations
in the Garber delta. J.L. Grant and Associates (1989) divided the Garber sandstones found in the
Cimarron Site area into three basic sandstone units separated by two relatively continuous and
identifiable mudstone layers. The stratigraphic division of the Garber at the Cimarron Site is
summarized below from J.L. Grant and Associates (1989) and described in greater detail in Section 2.3:

* Sandstone A: Uppermost sandstone unit, generally red-brown to tan in color and up to 35 feet
in thickness. Bottom of this sandstone unit occurs at an elevation of approximately 950-970 feet
amsl (see Figures 2-5, 2-9, 2-10).

" Mudstone A: Red-brown to orange-brown, sometimes tan mudstone and claystone that
separates Sandstones A and B. Ranges from 6 to 20 feet thick.

0
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* Sandstone B: Second sandstone unit, similar in color and sedimentary features to Sandstone
A. Found at elevations between 925 and 955 feet amsl and is up to 30 feet thick. Found below
Mudstone A (see Figures 2-5, 2-9).

* Mudstone B: Mudstone and claystone separating Sandstone B and Sandstone C. Similar in
color to Mudstone A and ranges from 6 to 14 feet thick.

* Sandstone C: Lowermost sandstone in the Garber-Wellington Formation. Similar in color and
sedimentary features to overlying sandstones. This unit is at least 100 feet thick.

All three sandstone members of the Garber Formation at the Cimarron Site are basically similar
lithologically. They are fine to very fine-grained red-brown to tan sandstones with well-sorted subangular
to rounded grains and contain variable amounts of silt (J.L. Grant and Associates, 1989). The silt
content ranges from 10 to 50 percent and the sandstones with high silt content are difficult to distinguish
from siltstone. The sand grains are mostly quartz with minor amounts of feldspar and occasional
magnetite and mica. The intergranular porosity varies with the silt content (J.L. Grant and Associates,
1989). The sandstones are weakly cemented and often friable. Cementing agents are calcite and
hematite. Locally, thin intervals can be found that are well cemented with gypsum and barite. These
intervals are often conglomeratic. The sandstones exhibit planar cross-stratification with thin, silty
laminae (J.L. Grant and Associates, 1989). Conglomeratic intervals are common in most of the borings
and they are observed to contain clasts of mudstone and occasionally sandstone in either a sandstone

* or mudstone matrix. These conglomeratic zones are up to 2.5 feet thick. Vugs found in these
conglomerate zones are lined with calcite, gypsum, and barite (J.L. Grant and Associates, 1989). The
sandstones of the Garber Formation were deposited in a fluvial deltaic environment, probably as
channel sands.

The mudstone layers that separate the sandstones in the Garber Formation at the Cimarron Site are
mostly fine-grained, silty to shaley beds with a red-brown to orange-brown and tan color. The
mudstones occasionally exhibit desiccation cracks (J.L. Grant and Associates, 1989). The mudstones
are poorly consolidated. The mudstone layers are often encapsulated by thin, bluish-gray laminae that
range in thickness from 0.1 to 4.0 inches. These "reduction zones" are common in red beds (J.L Grant
and Associates, 1989) and at the site the thickness of these reduction zones is approximately
proportional to the thickness of the mudstone layer. These continuous mudstone layers probably
represent deltaic overbank deposits formed during flooding of the Garber delta.

A mineralogical analysis of the sandstones and mudstones was conducted by Auburn University using
X-ray diffraction, grain-size determinations, and cation exchange capacity measurements (J.L. Grant
and Associates, 1989). Quartz and feldspar were found to be the main clastic grains with kaolinite and
montmorillonite as the clays in the fine-grained fractions. Calcite, iron oxides, and iron hydroxides were
identified as the main cementing agents. The clay fraction ranged from 6 to about 20 percent in the
sandstones and from about 14 to 50 percent in the mudstones. The mudstones had a cation exchange
capacity in the range of 6 to 22 meq/100g. The sandstones had a cation exchange capacity generally
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* below 6 meq/100g. Exchangeable cations were generally calcium and magnesium for both the
sandstones and the mudstones.

The Cimarron River floodplain alluvium consists of sand and silt, developed by the erosion of the
Garber Formation from the escarpment bordering the river on the south, as well as material transported
to the floodplain from upstream within the river system. This alluvium formed gradually over time and
contains many buried channels reflective of both transport of the alluvial materials northward toward the
river from the escarpment and meandering of the main river channel. Near the present river channel,
buried oxbow meanders can be expected. Near the escarpment, buried channels would be expected to
be the continuation of present drainages incised into the escarpment sandstones. The alluvium is about
30 to 40 feet thick. Along the present escarpment face, there are local transition zones from the
sandstones of the Garber Formation to the coarser alluvial materials. These transition zones can be
clay-rich, as is the case with the transitional zone identified with borings in the BA #1 Area.

2.3 Detailed Stratigraphic Correlations at Cimarron

The Cimarron Site has sufficient borings and monitor wells to allow for generalized stratigraphic
correlations within specific areas of the site and across the site. Extensive subsurface investigations
were performed in the BA #1 Area, Western Upland Area, and Western Alluvial Area (see Figure 2-3).
The following sections present a discussion on detailed stratigraphic correlations of these three areas.

2,3.1 BA #1 Area

The BA #1 Area is located in the northeastern corner of the Cimarron Site and includes an upland area
and a portion of the floodplain of the Cimarron River (Figure 2-3). Ground surface elevation of the area
ranges from 935 feet amsl within the Cimarron River floodplain to 975 feet amsl in the upland area, with
a total relief of 40 feet. A buried escarpment separates the upland from the Quaternary alluvial deposits
of the Cimarron River floodplain. Four former disposal trenches are situated in the upland near the
escarpment. Figure 2-4 shows the location of the geological cross-section presented in Figure 2-5, as
well as the location of the former disposal trenches and the monitor wells in the area. Figure 2-5, the
geological cross-section of the BA #1 Area, illustrates the lithology and stratigraphy of the area.

The upland is underlain by the Garber Formation. The sandstone units present in the BA #1 Area are
mainly Sandstone B and Sandstone C. Sandstone A is eroded from most of the BA #1 Area and was
observed to only be approximately 10 feet thick in a borehole (Well 1314) located south of the former
disposal trenches. Mudstone A is present in the southern portion of the upland and Sandstone B and
Mudstone B appears to be continuous across the upland (Figure 2-5).

The uppermost unit of the Garber Formation exposed in the BA #1 Area is Mudstone A, which is a 10-

foot-thick sequence of mudstone and silty mudstone overlying Sandstone B in the southern portion of
this area (Figure 2-5).
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* Sandstone B in the BA #1 Area consists of up to 25 feet of red-to-tan sandstone and silty sandstone.
This unit is exposed along the escarpment where it borders the floodplain alluvial sediments.

Mudstone B underlies Sandstone B and separates Sandstone B from Sandstone C. With the exception
of areas under the floodplain alluvial sediments, this unit is continuous throughout the BA #1 Area and is
considered to be continuous across the entire site.

Sandstone C is the lowermost stratigraphic unit encountered while drilling in the BA #1 Area. It is a
sequence of interlayered sandstones and mudstones and underlies the entire site. This unit forms the
bedrock beneath the floodplain alluvium (Figure 2-5).

Alluvial sediments in the Cimarron River floodplain consist of sand, silt, and clay. The relative
abundance of each material is dependent on the distance relative to the upland, as seen in Figure 2-5.
Clay and silt are the dominant lithologic types in areas adjacent to the upland. Farther away from the
upland toward the Cimarron River channel, the proportion of sand increases and sand becomes the
predominant lithology. Consequently, the alluvium can roughly be divided into two zones: (1) a
transitional zone along the buried escarpment; and (2) a sandy alluvial zone forming the bulk of the
floodplain sediments. The transitional zone is adjacent to the escarpment and characterized by massive
clay and silt deposits while the sandy alluvial zone is farther away from the escarpment and
characterized by massive sands. Clay and silt layers are generally thick in the transitional zone and
tend to extend vertically to bedrock. In the sandy alluvial zone, however, the clay and silt layers are

* relatively thin and occur near the ground surface above the sand layer. In addition, the transitional zone
mostly overlies Sandstone B or Mudstone B whereas the sandy alluvial zone largely overlies Sandstone
C. The approximate division between the two zones appears along the line connecting wells 02W03
and 02W13 where an abrupt change in lithology occurs (Figure 2-4). On this figure, the transitional zone
boundary is shown as a solid line on the northeast flank of the upland. The thickness of the alluvium
increases from a few feet near the escarpment to 30 feet near the river channel.

The geological model of the BA #1 Area is depicted in a fence diagram (Figure 2-6) constructed using
RockWorks 2004 software (RockWare, Inc., 2004). Fences A, B, C, and D show the transitional zone,
and Fences E and F the sandy alluvial zone. Note that, in the eastern parts of Fences A and B
(transitional zone), there exists a localized body of massive clay and silt. Sand pockets, lenses, and thin
layers present between the upland and the clay/silt body may form small preferential pathways and
conduits for groundwater entering the alluvium from the former disposal trench area, as indicated by the
orange-colored line in Figure 2-6. To the north, these pathways are largely blocked by a clay barrier that
lies across the sand channel in the area between TMW-9 and TMW-5 (Fence C). Due to a significant
reduction in the thickness of the sand layers, this clay barrier may restrict groundwater flow to the sandy
alluvium from the clay-rich transitional sediments. The sand channel ends near Fence D, beyond which
there are no geological features that influence the groundwater movement in alluvium.

In Figure 2-7, Image 2-7A illustrates the surface lithology of the BA #1 Area. A sand channel along the
northeastern border of the upland can be observed. If the overburden sand and silt layers in Image 2-
* 7A areelectronically "removed," a paleochannel is revealed as shown in Image 2-7B. The presence of
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* the massive clay and silt in the transitional zone is suspected to divert groundwater from flowing directlyto the north into the sandy alluvium. Instead, it forces the groundwater entering the alluvium to flow
along the southwest-northeast channel in the transitional zone. Once past the transitional zone, the
relatively consistent sands of the alluvium would exert little influence on groundwater flow.

2.3.2 Western Upland Area

As shown in Figure 2-8, the Western Upland Area is located near the 1206 Seep; the BA #3 Area; and
monitor wells 1351, 1352, 1354, 1355, 1356, 1357, and 1358. The Western Upland Area includes the
drainage channel between the former Sanitary Lagoons and the BA #3 Area. Figures 2-9 and 2-10
present profiles and stratigraphy of the Western Upland Area (i.e., Seep 1206 and the surrounding
areas). Locations of the geological cross-section are shown in Figure 2-8. All three sandstone units
(Sandstones A, B, and C) and the two mudstone units (Mudstones A and B) are present in this area.
The lithologies of sandstone and mudstone are similar to those described for the BA #1 Area.

The geology of the Western Upland Area is dominated by Sandstone A (Figure 2-9). Sandstone A is 20
to 30 feet thick in this area and is underlain by an approximately 20- to 25-foot-thick section of Mudstone
A. Around the upgradient monitor well 1350, a shale layer about 20 feet in thickness occupies the upper
part of Sandstone A. Near the BA #3 Area, this shale has been replaced by silty sandstone about 10
feet thick. Beneath the shale -and silty sandstone layers, Sandstone A is a thick section of mostly
sandstone down to the contact with Mudstone A.

In the area of the 1206 Seep, Sandstone A has no shale or silty zones near the top and is about 20 feet
thick. The top of Mudstone A is at an elevation of approximately 968 feet amsl (Figure 2-10).
Historically, samples designated as being collected from the 1206 Seep were in fact collected from a
pool of accumulated surface water near the escarpment. The Seep 1206 sampling location is identified
in Figure 2-3, and can be seen in Figure 2-10.

The stratigraphic correlations of the western half of the Cimarron Site are depicted in a fence diagram in
Figure 2-11. In this diagram, fences A, B, and C represent the Well 1319 Area, Seep 1206 Area/U-Pond
#1 Area, and the U-Pond #2 Area, respectively. This fence diagram was generated utilizing computer
geologic modeling software RockWorks 2004 (RockWare, Inc., 2004). Unlike the BA #1 Area,
Sandstone A in the western part of the Cimarron Site is ubiquitous across the upland area.

2.3.3 Western Alluvial Area

The Western Alluvial Area is located in the alluvial floodplain to the north of the upland area near the
former BA #3 Area, the 1206 Seep Area, and the area of the former Sanitary Lagoons.

Alluvial sediments in the Western Alluvial Area consist predominantly of sand with minor amount of clay
and silt. The clay and silt range from 0 to 10 feet thick and occur mostly near the ground surface
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* (Figure 2-9). The alluvium is underlain by Sandstone B near the escarpment and by Mudstone B and
Sandstone C closer to the Cimarron River.

Alluvial sediments in the floodplain were deposited on an erosional unconformity over Sandstone B and
near the face of the escarpment on Mudstone A. Sand constitutes the bulk of the alluvial sediments in
this area.

2.4 Summary

The regional geology of the Cimarron area and the site-wide stratigraphic correlations for the project
area can be combined into a general geological model for the Cimarron Site. The site consists of
Permian-age sandstones and mudstones of the Garber-Wellington Formation of central Oklahoma

overlain by soil in the upland areas and Quaternary alluvial sediments in the floodplains and valleys of
incised streams. The Garber sandstones dip gently to the west and are overlain to the west of the
Cimarron Site by the Hennessey Group. The Wellington Formation shales are found beneath the
Garber sandstones at a depth of approximately 200 feet below ground surface in the project area.

The Garber Formation at the project site is a fluvial deltaic sedimentary sequence consisting of channel
sandstones and overbank mudstones. The channel sandstones are generally fine-grained, exhibit
cross-stratification, and locally have conglomeratic zones up to a few feet thick. The sandstones are
weakly cemented with calcite, iron oxides, and hydroxides. The silt content of the sandstones is variable
and clays within the fine fraction are generally kaolinite or montmorillonite. The mudstones are clay-rich
and exhibit desiccation cracks and oxidation typical of overbank deposits. Some of the mudstones are
continuous enough at the Cimarron Site to allow for separation of the sandstones into three main units,
designated (from top to bottom) as Sandstones A, B, and C. Correlation of these three sandstone units
is based primarily on elevation and the presence of a thick mudstone unit at the base of Sandstones A
and B that can be correlated between borings. Within each sandstone unit, there are frequent mudstone
layers that are discontinuous and not correlative across the project area.

The Cimarron Site is located on part of an upland or topographic high between Cottonwood Creek and
the Cimarron River. The project site is dissected by shallow, incised drainages that drain northward
toward the Cimarron River. Groundwater base flow and surface water runoff during storms have been
ponded in two reservoirs (Reservoirs #2 and #3) on the project site. The Cimarron River is a mature
river that has incised the Garber Formation, forming escarpments that expose the upper part of the
Garber sandstones. Within the Cimarron Site, the Cimarron River has developed a floodplain of
unconsolidated sands, silts, and clays that separate the Garber sandstones exposed in an escarpment
from the main river channel. Surface drainages within the project site flow toward the Cimarron River.

Geological features of each specific area of the Cimarron Site, from east to west, are highlighted as
follows:
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" BA #1 Area - The upland is underlain by a sequence of sandstone and mudstone units,
namely, from top to bottom, Mudstone A, Sandstone B, Mudstone B, and Sandstone C. The
alluvium can be divided into a transitional zone located within the erosional drainage area
and an alluvial zone located outside the escarpment line. The transitional zone consists
predominantly of clay and silt and overlies Sandstone B or Mudstone B. A paleochannel
appears to exist in the transitional zone, which may control the flow of groundwater in the
vicinity of the upland in this area. The alluvium consists of mainly sand and overlies
Sandstone C and, to a lesser extent, Mudstone B.

o Western Upland Area - The upland area that includes the BA #3 Area, the 1206 Seep
Area, and the former Sanitary Lagoons is composed primarily of Sandstone A. Sandstone B
is exposed near the base of the drainage between the former Sanitary Lagoons and the BA
#3 Area at the mouth of the drainage where it opens into the alluvial floodplain of the
Cimarron River. In the vicinity of BA #3 Area and also the former Sanitary Lagoons, the
upper part of Sandstone A is composed mostly of siltstone and shale, rather than sandstone.
A surface drainage extending through the area is incised into Sandstone A and Mudstone A.
The remaining members of the Garber-Wellington Formation are present at depth in the
area

* Western Alluvial Area - Alluvial sediments in this area consist of predominantly sand with
minor amount of clay and silt. Sandstone B and Mudstone B exist beneath the alluvial
sediments near the escarpment and Sandstone C underlies the alluvial sediments farther
out in the floodplain.
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Table 2-1

Geologic Units Exposed in Southern Logan and Northern Oklahoma Counties, Oklahoma

wuaternary

Holocene Alluvium 50 Sand, silt, clay, and thin layers of gravel.

Pleistocene Terrace deposits 50 Lenticular beds of sand, silt, clay and gravel.

Permian

Bison Formation 95 Mostly reddish-brown shale.

Salt Plains 200 Reddish-brown blocky shale and orange-brown siltstone.
Formation

Hennessey Group Kingman Siltstone 30 Orange-brown to greenish-gray even-bedded siltstone, and some fine-grained sandstone and reddish-brown shale.

Fairmount Shale 30 Reddish-brown blocky shale; grades into Garber Sandstone at base.

Mostly reddish-brown to tan fine-grained alluvial sandstones with interbedded red-brown shales and mudstones and local
Garber-Wellington 1,000 chert and mudstone conglomerates. Formation consists of fluvial/deltaic sands and overbank clays preserved as

Formation mudstone layers. Deltaic sands consist of both channel sands and sheet-flood sands.
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