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- EXECUTIVE SUMMARY

On Auguét 22; 1990, fhevSequoyah Fuels‘Corporatioﬁ (SFC) notified
the Nuclear Regulatory Comﬁission (NRC) thét licensed material
(i.e. uranium) had been encountéred in soils during excavation work
on two (2) underground storage tanks adjacént to and just north of
the Solvent Extraction (SX) Building within the restricted area
boundary. An inspection of this discovery and related activities .
was initiated by the NRC on August 23, 1990. Concufrent‘with its
notification of NRC, SFC was planning activities to begin an

initial characterization of the SX Building and environs.

Subséquently; on 'August‘ 27; 1990, SFC began a _borehéle
investigation of potential releases of licensed-materiél in the SX
‘Building area using a drilling rig'which was located ahd‘brought on
site fof that purpose. On'Septémber 4, 1990, SFC retained and
directed Roberts/Schornick athAssociates, Inc. (RSA) of Norman,
Oklahoﬁa, an environmental consulting firm, to_assist SFC Qith
ongoing environmental investigations and responses in the SX
Building area and to initiate an investigatioﬁ of the neafby Main
Process Building and environs. SFC’s response.action objectives
were to adequately characterize the. quantity and location of
lidensed material in the subsurface soils in the SX Building area
"and identify ail ‘potential pathways that could contribute to
migration of licensed material away from the SX Building. 1In
addition, SFC implemented mitigation activities to prevent further

releases and migration of licensed material to the environment.



SFC prepafed-several milestone reports.docﬁmenting the specific
‘response activities and findings beginning with an.inifial statﬁs
'Summary reéort on Séptember 9, 1990 and later}Wifh the Final
Findings Report on February 1, 1990. Investigation and mitigation
aétivities continued in the SX Building.aréa wifhin the contexf'of
a comprehensive Sequoyah Fécility‘ Environmental Investigétion

(FEI). -

Oon September 4, 1990, SFC directed RSA - ﬁo also -begin an
environmental investigation of the Main Process ﬁuilding (MPB).
RSA immediately initiated a review of MPB‘subsurface utilitieé‘énd
assisted SFC with designing trench monitors and hydraulic barriérs
installed by SFC in the SX Building and MPB areas as parf_of the
ﬁitigation‘response[ Furtﬁer, on September_19,'1990, the NRé
issued SFC an Order Modifying License (OML) to coﬁplete actions at
the Sequoyah'Facility to investigate and prevent further releases
of licensed material from the Main Process Building kMPB) andito
develop é comprehensive Facility Environmental Investiéatioh (FEI)
Plan. SFC responded  quickly and comprehensiveiy tg the OML

requirements.

By September 24, 1990 an intehsive soil assessment and groundwater
moniﬁdring well installation program was underway.l The information
obtainéd from the initial SFC responses in September and October
1990 allowed complete assessment of licensed matefial releases in

the MPB area. Further, a groundwater monitoring system capable of
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‘ﬁonitorihg notv:only the uppermost groundwefef' systeﬁ with
confidence but also the next deeper system was installed eround the
MPB. The initial groundwaéer investigation completed during this
period included the installation of siktyfeight (68) groundwater
monitorihg wells and ‘completion of thirty—seven (37)- soil
characterization borings. This ihvestigation ‘detected only
:isolated‘and limited releases of licensed material associated with
the MPB. SFC eompleted all responses in accordance with the OML by
October 15, 1990 and completed a detailed findings report. " Two (2)
coﬁprehensive findings reports were subsequenfly completed by SFC,

the Main Process Building Final Findings Report (December 15, 1990)

and the SX Building Final Findings Report (February 1, 1991).

The comprehensive FEI.Plan was also develeped by Octdberils, 1990
and was aggressively implemented by SFC over the subsequent nine
(9) ﬁonth:period with the same intensive levelvof~effort-put forth
for 'the: MPB . investigation. The OML actions' included the
development of a FEI Plan. The FEI Plan expanded the envirohmental
investigation from the work already completed relative to the MPB
‘aha sX Building areas to the total Sequoyah Faci1ity afea. Upon
its completion, SFC.immediately implemented the FEI Plan; an.action

not”epecifically required by the OML. Further,.SFC'progreseed far
‘beYond -the OML .scope by implementihg . a number of ’corrective

actions.
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This FEI Findings'Repert presents the acﬁivitiesiand findings from
implementation ofAthe comprehensive FEI. MuchAOf'the investigation
activities and findingsvrelative to the SX Building and MPB are
included or referenced in this FEI repoft as integral components of
the total facility investigation. . This levei of effort

demonstrates SFC’s continued commitment to environmental protection
and public safety. The following paragraphs Summarize.the overall
SFC activities and findings presented in detail in the FEI Findings

Report.

SFC identified twenty-eight (28) past or present operatienal unit

areas on the Sequoyah Facility property (approximately 85 acres in
area) where detailed FEI investigations would be completed.' Two
(2) of thesetunits.are the SX Building . and MPB areas. An initial
-task of the FEI coﬁpleted was a detailedifile search and SFC
employee interview process to document historical 1nformat10n for
each unit’s operation and env1ronmenta1 release hlstory These
'unlts represent the potent1a1 sources for release of llcensed
materlal to the environment at the Sequoyah Fac111ty The hlstory.
of each unit, summarized in the FEI Report (Section 2.0), provided
an impoftant reference information base to  help -direetv the
technical investigation work and assist in interpretation of the

findings.
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- The unit information baée Qas supplemented by a compréhensive
assessment of the Sequoyah Facility_operation procésses (Seétion
3.0). The process evalﬁation culminatéd in the'development of a
detailed process flow diagram for the entire Sequoyah Facility.
This characterization effort resulted in a clear understaﬁding of
- the seven (7) principal waste streams‘generated by the overall
Sequdyah Facility prodess, as well as the constituents présent in
the waste streams. 'Further,'the prodess evaluaﬁion defined with
clarity the various forms, concentrations, and éources of licensed

material at the Sequoyah Facility.

A surface water investigatioh of the Sequoyah. Facility wés
completed. as an FEIrtask to évaluate the pétential for migration of
4iicensed material_ in stormwater runoff not routed to the
Combination Stream Drain (Section 4.0). Sﬁrface Qater exits the
Sequoyah Facility at well-defined outfalls which are monitored by
SFC. As”part of the FEI, a éomprehensive network of twenty (20}
monitofing stations was defined tb'chafacterize the sﬁfface water
runoff; Thése monitbring stations included all pertinent SFC

mbnitored outfalls plus additional sites selécted at  key
transitional surface watef drainage locations; Two (2) éeparate
sampliﬁg efforts were performed during rainfall events on January
15, 1991 (Event No.'lj and March 1, 1991 (Event:No. 2). All
fluoridé concentrations measured for éllrmonitoring sites weré less
than the maximum concentration level (MCL) for drinking water (4.0

ng/L) . The meaSured nitrate concentration was less than the permit



limit (20 mg/L) at the regulated discharge outfall (008)_iniEvent'
No. 1 énd was only slightly above the.permit limit in Event No. 2.

At all other Sequoyah Facility_exit pointév(3) for surface.water;

the nitrate concentrations measured were below the SFC license
limit (20 mg/L). Three (3) units are identified as the most likely
sources of nitrate contribution to the surface water. Event No. 1
uranium concentrations for all four (4) Sequdyah.Faciliﬁy exit .
point monitoring sites were‘well below the Sequoyah Facility action’
'lével (225 ug/L). The—Event No. 2 uranium concentrations were
slightly above'the Sequoyah Facility antion level for two (2) of
the four (4) exit point monitoring sites. Two (2) units ére,
identified as potential sources for the measurable uranium

concentrations.

A Faciiity—wide Underground Utility Investigation characterized‘the
gquantity and location of licensed materials in the subsurface £i11
soils in SFC underground utility trenches (SectionIS.O). Utility
trenches backfilled with more porous material provide a potential
preferential migrafion pathway éway from thé_Sequoyah Faciiity.
From this FEI effort? é complete set of utility drawings whiéh
locate past and present utilities at the Sequoyah_Facility was
generated. This effort also included review of the SX Building and
MPB construction drawings relative to site geology and documented
that no construction foundationsvor pieré penetrate the underlying
npper shale unit; Twenty-seven (27) utility trench excavations

were performed to investigate migration potential. Eighteen (18)
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hydraﬁlic. bafrierS’ and twenty—three (23) trench.‘mOnitors‘ were
installed. The FEI findings docﬁment. that varying levels of
licensed materials are present in fhe'utility'treﬁch.soil and
borewater.. SFC has implemented an‘aggréssive corréétive action
program which, to date, has resulted in removal of 3,081 kilograms
of uranium'in excavated soils, recovery of 95,719 gallons of éoil
porewatef containing 6.6 kilogramé ofnuraniﬁm from utility trench
monitors, recovery of 108,295 gallons of water from thé SX Building
Tank Vault draih)containing 322 kilograms of uranium,‘recovery of
145.1 gallons of water frbm the MPB digestion subfloor monitor
containing 5.9 kilograms of urahium, and recovery of 675 gallons of
water from the MPB denitration subfloor monitor containing 5.5

kilograms of uranium.

Also, as a separate'FEi task, the Combination Stream Drain (CD) was‘
thoroughly investigated both internally and.externally (Section
6f0). ‘The internal investigation identified all contributing waste
' stfeams'to the CD and clarified the operation dynamics of the CD.
Two (2) flow aﬁd sampling events were'completed in the internal
investigation of the CD. The uranium limit applicable to the CD
permitted éutféil was never exceeded or even approached during the
internal investigation. - : Thé - internal | Chéracterization
investigation determined that the:énéateét5ﬁfénium510adings;tovthe
. CD are;from the cooling tower equalization basin.. The potential
sources of greatestAuranium concentrations in CD infléws are the

sanitary sump and cooling water hot side basin. No measurable
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1nf11trat10n or exflltratlon occurred to or from the CDL;fFor'

external 1nvest1gat10n of the CD several trench monltors and two o

'(2) recovery wells were 1nstalled , The:results.of the<external{,wuo'

monltorlng 1nd1cated .11censed material “has migrated 'into' the

backfill surrounding the'CD.:j The uranlum concentratlon in thef':}

diporewater decreased from an average of 45. 5 mg/L upstream in the:
) sX Bulldlng area to 0.019 mg/L downstream near: the Outfall 001“
: 1ocatlon, ab_valued well below both the maximum - perm1551ble

concentrationv(MPC) for dlscharge (45 mg/L) and the SFC action

"level (225 pg/L). The source of the llcensed materlal external to L

the CD 1s most llkely hlstorlcal releases 1n the SX Bulldlng area.
As noted SFC has 1nstalled two (2) recovery wells in the external’

CD trench backflll 501ls to 1n1t1ate correctlve actlon

An exten51ve groundwater and 5011 1nvest1gat10n of the Sequoyah

\

Fac111ty'» was performed _"The g comprehens1ve env1ronmental__h

1nvest1gatlon conducted at the Sequoyah Fac111ty fully defined the

geologlcal conditions whlch control the occurrence and movement of:'

: groundwater and any assoc1ated licensed materlals “beneath the -
entire Sequoyah Facility.' As of Julv“l7 '1991 SFC had 1nstalled‘_
‘seventy—nlne-‘(79)‘ shallow shale/terrace groundwater monltorlng
fWells, seventy-eight (78) deep sandstone wells,'one (1)~groundwater‘
'recovery well, two (2) CDVtrench‘recovery-wells, and three (3): CD
monitoring wells. ln'addition, approx1mate1y nlnety-nlne‘(99)f
llthologlcal characterization borlngs and approx1mate1y'two hundred

ten (210) soil chem1ca1,characterlzatlon borlngs were drllled_for4‘
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the purpose 6f défining the extent and quantity of ‘liceﬁsed
.material and éssociated constituents in soils at thé'Sequoyah
Facility, Isopleth or concentratibn maps are presentéd in Séctién'
7.0 for the entire Sequoyah'Facility to show the extent éf licensed

material and associated constituents in the subsurface groundwater

and soils.

The results of the groundwater and lithological charaéterizafion
 programs indicate that the Seqﬁoyah Facility is underlain by a thin
veneer of anternaryfage terrace deposits. These terrace deposits
are underlain by the Pennsylvanian-age Atoka forﬁétibn which
consists ‘of aﬁ alternatingv inteibeddéd seéuence' of shale and

sandstone.

‘Alsé, fhere’are’two (é) hydrauliéally separate groundwatér fiow
systems present in the upper fifty (50) feet at the_Sequoyah-
Facility. Thé_uppermost groundwatervsystem, referred to as the
shallow shale/terrace ngundwater"in the FEI repért, is found in
';the weathered and fractured »éhale bthat is“iﬁ' hydraulic
communication with groundwater éontained,'in‘ overlying . terrace
deposits.‘ Béneath the uppermost shale/terrace groundﬁater systen,
but hydrauiically separated by a densé, highly cemented,>nonfpor6us
sandstone, is an iﬁterbedded shale and sandstone seéuence refefred
to as the deepAsandstone/shalé grouﬁdwatér system. The groundwater

s

flow rates vary from five (5) to sixteen (16) feet pér year in the
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shallow shale/terrace groundwater and from eight (8) to one hundred

twelve (112) feet perﬁyear in the deep sandstone/shale groundwater.

No  major bedrock or alluvial aquifers underlie the Sequoyah
Faciiity. An area-wide water Well survey conducted by SFC
doCuménts no impacts to grquhdwater from Sequoyah Facility
operations have occurred on area wétér wells. Most of thé water
wells identifiedvin_the off-site well survey are not ih curreﬁt
use. There are no groundwater users noted downgradient,bf the
Sequoyah Facility process area and‘therefore no potential exists to
impact downgradiént groundwater uéers'from fhe‘releases idenfified

‘at the Sequoyah Facility.

Eurther, from the groundwater investigation/ the uranium isopleth
maps indicate that limited areas ofbgroundwater at the Sequoyah
Facility are impacted and the impacts are generally in the MPB and
. 8X Building areas which are well within thé site boundaries. The
uranium is fully defined ih the shallow shale/terrace ana deép
sandstoné/shale groundwater at the Sequoyah Facility and no uranium
has migrated through the groundwater beyond the Sequoyah Facility
property boundary. The extent of nitrate, fluoride, and arsenic in
thevtwo (2) groundwater éystems was also COmpréhensively evaluated.
~ The limits of theée constituents (nitrate, fluoride, arsenic) in
the groundwater are fully defined in the Sequoyah Facility area;

SFC is committed to expanding the FEI scope and additional wells



will be drilled west and south of ‘Pond 2 to furtherlcharACtefize

the groundwater impacts in this area.

A special samplihg and analysis‘investigation.was pérformed to
characterize the'presénce or absence of a broad rénge of metal énd
organic constituents in the groundwater. Metal analyses of the
Sequoyah Facility groundWaﬁer indicate that the ohly metal
éoncentrations‘ that are significantlyi higher ‘than EPA primary
drinking water standards are afsenic and barium. Organic analyses
of groundwater o indicated that 1,1,1-trichloroethane,
tributylphosphate, methylene chloridé, and trichlorofluoromethane
~are present in limited areas of gréundwéﬁér atl the Sequoyah '

Facility but in the low parts per billion levels.

A geoéhemical modeliing study cbmpléted indicates that uraniumvih
groundwater'exists mainly as uranyl Carbonate.and uranyl phosphaté
cbmplexes. These anionic complexes are soluble in fhé Sequoyah
'Facility groundwatér. However, thefe are.éeﬁeral areas_where
groundwater is predicted‘tb be oversaturated with respect to U;0q,
U,0,, B-UO,(OH),, schoepite, rutherfordine, uraniniﬁe; and USsio,.
‘Thesé wells are mostly in the MPE, SX Building, and Combination
Stream Drain trench areas. Uranium is removed from' solution
"through ‘a precipitatién proceés in these areas.'. Significant
removal of uranium from.solution through‘adsorption with ferric
oxyhydroxide and adsorptionbwith the geoiogic formation clays and’

shales 1is also predicted to occur naturally at the Sequoyah
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" Facility. Uranium migration is greatly retarded by the very low
groundwater movement rates resulting from the geology of the areai

which was well within the SFC site boundaries.

The soil isopleth maps completely define the location of uranium in
soils within the 85-acre Sequoyah Facility boundary. Most of the
uranium found in the Sequoyah Facility soils is in the upper five

(5) feet and is found mainly in the MPB and SX Building areas.

gFurther, upon completion of the FEI Investigation Plan, SFé now has
a comprehensive groundwater monitoring systemdcapable.of detecting
releases from all areas at' the Sequoyah»Facility; To date, one
- hundred fifty?seven (157) new groundwater monitoring wells have
been installed adjacent to thevpast and present operational units
at the Sequoyah Facility. This system also érovides a complete

perimeter groundwater monitoring system for the Sequoyah Facility.

In summary, SFC has responded guickly»and comprehensively to the
- OML reqﬁirements by planning and implementing the FEI. The
informetion obtained from the SFC responses allows complete
’assessment of all associated‘ questions concerning releases of
licensed material at the Sequoyah Facility. Further, a groundwaterv
monitoring,system is in place to monitor not only the uppermost
groundwater system with confidence but also the next deeper systemn.
‘This investigation has detected only isolated and limited releases

of licensed material associated with the entire Sequoyah Facility.
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SFC has progressed far beyond the OML scope by implementing'a'
- number of corrective actions which to date have resulted in
reco&efy of aﬁ estimated'3,421 kilograms of licensed material.
This level of effort démonstrates=SFC(s continued commitment to

environmental protection and public safety.

SFC recognizes that this commitment ﬁust continué;v There are a
number of on-going follow;up,responses pursuant to the FEI which
are underwéy. FirSt, a compreheﬁsive corrective'action plan is'
beiﬁg developed for the Sequoyah Facility. fhis compreheﬁsive plan
will mold the existing corrective action responses into an overali
program for the Sequbyah Facility. - Furthef,' SFC intends to
continue follow-up environmental .invesﬁigation as necessary.
Currently, SFC is planning and implementing these follow-up
invéstigations: | X |
1. A soil investigation of two (2) defined operétionai areas in
the vicinity of Unit 10 will be completed so that a corrective
action plan can be developed. These areas were identified in
the FEI as haviné sufficient sufface soil impact td warrant a

.corrective action response consideration.
2. An expanded groundwater investigation of the groundwater:

impacts will be completed. SFC intends to expand the scope of

work defined by the FEI to‘include‘definition of impacts from
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non-radiological constituents identified to be present in the

groundwater in significant concentrations during the FEI.

3. A surface water drarnage sedlment investigation w1ll. be
implemented. SFC, in cooperatlon with the NRC, recently began
asse551ng the presence of low 1evels of licensed material in
the surface water drainage areas and intends to continue this

effort.

TheseA and potentially other activities will be completed
expeditiously by SFC to supplement the existing FEI findings. The
results and 1nterpretatlons will be reported to the NRC and other

pertlnent regulatory agen01es as the 1nvest1gatlons progress.
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SEQUOYAH FUELS CORPORATION
FACILITY ENVIRONMENTAL INVESTIGATION
FINDINGS REPORT
JULY 31, 1991

INTRODUCTION

1.1 Background

Sequoyah Fuels Corporation (SFC), a subsidiafy of General
Atomics, éperates a uranium conversion facility (Sequoyah
FacilitY) southeast of Gore in east—centrél Oklahoma. The
Sequoyah Facility was purchased by’General Atomics from Kgrr-.
McGee Corporation iﬁ November, 1988. SFC refiﬁes uraniuﬁ,ofe
concentrate and converts it to uranium hexafluoride (UFQ for
use by enrichment facilities. SFC also reduces depléted UF,
- to depleted uraﬁium,tetrafluoride (DUF;), primarily for the

defense industryQ

SFC has operated the Faciiity under U.S. Nuclear Regulatory
Commission (NRC) License»SUB—lolo since February 26;'19;0.
SFC’s'license'expired on September 30, 1990, and‘SFC has made
a timely application.for license fenewél; On August 2, 1990,
in the course of excavating two (2) underground Storage tanks
adjacént to and north of the Solvent.Extraction (SX) Building,
an NRC licensedvméterial, uranium, was encountered in the
soils and water ih the excavatioﬁ.  On Wednesday, August 22,

1990, SFC notified the NRC of the findings, and began efforts

to locate a drilling rig to begin preliminary characterization



of the SX Building and.envirohs; An NRC inspector arrived on
site on Thursdey, August 23, 1990. A drilling rig was located
and Was bfought on'site on Monday, August 27, 1990 and, thet
same day, the NRC Augmented Inspection Team arrived on eite to
further -investigate the discovery and conditionsl in the
vicinity of the SX Building. on ‘September 4, 1990, SFC
retained the services of Roberts/Schornick and Associates,
Inc., an environmental consulting firm, to assist in the SX

investigations.

In late August, within a.few days of notifying NRC of the
discovery of elevated levels of licensed material in the SX
excavatlon, a discussion between the Pre51dent of SFC and a
member of NRC Reglon IV management ralsed the issue of whether
other areas of ‘the Sequoyah Facility may have the potential
for problems similar " to those .found in the SX Bulldlng'
environs. SFC acknowledged that the potential for similar
problems existed for certain areas in the-Facility’slMein~
Process Building (MPB). Ah that point, the'Presidentlef SFC
committed to an investigation of the MPB upon coﬁpletion of

the on-going SX investigations.

Oon September 4, 1990, when SFC retained RSA to assist in the
SX investigation, RSA was also directed to begin an
- investigation and identification of potential releases of

licensed material from the Main Process Building (MPB).



- Initial work on the MPB investigation begénvén September 6,
1990; On September 14, 1990, SFC reported_to'the NRC that -
liquid containing 1iceﬁsed material was'present in a subflobr 
monitor floﬁr of the-MPB. The NRC issued-én Order Modifying
License (OML) on September 19, 1990, requiring SFC to obtain‘
information . and develop characterization investigatiéns
regarding the uranium-bearing liquid which was presenﬁ.under-
the MPB. On September 20, 1990, SFC received the OML and,
with assistance from the RSA staff on-site on this date, bégan
implementing the actions requested in the OML. SFC and RSA
conducted a conference call with the NRC on September 20, 1990
to clarify thé -NRC requests contained in the. OML for
~incorporation of‘the OML objectives into the ongoing SFC

investigations.

‘The OML contained six (6) specific actions, five (5) of which
required>investigation and pre&entiﬁn of furtﬁer releases of
licensed material from the MPB. The completion of those five
(5) actionsland the subsequent findings were reported in two
separate fihal findings reports (Roberts/Schornick and
Associates, Inc., 1990 and 1991). The sixth action required
SFC to develop a Facility EnvirohmentaltInvestigation-(FEI)
‘Work Plan to identify and characterize other locations on SFC-
property where past or present operations could have resulted
in releaseé of licensed material to the 'environment.; " A

written FEI Work Plan, finalized by SFC and RSA on October 15,



1990, proposed comprehénsive environmental investigation
activities and reporting of findings which would span a éime
period of approximately nine (9) moﬁths,~through July 1991.
SFC immediately implemented the FEI Wdrk Pian. The FEI
activitiéé have now been completed, and this report was
prepared to }present the findings resultihg_ from those

activities.

The FEI objectives and tasks are summarized in'éectién 1.2 of
this report. Other significant activities occurring within
the nine-month time period of the FEi Plan includéd two (2)
.presentations .to the NRC, in which SFC and RSA presented
interim findings on January 30, 1991, and again on May 23,
1991. The presentations were conducted in Washington, b.c.,'
with attendees including representatives'from NRC staff, NRC
consultants. (SAIC), SFC staff, General Atomics; RSA, and a
group intervening in SFC’s NRC license rénewal process. SFC
and RSA also presented FEI interim findings to the Oklahoma
‘Water Resources Board_aﬁd'the Okléhoma State.Départment of
Health on October 31, 1990, November 8, 1990, and'May 35,

1991.

1.2 FEI Plan Summary

The FEI Plan was developed to identify and investigate, in
accordance with the NRC’s OML, locations on the Sequoyah

Facility property where past or present operations could have



resulted in the release of licensed material . to the

environment.

The FEI Plan was implemented over an approximate nine (9)

month period and included six (6) major Work Plan Tasks.

These major Work Plan Tasks, as outlined in Sequoyah Fuels -

Corporation, Facility Environmental Investigation Plan,

- (October 15, 1990), are: .

Task 1. Facility-Wide Surface Water Investigation;
Task .2. Facility  Process Flow -and Process Stream

Characterization Investigation;

Task 3. Past and Present Operations, Historical Information
Review;
Task 4. Facility-Wide Underground Utility Investigation;

Task 5. =~ Past and Present  Operation, Material
Characterization; and
Task. 6. Groundwater (Saturated Zone) and Unsaturated Zone

Soil Investigation.

1.3 Report Organization and Section Overview

As an NRC licensee, SFC is regulated by Title 10 of the Code
of Federal Regﬁlations (CFR) . The provisions of 10 CFR 20 ih
Sections 20.1 through 20.601 define permissible doses, levels,
and concentrations of radioactive materiéls. The 10 CFR 20

concentration limits for radioactive materials in effluents to



unrestricted areas are applicable to the SFC environmental

monitoring prograns.

The findings in this report afe grouped according to Work Plan
Tasks, with a particular Task being addressed by a specific
section -of the report. The findings from these Work Plan
Tasks are presented in Sections 2.0 through 7.0 of this

report}

Section 2.0 discusses results from Task 3 - Past and Present
Operations, Historical Information Investigation. Task 3 work
activities identified 26 operational units at the Sequoyah

Facility for which a historical review and file search would

be conducted. As the FEI progressed, two (2) additional units

were defined, bringing the total to 28 units. The review and"
file search determined the séope of operations which had béen
performéd at each unit. Other pertinéht historicél
information collected included dates of operation, éerial
photographs, characterization of ‘ﬁaterial..manéged. at‘ each
unit, release and/or mitigation data, and data from any

associated environmental monitoring programs.

‘Section 3.0 addresses results from Task 2 - Facility Process

‘Flow and Process Stream Characterization Investigation. The

process flow and process stream characterization investigation

was designed to provide a more complete understanding of the
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- overall Seqquah Facility ﬁnit opérationsvand processes, and
to also.serve as a reference for assessing and identifying
.potential release soﬁrces; .Additionally,'other constituents-
which have releasé’potential were idéntified at the Sequoyah

Facility.

Results fromr Task 1 - Facility-Wide Surface Water
Investigation appear in Section 4.0. The purposé of Task 1

was to develop a detailed understanding of surface water flow
éaths on SFC property in order to identify potential licensed
material pathways. bAnalytical_results from surface water
samples are presented, along with conclusions as to the source

of various constituent loadings.

SectionAS.O summarizes the findings from Task 4 - Facility-
Wide Undérground Utility Investigation. The objective of the
utility invesﬁigation was to characterize'the'quantity and
location of licensed material iﬁ thé subsurfaqe‘fill soils in
all SFC property utility. trenches with potential for
ﬁransporting liéénséd material away from the Sequoyah
Facility. The utility investigation also identified and
verified all potential pathways that coﬁld contribute to the
migration of liceﬁsed material to and away from past and

present operational units.



One exception:to the organization of the report by FEI Work
Plan Task 1is Section 6.0, which presents the Combination
Stréam Drain Investigation activitiés. The investigation of
thevCombination Stream Drain was not one of the originai major
Work Plan Tasks but eﬁerged as a major-component of Taék 4'—
Facility-Wide ﬁnderground Utility Investigation. Because the
.scope of the Combination Stream Drain Investigation was so
extensive; a separate section is devoted to the discussion éf

the Combination Stream Drain.

Sectibn 7.0 contains resulté from Tasks S and 6 - Unit aﬁd
Groundwater Investigations. Extensive soil borings, monitor
well installations, and unsaturated éone soil samplings
provided a wealth of data, which is presented in this section
of thé report. Also presenfed in Section 7.0 is a description.

of a domestic water well survey.

FolloWing the presentation of results from each Work Plan
Task, principal conclusions and findings relative to the

entire FEI Plan are summarized in Sectioh‘8.0. | Finally,
Section 9.0 summarizes dorrective actiQns implemented during
bthe- FEI Plan. It is emphasized that implémentation of
corrective actions is not within the scope of fhe FEI Work
Plan tasks but is reported herein to provide a comprehensive
presentation .of SFC’s environmehtal response’ acfivities{

These corrective actions discussed include: 1) impacted



soils, 2) a Combinatioﬁ Stream Drain trench migration‘pathway
mitigation project, and 3)'the utility trenchvporewatefzand 
groundwater recovery program. SFC will submit a comprehensive

environmental Correcﬁivé Action Plan to the NRC subséquent to

the submittal of thié'report;

A list of refefénces‘immediately follows the text body. The
list of references contains those documents cited throughout
the report, as well-as those reférence documehtg whiqh served
as research aids during FEI activities but were not cited in

the report.



PAST AND PRESENT OPERATIONS, HISTORICAL INFORMATTION

INVESTIGATION (TASK 3)

2.1 Introduction

2.1.1 Sequoyah Facility Descriptidn and History

The Sequoyah Féciiity has been in operation with au?hority to
use source material for the conversion of natural uranium ore
c§ncentrations into UFs since February, 1970, and for the
reduction of UFs into UF, since February; 1987.  The UF;
Conversion Plant produces high-purify UF; using uranium ore
concentrates as feed material, while the UF, Reduction Plant

produces UF, using either UF; or depleted UF, as feed material.

In addition to facilities for conversion and reduction of UFg,
the SFC site (Site) also includes: (1) a storage area for

uranium ore concentrates received from uranium mills; (2) a

. uranium sampling facility; (3) bulk storage of chemicals such

as ammonia (NH;) , tributylphosphate-hexane solvent, and three

~acids: hydrofluoric (HF), nitric (HNO;) , and sulfuric (H,S0,);

(4) a facility for electrolytic production of fluorine from

HF; (5) treatment systems and storage ponds for both

‘radiological and non-radiological liquid waste streams; and

(6) a land-treatment program for beneficial use of ammonium
nitrate solution (which results from the UF, conversion
process’s solvent extraction system) as fertilizer on SFC-

)

owned land.
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2.1.2 Sequoyah Facility Layout

The Sequoyah Facility shown in Figure 1 occupies épproximately
85 acres of the 1550 acre Site. The 85-acre Sequoyah Facility
is approximately thé area shown 6n the aerial phétogra?h
presented in Figure 2. Theftotal area under roof is comprised
of manufacturing,. warehpusing, and éffice spacev in five
principal buildings. The Main»Process Building (MPB)_contains
the administrative offices, a proéess laboratory, the sampling
plant, the major ' UF, conversion proéessing operations,
'fluorine_ generation operations, a utility area and a
maintenénce area. About 200 feet west of the MPB‘is the
'Miscellanéous Diéestion Building; where yellowéake'slurry}can
be recei&ed and processed. Facilities in this building enable
slurry to be dissolved in nitric acid and the solution to be
saﬁpled before piping it into the processing circuit. The
Solvent Extraction (SX) Building is loéated in a'separate_
building ~about 150 feet west of the MPB. A one-story
'warehéuse about 200 feet north‘of the MPB provides storage for
spare mechanical equipment. A solid wasté sorting building
north of the‘ MPB provides sorting and waste ’handling
&apabilities. About 400 feet north of the MPB is the UF

Reduction Plant.

Additional facilities include the following: an electrical
substation, UF6'cylinder storage area, tank farm for liquid

chemicals and fuel o0il, uranium ore conéentrate (vyellowcake)
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drum storage area, cooling tower for waste heat dissipation,

sanitary sewage facilities, retention ponds for calcium

fluoride wastes, retention ponds for treating raffinate waste

from the solvent extfaction.process which-cohtains radioactive
material, a raffinate sludge concentration and -ldading
facility, reténtion ponds for fertilizer, and a reservoir for
emergency supply of water. These areas are depicted in the
recent Octéber 31, 1990 aerial photograph-bf'the Sequoyah

Facility and Site, presented in Figure 2.

Several areas of the Sequoyah Facility are delineated as areas
to which access is 1limited for the purpose of limiting
radiation exposure to personnel. These areas have been

defined as either "restricted" or "controlled access" areas

~and are delineated in Figure 3.

A Reséricted Area is an area of the Sequoyah Faéility to which
access 1is controlled vfor the purposé of protection . of
unauthorized individuals from inadvertent» exposure to
radiation.and radioactive materials. All‘Restricted Areas are
fenced, and only authorized personnel wearing appropriate
protective clothing and monitoring equipnent are allowed to
enter.Restricted Areas. Generally, areas at the Sequoyah
Facility where licensed material is storedvorvmanaged ére
designated as Restricted Areas. The facility procesé

laboratory is posted as a‘radioactive restricted area, and
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only areas of the MPB such as administrative offices,
warehouse storage_'areas, control room, lunch vroom, and

restrooms are considered unrestricted.

‘Cbntrolled'AéceSS Areas are uranium process areas located
within Restricted Areas. Due to the processing activities in
these zones, Controlled Access A?eas present .a greatérc
potential for con§act with licensed'méterial; Controlled
Access Areas include the northwest and southwest‘portions of
thevMPB, the entire SX Building, and the Miscellaneous Digest

Building.

2.1.3 Site Loéation

The SFC Site is located in Séquoyah County in mideastern
Oklahoma at 95°’ west longitﬁde and 59%0; north latitude,
about 150 miles_easﬁ of Oklahoma City, 40 miles west of Fort
Smith, Arkansas, 25 miles'soﬁtheast of Muskogee, and 2.5 miles
southeast qf Gore (Figures 4 and 5). The Site is located in
portions of Sections 15, 16, 21, 22, 23, 26, 27, and 28 of
Township 12 North, Range 21'EaSt,.and consists of a total of
1550 acres bounéed'on.the north by U.S. Route 64 énd on the
west by U.S. Government-owned land along  the Illiﬁois and
Arkansas Rivers; The eastern boundary of the Site is. the
eastern boundary line of Survey Section 22 (leﬁ, R21E). Most
of the Site isvnbrth of.Intefstate 40, with approximately 370

acres lying south of the interstate. The principal industrial
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facilities (including the MPB and SX Building) are located in
a fenced area of about 85 acres in Section. 21, as shown in

Figure 1 and referred to herein as the Sequoyah Facility.

The SFC Site is located in rural Sequoyah County, which had a
1990 population of 33,838. The four (4) adjacent counties of
Muskogee, Haskell, McIntosh, and Chq;okee had a combined 1990

population of about 129,846. The major population center is

the city of Muskogee (37,708), about 25 miles to the

northwest. Nearby towns include Gore (population 690),
Webbers Falls (722), Warner (1479), Vian (1414), Checotah '

(3290) and Sallisaw (7122), all of which are located along

Interstate 40 or old U.S. Route 64. The total population

within 5 miles of.the Site is about 3103.

The SFC Site is situated on gently rolling to level land of
which about two-thirds is forested and one-third is open

field. Elevations on or near the Site range ffom‘460 feet

AMSL for the normal pool ‘elevation of the prertis. Kerr

Reservoir to 700 feet on top of a hili.in the SOuthéastern
corner. of the Site, Slopes over most of %he upland areas of
the Site are less than 7%. Steeper slopesAin creek‘favines
and on hillsideé average roughly 28%. The SX Building and MPB
areas are Jlocated on .land 555 to 565 feet in elevation.
Approximately 85 acres of the 1550-acre site are occupied by

the Sequoyah Facility industrial complex, and most of the
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remaining land is used for grazing cattle and forage
production in conjunction with SFC fertilizer application_

program.

2.1.4 Adjacent Area Land Use

Prior to the advent.of_failroads in the area, the land was
primarily cattle range. With availability of,railroads, corn
and cotton became the main agricﬁltural products. In the last
30 years, however, the trend has been away from cultivation of

. A

 these crops and back to cattle grazing and production of other
food crops. 'Areas'remaining-in cultivation are primarily in
the bottom lands along the Arkansas River. In 1970, abéut 30%
6f the acreage of Sequoyah C§unty was used for range and about
40% was‘forestéd.- The range is usually grazed year round, but
the forage 1is supplemented with protein cubes, preparéd
pasture, and hay consisting of tame grasses and small grain.
High-quality _trees have been largely eliminated from the
foréstéd areas by heavy cutting, fires, and uncontrolled

grazing. Most woodland in the county is used for grazing.
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Within a 10-mile radius of' the Sequoyah Fac111ty, the
following land uses have been estlmated.- |

— —— S T —— G S ——— —— — — —— — — - ——— T — — — — — ——— T - f— — o — - _—————— —— T T i ——

Land Use Percent?
Agrlcultural (mostly pasture) S _ 30
Recreation _ . . : 35
Residential ' B S _ 20
Commercial & Industrial = ' 15
Unused Rough Terrain S - L 25

——— - G — —— ——— ——— — — ————— — — —— —— — T — U ——————— " —" —— ————— > (a8 o S Y T T S S

*pue to multiple use of some areas, the total exceeds 100%.

The large acreage for recreation is represented primardly by
the federally—ouned land and water areas aiong the Arkansas
ahd Illinois Rivers and the Robert S. Kerr‘Reservoir, and
includes the 21,000 acre Sequoyah National Wildlife Refuge,
where large‘numbers of migrating waterfowl are found in the

spring, fall, and winter.

.2.1;5 Surface Water

The Sequoyah Fac111ty 1s located on the east bank of the
headwaters of the Robert S. Kerr Reservoir (Illinois Rlver):
approximately 2;5 miles south;seutheast of Gore,.Oklahoma.
The Illinois River flows in a southwesterly-directien to-join
the Arkansas River (Robert S. Kerr Reservoir) approximately 2
miles dounstream from Webbers Falls, Oklahoma. Although the;

Illinois River in the vicinity of the Site is part of .the
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reservoir, it is not considered navigable. The river flow has
been regulated since 1952 by Tenkiller Ferry Reservoir, which
is'approximately 7 miles upstream of the Site. The average

flow of the river near the Site is 1600 cubic feet per second.

In the vicinity of the SFC Sife, the Illinois River drains an
area of 1620 square miles. Most of the Site drains to the
~headwaters of the Robért.s, Kerr Reservoir. The principal
Site drainage consists of the.permitted Sequoyéh Facility
effluent, identified as the Combinatién Stream Drain (Figure
6), and Salt Branch, which‘flows.along £he horﬁherh boundary
of‘the Site. The only known spring in the vicinity of.thé
.Sequoyah Facility is about 1000 feet west of‘Pénd 2 and has an
‘éverage flow of less than 0.5 liters/minute. Location of

surface waters in the area are shown on Figure 5.

2.1.6 Climate

Sequoyah County has‘a warm, temperaté, continental climate.
Storms bring ample precipitation és.moisture—laden air from
~ the Gulf of Mexico meets cooléf, drief air'ffom the'westefn
and northern regionsQ The most variable weather>OCCurs in the
spring, when local storms can be- seVere_ and bring large
amounts of precipitation. The Sequoyah.CQunty weather station
nearest to the Site is in the town of Sallisaw. The mean
annual temperature is 61.5%h' The monthly average raﬁges from

40°F in January to 82°F in July. The average daily range in

17



temperature is 24°f. The iowest temperature on record was
-19°F in January; 1930, and the highest was 115°F in August,
1936. The mean anﬁual precipitationlranges from 42.9 inches
in the town of Sallisaw, to approximately 44.1 inches in the
- northeastern part . of ”Seqquah' County. - The séasonal
distribution of rainfali is fairlf even, with 31% in épring,
26% in Summer, 23% in fall, and 20% in wintef. The average
amount of snowfall from_Noveﬁber through'AprilAis about 5.2
inches. Lake evaporation averages abouf 47.5 inches anhually.
Of this amount, 72% occurs from May'throﬁgh dctober.. Based on
the precipitation énd lake evaporatioanalueé, there;is a net

annual evaporation rate of about 4 inches in the SFC area.

2.2 Scope and Objectives

The objectiVes of the Historical Information Investigation
were: (1) to identify past and preseht operation uﬁits which
had the potential to contribute 1licensed material to the
‘environment, and'(2).to conduét a detailed historical review
and file .search for each operatiohalb unit. A major
reqﬁirement of the historical review was ts identify and
describe all documented historical releases from the units to
the environment_ and ény - associated environmental
characterization data. Also, the |Thistorical reviéw
information obtained for each unit was analyzed to determine
if a déficiency of .informatioh existed conéerning the

characterization of 1licensed material or other material
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present or released from each unit. If a deficiency existed,
' a plan was developed for field investigation to better

characterize the material at the unit.

2.2.1 | Unit Selection
- Selection of the units w&s based on histo:ical information
gathered from SFC personnel interviews aﬁd SFC internal
' correspondence, as well as knowledge of the current uranium
- conversion pfbcess. "After reviewing the information gathéred,;
SFC initially selected 26 operationél unité for fhe historical
informatibn investigation. As the  FEI progressed, two (2)
additional units were identified for»in&estigation. Some of
the units are distinct entities, such as. an impoundmént or
bééin, while others are general operational areas, such as the
~surface water system, with no distinct boundaries. All 28

operational units are listed in Table 1 and shown in Figure 6.

The first‘26 oferétioﬁal units are listed in the general order
of priofity»for iﬁvestigation. Thé priorities were determined
by the potential for environméntal release, based on
discﬁssions with SEC'personnei. Priority was given to those
éreas.where an environmental release of licensed material was
possible, and the release could potentially migrate outside
the restricted area boundafy, Some exceptions to the pribrityi
designation rationale must be noted. For example, a priority

designation is not applicable to the Unit 4 - Surface Water,
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Entire Facility, which was implemented for the entire SFC
'property Simultaneousiy. Also, Units} 27 and 28 are so
ﬁumbered due to fhe fact that they_werevadded later in the
course of the FEI Plan activities, rather than due to their.

priority ratings.

2.2.2 Unit Investigation
A detailed historical review and file. search for each

operational unit was perfofmed to:

1. Determine the scope of the operations at the unit,
2. Identify dates each unit was in actual operation,
3. Characterize material managed at the operatiohalfunit and

document if licensed material was present during any
dates of operafion,

4. Cqmpilevexisting data‘onlwaste Chafactefization,

‘5. Compile data on release inférmationlénd any associated
mitigations or remediations performed at the operational
unit, i

6. »Coﬁpile and identify any data on environmental monitoring
prégrams associated with the operational unit, and

- 7. Identify aerial and vertical ,boundarieé of each

operational unit.

The historical review proceeded generally in the order of
priority discussed in Section 2.2.1, with each unit’s review

being completed before that unit’s material investigation and
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field investigation was begun. A discussion of investigation
activities and sources of historical information appears in

the following section of this report. |

2.3 Investigation Activities

Historical.informatibn fof each unit was gathered'from a
variety of .sources. On-site review of all available SFC
records. provided a 'ﬁealth of historical 'information, and
interviews with SFC personnelhclarified sevefal'iséues which -
were not addressed adequately through the file search. All
pertinent documents discovered during the file search or notes
resulting from interviews were photocopied,'doéumented as to
their source, andlvfiled by. operationalA unit in a single
historical investigation = repository. . . File _ reviewé;
interviews, and other historical investigation activities are
discussed in greater detail in the following sectioﬁs of this

report.

2.3.1  Aerial Photographs

_ The‘ Agricultural Stabilization and Conseryation Service

(ASCS), a branch of the U.S. Department of Agriculture,

maintains an extensive set of aerial photographs covering

approximatelyb 95 pefcent of fhe U.S. | Six  (6) aerialb
photographs of the land surrounding.the SFC Sife were obtained

from the ASCS. These photographs,Aflown in the years i990;

1958, 1972, 1980, 1981, and 1984, appear in Figures 2 and 7
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.through'll,,respeCtively. A comparison of the photographs
provides information as to the approximate time frames»in
which certain operational units at SFC were constructed

operated and/or closed. These photographs functioned as the
key foundational documents on which all subsequent historical

information investigation activities were based.

2.3.2 | File Search

The review of all available SFC files was an‘essential element
of the historical information 1nvest1gation and was the source
of the majority of information collected. SFC has numerous -
collections of files maintained: by several different
departments, and these files were examined'cloSely'for all
pertinent documents which could provide'information on the
history'of use and characterization'of materials present.at
each investigation unit. The‘locationsiof files reviewed and

types of records maintained in each file were:

File Location Types of Records

Environmental Department Environmental records

Health and Safety Department Decommissioning files
Regulatory Affairs/ Various memoranda and
Licensing Files “correspondence : :
Engineering Department " Drawings, blueprints, sketches
On-site Laboratory ' Analytical data '

Carlile School - ' - S8FC Operating Procedures

Archival records dating from
Kerr-McGee Corp. ownership
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Thevbreéords maintained by the Environmental Départment.
contained many'memorandaL regulatéry correspondence; and chain
of éustody forms pertinent to the historical information
investigation. Several of these records were indexed
according to operational units; while other records were

grouped by event or by regulatory réporting agency.

SFC’s  Hea1thV‘and Safety Department provided several
decommissioning files for review. Decommissioning files are
_Arepositories of information maintained for the 1life of a
process unit and serve as‘a reference tool when use of that
unit is discontinued, and the unit 'completes the

decommissioning process. -

SFC memoranda and NRC/SFC correspondence filed in the SFC
Regulatory Affairs files were found to be useful records of
items of regulatory concern, such'as releases of iicensed
material. to the environment. Sequoyah Facility;'drawings
-maintained in the Engineering Department provided wvaluable
information as to investigation unit dimensions, dates of unit

construction, and Sequoyah Facility utilities.:
SFC'’s process. and environmental laboratories maintain an

extensive database of all sample analyses conducted. These

analyses are organized by samplé source and month of analysis
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and provided an excellent history of material characterization

for several operational units.

SFC’s operating procedure documents.provided information on
process and waste sampling parameters and frequencies. . The
archival records stored at Carlile School included numerous
SFC documents pertaining to'inﬁestigation units operation
'prior to General Atomics ownership. Other helpful documents
found in the archives were analyses of soils contaminated by
the 1986 incident and records of soil volumes removed. Iﬁ
.general, review of the archival reéofds yieldai a better
understanding' of the évolution of operations at SFC,
especially with respect to documentation of the rationales for
implementation of new vprocesses, as well as for procesé

'.changes considered but not implemented.

2.3.3 Interviews

rFrequént' interviews were conducted with SFC engineering,
ehvironmehﬁal, health and safety, and laboratory pérsonnel to
provide information necessary to address questions which arose
durihg the'fiie review. In additién to supplying missing
dates of opération and pertihent details, SFC pefsonnel were
oftenlable to direct the search activities.to previously
unidentified record files for more thorough investigation of

an operational unit’s history.
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2.4 Investigation Results

‘Results of the Historical Information Investigation are

summarlzed in this sectlon and include a definition and scope

‘of operations for each of the 28 units. The summary for each

unit also includes any available information found relative to

‘the followihg topics:

° "each unit’s location and ‘defined boundaries;

° dates of operation, if known;
° any available characterization of materlal managed
at the unit;
o any ex1st1ng data found on unlt environmental
‘ sample characterization; and
° any data on release information and associated

migrations or remediations.

Exceptions to this format include Units 1, 2, 4, and 27. The

results of characterization and investigation activities

Arelative to Units 1 and 2 are documented in detail in the

_respective final findings reports (Roberts/Schornick &

Associates, Inc., 1990, 1991). The scope of FEI activities

associated with Units 4 and 27 is éxtensive .and these

‘activities are discussed in detail in Sections 4.0 and 5.0,

' respectively, of this report.

The summafy of information presented'fof each unit includes
only historical information obtained in the coursé of the
historicél investigatidn} Investigation and characterization
activities cohductéd aé a part of the FEI are described in
subsequent sections of this report. The locations df'all 28
units are shown in Figure 6.
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2.4.1 Unit 1 - Main Process Building (MPB) Area
The MPB, onev of five principalk buildings on the 85-acre

Sequoyah Facility, contains the: administrative offices,
. laboratory, the sampling plant,. the majOr UF, conversidn
procéssing operation, fluorine generatibn facilities, and
utility and maintenance areas. MPB construction began in

1968, reached completion in 1969, and operations began in
1970. The results of the MPB investigafion have been
previously reported in the December 15, 1990 final findings'
report and are expanded on in a subsequent section of this

report (Roberts/Schornick & Associates, Inc., 1990).

The historical review for Unit 1 included é search of archival
recofds for any references to material releases or
remediations/mitigétions relative to the Unit 1 area. One
incident'of note is the 1986 release in which an overfilled
- UFg cylinder ruptured, resulting in the rélease of UFs. This
release‘occurred‘in the UF4 cool-down area, just north of the
MPB. Thbugh the release occurred outside the confines of the
MPB, the northerly wind carried the UF, into the MPB. This
incident was thoroughly investigated and documented by both

SFC and the NRC.
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SFC personnel interviews and correspondence - provided
information pertaining to a 1978 incident. A tank in the
boildown area overflowed, resulting in elevated uranium

concentrations in the Combination Stream Drain.

Routine Contamination Survey recordé from the early 1980's
 contained several references to fhe ashvreceivef enclosures,
-ash grinders, .and fluorination fo&er downcomer trays as areas
'freQuently requiring cleanup of uranium. Fifst Aid Reports
included incidents of employees sustaining minor hydrogen
fluoride burns from condensate dripbing from overhead piping
“in the MPB. Hazafdous Work Permits from 1973 recorded typical
MPB maintenance work such as replacement of leaking pump seals

and repair of leaking process lines and valves.

Contamination Incident Reports dating from 1972 through 1987
‘recorded several occurrences causing élevated-AairborneT
concentrations of uranium within théfMPB. Such occurrencés

included material handling problenms, cooling’system failures,
packing and éeal failures, process equipment éverfilliné, and
operating systeﬁ.bressureibuild—up;4Mbst.historical documents
indicated that  actions were taken to clean up ail spllls
within the MPB, and these releases~typically did not escépe
the confines of the MPB. Two events within the 1972-1987
.timeframe which did result in uranium leaving the MPB were

noted. The first event was a leak in the #1 digester heating
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and cooling coil which resulted in elevated uranium
concentrations in the Combination”stream Drain, and the second
was a uranyl nitrate hexahydrate leak into the cooling water

system from the #1 adjustment tank.

Engineering Progress Reports indicated that various areas of
the MPB floor had been repaired through the years. Areas
repaired or lined with stainless steel in approximately 1985

"included the Digestion Area and the Boildown Area.

2.4.2 Unit 2 - Solvent Ektraction (SX) Areés.

The SX Building area inéludes the afea sufrounding thé sX
Building which is approximately 150 feet west of-the MPB;‘ SX
Building construction began in 1968,.reachéd completion in
'1969, and operatiéns began in 1970. Theﬂresultsrof the SX
area investigation have been previously reported in thé final
findings report,{dated February 1, 1991 (Roberts/Schornick &

Associates, Inc., 1991).

The historical review for Unit 2 included a search of archival
records ‘for any.'references to vmaterial réleases-.or
remediations/mitigations relative to the Unit 2 area. A First
Aid ﬁeport from 1982 referred to a leaking gasket on the 40%
nitric acid pipe, located outside the west SX Building wall.
The gasket waslreplaced. Hazardous WorkvPermits from 1973

recorded typical SX 'Building >maintehance work . such as
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replacement of leaking pump seals. Contamination Incident
Reports dating from 1972 contained some réferences to
occasional elevated airborne concentrations of uranium in the
SX Bﬁilding'as a result ¢f uranium escaping from'the pulse
column. No reporté ‘inaicated that uranium Aéscaped tﬁe
confines of the SX Building. Engineering Progress Reports
indicated that repairs were made to the sX Building floor in

. 1985.

'~ SFC installed a group of four (45 trench monitoring pipes
(called "SX sand wells") within the firewatér line trenches in
the SX Buildiné area. Whilé no records have been found of the
exact-date of installation, the first data from the wélls was
collected in January 1976. The "SX sand well" data. is

analyzed and discussed further in Section 7.0 of this report.

2.4.3 Unit 3 - Initial Lime NeutralizationvArea

Uniﬁ 3, the Initial Lime Neutraljzation Areap‘is located
southwest of the Decorative Pénd,fapprbximately 150 feet south
‘of the Sequoyah Facility entrance road. The unit currently
consists of approximately 175 tons of crushed "limestone
covering an 80 feet by 20 feet area. The unit depﬁh from
_surface.to sandstone ranges'from one (l) to four (4) feet. -
The limestohe pile functioned as the initial neutralizatibn
facilitybfor SFC’s hydrogen fluoride scrubber Wash‘water.

Scrubber wash water was discharged to the lime pile from 1969,
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. the Seduoyah Facility’s start-up year, until construction of
the Fluoride Settling Basins (Unit- 14) was completed in 1971.
.Upon completion of.the Fluoride Settling Basins, ﬁhe scrubber
wash water was're;routéd for treatment through these‘Settiing

Basins, and use of Unit 3 was discontinued.

An extensive investigation of the unit was performéd during
the FEI.. Soiijsamples taken frbm the midd1e of Unit 3 in
October 1990 indicated uranium conéentrations'ranging from
<5.0 to 636 ug/g. A sludge/slurry sample contained 90.0 mg/L
uranium, while water samples taken downgradient of the unit
from a small rainwater runoff depression area cohtained
uranium concentrations of 7.6 to 93.3 ug/L. Sediment samples
Ctaken' from the area also confirmed uréniﬁm, with

concentrations ranging from 9.3 to 64.0 ug/g.

The potential for release of>licensed material at Unit 3 was
’idéntified by SFC personnel.ih the early stages of the FEI.
In 1990, SFC eXcavated_and exposed>the old abahdoned line,
which historically routed HF scrubber liquid‘to the limestone
. pile, at two (2) upqradieﬁt locations. Also, at that time,
SFC insfalled a cut-off trench with a trench monitor at both
locations. A’détailed'investigation'ﬁf‘the area wés also
conducted by RSA and SFC in October 1990 to determine the
extent of licensed material at Unit 3 and to assesé

groundwater quality.
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" SFC has developed a corrective action plan for the unit, based.
"on results from the investigation. The corrective action blan

is described in Section 9.2.

Section 7.0 of this report describes results from the FEI soil
investigation, -groundwater investigation activities and

upgrading of the monitoring well system in the Unit 3 area.

S 2.4.4 | Unit;4'—'Surface Water, Ehtire'Facility

Unit 4 addresses Surface water from:the 85—a¢re faciiity, as
well as surface water runoff exit«points ahd outfalis. The
vsurfaee water for the Sequoyah Facility is identified as one :
of the 28.operational units requiring historical file review.
The scope of the Unit ’4 FEI Plan work was extensive}
therefore, an entire section of this report, Section 4.0, is
devoted to a description of the surface water management
“system and .the associated .FaCility—Wide Surface Water

Investigation.

A 1988 study, commlssioned by the Army Corps of Englneers,'
'evaluated the level of uranium and other radlonuclldes present
~on. - government lands as a result‘ of surface water runoff
,through various SFC outfalls. Thls study 1nd1cated uranium
‘present in the 50115 along these dralnage streams were at
-levels beIOW'permltted release 1eve1s (Unlver51ty of Oklahoma,

1988) .
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.2.4.5 Unit 5 - Construction Equipment Burial Area

According to historical dodumentation)AUnit 5, the Burial

' Area, operated from September 10, 1970 to-January 21, 1981,

and was used:for disposal of radiocactive waste materials such
as‘drums, siudges, and cther'sclids. Pricrito disposai, the
records reviewed indicated ncn—combustible radioactive trash
was converted to an insoluble oxide form and placed in'steel
drums. VAccording to SFC’s Final Environmental Statement (FES)
prepared in 1975, the burial methcd of disposal received OSDH
approval on September 17, 1974, and complied with federel
regnlations (10 CFR 20.304) requiring a minimum burial depth
of four (4) feet and a spacing of at least six (6) feet
between burials. Waetes which were previously dieposed ofvby
burial in Unit 5 are now either decontaminated or compacted
and shipped off-site for disposal. Unit 5: consists of
approximately 0.6 acres south of the service road and 0.3
acres north of the service road near the northern perimeter of
the restricted area boundary, between Units 6 and 20.
¢ A o _

Material Burial Authorization forms from 1970 through 1981
indicate the presence of licensed material in Unit 5. During
this time period, 51,115 cnbic feet of waste was buried,
according to the forms. The total uranium content of the

waste was estimated by SFC to be 1,012.33 kilograms.
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On February 28, 1984, according‘to an internal memoranduﬁ; SFC
_emploYees determined fhaﬁ an estimated 15,060 gallons. of
sufface weter had‘drained from the burial groﬁnd to surfece
watef_Outfall #004 northwest of the plant.l The memo stated
- that ﬁhe burial ground Sump drain valve apparently had been in
. the open position and plugged with mud and debfie for several
months. 'SFC employees concluded that the blockaée probabiy
dislodged under liquid head‘pressure as the level in the sump

increased.

Water samples from the ditch located downstream from the
burial ground sump were analyzed, and an estimated release of
8 to 10 pounds‘of uranium was calculated by SFC. The sump
drain valve and the four-inch drain 1line were closed to
prevent a release recurrence. | | |

Analysis of Unit 5 eump.samples taken frem February to October
1990 indicate that the eraniuﬁ concentrations ranged from

<0.01 to 0.04 g/L.
Section 7.0 of this report describes results from the FEI soil

investigation, groundwater investigation activities and

upgrading of the monitoring well system in the Unit 5 area.

33



2.4.6 Unit_s - Emergency Basin

Unit 6, the Emergeﬁcy Basin, ié located within the restrictéd
area boundary just west oflfhe North Ditch (Unit 9). 'The
unlined basin has én estimated éapacity. of abpfoximatelj‘
133,300 cubic feet. Unit 6 was constructed in 1969 to provide
témpbrary storage of éurfapé runoff water from controlled,
areas within the plant. SFC originally had planned to sample
all wéter collected .in the basin and, if notu.impacted,
‘discharge the water to the.Combination Stréam Drain by way of
the sdnitary lagoon.  If the water was impaéted, the water was
to be combined with other waste streaﬁs aﬁd disposed of by
injection into a proposed deep well. When authorization for
use ofAdeep well disposal was deﬁied, the basin was used for
raffinate storage during the four (4) monﬁh.period after plant
start-up while the‘linéd'ﬁonds were being built. Since that
‘time pefiod, thé basin has beehlused for the containment of‘
accidental spills, washdown, envirénmental laboratory waste
water, and contents of sumps and‘.pits/ including the
Yelldwcake.Pad Sump Area (Uﬁit 16), Burial Grdund Sump (Unit

5), Incinerator Pit (Unit 10), and North Ditch (Unit 9).

Data discovered during the file search indicated that licensed
material has consistently been present in Unit 6 in varying
concentrations. Laboratory data from 1990 basin 'pﬁmp

discharge samples indicated uranium concentrations of 0.01 to
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0.09 g/L. Analysis of an October 18, 1990, sediment sample

indicated 2430 ug/g uranium.

Records of soil.analyses conducted by SFC during installation 
of Monitofing Well 2301B indicated uranium in the soil to a
~depth of 3.5 feet; In 1986, emergenéy rinse Watervfrom the
UF; release incident was collected in Unit 6 and analyzed.

The analysis indicated uranium concentrations of 34,000 ug/L.

Section 7.0 of this report describes results from the FEI soil
investigation, groundwater investigation activities and

upgrading of the monitoring well system in the Unit 6 area.

2.4.7  Unit 7 -‘Sanitéry Lagoon

Unit 7, the Sanitary Lagoon, was built in 1971 and is used for
microbiological :oxidation of waste water from toilets,
lavatories, showers, and iaundry facilities. Aécording to the
FES, the wastes were routéd to the lagOon‘which had an average
retention time of 43.8 days. ~ The lagoon water ﬁas>then
treated and discharged via the Combination Stream Drain (Unit
27) . Howevér, with the constrﬁction of a sanitary treatment
facility in 1988, the Sanitary Lagoon is now used priharily as
backup storage  prior to sanitary treatment. Further
discussion of SFC’s waste treatment appears in section 3.0.
The lagoon is located within the résﬁricted area boundary west

of the MPB (Unit 1) and SX Building (Unit 2). The lagoon is
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approximately 233 feet wide (East—West),'148 feet long (North-
South), and(feight - (8) feet..deep/‘jwith .a"éapacity of

approximétely 129,000 cubic feet.

Two (2) pre-existing Monitoring'Wells,‘2302A and 2302B, are
located downgradient of Unit 7.  Groundwater samples collected
from these wells indicated uranium concentrations <3.4 pg/L in

February 1990 and <2.7 £g/L in May 1990. .

Sediment and liquid samples‘from the sanitary Lagoon were
collected in October 1990. Sediment samples indicate uranium
concentrations of 12,495 ug/g‘and 0.0llvg/L in"liquid samples

collébted from Unit 7.

No releases or remediations were discovered in the historical

research of this unit.

Section 7.0 of this repért’déscribes results from fhe FEI soil
investigation, gfoundwatef fihveétigétion aﬁtivities and
'upgradihg gf the monitoring well sYstem in tﬁé Unit‘7 area.
Corrective action currently in planning which.relatesvto Unit

7'includes relocation of the iaﬁndry system, described’in

‘Section 9.3.
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2.4.8  Unit 8 - Pond 1 Spoils Pile

. Unit 8, the Pond 1 Spoils Pile, consists of_éoilé and clays
removed from the old raffinate Pdnd 1 during cbnstfuction of .
Clarifier A (Unit 17) in May 1980. Unit Sxié located west of
the Emergency Basin (Unit 6) and Sanitary Lagoon (Unit 7).
just‘ outside the restricted area boundary; The pile’s
diﬁensions,are.approximately 400 feet long, 50 feet wide, and
20 feet deep, consisting of approximately 16;200 cubic yards

of Pond 1 sludge and cover soil.

Soil éample analytical data obtained from the Unit 8 file
search indicate the présence of uranium in the Pond 1 Spoils
Pile, as well as thorihﬁ, radiﬁm,'and nitrates. Sampling
conducted in 1987 detected a range of '1 ug/g to 28 rg/g
urahium-in the soils. SFC had-initially'planﬁed to dispose of
the material by Spfeading' it on SFC-owned farm land to
dispense the nitrafes. The thorium levels, howevef,»ranged.
from 0;11 to 155 pCi/g. SFC piacedrthe materialiinto storage‘

at its present location at Unit 8.

Pre-existing groundwater monitofing wells adjacénf to Unit 8
included 23023, 2302B, 2315, and 2316. An SFC memorandum
dated October 24, 1990 noted that data from mbnitor well 2316
indicated some nitrate ﬁigration from Unit 8 andipossibly from
past raffinate spills (Unit 25). In an SFC memoréndum dated

June 19, 1989, summarizing a meeting between SFC and the
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Oklahoma Watef Resources Board, both parties agreed that Unit -
8 was contributing to eXceedances in 'permitted nitfate
discharge 1levels at°  oOutfall 005. - 'ﬁecent groundwater
investigation activities and upgfading_of the monitor well

system in the Unit 8 area are discussed in Section 7.0.

2.4.9 Unit 9 - North Ditch

Unit 9, the North Ditch, was formed iﬁ i972 when an additional
wing was added to the north end of the Emergéncy Basin
retaining dike. The North Ditch is located within the
restricted areavbOUndary, immediately east of the Emergency
Basin (Unit 6) between the Contaminated Equipment Area (Unit
10) and the Solvent Extraction Area (Unit.z)._ Unit 9 is of
triangular area with an estimated capacity of 12,500 cubic

feet.

The North Ditch is primarily utilized to contain stormwater
runoff, which is then routed to the sanitary sump located near
the sanitary treatment facility. Analysis of sediment samples.
taken from the ditch in October 1990 indicated uranium levels
of 400 pg/g to 2,230 pg/g. Analysis of water samples taken
from the ditch in October 1990 . indicated uranium

concentrations of 0.015 g/L.

38



In 1979;.SFC concluded that a'drain tile‘frombthe new taﬁk-
faim'Was the source of uraniﬁm in the North Ditch. The tile
suspected of containing uranium was removed. Samples‘taken in
June 1979 from the Nbrth Ditch, prior to tiie removal and clay"
backfill; indicated uranium levels of 99 mg/L, while sampies
taken Novembef 1, 1979, after tile removal and 2.4 inches of

rainfall, indicated uranium levels reduced to 28 mg/L.

Accdrding to an SFC memorandum, in June 1980 SFC employees
discovered that a solution of material containing uranium was
 1eakihg from a hole in the north tank farm retention curbiﬁg
and was flowing into fhe north drainage ditch. Uraniﬁm was
" present in the north tank farm curbed area due to occasioﬁal
overflowing  of the 40 percent nitric tank. A dam was
constructed across the ditch to temporafily stop the flow.
SFC concluded from samples taken from the ditch that uranium
coﬁcentfations were within limits for release to the
unrestricted area, and the nitrate coﬁcentrations were

slightly elevated.

The ditch was flushed with raw water, then pumped into the
Emergency Basin (Unit 6). Fufther investigation resulted in
SFC’s conclusion that almost all df the uranium released from
the north tank farﬁ was retainéd within the dammed area of the’
ditch. To prevent a recurrence of the reléase, the hole in

the tank farm curb was to be repaired. Additional corrective
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‘actions taken were the construction of a new dam for the
drainage ditch downstream of the existing dam and installation

of a drainage system for the north tank farm.

Iﬁ Februéry 1982,vSFC reborted to the NRC ﬁhat a pipeline‘r_
rupture had reshltéd in the rélease of 3,000 galldné -of
raffinate into the North Ditch (Unit 9}. The breach in the
containment ditéh, which alléwed the spiii to enter the North

Ditch, was repaired.

Section 7.0 of this report describes results from the FEI soil
investigation, groundwater investigation activities. and

. upgrading of the monitoring well sYstem'in the Unit 9 area.

2.4.10 Unit 10 - incinerator Area (Ash .keceivers,
Coﬁtaminated Eqﬁipment)
Unit 10, the'incinerator Afea, is located to the east of the
North Ditch (Unit 9) and fhe Bﬁrial Area (Unit 5) within the
restricted area boundary; The northern half of the area is
approximatély 160 feet wide by 280 feet loﬁg, and the southern
haif is 100 feet wide by 250 feet long. According to the FES,
.the‘opén-pit incinerator was used to bUrn nén—radioactive
combustibles such as boxes, crates,'paper and rags, aﬁd has a
capacity of 50 pounds per hour,  Fofmerly, process ash (non-
incinératér) &as drummed in this afea ‘and’ récycled to a

miscellaneous digester, to be dissolved in aluminum nitrate
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solﬁtion and fed baék through thersolveanextraction system.
SFC persoﬁneif statéd that. drumming Ain this areé was
'discdntiQUed in appfoximately 1972 when the ash_grinding unit
was addedi'fo the MPB (ﬁnit 1). fhe beginning date of
‘.operation of the unit was not determined through historical

review activities.

Soil sampling from 1985 indicates uranium levels of 75 to 3500
pg/g'in_Unit 10 area. Soil nitrate levels ranged from <40 to
260 ug/g. Sampling of the incinerator sump in August and

October 1990 indicated uranium levels of <0.01 g/L.

No releases or remediations were discovered in the research of

this unit.-

Section 7.0 of this report describes results from the FEI soil
investigation, groundwater investigation . activities and

upgfading of the mohitoring well system in the Unit 11 area.

2.4.11  Unit 11 - Drainage Area

Unit 11 includes the dréinage areas around the Emergehcy Basin
(Unit 6),.the Sahitary Lagoon (Unit 7), the North Ditch (Unit
9), the Incinerator Area (Unit 10) and old raffinate 1lines.
The,brainage Area flows from the nofthern side of Unit 6, the
southern side of Unit 6 between Units 6 and 7, and the western

side of Unit 7. The area provides drainage for rainwater
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runoff to the headwater of the Robert S. Kerr Reservoir via
permitted and monitored outfalls. The unit has operated since

plant start-up in 1970.

Analysis of water samples from January and February‘1985
detected uranium levels ranging from 117 to 10,970 ug/L. Soil
analyses from the drainage'area in September 1990 indicated

uranium concentrations of <400 to 7020 ug/g.

Section 7.0-bf_this report deécribes resulfs from the FEI soil
investigation, groundwater - investigation éctivities and
upgrading of the monitoring weil system in the Unit 11 area.
Unit 11 was a component of the Facility-Wide Surface Water

Investigation as described in Section 4.0.

2.4.12  Unit 12 - Fluoride Sludge Basin #2

Unit 12, the Fluoride Sludge Basin #2, stores sludge collected
from the lime neutralization. Construétion of the clay-lined
baéin was completed in‘i985. . The basin’s estimated capacity

is 201,000 cubic feet, and it ﬁeaéures 220 feet wide, 150 feet
long, and 9 feet deep. The unit is located west of the
Contaminated Equipment Storagé and Burial Areas (Units 20 and
.5) in the far northwestern corner of the restricted area -
boundary. The fluoride waste stream flowé'west from the lime
treatment area near the SX Building (Unit 2) to a point where

the line divides. From the dividing point, the flow .can
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either be routed north to Unit 12, or south to the Settling

Basins (Unit 14) or Basin 1 (Unit 13).

Fluoride sludge is presently adcumuiated)in'either Unit 12 or’
13. ~ Until federal regulations changed in 1980, fluoride .
sludge was buried on site (Unit 15). Subsequently, the two
(2) basins were built to store the sludge. SFC is presently

evaluating options available for disposal of fluoride sludge.

The SFC - Impoundments Report, October 1990, estimated:-the
uranium concentration in the sludge to be approximately 790
pCi/g (12 mg/g) (Jackson, 1990). .Fluoride concéﬁfrations in
routine sludge samples taken in 1990 varied from 2.9 ﬁo 19.5

mg/L.

Section 7.0 of this report describes results from the FEI soil
investigation, groundwater investigation activities and

upgfading of the monitoring well System in the Unit 12 area.

2.4.13 Unit 15 ~ Fluoride Sludge Stdrage’Pond (Basin 1)

Unit 13, the Fluoride Sludge Storage Pond or Basin 1, was
6onstructed in June 1981 to hold sludge collected from the
. Lime Neutralization Area (Unit 3).. Prior to that time, the
sludge had been buried in pits (Unit 15). Due to changes in
‘regulations prohibiting the burial of sludge, Basin 1 wés

built. Unlike Basin 2 (Unit 12), Basin 1 is unlined. The
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fluoride waste stream is routed_from the.lime treatment area~
to elther Bas1n 1 Basin 2, or the Settllng Basins (Unlt 14).
Basin 1 measures 190 feet ‘wide by 130 feet long by 16 feet

deep, w1th an estlmated capa01ty of 186,800 cublc feet

"The ImpoundmentskReport estimated the uranium concentration in
- the sludge to be approximately 790‘pCi/g (12 mg/g)'(Jackeon
v1990) Fluoride concentratlons in routlne llquld samples

taken 1n 1990 varied from 2.9 to 19.5 mg/L

"An internal SFC memorandum reported’that im February 1996,
| Basin 1 liquid overfloWed, resulting in a total overflow of
4,189 gallons. >When the overflom was discovered;i SFC -
immediately terminated pumping of sludge,te thefbasin‘and
began."sand bagging"’the overflow area to prevent spreading of
the release. The overflow termihated approximately forty (40)
minutes after it began. -The overflow streams were then
sampled to determine uranium and fluoride content. ° The
enalytical restlts of these samples were not feund in the

historical review.
‘Sectioh 7.0 of this report describes results from the FEI soil

- investigation, groundwater investigation activities and

ﬁpgrading of the monitoring Well'system in the Unit 13 area.
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2.4.14 . Unit 14 - Flﬁoride Settling Basins

Unit 14,'the‘Fluoride Settling Basins,is located within the
restricted area boundary and is bordered by the Fluoride
Sludge Burial Areas (Unit 15) to the east and south, the
Clarifier Pond Area (Unit 17) to the north, and Pond 2 (Unit
18) to the west. The unit consists of three (3) separate-
basins, each measuring fourteen (14) feet deep. The western-
most basin, known as the clarifier, measures 220 feet long by
85 feet wide; and the two eastern basins, called the settling
basins, measure 190 feet long by 751feet'wide. The"estimated-'
capacities are 102,100 cubic feét (clarifier) and 46,800 cubic
feetA(each settling basin). The basins were bﬁilt in 1971 and
receive sludge from the Unit 12, 13, of 15 basins. The liquid
flows through those units'to the two (2) Unit 14 settling;
basins. Liqﬁid from these basins is routed to Unit 14
clarifier, which then is routed to the Combination Stream

Drain (Unit 27). None of the Unit 14 basins are lined.

The Impoundments Report estimated the uranium concentration of
the sludge to be approximately 740 pCi/g (11 mg/g) (Jackson,
'1990) . Routine ligquid samples taken in .1990 have detected

fluoride concentrations ranging from 3.2 to 15.4 mg/L.

No releases were discovered relative to this unit.
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Section 7.0 of this report describes results from the FEI soil
.investigation,‘ groundwater investigation activities and

‘upgrading of the monitoring well system in the Unit 14 area.

'2.14.15 Unit 15 - Fluoride Sludge Burial Areas

~Unit 15, the Fluoride Sludge Burial Areas, is located directly
| east and south of the Fluoride~Settlihg Basins (Unit 14) and
was used prior to i981 for the burial of fluoride sludge.
Unit 15 conéists of three (3) distinct sections. The northern
section measures 100 feet by 200 feet and was filled in two
phases, ‘known as the West Pit and the East Pit. Burial
occurred in the West Pit on September 20, 1978, and in the
East Pit on December 21, 1979. The second section of Unit 15,
located directly south of the Eas£ and West Pits, measures 275
feet by 50 feet. It is divided into Pit 3 (the eastern
-section).and Pit 4 (the western section). Burial’oqcurred inr
Pit 3 on December 31, 1980, and in Pit 4 on January 21, 1981.
The third section of the unit( located at the southwest corner
of Unit 15, is currently used for the retenfion of sludge.‘ It
has a capacity of 69,000 cubic feet. None of the Unit 15

~areas are lined.
An analysis compiled by SFCrin'January 1985 of waste burials

included fluoride sludge samples taken from each burial

authorization. The analytical results indicated that a total
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of 96,830 cubic feet of fluoride sludge had been'buried, with

a total activity of 1.5 Curies.
No releasesiwere discovered relative to this unit.

- Section 7.0 of this report describes results from the FEI soil
investigation, groundwater -investigation activities and

upgrading of the monitoriﬁg well system in the Unit 15 area.

2.4.16 Unit 16 - Yellowcake Sump Area

Unit 16, the Yellowcake Sump Area, was built in 1980 and is
located inside the restricted area boundary, directly'south of
the Yellowcake-stofége Pad.(Unit 21). The unit is constructed
of concrete and measures 75 feet by 75 feet by eight (8) feet
deep. It recei&es surface water runoff from the Yellowcake

Pad (Unit 21).

Analyses of the 'yellowcake sump .contents indicated that
uranium was present in the yellowcake sumé between August and
November 1990 in concentrations ranging-from <0.01 to 0.025
g/L.‘ No information was located during the hiétorical review
concerning releases or remediations in this unit. On October
4, 1996, duringjcleah out activities,‘elevated uranium levels
were found in sludge, according to an SFC contact report. The

sump area has been incorporated into the restricted area.
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fSection_7.0 of this report.describés results from the FEI'Soil

investigation, groundwater = investigation . activities = and

, dpgrading of the monitoring well system in the Unit 16 area.

2.4.17  Unit 17 - Clarifier Pond Area

Unit 17, the cClarifier Pond Area, was built in 1980 and

-consists of four (4). dlay and hypaloh-lined ponds, éach

measuring 250 feet wide, 200 feet long and thirteen (13) feet .

deep. The ponds are located directly‘north of the‘Fluoride

Settling Basins (Unit‘l4) within the restricted area boundary
"and receive raffinate from the solvent extraction process.

 The raffinate is treated to remove metals and radionuclides

and then transferred by above grbund pipeline south to the

Ammonium Nitrate Lined Ponds (Unit 24);‘

The 1985 Impoundments Report estimated Uranium concentrations

in Unit 17 sludge to be <270 pCi/g (<400 ug/g) (Jackson,

1990) .

All four basins have underdrain monitoring systems. ~Beéause»

".of SFC concern for potential leaks, as of October 1990,

automated underdrain pumping systems were installed.

" Section 7.0 of this report describes results from the FEI soil

investigation, groundwater investigation activities and

ﬁpgrading of the monitoring well systeﬁ in the Unit 17 area.
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2.4.18  Unit 18 - Pond 2

vUnit 18, Pond 2, wae constructed in Juﬁe 1971 and first used
in October 1971, according to a 1973 SFC‘memo titled "History
of Pond 2". Pond 2 was noﬁ in service while modifications ﬁo
‘fhe dikes were made in Augﬁst'1973, but its use continued
thereaftef until prohibited by changes in-regulatioﬁs in 1980.
Subsequently, a remediation plan was developed for.Pond 2 and
is being'implemented. The pond measures 300 feet wide by 700
feet long by 18 feet deep, with an estimated total capacity of
2,963,000 cubic feet. The pond lies directly west of the
Clarifier Pond Afeav(Unit 17) and the Fluoride Settling Basins
" (Unit 14), spanning the iength of both units. Unit 18, which
contained raffinate and sludge by-products, was taken out of

service in the early 1980s.

The SFC Impoundments Report established uranium concentrations
in Unit 18 of <270 pCi/g (<400 pg/g) (Jackson, 1990). SFC
decuments indicate that seepage from Pond 2 was first detected

iﬁ_1974. _Therefore, extensive characterization'of.Unit 18

material has occurred from 1974 to the'present.

Seepage from Pond 2 was originally believed to be from a
narrow strip (less than thirty feet wide) in the middle of
"Pond 2. In an effort to minimize the seepage, SFC spread 25

tons of quicklime in the south end and one (1) ton of
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bentonite in the southeast quadrant of the pond in 1974. This

'treatment was not successful.

By 1977, there were a total of 19 monitor wells iﬁ the shallow
zone around Pond 2. Weekly samplingvéf these wells was
_‘cénducted} For the year of 1977, the samples'showéd elevated
nitrate concentratibns of up to 1550 mg/L. In a 1978 report
to the NRC, SFC estimated the rate of‘leakage to be 0.3

ml/min.

Between 1977 and 1984, eight new shallow wells were added. In
1982 bentonite was iﬁjected into the Pond 2 dike on fhe ravine
side (wesf) in an attempt to arrest further seepage. When
this action - failed, the ¢u1vert..in the ravine dike was
plugged.. In 1984 an_electromagnetic (EM) survey was performéd‘
in an attempt to locate groundwater plumes and determine the
flow of the seepage. The EM survey Was. successful in
delineating areas where pond leakage was occurring; however,
the EM sur§ey was hampered by interferenée from power lines,
fences and other extraneous objects. 'Subsequently,vtwo (2)
collection trenches and accompanying flow‘barrier slurry walls

were installed.

Submersible electric sumps were installed in the collection
trenches to pump the dollected water back to Pond 2. A 1984

SFC report concluded that a maximum leakage rate of 1.76
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gallons per day (gpd) was occurring, compared to 0.06 gpd

reported in 1977.

Groundwater analyses conducted in 1988 showed that nitrate
 concentrations had increased from 900 to near 4400vmg/L, The

leakage rate frbm Unit 18 was calculated at 0.32 gpd.

In a meefing with the OWRﬁ in June 1989, SFC indicated that
Pond 2 was the major contributof fo éxceedances at Outfélls
008 and 004. An SFC Remediation Plaﬁ, developed with the NRC
prior to the June 1989 meéting wifh OWRB, called for the
removal of Pond 2 sludge. Contaminated soils wére to be
removed and the :pond covered with a synthetic 1liner to
éliminaté'rainwater intrusion and subsequent migration. SFC
is continuing'té-implement this plan and expects work to be

completed in 1991.

Section 7.0.of this report describes results from the FEI soil
'Ainvestigation, groundwatef investigation activities and

upgrading of the monitoring well system in the Unit 18 area.

2.4.19  Unit 19 - Ditch West of Pond 2
Unit 19 consists of a ditch located west of Pond 2 and lies
"~ outside the restricted area boundary. The exact dimensions of -

the area were not determined during the historical review.
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The ditch was used for stormwater'drainage until, according to

SFC documents, the culvert was plugged in 1982.

In the spring of 1977, testing of soil samples collected from
the Unit 19 area indicated nitrate coﬁcentrations‘ranging from
20 to 10,000 ug/g. Lab data from 1982 showed nitrate levels

in soil ranging from <20 to 460 pg/g and uranium levels

ranging from 0.37 to 196 Lg/g. - Nitrate seepage from Pond 2

(Unit 18) has been acknowledged by SFC as a consistent problem

since 1974.

According to an environmental report prepared by SFC in June
1984, a small, stained area was observed>in the ditch area in
October 1976. In August 1977 absofption cuﬁs (lysimeters)
were insﬁalled in the stained area ébove the sandstone, and
sandstone samplers were‘placed just.below the sandstone. . A .

collection/pump-back system was also installed to collect and

~return seepage to Pond 2 (Unit 18). A study conducted from

June 1979 to 1980 showed elevated nitrate 1levels in
groﬁndwater_from Pond 2 seepage. In the summer of 1982, an

attempt was made to control the Pond 2 surface water release

- point (thought to be a culvert in the ravine dike) by coVering

the ravine with soil and sprigging the area. Bentonite was

injected to stop seepage, but the bentonite failed to

'adequately seal the reléase point. . The culvert was then

plugged, with no further release. An underdrain system was
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installed into thé ravine in March of 1990 with a pﬁmp system

" and the ravine was backfilled.

Section 7.0 of this réport describes results from the FEI soil

investigation, groundwater investigation activities and

- ‘upgrading of the monitoring well system in the Unit 19 area.

2.4.20 Unit 20 - Contaminated Equipment Storage

Unit 20, the Contaminated Equipment Storage area,'is also

- known as the "Boneyard" and bounds the north side of the

Contaminated Equipment Burial Area (Unit -5) within the
restricted area boundary. The area measures 355 feet on the
north, 203 feet on the west, 230 feet oﬁ thé south and 103
féet on the east. The unit has_operated‘from plant start-up

in 1969 to the present time for the Storage of contaminated

"equipment. Included in the area is a trench which was dug for

- contaminated equipment burial but wused only briefly.

Collected water was pumped out of the unused portionvof the

- trench, and the trench was filled with clean soil; however,

the historical review did not determine the date of these

activities.
Soil analyses from 1985 detected uranium concentrations

rangihg from 57 to 1525 pg/g in the 0 to 3 inch interval and

30 to 3425 ug/g in the 3 to 6 inch interval. Analysis of the
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5’\‘ -

"boneyard" sump contents .completed in 1990 indicated uranium

concentrations of 0.01 to 0.02 g/L.

Mohthly analysis is performed on the "boneyard" suﬁp contents.

No releases were discovered for this unit.

Section 7.0 of this report describes results from the FEI soil

- . investigation, groundwater investigation activities and

. upgrading of the monitoring well system in the Unit 20 area.

2.4.21 Unit 21 - Yellowcake Storage Pad

Unit 21, the Yellowcake Storage Pad, is primarily used for

" storage of uranium yellowcake contained in 55-gallon drums.

According to SFC personnel, Unit 21 is also presently used for
some contaminated equipment and soil storage. The unit now
measures 550 feet by 370 feet and has existed since plant

start-up in 1970. The pad was concreted in 1979 and lies

. within the restricted area boundary north of the Decorative

Pond (Unit 26) and west of the MPB (Unit 1).
No releases were discovered for this unit.

Section 7.0 of this report describes results from the FEI soil

investigation, groundwater investigation activities and

‘upgrading of the monitoring well system in the Unit 21 area.
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2.4.22 Unit 22 - Ditch From UF Cyi’Lirider Cool Down Area

The UFy Cylinder Cool Down Area, located inside the reétricted
area boﬁhdary,vis used to prepare the UFgfor_shipping. After
.cylinders.are_filled with liquid UFg, they are moved to the
cool down area until the UF, solidifies. Unit 22, which is
located immediately.east of the cool down area outside the
restricted boundary, was identified as a genéral investigation‘

area due to its proximity to and associated potential impact

from licensed material present in the cool down area.

Unit 22 includes the ditch from the UFs cool down area and the
adjacent electrical substation. The ditch is located to . the
east of the M?B (Unit 1) outside the restficted area boundary
and carries surface water runoff, as discussed in Section 4.0
of this report. The substation lies directly north of the
ditch. No records indicating the date of.COnstructioﬁ of the
substation were found during the investigation. No releases

were discovered for this unit.

Sedtion 7.0 of this réport descfibes results from the FEI soil
investigation, groundwater investigation activities and
upgrading of the monitoring'ﬁell system in the Unit 23 area.
Unit 22 Qas a part of the ,Facility—widé‘ Surface Water

Investigation described in Section 4.0.
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approximately 400 feet by 400 feet by 25 feet deep. The ponds
are clay.and hypalon-lined. The volumes (as reported in the
SFC Impoundments Report) and dates. of cohstruction are as

follows:

Pond 3E: 2,166,000 cubic feet, September 1978

Pond 3W: 2,213,000 cubic feet, September 1978

Pond 4: 2,235,000 cubic feet, February 1980
Pond 5: 2,178,000 cubic feet, December 1984
Pond 6: 2,142,000 .cubic feet, April 1985

The matefial stored in the' four (4) ammonium nitrate ponds
consists of fertiliger from thé}Unit 17 clarifiers. Data
collected in 1990 froﬁ Unit 24 contents indicated ammonium
nitrate concentrations ofr <1 1lb/gal and radiumf226

.concentrations of <2 pCi/L.

No releases were discovered for this unit. The fertilizer is
analyzed frequently, and all five (5) ponds have underdrains

and monitor wells.

2.4.25 Unit 25 - Areas of Operational Spills

Unit 25, the Operational_ Spills Areas, is the raffinate
treatment area located between ﬁhe Clarifier Pond Area (Unit
17) and fhé Yellowcake'storagé.Pad (Unit 21). The raffinate

treatment area was built in the fall of 1970. ‘The definite
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2.4.23 Unit'23 - Contaﬁiﬁated Soil from 1986 Release

Unit 23, Contaminated Soil from the 1986 Release, consists of
approximately 457 cubic»yade'of éoil which Qas contaminated
from a UFﬁielease in 1986. As a remediation action, the sod
was stripped from the‘Sequdyah Facility front lawn, and the
soil was excavated, placed in its bresent position, and
fotally encapsﬁlatgd with a hypalon cover and liner on January
9, 1986. The uﬁif is a restricted éfeavnorth of Pond 2 (Unit

18) and is surrounded‘by a chain link security fence.

Analysis of the contaminated .soil stored at Unit 23 has
verified the presence of uranium. Soil samples taken in 1986
indicated average uranium concentrations of 249 ug/g and

average fluoride concentrations of 210 ug/g.

Section 7.0 of this report describes results from the FEI soil’
investigation, groundwater investigation activities and

‘ upgrading of the monitoring well syétem in the Unit 23 area:

2.4.24  Unit 24 - Ammonium Nitrate Lined Ponds

Unit 24, the Ammonium Nitrate Lihed Ponds, consists of four
ammonium nitrate fértilizer ponds with one réffinaﬁe sludge
pond. These ponds are located south‘of the Fluoride Sludge
Burial Areas (Unif 15) outside tﬁe main restricted area
boundary. However, the raffinaté sludgé pond is a restrictéd

area and is -appropriately fenced. All ponds measure
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boundaries of the unit were not determined during the
historical review and were defined by SFC based on the known

history of Spills-in this vicinity.

In 1982, SFC reported to the NRC that an estimated 3000
gallons of raffinate wefe réléased when;a_transfer_pipeline_
from the solvent extraction area to.Unit 17 ruptﬁred.' The
material was released to a drainage ditchblocatéd northwesf_of
the Sequoyah Facility. Uranium concenﬁrations\of the released
material were reported to be O;il g/L. Water sample results
showed 40 mg/L uranium in the north dréinage ditch’a£ the
restricﬁed area fence, 60 mg/L at the property line fence, and
<7 upg/L at the north ditch outfall. Dowhstream uranium
concentrations rénged from <7 pg/L to 58 ug/L. The ruptured
line was iﬁmediately-repaired,.along with the breach in the
containment ditch which allowed the spill the eﬁter the

drainage ditch.

Section 7.0 of this repbrt describes results from the FEI soil
investigation, groundwater investigation activities and

upgrading of the monitoring well system in the Unit 25 area.
2.4.26 Unit 26 - Decorative Pond .

. Unit 26, the Decorative Pond, is located south of the MPB

(Unit 1) Qutéide the restricted area boundéry and was built
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‘around the time of_piant’start—upf “The pond is_decorative_

_only and has a capacityvof 75,000 cubic feet.

SFC pérsonnél believe that ho liéenséd material is typicaliy
present ih ﬁnit 26 on a consistent bésis. However, affer'the
>1986 iﬁcident; analysis of Unit‘26 contents indicated uranium
levels of 5910 ug/L and fluoride levels of 10.2 mg/L. After
,the,1986 incideﬁt; 2000 galléns of water was'ﬁrénsferréd;from‘
ﬁnit 26 to Unit 17 with the,approval_of.tﬁe on-site NRC

representative.

Section 7.0 of this report describes results from the FEI soil
investigation, -groundwéter .investigation activities - and

"'upgrading of the monitoring'weilﬂsystem in the Unit 26 area.

2;4.27‘ © Unit 27 - Combination Stfeam brain
The Combination Stream Drain was not initially identified as
one of the operational’ﬁnits requiring ﬁistorical fiie reyiéw;
ibut,was added someﬁime later_dﬁring the:coufSe'of the‘FEI.
_HoWéver, “the 'scopeu of the 'FEi' work on this uhitv is SQV
extensive that an entire séétion of this report, Section 6.0,
“has béeh'devofed to the deScriptiQn of the Combination Stream

‘Drain characterization and investigation activities.

'Several cofrective actions relative to the Combination Stream

‘Drain are described in Section 9.5.

59



2;4.28 - Unit 28 - Present Lime Neutralization Area

Unit 28, the Present Lime.Neufralization Area, which was not
idenfified in the’initial.stages of the FEI, was détermined
duriﬁg- the gEI to have a potential to release licensed
material. Unit 28 is a cﬁrbed area approxiﬁately 23 feet wide
~ and 30 feet4long, located in the far northeast corner of the
'Unit-21.' The unit was constructed in 1970 and originally
cpnsisted of four (4) tanks used to neutralize boﬁh raffinate
and hydrogen fluoride (HF) through the usevof lime; The
raffinate treatment equipment was removed circa 1973, and

pfesently only the HF neutralization process continues in the

area.

The original ténks in Unit 28 included a\2200-galloh lime

storage ténk,~a 1000-gallon lime slurry tank, a 4SO—gallon
raffinate neutralization tank, and a 3000-gallon: HF
neutralization tank. The only tanks Currently remaining in
the area are thé lime storage and HF neutralizatioh tanks.
‘SFC drawings indicate the streams entgring the neutrélization
proéess from the Aﬁhydrous'AHF (AHF) Véporizer_ Sump, HF

Scrubber, and the Laboratory Sump Pump. The output stréam
from Unit 28 can be valved to flow either to Unit 12 or Unit

14.

SFC has initiated an engineering request to improve stability

of the curbing and foundation around Unit 28.
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No record of releases or remediations wefe diséovered in.the
’research of.Unit 28. Section 7.0 of this;report describes
results from the FEI soil _investigation, groundwater
investigation aétivities and upgrading of the monitorinngéll_

system in the Unit 28 area.
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FACILITY PROCESS FILOW AND PROCESS STREAM CHARACTERIZATION

INVESTIGATION (TASK 2)

3.1 Introduction

3.1.1 Products and Production Rates
The primary process at the Sequoyah Facility is the conversion
of uranium ore concentrate to UF; to be used as feed material

for enrichment facilities.

A byproduct of the uranium conversion process at the Sequoyah
Facility is liquid ammonium nitrate fertilizer. SFC produces

apprdximatelyv7 million gallons of fertilizer per year.

Dépléted uranium tetrafluoride (DUF,) 1is produced fronm
depleted wuranium hexafluoride . by a separate proCessing

faéility located to the north of the MPB.

3.1.2 Brief Summary of UF, Process

The UF; productioh process is summarized in Drawing.l.. Most
of the wuranium received at the Sequoyah Facility for
processing is in the form of dry uranium ore concentrate,
commohly feferred to as "yellowcake". Yellowcake is received
and stored in 55 gallon drums. ‘Uranium is also received and
stored in slurry form in 55 gallon drums or tankers. After
sampling the @ raw materials to  determine the uranium
concentration, the raw materials are sent to "digestion" to

begin processing.
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The yellowcake and/or slurry is digested.(dissolved) by nitric
acid into solution to facilitate further refinement. The
uraniuﬁ is chemically converted to uranyl nitrate hexahydréte
(UNH) during this process. The UNH_solUtion is‘then sent to

"solvent extraction" for purification.

During.the solvent extraction process, UNH is extracted from
the aqueous acid 'phase 'with an organié solvent. The
impurities rehain in the aqueous acid phase, or "raffinate",
and fhe UNH is removed in the organic phase. The'faffinate is
further treated and réfined to a high purity liquid fertilizer

solution.

The purified UNH 1is returned to the aqueous phase by
introduction of water, and the solvent is recovered and

recycled for reuse in the extraction process.

ancentration of the uranium begins in the recompression
evaporator with final concentration of uranium in the boildown
tanks. After excess water is removed, the molten UNH is ready

for "denitration".

The UNH is thermally decomposed to form uranium trioxide (UO;)
"in the denitration process. Nitrogen and water are driven off
in the form of nitrous oxides (NO,) and water vapof. The

nitric acid is recovered for reuse in the digestion phase.
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The NOy vapor - is scrubbed prior to discharge. to the

atmosphere.

The UO? is chemically reduced to uraﬁium.dioxide (ﬁOﬂ in
"reduction". The resultlng U0, is a very porous solid which
provides a large surface area for subsequent reactions w1th
hydrogen fluoride (HF) in "hydrofluorihation".

o
In hydrofluorination, HF vapor is reacted with the,UOitQIform

solid uranium tetrafluoride (UFQ.

~The7final reaction in the production of UFy is "fluorination".
The solid UF, is reacted with fluprine gas (F,) to produce
gaseoue UF,. | |

During recovery, the process stream, containing gaseous UF,
is passed through refrigerated'"cold traps" to remove the UF;
by "freezing" it out of the procees stream. The process waste
gas stream passes through the cold trap while the purified UF;
‘remains as a solid. When the cold trap’eontents have reached
capacity, the cold trap is isolaﬁed and heated. A purified

stream of UF; is thus produced and prepared for shipping.

The UFsis drained from the cold traps into cylinders. The UF
solidifies as it is cooled, and the product is shipped as a

solid.
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3.2 " Scope and Objectives

The objective of the Sequoyah Facility process flow Aand
process stream characterization. inyestigation 'Was to
understand and Characterize the unit operations and resulting
prqcess streams and'waste»streams, such that the information
obtained could be used in developing Sequoyah Facility

"environmental investigation etrategies and the subsequent
evaluation of findings. To accomplish the objeetive, a
thorough assessment of the entire Sequoyah Facility -ﬁnit
operation processes and procese flow srream characteristice
was neeessary, as well as an understanding of the Sequoyah
Facility water use in order to evaluate potential licensed

material release paths and/or mechanisms.

A complete process flow diagram was developed and verified for
the Sequoyah Facility to satisfy the requirement given in the
FEI Plan submitted October 15, 1990. Each unit operation_was
identified and the process and waste streanms characterized to
identify the forms ef uranihm preeent. Characterization of
the yeliowcake was obtained. Other constituents with the
potential for environmental release were also identified in
the process flow diagram. The liquid and solid process waste
streams and fiow paths, and their relation to process
operatione, impoundments, and surface discharges, are
identified on‘the process flow diagram. - Underground utilities

are discussed extensively in ‘Section 5.0, Faeility—Wide
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Underground Utility Investigation. Surface water drainage in
~relation to Sequoyah-Facility operations and waste streams is
discussed 1in Section 4.0, Facility-Wide Surface Water

Investigation.

3.3 Investigation Activities

3.3.1 Document Review

The initiai action required to accompliéh the objectives of
this task was to conduct a thorough review of existing
information concerning the SFC process of uranium conversion.
Numefous written documents, including memoranda and internal
correspondence from the SFC files, were reviewed in detail.
Many of these documents were genefated while SFC was owned and
operated by the Kérr-Mche Corporation (1970-1988), while
‘recent documents Qere generated.by SFC under General Atomics

ownership. An SFC prepared document entitled Uranium

Hexafluoride Process was the primary reference document for
‘this investigation. . The document was prepared by SFC on

August 23, 1989. Other documents which were significant

sources of information were the SFC Operating Procedures.

Numerous SFC and Kerr-McGee drawings were reviewed which
contained significant amounts of information about the
process. Many of the drawings were utility drawings, and many
were detailed process andvihstrumentation‘diagrams._ Other

documents contributing information to the investigation

" 66



include various data bases, draft water balances, and sample

analyses compiled by SFC.

3.3.2 SFC Employee Interviews

EmployeelintervieWs were the primary source of information
used to complete information gaps and resolve inconsistencies
in the information obtained during the document review. Most
of these interviews consisted of numerous, brief conversetions
with SFC technical staff.  Two formal meetings with SFC
personnel were conducted in which the‘pfocess flow diagram was
reviewed in detail by SFC employees. The first meeting
occurred on April 3, 1991, ana the second meefing occurred:on

May 8, 1991.

3.3.3 Field Verification

Field inyestigationsuwere performed to.verify the process flow
diagram as it relates to the Combination Stream Drain. Field
investigation consisted of visual observations identifying
waste streanm flow paths contributing to the Combination Stream
Drain. The draft process flow_diagram was submitted to SFC
for in-house review and verification on May 24, 1991. The
diegram is considered proprietery by SFC and is not preSented
in'this report, but is discussed in detail in the following
section. . A simplified UF, process flow diagram is,preseﬁfed

in Drawing 2.
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3.4 Investigation Results

3.4.1 Detailed UF, Process Description_
The process fiow diagram shows process and waste streams
associated with_ﬁhe conversion of_uraniﬁm,qre concehfrate tb
UFs. Emphasis has been placed on accﬁrately identifying all
wane stream Sources and flow paths.A Thé procéss is very
coﬁplex and, for-simplicity, some of ‘the internal detail
within each unit operation has“been Qmitted ffom the diagram.
However, all major process flow paths and all waste paths have
been identified on the diagram in relation to the unit
operations. The uranium compounds present at various points
in the process are identified on the diagram as well as in
Table_z. Other chemical constitueﬁts uséd in the pfocess are
also identified on the diagram and in Table 3. A typical

chemical analysis of yellowcake is presented in Table 4.

With the exceptions of some codling"water -1iﬁes and the
hydrogen fluoride écrubber wastewater line, process lines are
. generally locatedrabove ground on pipe racks and therefore‘dd
not directly intersect underground utility trenches; For
- further informétion on underground utilities, see Section 5.0,

Facility-Wide Underground Utility Investigation.
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3.4.2 Fertilizer Production

A byproduct from the process of-converting7uranium concentrate
to UFé,ié a high purity liquid ammonium nitrate fertilizer.
The fertilizer originates as raw raffinate'ffom the solvent
extraction process. Solvent vextraétion is. a separation
process in which uranyl nitraté is purified by removing»it
from the aqueous solution with a solvent. The remaining
aqueous solution is referred to as raffinate. The solvent
used in this unit operation is a-mixture of tributyiphosphaté
and n-hexane. The purified uranyl nitrate is returned to the
" water phase, or reextracted, in the pulse coiumn. The
purified uranyl nitréte hexahydrate solution is then further

processed to produce UF,.

The raw réffinate consists of a 6'£o 10 percent mixture of
dilute nitric acid and water. The acidic condition causes ﬁhe_
metal impurities, which were removed during ‘solvent
extraction, to remain in solution. Molybdenum and radium are
two of the metal impurities whichbare monitéred. In addition,
less than 0.01 g of uranium passes through in the raw

raffinate,

The raw raffinate is pumped to a series of four "raffinate
clarifiers" where chemical treatment and precipitation of
- metal impurities, as sludge, occurs. Anhydrous ammonia .is

slowly added to the first raffinate clarifier, neutralizing
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‘the raw faffiﬁate. Metallic impurities precipitate and settle
as the pH is fu:ﬁher raised. The reéﬁlting ammohiﬁm nitrate
is treated with barium chloride as it is transferred té the
other raffinate clarifiers. Barium chloride addition produces
a precipitate thét removés any remaining radium from the
raffinate. The resulting bypfoduct ié a fertilizer gréde
ammonium nitrate solution. The clarified ammonium nitrate
fertilizer is then pumped to one of four (4) fertilizer

holding ponds until it can be utilized on SFC-owned property.

Sludge produced'by raffinate treatment contains a recoverable
amount of uranium. The sludge is allowed to accumulate in the

raffinate clarifiers.

Preéently,_the sludge from the clarifiers is pumped to a
gravity settling tank. Concentrated sludge is removed from
the bottom of the tank, mixed;with polymers and fed to a
centrifuge. The resulting concentrated 'sludge typically
contains 25 to 50 percent solids. The concentrated Sludge'is
pumped into fank trucks that transport it to an off-site
uranium mill to recover the uranium. The extracted liquor is
recyéled. to the raffinate clarifiers for additional

processing.
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>3.4.3 Waste Streams

374.5.1 Iﬁtroduction

For‘the purpose of_this‘section, waste streams are.defined‘as
any'solidé (sludges)’orrliquids (waétéwaters)‘pfoduéed in the
process which are not recoverable as a product,‘byproduct or
raw material. Seven (75 sources of waste streaﬁs have been
identified at the Sequoyah Facility. It is‘also emphasized
that suffacé.water runoff or dischafge to a permitted outfall
lis~not:defined as wastewater herein, but is recognized és a
potential'ﬁigratioh pathway for licensed material.(see Sectidn
4.0, Facility-wide Sﬁrface Watef Investigation, for assessment
of'surface”water). The waste streams include:

1. ‘Hydrogen fluoride scrubber wastewater t'reated in the

fluoride treatment system and the resulting sludge,

2. . Sludge prdduced-in the fluorine‘ppoduction cells,
3. Overflow or excess cooling water) |
4. "Steam condehééte[
:'5. Sedimentation basin blowdown and water softener blowdown

from the potable water treatment system,
6. Sanitary wastewater, and

7. Laboratory wastewater.
Each waste stream will be discussed in the following sections.

The characteristics and flow rates of waste streams and

surface runoff which are dischérged to the Combination Stream
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Drain are presented in Section 6.0, Combination Stream Drain

Investigation.

3:4.3.2 Fluoride Treatment SystemAWasfe Streams

The hydrogen fluoride (HF)-sérubber wastewater originates from
A the off—gas-scrﬁbber'which removes hydrogen fluoride (HF)
vapors fromvseVeral pfocess gas streams. Process gasses
exiting_the secondary cold traps durihg UFs recovery consist
of a small amount of fluorine, traces of UF,, and non-
kéondensables, such as-nitrogen. Nitrogeh enters the system at
a variety of points, such as  shaft seals and instrument
purges; Gassés are continuously pumped from  the secondary
cold fraps to the hyafogén/fluorinev ‘burner.- The
hydrogen/fluorine burnér also receives hydrogen gasées frbm
the fluorine produétion cell room. The combined gésses afe
burned to produce HF and water vapors. Flue gas from the
hydrogén/fluorine burner and the DUEiwasﬁe gas burner. enters
the off-gés scrubber system, forming a weak HF. The écrubber
also receives weak HF off-gasses/condensed liQuids from
hydrofluorination and Vapors . from vent systems  for the

anhydrous_HF storage tanks.

The HF scrubber system consists of a countercurrent water
scrubber which is fed with softened, potabie water. The weak
'HF present in the scrubber feed gasses is absorbed by the

water spray, forming a weakAaqueous HF wastewater Stream._‘The
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ﬁoh—condensable gasses are‘Vented from the scrubber-to‘the

atmosphere.

. The weak HF; i.e.,; HF scrﬁbbér wasteWatef;ffom the‘écrﬁbber'
-SYStem, is biped'to the fluéridé treatment system whefé if is
treated with‘lime to neutralize the acid. The neutralization
 vals§ results in the pfebipitation of f1uoridelioné as calcium
. fluofide. Tﬁe waétéwater is ‘passed through fluoride slhdge
- settling Abasins_ before being  polished inA ihe flﬁoride-
:ciarifier basin.  Settled‘s1udge is managed in thrée (3)
.fluoride sludge holding basins. - The clarified ﬁastewatef is
piped to ,maﬁh¢le ‘CD-3 where it ’is discharged to the
fCombinationustream Drain and subséquenﬁly to surface waters

through permitted Outfall 001.

3.4.3.3 Fluorine Production Waste Stream

'The fluorine production process also produces a waste étreém,
‘which is sludge from the fluorine production cells.' 6n—site
- fluorine prdduétionvsupplies thé‘elemental fluorine necessary
to convert :UF4 to UF6.£hroughv the 'fluérination ,reéction.'
Fluofine ié produced at the Séqubyah,Facility‘bybeiectrically
decomposing HF into eleﬁental fluoring ‘and 1hydrbgeh in
bptassium biflubride eleétrolyte. The reaction'is_cafried out
in jacketéd tanks known aS'cells.‘ The byproauct hydrogen ié,

burned in the hydrogen/fonrine burner.
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Cell maintenance is perisdicaily fequired to reéstablish,the
efficiency'of‘the slectrOIYtic’reactiQn. Sludge bﬁilduﬁ in
the‘celi is removed during Cell:rework.1~The waste sludge is
drummsd and sent to a permitted hazardous waste disposal site.
The sludge contains arsenic as a result of arsenic impurity in
the HF supply. Scals buildup‘in the HF vapofizer contains

less than one percent arsenic, copper, and nickel.

3;4.3.4 Cooling Watsr System Waste Stresms

There are two separate cboling water'systems‘utilized at the
Sequoyah Facility. Both systens produce wastéwater stfeams.
The first type of cooliﬁg Qéterksystem-is once-through cooling
waﬁér. The second.type of cooling system is recirculated
cooling water. Each of‘these>two.(2) cooling systems are
discussed in'the following paragraphs. The types of cooling
water system used in the various units in the process are
shown on Drawing 2. Rogting of cooling water at the Sequoyah

Facility is complex.

Untreated water from Lake Tenkiller is used as once—thrsﬁgh
cooling watef for the Sequoyah Facility. ,The’once-through
cooling water‘system is referred to ss the "éooling water
emergency" (CWE) water. Originally, all uses of CWE water
Were for‘cooling of non-uranium}containing ﬁedia. Although.
'most.uses‘of CWE_water are sﬁill for cooling non—ursnium_

containing media, théreyare a few heat exchangefs which have
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the potential to contact uranium-containing media. Two (2) of
these are the hydrofluorination off-gas condenser and the wet-

scrub heat exchanger for denitration.

CWE water 1is used extensively throughout such Sequoyah
Faciiity operations as: digestion, solvent extraction,
denitration, boildéwn, nitric acid recovery,
hydrofluorination, and in air compressérs, pump seals, and
rectifiers. CWE water is returned to the cooling tower make-
up manway and subsequently to the cooling tower equalization
bésin. The equalization basin can provide makeup water to the
"hotfside basin" under certain conditions, such as circulation

pump étart-up or shutdown, but under‘ndrmal operation receives
overflow from the "hot-side basin". Under either condition,
the cooling tower _equalization basin will continﬁously 7
dischargevexcess water to the Combination Stream‘Drain and

subsequently through permitted Outfall 001.

In addition to use as a cpbling water, there afe several other
uses for CWE water. Ihe uses occur before the CWE.watef has
been used as cooling water; Other uses for CWE water are
‘decontamination and cleanup, general washdown throughout the‘
Sequoyah Facility, and makeup’wéter for diQestion or in other

units as needed.
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The second cooling wﬁter type,,recircﬁlating cooling water or
"cooling water supply“ (CWSs), is circulated through the
cooling tower cbntinuously. As mentioned earlier, the cooling
tower equalization basin can provide make-up water to the
cooling tower hot—side basin under certain conditions, such as
circulation pump start-up or shutdown, but normally receives
overflow from the hot—sidelbasin. From the_cqoling tower hot-
side basin, the cooling water.enters the cooling tower. .The
CWS water is then distributed to the MPB, SX building, and

.DUTQ building.

‘CWS water is used for many cobling purposes. Mosf CWS water -
is used to cool uranium-containing media by way of.cooling
 coils.in heat'exchangers. CWS water is also used for cooling
in the Sequoyah Facility for digestion, solvent extractioh,
boildown, fluorine generation, fluorination, heating and air
conditioniné, air compressors, rectifiers, refrigeration, and

in the DUF, plant.

The‘cooling water féturniﬁg to the cooling tower.hot-side
basin is referred to as "cooling water supply‘return" (CWSR)
water. High pressure steam réturn lines from,somé.of the
solvent extraction and digestion steam lines also discharge .
condensate into the CWSR water prior to discharge into the
hot-side basin. As mentioned previously, certain CWE water’is

also discharged into the CWSR water and hot-side sump.
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Therefore,. the CWS system typically has an excess of water and

normally overflows into the equalization basin.

The coolihg tower hot-side basin haé the capability to
periodidaiiy blowdown to prevent excessive salt.build—upvin '
the cooling water. When necessary,»the‘blowdown'dperation is
manually pérformed "by a valve’ systém. " During normal
operation;bblowdown is not required due to overflow from the‘
-hot-side basin. The blowdown can be discharged to the North
Ditch or the Combination Stream Drain and subsequently through

permitted Outfall 001.

3.4.3.5 Steam System Waste Stréams

High preésure steam from the boilers is distributed throughout
the Sequoyah Facility. Steam is used for heating, cooling,
| and ejectors. The used steam is managed in a vériety of ways,
depending on the original. steam usé. Each steam handling

method will be discussed in the following paragraphs.

High pressure steam used in the Anhydroﬁs Hydrogen Fluoride
(AHF) superheater is discharged into the MPB roof drains and
subsequently to the Combination Stream Drain. and permitted

outfall 001.
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High pressure steam used in the boildown tanké, fluérihation,
heating, tracing and miscellaneous facility services, and some
steam in éolvent extractiqn is discharged to a hét well and
subSéquently used as boiler feed water. Therefore, this steam

condensate does not discharge’directly as wastewater.

The high presSure steam used in the recompression evaporator
is discharged to the North Ditch and subsequently enters the

Combination Stream Draln and permitted Outfall 001.

As mentioned in the previous section oh"cooling water systems,
high pressure steam return lines from some of the solvent
extraction and digestion steam lines discharge into the CWSR

. water prior to the hot-side basin of the cooling tower.

" High pressufe steam used in hydrofluorination and fluorination
returns as super ﬁeated‘steam and is used along with excess
high'pfessure steam to produce the low pressure steam. Low
fpressure steam is used thrbughout the Sequoyah Facility for
various purposes. Some of the lovareséure steam isvused in
heating, tracing, and miscellaneous facility services. This
low pressure steam is returned to a hot well where the
condensate is used as boiler feed. Also, some of the low
pressure éteam is used in the DUF, building; returned to the
sanitary treatmént plant and ié subsequently discharged.to the

Combination Stream Drain and permitted Outfalllool. The
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remaining’low pressure steam is used in the fluorinewcell
rework, fluorine generation, fluorination,'AHF vaporiier, UF,
shipping, heating, tracing and miscellaneous faéility
services. This low pressure steam is discharged as low
temperature steam3¢ondensate to the roof drain sewer and
manhole CD-6 and subsequently through the Combinatioh Sfream

Drain and permitted Outfall 001.

'3.4.3.6 Potable Water Treatment System Wastevstreams

The potable water treatmenf system is a source of wastewater.
Raw water from Lake Tehkiller is treatéd and used for various
purposes throughout tﬁe facility. Water from the lake enters
the faw water 'basin before solids are removed 'in the
.sedimentation basin.  The sedimentation basin blowdown is
discharged to the North Ditch for settling and -solids
separation. The North Ditch u1£ima£ely discharges ﬁo the
Combination Stream Drain to pérmitted outfall 001. Following
sedimentation, the water is chlorinated and passed through a
sand filter.  The treated potable water is then used for
domestic purposeé, lab purposes, and firewater storage. Watef
"to be used as HF scrubber water and boiler feedwater paéses
“through an.additional‘water softening unit! Water softener
blowdown is discharged to the roof drain sewer and into
manhole CD-6 of the Combination Stream Drain and subsequently

through permitted Outfall 001.
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3.4.3.7 Sanitary WasteWater

Sanitary wastewater ‘is ncrﬁally tfeated‘ in the .sanitary
»-tfeatment plant.  Sources of sanitary'vﬁastewater viﬁclude
laboratories, restrooms, dfinking fountains, showers, léundry
and waéhrooms. Treatment consists.of aerobic treatment and
filtration. The wastewater éan also be treated and/or held in
the .sanitary: lagoon. Aftef treatment, wastewatér is
*discharged to the sanitary distribution box, then to manhole
.CD-9.of the Combination Stream Drain, and finally through

permitted outfall 001.

3.4.3.8 Laboratbry Wastewater:

Two (2) laboratories serve the Sequoyah Facility. . The
Environmental Lab is an off-site lab which performs most of
the environmentél analyses. Impacted wasteﬁater and'samples
from the Environmental Lab are transported by truck to the
raffinate clarifiers. A septic tank and lateral field are

~used at the Environmental Lab for nonimpacted rinsewater.

ThéAsecond»lab, thé Process Lab,‘is located in the MPB and
performs the process-related analyses. Process Lab wastes
having significant uranium content can be reprocessed through
the misdellanepUs digester. Process Lab wastewater from
sources such as sink drains, cooling water, and scrubber water
'isAdiécharged into the HF scrﬁbber water for lime treatment

and subsequentiy discharged through permitted Outfall 001.
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: FACILITY—WIDE SURFACE WATER INVESTIGATION (TASK 1)

4.1 Introduction

4.1.1 - Background

Surface water~traVerses the entire Sequoyah Facility and exits

- at well-defined outfalls. ‘The surface water'rbutes, discharge

points, and monifofing program are discussed below; SFC

currently has six (6) EPA National Pollutant Discharge
Elimination System (NPDES) outfalls, five (5) of which are

also Oklahoma Water'Resdurces Board (OWRB) Waste Disposal
Permit outfalls. The six (6) outfalls are identified by NPDES
permit ‘designations as: 01A, 001, 004, 005, 007, and 008.
Outfall 01A, én NPDES permitted outfall, is treéted sanitary
wastewater only and discharges into the Combination Stfeam
Drain. Outfall_OOli’known as the Combination Stfeam Drain, is
discussed in detail in Section 6.0 of this report. The
discharge:from Outfall 001 is piped underground to receiving
waters identified as ephemeral streams which flow into
headwaters of the Robert S. Kerr Reservoir, as stated in the

OWRB permit, attached in Appendix A.

In June 1990 SFC constructed a drainage ditch around the

‘Sequoyah Facility that diverts all surface water runoff from

the northern and western portions of the Sequoyah Facility

into outfall 008. This drainage ditch effectively eliminated

separate discharges from Outfalls'004, 005, and 007. Although

all three (3) are still~NPDES and OWRB: permitted outfalls,
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these outfalls are classified as inactive and are not

monitored by SFC.

In addition to the permitted.outfall, SFC monitors-twoi(Z)
'additional ﬁohitoring points. ' These additional monitoring
points are not new discharges, but are simply interhal
mohitoring points by SFC and are not required by the OWRB or
NPDES perﬁits.v Surface water discharging bast these two (2)
monitoring points, deéignated Outfall 009 and Outfali 010 by
SFC, eventually arrives at receiving waters identified as
epheﬁefal streams which flow‘into headwaters of the Robert S.
Kerr Reservoir. These SFC outfalls are located southeast of
thev Decorative Pond "(Outfall .009) and southeast of the

Fluoride Settling Basins (Outfall 010).

The locations of the monitored outfalls and inactive outfalls
are presented in Figure 12. This Figure also shows the
general area in which the surface water inveetigation.was

conducted.

Throughout the years of SFC operatioﬁ, a number of outfalls
have been added to and deleted from the monitoring program.
A summary of all past and present outfalls, the approximate
~location of each outfall, the purpose of each outfall, and the

current outfall status is presented in Table 5.
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4.1.2  NPDES and»OWRB:Permit Cdnditi§ﬁs‘  
The NPDES pefmit{ Pétﬁit:No{ dKooooi91;'becamé.efféctive-on'f
November 15;'1988f4and expires‘Névembéf,i4;‘1993. A1COpy éfn'
this :permit is attéched ih 'Ap?ehdiX< ﬁ.,‘ ‘The OWRB‘ Waste .
‘-Dispbsal'Permit, OWRB Permit NG. WD—75—074,'becémé effective.
on’bctober 1,v1988; was revised on December 13,‘1988;.and
expifes oﬁ Septembef 30, 1993. QA copy:of this‘permit is
attached in Appehdix A. Thé monitorihg requireménts for eéch'
outfall, for both the: NPDES and the 6WRBllpermits,‘ érer
summarized in‘Table 6,'>Thé‘discharge limitaéions fdr each
outfail,‘for both»thelNPDES ahd‘OWRB permits, ére summafized\
in Téble‘7f’ A discontinued outfall,is no longer regulated By
‘the OWRB and.NPDES'permitsl 'Thé inactive outfalls no longer
diécharge ‘since all flow is diverﬁed  foﬁ outfall 008 for

monitoring.

'Effluent'limi£a£ions and‘mqnitoring requirements for'ﬁoﬁél
 uranium are not included in the NPDES nor OWRB pérﬁité_since 
the:Sequoyéh'Facility is regulated'by the Nuclear Régﬁlatory
Commission’(NRC); and uranium is a source material subject to
NRC regﬁlation. An EPA'referenced mémoféndum states to‘the'
’QWRB that aCcofding.to the U.S. Supreme Court decision of June
1, 1976 (Train v. Colorado PIRG, No.'74—1é70); the EPA has no
'aﬁthbrityito regulate discharges;df nﬁcleér wastevmaterial
éubject.to regulation by the Atomic Energy Commissioh'(AEC) or

its successor, the NRC (Marusak, 1976). = The discharge
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limitation for uranium is contained in 10 CFR 20, Appendix B/
Table 2 and is equivalent to 45 mg/L (CFR, 1991). This limit

is applicable to all surface water outfalls.

4.1.3 Surface Water Environmentél Inveétigation Areas

The area of investigation is generally the area occupied by
the past and present operational units and coincides with the
abproximate 85-acre éequoyah Facility operating'area; The
operational units are defined and discussed in Section 2;0.
Some‘of these operational units cohtribute stormwater runoff
directly to the surface water, while étérmwatér fromvmost of
the other operational units is routed to the Combinatién
Stream Drain, known as Outfall 001. The éperétional units
‘thatAcontribute to surface water outfalls other than Outfall

001 are presented in Table 8.

4.2 Scope and Objectives '

" An initial objective of the surface water investigation was tb
‘deveiop a detailed understanding of flow paths of surface
‘water at the.Sequoyah Facility in order to identify potential.
-licensed;material pathways. After identification 6f potential
pathways, a comprehensi&e surface water éampiing plan was
established for all surface water which exits the Sequoyah ‘
Faéility to allow didentification of areasv potentially‘
contributing significant concentrations of liceﬁsed materials

to runoff.
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Two (2) monitoring events were planned and implemented.
Monitoring of the flow rate at monitoring sites was performed
to estimate the loading of licensed material being transported

by the surface water.

4.3 Investigation Activities

4.3.1 "~ Initial Investigation ana Planning

An aerial photograph of the Sequoyah Facility.waé taken on
October 31, 1990, by Aerial Data Services of Tulsa, Oklahoma
(Figure 2).  Aeria1 Data Services ﬁhen developed a topographic"
map with one foot contours from the aerial photograph. This-
topogréphic map was used for a variety of tasks, including

‘analyzing flow patterns, identifying surface water pathwéys,

-choosing monitoring sites, and defining drainage sub-basins.

After analyzing flow patterns and identifying surface water
.pathways, ﬁonitoring sites  were chosen by RSA and SFC
personnel. Monitoring sites ﬁere dévelopéd to sample surface
-water from all major contfibuting areas and atithe exit points
from the Sequoyah Facility. ‘Thg surface water pathWays and
monitoring sites were checked in the field, and ‘slight
location revisions were made based on field observations. A
map-showing monitoring sites and outlining drainage basins
associated with these sifés wés.developed from the topographic
map. ‘This map is presehted in brawing 3. The drainage basins

contributing surface water to each monitoring site are also
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- defined on Dfawing-B.g»Areas that do not contribute to a
_monitoring'site either discharge_into the Combination Stream
Drain or, in the case of Units. 17 and 18, which are

'impoundments, to. the lined fertilizer ponds.,'n

The flow paths.are also deflned on Draw1ng 3. nRunoff from‘
~ some dralnage ba51ns flow into other ba51ns. ‘Basins SW4 SWe6,

SwW8, and SW10 are the ba51ns which discharge from the Sequoyah
Fac1llty The other ba51ns~contr1bute dlrectly or,lndlrectly

to these four (4) basins.

_.The geometry at the monitoring siteé varies from grass-lined
channels to weirs to culverts.'-.An ‘nnderStanding' of the
geometry and slope of each monltorlng site was needed to
estlmate-flows. The - geometry of the channels was determined
by a survey. In addition to cross-sections .of the ehannels,

elevations were taken'upstfeam’anq doﬁnstfeam‘of monitoring

siteS'to.determine the channel slope. The configuration of
‘eaeh of the twenty (20) menitoring“sites:is described in Table

9.

Inhaceerdance with the FEI Plan,>£wo iz).eampling and flow
measurement events wére conduCtedi- The'anaIYtical parametersv
selecﬁed as the test parameters for the surfaee Water runoff
investigation were fluoride, total uraniuﬁ,‘nitrete (as N),:

pPH, and‘specific conductivity. After review of the»teSt data,
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selected samples were analyzed for gross alpha, gross beta,

and radium-226, also in accordance with the FEI Plan.

4.3.2 Surfacé Water Sampling

Samples and measurements were taken maﬁually by SFC pefsonnel
during two (2) different ‘rainfall evénts. Rainfall during
these events was sufficient to produce runoff at all
monitoring sites. The first sampiihg event dccurred -on
January 15, 1991, with rainfall beginning at 4:30 a.m.
Sampling started at 10:00 a;m. and ended at 12:14 p.m. The.
second sampling event qécurred on March 1, 1991, with rainfall
.beginning' at '5:00 a.m. Sampling began ‘at 9:555 a;m. and
concludéd at 1:20 p.m. Saﬁplés weré taken by SFC personnel
and anaiyses were‘performed by the SFC on-site laboratory.
Gross alpha, gross beta, and radium-226 were analyzed by

Barringer Laboratories Inc., of Golden, Colorado.

Two (2) rainfall gauges exist on the SFC pfoperty, one‘at the
south guard house and one at the MPB. Rainfall is recorded
-daily for each gauge. A listing of the amount of rainfall in
. inches and for the period of time between December 16, 1990,

and March 2, 1991 is presented in Table 10.
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There is a difference in the amount:of raiﬁfall'recorded for
the guard house and MPB, which partially results from
differénce in the' time ‘at which the rainfall 'amquht ‘is
recorded. Rainfall at the guard house is.recordedlevery dayb
at 12:00 a.m. while the rainfall at.the MPB is recorded every A
day at 7:00 a.m. The rainfall recorded for the first sampling
event was 0.74 inches at the guardhouse énd 0.32 inches at the
'MPB. The rainfall recorded for the éecond sampling event waé
0.55 inches at the guardhouse and a'totalbof,0.43 inches at
the MPB, over a 26#hour period beginning at 5:00 a.m. on March
-1, when tﬁe rainfall began, and ending at 7:00 a.m; on March
2, 1991, when the rainfall waé meésured the foilowing day.
The average rainfall amounts‘are 0.53 inches and 0.49 inches

for the January and March events, respectively.

4.4 Investigation Results

4.4.1° Sampling Event No. 1 - January 15, 1991

Flow rates wefe Calculated using Manning’s Equation for open
- channel flow for all monitoring sites except the weirs (Chow,
1959). The flow through the_weirs.was calculated using the
eqﬁation provided by thé wéir mahufacturer. The‘»flows
calculated for each monitoring sife are instantahequé'flows>
referréd to. as point flows. A drainageb basin for eéch
monitoring site has been topographically defined and ié
presented in Drawing 3. The point flow at é ménitoring site

results from surface runoff from the monitoring site’s
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drainagé' basin plus the upstrean drainagex‘basihs.v - For
simplicity, herein,Afhe drainage basin c6rréspohdihg to a
monitoring site wili be referred to with thé séme symbol used
for the'monitoriﬁg.éite (e.g.,.monitoring'site SW1 and its
drainage basin will both bé deéiéhated SW1). The point flow
rates calculated"fér Event No. 1 are presented in Table 11.

The flows measured vary from 20.2 to 3462.5 gallons per minute

(gpm) .

As apprdpriate; constitueht concentrations in surfaceVWAter
saﬁples'can be compared to the discharge limits,. the SFC
environmental éction levels (EAL),.and other water quality
criteria. The}fluoride concentrations obtained dufing Event
No. 1 are preseﬁted in.Table 11. These concentrations ranged
from 0.7 mQ/L to 2.9 mg/L. The maximum allowable fluoride
concentratidn stated in the OWRB discharge perﬁit is 1.6 mg/L.
There is no sufface water discharge limit for fluoridé in fhe
NPDES permit. However, the EPA Maximum Contaminant Level
(MCL) for fluoride in drinking water is 4.0:ﬁg/L.‘ From Table
-11, all concentrationé measured during Event No. '1 (e.é.,
maximum Event No.vl fluoride concentration = 2.9 mQ/L) were
well below the MCL of 4.0 mg/L. four monitoring sités, SWS,‘
SWG, SW10, and SW16, had fluoride concentrafions above the éFC
EAL of 1.6 mg/L. The concentratidn at monitoring site SW10
(2.3 mg/L), which is also Outfall 008 and is the only

permitted outfall, exceeded the OWRB discharge 1limit (1.6
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mg/L), but was Qellvbelow the MCL.. Overall, the fluoride
"ﬁoncentrations detectéd in‘Event No. 1 are low and do-not‘pose
significant enviroﬁmental concern.¥ The drainage areas which
aré the sources of the measurabie fluoride concéhtrations are

‘presented in Figure 13.

Baéedion the physical.bouﬁdariés of the drainage basins and.
.the location of the operation unité'(which are presénted inA
.Figure 6), in relation "to the fluofide concentrations
observed, . the 'potential unit .sources of the measurable
fluoride appea? to be Unit 5, Unit 15, Unit 18, and/or Unit
23. From historical data, which is summarized in Section 2.0,

it is known that Unit 15 has_a'totAI of 96;830 cubic feet of
fluoride sludge placea within three (3) unlined pits.‘ Also,

a 1986 UFs release impacted approximately 457 cubic yards of
soil with_gn average fluoride cohcentrafion of 210 ug/g. This
soil was piacedbin Unit 23 ﬁut is»encaﬁsulated in high density

polyethyleneiand is unlikely to:be-a source. No doéumented

history of fluoride presence was discovered for Units 5 or 18.

The maximum limit on nitrate cbnéentfation in the SFCVQWRB
discharge permit is 20.0 mg/L. The NPDES permit does not have
a discharge limit for niﬁrate at surface water‘éutfalls. The

nitrate concentrations from Event»No.;l ranged from 0.6 mg/L
to 57.6 mg/L. Only four monitoring sites (SW9, SW12, SW13, .

. and SW17) of the twenty (20) monitoring sites had nitrate
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‘concentrations above the SFC EALléf %0.0 mg/L. The'dréinage
areas that arevpotential sources of thebnitrate are presented
in Figure 14. There is no correlation with the drainage areas
associated with measurable fluoride concentratibns}(Figuré
13). The hitrate concentration at SW10 (12.8 mg/L), which
corresponds to permitted Outfall 008;,was well below the SFC . -
- EAL (20 mg/L)vand the OWRB discharge,limit.~ There aré no
mbnitoring sites.that”exit‘the Sequéyah Facility operating

area that had concentrations above the Sequoyah Facility EAL.

The potential sources of nitrate appear to be Unit 8, Unit 11}
énd/or Unit 18. From historicai ‘infofmation ‘documents
referenced in Section 2.0, in a June 1989 meeting of SFC and
OWRB, it was agreea that Unit 8 contributes to nitrate

discharge concentratioﬁs at outfall 008. In the séme June
1989 ‘meeting, SFC indicated .that' Unit 18 was the major
éontributor to nitrate.levels at outfall 008 and Outfall 004.
There is no history of elevated nitrafe levels noted fér Unit

11.

The maximum permissible concentration (MPC) for uranium in
effluents to unrestricted areas is governed by NRC and is
‘equivalent to  45.0 mg/L (45;060 MQ/L)..- The uranium
cohcentfétioﬁs for Event No. 1 rangéd from < 5.0 ug/L to 7860
pg/L. Theré weré no surface'monitoring sites with uranium

concentrations above the NRC MPC. Concentrations at four (4)
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monitoring sites (SW7, SWil, SWi4, and SW16) exceeded.the SFC
EAL for uranium of 225 ug/L (5.225 mg/L). Monitoring site
SW14, which is downstream from SW16, and site:SW16h(see Figure
15) uranium concentrations were 6840 ﬂg/L and 7860_ug/L,

respectively.t Monitoring site SW11l is‘dewnstream of the ether
sites (SW7, SWi4, SW165 and the data indicates (weighted
averages) drainage area SW1l was not a 81gn1ficant source of
the uranium measured at SW11 during Event No. 1. “Monitoring
site SW7 uranium concentration (227 pg/L) ‘was vnot
significantly above the SFC EAL for uranium (225,u§/L5. hoth'
drainage,'area SW14 and SW16 are sources of the elevated

concentrations_of uranium as presented in Figure 15.v It is
significant: to note that at the permitted outfall 008 (SWlO)
and all other Sequoyah Fac111ty exit monitoring s1tes (SW4

SW6, and SW8, Drawing 3), uranium concentrations were well
‘below the Sequoyah Facility EAL of 225 ug/L. ‘ifinally,‘there"
is no correlation w1th the drainage areas assoc1ated with

measurable nitrate concentrations

The potential sources of nraninm appear to be Units'S; 10
and/or 11. Historical research for Unit 5 indicates estimated
vtotal uranium content in Unit 5 to be  more than ‘1600
kilograns. However, the licensed material at Unit 5 is below
grade and there is no apparent migration pathway to euffaceﬁ
Qater. Soil sampling from 1985 indicates uraniun levels nn to

3500 ug/g were measured in Unit 10. Analysis of water samples
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taken in 1985 from Unit 11 detected uranium concentrations

ranging from 117 to 10,970 pg/L.

The.effluent limitation for rédium 226 from 10 CFR 20 is 30
pCi/L. The SFC EAL for surface water is 3 pCi/L. Three
'surféce water samples were analyzed for radium 226, and
results were all‘considerably below 30 pCi/L and below 3 pCi/L
as éresented in Table 11, even through the rénge of associated
uranium for the sameAsamples>is frpm %5.0 ug/L to 7,860 pg/L,
the maximum’concentration; Theréfore, it éan‘be inferred with
significant confidéﬁce that the efflﬁent limitatidn for radium

is not exceeded at the Sequoyah Facility.

There are no discharge limits for gross alpha or gross beta.
However, an SFC EAL in surface water for gross alphé of 15
pCi/L has been establishedf Two (2) of the samples (from
monitoring sites SW16 and SWlé)vhéd gross alpha concentfations
above the EAL. The maximum gross alpha and gross beta
concentrations measured correspond to the_maximuﬁ uranium
concentratiéns measured! Aléo, there is'géod correlation
between the other two - (2) gross alpha and gross -beta
concentrations and the uranium concentrations (Table 11).
Therefore, uranium appears to be a gobd‘indicator parameter

for assessing the gross alpha and gross beta parameters.
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The’pH‘of discharged water is-limited (by the OWRB and NPDES
permits) to a range between 6.0 and 9.0 standard .units for
f‘discharge from the Sequoyah Facility.‘ The pH at all twenty
(20) ﬁonitoring siteé was within thé allbwable range'fér,bothV 

events.

4.4.2 Sampling Eveht No; 2 - March 1, 1991

The flow rates measured during Event No. 2 were all lower than.
ﬁhé rates during Event No;ﬁl because the rainfall améunt was .
~less. The flow rates measuréd for EQent‘No. 2 are presented

in Table 12. The flows measured vary from 0.2 to 941.5 gpn.

The Event No. 2 fluoride cbncentrations, which are pfesented
in Table 12, ranged from 0.6 mg/L to 1.8 mg/L. only
monitofing site  SW15 (1.8 mg/L) fluoride concentration
slightly exceeded the SFC EAL of 1.6 mg/L. Aithough the
Afluoridé concentration during Event No. 2 (1.8 mg/L) was
higher at SW15 than during Event No. 1 (1.4> mg/L), the
difference is not. significant and " doés not pose any
significant environmental - impact potential. None of the
monitoriﬁg sites that exceeded the SFC EAL during Event No. 1.
were above the EAL dﬁring ﬁvent No. 2. The discharge‘limit of
1.6 mg/L ﬁas not exceeded at the permittéd Outfall 008 (SW10).
There were no monitoring sites that exceeded the fluoride MCL

for drinking water (i.e., 4.0 mg/L) during Event No. 2.
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Fluoride poses no environmental concern to surface water at

~the Sequoyah Facility.

The nitrate concentrations for’Event No. 2 ranged fromlo.9
mg/L to’179.0 mg/L. With decreasing floﬁs from Event No. 1 to
Event No. 2, the' general associated trend. isf increasing.
nitrate concentrations;' Nine (9) different monitoring sites
"exceeded the SFC EAL of 20 mg/L compared to four (4) in Event'
No. 1. A welghted average analys1s for monltoring site SWlO
downstream of drainage basins SW9, Swiz, and SW13, that had
much higher nitrate concentrations, and SW11, that had a lower
nitrate concentratlon, indicates that 51gn1ficant nitrate
‘concentratione were not contributed from drainage area SW10.
The eight (8) drainage basins that appear}to be the sources of
nitrate concentrations in Event No. 2 are'SW9, SW12, SWlﬁ,
SW14, ‘SW17, SW18, SW19, and SW20. These drainage basins
include the four (4)Vdrainage'basine fronvaent-No. 1 with
nitrate concentrations aone the SFC'EAL (i.e., 'SW9, SwWi2,
'SW13, and SW17). Nitrate.concentratione for the other four
(4).basine“(i,e.,4SW14(VSW18, SW19,-andi$W20)) althOugh above
the SFC EAL, are not appreciably greater than Event No. 1.
The drainage areas'that are the potential sources of.the'v
nitrate concentrations'exceeding'the SFC EAIfmeasured in EQent
No. 2 are presented in Figure 16. Monitoring site SWlO ﬁhich
is Outfa11‘008 the only permitted outfall, monitored had

'nitrate concentrations (28.2 mg/L) only slightly above the
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discharge limit (20 mg/L) and SFC EAL (20 mg/L). As indicated
above, the SW10 nitrate concentrations are a result of
_ conditions in upstream drainage areas. Coﬁcentrationé af all
other ﬁonitofing‘sites exiting the Sequoyah Facility (Sw4,

SW6, and SW8) were well below the SFC EAL.

Based on Evénf No. 2 results, the unif sources of nitrate
appear to be Uni£ 8; Uhitull, Uﬁit”ls, and/of_Unit_zs. This
correlates Qeil with'ﬁhe potential unit sources identifiedvin
Event No. 1 (e.g., Unit 8, Unit 11, and Unit‘ 18); 1As
discussed in Section 4.4.1, Unit 8 and Unit 18 have histories
bf elevated nitrate»concentrations, while noﬁe was'notéd for
Unit 11. However, Unit 11 is the drainage area around'ﬁnit 8
and is a potential nitrate source. Unit 25 is'identifiéd'as

a potential source because of. the SW19 nitrate concentration.

The uranium concentrations for Event No. 2 rahgéd'from < 5.0
ug/L to 1970 ﬁg/L. As with nitrate, the'génefai‘trend was
that of'ihcreasing uranium conceﬁtrétions aégcciatédiwifh
decreasing flows. This was most notably not true fdr SW14 and
. SW1ise, the monitoring sites with the greatest ufanium
concentrations for both evgnts. At\SW14 and SW16,.the uranium
conceﬁtration significantly decreased in Event No. 2 compared
to Eveht No; 1. None of the ﬁonitoring sites had
concentrations of uranium that exceeded the discharge limit of

45.0 mg/L (45,000 ug/L).i There were monitoring sites that had
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uranium concentrations'above the SFC EAL’of.zzs’pg/LQ ‘These
sites were sw3; swé, SW7, SW10, swil, SW14, SW15, SW16, and
SW18. These sifes include the four (4) sites (SW7, SWli,
SW14, and SW16) with Evenf No. 1 uranium éoncentrations above

the SFC EAL. Monitoring sites SW16 and SwWl4 had thé greatest
Event No. 2 uranium concentfations of 1,970 ug/L and 1,710
ug/L, respectively. These same sites had fhe greatést Event
‘No. 1 uranium concentrétions. As in Event No. 1, drainage
areas SW14 and SW16é are the potential significant soﬁrces of
elevated uranium concentrations. Drainage afeas SW10 and SW11
are downstream of areas (SW7, Sw14, SW15, and SW16) thaf had
higher uranium concentrations and thé data indicates SWlb and
SW1l1 are not the sources of the uranium concentrétions.'
ﬁranium concentrations for drainaQe'areas SW7, SWiS, SW18, SW3
and SWé6 (288 pg/L, 355 ug/L, 2§3 rg/L, 284 pg/L, and 262-ug/L,
respectively) were only slighfly abové the SFC EAL of 225
pg/L. The drainage areas that'aré the.soufces of_the Event
No. 2 ﬁranium‘conceﬁtrations are shown in Figure 1§.v Uraniﬁm
concentrétions for the other two (2)‘monitoring SitesA&SW4 and
SW8) exiting the Sequoyah Facility were well‘ﬁelowvthe SFC'EAL
as with Event No. 1. | ) -
As with Event No. 1, the priﬂéipal .potential sources of

~uranium appear to be Units 5, 10, and 11.
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4;4.3 o Overall Event Comparlson Summary

”lThe.flow rates for all monltorlng sites were hlgher durlné
‘.Event Non 1 than’durlng Eyent-No.'z'duevtoﬁhigher ralnfall«iu
hintensities and/or amounts;f”In'most'cases;‘the‘flow;rate
difference:waS”significant.-:There.is‘adéeneral;trendiin’the'.
”relationShip'between constituent:concentratien”and flew'rate o
For both uranlum and nltrate, as the flow rate decreased the :
concentratlon of these constltuents generally 1ncreased. ‘As
» dlscussed prev1ously, thls trend was reversed for the two (2)
- monltorlng 51tes w1th the greatest uranlum concentratlons
‘;(SW14 and SW16) 'AFor'fluorldeh‘a trend was not'ev1dent(‘a
- result _of low flueride concentrations ‘in‘:rnnoff;;{[ Thlsh
'ndicatesv fiuoride is. not a 51gn1flcant constltuent for
isurface water runoff cons1derat10ns Only five (5) of theh_
_~mon1tor1ng 51tes had 1ncreased fluorlde concentratlons durlng

. Event No. -2 2, when the flow rates decreased.4

4.4.4 riHConstituent'Loading
Another 4pertinent snrface water"ewalﬁaticn ‘is"a"-ioading..
xanalysis.: A reiative’ . loading assessment assisted in
evaluatlng total contrlbutlons of constltuents and relatrveﬁ
;contrlbutlons from the 1nd1v1dual dralnage areas w1th1n the
.1fprev1ous dlscuss;on.‘ »\Thls‘ sectlon' expands -on;:somé.

observations which can be made from review of loadings.
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A constituent loading at a point‘isacalcuiated by multipiying
the apoint' flow fate by the ‘constituent concentration to
convert to a loading or mass/time. unit. A dgnstitueht
concentration could therefore be'relatively high but a low
flow rata could result in'a 16w loading. ‘This évaluation
helbs place the significance gf the concént:atidns in proper
perspective.’ Since the investigation determined instantaneoas'
or point flow rates during a rainfall event, an instantaneous
gf point loading,unit of kilogram pef minuté (kg/min) is

calculated.

Calculated fluoride loadings for Event No. i and 2 are
presented in Table 13. The loadings for fluqridé decfeased
considerably from Event No. 1'to Event No. 2. Since the
concentration discussion indicafes fluoride ‘to not pose
_ Sighificant environmental concern, further assessﬁent of

fluoride loading relationships is not warranted.

‘Nitrate loadings for Event Nbg 1 and 2 are’presented in Table
14. Because of lesser flows, the loadingé fgr_bnitrate
'generally'degreased_(90% of:monitoring siteé) significantly
from Event No. 1 to‘Event No. 2, even though the‘nitrate
cbﬁgentrations generally-incfeased significantiy. The higher
loadings of nitrate during :EVeﬁt No. 1 were 'measuredi in
drainage areas SW4, SW9, SWi0, SWll,‘SW12, SW13, and'SW14.

Three (3) (SW9, SW12, and SW13) of these seven (7) drainage
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areas had Event No. 1 nitrate concentrations above the EAL
discusséd in Seétion 4.4.1. The loading analysis shows that
although the nitrate concentrationé for SW9, SW1l2, and SW13
exceeded the SFC EAL, the loadings are similar-to loadings
from_drainage basins with much lpwer‘concentratigns (SW4,
Swio0, SWll,,and SW14) . Further, thé othef drainagé area that
had an Event No; 1 concentration aﬁove the SFC EAL (SW17) had
‘a low flow- rate, resulting in a 1bading significantly below
the loading from basins with 1pwer nitrate concentrations
(e.g. SW4 and SW1l). Siﬁilar obéervations ¢én be made from
the Event No. 2 loading calculations in Table 14. Ih'
particular, it isvsignificant to note that.three (3f of the
drainage areas (SW17, SW18 and SW19) with Event No. 2 nitrate
concentrations above the SFC EAL had,correépohding low nitrate
'loadings iﬁ comparison to the other dfainage areas. This
1oading analysis provides insight into why the discharge limit
at Outfall 008 (SW10) wasAnot exceeded in Event No. 1 and only

slightly exceeded in Event No. 2.

Uranium loadings for Event No. 1 and 2 are'présented in Table
15." Unlike nitrate, the uranium loadings generally did not

decrease (ohly 65% of monitoring $ites compared to 90% for
nitréte).from EQentINo; 1 to Event'No."é, even though fhe>
concentrations generally incréased. : Thé highest uranium
Ioadings dﬁring Event No. 1 were measured in.basins SWll‘and

SW14. It should be observed that the other drainage area with
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"the greatest uranium concentrations (SW16) had a much lower

loading than SW14. Also, as indicated in the previous'

-concentration discussion, SW11l is not a major contributor to

the‘Evéht No. 1 uraniumrlpading. .Therefore, the combined'
observation is that, in terms of loadings, the moét
significant source of uranium contribution is from SW14. All
other drainage basins have significantly less loadingé than
SW14 or SwWil1l. A similar evaluation of the ‘Event No. 2
loadings indicatés that for monitoring sites ~with
cqhéentrations greater than the SFC EAL, SWil ahd SWi4 are the
moét significant contributors of uranium loadings during Event

No. 2 with SW15 to a lesser extent. Also, as for Event No. 1,

the significant uranium contributions are not from drainage

- area SW1l1l but are from the upstream drainage areas.
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FACILITY-WIDE UNDERGROUND UTILITY INVESTIGATION (TASK 4)

5.1 Introduction’

Underground utility lines at SFC afe'used for the transport of
1aundry wastewater, | sanitary wastewater, . electricity,
communications,-securityimonitoring, cooling water-supply and‘
return, cooling water’emergency suppiy and drain, fire water
supply, and domestic and potable water supply. All active

process streams are located in above ground piping. Other

.utilities not identified above are present in both above

‘ground ahd underground utilities.

Many underground utilities are installed in ekcavated trenches
using a porous backfill, such as sand, to immediately surround
the utility. At the Sequoyah Facility, the porous backfills
are mﬁch more conductive than the surrounding natural soils;
therefore, utility trenches act as preferential drainage
routes for shallow subsurface water (porewater). The

Facility-Wide .Underground Utility Investigation (Utility

- Investigation) focuses on assessing the underground utilities’

backfill as a potential migration pathway for 1licensed

material.

Two (2) phases of underground utilities investigations have

been performed at the Sequoyah Facility. = The first

- investigation phase, the MPB and SX Utilities'Investigation,

was conducted under an NRC Order Modifying License (OML)
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issued Septembef’lQ, 1990, and focused on identifying
potential uranium migration pathways away from the MPB and‘SX
Buildings. The second invesfigatidn phase expanded the scope
of the previous investigation to include other Sequoyah
Facility utilities $ite-wide. Activities and findings of both
underground utility investigation phasés are presentedrin this
Section and are collectively referred to as the'Fécility-Wide

Underground Utility Investigation (Utility Investigation).

5.2 Scope_ and Objective.

An objective of the Utility Investigation was the construction
of accurate and complete utility'drawings identifying all
_active’and inactive underground utilities at the Séquoyah
Facility which can be updated and'revised by SFC personnel.
Also, all construction drawings were reviewed relative tb the
Sequoyah Facility éubsurfaée geology. This activity allowed
identification of potgntial migration pathways for licensed

material.

Another objective “of the Utility Investigation was to
characterize the quantity and locations of licensed material
in the subsurface fill soils. During the investigation, SFC
personnel-actively installed hydraulic barriers and trench
monitors in uﬁdergroﬁhd utility frenches tolpreclude further
migration and to recover 1icensed'material in the trenches.

Since the pathway and migration potential is not necessarily
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‘a function of the active status of a utility, active,
inactive, and/or abandoned utilities are addressed in the

investigation.

During' the vUtility' Investigation, the Sequoyah .Faeility
Combination Stream Drain utility trench was identified as‘a
major potential migration pathway due -to its locatien in a
known impaeted area, its trench size and depth, and.its route.
The Combination Stream Drain has beenlidentified as a Pest and
Present Operational Unit (FEI Unit 27). Due to the magnitude
of the Combination Stream Drain Investigation, the reporting
of its investigation is presented separately in Section 6.0 of

this report.

5.3 Investigation Activities
5.3.1 Records/Drawing Search
A review of an estimated 500 Sequeyah Facility construction

and as-built utilities drawings was performed to evaluate and

‘locate potential utility migration pathways. The drawings

reviewed dated from 1968 pre-construction dfawings to 1990 as-
built drawings. Data collected from FEI Task 3 (Past and
Present Operations, Historical Information Investigation) were

also utilized to determine areas where licensed material may

" exist in the shallow subsurface soils or'fili relative to

underground utilities. This included' an evaluation of

construction elevations, and also the nature and thickness of
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soils and/or fill beneath the foundation and floors of the MPB
and SX Buildings which could bé potentiél aréas for the
localization of liéensed material. Interviews with Sequoyah
Facility process enéineering[ project engineering, and design
personnel-were also conductéd to evaluate andtlocate potential

migration pathways.

5.3.2  SX and MPB Utility Drawing Development

During investigations -conducted under the OML, Segquoyah
‘Facility construction and utility drawings in_the MPB and SX
Building area were reviewed. An underground utility drawing
'was developed from Sequoyah Facility construction drawings and
identified various utility 1lines in the vicinity..  This
drawing was developed for and presented in the MPB Fiﬁal

Findings Report (Roberts/Schornick & Associates, Inc., 1990).

5.3.3 Facility—Wide‘Undergfound Utility Drawing-
Developmeﬁt” 7‘

The Utility Investigation expanded thé scbpe of the MPB éhd SX
Building Utility Investigations to include .all Sequoyah
Facility underground utilities. In order to dévelop the
Facility-Wide Underground Utility drawings, facility
construction and as-built drawings were reviewed to locate
underground Vutilities. Rerial énd ground surQey data
‘_collécted during the FEI was also reviewed for use "in

preparation of the drawings.
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. The Utility Investigation draQings afe presented as Dfawings
4 through 12. The undérground utility drawings have been
: vérified through field investigations and reviewed by'SFC
pérsonnel‘fof accuracy, completeness, and conéistency‘with

Sequoyah Facility nomenclature.

5.3.4 MPB and SX Utility Investigations

An investigation of utility trenches associated with the MPB
and SX Buildings ﬁas conducted by -SFC 'persohnel. .The
investigation was in response to Actions 2 and 3 of the OML,
which‘require the determination of:poténtial’pathways for.
migration of licensed material beneath andAbeyona the MPB, as
well as the direction.énd.extent of migration of licensed

material via excavated intercept trenches.

Twenty-five (25) utility trench excavationé were performed
during the MPB and SX Utility Investigations. Sixtegn;(16)
conbréte hydraulic. barriers bénd twenty—one  (21) trench
} monitors (TM)lwere installed in the utilityvéxcavaﬁipns,tb
stop continued migration of licensed material aloﬁg thebsand

£fill in the -utility backfill trenches. ' Eive '(S)b'trench
monitors (TM-1, TM-2, TM-9, TM-12, and TM-22) were installed
without hydraulié»bafriers. The locétidns of the various
trench excavations and cohstructed.hydraulic'barriers are also
depicted on Drawings 4 through 12. Trench excavation cross-

sections are presented on Drawing 13 for both the SX Building
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and MPB investigations. Drawing 13 was developed by RSA from

SFC personnel field notes collected during the excavations.

_DraWing 14 presents a detailed plan and cross-séctibn of a
'typical-ﬁtility'trench hydraﬁlic barrier and treﬁch monitor.
'The-hYdréulic barriefs'are designed éﬁd EOnstruCted tobprevent
the migration of watef in the porous‘sand fill surrounding a
utility~1ine.énd to collect‘migfating water upgradient 6f‘the
barrier. The trench monitdr or collection sump design
includes perimeter gravel backfill»éround the trench monitor
to provide local stofage capacity:and'allow efficient removal
of fhe poréwater. The-fre@uéncy'andTVolume of pumpihg fromv
the trench monitors is dictated by the hydrogeologiéal
properties of the subsurface and by surfacé—related‘influences
such as stofmwater_infiltration. Tfench monitors are normaily
inSpected‘weekly by SFC personnél. .Pumping from the trench
monitors is typiéaiiy performed,by SFC personhel on a weekly
freéuency fd"recover licensed material and porewater in the
trench backfillymaterialé, thus prevénting‘poésible further

migration.

‘Sdil and .water samples colleétéd in the wutility trench
excavations'during’the Utiiity InveStigétion in the vicinity
of the MPB and SX Building haVe been previously reported
(Roberts/Schornick & Associates, Inc. 1990,' 1991); ~ The

discussion and results of these two (2) investigations have
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been]revised‘and‘updated, and'are'presented‘later in ‘this

Section.

5.3.5‘ : other Sequoyah.Facility Utility Investigationst,‘
Duringythe Utility Investigation kadditional utilities and/or
sedments ‘ identified as potent1al mlgratlon pathways were
1investigated5 ~  The inactive hydrogen - fluoride scrubber
: effluent pipeline which was routed to 'the Initlal lee
,Neutrallzatlon Area (FEI Unlt 3) was excavated north of the -
) Decoratlve Pond and south of the port road and was abandoned
4by grouting the 1ns1de of the plpellne closed w1th a non-.’
) porous cement.v_In addition, two (2) hydraullc barriers and
: two‘(2) trench'monitors (TM-25 and TM-26) were installed_along
Vthis_utility~pipeiine'excavation.at_the 1ocations shown on

Figure 18 and Drawing 10.

An extensiye’investigation of the Combinationxstream Drain was
performed (See Section 6.0). Two (é) recovery.wells kMW—RW—iT

~and MW-RW-3T) were installed in thehCombination Stream‘Drain'
b‘utility trench, in addition to trench monitorlTM49T;_which had

prev1ously been used as a fluid recovery sump. Trench monitor:
‘TM-9T was replaced w1th MW-RW- 3T because TM 9T d1d not fully
»penetrate the sand backf111 around the Comblnatlon Stream
Draln plpellne, “Additionally, the Ut111ty Investlgatlon

information was utilized in assistlng in the determination of
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locations for lithologic borings and monitoring wells. This

program is defined in detail in Section 7.0.

The'Utility.Investigation continued the identification and
verification of péténtialvpathways;thatncould contribute to
the migration of,licénsed matefial away from the Past and
Pfesent Operational Units being investigated,,and.also away
from the Sequoyah Facility. Thé résulfs of phis investigétion‘

are presented later in this Section.

5;3.6 Foundation and Construction Drawing Review

'A review of Sequoyah Facility construction and as—built
‘foundatioh drawings of the MPB and SX Buildihg was-performed
to identify and loéate pdtential uranium migration pathways iﬁ
porous fill maférial‘beneath the building foundations. The
facility foundatioﬁ'drawings'were also réviewed to assess'
potential vertical uranium migration pathways created by the
installation of the buiiding foundétions during construction
ofvthe MPB and SX Buildings; During this reviéw;.the geomeﬁryv
ahd depth of the piers.was analyzed to determine the potential-
for cpmmﬁnicating‘licensed materials to subsurface geological
units. The results‘of this review are presented later in this

Section.
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5.4 . Investigation Results

5.4.1f ' Ut111ty Draw1ngs Rev1ew

: The review of Sequoyah Fa0111ty draw1ngs and 1nterv1ews w1th‘v

SFC personnel culmlnated with the development of a set of’
Sequoyah Fa0111ty underground utlllty plan draw1ngs,(Draw1ngs
,4 through 12); *Facility<coordinate data,.dimensioned data,
Pplan scale data; and pertlnent land survey data were used in |
the constructlon of the utlllty draw1ngs. | The utlllty
‘drawings produced from this investigation included”active and

abandoned underground utilities.

‘5 4 1.1 MPB and SX Bulldlng Foundatlon Draw1ngs Ana1y51s

As prev1ously stated MPB and SX Bulldlng constructlon and as-
'bUllt draw1ngs were rev1ewed durlng the Ut111ty Investlgatlon_
to 1dent1fy and locate potentlal uranium mlgratlon pathways in
,porous £fill materlal beneath bulldlng foundatlons. Analy51s
of -the draw1ngs showed that .the MPB is supported on shallow:
A drllled plers, founded at elevatlon 555.0 feet above mean sean
level ' (AMSL) . Some of these plers are belled plers. ‘The
flnlshed floor elevatlon of the MPB 1s elevatlon 566 0 feet

AMSL.

- Based on a review of SFC draw1ngs 110-C- 161 —162‘ and. -163
,the near. surface materlals consist of silt with clay and sand ‘
underlaln by shale at elevatlons ranglng from approx1mately

l555'to 560Afeet AMSL.' Sandstone»underlles the'shale; ‘The
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design for thé drilled'piers genérally.calls for the piers fo
. be founded six (6) inches below the top of‘the shale. It
appearé that‘the drilled pier foundations extend leés than
approximately  five (5) feet into the shale, and do not

penetrate the shale into the undeflying sandstone.

The administration and laboratory section of the MPB, locéted
‘in the southwestern portion of the building, éontaiﬁs a tunnel
that extends to elevation 557.0 feet AMSL. The Subsurfacev
information in this area, taken froﬁ the above referenéed SFC
. drawings, shows»that‘this'tunnel does not penetrate the silt

(terrace deposits) or extend to the shale.

A scale pit is 1ocated'in the northwestern part of tﬁe'MPB,
V from column lines 6 to 6.9, and A to A.6. The bottom of the
scale pit is_at elevation 556.0. feet AMSL. The subsurface
“information reférenced above .indicates. that this scale pit
extends iess ﬁhanvfive (S)Iféet into the‘shale,'but does not

extend torthe sandstone.

The SX Building is supportéd on shallowvdrilled pieré, founded‘
a minimum of six (6) inches into éhale, based on a review of
SFC drawings 000-C-201, 240-C-201, 202, 209, and 401. The .
finished floor elévation of the SX Building'is.566.5 feet
AMSL. The average subfloor sand base is approximately six‘(6)

inches thick. Based on a review of RSA boringsbBH—26, BH-27,
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BH-28, and BH-29, the near subsurface materials beneath the SX
Bﬁilding_consist of gilty or sandy clay underlaid by shale.
The top ofv the shéle occﬁrs at elevatioﬁs"ranging from
épproximaﬁely 557 to 560 feet AMSL inbthe'SX'Building area.
Sandstqne underlies the shale and was encountered in these
borings at depths below approximately elevation 548 feet AMSL.
Although ﬁhe' exact information is ‘unavailable, = it is
‘ bonéidered unlikély ﬁhat'the piers penetfaté fhe shale intd

the underlying sandstqne:

Tank foundations in and around'the SX Building.extend as deep
as elevatidnA552 féét AMSL. These elevations are above»thé
highest sahdétone elevation (547.7 feet AMSL) noted on the
borings drilled in the SX‘ Buildiné area. . Therefore, .it
appears that some of these foundations extend into the
uppermostlshale but do not extend to the first sandstoné unit.v._
A pulse‘coluﬁn and generator foundatidn extends to elévation
558 feet AMSL. This.elevatidn appéars to beICIOSe>to'the‘topu

of the shale in this‘area but does not penetrate shale.

In summary, the shalléw drilled piefs sﬁppofting_thé.MPB
extend less than‘approximafeiy five (5) feet.into the shale
and do not penetrate the shale into the undérlying éandstone..

The MPB tunnel apparentiy does not extend to the éurface of
the shale. The'MPB_scale-pit extends less than five (5) feet

into the shale, but.does not extend to the sandsténe.A It does
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not appear that the SX Building drilled piers penétratelfhe
shaie or extend to the éandstone. Other tank foundations and
eqﬁipment foundatiqns in the SXUBuilding may extend into the
shale, but do not extend to‘the sandstone. Based on this
information, it does not appear that any of the SX or MPB
foundation elements provide a potential for communicating

licensed materials_to the sandstoneiunit.

5.4.2 Utility Trench Excavation Findingé

Numerous underground utility lines existiinlthe,vicinity of
" the SX;Building and MPB énd weré identified as potential
-pathwaYS for migration of iicensed'material. Many of'fhese‘
~utility 1lines were excavated to determine if there was a
potential for licensed material migration along the utility
‘line backfill. Visual 1ifhologicél obserﬁations were made, 
and soil and water Sampleé were obtained for analyses. Soil
‘descriptions and water levels in the excavations were also
recorded. Data generated ffom various monitoring programs are
described in the following ‘sections. Thé"utility' trench

excavations are shown on Drawings 4 through 12.

5.4.2.i Excavation Lithological Observations

Soiis in the utility excavations were noted fo consist of a-
clayey gravel backfill material underiaih by ciay and shale;
In addition, most utility tren;heslwere observedvtq cohtainvé

sand backfill around utility lines.
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Clayey gravel backfill was observed to range in thickness from -
approximately 2 to 8 feet. The}ciay in the fill is reddish in

color, and the gravel ranges in size up to 1.5 inches."

The clay underlying the ‘clayey. gravel fill is typically
mottled and ranges in color from yellowish brown to gray and
red. The clay reaches thiéknesses up to six (6) feetfv'The”
lower boundéfy'of the clay grades abruptly into an underlying
‘'shale bedrock.: Typically, a fine quartz sand backfili
completely surrounded the utility .line. Water was noted in
all trench excavations except_for Trenches‘4, 6,'8, io, 18,

and 19.

5.4.2.2 Trench Soil Analyses

Grab samples of soil and sand fill material from the utility
excavétions were obtained by SFC personnel betWeen August 30
and Oétober 19, 1990;‘and analyzed.by SFC 1aborato#ies for
‘uranium and nitrate; The analytical results for these trench

soil/fill samples are presented in Table 16.

Elevated conceﬁtrations'of uranium (ie., greater than ﬁhe
Sequoyah FacilitvaAL of 40 pg/g) were detected in soils from
all utility trenches associated with the sX Building, which_
are Trenches 1, 2, 3, 4} 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, and 15A. Soil sample analees for uranium ranged from a
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low of 9.4 pg/g in sample 3A3 from Trench 3, to a high of 8950

4g/g in a soil sample from Trench 13.

Soil sampleé collected from utility_trench_excavations in the
MPB areé (Trenches 16, 17, 18, 19, 20,J21, 22, 23, and 24)
were also analyzed for nitrate and total uranium, and the
results are alsé presented in Tab1e 16.A Tfenches 16, 17, and
23 wefe‘the only excavations where soil urénium levels were
abéve the SFC EAL of 40 kg/g. Trench 16 héd uranium levels
that ranged from 66 ug/g fo 790 ug/g. Utility'Trench 17 héd
uranium levels ranging from <5.0 pg/g to 98.8 ug/g. Trench

excavation 23 had uranium levels that varied from 58.0 ug/g to

224.7 ug/g.

Trenches 25 and 26 were installed along an old line to the

Initial Lime Neutralization Area (Unit 3). Soil sampleé

- collected from these trenches and analyzed for uranium were

below the SFC EAL of 40 pg/g uranium. The soil analytical
data for Trenches 25 and 26 are also shown.in Table 16. A
detailed explanation of the utility trench excavation program
for Trenches 16, 17, 18, 19, 20, 21, 22, 23, and 24 ‘in the MPB
aréa is presented‘in Appendix.c and ﬁas part of the MPB Final

Findings Report (Roberts/Schornick & Associates, Inc., 1990).

115



There were also fifteen (15) hand auger soil borings that were
drilledvadjacenﬁ to and/or through the floor slab of the MPB
and into énd through the sand,backfill that underlies the'
concrete floor. The soil and'watervanaiytical resﬁlfs for
these fifteen (15) borings are presented in Table 17, and
drillingAdetails showing concrete floor‘siab thickness, sand
fill thickness beneath concrete, clay/shale depth, and if.
water was encoUntered.are shown on Table 18. Analytical
results from the MPB hand auger (HA) borings were discussed in
detail in the MPB Fiﬁal Findings Report (Roberts/Schornick &
Associates, Inc., 1990). These borings delineated an area
beneath the northwest corner of the MPB where uranium_leveié
excéeded the SFC EAL of 40 #g/g uranium. A map showing this
area (approximately 14,900 séuafe feet) is presented in

Drawing 15.

‘5.4.2.3 Trencﬁ WateéiAnaIYSes

Water samples were also coliected from all SX Building and MPB
‘area trench excavations - or hand auger borings which
. encountered water. These samples were dollected. by SFC
personnel and analyzed in the SFC ﬁrécess or environﬁental
laboratory for total uranium,' nitrafé, -fluoride, PH, ahd
specific conductance{ ‘Water was encountered in all utility
trenéh'excavations~ex¢¢pt for‘Trenches 4;v6, 8, 10, 18, aﬁd
19, which‘were dry. | Porewater collected froﬁ fhese'bpeh

trench excavations exceeded the SFC EAL of 225 pg/L uranium in
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all trenches éxcept Trenches 22 and 25. The poreWéter sambles
from the open trench excavations_ranged ffom <5.0 ﬂg/L"in ,
Trench 22 to 1.2 g/L in Trench 14. Tablé 19‘présents the
analytical results fromvporéwater'samples collected frdm‘the

open trench excavations.

vWater was encountered in only three (3) of the fifteen (15)
hand auger borings in the MPB area'(HA—z, HA-12, and HA-13).
No water sample was obtained from HA-2; howevef, total uranium
levels in HA-12 and HA-13 were 40 ug/L and 30 ug/L,

respectively.

5.4.2.4 Utility Trench Monitoring Pfograms‘and,Results
Since the installation of the trench monitors or recovery
éumps, RSA ahd SFC have actively been monitoriné: 1f
porewater Quality (total. uranium, nitrate, pH,-vfluoride,_
specific cbnductance,fand a special éampling event for total
arsenic) in each trench monitor,‘2) water.leyel fluctﬁations
in each trench monitor, 3) the volume of liquids rémbvediand
the quantity of uranium recovered from each trench mohitor;
and 4) thé effectiveness of.each trench hydraulic barrier in
stopping continued fluid migration.  There .will Be no
discussion of the extensivelutility trench monitoring program
for the Combination Stream Drain in this section. Howéver, a
thorough evaluation of‘this utility lihe is-bresehted in

Section 6.0.
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Water quality data for the twenty-thrée‘(23) trénch monitdrs,
the electrical vault, and French Dréins.A and B are presented
in Table 20. These monitoring sites have‘been typically
sampled on avﬁeékly basis since about September 11, 1990. SFC
personnel sampled the trench monitors, electrical~vault,:and
French Drains.A and B from‘September ;1; 199Q) to February 4,
_1991. ‘kSA pérsonnelvsampied these monitoring stations from

February 12, 1991, to pfesent (June 17, 1991). Referring to
‘Table 20, the average concentration for total wuranium,
nitrate, pH, fluoride, specific conduétancev and total arsenic‘
is shown alohg with each individual analytical sample resultf
The long-term (September 1990 to Juﬁe 1991) total uranium
averagés ranged from a low of 18.0 ug/L in trench monitor TM-
25T tb a high of 253 mg/L in TM-2T. Thé nitrate long-term
a&érages ranged from a low qf 0.22 mg/L in TM-20T to a high of
’92.9 mg/L in TM-2T.:,Long-term average fluoride levels ranged
from 0.84 mcj/i, in TM-21T to 132.9 mg/L in TM-23T. The pH
averages ranged from 5.5 in TM-2T to 8.2 in trench monitors
TM-3T and.TM—24T. A single sampling of all trench monitérs
for total arsenic showed a low of <0.005 mg/L in TM—lT,.TM—ﬁT,v
T™-5T, TM-9T, TM;16T,.TM—18T, T™-22T, and TM—24T and..a high of
0.356 mg/L in French Drain A. There is ﬁo specific chemical
trgnds in ahy of the trench monitoring déta that is appérent.

during the time period monitored.
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In addition to the water quality monitoring”progréms, all
trench monitors except TM-17T, TM-18T, TM-20T, TM—21T,. TM-22T,
TM—25T, and TM-26T are'pumped on a weékly frequency to remove
fluids and to feco?ef uranium. This weekly pumping program
began on September 11, 1990; and is éontinuing at present
-(June 18, 1991).: From September 11, 1990, to June 18, 1991,
SFC removed approximately 95,719 gallons of liquidvand'é.é
kilograms of uranium from the utiliﬁy’trench monitors;- This
recovered liquid is being manaéed appfopriateiy based upon the
anaiysis "of the recovered 1liquid. ‘ Managemént in;ludesA
reprocessing some Water back through the-'sx process for
uranium récovery.  The fluid recovery énd concehtration‘from
each monitor hés been tabulated as shown in Table 21. The
source of the uranium, nitrate, and fluoride found in the -
trench monitors was primariiy from accidental spills and
releases onto thé MPB and SX Building floors aﬁd the migration
of this material through cracks in concrete (concrete‘repéired
‘and sealed in about 1983) into 4underlying 'utiiity. line
trenches. To a léssef degree, sbme of the material present ih

the trenches may come from leaky pipelines; howe&er, fhis

contribution is thought to be small in most cases.

Water levels have also been measured on a weekly frequency
since September 11, 1990 in all trench monitoring stations.
All water level and piping depth measurements are shown in

Table 22 for the trench monitors. Hydrographs for trench

119



monitors TM-2T, TM-20T, and TM-23T are shown in Figure 19. 1In
_general, porewater levels in the trench monitors have shown an

oVeﬁall decline since pumping began.

‘RSA also conducted a study in the SX Building and MPB area on
February 12, 13} 14, and 15, 1991 to determine if there was
any interconnection between utility trenches and to evaluate
the effectiveness of the hydraulic barriers. The water level
monitoring data for this study‘is summarized in Table. 23.

This investigation consisted of pumping each trench monitor at
‘different times and moniforing for drawdowns in other nearby
trénch monitofs. All trench monitors were puﬁped at varioué
times on February 13 or 14, 1991. Water levels were monitored
in»nearby trench monitors for a period of several hours to

determine if ény drawdown was noted which could indicate
ihterconnection between the utility trenches. The moniforing
data appears to indicaﬁe that no hydraulic’éommunication'was
noted between any of the utility tfénch vﬁonitors, thus
suggesting that there are no significant fluids migrating
beyond the concrete barriers installed across the utiliﬁy

" trenches.

AN
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5.4.3 Quantification of Licensed Materials _iﬁ- Shallow
Subsurféce Environmentlﬂ

'5.4.3.1 - Uranium in Wgter Under the SXvBuiiding Floor

Waﬁerlin the sand fili‘materialuunder the SX Buiiding was
'calculéted tb be approximately 14,000’ga11§n§. The volume was
calculated using a conservative porosity of 40% for the sand
fill material, a conservative saturaﬁed thickness_of 1.0 feet
for the sand, building SIab dimensions of 85;04by 55.0 feet,
andva conversioh factor of 7.48 gallons of water per cubic

foot of Volume.'

Based on a céncentration of 7.14 g/L ﬁraniumiin a single water
sampie from the sand backfill f:om beneath the SX Building
floor, the total accumulation of uranium in one (1) porewater
| voiume'beneath the SX Building was calculated at appro#imatelyj

378‘kilograms.

5.4.3.2 Uranium in Soil Beneath the SX Building

Baéed upon building dimensions of 85.0 feet long and 55.0 feet
wide,  and with a very ¢onservative 'average sand subbase
" thickness of 2.0 feet, the sand fill:bulk volume under.the SX

'BuildinQ‘is estimated at 9350 cubic feet»of 2.65 x 10° cubic
'éentiheters. Basedvupon an estimated sand dry bulk density of
115 pounds per cﬁbic foot and an average concéntration.of
uranium in the soil at 4000 pug/g, the total weight of uranium

. in the soil is consefvatively estimated at 1960 kilograms.
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5.4.3.3 Uranium in Soil in the Utility Trenches

The amount of wuranium lost to the soils in the utility
trenches Was‘éonservatively calculated‘at 3293 kilograms.
This conservative estimate is based on the vélﬁme of sand in
the potential pathway'trencheé in the vicinity  of the SX
Building and aiong 1383 feet of the Combination Stream Dfain
trénch, and the average cohcentrations of  the uranium

determined from the soil samples.

5.4.3.4 ° Uranium in Water in the Utility Trencheé

The amount of uranium currently present in the water in the
utility line trenches and along 1383 feet of the Combination
Stream Drain trench was conserVativeiy- estimatéd at 9.8
kilograms. This is based on the 1length of the utility
trenches poteﬁtially contaminated, the average water
thicknesses in the trenches, and the coﬁcéntrations of uranium
in the water. :This estimate calculates the amount of uraniﬁm

in one (1) porewater volume in the ﬁtility trenches.

5.4.3.5 Uranium in Water aﬁd Soil Under the MPB

Immediately aftér receipt of the OML, SFC managers initiated
éctiéns to characterize the quantity (volume and activity)-énd
location of licensed material ﬁnder"the MPB floor and
adjoining area. SFC managérs aléo initiated actions to
identify and investigate utility trenches in the MPB area

through which 1licensed material could potentially migrate.
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RSA and SFC initiated an inveétigation to evaluate soiléﬂﬁnder
- the MPB by collecting soil sampies from>fifteen le)vsoil
‘borings hapd'augered'adjacent to or through. the MPB  floor.
These soil borings penetrated the sand backfill beneath the
MPB and éenerally exteﬁded‘ one (1) foot into hétive
undisturbed soils. Results of this investigation identified
.an area of approximately 14,900 square feet beneath the MPB
where iicénsed material'was present. This area is generally
1ocatedviﬁ the northwest portion of the MPB. Based ubon
analytical test results for soils, the total quantity of
uranium in the fill materials (principally sand) beneath the

MPB was estimated to be 3260 kilograms.

SFC has also evaluated nine (9) utility lines in the MPB area.
'~ This evaluation consisted of excavating the trencheé and
coﬁstructing cutoff walls and recovery sumps in the utility.’
tfenches that represented migration pathways. Thé amount of
uranium present in sand fill surrounding the MPB.htility
linés, and water ‘contained within this 'fili,  was also
estimatéd. Based upon soil and wafer samples collected ffom
the excavated trenchés in the MPB area, it is estimated,that_
728 kilograms of uranium is present in soil baékfiil in
'htility line trenches associated with the MPB. An’additiohal
0.92 kilograms of uranium is estimated to be present:in water

in these utility line trenches.
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5.4.4 '~ Uranium Recovery Programs
5.4.4.1 SX‘ Hexane Tank Vault Liquids Monitorihg .and‘
..'Reéovery Prbgram | |

During the construction of the hekane tank concrete vault in
August 1990, SFC installed a french drain dewatering’system
-cénsisting of gravel fhat surrounded the concrete beiow-ground
vaﬁlt. -In addition, a subfloor récbvery/dewétering system was
installed approximatelyvfourf(4) feet.below thé floér”grade
near the éentef of the concrete vault. The loéation of the sx
vault subfloor monitor is shown on Figuré 18; A'pump was
- installed into the.subfloor monitor, and fluids coﬁtaining
licensed materials are being recovered on an almost daily
basis since August 16, 1590. Since August 16, 1990,
approximately 108,295 gallons of liquid and approximately 322
kilograms of uranium have been removed from the subsurface
waters in the SX Building area. A summary of the SX vault
analytical data, liquid removal volumés, and quéntities of
uranium rémovéd is shown in Table 24. The analytical data
frdm the SX vault ﬁonitoring program have élso been plotted in
| gréphical"form as shown on Figufé 20. vReferring to Figuré 20,
~the total uranium levels in*liquids recovered from the SX
vault remained fairly constant at around 1.0 g/L of uranium
from August 16, 1990 to about November 29, 1990, at_which time
a decreasing trend in uranium concentration bécame_evident.
This trend of decréasing total uranium concentration continued
to about January 20, i991. From about January 20, 1991 to
about January .27, 1991 the total: uranium‘ concehtra£ion
~increased frqm-about 0.5 g/L to aboﬁt 1.0 g/L, where it
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remained relatiely constant until March 7, 1991. Since March
7, 1991, the concentration of uranium in liquids in the SX

vault have steadily decreased to about 0.6 g/L in June 1991.

On‘May 1, 1991, SFCV persdnnel collected liquids from the SX
vault and conducted totai énd dissolved uranium analyses on
the sample. The sample results are.shown in Table 25. The
results indicate that of the uranium nofed in*tﬂe sample,
approximately 95 to 98 percent of the uranium was insoluble
uranium and 2 to 4 percent of the uranium was dissolved or
soluble uranium. These fesults' are‘yprobably caused byv

precipitation of uranium minerals due to oversaturation of the

water with uranium at this location.

The source of the uranium found in the SX Building area is.
likely from historical (mainly‘pre—1983)‘reieases of process
fluids or washdown water onto concréte floors which were
cracked and leaking, Other pqtential sources include releases
directly onto the ground surface from accidental spills of
pfocess fluids in the area. In about 1983, the floérs in the
‘SX‘Building were repaired, and a floor inspection program'was-
initiated as part of the OML in October 1990. SFC will
- continue to recover fluids from the SX vantrand réprocess;

these liquids back into the process stream to recover uranium.
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5.4.4.2 Digestion Floor Area Recovery Program_

The digestion area is‘located in the southwest sectioh of the
MPB. During the inspection ana repair of the digestion area
floors in mid-to- late September 1990, SFC 1dent1f1ed liquid
contalnlng llcensed materials between the stalnless steel
-floor and‘the underlylng concrete_floorr ‘slnce liquid was
present, SFC installed a water-tight and leakeproof 4-inch
steel_flangerf pipe through the stainless‘cteel floor for the
purposes of extracting the liquid ‘between the liner and
concrete floor.- gThe liquid between the flcor and liner
probably has resulted from the‘migration of process liquids or
washdown‘water through'flaws in the stainless steel floor.
~ These potential leak sites were repalred ‘as part of the OML

actions 1n1t1ated in September and October 1990.

.Upon identifying liquid was present, SFC.initiated a liquid
recovery program on September 22, 1990. Between September 22,
1990 and September 29, 1990, approximately 132 gallons and 5.9
kilograms of uranium was recovered. AThe subfloor monitor wac
dry between September 29, 1990, until January 8, 1991; when an
additionai 0.24 gallons oftliquid and 4.8 grams of uranium was
recovered. The subfloor monitor.is checked on e weekly basis
~and has been dry from January 8, 1991) to present (June 17,
1991); 'This subfloor monitor will cohtinue to be inspected
and'fluid reccvered as required. A summary of the fluids

recovered from this subfloor monitor is presented in Table 26.
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5.4.4.3 Dehitration Subfloor Monitoring and Recovery
Progranm .
In the general yicinity of the denitration unit (NW_éorner of
MPB), a 10-inch diameter stainless steel pipe (denitration
sump) extends beneath the floor of the MPB to a depth of
approximatgly 6;45ffeet. A small pump has been installed into
thié subfloor monitor,'and water is recovered and routed“back
through thé process;: It_is not known when or precisely for
what purpose this subfloor ﬁonitor Qas originally installed.
It .is thought to have been installedv in the mid-to-late
1970’s. waever, there is analytical data collectea frbm the
subfloor monitor dating back to December 1987, as_shdwn in
Table 27. This data indicates that fluids containing uranium
and nitrate are present beneath tﬁé MPB floor in this area.
The location of the‘denitration subfloor monitor is shown in .

Figure 18.

RSA attempted to sample the soils found beneath this subfloor
monitor by drilling‘hand auger borings (HA-14 and HA-14A)
‘directly through‘thevbottom and info the undefiying soil. RSA
attempted on two (2) occasions (October 11 and 23, 19905 to
drill through soils found beneath the bottom of the subfloor
monitor. RSA was successful in penetrating only about 2.35
_feet until auger refusal was encountered. However,vthere was
a marked decline in uranium levels in soil from 10,410 pé/g at
the soil surface (5.8 to 6.15 feet) to 700 ug/g at the last
saﬁpling depth (7.8 to 8.15 feet). " Based upon this data, it
appears that the uranium levels in_soils are decreésing with
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- depth at this 1océtion. - The soil analytical data collected
from the denitratibh subfloor monitor on October il-and 23,
1990 are shown in Table 17. . Drilling defails for HA-14 are
shown on Table 18. It is thought that the uranium found in
the soils and water beneath thé MPB floor slab in this area
resulted from the‘migration of process fluids through cracks
in the eoncrete floor when process spills or leaks occurred in
this area prior to the installation of the stainless steel

floor liners and concrete sealants in about 1983.

Since about December.‘26, 1990, the denitration subfloor
monitor has been inspected daily for the presencé;of.fluid.
If fluids‘are noted, the subfloor monitor is pumped, the
volume of fluid recovered is noted, and a sample of the
recovered water is analyzed for total Auranium. ”This
" monitoring data has been tabulated in‘Table 28. Table 28
summarizes ‘the total volume of 1liquid recovered and the
cumulative wéiéht of uranium removed from‘the denitration
subfloor‘monitor. As. of June 14,>1991, épproximatély<675
gallons of liqﬁid and'S.S'kilograms ofvuranium haQe been

recovered.

The concentfation» of total uranium from the denitration
- subfloor monitor has been‘plotted in graphical form as shown
~on Figure 21. Réferring to Figuré'21, there was a steady
_increasing trend in uranium cdncentrations from December 1990
to about April 25, 1991. On approximately April 2}, 1991, the
pump suction in the denitration subfloor was lowered about one
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(1) foot in an attempt to improve reéovery. The result was an
increase in  fluid recovery,l but a decrease in uranium
concentration. lThis dramatic decrease in total wuranium
concentration is evidentAon Figure 2i. It is thought that
lowering the pump sUcﬁion improved the ﬁater recovery and
probably decreased the turbidity of the sample, both of which

could cause the total uranium . concentration to decline.
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COMBINATION STREAM DRAIN INVESTIGATION

6.1 Introduction

The function of tﬁe Combination Stream Drain (CD) is to
trahsport.various discharges to Outfall 001. These discharges
include contact and non-contact overflow. water from the
recirculating cooliﬂg water system, cooiing water emergency
system effluent, MPB roof drain étormwatér; fire water draihs,
steam boiler blowdown, decanted water softener blowdown,
Yellowcake Pad stormwater runoff, treated sanitary;Wastewater,
excess raw water, fluoride tréatment effluent, .and other

miscellaneous stormwater from the process area.

The main line of the CD at the Sequoyah Facility is
approximately 2334 feet of'gravity—flow reinforced concrete

pipe ranging in size from 12 to 30 inches nominal diameter.

‘Drawing 16 presents the Plan View of the CD, while Drawings 17

through. 20 show plan and profile views of the CD. The CD
ranges in depth from approximately 5 to 30 feet below the

ground surface. The CD consists of two major segments as

“shown on Drawing 16. CDU-1 (12 and 15-inch reinforced

concrete pipe, Drawing 16) begins at the raw water basin and
continues to Outfall 001. CDU-2 (30-inch reinforced concrete
pipe, Drawing 16) begins at the northeast corner of the MPB

and continues to a discharge point located at the emergency

“basin. Under normal operating conditions,:flow in CDU-2 is

routed through the main sump and into CDU-1, which continues

to dutfall 001. During high flow conditions in CDU-2, a

portion of the flow is diverted by an existing weir to the
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emergency basin in addition to the normal operating condition

flow path.

Major flow contributions are made  at' ten (10) junétioﬁ
manholes af various locations along the CD. A major flow
contribution occurs at the equalization basin overflow weir
into the main sump loéated on the southeast side of "the
cooling water tower. Smaller flow contributors are plumbed
directly into portions of_the CD, such as in section CDhu-2,
which is routed east to west; nofth of the MPB. The discharge
from the CD at Outfall 001 is routed by undergroundvpipeline
(a small segment is actually above ground for a short
distance) southwest to the receiving waters identified as
ephemeral streams which flow into headwaters of the Robert S.

Kerr Reservoir.

The effluent at Outfall 001 is subject to Federal regulation
(10 CFR Part 20), as‘welllas NPDES andeWRB permit conditions.
The MPC of total uranium in the discﬁérge effluént'is defined
in 10 CFR Part 20, Appendix.B, Table 2, as 3x10° LCi/ml, which
is équivalenf to 45 mg/L total uranium, assuming an éétivity
ratio between U* and U™ of unity or a mass conversion of
1.5 g/uCi (Jelinek, 1989). All other regulated constituents .
of the‘dischérge effluént have been discussed previously and
are lisﬁed in Table 7 along with the associated permit limits.
Aé‘also indicated previously, Table 6 presents the monitoring

parameters and frequencies»requiredvby the NPDES and OWRB permits.-

131



vﬁonthly flow proportional samples of'effluent diScharged'at
butfall 001 were reviewed‘fbr the time peribd of January 1935,_
to October 1990. The.évera@e total uranium concentration of

 these samples is 0.538 mg/L.

 Two'(2) concurrent CD‘investigations weré\pétfofﬁed during'the
FEI. Firsf[ an external.CD‘InVestigation'was performed to
assess the potential of' urénium-'migration aldng the _Cb.’
éipeline trench backfill. Dﬁriné October and November 1990,
three (3) trench monitor wells (MW-33T, MW-34T, ahd_MW-44Tf
were installed'into the CD trench backfill. ' Two (2) trench
porewater fecovery wélls (MW—RW;lT.installed in November 1990
and MW—RW?3T insfélled in March 1991)vwere also installed into
the CD trench‘baékfill during tﬁe FEI. Reéovery well MW-RW-1T
is loéatéd inside the restrictéd area fence on the south side
of.tﬁe yeliowcake Storaéevpad.v Recovery‘Well MW-RW—3T is
located nérthwest of the‘SX'Building, downgradient of manhole
CD—9,'_This recovery well is located ﬁéar trench-monitor TM-
9T, which was also inétalled into the CD backfill. The CD
trehéh monitoring wél1 and recovery well‘locations are shown

on Drawing 16. 

A seéond internal CD Investigation was performed during the
| FEI to defermiﬁe the CD dYﬁamiés éf ﬁranium loadings and flows
“and to . identify the pbtential,foriinfiltfation/exfiitrétion
along the CD. This investigation also assessed constituent
' conéentrations alth the CD_énd'ité contributing streams.
BothsCD iﬁvéstigations_are-pfesentéd in’this Séctipn. | |
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. 6.2 Scoée and Objectives

‘6.2;1 _ External’Investigatién

Several investigations have been conducted to evaluate the
sand backfill material that surrounds the CD. The pUrposé of
these invesﬁigations was”to deveiop a detailed understanding
of how fluids may_be migrating through thié backfill material,
as well as defining the amount of licensed material (uraniﬁm)
that may be present in soils and porewater within ﬁhe Cb
backfill. Other objectives included the evalﬁation of whether
fluids in the CD trench sand backfill were infiltrating into
the CD, or whether the CD was leaking and adding fluids to the

trench backfill.

6.2.2 Internai Investigation
Aﬁ objective of the internal cD In&estigation was to develop
a detailed understaﬁding of streams contributing flow to fhev
CD. After the contributing streams were identifiéd, a flow
and constituent quantification :aﬁd characterization:
iﬁvestiéation of thé CD was performea so the relative
potential for uranium infiltration and éxfiltration'to and
-froh thé CD and surrounding environment could be determined.
Also, from data colleéfed during the flow quantification and
charaéterizationinvestigation,individualcontributingstream
total uranium loadings were determined, and major uranium

contributing streams were identified;v
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" 6.3 Investigation Activities

6.3.1 External Investigatién Activities

- Followirng a detailed review of'the utility drawings that show
the CD; RSA and SFC initiated a program to install several
trench monitoringvand recovery wells. The initial response
activity (initiatea on September 1, 1990) was the attempt to
excavaﬁe (Trench 9) the CDland to install-a hydraulic barrier
and sump acroés the CD trench northwest of the SX Building as
shown on Dréwihg 19. A hydraulic barrier was not installed
due to the depth of the CD (>17 feet) and safety concerns over

an unstable excavation.

Invlieu of a hydraulic barrier in Trench 9, SFC installed a
16~inch diameter perfbrated Drisco pipe (Trench Monitor TM-9T)
in a gravel fill at tﬁe location shown on Figure 18 and
Drawing 18. The gravel surrounding the bipe was in direct
hydraﬁlic eommunication with the CD sand backfill material.
However,‘this trench monitor (TM-9T) did not fully penetrate
the sand backfill, dﬁe to the reasons mehtioned earlier. Soil
samples were also collected during Trench 9 excavation and
analyzed for uranium and nitrate with the results being shown
on.Table 16.  Uranium levels in séil-coilected from fhis

trench ranged from 283 Kg/g to 710 ug/g.

SFC initiated fluid recovery from TM-9T on September 11, 1990.
The volumes of fluid recovered and quantities‘of uranium
removed are shown in Table 21. The volume of fluid removed
from TM-9T from September 11, 1990, to June 18, 1991, was
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10,688 gallons of water and 1358 grams of uranium. Trench

Monltor TM—9T is shown on Flgure 18.-'

A second monitoring Vell in the CD trench backfill,‘MW—33T,
wasvinstalled on‘October 11, 1990. This trench moﬁitoriﬁg
well was installed near the southeast corner of the yellowcake
,sﬁmp (Unit 16) at the location shown on Figure 22. Total
'uranium'levels (average 7875 pg/L)‘in this trench monitoring
well were above the‘SFC EAL of 225 ug/L. Soil samples from
" trench monitor well MW—ﬁéT boring (BH-37) were also analyzed
fer uranium with the resultse‘shown in Table 29. The
detectable uranium levels ranged from 60 ug/g to 130\ug/§ in

the 10 to 11 foot depth interval.

On October 30, 1990, a second CD trench monitoring well, Mw-
34T, was installed approximately 200 feet south of MW-33T as
shown on Figure 22. ' Water quality data from this cD trench
moﬁitoring'well_(MW—34T) showed uranium levels (average of 101
pg/L) that‘were under the SFC EAL but over backgrbund values.
Soil samples from’this borehole (BH—44) were analyzed for
uranium fluoride and nitrate with the results Shown in Table
29. No uranium was detected in any of the soil samples
vcollected from 0 to 10.5 feet (total well depth). Because
.uranium was detected in MW-44T, SFC installed a third CD
trench monitoring well (November 12, 1990), MW-44T, located
approximately 300 feet southwest of MW-34T as shown'on Figure
22, Uranium iﬁ the CD trench backfill porewater at MW-44T was
near background levels, averaging aﬁout 19 ﬂg/L. Soil semples
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' were collected from the MW-44T borehole (BH-56T) and analyzed
for uranium, fluoride, and nitrate,’with the results shown in -
Table 29. No uranium was detected in soils from MW-44T (BH-

56T) .

' Following'an evaluati0n3of the watér quality:data from wells "
‘ MW—33T, MW-34T, and Mw¥44T, SFC decided to install a CD trench
poréwater recbvery well (MW-RW-1T) on Nermber 14, 1990, at
the location Qhere the CD leaves the reétricted‘area‘as éhown
on‘Figure 22, ’A pump was subsequently»placed.iﬁto this wéll 
in January'1991, and recovery of fluids began frbm the cD
utility‘atrench. .The total ‘uranium present 'iﬁ. porewatér
recovered‘from this well has averagéd‘about 43,878 ug/L.
Details on the fluid reéovery,frombMW—RW-lT will be discussed
- in Section 6.4; kaoil‘ samples were also collected from
bofehole BH-61T (MW-RW—lT) and analyzed for uranium, nitrate,
'vahd fluoride. The uranium levels were at background (<5.0
'ﬁg/g), except for the 0.0 - 0.5 foot interval at.6.3 rg/g,.
until a depth of 15;0.feet where uraniumrleveis varied from 28‘

: ‘ug/g'to 754 ug/g to the total borehole depth of 17 feet;v

RSA and‘SfC also_initigted a program (February 13 to 19,‘1991)__
to evaluate the tfench backfill sands Surrounaing thé CDtté

determinevif the CD.was'léakihg and adding fluids to the.
. trench backfiil ﬁaﬁerial, or determine if porewater in the
trench was'flowing into the CD,‘.This investigationidonsistédl
of placing-a pressuré transduder énd data‘loégér-in:trench
Qell MW-33T ‘and"recofding wéter levels on . af'30—minute'
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frequency from February 13‘to'19,“1991; The Cb dischérge at
'.Oﬁtfall 001 was also‘continubusly monitored as part of SFC’s
NPDES‘permit._'A comparison of the water level changes versus
diséharge rate was thén madé to determine if théré were any
" changes in the waﬁer»level in thé trénch which'cou1a be
correlated to changes in the CD dischafge rate. The fesults

of this study will be ‘discussed more fully in Section 6.4.

A second CD trench backfill‘recovery_well; MW-RW-3T, was
installed'near TM-9T on March 5, 1991.: This utility trendh
recovefy well -fully penetrates_ the sand backfill that
surrounds the CD trench in the SX Building area. A pump will
be installed into this recovery well, and recovery of fluids

started in mid-to-late summer 1991.

Beginning on September 11,>1991, RSA»begaﬁ moﬁitoring the
water levels in trénch_monitoring'wells MW-33T, MW-34T, Mw-
44T, MW-RW-1T, MW-RW-3T, and TM-9T on a daily or eyery other
~day frequency (exéept weekends) from September 11,'1990, to
about Januéry 3; 19%1. From abéut Januafy 3, 1991 to presént
(June‘v17,' 1991), water levels are being measufed on an
approkimate weekly frequency. The'waterilevel data for the CD
_trench‘monitoring wells is summarized in Tabie_30. Well
completion défails (except TM-9T) fOr'each of the CD trench
lmonitoring or recovery wells are presented,iﬁ‘Table Bi‘and'
Appendix D. All of the. CD ffench monitoring Wells have been
- sampled on an approximate weekly sampling frequency since
February 15, 1991; to present (June 17, 1991). Prior to>
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February 15, 1991, these CD trench mohitoriné wells (except.
TM-9T) ' and recovery wells were‘ saﬁpied during previous
' Facility-wide groundwater sampling events.. Tfench monitor Tﬁ—
9T has been sampled on a Qeekly~frequency since Septeﬁber411,
1990. The combination trench monitoring-weilsAhave been
analyzed for total uraniﬁm, pH, specific conductance, nitrate

as N, fluofide, and a special sampling event for arsenic. The
french poreWater analytical data for these'trehch‘monitOrs is

shown on Table 32.

6.3.2 Internal Investigation Activities

The initial step in the investigation ﬁas to . deVelop an
accurate understanding of the dyhamics' of the CD and
contributing streams. This’initial step was>performed during

the mdnths of January through March 1991.  SFC utility
drawings were reviewed, and SFC personnel were interviewed to
determine the location of the Cb,'céntributing streams, and
écCess 'points to the CD. | Affer these points',had  been
" identified, a field inspection was performed fo'édnfirm the
dynamics and locatevéampling and/or flowbmonitoring staﬁidns,
Also during the field inspection, ‘the dimensions of €D
manholes (entry/exit piping, depth to piping, and total depth)

and weirs were measured. Flow could not be measufed at all‘
.sampling_locations because of the nature afvfhe sampling point

and structural interferences.
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Two (2) separate sampling/flow ,monitofing. events Qere
Subseqﬁently performéd.i Sampling/fiow monitéring.Event No. 1
was performed.on March 22, 1991; Twenty-five (25) sampling
and/or fIOW'monitoiing stations were selected for Event No. 1.
'Table 33 describes the sampling/flow monitdring stations, and
Figure'23.présents.a schematic layoﬁt of the sampling/flow
“monitoring stations selected for Event Nb. 1. ° With the
exdepﬁion of the moﬁitoring station located at oOutfall 001,
grab samﬁles were collected concurrently with = flow
measurements at locations identified for both'sampling and
flow measurement. Grab samples were collected at,Outfallv001
on a more frequent 3d—minute interval. All'grab samples were
analyzed for ﬁotal uranium, fluoride, radium-226, ammonia,
nitrate, total suspendedf'solids,' pH, and conductivity.
Sampling during Event No. 1 spanhed approximately seven (7)
hours during a typical Sequoyah Facility operational day.  It
- should be noted that on the day pfibr to Event No. 1; befween
'7:00 a.m. on March 21, 1991, and 7:00 a.m. on March 22, 1991,
2.0 inches of rainfall were recorded at the MPB. The'effects
of the stormwatér ruﬁoffﬂwere apparent from the.steadily
decreasing flow rates in contributing streams observed during

‘the sampling.

Data collected from Event No. 1 indicated that significant
diﬁrnal flow and constituent concentration variations occurred
over the sampling/flow moniﬁofing period. These fluctuations
were observéd‘to be due td bdth the continually decreasing
'.stormWater runoff and to the normal dynamics of the facility
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processes and CcD relationshipé.‘ Because of these-variations,
‘the sampling- and flow monitoring plan was Vfé;evaluatéd,‘>
revised;'and intensified‘for Event No. 2. The sampliné and
flow measurement strategies wcre intensified to better detect
.cdncentrations and flow rate vafiations, and also to allow a
more accurate loading aﬁalysis. »Event No. 2 was also planned

to occur when rainfall was not influencing flow rates.

Sampling/flow monitoring Event No. 2 was performed cn Aprii
16, 1991. Twehtyfnine (29) sample'collecticn statioﬁs and
. fourteen (14) flow monitoring stations were celected fof Event .
No. 2. Table 34 describes the sampling/floﬁ monitoring
stations, and Figure 24 presents a.schematic sampling/flow

monitoring layout of the stations selected for Event No. 2.

During Event No. 2, grab samples were collected on 30-minute
intervals at sampling stations (Monitoring Stations 001 to
011) on the main segment of the CD. Samplec at all other
monitcring stations (Monitoring Stations 012 to 029) were
collected on 'hourly intervals. "Flow ‘measureﬁents were
performcd at least twice ét eéch flow mcnitoring.station. The
first and last grab samples collected at each sampling
location were analyzed for total uranium, fluoride, fadium-
226, ammonia, nitrate; total suspended solids, pH,_ and
conductivity. All other samples were analyzed for total
uranium, pH, and conductivity. Event No. 2 was more intensive
and spanned a shorter time interval of approximately four (4)
hours. | |
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- During both Evénts, a'Mafsh-MéBirney Flo-Tote Médel 260 (Flo—l
Tote) was uséd as the.principal‘flow measUrémeht device. 'Thé
Flo-Tote was used to measure the flow velocity and flow depth
at the selected étatiohs. Calibration of the Flo-Tote was
Yerified by comparison of the flow rate determined by the
instrument and the flow rate determined by the depth of water

at the Parshall flume located at outfall 001.

6.4 Investigation Results

6.4.1 External Investigation Results

The_resultsvof the external cCD inVestigatioﬁ indicate that
licensed material (ufanium) has ﬁigfated into the backfill
sands surrounding the CD. Referfing to Figure 22, thevaverage
uranium, fluofide,’nitrate,'and total afsenic conceﬁt:atibns
found in the trench monitoring wells are shown. The average
total uranium concentration in the porewater from CD trench
’recdvery well MW-RW-3T was 45;539 Lg/L. Moving_downstream or
south along the trénch to TM-9T, the average tbtal uranium
concentrétion decfeased slightly to 35,954 ug/L. The average
total‘uranium concentration at the location (MW-RW-1T). where
the CD crosses the restricted area boundary is 43,878 ug/L.
Moving southward from MW-RW-1T, the average total pranium
concentrations ére 7,875 ug/L in trénch:W¢ll MW-33T, 101 pg/L
in trench well MW-34T, and 19 pg/L in trench well MW-44T. The
average fluoride levels in porewater along the CD are slightly
elevated as compérea to background, but show no‘definite trend
ar pattern. The total arsenic levels in the CD trench
monitoring wells are all below EPA Prihary Drinking Water
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Standards fdr‘arséhic of 0.05 mg/L, except for MW-44T. The
total arsénic level in‘MW—44T (0;412 mg/L)vis thought to
originate frOm‘the nearby célcium fluoride siudgé’holding
ponds. The average nitrate 1e§els noted in porewater from the
trench monitors varied from 0.7 mg/L in MW—44T to 81.1-mg/L in
MW-RW-1T. Based upon the data available to RSA, itAéppears
“that the uranium and >nitraté found in the CD backfill
porewater principally originéted_in the- vicinity of the SX
Building due to historical releases and spills in the SX
process areas and not from the‘CD itself. Tﬁe anaiytical data

‘for CD trench wells are summarized in Table 32.

The total uranium concentrations in trench monitoring wells
MW-33T, MW-34T, MW-44T, MW-RW-1T, MW-RW-3T, and TM-9T are:
shown in graphical form versus time in Figures 25 through 30,
respectively. A review of these graphs of total uraniuﬁ
concentrations plotted against time indicates no specific
long-tern trends in the analytical data based upon the data
céllected frbm September 1990 to June 1991. 'ﬁydrographs of
the Combination Stream Drain trench monitoring wells.(TM—9T,
MW-34T, and MW-33T) are plotted in Figure 31. A review of
this drawing shows no significant -change in the CD trench

porewater levels from September 1990 to June 1991.

The volumeé of fluids and quantities of’uranium recovered from
CD trench monitoring wells MW-RW-1T and:TM-9T are shown in
- Tables 35 and 21, respectively. As discussed earlier, the
volume of porewater removed from TM-9T.between'Sep£ember 11,
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1990, and June 18, 1991, was 10,688 gallons, and the quantity
~of uranium removed was 1358 grams. The'volume éfiporewatér 
~and uranium récovered from MW-RW-1T (Table 35)‘betweén January
31, 1991, and June 17, 1991, were 9,223.2 gallons and 1.5

kilograms, respectively.

The hydrograph study of trench monitor well MW-33T and the CD
dischargé indicate that there is nofiabparent Cofrelation
between changes in water levels in thé CD trench and discharge
rates at outfall 001 from the CD. This appears to indicate
that fhere is no significant influx of pofewater from the
trench intd the CD.pipeline or an efflux of fluids flowing
- inside the CD into the trénch backfill materials. A plot of
the water level changes in the CD trench backfill materials
versus the Ouifall 001 discharges is shown on Figure 32.
Although there_appears to be no correlation between’the ch
dischargeiout Outfall 001 and water level changes in the cD
trench porewater, SFC is investigating the cause of the
porewater level changes noted between February 13-19, 1991.
The preliminary focus of the investigatiqn is the firewater
lines ih theiSX Building area which ha#e a pressure-pump that
cycles on and off to maintain,proper,pressure in the 1lines.
It is believed that there may be leaks in the firewater lines
and wﬁen the pressure-maintainiﬁg rpump is operated, the
firewater lines slowly leak, eventually dropping in pressure
until the next cycle is initiated;' This may be the cause of
'the'gradual porewater level changes noted in the CD trench
backfill material. |
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Another very important obsefvation about -thé CD- trench
backfill materialyis'thatfporewater ievels afe several feet
1lower in,the CD trench than the natural‘groundwater surface
adjacent to the CD trench from the middle of the yellowcake
storage'pad northward.t0ward the cooling water tbwer, as shown
on Drawings 18 and 19. From the middle Offfhe yellowcake
Storage pad southward, the porewater fluid level falls tb the
CD pipeline depth or siightly abo&e the CD pipeline as shown“
on Drawing 18. This indicates that in areas where uranium
impacts to soils and shallow utility trench poréwater are
known (i.e., the SX Yard), there is limited possibility of
infiltration of these fluids into the CD pipeline. It is also
possible that groundwater may be discharging into this utility
trench, and the CD trench acts as a groundwater line sink
which may prevent fluids from migrating significantly beyond

this poiht, at least in the upper shallow water-bearing zones.

RSA has also evaluated the geochemistry of the CD trench

porewater. This study will be presented in Section 7.0.

6.4.2  Internal Investigation Results

The plan viéw of the CD is presentedlon Drawing 16. The plan
and profile views of the CDf(Drawings 17 through 26) show the
ground surfaée elevation, Cb flow line invert eievation, the
groundwater table eievation, "and . the CD trench .backfill:
porewater surface elevation along the CD. réuting. The
groundwafer surface elevation is obtained-from dafa collected
from Sequoyah Facility groundwater monitoring wells on April
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18 and April 19, 1991. The'poréwater_surface elevation is
obtained from data collected in trench monitors along the €D

on April 18 and 19, 1991..

Analytical results from érab sémples coilected during the CD
invéstigation Events No. 1 and 2 are présented in Tables 36 .
and 37. Only one grab samplé and one flow measurement was
obtained at most monitoring.stations for Event No. 1. 1In
addition, rainfall occurred prior to Event No. 1, and the
flows therefore included surface water.funoff and were not
indicati?e of a typical operational day without rainfall. The
"results from  Event No. 1 are informative and indiéaté
conceﬁtrationé for all constiﬁuents were within the limits
apﬁlicable to Outfall 001. The Event No. 1 data also indicate
the potential sources for uranium include wastewater from the
south yellowcake sump, cooling water system, sanitary sump,
north yeliowcake sump, and yellowéake~unloading dock sump.
The Event No. 1 data also indicated that due to the number of
uranium contribution sources and flow variability observed, a
greater intensity of sampling and flow measurement was
necessary to evaluate the CD at the detailed level désired.
Therefqre, the sampling/flow monitoring program was
intensified for Event No. 2. The following discussion focuses
priﬁarily on the €D Investigation results obtained during
Event No. 2. Unless stated otherwise, the:ﬁonitoring station
numbers herein refer to stations identified in Event No. 2
(the numbering system for Event No; 2 is different from Event
No. 1).. | |
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During both events, frequent sampling was perfqrmed at outfall
001 (Monitoring Station 601), Review of E?ents No. 1 and 2
resuits from Outfall 001 shows that no ﬁ?anium concentrations
exceeded the NRC permissible discharge 1limit of 45 mg/L.
During EventrNQ.”l, the average uranium'concentfation measured
at Outfall 001 was 519 ﬂg/L, or 1.2 percent of the permissible

_diécharge limit..

- During Event No. 2, the average uranium concentration measured
at outfall 001 was 279 ug/L, or 0.6 percént of thé permissible
discharge limif. ther monitoring stations having uranium
concentration~generally.at the concentrations measured at
Outfall 001 or greater during Event No. 2 include the
Combina#ion Stream Drain at Manhole CD-3 (002), CD at the
éouth yellowcake sump (005), the south yellowcake sump (006),
the main drain (Manhole CD-9, 007), the main sump (008), CD at
Manhole CD-10 (010), the sanitary sump east (011), the SX
cooling watér emergency drainl(012), the hot side basin (0186),
" the SX cooling water supply return (017), the MPB cooling
water supply return (018), the coolihg water supply at the
'cooling waﬁer supply meter south of the cooling water tower
(019), the sanitéry lagoon (024), and the sanitary wastewater
ffeatment piant effluent“tozs). As can be seen in Table 37,
the SX and MPB cooling water supply returns (017‘and‘618), the .
hot.side basin (016), and the coolingbwater supply (019)
consistently exhibited wuranium concehtrations of" similaf
magnitude. - This result oCcurs since the cooling water supply
.system is a recirculating system and suggests there is not a
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great amount of make-up flow from the equalization basin to:

‘the hot-side basin at the cooling water tower.

- Monitoring stations identified as having.consistently’low,
‘ , ;

uranium éoncéntrations»include'the,dedorativé pond (004),

equalizatioﬁ basin (009), make-up manway (013), MPB'cooling

‘water emergency drain (014), raw watet'basin overflow (015),

MPB fire water drain at‘ CD ﬁanhole CcD-7 'east (020),

Combination Stream Drain at CD-7 (021), andlthe recompressioh

evaporator stream effluent (029).

‘Radium—zée, hitraté, flﬁoride,'.and ammonia concentration
levels obtained during the two events (Tables 36 and 37) did
not exceed the'discharge permit levels at Outféll 001 (Table
7). The maximum radium-226 level measured at Outfall 001 was
5;1 pCi/L, which is significantly less than the maximum NPDES
permit level of 30.0 pCi/L. For Event No. 1 and Event No. 2,
all but}two (2) of the samples obtained were below'z.o pCi/L.
Also, all fluoride énd‘nitrate concentraﬁions ﬁeasured at-
:Outfali OOi were below the MCL values for drinking water (4.0
- mg/L ahd 10 h@]L'respéctiVely) and OWRB dischafge pérmit
‘1evels (1.6 mg/L and 20 mg/L reépectively). The pH ﬁeasured

at outfall 001 was also within the permit range.

Except_for the sanitary Sump'east'(011) and the sanitary
-wastewater treétment plant effluent (025), all other samples
"obtained for nitrété during the two events were below tﬁevMCL
of'lo mg/L for drinking water.
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The fluoride clarifier effluent stream (002), the north ditch
,at sanitary sump east, and the‘emérgency basin-a£ sanitary
sump east (018) slightiy exceeded the MCL for fiuofide of 4.0
mg/L for drinking water during Event No. 1. In no_caées did
the fluoride cbncenﬁrations exceed the MCL for fluoride for

drinking water during Event No. 2.

Tables 38 and 39 préseﬁt flow data colléctedvduring Events No.
‘1 and 2, respectively.. During Event No. 1, overflow from the
décorative pond (004) contributed flow to the CD at CD manhole
CD—ﬁ (002). During Evenf No. 2, no overflow from the
decorative pond (004) occurred. Based on flow measurements -
during Event No. 2, the major flow contributor to the CD is
the overflow from the cooling tower‘equalization basin (009).
The other pringipal flow source (ygllowcake‘sump, sanifary
sump, fluoride clarifier, roof drains) were small in h

comparison to the cooling tower system.

A real time continuous recordihg'flow meter is installed on
the CD at Outfali 001. Data from the flow meter is recorded
by a strip—chart‘recordér'located in the MPB for permanent
documeﬁtation. Figure 33 presents the fiow data recorded
during the duration of Event NqQ 2. An analysis of this data
shows flow.rates.during Event No. 2 at Outfall 001 (001)

ranged from 1155 to 1540 gallons per minute.
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Analysis of the continuously recorded data at Outfail 001
(001) (Figure‘33) and thé overflow from the equélization basin
(009) (Table 39) which is primarily oncé-through .éooling,
Water; shows that the overflow from the equalizétion basin
(009) is the largest contributor to the total flow at Outfall

001 (001).

'The Event yo. 2 flow data'(Table 59)‘indicates the majbr
source of flow inﬁo the equaiization basin (009)'ié from the
makerup manway (013)} which in turn has major contributions of
‘flqw from the raw water basin overflow (015) and the MPB
cooling,yater emergenéy drain (014). Figure.34, a plan and
elevation view of the cooling water tower, identifies streams
contributing to the flow dynamics of the equalization basin
(009), and also the'equalization pasin’s relation to the CD.
The function ofvthe equalization basin (009) is to provide
automatic make-up of water to the hot éide basin'(016) and
help balance flows. Under ndrmal operating conditions, the
equalization basin's~(069)>éfflueht flows into the maiﬁ sump
(008) and, to a lesser extent; to the hot.sidé basin (016).
The primary flow into the equalization baSinb(OOQ) is from the
- make-up manWay (013). Under certain surge'conditions in the
hot side basin (016), flow from the hot side basiﬁ (016) to
the equalization basin (009) occurs as well. The cooling
water system is discussed in Section 3.0 ih relation to the

overall Sequoyah Facility process.
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Identifying'majcr sources of uraniuﬁ contributiou-to the CD is
}_most accurately aCcomplished by combining both the.uranium
concentratlon and flow rate at each monltorlng station. ‘Theee _
”elements collectlvely are referred to as loadlngs. For Event
No. 2, the time period of ;1:00va.m..to 2:30 p.m._was selected
as: being most informativeu for a tloadihg analy$is, The
loadings at sampling/flow mohitorihgildcatioﬁs'during Event

No. 2 are presented in Table 40 and on Figure 35.

The uranium-loadings at oOutfall Odl; during Event No. 2,
Qaried ~from 0.6005 kg/minute vtok’0.0033 " kg/minute. | Ae .
presented in Figure 35, .uranium”loadings generally decreaee..
from Outfall 001 (001) upgradlent to Varlous maln trunk CD
junctlons. - The largest contributing uranium loadings were
. found at the main :truhk junction from the :cooling' water
system. At this point, the‘loading contributor to the CD is
frem the overflow.bfrom the equalizatien basin .(0.0009
hkg/minute) (019)). 1Again,.the majer flow contributiou;te‘tﬁe
equalization basin is from the make-upvmanway (013). Also,
thevuranium 1oadingsvin the‘eooling water return and supply
system ranged from 0.036 kg/mlnute (MPB coollng water supply
return (018)) to 0.045 kg/mlnute (coollng water supply (019))
but do not directly contrlbute a major flow to the CD as

explalned prev1ously.A

It‘is significant to note that although the equalization basin
(009)VCOntributed the largest leading to thevcﬁ,'all~samp1es
‘collected at the equalizatioh basin (009) during Event No. 2
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contained low uranium concéntrations. Therefore, the fact
that the equalizatioﬁ basin was the largest Event No. 2
loading contributor to the CD is a direct result of its flow

rate into the CD.

' The sanitary sump 'eaét (bli) was also fouhd. to be -a
significant wuranium ‘loading contributor to the CD. The
sanitary .sump east (01l1) contained a wuranium loading of
0.00029 kg/min. In contrast to the equalization basin, the

sanitary sump had high uranium concentration and low flows.

As part of. the internal CD Investigétibn; an analysis of flow
data collected dﬁring Event No. 2 was méde in an effort to
determine the pdssibilitf of infiltration of groundwater or
trench porewater, or of exfiltration of effluent from the CD
concrete reinforced piping. An analysis of flow data
collected during Event No. 2 was performed fof two (2) time
- intervals. The analysis compared ﬁhe difference between the
sum of inflows and the outflow at Outfall 001 to the,estimated
accurécy»of the flow measuremént‘equipment. During the time
inﬁefval between 11:00 a.m. and 12:45 p.m., the difference
between the'measuréd inflows to the CD'(OO3,'606, 007 sanitary
sump east, 009,>010, 1461 gpm) and measured outflow at Ooutfall
001 (001, 1365 gpm) was 96 gpm or 6.6 percent of the inflow
and"7{0 peréent of the outfall 001 outflow. Similarly,
petween the time interval of 12:32 p.m. and 2:33 p.m., the
difference between the same inflows.(1432 gpm) and flow at
Outfall 001 (1295 gpm) was 137 gpm or 9.6'percent of the
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~inflows and 10.6 percent of OQl flow. The pércent
"differentialszpresented aré well within the estimated'acéuracy
of flow measurement equipment (15fpercent),;'Both analyses

presented ‘indicate no detectable net infiltration» or

exfiltration occurred during Event No. 2.
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FEI UNIT SOIL AND GROUNDWATER INVESTIGATIONS (TASKS 5 AND 6)

7.1 Introduction

SFC has planned and completed. a detailéd investigation of
soils and groundwater in all areas of £he 85-acre Sequoyah'
Facility. = The ipvestigation was initiated,'completed,'and
reported in phases. The fifst' investigative phase was

initiated (August 1990) in résponSe to releases detected in
the vicinity of the SX Building{ The effért was_expanded
(September 1990) to include investigations in the MPB area.
The in&estigations in the MPB area éncompasséd the OML
(September~’19,A 1990) response -réquirements. The. SFC
investigations in the SX Building and MPB areas were completed
and reportéd on previously kRoberts/Schornick and Associates,

Inc., 1990 and 1991).

The_nexf phase of invesfigafion, defined by ‘the FEI Plan.
(October 15, 1990), expanded the scobe of work toAthe entire
85—acre)Sequoyah Facility (Figure 36). The fEI Plan was also
required by £he OML (Item 6). The FEI Plan has been fully
implemented. Sectionv7.0 presents the activities and results

of all phases of the soils and groundwater investigations

completed to date at the Sequoyah Facility. Section 7.0 also

presents a detailed description of the “investigation

methodology and rationale.
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PAST AND PRESENT OPERATION UNITS

MAIN PROCESS BUILDING AREA
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7.2 Scope _and Objectives

The scope of the FEI soils‘and‘gréundwater ihvestigation

included: |

1. a.review of‘pre—existing envirohmehtal'honitoring data

| . for all éreas'at thé facility;

2. a review éf land uses and_geﬁefal feafures, including

 facility processes; |

3. a review of geologica; data from the area;

4, é detailed soils and groundwater investigatidn of.the
uppérmést groundwater syéﬁems preéent in the restricted‘
area and aajacent areas of the Sequoyah Facility, which
includes soil Dborings, monitor well installation,
groundwater-sampling and analysis, soil sampling and
analysis, imééundment sediment 'and water Sampling,
groundwater. flow hydraulic ’prbpérty evaluation, and
process waste stream evaluation; and

5.. an evaluation of the subsurface geoldgy and soil chemical

quality.

The‘objectives_of the FEi soils and groundwater investigationé

included: |

1. Determininé»if releases of licensed material and other
constitgents have occurred from all past And present
operational ‘areas to the groundwater and définé .the'

extent of any releases detected,
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Performing soils 'investigétions of past and present

ope;ational areas which are determihed'to be potential
sourées of releases to the environmental and which
require additional Characterizational information to
supplenent existing historical informétion, R

Fully defining the géological conditions which control

“the occurrence and movement of groundwater and any

associatéd licensed material or other constituents in the
subsurface soils and groundwater at the Sequoyah
Facility,

Installing a compréhenéive groundwater monitoring system
éapable of detecﬁing releaseé of licensed material to the
uppermést‘groundwater systenm, |

Identifying areas where potential corrective action

'~ responses should be considered, and

Developing information useful for the definition of
potential‘kcorrective action responses in the areas

identified for consideration.

SFC identified twenty-eight (28) past and present operation

unit areas on the facility property where the detailed

investigations were completed. The scope of work and

objectives of the FEI, stated above, were achieved. SFC now

has in place a comprehensive groundwater monitoring system

that is capable of detecting releases from all restricted

areas and from all past and presenf.FEI units located at the
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Sequoyah Facility. As of Junévlf; 1991, SFC has installed a
‘total of 163 monitoring. wells ~which include 79 shallow

shale/terrace grdundwater monitoring wells, 78 deep
sandstone/shale grouﬁdwater monitoring'wells, 1 groundwater
recovery well, 2 Combination Stream Drain (CD) trench reéovery
wellé, and 3 CD trench monitoring wells. Approximately 210 .
soil borings have been drilled as part of the MPB, SX
Building, and FEI unit investigétions to_characterizé the
extent and quahtity of 1licensed materials and other
constituentsiin.the grbgndwater and soils beneath the Sequoyah
'Facility; The following subsections presént the activities

and results of the FEI effort.

7.3 Facility-Wide FEI Field Investigation Activities

‘7.3;1 | Shallow Lithological Soi1 Borings

RSA drilled ninety-nine (99) machine-augered shallow soil
borings across the Sequoyah Facility for the purpose of
evalﬁating the subéurface;stratigraphy/hydrégeology and to
~delineate the horizontal and vertical extent._of possible
licensed material impacts to shallow soils/groﬁndwater. The
final boring, BH-99, was drilled with rotafy air methods and
was placed downgfadient of the surface water retention pbnd.
This finai boring was completed as a deep sandstone/shale
monitor well, MW-90A. Five (5) bf the bofihgs, BH—37T,'BH-
44T, BH-56T, BH-61T, and MW-RW-3T, were di‘iiled_ into the

 backfill surrouhding the Combination Stream Drain underground
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piping and wereecompleted’as trench backfill monitor weils'e
'(MW—33T;.MWf34T,‘MW-44T) and tfeﬁch porewater;recoﬁery wellsv
(MW-RW-1T and.ﬁW-RW-jT), respectively. Theselfive~(5)‘weilé
were instalied to monitor aﬁd'to fecover'pOrewater in the sand .
backfill of the Combinatioh Stream Drain tfench{"The 1ocation
of the'litholbgical soil borings are shown on Figurei37. All’
ninety-nine (99) machine-augered sdil boriﬁgs (BH—l to‘BH—93‘
and MW—RW;3T) wefe drilled‘.by.nProfessional Services
bIndustries, Sheﬁherd Engineering and TeSting‘Division, under '
the professional supervieion of a hYdrogeologist from‘RSA
(Roberts/Schorﬁick and'Aésociates, Inc.,‘Norman; Oklaﬁoma).
'] The seil borings were all drilled between\September 24, 1996‘
.and March_12, 1991; ufilizing hollow stem aﬁger drilling
methods and a CME 750 drilling rig. ‘All borings were dfilled
to depths of between 1.9 feetvto 30.4 feet;' The shallow
shale/tertace'de?osit soil boringe_were advanced until the |
underlying sandstone bedreck was‘encountered;~ The bofingeb
were then terminated'at this contact and the berehole'grouted'
"to surface With‘aecement-bentonite grdut mix. The purpose of
boreholes BH-1_to BH—§8 ',(eXCept-BH-f-37T, BH-44T, BH-56T, BH-
61T, and MW—RW;3T) was to define the thickness-and veffical
extent of the upper.shale.and te;race_depdsits’and to collect
continﬁous soil samples for 'cheﬁicei 'charecterization
- purposes. Borings BH-37_T,-BH-44T,V -.BH—56'i', :BH—6‘1T, end MW-RW~- "
3T. were drilled to»lmoniﬁor and.Ared0ver porewater in the

combination stream pipeline trench. Soil samples were also
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' collected from borings BH-37T, BH-44T, BH-56T, and BH-61T and

analyzed for uranium.

A sécohd machine-augered boringIWAS drilled near each initial
-borehole (BH-1 to BH;98) locatidn (except BH-37T, BH-44T, BH-
'56T; BH-61T, and MW-RW-3T), but was approximately five (5)

- feet from the first boring. This second boring was completéd.
as a groundwater monitoring well. The reason two (2) separafe
‘boreholés_ were drilled was to prevent the poésibleﬂ
comﬁunication of grdundwater in the’secondAboréhole-(whiéh was' -
compieted as a'shallow shalé/terrace well) iﬁto the uppermost
sandstone unit. The second bbrehole was fypibally terminated
1 to 2 feet from the top of the firét sandstone unit to
prevent"potential créss éontamination of the shallow
shaie/terrace system . into - the deepef sandstone/shale
lithologicél sequenée. A summary of the machine-augered soil

- boring drilling details is presented in Table 41.

Soil samples were collected contlnuously to tﬁe total boring
. depths in BH-1 to BH-98 and the CD trench wells utilizing a.
CME, 3 inch diameter, contlnuous tube sampllng system."The
CME _samplér provided-'five’ (5) foot long contlnuous soil
_samples. Lithological descriptions of the 5011 samples were
'visually made by the on-site hydrogeologist according to the
Unified Soil Cléssification.System (ASTM,D—2488 and ASTM D-

2049).  All remaining core and soil samples from the borings
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not used for analytioalatesting programs were wrapped in
.ceilophane and aluminum foil, labelled, oriented, and placed
in waxed, water-proof core boxes for on-site storage,' The

'soil boring logs are presented in Appendix E.

The hollow-stem augers and all downhole eampling equipment
were decontaminated prior to use in each boring utilizing a
. ' high temperarure/pressure washer at decontamination areas
designated by SFC. All other~samp1in§ equipment was also
washed between each sampling event. Augered cuttings from all
boreholes werer retained on site and were placed in DOT
approved 55-gallon drums for storage until testing can be

- performed to determine disposal criteria.

All initial boreholes (BH-1 to BH-98) were backfilled to
approximately .one (1) foot_ from ground surface with a
bentonite cement grout mix. The gront slurry consisted of
approximateiy 94 pounds of Portland oement (one.bag) mi#ed,
with approximately 6.5 gallons;of‘water.and about five (5)
pounds of bentonite powder. All boreholes were reohecked the>
day after grout placement and those boreholes where the grout
had subsided were "topped off". The remainder of the borehole
was filled with concrete to ground level in all areas except
~ the grassy areas. In the grassy areas, the topvone (1) foot

was filled with topsoil. The borehole was then surveyed by an

159



Oklahoma registered land surveyor for vertical elevation (#+

- 0.01 foot) and location (+ 1 foot).

7.3.2 Deep Sandstone/Shale Soil Borings‘

At every 1ocation where a shallow shale/terrace soil boring
was drilled (except BH-1, BH—18,'BH—24, BH-24, BH-34, BH¥35,
BH-36, BH-37, BH-38, BH-39, BH-40, BH-41, BH444T, BH-55, BH-
‘56T, BH-61T, 35462, BH-63, BH-64, -and BH—84),. a deep
sandstone/shale borehole was\ also drilled. - The deep
sandstone/shale\boring was typicaliy located 5 to 10 feet away
frém .the lithological borehole and shalloV shale/terrace
deposit monitoring well. The deep sandstone/shale boring was
typically dfilled through the overlying upper shale/terrace
deposit sequence using a 12 1/4iinch roék bit and air rotary
drilling methods. The 12'1/4 inch borehoie was driiléd'info
the upper 6 inches to 2 feet of the underlying séndstoné uﬁit.
A precleanéd, scréw-threaded, Schédule 40, g8-inch PVC surface
~conductor fitted with a water—tight; drillabie cépbwas then-
placed into the borehole énd_cemented iﬁ pléée usiﬁg a cement-
bentonite grout mix as previously described. ;The;séihdh‘PVCA
conductor casing was. installed to prevent possible’
contamination of deeper zones (deep sandstone/shale'éoiis and
groundwater) from soii or‘groundwéter which was found in the

shallow_shale/terrace deposits.
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The _deeb sandstbﬁe/shale‘ soii,'bdfings' wefé- ﬁheh‘ advénéed :
through the 8-inch PVC surface conductor .caéing.‘  These
borings were advanced using a 6-inch bit and air rotary
j drilling'methods (a hydroéarbon>filtervwas used to filter the
aif). Soil samples were collected continuously ffom soil
cgttings and logged for 1lithological chéracteristibsf4‘
Lithological logs were prepared from the top of,fhe'uppermost
sandstone to total boring depth. Select boreholes were cored
using a 3-inch NX corebarrel to provide additional
lithological control. all éuttings and water were captured
'and placed in DOT approved 55-gallon drums for‘storage until
testing can be performed to determine disposal criteria. All N
“deep sandstone/shaleAborings Were drilled by Pool Drilling,.
Cclinton, Oklahoma, between September 1990 and April 1991; A
total of seventy-eight (78) deép sandstone/shélé-bdringé were
'drilled, with depths ranging from 17.8 feet (BH—49A)'tb,53.3’V
feet (BH—83Af.‘ All deep sandstone/shalé borings Qeré
‘compléted .as‘ deep sandstone/shéle grbundwater~;monitoring
wells, which‘are.designated by énU"Aﬁ after tﬁé,yell numbér.
(i.é., MW-50A). The deep'sandstoﬁe/shale boréholes ha§e~also
been designated by the letter "A" foilAq'w‘.ing' ‘the borehole
number (i.e., BH-2A). The li;hological logs”for'the-deep

'sandstone/shale borings are shown in Appendix E.
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7.3.3 Soil Sémple Collection from Litholbgical‘Borings

Soil samples frbm the ninety-eight (98) machine-augered
boreholes were collected continuously in five-foot lengths to
total borehole depth. Soil samples were composited in the
field ihto ‘6-inch increments for analysis for uranium,
nitrate, and fluoride for most boreholes. The 5-foot long
continuous tube soil corés were split into 6-inch increments
and composited over each 6-inch interval. Approximately 200
grams of soil from the composited 6-inch interval was placed
in precleaned, propérly labeled, glass jars and submitted
under chain-of-custody control to the SFC‘ environmental
laboratory for analyses. Additional soil _samples werev
composited for soil vapor headspace gas readings as described
in Section 7.3.9. All remainiﬁg soil was wrapped in
ceilophane and aluminum foil, labeled, orientéd, apd placed in
waxed core boxes for permanent storage. The soil analytical
data and composite intervals are shown in Tab;e 29 and the

analytical data will be discussed in detail in Séctidn 7.4.5.

.Soil samples were collectéd froﬁfthe deép‘sandstoné/shale
borings‘ over each two (2) foot interval (by collecting
cuttings from air rotary drilling) and placed in precleaned,
properly labeled, glass Jjars, for 'ahaleis. of wuranium,
nifrate, and fluoride. Thesé'sémples were handled in the same
way as the augered soil samples. The sdil analyses from the

deep sandstone/shale intervals are also shown in Table 29 and -
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identified by the letter "A" designation‘behind-the porehole
number (i.e., BH-21A). A total of;approximately 2160 soil

samples were collected from .these borings!

Approximately 885 soil samples from boreholes BH-1 to BH-41
wére collected and generally analyzed for uranium, nitrate,
and fluoride. Soil samples collected from BH;42 to BH}98 were
collected on 6-inch intérvals but only every other soil sample
Qas_ analyzed for - nitrate, - uranium{ and fonridé.
Approximately 1278 samples were'COllected from BH;42 to BH¥98
and about 840 were analyzéd. The remaining 438 samples are
beihg retained for possible future testing.- The analytical
data from the deep sandstone/shale borings will aiso be

discussed in Section 7.4.5.

7.3.4 FEI Unit Soil Charaétérizatién Activities

Based upon a review of the chemical characterization results
from the lithological characterization borings) the
grodndwater quality data, and‘data identified during the FEI
unit historical doCuﬁent review, soils in several.Unité were
investigated. The Units investigated were: Unit 1 (the MPB
area), Unit 2 (sX qulding area), Unit 3 (initial 1lime
‘neutralization area), Unit 4 (surface watef runoff areas),
-Unit 5 (construction equipment burial‘area),-Unit 6 (emergency
basin area),'Unit 7 (sanifary lagoon aréaj; Unitv9 (north

ditch area), Unit 10 (ash receivers, contaminated equipment.
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area), Unit 11'(drainageaareas afouha.the eﬁergency basiﬁ,

.sanitary.laggon, ahd north ditchf,fUnit 16 (south~yeliowcake
sump>area),”Unit»20'(contaminated eqﬁipment.étorage afea),

Unit 21 (yellowcakeA‘storage pad), Unit 25.7 (the area of
operatién and spills), Unit 26’(deqorative pond area), and‘the,
UF, cylindef astorage7 area. ‘ The locatioh. of the FEI

investigation unlts are shown in Flgure 6. Thesé‘units were

1nvest1gated because analytlcal data or operatlonal hlstory'
indicated there was a possibility that llcensed materlals and
»assoc1ated constituents may have created ;mpacts to shallow
soils in these FEIVUnits. SFC’s objective of these gnit soil
investigations was to determine the extent andvquantity of any
licensed materials,and associated COnstituents in the‘soils;_
This data was required to plan fﬁture carrective actidhs in
these areas, if réquired, and undérstand the potential

'migration pathways and sources of these constituents.

Ftom March 5, 1991 to April 16,.1991, RSA and SFC drilled
xnihety (90) shallow soil borings to depths of between 1.5 feet
to 5.0 féet in seﬁeral of‘the FEI units.- Most'borings were
.drllled u51ng a CME 750 drllllng rlg equlpped w1th a 3-inch
d;ameter, CME continuous tube sampllng system. There were
approximately twenty-four (24) soil sample sites that were.
drilled using a 4-inch diameter Staihless—steel hand auger due
to accessibility problems for the CME drilling rig. Most

borings4were taken to depths of 5 feet except in areas where
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"auger' refusal K occurred. | All unit soil characterization
bofiﬁgs were backfilled~to.surface with a cement-bentonite
groﬁt mix and the borehole was surveyed for vertical elevation

(+ 0;01'feet) and'location (+ 1 foot). Drilling details for
the FEI unit soil characterization borings are shown in Table
42, ,ahd a map showing the 10¢ation of these soil

characterizations boring is shown on Figure 38.

Soil sampies were coliected from each unit charécteriéation
boring, composited over six‘(6) inch intervals; and placed in
properly labeled pfecleaned gléss jars. The soil samples were
then given under chain-of-custody to the.SFC laboratory for
analysis of wuranium, nitrate, and fiuo:ide; The SFC-
‘laboratory typically'analyzed'every other six (6) inch depth
.interval (i.e.,»‘0-0.5 foot analyzed, 0.5-1.0 foot not
‘analyzed, 1.0-1.5 foot analyzed, etc.) but is retaiﬁing all
the composited soil intervals not analeed for possible future.
testing. A total of 610 soil samples were collected from the
unit characterization soil borings associated with the units
listed earlief. out of the 610 six (6)-inch composite soil
samples, 332 samples were analyzed for the parameters'noted'
~above. The énalytical Vdata for this unit so0il sampling
'progfam are presented in Tables 43 and 44, and a detailed
review of this data will be provided in Section 7.4.5. The
unit soil characterization lithological boring logs are shown

in Appendix F.
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.In addition to the soil samples taken for uranlum, nitrate,‘
and fluorlde analyses RSA collected 5011 samples for organlc‘
"Vapor monitor (OVM) headspace gas analyses. The OVM headspace :
-'gas measurement methodology is dlscussed in Sectlon 7. 3 9 and
_the results of the OVM survey-w1ll be dlscu55ed in Sectlon
7.4. 5‘S lnfgeneral 501ls from the un1t soil’ 1nvest1gatlon
were composited over 2 foot 1ntervals and placed 'in clean -
'glass jars,pcovered wlthdalumlnum.f01l, and then sealed.
Approximately 24 hoursi;later (samples Zstored--at ambienth
_temperatures),_the 1id was unscrewed and the'aluminum.foil was
pierCed,pthus obtaining an\OVM'headspace gasjreading.d'AllZOVM

headspace soil gas readings are summarized in Table 45.

v7.3.5« vMiscellaneous>Soil InVestigations

In addition to the vunit soil characterizations"mentioned
ahove,,-RSA~ and SFC also .collected SOil samples_(from
mlscellaneous areas at the Sequoyah Fac1llty ' On November 7,
1990, RSA collected soil and water samples from ‘the backflllr
Qmaterlal adjacent to the concrete on - the east s1de of the
ksouth yellowcake sump (Unlt 16) -These's011’samples were
collected w1th a hand~auger to a depth- of 5.31feet; Aiwaterf
sample was also collected'hy-SFC'from the‘open hand auger
horehole,(HA-ZZ)'on‘November 8, 1990 prior to pluggingfthe-
boring with a,cement-bentonlte:grout mix.,vThe_analytiCal

results of this sampling event are'presented‘in Table 46 and
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a detalled descr1ptlon of these results w111 be presented 1nn'

'jSectlon 7. 4. 5 1.

There were several other m1scellaneous areas where 5011
samples were collected by SFC and analyzed for uranlum,
fluorlde, nltrate, and pH. .These 1ncluded a firewater llne

JSOutheast of'the MPB, *the scale in a laundry sewer‘pipe, soils

' near TM~23T 50115 in the north storage pad area, 50115 north

:ofAthe clarlflers,'s01ls in. the NOX roadway dralnage to SX
E yard; and'soils near_the:french draln-pump westvof the Pond 2 -
discharge ronting line.:fThis'data is presented in’Table.47.
'Most of these 'soil"sanples 'were"collectedh fron:-open ’
excavatlons and were part of SFC prOJects whlch requlred-
iexcavatlon ‘into s01ls at the Sequoyah Fa0111ty | A more
detalled dlscuss1on_‘of' the results w1llt be presented in:

.. Section 7)4.5;1.

' 7;3;6_ Impoundment Investlgatlons
SFC env1ronmental personnel collected sedlment samples from E
" the Sequoyah Fac1llty~decoratlve pond’(Unlt’26), the sanltary
lagoon (Unit 75, the'emergency‘basin'(Unit‘G),»the north ditch-

'1(Unit'9), and the ammonium nltrate llned ponds (Unlt 24) at
"the locations shown on Flgure 38 and Draw1ng 21 (except Unit

,";,—24)'.-
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On Octobgf»4, 1990, SFC collected four (4) sediment and four
(4). wafer{ samples (water sampleé"éollécted at :eaéh pénd
sediment saﬁﬁle site) frbm the Sequoyah faciiity Decorative
Pond (Unit 26). The:upper six k6) inches of sediment was
collected from the locations showp on Figure 37 and Drawing
21. These sediment and.water'Samples were analyzéd by the SFC
environmental laboratory for total uranium. The analytical
results are presented in Table 48 and will be discussed in

" detail in Section 7.4.5.3.

Sediment and water samples were also collected from the
sanitary .lagoon (Unit 7), the emergency basin (Unit 6), and
the north ditch (Unit 9) on ‘April 11, 1991 by SFC
environmental persOnnél. The sédiment samples weré co1lected
from the upper six (6) inches of sediment in each impoundment.
and analyzed for total.uranium, fluoride, nitrate; and pH. In
naddition, a water sample was collected from each sediment
sample site and analyzed for the above listed parameters and
spécific conductance. . The location of the sediment sample
sites are shown.on.Figuré 37 and Drawing 21.,:The analytical
‘results are presenteé in Table 49. Thése results will be

discussed in detail in Section 7.4.5.3.

In addition, sediment samples were collected from ammonium
nitrate lined pondv3E'(Unit.24 area) and analyzed for uranium,

fluoride, nitrate, radium-226, and thorium-230. These samples
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were collected on June 20, 1991 by RSA and SFC by sampling the
sediment that accumulated on the liner.  The analytical
results for this sampling'of Pond 3E are presented in Table 50

and will be discussed more fully in Section 7.4.5.3.

7.3.7  Stream Sedimént Sampling |

- On June 10, 1991, NRC, RSA, and. SFC personnel ”collected.
sediment or soil sampies from the intermittent drainages
associated with Outfalls 001, 004, and 005. A sample of soii
was also obtained ffom the .bank. of the . Robert - S. Kerr:
'Reservoir. The sdil samples were collected from about the
upper three (3) inches of'soil-with.a stainless steél hand
trowel. The samples were split between the NRC and SFC for

analyses of radium-226, thofihm—230, and uranium., The éoil.
samplé sites (SFC-A through SFC-J) are shoﬁn on Fiéure 39.
Also shown on this Figure are soil sample sifes from a 1986
saﬁpling'event on these drainagés. The analytical datévfor
the 1991 sampling and soil sampléé takgn inli986 from areés
near'tﬁe 1991 sample sites aré Summariéed in Table 51. .A more
‘detailed deséription of .the aﬁalyfical resuits will be

presented in Section 7.4.5.2.

7.3.8 MPB Floor Investigation (Unit 1)
- 80il samples were collected from fifteen (15) hand auger
sample sites that Were drilled through the‘MPB'floér or areas

immediately adjacent to the MPB floor. The hand auger.borings
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were drilled in September and October 1990 as part of ‘the OML
actionér 'These soil sémpleé were.collected‘to define the
extent and quantify'of ﬁranium that’may be present beneath the

MPB floor. The results of this investigation were discussea |

in Section 5.4.2.2 and-will not be discussed further.

7.3.9 'Soil Headspace Gas Survey Activities

- A soil headspace gas'Survey typiéally is the meashreménﬁ»of
relative or specific volatilé hydrocarbon cqncentrations in
soil pdres in the unsaturated and saturated éone at various
points, distributed vertically and horizontally. In the un-
- saturated zone, hydrocarbons can e#ist in the vapbr phase in
'soil pores, adsorbed onto soil particles; and as free
hydrocarbon 'iiquid in soil pores; Hydrocarbons in the
saturated zone are typically édsorbed onto soil particles over
the.zone of gfouﬁdwater fluctuations or may exist as frée
liquid in the soil pores. By obtéining soilil headspace gas
data at_vértically and horiébntally distributed points, the

extent of subsurface hydrocarbon impact can be defined.

ihe ambient temperature headépace (ATH) method (Van-Zjl, 1987) 
was utilized for the soil vapor survey for samples collected
at the Sequoyah Facility. This method consisté of collecting
discreteA(or composife) soil samples from a borehole and
placing the 'Soil in a~ g1ass .containér,_ leaving a vacant

headspace in the glass container. The headspace gas in each
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glass sample container is then analyzed for organic vapors
approximately twenty-four hours later, using a portable
organicvvapor monitor_(OVM)'after storing at ambient air

temperatures.

Soil samples from the ninety—niné (99),borings drilled across
the Sequoyah Facility were collected in cdntinﬁousbs—foot
lengthslusing a 3-inch diametér, CME coﬁtinuous tube sampler.:
Saﬁples were collécted continuously over the entire depth of
each boring. - The individual 5-foot long- soil samples wére
often "shaved".to remove the outer layer of soil with the
remaining soil composited over either one (1)-foot or two (2)-
foot lengths‘and placed in glass jars (the jérs were filled to
3/4 full). A layer of aluminum'foii was placed oﬁer_thé top
of the jar and the cap screwed in place, sealing the jar.
After waiting_approximately twenty-four hours (samples were
stored at ambient air temperatures), the 1id was unscrewed and
vfhe OVM detectof probe was used to pierce the ‘aluminum foil
‘and an organic vapor headspace reading was obtained. The
resulting OVM headspace gas readings are in parts per million
(ppm) of total ionizable hydroéarbonvbased upon én isobutylene
standard. The OVM detector was calibrated to é known
iédbutylene gés standard pfior to thelheadspace gaé readings.
Thé OVM detector has a limit of detection of 0.1 parts per
ﬁillidn of total ionizable hydrocarbon. Results of the OVM

ambient temperature headspace -gas readings are recorded (and
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pfesented in graphical form) on the'séil boring 1ogs presehted
in Appendix E. A summéry bf all OVM soil gaé readings.has
beéh prepared and is presented in Tables 45 and 52. The OVM
soil gas readings provide an‘important,insight into both the
vertical and areal extent of hydrocarbbn occurrence in the
subsurface soils across the Sequoyah Facility,‘. A soil
headspace gas survey was not conducted on thé deep
sandstone/shale rock samples since they were coliected via air
>_rotary dfilling methods wﬁich gfeatly'affect any volatile
hydrocarbons which may be present. The sbil gas headspace
survey was.cbnducted to provide a gross evaluatidn of whether
ény organic impacts to Sequoyah Facility soil were evident.
The‘héadspéce soil gas survey results will be discussed in

Section 7.4.5.5.

7.3.10 ‘Monitor Well InstéllationAActivities

7.3.10.1 Shallow Shale/Terrace Deposit Wells

Seventy-nine (79) of the ninety-nine (99) machine-augered
borehole.locations were completed as groundwater monitoring
wells ih order to monitor shallow shale/terrace groﬁndwater
‘quality beneath thé Sequoyah Facility, test the formations'
physical properties, and measure groundwater elevations for
hydraulic gradient/flow'direction and seasonal water-level
fluctuations. Trench'moﬁitoring wells (MW-33T, MW-34T, MW-
44T) and recovefy'wells (MW-RW-1T and MW-RW-3T) were installed

into the Combination Streanm Drain trench sand backfill
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material. Groundwater recovery well MW-RW-2 was aléo
installed adjacent to BH-9. ‘The location of the shailow

shale/terrace deposit wells are shown on Figure'40.

All shale/tefrace deposit and trench_.mbnitor wells were
constructed with precleaned, é-inch, screw—cbupled,'tri—lock;
PVC casing and- 0.010-inch slot, 2 to 10 foot 1long, PVC
screens.L'Screen placement was chosen by placing the’scfeen
across and above thg groundwatervlevel observed at the time of
drilling as well as fully screening the saturated pofﬁion of
the tefrace‘ deposits ‘and/qr‘ uppermost weathered shale.
Plaéing the séreen at this 1level in the zone of saturation
allowed for the monitoring of.potential'immiscible layers or
lighter-than-water organics on the groundwater surface as well
as monitoring the uppermost saturated terréce deposits and/or
weathered shale zone. Placing the screen above the ekisting
saturated zone alloWs for monitoring a greater saturated
thickness in the évent the water-level rises. Special care
was faken to_avoid penetratioh of the underlyingbsandstone
zone with the shallow/shale zones. The entire screen lehgth
annulus was surrounded with a clean 8-20 silica sand filter
pack. A 0.15 to 0.80 foot 16ng‘fines—¢atchment sump was
placed below the screen interval and the bottom was fitted
- with a screw plﬁg'or a slip-cap held in place by stainless-
steel screws. Thevsand filter pack extended from the bottom

of the well to approximately 2.0 feet above the top of the
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screeh. A 2-foot thick sodium bentonite seal was placed above -
the top of.the_sand péék and hydrated with distilled water.
The weil annulus from the top of the bentonite -seal to-
}approximately 1.5‘fe¢t below ground level was.filled with a
bentonite/cement grout mix. All complétion'ﬁaterials (écreen,
sump, riser, plugs, profectors’ and caps) were . thoroughly
precleaned before entering the borehole;v Above-grade or- at-
grade steel casing protectors were placed over the PVC éasing
and concrete waé.placed in the remaining 1.5. feet of the
borehole and a 2 ‘foot diameter by 1 foot thick surface
conérete pad poured for all abo&e—grade‘completions. All at-
grade‘ completions have double, watér—tith seals. The -
protector seal is watertight and a water-tight cap is also
placed over the ~top of the PVC riser. Well completion
diagrams for all shallow shaie/ferrace deposit wells are shown
in Appendix G. A summary of shallow shale/terrace monitoring

well completion details is shown in Table 53.

'7.3.10.2 Fluid Recovery Wells

A total of three (3) recovery wells were installed during the
investigation: >MW-RW-1T, MW-RW-2, and MW-RW-3T. Recovery
wells MW-RW-1T and MW-RW-3T were installed into ‘the sahd
backfill of the Combination Stream Drain trench to recover
porewatef contained within the trench. Recovery well MW-RW-2
waé installed to recover groundwaterv froﬁ the shallow

shale/terrace system near the southwest corner of the MPB.
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The locations of.MW—RW-lT,;MW-RW-Z and MW-RW-3T are shown on
Figure 22. MW-RW-1T is'locétedion the south side of the .
‘ yellowcaké storége pad at the locatioh where the'cpmbination‘
stream leaves the restfictéd‘éreé. Well MW-RW-2 is located in
thericinity.of BH-9 at the SOuthwest.cdrﬁér.of the.MPB)'and
MW-RW-3T is located ﬁorthwest of the SX Building (between the
SX Building and the sanitary lagoon and is located in the

Combination Stream Drain trench).

Recovery’ﬁell MW-RW-1T was-éoﬂétrgcted wi£h.precleaned 6—in¢h,
screw-coupled, tfi-lock, PVC casing/and factory slotted 0.020-
inch PVC screen, ten (10) feet}in 1eng£h. Screen placemeht
was éhosen by placing the base of the screen as close to the
base of the combination stream as possible. This provides a
maximum amount.of screén saturation for maximum water recovery

potential.

Reéovery well MW-RW-2 was constructed with G—ihéh, scfew—
coupled, tri-lock, PVC casing and factory slotted Q.OZO—inéh '
PVC'screen, ten (10) feet in length. Placement of the screen
was chosen by placing the base of the screen as close to the

uhderlYing Unit 1 sandstone as possible.

RecoVery'well MW-RW-3T was constructed with precleaned 5-inch,
scfew-coupled, tri-lock, PVC caSing and factory slotted 0.020-

inch PVC screen, fifteen (15) feet: in 1length.  Screen |
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placement was chosen by placing thevbase ofAthe‘screen és
close to the base of the‘trench baékfill material as possible.
The well construction diagrams for these fluid recoVery'Qells
are presented in Appendix D. The locations of these wells are
" shown on Figure 22 and‘DraQing 21.  Well construétion details

for these wells are presented in Table 31.

7.3.10.3 Deep Sandstone Conductor Casing

In. order to prevenf .possible cross-contamination- during
dfilling between groundwafer and soil contained in the shallow
shale/tefrace_ unit and deeper gfoundwater bearing éones
(sandstones and interbedded shales), RSA énd‘SFC installed 8-
inch PVC conductor Casiﬁgs through the entire extent of the
uppermost groundwatef bearing zone (shalldw; shale/terrace
deposits). The conductor casings Werevsét approximately 6-
inches to 2.0 feet .into the underlying sandstone. The
‘conductor-casing consisfed of precleéned, 8-inch, Schedule 40
PVC, screw threaded, fitted with a drillable,‘watér-tight
bottom cap. The inside of the 8—inch,conductor casing.was
filled with’pofable water and/or sand priéf to placement into
the borehole and cementing. The casing was set into a 12.25
inch borehole that was either drilled by rotarvaaéh or air
rotary methodé.‘_The casing was cemented in plaée by using a
tremie line to place a cement-bentonite grout mix betweén the
casing and borehole annulus. The cément—bentonite grout mix

consisted of mixing 6 gallons of water to  3-5 pounds of
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A powdered bentohite ﬁer one (1) 94 pound bag »6f Portland
cément. The cement - was allowed to set-up 6ver‘a minimum
period of 24 hours prior tovdrilling thfough the caéing bottom
plug. The potable water and/or sand was placed into the
casing was removed prior to drilling through the casing béttom

plug.

The conductor casings were all installed by Pool Drilling of
Clinton, Oklahoma ﬁnder the professional supervision of an RSA
hydrogeéloéist. Seventy-eight (78) conductor casings were
installed between'Septembef 30, 1990 and April 1, 1991. A
summary of the conductor casing drilling details'is'presented’ 

in Table 54;

7;3.10.4 Deep Sandstone Monitor Wells

Prior to drilling through the 8-inch conductor casings, all
potable water and/or sand was removed from the inside of the
casing.. The bottom cap was thén drilled out using a 6-inch
pit and the borehole advanced using air-rotary drilling
‘methods (a hydrocarbon filter was used to filter the drilling’
air) . The boreholes were advanced into an inferbedded
sandstone and shale sequence referred to as the deep
sandstone/shale groundwater syétem. The borings were
generally terminated when a continuous sahdstone'unit that
generally occurred between depths of 30 to 35 feet across the

Sequoyah Facility was fully penetrated. The deep sandstone
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monitor wells were advanced to depths of between 17.8 feet

- (BH-49A, north of Pond 2) to 53.3 feet (BH-83A, northeast of

MPB area). ,The deep sandstone/shale weils were drilled ahd
installed beﬁween October 5;’1990 and April 2, 1991 by Pool .
Drilling and supervised by a hydrbgéologist froﬁ kSA. A totél
of seventy-eight (78). deep sandstone/shale welis 'weré
instailed, and the location of the deepbsandstone/shale wells

are shown in Figure 41. The deep sandstone/shale wells were

constructed of 2-inch, tri-lock, screw-threaded PVC casing and

0.010 slot screen. The screen interval generally extended
from about 1 to 2 feet below the COnductor_casings-to the
bottom of the second of loﬁer sandstone (generally, 30 to 35
foot deptﬁ interval). A seal of bentonite pellets was placed
into the bottom of the borehole if the underlying shale was
penetrated. - This seal extended only to the bottom of the
sandstone unit. A sand pack was placed around the scfeen and
extended 1.5‘to»2.d feet above the top of the screen. A
bentonite pellet seal was then placed on top of the sand pack
(the ‘top of sand typically was 6 inches to 1 foot,beiow.the
conductor casing) and extended 1 to 2 feet into the conductor
casing. ‘Theiinside of the 8-inch cénductor casing was then
filled with é volclay grout to 1.5 feet from ground and an
above ground or below-ground protector installed in the same
manner as described in thé shallow shale/terrace monitor well
section. A‘summary of'the deep>sandstone/shéle monitoring

well drilling and completion details is presented in Table 55.
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Monitor well completion records for the deep sandstone/shale

wells are presehted in Appendix H.

The shallow shale/terrace and deep sandStone/shele monitor
wells were developed.periodically between September 26, 1990
and.May 20, 1991, using clean dedicated PVC bailers or a
precleaned centrifugal pump. The wells were purged unﬁil the
- water visibly cleafed_of fine-grained sediment and»the'pH,
temperature, and vspecific conductance of the developed
groundwater stabilizedf Monitor well development details for
~the shalldw and deep wells are presented in Tables 56 and.57,

respectively.

7.3.11 Hydraulic Conductivity Tests, Water-LevelA
Measurements, and Well Depth Measurements
Hydraulic conductivity is a inumefical description of the
capability of an aquifer to transmit a voiume~of groundwater
under a known hydraulic gradient through a unit cross-section
of the“raquiferv dver_ a known period of tiﬁe. ' Hydraulic
conductivity tests (felling and/or'xising head tests) of the
uppermost gfoundwater systems were conducted in most of the
- wells installed in the SX Building and MPB area in November_ﬁ
and December, 1990, utilizing the slug test methodv(Bouwer and
Rice( 1976). The hydraulic conductivity tesfs were conducted
in wells 'whieh were construeted' under ,rigid' dimensional

controls in order to provide representative values of
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horizontal hydraulic conductivity for the upper shale/terface

and deeper sandstone/shale groundwater systems.

With the slug test’méthod, the hydraulic conductivity of an
aquifer is determined from the rate»of rise or decline of fhe
water level in a we;l after a certain volume or "slhg" is
suddenly inserted or removed from thélwell. VSlug:tést fesﬁlté
were evaluated in accordance with the methods presentéd by

Bouwer and Rice (1976).

To provide useful data, slug tests in,moderately permeable
material are conducted using an automatic data_lbgger and a
pressure transducer to measure groundwater lievels;
Groundwater fluctuations were measured using an In-Situ Hermit
' SE-1000B Environmental Data Logger and a 10 psi downhole
pressure transducer. In sandy or other permeable aquiferé,
the useful portion of theArecovery curve occurs within the
first few »secondé' of thé test. A log-type 'mgaéurement
frequency is neCeSsary to allow Qery frequent measurements
(0.5<second or iess) in the first'several‘seconds and less

frequent measurements after about 10 to 20 seconds.

In-situ field slug tests were conducted on several shallow
shale/terrace and several deep sandstone/shale monitoring
wells in November and December, 1990, to obtain measurements

of horizontal hydraulic conductivity in each groundwater
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horizon. The hydraulic conduétivity values providevvalﬁable
insight into the transport velocity of‘the groundwater in the
~ upper groundwatef systems beneath thé Sequoyah Facility. The
slug test data is presented in Appéndix I; The results of the
slug tests are tabulated in Table 58 and are-discussed.in

‘detail in Section 7.4.2.2.

Water level and well depth measurements have been periodically
measured on all FEI installedvgfoundwater monitoring wells at
the Sequoyah Facility from September 1990 to June 1991. Water
level measuremeﬁts were'génerally.taken on a two (2) or three
(3) déy frequency (from)Septémber 1990 to January 1991) in all
wells except for seven (7) wells.which were.slow tolfeach
equilibrium. In these wells (MW-3, MW-6, MW-15, MW-20, MW-21,
MW-23, and MwW-25), water'ievels were measured daily Monday
thfough Friday beginning November 5, 1990 to.about December
20, 1991. In Jangary, 1991, RSA begah to measure water levels
on an approximate monthly 'frequency. The water level
measurements were taken to accurately determine-fhe hydraulic
gfadient and groundwater flow direction in the Sequoyah
Facility area; Measurements taken at different time intervals
also-proVide information on the extent of seasonal flucfuation
of the groundwater surface. The watef level measurements
taken in the shallow _shale/terfaCe ﬁdeposits and deep
sandstone/éhale.monitoriﬁg wells afé summarized in Tables 59

and 60, respectively.

181



- Well depth measurements were aisé-téken périodically‘ih the
groundwater monitoring wellé. ‘The well depth measuremenﬁs
providé information necesséry té‘asseSS the condition of a
well (i.e., if the wells arelexperiencing silt build-up) and
to provide the neéessary pufgévvolumesbduring gfoundwater
sampling events. The well depth measurements for the shallow
shale/terféée deposits and deep sandstone/shale wells are

tabulated in Tables 59 and 60, respectively.

7.3.12°° ,Groundwéter Sampling Activities ;
Between Septembér 28 and-May 17, 199I,>§roundwater from the
‘shallow shale/térrace and’ deép sandstone/shaie weIIS»‘was
sampled on several occasiohs. The éroundwater was sampled for
the purpose of characterizing. the chemical quality of thé
uppermost and next deeper groundwater systems upgradiént and
downgradient from the MPB and SX Building areas as well as
othér FEI units. The first Facility—wide grbundwatef sampling
event was conduqted between September 28,”1990 and October 11,
1990. Wells sampléd during this time periéd were all in the
SX Building or MPB area and'wefe all installed as part of the
OML. A second groundwater sampling eveht was conducfed
between December 5 to 10, 1990 and included sampling of all
(including SX Building sandétone: wells) wells in the SX
Building and MPB areas. A third gfoundwate? sampling event
was conducted between Februaryv4xto 8, 1991 and included all

monitoring wells installed by RSA to February 8, 1991. A
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special groundwater sampling event was conducted on March 7
~and 8, 1991 in which eight (8) select wells were sampled for
19 heavy metals and volatiles and semi-volatile priority

pollutant organics. A full description of this sampling event
is discussed invSections 7.4.3.13 and 7.4.3.14. The,fourth-
Facility-wide groundwater sampling event was conducted between
April 17 and May 17, 1991. As part of this fourth sampling
e§ent, groundwater from all wells was field anélyzed for
dissolved oxygen, Eh (oxidation/reduction potential),
temperéture, pH, - specific cohductance, and total alkalinity
(carbonate, bicarbonate, and hyéroxide). Several wells (21)
were selected for analyses of the major anions and catibns and
other parameters that were réquired to construct a geochemical
model of the groundwater systems. This saﬁpling also included
all utility trench monitoring stations and four (4);of these
were tested for the major anions and cations. A limited
groundwater sampling.event was aléo conducted on‘the twelve
(12) monitor wells installed, (MW-83 thfough MW-89A), on April
4-5, 1991. All wells were sampled'by RSA persénnel dufing all

sampling eyehts.

‘Prior to sampling,. all wells were _méaéured' to determiné
groundwater level and well depfh. In addition, the

groundwater surface was génerally inspected to détermine'if
any floating immiscible liquids were present. Followingvthesé

measurements, attempts were made to purge the wells of at
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least three casing/sand pack vclumes‘of grouhdwater inforder
to eliminaté stagnant fluidS'wifhih the well casing and sand
filter pack. If the wells did hot yield three (3)lcasing
volumes prior tb being bailed dry, the wells were allowed to
recover for 12 to 24 hours érior-to obtaining a . sample.

However, in a few cases, some of these wells would take longer
before enough sample could be obﬁained for analyses, Purging
was accompliéhed by bailing wiﬁh precieaned dedicated PVC 
bailers. All bailers were fitted with clean monofilament

line. All fluids purged from thé wells were collected in 55

'gallon drums and were retained for analysis.

Groundwater samples were collected with dedicated precleanéd
PVC bailers. The groundwater samples were carefully poured
directly into the appropriately preserved sample bottlés,
Special care was exercised during sampling to avoid excess
aeration of the sample. All éampleé.weré hand carried under
chain-of-custody control to the appfopriateAsfcvlaboratory by

RSA personnel.

The groundwater collected from all of the wells installed
"around the Sequoyah Faciiity was typically analyzed for
uranium, fluoride, nitrate, pH, énd specific conduétance. The
uranium, fluoride, nitrate,  pH, 'ahd' specific conductance
parameters were chosen because they are major environﬁeﬁtal

indicator constituents for material used at the Sequoyah
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Faciliﬁy.-'During the final sampling évent,fan additional
parametar‘(total.arsenic) was addéd,based upon fesnlts‘from
‘the March 7 and‘8 sampling event. Tables 61 and 62 anmmarize»
" the time sequence over'which groundwater samples were taken
and the analytical test results for‘the shallow shale/terface
and deep'sandétone/shale wells, respectively. All samples
‘were analyzed by the SFC process or environmental laboratory
éxéept thosa collected for metal analyses, priority pollutant
organic analyses, or major anioné- or cation analysis.
Barringer Laboratory of Golden, Colorado conducted these

analyses.

7.3.13 Area-Wide Water Well Survey Activities and Results
SFC and the Oklahoma -State Department of Healtn (OSDH)
initiated a survey'ta identify any water wells which may exist
within an approximate 2-mile radius fron fhe MPB. This survey
consisted of contacting landowners who live‘approximately
within this 2-mile radius areaband requesting'permission'to-
‘sample any water wéll that may have_existed'on thaﬁ’property.
In addition, SFC 'did an extensiVe search of old nome sites‘
iocated on. SFC prbperty‘to determine if there are any water
wells an these pfoperties. SFC and RSA also'reviewed tha U.Ss.
Geological Survey water well databasé for‘séqubyah County,ithe
Oklahoma Water Resources Board (OWRB) files;_wells identified
‘in the Reconnaissance of the Water Resources of the Fort Smitn

Quadrangle, Hydrological Aflas-l, and wells identified by a
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visual inspection of propefties in the 2-mile radius area. No
water Qell records were on file with the OWRB for weils.within
2 miles of.the Sequoyﬁh Facility. ,Cbrrespbndence to this
effect has been received from‘the»OWRB and is presented ih

Appendix J.

Ali water wells idéntified through the above-described survey
andvtheir current usé are shown on Figure 42. 1In addiﬁipn,
details about‘therwater‘wells identified on'SFC.prbperty‘and'
off;site residence (OR) water wells are presented on fableé 63
and 64, respectively. Information indicated on Tables 63 and
64 include well depth; casing size, éasing type, water level;
current well use, and well location.. There were a total of
ten (10) watef wells identified on SFC property. .Nine (9).of
»these wells are not in use and one (1) well, SFC-4, is used

- for lawn watering only.

A totalA of twenty—fhree (23) off—sité_ Qater wells " were
sampled. The~_OéDH sampled seven ' (7) off-site wells on
September'G, 1990;: The OSDH and SFC sampled eighteen (18)
off-site wells on May-9 and 10, 1991 (including two (2) wells
previously'sampled by the“OSDH on September 6, 1996). - The
off-site residence well sampling program, performed jointly by
OSDH and SFC, characterized the eighteén (18) wells sampled to

include ten (10) wells currently in use for either livestock
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or domestic putposes, seven (7) wells that are no longer in

use and one (1) well that has an unknown current use.

The water wellsblocated on,SFC‘bropefty vary in depth from
12.8‘feet (SFC~-6) to 132.7 feet.(SFC—Bf. Most wells are
constructed of 6;inch PVC. All known completion information
is listed on Table 63. The off—éite'residence waterWélls
'vary.ih depth'from 26.4 feet to greater than 200 feet, and are
generally constructed of _6-inch PVC. All known well
complétibn information for the off-site residence wells is

listed in Table 64.

On Septembér 6, 1990, the QSDH sémpled seven (7) domestic
groundwater supply wells in the general vicinity of the
Seqﬁoyah Facility.. The sampling effort was initiated at the
request of the 1and§wners. These samples were collected by
OSDH personnel and analyzed at the State of Oklahoma
Environmental ILaboratory, vRadibchemistry' Laboratory, for
analyses of gross alpha, gross beta, and in one case, for
uranium and radium-226. The results of these analysés are
preseﬁted in Table 65. The analytical results indicate that
‘all water well samples were below the EPA Primary-Drinking
‘Water limit established for gross alpha of 15 pCi/L, dgross

beta of 50 pCi/L, and radium-226 of 5.0 pCi/L.
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>_ The analyticalv'feport ié' presentea in Appendix K. T.The 
analytiéal results for ﬁhe on-site water wélls are pfesenfed
in Téble 66. The}on4site wéter wells were sampled by SFC
personnel.on April 9; 1991; and anaiyzea for_tbtal uréniﬁm,
'nifrate as N, fluofide; PH, gross alpha,lgrbss beta, radium-

226, and thorium-230.

The analytical results from the on-site well sampling indicate -
that fluoride and nitrate are at background levels in all
Qells and well below EPA drinking water standards. Total
ﬁranium was at background- levels in all wélls exceptVSFC—1
Awhich has uranium levels slightly higher than background at
11.0 pg/L (April 9, 1991 sample) and 18.0 ug/L (May 24, 1991

sample).

‘The pH in all wells were within EPA Secondary Drinking Water
Limits of 6.5 ~ 8.5 except in well SFC-1 where the pH.was 5.5

(April 9, 1991) and 5.8 (May 24, 1991).

Gross alpha, gross beta, and radium-226 Were below drinking
water standards in all wells'except SFC—l,;where grOsé‘alpha'
(270 pCi/L), gross beta (220 pCi/L); and radium-226 (10 pCi/L)

have exceeded drinking water standards.

i
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Well SFC-1 is.ahrold abandoned_water well located on SFé
property approxiﬁately phe-quarter mile due north of the‘MPB,
as shown,oﬁ Figure 42.> This well is 86 feet deep ahd’the
water level on Aprii'g, 1991 wes measurediat 2.1 feet from -
ground level. The well.is,uncaeed_with only‘a Short_sectionv
of five (5) inch tin.pipe'at‘the'surface. -Thexyell.is
abandoned_and not in ﬁse. The specific conductance of the
water from SFC-i was 124 umhos/cm. A specific conductivity of
124 pmhos/cm is much ylower thah weuldg be expected. for.

~groundwater in this.area,_which typically ranées from about‘
350 to 600 pmhos/cm in'shallow (upper 40>feet) area bedrock
wells. This particulaf well was not purged to femove stagnant
fluids prior to sampling. It is suggested that, based epon
the pH values (5.5 - 5.8) being similer to rainwater, the low

specific conductivity, and the fact that thisvwell was not

purged, surface water has flowed into this well.

SFC was unable to locate an abandoned water well which may

- have existed on the ad301n1ng property ‘to the north. " The

1andowner believed there was once a well on the property, but-
was unable to find it. | The location where the well was

believed to be present is shown on Figure 42.

As part of the off-site res1dence sampling program, e1ghteen'
(18) off-site wells were sampled on May 9 and 10, 1991 by SFC

and the OSDH, with split samples taken by SFC and OSDH for
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.Vanalyses'at-thelr.respectiyerlaboratories.“'Theyanalytical'
-results for the split7sanples‘collected by'SFCvare shown in
"Table 67.  The OSDH_resnlts have nottyet been reported.:‘The_
SFC.analyticalxdata indicates that;no:uranlnn was.detected in
any of‘the off;site'well“samples. .Fluoride concentrations:
. were'near or -at expected background levels and‘no fluoride
'concentrations exCeeded~EPA drinking water limits.: Nitrate‘
levels were elevated overvdrinking,water limitsr(loymg/L)’in.

wells OR-4 (19.2 mg/L)', OR-6. (22.i5""mg/L), ‘and" OR-8 (44.9
mg/L). These nitrate levels'are.very likely’elevated'due to -
impacts from landowner septic tanksiand/orlbarnyard animals(
‘and are not elevated due to Seduoyah‘Facility operatlons.
None of these wells are in current nse‘for.any'pﬁrpose.’.In
,addition, nitrate levelslwere elevated.in»wells bR-7-(9.8
.ng/L)'and OR-18 (3.3-mg/L), and areialso likely dne to septic
"tanks; and/or barnyard animals.”'Well OR—? is in current use
and well OR-18 is not in nse. The~§ross alpha, gross beta,
. and radium-226 1evels 1n all wells were all below EPA drlnklng.
water llmlts and did not appear to be elevated over. background
levels. . Total collform bacteria- analyses ‘indicated that
fourteen (14) of the elghteen (18) wells exceeded the EPA
‘drlnklng water llmlt set for collform bacterla in drlnklng

water.v ThlS 1s probably due to septlc tank 1mpacts, or the
'»fact that many were not in use and not properly sealed at the’

o

- surface. No addltlonal follow—up work is necessary for wells

v'\.'.ll
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sampled during the off-site residence well sampling program on

September 5, 1990 or May 9 and 10, 1991.

There were no»_idéntifiable groundwater ‘users between the
Sequoyah Fagiliﬁy and the Illinbis and Arkansas Rivefs, the
likely groundWater discharge point;for the shallow groundwater
system. No apparent or known impacts to current or ﬁast
groundwater users have occurred as a fééult of the Sequoyah

Facility operation.

7.4 Results of Hydrogeological and Soil Assessments

7.4.1 ' Geology | | |

7.4.1.1 Site Soils

According to the U.S.D.A. Soil Conseantion Service, the MPB
and SX Building are iocated oVer.sbils qf‘the_PickwickAéeries.
Other soiié‘in the'immediate process areé inciude soils of the
Hectof Series, Linker Series, Stigler'Sefies, Mason Series,
Spiro Series, Ender Series, and Vian‘Sefies. A soils map of

the Sequoyah Facility proceSS'area”is shoWn on Figure 43.

According to the U,S.D.A._Soii Conservation SurVey Map of
Sequoyah Counfy, Oklahoma (Abernathy,,1970), the Pickwick loam '
(PcC2), 2 to 5 percent slopes, eroded of the Pickwick}Series
directly underlies the MPB and SX Building. The Pickwick
Seriés (PcB, = PcC, PéCZ) consists of ’deep, ‘moderately

permeable, ° well-drained soils  on uplands that  form in
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wéaﬁherédvmaterial from.sandstone. Soil of.the Pickwick

.Series tYpicaily have a surfaée‘IAYer of loam that is light
brownish gfay in the uppef part and véry pale brown in the
lower part. A typical profile consistsiof light brownish-gray
lpam from 0 to 4 inches, fbllowed'by a very pale brown loam
from 4 to 10 inches. Beneath thisvis a reddish—yellowllight_:
clay loam from 10 to 14 inches underlaiﬁ by é reddish—yellowv
clay loam to 28 inches. From 28 inches to about 68 inches. is
a coarsely mottled‘réddish-yellow clay .loam followedbby-a
mottled light gray and réddish-yellow clay loam. Soils of thé-
Pickwick Loam (PcC2) are typicaily’eroded. Generally, the
sﬁrface soil layer is 7 to 11 inches thick. This so%l is
suited to growing of small grain cropé, éorghum, and taﬁe
pasture. This 'soil has a moderate corrosivity fo uncoated
;steél and a high corrosivity to unprotected coﬁcrete.” The
individual méppin§ units'PcB; PcC, and PcC2 were identified’in
‘this‘Series. - The ﬁnits PcB and PcC are both similar‘tOgthé
descfiption provided abbye for the.Series, with PCB océurrihg

“on 1 to 3% slopes and PcC occurring on 3't¢'5%}slopes.

The ‘Viah Series (VaB 'and vac) soils .consist of deep,
moderately slowly permeable, moderately weli drained soils on
~uplands and form in loamy alluvium or loess. -éoils of the
Vian'Series typically have a surface iaYer of silt loam. Thé
»uppef part of the subsoil is typically a;very palejbrOwn'silt

loam. Below this is a brownish-yellow silty :clay loam, -and
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below this, coarsely mottled light-gray, very pale brown and
yellow silty clay loam. Two (2) mapping units (VaB and VacC)
of Vian silt loam are found in the project area. Soil unit

VaB occurs on 1 to 3% slopes and VacC occurs on 3 to 5% slopes.

‘Thefstigler Series soils érerdeep, very slow;y permeable,
somewhat poorly drained soils on uplands. These soils
ﬁypically have a surface layér that is light brownish-gray
silt loam about 10 inches thick in the upper part with the
lower part being a very pale brown silt loan td»18 to 20
inches. The subsoil is a very pale brown silty clay loam that
~grades to a brownish;yellow mottled siltygclay loam or clay at
45 to 60 inches. The mapping unit present in the project area
(LoD3) consists of Linkef and Stigler soils with 2 to 8%
slopes and is severely eroded. This mapping unit (LoD3) is
typical of thg descriptions given foriéhe Linker and Stigler

Series soils.

The Mason Series.vsoils (Ma)’ consist of deep,"moderately
permeable, well drained soils in bottomlandé. This Series
typiCaliy has a surface layer of brqwn silt loam abouf 12
‘inches thick. The subsoil is brown silty clay loam extending
to 72+ inches. The maﬁping unit, Mason silt loam (Ma), has 0

to 2% siopes and is typical of the Series.
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The mappihg unit Hector-Liﬁkér-Binder Compléx (HCF), 5 to 40%
slopes, was identified in the-project érea. The soils in the
complex range from.stphy‘andvvefy shéllo& to deep; ’Heétor.and
 Linker soils make up 75% of the total area. The soil

characteristics for the mapping unit are described below.

The Hector Series soils consist of shallow, rapidly permeable,
exbessively drained soils on uplands that form in material
‘weathered from sandstone. These soils are. typically fine

sandy loam to about 14 inches.

’vSoils of the Enders Seriés are deep, élowly 'pérmeable,
moderately ﬁell dréined and occur on sloping uplands. The
soil has a fine sandy loam.surface'that is gfayiéh—bro&n in )
the upper part and vefy'pale brown in the lower part, witﬁ,a’
combined_thickness bf 10 inches. The subsoil is red‘clay with
mottling in the loﬁer part and shale depth ranges from 30 to
55 inches.

Thg Linker Series éoils consist of mdderately deeﬁ to deep,
moderateiy permeablé, well drained soils on uplands that
formed in material weathered from sandstone. Thése soils are

typically loam and clay loam to about 30 inches.
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7.4.1.2 Regional Geology

The Sequoyah Facility isAlocated on the southwest flank of the
Ozark Uplift, a major tectonic feature extending from east-
central Missoufi to northwest Arkansas and northeast'okiahoma.
The Arkoma‘Basin lies immediately to ﬁhe south and southeast,
while the Ouachita Mountains are about 50 miles south of the
Sequoyah Facility. fhe gsology in the region consists of
Quaternary-age .alluvial and -terface~ deposits along and
adjacent to the major rivers in  the region. _ Bedrock
formations present in the region consistbof Pennsylvanian,
Mississippian, Devonian, Silurian, and Ordoviciah—age shale,
limestone, siltstone, and sandstone'formations.. The geologic
formatisns regionally dip,to the sbuthwest,atAZ to 3 dsgrees
toward the Arkoma Basin. The bedfock formation presént'in the
Sequoyah Facility area is the Pennsylvahian-age; A regional
geological map showing the Sequoyah Facility is'présented in
Figure 44. An explanation for this map and a regional
stratigraéhic column is presented in Figure 45. An area
stratigraphic column is also shown in Figure 46bfor bedrock

units present in the Arkoma Basin and adjacent areas.

7.4.i.3' Site Geology

The 85-acre Sequoyah Facility process area (including the MPB
and SX Building afeas), shown in Fiéufé 36, is underlain by
a thinnlayer‘of Quatéfﬁary-age terrace dsposits which are

underlain by about 390 feet of the Pennsylvanian-age. Atoka
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formation. The Atoka is underlain by the Pennsylvanian-age
Wapanoka Limestone Formation. In areas, small amounts of £ill:

materials are also present.

Fill Material

Small amounﬁs of fill are presenf in select areae at the SFC
Facility. Most of the fill materials occur in the MPB and SX.
Building areas immedietely adjacent to buried utility lines
and as subbase_to concrete floors, concrete and asphalt roads,
and concrete storage pad areas. The fill material in the
buried ntility line trenches immediately surrounding the
utility lines consists‘mostly of silty sand and silty gravel.
The f£fill materials in the utility trenches area, adjacent to
but not immediately surrounding the utility line, consist
mostly of silty sand, sandy gravel, silty clays, and weathered
shale. The :fill materials beneath the concrete fioors,
concrete storage pads, end roadways‘consist mostly of siltyv
sand and sandy clay that reach a maximum thickness of about
1.5 feet. A silty clay and/or weathered shale'fiil'meterial
typically overlies“the coarser sands and gravels in the
utility 1line trenches. The fill material in the‘ buried
utility line trenches occurs from depths of about 0 to 20 feet

but averages 5 to 7 feet in thickness and depth.
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Terrace Deposits

- A thin veneer of Quaternary—age Pleistdcene terrace deposifs
‘covers most of the Sequoyah‘Facility area surface where fill
. hateriéls are not present. The terrace_depbsits consist
“mostly of silts, sandy silts, silty.clays,'sandy éravelly
clays, silty sahdy'clays, and clayé that'overlie shale and
sandstone units of the Atoka formation. The terrace deposits
are remnaﬁts of.extensive terrace deposits laid down during
"high water stages of the Illinois and Arkansas Rivers.
Downcutting by these rivers has left these deposits hiéh above
fhe present day river valley. From their‘maximum thickness on
the hill tops in the area (including the MPB and SX Building
areas), the terrace deposits thin rapidly»in all directions.
The terrace deposits in the Sequoyah Facility area range in
thicgnessAfrom about 0 to_16.4 feet (average about 6.7 feeﬁj
‘and occur between depths from 0 to 16.4 feet. The terrace
deposits are thiqkest (16.4 feet) near thé southwest corner of
the MPB and‘thin in all directions away from this éréa. 
Béneath the MPB, the terrace deposits thicken.southward from
the'norfh side of the MPB where the terrace.deposits range
from about 0 to 2 feet in thickness, to about 8 feet on the
southeast side and about 16 feet on the southwest side of the
~ MPB. Thé terrace deposits range in thickness from 5.0 to 8.7
feet in the SX Building area and occur from depths ofvolto 8.7
feet in this area. The terrace deposits exceed 10 feet in

thickness near the southwest corner of Pond 2, the south
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- Yellowcake sﬁmp area; the Eﬁeréency >Basin, North Ditch,
Sanitary Lagoon area, and the southwest éornef of the MPB.
The terraéé deposits are less thén'S feet thick immediately
north of the MPB, northwest of the Fluoride Pond #2, south of
" Pond 2, rnorth of Pond 2, and in the initial 1lime
neutralization area (Unit 3). An isqpach map showing the
thickness of the terrace deposits in the Sequoyah Facility
area is shown on Figure 47. This map also shows.the_depth to
the top of the Atoka bedrock surface, which are shales and
sandstones in ﬁhe Sequoyah Faéility area. The thickness of
the terrace déposits and their relationship to thé‘underlyiﬂg 
shales and sandstones of the Atoka formation_is also éhowh on
the geological croés-sectibns presented in figures 48, 49, 50,
51, 52, and 53. Thevlocation of these geqlogical cross-
sectioné ére.shown on Figure 54. .These geological cross-
sections were prepared across several areas of the Sequoyaﬁ
Facility and provide valuable information on the stratiéraphic

relationships between each lithological unit.

Atoka Formation
immediately underlyingl the terrace deposits ‘is the
Pennsylvanian—age Atoka formation. The Atoka formation is
characteriéed»by ery ifregularly bedded'discontinuous.unifs
of sandstqne, siltstone, and shale with thin limestones in the
lower part;w'Appréximately 390 feet of the Atoka formation are

present beneath the Sequoyah Facility. The base of the Atoka
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formation (390 feet below ‘the. surface), 'rests. on the

unconformity.at the topvof the Wapanoka-limestone formation.
| The Wapanoka outcrops about 10 miles northeast of the -Sequoyah
:Fac111ty and the top of the- Atoka, marked by the Hartshorne
sandstone, outcrops about 6 miles southwest of the Sequoyah
Facility. Regional dip is generally to the southwest, which
is also the direction of thlckenlng of the Atoka. The members
of the Atoka exposed at the Sequoyah Fa0111ty are about 1n the

: mlddle of the formation.

In the Sequoyah Facility area, the top of the Atoka formation
'occurs from about 0 to 16.4 feet below éround leﬁel as shown
on Figure 47. The top of the Atoka present in the Sequoyah
<’Facilitylarea consists of an upper shale unit.(Unit 1) which
is present in areas shown on the bedrock surfece,geological
map presented in Figure 55. This geological map presented in
Figure 55 shows the geological units thet subcrop beneath the
terrace deposits at the Sequoyah Facility. This map is useful .
. to identify the stratlgraphlc sequence beneath a given area at
lthe Sequoyah Facility. This subcrop_map shows that Unlt 1
shale underlies the MPB and SX Buildinqlareas, the UF4 storage
pad, the yellowcake storage pad, the emergency basin, sanitary
lagoon, the north ditch,.the'DUF4 building, and portions of
zthe_clarifier and calcium fluoride‘sludge‘ponds; An isopach
map showing the thickness of this upper Unit 1 shale is shown

in Figure 56. The thickness of this uppermost (Unit 1) shale
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ranges from a maximum of 20.1 fee£ near the northwest corner
(BH-4) of the MPB to zero in the areas shown on Figure 56.
The thickést‘areas of the ‘Unit 1 shalé are found in the
yellowcaké storage pad area, the 8X Building area, the MPB
area, and the aréa north of the MPB. The shale thins to zero
feet wesf, north, and south from the MPB area. The thickness
of this uppermost Unit 1 shale beneath fhe MPB ranges from
abouf 6 feet in the_soﬁthwest corner to about 18 feet near the
northwest corner. Thé thickness of this shale unit ranges
from about 12.5 to 20 feet in the SX Building area. The
uppermost éhale Unit 1 is typically dark grayish brown,
fissile, and silty and sandy near the céntaéts with adjacent
sandstone units. This unit is latérally,continuous at the
: Seéuoyah Facility until ‘it' is’ no 1longer present in thé
stratigraphic sequence due to its remo§al by erosion. The
thickness of this shale unit is important since it is
essentially an aduitard which inhibits the downward or upward
movement as well as the horizontal movement of groundwater or

associated contaminants.

»A'structure map showing the‘elevation of the surface of the
- Atoka bedrock is shown in Figﬁre 57. This structure map of
the Atoka bedrock Surféce indicates that the bedrock slopes
toward fhe northwest, west, and south-southwest from the
bedrock high_located in the MPB area. Tﬁe total relief noted

on the bedrock in the Sequoyah-Fécility area is about 42.3
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feet ranging from elevation 564.7 féet'AMSL in BH-83 to 522.4
feet AMSL in BH-42. This repre;ents_a slo?e of 2.7 pefcent or
‘a vertiéai drop of about 2.7 feét pef 100 feet‘df distance.
This map was prépared since the bedrock surface appears to
have a "pérched" groundwater system partially developed on its»
surface and the groundwater flow of the "perched" system will

typically follow the slope of the bedrock surface.

A structure map showing the elevation of the uppermost Unit 1
shale was also prepared and is presented in Figure 58. This
map indigates that the elevatioﬁ of the Unit 1 shale unit is
hiéhest near BH-12 on the north side of the MPB and BH-83 (NE
of MPB) and slopes away from these poiﬁts to the north, south,
. and west. The maximum elevation of the Unit 1 shale surface
noted was 564.7 feet AMSL in BH-83 and-the minimumielevation
observed was 541.0 feet AMSL in BH-62 which is northwest of
the sanitary lagoon. "A review of a strucfure map of this type .
is important éince éhale typically will exhibitra low vertical
'permeability and recharging water will ténd to flow vertically
until this shale unit is encountered énd then becomes perched
upon its surface. ' Groundwater floﬁ of this-perched system is
theh confrolled by the slope or configuration of the shale
surfaCe, This structure map was 'alsb examined for the
- presence of erpsional "valleys" or paled—channels on the
bedrock surface which often control the movement of

groundwater and may also exhibit higher flow permeabilities
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than‘adjacent materials. A poésible eroded paleofchénnel
SurfaceVOn the Unit 1 shale Vés noted to begin near the
southﬁest‘corner of the.MPB and‘trend south—southWesterly.as
shown on Figure 58. This possiblexpaleo-channel,is found at
the same location where an intermittent drain was once located
(Figure'43) and is-likely related to this old stream channel.
. No_othefvdefinite major péléo-channels,were found at the

" ‘Sequoyah Facility;

Located beneath the uppermost Uﬁit 1 shale is a highly
cemented, very fine to medium-grained, pale brown to dark
gray, sandstone.  This sandstone, referred to as Unit 1
sandstone, is laterally continuous across most areas of the
Sequoyah Facility (Figure 55) and rangeé in thickness from O
to 12.5 feet (averages about 4 feet in thickness) and occurs
between depths of about 2 feet to 27.5 feet. TﬁiSVSandstone
unit is essentially impermeablé - (except fdr'.joints or
fractures) due to its highly cemented nature. This unit would
also:be cbnsidered én aquitard in thé'Sequoyah Facility area.
An isopach map showing the thickness of the Unit 1 sandstone
is shown . in Figure 59.> This sandstone ranges ih.thickness
from 0 to about 12.5 feet in BH-7 at the'sdutheast corner of
the MPB. Thé Unit 1 sandstone is thickest near the southeast
and northéast corners of the MPB and generally fhins towards
the west where it is eventually removed from the section

- through erosion. A map showing the depth to the top of the
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first‘sahdstone (Unit 1 or Uniﬁ 2 sandstone) encouhﬁered-in
the.Sequoyah Facility aréa is shown oﬁ‘Figuré 60. This map
shows that the deéth to the top of the _first sandstone unit
ranges from 29.5 feet at the west end of the.yéllowcake
.storage péd:(BH-SG)-to 1.9 feet (BH-84) on the east side of
fEI Unit_ 3,. etc; , ‘The depth .to the ‘uppermost  sandstone
typically decreases to the south, north,band west from the MPB
and yellowcake storage pad area. This map is important since
.'it also shows the:combihed thickness qf the terrace deposits
and any underlying shale. Thesé deposité consist mostly of
A silts, claYs,:and weathered shales (élay minerals)-which may x
inhibit downwafd. migratioh of licensed material and 'also
provide adsorbtion sites for licensed matérial. A structure.
.map (figure'61) of the top of the Unit;l séndstone was ‘also
‘prepared té evaluate its surface configﬁrétion and possiblé
paleo-channel sYstems. This map was preﬁaredAtb aid in the
evaluatibn'of the groundwater data‘éinde the sandstone appears
to be very tight and rélatively impermeablé; The Unit 1
sandstone surface'elevatién'ié‘highést:élong the north‘and
east sides of fhe MPB and generally slopes toward the wést;j
northwest, and southwest away from these areas. A possible

southwest trending paleo-channel was identified on the

‘sandstone surface south of the SX Building.
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Beneath the'uppermost_Unit 1 sandstone in the MPB and SX
Building -area is an alterhating sequence of -laterally
continuous sandstone and shale units which have been numbered
seqﬁentially as shale Uniﬁ 2,'sahdstone Unit 2, séndstone
Unit 3, etc. Tﬁesevindividual'uﬁits haQe been characterized
.to a‘depth'of‘about 40 feet in the MPB and SX Building areas
and are shown on the 1lithological cfoss-seétions shown in

Figures, K 48 through 53.

In-gensral, those units that have been penetrated by drilling
are laterally"continudus beneath the SX IBuildiﬁg'.and_ MPB
aress. ‘The shale layer Unit 2 ranges in thickness fféms2.6.to
9.8 feetk(average 5.2 féet) and occurs between depths of 8 to
32.5 feet. This shale and sandy shale Unit 2 is dark gray to
light brownish gray, fissile, silty, and contains thin
1ateraily discontinuous silty sandstone lenses. Sandstone
Unit 2 is dark gray to very dark gray, very fine grained,
quartzose, well cemented sandstone. This laterally continuous
ﬁnit-in the SX Building‘and‘MPB‘areas cdntains iatefally
discontinuous beds of silty shale. This sandsfone Unit 2
Hranges in thickness from 3 to 10.3 feet (averages 5.0 feet)
and occurSVbetweeﬁ depths of 12.5 to 38 feet below ground
level in the MPB. and SX Building areas. Shale Unit 3

underlies sandstone Unit 2. “This shale is very dark gréy,

sandy to silty, carbonaceous, and contains thin discontinuous.

sandstone layers. Shale Unit 3 is laterally continuous across
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the MPB and.SX Building area and varies in thickness from_l to
>8 feet (average 2.5 feet) and is founa between depths of 17.0
to >40.5 feet. Sandstone Unit 3 Was_penetrated by enly five
(5) borings in the MPB and SX Bﬁilding areas. Based upon this
data, this eandstone unit varied inrthickness from i.5 to 3.0
feet (average 2.5 feet) and was found between depths of 30 to
35 feet. This sandétone unit_is'highly cemented,'very fine
grained, very dark gray, and very hard. The last shale (Unit
‘4) was partially penetrated in oniy'three (3) borings in the
MPB and SX Building areas. This shale Unit 4 is greater>than
4 feet in thickness and occurs between depths of 27.5 to 35.5
feet. A more detailed description of the terrace deposits and
the individual shale and sandstone units (in the MPB and sX
Building areas) is presented.in the Sequoyah Facility specific
stratigraphic column shown in Figure 62. Detailed
stratigraphic cross-sections in the MPB and SX Building areas
were presented in the Main Process Building, Final Findings
Report, Revision 2, December 15, 1990. The individual shale’
“and eandstone units described above.ere shown on theee cross-
_seetions but only shale Unit 1 and sandstonevUnit~1 are
identified on croes;sections presented in Figures~48 to 53.
All other sandstones and shales are identified only as lower'
sandstone and lower shale units due to the apparent
:discontinuous nature of these units outside the immediate area

of the MPB and SX Building areas.
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The Atokabbedrock formation penetﬁated by drilling in the
Sequoyah Faéility afea qenerally_dips.to the south-southwest
- from 0.5 to 4 percent (avefage 2'pércent). 'Jointiné and
fracturing afe preSent in thié bedréck‘formation to varying
degrees but do not appear to be a prominént featUré:in these'
_focks. The siltY'and‘sandy shales are much less conspicuously
jbintéd than the purer clay shale, and the observable joints
are w;vy,'irregular,'and'short. vMost of the'sandstone beds
aiso lack prominenf jointing; where observed, they are short

and irregular.

The Carlile Schooi faﬁlt (approximaﬁely 2800 feet southeast of
.'MPB)iis fhé most prominent stfuctural‘feature in the immediate
area énd.is located”neaf the carlile Schqol in thé'NW Section
‘of 22, T12N and R21E as shown on Figure 42. The plane of the
fault is not exposed, but'its presenée is fevealed by vertical
beds of sandstone which form low hummocky parallel ridges
éouth of the Carlile School. The ridges stretch for a couple
of hundred metefs acrdss.a pasture;, They are about 150 feet
.apart, and are the surface indication of sandstone beds at 1
bto 2 feet thick. Data collected during the drilling program
inAthe MPB area did not indicate the definite presence of any.
fauits or lithological offsets. ‘However, some difficulty was
‘encéuntered in éorfelation of lithological data SOch'bf the
_Décorafive Pond, which could indicate a émall‘fault or most

probably a lithological.facies change.
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The area of East Central Oklahoma, where the Sequoyah Facility
is located, lies in a quiet éeismic region of tﬁé United
States. | Although distant .earthquakes may producé ‘shocks
strong enough to be. felt in this érea, the région is

considered to be one of minor seismic risk.

The. most recent documented subsurface movemént -to have
occurred'within thé-SFC area occurred along the Meers Fault
sYstem an estimated 2,000 years ago. This system.isilocated
in south central Oklahoma. Other tectonic movements have
.occurred'along the E1 Reno-Nemaha Ridge, Which éxtends from
central Oklahoma through Kansas and into Nebraska. ‘Both of
these systems are considered seismically dormant. The most
'recént significant reéional tectonic movement ocburred in the
New Madrid area of Missouri. The probability of significant

damage to the Sequoyah Facility from earthquakes is remote.

Minerals in the area consist of coal, limestone/sandstone, and
sand/gravél from the Arkansaisiver floodplain, and clay. and -
shale. The nearest coal préductionbis approximately nine (9)
miles west of the Seduoyah Facility. Coal is béing mined from
a depth of.1400 feet at Stigler in Haskeil Coﬁnty, 18 miles
éouth of“the Sequoyah Facility. | There are no known oil or

gas fields in the area.
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7.4.2 Hydrogeology

7.4.2.1 Regionai Hydrogeology‘

Usable grbundwater in the region occurs principally in the
thicker alluvial and terrace deposits of the Arkahsas,
-I1linois, and Canadian Rivers. Grouhdwater also occurs to
minor degrees in the Pennsylvanian-age bedroék.formations.» A
major bedrock aquifer (the Keokuk and Rush Springs formations
of Miésissippian-age) occurs approximaﬁely 10 miles northeast
of the Sequoyah Facility. This aquifér is capable of-yielding
between 3 to 50 gallons per minute of goodrquality water. The
location of the Sequoyah >Faqility With respect .to major
bedrock aquifers ié shown in Figure 63. An explanation for
this map is shown in Figuré 64. The Sequoyah Facility is
located near the edge of a major alluvial and terrace aquifer
deposited along the Arkansas and Illinois Rivers. Site
specific data indicate that only a thin veneer bf terréce
deposits exist at the Sequoyah Facility and these are not
capable of yielding usable or sustainable quantities of
groundwater due to their limited saturated thickness and areal
extent. The terrace deposits in the Seguoyah Facility‘afeé
yield very little to no groundwater and much of the terrace
deposits in the MPB, SX Building,b and overall Sequoyah
Facility area are unsaturated and therefore are not capable of
yielding groundwater. A ﬁap showing the Sequoyah Facility
area with respect to major alluviallaquifers ié shown in

Figure 65.
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A map showing the availability}ofvgroﬁndWater;in:thevarea:
shows:thatVthe Sequoyah Faeility ie 1ocatedbover geological
~units which are considered:leaSt-favorabie fer,development of
-grouﬁdwater supplies. rThe map‘showing the aVailabiiitykof f.
) groﬁndwater in the SFC area is’ shown in Fiéure~.66{ - An
explanation fer_this map is shown,in Fiéure‘67.-‘The:Sequoyaﬁ.
Facility'is aISO iocated invan.area where'the chemical quality
,ef grouhdwater contained'in‘qnderlyiﬁg lithological units is
" described as poor to fair. Almap showing the general quality :
'of»greundwater in the SeéuoyaHvFacility'area is Sheﬁn as 
Figure 68. An,eXplahation for this map is presented'in Figure

69,

-Regioﬁal fiow'of groundwater in the Sequoyah Facility area is
west and south toward the Arkansas or Illinois Rivers, the
'likely‘discharge poin£ for shallow groﬁndwater beneath the
SequoyahrFacility. .Groundwaterfﬁay‘also_discharge through'
~ springs, evapotranspiration‘ or recharge to other strata; The - .
Atoka formatlons and terrace deposits of the area are 11kely
recharged fronlpre01p1tatlon falllng over thelr outcrop areas,
and to a ‘lesser degree from- recharge from /underlylng‘

- formations.

The only_significant‘fresh water aquifer in the immediate SFC
Facility area is the alluvium of the Arkansas River Valley.

The lower part of the alluvium consists of up to 15 feet of
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coarse sand with a productivity of as much as 900 gpm.‘ The
water is classified as "hard to very hard" (greater than 180
mg/L total hardness) but is suitable for irrigation and

watering stock.

. 7.4.2.2 Site Hydrogeology

The hydrologic conditions in the immediate area of the
Sequoyah Facility are.typical of those described for the Atoka
formation discussed below. This fofmation is considered to be
a very poor aquifer because the soil cover is thin and has
poor permeability thus limiting recharge, and the underlying
sandstone and shale beds require fracturing to proQide storage
capacity. Water quality is peor and yields average only 0.5
gpm. It is estimated that because of the very 1low
permeability of the Atoka rocks,.a high percentage of the

rainfall is lost by surface runoff.

The only local area capeble of supﬁorting a margiﬁal well is
adjecent to the carlile School fault (Figure. 42), where
fracturing of the Atoka formation is sufficient to provide a
reservoir of limited areal extent. The best water well on the
Sequoyah Facility area is located in the belt of fracturing
and has a depth of 84 feet, a‘static water level et 29 feet,
'and a yield of 1 gpm. The Water-qualify of thisiweli is
better than average for the Atokae formation, having

approximately 460 mg/L total dissolved solids. This well was
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located at an old home site in the NW1/4,.NW1/4 of Section 27/
T12N, R21E. This well is abandoned and was not found‘during‘
the ‘area-wide off-site groundwater sampling conducted May 9-
10, 1991. In contrast, watér wells drilied at the three
'_former home sites of State Highway 10 did not supply adequate
water for doméstié purposes. There are a few domestic/stock
wells in. the area that were used prior to the rural water
district service. Howéver, most of these wellé are no longer
in use. A complete description of area water wells and'usage
is provided in Section 7.3.13{ The Sequoyah County Rural
Water Aséociation now supplies rural water fo most area

residents.

The Sequoyah Facility does not use groundwater resources but
obtains water from the Tenkiller Reservoir located about 7

miles to the north.

Groundwater in thé Sequoyah Faciiity area occurs in limited
quantities in the Quaternary-age terraceAaeposits and within
the deeper interbedded sandstones and shales in the Atoka
formation. There appear to be two (2) hydraﬁiically separate
'_groundwater flow systems at the Séquoyah Facility. ’-The
uppermost groundwater system is a shallow fractured/weathered
shale that is in hydraulic communication_with groundwater
contained in overlying terrace deposits. This uppermost

-groundwater system is referred to as the shallow shale/terrace
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deposits grouﬁdwater system. Benéath this upper groundwatet
. system, but hydraulically separated by a dense, ‘highly
cemented, non;porous sandstone i§ an ihterbedded shale and
shndstoné seqﬁence-feferred to- as the déep sandstone/shale
groundwater systen. The sﬁailow shale/terrace groundwater
system generally occurs from depfhs of OIto 20 feet and the
deep sandstone/shale groundwater system typicaliy' occurs |
between‘depths of 10 to 40 feet, dependin§ upon the location
at the Sequdyah'Facility. In general, the terracé deposits
northward from the middle of the MPB were unsaturated and did‘
not cohtain groundwater at the time( of 4wa£er level
measurements made‘on April 18 énd 19, 1991. Southwafd from
this area, the terrace depbsits were saturated over a portion
of their thickness. There were several other areas'at the
‘Sequoyah Facility where the terrace ‘deposits weré not
saturated, specifically south and west of Pond 2 and all along
the northern .portion of. the Sequoyah Facility near the
reét:icfed ‘area boundéry. A map showing tﬁe  saturated
thickneés of the terrace deposifs for April 18 and 19, i991 is
presented in Figure 70:. The portion of the‘terrace deposits
where the groundwater saturation is the thickest is in the
southwest corner of the MPB in the area of the paleo-channel
developed in Unit 1 shale surface. This map (Figure 70) also
shows the depth_ that the first groundwater would Dbe
encountered (in areas where ‘the terrace deposits are

unsafurated) beneath the bedrock surface.
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A map showing the depth'to.groundwater on April 18 and 19,
1991 in the shailow shale/terrace deposits is shown in Figure
71. The depth to groundwater on April 18 and 19, 1991
varied from -0.43 feet (above ground level) at MW-32 near the
‘Decoratlve Pond to 21.09 feet below ground level at ‘MW-73
along the northeast boundary of the Sequoyah Fa0111ty The
depth to groundwater varies from about 10 to 11 feet beneath
the SX Building and 5 to 10 feet beneath the MPB. The depth
to groundwater at the Sequoyah Facility is variable, but
generally decreases_from northeast of the MPB toward the

south, west, and northwest.

The groundwater potentiometric surface for groundwater in the
. uppermost or shallow'shale/terrace deposits is shown in Figure
72. As indicated in the map, groundwater flows radiaily away
from the front entrance of the MPB. The groundwater
potentimetric surface appears‘to be greatly affected:by the
trench well pumping program in the SX Building (where 15
- trench sumps are pumped weekly) and adjacent areas. Except
for the area in front of the MPB, the groundwater flow in the
shallow shale/terrace deposite is toward the west, northwest,
and southwest. The configuration of the shallow shale/terrace
deposit potentiometric surface map is nearly identical on the
Atoka bedrock surface configuration, This suggests that the
- configuration of the bedrock surface greatly infiuences the

groundwater flow and suggests: that groundwater found in the
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shallow shale/terrace dep051ts may be partlally perched upon
the bedrock surface. A groundwater depre551on has . been
created near the SX Bulldlng due to the pumping of the trench
sumps in this area. - Preparation of a static potentiometric
surface map for the shallow shale/terrace deposits was not
possible due‘to pumbing’of.the trench sumpe and SX,Building
Vault. in the area. - The groondwater vin the. uppermost
shale/terrace deposits is under unconfined cobditions‘and )

generally is perched on the bedrock surface in most areas.

The'potentiometric surface map for'the deeper sandstone andr
interbedded shale sequence for April 18 and 19, 1991 was
prepared and is presented in Figure 73. This map shows that
groundwater in formatione underlying the shallow shale/terrace
- deposits generally flows to the southwest; west, and northwest
from the MPB area. .\ comparison of this map to the structure
maps of the-top of the Unit’l_sandstone (Ficure 61) and the
bedrock surface structure - map shows a good degree of
vcorrelation. The interbedded sandstone and shale bedrock
. sequernce beﬁeath the uppermost Unit 1 shale is under confined
‘conditionsband there appears to be no major communication with
~the groundwater contained within the overlying shale .or
terrace deposits.. In fact, the uppermost Unit 1 sandstone
- unit may likely act as an impermeable barrier on which‘
groundwater contained within the overlyinq shaie and terrace:

- deposits is'partially.perched.v This sandstone is very highly
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cemented, very fine grained, and has very little primary .

porosity through which groundwater can mdve.

A groundwater head difference map lbetweén  the -terrace
_deposits/uppermoSt' shale unit aﬁd the .;iﬁhological units
beneath the uppermosf shale has beéﬁ pfé?afedvand is bresented
in Figure 74. This map shows that there‘is a significant
“difference in groundwater pqtentioﬁetric surfacés_ between
these water beafinq formations monitored which is exéellent
evidence for hydraulic separatioﬁ of the two (2) water bearing
| zonés monitored. There was three (3) areas identified at the
Sequoyah Facility where groundwater _frdm the deep
sandstone/shale sequence ‘is  at a higher vertical
potentiometric surface elevation than the  shallow
shale/terrace groundwater.. In theée areas; groundwater from
the deep sanastoné/shale’séqﬁence has an upward flow gradient.
These areas where this occurs are shown'dn Figure 74 and
include the emergency basin and norﬁh diﬁch area, the Sequoyah
Facility decorative pdnd area, and an area near well MW-73 and
Mw-83 at the northeast corner of the Sequoyah Facility. These
areas appear to be associated with the oldkdrainages or low
topographical areas that ~were present _nafurélly. It is
éignificant to note that because there is én upward flow
gradient- ih these areas, groﬁndwater in the shallow
shale/terrace depqsits should_not move vertically and rechérge

lower groundwater zones. - However, over most of the Sequoyah
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'Facility, there is a slight downward gradient from the shallow
shale/terrace". grdundwaterv, system towards the - deép -

Sandstone/shale groundwater system.

derographs of select weilsrin-the Sequdyah Facility area have
o alsé been prebared and are presented ih Figures 75 and 76.
These hYdrographs éhow short-termlgroundwéterifluctuatipns and
the relationship betweenr the groundwater potentiometfic
surfaces in the two (2) hater bearing formations monitored.
In general, there is very little fluctuation noted in the deep
sandstone/shale groundwéter system, as evidenced'by_FiQurés 75"
and 76. Therei appeafs to .be .an overéll. increase in
groundwater ievels for the shallow shale/terrace system for

most wells, although'this increase is small.

Siugvtests were conducted oﬁ fourteeﬁ (14) shallow'shale wellé
and twentY-one_(Zl) deep sandétoné wells at the Sequoyah
. Facility. - The permeability or horizontal hydraﬁlic
condﬁctivity of the shallow . shale formations and terrace
deposits.rangéd from a maximum of 1.28 X 102 ém/sec to a
" minimum of 2.07 x 10”-cm/secg~ The geometric méah from the

'foﬁrteen (14) shallow shale wells was 2.02 x 103 cm/sec. The
' hydraulic gradient on Apfil 18 ahd 19,11991 in grﬁundwater"
contained in the shallow shale/terrace;deposits'is variable
~over the Sequoyah‘Facility and ranges from'about‘o.oos to 0.04

feet/foot and averages 0.014 across the Sequoyah Facility.
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The hydraulié gradient}averages about 0.04 feet/foot.on the
‘south side of the MPB and about 0.005 ‘feet/foot in the
"Vicinity of the MPB and SX Building. The effective‘porosity
for the fractured ’shéle unit is (éstimated. at 0.05 or 5
percent.  Based upon these values, the average groundwater’
flow velocity was calculated using-Darcy;s flow equation:
KI/n .

average flow velocity, cm/sec
hydraulic conductivity, cm/sec

hydraulic gradient, feet/foot
- effective porosity, dimensionless

where:

SHRS<
o ononn

The average groundwater flow velocity in .the  shallow
_shale/terrace unit ‘at the Sequoyah Facility is variable and
largely dependent upon the degree 'and "intefconnection of
fracturing present in the uppermost shale and the extent of
the séfurated portion of the terrace deposits. Theiaverage
groundwater flow velocity in. the shallow shéle/terrace
grguhdwater was calculated at 0.016 feet/day or about 5
feét/year, but may vary locally from about 2 feet per year to |
16-feet/year. X |

"The slug test resﬁlts conducted on the deep'éandstone/shale
sequence indicated that‘the horizontal hydraulic conductivity‘
of this geologic sequehcelranged from a minimum of 4.47 x 10°
cm/sec to a maximum of 3.49 x 10% cm/sec.‘ Thé gebmetrié mean

from the slug tests conducted on the twenty-one (21) deep
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sandstone wells 'was"6.76 x 10° cm/sec. The horizonﬁal_
hydraulic gradient in‘thé'deep sandstoné/sﬁalevgroundwatér
System averaged 0.019 - feet/foot but_ranged ffom 0.08 feet/foot
‘to 0.006 feet/foot in the MPB and SX Building‘areas. The
effective porosity for the fractured-shale/sandstone sequenCe'
vwas estimated at 0.05 or 5 percent. Based upon thesé values,
the aVerage groundwater'flow velocity in the déep sandstone
unit was,calculatéd at 0.073 feet/day 6r about 27 feet/year
but may locally vary from 8 to 112 feet/year. The results of
the horizontal.hydraulic tests (slug tests) are.presented in

Table 58 and the slug test data are'presénted in Appendix I.

7.4.3 Gfoundwater Quality Results

7.4.3.1 Introduction | |

Groundwater quality data has been collectéd from Sequoyah
Fécility wells instalied as part of the unit FEI since
September 1990; ‘Therel have been ‘fouf' (4) Faqility—wide-
groundwater sampling events as no£éd‘in an earlier secﬁién'of‘
this'report;A The first two (2) of these saﬁplihgvevents were
conducted prior to the installation of all wellé planned in
| the FEI. The third (February 4-8, 1991) and fourth (April 23-
May 17, 1991) sampling events were condﬁcted after all wells
had been installed at the Séquoyah.facility. The analytical
‘data collected from the April 23 to May 17, 1991 sampling
event will be presented in the following series of isopleth.

maps that will show the distribution of total uranium, nitrate
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as.'N, fluorlde, ltotaly arsenio,l hydrox1de alkalinity,
yblcarbonate.-alkalinity, 'carbonatey alkallnlty, dissolved
oxygen, pH, *Eh, and -speoific »conductanoe in the shallow’;
shale/terrace and deen.sandstone/shale groundwaterdsystems.
The‘analytical data from'these'sampling'events are presented
ln Tables'Gl 62 68 and 69 for the shallow shale/terrace and

deep sandstone/shale groundwater systems.

7. 4 3.2 Total Uranlum Isopleth Maps'

Isopleth maps show1ng the total uranium concentratlon 1n the\
shallow shale/terrace and the deep,sandstone/shale groundwater
’_systems on April 23 to May 17, 1991 are presented in Figures‘
,a77 and 78, respectlvely. The data from the Aprll and May time
period is the most comprehen51ve and recent data set avallable
from the FEI.. Referrlng to Flgure 77, the total uranium found
.in the shallow shale/terrace groundwater system varled from
<5.0 pg/L in several wells to 36,500 ug/L in well MW-10, which
_is located southwest of the MPB. outside the restrlcted area
boundary (RAB) : The only other area where uranlum levels
‘'outside the RAB occurred above the Sequoyah Fac111ty EAL of
225 pg/L was at well MwW- 35 (1ocated west of thevemergency’
‘basin) where uranium was found at 395 ug/h. Otherywells at
the Seduoyah Facility~that exceeded the_Sequoyah Faoility EAL
'for'uranium were wells MW-12 (2330 ug/L),vMW—14 (15,700 pug/L),
MW-18 (4160 ug/L) _,» MW-24 (442 pg/L), and .nw—zs' (31,60‘0 ug/L) .

These wells are all'loCated within the RAB. 1In addition to a
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 .¢omparison of the uranium levels detected in the uppermost
. shale/terrace.deposité to Sequoyah Faciiity‘EAL) a‘comparison .
was made to background uranium levels which range from <5.0 to;
© 10 pg/L. The uranium isopleth.map (Figure 77) indicates that
uranium was detected in groundwater southwest of the MPB,
hérth and west of the SX Building, northeast of the MPB, west
of the emergendy basin, the'emergency basin and sanitary
lagoon area,'south of the calcium fluoride sludge ponds, and

along the northeast side of Pond 2.

The total uranium ’isopleth map (Figure 78) for ‘the deep
.sandstone/shale groundwater indicates there are no areas
outside the restricted.area boundary where uraniuﬁ éxceeded
the Sequoyah Facility uranium EAL. ‘There are only two (2)
wells‘outside the rgstricted area boundary (RAB) where the
total uranium exceeded the background'uranium levels of 5 to
10 pg/L. These were wells MW-2303A at 14 pg/L and well MW-81A
at 11.0 pg/L. Inside the RAB, there were four (4) wells where
uranium in groundwater exceéded the Sequoyah Facility EALs.
These wells were MW-12A (14,200 kg/L), MW-25A (1420 ug/L);_MW-
50A (587 ug/L), and MW-87A (321 Lg/L). Referring to Figure
78, the total uranium isopleth map indicates that uranium was
encountered in groundwater at the northwest corner of the MPB,
north and west of the SX Building, the contaminated equipment

burial area, and north of fluoride sludge Pond #2.
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There is no dafa to_indicate that uranium,has'migrated-beyohd
the Sequoyah Facility property boundary. The uranium in the
groundwater appears to be contained mostly in a.émall area
centered near the MPB and SX Building areas. The FEI
investigation has defined the extent of uréhium in the

groundwater at the Sequoyah Facility.

7.4.3.3  Nitrate Isopleth Maps

Isopleth maps showiﬁg the concentration of nitrate as N in fhe
shallow shale/terrace groundwater énd.the deep sandstone/shale
groundwater are sﬁown in.Figures'79 and 80,'respectively;. The
nitrate levels found in‘the shallow shalé/tefrace groundwater
system ranged froh <0.1 mg/L to 2040 mg/L in well MW-25. The.
Sequoyah Facility EAL for nitrate is 20 mg/L. This level was
exceeded in nine (9) wells;outside the RAB and in seven (7)
wells inside tﬁevRAB;_ The nitrates are found above the
Sequoyah Facility EAL on the east side of the MPB, the
southwest 'cofnef of the MPB, 'north and west of the SX
Building, north'of the MPB; west of the Pondyl spoils pile,
and in thé area of the clarifier ponds and Pond 2 as shown in
Figure 79. The background level for nitrate appears to be

aboﬁt 1.0 mg/L or less.

The nitrate 1levels found in the deep sandstone/shale
groundwater (Figure 80) range from 0.1‘mg/L to 4210 mg/L in

well MW-58A south of Pond 2. There are fifteen (15) wells
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outside the RAB wherernitrate exceeds the Sequoyah Faciiity
EAL of 20 mg/L, mostly located adjacent to Pond 2, or west of
the Pond 1 spoils pile. Theré are eieven (11) wells inside
the RAB where nitrate exceeds 20 mg/L. The nitrates are found
in the groundwater inside the RAB in the SX Building area, the
north ditch, emergency basin, and sanitary lagoon area, and in
the Pond 2 area. The'background nitraﬁe levels in the deep
.sandstone/shale droundwater appear to range from less than 1

to about 2 mg/L.

Most of the nitrate found in the Sequoyah Facility groundwafer
probably originafed_from process-leaks and spills in the SX
Building area, historical leakage from Pond 2, and from the
Pond 1 spoils pile. SFC will undertake a program to further
aefine the'éxtent of the‘nitfate plume in the groundwater
systems found beheath the Sequoyah facilityf In particular,
additional well placement will need to be detefmined for
1ocations‘west and south of Pond 2 in areas accessible at the

Sequoyah Facility.

7.4.3.4 Fluoride Isopleth Maps

Fludride concentrations'in the-shallbw shale/terrace and deep
.sandstone/shale groundwater systems are also presented as
isopleth maps as shown in Figﬂreé 81 and 82, respectively.
The isoplethvmap for the shallow éhale/terrace groundwatér

(Figure 81) shows fluoride levels that range from 0.2 mg/L in
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weli-MW—77 to 9.7 mQ/L in well-MW;40' . The Sequoyah Fa0111ty d
)EAL for fluoride is 1.6 mg/L and the drlnklng water MCL is 4.0 e
mg/L. The background fluoride levels appearutovbe 1.0 mg/Lvor
*1ess. ~There are nine‘(9)'wellsﬂwhere the fluoride eXceeds-the
.SequoyahxFacility EAL outside the‘RAB and five (S)Aareasda
hinside the RAB where-fiuoride'exoeeds‘the‘sequoyah Facility
EAL of i;o_mg/L. The fluoride is found in groundwater above,
the EAL southwest of the MPB, northeast of the SX Bulldlng,
north of.the clarifier pond»(north.of'old fluoride .sludge pond
' #1), in the south yellowcake sump area, and south\of the

calcium fluoride sludge ponds and sludge'burial_areas.’

The fluoride found in the deep sandstone/shaie groundwater
ranged from 0.2 mg/L in well MW-24A to 4.2 mg/L in well‘MW—
64A. Referrlng to Figure 82, there were elght (8) wells wherebi
the fluoride exceeded the EAL of 1.6 mg/L outside the RAB and
one (1) well where the fluorlde exceeded. the EAL.1n51de the
v RAB;. The fluoride background levels appear to be 1.0 mg/L or
less for the deep sandstone/shale groundwater.v The fluoride -
- levels in the deep sandstone/shale groundwater‘are-above the
Sequoyah Facility EALvsouth’of ?ond 2, in the vicinity of the
calcium fluoride sludgetponds; and on the east'side of the

yellowcake storage pad., The fluoride'concentrations are 1ess

- than the fluoride MCL (4 0] mg/L) w1th the exceptlon of MW-64A

(4 2 mg/L)

223



7.4.3.5 Total Arsenic Isopleth Maps
The total arsenic isopleth maps for the shallow shale/terrace
groundwater and the deep sandstone/shale groundwater are

described in the metals groundwater analytical Section

7.4.3.13 and thus will not be discussed here.

7.4.3.6 Carbonate Alkalinity Isopleth Map

The alkalinity of the groundwater is very important in
determining the mobility of various species of uranium in the
groundwater. Isopleth maps have been prepared for carbonate,
hydroxide, and bicarbonate alkalinity found in-thelfwo (2)

' groundwater systens.

An isopleth map showing the carbonate alkalinity '(CaCOQ

isopleth map for the deep sandstone/shale groundwater is shown
on Figure 83. There was no carbonate alkalinity present in
the shallow shale/ter:aéé gfoundWater éystem. , Carbonate_
alkalinity as:CaCO3waéffggnﬁgin §f6uﬁdyétét,from weiiS.ﬁW—8A

A(46 ng/L), Mi-10A (40 intj/L):_; “and VM-W.—'lgz‘Q.' (80mg/L) . The
‘carbonateAalkalinity:is relétea to the eleQafed pﬁ of.9u0 or
greater for these three (3) wells. The carbonate levels, as
CaCO,;, are thought to have originated from soda ash (NA,COs)

once stored on the ground east of the MPB.
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7.4.3.7 ydrox1de Alkallnlty Isopleth ‘Map ,

t An isopleth map (Figure 84) show1ng the hydrox1de alkallnlty
for the deep_sandstone/shale groundwater system is nearly
;identical in configuration to - the carbonate 'alkalinlty_
isopleth map_(Figure'83),'suggesting‘that they are related.

~The hydroxide alkalinity ranged from 300 mg/L ln Mwesh to 280"

hmg/L in MW—lOA to 180 mg/L in MW—19A to 180 mg/L in .well MW-
22A. There was no hydrox1de alkallnlty found 1n the shallow"
shale/terrace groundwater systemJ The hydrox1de alkalinity is
" also thought'to.be'assoolated with.the storage of soda‘ash'

.eastvof theAMPB;

;7.4.3.8 : Bicarbonate Alkalinity Isonleth Maps

.Isopleth maps show1ng the blcarbonate alkalinity as CaCO3 in
the shallow shale/terrace and deep sandstone/shale groundwater
'systems are shown on Figure 85 and 86, respectlvely.‘ ‘The
bicarbonate - alkallnlty ~of  the shallow‘. shale/terrace
" .groundwater ranges fromvéo mg/L at wells MW—S and MW5407to 680
‘mg/L at well Mw- 78 -The loweSt picarbonate levels are found
in the MPB area, the 1n1t1al fluorlde neutrallzatlon area
(Unit .3), in the Pond 1 sp01ls plle area, and north and west
of‘the SX Building.g The highest bicarbonate“levels are.found
near'the calcium fluoride sludge ponds, the~areaunorth of the
sanitary lagoon, an area east of the north ditch and‘near the
wcontaminated equipment burial area There seems to be a

- - general correlatlon between low blcarbonate levels and hlgh‘
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uranium lévelsv in the shallow shale/terrace groundwater

system.

- The isopleth map showing bicarbonate aikalinity as CaCO; in
the deep sandstone/shale groundwaﬁer is shown in Figure‘sé;
The bicarbonate alkalihity ranges from zero in wells MW-8A,
MW-10A, MW-19A, and MW-22A to 660 mg/L in wells MW-41A and MW-
2330 west of Pond 2. The bicarbonate levels are lowest in the
MPB and SX Building areas and typically‘increase to the north,
south, and west from these areas. The bicarbonate léVels are
highest in the calcium fluoride sludge pond areas, the

clarifier pond area, and the southwest corner of POnd 2.

7.4.3.9 Dissolved Oxygen Isopleth Maps

The dissolved oxygen in thé groundwater system 1is also
important in defining the mobility. of uranium species in
groundwater; Various uranium species will héve different
mobilities depending on the oxidation/reduction potential of
thé groundwater, which is related'té fhe aissolved oxygen
content. The dissolved oxygen isopleth map for the shallow
shale/terrace deposit'groundwater éystem is éhown in Figure
87. The diésolved oxygen ranged from 1.33 mg/L in well MW-42
(south of south yellowcake sump) to 9.2 ﬁg/L‘in well MW-70.
The dissolved oxygen was typically found to be lowest ih the
south yellowcake sump area, séuth—southwest from thévMPB, and

northeast from the MPB. There appeared to be no definite
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correlation of dissolved oxygen to uranium ievels.or any other

parameters measured.

The dissolved oxygen isopieth fdr the deep sénastone/shale
‘groundwater system is shown on Figurev88; The dissolved oxygen
ranged from 2.52 mg/L in well MW-9A to 7.83 mg/Llin well MW-
2330. The lowest dissolved oxygen levels were found eaét of
thé Pond 1 spoils pile, south of the fluoride éludge Pond 2,
and south-southwest of tﬁe MPB. The dissolved oxygen content
of the deep sandstone/shale groundwater did not vary much Qvef
~the Sequoyah Facility and there was no definité‘éorrelation to
other parameters measured in groundwater.' The diséolved
oxygen levels were geherally higher in the shallow
shale/terrace groundwater system when‘compared to the deeper

-sandstone/shale groundwater systém.

7.4.3.10  Eh Isopleth Maps

Isopleth maps showing the éxidation/reduction potential, Eh,
of the Sequoyah Facility gréundwater system éré:shown_ih.
' Figures-89 and 90. The Eh isopleth maps were prepared bécause
the oxidizing or reducing poténtiél ofvthe groundwater will
gfeatly afféct the solubility and mobilify of various‘uraniuﬁ-
species in groundwater. The Eh isopleth map shown—in Figure
89_shows that the Eh 1levels in the shallow.shale/terracé
groundwater varied from -180.1 mi1livo1ts_(MV) in well MW-21

to 545.0 MV in MW-30. The lowest Eh levels generally occurred '
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in the south yellowcake‘sump_area,vthe'areas,northeast and

o south—southwest of the MPB, and near the'southeast‘corner of
- the contaminated equipment‘burial’area. eThere appears to be

‘no definite- correlation between Eh and .total uranium levels

found in the shallow shale/terrace groundwater;

The Eh isopleth map (Figure 90) for the deep sandstone/shale

groundwater shows values that range from -105.1 MV in MW-8A to

-364.8 MV‘ in well” MW~57A.- . The 1lowest Eh levels . in 'the.

groundwater occur'in the MPB area and the highest levels occur

at the southwest corner of Pond 2. There appears to be no

' dlrect correlatlon between the Eh levels and uranium levels in:

deep sandstone/shale groundwater.

A graph (Figure 91) has.been prepared that shows the Eh
plotted against dissolved oxygen for groundwater and: trench-
porewater.l‘Thls graph also identifies the wells or trenchv
monitors where uranium levels were greater than 50 ug/L.

Referring to Flgure 91, there-ls a definlte pattern to the

-dissolved oxygen and Eh Values. The shallow shale/terrace

;groundwater tends to have the highest dissolved oxygen and Eh

‘values followed by the deep sandstone/shale wells. ~ An

bunexpected result, however, ~was that the utlllty ‘trench

.porewaters typically had the lowest dissolved oxygen and Eh

glevels, poss1b1y 1ndicat1ng that anaeroblc condltions may be

occurring in these waters. There was only one shallow
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shale/terrace well kMW—lB) that had uranium levels over 50
pg/L and an Eh‘of less than 100 MV. No deep sandstone/shale
wells»had ufanium present greater than 50 ug/L and Eh levels
below 100 MV. Most of the groundwatér monitoring wells where
uranium Wasvdetected had Eh levels between 200 MV to 300 MV
and dissolved'oxygen 1eveis.betweeh 4.0 mg/L to 7.0 mg/L.
7.4.3.11 pH Isopleth Maps -

Isopleth mapsAshowing the pH of‘the‘shallow shale/terrace
groundwéter and the deep sandstone/shale groundwater aré shown
on Figures 92 and 93, respectively; Referring to Figure 92,
the pH.of the shallow shale/terrace groundwater ranged from
:4.53 in MW-40 to 7.51 in weli MW-59. The areas of lowest pH
occur nhear the sduthwest corner of the MPB, north of thé SX
Building, and north of the clarifier ponds.‘ There are no
areas of unusually high pH noted in the shallow shale/terrace

groundwater system.

'The pH isopleth map (Figuré 93) for the deep Sandstone/shaie
groundwater varies from 11.58 in well MW-10A to 4.19 in well
MW-2326. The highest pH values are associated with wells in
the MPB area and the lowest pH wgé_lls are located in the

southwest corner of Pond 2.
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The pH of the groundwater system is also an important
parameter in determining the solubility, mobility, and species

of uranium present in'groundwater at the Sequdyah Facility.

7.4.3.12 Specific Conduétance Isoﬁleth Maps

Isopleth maps were prepared for the shallowvshale/tefrace.
gfoundwater system and. the déep sandstone/shale groundwater
syétem as shown on Figures 94 and 95, reépectively, In the
éhalldw shale/tefrace groundwater, the specific conductance
ranged from‘160’uthS/cm in well MW-5 to.13,580 pmhos/cm in
well MW-24. The highest areas of specific éonductance are
associated with the SX Building, the north flubride sludge
pond 2 area, Pond 2 area, and thé.aréa'north of the.clafifier
ponds. These areas typically show the highest nitrate impacts
and thé‘specific conductivity isopleth maps are similar in

configuration to the nitrate isopleth map for the shallow

shale/terrace groundwater.

‘The‘specific conducti?ity isopleth map (Figure 95}»for the
deep sandstone/shale groundwater shows that the conductivity
varied from 18,900 umhos/cm in well MW-58A to 334 umhos/cm in
well MW-30A. The specific conductance levels are highest in -
the sX Building area, the north fluoridé'sludge basin 2 afea,
and Pond 2 area. Again, the specific conductivity isopleth
map is similar in configuration to the nitrate isopleth map

for the deep>sandstone/sha1e groundwater.
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‘7 4~3.13 Metals in Sequoyah Fac1lity Groundwater_

Since yellowcake can have 1mpur1t1es in the form of heavy
metals such as vanadlum, molybdenum, arsenic, lead, and-lron,
- among others, SFC implemented a program to test select areas
of the Sequoyah Facility oroundwatervfor nineteen (19) heayy
metals. Prior to selecting'the location of the wells to be
sampled SFC and RSA‘reviewed‘quality control and quality
assurance 1nformation supplled by various vendors for 1989
yellowcake shipments to determlne poss1ble metal parameters._
‘Table 70 is avlist of the metal 1mpur1t1es»found in the
yellowcake'product received by SFC in 1989. SFC also reviewed
hlstorical information from 1970 to 1989 show1ng the amount of
metal 1mpur1t1es received in the yellowcake, as shown on Table
71. Based’upon a review of Tables 70 and 71, SFC and RSA
determined that the folloming metals could potentially be
present in Sequoyah Facility process waters: molybdenum,
vanadium, magnesiunm, thallium,'calCium, iron, arsenic, and
phosphorus. Additional review of Sequoyah Facility(processes
‘indicated that barium was also usedeas barium chloride“in the
sanitary lagoon. Based ‘upon thlS rev1ew three (3) of the
most highly affected wells (MW-10 MW—25, and MW 59A) and
background well MW-7 were analyzed for nineteen (19) total
imetals‘which included: antlmony, arsenic, barium, berylllum,
'cadmium, chromium, copper, 1ron lead magne51um, manganese,
mercury, lmolybdenum;' nickel, selenium, vsilver,‘ thalllum,'

uranium, vanadium, and zinc. .
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On March 7 and 8, 1991, RSA collected groundwater samples from
wells MW-?, MwW-10, MWwW-25, énd MW-59A for anélyses of the
nineteen (19fbtotal metals noted above. The total metals
analyses were conducted by Barringer Laboratories of Golden,
Colorado. The anélytical data is summarized in Table 72 and

the laboratory sheets are presented in Appendix L.

~ The resulfs indicated that in background well Mw-7, totai iron
in groundwater at 1.66 mg/L was,ovér the EPA recommended.
secondary drinking water standard of 0.3 mg/L. The only other
metals-detected in.background well'MW47‘Weré barium at 0.15
mg/i, magnesium at 13.3 mng/L, selenium_at‘05004'mg/L, uranium

at 0.0093 mg/L, vanadium at 0.01 mg/L, and zinc at 0.051 mg/L.

Total metal results for groundwater from well MW-10 indicated
“that: arsenic at 0.127 mg/L'exceeded the primary standard of
0.05 mg/L, lead at 0.10 exceeded the primary standard of 0.05
-mg/L, silver at'0.06_mg/L exceeded the primary.sfandard of
0.05 mg/L, and total iron excéeded’the secondary standard of
0.3 mg/L at 4.44 mg/L. Other metals detécted in groundwater
ifrom well MW-10 weré'barium at 0.69 mg/L; beryllium at 0.03
mg/L, cadmium at 0.007 mg/i, copper gt 0.09 mg/L, ﬁégngsium at
28.4 mg/L, mercury at 0.0002 mg/L, molybdenum at 0.02 mg/L,
nickel at-0.72 mg/L,rthallium at.0;001 mg/L, ﬁranium at.49.9

mg/L, vanadium at 0.14 mg/L, and zinc at 0.578 mg/L.
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Groundwater from well MW-25 excéeded the EPA primary drinking
 water standard fdr bériumlof 1.0 mg/L at 2.26 mg/L. Theltotal‘
iron level in“groundWater from MW-25, at 1.68 mg/L, exceeded
ﬁhe EPA secondary drinking water standard for iron>of 0.3
mg/L. Other metalsvdetééted in grdundwater from well MW-25
include arsenic at 0.004 mg/L, cadmium at .0.006 mg/L,
magnesium at 378 mg/L, nickel at 0.03 mg/L, silver at 0.04
.mg/L, uranium at 21.0 mg/L, vanadium at 0.03 mg/L, and zinc at

0.009 mg/L.

Total metal analysis of gfoundwater from MW-59A indicated that
arsenic at 3.71 mg/L exceeds the 0;05 mg/L primary drinking
water standard, cadmium at 0.022 mg/L exceeds the EPA primary
drinking water standard of 0.01 mg/L, and selenium at 0.015
mg/L exceeds the EPA primary drinking water standard of 0.01
mg/L. The EPA recdmmehded secondary drinking water standard -
for iron of 0.3 mg/L is exceeded in groundwater from MW-59A
which was measured at 3.75 mg/L. The other metals deteéted in
well MW-59A were barium at 0.25 mg/L, magnesium at 590 mg/L,
nickel at 0.02‘mg/L, uranium at 0.0424 mg/L, vanadium at 0.04

mg/L, and zinc at 0.008 mg/L.

The metal results indicated that arsenic, barium, uranium, and
magnesium were the only metals that were found to be elevated
appreciably in the Sequoyah Facility groundwater.'-The uranium

originates from the yellowcake and the magnesium also occurs
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as an impurity in the yellowcake. The analytical results of
7thé March 7 and 8, 1991 special groundwater sampling_for‘
metals are tabulated in Table 72. ‘The locations of the wells
éampled for métals on March 7 and 8, 1991 are shown on Figure

96.

Because total arsenic was detected in>well MW-59A at 3.71
mg/L, SFC initiated a program to sample.groundwatef from everyk
FEI monitoring well and to also sample porewater contained in
.the utility trenches. Between April 23 and May 17, 1991,.RSA‘
sampled‘Aall wells and utility trench monitors for total‘
arsenic. Based upon these analytical results, the total
arsenic levels in SFC wells ranéed from <0.005 mg/L in several
wells to 5.599 mg/L in well MW-42. Approximately 154 wells
were sampled for total arsenic  and, of:tﬂese 154 wells, a
totalvof 66 had arsenic levels in groundwater below the test
method analytical detection limit of QLQE‘mg/L. A total of 44
wells had arsenic levels in groundwater betwéen 0.005 mg/L and
- 0.05 mg/L; 13 wells had total arsenic levels between d.QS mg/L
and 0.1 mg/L; 24 wells had total arsenic4levels between 0.1
_mg/L and 1.0 mg/L; and 6 wells had total arsenic levéls
greaté; than 1.0 mg/L withAthe highest arsenic level found‘in
well MW-42 (south of yellowcake sump) at 5.599 mg/L. The
total arsenic analytical results are shown in Tables 61 and

62.
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'In addition to the monitoring wells, porewater samples from
all utility trench monitors was.coilected and tested for total
arsenic. Ouf of 24 tested, 10 utility'vtrench porewatef
samples showed toﬁal arsenic leQels of less than the detection
limit of 0.005 mg/L. A total of 14 trench‘monitors showed
arsenic levels betweén 0.005 mg)L and 0.05 mg/L. One (1) -
trench monitor (TM-21) was not tested for arsenic due fo it
being dry. Arsenic was also tested in fluids from the SX'
Building'vault‘which measured 0.69 mg/L. Arsenic in the
Combination Stream Drain‘trénch backfill varied_ffom <0.005"

mg/L in TM-9T to 0.412 at MW-44T.

The laboratoryiresults indicate five (5) general afea; of
measurable total arsenic levels: 1) south and west of Pond 2,
ranging from 0.012 to 3.71 mg/L, 2) south and east of the
fluoride sludge basins and fluoride sludge burial areas,
ranging from 0.21 to 3.52 mg/L, 3) south' of the south
yellowcake sump afea, ranging from 0.45 mg/L to 5.6 mg/L, 4)
the MPB area, ranging from 0.052 mg/L to 0.206 mg/L, and 5)
west of the Pond 1 Spoiis Pilé,‘ranging‘from 0.013 mg/L to
0.195 mg/L. These areas are shown by the.arsenic isopléth
maps. presented in Figures 97 = and 98 for the shallow
shale/terrace groundwater and deep _sandstone/shale'

groundwater, respectively.
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‘The“wells Qith the two highest.arsenic’cbncentrations are
'shaliow- shale/terrace wells MW—42 (south of wthe south
yellowcake sump) at 5. 599 mg/L and MW 64 (east of the fluorldev
sludge storage pond) at 3,518 mg/L. Typlcally, the shallow
wells tend to show~measurabie levels of total arsenic-more

'-.frequentiy‘than the'deep'welis;

Three deep 4sandStone/shaieh:wells have_ total arsenic
ooncentrations over 2.0 mg/L. .TheseIWells, MW—S?An(2.033
mg/L), MW-SSA (2.25 mg/L), and:ﬁW¥59A (3.71 mg/L).are iocated'
at the'southnest corner of Pond 2. 'Thejremaining4groundwater

sampies show total arsenic concentrations below 0.8 mg/L.

7.4.3.14 Organlc Analytlcal Results'

On‘March 7 and 8, 1991, SFC 1n1t1ated a program to- sample
select monltorlng wells at the - Sequoyah Fa0111ty and analyze
‘:the groundwater for a w1de range of volatlle and seml-volatlle
organlc compounds. Prior to sampling, BSA4and SFC initiated
"a progranm to-identify locations where,organic chemicals may
have been stored,or used. in the SequOYah Facilitj process.
Based upon this review, a total of elght (8) groundwater
monitoring wells were selected (1nclud1ng upgradlent well MW-
~7) for analyses of volatlle and/or semi-volatile- organic
oompounds. The locationsvof thelwells selected for‘organic “
analyses of groundwater are shown‘on‘Figure'96; In addition

to the Sequoyah.Facility review, RSA and SFC evaluated the
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types of organic chemicale-ueed ‘in the Sequoyah Facility
pfocess to determine'if additionai~organics were'identified
that did not appear on a typical priority nollutant volatile
or semi-volatile parameter lists. Based upon this-review,.it_
was determined that n-hexane and tribﬁtylphoephate should be
analyzed in addition tevthe priority poliutanﬁlvolatile and

semi-volatile parameter list.

The groundwater eamplee'weré collected on_Marcn 7 and 8, i991
by RSA personnel using strict ~EPA groundwater samplinq
pfotecol for organics.. The grdundwater samples were analyzed
for priority pollutant organies by Barringer Laboratories of
Golden,  Colorado using EPA ‘gas ehromatograph/mass

spectrophotometer (GC/MS) test methods 624 (volatiie organics)

and 625 (semi-volatile organics); The priority pollutant
organics parameterﬁlist includes thirty-eight (38)Avolati1en
organic compounds and sixty-five (65) semi—volaﬁile compounds

that are commonly monitored 1n effluent and waste streams
under the Clean Water Act. The GC/MS test methods used
provide reliable 1dent1f1cat10n for a wide range of organlc‘
compounds and are ‘best suited for analysis of a long or
complex parameter list, when eignificant interferences are

preeent or when little is known about a sample..
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Volatile Organics

The results of>the priérity pollutant volatile ééan on‘eight
(8) wells (MW-_7,' Mw—io, MW-12, MW-14, MW-25, MW-50A, MW-59A,
and MW-2301B) at the Sequoyah Facility show thaf a total nf
four (4) ?olatile nrganiCS were detected, aswshown in Table
- 73. Méthylene chloride (dichloromethane) was detected in
groundwater from weils MW-10 and MW-25 at levels of 3.73 ©“g/L

or parts per billion and 0.82 ug/L, respéctively. Methylene
chlbride 'is a very common laboratory dontaminant and the
leyeis noted in groundwater from wells'MW-lovand MW—25 fall
within the ranges cbmmonly seen for laboratory contamination
by methylene'chloride.b These levels of methylené chloride, if
actually present in the groundﬁétér, are very low ‘andi
represent no environmental hazard at the Sequoyah Facility.
Chloroform was detected in well MW-10 at a level of 0.95 ug/L.
Again, chloroform is a common laboratory contaminant and the
level ‘'noted at 0.95 pg/L is ﬁell within. ranges comnonly
associated with 1laboratory contamination. This level of
chloroform, if actually present in the groundwater, is very
low .and represents no enVironmental’hazard at the Sequoiah
Facility. A third volatile organic deteéted in lthé
groundwater (well MW-12) was trichlorofluoromethane (Freon 11)
at 219.1 ug/L. This compound was found in the well (MW-12)
nearest the above ground stnrage area where this compound Qas
stored. This compound is thought to have migrated into the

shallow groundwater system in the immediate area of well MW-12
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. from minor suffaéé spills. There is.no maximum édntéminénf
levels (MCLs) promulgated under the Safe Drihking'Wéter Act
for fhese ﬁhree (3) compounds (methylenelchloride,‘chlofoform,"
~and trichlorofluoromethane) and these.compounds represgnt no
“known environmental hazard to the Sequoyah Facility. The
fourth volatile organic compound found ‘'in the Sequoyah
_Facility groundwaterAwas'1,1,1—trichloroethane at 2.02 ug/L in
well MW-12 and 226.5 pg/L in well MW-14. These two (2) wells
‘are ;ocated near the area where 1,1,1-trichloroethahe was
historically stored (in SS-galloh drums) in an}above'ground
. storage shed. The 1,1,1-trichlofoethane is belieﬁed to have
impacted the groundwater only‘ih the immediate area of this
étorage shed and was likely caused by minér spillage onto the
ground surface. A maximum contaminant level for 1,1,1-
trichloroethane ‘has been established ﬁhét apélies to
community, non-transient, and non—cémmunity watér:systemé.‘
This MCL level is 200 ug/L for 1,1,1—trichlordethane; The
level found in well MwW-14 siightly exceeds fhé‘MCL; hawever,
there is no immediate envirbhﬁentalvhazard tovthéﬁsgquoyah-
- Facility. There were no other volatile'orgahics (including
hexane) which were detected in the ’Séqquah Fadility

groundwater systems.

Semi-volatile Organics

Groundwater samples were collected from three (3) groundwater

wells at-the.Sequoyah Facility and tested for the priority

239



pollutant semi-volatile parameter list of ébout 65 organic
. parameters -and tributylphosphnte. ’ Three‘ (3) priority
pollutant semi-volatile compounds wérevdetected in groundwatér
at the Séquoyah Facility, as shown in Table 73. .These three
(3) compounds were di—n—bu£ylphthalate at 0.96‘>ug/L in
upgradient and background well MW?7; benzo(ajanthracéne at
2.66 ug/L in well MW-7; and bis(2-ethylhe£yl)phthalate at 1;82
pg/L in well MW-10. The phthalates found in the groundwater
at the Sequbyah Facility are véry low and are also‘conmon
- laboratory contaminants. Pnthalates are found as plasticizers
in numerous plastic products. and _aré often  found in
groundwater.at very iow parts per billion levels. These
phthalate levels, if actually present, represent no potential
environmental hazard at the Sequoyah Facility. There is no
MCL established | for di-n-butylphthalate or bis(2-
ethylhexyl)phthalate. Thé'benzo(a)anfhracene was detected in
" upgradient and'backgronnd well MW;7 at very low parts per
billion lévels (2.66 ug/L). There is no MCL for this compound
and thisbconstituent poses no potential environmenﬁal‘hazard
~at the Sequoyah Facility. This constituent may have come from
asphalt used to pave a nearby state highway. No other éemi-
volatile priority pollutant organics were detected in the
Sequoyah Faéility groundwatef. However, tributylphosnhate
used in the SX Building nfocess was found in groundwater from
weils MW-10 at 42.01 ug/L and in well.MW-25 at 39.56 ug/L.

The tributylphosphate found in the groundwater likely
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" originated from historical spills.(pre—1983) of process fluids
onto the SX Building‘floor and seepage of thése fiuids through
cracks in concrete (prior to being repaired) and into the
subsurface. There is no MCL for this«consfituent and the léw

parts per billion levels represent né immediate environmental

hazard at the Sequoyah Facility. Groundwater recovery

programs have been implemented in the area of well MW-10 and

the SX Building (SX‘Building vault area) and should contain
and recover the tributylphosphate in the shallow gréundwater

system in these areas.

.. 7.4.3.15 Stiff Diagrams

. stiff.diagrams present groundwater quality déta'in a simple
pattern analysis that cén b.ev~us<.ad 'tb make a quick visual
compa:ison of individual chemical analyses. Stiff diagrams
~are prepared'by plotting aé milliequivalents per liter, the
major cations (Na, K, Ca, and Mg) and major anions (Cl, HCO,,
so,, and COj) 'typically foﬁnd in groﬁndWater to iéreate é
_polygénal shape. Stiff diaéfams Vere prebared for £wenty;oﬁe_
(21) groundwéter mbnitoring wells and four (4) utility trench
porewater sampling sites ‘and are shown on Figure 99. It
should be noted that nitfate was found to be a major anion in
" groundwater in several of the wells; hoWever, this énion is
not presented on the‘stiff diégrams. Referring to.Figure 99,
the stiff diagraﬁs indicate that there is >a distinct

difference in background groundwater quality type between the
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deep sandstone/shale and'the-shallow shale/terrace groundwater
systems as evidenced by the lack.of-a close pattern match
- between vbackground and upgradient monitoring wells MwW-7
(shallow) and MW-7A (deep), and MW-73 (shallow) and MW-73A
(deep). This supoorts other data which suggest that the deep
and shalIOW'groundwater systems are hydraullcally separate and

not in major communication with each other.

The stiff diagrams prepared from groundwater analyses of each
-of the twenty-one (21) wells and the other four (4) utility
trench porewater samples .were‘ compared to eachv other to
determine if there was a visualtpattern‘match which oould/
indicate similar groundwater chemistry and source areas.

‘There appears to be a general pattern match between
groundwater in wells MW-12A and MW-25A suggesting a similar
groundwater chemistryAand a similar'impact source. These two
(2) wells,'MW412A»and MW-25A, are both located near the SX
A'Bulldlng ‘A ’general pattern match’ is noted between
groundwater from wells MW-25, MW 35 MW-57A, and MW-59A, Wthh
may suggest a 51m11ar groundwater impact constltuent source.

Similar patterns are also noted between wells MW—18, MW-18A,

MW-63, and MW-63A; betweenvMW—lz andicombination trenoh well
MW-34T; and between wells MW-50 and MW-50A. The stiff
diagrams-were prepared to better visualize the major ion‘

chemiStry that is present in the groundwater at the Sequoyah :
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Facility. The analytical data used to prepare the stiff

diagrams is presented in Table 72.

‘7.4.3.16 Piper Trilinear Diagfams

One of the most common ways to visually depict groundwater.
chemical data is through the use of trilinear diagrams. This
method of visually.depiéting chémical data shows the relative
concentfations of the major cations (Na, K, Ca, and Mg) and
‘major anions (Cl, HCO,;, SO,, and COﬁAas fhey are plotted on a
series of three (3) triangleé. The trilineér diagram is
convenient for showing the effects of miking two watefs from
different‘sourcés. The mixture 6f two different waters will
plot on the straight liné joining the points. Groundwatef
samples collected from twénty one (21) monitoring wells and
‘four (4) utility treﬁch porewater monitor wells were analyzed
for the major anions and cations. Based upoh these énalyées,
three (3) separate trilinear'diégrams were prepared as shown
on Figures 100, 101,'and 102. Figure 100 is a Piper trilinear
diagram showing the major anion/cation- chemistry of the
shallow shaié/terrace depbsits. bThere is no overall dominant
anion or .catidn vconsistently ‘present in the vshallow
shale/terrace groundwater system. The.trilinear diagram for
the deep sandstone/shale groundwater system also shows no
consistent domihant groundwater type. However, groundwatér
from background and upgradient_monitorihg welis MW~-7A and MW-

73A indicate that bicarbonate is the major anion. A review of
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Figure 101 1nd1cates that most of the deep sandstone/shale .
groundwater samples fall on a straight line runnlng from the~
bottom to the top of the page., This may 1nd1cate that the
_groundwater types are a result of m1x1ng of water 51m11ar to
.'that found in groundwater from well MW-73A (background) with

other,waters.found at the Sequoyah Facility.

Water found in the utility trench.hackfill generally has
caICium'as the dominant*cation and bicarbonate as the dominant
anion. The trilinear diagram for the utility.trench‘porewater
is shown in Figure 102. | |
:

The trilinear diagrams were prepared to determine if there
were any specific patterns: in the groundwater chemistry
between the shallow shale/terrace deposits groundwater;‘deep
' sandstone/shale groundwater, and' the utilityh " trench
porewaters. Although there are some similarities between the
water systems,vthere appears to be no dominant-patternbbetween

' the‘water systems tested.

7.4.3;17-'Miscellaneous Groundwater:Samplesv

Water samples‘were also taken from six (6)’open_horeholes'in
the MPB area. These results are presented‘in Table 74 but
will 'not be discussed here since they are considered’”
‘unreliable due to lthew likely affects Qf.‘surface S soil

contamination. Also, monitor wells'have_beentinstalled near
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each of these locaﬁions and provide mofe reliable data. Water
" samples were collected from these open boreholes per direction:
of the' NRC on-site‘ representative. RSA had previously
recommended against sampling grounanter from open bofeholes
due to possible cross contamination and the unreliability of

the data.

7.4.4 Geochemicél Modelling of Sequoyah Faéilify
Groundwéﬁér and Utility Trench_Poreﬁafef =

' 7.4.4.1 V Introductioh’

The purpose of this part of the.invéstigation-is to determine
the relative mobility and speciés‘of‘uranium contained in
groundwater, soils; and utility treﬁch porewater at the
Sequoyah  Facility. The objectives include: 1)
charaéterizationvof dissolvéd.uranium'concéntrations in trench
backfill porewater, shallow shale/terréce groundwater, and -
deep sandstone/shale groundwater; 2) define the migrétion
potential of uranium;.and 3) evaluate uranium geochemistry

along the groundwatef-flow path.

Porewater samples were collected from four (4) trench monitors
and monitor wells completed withiﬁ'utility trehches, including
the combination stream trench. In addition, twenty-one (21)
groundwater samp1e§ were collected_ from the shallow
shale/terrace groundwater system and the deep sandstone/shale

groundwater system. A map showing the locations of thé wells
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sampied ié' presented as Figure 103. . These samples were
analyzed for major cations and anions and‘trace elements, -
‘inclﬁding uranium and other solutes. Parémetefs méasﬁred.in
- the field included pH, Eh, temperature, carbonate, bicarbonate
- and hydroxide alkalinity, specific conductance, and dissolved
oxygen. The analytical data from the field measurements are
presented in Table 69. The major anion and cation énalytical _

results are shown in Table 72.

. Geochemical modeling, using the computer code PHREEQE
(Parkhurst et al., 1980), was used to eValuate the transport
and fate of diséolved uranium a£ the SeQuoyah Facility. Tﬁe
program solves éimultaneous equations describing equilibrium-
chemical reéctiops that may occur in a given water. From the
input of solution analyses, PHREEQE computes the activities of
complexed and free ionic species, neutral ion pairs, and
distribution of ionic species. The model then calculates ion-
activity products (IAP) and compares thevIAP to the solubility
products (Kt) for the minerals and solid compounds contained
in the database. The relative dégree of . saturation is
ﬁeasured by the saturation index (SI), which is defined as the
log,, (IAP/Kt) . These calculations are useful to determine

solution-mineral equilibria for dissolved uranium species.
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For meaningful model simuiatiens, it ig impprtant'that the
:therﬁochemicai‘database is accurate:apd inﬁernally consistent.
The databaée.contained in PHREEQE ie the-samevas ﬁhe_database
developed for WATEQ2 (Bal;.et'el., 1989). This database has

been critically reviewed KNQ;thavand Pearson, 1983).

7.4.4.2 Geochemistry Study

Geochemical modeling using PHREEQE was performed to assess the .

mobility of uranium at the Sequoyah Facility. Groundwater
samples were collected from the following monitor weils and
utility 1ine'trenches (T): MW-7, MW-7A, MW-10, MW-10A, MW-12,
MW-12A, MW-18, MW-18A, TM-20T, MW-25, MW-25A, MW-34T, MW-35,
MW-50A, MW-57A, MW-59A, MW-63, MW-63A, MW-65, MW-73, MW-733,
and MW-RW-1T. An additional semple was also collected from
the SX Building veult. Samples obtained from these locations

were used as input to PHREEQE.

7.4.4.3 Investigation Results
Results of water quality data are reported in Tables 75 and

76. Dissolved concentrations of calcium, fluoride, iron,

phosphate, sulfate, silica, and uranium were used as input

analytes for geochemical model simulations. Field parameters
‘including cafbonate alkalinity, pH, Eh, and temperature were
also.used in the simulations. The Eh, pH, tempereture,}and
dissolved uranium and ligand (fluoride, sulfate, carbonafe,

- phosphate) concentrations are required input parameters for
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PHﬁEEQE for calculating the distribution of uraniﬁm (U(IV) and_
U(VI)) species. ‘Lindberg and’Runnells (1984) discuss the
difficulties associated with Eh measurements in natural waters
due to the lack of internal equilibrium between redox couples.
Therefore, the.fieid.Eh measureménts are considered as an

approximation of redox conditions at the Sequoyah Facility.

Results of speciation calculations for uranium are provided in
Table 75 in which uraﬁyl carbonate and 'uranyl phosphate
complexes are predicted to dominate. These anionic éomplexes
are soluble (Langmuir, 1978; Longmire, 1991f aﬁa have been
observed "~ to undergo limited adsorptibn onto ferric
oxyhydroxides under laboratory conditions (Tripathy, 1984; Hsi

and Langmuir, 1985).

Precipitation of U(VI) minerals results in partial removal of
uranium ffom solution. This partial removal is due to the
rélatively high solubilities of U(VI) minerals. ' Results of
saturation index calculations are summarized in Table 76. 1In
most instances, the groundwater samples are predicted to be
undersaturated with respect to uraninite, amorphous UO;,ILOW ‘
tgow_ coffinite, UF,, UE@Z;SHgL U(HPO,),, ningyoite, UO;,
gummite, B-UO,(OH),, schoépite, -rutherfqrdine,} H—aufunite,~
uranophane, bassetite. Therefore, these minérals generally
are not expected to precipitate from solution, based on

results of the computer simulations. Subsequently, elevated
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cbndentrations of uranium persist\ in’{grqundwater_ at the
Séquoyah Facility. Groundwater samples obtained from Mw-10,
MW—léA, and MW-RW-1T, however, are predicted to be in'near
equilibrium (SI = +1) or oversaturated.with respect to U0,
U,0,, 'B-Uozﬂnﬂz,'jschoepiﬁe, rutherfordine, uraninite, and
USio,. Groundwater froﬁ well MW-25 is near equilibrium (SI =
+1) with respect to B—Uozunnz, séhoepite, and rutherfordine.
Results of the SI calculationé for these monitor wells (erio,
Mw-12A, MW-25, and MW-RW-1T) suggest that uranium is possibly
being removed from solution through precipitation processes.
A'sample taken from the SX Building vault is predicted to be
at near equilibriﬁm, or oversaturated with: respect to B-

UOZ(OH)'.Z, rutherfordine, schoepite, UOZAM', U,0,, AUv308, and
uraninite according to the geochemical simulations. It
appears that in areas where high dissolved uranium
concentrations are found, sﬁch as'grbundwater from wells MW-
'10, MW-12A, MW-25, MW-RW-1T, and the SX Building vault, there
- will likely be some'preCipitation of uraninite, U,0,, thM‘B—

U0, (OH),, schoepite, and rutherfordine.

Most groundwater saﬁples_are'prediéted to be,oversafurated
with respect to ferric oxyhydroxide, a strong adsorbent for
uranium. Partial removaliof'uranium from solution through
adsorption reactions.is possible in the presence of ferric
oxyhydroxide at the Sequdyah Facility. - Further

investigations, however, are required to quantify this removal
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process. Other potential adsorbénts include clay minerals and -
solid organid matter. Furthefvpetrographic analyses are

required to establish the presence of these adsorbents.

Resﬁlts of the_saturation.indéx calculations indicate that
groundwater generally is>undersaturated with respéct to uranyl
minerals and that dissolution of these minerals is predicted
to occur. Since these uranyl minerals havé avhigh solubiiity,
it 1is 1likely that elevated concentrations  of ﬁranium will

..

remain in the solution.

Grbundwater is predicted to bé_oversaturated with respect to
_'Fg(OH)3, which is an important adsorbent for uranium. It is
possible that uraniuﬁ may be partly reﬁoved from sqlﬁtion
through ‘adsorption processes at the Sequoyah Facility.
Furthef | laboratory leach studies . and mineralogical
chéracterization are réquired to quantify uranium femoval due

to adsorption.

- 7.4.5 Results of Soil Characterization Activities
7.4.5.1 FEI Unit Characterization Results |
Bésed upon soil samples collected from boreholes BH-l through
BH—98 and the ninety (90) unit soilvcharacterization borings,
isépleth maps of the uranium.content in soils wefe prepared -
,fof the 0 to 1.0, 1.0 to 5.0, 5.0 to 10.0,»10.0 t§ 15.0, 15.0

to 20.0, 20.0 to 25.0, and 25.0 to 30.0 foot depth intervals.
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The soil analytical data is summarized in Tables 29, 43, and
44. The locations of all chemical characterization borings

" are shown in Figure 38.

The isopleth maps'showing the total uranium levels in soil
were conservatively prepared by taking the higﬁest uranium
levels detected in sdils over the specific soil interval_and
. contouring this number. There is a Sequoyah Facility EAL for
‘uranium in soils of 40 ug/g and this value and the backgroﬁnd
uranium level of less than 5 pg/g will be used in comparisons

to analytical data.

The sbil uranium isopléth map (Figure 104) for the 0 to 1 foot
depth interval indicates that there ié impact over the
Sequoyah Facility EAL centered mainly in the SX Building,
sanitary lagoon, north ditch, and emergenéy basin areas.
There is also uranium detected above the EAL south of the MPB
and near the initié1 1ime neutralization‘area (Unit 3). Most
of the uranium is found in the uppér six (6) inches of soil

and most is found within the RAB.

Figure 105 shows thé soil uranium isopleth map for the 1 to 5
foot depth interval. This map generally ~shows that the
uranium 1éVels tend‘to decrease in concentration~from the
uranium levels measured in the 0 to 1 foot interval. The 1 to

5 foot soil uranium isopleth map indicates that there is only
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‘one»(l).area outside the RAB‘where ufanium was detécted over
40 ug/gvacross,this‘depth interval and this was.in the Unit 3
initialllime neutralization area. There were several areas
where uranium levels in soils exceeded the EAL of 40 ug/g
within the RAB.  These were mainly in the MPB area, the S8X
Building‘area,‘and the aréas'around the émergency basin,

sanitary lagoon, and north ditch.

There is a dramatic decrease in the areal extent and the
levels of uranium found iﬁ the soils in the 5 to 10 foot depth
interval. There are no areas outside the RAB where. uranium
was detected above 4d~ug/g as shown on Figure 106. The
uranium found in soils in this depﬁh interval were located in
the sX Building area, the MPB area, the incinerator and
contaminated equipment burial area, and the area west of the
emergency basin near BH-47. The only areas. where uranium was
detected above 40 ug/g was in BH-16 (225-1561 ug/g), BH-17
(13-966 ug/g) and BH-27 (828—7940 Lg/g). These borings are

all within the RAB.

The uranium isopleth‘map for soil found in the 10 to 15 foot
depth interval is shown in Figure 107. This isopleth map
indicates that uranium occurs in soils over 40 pg/g outside
vthe'RAB at BH-9 (southwest of the MPB). The only other areas
where uranium in sbils excéeded the 40‘ug/g levels were in BH-

3, BH-16, and BH-27, all within the RAB.
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Figure 108 is an isopleth map showing maximum uranium levels
found in soils across the 15 to 20 foot depth interval.
Uranium was detected in.three (3) borings over the 40 ug/g-
level. vThese borings are BH-9 (southwestICOrner of the‘MPB'w
and.iocated outside the RAB), BH-3 (southwest corner of’MPB),
and BH-97 (northwestfcorﬁef of cooling tower). BH-3 and Bﬁ—97

are located within the RAB.

The isopleth ma§ showing uranium levelé,in soils in the 20 to
25 foot depth interval ié shown in Figure 1@9. This isopleth
'map.indicates that there was>on1y one (1) borehole at the
Seqquah Facility (BH-3) where uranium exéeeded'4o ug/g and
this was located inside the RAB at the southwesﬁ corner of the
MPB. Uraniuﬁ was also detected above background levels in the
cooling tower areas and ndrtheast -of the conﬁaminated

equipment storage area.

Soil samples collected from the 25 to 30 foot depth interval
~and analyzed for uranium.are presented in the isopleth map
shown in Figure 110. This isopleth map‘fof total uranium
-indicates that there are no areas .outside the RAB where

‘uranium was detected in soil. Uranium was detected in soil
borings west Qf the MfB and in the cooling tower/SX Building
" area, which are all located within the RAB. There was one (1)
location where uranium exceeded the 40 ug/g level and this was

in BH-96 at 60 ug/g.
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Baééd upan the results of tﬁe soil analYSes'for uranium, the
llateral'and'vertical extent of uranium within the-85—acre
Sequoyah Facility has been defined. Thése seven (7) isopieth
maps are useful in defining areas where uranium may 5e present

in subsurface soils.

There are two (2) additional areas where SFC has requested RSA
to further characterize licensed material in Sequoyah FacilitY-
soils. One (1) area is within FEI Unit 10 (incinerator area)
and the secand area is north of Unit. 10. RSA has prepared

work plans to investigate soils in these areas.

7.4.5.2' Soil Analytical Data from Stréam Drainages

‘The soil analytical data collected by the NRC and SFC from the
-stream drainages west and south of the SFC' process and
impoundmént areas on June io, 1951 are shown in Table 51. The

soil samples were collected f:om the tenv(lo) sites (SFC-A to

SFC-J) shown on Figﬁre 39. Five (5) of the soil sample sites

were in an intermittent drainage associated with Outfall 005.

Three (3) soil samples were aollected from the intermitfent
drainage associated with outfall 001. There was one (1) soil

sample coliected from the intermittenﬁ drainage associated-
with outfall 004, and one (1) sample was collected from soils

. along the headwaters of Robert S. Kerr Reservoir. Based upon
- these results, there were two (2) soil samples, SFC-D (46

pg/L) and SFC-E (220 ug/L), where uranium levels exceeded the
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' Sequoyah Facility EAL of 40 ug/g. Both of these samples are

in the intermittent drainage associated with oOutfall 005.

The soil samples'collected in June 1991 were'also compared to
Apre?ious soil samples collected in 1986. The results of this.
comperison indicate that the uranium levels have decreased
substantially when compared to uranium levels found in‘soils

collected in 1986 at nearly the same locations.

SFC has requested that RSA prepare a Technical Work Plan to
" further evaluate the so0ils in all of the intermittent

drainages.

'7.4.5.3 Soil Analytical Data‘From Miscellaneous Areas

There were several miscellaneous areas where soil samples were
collected and analyzed for ﬁranium, nitrate, and fluoride.
One (1) of these areas was near the.south yellowcake sump
(Unit 16). - Soil samples were collected from the east side of
the south yellowcake sump within the fill that is adjacent to
the coﬁcrete; These so0il samples had uranium levels that
ranged from 8.7 ug/g to 230 upg/g, which exceed the EAL of 40
ug/g. The analytical data'for.Unit 16 is presented in Table

46.
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There;wére several bther areas at the>Sequoyah;Faci1ity’Where
soil samplesvwere'coilected (by_SFC personnel) and analyzed
for uranium, fluoride, and nitfate;' These»areas are listed in-
Table 47. The most significant finding was that high uraniﬁm
levels were found on the inside scale of the laundry:pipe at

levéls of 134 mg/g.

7.4.5.4>' Pond Sediment Sample Results

‘"The results of the impoundment sediment sampiing prograﬁ for
the sanitary lagoon, emergency basin, north ditch, decorative
pond, and ammonium nitrate lined pond 3E are discussed in thié

section.

The analytical data for sediment and water found in the
Sequoyah Facility Decorative Pond is presentéd.in Table 48.
These data indicate that uranium was detected in the pond
sediments at levels ranging from 10 ug/g to 25.5 ug/g, and the
water at these same locationsvhad uranium concentrations that
ranged from 6.4 pg/L to 11.5 pg/L. . The low leveis of uranium

' in the water suggest that the uranium in the sediments is not
being solubilized into the water and may be adsorbed onto

organics in the pond sediments. .

The uranium in the sediments from the sanitary lagoon has
uranium levels ranging from 10.7 mg/g to 24.2 mg/g and water

samples collected at these same locations ranged from 2.85
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mg/L to 4.17 mg/L. The‘pH of the.sanitafy lagoon water ranged
fron 9.2 to 9.3. The uranium in sediments from the emergency-
basin ranged from 4.7 mg/g to 7;9 mg/g and fhe uranium in
water at these sample‘sites ranged from 11.2 ng/L to 11.7
mg/L. The pH ranged from 10.7 to 10,8. The uranium in
sediments in the ncr£h~ditch ranged from 0.9 mg/g to 1.5 mg/g
and the uranium in water ranged from 7.75 mg/L to 8.24 mg/L.

The pH of water in the north ditch ranged from 8.9 to 9.1.

Surface' water samples and »sediments obtained from the
decorative pcnd, emergency naein, eanitary lagoon, and north
ditch contain'vafiable.amountsdof uranium, which may be the
result of the adsorption/descrption procesees.‘ For example,
' the sedimenﬁ:water ratio of uraniumyvaries from 1563 to 2365
for samples taken from the‘decorative-pond. These surface
water samples are characterized byAnear neutral pH values.
Conversely, samples from the emergency basin and north ditch
contain sediment:water ratios of uranium from 116 to 705.
- These samples are characterizedAby-alkaline pH values ranging
from 9 to 11. This suggests that uranium adsorption onto
sediments is greatly enhanced at near neutralpo values, which
istin agreement with experimental reeults reported by Hsi and
Langmuir (1985) and Longnire (1991)., Adsorbents nay inclnde
solid organic mattef, clay‘minerals; and Fe(OH),. Also, due
to the alkaline pH in the sanitary lagoon, north ditch, and

emergency basin, uranyl carbonate complexes may dominate at
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the higher pH and the uranium in the sediments may be

desorbing into the water.

The analytical results frém the amﬁonium nitrate lined pond 3E
sediment sampliﬁg aré presénted'in'fable 50. These data
indicate that relativelyihighilevels of fluoride, uranium, and
~nitrate are contained in the pond sediments. The uranium
va;iesrfrom 0.99 mg/g to 5.15 mg/g, fluoride varies from 0.35°
mg/g to 0.82 mg/g, and nitrate Véries froh 2.16 mg/g to 7.7"
mg/g. The radium was ldw_at 0.5 to 1.6 pCi/g and the thorium-

230 varied from 1.4 pCi/g to 22 pCi/g.

7.4.5.5 - Comparison of Uranium in Soil and Groundwater

RSA and SFC evaluated groundwater analytical data for total
(inééluble) and dissolved (éoluble) uranium and compared these
levels to uranium levels found in soils for both'the shalldw
shale/terrace and deep sandstpne/shale groundwater systens.
This comparison involved calculating ratios of tofal and
disSolved uranium in groundwater to soil uranium-levels. " The
uranium leQels.in groundwater‘and soil Waé also blotted in
graphic form as total uranium levels in groundwater versus the
highest uranium level in soil observed in the saturated zone
for groundwater in the shallow shale/terrace weiis and the
déep sandstone/shale wells.. -Graphs were also prepared
eValuating the'average levels of*uranium in soils in the zone

of saturation; however, these graphs were very similar to

{
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those'prepare@ for the highestvlevels which are shownAinv,‘
Figures 111 aﬁd 112. These graphs are shown in Figure 111 forf
the sﬁallow shale/terrace-groﬁndwater and in Figure 112 for
the deep sandstone[shale groundwater. There was no specific
ratio observed between uranium levels in soils and dissolved
or soluble uranium in Qroundwater. There was also no apparent
relationship showh on Figures 111 and 112 between total

uranium in groundwater and uranium levels in soils.

‘7;4.5.6 Soil Headspacé Gas Survey Results

Soil headspace gas measuremenrs’were'taken on most of the soil
samples collected during the Sequoyah“FaCility unit soil
characterization program and durihg‘the 1i£hological boring
'program. The’soil gas_survey data was colleqtéd'to_ﬁrovide
initial screening of soils to determine if hydrocarbon impacts
were evident. Referring to Table 52, there were fourteen (14)
borings -where hydrocarbon vapors were  detected above
background levels. These borings were BH-18, BH-19, BH-24,
BH—25, BH-43, BH—45, BH—SOQ'BH—SZ, BH-53, Bﬁ-57, BH-62(>BH—86,
BH-88, and BH-92. The hydrocarbon detected in borings BH-18,
BH-19, BH-24, BH-25, BH-86, and BH-88 are likely from asphalt.
roadways or pavemént which was currently or historically
present in these areas. Thenlow OVM'readings recorded in
borings éH—43, BH-45, BH—50,'BH—52,vBH—53,’BH—57, BH-62, and
- BH-92 are generally present‘in‘ﬁhé‘upper 2 to 3 feét of the

'soil profile. The highest ovM reading in these borings occurs
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‘iniborehole BH~43 at 6. ﬁyppm at the 2”0”to 2.9 foot intervalr

(the soil 1ntervals above and below the 2 0 to 2. 9 foot depth.v
were zero) ‘The levels noted 1n the above llsted borlngs arer
. very low and are very near background levels recorded in the
‘Sequoyah Fac111ty alr:and, therefore, do not’ represent‘any

significant organic impacts.

" Soil fromlthe_unitisoil characteriaation borings.was also
analyzed forv the presence of volatile ,organics, ‘Volatlle)
- organics were detected in‘fivehKS) of the.nlnety (90) unit’
soil characterization borings, .These were borinos Scflbl,'SC— l‘
1l5, sC-212, SC—283,vand_SX-B'andﬂthe OVM soil gas hydrocarbon
levels Werevall belov 3.0 ppm (eXcept SX-B)»and'typlcally were.
found in- the upper one (1) to three,(3) feet of soil.g_The'
highest‘soil gas hydrocarbon readings were‘detected in unit
‘;characteriZation’boring‘SX-B at 117 ppm from the 2.5 to 5.0
foot deoth interval.A ‘This well'isllocatedhsouth’of the,/-
‘,coolingAtower in a‘roadway.';It is possible,that vehicles'
'couldhhaVe causedfa minorlhydrocarbon impact.inbthis:area. No.
‘,organic impact to soils/gronndwater in the’SX’Buildingvand,MPB
area was ev1dent based upon OVM 5011 gas readlngs. They arev
the most 11ke1y ‘areas where hydrocarbon 1mpacts could have
voccurred; however, none were found. The OVM 5011 gas data for

‘the vault characterization borings are presented in Table 45..
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7.4.6 Pre- Ex1st1ng Sequoyah Fac111ty—W1de‘:Groundwater
Monltorlng System Rev1ew |

Thls sectlon summarlzes the response to Item No. 4 of the OML

wh1ch requlres examlnatlon of groundwater monltorlng well data -

existing prlor to September 24 1990 and determlnatlon of the
‘fadequacy of the assoc1ated monltorlng well program to 1dent1fy'
llcensed material mlgratlon from the MPB ’ ThlS response was
accompllshed by completlng Tasks 4 1 4. 2‘ and 4 '3 of .the FEIl
“_Work Plan. In addltlon, RSA and SFC have gone well'beyond the
-OML and have’ conduoted . a ureview4 of the.’pre4existlng
»groundwater monltorlng program at all areas 'in the Sequoyah'
‘ Fa0111ty process area, which 1nclndes,the ammonlum nltrate_:

‘llned pond areas (Unlt 24).

' A review of’all available'groundwaterfquality; geological, and
: monitoring_well completion recordS'was'performed to evaluate
the :suitability_‘of  the ;pre—existing' (i;eQ,_.prior tovdMPB

investigation = being:: 1n1t1ated on September 24, 41990)

_ _groundwater'monltorlng'well network and assoc1ated groundwater’

:;quallty data for use in’ monltorlng the groundwater in the MPB
and SX Bulldlng areas{ In addltlon RSA and SFC reviewed
-g51m11ar data for other ‘areas of the Sequoyah Fa0111ty,
: fpartlcularly data from those monltorlng wells as5001ated with

the various FEIEunlts.,
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Approximately 115 prefexisting'groundwater monitoring‘wells
had been installed:at the Sequoyah Facility'since the late
1970’s. A vast majority (approximately 93)'ef the monitoring
Wells_were in the surface impoundnentbareas (Pond 2 and the
ammonium nitrate lined ponds) located west and south of the SX
. Building andtMPB." Approximately,42‘of the 115 wells have been
plugged‘for;a variety»ef reasons. . Of ~the approx1mately 73
. pre- ex1st1ng'groundwater'monltorlng'wells remaining, there are
no wells located within 650 feet of the MPB. The nearest pre-
existing monitoring well to the‘SX Building is Well number MW-
' 23023, which is located approx1mately 400 feet to -the
northwest. Well MW-2302A is also the nearest well to the MPB
and is located approximately 650 feet to the northwest.‘ None
of the pre-existing groundwater monitoring wells can be»used
to directly nonitor and detect petential qrdundwater quality.
impacts occurfing in the SX Building or MPB areas. Thefefdre,
in response to Action 4 of the OML, it is concluded that the
pre-existing groundwater monitoring well program was.not_dne
that would:have identified migration from the MPB and SX
Building. As a result, duting the MPB and FEIIinvestigation,
SFC has.installed a droundwater mpnitoring’system~adequate'to
identify migration of_lieensedfmaterial and dther‘constituents’
from the MPB and SX Building : ThlS system is descrlbed in
detail in Section 7.3.10. A map show1ng all wells 1nstalled
(existing and plugged) prior to September 24, 1990 is showh in

Drawing 22.

262



Other FEI units.identified that had pre-existing manitoriné
wells associated with fhem,includad FEI Unit 6 (Emérgency'
Basin) aﬁd Unit 11 (Drainages around north ditch, emergency
basin, and sanitary lagooﬁ), in which eight (8) ﬁonitoringv
wells existed prior fo September 24, 1990. TheraVWere four
(4) pre-existing monitoring wells associated with Unit 17 -
(Clarifier Pond Area); three (3) monitoring wells associatéd
with Unit 13 (Fluofide .Sludgé Storage Pond) and Unit 15
(Fluoride Sludge Burial Areas); thirty-four (34) wells
associated with Unit 24 (Ammonium Nitrate Lined ands);_aﬁd
about fofty-four‘(44) waiia associated with Pond 2. oOut of
these 93 wells, there are presently}(June 17, 1991) 63 wells
- in existence, and the remaining wells have been plugged. Most
other wells at the Sequoyah Faciliﬁy are associated with the

fertilizer spreading operations.

A review of the'pre-exis;ing groundwater»ahalytical data from

wells associated with the above-listed FEI units indiCates
Athat there was generally Closé.agréement of this data to
groundwater quality data collected from wells installed sihée
Septeﬁber 24, 1996 into‘the same zone in the same general
areas as the pre—existihg wells. Itiappears that most of the
pre-existing wella did an adequate job of monitoring the
.groundwater quality near the FEI units noted above. However,
there were deficienCies‘with aoﬁe wells having inadequate

surface and borehole annulus seals which may have caused cross
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'commuhication_‘ between surfacé - water runoff | ahd. thel
groundwater; Manyfof theseAwells:éléojlacked eitﬁer wéll
completion .details; .iithological detailé, -or: both, énd_
therefore proper writtéﬁ documentation was not maintained as
fo which zones these 'welis were mbﬁitoring.4 Following‘
driilihg of the lithological borings and inétallation.of weils
since September 24, 1996,‘it'was detérmined'that most of.thef
_pre—existing. wells were installed into either the deep
saﬁdétone/shaie litholégical sequenée or the shallow
shale/terrace deposits. These are'the‘same,zoﬁés iﬁto which
}the post September 24, 1990 wells were iﬁstalléd. Based upon
ﬁhis review, most of the pre-existing Wélls installed around:
FEI Units 2; 6, 11, 13, 15, 17, 18, and 24 were adéquate for
water-quality monitoring; however, many of thése wells ladkédv
good énﬁular seals and proper constfuction and lithological
documentation and, therefore, wéregupéraded'and replaééd‘as
part of the FEI unit- investigétions. | Thé pre—existing

ﬁonitoring well network instéiled around Unit 24 (ammonium
nitrate .1ined ponds) presently  appe§rs, tof be jadequate;_
' howeQer, this monitoring Qeli network ié.curfently undergoing

review.

7.4.7 "gX Sand Wells" Data Review
In early March 1991, RSA was asked by SFC to review the data
presented in SFC file "R-16, SX Sand Well Results". In

addition to this review, RSA conducted a field survey on March
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11, 1991 to identify the location and construction details of

the "SX sand wells".

The "SX sand wells" are actually 2-inch diameter steel;pipes
thaﬁ were apparently"installed into the->utility tfenéh
backfill sand sﬁrrounding the firewater pipe'.lines that
‘surround the SX Building. Based upon hist§rical records, it
appears that four (4) of these steel pipes,(opén §nly at
bottom) were placed into the‘firewater trenéh-sand backfill
prior to January 22, 1976. Thé iocations of the.fiféwater
pipeline trench monitors are shown on Figure 37 and DraWing 21
and are designated as Fire Station 2 (NE from SX Building,
Fire Station 3 (NW of SX Building), Fire Station 4 (SW of SX
Building), and Fire Station 5 (SE of sX Building). There were
no records to indicate that_Fire Stétion 1 was evef instalied
or monitored. The monitoring pipes were instélled into the
sand backfill surrounding the firewater pipelineé‘and extendéd‘
to depthé_ 6f between 2.93 to 5.08 ’feet below {gfdﬁnd as
measuréd‘ on March 11, 1991. fire Statioﬁ 2:‘(NE’ of sX
Building) was removed in November 1987 during éonstruction
activities in the area and, therefore, thexexact depth of this
monitoring pipe is not known precisely, but should have been
installed to similar depths as the other mpnitoring~pipes.
The wéter levels measured on March 11, 1991 in the‘three:(3)
rémaihing monitoriﬁg pipes all indicated that‘the;e was water

in the firewater line trench backfill sands and that the water
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levels varied from 2.72 to 3.3 feet from ground level.
Details of the monitoring pipe _depths and water level

measurements are shown in Table 77.

Recordé indicate that water saﬁples have been collected from
all four (4) monitoring pipeé on a monthly frequency beginning
oﬁ January 22, 1976 and enﬁing on ﬁay»4, 1989 for all ﬁfire
station monitoring pipes exceﬁt Fire Station 2, which was
monitored on a monthly frequency beginning onvjanuary 22, 1976
but ending on September 30, 1987vdue_to its‘fémoval during
Sequoyah Fécility construction activities on November 2, 1987.
The water samples collected from these monitofing.pipes were
analyzed for total uranium; nitrate as N, and pH. The
. sampling data for theée fire station monitoring pipes-have
“been summarized in Table‘78; In addition, all‘anélytical data
on total wuranium and nitréte have been plotted out in
graphical form for the pufpose of evaluaﬁing potential trends
in the data over time. These graphs are presented in Figures
113, 114, 115, 116, 117, 118, 119, and 120. In general, there
appeared to be .a sudden'_increase .in uranium levels- in
porewater in these ménitoring pipes during mid to late 1978.
it is believed that this increase correlated to a‘specific
release that occurred in the MPB Building area during this
time period. The wuranium iévels’abpear to have gene:ally
increased or stayed level to.asout 1981 when they stérted to

show a decreasing trend in uranium concentration to about
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= éérly 1986.‘ At that time the uranium:agaih indicated an
-ihcreasingvtrend.A This tfend of increasing uranium began in
'about’Januaryvléss, increased‘bfiefly over the next coﬁplé of
 months, then‘declined steadily. _This increase.in ufaniﬁm in
January 1986 is‘ﬁhought to be‘rélated to the January 1986'UF6

cylinder release.

The nitraté-levels in the "SX sand wélls" (except Firé Station
4) generally indicated elevated nitrate levels since records
pf monitoring began on January 1976 ahd continued until about
1984, when. the nitrate leveis declined. However, at Fire
‘ Station 4:the hitrate levels increased again in January 1986,
possibly in relation to the UF, qylinder release response

actions.

' Based upon RSA’s review of the "SX sand well" data, prior
knowledge of this data by RSA would not have significantly
vinfluenced or changed the scope of the environmental
investigations initiated by RSA on September 6, 1990 in the SX

Building and MPB areas.

‘The "SX sand wells" are not currentiy being monitored. SFC
has_ installed several utility trench monitoring stations in
the sX Building yard‘and these are cﬁrrently péing sampled and
fluid is being recovered on a weekly freqﬁency. Some of the

utility trench monitoring stations (TM-10T, TM-11T, and T™-
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'23T) 1nsta11ed in August and September 1990 monltor the same
flrewater llne as the "SX sand wells" These trench monltors"
prov1de access to the flrewater plpellne trench backflll

porewater and'therefore'the "SX sand wells"'are,no longer

" needed. SFC will preperly plug and abandon the ﬁSX sand :

wells" upon obtaining approVal from‘the NRC.

268



FETI CONCLUSIONS AND FINDINGS SUMMARY

8.1 Introduction

SFC finalized the compfeheﬁsive FEI Work Plaﬁ on October 15,
1990. Comprehensive ‘environmental investigations-'weré
performed at the Sequoyah Facility during the'subsequént hiné"
(9) month timeiperiod thrOugh iuly, 1990. The FEI activities
and findings have been presented in detail in the previous
sections of this report. This section provides a summary of

the principal FEI findings reported.

8.2 Past and Present Operations, Historical Information
Review
The FEI identified 28 past or present operational units at the
Sequoyah Facility for investigation. These units are all
located on an approximate 85-acre parcel of land, weli within
the SFC propérty boundaries. The histofical inforﬁation
obtained from file searches and interviews was présented. The
units include process areas and buildings; the surface Waféf
"management system;-impactéd séils, materials, aﬁd discarded
equipment storage areas}‘aétive and inactive impoundﬁents;3
impacted drainage areas; and.underground utilitieé. -These
units have the potential for releasing licensed materiéi to

the environment at the Sequoyah Facility.v
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"8.3  Facility Process Flow and Process Stream Characterization
‘A detailed SequoyahuFacility'procéss flow and proqess'stream
‘evaluation was completed'to_prOVide’a reference for assessing

‘releases identified in the FEI and for identifying potential

" release sources and constituents.

. The primary process at the Sequoyah Facility'is the conversion
-of uranium ore concentrate to uranium hexafludride (UF¢) . The
uranium ore concentrate 1is dissolved into_ solution and
processed to extract'and concentrate uranium. The uranium is
transformed to various oxidized states throughout the process.
Other chemi¢a1 compounds, including principaliy nitric acid,
hekane, tributylphosphate, and hydrogen fluoride, are utilized
in “the proddction process. A secondary process at the
Sequoyah Fécility is the production of depleted uranium

tetrafluoride (DUF,) .

A complete process flow diagram was developed and verified for

the Sequoyah Facility. From the process flow assessment, seven

(7) waste streams (i.e. solids/sludgeé) or liquids
'(wasfewatérs) were identified. These seven waste streans
include:’v | .

1. Hydrogen fluoride scrubber wastewater treated in the

fluoride treatment system and the resulting sludge
solids,

2. Sludge solids produced in the fluorine production cells,
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3. Overflow of excess cooling water,

4. Steam'condensate;

5. Sedimentation basin and water softener blowdown from the
| potable Water treatment systen, | |

6. Sanitary wastewater, and

7. Laboratory wastewater.

The SFC management practices for these waste streams are

defined and reported.

- Other constituents were identified to be present at the
facility with potential for release to the environment. Most .
notable are the miscellaneous constituents present in the

_uranium ore concentrate processed at the Segquoyah Facility.

'8;4 Facility-Wide Surface Water InVeétigation

The surface water ménagement system was..idenfified‘ as ‘a
specific operational unit for inveStigation in the FEI (Upit'
4). The surface watef exits the SequoyahiFacility at Qell—
defined outfalls which afe monitored by SFC. .Surface'wa£er, 
which is collected, routed to the Combination Stream Draiﬁ in .
conjunction with the Sequéyah Facility waste streams, and
subsequently discharged through permitted dutfall 001, was
investigated sepérately in the FEI (sée Subsectiph 8.6 fqr

summary) .
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For purpeses of . the FEI,_ a_‘cqmprehensive netﬁork of 20
monitoring stations was defined to characterize the surface
 water at the Sequoyah Facility. These monitoring sites
included all pertinent outfalls plus additional sites selected
at key transitiona1 drainage locations based on a detailed

areal topographic survey and site map developed in the FEI.

Two (2) sampling events were performed during separate
rainfall events to characterize the surface water. These
events occurred on January 15, 1991 (Event No. 1) and March 1,

1991 (Event_No. 2).

The concentrations of fluoride measured for ail monitoring:
sites during both Event No. 1 and Event No;.2 were belew the
MCL for drinkine'water (4.6 ug/L). The data indicate fluoride
does not pose an environmental cohcern for the Sequoyah

Facility surface water systemn.

Nitrate concentrations did not exceed the permit limit for the
surface water outfall (008) .in Event No. 1 and only slightly
exceeded the permit limit in Event No. 2. All other Sequoyah
Facility exit points (SW4, Sweé, and SWS)‘for surface water
| were below the SFC EAL (20 mg/ﬁ) for nitrate in both events.
Nitrate concentrations did‘consistently.exceed the SFC EAL in
“drainage'areae éenerally around Unit 18,_ﬁnit 25, end Unit 8.

The maximum nitrate concentration was 179 mg/L.
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Uranium concentratlons for all monltorlng sites were: below the
allowable 10 CFR 20 discharge llmlt for both events.  The
‘Event No. 1 uranium concentrations for all four (4) Sequoyah
Facility ex1t p01nt monltorlng sites were well below the
Sequoyah Fac111ty EAL (225 ug/L) The Event No. 2 uranlumi
concentratlons “for two,'(Z) ~Sequoyah Fac111ty ex1t p01nt
_ monitofing'sites were below the SFC EAL and slightly above the
SFC EAL at the other tWo (2) exit point‘monitorihg Sifes.‘
} Uraﬁium concentratiéns did generally exceed the SFC EAL-in the
. Unit 10 and' Unit"ll drainage areas duriﬁg' Event No. 2;
Uranium concentrations also exceeded thé SFC.action limits in

 two.(2) FEI defined drainage areas (SW7 and SW18).

Recently, SFC has constructed a small swale in a subarea of .
ﬁnit 10 to divert flow from this subarea to the North Ditch.
(Unit 9). The Unit 10 subarea is‘believed to have impacted
surfade soils present which contributed to the. uranium,

concentrations documented by the surface water investigation.
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8;5 Facilitv—wide Underground Utility Investiqation

The Facility-Wide Underground Utility Investigation
oharacterized the quantity and location of licensed materials»
in the subsurface fill soils in‘the SFC nnderground utility'
trenches. . Utility trenches backfilled with more porous'

_material' protide‘.,a ‘ potentiali‘ migration - pathway | forvv
transportingvilicensedv material ]away"from the Sequoyah‘

Facility.

From this FEI effort, a complete set of utility drawings which
locateipastland present utilities at the Seguoyah Facility was
generated. ‘ This effort also included rev1ew of the SX
Building and MPB construction draw1ngs relative to site
-geology and documented that no construction foundations or
piers penetrate the underlying upper shale unit. Twenty-seven’
(27) utility trench excavations were performed to investigate

migration potential. Eighteen (18) hYdraulic barriers and
twenty-three (23) trench monitors were installed. 'The FEI
findings document that varying levels of licensed materials -
are present in the utility trench soil and porewater. SFC has
‘implemented an aggressiVe‘correctiveiaction‘program which, to
date, has resultediin removal of 3;081>kilograms of uranium in
,excavated soils,'reoovery’Of 95,719 gallons ofvsoil porewater
containing‘ 6.6 kilograms of: uranidm~ from iutility trench
monitors, recovery of 108,295 gallons of water from the SX

.Tank Vault drain containing 322 kilograms of uranium, recovery
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of 145.1 gallons of water from the MPB digestion subfloor
. monitor containing 5.9 kilograms of uranium, and recovery of
675 gallons of water from the MPB denitration subfloor monitof_

containing 5.5 kilograms of uranium. .

8.6 Combination Stream Drain Investigation

The investigation of the Combination Stream Drain (CD) was not
one of the original principal FEI Work Plan Tasks but emerged A
during the FEI as a major component of the Facility—wide
Underground Utility Ipvestigation[ . Two - (2) - extensive
investigations of the CD'were performed‘dﬁring the FEI, one

internal and one external.

The internal investigation identified all contributing waste
steams to the CD and clarified the 6perationél dynamics of the
CD. Two (2) flow and‘Sampling eVenfs were compieted to
characterize the CD. The CD characterization investigation
determined that the méjor uraﬁium loading is from the cooling
toWer equalization basin. Along the €D, the potential sources
- of inflow with the greatest uranium concentration include the
sénitary sump and.cooliﬁg water hot sidé basin sump. The
internal' investigation aiso determinéd" no meaéﬁrablef
infiltration or exfiltratioﬁ was occurring into or out of the
CD, respectively. The uranium limit applicable to the CD
permitted outfalli(001) was never exbeeded during the FEI

investigation.
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Thevexternai inVésﬁigation of the CD tfénch backfill material
| ‘has included the installation of b-thrrée‘ (3) tfench backfill
‘monitbring wélls and two (2) porewatér‘recovery wells. The
trench backfill monitoriﬁg program has defined the levels bf
 uranium along the CD trench backfill. The uranium levels fall
below the EAL of 225 ug/LAoutside the réstrictéd area in the -
area south of thé yellowéake sump but north of Outféll_ooi.
The external investigation identified the SX Building érea as
the probable major contfibutor area of.ura.mium to the CD
trench. A porewater recovery well was insta1led,whére,the'CD
'exits the restricted area boﬁndary and this well has recovered
approximﬁfely 1.5 kilograms of uranium. There_appearsvto be
no'major ihfiltration or exfiltration of fluids into or out of
the CD pipeline. The porewater levels in the cD trench aré
below the:invért of the pipeline from the cOoiiné téwer area
to the middle of the yellowcake pad. Theréfore,‘thére cannot
be any infiltration of fluids into the CD pipeliné across this

area.
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_8.7' Unit andiGroundwater Investigations -

SFC initiatedia detailed'Facility—wide groundwater and soils
’investigation to determine the quantity and extent of licensed
'material and other. constituents in Sequoyah ‘Facility
groundwater and soils. As of July 15 1991, 'SFC ‘has installed
seventy nine (79) shalloW'shale/terrace.groundwater'monltorlng

wells, seventy eight (78) deep sandstone/shale wells, one (1)

.groundwater recovery wells, and_two (2) cD recovery wells, and .-

three: (3) Cb “trench monitoring 1we11s.’ . In addition,
approximately ninety-nine .(99) lithological characterization
borings and approximately‘210 soil chemical characterization
borings were drilled for the purpose of defining the extent
and quantity of llcensed material and assoc1ated constituents

in soils at the fac111ty.

The results .of  the groundwater ~and . lithological
characterization programs indicate that the Sequoyah Facilityn
isi.underlain by a ,thin veneer of Quaternary—age' terrace
l deposits (silts and clays) that vary.in thickness from 0O to
about 16 feet. These terrace dep051ts are underlain by the
Pennsylvanianfage Atoka formation_ which consists of "an
alternating interbedded sequence of'shale and sandstone. A
shale unit- approx1mately 6 to 20 feet thick underlies the MPB
and SX Bullding areas.. ThlS shale is underlain by a thin

sandstone unit.
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There are two (2) hydraulicélly_sepafate.groundwater flow
system present in.the ﬁpper fifty (50) feet at the Sequoyah
Facility. The uppermost groundwafer_system, referred to as
the shallow éhale/terrace groundwater, is fouhdi,in the
weathered andA fractured - shale that is in hydraulic
communication with groundwatér contained in overlying terrace
depoéits. Beneath thé uppérmost shale/terrace gréundwater
system, but ihydraulically‘ sebarated by a denSe, highly
vcemented, non-porous sandstone, is an intefbedded shale.and
séndstone sequencé referred to aé.the déep sandstone/shale
gréundwater system. The groundwater in both of these systems
flows towards the ﬁest,‘northwestp and southwest from the
eastern portion of the Sequoyah Facility near the MPB. The
groundwater flow rates vary from 5 to 16 feet per year in the
shallgw shale/terrace groundﬁater and from 8 to 112 feet per
~year in the deep sandstone/shale Qroundwater. The groundwater
flow in the shallow shale/terrace groundwater bsystems.,is
nearly identical £0"the siope of the bedrock surface
‘indicating that the bedrock sﬁrface configurétionlcontrols the

groundwater movement at the Sequoyah Facility.

There 1is iimited grouhdwater usage in'the Sequoyah Faéility
area. No majot bedrock or alluvial aquifers underlie the
Sequoyah Facility.- An area-wide wéter well survey conducted
by SFC indicatéd that noAimpacts to grouﬁdwater from Seqquah

Facility operations have occurred on area water wells. Most
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'of the water wells identified in the off-site well survey were
not in current use. There were no groundwater users noted

downgradient of the Sequoyah Facility process area.

Isopleth maps showing the le§eis‘ of nitfate, fluoride,
uranium, and total arsenic:iﬁ Séqﬁoyah<Facility groundwater
wefe prepared. The ufanium isopleth maps indicated that
limited areas of grouhdwéter.at the Sequoyah Fécility were
impacted and the impacts were generally in the MPB and SX
Bﬁilding areas. The uranium was fully defined in the shallow
shale/terrace and deep sandstone/shale groundwater ét the
Sequoyah Facility and no uranium has migrated through the
groundwatef beyond the Sequoyah Facilify property boundary.
The extent of nitraﬁe, fluoride, and arsenic in the two (2)
groundwater systems was also evaluated. The iimits‘of these
conStituents at the Seqquah Facility (nitrate, fluoride, and
arsenic) in the groundwater were fully defined in the MPB and
SX Building areas. SFC intends to expand the FEI scope and
drill additional wells west and south of Pond 2 to fully
characterize the extent of tﬁese .constituents (nitrate,

fluoride, and arsenié) in the groundwater. -

"Metal analyses of the facility groundwater indicated that the
only metals that were significantly higher than EPA primary
drinking water standards were arsenic and barium. Organici'

analyses'of groundwater indicated that 1,1,1-trichloroethane,
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' trlbutylphosphate, and”trichlorofluoromethane Were found“in
ugroundwater at the fac111ty : These organics Were'detected at
'sllghtly elevated levels and further 1nvest1gatlon w1ll be

t'conducted to deflne the extent of the 1, 1 1 trlchloroethane.

iThe 1,1,1- trlchloroethane is thought to be llmlted in areal} >

extent. _ The geochemlcal modelllng study rndlcated ‘that N
uranium ;n groundwater ex1sts.ma;nly as uranyljdarbonatevand"
_ urany1 phosphate complexes.vw These}anionic complexes are.
soluble in the facility groundwater. 4 The results of the -
“saturation 1ndex calculatlons 1nd1cate that groundwater should
Tbe unsaturated w1th respect to uranlnlte,'amorphous UOW tnow

U304, cofflnlte, UF,, URpZ!SHfL U(HPOQZ, ningyoite, UOw'

gunmite, B4Uozunﬂ2,"schoepite, rutherfordine,i H-autunite,

"uranophane, and ~bassetite;' These minerals are generally
expected not to precipitate from solution. However,itherev
were several *areas where. uranlum"' predlcted to be

| oversaturated w1th respect tolgog,thow B- UOZHﬁDZ, schoeplte,cf;
rutherfordlne, uranlnlte, and USlO4 ’ These wells are mostly
1n the MPB, SX Bu11d1ng, and Comblnatlon Stream Draln trench
areas. Uranium is llkely being removed from solutlon through
a prec1p1tatlon process 1n these areas. Partlal removal of
furan;um from: solutlon _through uadsorption w1th ferric:
.oxyhydroxide;' a' strong adsorbent for uranlum, isigalso'

predlcted to occur naturally at the Sequoyah Fac111ty
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A soil isopleth map completely defines the location of uranium
in soils within the 85-acre Sequoyah Facility boundary. Most
of the uranium found.in the soils is in the upper 5 feet and

is found mainly in the MPB and SX Building areas.
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CORRECTIVE ACTIONS

9.1 Infroduction
Throughout the coﬁrse of FEI activitieé, sevéral_corrective
actions havé been defined and impleménted, in addition to
others currently being considered. Moét of the corrective
actions considered were deemed neceséary based on knowledge
gained as a result of the matefial characterizatioh and
investigation activities described earlier in‘thié feporf.
The>implemented or considered'corréctive actions are:
. Impacted Soils Removai; Transfer, and Storage, wiﬁh
Possible Uranium Recovery;' | ‘ o
o _Cqmbinatiqn Stream Drain Trench Migration.Péthway :
Mitigation; and | |

. Utility Trench Pore Water and Groundwater Recovery.
Brief corrective action summaries appear in Sections 9.2
through 9.7 and include status reports for each corrective

action.

SFC 1is' currently developihg' a comprehensive facility

‘corrective action plan for submission to‘thé NRC in 1991.

This comprehensive corrective action plan'will include the

corrective actions described in this report, as well as any

. new corrective actions defined as a result of information from

the FEI activities.
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9.2 Impacted Soils

SFC has inifiatgd .several corrective action responses in

‘relation.to iﬁpactéd soils during the FEI{“Initially,.in-f
Aﬁgust 1996,‘SFC performed soil ekcaVatiOns%iﬁ-the sX Building
'area to remove é.larée'quéntity of impacted soil éncoﬁﬁtered'
during énvironmentai ,investigations.‘l Based on uranium
- concentrations in the impactea soils, this cérréctive action
response accountédAfér the:removal of épprdximately 3(081”

kilograms of uranium.

Also,'based'on inveétiéatioﬂ findiﬁgs'fof Uﬁit 3l— Initiai
Limestone " Neutralization Area, SFC determined that. a
corrective action response fb remove impécted,56il at Unit 3
was warranted. SFC has finalized a'plan tp excavaté and
trénSfer impacted soiis from Unit 3 to a storage area insidé
" thé Sequoyah Faciiity restricted area b6uﬁdafy. At présent, 

SFC has>completed design of the storage area.

Additionally,_SFC is perférming a technical reyiew of optioné
to remove and recover uraﬁium from impacted soils. This
‘review'will assess the feasibility, resultéﬂachievable, and
Costs for.existihg techhoiogies whiéh offer pofential fof 
femediation of soils 6f.the type present and-impacted at the
"_'SequOYah Facility. As partilof this assessment, SFC is

evaluating the possibility of obtaining a research and
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~ development grant. to assess removal and recovery of uranium

Afrom-impacﬁed soils.

"9.3 Combination Stream' Drain Trench Migration Pathway

Mitigation Proiject

Anothef SFC corrective action response was initiated from the
FEI investigation of the Combination Stream Drain’s (CD)
potential to act as a,uranium‘migration pathwéy. SFC has
-evaluated the‘geOChemistry of thé,porewate; from the CD in
order to ascertain the porewater’s ufanium mobilify potential
(Section 7.6). As a corrective acfion response, two (2)
trench recovery welis have been installed in the CD trench
Lbdckfill, and SFC ié‘currently evaluaﬁing the.need,for an
additional recovery. well. Operational' performanée data,
.dating from January 14, 1991 to.May 23, 1991, have ' been
developed for one (1) of the trench recovery‘wells (Section

1 7.0).

As a possible additional mitigation action, SFC has evaluated
the feasibility of 1lining the CD even though the FEI
identified no measurable infiltration or . exfiltration

association with the CD.
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59;4 Utility Trench Pore Water and Groundwater Recovery

Program . . ‘ ‘
Early in the course of the FEI, the Séquoyah‘FacilityJutilityv
trenches were identified asvpotehtial-péthways for urénium
migration. This investigation is discussed in the report
(Section 5.0). 'SFC has enacted a comprehensive éorrective
' aqtion'progfam for recerryyéf the utility tfénch porewater.
SFC has installed 25 cutoff walls and/or trench monitors in
the SX Buildiﬁg and MPB utility trench excavations. Also, an
SXAQault subfloor monitor and three (3) groundwater recovery
wells héve been installed to date. As of June 18, 1991, these
corrective‘ action water recovéry. systemé had removed.
approximately 772,240 lifers‘(204,014 gallons) of iiquid and
327,953 grams (723 pounds) of uranium. SFC will continue fo

implement these corrective action activities.
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May 21, 1992
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CERTIFIED
REGISTERED MAIL"

Mr. John W. N. Hickey, Chief
Fuel Cycle Safety Branch,

Division of Industrial and
Medical Nuclear Safety, NMSS
U.S. NUCLEAR REGULATORY COMMISSION

Washington, D.C. 20555

Re: Addendum Facility Environmental Investigation.

Dear Mr. Hickey:

Enclosed please find six '(6) copies of the Sequoyah Fuels
Corporation Addendum Facility Environmental Investigation Findings
Report, dated May 21, 1992. This information completes all related
investigations that were outstanding when the original FEI, dated
July 31, 1991, was submitted.

This additional information was utilized in developing the SFC
Action Plan submitted - January 10, 1992. Subsequently, this
information does not require additions or modifications to the
Action Plan.

If you require further information or have any questions regarding
this submittal, please contact me at. (918) 489-3207.

Sincerely,

John D. Richardson
Vice President,
Regulatory Affairs
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