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RENEWAL OF SPECIAL MUCLEAR MATERTAL LICENSF MO, SMM.1107

WESTINGHOUSE ELECTRIC CORPORATION

NICLFAR FUEL DIVISION

COLUMRIA, SOUTH CAROLINA

DOCKET N0, 70-1151

The U.,S. Nuclear Requlatory Commission (the Commission) is considering
the renewal of Special Muclear Material License Mo, SWM-1107 far the continued
operation of the Westinghouse Electric Corporation Commercial Nuclear Fuel
Fahrication Plant at Columbia, South Carolina,
The Commission's NDivision of Fuel Cycle and Material Safety has prepared ‘
an Environmental Assessment related to the renewal of Special Nuclear Material
License No, SKM-1107, 0On the basis of this assessment, the Commission has
concluded that the envirommental impact created hy the proposed license renewa)

action would not he significant and does not warrant the preparation of an

Finding of Mo Significant Impact is appropriate, The Favironmental Acsessment
(NUREG-1118) is available for public inspection and copying at the Commission's

Public Document Room, 1717 H Street, N, W,, Washington, N.C, Copies of NUREG-]11]R

may he purchased by calling (2301)462.6530 or hy writing to the Publication
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Services Section, Nivision of Technical Information and Pocument Control, .S,
Muclear Regulatory Commission, Mashington, D,C, 20555, or purchased from the
Mational Technical Information Service, Department of Commerce, 5285 Port Poya)

Poad, Springfield, Virginia 22161,
Dated at Silver Spring, Maryland this 16th day of May 1085,

FOR THE NMCLEAR REGULATORY COMMISSION

Origiml signed by:

'o ’.a"
W, T. Crow, Acting Chief
Uranium Fuel Licensing Rranch
Nivision of Fuel Cycle and

Material Safety, NMSS
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NOTICE
Availability of Reference Materials Cited in NRC Publications
Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room, 1717 H Street, N.W
Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Office, Post Office Box 37082,
Washington, DC 20013 7982

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for irspection and copying for a fee from the NRC Public Docu-
ment Room include NRC corresp~ndence and internal NRC memoranda: NRC Office of Inspection
and Enforcement builetins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence, Commission papers: and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Fecleral Regu'ations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical information Service include NUREG series
renorts and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legisiation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedirgs are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free, 1o the extent of supply, upon written request
to thi: Division of Technical Information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20655,

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards institute, 1430 Broadway, New York, NY 10018
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1. PURPOSE OF AND NEED FOR ACTION

1.1 INTRODUCTION

The Westinghouse Electric Corporation, Nuclear Fuel Division, Fuel Fabrication Plant near
Columbia, South Carolina [Nuclear Fuel Columbia Site (NFCS)], manufactures low-enriched uranium
oxide fuel assemblies (£5% 2%U) for use in light-water commercial nuclear reactors. In response to
mappicationbyWosﬁnghomefarmwdomealNucbuMat«id(SNM)LbumNo. SNM-
1107, which covers operations of the Columbia plant, the U.S. Nuclear Regulatory Commission
(NRC), with technical assistance from Oak Ridge National Laboratory, preparcd this environmental
assessment. The document was prepared pursuant to NRC regulations (10 CFR Pt. 51) which
implement requirements of the National Environmental Policy Act (NEPA) of 1969 (P.L. 91-180).
Part 51 also considers the Council on Environmental Quality (CEQ) regulations (40 CFR
Pts. 1500-1508) for implementing NEPA. Sections 51.14 and 51.30 of the NRC regulations
define “environmental assessment” as follows:

1. Anmvimmntdmtisacmdsowbﬁcdocmmt,fwwhichﬂnmbrupomibb,
that serves to

'Mmovﬁewfﬁcmmmmmfadommmmutomwom
Environmental Impact Statement (EIS) or a finding of no significant impact,

e aid the NRC's compliance with NEPA when no EIS is necessary, and
e facilitate preparation of an EIS when one is necessary.

2. Anmviwnmwumsmtshdhcbdobmfdscmmofmwfmthproposd,of
alternatives as required by Sect. 102(2)E) of NEPA, and of the environmental impacts of the
propoMactionmddtumﬁm.nMabohchdaaM\gofmmdp«m
consulted.

The Westinghouse NFCS has been operating since September 1969. An Environmental Impact
Appraisal (EIA) of the Westinghouse facility, issued by the NRC in 1977 (NR-FM-013), considered
mvirmwnnwmuofopuaﬁomatdoomomctm(t)ofuuﬁmporvwmdproioctod
impacts of future expansion of up to 1600 t/year of uranium. The 1977 EIA was based on an
andysiso'thaoﬂoctsoftheumnorﬁmdi:mo(ADU)productionprmmdmoxmw
Dry Conversion Fluidized Bed (DCFB) system for converting uranium hexafluoride (UFg) to uranium
dioxide (UO,).

Subsequent to the 1977 license renewal, several environmentally related changes were made to
the Westinghouse plant and its operations, including the following:

1. Uranium-contaminated calcium fluoride sludge generated from liquid waste treatment prior to
1981 was fixed with a cement-like binder and buried offsite at a radioactive waste burial
'“"tv.

2. An advanced waste treatment system was installed to increase uranium recovery from liquid
process wastes. Calcium fluoride sludge generated after the installation of this system was
allowed to be dispused of offsite without continuing cense controls.

3. An incinerator system was installed for the recovery of uranium from combustible waste
materials.

1-1



1-2

4.1NuodnﬁmcapadtyofﬂnADUconv«dmprmmmohmﬁwmmm
expanded from 400 to over 700 t/year of uranium.

5. Amw&yeonvonionpmomcalodthelrmgntodorvﬂmm(lbﬂ)wuinsulodtorophootho
DCFB experimental dry process line. The IDR lines are presently undergoing preoperational
testing using uranium possessed under an Agreement State License.

MmemthsmeMofﬁnmofboththoADUmdm
ommbnwoasm.ﬁvﬂulyahamtmmbhatbnofﬂntwo.mtoamum
production capacity of 1600 t/year of uranium.

1.2 SUMMARY OF THE PROPOSED ACTION

Thopropoo.dacﬁonhttnrmdofmswm(mllonwhichiunocoswyfor
Wcsthgfnmmcmﬁ'mmethghnlfabricaﬁmopumnmmww. Principal
operations at Columbia include (1) conversion of UFg to UO, powder, (2) pressing the powder into
fuel pellets, (3) encapsulation of the pellets into 3.6-m (12-ft) fuel rods, and (4) stacking of the fuel
rods into fuel assemblies for subsequent shipment to customers’ nuclear reactor sites. The current
amﬁcaﬁmfurMofmSNMbonuwwsopwlmmmwwMymdmnuo
nquostforonamm&rmttotfnoxisthgﬁoumtomadothohcitybyﬂnkwporaﬁonofmo
mmmm.mww”zmmmmmmummmm
mwoxuephtamm.mop«ammsmhhﬂw«ommnmm,nor
are any planned. Therefore, this authorization will not be continued under the renewed license, and
ttnpoaosdonofnﬁxodoxidepknorﬁmh:dismtpaﬂofﬁnpmpondm.

1.3 NEED FOR ACTION

ﬂnWaWW&kmofwdmmmtommmndmd
elements for light-water-moderated nuclear reactors (LWRs). As long as the current demand for
mdurmgycominues,themelproductionratomtkeoppm.ﬂocmwmisa
majawppﬁuofh:dmeWRs,duidofﬂnicumrmﬂfathCoﬁmbiMwoud
numexmmofmm:tmmwusﬁmmmmqm
mmnctbnmdopwaﬁmofamwphm.AnhmghdonyhgﬂnrmdofﬂnSNMbumfa
Wostiv\otm'sNFCSisanattmtiveavaiabletomNRC,itwoddbocomidorodonlyifbwos
ofpcbﬁchodthmduhwcanmtbcrndvodtomutishcﬁonOerme
involved.

1.4 THE SCOPING PROCESS

The environmental impacts of operation of the Westinghouse NFCS have been previously
assessed by the NRC in an EIA dated April 1977 (NRC 1977, NR-FM-013). In the EIA, the effects
of plant operation up to a production capacity of 1600 t/year of uranium were predicted, based on
the use of the ADU process for conversion of UFg to UO,.

NomwithﬁscmemappﬁcniontothoNﬂCforﬁoormvmd.Wumnoum«odm
environmental report (Westinghouse 1983) that includes (1) an updated description of the Columbia
plant and the affected environment, (2) a description of anvironmental monitoring programs and a
summary of data from recent years, (3) current information on operations, processes, and
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effluents/emissions, and (4) plans for future modifications and expansion. In addition, the applicant
provided the NRC with responses to staff questions on information contained in the environmental
report (Westinghouse 1984).

In conducting its current environmental assessment for license renewal, the staff toured the
plant site and surrounding area (December 2, 1983, and September 19, 1984) and met with the
applicant to discuss data and information provided earlier and to obtain supplemental information. In
addition, the staff met with the South Carolina Department of Health and Environmental Control
(SC-DHEC) on December 2, 1983, and obtained information from other sources to assist in its
evaluation. Because of the previous documentation (NRC 1977) and the low level of impacts
predicted for continued operation of the Westinghouse NFCS (Sect. 4), the staff determined that a
formal scoping process was unnecessary.

Tomh\poctsofmw.smghmmNFCSopouﬁmataprodmﬁoncapadwof
1600 t/year of uranium, the staff concluded that this environmental assessment should address
effluent controls, environmental monitoring, and the environmental impacts of normal operation and
of accidents. The affected environment at the site and plant operations are described to the extent
necessary for this assessment.

REFERENCES FOR SECTION 1

NRC (U.S. Nuclear Regulatory Commission).. 1977. Environmental (mpact Appraisal of the
Westinghouse Nuclear Fuel Columbia Site (NFCS) Commercial Nuclear Fuel Fabrication Plant,
April 1977, NRC, Office of Nuclear Material Safety and Safeguards, Division of Fue! Cycle and
Material Safety, Washington, D.C. (NR-FM-013).

Westinghouse. 1983. Update for Environmental Impact Appraisal, Westinghouse Electric
Corporation, NFD Plant, Columbia, South Carolina, SNM- 107, Docket No. 70-1151, April.
Westinghouse. 1984. Letter from R. E. Fischer, Westinghouse Electric Corporation, to Mark J.
Rhodes, U.S. Nuclear Regulatory Commission, in response to NRC questions concerning the

applicant’'s Update for Environmental Impact Appraisal (Docket No. 70-11561), Feb. 20.



2. ALTERNATIVES INCLUDING THE PROPOSED ACTION

2.1 THE ALTERNATIVE OF NO LICENSE RENEWAL

Notgrantingamrmdfuﬂan&WmNFCSwmddrMhﬁnmﬁonof
mwwhufmnmm.mm«mﬁwwmummmmnmmm
hodthandsafotycmldnotberesolvod.lflicmurmalisdeniod,ttnnmotonvirmmnw
impacts described in Sect. 4 would not occur.

2.2 THE ALTERNATIVE OF LICENSE RENEWAL

Thinanermtive,Mﬁd\isﬂnproposodacﬁm.wmndrwmmmcomiwopenﬁonofm
WestiﬂmeFCSfaaspociﬁodnunb«ofyears.Licarmrmdwoddalowtheuuofm
mﬂmmmnmcmhad&ﬁmtommmm.wﬁchhasbunmmycm
oonv«sbnprwossmedmduﬂnm«ﬂiwm.%foﬂowhgmﬁmduaibopromt
operations.waatoconfwmmt.mdofﬁtmtomﬂdfortheADUmdlDﬂprommandpomm
the differences between them.

2.2.1 Description of Current Operations

The following information regarding current operations at the Westinghouse NFCS was
excerpted from Westinghouse (1983). Supplemental data and information were provided during the
staff's site visits; see also Westinghouse (1984).

2.2.1.1 Introduction

ThoWosti\ghoumNFCSwascmuctodh1969toopontoataproductioncapodtyof
400 t/year of uranium. Plans were subsequently made to expand capacity up to 1600 t/year of
um.m,Wammmtommm.mmwmmm
ADUprooesslinos.Asandtemaﬁvo,WanmmhdmexmudwithﬂnDCFB&y
process, which was expected to prcvide an environmental advantage over the ADU process.
anhﬂuDCFBdidprovidowmofcndowodadvanuou,ﬂnDRmmmmndto
oﬂ«anwmgreatmenvkmmntdb«nﬁtw&eybﬁngamesmmdprodum
(Westinghouse 1981). Therefore, in 1981 plans for plant expansion were changed in favor of the
IDR conversion process. The IDR lines have been constructea and are undergoing preoperational
testing.

The Westinghouse NFCS fabricates nuclear fuel assemblies containing low-enriched (<5% 236)
UOzfuelformoinconm\efcialroactors.mroletha: :he NFCS plays in the nuclear fuel cycle is
illustrated in Fig. 2.1.

As mentioned in Sect. 1.2, Westinghouse was praviously authorized to possess mixed oxide
plutonum fuel; however, no onsite operations were conducted using the fuel, and none are
W.mtmmrmﬂ,mmmwmymwnmmcs.

2.2.1.2 Plant facilities

Major site facilities consist of the main plant building; the chemical storage area: the waste
treatment area, which has four chemical settling ponds; one reserve settling pond; and one sanitary

2-1
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stabilization pond. A detailed site plan for the NFCS is shown in Fig. 2.2, and the interior layout of
the main building is illustrated in Fig. 2.3. The building, which covers 32,516 m? (350,000 f2), is
WmommmUm:acmmmmu\dammq
area.

In the chemical manufacturing area, UFg is converted to UO, using the ADU process. This is
Mwm,wm.mtm,mmofmuo,mmmmm
0.6 cn (0.25 in.) in diameter and 1.2 cm (0.5 in) in length. These pellets are loaded and
encapsulated into fuel rods approximately 3.7 m (12 ft) long. The rods are then stacked into a fuel
assembly hardware fixture frame for eventual use in nuclear reactors.

mmmhmwmuuwovmrmymmm
Wnnemv«ﬂonprocessmmoncydoofmﬁd.monnmyopt.mm
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Fig. 2.2. Detailed site plan of the Westinghouse NFCS. Source: A. J. Nardi, Westinghouse, letter
with enclosure to R. G. Page, NRC, April 16, 1985,

thermal oxidation, dissolution of scrap powders with nitric acid, chemical precipitation, wet
mmm,m.mmm.mmummwm
mowhmofbw-bvdmmdmmﬁedvrmumnomuindhcombmﬁh
wastes.

In the mechanical manufacturing area of the plant, additional machining, welding, electroplating,
md‘yomudm&n,mdothunﬁalmop«aﬁanhvdwdhtfnwmofﬁn
assembly’s hardware are performed.
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s.immmmu”mwmuownmwom:oﬂumm&w.
These processes are described in Sect. 2.2.2.

2.2.1.3 Chemical processes

Five ADU conversion lines are currently available to process five different isotopic enrichments
simummwdv.FuﬂnADU(o:WolDRproeos),UF.wilboroeoivodltamaximtmmicM\om
of 5% 23U in standard 2.5-ton cylinders and shipping packages. As needed, a UFg cylinder is
rcmovodﬂommw.cwmsmmuuwmtodtomofﬂnmmm.TthF,
iovaporizodbyhntingtfncvinduhmofthosmdmnb«slocutodinﬁnUF,vwmﬁm
area adjacent to the conversion lines.

Ammonium diuranate process

in the ADU process, the vaporized UFg is hydrolyzed to uranyl fluoride (UO;F;) by mixing with
water. The UO,F, is subsequently converted to an ADU slurry [(NHg);U;0; + 4NH,F + 3H,0]
by.ddngmnu&mhy&oxidosohﬁon.TheADUsuwbdawat«odbymvﬂ\mﬁmmdm
ADU is converted to the solid UO, product by heat and the introduction of hydrogen. The
ammonia, fluorides, and steam in the calciner off-gases are scrubbed by a water scrubber and the
mmMMWW&Wym'ﬁ(HEPA)WWMm
dldlrg.toﬂuammdwo.mmwzpowduisconnyodﬁanmmm«qhamﬁm
oponnonandmostaogoconmswhd\mumpbdcmodmmﬁod

Integrated dry route process

The IDR process will utilize dry methods to convert solid UFg to UO,. The UFg feed material,
MhWWMWMWsWthw,isrnctodwithamtodsmto
famUO;F,powdumdhydogonﬂuaid.(HF)gu.TtnUO,insWoamode.
mm«nﬂowofhy&ogon,dvogw.wdmmtodmmmbfmmmm
reduce the uranium powder to UO,. The UQO; is discharged into check hoppers and is then
pneumatically conveyed (or otherwise transported) to the powder processing area. Process off-
gases [H,, HF, nitrogen (N;), and steam (H,0)] are removed continuously through off-gas filters that
nop«iodcdvnv«»—wgodtormwwmmmmmunmyof
Wﬂ.MMMbrmﬁbymdtMHFmeﬁmm
rmnirmgguumroboud.Thelocationoftfnpropondloﬂsm«nbshowninﬁg.z.&

Scrap recovery

Suaprmybmnpkfndbybamhon«otbmkwdv&navnbwofhpmm«hb.m
preliminary operations concentrate the material and convert it to forms readily processed as U;Og
powder and uranyl nitrate. Not all materials require processing through the entire sequence of
opuaﬁm.ﬂnbukprocuai\gmmmmmdwﬁdmhmm,
mmeambyprocipimﬂmADUﬁmmm,mmmmmw
wet mechanical separation, calcining the resulting sludge in reguiar or controlled-atmosphere
furnaces, and packaging and storing the resulting product.
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Before being released through the HEPA-filtered exhaust system to the atmosphere, off-gases
from the uranyl nitrate dissolvers are routed through a reflux condenser and a scrubber to remove
muwwwmmmnabbvaws.mreﬂuxcondunuhmmndmmu
directly above the dissolution tank so that any condensation formed can drain back into the tank.
An incineration process is conducted to minimize the burial of low-level combustible contaminated
waste and to economically recycle product-grade material. A solvent extraction process recovers
and purifies various contaminated uranium materials.

Pellet and rod manufacturing processes

ThoproductUOzpowdufranthechumcaloonvorsionuooisbrwghnoafudpnpanﬁon
hood in the pellet area where it is mixed with U;0g and UO, add-back material. The material is
transferred Dy a bucket elevator system to a roll compactor and is precompacted. The material is
then granulated and mixed with zinc stearate binder -lubricant. The granules of uranium are next fed
into high-speed pellet presses where the fuel is compacted into a green pellet. The green pellets are
!oadodintomdvbdsnunboatsmdareshtorodhondocﬂicdymudﬁmmhahy&omn
atmosphere. This process produces a denser, more compact pellet. To obtain precise dimensions,
all pellets are processed through a grinding operation and are dimensionally checked.

Pending quality control release, the pellets are loaded onto trays for interim storage. Upon
quality control approval, the peliets are loaded into empty fuel rods, a spring is inserted into the
plenum section, and end plugs are inserted and girth weided to the rod. Next the rod is pressurized
with helium and seal welded. Finished fuel rods are transferred to quality assurance operations.

2.2.1.4 Mechanical operations

Mwmmmatuumhrwtovnmmhcmcuhubm
WMMW.AMMrmhwopoudfmmmmmdmmm
manufacturing poison rods for nuclear fuel assembilies (Fig. 2.2).

VMMmdeymmowmucpﬂamodhmmm
area on sealed rods, including X-ray testing, helium leak testing, gamma scanning, visual checks,
and dimensional checks. Machining operations are performed to fabricate various internal parts of
the nuclear fuel assembly “ske’ston” structure. including grid straps, bottom nozzle, top nozzle, and
Mtuba.mrod:uebsd-dmm&mnumuy.ﬁnlmmdm
operations are performed on comgleted assemblies. Other machining operations are performed in
Mﬂnbamwﬁdownauemasmmdwmmdmd'm"
assemblies. A nickel plating shop is maintained to assist with brazing the inconel grid straps.
Zirconium grid strap fabrication using laser weiding techniques has been introduced for certain fuel
assemblies.

As a final step, the assembly is given a complete wash in soap and water and a deionized
watorrinso.mummmustmwfamtammmmom
containers. A substantial mnntityofasumbﬁosmstorodhtheﬁnlnumuystofmmprior
to shipment to the utility.

2.2.1.5 Shipping

All shipments of nuclear materials and wastes from the Columbia plant are carried out in
conformance with NRC, DOT, and state of South Carolina requirements. Completed fuel assemblies




are shipped to utility customers in approved containers licensed by the NRC. Low-level waste
shipments are appropriately packaged and analyzed for uranium content prior to shipment to the
low-level waste burial grounds

2.2.2 Waste Confinement and Effluent Control

The ADU and IDR processes generate gaseous and particulate emissions and hquid and sold
wastes. All wvaste streams are controlled and treated prior to their release to the environment The
following sections (excerpted from Westinghouse 1983 and NRC 1977) discuss the types of
effluents from the Waestinghouse NFCS and describe methods for their control. The applicant's
monitoring of effluent streams and the environment 1S addressed in Sect. 4.1

2.2.2.1 Gaseous/particulate emissions

Thirty-seven exhaust stacks currently discharge airborne emissions from the main plant facility
An additional release point will vent emissions from the IDR process when it becomes fully
operational. The emissions consist primarily of uranium, ammonia (NH,), and fluorides (NH4F and
HF). The composition of the uranium mixture will vary depending upon the enrichment of the
material being processed; however, in all cases, the bulk of the material will be 2**U (95 wt %)
whereas the predominant activity will be 234 (up to 86% of the total activity). Stack locations and
sources of exhaust are shown in Fig. 2.4. All release points are either short stacks or roof vents
raths wated stacks

involving the use of radioactive materials in unsealed physical forms are limited to

low-enrichment (€5 wt % 23%U) uranium in the fuel manufacturing facilities or the associated

analytical laboratory. The ventilation systems installed in these facilities are designed so that all of
the air from zones used to handle or process uranium is treated to remove essentially all the
uranium prior to release to the atmosphere. Filtration is the predominant method for removing
particulate uranium from discharge awr streams HEPA filters with an efficiency of 99.97% for
20.3u-diameter particles are used to accomplish this. Semiannual gross alpha releases from the
NFCS, measured from July 1979 through June 1984, are reported in Table 2.1. During this period
operations at a nominal 700 t/year of uranium used only ADU production lines. The average
emissions were 27 uCi/week

Process gases from the ADU production lines, which contain ammonia and fluorides, are
scrubbed prior to their release to the atmosphere. The scrubbers and their efficiencies are identified
in Table 2.2. After scrubbing, the gases are passed through HEPA filters to remove residual
particulate uranium. The average and maximum release rates for ammonia measured during norinal
operation at ~hout 700 t/year of uranium are 1.8 and 2.3 g/s, respectively (Westinghouse 1983)
The fluoride emise:ons measured at a nominal 700 t/year of uranium production capacity tor the
years 1981-1983 are summarized in Table 2.3. The three-year average emission rate was
81.6 ug/s (Westinghouse 1984). These emissions rates are much lower than previous estimates
(Westinghouse 1975) because of efficient fluoride removal by the scrubbers and HEPA filters
(Westinghuuse 1981)

In its application to NRC for approval to operate the IDR dry conversion system Waestinghouse
(198 1) estimated the fluoride emissions to be 2125 ug/s. Uranium emissions were estimated to be
3.5 ug/s. Assuming uraniurn enrichment to 5% 235() (or 2.4 uCi/g), the uranium emissions rate is
equivalent to =5.1 uCi/week or 265 uCi/year. No ammonia emissions will result from the IDR

process because ammonia is not used in the UFg UO, conversion reaction
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Fig. 2.4. Process stack discharge locations from the top view of the roof of the Westinghouse
NFCS. Source: Westinghouse 1983, Fig. 4.1
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Table 2.1. Measured semiannual airborne
releases of gross alpha activity
from the Westinghouse NFCS

Period ending Discharged (uCi)

12-31-79 1008
06-30-80 637
12-31-80 659
06-30-81 462
12 31»@1 485
06-30-82 502
12-31-82 574
06-30-83 701
12-31-83 756
06-30-84 804

Source: Westinghouse 1983, Table 4.1; and
S. D. Wyngarden, NRC, personal communica
tion to A. W. Reed, ORNL, Dec. 6, 1984

Table 2.2. Identification of process gas scrubbers at the
Waestinghouse NFCS, including their efficiencies

Efficiency

Scrubber Location Type and Chemical Particulate
number (%) (wt %)

Plant air High-energy 70-85 (NH,, HF) 90
effluent venturi cyclone, 2

Vessel vent Packed tower, 1 90 (NH4, HF)
header

Scrap recovery Venturi, 2 90 (NHF)

Calciner reaction gas Calciners Venturi, 10 75 -80 (NH,)
effluent 75 -90 (HF)
Incinerator effluent Incinerator Packed tower, 1 90 (Acids)
Scrap recovery Scrap recovery Spray tower, 1 95
(S-1068)

Source: Westinghouse 1983, Table 4.4

Table 2.3. Fluoride emission rates (ug/s) from the Westinghouse
NFCS at a nominal 700 t/year of uranium production capacity
during the period 1981- 1983

Daily average 1981 1982

Maximum 309 879
Annual 698 17.7
Minimum 6.5 4.1

Source: Westinghouse 1984




2.2.2.2 Liquid wastes

Liquid waste streams at the Westinghouse NFCS include sanitary wastes and process
wastewaters. Process wastewaters are primarily contaminated by ammonia and fluorides. Both
waste streams are treated onsite prior to their combined discharge into the Congaree River. A
10-cm (4-in.) pipeline releases the plant effluent to the river at a point about 5.6 km (3.5 miles)
south of the facility (Fig. 3.3). The pipe submerges into the river, discharging directly into the
current near the bottom approximately 6 m (20 ft) from shore

The flow rates from the process and sanitary waste streams are about equal and, at the
present level of operation (approximately 700 t/year of uranium), the combined liquid effluent
stream flows at about 475 m?/d (125,00 gal/d). At the expanded 1,600 t/year of uranium
capacity, it is estimated that the total waste stream flow rate will be approximately 720 m>/d
{190,000 gal/d) (Westinghouse 1983)

Waste treatment

Figure 2.5 indicates the treatment and flow of liquid wastes at the Westinghouse NFCS. Six
onsite lagoon storage basins are illustrated in the figure; the locations of these lagoons are shown
in Fig. 2.2. The north, south, and west (| and Il) lagoons are used for settling solids from treated
process wastewaters prior to discharge. The sanitary lagoon is used for polishing sanitary wastes
after onsite treatment. The east lagoon provides extra capacity for overflow from other lagoons or

N

T

P
S

By wicaet 0

- M“-# '

for containment in the event of a spill or emergency. All process waste storage lagoons were
relined with 36-mil Hypalon liners during 1981-1982. Each lagoon is also equipped with French
Drain systems beneath the liners to detect lagoon leakage. Westinghouse states that no additional
lagoons are planned during the next five-year period; however, three additional 110 m°
(30,000-gal) aboveground liquid waste storage tanks are planned

Radiological control. Compliance with 10 CFR Pt. 20 activity limits regarding the discharge of
radicactive liquid wastes to an unrestricted area is assured by a continuous on-line gamma ray
spectroscopy system within the main plant’s controlled access area. Quarantine tanks and diversion
tanks are available to increase settling times and allow sufficient filtration if the liquid activity is
above release limits (30 pCi/mL, which is the 10 CFR Pt. 20 limit for release of ***U to
unrestricted waters). When the liquid has been successfully scanned and approved for discharge, it
IS sent to the advanced wastewater treatment facility for uranium removal external to the main
plant. This polishing operation assures that all recoverable uranium is removed from the ligqud
stream and recycled through scrap recovery. The liquid stream is then discharged to the chemical
waste treatment system. Typical discharge concentrations and total annual release of radioactivity
at the NFCS are given in Table 2.4 (Westinghouse 1983)

Nonradiological control. The aqueous process waste solution, primarily filtrate from the ADU
process lnes, 1s ciwculated through filters before being pumped to tanks in the waste treatment
facility. The main constituents of the process liquid wastes are ammonium fluoride (NH.F) and

uranium. Through the addition of lime and caustic, the fluoride is converted to insoluble calcium

fluoride (CaF,), which is removed by centrifugation or by settling in a series of holding lagoons

(Sect. 2.2.2.3). Most of the ammonia is recovered by distillation and returned (as ammonium
hydroxide) to the ADU process following pH adjustment with caustic
After additon of hme and removal of the ammonia in the stripping still, the CaF, slurry is

discharged to the west lagoon to permit settling of the solids. The liquid is decanted from the top




Fig. 2.6. Building and liquid waste treatment flow sheet for the Westinghouse NFCS. Source
Waestinghouse 1983, Fig. 4.2 and Table 4.5

of the west lagoon on a batch basis to the north and south lagoons where additional settling takes

place. After a 1- to 3-d settliing time, the supernate is pumped to the Congaree River, usually

together with overflow from the sanitary stabilization pond. Westinghouse discharges the combined
hquid effluent in accordance with the requirements set forth by SC-DHEC in a National Pollutant
Discharge Elimination System (NPDES) perrmit The permit, which was modified in September 1984

is presented in Appendix B
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Table 2.4. Discharge concentrations and totsl annual elease of
radioactivity in Westinghouse NFCS liquid wastes

At 700 t/year of uranmum Estimated at 1600 t/year of uranium

Total Total

Radiatior Concentratior " release Concentratior : a release
% MPC % MP(

omponent pCi/mi rate pCi/mlL) rate

(mCi/ year) mCi/ year)

Alpha 0.64 2. 97 1.77 5.9° 262

Beta 0.3056 0.9 45.2 0.823 2.4 122

*MP(

Based or “U, 10 CFR Pt 20

Maximum permissible concentratior

Based on calculated 10 CFR Pt. 20 hmits for combined daughter products

- 14

v T | "
i y 33 pCi/mi !
"

: “pa |

SOWrce y’\,u\hl\.jru wse 1983 Table 4.8

All

domestic-type wastes, shower water, cafeteria water, and several miscellaneous streams

are routed to the sanitary system. Contaminated laundry cleaning is performed outside the NFCS by
an approved vendor

- anitary sewage s treated in an extended aeration package plant and discharged into a
bwological oxidation/settling-polishing lagoon. The lagoon effluent s then chlorinated and mixed with
treated hquid process waste at the facility lift station. The average annual nonradiological quality of
the NFCS combined (process plus sanitary) liquid effluent is presented in Table 2.5. Westinghouse's

omphance with its NPDES permit is discussed in Sect. 4

IDR process

The IDR process produces a lesser volume of liquid wastes than the ADU process because no

H
i hquids are involved in the chemical conversion reactions. Hvdrofluoric acid is a usable byproduct
foe (hquid waste) that will be generated by the use of this process. The applicant presently has n«
2y
- definite plan for the use/disposal of the acid (Westinghouse 1981)
®

2.2.2.3 Solid wastes

Manufacturing

Materials such as used packaging, worn-out clothing, paper, wood-floor sweepings, discarded

tools, et e collected and stored prior to disposal, which is made according to two primary

classifications wranium contaminated or contammnation free The ontammated matenal s further

segregated nto combustible and noncombustible classifications. Noncombustible waste 18 examined

to determine the feasibility of recovery and is then either processed chemically or collected in boxes
for ultimate disposal at a government-icensed waste hsposal site. Combustible tems are reduced

to ash n a specially lesigned incnerator and the ash 18 dissolvad in a mixer-settler dissolver

systen

20ivent axtraction will recover and purify the uranium for re ycle back 10 the product
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Table 2.5. Annual average nonradiological w iter quality of 'Vestinghouse
NECS liquid effluent discharge at 700 t/year of /anium

Pustsnatar® 'f“v)l\t‘v!ﬂ"«i:hm (}uwm'ty
(mg/L) b/ d)

pH, units 8.6
BOD, 18.9 16.2
Fecal coliform, MPN/ 100 mi 50
Total suspended sohds 23.3 20.0
Chemical oxygen demand 89 76 4
Oil and greese 3.5 3.0
Phenol, ug/l <1 <0.001
Surfactants 0.17 0.16
Nitrate 160 137
Sultate 140 120
Sulfide <0.05 0.04
Ammomnia (N) 17.5 15.0
Phosphorus 2.3 2.0
Cyanide <0.02 <0.02
Fluonde 17.4 149
Barum 0.10 0.09
ron 50 43
Manganese 0.04 0.03
Magnesium 6.1 52
Zinx 2.2 1.9
Alurminury 0.41 0 356
Cobalt <001 <0.01
Molybdenum 0.04 0.03
Sodhwrn 194 166
Boron 0.267 0.23
Bromude <0.1 <0.09

*8OD Biological oxygen demand
MPN Most probable number
“Unless otherwise specified

Sowrce: Westinghouse 1983 Table 4

material stream. A flow sheet for projected solid contaminated wastes at 1600 t/year of uranium

production capacity is given in Fig. 2.6

Vastewater treatment solids

n previous years, after fixation with a cement like binder tre calcium fluoride contaminated
with uranium was buried at the low-level radioactive waste burial site in Barnwell, South Carolina
All calcium fluoride generated prior to 1981, approximately 16 x 10* m? (575,000 ft¥) of
material was handled in this manner. In 1980, an advanced wastewater treatment system was
installed at NFCS to remove additional quantities of uranium. Future calcium fluoride should contain
<30 pCi/g of uranium activity, which is the existing NRC (1981) guideline for material that may be
disposed without restriction on burial method. As such, calcium fluoride containing <30 pCi/g will

be approved for disposal in @ chemical or samtary landfill




Fig. 2.6. Projected solid contaminated waste flow sheet for 16800 t/year of uranium
production capacity at the Westinghouse NFCS. Source: Westinghouse 1975, Fig. 3.3-3

2.3 DECOMMISSIONING

Al major material licensees are required to submit a general decommissioning plan to be

effected at the end of plant life. This plan describes how the facilities and grounds will be
decontaminated so that they can be released for urwes icted use. The plan identifies and discusses
the major factors that influence the cost of decontaminating the facilities and grounds and provides
a cost estimate for these activities. The decommissioning plan and a corporate commitment to
provide funds for this effort are incorporated as conditions of the license. On May 24, 1978, such

conditions were incorporated into Westinghouse's License No. SNM-1107

2.4 NUCLEAR MATERIAL SAFEGUARDS

Current safeguards are set forth in 10 CFR Pts. 70 and 73. The reguilations in Pt. /0 provide
for matenal accounting and control requirements with respect to facility organization, maternal
control arrangements, accountability measurements, statistical controls, inventory methods, shipping
and receiving procedures, material storage practices, records and reports, and management control

The current regulations in 10 CFR Pt. 73 provide requirements for the physical security and

protection of fixed sites and for nuclear material in transit. Physical protection requirements for
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SNM of low strategic significance (including low-enriched uranium) include provision for the
establishment of controlled access areas, monitoring of these areas to detect unauthorized
mm,wmdommwmmmmm.m
establishment of procedures for threats of theft and for actual thefts.

The regulations in 10 CFR Pts. 70 and 73, described briefly above, are applied in the reviews
of individual license applications. License conditions then are developed and imposed to translate
ummmmmmum”mwmmmmd
plant or facility involved.

The licensee has an approved material control and accounting plan and an approved physical
mﬂyphnﬂmmﬂnmmtmﬁmufuthobw—wichodwmmmu
possessed at the site. It is concluded, therefore, that the safeguards-related environmental impact
of the proposed action is insignificant.

2.5 STAFF EVALUATION OF THE PROPOSED ACTION AND ALTERNATIVES

The staff believes that the fuel manufacturing operations at the Westinghouse NFCS are
performed in a manner that protects both the public and the environment from unusual or adverse
impacts. However, as discussed in the indicated sections, the staff recommends addition of the
following requirements.

1. The applicant will be required to take onsite grass samples for fluoride analysis at least twice a
year when the grass is being cut for hay. Onsite soybean crops, when harvested, will also be
monitored for fluoride. In addition, the applicant will be required to analyze appropriate
background samples of vegetation for fluoride (Sects. 4.2.2.1 and 4.2.6).

2. The applicant will be required to expand its onsite groundwater monitoring program to study
changes in the contaminant plume. Appropriate existing wells (both in the shallow and deeper
aquifers) will be sampled at least quarterly and analyzed for gross alpha, gross beta, and
ammonia concentrations (Sects. 4.2.3.2 and 4.2.6).

3. The applicant will be required to redrill certain groundwater monitoring wells so that the wells
can be completed with state-of-the-art designs. This requirement includes Monitor Well W-3,
which is completed in the Black Mingo Formation underneath the shallow groundwater
contamination (Sect. 4.2.6).

The environmental impact of contiiued operation is expectad to be insignificant providing that these
requirements are added to the license.

REFERENCES FOR SECTION 2

NRC (U.S. Nuclear Regulatory Commission). 1977. Environmental Impact Appraisal of the
Waestinghouse Nuclear Fuel Columbia Site (NFCS) Commercial Nuclear Fuel Fabrication Plant,
April 1977, NRC, Office of Nuclear Material Safety and Safeguards, Division of Fuel Cycle and
Material Safety, Washington, D.C. (NR-FM-013).

NRC (U.S. Nuclear Regulatory Commission). 1981. “Uranium Fuel Licensing Branch Technical
Position, Disposal or Onsite Storage of Thorium or Uranium Wastes from Past Operations,”
Fed. Regist. 146, p. 52061, October 23,



2-16

Westinghouse. 1975. Westinghouse Nuclear Fuel Columbia Site Evaluation Report, submitted to the
U.S. Nuclear Regulatory Commission for renewal of SNM-1107, March 1 (Docket No. 70-1151).
Westinghouse. 1981. License Amendment Application to Upgrade Facility (letter from A. T. Sabo,
Westinghouse, to R. G. Page, NRC, dated Jan. 9, 1981). Docket No. 70-1151.
Corporation, NFD Plant, Columbia, South Carolina, SNM-1107, Docket No. 70-1161, April,
Waestinghouse. 1984. Letter from R. E. Fischer, Westinghouse Electric Corporation, 1o Mark J.
m.u.s.mmwm,mmnmcmmm
applicant’'s Update for Environmental Impact Appraisal (Docket No. 70-1151), February 20.



3. THE AFFECTED ENVIRONMENT

3.1 SITE DESCRIPTION

The 469-ha (1158-acre) Westinghouse NFCS is located in Richland County in central South
Carolina, approximately 13 km (8 miles) southeast of the Columbia city limits. Coordinates of the
site are latitude 33°60'60" and longitude B0°56'45". An exterior view of the Westinghouse plant is
shown in Fig. 3.1, and a regional setting of the site is indicated in Fig. 3.2. Nearby towns, public
facilities, the Congaree River, and transportation links are shown in Fig. 3.3. The site is bounded by
Southy Carolina Route 48 (Bluff Road) to the north, the Vestal Lumber Manufacturing Company
property to the east, the Liberty Life Insurance Company property to the south, and the Burrel
Manning property to the west (Fig. 3.4)

The manufacturing plant and associated facilittes are centrally located on the site. The
developments, including the fuel fabrication facilities, holding ponds, parking lot, and landscaped
grounds, occupy approximately 24 ha (60 acres) or 5% of the total site area Figure 3.4 shows
the plant boundary, adjacent properties, drainages, and elevations of the site. The plant floor s
142 ft above mean sea level (MSL). Plant site drainage flow follows original drainage patterns to
Sunset Lake, Mill Creek, and the Congaree River

The plant site and vicinity are generally flat to the north and east and flat and swampy in other
directions. Waestinghouse intends to keep most of the unused portion ¢ the site (approximately

444 ha or 1098 acres) in its natural state

3.2 CLIMATOLOGY AND METEOROLOGY

3.2.1 Climatology

A summary of local climatological features measured at the U.S. Weather Bureau Station at
Columbia Metropolitan Airport (DOC 1973), located about 19 km (12 miles) west-northwest of the

ORNL-PHOTO 7703-84

Fig. 3.1. An exterior view of the Westinghouse NFCS near Columbia, South Carolina, looking
west from Bluff Road (Route 48).

3-1
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Fig. 3.2. Regional location of the Westingnouse NFCS near Columbis, South Carolina.

site, is given in Table 3.1. Temperature, relative humidity, wind, and the frequency of certain
chimatological events are reported.

mmnMrodondﬂnMCSwmommm.me
mild, with cold waves rarely accompanied by temperatures of — 18°C (0°F) or below. Freezing
temperatures [0°C (32°F)] or less occur on an average of 77 d per year, generally during the
months of November through March (NOAA 1978).

3.2.2 Winds, Tornadoes, and Storms

hMummmmwmtmm.mdunhmmm
the interval of 1966 through 1973, 172 tornadoes were reported in the state. Data from Richland
County show that nine tornadoes were reported from 1950 to 1973 and six tornadoes were
reported from 1974 to 1982 (Jane Parvin, National Severe Storms Data Center, Kansas City,
Missouri, personal communication with Andrea Reed, Oak Ridge National Laboratory, October 18,
1984). Thom (1973) developed an empirical formula to compute the mean recurrence interval for a
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Table 3.1. Climatological data from Columbia Metropolitan Airport”

Temperature ('C)
Annual average 178
Mean daily hwgh 241
Mean daly low 108
tecord high 41.7
Re~ord low -18.9
Degr ve days 2598
Relative humidity (%)
Annual ave age 73
Wind

Annual average speed (mph) 7.0
Prevaiing direction SwW
Fastest mile

Speed (mph) 60

Direction W

Precipitation (in.)
Annual average 46.36
Monthly maximum 16.72
Monthly minimum Trace
24 h maximum 7.66
Snowftall (in.)

Annual average 1.9
Monthly maximum 16.0
24 - maximum 15.7

Mean annusl (no. of days)

Precipitation of 0.1 in. 110
Snow, sieet, hail of 1.0 in, 1
Thunderstorms 53
Heavy fog 27
Temperature of 32°C (90°F) or higher 65

*Data based on 7 to 30 years of record.
Source: Westinghouse 1975, Table 2.6-1

tornado striking any location by approximating the location with a geometrical point. Based on the
mean path area of & tornado, the number of tornadoes per year, and the ares over which
tornadoes may occur (Richland County), the probability of a tornado striking any location within
Richiand County, which includes the site, is less than 1 in 700 years.

During the 30-year period of 1941-1970, fowr or five North Atlantic hurricanes out of a total
of 31 penevated into the central part of South Carolna. There was no severe damage from winds,
Mmmwmmmmmmmmcmmm
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1964, DOC 1971). The strongest wind recorded in the Columbia region was 97 km/h (60 mph);
the speed of the strongest wind expected in a 100-year period is estimated to be 160 km/h
(100 mph) (Thom 1968).

3.2.3 Meteorology
Atmospheric dispersion

High air pollution potential 18 caused by low mixing heights and light winds (Holzworth 1971),
Holzworth's data on the frequency of high air pollution potential (HAPP) indicate that, from 1960 to
1965, the Columbia region expenenced no HAPP cases of low mixing heights and hight winds.

Diffusion climatology

The annual and seasonal summanes of the joint wind stability frequency were obtained from
onsite meteorological data (August 1. 1972, through July 31, 1973) by use of the STAR program
(Westinghouse 1972). The data indicate that stable conditions exist 47% of the time, neutral
conditions occur about 43% of the time, and unstable atmospheric conditions prevail about 10% of
nnm.mmmmmamwmnmmmmmm
number of hours of unstable conditions (310 h) and shightly stable conditions (412 h) occurs in the
spring. in winter, the most hours (1047) of neutral conditions occur; and, In summer, the most
hours (984) of stable conditions occur.

The annual wind rose for NFCS (August 1, 1972, to July 31, 1973) is shown in Fig. 3.5, and
the wind rose for the Columbia Metropolitan Airport is shown in Fig. 3.6

Estimates of atmosphenic dispersion factors (x/Q) on an annual basis at downwind distances up
to 80 km (50 mies) in 16 compass directions at the 15-m (50-ft) level are provided in Table 3.2
These factors were calculated using the Gaussian plime model and diffusion coefficients for
Pasquill-type turbulence. Because the NFCS effluent release points are generally lower than 2.6
times the height of adjacent solid structures, the release was conservatively assumed to ocour at
ground level, with credit for buillding wake effects. Using these assumptions, the annual average
x/Q at the nearest residence (1000 m or 3300 ft northeast) is 7.67 = 10 ® ¢/m® and, at the
nearest site boundary (550 m or 1800 ft north-northwest), is 1.64 x 10 % s/m”.

3.2.4 A Quality

Richland County lies in the Columbia Intrastate Aw Quality Control Region (AQCR). Ar quality in
this AQCR s generally good and does not violate the National Ambient Air Quality Standards
(Table 3 3) for total suspended particulates, sultur dioxide, carbon monoxide, and nitregen oxides
(40 CFR Pt. 81, revised July 1. 1983). Mowever, concentrations of ozone in the Columbia area,
including Richland and Lexington counties, do not meet the national primary standard (40 CFR
Pt 81, revised July 1, 1983)

3.3 DEMOGRAPHY AND SOCIOECONOMIC PROFILE

The plant site 1s located in a predominantly forested area of low nopulation density southeast of
the oty of Columbia in Richland County, South Caroling. Richiand County, which les close to the

geographical center of South Carolina (Fig. 3.2), covers 2 » 10° m’ (762 mies®) and hes @
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Aug. 1, 1972, through July 31, 1973, Sowce: Westinghouse 1983, Fig. 3.6

population of 269,736 (DOC 1983). Approximately B7.1% of the county's population resides in
urbmm.An-wmdmo1mmmmﬁnwhm(50nﬂu)ofmmu¢'wnm
tas.ommmmmomumoytoamquaocm.mwmw
dlunou.m1mmﬂonmnchaww1m(m.l\n)urmtodutoubhhbb3.4.
mwwmwm«wmamm-ns.rummmm
MWWMINOimuonmmﬂ&umlb-ﬂh)rmndm
Mﬁmlﬂai.mmutrm'omwnummmnikm(0.0mln)
northeast of the center of the manufacturing building.
TWW.WWCSMMrmMOOOm!OOOW(A. E. Fischer,
Waestinghouse, personal communication with A, W. Reed, Osk Ridge National Laboratory,
September 19, 1084) working over three shifts. Plant employment represents 0.9% of 1980
Richland County total employment (116,637) (DOC 1983), which is not a significant fraction of the
employment in Richland County. County employment s roughly distributed as follows: 13.1%
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Fig.
mmamma-. 1948-1981. Units are mph. Convert
Multiplying by 1.61. Source: Westinghouse 1983, Fig. 3.7.

manufacturing; 19.5% wholesale and retail trade; 28.0% professional and related services: 31.65%
mm-mmw;NA.osmwcooc 1983).

3.4.1 Site Area

mmmdmwmmmmwmmm«mmwm
site are shown in Fig. 3.4.mmnmmmmmmmhmswm
(lmm‘mmmmummm.mwunw,mm,
and associated facilites) occupies about 24 M(wmulaaxdmmwm.uw
mnwmwrMMMdWMMMm.AWVW
m.mmmmtmmmm.mmm.wmrmmu
site. Approximately 20 ha (50 acres) of the grassy field are cut for hay, which is fed to a herd of
thMMMMmMm’-M.MN.MWMMW



Table 3.2. Annual sverage atmospheric dispersion factors (x /Q)
by distance and direction from the Westinghouse NFCS (s/m”)

! Distance (miles)

SN 05 10 20 30 40 5.0

N 0693X10*  0212X10°  0704X10*  0380X10*  0247X10*  0.178X10°*
NNE 0749X10 *  0228X10°  0759X10*  0410X10*  0267X10°*  0.193X10°*
NE 0.113X10 ¢  0345X10°  0116X10°  0626X10°*  0409X10*  0.296X10°*
ENE 0881X10 *  0270X10°  0801X10°  0489X10*  0319X10°*  0231X10°*
£ 0123X10 *  0379X10°*  0127X10°  0692X10*  0452X10*  0.327X10°*
ESE 0962X10 *  0296X10°  0988X10*  0S536X10*  C380X10*  0.263X10*
SE 0725X10 ¢  0223X10°  0745X10*  0404X10*  0263X10°*  0.190X10*
SSE 0641X10°  0197X10°  0661X10°*  0359X10*  0234X10*  0.169X10°*
s 0584X10*  0179X10°  0802X10*  0327X10°*  0214X10°*  0.156X10"*
Ssw 0750X10*  0230X10°  0771X10°°  0418X10*  0273X10*  0.197X10"*
Sw 0.108X10 ¢  0320X10°  0107X10°*  0683X10*  0381X10°*  0276X10°*
wsw 0110X10 ¢  0337X10°  0.114X10°°  0419X10°*  0406X10°*  0.294X10°*
W 0.126 X110 * 0.387X10 * 0.130X10 * 0.711X10°* 0.466X10* 0.339x<10 *
WNW 0.102X10 *  0313X10°*  0.106X10*  0S§76X10*  0377X10*  0.274X10°*
NW 0959X10 *  0296X10*  0989X10°*  0S37X10*  0350X10*  0.253X10°*
NNW 0785X10 *  0241X10°*  0808X10°*  0437X10*  0285X10*  0.206X10°*

6€
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Table 3.3. Ambient air quality standards for South Carolina
Measuring Standard™®

Pollutant

interval (ug/m®
Sutfur dioxide 3h 1,300°
24 h 365°
Annual 80
Suspended particulates 24 h 250
Annual G.M.? 60
Carbon monoxide 1h 40,000
8h 10,000
Ozone 1h 235"
Non-methane hydrocarbons 3h 160
Gaseous fluorides 12-h av. 3.7
(as HF) 24-h av. 2.9
1-week av. 1.6
1-month av. 08
Nitrogen dioxide Annual 100
Lead Calendar quarterly 1.5
mean

* Arithmetic average except in the case of suspended particulates.

®At 25°C and 760 mm Hg.

“Not to be exceeded more than once a year.

“Geometric mean.

*Not to be exceeded more than one day per year.

Source: “State Air Laws,” Environ. Rep. 506, 1004, June 29,
1984.

1984). At the time of the staff site visit (September 19, 1984), the cultivated lands consisted of
soybeans and recently plowed fields. Soybeans, the principal crop, are grown on about 182 ha
Mwwoo)mmmwdwouupovudtomon,SwthCuolim,vmoanprocund
into soya oil and feed meal (Westinghouse 1984).

3.4.2 Adjacent Area

mm,m.mmoﬁmuﬂmnmxmm«www
mofNFCSop«omm/uonmbn.Tmprmvhwocmmm.hMof
and with farming and manufacturing activities. Interactions involving water supplies to these
memmmmmmummus«n3.5.nd3.7)in
this assessment.

Ms%mmwmakm(smxofmnrm,mm196
mmmwcsummu.mmzoxnmmu.mpum:ofmwn
uninhabited forest or swamp forest (Westinghouse 1983).



Table 3.4, Incremental 1980 population estimates by sectors
within 80 km (50 miles) of the Westinghouse NFCS

Miles*®
Sector
0-1 1-2 2-3 3-4 4-5 5-10 10-20 20-30 30-40 40-50

N n 87 19 22 256 11,738 68,207 5,442 43N 6,300
NNE 4] 0 14 53 56 3,340 6,962 5,062 9,882 5413
NE 4] o 122 448 128 1,062 1,065 1677 11,977 8,093
ENE ] 0 160 268 213 2,090 1,549 16,363 9.846 12,856
E 8 4 110 156 224 924 1,719 3577 44 962 8,387
ESE 0 30 91 141 160 530 913 1,783 5,273 9,888
SE 0 0 27 34 52 426 1,672 3,355 5,022 13,905
SSE 0 0 0 0 4 281 1648 225N 4,587 13,621
S 0 (¢} 4 o 8 315 1,163 17,759 4511 5,893
SSw 0 0 0 0 0 674 1,159 4,158 7.410 15,291
Sw 0 0 0 0o 0 680 2,722 3,727 3,631 8,259
WSW 0 0 0 0 0 1,550 1,794 3,383 1,955 39,096
w 4] 0 ] 0 0 2,788 2918 3,565 13,445 11,680
WNW 4] 4] 0 8 4 2,464 6 488 9,862 5.228 8,230
NW o 0 8 11 2,386 6.268 65,703 7.194 5,239 20,759
WNW 0 76 57 8 47 17,673 111,972 4010 5,396 3,543

Total 19 239 712 1,147 3538 52803 277544 113,388 142,646 191,141

Total, 0-50 miles = 783,181

Tmmo‘smummg‘mh\ﬂm(lmkmtas-wnﬂ.umlswu.s.&mo!w
data.
"Kilometers = miles x 1.6.

[ 4%
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3.4.2.1 Manufacturing

EMMWWMEWM,MHIGWMJS miles) directly west of NFCS,
all firms with five or more employees are within the 180° sector north of the plant site. Those
mmmwmmnammdmmmhmmm
effluents could interact include the Carolina Eastman plant (man-made production fibers), Wallace
Concrete Products (manhole production), and Square D Company (industrial motor control
production).

3.4.2.2 Agriculture

memzwdmmemm(wmdm.
mwhcnmnm“mmdﬂncm“.&mmw.m,m,
cotton, wheat, and oats. Pecan groves are present to the east.

Only one dairy farm is operating within the study area: icGregor's Dairy, 7.7 km (4.8 miles)
north-northeast of NFCS. According to Westinghouse (1983), this dairy has about 150 milk cows.
Noothuirmncmpuivutookprodmﬁonwstomthmﬂvuu.&mtto
the previous NRC review for license renewal (NRC 1977), the Power’'s Dairy ceased operations. It
was located 3.5 km (2.2 miles) northwest of NFCS. The light agricultural production in the area is
an advantage of the Columbia site.

3.4.2.3 Undeveloped nonagricultural land

Thoappkmthuroponodmot70%ofunh\dhtmstudyuuiocowodbvformor
swamp forest (Westinghouse 1983). Extensive forests and swamps lie along the Congaree River
west and south of the plant. Water tupelo-sweet gum forests occur in swamps and on wet alluvial
MmdmgﬂnCawan.Amaonmicookmtdmﬁmmmmmm,
whereas the driest sites in the area may be dominated by loblolly pine and hardwoods (oak species,
rodmnph.ydowpopiu.otc.).Promﬂv.ﬂmotommwnmwimiuhmtormon
the site (Westinghouse 1983, Sect. 3.3.1.3). The distribution of vegetation types is discussed in
Sect. 2.8.1.

The Congaree River Swamp, an 8,500-ha (21,000-acre) forested swamp lying along the
Congaree River about 6.5 km (4 miles) southeast of the site (Fig. 3.3), is listed as a natural
landmark (DOI 1983). This area has been largely undisturbed for 200 years and contains several of
the largest trees of certain species (Dennis 1967. Westinghouse 1983). It is a rare remnant of
previously extensive southern river floodplain forests.

3.4.3 Historic Significance

Several known archaeological sites are located within 8 km (5 miles) of the NFCS, although
none are located onsite (N. Brock, South Carolina Department of Archives and History, personal
communication with R. L. Kroodsma, ORNL, January 17, 1985). Undiscovered, undisturbed sites
pvobouydonotomtmmoxpm‘ionuunthoplmthcﬂlm.bocumthodwmt
substrate was disturbed during original construction.

Other historical and cultural sites occur within the 8-km radius, although none are recognized by
the National Register of Historic Places (DOI 1979-1983). According to correspondence from the
South Carolina Department of Archives and History (Westinghouse 1983). the following historical
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lim.inodhthoCumdm&umo(1974.lropotmillvm10rmﬂtﬁondm
hnnnmnrmndvofhighprior'r:yfotnormﬂm.Ma&muowﬂhhan&-km(ﬁ-nﬂo)mof
the plant.

1. Raiford’s Mill Creek (Mill Creek)— 18th century

Mth“hMcmwmommmmmHnln&.MFm,
ououthmouuRiv«bdowmcruk'smomh.quhﬂwmwwm
m.mquWfaPﬂpW,muMmﬂnuﬁMM'
MlPond.Thoa.kwuhtorcdodmys‘&ukhwmm.whob\ﬂtamimuoh
1748-1750. It was known by 1800 simply as Mill Creek.

2. Cabin Branch (John Hopkins, Jr., Plantation House)— 1796

This building is off County Road 1159, 0.4 km (0.25 mile) south of intersection with County
Road 223, near Congaree Community. The 18th century house had two large front rooms, a
center hall, and an open loggia. About 1835, two large rooms were added at the rear, and the
logo‘.wuexw\dodhtoahﬂ.n&attiown‘dbytmmpkm.

3. Claytor House— 1887

Located on Highway 37 at Hopkins, this wooden cottage built by Dr. Hubert Claytor has a
porch and fish-scale gable and is architecturally distinctive.

4. Chappell Cabin Branch (Hicks Plantation House and Garden)— 1781

Thintwo—stovyrnmﬁmhmnowim.w\do-norvmwchimono&tmw
off County Road 37, 0.8 km (0.5 mile) south of Hopkins. There have been recent alterations. A
mmmm:m,mmm;-ammbymmw.

5. Hopkins Overseers Dwelling— 19th century

mm;mnmmmcmmmwmuo.akm(o.zsuw
Mdhmmdemwﬂmd-ﬁmdSS.Thommbam
hmeomm.ﬂuﬂopkmlmﬂymynnwby.

3.4.4 Floodplains and Wetlands

Exmﬁmummummcmummmmdmm
(Figs. 3.3 and 3.4). The elevation of the flood limit, according to U.S. Army Corps of Engineers
maps, 18 39.6 m (130 ft) above MSL. Shghtly more than half of the site lies below this elevation
hthobonMonCongunRiv«.butttnpbmheiimhmﬁvabovc‘l.. m (137 f)
(Fig. 3.4).

Most wetlands in the area consist of bottomland forests and forested swamps. Several ditches
aunnuunmmmwh.bonmumu.mmm,wmmmmmum
m.wm.ummmummmma.ummm.mmosx
dmmu.nmowoomdsm.mmmthamomm.A
Mpondondocandabohmmomhomwdmomo.Nommnmo'flcmbob
planned in the site’s floodplain or wetland areas.



3.5 HYDROLOGY

3.5.1 Surface Water
3.5.1.1 Congaree River hydrology

mm:mmwmmmmwcsumwwmwm.3.7),whaeha.
mﬂndwnnemmdw&udms.kmﬂw:mkm(iOnMuptttounnCovnuo.
Southcnroho.Tmmhmmmmﬁwlo@hc“ﬁﬂm;mm,
memw«wm;mmmc.aamsmm.wmm
mmmmt.s.m:un.munmcsummommwum
(Figs. 3.4 and 3.7).
hﬁnmm,MWM,MisomMAMﬁchwm.b
WWMMMNMNMMMMM.MMMW
Mbnghndbyunwtwmuko@moodonmmm,mdto.omooxtomby
Wmmmaco.dmtusssman.Azmpomofmmmq-.m
Congaree River is approximately 1650 m (500 ft) wide and no more than 3 m (9 ft) deep
(Westinghouse 1983).
TMmapﬂowdﬂnCuquotﬂnUSGsMstmnCohmm
266 m%/s (9388 cfs) for the period of 1939 to 1981 (USGS 1981). The 7-d, 10-year low flow
that could occur would be 46 m?/s (1690 cfs) (NRC 1977, Sect. 2.5.2.1); the minimum daily flow
for the period 1939 to 1981 was 19 m’/s (662 cfs). The lowest flows occur during the late
summer months.
Simmwmoflnpmdwhummmnmcmmlm,wmt
stage of record was 12 m (39.8 ft) with a discharge of 1.0 x 10* m%/s (3.6 x 10° cfs) on
August 27, 190‘(USGS1901).AMWMWMMML&.G!MN
m-me.mmswd\Om(QSR)NMwMOSOOm’/o(z.ax 10° cfs)
occurred on April 19, 1W(USGS!”\).WMCSM&OWWOMAMHZM
above the maximum tumrowmmtwlﬁoodeMnW 1983, Sect. 3.5.2.1).
Acw&mtoﬁuU.S.Ameorpoo'EWt'ﬂood—mm.mmmmmm
mhommlmdumnn“.ﬂm(130h)mM&hmmvo'mm:m
manufacturing plant is 43 m (140 1) above MSL (Westinghouse 1983, Sect. 3.5.2.1).
m«mwammmmmm.wuo.mnnmmmcs
M.mmsthMMbkm(Sm}mdmwm
plant’'s discharge poht.&mLﬁo.mmMWMOA km (0.25 mile) south of
mmwt,udvmdma“dmmowmmm“.Thowpu'bucownm
area of 1.9 x 10'm’(“m«)mdnpﬁmnhouwmhocamuﬂdthoﬂowﬁomw
Creek 1s diverted into a canal (Westinghouse 1983, Sect. 3.5.2.2). The lower part of Sunset Lake
covers approximately 3.2 x 10* m? (8 acres) and has an open-water ares (see Sect. 3.7.2). The
thlﬂ&uﬁnmmw&MLﬁommw,hmmwuﬁomowhl
mvtobwot&mutulo.mmcmnmmmdmm«l&otom

Congaree River.

3.5.1.2 Congaree River water quality

w.wqu-mvd-ummWnHw«vancnwotmw“thlmqm
compiled from SC DHEC data for 1981 (Table 3.6) Discussions with the SC-DHEC statt confirmed
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Table 3.5. Congaree River annual (1981) water

of the NFCS discharge (outfail)’
Blossom St. Bridge®  U.S. 601 Bridge”
Comsouant® (upstream) (downstream)
Temperature, °C 16 16.8
Turbidity, JTU 14 141
Conductivity, umhos 68 70
Dissolved oxygen, mg/L 10.1 8.1
BODg, mg/L. 34 39
pH, units 71 68
Total alkalinity, mg/L 16 17
NHy + NH,, mg/L 0.63 0.095
NO, + NO,, mg/l 034 0.042
Phosphates, my/L 0.13 0.32
Total organic carbon, mg/L 4.3 5.1
Cadmium, ug/L <10 <10
Chromium, ug/L 50 <50
Copper, ug/L <50 <50
ron, ug/L 787 1300
Nickel, ug/L <50 <50
Lead, ug/L 55 <50
Mercury, ugiL 0.2 03
Fecal coliform, per 100 mi 249 1490

*Compiled from South Carolina Department of Health and Environmen-
tal Control Data and reported in Westinghouse 1983, Tables 3.11 and
312

PJTU = Jackson turbidity units.

BOD = biological oxygen demand.

‘Sampling location is 16 km (10 miles) upstream of Waestinghouse
outfall

“Sampling station is 40 kn (26 miles) downstream of Westinghouse
outfall.

that these values are typical of esent water quality (Russell Sherer, SC-DHEC, personal
communication vith V. A Tolbert, Oak Midge National Laboratory, October 16, 1984).
mmmwmmmmﬂus.mmm.wh
concentrations of iron and fecal coliform bacteria, there are no appreciable differences in water
MwmwuwmmmMNMNMWonm
nhmmmwoﬂmwmdmdnhthomm
from the communities of Columbia, West Columbia, and Cayce.
mwmwmmnmm,mtm.m.mm
Wastinghouse plant Municipal wastewater from Columbia is treated by trickle filtration and
mmmn-mmmmmwmcmomm
at an average of 1.2 m"/s (42 cfs). Peak sewage discharge from the city of Columbia is 2.6 m’/s
(93 cfs) (Westinghouse 1983, Sect. 3.5 3.2 The combined sewage discharge from Cayce and
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West Columbia to the Congaree River is 0.08 m%/s (3 cfs). The NFCS currently discharges
0.006 m*/s (0.2 cfs) of treated process and sanitary wastes to the river (R. E. Fischer,
Waestinghouse, personal communication with V. R. Tolbert, Oak Ridge National Laboratory,
September 19, 1984). The only other industrial discharge to the Congaree River in the NFCS
vicinity is from Carolina Eastman, which discharges 1.4 m’/s (49 cfs) of cooling tower water into
mCuquwmumdmmmH*'s&mMum 1983, Sect. 3.5.3.2).

3.56.1.3 Local surface water use

The city of Columbia diverts 1.5 m’/s (54 cfs) of water from the Broad River upstream of
Columbia for municipal use (USGS 1981). There are no industrial or municipal users along the
Cwu%ﬁmhmﬂmdmmmmmlmdelm
withth.WmuRMtoformﬂnS.ntuRMvwoxMyS? km (60 miles) downstream of
mMCS.WmevmWaumeobWﬁmmCWWWm
System. Water use by the plant during the period of January to August 1984 was 0.008 m’/s
(0.3 cfs) (R. E. Fischer, Westinghouse, personal communication with V. R. Tolbert, Oak Ridge
National Laboratory, September 19, 1984).

3.6.2 Groundweter
3.6.2.1 Groundwater regime

mm:ntunhtmmvo!mMCShutwocamu:mom.m
mmnmcapcbbofprodmmoww“wﬁﬁudmhmmuwﬁh
rud.dummcuu;mdmm,mmﬂutucmdwmw
quantities of water for industrial and municipal supplies (SCWRC 1983). The unconfined aquifer
camummmmtmmd-podnoim-mm.mmm
amrmmmmnmmmmum.m-mmd
these and other units is discussed in detail in Sect. 3.6.1.

Presently grmmommtmmmnmmbymumhomm
discharge (Dawvis and Floyd 1982). However, the quality of Tuscaloosa groundwater beneath the
contaminated zone is unknown. Groundwater quality is discussed in detail in Sect. 3.5.2.2.

The shallow and deep aquifers are separated by a 10-20-m-thick (30-60-f1) aquitard identified
ummwmmmwmmrmnouz).mwwmumm
and sufficiently low in permeability (<10 " cm/s) to prevent more than insignificant natursl
hydraulic communication between the surficial and confined aquifers.

&v«dm:dwducbdbmtommmmmmﬂbudmdhm
Mingo (Davis and Floyd 1”2).MWWIWWMNM‘OW
mumm,nnmm«mm“n-mmbwmmmmmw
uppermost Tuscaloosa aquifer. The two units may behave as a single combined aquifer.

hnmuibbtohmhvankcmmwb«wundupmmwm
m-«m.m«mmm«mmmmp‘mummm
strata. Davis and Floyd (1982) have identified two NFCS wells (W-1 and W-2, respectively,
Fig. 3‘a)mmcommmwmmmmwmmmm
aquiter. These are older wells with uncertain completion records. Well W-1 is definitely a
TWM.AthM[dlmMMvatMMCUMWMM
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Commission (SCWRC)] was drilled in 1963 in the vicinity of NFCS. This well probably also
penetrated the Tuscaloosa (Davis and Floyd 1982). If these wells were properly completed and/or
plugged. there should be no hydraulic communication between shallow and deeper aquifers. The
mmaumdﬂmw,w.wmnammwwﬂnqmﬁm
m.mwmmmmmmmmsmmmmm.

szmmchuddaufatfnmlcabouaquifuaddsmﬂwmtofmwhm
vicinity of NFCS. Davis and Floyd (1982) state that the piezometric head in Wells W-1, W-2, and
W—3(modwdoopwolhthoovodyhg8hethgofom\aﬁon)rbn5tosmHS to 20 f1)
mowﬂutmduumauwm,mmcmmmmmmmm
to the southeast. It is likely, however, that the piezometric heads in the basal sand of the Black
Wmuostyh&mdatNFCSbythemmemM. According to Davis
and Floyd (1982), Tuscaloosa aquifers have higher artesian pressures than Black Mingo aquifers.
Cm.uowdwﬁcdbakmmohouymsmwghmnomﬁmgsmu(hbmtc«m
thatconfmingstnmliebotwunﬁnMMﬁmmeMusatNFCS)Mmrmm
Well W-1, which is an open-hole completion in the Tuscaloosa.

Hy&uiccamuiaﬁmbohmonshdowturmmddnp«cmﬁhgaqdfsswmﬂdbo
inmtuidifthepiczomotrichoadoftmmtorw«egrumthmthatofthoformor.Ahigh
poizormtrichoadinthoncdoouwoddcrutoenmwardﬂowtowardmshalowaquifor,thus
preventing the downward flow of contaminants.

ﬂnpiozonmricwfoooofthodulownifuiswelknown.Figuro3.9isacontoumapof
the piezometric surface (Davis and Floyd 1982). This surface slopes southward through the main
plant area toward Sunset Lake where it intersects the surface. It is evident from these data that
shallow groundwater discharges into Sunset Lake.

3.6.2.2 Groundwater quality

Tablo3.6hmmdmmquﬁtyﬁmmwmmtofﬁnphm(uptm
groundwater gradient at Well W-24, located near the intersection of the plant entrance and Bluff
Road). As expected, there is no evidence of NFCS contaminants from the Westinghouse facility.
Ammonia and fluoride were below detectable limits, total dissolved solids (TDS) was 50 mg/L, and
the pH (6.0) was slightly acidic.

In mid-April 1980,aﬁshkiloccmodmthosmulnm-nndopmdbcatodminsouthoftho
Westinghouse facilities (Fig. 3.8). It was determined that the kill probably resulted from elevated
mmmmmmmmwmhmm.mmzmm
w«obohgdachugodtothopu\dﬁunamrbyspmgbcatoddwmgndmthunm
Westinghouse wastewater treatment plant. Since the kill, several groundwater quality investigations
were conducted at NFCS, and two sources of contamination were identified: the concentrated
waste treatment tanks and the ammonia storage tank area. In addition, the waste treatment ponds
may have been a source of groundwater contamination in previous years (Davis and Floyd 1982).

Table 3.7.presents water quality data from the surficial aquifer immediately downgradient from
the sludge ponds toward Sunset Lake (Well W-7). This well generally has the greatest amount of
contamination of all wells monitored at the site. High levels of NFCS source contaminants, 49 and
602 mg/L of fluoride and ammonia, respectively, were reported. Furthermore, the TDS was an
order of magnitude greater concentration (642 mg/L) than at the upgradient well location (Well
W-24), and the pH (9.4) was strongly alkaline. Apparently, the above analyses were obtained in
1981 or 1982 (Westinghouse 1983).
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Table 3.6. Analysis of groundwater in the
near-surface aquifer northeast of the

Westinghouse NFCS (Well W-24)°
mg/L, or
ER—— as indicated

Arsenic <0.008
Barum <0.1
Cadmium <0.005
Chromium <0.01
Fluoride <1.0
Lead <0.0%
Mercury, ug/L <0.2
Nitrate nitrogen 0.7
Ammonia nitrogen <1
Selenium <0.01
Silver <0.01
Turbidity 1.7
Chloride 20
Hydrogen sulfide <0.01
Copper <0.01
Iron 0.04
Manganese 0.018
Sulfate 18
Dissolved sohds 50
Zinc 0.042
Color 5
pH, units 6.0
Surfactants (MBAS®) 0.47
Nickel <0.01
Conductance, mhos 180

"Well W-24 is located upgradient, near
the intersection of the plant entrance and
Biuff Road.

MBAS = Methylene blue active
substances (detergents).

Source: Westinghouse 1983, Table 3.9.

BecauuWesthghamMsmtsampbdmostoftMommMmammbm,aw
sporadic results are available. Table 3.8 provides the most recent data (May 1984) for
nonradiological contaminants (Westinghouse 1984). These data, which are typical of other sampling
times, indicate that conditions remain much as they were in 1981-82. Furthermore, nearly all
mmmtwmwmtmmmmmwunmm
levels of contamination, ranging from about 5 to nearly 100 mg/L fluoride and 5 to 445 mg/L
ammonia. Table 3.9 shows the most currently available results (April 1983) for radiological
parameters in the onsite groundwater. At the time of that sampling, the greatest radioactive
contamination was found in Well W-30 (204 pCi/L gross alpha and 320 pCi/L gross beta) and
Well W-7 (88 pCi/L gross alpha and 914 pCi/L gross beta). The other wells generally had much
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Table 3.7. Analysis of groundwater in the
near-surface aquifer southeast of the
Westinghouse NFCS (Well W-7)°

mg/L, or

Parameter an bl I

Arsenic <0.006
Barium 0.1
Cadmium <0.005
Chromium <0.01
Fluonde 49
Lead <0.05
Mercury, ug/L <0.2
Nitrate nitrogen 310
Ammonia nitrogen 602
Selenium <0.01
Silver <0.01
Turbidity 5
Chioride 20
Hydrogen sulfide <0.01
Copper <0.01
iron 0.04
Manganese <0.005
Sulfate 125
Dissolved solids 64
Zinc 0.021
Color 25

pH. units 94
Surfactants (MBAS") 0.54
Nickel 0.02
Conductance, mhos 2,950

*Well location is shown on Fig. 3.8.

MBAS = Methylene blue active
substances (detergents).

Source: Westinghouse 1983, Table 3.10.

lower concentrations of radioactivity. As shown in Tables 3.8 and 3.9, upgradient wells were
mﬂﬁudMMMrW“mMumwmmm
thmm.mmmdmmmmwmtuommﬁmbmmw
in Sect. 4.2.3.2.
MwammquﬁwmmalowtmmmfvsudmbodbthSCWRCH%&
in only general terms. According to SCWRC, shallow groundwater may be high in iron, sulfate, or
nit-ate but is generally soft. Except for the information provided by NFCS for the onsite wells,
gromdwotuquuﬁtyofmubyprivatdyowmdsmlowwohismdocumntod.
waghmwyhmmscabonmmgm«alygoodhkichbndmdwrmndng
counties (SCWRC 1983), data for the NFCS vicinity are sparse. Two deep wells (W-1 and W-2 on
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Table 3.8. Special water quality analysis report
for monitoring wsells at the Westir.ghouse 'IFCS,

May 27, 1984°

Well pH Fo NH;  Conductivity
number  (units)  (mg/L)  (mg/L) (mhos)
3 6.6 1.8 1.8 700
4 6.2 2.2 1 100
6 6.2 2.0 1 42
7 9.2 910 445 2900
u 7.0 2.3 20 480
9 5.6 2.3 1 250
10 6.3 115 14 410
1" 6.0 31.9 5.5 100
12 6.5 2.1 15 61
13 6.7 2.2 13 330
14 5.9 2.2 1 59
15 6.7 6.5 34 600
16 7.0 2.3 38 61
17 5.8 28 1 420
18 7.1 26 45 870
19 55 1.9 1 120
20 6.2 20 115 140
21 5.6 1.4 1 138
22 75 23 56 1300
24 5.8 20 1 56
25 6.4 2.4 1 121
26 6.3 24 29 620
27 6.3 2.1 25 390
28 6.0 34 42 350
29 8.9 23 116 1420
30 7.8 22 1.2 2100
31 6.7 2.3 5.4 190
32 8.8 38 188 1600
33 5.2 1.3 1 180
34 6.0 14 2.1 340

*Well locations are shown on Fig. 3.8 except for
W-24, which is located upgradient, near the intersection
of the plant entrance and Biuff Road (Route 48).

Source: Westinghouse 1984.

mmmwhmTW.WMUQNMtMM,MM
mmuvrn}ommw«rmmenhbbhnwom.pbzmmcamm
MMMMOMM.AWdMMM-&WﬁMhWWMW
m.NonmMuokmntommmmammmwmof
the shallow aquifer.

Water quality data are available from two Tuscaloosa wells located about 8 km (5 miles) south
thCSmNRM-CMmMy&m.MMw«.WhNoWlS?S
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Table 3.9. Special radiological water quality analysis
report for monitoring wells at the Westinghouse NFCS,

April 16, 1983°
Weill Gross alpha Gross beta
number (pCi/mL) {pCi/mL)

6 0.033 0.020

7 0.088 0914

8 0.045 0.073

9 0.004 0.010
1 0.041 0.233
12 0.015 0.014
13 0.003 0.011
14 0.000 0.005
15 0.017 0.240
16 0.009 0.063
17 0.000 0.027
18 0.033 0.212
19 0.004 0.006
21 0.000 0.002
22 0.014 0.199
23 0.002 0.004
24 0.000 0.000
26 0.002 0.026
27 0.002 2.003
28 0.002 0.006
29 0.036 0.043
30 0.204 0.320
32 0.004 0.044
33 0.016 0.013

*Well locations are shown in Fig. 3.8, except for
W-24, which is located upgradient, near the
intersection of the plant entrance and Bluff Road
(Route 48).

Source: Westinghouse 1984,

and in November 1976 for Tee Pac, Inc., of Sandy Run, South Carolina. These wells (29R-f1 and
29R-f2) (SCWRC 1984) were multiply screened in the Tuscaloosa forration. Several chemical
analyses were obtained between November 1975 and December 1976. At that time water quality
wugood,ﬂuoridomnotdatoctabb,TDSrumdbetwm15maOmglL,mderumd
between 5.1 and 6.8. No tests were conducted for ammonia (SCWRC 1984).

Another Tuscaloosa well [Well 29P-v2, owned by Laurington Dairy Farm (SCWRC 1984)] was
completed in Richland County about 6 km (4 miles) north of NFCS. Water samples were drawn
from this well shortly after completion (November 1956). Water quality (TDS 17 mg/L, pH 5.2,
fluoride not detectable) was similar to that of the Tee Pac wells.



3-26

3.5.2.3 Groundwater use

The surficial terrace aquifer is primarily used for rural, domestic water supplies (SCWRC 1983).
Wells completed in the terrace aquifer generally produce small quantities of water [<1 Us
(<2099m)]ﬁnwginalquaﬁty.Honoe,ﬁnyuosddundavobpodwaormmdm.
Terrace aquifers are a primary source of water for rural inhabitants who cannot afford to drill and
maintain deeper wells.

More than 700 privately owned shallow wells fie within 8 km (5 miles) of NFCS (NRC 1977).
Neartyal!oftheuwoﬁsarelocatodupgndiuntothononhmdnonfmtThocloout
downgradient wells are in Congaree Swamp National Monument Park, 6 km (4 miles) away, and
near Zion Pilgrim Church, 4.5 km (3 miles) southeast of NFCS. The nearest wells tc the south are
across the Congaree River near Sandy Run Community, about 8 km (5 miles) froon NFCS. None of
thedowngradiontwolsis&o'ytobeeffoctodbyNFCScomunhatodwomdwat«bowmof
distance and the large intervening groundwater discharge area encompassing Congaree Swamp.
The Congaree Swamp is, M,anunﬁketvbcabforsh.lowwelsbmmofitsmﬂ
unsuitability for agriculture and human habitation.

ThoTuscdmsaaquifuisameodmmdmdmncbdgrmmdwnurmu!Pm
1979). Figure 3.10 illustrates regional Tuscaloosa water production by county. The Tuscaloosa in
canudSouthCafdwmisdoaaibodbySCWRC(Isamuamajmmcoongh—thy
groundwater, with yields up to 200 L/s (3400 gpm) from individual wells in Richland and
surrounding counties. Tuscaloosa wells nearest NFCS are capable of producing 14 to 25 L/s
(225 to 400 gpm). Tee Pac, inc. [8 km (5 miles) south of NFCS], uses Tuscaloosa water for
industrial purposes and Laurington Dairy Farm [6 km (4 miles) north of NFCS) uses it for livestock
and irrigation (SCWRC 1984).

Lmo-tumprodmtbnﬁanﬂnTmcdooamwidmﬂyboﬂmﬁndmmunﬁdm
hpiezmubhud.ﬂnLuﬂmmDairyandebmpmmchgmm19561rom
sctomodhtefvalsrangingfromsltt090m(210t0294ft).mm-hwmbvdntamby
Tuscaloosa well was 12 m (39 ft) below ground level in November 1982 (SCWRC 1984). An
thwhmmnmmwmmmmvmmmnm
intervals from 127 to 165 m (425 to 542 ft).Thowatubvdhﬂilnorvoduci\gwulrumd
from 6 to 11m(21t037ﬂ)bobwqw\dmheofrun0ctobu1980tkmqh$0mm
1982.Thepbzamwicheodmmobwwﬁmwhmuby5\mt00mmkum:om
dogrubymarbvwmm.mbwdwummwswwlm(SOBtoOZSh).
and the water level ranged from 12 to 24 m (40 to 78 ft) below ground surface from October
1981 through September 1982 (SCWRC 1984).

Franﬂmfmogomgmsbnitappwsikdvmtﬂnpbzmﬁchudhmmscdoou
formtmnhighatNFCSThenouostwolspm\pingfrommmscdoouanﬂkmm"ﬂa)
awaysothatthedrawdownwoudbetnvid.T.‘m:.t:\opiazormtrichowhmol'mloouis
probably near that of the overlying terrace aquifers 2t NFCS, and iy transfer of fluid between the
turaoeandTuscdoosaamﬁfwswmﬂdbemﬁndmdubjocttomwmlvﬂﬁm.th!hortho
flow is up or down is indeterminant at this time.

3.6 GEOLOGY

This section describes regional and site physiography, stratigraphy, structure, soils, mineral
resources, and seismicity. These characteristics relate directly to foundation stability and impact on
groundwater resources.
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3.6.1 Physiography

Southeastern Richland County lies within the upper Coastal Plain, a subprovince of the Atlantic
Coastal Plain (Davis and Floyd 1982). The topography ranges from very flat and poorly drained
near the Congaree River to the well-drained sand hills. The topography surrounding NFCS is
generally flat with only slight locai relief.

The physiography of the upper Coastal Plain is controlled by unconsolidated sands and clays
that are easily weathered and eroded in comparison to the hard, consolidated Paleozoic and
Precambrian rocks north of Columbia, South Carolina. Columbia is located on the Fall Line, a zone
of river rapids and small waterfalls, which forms the boundary between the Piedmont and Coastal
Plain physiographic provinces (Fig. 3.11).

3.6.2 Stratigraphy and Structure

The regional geology is illustrated by two figures. Figure 3.11 is a geologic map of South
Carolina’s Coastal Plain and Piedmont, inciuding a structure section through Richland County along
line A-A'. Figure 3.12 is a stratigraphic column of formation names which are keyed to the map
symbols in Fig. 3.11.

The NFCS is located in the subcrop of the upper Cretaceous Tuscaloosa formation (Kul). Some
geologists prefer the use of the local term “Middendorf” rather than Tuscaloosa. The Tuscaloosa
deserves special consideration because it is perhaps the most important regional aquifer in South
Carolina (Park 1979). A detailed discussion of groundwater resources is provided in Sect. 3.5.2.

The Tuscaloosa and younger strata form a thin veneer [a few tens of meters along the Fall Line
near Columbia to more than 180 m (600 ft) in southeastern Richland County] overlying
“basement” rock. The depth to basement is estimated to be 75 to 90 m (250 to 300 ft) at NFCS.

The following discussion describes the stratigraphy of the basement and overlying coastal plain
sediments. The order of discussion is from oldest (basement) to youngest (Pliocene - Pleistocene).

Little is known about the basement rock of the area because so few holes have been drilled
into it. The available data suggest, however, that the buried basement rocks are little different from
those exposed in South Carolina’s Piedmont province; that is, they are Paleozoic and Precambrian
metomorphic rocks and intrusives.

The Tuscaloosa formation is arkosic cross-bedded sand and gravel, interbedded with lenses of
mixed clay composition and kaolin. The depositionai environment was mixed continental-marine,
characterized by fluvial, deltaic, and littoral deposits (SCWRC 1983).

In the vicinity of NFCS, the base of the Tuscaloosa formation rests on basement rocks believed
to be similar to those exposed in the South Carolina Piedmont. The top of the Tuscaloosa is eroded
out at the NCFS. Uppermost ‘uscaloosa strata are encountered betwezen 15 to 30 m (50 to
100 ft) below land surface (depen ng on topography) in the vicinity of the NCFS.

The stratigraphic units lying directly over the Tuscaloosa are difficult to decipher at NFCS for
two reasons. First, the Fall Line is only about 15 km (10 miles) to the northwest, so that most
strata overlying the Tuscaloosa are thin or absent. Second, outcrops of strata older than Pliocene
are rare. They are generally covered by 6 to 12 m {20 to 40 ft) of Pliocene-Pleistocene marine
terrace deposits. What little is known of the stratigraphic interval between the upper Cretaceous
and Pliocene is obtained from well cuttings and geophysical well logs. Interpretations based on such
data are generally tentative.



ES-6131

@ cirv o coLumsia s

N N C
2 s
A i AR L | i o o WESTINGHOUSE FUEL FABRICATION
» St AKD To, % \»" PLANT SITE
™ » > c

1_, 01 2345678
VR W GSh (e e
3 KILOMETERS
o
\\ K J FOR KEY TO GEOLOGIC SYMBOLS, SEE FIG 312
i}
FAIRFIFLD RICHLAND “"vi‘ AnON] RN BERK Y I MARLESTON
me cO {
Prus ANE Poy * WESTINGHOU ¢ 7 ATLANTIC COAST
: ¥ PLANT SITE _/ ATLANTIC OCEAN
N Wi o
D;t ) !
DMONT METAMO AP S — ——— <,
C D INTAUSIvE e V
" COASTAL
PLAIN
SEDIMENTS

Fig. 3.11. Regional geology of the Westinghouse NFCS, indicating features of South Carolina’s
Piedmont and Coastal Plain. A key to geologic symbols is given in Fig. 3.12. Source: See Fig. 3.12.

Davis and Floyd (1982) assembled an interpretation of the subsurface beneath NFCS (Fig. 3.13)
based on well data. These data suggest the presence of several meters (tens of feet) of the Eocene
(T,1-Te2) Black Mingo formation beneath the site, based on the findings of shale chips in well
cuttings and on characteristic “kicks” in the geophysical logs at shale-sandstone interfaces. This
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interpretation is plausible because Paleocene-Eocene outcrops have been mapped in Calhoun and
Sumter counties, which are adjacent to Richland County on the south and east, respectively.
Colquhoun et al. (1983) believe that remnants of the lower part of the Black Creek formation
(upper Cretaceous) may also be present in the site vicinity. The identity of this stratigraphic unit is
largely immaterial because Black Mingo and Black Creek lithologies are similar. Both consist of gray
to black laminated shale interbedded with sand (SCWRC 1983).

The likely presence of the Black Mingo formation and/or Black Creek formation beneath NFCS
is significant. About 10 m of shale between the Tuscaloosa and surficial aquifers may prevent
hydraulic communication between them. Thus, contamination of one aquifer does not necessarily
lead to contamination of the other.

Pliocene - Pleistocene marine terrace deposits overlie the Black Mingo formation. These terraces
are exposed in scattered crainage ditches and road cuts in southern Richland County. One such
terrace (the Okefenokee terrace) has been identified in the NFCS vicinity. Other nearby terraces are
the Sunderland (northwest of NFCS) and Wiscomico (southeast of NFCS and along the Congaree
River). The thickness of these terrace deposits ranges between 6 to 12 m (20 to 40 ft), and
collectively thay form the surficial aquifers of the area.

The lithology of the terrace sediments is complex. Variable mixtures of clay, silt, and sand
tl#m“ﬁnwwymdmdsm,gmmmbwdymmm«n
facies into another. Individual facies are difficult to recognize from one well to the next.

3.6.3 Soils

ThomtwocfthosoilsintheareaismponaminthoasmmmofNFCSopum‘omor
expansion. Probbmoocwtfsoilswilmtwpponstructwnorho&tgpm,ifsoilpormoobﬁty
alowsofﬂuomstowﬁonms.awmwmmdwh(m,m,
corrosibility to concrete and steel, and fiooding potential) cannot be overcome.

Soils groups for the NFCS recion are mapped in Fig. 3.14. The plant site occurs on the
Craven-Leaf - Johns association. Craven series soils are moderately well-drained, gently sloping
Couthhinsoils.Thesu’focelayefisloun.withadlyﬂbsoilthotiswyfimmddoww
permeable. Clayey sediments interfinger with sand lenses below. The Leaf association is poorly
drained, with a silt-loam surface and silty-clay subsoil (NRC 1977).

Both soil series in the association have certain limitations. They are highly corrosive to both
concrete and steel, and they have severe shrink-swell potential and severe wetness and flooding
potential because of seasonal high water tables. The latter characteristic alsc decreases their
Mfawtmm.mmmofmmmmsmmmmmm
(NRC 1977).

3.6.4 Mineral Resources

Construction materials (sand and gravel) are the principal mineral resources of southeastern
Richland County. These resources are not unique to NFCS. They are found in a wide variety of
coastal plain sediments in South Carolina. Ceramic materials are obtained from localized pure kaolin
and quartzose sand deposits in the Tuscaloosa formation.
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3.6.€ Seismicity

Most of this discussion is based on recent work by Bollinger (1972, 1973). Bollinger is
responsible for much of the current literature on the seismology of the southeast generally and of
South Carolina in particular. He suggests that, “broadly viewed, the region is a minor seismic zone,
characterized by a low level of seismic energy release” (1972). He also suggests that “earthquake
frequency per unit time per unit area in this region is about one-tenth that of the west coast, but
the seismograph station density that exists even today is inadequate” (1973). However, he notes
from other research that areas affected by shocks east of the Rocky Mountains are greater in size
than those of equal magr itude events in the western United States.

The most intense shock in South Carolina cited by Bollinger (1972) was the August 1886 event
at Charleston. The quake was felt as far west as Missouri and ns far north as Vermont. The quake
intensity in the Charleston area corresponded to a Modified Mercalli Intensity (MMI) scale X, while
most of the remainder of South Carolina, including NFCS area, underwent a quake intensity of MMI
w.mumodmnnooatmmmdwmmsankodmw.bmkmm.
falling plaster, loose bricks and cornices, damage to concrete irrigation ditches, and caving in along
sand and gravel banks. The distribution of earthquakes within 320 km (200 miles) of Columbia,
South Carolina, from 1754 to 1984 is shown in Fig. 3.15.

Bollinger (1972) suggests that, “up to 1950, the seismic activity within the state is seen to be
MMmmCMbstm-Muu.mmttoﬂm&mN‘me
outside that locale.. unexplained is the apparent shift, during the past two decades, of seismic
activity away from the coastal Charleston-Summerville area to the interior portions of the state.
This apparent shift now includes three shocks in the central part of the state that has been
historically free of earthquake epicenters.” Apparently, this suggested trend of Coastal Plain
seismicity is quite localized, for Bollinger (1973) notes that “appreciable earthquake activity in the
Coastal Plain province appears only in South Carolina.” The uncertainty of the suggested trend is
uwﬂbdbyﬂnspuumohmawmmuuponwﬁchnnbm.'ﬂnmm
has seismic monitoring inadequate to specify completely its seismicity. This in turn implies the
possibility of missing any buildup or decline in that activity” (Bollinger 1973).

Using deterministic seismic risk analysis (Krinitzsky and Marcuson 1983) forces one to deal with
the possibility of a local earthquake similar in intensity to the 1886 Charleston earthquake. Causes
ofﬂnChubtmankcwolpocmmnbutThm.itcanboorgndtfmunhm
earthquake could occur at Columbia, and ground motion under these circumstances could cause
major damage to structures.

mwobﬂdeWhmmmtmmuM!umm
assigned NFCS plant life. Algermissen et al. (1982) provide probabilistic estimates for earthquakes
of various intensities. Table 3.10 lists the estimated recurrence intervals in years per 10* km? in
the seismic source zone that includes both Charleston and Columbia. Estimated recurrence intervals
for the New Madrid seismic zone (southeast Missouri) and the San Andreas fault zone are provided
for comparison. These data show that an earthquake with an MMI of VIl has a recurrence interval
of about 250 years (about a 10% probability of occurring in a 25-year interval) in the 10* km?
surrounding Columbia. Hence, it makes good sense to prepare, either through design or remedial
action, for the possibility of minor earthquake damage. However, the probability of an MMI X
earthquake in the near future is vanishingly small. By comparison, the New Madrid and San
Andreas seismic zones are 3 and 50 times more active, respectively, than the
Columbia - Charleston zone.
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Fig. 3.15. Distribution of earthquakes within 320 km (200 miles) of Columbia, South Carolina,
1764-1983. Source: Computer search of data on file at the National Oceanographic and Atmospheric

Algermissen et al. (1982) also provide estimated probability of ground motion for central South
Carolina. These estimates are based on mean values of ground motion as a function of earthquake
intensity. Table 3.11 estimates the hor.zontal accelerations and velocities having 10% probabilities
of exceedance for selected time intervals. Krinitzsky and Marcuson (1983) caution that ground
motion as a function of earthquake intensity has a very wide error band, especially for structures
sited on unconsolidated foundation materials (soft site) and for near-field earthquakes (epicenters
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Table 3.10. Earthquake recurrence intervals (years/ 10° km?)
as a function of Modified Mercalii Intensity (MMI)
for selected seismic source zones

Seismic source zone

MM
v 25 (5) 8 1
Vi 79 (17) 23 2
Vil 250 (53 65 6
vin 790" (170) 190 17
X 2500° (530)° 540° 46
X 7900° (1700)° 1600° 130

“Estimated recurrence intervals in parentheses are for the
entire Columbia - Charlestcn seismic source zone (nearly 5 x 10*
km?),

Source: Algermissen et al. 1982.

Table 3.11. Ten percent probability estimates for horizontal accelerations
and horizontal velocities exceeding a given value as a function
of time at Columbia, S.C.

Time intervals (years)

10 50 250
Horizontal acceleration” 5  § s 23
(% of gravitational
acceleration)
Horizontal velocity 2 7 16
(cm/s)

*Approximate mean horizontal acceleration for a Modified Mercalli intensity
VIl earthquake for a near-field earthquake at a hard site, from Krinitzsky and
Marcuson 1983.

Source: Algermissen et al. 1982.

less than 5 to 50 km away depending on magnitude). Thus, it is reasonable to design for a safety
factor of 2 with respect to Algermissen’s estimated ground motion.

3.7 BIOTA

3.7.1 Terrestrial

3.7.1.1 Vegetation

General types of vegetation found on the site are indicated in Fin. 3.4 and include bottomiand
forest, upland forest, cultivated field, and lawn. Bottomland forists are extensive along the
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Congaree River to the west and south of the site, whereas upland forests are predominant to the
north and east and on the other side of the Congaree River bottoms. The primary crop grown
onsite is soybeans.

The vegetation of the United States has been described according to two different types of
classifications: the potential vegetation that would be present if man had not interfered with natural
physical and biological processes, and the vegetation types that actuaily occur at the present time.
The potential vegetation in the region including the site is classified as southern fioodplain forest
along the Congaree River, oak-hickory-pine forest on the uplands, and southern mixed forest
immediately west of Columbia (Table 3.12). The actual vegetation differs from this mix primarily in
that the uplands of the region are dominated by loblolly pine-shortieaf pine forests and longleaf
pine-slash pine forests (Eyre 1980). Cn relatively wet upland sites, fertile well-drained coves, or on

Table 3.12. Potential natural vegetation of the
Columbia, S.C., area

Southern floodplain forest

Physiognomy: Dense, medwm tall to tall forest of broadieaf
deciduous and evergreen trees and shrubs and
needieleaf deciduous trees

Dominants: Tupelc (Nyssa aquatica)
Oak (Quercus spp.)
Bald cypress (Taxodium distichum)

Oak-hickory—pine forest

Physiognomy: Medium tall to tall forest of broadieaf
deciduous and needleleaf evergreen trees
Dominants: Hickory (Carya spp.)

Shortleaf pine (Pinus echinata)
Loblolly pine (P. taeda)
White oak (Quercus alba)
Post ocak (Q. stellata)

Southern mixed forest

Physiognomy: Tall forest of broadleaf deciduous and
evergreen and needleleaf evergreen trees
Dominants: Beech (Fagus grandifolia)

Sweet gum (Liquidambar styracifiua)
Southern magnolia (Magnolia grandifiora)
Slash pine (P Sotti)

Loblolly pine

White oak

Laurel oak (Q. laurifolia)

Source: A. W. Kuchler, Potential Natural Vegetation of the
Conterminous United States, Special Publication 36, American
Geographical Society, New York, 1964.
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sites adjacent to creeks in the uplands, hardwood species such as red maple and sweet gum are
more abundant. Various species of oaks and hickories are also associated with upland forests, as

well as with most other forest types in the region

3.7.1.2 Fauna

Wildlife species that occur in the region containing the site include about 125 breeding bird
species (Cook 1969), 5% species of mammals (Simpson 1964), 44 species of reptiles (excluding
turtles), andd 38 species of amphibians (range maps in Conant 1958). Although all of these species
are expected to occur somewhere in the central South Carolina region, the site itself is too small to
contain all the habitats required by these species. Therefore, only a fraction of the total rumber of
species would be expected (o occur on the site. In addition to the breeding bird species, more than
100 other bird species probably occur at the site as migrants or visitors during fall, winter, and
spring

Wetlands, ponds, and forests on the site are the most important habitats because they support
the greatest numbers and densities of wildlife species. As wetlands and bottomiand forests are
being rapidly draned and cleared for agriculture throughout the United States, the remaining
forests, such as those along the Congaree River, are becoming increasingly important in supporting
the remaining wildlife populations (Johnson and McCormick 1978). Cultivated fields and lawns
support only low-density populations of relatively few species. Because the plant site has extensive
fields and lawns in addition to the facilities, the site as a whole is expected to have relatively low
wildlife populations

important game animals that occur at the plant site include the white-tailed deer, raccoon
eastern cottontail, bobwhite, gray squirrel, and wood duck. Furbearers include the bobcat, red fox
and gray fox

3.7.2 Aquatic

Aquatic resources that occur in the NFCS vicinity are the Congaree River, Mill Creek, and
Sunset Lake; their hydrology is discussed in Sect. 3.5.1. There is little information available on
biota in the Congaree River. Table 3.13 identifies major fish species found in the Congaree River as
isted by the South Carolina Fish and Wildiife Department and the SC-DHEC. Of these species,
bass, crappie, bluegill, and catfish are popular game species. This should not be construed to be a
comprehensive list of species present in the Congaree River, but rather as a list of species of
economic importance

The major invertebrate species in the Congaree River that occur both upstream and
downstream of plant discharge, chironomid larvae (midges) and tubificic worms, are indicative of
organic ennichment. The high fecal coliform count reported in Sect. 3.5.1 indicates that sewerage
enrichment occurs downstream of Columbia. The sand and mud substrate typical of Piedmont
streams restricts the benthic fauna to burrowing and filtering species and those species that live in
association with plant material deposited in the river. Of the four phyla of benthic invertebrates
collected with a ponar dredge from the river both above and below the plant discharge, 43% were
mollusks, 29% were annelids, 27% were arthropods (primarily insects), and 1% were nematodes

(NRC 1977). Fingernail clams, Sphaerium sp., were the most abundant organisms collected

Corbiculia clams occurred only downstream of the discharge at the time of sampling (Westinghouse
1983, Sect. 3.8.2.3)
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Table 3.13. Major fish species that presently occur
in South Carolina's Congaree River

Scientific name Common name

Lepisoteidae

Lepisosteus 0sseus Long-niose gar
Amiid

Amia calva Bowfin
Clupeidae

Dorosoma cepedianurm Gizzard shad
Cyprinidae

Cyprinus carpic Carp
ictaluridae

Ictalurus natalis Yellow bulthead

I. nebulosus Brown bulthead

I punctatus Channel catfish
Serranidae

Morone saxatilis Striped bass

M. onrysops White bass
Centrarchidae

Lepormis macrochirus Bluegill

M. salmoides Largemouth bass

Pomoxis annularis White crappie

P. migromaculatus Black crappie

Source: Westinghouse 1983, Table 3.15.

th\oplu*tmcoﬂoﬂedhdnvmwotﬁnpbmmgoweprmwymm
green algae, Eudomadogms.OftfntotalmmborofindividmbOfZZspmcohcud. 73%
were Chiorophyta (green algae), 14% were Chrysophytos (yellow-green or yellow-brown algae), and
12%w«eCy¢nophyta(bhn—grmalgoe).TMavefaqomMofoolshmriwwaSOOc*
wmu.mmmwocobctwm:highﬂowpubd,mofﬂnm
ooloctodwovoprobablytmnponodfromthermvoinupsmomonthe&hdaﬂivuimotho
Congaree River (NRC 1977).

Thi1y~muapodesofzoopbnktmwueidenﬁﬁodﬁmtowwnpbshﬁnvicﬂwofﬁn
phm.Thebrvdsugo(glochidh)ofbivdvomolmksoompﬁndﬂ%ofﬂntﬁdmnb«of
individuals collected. Copepods, rotifers, cladeocerans, and larval stages of oligochaete worms and
nematedes were also collected in the tow samples (Westinghouse 1983, Sect. 3.8.2.3).

Samples from selected substrates (rocks, leaves, and logs) in the river yielded 112 species of
periphyton. Of these, 97% were diatoms. The more abundant diatoms collected were Achnanthes
deflexa, Navicula minima, N. mutica, and N. crytocephala. Green algae, mostly Ulothrix sp., and
blue-green algae, Microcoleius vaginatus and Oscillatoria sp., were observed infrequently.

Because of its shallow nature, high temperature, low flow, and decomposing organic matter,
thod'nsoivodoxygenlovelo1&msotmeuslow(bssﬁm4ppm)mdthohkefumismod.
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UppuSuthakennowaswampﬂntsuppomam&xodstmdofswampnpdo, Nyssa aquatica,
and Carolina ash, Fraxnncardhim.mwatersuﬁcoiscovorodformomostpmbyadum
mat of duckweed, Spirodela polyrihiga and Lemna minor. Emergent vegetation is primarily yellow
water lily, Nuphar advena; lizard tails, Saururus cernus: and St. John's wort, Hypericum
spathulatum. The only benthic invertebrate collected was the phantom-midge, Chaoborus
punctipenms, which is tolerant of low oxygen levels (Westinghouse 1983, Sect. 3.8.2.4).

The plankton fauna of Sunset Lake were abundant. Phytoplankton densities averaged
60,000 plankters per milliliter. Predominant phytoplankters in the lake were the colonial green
algae, Eudorina elegans. In general, green algae constituted the majority of the phytoplankton
community, although diatoms, euglenoids, biuegreens, and dinoflagellates were also represented.
Zooplankton species were predominately protuzoans (Difflugia lobostoma and Difflugia oblonga) and
the rotifer Asplanchna priodonta. Both zcoplankton and phytoplanktor were maore abundant at the
inﬁowu\dofioworSunsetLako,proboblyuarosdtofthoinﬂowofswm\pwatorfromuppor
Sunset Lake.

Of the fish species collected in 1974 from Sunset Lake and Mill Creek (Westinghouse 1983,
Table 3.16), bluegill and golden shiners (Notemigonus crysoleucas) were the most abundant. Recent
samplings in 1981 and 1982 have yielded the following species: bowfin, carp, catfish, crappie, and
bluegill (Westinghouse 1983, Sect. 3.8.2.4). Empioyee fishing is allowed on both lower Sunset
LakemdoanCrukontheplmtproporty.

3.7.3 Threatened and Endangered Species

The Region 4 Endangered Species Notebook (U.S. Fish and Wildiife Service, Endangered
Species Office, Atlanta, Georgia, 1983, which is updated periodically) lists the threatened and
mwphntmmmehﬂanwnummSmtumerw
mapsandrmgedowipﬁonsfaudvsmde&ﬂispubﬁcmbnwﬁcaammmwm
mmemhmemvdSmnwaoharmn,wmmwigma
(Alhgator mississippiensis) and the red-cockaded woodpecker (Picoides borealis) would be expected
to occur regularly as breeding residents within 40 km (25 miles) of the site. The other species are
the eastern cougar (Felis concolor cougar), Kirtland's warbler (Dendroica kirtlandii), and the bald
mmm.mnmmmmmcmummmm
mmswm,mmwoﬂmm“wummmm.caaiuofrod-
cockaded woodpeckers are known to have occurred in Richland and Lexington counties, which at
thositoarenparatedbytfnConguooRiver.Thobuichabimroqv.kormmismoponsw\dof
pines that includes trees more than 60 years old. Because such habitat is lacking on the site, it is
MWMrMMww«smmmmm.AMmm«m
wooq)oekorhavonotboenobwvodonthosite,systmticwvmforthmspociuhavonot
boonconductodNotlwoatmodovmdnngorodpbmapocmiskmwntooocwhthocontulSouth
Carolina region.

The short-nosed sturgeon, Acipenser brevirostrum, is the only threatened and endangered
WMtMtmemMrmnofSOumCuoﬁnamamCohthUom
Sealey, South Carolina Division of Game and Freshwater Fisheries, personal communication with
V. R. Tolbert, Oak Ridge National Laboratory, October 16, 1984) (Sect. 4.2.4.3). This species
migrates upstream from the Atlantic Ocean to fresh water to spawn. Spawning occurs between
Fabm-rymdmy,dopondngontholatitude,inormo”astﬂowwithgravolornbbbboﬂoms



3-41

(Muska and Matthews 1983). Because of the rubble and gravel substrate upstream of the site in
thovbiﬁwofcm,ﬂnshat-nmodsnxgomcmldmmdmwnhmuu.mof
the mostly sand and mud substrate in the river around the site, little spawning should occur in the
kwmdateviciityoftmmoxoeptpouiblymomﬂwmmuﬂnrw.

3.8 RADIOLOGICAL CHARACTERISTICS (BACKGROUND)
3.8.1 Total-body Dose Rates

Based on Estimates of lonizing Radiation Doses in the U.S. (EPA 1972), the total-body dose
rate fron. natural background radiation in the vicinity of Columbia, South Carolina, is about
135 millirem/year (70 millirem/year from external terrestrial radiation, 40 millirem/year from
cosmic rays, and 25 millirem/year from internal terrestrial radiation). This value compares favorably
with an average of 0.32 millirem/d (117 millirem/year) reported by the state for areas in South
Carolina where there are no nuclear facilities (E. F. Williams, SC-DHEC, Division of Radiological
Health, personal communication to H. C. Woodsum, Westinghouse Environmental Systems
Department, Pittsburgh, October 19, 1973).

Totd—bodydouramworemmodbySC-DHECatoﬂsitclocatiomhtMvicMyofﬂn
plant during 1981 and 1982. These data indicate average dose rates of 0.21 to 0.23 millirem/d
(77 to 84 millirem/year) from external radiation (Westinghouse 1983).

3.8.2 Environmental Background

Mgmrwwmmwdmwmmmmmmdm
Westinghouse plant are given in Table 3.14. Typical concentrations of uranium in surrounding
vegetation and soil are less than 1 pCi/g (Westinghouse 1975).

Table 3.14. Characteristics of background radiation in the vicinity of
the Westinghouse NFCS (1981-1982)

Average gross aipha
(uCi/mL)

Ambient air 39x 10"
Surface water

Congaree River 22 x 107°
Well water

Oftsite 1.0 x 10°°
Drinking water 1.0 x 10<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>