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Glossary
absorbed do6e - The energydepos/tedpm"unitmassof matterwhenionizingrudittioninter.
acts withmatter.Conventionallyexpressedin unitsof rad. InInternationalSystem (SI)units
absorbeddose is exprumedin un/tsof Bray(Oy), whereIGy equalsI00 rad.

adJvatJon. See nuclearruction.

activity. See radioactivedecay.

alpha particle decay. See radioactivedecay.

anion - A neptively chargedionthatis producedwhen• moleculedissolves inwaterandpro-
duce8two ionsofoppos/techarge.Forexample,iodideit • negltively chargedunionof iodine.
See cation.

aquifer - A saturated,permeablegeologic formationinwhich largequantitiesof watermove
es a resultof utund hydraulicgradients.

atom - The smallestd/vim'bleunitof matterthatstill retains_ of anelement. Au
atom consim of • centercore (the nucleus) anda surroundingelectronc_oud. The nucleus
consistsof neutronsandpmmm. The numberof programin_ atomdetermine which element
the atom is.

atom percent- The nmber of stomaof a qagific isotope relativetothetotalnumber of atom.
of the element, expressedus 8 percentqle.

beta pmick decay- Seerulioactivedecay.

beta-sammm ach_ty - A termfor the t]q_eof radiongtJvitythatis _le w:& • Geiger-
Mudler detectoror otherd_tectorforenerlp_ticbecapmides andfptmmam_ The d_ector
does notdistinguishindividualradmnuclides.

biolo_cal half-time - "l'netime requiredfora biological system to • "hminmeone half of a
given numberof atomsof a specific isotopesolely by the _ of elimination.

cation -A positivelychargedionthatis producedwhenamoleculedissolvesin waterandpro-
duces two ions of oppositecharp. See anion.

CEDE- Commit_l F_eetiveDo_ Equivalent

cladding - Material that enc8_ nuclearfuel andtarip_ts,lt servesas • containerforthe
nuclear material and barrier between the _r andthe irradiatedfuel andtargetswhich
containfission amdu:tivationproducm.

collective dose - Theeffective ortissue-specificdoseequivalentsreceivedby membersof an
exposed population. See also person-rem.

committed dme equivalent - Tbe doseequivalentdeliveredto • tissueor organ over Jt
_d)-yearperiodfollowingintake.
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commitS. _ dose equivalent -Themmmitaddon equivtlumtovarioustimua
in tl_ bod_/,eachmultipli_lbytheappmpri_ weightingfac_, andsummed.

conce,_4tion. Thequantityof a _ perunitof volumeor ummthatthematerialis a
constituutof. Inthisreport,con_utnuioutypicallymfm tothequantityof auisotopeof io-
dinel_r lite_of liquid,pcrcubicmeterof air,orpcrgramof asolid.

coolin$ period. Ti_ _ intervaltlm imdiatod_ arerooted_fore beingrq_oc-
ma_L Duringthistime,short-liv_lmdioiodined_gaysto inconaequentialactivitylevels.

c

curk_-Aunitofmdioagt_'ty. Al_f_riamJuCi. Onecurieis 3.Txl0t°decayspermcond.
Autml ndmumof nglioiodiueammqprm0_ia unitsof omre. F.a_ttl levelsof
radioiodiMateexpfmNdinunitaofpCi,whorelxl0UpCiequal1Ci. InInternationalSystem
(Sl)units,radioactivityisexprmmlinunitsofbequeml,whore1bequerelis 1 decaypertee.-
ou0(eqma zl

DCG- DerivedConcuu'atiouGuide

decay-TheWocm of a radioactivetmndonnmton

deionizer- S_ ione.xe.hm_.

depcmNonvL4oclty- Aumnpirimlvaluetlmtmlatmtlmconomttmtionofa tutorialinairto
thefluxdmmityof a materialmthegroundorplantsuffaom.

DerivedConcentrationGuide. The_oncentratlonofa radionuclideinairthatw¢,_Idrusult
inau effectivedo_ equivalentof 100mmmundm'oonditimmofcontinuou_exposuretomach
a/rforoneyuar.Also,theconoatnu/onofaradionuclideinwaterthatwouldruult inaneffw-
tivedoraequivalentof 100tammunderconditionsof coatinuowexposureto_ w_ for
ottoyear.

detectioa I_.m't-See definition#1formmtivi_.

do_. Seealaod_ dose.

dosecommitmeM-Theradiationdc_ receivedoveraspecifi_ timeperiodthattheradiow"
tivitypm_m inthebody.

do_ eq_-The _ ofthe_ do_ ands qualityfactorwhichisdq_ndeoton
therelativebiologicaleffectivuem oftheionizingradiation.Typicallyexpressedinunitsof
gemormillitem(1nue.m=0.001re,m). InIntema_nalSystem(Sl) unita,doeeequivalentis
cxpmmedinunitsof sievert,whereI aievertia100rent.

dosefactor-Aconvemionfactor_ _ appliedtothiareport,indicatuthe_K)'Y_atrcom"
mitteddou equivalentor_k.year¢ommittodeffoctivedoeeequivalentdeliveredperunitin-
takeof radioacuMty.ConventionalunitsaremrempcrpCiof intake.

EDE- EffoctiveDoseEquivalent

effective do_ equivalent-Theaummationof thedoseequivalentsreceivedby specifictis-
sumof tl_ bodywhenweishtedwith_ _:tom.
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_ - 'rbe _t lalf-Ufe thtr mselts whenbothbioio# eliminationprnc.
mns andradioactivedecay occursimultaneously. See half-'_=.

equilibrium - See radioactiveequilibrium

fusion - See m_lear fiuion

fusion product - Anym_lide, stableor radioactive,resaltin8 fromtheprocessof nuclearfts-
sion. The definitioninclude8theprimaryfissionfrasmentsformedattheinstantof fias_n, as
well as the daushterpmdu_s fromdecayof the primaryfission fragments.

pnmut ray-A _ thatisemittedfromanuclenswhenthenucleus_ a_

fromahighereaeqly level to a iowarenergylevel in thismpo_ this energylevel transition
typicallyis amocistedwithradimaJve decayof anuclide. Becausethe transitionis between
specific energylevels, the gamma ray has • wecific energy which is dutncterimic of the
nuclideundergoingdecay. Typicalenergiesof gammaraysof inferrerrangefromtensof kilo.
electronvolts to thousandsof kiloelectremvolts.

pmma-emlttin8radlonadlde-A nuclidethatemitsapmma rayduringtheprocessofra.
dioactive decay.

pmma spectmmet_ - A techniqueto identifygamma-emittingradionuclidesby measmin8
the_antaelist_ 8amnmrayse_tted duringtheirdecay. Whena8amnmrayinteractswitha
detector for ilammaspecaomet_, itcandepmit:,_afulleaersy in thedetector. 'l'niseneqO is
convertedintoan electronics/gradwhichis proportioealto thegammaenergy. Thus,pmma
raysofdifferentenergiescanbesortedintoaspectrum,interpcetmionofthespectrumresults
inidentificationofpmma-emittingradionuclides.Typicalde.ectorsincludesodiumiodide

andgermanium. Theu can be cah'brmedfor detectim effichmcYas afunctionof 8ammaen"
ergyandsamplegeometry. The eEt¢ieecy is used to quantifythe activityof radionuclides.

GASPAIt- A mmputer code developedfor the NuclearRegulatoryCommissionto evaluate
doses from_ marinemlenus of radionudidm.

Saml_ - An ins_ttsaeous mllection of an environmentalsample.

half41fe- The _e intervalrequiredtohalvethenumberof atomsof,aapecif_ isatope thatare

presentinagivensystem. Half-lifepertainstotwo processesin this report.Radioactivedecay
resultsin aradiologicalhalf-Ufe. Eliminationfrombiologicalsystemeresultsin abiological
half-life. Whenbathpmceas_ occur simultaneously,aneffective half-liferesults. Seeradio-
logi_l half-life,biological half-time,andeffective half-life.

half4Jme - See half-life.

heavy wat_ - Waterinwhich deuteriumhasbeensubstitutedforthenormalhydrogenatoms
of thewatermolecule. Deuteriumis ararenaturalstableisotopeof hydmgun.The nucleusof a
deuteriumatommntains one nemmnwhereas• normalhydrogenatomhas none.

HEPAfilter - HighEfficiencyParticulateAirfilter. A typeof filter thattrapsparticlesfrom air

that is passedthroughthe filter, lt trapsgreaterthan99.97_ of particlmwith • diameterof
3x10"7metersorlarger.

internal dme factor - See dme factor.
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lon-An mm, a_roupofatow_,otamolec_ethathaseith_kmtorpinedoneormoreel_-
tlmm.

Ionachange-TheIm3eessofremovin8anionsand/ofattioesf_omasolutionbypassingthe
mlutionthnmghionexchangematerial,alsoknownasadeionizer.

Ionizingradlatloq-Radiationcapableofremovin8electronsfromatomsastheradiation
paumthroe_miter.

kradlatloa-Thepmcem ofexpmureofmattertoradiation,whichcanbeeitherionizingra-
diationorneutrons.

IsOtOlm-A nuclidethatbelongstoaspecificelement.Eachdifferentisotopeofanelementhas
thesamenumberofpmtms butadiHenmtnumberofneutrons.Seenuclide.

Isotopkal_emiched-When theabundanceofaniamopeinasampleofanelementisgreater
thanitsabundanceinmture.

keV-An abbrevim'onforkiloelectronvolts.

kilot4ecinmvolt.A unitfartheenergyoftheradiationemittedinradioactivedecay.

LADTAP li-A c_mput_:.,aodedm'elopedfortheNuclearRegulatoryCommissiontoevaluate
doomf_omliquidr_,._._sor'mdiouudMm.

leach - Thepmeam by wifichwaterinteractswithanimoluble materialto removedme con-
stituentsthathavemine degreeof wam-mlubility.

lowem_, photonspectmmet_ -A typeofpmma spectemeu3,thatisund tomeasure
photonshavingenergieslemtlmn100keV.A slm:ialdetectorisrequiredtodetectmw.hlow
energi_. Typically, x-rays andlow _ pmma rays aredeu_u_l by thintechnique.

MAXIGASP- An SRS-modified versionof theeomputercodes XOQDOQ andGAb'PAR.
MAXIGASP calculates doses to off:siteindividuals from routine atnmspherk releases of
mdionudides. For doses to individuals,MAXIGASPdoes not use the populationdosecal-
culatiomdroutinesof GASPAR.

metastable Mate- An energystate thatis greaterthanthe _roundstateof the nucleusof an
atom andImsa mmsumblehalf-life. See nuclide.

moderatw - A materialwhose Imrpo_ is m reducethe _ energy(slow thespeed)of the
enersetic neutronsemitted in the fimion process. In SPS reactors,the moderatoris heavy
water.

millirem - A unitof doseequivalentwifichis one-thounndth of a rem.

moJecuJarsieve - A hydratedaluminumandcalciumor sodiumsilcatewithnnopen molecu-
ttrmuctututhat_ trappingofcertainvapors. See silver zeolite.

mrem- Abbreviationformillirem.

neoplasm - Any new orabnormalgrowthsuch as a tumor,whethermalignantor benilpn.

I llnl| Iii
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* meutma activation - Inthis reix_ t type of nuclearreactioninwhkh atargetnucleusinter-
acts with• neutronto eithercapturethe neutron(referredto M neutroncapture)or emittwo
neuuem(mfenedtou (n,2a)ruaiou).

neutroa capture - See nm,*rqnactivation.

nudear fission -'l'neproem of splittingaheavynudeus generallyintotwo lighternucleiplus
severalneutrons.Thisprocess_ occurnaturallyast typeof mdimctive,k_ty (spontanm_
fmion) or u neutron-inducedfmsioe. 'rumtwo lighternudei, _lled fumkmimxlms, arenot
uniqueinthe fmion proeess. Insteadthereis • distributionof fissionproductswhich include
_ ofiodine.

Hdear msdim- Nuclear resctiom describedinthisreport8_elimitedtothe m_ of a
taqptour.te_ withaoetmen. ,%mple rmctiomaremutron-iaducedf=_m, oeuueo captare,
ted (n,2n). See nuclearfissionsodneetmesctivatioL

nudmm - The cemerpertof u atom. lt is co_ of at iem one protonmd zero ormore
neutrons.

nudide - An atomcharu:un'tzodby aspecific numberof pmtom tnd neutmm andby it8ea-
ezBystate. A nadide is eitherstableor unstable. An unmble n_iide is radioactiveandis
knownu aradionuclideqformmmpleml. Thenucleusors givenatomnmyaim Imvethepm_
ertythatit ma exim formine Imlph of time in an eoe_ mateIpatm _ _ _ _.
Such u excitedeoer_ aat¢ is koowo I a metastable_.te. The audide dmiBaationforan
atom in themetamble rate iocludmthe label "m" forrotatable, for example tx_l'.

ld_-_ for_. Am_ofruliom_vi_.OwmpCiaZto2._d_zy.
per minm. Seecurie; lxl0 _ l_i equalIcurie.

_ water-w_ whc_dowowardpetmtsdooisi'.u_ bytow-_Uity m_

pmum,4_m - Unitof eollectivedme to spopulationgroup.Forexample,adoeeof 0.0002rem
to each of 10,000 individualsremdtsin • milective doseof 2 person-rem.

pJmton. Eleammalpn_ radiatioudmtforpuqmemof thisrelxmeousim of eitherapmma
my ortu x-my.

POPGASP - An SRS-modifi_ vemioa of the computermdm XOQDOQ 8hd GASPAR.
I_31_3ASPcak:ulatmdoom to offaite popuiatiom from routine mmmpherk reimmmof
radionuclides.

poptd_tion dme - Anothertermfor eollective dote; aecslm pemon-rem.

rad. Unitof abeotbeddme; see aim stmmbeddme.

dt_:ay - "I_ _ an m_able nuclmmundersemto achieve grmtm'mbility.
D_y _ _uded me_._t me_a_ _ bmpmide_ tm-
merk:transitiou,andspontanmusilion, in alphapsrtide decay,anunstable nuclmmemits•
ptrtide mmimiag of two neuuees tnd two pmtous. Gammaraysaudx-raysmay bemmoci-
medwithtlplmdecay. Hmvy auclidmm_MmUmulm_undeqptlphtpsrtidedecaY • in
betapart/de decay,u urn/able_ _ a nmmoninto aPmUmandelectrm. The

• u , , i a
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elecsmeis_ fmenthenucleus(abetapar_.le is an®lecu_orisinai_j inthenucleus).
Gammaraysandx.raysmaybeauoc/atedwJJ1betadecay.A metastablestatemaydecayby
emittingabetaparticleorby immerictransh/onsothe8rmmdmae. Gammaandx-raysmay
beem_it_!inthekomerictnmmitionprocesLForadeacrip6_oftheupmtaneousfimJkmde-
caymode,see nuclearfiuio_.

Thechainof_ involvedinrad/oactivedecayarereferredtointermsofgenetkrelation-
ships.Thestartingnuclidek calledtheptrenLThenuclidetinlxJrentdecsystois calledt_
daughter,etc.

radioaclhe equlllbehJm- A stesdy41ateconditiouinmdioJctive_kcsywhenthedaughter
nuclidebahorsdios_ve ud hu ahalf-lifeabmusrthanthmoftbeF_mut.FoUowtn8cbemi-
c81_ ofpwmt 8hddaushtm'nuclides,asomsof the_ _ bysubeequ_t
decayoft_ perotwnlJ_unul_bmrthntheydecryinthepurif_promwil equih"o-
riumis_ For_ purpmm,equih'oriumisatta/nedafteratimeintervalequalto
8bout7 hadf-live8of thedsughtm,Inthissteadysts_rendition,thedsughterdecays_tarate
equaltoitsrateofformation;itsrateoffomntiondependsontheball-lifeofthe_L There-
fore,inequilibrium,theappmmttall Ufeof thedaushtwisequdto_ _-life ofthrjment.

1he equilibriumrelationd_ isdemommtedinTsble2-1. Oneoftheprmluetsofinsdktioo
inSRSructom is ml witha halflifeof Z3bourn.Durinsthemoiin8pem_ it is inequih'b-
riumwithits rate peremanddecsyswiththerate tuff-life of3.3dsys.

radJoJodlne- A eolleetiveteamformdieee_eisotopeeoftheelementiodine.

radlololJcallull,life-Tintimerequiredforonelulfofa8_menumberoft_xmofa_
motopetoundeqpmdioJ_vedecay.

radlonodide -A r_'_xtaive nuclide.

_ - Unitof dmeequivslut. ThetypicSlunitismillirem,orou ore-thousandthofarem.

seepasebadn-Anexcavatedareathatrecsiveswastewat_,ltisdesisnedtopreventover-
flowunlmsintoanothersoepepbuin.Thuswaterescapesf_o_theubasinsbyev_omion
ormipationthmu@themil.Solublematerialsmipwwiththewa_.Theion_
propertiesof thesoil rmrd the migrationof vsriousmlublemateriahtodifferentdepem.

semllMty- 1.Thesmallestquantityofamtm_ tl_ csnbereli_lymemmKIintbeualy_
ofasample. 2. Thedepuetowhichaperticul_timueisaHemedb_ionizinsradiation.

SHtFAD- Au_doped computercodethat_culate. themvemoe/ofr_on
forgivenmammopmtins eoudidoe_Theca_latioe oftheiuvemecimforover8_ fmion
lXOdmsa_cmmsfor tl_ c__ of fim_ __ neuu_ captureremctiouu the

• fumionpmdu_ ammmulateinthematmialbeinghnuliat_ _ of SHIELDis
f_od inF'u_:h,D.L 1987,'T_ smm_ symm User'sMMS", DPSTM-ST-700-2,E.Ldu
PoutdegemoumandCompuy,inc.,Aibm,SC.

SltIELDwasutedtocakulateradioiodineinventorimforTable2-1. MimingfromTable2"1
jj _q,w_:h__y _ by_ (n,_)o_r _ oo_ mb__e ,-'.iu
thi.rm/oopod_ ,,a_,m (t_ _ _ doe._ inc_,_iet_ (n._)n_
reac/ion).However,the8ctivityof ml isexpecsedtobeuvend ordmsof map it_e __
themivjtyofuS,wh_ isa_ a_x_en_

i i , i i
i
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Figures
Figure I-L _ of SitS in themutbemernUnitedStates

1-2. R_tiw uemn'butiommbom varioussourcesto thetotalradiationdme (225,200 _-_m) _ _ _i_
the vicinity of SPS in 1989

2-L SRS facih'tieswiththe potentialto release radioiodine

3-L Proximityof site meatus to Sits facih'tiesthathadthepotentialtoreleaseradioicd/ne

3-2. Memumdannualaqumtmreleum of ml fromC it_

FIIIm_&_. Memureduaual stmm_e_ releues of ml fromC Rea_tor

3-4. Measuredannualaqueousreleasesof ml fromK Reactor

Eilpare3-& Memued annualatmo_ohe_releMesofml fromK Reactor

k'_uure3-6. M,_amu_annualaqueousreleasesofml fromL Reau:to¢

Fillare 3.7. Measmedmmualammsphe_ releases of ml fromL Rea_m"

Figure 341. MemmK!annualaqueousreleues of _3_If=omP Reactor

Flgu_ 3-9. Mmmumdannualatmosphericreleasesof ml bom P Rm_x

l_mre3-10.Meamaredannualaqumu roluseaofml from R ReactorintotheParPondsystem

Figure 3-11. Combinedmeasuredmmtmiaqueousreleases fromrea_om

FlSm_ 3.12. Combinedmeasuredannual_ mi_ from

Elgure3-13. Measuredannualaqueousml_ of ml to F-Area_ basins

Figure 3-14. Measuredannualatmosphericreleasu of ml fromF Area

F_ure 3-1S. Measuredannualaqueousreleasesof ml to H-Areamepagebasins

Figure &.Iii. Measuredannualatmmpherkreleasesofml fromH Area

Figure 3-17. Combinedannualatmosphericreleasesof nrl fromsepem_nsmum

Figure3-18. CombinedannualreleMmof mdioiodinefromseptm_nJareas

Figure3-19. Meamn_Jannualatatmpbericreleasesof nufioiodinefromSRI..

Figure3-20. Combinedannualtqueotmreleasesof ml fromSPS
i

FISu_ 3-21. Combinedannualsmmephericreleasesof radioiodinefromSPS

Fligure4-L Theoccurrenceofnuclearweaponstem intheatmmpberefrom1954through1989

FISu_ 4-2. LocationsofPHS networksamplingstations in the muthe_

4-3. Valiatiolll in anllual averaSe ¢x)oc_iilratioll of ml iii W with distance from the center of the chemical
sqmratio_ areasat Sits for two repmmmtive yearn

m,mxm.w i



4,4, l_ampk of SI_ mad_ fallmstcomponentsof hypothetica/ml concentsmiomsbeyond 1 km fromthe
mpmeemfac""Um

EIIlu_4-& Annualavmngemaceatratiomofml inairatthe20-kmradiusfrom1955through 1989 mmparedto annual
avurap cueentratJom of _ betaradioa_vity in muthemem ak from 1956 through1970

44. Meamtmdandcak:ulatedemt_ntrationsof S3Slin air(j_i/m 3)nem"Sits forMay30 throughJune7 duringthe
1961 mlusu incidentat SiPS

4.7. Measmudairmacentratiomof ml nearSPS followin8 the 1986 ChemobylreactorK_ident

4-8. Annualavermgedepm/tkmof mi in rainat the 20-km radiusfrom1955 through1989 eomparedto annual
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Figure 4-21. Locationsof monitoringwells selectedforanalysisof radioiodinein groundwaternearSWDF

FIIlu_4-ZT,. Ammalaverase mnmatmtiomofmlinSRSatrusmsf_mn 1960through 1989

FIpre 4-23. Concentrationsof LWl(pCi/L) in SltS streamsandthe SavannahRiverswamp in 1978

FIIlure4-24. Coneentrationsof _ _g) in sedimentsfromSPS meatus andtheSavmmahRiverswamp in themid 1980s

Flamre4-2S. MeasurodmuicalculatedriverconcenUafiousofmlduetoSRSoperafiomflrom1957thmush 1989(Savannah
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S-2. Simplif_ pathwaysto hummmfrommdioa_ve _ releasedto theaUnosphere
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F_psre B-L Air monitming locations within 40 km of StS

_B-Z Milkmmitorin8loa_ns within40kmof SRS

Plpne B.a. Surfacewater.amplin8locstiomonsitcandoffsitz
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shmbcod_ - in___-,_ materialthathsanotbeenLUowedtocoolfortimesuWclenttore-

ducetheconUmtof short-livedmdioiodinetcinconsequentiallevels.

silver zeolite - A zeolite b_a hydratedaluminumandcalciumorsodiumglcate withan open
molecularstructuretlm agtowsemppit_of eem_ vqxx_. Silver4ulx_tuted zeofite b ptr-
fieultrly efficient fortrappingof iodine. See molecularsieve.

q3ontaneom _ - Sca;nuclearfission andntdioa_ve decay.

- AJmmc iove

supemaln - Liquid abovelt lxeciix'tateorsediment.

surfa¢_ _ _ - A layer of the atngmpherecharm:t_z_ by lt_ inversion
tlm inhibitsfurthervertical_ of retmuw intheatmmphem;mixingthenprogrem_only
hodzomlly. The heightof the mixinglayeris loweratnightfian dtu_ daylight. The aver.
qp daily heightis lowerin winterthanrammer.

Irltlum. A radim_ve isotopeof theelementhydrogen.Tritiumis one of the principalwod-
uctsof the SRS.

unplanned release- The reloue of abnormalquantities of radioiodineto the environment.
1"hisresultshum abnormaloperatingconditions.

volatillzalJon.Theprocessoftn_ a_ tothevapors/atefromthesolidstate_
fromsolution.

watershed - "me areaof tb_earth'smrface tlm drainsintoa bodyof water.

welghtingfactor.A ti_ factorwhichequatesrhohoalthrisksf_omsdectiveina-
diafionofsgiven tissuetothehealthriskshun uniform,whole-bodyexlxXmm.

XOQDOQ - X computercode developedfortheNuclearRegul_ry Commimou to evahutte
themmqx_ anddispersionof atmmpbedcoftluen_

wray.A photonthatisemittedbom theelectroncloudsun_ anucleuswhenanelectron
undergoes a transition from a _ eoergy level to a lowerenergylevel. In this repml,this
energyleveltransitiontypicallyisassociatedwithradioactivedecayofanuclide.Becausethe
transitionisbetweenspecificenergylevels,thex-rayhasaweci_ energywhichischarnc_r-
isticoftheelementthedaughternuclidebelongsto. inthedecayoftypicalisotopesofiodine
foundatSRS,xenonx-raysofapproximately30keVenergyareemitted.

__
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Preface
Radioiodine,whichistlmcollectivetermfnrallradioactive1"nisreportisone in a sm/m to evaluatespecific
isompmoftheelmnaliodine,isformedattheSavannah radionuclides.Theenvironmentalconsequencesofvarious
Riva Site(SRS)privy asa by-pmdu_ofnuclear scenariosforpossibleclosureof wastesitesareno/
reactoroperations.Partoftheradio_lineisreleasedtothe addressed;suchscenarioswerepublishedinSRS reports
environment during _ and_ operationsat knownasEnvironmentalInformationDocuments.Accident
thes/U_.The purposeof thisreportk to provide an Kenarimforfacih'tiesarealsonotaddressedin_ report,
introduction to radioiodine production and dispomtion, its but they were publmhedin SPS reportsknownas Safety
mms in the envimnmem,andtheradiationdose andhealth AnalysisP.e_rts andSafetyInformationDocuments.
risks as a comaglUU_eof itsreleaseto the environmenLA
dgomus dme mmnslmction studyis to bemmpletedby the The reportsof this series are intended to be "living
CenterforDisease Controlduringthe 19908. documents"thatwill beupdatedinfutureyears.Theauthors

w.knowledge the efforts of numerouscoIleqg,m at SPS

The reportcovers thet/me periodf_m themid 1950s, when whohelpedinprovidm"g dataandinformation.Amongthree
operationscommenced,through1989. The majorityof the areDave Hayes,LarryHeinrich,DorisHoel,TerryKilleen,
reporte_,dataforreleasesandenvironmentalmeasurements andLarrySpradley.Deservingspecialaclmowledgmentare
are annual average values oompil_I from the published VickieAmos,VonetteBoylston,FeleciaBrooks,SaraCole,
reportscited in the Bibliography.These arepublic reports GloriaOve.rstreekand ElaineRay who extractedenviron-
thathavebeenIzriodicallyissuedsincethesite was mentalradioiodineconcentrationsfrompublishedrepom
established.Resultsofspecialenvironmentalstudiesthat andenteredthevaluesintoa daUbase.The a_U_m
did not appear in such reports, but were sepm_ly extend thck appreciationto RichardShipley, GaryEvans,
published,arecited withineach chapter, andDebra McCroskeyforprovidingeditorialsupport.
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ExecutiveSummary
The offi_te du_ _n3mt_ to radioactivityreleasedm the Aqueousreleasesof nufioiodinewere directlydi_ bargedto
environmentf_omthe SavannahRiverSite (SRS) is small site streams or to earthenseepage basins. The aqueous
comparedto thedmethatindividuals receive fromiii other releases were the resultof routineoperationsandseveral ,
sources,gadioiodine, s componentof the relemmtradioac- failuresof inadiated fuelelements.
fivity,presentsa negligiblerisktotheoffsite populationand
environmentin the vicinity of SPS. Measuredreleasesof t3*lto streamstotalapproximately300

cariesfrom1957- 1978;directdischargestosueamsceased
The lifetime risk from radioiodinereleasedto the atmos- in 1978. The maximumannualreleaseof 87 curies to site
phere during 1955.1989 is 1.5 fatal cancer cases in the streamscgcarred in 1962.1"nesl_amsare ¢ibutariesof the
populationresidingwithin80 kmof SP,S; the lifetimerisk SavannahRiver,whichis awatersupplyfor two duwnriver
fromallothermusesofcancerisaplxoximately90,000 watertreatmentplants.ConsumersoftreatedSavannah
fatalities in thatpopulation.The lifetimeriskduetoaqueous River wetterreceiveda radiationdme fromnii thatis minor
releases of radioiodine is 0.007 fatal cancer cases in the comparedto the dose from naturally_g radiation.
population consuming treated water from the Savannah The greatestannualmaximumdose totheadultconsumeris
River;,thatpopulation will experience a lifetime risk of 0.3 mrem in 1957.
approximately11,000 fatalities f_om ali other causes of
cancer. A relationship between cancer deaths and SPS The seepagebasinsreceivedapproximately2,600 curiesof
radioiodineis notdiscenn'ble, tStland 3 curies of tsq during1955 - 1989. An unknown

fractionof radioiodinevolatilized from the basins to the

Released radioiodineprincipally consists ofml and ta'I, atmmphere. Other radioiodine migrated with the basin
which have half-lives of 8 days and 16 million years, water into the ground.Near the seepage basins in the F
respectively.Annual atmosphericand aqueousreleases of chemicalseparationsarea,themigrating1_1contaminatma
radioiodinesignificantlydecreasedbeginningin the 1960s ahallowgeological formation,theSanteeFormation,which
asstricteremissioncontrolswere implemented.No measur- is a murce of drinkingwaterelsewhere at SPS. However,
able quantities of short-lived ml released through 1989 the drinking water is not contaminated with ml; the
remainin theenvironmentas of 1990. contaminatedgroundwaterflows in the opposite direction

f_omtheB andSavannahRiverLaboratoryareas,whichsre

SPS releasedapproximately2,5OOcuriesof ml and6 curies the only SItS areas that use Santee water. Fm',hermore,
of ml to the atmospherefrom 1955 - 1989. The releases UpperTluee guns OreekcutsthroughtheSanteeFormation
occurredduring routineoperationsandone acute release to physicilly isolatethe muroeof the drinkingwaterfrom
incident. Nearly two-thirds of the total ml was relmmd the contaminatedwater.The tbeence of elevated tritium
durin8 routine operatiousin one year--1956. The atmte com:entrationsin the drinking water confirms that the
atmosphericrelease incident occuned in 1961 when 153 drinkin8 wateris notcontaminatedwith ml; contaminated
curies of t3tlwas released from the ctmnicti sepmtions poundwatercontainsapproximatelyI0sgreaterconcentra-
area over several weeks. The inciOentwas due to the fionsof eritiumthan_.
inadvertent reproceasing of shoal.cooledirradiated
materiais. Miip'ating shallow poundwater principally rmurfaces

adjacentto FourMileCreekaftera transittime of atleast14
Atmospherictransportmechanismsdism'butedmuchof the yeart. The maximumt_ concentrationobserved in resur-
SPS releases into the local offaite environmentwhere SPS faced groundwater is 410 pCi/L. The resurfaced
_3_Iwas detectedin moat yeats from 1955-1961. Since then groundwaterbecomes diluted as it drains into Four Mile
it hasbeen detectedonly intermittently. Oreek, which drainsinto the SavannahRiver. Concentra-

tionsofml intheriverwateraretypicallyless than1percent
The annualmaximum dme to an offsite adultdue to SPS of the EPAdrinkingwaterstandardof 1pCi/L. Consumers
radioiodinereleases to the atmosphererangesbetween 17 of treatedSavannah River water receive an insignificant
and 0.04 torero.The 17-mrem dose occurredin 1956, the dme firommigratinghpl.
yearof greatestml releases. Naturally-occuningradiation
producesanannualdoseof approximately300 mremin the _ reportservesasan introductionto theconsequencesof
averageadultresidingin the local area. radioiodinereleases.A rigorousru¢oastmctionstudy is to

be completedby the CenterforDisease Controlduring the
1990s.
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The_ isotopesofthee.lenw__dineare_ly referredtoas
Thetwoprincipal_ of_erenhsth_reportarea_landUZl,

whichhaveradiologicalhalf.livesof16_ yearsand8day_,respectively.

kcaux allisotopesofiodinees_n_llyha_ethesame_ andbiological
characte_ r_ and stable _dine behaveidenticallyin the

thefoodchain,andthelu,manbody.l_ an_ e_.mentto
nun.au_isp'_ f_o,din theO0,roidof _ _ body.In_.s_
r_ conn'ibuw_totheradiatiandosethathumansreceivefromalisources.

Naturaland manmader_ arei_roducedin thischapter.Theyaredis-
_ssedinthecontatofthe_abalenvi_o_w_re_onalen_nments_nthe_n-
i_yof_ sor_ces,and_ theenvironmentinthe_ ofthe
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Radioiodine in the Global Environment
Mocbanisms for _ of naturalmdioiodine include the interactionof cosmic
rayswiththeearth'sammephemandfissionof uraniumandthoriumin theearth'scrust.
WuJon of uraniumandthoriumoccurswinciladly by spontaneousfission (Edwards,
1962).Radioactiveisotopesofiodineareamongtheproductsofthefissionmechanism.
Cosmic rays interact with xenonintheearth'satmospheretopmdu_ radioiodine

throughnuclearruacfions(Edwards,1962).Essentially,theonly radioactiveisotopeof
to survivethetransittime betweenproduct/onin tlmaUnmphereanddeposition

on tlmearth's_ imml.

The 81obaliavemm7 of naturalml accumulas_ over the ar_munent forshortperiodsof time; however,no atmos-
lifofime of the ,_lh is utimated to be 10 curies in the pbe_ t_tn havebeu mnductodby any nationsince 1_).
_ ma_mmmea #hd 30 curiu in ocmns madthe
asmomld0m_(IqCRP,1983). lqucle_wmpons tufins, which TWonuci_r r.lc/ocaccidents-4he saSelliteCosmos954in
bqpm in 1945, has inmxluced appmxima_ly 10 curiesof 1978 and the Chmnobyl nuclear reactor accident in
ml into the mtmoephe_ (NCRP, 1983); radioiod_ is 1_(_-¢01_m_1 mdioiodineto the81ob,denvimnn_at.The
ptxahscodby fission reactionswhen • nuclur weapon is USSR satellite Cosmos 954 was powered by a nuclear
detonated, reactor,whichwas est/matedto haveoonta/ned4,900 curies

_ml upo_r_ntry intotheearth's atmoephem(E_nbud,
Atmosphericnuclearweaponstesting is the greatestsource 1987b). The satellite disintegrated upon reentry and
of manmaderadioiodinein the 81ob,d environment.Weap- dism'but_mdioiodinethrou_ut theupperatmosphereof
ons testing k.,. releasedapprozima_iy 1.4 x 10TMcuriesof thenorthernhemi,whem.
ml intotheidmosph_ (Eisenbud,1987,). X _t
pert of the radioiodine ft'ore these sources has been Tbe Chemobyl mccidentin the USSR is estimatedto have
depoe/tedasglob,dfallouton theearth'ssurhce.--pmdom/- released7.3 X 10j curies of t311(USSR, 1987). Based On
mmflyintlmnorflmmIm_. TheUSA, UK, and m_mwmMmm oftlmratioofml tomq inuvimmmmml
USSR ceased atm_ testing of nuclear weapons in samples (Pauletat. 198/), it is estimatedthat0.2 curiesof
1962. Since then,u • resultof radioactivedecay, the ml in tnl wen releasedto the envimmnent.Accidentconditions
theglob_environmenthasgenerallydecreasedtoimmess- were severe eaoush toinjec/someoi the radioiodineinto
urablysmall coacentrafiom. Occasional8tmmpherictests hish mlfitudm,which allowed mdioiodinetobedistributed
conducted by China and France mintmduc_ml to the throushoutthe northernhemisphere.

Ill I I -- Ill I I I llr.
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Radioiodinein RegionalEnvironments
_ of 81ob_y-di/ributed_ radioiodineis8enendlyIpesternearthe

murcelean it distantlocstions.Falloutfrom eventssuchu theChemobyireactor
ag=idm _J atmmpberk:testing of nuclear wcapma wu more sisnific_ in their
rmpectiveregionalenvironmentstlumin theglottalenvironment.

A nuclearweapons test mnducted undergroundmay aim Undernormalreactoroperatin8 conditions, radioiodineis
release radioiodineto the atmmphem. Volatile forms of esmntiMlycontainedwithinthe irradiatedfuel andtargets.
iodine may escape to the atmml_u_ through fissures, Onlysmallquantitiesof mdioiodineerereleasedtoregional
which fogtnin the gmuadta • resultof theexplmion. Such environments es a rmult of the aormal operation of
sunincideat wan detectt.! in five Emopem countries experimental, research, power, and production nuclear

an undersl'ound teat by the USSR in 1987
(Bjmmanet,1.,199o).

Nuc,lint fuel reprocessingoperationsJurethemint silpdfi-
In tdditim m Chem_yl, other rescue, accidents have cant sustained source of radioiodine relessmsincethe
released radioiodine to resional environments.Fourteen 1940s. Repmceesing facilities Jurelocated in tevend coun-
Isnd-bemd nue.Jem"_ m:_dcnts involvingdama4pto tries8hdJureusedtoe.J_micallyselxtrstenmtefisb irradiated
the_ core lm.®beenreported(Eisenbud,198"/¢).The in experimental, ruesrch, power, ,ml nuclear materi_
8restestqusntitiesof ml werere|emmdin thefour,ccidents _n _ As, resultof thae.be_ mpemtiom
shown in Table I-I. O_.hertlum st Chernobyl, ,ccident _ pert of the radioiodine content of irradiated
conditiomwere notsevere enough to resultin thedistribu- matefiMs can be relemJedto the environment through
lion of large quantities of rmtioiodine beyond resiomd atmmpherleandaqueouseffluents.
environments.

Table I-L F..umplesof radioiodinereleasedin land-tied nuclearreactor,ccidents
i ii

Year Countrj, Reactor Rdessed Rdermee
iiii I T II II i i li Illll

1986 USSR Chemobyl 7,300,000 USSR,1987
tm

1979 USA ThreeMile Island 15 Pueda8 andPoetma,1986

-_ 1961 USA SL-1 10 F.iaenbud,1987c

1957 UK Windscsle 20,000 Eisenbud,1987c
i i ii i i i
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Radioiodine in the SRSEnvironment
TlmUSI_ ofl_am_y'sSavannahRiverSi_ whichwaspreviouslyknownu
SavsmmhRiverPlant,waseaUd_liahedin1931msagovernment-ownedmntru_r.oper.
aumdbcility to msnufamme special nucimur_y tritium and
plutonium--fornatiomddefense purpmes.The first productionnuclear_ belpm
operationsin late 1953. R_ng of irradiatedmteriab in chemical sqmmtions
fncih'timbegan iu late 1954.SRS is located in thecentralSa_qmnahRiverareaof South
QJrotiaa(see Figure 1-1}.

Nummousradioac_veisotopesof iodineare formedas canoeof theverylonghalf-lifeof wl, iii mobility in the
b_ duringthe_ of_u_sadUu_m,Mornof mvi_um_t,andthepmhwaytohummm.(Comqmding
the imtopm rare abort Uved and decay to __,_:ant valuesformlln1989wemlxlO'Tpercentofreleasesuc12
amivity Im_k betweenfl_ end of htadimi_ sad the x 104perc_mof dose.)
beginningof reprocmmiu_Becauseof half-lifecemiclm-
tions, ml and.uq aretheonly mdimctive iaolopu of iodine The of_t_ populationdosedue to ali SPS releasesin 1989
_tly released to the environment u • result of was small comparedto theoveralldme thatmemTbemof the
normal_ _ pobUcreceived from ali mdmfionsources. F'qp

ure 1-2 shows that SitS talcum ht 1989 aea_mted for
Atmmpherk releMe8through1989 totaledtpproximmely appeximately 0.006 percent of the dme bun ioeizm"g

curimof ml and6 curiesof USl.Siteslmum received mdiat/on mceiv_ by membem of the population in the
aq_?qroximaRly300 curies of ml; such discharSm ware vkim'tyof thesitq_4hou reanidi_within80km of SRSand
t_rminal_ in 19713.All of the ml releam_ through1989 tlno_ oom_ mmu_ water from the SavannahR/vet.
dKayed to _ly low levels by the end of 1990; A_n_Iml_sucompriamd 13pm'c_tofflnis0.006
howevar, eaenfially ali of the nbi relea_cl throughoutthe _ _ the impeftaa_ of nuJioioclinek _-
historyof SRS nmmimdb_lmted in theenvironment, eat only in the context of SRS dme ooum_ on the

scaleof overallenvironmentalcloses,radioiodinehs• minor
ReleaaaofL_Irupmmnta ve_ smallpartofthetotal consideration.
releasesof allradionuclidesfrom SPS.However,Wl

mutributeaa largepartoftheoHsitepopulationdosefrom The_ thatfollowdescribetheoriginanddisposition
SRS releases,in 1989, U_l accounted for only 2 x 104 of mdioiodineatSP,S, meamuedmleasm ud iuventodu,
percentof the total radioactivityreleased fromSPS to the resultsof routinemeumements and special studim in the
annoephere;however, it acmunu_dfor 13 percentof the _nt, andanassessmentof the dme andrisk to the
offsite pol_lation dose. These facts illustratethe sit,ft- populatio_due to SRS radioiodinereleases.

li in I u n i Ul • iii SlU
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77_ chapter_ a se_'r_ _ oftheorigi_uses,and_ of
radioiod_ atSPSunder_wrm_oper_ing_ ThelocationsofSPS

_..: haworhadthepote_ torelauer_lioiod_ are_ in
Fi_Lre 2-1. The _ separa_ and re_r facilit_ have she 8rw,_t

to_ rad_od_ Theyare.locatednearthec.aurof
800._iuare.Ailm_ter Savannah River Site. The _ of meauwed releases
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Origin of Radioiodine at SRS
IhulioiodineatSPS predominantlyoriginatesiuthefueland targetsthatareirradiatediu
the nuclear materialsproduct/onreactors.Other site operationsand offsite sources
contributeto the inventoryof radioiodineat SPS.

Irradiation in Production Reactors _htch induce additionalfission reactions and maintain•
chainreaction.Someof theremainingneutronsinteractwith

Most of therad/oiod/neat SPS is formedts aby-productin target materials in the reactor. (Fuel and targets are
the nuclearfuel and targetsduring operationof the encapsulatedselxumelyandreferredtoaselements.)One
_n reactors.Theprincipalmechanim for produc- suchinteraction, neutroncapturein amU target, resultsin
tionofmdioiodineisneutron-_ fission.When • theproductionofaspecialnuclearmaterial,:_u.
reactorisoperating,neutron-induc_fissionreactionsoccur
inthemU fuelofthereactorcore.Thereactionsforma Incertaintargetmaterials,suchas nJU,neutron-induced
varietyoffissionproducts,whichincludeisotopesofiodine, fissionisacompetingreactionwithneutroncapture.Fission

alsooccursinsomeofthetarget's m/norconstituents,such
InadditiontOfissionproducts,eachneutron-inducedfission u nsUandmPu inmU targets.
reactioninthefuelproducesseveralneutrons,someof

Table 2-1. Inventoryof nulioiodine producedin."representative"materialirradiatedin SPS product/on reactors.

Caries Remalala8 at Various Times After End o_Irradlalloa
l

Isotope* Half.,_re 0 see.. 24hrs. I00days 200days

ml 25m 1.5 x I04 -- -- --
1_I 1.6 x 10_y 2.3 x 104 2.3 x 104 2..5x l(rI 2.5 x lfr _
Z3°l= 9m 90. x 10' -- -- --
_ 12h 1.4x 10s 3.5x 10' -- --
1311 8.0d 7.6x 107 7.0x 10' 1-_x 10' 2.3x 100
t_q 2.3h/3_3d** 1.1x 10' 8.9 x 10' , --- --
ml" 9s 3.8x 106 -- -- "-
1_I 21h 1.8x 10' 8.2 x 10_ --- --
1_1= 4m 1.3x 107 -- -- --
1_'I 53m 2.0 x 10' 1.3 x 10° --- --
ml 6.6h 1.6 x 10' 1.5 x 10_ --- --
ml= 47s 5.0 x 10_ -- -- "--
_3'! 83s 7.9 x 10_ -- -- "-
1_ 24s 7.9 x 107 -- -" --
ml 7s 4.1 x 10_ --- -" "-
_I 2s 1.8 x 10' --- -- --
_I <ls 4.1 x 10' -- -- --
1411 <ls 8.6 x 10s -- -- -"
_I <ls 1.1 x 10s -- -- "-

i i llll irl

Totals 1.0 x 10' 2.6 x 10' 1.3 x l(P 2.5 x 10°
i

'; "m" designatesa metastableenergystate8reaterthanthe lpround_ of a particularisotope.
** Until chemically separated,_ (2.3.hourhalf-life) is in equilibriumanddecays withthe 3.3-day half-life of

its _°I'e parent.

i i,
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T_ totalinvemo_ofradioiodineintherareofauopemin8 Spontaneous Fission
reactorisappmxima_ly10'curies.Thisinven-

toryisachievedwithin_ daysaftereachstartupofthe Spontaneousfissionis•radioactivedecaymodethatoccurs
_. lt remainsat thatlevel untilthe react_ is shutdown in heavyelementssuchu uranium, lt produces neutrons and
af_ aspecifiedirradiationtime.Theradioiodineinventory fiasion_ md/oiodineand isoneofthemechanisms
comwbesapproximately6percentofthetotalfmion-prod- fortheproductionofmdioiodineinnature.Theoccurrence
uct inventory durin8 _ operation, ofspontaneous fission ranges from rare to frequent.

The inventory of the individual iodine _ is shown in An example of a radionuclide that rarely decays by
Table2-1as•functionoftimeaftertheendofirradiation,spontaneousfissionismU. Theequilibriumconcentration
ThedatainTable2-Idemoustm_thatradioiodh_a_vity (seeGlamaryforexplanation)offission-product1311is

quickly (haauamafm"reactorshutdown.For exam- approximately0.0008 pCi/g of z_u, which is essentially
pie,,ouly 26 Ixagumof theinveatoryattheend of inadiation equal to its equih'briumconcentrationin naturaluranium.
rumainsaltar24 bourn.The dmaabo demomtmtethatit is (The mU contemof nsturaltmudumis 99.3 atomixagznt).
wudent to ailowtheinadiatedmaterialtocool forabout2D0 The inventoryof mi dueto spontaneousfiasionof uren/um
&Wsbeforerepeucem/_ throughchemicalseparations, in naturewithin the boundaryof SPS is I(PpC..i/cmof soil

depth.'l'nisis bas_l on theaverase abundanceof 4 pans per
Theinventoryofea_iodineimtopewnscak:ulatedwiththe millionfururaniumintheearth'scrust.Ifa 100-cre soil
SHIELD computer code for "rep_Jentat_e" irradiated depth were cons/tiered,the ml inventon/within the s/tc
material.(See Okma_ forade_ of SHIEI2).) This boundarywouldbe 10'pCi, or 104curies.
mater thevm/cryofo=tmd pmmem
that were used f_ 1953 to 1988. These includecomposi- Uraniumused in operationsat SPS has been chemically
tionoffuclandtargets,_adiationtime,andreactorpower _ Becauseof itsshorthalf-life,mi attains the
level, equil/_rium concentrationwith thz mU in SPS umn/um

within several weeks after chemical purificatio_ In cou-
tnmt,k_q-fived USldoesnot reachequilibrium;this would

Other Sources Due to SRS temof ofyears,fr .ewtoa.
Consequently,U'lisauentially noneximentinSPSmuium

Operations thatt.,.notbeea butbe,meof aseof
Small quantities ofradioiodinehavebeenproducedatSPS earth, L_!does exist in uraniumin nature.
by test_ spontaneousfission,andneutronactivation
analysis. The activity levels of radioiodine bom tlaaw An exampk of a radionuclidethat frequentlyde_ays by
sources are insignificantwhen compsred to the act/vi_ spomnaxJ Fusionis mCf. The equih'oriumconcentration
levels in imdiated nuclearfuel andtargets;however,the_ of ml is approximately2 z 1011pCi/8 of mCf. 'Inis high
sourcesarediscussedin thefollowingsubse_ousto amcentration,almostonecuriepergram,isduetothe
providea completeoverviewof pmemialradioiodinebequentoccuerenceofspontaneousfumionandthe2.6-year
releases, bail-life ofm(_

Because_Cf f_:lUentlydecaysby spontaneousfission, itis
SRSTestReactors a valuable neutron source,lt has beenproducedin SR_

by the _ of _ tarsmLFromthemid
Severalsmall nuclearreac_rs were in useat two SPS 19608until 198"7,theSavannahRiverLaboratan/(SRL)
locations _ the 1950s throughthe 1970s. The Heavy fabricatedindustrialand medical mCf' sources for oils/re
WaterComponenmTest Reac_ (HWCrP,), located in B use. Some of the sources have been retainedat SPS for
Area,wasused in theearly1960s to test_ fueis fora nentma cah'brationsin the _c_f fabricationfacility ami for

heav_waterpower reactor.The othertestreattore use in two neutronsctivation facih'timat SPS. Oue _Cf
were located in M Areaandwere used frownthe mid-1950s nentronact/ration facil/ty was operatedin M Area in the
to the lage1970s. Tbe Process Development Pile and the 1970s, andthe otherhas been operationsl at SRL since the
Lattice Test Reactor were used as zero-power mock-up mid 19708.
facilifim to testcomponentsfortheproductimreac/o_ The
SubcriticalExperimentalPile was also used to testcompo- The spontaneous._sim-produced rad/oiodinepraw_t in-
nent desism. The Standard Pile provided neutronsfor sidetbe__S_'fmurc_tttheSRL_Cf Neutron
experiments such as neutron radiography and neutron Activation Analysis Facih_ (NAAF) as of 1979 was
activation, calculated for • safety analysis 0Vinn, 19'79).The major



oto, m howumTab:e2-2to.r mc MaterialsOriginatingOffsite
curia ofeachisotopethatwouldbeexpectedtovolatilizein
the event of a muree failure. The potentiaJlyvolatilized Certainfuels irradiatedat offsite non-commercialfacilities
componentrepresents4(}%of the radioiodineinventoryin are shipped to SPS for reprocessing. While awaiting
thesource, n_ocessin8, the fuel is storedin the Receiving Basinfor

OffititeFuel (RBOF),which is locatedin HArea.
Otherisotopes of urtnium andisotopes of thorium,pluto-
nlum, and curiumalto spontaneouslyfission. Oneor more The isotopes :_I, :_, and:3:1arepurchasedfrom commer-
of these materialshave been used in M Area, the reactor cialvendorstypicallyin quantitiesless than10.3curies.The
areas, the chemical separationsareas, the Naval Fuels isotopesareusedat SRSforexperimentalpurposes,such as
Facility,TNX Semi-works,or SRI.. chemical yield determination,instrumentcalibration,and

determinationof retention characteristicsand chemical
propertielof iodineon variousabsorbers.These isotopesare

Neutron Activation Analysis predominantlyused in SRI.. The amountof radioiodine
lXesentat SRSdueto commercialpurchasesis insignificant

He.aU'onactivationanalysis is sn analyticaltechnique for when comparedto the amountproducedin fuel andtargets
measuringelemental compositionsin materials.The mCf at SPS productionreactorsor storedin RBOF.
neutronactivationfacilities,theStandardPile,andtheCand
Kproductionreactorshave beenusedfor thatanalysis.For SPS andit'svicinityhavebeensubjectedto globalfalloutof
example, fromthe late 1970s to mid 1980s, environmental man-maderadioiodinesincethe 1940s. Most globalfallout
sampleswere activatedin C Reactorto determineuranium hasoccurredbecauseof atmosphericnuclearweaponstests.
content.Traces of fission-product radioiodinewere pro-
duced in the irradiatedsamples. From1971 to 1984 iodine
concentratedfromenvironmentalsampleswas activatedin
K Reactor to detect trace levels of tail; small quantities
(typically less than 104 curies) of the activationproducts
:aq, ::1, andtal were producedin the irradiatedsamples.

Table 2-Z Portionof radioiodineinventory in the mCf
NAAF asof 1979.

, i

Isotope Cartes"

:3:1 0.13
ml 0.18
ml 0_8
t_l 0.33
lUl 0.40
I_I 0.34
_ 0.17
ml 0.07
1_ 0.02
i i ii

TotalRadioiodine 1.92

* Activityrepresentsonlytheportionof theinventory
thatispredictedto volatilizein theeventof a source
failure.Thisis 40 percentof theinventory.

__ i ' i, i,| m,, ,
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Disposition of Radioiodine at SRS
The princilxdma fordispming of radioiodinearecontainmentandtime. Table2-1

that vmT short-livod iamopes of iodine psoducedin SRS reactorsdecay
hmir_ficant activitylevels shortlyafterendof irradiation.By 200 days of molin& ml
and ml arethe only isotopesof iodine remainingin measurablequantities.Theirtotal
activityis 2 partsperbillion of theoriginalradioiodineactivityat theendof irradiation.
To describe thedispositionof the longerlived isotopes,the sourcesof radioiodineare
categorizedasfollows:

MajorSources
• fuelandtarpmirradimdinp_uctionreactors
• certain fuels irradiated offsite

MinorSmucm

• fuel andtargetsimdimed in SPS test
• spontaneousfission
• neutronactivationsamples
• commerciallypray.basedradioiodine
• globalhllout

Radioiodine in Fuel and Targets Spemd_, wm w,s_ ,noromeoina_e,_yyemof
Irradiated in Production Reactors op_.Thewm,olutio,swm, pnx_,ud,mmdin_ tanksforradioa_ivewaste.Inlateryearnspmn
Underidealopetmingrenditions,radioiodineiscontained chipswereburiedintheSolidWasteDispoulFacility
within t_ cladding of _el mad tarlletel_n_ during (SWDF), which _ pmvim_y _ _ the burial
in'adia_n and coolin8. Cooling is the intervalbetweenthe Ipmmds,This practicewas mminat_ in the early 1980s.
end of irradiationand the beginning of chemical sepam- Since thattime chipshave beenstoredat the SWDF.
tions. Irradiatedmmerialsare storedunderwaterin reactor
basins for most of the cooling time, which was appmxi- Radioiodinecontaminatesaqueouswastes at the chemicni
mately100 days duringthe initialyearsof operation.This sepmtioas faa'ties. The wastes are evaporatedahdthen
was increasedto approximately200 daysby them;d.1960s, sentto undergroundstoragetanksforradioactivewaste.The

coadensate bom evapomion was sent to the sepzratioas
Undernormaloperatingconditions,it is pom'ble for tnu_ areaseepagebasins untilNovember 1988 when use of the
of radioiodineto escape from irradiatedfuel and target seqmp basins was ro'minami. Since thencondensateIms
el©meritsto the environmentthroughsmall defects in the beeu sent to the Effluent TreatmentFacility where it is
cladding.Air and waterat reactorssre monitoredfor such treated to remove radionuclidesandchemicalsbeforebeing
possible releases. Actual releases are deam'bedin greater dischargedto UpperThreeRunsCreek.
de_i in_ 3.

Mm of the atmospheric and aqueous effluents in the
After the cooling period, fuel and_'ge_ m treatedin the chemical separationsarm have been monitoredfor _i-
chemical separation-areastorecoverthe desiredproducts ble mdioiodinereleases. Monitoringtechniquesand meaa-
fromthewasteprodumsuchasmdioiodine.Inchemical uradmim aredmcribedinQ,q_ 3.
separations part of the k_dine volatilizes. The primary
emission control is asilver-nltmtereactorto removeiodine The dispositionof Ims-lived ml producedduringthe first
from pmc_ w before the air is exhausted to the 20 yeamof chemical_xmUJons _g is estimatedto
atnmspherethrougha61-m stack.The silver-niUmereactor be40 percentrootedin wastetanim,30 percentburiedin the
oonsisU of ceramic chips, also known as beryl saddles, SWDF, 20 percentreleasedto the atmosphere,and 10 per-
coatedwith silver nitrate.Iodine passing throush a bed of cent releasedto seep,rBebasins (Comman, 1974). The re_

chips reactswith silver nitrateto formsolid silver iodide, ieue8 to theatmosphereandseepagebasinsandtheburialin

i i mm llm i i



theSWDFhavehada directimpacton theenvironment.En- minute andtherumplesaredisposed in the SWDFu wlid
vironmentalradioiodineis discussedin detailin Chapter4. radioactivewaste.

Theanalysisfor_ typicallyinvolvmchemicalpurificmion

Radioiodine in Certain Fuels of iodine atSRL afterirradiation.Inthe purificationsteps,
traces of the activation products ml, 1al, and 1_1 are

Irradiated Offsite relinedto the SRL exhaust system. None of these trace
releases are significant enough to be detected in routineIrradiatedfuels received from certainoffalte facilities are

stored underwater in RBOF until the fuel is ready for radioiodinemonitoringof the stacks.Tracesof radioiodine
chemical _tionL Tne fuel then enters the regular are retainedin various liquidsused in the purificationsteps
procure streamin H Area. The dispositionof radioiodine andthenstoredin the SRLtemporarywa_e tanks.Purified
becomes the tame u da,_bed for fuel irradiatedin SPS radioiodinein solid formis subjectedto variousmeasure-

meritsandallowedto decayto inconsequentiallevels before
productionreactors, it is buriedin the SWDF.

Radioiodine in Fuel and Targets Commercially PurchasedRadioiodineIrradiated in TestReactors
Theimtopesml, _ and13_]arepurchasedfromcommer-

Fuel and tat'Betaf_om the various test reactors were cial vendorsfor u_ typically, at SRI. The dispositionof
primarilysent to the RBOF for cooling before chemical radioiodineis similarto that describedfor neutronactiva-
separations.Some were sent to SRI. for researchor to lion analysissamples.
reacu_ materiak fabricationfacilities. Reactormaterials
fabricationfacilities only received fuel ortargetsthatwere

not irradiated;this materialwas blended into thestandard Global Fallout Radioiodine
fabricationprocess for targets and fuel to be used in the
productionretctom. Duringthe era of extensive atmmphericnuclearweapons

tearing(1950s andearly 1960s), global falloutwas one of
the principalsources of radioiodinein the local envimn-

Radioiodine from Spontaneous men_ sits wm the other principal source. Chapter 4
presents• discussionof environmentalradioiodine.Fission ,

Radioiodine produced by spontaneous fission in heavy

elements is retained by these elements as long as they References for Chapter 2
remainencapsulated. Cormnan,W. R., 1974, "Estimationof t_ Distributionin

SRI'SeparationsPnx:esses", DPST-74-533, E. I. du

Neutron Activation Analysis Samples Pont de NemoursandCompany,Aiken, SC.

Environmentalsamples are analyzed by high sensitivity Winn, W. G., 1979, "SafetyAnalysis of the uaC"fNeutron
neutron activation for the detection of trace levels of Activation Facility', DPSTSA-700-20 (Revision
uranium and 1_I. Typically, the uranium analysis is 10/79), E. I. du Pont de Nemours and Company,
non-destructive;therefore, any radioiodineproducedfarm Aiken,SC.
fissionof uraniumis notreleased.The radioiodinecontentis
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This chapter presen_ a dis_ on r_ at Sits facilities in termsofpossible
release pathway_ emission cmwo; features, and annual releases to the aqueous and

mmo.vphe_ environments. The reported annual releasesare takenfrom public reports
cited in the Bibliography.

Roul_ operationsat SPSfacilities release r_ to the a_nosphere, site sweams,
and seepage basins. Theseepageba_$ allow short-liwd radionuclides todecay towry
low lewis during the transit time (years) requ_ed for aqueous misration from the be-
sins throughthe ground tosite streams. Themost signi_ releasesof radioiodine oc.
cuffed during the earlyyears of site operagion&The greatestreleases originated in the
F and H chem_al separa_om facilities and the reactor fac_s_ ali of which are lo-
cated near thecenter ofthe800.:quare.kilm_ter site. Thepragimityofthesef_
to major strewns within the boundaryof SRS is shown in Figure 3-1, which also shows
the location of otherfacilities that had the potential to release radioiodine.
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Figure 3--L Proximityof Site Streamsto SRS FacilitiesthathadthePotentialto Release Radioiodine
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ReactorFacilities
The five productionreattoreatSPS areidentifiedby theletterdesignationsC, K, I.,P,
andIUThe rest/rezweredee/geedto irr•d/ateq_c.ific targetstoproducesvecialnuclear
_iy tritiumandplutonium--fornationaldefense pu_. Certain
radionuclidesforotherIlevemmenUdpurposmareatm produced,suchasmPu, whichis
• powersource forcertaindeep-spacemissions.

Facility Operations m,UonucUdmmdecaytolowlevelsbeforetherocemins
of the fuel andtargets begins in the chemiad sepamtiom

the rescZombeamw operationalin 1953-1955, they areas.
did mt operatecontinuously.They were periodicallyshut
down fcc maintenance,safety upgrades,of replacementof The abnormalconditionof • fuel or target failure,which
fuel andtargets.In 1988three reactorswere shutdownfor ¢omim of a majorbreechof theencapsulationmaterial,is
extensive mtimanan_ and safety u_ priorto 1988 detectedbysensorsinthe reactor.Whenafailureoccurs,the
oee reaetm hadbe_enplacedon inactivestatesandanother rem/or is shut down andthe failed element is transferred
on mndby, into • container called a "harp". The harp is mmxl

unde_nt_r in the reactorbasinand vented to the _r
The principalcomponentsof the reactorcore arethe fuel, mack Failuresoccurredmore frequentlyin meearly yetis
targets,control rods,andmodmtof. Whenanuclearreactor of operationthanin lateryears.
is olmati_ mt.learfission reactionsoccurin the_ f'_l
of the reactorcore. F'mion can also occur in certaintarget

materials.Commlrodsareneutron-abmt'oingmaterials•hat Pathways for R,|ease
are positionedin the core to control the rateof fission
_,._=tioasin • reactor. Dm_.n_ncnmal re_=of operations, traces of mdioiodine

fromirmdistedfuel or.targetelements if a defect
The moderatorin SPS reactors is heavy water,which is develops in the cladding.'1_ defect typically is a micro-
circulatedamendthe fuel and tw'getelementsin thereactor _._ cr_k. If _defect deY_lopsw_i|e the element is in the
core.The _r decrem_ thekineticenergy(Mowsthe reactor_'e, radioiodine_ t_romthe irradiatednmte-
speed) of neutrons emitted in the risen pmcem. Slow rim to thr modem_ by volatilization or by leaching of
nee•tom have • greaterpmbabUitytlumfast neutronsfor rsdioiodineeromthe exposed_ material.
producingthe desirednuclear reactionsin fuel and target
materials.The moderatoralsofunctionsastheprimary Inthemoleseriouscaseofa failedei_,.nent,someofthe
coolanttoremoveheatgeneratedbynuclearreactionsand _:xpom_uraniumandplutoniumcanbecomedispemedin
radioactivedecay in fuel _ targetelements. Heatis then the moderator.After a failed element is removed, the
transferredfrom the moderatorby heat exchangersto the disperseduraniumandvlutoniumcontinu__ot,ircuistewith
secondary coolant. SItS reactorsuse eitherfiver or pond themoderatoruntilthey areremoved fromthe moderatorby
waterasthesecondarycoolant, an oali_ ionexchangepurificationprocess.Neutrons

generatedd,,_ingsubsequentreactoroperationumnefumion
Inrem:mrsthatusewaterfromtheSavannahRiver,theriver inanyresidual_mdatinguraniumandplutonium,thereby

waterpassesthmughtheshellsideoftheheatexchangerandproducingsmallquantitiesofrndioiodinedirectlyinthe
dischargesto•sitestreamthatflowstotheSavannahRiver. moderator.
Reactors that mc pond water discharge the secondary
coolantfrom the heat exchanger to a canal thatflows to a Once nutioiodineis in the moderator,it can circulatewith
seriesof cooling ponds. Cooled pond wateris recirculated the modem•or,adsorbonto surfaces,migrateto the blanket
thloughthe heatexchanger, gas above the moderator,or be removed by the online

purificationprocmL

Undernormaloperatingconditions, fuel andtargetelements
areirradiatedfor• specifiedtime, removed fromthereactor Similar pathways occur in the disassembly basin during
core,andstoredunderwaterin t_ disassemblybasinof the coolinsofirmdiatedmated•is. Radioiodineescapestobasin
reactorbuilding. Storage in the disassembly basin for the water from cladding microdefectsby volatilizationor by
cooling period, which by the mid 1960s was at least 200 learn8 of radioiodinefrom the exposed irr_jated mate-
days for most irradiated material&allows short-lived riM. Water aim leaches adsorbed nulioiodi_ f=om the



exteriorsurhcm of fuel andtargets.Oncersdioiodine is in Volatilizationfrommodmmr leaksor spillsalso introduces
the basin water, it cin:uiatmwith the water, adsorbsonto radioiodineinto the _x:ess ventilationsystem.
_rfacm, mipatm to ebew above the basin, orts removed
by tbe basindeiouize¢. Air in the procea ventilttion system passes through a

coefinement system, which includes a carbon filter bed
modm_ and basin water are the pri_pal _tesignedto remove radioiodine,and then erJumm to the

pathways by which aqueousradioiodine is released from atmmpheric environment f_om • 61-m mack. During
reacmmto the east. If t leak exists in the reactor periodswhen the reactoris shut down for repairs,mainte.
heat exchsnSer, modene_ cre mix with the secondary nance, or replacementof fuel ujd targets, air bom the
coolant. Any radioiodinereleasedby this pathway is not reactorbuildinglevels thatare6 and12 metersbelow Stade
quantified;howevw, thesecondary¢x_olantis monitoredfor elevationbypuu8 thecarbonbedenrouteto thestack This
beta-pmam activity. Leakaseto themmadary coolant is a bypsmoccursbecswe a hu'geak flow is requ/redtoremove

pathwaycomparedtothedisassemblybu/n pathway, tritiumfrom pmcem mess where work is performed.The
capacity of the cmtxmbed is _tto handle ,a sir

InitiMly,diM_'_eatblybuin waterswere purseddirectly to flow that is 2to 3 times8reaterthannormalforanextended
s/tc memm m nmmve the heat lle_ by tl_ stored period of time. The cspab/lity exists to rapidly switch
irrsdistodfuel mu/targets. After installationof basin heat airflowto thecarbonfilter inanemergency.
e_ deimize_ 8hdfiltersin the 196_ thevolume
of purgewaterdm:gemmdsignificantlyMdidtherelemwsof in the dimmumblybuin water, f__mlublevolatile forumof
mdiom:tivity, iodinemisme, u avapor,to theairabovethetrain. Certain

mlublefonm of iodinevolatilizeinthewaterandmisrateto
Periodic purges are necessary to eliminate tritium, the theairabovethe bwin. The sirsbove thedisusembly besin
sccumulation of which rmults in expmure to operating isdin_y exluumedto theoutsideatm_ exceptfar
personnel.Anyresidualradioiodinethatisnotremovedby harpmomgecontainen_whichate ventedto thepmcem
thedeiemizeris relemxl withthepurgewater,whichhu ventilatioesystem.

• been discharged to earthen_ _ or
Di_ to mum ceasedin 1978. Certainfonm of iodine volatilize in thereactormepsge

tmim aadmlgra_totheaU_oq_ m groumlleve_-mac-
A minor_ of_ thatcomaimradio_x_is toru_pegebarn areopentotheenvironment.
then_cU,pmce,a,_v_ ,y,mn. ThA,,ymm _inc_y
m._i_e_c_o.liagwaterfTomtheM_ellrodeofthe
exch,ag,mf_ re_ be_m ,admiscelhu_x=proce,, Emission Control
w,terL _roce_ _wer water is pedodkally sampled mul
analyzedforradionuclides. Variom meamuu havebeenimplementedto minimize

relemmof radioactivity. One of these is the extensive
Other r._astewateris collected in pmce_ sumps at the impmvementain the quality of materials fabricatedfor
reactor ftcilities. Occasionally, this wutewater contains imuliation.Such impmvenw.atamiaimize the formationof
moderatorfrom leaks thatdevelopedduringreactoropera- defects in the claddingof fuel tad targm.
tions or spilL,that occurredwhen line breakswere made
during maintenanczperiods. The ww,ewm_ is collected in thereactortre_ diw.tu_l_ of d/mmembly tmia wster
and anMyzedfor both mdioouclidesandmoderator.Pmsi- to meams were reducedbesieging in 1963 whenthe wat_
bledispositionmethods,dependingon mudymresults,have wm recitculatedthroughheatexehansers for coolingand
been toprocessthroughtheHeavy WaterReworkFacilityor thmush deionizem for removal of nulionuclidea(except
the wa_ evaporators in the seperatiom areas, or to tritium). Pt_m"to 1963_blybesin waterwsspursed
dischargeto seepage basinsor merons, coatinuouslyto site ntremm.Althoughthe deionizemwere

effectivein removingpsniculates,permanent 8and filtem
Circulatingmoderatoranddisassemblybasinwaterarealto were installedin the late 1960s to maintainwaterclarity.

; the principal murcez for atmospheric releases fixxn The re_iduescoUectedon thesandfiltemsre truaportedtoF
reactors.InsolublevoLttileformsof iodine inthemoderator Are, to be _ aed stored in wa_ tanks. Spent
migrate,asvapor, into the blanket flaresystem above the deionizerresinis trmmportedto H Areafor regeneration.
moderator.Certainmlubleformsof iodinevolatilizeinthe

andmigrateimotheblanlmgassystem.Leal= Becausetheheatexctumgergdeionize_ ,hd und Wren
snd occssion_ purges of the blanket ps symem allow accoum for the removtlof hem, ummradionw.Jidat,and
radioiodineto be releasedto theproteinventilationsystem, psrticulates,only the accumulationoftritium prevenmthe

mm_a.m_
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indefinite recirtadafionof cEus_mbly basin water. To Release Monitoring
reduce tritium expmmm to workm in basin areas, basin
water is perioch'mliy purged to site streams or to reactor Although reac_r stack air is continuously sampled for
seepase basins. No purse, to site sUeamsoccurredafter radioiodine,ithas notalways beenquantifiedforthe curies
1978. of radioiodinereleased. Continuous smnpUngis accom-

plishedby passingaportionof stackairthroughafilterthat
Mostof themdioiodinereleasedin theearlyyearsof reactor trapsiodine. The filteris changedweekly andanalyzedfor
operationoriginatedin failed fuel elements. Reactorstack radioactivity.Until the early 1960s, a filterpapercoated
monitorsandreactorcore sensorsdetectfailuresor suspect with silver nitratewas used; an activatedcharcoalfilter,
failuresof elements. In 1957 the practiceof placin8 failed wh/chtstreatedwithTEDAtoenlumcecollect/onoforfpm/¢
elementsin harpstoragecontainerswas implemented, formsof iodine, replacedthe filterpaper.

Under normaloperationconditions, moderatorand some The initialprocedureto determineatmosphericradioiodine
residual radionuclidesadhere to fuel and target surfaces, releaseswasto measuretheairfiltersforgrossbeta-Sannna
When fuel andtargets areremoved fromthe reactorcore, activity.The filterswere submittedfor laboratoryanalysts
theyare flushedwith waterto eliminatemostof the adhered of mlonly ifactiv/tywasdetectedabovebac_und. When
moderator and some residual radionuclides, such xs the procedurewas changed in the early 1970s to perform
radioiodine. This process was implemented in the late laboratoryanalysis specifically for ml by. pmma spec,-
1960t. After flushing, the elements are stored in the trometry, the releases of ml flora reactorstacks became
diumembly basinduringthecooling time.The flushwater quantified. Releases of S2'lfrom reactorstacks were not
is collected in drums for treatmentin the D-Area Heavy quantified until late 1988 when laboratoryanalysis for
WaterReworkfacility, long-lived L_Iin the charcoalfiltersby low energyphoton

Weeuometrybesm.
Atmospheric releases are minimized by the use of the
confinementsystem, which is intended forroutineopera- S'unilat_ havebeeuuaedtodeterminemdioiodine
tionsandfora _ incident.Thesystemconsistsofa releases to theairabovethediaassemblybasins.'I'ne
demister filter bank, a high efficiency particulate air publishedannualatm(mphericreleasevalue for 1slIfroma
(HEPA) filter bank, and the carbonfilter bed. The latter reactor is the sum of stack and disassembly basin air
consists ofactivated charcoalimpregnatedwith 1 percent releases.Analysis for_PIisnotperformed.
triethy|enediamine(TEDA) andI percentpotassiumiodide
to enhancetheretentionof severalchemicalformsof iodine. Several techniquesare used to monitoraqueousreleases.
The cation filter removes greaterthan99.9 percentof the Semedarycooling waterfromthereactorsis monitoredfor
iodinefromthe process ventilationair. beta-Sammaactivity, but net specifically for ml. Basin

purse waterwas notroutinelyanalyzedfor 1311untilabout
Controls have been implemented to provide sufficient 1960. Priorto thattime, lsboratoryanalysiswas performed
cooling time for short-lived radioiodineto decay to insig- only if beta-gammaactivity was detected.Specificanalysis
nificant levels before reprocessing.The cooling time for for tnl is notperfonnedbecauseof the lowwobabilityof lnl
most irradiatedmaterialsat SRS was approximately 100 beingpresentrelativeto ml (Table2-1, pase 10).Similarly,
days initially, but by the mid 1960s this increased to waterfromotherrelease points, such as process sewers, is
approximately200 days. In response to an acute release analyzedfor13_Ibutnot for_1.
incidentin 1961, _ve controls(suchm computer
inventory of irradiatedmaterials),andphysical controls

(such as an underwater ionization chamber to monitor HIStOry of Measured Releases
shipments) were implementedto ensuresufficientcoolin8
time haselapsed before reprocessing.Inthe 1961 incident, Annual aqueous mu/ atmosphericreleum of "q from
excessive _3_1was released due to the inadvertent individualresctorsarepmsentedinthesectionsthatfollow.
reprocessing of very short-cooled material. After these The aqueousreleasesare themeasureddischargesfromthe
controls were implemented, no other acute radioiodine disamembly basins. Other releases (such ts from heat
releaseincidentof this magnitudehas occurred, exchansent, leaks, and sumps) are minor and are not

n innnlnn i iii
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indudod in the diIgaIiOn of aqueol relI_i from

individmdructom;theyareincludedinasummary,ection v_ i caa smmwainu
ii

IW'

_ 1957 _d the _y 1_ _ re_ _o,

elemema.Nonummrememaof_ort-Uved iaocopea,suchIS 1,
mi iii ml, werereportedatthetimeoflbmemi releuel. _- o,1
•rbeuiab.yi_fmioniaodummlucn_1wouktatiUlave
be_preuminsi_ qusntitiaiftberelammoccmed o.m

of Z-l.p.pl0), i
No meoAreme_ foru'l were condtmed at thetimeof the

IIZI_ IqumI ml releueg however, the informationin I i .... I.... 0.... t .... , .... , .... , .... f.... ,

wereia_gaificaat.Fofegample,_eactivityofL_I Yew
IUpIA.

_C Reactor
_ _ofml from_w_

la_l_aen al_ minor_ to theIglueoust_leueL

At_opllk rehalu of tal wea qItified tl_gitte 1_" o.1_,
Nouu'!lurebeendetectedfromanyof thenugtom.Althoush
dme :'_l memnmcmuwm couductedduringthe 0.m
exUmded_wtdown,thettmmpberk:releMeofuqduring

ze_a_o_ro_ u ex_ mt__ 'Z'h_U
_____ve_ ml m_ly_ I

C Reactor I _.... , .... , .... ,.. _., .... , .... , .... , .... ,
tI II 10"/0 II II

C_ was operational from1955until itwas_ut
for_ve _nance m 1986; itwII placedm standby v_r

intoFourMileCreek_ threes_epa_bas_ dmgna_d I_pre3-.3.MeasuredAnnualA_c _I of
_, _7G, and _. The _ _ were _ ml _ C R_
_m 1_9 to 1_0 _ _ 1_ __ 1_.

tori] _ Iqu_mm_lI of ml fromC P,,e_gtog
its __ lifetime Ire 21.8 _ m FourMile KReactor

__l.0_m_____
ann_ _I _Ily 4 _W __e_ K_waI_ _ 1__ _ __
occun_in 1961 and 1963aathowniaVtgu_-Z f_ egte_e _a_ and safety_ which

bepa in1988.l_]y be_npugg_weredi_ed
Thetotalmea,urod_ r,lea,e of'3'Idu_ t_e toPeaBranchaadtotwoearthenb_ _ buia

operationallifetime of C Reactorwu 0.042 curiu. Meu- duipmed 904-6.f_ _d a mentim _ des/Suted
uredannualatm_ releasesof ml fromC Rmctor are 904.88G. Becauaemepap buht 9(M-65Glutdpoo_mepage
nbowaia Figure3-3.

I IIllll I Iii'
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chmmm'imi_ it remiveddimmemblybasinpurgesonly in L Reactor
1959, 1960, and 1965. Retentionb#gn 904-88G received
disuumbly basin pmgm and ocm#ioul misoellaneous L Reac_r was opemfionMfrom1954 until1968whenitwas

wastewaterdiadm_m fzom 1966tln'ough1989. placed in standby, lt wu refurbishedin the early 1980s,
restartedin 1985, andoperateduntilthe 1988shutdown.To

Tee gnal measured_ueous releasesof ml from KReactor providethermalmitigationof Jecondarycoolies waterfrom
tlm_gh 1989 m'e30.1 curiesto PenBrueh and21.6 curies the restartedreactor's heat exchanger,L Lake wu con-
to theearthenbuimt. Measuredannualaqueousreleasesof struc_cl in the early 1980s by damming Steel Creek.
1311areshown in Figure3-4.The maximumannualrelease, Therefore, duringL _r's _:ond operationalperiod,
14 curies to the retentionbasin,occurredin 1969. aecondarycooling water from the reactorhem exchanger

was dischargedtoL Lake whichdmim into SteelCreek.

I0o, Disassemblybasinpurgeswere dischargedto Steel Creek_ mam:h
lo, -* ..4_. andaseepagebasin(904-64G). Theseepagebasinwas used

s,_ aec intermittentlyfrom 1958 to 1969 and 1985 through1989.
1 -,.- The L-AreaOil andChemicalBasin(904-83G) was used

from1961to 1979 toreceivewutewatermntainin8various
f o,I t_ emm+6_ oilaandcbemlmhtf_omMlof themsu:torareas,lt is adjamnt

0.01 .... to the 904-64Gseepage basin.

. _ totalmeasuredaqueotmreleasmof 13tlfromL Reactor
u

o_ol ] through1989are34.7 omrimto SteelCreekmud1.8 mu'ieato
- theseepagebasina.Measuredannualaqueousreleasesof ml

0.00o01_ .... ,;.--, .... ,--' _',.... ', .... ,--'-. ,--'--, are shown in Figure 3-6. The greatest annual releasea,
19so 1_,o 1970 1_0 l_J0 approximately8curieato SteelCreek,oo:mmd in 1961and

vm 1964. in its secondoperationalperiod, aqueous ml was not
mm,.m dischargedtoSteel Creek.

Figure 3-4. MeasuredAnnualAqueous Releases of ml
from KReactor teo_

: ftmlCn_
10_

The mud meamred atmosphericrelease of ml from K I
Reactorthrough 1989 was 0.036 curies. Meamsmdannual
atmosphericreleases ,ue shown in Figure3-5. _" 0.1 StainS3G•" 4.

0.1 a 0_m
4,

0.0001

o.01 0.00001 •

0.000001 .... I .... I .... ,"'''1'""1 .... i_'''w .... I
_" 0.001 1950 1960 1970 1_0 1990

_m

3-6. MeasuredAnnualAqueous Releasesof 1311
fromL Rmmtor

0.00001 ''''l'-_'l"'-'l_"'"'! .... J .... I .... _'''"_

19s0 I_,0 197o 19eo l_e The total measured atmmpheric release of 1311f_romL
v_ Re.amorthrough1989 is 0.0007 rarita. DuringL Reactor's

,.,.,,_ rum operationalperiod, t311atmosphericreleasm were not
quantified.Measured annual#tmmphericrele.am_of 1_11

F3gur_3-_. MeasuredAnnualAtmmphericReleasesof f_omL Reactorareshown in Figure3-7.
ml fromKReactor
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I

3,-IL Measured Annual Aqueous Relmmes of ml
:3.-.7. Melomd .,IUIll] ._icxsph_ic _II of from P Reactor

ml bom L Reictor

0.1.

P Reactor

P Reactor was opm'miouMfrom 1954 until the 1988

shutdown. Dismmembly IIsin _ were intermittently _ 0.01 _ L, _d_-.]I'S_ ms_e]_ andPatrood(1954m 1_0 and ":

K/VtOthree mepa@e basins (1957 throui;h1989). The _ |

cooling water and m_ __ were
_m___ 1_; _ _ eoo_

water w8 then d/vetted to Psr Pond. Wlwu L Lab wm 0_m .... , .... , .... , .... , .... , .... , ..... ,, .... ,
coomruc_ iu tlm mid 1980s, ali aqumw effluents bom 19s0 _0 mm mo lm
P Reactor wm_ divesSed to Pm"Pond. Y_

Themud m_ _ueow relI of ml through1989m um_m
159_es tothe Steel__ Pond_ and0.2 _eI
m the mepage buins. Memu_l unuM aqueous mleaRs of Fll_re 3-._. Memued Anmud Atmcxq_i_ Rdewm of
ml me _xywn in Figure 3-& The Breatmt annual releases, ml bom P Reactor
approximately 70 curies to Steel Creek, oemmed in 1957
and 1962 due to failed fuel elements. Three were the great_

qum mlI of1311_m S_ m mm memm. R Reactor

__ _ueo_ ml was m routinely quantified prior m R _m w_ _ _ _ _ I m

1960, the value for 1957 probably represented _ SU. lt _ from late 1953 until 1964 when it wu

analyse, in r_Iponae to failures of'newly dgsigned fuel placmd on inactive _ _ly _ I was
elements. _ into Lower _ RI Creek _ 1954

1958,imo l_Pond from 1958to 1964, sad into am_xtse

'me _ m_ _h_c release of ml from _ _ _ 1957 w 1964. R Reactor bad _
P Reactor m 0.055 nea __ 1_. M_ ann_ ___1_,-1_,-57G,-_,-5_,_

_eases of ml _ P R_ are _ in _.
Figure 3-9.
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The _ _e bu/n, 904-103G, was usedonly f_rom Summary of Reactor Releases
June to December 1957. Use of this basinwas terminated
du6to mu'faceoutmoppingandleakage into an abandoned Thetotalmeasuredaqueousreleaseof!_11fromreactorarexs
sewer.The Imtinwas backfdledin 1958. Basins904-104G, through1989 is 327 curies.This includesdinuembly basin
-57G,.58G, and-59G were inuse from19S7 to 1960.These relesaesof 302 curiesto sitestreanmand24curiestoearthen
fourbasins were deactivated,bw.kfdled,and coveredwith basins.Minoraqueousreleases(suchas fixmtheatexchans-
asphaltin 1960. Basin904-60G was in use from 1958 to era,leaks, and sumps)contributed1 curie to site streanm.
1964;it was hackfilled in 1977. The totalmeamu_ atmosphericreleaseof t3tlis 0.13 curies.

Reactorsecondarycooling water andmiscellaneousefflu- The sums of the measuredannualaqueous releases of ml
entswerediwhargudto LowerThreeRunsCreekfrom1954 fromali reactorssre shown in Figure 3.11. By the 1980s
to 1958. Aft_ 1958 these effluents were dischargedto Ptr annualreleases haddecreasedto approximately0.1 percent
Pond, which was oo_ by the damming of Lower of theannualreleases inthe early 1960s.
Threeguns Creek.Beginningin 1961 dischargestoa canal 1000
and pond system that eventually drainedinto Ptr Pond

(Figure3-1) replaceddirectdischargesintoPsr Pond. 100 + .f_
10

The total meamu_ aqueous release of ml fromR Reactor __

was dischargedto the ParPond system). Measuredannual i 0.I , ' ,
! t 0 _t

l% j'* % Iaqueoea releases of ml from R Reactor are shown in , ', _ - , ,,
! II | A /Figure3-10. The maximum annual release of 35 curies 0_1 _ ', ,'' |l I t

ox:cuffedin 1963. o.eol ,_ '
0I

O.OO01

Atmosphericreleases of ml were notquantifiedduringthe
operationallifetime of R Reactor. o.ooml .... ,.0..., ..... , .... , .... _, .... , .... , .....19so l_s0 1970 19e0 l_Jo

Ymr

100:

Figure 3-11. CombinedMeasuredAnnual Aqueous Re-
leases fromReactors

10

i Atmmpheric release# of 13tIare shown in Figure 3-12.

Although 1311atmosphericreleases were not quantified
prior to 1972, those releases are estimatedto have been

1 small. 'Inis estimate is based on the lack of specific
laboratoryanalysesforml in stackatrfilters;suchanalyses
wouldhave beenperformedif exol_t beta-samnmactivity

.. were detectedon the filters.
0.1 ,I.... u .... ! .... I .... w.... u .... I .... t "''_ •

1950 1960 1970 1980 1990
Atnmephericreleases of ml were quantified beginning in

yeu 1988; usI releases arebelowdetectionlimits.Priorreleasestlt_am_.m

when reactorswere operationalareexpectedto have been
insignificant.This is boutuaethe tctivity of _ is ordersof

Flgure 3-.10. Meamu_IAnnualAqueous Releasesof_3q matp_tudesmaller thatthe activity of 1311,and the atmos-
from R Reactorinto thePar PondSystem phedc releases of _3tlhave been small.

i
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0.001.
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IlOUmelZle

FiSUre 3-12. Combined Meamued Annual Atnumpheri¢
Releammfrom Reattore

Separationsand LiquidWasteFacilities
Two chemicalse_ facih'tieaundtheiramo_tt_ liquidwastestoragefacilities
areIocmedaesrtlm outer of the site(Fiip,,re:3-1).The two Jepmmiommumare
identified by lettm'desipadonsF and H. In these fnc/h'tiesthe productsof intmm in
inudiated materiabam chemically upmted md pmified from wine producm;this
procedurehsesJledrepmeessi_. Thesreateit releue8 of rudJoiodinelo theenvirommmt
at SPSorisjmted fromthesefacilities,

Facility Operations wn f_c_iamiuof .di,centtothe.ep.maou,r_.itie.
we,, ,dmipedforliquidwame_. Dependingon

The two chemical sepmt/mm fiJciHtimrepocam irmdimed activity level, liquidwmm arerootedin wute umlmorsent
fuel und tru'getsin builclingsknown w canyon 5uilclinIw either to seepage Ixudnsor to the Effluent Treatment
lmuJiated materiab are dissolved and the products of Fucih'ty(ETF) in H Area. in November 1988 the ETF
interestare chemically sqxumed and purifiedfrom waste becmneopmtioulto tremthewmm thatwereprevioudy
fusion andsc:tivationproducts, seat toseepagebasin. The seepagebasinswerethenclosed

ud, smof 1989,were being dammmiuiomKL
Reprocessingbegan in late 19:54iu F Area and mid 1955iu
H Area. 'rue Purex solvent e_n IXoc:essis used to

remver_Fu and_ _omw,uepmdumm_ Pathways for Release
mU. During 1959-1960the H-Anm Purex process wu
modified to recover nsU from the wute pmduc_ in Unlike the reactorfmc_'tiw,which havereleasedu_ito the
irradiated_U fuel using the _ (11 Modified Purex) euvimumeut principally throush aqueous effluents, the

Theprincipal ehemic_dittenm_ iu I1_pmcem_ _ fac_lilim have mlmmed1311almo_ equally
is that the _ lxrocemue8 mercuricnitrateas acatalystto through al_ and aqueous effluents. However,
enhancethe dimolutionof irradiatedfuel. almomali aqueousml reimmmbom sepmutionsfacilitim

were dischargedto weFege buins and mt din_y to site
Latermodifications to both faoilitiw allowed :mNpto be sUuum.
recoveredfor u_ as uuTetmaterial,lmdiated zrqqpta_ets
are diaolved and treated by the Frames ion exchanp During the chex_:al i_ processes, rad/oiod/_
procws in HAreato recoverm'_Pu8hdm_Tpfromthe waste exim ama vapor,or is diwolved in squeous _ orsanic
produm. H Areaalso includesthe RBOFmoroseb_-Hity, mlvum. IF.miss/onconuols _ the atmmphedc

ii i i ii| i - - ,_i_A_ ii i i i ill llliip
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release of radioiodim volatilized during dissolution of for radioactivity. Water is concentrated in evaporators prior
inadiated materials. Volatilization of radioiodine also to storage, sent to seepage basins or to the ETF,temporarily
occurs in the sepamtioo and purification steps following retained in basins, or released to site sUeams.
dissolution. For example, the organic chemicals in these

react with radioiodine to form volatile organic iodides. The major sources of wastewater _iy discJu_ged to
r__leases then occur through the process vessel vent system, the seepage basins were the overheads from the nitric acid
_hic_ exhausts to the atmosphere through a size-graded recovery unit and the process evaporators in both F and H
s_ncl filter and a 61-m stack. Areas. In H Area, water from the Resin Regeneration

Facility and RBOF was also discharged to the H-Area
Volatile organic iodides that are expected to be present in Seepage Basins. A flow sheet for liquid waste handling can
_Jmospherk: effluents include the alkyl iodides,such u be found in the reference Jacobsen et al., 1973. Became of
methyl iodide or butyl iodide. Volatile inorganic forms may the date of this reference, it does not show that ETF replaced
include !_, IC1, IBr, Hl, and HOI. Moreover, organic and the seepage basins.

inorganic forms of iodine may atm be associated with
particulate matter in the effluent (Brauer and Strebin, 1982). Even after organic waste strmuns ft'orethe solvent extrac-

tion process receive • caustic wash, the solvent may contain

Two studies examined the distribution of the organic and residual traces of radioiodine due to the propensity of iodine
inorganic forms of iodine in air effluent from H Canyon. to react with organic compounds. Spent organic solvent is
Eighty to 90 percent of the iodine was present in the organic sent to the SWDF for incineration, bio studies of the
form (SRL, 1973a; SRI,, 1973b). radioiodine content of waste organic solvent have been

performed.
In • preliminary study of organic forms of iodine in
atmospheric effluents f_3m the SPS Purex procem, butyl

iodide and ethyl iodide were identified among numerous Emission Control
organic components that were _*__,___ the other mmpo-
nents were not identifiable (Smith and West, 1967). Allowing sufficient time for ml to decay to low levels prior

to repmcemin 8 reduces ml releases. In the mid 1960s, the

Two later studies quantitatively measured the distribution cooling time wu lengthened from 100 to st least 200 days
of organic iodine compounds in air from H-Canyon. In one for moat irradiated materials.
study essentially ali of the organic iodine was present as
methyl iodide (SRI.., 1973a). 'I'ne second study found that Administrative and physical control& which were imple-

butyl iodide was 5 times more prevalent than methyl iodide mented in reactorareas after the 1961 acute release incident,
(SRL, 1973b). minimize the possibility that very short-cooled fuel or

targets might he inadvertemly sent to the chemical sepsra-

The presence of butyl iodide was am'ibuted to radiation-in, tions areas.
duced reactions in the tributyl phosphate extractant of the
Purex process. A butyl group formed in this manner can Tbeoffg_ from disaolufion of irmdiated materials is vented
react with iodine to form butyl iodide. The different results to the atmosphere through silver-ni_ ceramic
obtained in these limited studies may indicate that the chips (beryl saddles), an acid recovery unit, and • 61-m
composition of iodine in stack air is dependent on which stack. Volatilized iodine reacts with the silver nitrate to form

step of the separations and purification processes is being highly insoluble silver iodide on the chips. This emission
performed, control system, known as a silver-nitrate reactor, has been in

place since the startupof the chemical separations facilities.

Aqueous waste streams contain residual radioiodine. High- In the Frames proos_ offgasesfrom the dimolution of
level and low-level aqueouswastes are stored in tanks after zr_Ip targets do not psm through the sliver-nitrate reactor
their volume is reduced in an evaporator. The condensate enroute to the stack. This is because fewer fissions occur in
from the evaporator contains radioiodine because some of mNp than in uranium. The fewer fissions also allow 2_Ip
the radioiodine distills. The condensate was sent to the targets to be cooled for leas time than uranium.

seepage basins priorto 1988. The condensate is now sent to
ETF. Another example of aqueous waste are occasional Some residual radioiodine that continues through the

leaks in cooling water coils in process vessels, chemical separ_ona proceu is retained in the precipitate of
mangmmDe dioxide that is used to clarify the solution of

Tne dispositionof variousprocesswatersfrom thesepam- irradiatedmaterial in preparationfor solvent extrmc_on.
tionsfacilities dependontheresultsof analysesof the water

i i iii i i i li i
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Some residual mdioiodine that mntinum through the were used in parallel to trapradioiodine;one was • filter
protein is volatilized into thepmcem vemel vent symem, papercoatedw/rhsilver nitrate,andtheotherwu a caulk

_. in the early 1960s these were replaced by two
OHpam flmn theproem vessel ventsystemaree_mmed TEDA.impregnatedeharmal canridps in aeries.
through• and filterand then thmullh the 61-m stack.
Althoughthesandfilter is notezpeca_ to ef_ficientlyretain The changetocharmal filters waspromptedby the release
iodine, it is expectedto retardthemovementof mine forms of 153curies of ml from F Anm over a26-day periodin
of iodine, which are succes_vely being adsorbed and 1961(Jollyetal., 1968).'Inis acutereleaseincidentwas due
demrbed on thesandiwticles. The 61-m stackineach tothe inadvertent reprooemi_ ofveryshort.cooled mate.
facility lrovidm _ loft tothe offpsm to ensuretlmt rbl.At thetime ofthe releueqthe8ilver.nitrmefilterdidnot
radioiodineis dinipmed intovurylow coacentmtionsova a povide an aa:umtemmmureof theseverity of the release.
imp area.Thisminimizmezpoeureto peopleinandaround The iodine mllectiou effu:iency of the silver-niUmefilter
the facih'ty, paperhad droppedfrom 82 pezcent to 32 pereent. 'Inis

da:msm wu smibu_ to unumJalmamntmtiom of nitro-

in the emly yearsofopemtio_ e_mst airwu also passed pm oxides and other chemicals in the stack air _,
througha caustic amtbberin FandH Areasto trapiodine. 1963).The releasewasquantifiedwiththecaustic acrubber
Erraticperformanceof the scrubberunitsmntn'butedto the system, which had a history of unreliablemeasurements
elevated ml releases observed in the initial years of because of erraticpel_rmam_ (Mat_, 1963; Jolly et al.,
opm_a 1968).

The ITMpmeem has an inherentemimon controlfeature. "leereplacementdmmel filtersystemfollows• filterpq_er
"l'ne_ nitratecatalyst used in the diamlution step thatremovesperticulttu. The fimtcharmsl filtermntaima
n_s withiodine to pmdueea mnvolafile formofiodine, radiatianmonitor that is set to alarmat an instantaneous

release of appmsmately 0.3 _ The daily chanp in
cumulative activity is atm monitmed to detect unusually

ReleaseMonitoring uupdaUyreumamtm tememthetr,naFo;-L

Atmmphe_ releammof ml from_ns famUtk, have At_ a one-week expmmu, the filtemareanalyzedforml
been quantifiedsince shortlyafterstartupin 1954. Repine- by pmma spectmem_ andfor Uralby low energyphoton
essing of irradiatedmaterialbeganin FCanyonin Novem- sFectmme_. Typkally, the radioiodine is distributed
ber 1954. The firstmunplingperiodfor mi in atmmphefic gtuater than 97 pereem in the chamoal and Ims than 3
effluents was December 14, 1954 to January7, 1955. H percentin the _ filter.
Canyonbqpm opm'ationsandml releasemeammrementsin
July 1955. Since 1963 in F Area,dissolveroffilases containinge_

ammoniavapors have been divertedto an amdlia:y61-m
Continuoussamplingof stackairforradioiodineis aeeom- stackafter pining through_ silver-nitratereactor.Vari-
plishedbypassingaportionoftheairthrough• filtertlm ousmethodshavebeenuaedtoquantifyreleasesfromthe
uatm iodine. The air is extrmed at the 59-m height and auxiliary stack a molecularsieve filter proved to be the
passes through appro_uttely 90 metersof l_p_tg to the minteffective. The filterk changedweekly and measured
filterasaemblyat8roundlevel.The filteris changedweekly forml; it is notroutinelymeasuredfor tnl.
andanalyzedformdioiodine.

Aqeeous releases of ml have been qeantifiedsince 1955.
Limitedstudies of ioae8 of iodine dueto 8dmrptionon the Several techniquesare used to monitor aq.eo.s releases.

piping interiorsurfaceshavebeeneon_ Adsorptionis Process moUn8 water in F Area is monitored in-line for
principallyumciated with elementaliodine. This appeant beta.pmma activity.In HArea,batchesof processcooling
to be a minorconstituentof thechemical formsof iodine in wateraremonitoredlxior tomlea_. Whenliquideffluents
stackair(SRI_ 1973a;andSRL1973b)._admq3tion ware relemed to seepage buins, they were continuously
is notwell cham_rized for various operatingrenditions, sampled.Samplu were eollec_d weekly and analyzedby
no allowanceforpmsible losses is madeinquantificationof pmma spectromet_ which detectsmi butnet tnl. Effluent
the releases, Trutment Facih'tydiacharfp=aresampledandanalyzedby

pmma spectrometrypriorto releaseto UpperThree guns
Three different technique8 have been used to trap C3reek.
radioiodine. They representthe most suitabletechnologies
thatwere availableatthetime. Initially,two differentfilters

i iii
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History of Measured Releases ,owo
1000

The greatestaqueousandatmosphericreleasesaretypically 10o
with the _ing of short.cooledfuel and

targets,which occurredin the late 19S08and early 1960s. _ 10Short-cooledfuel andtargetswere reprocensedat thattime _

because of the urgency to recover the special nuclear _ 0.1materialsneeded for nuclem"weapons. In later yeats ml .._0.01
releases fromseparationsareaswere reducedss aresultof •
longer cooling period before re_. Occmonnlly 0._
n_ ofshort.cooledmaterialscontinuedintothe o_0m

1970s. om_ .... , .... , ....-.., .... , .... , .... , .... , .... ,
11160 lilW) I_/ID lilI) 1gW)

At the time of the greatest :3:1releases,no mmmuremenmof v_
short-lived isotopes such u _ and ml were reported. -.,_,,
These isotopeswould haveaccompaniedany 1311that was
released if very short-cooledmaterialswere reproce#sed _ 3-13. MeamuedAnnualAqueousReleasesof :3:1
(Table2-1, page 10). to F-Area SeepageBasins

Since the mid 1980s, atmosphericreleasesof 1hlhavebeen Various process waters that contain only low levels of
quantifiedby measurement;priorreleaseswere quantified radioactivityaredischargedto FourMile Creek.A limited
by calculation, study of the :ni contentof the effluentwu conductedin

1979 and 1980. Concentrationsdidnot exceed 0.06 pCi/l.,
whichindicatestheeffluents arenot• significantsourceof

F-Area Aqueous Releases :_I (Kantelo,1987).

Aqueous wastes fromF Canyonwere initiallysentto waste
tanksanda seepage basindesignated904-49(3, slm known
u Old F-Area Seepage Basin. The capacity of this basin F-AreaAtmosphericReleases
provedto be inadequate,lt wasabandonedin 1955after
three additionalseepagebasin&(904-41G, -42G,and-43G) The tom measuredatmosphericreleaseof :311fromFArea
were co_ These areknownasF Seepage Basins1, through1989 is 1,112 curies.Measuredannualreleasesof
2, and3, andwere used from 1955 until 1988 whenwaste :3:1areshown in Figure3-14.The maximumannualrelease,
waterswere divertedto ETF;they arebeingdewateredand 688 curies,occurredin 1956. During 1958 atmospheric
back_lled as of 1989. release# of mi were below minimum detection limits

became F Canyonwas shut down for modificationsfrom
The total measuredaqueous release of :3:1to the F-Area March1957 untilMarch1959.
seepagebas_'msystemthrough1988 is 903 curies.Measured
annual relea.u:aof 13:1are shown in Figure 3-13. The SRS'sonlyacuteatmosphericmlreleaseincident duetothe
maximumannualrelease,403curies,oc_m_ in1956.This inadvertent rewocmsin8 of very short-ocoled material
is attributedto the reprocessingof _ort-cooled materials, occurredin 1961 when 153 curie#were released between
The increaseduring1961 is associatedwith the acuterelea_ May 29 andJune23 (Matter,1963). About half of the 1311
incident, was released in the first5 days;thedailyreleaseswere 6, 24,

12, 18, and 14 curies. In comparisonthe avemse daily

For1_1,only e#fimatcsof releases tothe seepagebasinsare release during 1960 and 1961 (exclusive of this incident)
available.The cumulativerelease is estimatedat 2.0 curie# was 0.02 curie#.No measurementsof :7 wereperformedin
for the F-Areaseepage basins through1985 (Killianetal., responseto this incident.Because the _ material
1985a). This estimate is consistent with an inventory had only a very short cooling time, the quantityof 1_1
e#timateof 0.7 curie#through1987,which is basedon a few released was insignificant relative to the quantity of 1311
measurementsof t_l in basinwater andbasinsediments, released(Table 2-1, page 10).
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A _ ofthe_a-_ nmc_orwas_ in lm0]
_1_7 eu_ _ A loweollea_ e_eney Im_.a
_y _ inumF-.,u_unU,wUicUnml_ in-
short-iron mi mleaxatamaximumra_of 6q_riesi_r day.

Thz I_ °fmmual8m°apl_ricmlz°su°fUelf_°mF _ °'o__]

Canyonwill be discussedwith H-Area auumpbencre-
leases.Releasesfromthetwoareashavebeenhistorically
publishedtogetheru onecombinedannualrelease. 0.0001,

0,00001,

0000001, •

H-AreaAqueousReleases 0aere,..,.,.. _._ _-,.... ,.... ,.... ,.... , .... ,
Hf,0 H_0 1970 tW0 191}0

Aqu_u_ wastes from H Canyon were smutto wu_ tanks vm
undfourseepap basins(gO4-44G,..4_, -46G, anti-_G). mu,,,,,
The buim, whicham ujmknownu HSeqmge Bas/nsI, 2,

3,and4,wereuradfrom1955until1988wbenwale watem Figure 3-II, Meamu_ AnnuxlAtmosplm_ Relealmsof
were cl/vertedto ETF.Basin 3 was notused a/_ 1962. AU 1311bom H Area
basinsarebeing dewaum_ and _ asof 1989.

The total measuredaqueousrelease of ml to the H-Anm
tm_ _/m_mthrough1988is 1,711 curies. Mus- H-Area Atmospheric Releases

urad mmual mlew_ sre sbown in P'q;ure3-15. The maxi-
mumannualreleue, 798 curies,ocx:um_ in 1957. This is The total meIu_ almoq_e_ release of _I from H
mm'buildto the rq_iin8 of g_xt-o0oled _ C4myoom_dRBOFto themm_:l_ze tlu_uSh1989k 1,._J9

_y ali of the ml originated in H Canyon.

Fo¢ twlonly em_nm_ of mim to the melX_ bxsim an Memmmd_sul reht_ am _ in Figure3-16. The
available.'rbe cumulativereleue is_ at0.4cre'lm maximumannualrelease,888 curies,cx:curmdin 19_6.
fortheH.Amauepagebasinsthrough1985(KiUianetaL, Dm/ns1960at_ releaxsof unlf_omH Areawere
1985b). This mtimme ht _t with an inventory below minimumdetection limits because H Canyon was
esfiautteof0.9curiesthmugh1987,whk:hhtbuedonafew shut dowa from AI_ 1959 until the end of 1960 for"
eoeasummen_of_ in_ _ _ _ _ _ to convm to the HMpmcem.

3-14 mm_
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1 The maximumrecalculated_1 releases occurredin 1964
and 1965.These annualreleasmof 0.5 curiesare2.5 times

Rtmm greatertlumtheaveragerelease for 1955 through1973.The
:': maximumreleases reflect the quantity,compoeition, and, t

, .
: : ----- irradiationhistoryof n_ materialsatthattime.The

_, . .,...,

i i / ...-.; . : "/ /,,,,.,,._ f_ __" decre_from__ue|y 0.15curimin 1981to0.06

; . "....... curies in 1982 reflects a change in irradiationconditions.
" _1 : .. umme "leechangerequiredtargetstobeinadiatedtoonlyhalfof

their previous exposure;mrreapondingly,the quantityof
nrl produced htapproximatelyhalf of the l_vious quanti-

L _, ties.

.... ,....,_...,.... ,....,.... ,...,,...., EffluentTreatmentFacility
IMO IMO lgN limO 1880

Vm Aqueous(6_:l_rgm _re analyzed6x 1311by gamma
3-.17. CombinedAnnualAtmosphericReleases speclzolaetry.No ml Imsbeendetected.No analysesfortZtl

of U'l bom SeparationsAreas lave beenperformedu of 1989. .

'I_ annualatmoephericreleaseof ml from the two Stacka_rwastestedforcompliancewithNationalEmiamon
_rations areas ht historicallypublished as a combined Standards for Hm=rdmmAir Pollutants during mrtup
release.The totalcombined_ atmosphericreleasethrough tutin8 in December1988 andJanuary1989,when_ wu
1989 bom F andHA_,u htestimatedto be 5.7 curies. The operatingat about 30 percentof capacity. Stack air w,s
estimatehtbasedon calculatedand meamu_ annual continuouslymunpledfm"ndioiodi_ usinga particulate

filter followed by two TEDA-imp_gnated _ filters
releases as shown in Figure3-17. in series.The filterswerechangedweekly andanalyzedfor

ml by gamma spectrometryand for _ by low energy
Prior to 1984, annual _I releases were determinedby photmq_xrummry.Sdtheughnoml wu _ taw
cal_tation only. The calcuhttion htbued on the quantity,
composition,and irradiationhistoryof r_ mated- levelsof Uralwere detected (Taylor, 1989). By scaling the
als;on the ml fission yield;and on theefficiency of iodine t_ releasetoan annualbnsmandto 100percentofoperatin8
removal in the chemical leparafions _ This effi- mpecity, an annualreleaseof approximately0.0002 curiesof t_q is estimated. This ia less tlum I pen:ent of the
ciency is basedonthe experimentallymen--reddistn'bution ¢xanbinedatmmpherkrelesaeof USlfromFmulHCanyons
of ml in various stepsof the separations_. for1989.

For 1955 through 1973, two types of calculated annual
releases, reported and rec_culated, are plotted in Fig-
tire3-17. The reportedreleases were determinedby calcu. Waste Tank Farms
latin8 atmospheric X_lreleases from the aepmfioMtrua
during1955-1973 and proratingthe totalon an annualbasis Highlevel radioactiveliquidwastestorasetank&locatedin
(Zeigler and Lawrimore, 1988). Thia method gives a bothF andHArea&contain_1. Appmximtely 40percent
constant value of 0.21 curies of tal released per year. °ftheSRS'pr°ducedU_Insofl974htPtedk:tedtohevebeen
Releases were recalculated to e_finutte the year.to-year _ of in the wine tanks(Cornmu, 1974).
variations in the combined releases for a study of x_

The was_ in the rinks consists of sludge and supernates;
deposition (Boone etal., 1985). iodine ht expected to be in the supemme ratherthan the

Measured releases have been reported in the site release sludge. Limited analyses for the _I content of the sludse
documents since 1984. From 1981, when measurements andsupernatein certainwastetankshavebeen performed.

Samplesof decontaminatedsupernateflom F-AreaTank24
were begun, through 1983, calculated releases asreed wereanalyzedin 1983. No _I w,s detectableat adetection
satisfactorilywith the measuredreleases. For example, in
1981 the measured release of 0.139 curies is 13 pcreent limitof 450 pCi/L(Ryan, 1983).
differentfrom the calculated release of 0.160 curies.

i| i i i i i rl I i
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Studim t_ mqzmmm bt lLAma warn mim show t_l uaeertaintyin the _ for the 12'Iinventory in the
emtmatmicm oa me e_r of S0s pCi_ far Tulm 1114, kmm.
1214,151_and3211(IZowlm'andCook,1984).No uq wu
detectableinaludp mmplm f_omTanks914,10H,13Hand "1_ combined annualreleases of radioiodinefromsepara-
15HatadeteclioalimflofSpCi/g(FowlwandCook, 1984). tions areas to the atmmphereand the seepage basins are
Basedo,i these studies,FowlerandCookestimatedthatthe shownin Fisum 3-18.This includestheannualatmosphe_
inventmyof LWlin SIPSwaste tanks,as of the early 1980a, releases of ml _ the recalculated values for 1955
was 9.1 curim, through 1973. The long.term trend is that ml releue8

deauaed significantlywith time foIlowin8 the maximum
Radioactivityleaked into the 8roundhem certain waste relemm in the early yearnof_. Aaamdmleatamin
taaim,in 1960, H-Amt Tank16 leakedabout 100 Uteriof the198_were aplx_imately 0.01 percentofthe mleumin
wamintothe_mil(Poe, 1974).In1961F-Area thelate19508.Infpmeralsince1975,ml relearn8to the
Tank 8 leaked about 6000 liters of waste outo the soil ttmmphem havebran lessthan uq releamL

(Odum,1976).The repotted inventc_ of radionuclidesfor

thetmmdidnoti  uq;mmmim mil w=not [,me
| titI 185I

Waste tanks have the potentialtoreleasemdioiodie_tothe imo0 L____. ...... "---"

ammsphem.Because the vaporspace in the waste tanksis tem

flushedwithair,volatilefomaof radioiodine are releasedto
theatmmphem.Vented airfromthetanksisnetmonitm_ 10o

Summary of Separations and Uquid Waste _e_
Facilities

Total aqueous mleasm of ml toseepaSebasinsf_om o.00ol
septratiomJfacilities are tmtrly equaltothetotalatmos- oJ_m. *
pheric releases.The totalmeamm_ ml relelme8through 0.000001
1989 are 2,614 and 2,511 cufimto mepqe basinsandthe me nm w_ mm line
atmcephe_ nmpectively. For uq the eorrespond_:gesti- vm tlmm_.n
matedreleasesare3 and6 curies, (Nine curiesofml are ,,i,..
estimatedtobestoredinwastetanks.)Thedistn'eutionof
ml between basins and the atmmphe_ differs f_om the Ftsare 3-18. Combined Annul Releue8 of
distn'bution of ml. This is likely due totheconsiderable Rtdioiodine from SeparationsAreas
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Solid Waste Disposal Facility
TheSWDF isaaiteforIxtrialo¢above-groundstorageofradioactivesolidwastesand
cemdnliquidwastes.The firstfacility,designated64343, was uaedfrom1952to 1972.
The newfacility,designated643-7(3, is adjacenttothe originalandhasbeenusedsince
1969.

"I'nepredominantradioiodine-containingmaterialburiedat Liquidwaste thatpotentiallycontains radio_ lutebeen
SWDF is the spentceramicchips coatedwithsilver nitrate storedat theSWDF.Degradedmlvent fromtheseparations
thatwereusedforemission controlduringthedissolutionof areaswas burnedin open pans at the SWDF in the early
fuel and targetsin F and H Areas.The bused inventoryof yearsof operation.Since 1975 it has been maced in steel
u_, asof 1982, is intimatedto be14a_im (l-lawkins,1983). tanksattheSWDF pendingcombustioninan incinem_ for
The practiceof buryingspentchips was terminatedin the radioactivewaste. As of 1987, 655 of the755 cubicmeters
early 1980s. They aremw stot_ at SWDFwitix_utburial, of degntdedmlvent s_red in the tankssince 1975 hid been

(Jagge et al, 1987). Given the propensityof
Other solid waste buried at the SWDF is potentially kxline to react with organic mmpounds, the degraded
cont_finated with _ (for example, spent reactor solventmay mntain _ even thoughthe mlvent has been
deionLzers).No analyses of these materialsfor_ mntent smabbedwithcaustic.No nBIanalysesof the spentmlvent
havebeenperformed, l_..vebeenperformed.

SavannahRiverLaboratory
Silt. pmvicl_re_.ar_ anddevelopmentsupportfor theproductionfa_iitim of SITS.
l.a_ratory facilities handle radioactivity ranging from high levels, which are
manipulatedin shieldedcells, to environmentallevels.

Certain liquid radioactive wastes are accumulated in stark airis monitmedforradioiodineusingTEDA-impreg-
holdingtankspeadin8 shipmentto F Areafortreatmentand natodcharmal filters. The offsaa exhaust from th_ SRI..
dispmition.From1954to 1982, aseepase basinsystemwas liquid storase facility is atm monitored for ml using
used for low activity wastes. The first two seepagebasins TEDA-impregnatedcharcoalfilters.
(bothdesignated904-5343)wereplacedintoservicein 1954.
The _ two _ (904.-5443,and -55G) were added in The total meuured atmosphericreleua of ml from SRL
1958 and 1960. No radioiodinehtdocumented as having throush1989 is 6.4 curies. Measuredannualatnmspheri¢
be_nreleasedto the SRI..seepagebasins, releases of ml are shown in Figure 3-19. The maximum

annualrelease,2.9 curies,_ in 1958 when experi-
Experimentalstudiesusinghighleveis of radioactivityhave mental studies of short-cooled fuel elements were per-
been performed in shielded cells. Air vented from the formed.
shieldedcells passesthrough• carbonbedtoremoveiodine,
then through HF.PA filters before exhausting through a Figure3-19 also shows that 0.010 curies of ml were
50-m stac_ intheearlyyems of operationaamstic saubber releasedW the atmospherefromSRL in 1973. Thiswas the
was also used to purifyair fromthe ahieldedcells. Before only documentedreleaseof short.livedml at SitS (Zeigler
the sir is di_harged to the stack, it passes througha sand andLawfimore,1988;Cumminset al.,1991). Theoriginof
filter,wl_ch was installedin the early 1970s. theml is undocumented.If itoriginatedfromashort-cooled

targetor fuel element,_ mightalso have beenpresentin
Air exhausted from other partsof the laboratorypasses therelease.The pgesenceof t_ dependson whenthe iodine
throughHEPAfiltersandexhattststhrough30-m stacks.If was chemically separatedfromtellurium(Table2-1, pase
airradioactivityexceeds specificlimits,theairisdivertedto I0).
the sandfilterbeforebeing exhaustedthroughthestack. Ali
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a.49.MeasuredAnnualAtmmphe_ _,,m of
RadioiodinefromSRL

Other Facilities
Ali documented radioiodinereleases hem SPS facilities are listed in thz pcevious
sections.A numberofother_"I handle_ containingradioiod_. The
facilitiesthathaveofhadthzpoelialtoreleaseradioiodinearethetestractms,the
Heavy Water Rewmk Facility, and any facility handli_ spongy fimioning
Memml.

No relmmmofmdim'odinewedocummm_ for.myofthe_ TINpredominant_vity _ with thisfacility
I_ in_ 2. Had there been ruleaN8 is tritium.

bom these f_cilities, thereleaseswould I_ small coa,perud
to the mlI from productioa_ Operationofthe Fecilitim, otherthanthreealreadydim'bed in thischapter,
test reactorswas discontinuedby the 1970t. thathavehandledspontanmuMy-funioaingelementstrethe

m,ctor materialfacili"urnin M Area, (when uraniumfuel
The H_vy Water Rework Fm_ity,locatedinD Area, and tarSm are fabgicmed),the TNX Semi Works (where
coasimof_n towersandasaocia_lequipmemfor variouspmcmam aretestedoaapilot_ withium_
removalof ordinarywater that ac_umul in the heavy andtheNavalFuels facility(whereuraniumfuel for theUS
watermoderatorused in the _ l._aks in the system Navy was fabdcatedbom the late 1980s untilshutdownin
arevented through• 21-metertuck.The aqueouswaste 1989).The pramsczoflowlevelsofradioiodimdueto
streamis sent to ikaver Dam C,reek aftervaificafioa that qxmtaaeous fmion li no impm oa opmtiom m three
activity levels do not exceed specific limits. There is a facilities because the radioiodineis ce_dned within the
potential for traces of mdioiodine to be Wusem in the tmmiummetal;mdioiodinein this caae is only of agademk:
agglemtcg,u is deacn'bedin theaectim oa reactorfacih'tim, imenm.
No specific monitoringforradioiodinehasbeenperformed.
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Summary of Measured Releasesfrom SRS
Measured annual mlI of SSSlfrom SPS to the aqueous environment are
summarized in Figure 3-20. Annmd relI of radioiodine from SitS to the

atmosphericenvironmentare summarizedin Figure3-21. In general, since 1975, t_l
has beenthe predominantcomponentof annualradioiodinerolI to the ItllK)_ere

fix)mtheIite. The annualaqueousand atmmphericreleasesof ml andSa_larepresented
in tabularformin Chapter5.

By the 1980s the annualml releases badbeen reducedto total aqueous release from the site; direct dischargss to
approximately0.01 percentof therelI of thelate 1950s. streamsceased in 1978.
However,reductionsin releasesbegan by theearly 1960s.
Consequently, releases from 1963-1989 accountfor only The purlx)seof the seepage basins is to allow short-lived
approximately 8 percent of the total atmospheric sssi. radionuclidesto decayto low levels duringthetimerequired
Ninety-twopercentwas releasedduringthe &.yearperiod (years) for the aqueous migration to site meatus. An
f_om1955-1962, unknownportionof the radioiodinein the seepage basins

volatilizedto the atmosphere.
The to,al releases of ml to the aqueous and atmospheric
environmentsthrough1989 aresummarizedin Table 3-1. The beat intimate of the status of S_l releases and
Releases fromthe separationsare_ accountfor89 percent inventories resulting from repmceming through the
of thetotal aqueous releasesand greaterthan99 percentof mid-1980s is 3 curies to seepage basi_ 6 curies to the
the total atmosphericreleases. The separationsareasdis- atmmphem,9 curies stored in waste I and 14 curies
charged S3Slalmoet equally to seepage basins and the buriedin the SWDF. Table 3-2 compares this diatribefion
atmosphere. Reactor areas discharged SSSlalmosI exclu- withthemtimated1974distribufion(Col 1974).Both
sively to the aqueous environment.Directdischargesfrom estimationmethodsshow thatakvproximately70 percentof
reactorareas to site streamsaccount for 10 percentof the s_ is stored and30 percentis releasedto the aqueousand

atmmphericenvironment.
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Wute Tanks 28 40
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k,_ be_ Ose_ sourcesof r_ bsdu_em,irmsmemsz_'_m_ 8
sm. k_s _ 1o_ sss r__ _ _ _ yor
mi. AlOmugh routine analyseaof:_I didnot begin until lhe mid 19805 shtwt-
termsmc_._of its _ m theen_mment have been c.mduc_ s_.e
the early 1970s.

Remltsol_ _m are takenfromperiodicSltS en_onmental repom
(see Bibliography). Typically, annual averalg values are used in this report.

in the scie_[_c _ercm_re. The roufl_ _u_yses and s_--term sn_.s were
dai_wd mde_ thefateof r_ asflmovedthroughtheemirs.
me_by _ric andaqueoustr_ me_
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Atmospheric Transport
As • plume containingradioiodinemoves throughthettmmphere,theconcentrationof
radioi0d_e intheairpoemlly decreues withdimancefromthemurce. This_is
the maultof dilutionanddepmition.

China II IIIII II I III I I IIIIII I

France II II II I I I I I I I

UK I1IllII

USAI i l III li

USSR I illlllll I I
' I • i i • I 4 • i " i ! i i i • I • i i I I g i i w I , • |" i I i w | !

1960 1970 1980 1990
tletallfOOT.tO

Flgune 4-.L The _ of Nuclur Weapom Tem in the Atmospherebom 1954thnmgh 1989

Dilution occmu w thz plume Wrm_ thmeShout mt evw The mvimamm nearSits routinelycoatained detectable
_ volumeof air. 'rnedeffreeofdilutiondependaon levels of ml bom 1955 through1962. Nuclearwupmm
rech _tiom u wind Weed, unbuleace, w tmoyncy, truing inthe ttmoaphaz ww intewe duringtlat tim_ mid
and the height of the surface m/x/nShyer. Under ideal SRS mlmamof _I to the_ waz thelpeauJ inits
coaditiom the docremmin conceutmfioo will be inversely history. Ninety4wo percentof the total _ ml
_ to distance from the releue point. Over the telemmdfromSP,S and72 lmgaattof thetotal mi woduoed
course of • year,the inverse re_ appliesto annual in almo_ nuclearwmtpoastem occurredbom 1955
avertp maceauatio_ _on8 the cimunfenntce at given thrm_ 1962. (Seveaty4wo pmcut of the total fimon
nxli_ _ from _ ml_ l:oi_ _ yield pmdeeed in the _ of_

phaictem ommd durins195Sthroush [UN-
Theinvme.toe. is inthisreparttodiseoSu
SPS from fpobal fallout u the winciptl source of
radioiodine in the offsite local environment. This is Pilgum4-.1 shows the frequency of worldwide nuclear

by theslopeofthestraightlinedrawnthrough wupoas tem in the _ from 1954throush1989.
the annual av_ase ml datapk_ed on losarithmicscalusasa Earlieratm_ testsare not included becau=ethe ml
functionofdistancefromthecenterofthemperatiowareas poduced in those tem decayed to insisnificut levels
atSITS.Distancesaremeasuredfromthispoint, rstherthan beforemeasurementsbeflanatSitS. This figure is treed on
the geographic center of the site, bemule atmosplmic labulatiou of nuclearweaponstem (Bennea, 1978; Carter
releases originate almmt exclusively in the mspmatiaM and Mosbimi, 1977; Perkina8ndThomas, 1980).
areas.Ifglobalfallout is the sole source oftheradioiodine,
the slope is 0. Local concentrationsdo not chanp with As armultof theLimitedTe=tBanTmaty,theUS, UK, and
disSancefmmSRSbecausethefallout_thowands USSR ceased atmospheric testing m the end of 1962.
of kilometersfromSITS.HSPS is the mk mwce, theslope Residual _I was not daecUtble in _ environmenttrier
is -1underidealdilutionconditions. Onlogarithmicscalesa 1963. However,mi wu intermittentlyreintroducedto the
slope of-1 means tlm mncentration is halved for every eavitoameat dueto _ twtin8 ofnuclur weqxax
doublingof distance, by Chinaud F_ nstionstluttdidtrotpsgticipa_in

the tretty. No nation has tested nuclearweapom in the
When deposition is considered,theslopewillbe ammph m 1980.
(more negative) than the slope underideal dilutioncondi-
tions. Depmition consists of physical and chemical Fallouthmn til butthreeof the Chinese ttmoqphe_ tests
pt_:esse8 thatremoveradioiodinefromtheairanddepositit wasdetectedin thevicinityof SitS. FalloutfromtheFrench
on the earth's surface. These include smvity settling of tem after 1962 was senendly not detected near Sits
particulate forms ofiodine,entrainmentwith rain, and becausethesetem were conductedinthe SouthPacificMd
physicalandehemkal interactionsof.iodinewithvegeta- themisEWe mixingoffallouthomthemuthemhemisphere
tion,soil,andotherfeaturesoftheearth'ssurface, tothemrtlmn hemisphere.

--- ,| i i i H |ll ii

4--2 tm,z_



** %

i/ . .
I

o

Kljometsm

t.ogond
* ,e__ station
O p,jnwmr _ macon um,_m_

Ua<,ampU,0_=Um

F]Su_4-2, LocationofPHS NetworkSamplingStationsintheSoutheast

To assesstheenvironmentalimpactof81obalfalloutinthe of ml inair,rain,vegetation,and milkinthelocal
United SUm, the US Public HealthService (PHS) _ e_oum_L
fishedseveralnationwidenetworksto collectandanalyze
environmental samples for radioactivity. Data from the
PHSnetworksareoomparedinthischapterwiththe SPS mi Air
measurements.Figure4-2showsthelocationsofthe
networksamplingstationsthatareusedforthecomparison.Besinningin1955SltSsampledtheairforvolatileand
Only stationslocated in themulhmm areusedand mostare particulateforms of ml at locations onsite, near the site
located in majorpopulationcenters, perimeter,andnearthe 40-kmradiusfromthe geosraphiccenterof thesite. OnSitS terminology,40-kmradiusmeans

Air and rainwaterstationsbelonged to the National Air the circumferenceata radiusof 40 km.) Fourairsampling
SamplingNetwodcudtheEnvirommmtMRmti_'°uAmbi" stations near the 160-km radius were added in 1962 to
ent Monitoring System (the latter was known as the providedistant backsroundlocations for measurementof
RadiationSurveillanceNetworkfrom inceptionuntil 1967 global fallout.The becksmund stations happen to be
andthenasthe RadiationAlertNetworkuntil 1974), Milk locatedincities thatarepartofthenationwide airsamplin8
locations belonged to the Raw Milk Network and the netwodm.
PasteurizedMilk Network. In 1971 the PHSnetworksthat
werestilloperatingbecametheresponsibilityoftheEPA. Inmastyears mi hasbeendetectedatlocationsclose mupmtiousro'mm.Neartheperimeterand40"kmradius,Utl

Becauseofincompletemixingofweap°nstestdebrisinthe wasdetectedfrom1955through1963.Nearthe160-km
atmosphere,falloutlevelsoftenwidelyvariedbetween radius,itwas detectedonlyinthefirsttwo yearsof
nearbylocations.Suchvariationsinnetworkdatahavebeen operation--1962and1963.
minimizedby averagingthe datafromthe largenumberof
locations in Figure4-2.Thisprovidesa comprehensiveNo _nlhasbeendetectedonanannualaveragebasissince
southeamem valueforcompsrisonwithSRS memmrements 1963 at any offaitelocation. The samples fromthe40-km



radiustypkadly wm'enotme.um..__redfrom 1964-1980 unless cannotbe quantifiedlagauae of the variableconditions in
ml was detectedat tlm_ perimeter. No ml rumltswere theenviromnenLHowever, sn in_t_peof-0.2or
publishedin SPS eavimomen_ reportsfrom1974 to 1979 steeper(morenegative) is sdoptedas the criterionforSPS
and1982to 1986. being the principal source of t3tl in the local offsite

envirmunent.This is basedon FiSme4.-4, whichillustrates

Fqp_e4-3 ill_ theslopeanalysistechniqueto deter- hypotheticalconcenumionsdueto glol_l falloutandSPS
mine when SPS was the principal source of mdioiodine in releases.
the localoffsite atmmpbericenvironment.Annualaverage
ml concentrationsat individualsamplingstations for two InF'tsure4-4 theSPS componenthastheideal slopeof-l.0
ruprasatative years are plotted apinst distance. The andcomprises50 percentofthetotalooncentrUioaat the
plotted distance is meamu_ from the center of the two ll-km radiusfromthe center of the separationsfacilities;
cbemicalu_mrutber tlumthepo811phiccenter therateperimeterrunge8fromapFmximately11to 20 km
of thesi_ becauseipeatertlum99 pmcentofthe 8tmcm- meamaredfrom the centerof the chemical8Jelmmt_mJ
phe_ releasesofradioiodineoriginatesfromthechemical facilities. The slope of thetotalconcentrationcurve
_,panCAo_areas, b_wNu tl_ II-kmradiusandthe40-kmradiumb --0.37.

The slope would be steeperif theSPS contributionwere
Io. greaterthan50 percentm 11km.

I" °i .....' " I
11 mul4OIgn ....

0.05 ................................. --, _" .,
0.1 1 10 100 1QW 0.1 '_' ..

I)l_mn_, I_ unwwm 1 ""'"'"'"
]Figure4-3. Va.__afio__nin Annual Average Co_entra- "'...

tiom of ml in Air with Dilmmcefzom the o_ , ,, ,, ,,,, ...... ,,'_ ...... ,,,1 10 100 1000

CenteroftheC3bemicalSeparationsAreas Dimnm,tun uuw-,-
at SPS for Two RepresentativeYears

FIsure 4-4. Example of SP S andGIobal Fallout Com-

"l'neresultsfor1962111_ ayearinwhichSPS releases portentsofHypotheticalm IConcentra-
hadno influence on atmosphericml st off:sitelocations, tions beyond 1 ian _ the Sepenttiom
Tne slope of the regress/online throughthe data is --0.06. Facilities
Althoughconcentrationsdecressedbetweenlocationsnear
the separationsfacilities and site perinmer, they did not
decrease between locationsnearthe site perimeterandthe The criterionforSRS bein8the principalmurce is basedon
160..kmradius. Therefore,beforetheSPS mi reached the the slope when SPS conm'butes 50 percentat the neare_
site boundary,itwas overwhelmedby iglobalfalloutml. oHsite _ (11 km). This slope of--0.37 is mnserva-

tively ruduoedby a racer of two inorderto accountfor less
Themmlts for1956 show thatSRSwu thepdnci_ murce than ideal conditions and for the scatter in the _tl
of atmosphericml in the vicinity of SPS. The slope of the measurement rumlts (see Fisure 4--3). Thus, for this report
regression line through the data is approximately -1.1. The •slopeof-0.2 or steeperdistinguishesSPS bom global
larkoft backgroundcomponentdemonstratesthatSPS mi falloutu the principalsource of _I in the local environ-
overwhelmedglobal fallout_I withinthe 40-4cmradius, merit.

Slope analysis is only a semi-.quantitative technique. Table 4-1 shows the slopes of the reipressiouline for the
Although slopes near -1 and 0 can be attributedalmost years tlm ml was detected. SitS releasee were the
exclusively to SitS and global fallout, respectively, the _ mu_ in 1955-1959 and 1961---41of ransed
rulativecontributionsofbothsourcestointermecliateslopes f_om-0._ to-l.1. Similarueipltivedopes ('0-5to "12) were

_J.IImIJI.JIdm



observed for atmospheric tritium concentrations in the in the absence of ml measurementsin the PHS networks,
vicinity of SItS (Murphyet al., 1990). theconcentrationsof betaactivity in theparticulatefraction

of southeasternairserveas an indicatorfor the presenceof
Tabk4-L SlopesofmmualaveraseX3:lconcentrationsin elevated global falloutml. This is because the arrivalof

airts a functionof distance freshfalloutfroman atmospherictestcausesbetaactivityin
airto increase;fresh falloutcontainsshort-livedbeta-emit-

Year Slope ringradionuclidesincluding:3:1.

1955 -0.46 Although PHS networkmeasurementscontinued beyond
1956 -1.05 1970, only the data through 1970 are used for this
1957 -0.52 comparimn.Thedataweretakenfromthereferences:PHS,
1958 -0.27 1960a;PI-IS,1962a;PHS,1963a;PHS,1964a;PHS,1965a;
1959 -0.62 PHS, 1966a; PHS, 1967a; PHS, 1970a; PHS, 1971; and
1960 -0.11 EPA, 1971a.
1961 -0.32
1962 -0.06 The :3:! concentrationsprior to 1960 were greaterthan
1963 0.00 expected by the beta activity concentration pattern.

Qualitatively,the excess tsattributedto SPS releases,which
for those yearswas the principalsourceof :3:1accordingto
theslopeanalysis.Theslopeanalystsaltoshowsthatglobal
fallout was the principalsourceof ml in 1960, 1962, and

Southeast 1963. The similarityinthepatternsof ml and beta

" em.A_,vJty _'",.,_ .--n.ions. 1. ts ...ni with..ysis.
58.5 Vicinity

_0., ,_, ,:,, 'oi In1960the:3:1¢°ncentrati°udidn°tunderg°the°rder'°f"

,_ -'*- magnitudedeoreaseobservedfor beta activity. This ts
_ _ partiallydue to the numerousmonthly averageconceutra-

/"" 1 1 tions that were below detection limits durin8 July to

"-"o.m ' _ ' _ December;,these arenot includedin the annualaverase--t li

t,4
only thepositive measurementsareaveraged. This resulm

o.ool ....... , .... , .... , .... , ..... , ..... o.1 in an averageannualconcentrationthat is conservatively
1950 1960 1970 1980 1990

ve,_r greaterthanthe actualmmualconcentration.
ttmamwm

In 1963the more rapiddecreasein :311concentrationthanin
Figure 4-$. Annual Average Concentrationsof ml in betaactivitymayhavebeendue to theshorthalf-lifeof 1311,

Airat the20-kmRadiusf_om1955 through Longer-livedbetaactivitypersistedin the atmospherewell
1989 Comparedto AnnualAverage Con- into 1963 followingthe intensetestingin 1962(Figure4.1).
centrationsof ParticutsteBeta Radioactiv- Consequently, the annual beta activity concentrationin
ity in SoutheasternAirfrom1956 through 1963 is the greatestin the historyof the southeasternPHS
1970 networkstationsdespite thecessation of atmospherictests

in December1962.

Theregressionlinets usedto determinethe annualaverage
concentration of ml in air at the 20-km radius for The tsck of detectableml after 1963 ts consistent with the

comparisonwith the PHS network results. The 20-km generalabsenceof freshfalloutasevidencedby thedecrease
radiusfrom the center of the chemical septrations are_ in beta activity concentrations. Although beta activity
representsall offsiteconcentrationsthatareclose to thesite concentrations increased from 1967-1970, they did not
perimeter.Annualaverageconcentrationsof ml areshown approach the level that was attained in 1%2.1963.
in Figure4-5 for the years that:3'Iwas detected. The 1311 Consequently, annual average 1311concentrations in
concentrationsarecomparedto annualaverageconcentra- 1967-1970 remainedbelow detectionlimits in the absence
tions of particulatebetaradioactivity in southeastern air. of SPS releases similarto those of the late 1950s.
Because the PHS networks did not measure:3:1,only the

patternsin the PHS andSRS datacanbe compared.
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Anothersourceof redim'odinereleases to the atmmpheveis Similar elevated concentrationsof 1311in local sir were
volatilizationfromthe mepeSe trains. A limited randyof _ed following • Chineseatmmpherk nuclearwesp.
1311volatiliza'oa fromthemepase hamminthe separstions mmtest on December28, 1966. The maximumconcentra-
areaswas conductedin the early yearsof site operations lion in individuallocal offsite air sampleswas 2.6 pCi/m3
when aqueous releases wen the greatest. The average whenthe falloutarrivedin early 1967.
atmmpheric ml concentration approximately 8 meters
downwind fromF Seepqe Basin 1 was 2,000 l_i/m 3in EI_ _tl coo_ntrations in local airwere tlm olxmved
1956; it was $,000 pCi/m3 approximatelyeight metem following the C'neraobylaa:identin 1986. The maximum
downwindbum H SespeSe Basin 1. Dilutionanddepeei- ml concentrationa__,___ was 1.1 pCi/ms. Volatile forms
tion duringat_ tmnspartwould have reducedthe mmpfised an averageof 60 percentof the totalImniculate
eoacentmtioeato approximately0.01 pCi/m3atthe 20-km and volatile 1311meamued. The maximum _ate
radius.Fqlme4-6 shows thatthemmualaverageeonceatra- concentrationof 0.4pCi/m3htconsistentwiththe maximum
tionm2Okmin 19.56wassmatertlum0.1pCi/m 3. Stark obeerved in the muthem in the EPA netwoA. The
releasmof ml bom the sepmafiomJareu overwhelmedthe muimum of 0.6 pCi/m3ocmmed inJacksonvilleqFL(EPA,
ml volatilizedfromthe seepagebasins. 1986a). (ht req_nse to the Chemobyl accident, EPA

analyzedparticulateair samplesand precipitationsamples

/,.-- • ____ by pnumt spectrometryin tddition to the beUtactivity, _ measurement.)
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t , nl ___lI-. -cuJmJmdI _4-7. MeasuredAir Concenu'ationsof :3q Near
,_mm SPS Following the 1986 ChemobylRea_

Figure 4-6. Meamu_ and Calculated Concentrations tor Accident
of :ni in Air(pCi/m3)NearSPS forMay30
throughJune7 Duringthe 1961 ReleaseIn.
cident atSPS Meamuedlocal concentrationsat SRS, the Aiken Airport,

andsevend nearbypopulationcentersareshownin Fisure
4--7.TheTRACmobilebbomory(AppendixB)mouiton_

'Ihe only 8cute ml release incident due to the insdvenent airatselected populationcentemwithin the 160-kmradius
reproceasingofveryahort-cooledmateriabeo:m,reddurin8 of SPS (Sigs, 1986; Sigll, 1989). The TRAC was at the
MayandJune 1961. The magnitudeof this releasedearly followin8 locationson the following dates in 1986:
influencedtheoffuite:hl concentrationsas shown by the
contours of measuredandcalculatedooncentratiomin • May9--Madime,OA
Figure 4-6 (Maner, 1963). Because cak:uhtedconcentra- • May 10--between Barnwel_SC, and latemtate-9S
tions agreed favorablywith measuredcom:entmtion,,the * May li--Savannah, GA
calculated results were assumed to representthe actual • May 12---Augusta,GA
concentrations8t distancesbeyond the locations sampled. • May 13---Columbia,SC
The maximum offsite concentrations of uni were in the . May 14-.-Grcenviile,SC

ruge of 1 to 5 pCi/m3,which did not exceed the 1961SPS
guidelineof 100 pCi/m3for the populatioaat large(Miner,
19_).
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At SPS and Aiken Airport,airwu continuously sampled Measurementresultsfromeach samplingstationhavebeen
with fixed airsamplers. The Administrationarea(next to publishedintwodifferentformatsin theSRSenvironmental
SRL in Figure 3.,1, page 17) was sampled at SPS. The reports.The initialresultswere reportedas annualaverage
Aiken Airport is approximately 40 km north of the concentrations(activityper unitvolume). The recruitsafter
geographiccenter ofSRS. 1961 have been reportedas annual average deposition

(activity per unit surface area); these are determinedby
Afterpeakingon May 10, total :311concentrationsslowly multiplyinga measuredconcentrationby the corresponding
decreasedwithoccasionalincreasessuchas the oneon May volume of watercollected anddividing by the area of the
13-14. No ml wasdetectableatthe AikeuAirportafterJune colleeting surface.
25 (KanteloandWina,1986). Longer-livedradionuclides
in the Cbmmbyl debris were detectableat Aiken Airport For this reportali the rainwater results areexpressed in
until theend of August 1986 (WinnandKantelo,1989). units of deposition(pCi/m2). The _tial data that were

reportedas annualaverage concentrationsin the environ-
Measurementuncertainties(one standarddeviation)in the mentalreportshave beenconvertedto deposition usingthe
total :3:!concentrationswere typically less than10percent, averageSRS rainfallforeachcorrespondingyear.
Results for May 11 and12 at the threesamplinglocations
arein good agreement.Thespreadin theconcentrationsfor Locations close to the separations areas have shown
the other daya reflects several factors. During rapidly detectableml inmost years. Neartheperimeterand40-km
changin8 concentrationssuch ts on May 9, the concentra, radius, :311was detected from 1955 through1963. After
tion determinedfrom the shortsampling intervalon board 1963 it was detectedat theoffsite locationsonly occasion-
TRAC is expectedto differfrom the averageconcentration ally.
fora 24-hour sampling intervalat the AikenAirport. Also,
concentrations at geographically seperme locations are Table4-2 shews the results of slope analysis of the
expectedto differ. Suchgeographicdifferences, which are rainwaterdata. SPS was the principalsourceof t3:lin local
due in partto inhomogeneousmixing of the debris in the rainwater in 1955-1957, 1959, 1%1, 1976, and 1977.
atmosphere,were observed in global fallout during the Slopesrangedfrom -0.3 to -0.9. This is consistentwith the
1950s and 1960s(Brunet',I%3). slopeof..0.8 observed fortritiumin rainnearSRS (Murphy

etal.,1990).
Measurements of _I in atr are sparse. Atmospheric
concentrationsof n_l near SItS were only determinedin Table 4-7,. Slopesof annualaverage1311conc,entrationsin
1975. Highsensitivityneutronactivationanalysiswas used rainwateras a functionof distmu_
to determinethe low environmentallevels of IZPl.Concen....... ....

trationsof approximately6 x 10"spCi/m' were detected Year Slope
5"orethesite perimetertothe 160-kmradiusOlochel, 1976)...........
(Background12'1airconcentrationsin NorthAmericaareon 1955 -0.88

1956 -0.65
the orderof 104 pCi/m3 [Brauer,1974].) The absenceof a
decrease with distance from SRS may have been due to a 1957 -0.26
bias in performing1_Ianalyses at very low concentrations 1958 0.011959 -0.35
(Hochel, 1976). 1960 -0.09

1961 -0.60
1962 -0.02

Deposition in Rain 1963 0.011966 0.14
Entrainmentin rainwater is one of the mechanisms for 1967 -0.17
removal of radioiodinefrom air. Rainwaterwas one of the 1970 -0.05

first types of environmentalsamples specifically analyzed 1976 -0.57
by SRS for 13:1. These analyses began in mid 1954. 1977 -0.31, , 4-- H '| --

Rainwater is collected at locations onsite, near the site
perimeter,and nearthe 40-km radius from the geographic
centerof the site. Fourrainwaterstationsnea_the 160-km Table 4--2 does not include 1972, 1978, and 1986 when
radiuswere addedin 1978. Two of the distant stations-- deposition was below 1,000 pCi/m2. Values below 1,000
Columbiaand Greenville,SC--are locatedincities thatare
partof the nationwiderainsamplingnetworks.



pCi/m_ta _m. ria _ limia ud t_ tk_ mtlym iJ Fi_'e 4-8 trows ooly mtrginM_nt in tlmpttmm of
mc gtautte with m:h m_i_ticgly poordata. loml ml depositionandmu_ bert activity depo6i-

tioa from 1956 through 1970. One mmon for the
Annualaverasedepositionvabtesforml inrainwateratthe disagreementisthatrainfallisoften• localcondition;
20-kmradiusfromthesopa:ationsareaspreshown in mmparimntotheaverageraininthesoutheasternregionis
F'qwre4-8.Thesearecomparedtotheannualaverage notalwaysvalid.
d_ition vtlu_ for beta mdiomivity in southeastern
min_ andtlmannualaverageconcentrationsof i:mticu- The increases in local and southe&_m dqxmtioa after
late betamdim_vity in mmthcmatemair. 1970 am principallydue to fallout from Chinue nuclear

weapons tests.
Althoush PHS nda measurementslave ceetinued each
year, tlm only networkdatausedbeyond 1970 comm_nds Fallout 1311from tlm Ommobyl accident was dotoctodin
to the yearnflat ml wms_ in the load environment. 1986. The localmaximumml concentrationwas 100I:Ci/L
i_a activity &position values tru taken f_om the refer- (notoonvertedto deposition). This_on May14and
_: PHS,1960b; PE[S,1961; PHS, 1962b;PE[S,1963b; wasmtooincident with tlmmaximumml airmncentratiotm
PE[S,1964b;PI-IS,196.¢b;PHS, 1966b;PHS,196To;PHS, of May 10and11; raindidnotfall on tho_ days. Tlm local
196&gPHS, 1969a;PE[S,1970g PHS, 1970b;EPA, 1971t; maximumconcenmuion m _t with tlm maximum
ErA,1772gro'A,1973gEPA,9v6;EPA.197Vg tmion intheEPAnetworkinmemueat.
1978a; and EPA, 1986b. 110 pCi/L in Nashville,"IN(EPA, 1986t).

t_pumm The 1954meamrementsof ml inrainwateramnotincluded
t.1_ inthepreviousdiscussionofannualdepositionbecamethem v,mty
... analyms began in mid 1954. Com:eatlltio_ of ml in

_ _# rainwaterduringJuly-December1954 nuqgedfrom 20-50

'_l *-- ii _1]_ _ _ ___ _ ____m

distains. Therefore, tl_ ml is attributedto globMfallout.

.

!'
Terrestrial Deposition

| ,,=] • o.,| Radioiodineisdepmitedfromthe ontotheterrestrial
• _m eavimmmentby wet anddrydeposition.Short-llvedmi hast_| ....rv---,.... ,....,....,....,....,....

,_ ,m ,m ,m ,m not been detected in 8amma Sl_gUommic analysis of
Yef m_mwm

periodicsoil sample,. Preliminarystudiesof _1 conc_tra-
tions in surfacerail nearSItS were conductedin 1971 and

Figure 4-8. AnnualAverage Depositionof 1311in Rain 1975. Concentrationsin _ 1971 study were 6 x 10_,
at the 20-km Radiusfrom 1955 through 5 x 104,and2 x I0"spCi/g atJackson,SC (13 kmfromthe
1989 Comparedto AnnualAverage Depo- centerof the separationsareas),Augusta,GA (28 km), and
simonof Beta Radioactivityin Southeast- Madison,GA(100 km), mslm_vely (Brauer,1974). (The
em Rain(1960 through1970 and_ntermit- NorthAmericanbac.lq_und of u_!in rail is on the orderof
tently to 1986) and Annual Averase Con- 104 pCi/g [Bnmer,1974].) Tlmslope of the mncentratio,
eentmiotmof ParticulamBeta Radioactiv- changewithdistance is approxinm_ely-2.

ity in Southeastern Air (1956 throush
in the 1975 study, the MopehJapproximately-1.3 for :_I

1970) mncentrationsof 0.021, 0.00_, and0.0010 pCi/gat thesite
perimeter and the 40- and 160-km radii, mslax:fively

Intheabsence°f ml measurementsinthePHs rainnetw°A' (Hochel,1976). Theseconamtmtimmmmonetotwo ordem
tl_ dqxmition of Igta activityin mutlamme.mrains_v_a _ of nmpitude greaterthanthe 1971 resultsatmnespondin_
tn indicatorfor thePresence°f raintlat mntains fall°utml" distances. SRS didnot release _ ent ta'lbetween 1971
Because thepatternsofbetaactivities in rain and air agree, and1975 toaccountforsuchlargedi_es insurface
the patternof air concentrationsis consideredto represent ooncentrations. They are attn'butodto differences in the
the pattern of rain deposition for the years prior to the numberanddepthof surfacesamples at each location,the
beginning of networkrainanalyses in 1960.
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i_ of time me _ had been..dim,'o_ forested ,_o-_.
compem_ to uafonmodmmptin8Ioattiom,andthe soil
retentionehamem6.sCi_for iodine, miEO

The preliminarystudiesledto a comprehensivestudyof the 100= • t
cumulativeX_ldepositionintheterrestrialenvironment + +
surrouadin8 SPS. During 1978-1979 vegetationandlitter waw
f_om the surface and mn f3rom60-Qn deep cores were - 10
milected at_ of approximately20, 40, 80, and 170 miw
kilometersfxomthecenterofthechemicalseparations ¢
facilities _ radial lines in five compus _,ns 1 ................ , ......

100(Andmuon,1978;Kameloetal.,1982). 1 I'0 '1_
0(iINm, _ mq,_

Mm _=plin8 locationswere in formed arm. Ali l;lt_4-t. Veri_io, in the CumulativeTenm_al
locationshad been undisturbedfor at least 25 years. Depositionof nrl withDistancef3"omthe
Multiplecoresandvesetation/littersampleswerecollected

Centerof theChemicalSeixtrstionsFacili-
ateachkx:stion.Acomposi'tesampleof thevegetation/litter
was_ for eachlocation.Etchcorewassectioned ties,asof 1978-1979
into_ segmentsst depthsof 0,15, 30, and60 cmanda

compositesampleforeachspecifieddepthwaspreparedfor depositionnetr aformernuclear fuel repmceasingphmt in
eachlocation. Thecompositesampleswen:analyzedfor t_'l WestValley, NewYork(BrtmerandStrebin,1982). Similar
usingneutronactivationanalysis, behavior is observed for _ lead, and cadmiumnear a

smeltingplant0.,ittle andMartin,1972).
Concentrationsof _I in the 2.5-Qn surface layer are

intennediam between the values in the two pre,mlnary Delxmtion iu forestedm hl greaterthan in unforemed
studies at conespoodin8 dimioces. However, the Imtpme m becamethz forestactsu a filter for iodine. The

ofthemmprehensivestudywastodetenninethecumulstive tudxde_e created as atr passes thtoush leaves, pine
depositionratherthansurfaceconcentrationsalone, needles,branches,andvegetstion provides8reareropportu-

nity for removal of iodine by physical and chemical
Cumulativedeposition was determinedby intesrsting the mechanismsinforeststhaninopenareas, iodine-c_tsJnin8
verticalrail depositionprofileandeddin8 the depositionin leaves, pine needles, bade, and vegetation eventually
the vesetstioo_tter layer, which typically comprisedleas become plmof thelitterlayer f_omwhich iodine is leached
than 10 percentof the total. This small degree of iodine intothe rail.
retentionin thevesetationJlittermighthavebeencausedby

biological desrldation, which didnotallow the fallen litter Contoursof thetenestrill depositionof'2'1in the vicinityof
layer to retain iodine for many years. The cumulative SPS were obtsJaedby combining the results for forested
deposition of 1_1(pCi/m2) at each of the four sampling locationsshown in Figure4-9 with SPS wind rosedatafor
locations along each mdiii samplin8 line is shown in 1976.1978. Thecomourashownin Fisure 4-10 convergeon
Figure4-9. SPS and clearly demonstrate the concept that strongly

aesative slopes in ali compme direc_ indicatestrum-
Theslopeoftheregressionlinethroughthedataforallcom- pherictnmslx_froma releasepoint.Atadistanceof200
passdirectionsis-l.5,whichdemonstmtesthstSpswasth¢ km,theextrapolateddepmitionisstillanorderofmasni-
sourceofthex'II.A slopeof-1.5meansthatdepositiontuckgreaterthantheexpectedbacksxound,whichisonthe
decreasesbyafactorof2.8foreverydoublingofdistance,orderof0.1pCFm2 inNorthAmenea (calculatedfrom
The slope is slightly steeperthanthe -1.2 slope observedfor Rickardet al., 1974, assuminga 7-cre half-depth).
tritiumin soil in the vicinity of SPS (Murphyet al., 1990).

By the time of _ terrestrialdistributionstudy, SPS had
Two data points were not used to fit the regression line. released a cumulative total of 4.7 curies of _ to the

Thaseare atdistancesof 19andS0kmin thesouth-muthaast st_. Based on the resultsin Fisure4-10, appron/-
(SSE) directionandrepresenttheonly samplingloeations in mstely 45 percent(2.1 curies)was presentin the terrestrial
open fields. Figure4-9 shows thatdepositionin theforested areanmsin8 inradialdistam:ef_om7 to200 km(Kameloat
locationswas threetofourtimes8resterthanthedeposition al., 1982). The 2.1 curie inventory is an overestimam
Lnopen fields. Although this mnclusion is based on very beeamieit is basedentirelyon the _ data;open m

- limiteddatt, it is consiatemwithsimilarobservst/onsof '-_

.... ii i i i iiiiii i i i ii
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Irllpmre4-1@. Contmamof the CumulativeTerreslrialDepositionof mq(pCi/m")SenmmdingSP,S, u of 19"/8-1979

Table 4-3. EEalf..deptl_fordownwardtransportof depositedI_! throughamaheastemsoil

Location 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Number*

!t_-_(_) 7.0 6.9 9.9 9.9 7A &8 5.6 63 &2 9.8 3.8 6.7 7.9 5.3 3.9 4.5 6.7 5.0 4.8 8.9

• Samplinglocationssre numberedalong each compassdirectionby _ing distancefromcenterof r_xocusin8
areas. Typical dhi/ancesare20, 43, 84, and166 km.

werenottakenintoaccount.Thus,theactualinvento_is ip:mstohalf.lifeinradioactivedecay)nmsefrom4to10cre
lessthancalculated, witha meanof'7cen,asshowninTable4-3. Thevariations

in half-depth do not correlate with any measured soil

Despite the limitations of the inventory method, the chamc/eristi_ which consisted of pH, cation exchange
2.1-curie inventorycompares favorably with a predicted capacity, and the content of clay, sand, silt, and m'lPmic
inventoryof 2.4 to 3.8 curies based on depositionfromthe matter.
4.7-curiecumulativerelease. Calculationspredictthat50to
80 percent(dependingon deposition velocity) of the USl Thesmallvaluesofhalf-depthdemonstratethatairbomeu'l
should be deposited in the 7- to 200-km range (Murphy, deposited in the terrestrialenvironment is efficiently
1991a;Murphy,1991b). The calculationsdo not consider retainednearthe soil surface. The half-delXbvalues were
iodineremovalpmo_tessuchasvolatilizationorrainwater includedinadatalxsetodevelopamathemati_tlmodelfor
runoff.Theaen=ultinanactualinventorysmallerthan themovementof deposited*_Iin southeasternmils.

ptedicu_l.'Iniscomparisondemonmmes thatthecak:ula- Modellingresultspredicta 30-yearmean effective_esi-
tionalmethodfor_ atmosphericreleases(Chapter3) deneetimeinthetop30an (Booneetal.,1985).
likelydidnotun_ theactualreleases.

Delx_tedI"11hasalsobeenobservedtobe efficiently

Theverticalsoilprofileateachkx:ationshowsanexponen- retainednearthesurfaceinthevicinityofothernuclearfuel
...,., ..... -..,._...-,:^....+,t, ,t.,,,, u.lf-m.,_h,, _.Mt.- _memudngfacih'tiesthate .xpedencedifferentclimaticand

4-10 mi_
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soilconditiom.The facilitiesstudiedwmu NuclearFue_u Table4-4. Approximateslopesofannualaverageml
ServicesinNew Yed_(Rkkardetsl.,1974;Brauefand concentrationsinvegetationasafunctionof

1_), _ in waabin_u _ _ ai.
19'74;_ and Stmbii_1982), the Kldmlbe R_
i_ P_t in _y (S_ut_nmpf_ l_ol, 1987.; .........
Robens et. al., 1989), the SellafieldWorksinEngland Year Slope
(Stewartand Wilkins, 1985), and the Power Reactorand
Nuclear Fuel Development Corporation in Japan 1955 0.1
(MuramatsuandOhnmmo,1986). 1956 -0.7

1957 0.0
1959 -0.2
1960 -0.1

Vegetation 1961 -03
1962 0.0

Radioiodine principallyaccumulat_ in veflmtioa by wet 1967 -0.2
anddrydepmition. The accumulationhsgenerallypmpor- Ills

tionaltotheexpmedsurfacetreaofvegetatioa.Lm-geor
densefoli_ is expectedto accumulatethe 8mum
¢Oll¢_lXltiOIW of allbOrl_ rlidioiodine. AcfumulstiOll Vegetation [SRSVicinity Air

ml_ _ng ==,on.upua=through_ root ,0. I "_ 10systemislesssign/ficsnt for_tlthan_I duetohalf--life ._,, _,

svsbn= _ ,==pUnsof,=_n for=I = _ ,. _ ,."" _ A=_.y o=
variouslocation=betweenthecenterof the siteandthe - , , o.- I I '¢C

perimeter,neartheperimeter,andnearthe40-kmradiusin --
1955. Samplingnearthe160.km radiuswasaddedin 1974. •
Although the type of vegetation collected is not always 01..... , .... , .... , .... , .... , .... , .... , .... o.1
specified in the environmentalreports,Bermudagrass is 1950 1960 1970 1980 1990
collected when avalisble. This is the principal forage crop Year m_007_,

for dairy cattlein the SPS vicinity.
Figure 4-IL AnnualAverage Concentrationsof ml in

in most years _11 was detected at locationsclose to the Vegetationatthe20-kmRaditmfxom1955

sepmtions arens. Nearthe perimeteraad4_.km radina,ml through1989ComparedtoConcentrations
was detected in the eight years from 1955 through1962. of ParticulateBetaRadioactivityin South-
After 1962 it has been sporadically detected at offsite easternAir from1956 thrcugh1970
locations.

Thesiope analysistw.hniquecannotbedgorouslyappliedto were collected. In 1970 ml wasdetectedonly nearthe
theresults because annualaverageconcentrationsofml in 40-kmradius.

vegetationarereportedforgeneralradialdistancesfrom the
geographiccenter of the site ratherthanfor each specific "l'neannualaverageconcentrationsof ml invegetati°natthe
sampling location. However, the general radialdistances 20-4truradiusfrom the center of the separationareasare
provideanapproximationfor the Mopeanalysis, shown in Figure4--11. The year--to--yesrvariationsin the

data are compared to pm'ti_Im_ beta radioactivity in

Table 4.4 showsthe resultsofsuch slope analysis. SPSwas muthesstemair, radioactivityin vegetationwas notmens-
theprincipalsourceof ml in local vegetationduring1956, uredby the nationwidenetworks.
1959, 1961, and1967. Estimatedslopes rangefrom-0.2 to
-0.7. A slope of -1.0 was observedfor tritiuminvegetation The Imtem of local ml vegetationconcentrationsclosely
nearSRS (Murphyet al., 1990). Slopes for 1959, 1960, follows the pattern of beta activity concentrations in
1962, and 1967 weredeterminedonly from the January- mutheastemair. The 1960 plotted local concentratiouis
June results; July-Decemberresults in thcee years were conservativelyhigh in that it _ts oaly the January-
below detectionlimits. Slopesfor 1958and1970 couldnot Juneaemi-4nnualaveraSe;the July--Decembervalue was
be determinedby this technique.In 1958no 40-kmsamples below thedetectioo limit.

iii iim
i
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medmbm of volatilize'on hem the seepese basins in the
sepemttom areas had been demonstratedin 1956; fifty
metersfrom H SeelmSeBasinI theannualaverage_e

•... • ,, | concentrationof mi invegetationwas 4,600 pCi/gand

_-_. . decreasedwith distancefromthebasins.I
._ 0--- Measurementsofml invegetationarespame.Preliminary

'_ ,,_ - - "_.. " studies of _q in vegetation near SPS were conductedin

. ]: pCt/g sc,Augusta, GA, and Madison, GA, respectively (Bnmer,

"_ ]!_ 1974)" ('rbe N°rth American ba_Jqpmmdof t_l in-....-.,, vegetationis on theorderof 104pCi/8 [Bnme_,1974].) Tne

, ' mately .2.3, which is consistent with the slope in the
_,o_ eeermlmdin8 studyof surfacesoil.I

"-- ,'_,,,"f_"e, 'j in the 1975 study, _ concentrafiomof 9 x 104, 4 x 104,
.'7-" and 5 z I(Y_pO/g were ob_v_ m the site _ and

• , , ._ k,.. the40- and160-kmradii,respectively(Hochel, 1976). Theslope betweenthe perimeterand the 40-km radiusis -0.9.
4 'I'nisis moaistentwiththeslope in theeorrmlxmdht8study

--.-- leO-km radiusreflects the difficulty of analyzing for low
levels of ml.

EllUre4-IZ MeamuedConcentrationsof ml inBer-
muda Grass (pCi/10 Near SPS on June $ Conoen_ationsin the 1975 study areone to two ecdersof
Following the 1961 Release Incident msnimde greaterthanthe 1971 rmults at conuqmnding

distances. As inthe welimiusry soil studies, the diasgre_
taunt_ maeutmtimm in 1971 and1975 is atm'buted

Following the 1961 acute release of ml from F-Area to samplingdifferen_s. The typeof vegmtion, itslocation
sepanttiou facilities in late May andearly June,Bermuda in forestedor unfom0tedareas,and the timeofyearaffect
grass was collected onsite and offsite. Results for the the t_! concentrations.
samples collected on June 5, are shown in Figure 4-12
(Matter, xge3).

Food
The pettem of ml concentrationsinvegetation is mnsistent
with the patternofairmncentrations for the incident. The Radioiodineprincipallya_umulatminfoodbywetanddry
activityof ml on Bermudasrass dac_eamdwith anapparent deposition. SitS began periodic analysis of local food,
half-lifo of $ dayseomparedto its radiologicalhalf-life of 8 whicheouisted of foodcrape andanimalprodum, in 1957.
days. The difference is attributedto dilution by new Milk and eggs are the only foods in which ml has been
vegetative growth (Matter,1963). The maximum offaite detected.
concentrationwas 56 pCi/g nearthe northeastperimeterof
the site. For co_n the maximum offsite local mi Milk wss reeognized during the 1950s as a sensitive
concentrationdueto intermittentglobalfalloutafter1963 is indicatorfor ml expesure throughthe grass.to-cow-to-he-
9 pC.i/s;this occurredin 1976 and 1977. man pathway. Consequently, SPS began local milk

analyses in 1957. Aim in 1957, the PHS began the Raw
The maximum concentration of ml within the SPS Milk Network, which operatedthrough 1966. The PHS
boundary at the height of the 1961 release incident was beganthe PasteurizedMilk Networkin 1960.
1,110 pCi/g. Even greaterconcentrationswere observed
later in June near the F-Area seelmge basins after they SPS principallycollected local milk samplesat individual
received aqueouswastes fromthe incident. The maximum farms,dairies, andmjor milk distributorsbetweenthe 20-
amcentration of ml in vegetationwas 485,000 pCi/g due to and40-kmradius.The numberof ioca_ons sampledin any
volatilizationof mi fromthe adjacentseepagebasins. The given year is insufficient to performa statisticallyvalid

I II
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slope analysis. However, given the influence of SPS The sporadic tppemance of 1311in kgal milk after 1963
radioiodinereleases on _ environmentalmedia, local generallyoccuned whenglobalfallout intermittentlyreap-
milk concentrationsof ml areprobablyinfluencedby SRS peared. The local concentrationsof 0.9 pCi/L in 1978 and
relesnesin theyesm tluUSRSis theWincipal sourceof ml in 1981wereclose to thedetectionlimit,which generally was
the local environment. IpCi/l... In1978elevated1311wudetectedatonly oneof the

five PHSsoutheasternstations;theannualaverageconcen-

]000' I S_im,_g_mm_r1_ 1 tr_J_ion in Montgo_ry_ AL_ wu 1.4 P Ci/_

._ The reas°nf°r the _ °f ml in i°cal milk in 1981is

100 Soulheaa
+.... unknown. Residual1311from the lm atmosphericnuclear

weapons teat inOctober1980wouldnothavesurvived into
1o 1981. Also, SRS releases of 1311in 1981 were not

- . _ excessively large;they were consistentwith releases since
'°" * 1975. Resultsfor the southeasternstations in the Pasteur-

i + / + * * izedMilk Networkdidnotexceeddetectionlimitsin 1981.

0.1 . ..,...., .... , .... ,.... , .... , .... , .... . Localconcentrationspriorto 1959arecomparedtoconcen-
19so 1_0 _97o _o 1_o trations in networkcities moredistantthan Atlanta. The

mmlmsB.a

v.at closest cities for comparisonare Cincinnati,OH, 670 km
north northwest of SRS, and St. Louis, MO, 960 km

Flgure 4-13. Comparisonof Annual Average Concen- northwestof SITS. Because the cities areso distant, their
trations of 1311 in Milk Near SltS resultsserveonly asageidellne forthe environmentalleveis

(1957--1989) and in the Southeast existing in the easternUS at thattime.
(1958--1970andIntermittentlyto 1981)

In CincinnatiandSt. Louis, theaverageml concentrations
for Augum-December 1957 were 190 and 410 pCi/L,

The annualaverageconcentrations°f ml inall types°f l°cal respectively. The local avemse 1311concentrationof 500
milk areshown in Figure4-13. These arecomparedto the
annualaverageconcentrationsof ml in mutheastemmilk. pCi/L for July--December1957 is greaterthan, but still_t with thesevalues. Theaverage mncentrationain
The concentrationsaretakenfromthe referencesCampbell CincinnatiandSt. Louia"forJanua_--June1958were5 and
and Murthy, 1963; Robinson, 1968; PHS, 1962c; PHS, 17 pC'all,respectively;the local value wu 14 pCi/L.
1963c;PHS, 1964c;PI-IS,1%5c; PHS,1966c;PHS, 1967¢.,

PHS, 1968b;PHS,1969b;PHS, 1970c;EPA, 1971b;EPA, The firstresultfromAtlantawas inJuly1958. The average
1972b; EPA, 1973b; EPA, 1978b;EPA, 1979a; andEPA, mlconeentrationforJuly.December1958inAtlantawu 26
1981. pCi/L. The correspondinglocalaverageconcentrationwas

60 pCi/L. As in 1957, thelocalandregionalconcentrations
"I'neRaw Milk Network began in mid 1957 with five were consistent, butthe localvaluewas 8rearer.In general
location& none of which were in the mutheut. The first this relationshipof local and southeasternml concentra-
annual result bom a southeasternlocation in the network tionscontinued for the annualresultsin subsequentyears.
was in 1959 from Atlanta, Georgia,230 km northwestof

SPS. The plottedsoutheasternmilk concentrationsduring Following the 1961 acute release of t311 from F-Area
1961-1966, when the Raw Milk Network andPasteurized separationsfacilities inlate MayandearlyJune,the greatest
Milk Networkconcurrentlyoperated,arethe averageof the concentrationof 1311in milk was 5,451 pCi/L at a farm
two networks. AnnualaveragePasteurizedMilk Network severalkilometersnorthof the siteperimeter. Resultsfrom
concentrationsare plotted from 1967 through1970. The the June5-7 collections areshown in Figure4-14 (Matter,
only network datausedbeyond1970 correspondsyearsthat 1963). The pattern of 1311concentrations in milk is
1311was detectedin local milk. consistentwith the airpattern.

In general, local andsoutheasternml concentrationstre in The only otherperishablefoods of dietarysignificance that
good agreementconsideringdifferences in sampiin8 f_re- were availablefollowing the release incidentwere egss and
quency. The localconcentrationsareexpectedto begreater
thanthesoutheasternconcentrationsbecausethe SRS milk peaches. Fresh ef,ss, collected from the farm having the

programoften sampled more extensively after arrivalof greatestconcentrationof 1311in milk,containedan averaseof 33 pCi of 1311pere88. No 1311was detectedin peaches
fresh global falloutthanthe networkssampled.

.zu_._m.s 4-13
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oolla:tod from -., _ in the pmthof the mlm_ plume Atlm_ Q..4o_ and_ 3-4 weeks dm' miv.l
0_,r_, ;_). ofme_l _ (EPA,;_5.).

FMlout1_1bom the_yl _ wu detectedinone unthemdy 1960s, a silpdficamdiff_ wm otxmrv_ bi
local m/Iksamp_. T_ml(_tn_onwullpCi/Lon ml con_nmhbo_ in from and dsJry milk aesr SRS.
May 29, 1986, which was Mmomthree week] af_r the _ of ml in farmmilk were 8ppmxima_ly a
arrival of the fallout. Similar meannmiom ad d_y f_:torof3Sm_dmcoacemratiomiadairymiik. Thiais
times _r mivLi we_ ot_ed in tl_ _ Milk mn]ratedto the _ ia feedi_ habila. Farmoows
Network. Coecatntbo_ of 14--26pCi/Lw_ obeervedin drinksm'facewsm' mi feed _mo_ acimuvely oe Pumre
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gnmn'bothofwhichmre_tofruhfnllo_ Incontmst, Table 4-& YearswhenSPS was the principalsourceof
thedietofdairycows indudm harvestedfodderand ml invariouslocaloffsiteenvironmental
mnfooda mpplemmm in which the ml couten_ is not media
replenishedby new fallout. Therefore,dairycows inges_

lessml thanfarmcows _ Thisconclusionis supported Year Vegetatioa Raht Air
byfalloutstudiesof mStinfarmanddairymilkconductedin 1955 X X
Minnemtahtmdredsof kilometersfromnuclearproduction 1956 X X X
facilities(PHS, 1962). 1957 X X

1958 X
Duringtheperiodsof intermittentglobal falloutafter1963, 1959 X X X
themaximumml concentrationsin localdairyanddistribu- 1961 X X X
tor milk were 240 and 330 pCi/L, reapecfively. These 1967 X
occamal in early 1967 aftertheChim_ teaton December 1976 X
28, 1966. The maximumin the muthemem Pasteurized 1977 X
Milk Network in early 1967 was 114 pO/L (Pl-IS,1967d).
la milkfarmcows, themaximumlocalconcentrationof 778
pCi/L wasoburved aftertheChineaeteatof September26, Table4-5 shows thatSitS releaseshadasignificantimpact
1976;thisconcentrationis notconaisten_withthemaximum on ali threeenvironmentalmediaonly in 1956, 1959, and
concentrationof 21 pC,i/L in the muthea_m Pasteurized 1961. SPS reicuea hadanimp_ on only one ortwo of the
Milk Networkfollowing this test(EPA, 1977b). media in 1955, 1957, 1958, 1967, 1976, and 1977. Such

behavie¢isexpectedbeatu_atmc_nher_releases ofml
A differencebetweenfarmanddairymilkwasalsoobserved fromSPS arenatmntinuous;releasesdependonspecific
in theonly studyof ml mncentratiousin milknearSRS. In operationsunderwayin the separationsfacilities. There-
general, milk from individual cows contained greater fore,the_ ofSRS tStl in vegetationdependaon the

mncentratiom of taq than milk from dairies (Hochel, timingof the periodicsamplecollections relative to recent
19703. The average ml concentntioa in dairymilk from SPS releases. $imilady, the detectionof SPS mi in rain
within the 40.trm radius is 0.06 pC:i/l. The maximum dependson the coincidenceof rainfallwith SPS releases.
concentration observedis 9 pCi/I, from-,, individualcow
nearthe site perimeter. Onereferencestates thatthe North The slope mudyaisshow1that air,rail, andvegetationhave

_nd mncentrationof t_ in milkis 0.006 slopes steeperthan-1.0 in mine years. A alopesteeperthan
l_i/L (Breuer, 1974). -1.0 indkat_ the effect of the iodine removal

These' include gravity settling of particulateformsof
Network measurementsindicatea smallerNorthAmerican radioiodineand physical and chemical inmactiom with
backsmundvalue. During1976-1978 ml was measuredin vegetation,rail, tad other featun_ of the earth'ssurface.
the Pas_arized Milk Network at two locations in the Entrainmentin rain apparentlyis not a major removal
southeast--Mont80mery, AL, and Charleston,SC. Ali but Immemoa ananmmiha_ theslope forr_ depmitioadoes
oneof the ml concentrationsare leas than detectionlimits notexceed -0.9.
ofapproximately 0.001 pCi/L (EPA, 1977c; and EPA,
1979b). The concentrationin the May-June1976 munple Maximumcon_ntrationa rethcr than annual averagecon-
fromCharlestonwas 0.0056 pCi/L centratioasare usedto ameu the slmrt.4ermimpactof the

acute release of ml from SItS in 1961. The maximum
off:siteconcentrationsin air,vegetation,and milk duetothis

Summary of Atmospheric Transport in, dear range erom a factor of 2 to 7 greaterthan the
corrwl:z_ling mnoentratiou due to global fallout that

SPS rele,ues and global fallout have been the principal ouamed after 1963.
sources of n_l in various local environmentalmedia. The

years when SPS was judged to have been the principal Low concentrationsof ml have been detected in air,
source of ml in the environmentnear SPS are shown in vegetation" rail, and milk near SRS. The cumulative
Table 4-5. The criterionfor thisjudgmentis a slope more depmitioapatternof ml in tl_ local terrestrialenvimement
negative (steeper) than -0.2 in the loilarithmicplot of ml as of 1979 shows that SPS is the sourceof the taPl. The
data as a function of alia&racefrom SPS. Milk is not inventoryin the local terreatrialenvironmentis comigent
includedin Table 4-5 becauseof ta insufficientnumberof
samplingIocationato performslope analysis.



withtlmcalculatedreleases;thisindicatesthatcakulmed DelxmtedUPlisshowntobeefr_entlyretainednearthe
relelmprobeblywm not_ surface. These two observations are consistent with

obemvs_ons netrothernuclearfan.ties.
Theterrmtr_ remitsaim show thatforem_ mum_remore
effimont than open areas in removing uq from the air.

Groundwater Transport
The movement of radionuclides ingroundwater Imsbeen 6m_bod in twofundamental
equations(Codell and Duguid, 1983). One equationdescn'bwthe movementof the
carder fluid (water). The other equation descn'om the mass Uanspon of dissolved
ooemimenm(such asradionuclides).Ifthe movementof thecarderin • 8iven regionis
known, the distributioncoemment (Kd)canbe used to predictradionuclidetransport.

TheIGfor•llivenradionuclideisdefinedastheratioofthe Theflroundwaternearthesewastesitesbe¢omu mntami-
activityperunitmassofsoildividedbytheactivityperunit hatedwithradioiodinewhenwaterpercolatesthroughthe
volume of waterin thesoil. 'Inisrelationshipindicatesthat soil. IntheSWDF,rainwaterthatpercolatesthroughthemH
the smaller the I_ the more mobile the radionuclide is. lea,:hmradioiodinefrom certain buried wammsuch as the
MeasuredKsvaluesfor•givenradionu_detypicallyshow spentceramic_ coatedwithsilvernitrate.Inthe
•widevariabilitydependingoafaammsuchasrailpmi¢le aeepe_basi_ _Ived mdioiadinemipmm withthe
size, rail e.haraaeristi_ chemical formof theradionuclide, percolatingbasiuwater. Omundwatermovm downwml
andwaterchemk_ (NCRP, 1984). and horizouUdlyand _ Mjamnt to site mmaum,

principallyFourMileCreek. Becausemigmion timmfrom
Witha typicalIGof$.0,umIhasa mobilityintermediatethesewastesitestotheoutcropsaremeasured inyears,m] is
betweentritium(Kd_0.001)whichisverymobileand_C8 theonlyradioactiveisotopeofiodinepresentinrumufaced
(IGof100)whichisnotverymobile,Therefore,some waterinmeasurablequantities.
migrationof usl in groundwaterat SPS k exim:ted.

^ tbmouSbderJp ofthepolo hydro
chataeteristim near the waste sites is presented in the
referenceMurphyet al., 1990.

Imm

X
F-Area Seepage Basin System

The F-Area Seepage Basins that were used from 1955 to
1988 are located southof F Areaas shown in Figure4-15.
The Old F Area Seepage Basin, which was abaudonedin
1955, k located northofF Area.Thebasinsareapproxi-
mately9km fromthenearestsiteboundary.Theelevation
ofthebuinsisapproximately85 metersabovesealevel.
The nearestmajorsites_eatmstotheF-Area_ Basins

"'"" used m 1955 are FourMile Creek (600 meters to the
FIIpu'e4-1.q. LocationsofWasteSitesNeartheCenterof mutheast) and Upper Three Runs (1,600 meters to the

SPS nonhwes0.

Sourcmofu'Iingroundwaterareprincip_y the eWucnm A limitedstudyoftheuqoomem ofF Seepqe Basin3was
releasedtoearthenseepagebasinsattheseparationsareas conductedin1977-1978.Concentrationsofus]inmonthly
andthesolidsburiedintheSWDF. Thesewastesit_,which 8rabsamplesofbasinwaterrangedfrom50to300pCi/L
are shown in Figure 4-15, arose from pest waste disposal with 8n averageof 160 pCi/L (Anderson, 1978; Kantelo,
praeticm that were eonsistent with general indumy 1987). Month-to-monthvariatio_areattributedto_
methods. Use of the seepagebasinsin theSelmatiom areas aed operationalrenditions in the sepmtions pmum. The
wasterminatedin 1988.
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tnl in a basinmayremainin solutionwith the waterin the Misrafionof X_lin groundwaterattheFseepase bssins wu
basin, volatilize to the atmosphere,mrbe transportedwith meamm_ in 1977 whenwatertablesampleswere analyzed
tin _ wateru it _ throughthe ground, by neutronactivationanalysis, in monitoringwells F15,

F16, FI7, andF25, shownin Figure4-16, concentrationsof
Because extensivedataoa the migrationof radioiodinedo t_ rangedfrom0.1 to300 pCi/L(Andermn,1978;Kantelo,
not _ tritiummisrafion data can be used to illustrate 1987).
pmm'bleradioiodinemovement. Thetraveltime for tritium
ta migratefromthe seepagebasins to theoutcropsadjacent Routineanalysisfor =q using low energyphoton
to Four Mile Creek ranges f_om approximately15 to 30 copy beganin 1989. Althoughitis less sensitive(detection
years (Murphyet al., 1990). Because the Ks for iodine is limit of approximately1 pCi/L) than neutronactivation
greaterthanthe Ksfor tritium,iodine movesat• dower rate analysis,it is moreamenableta extensiveroutineanalyses.
thantritium.GroundwaterresurfacesalongtheseepUnethat Groundwaterfrom 24 monitoringwells was analyzedfor
is shown in Figure4-16. tmlseveraltimesduring1989. The Ioattions of thesewells,

which lave the letter designttionJ "FSB", are shown in
FiSmu 4-16. The individualwells of t well clusterarenot
shown. A well clusterconsistsof severalmonitoringweil&

with each well typically collecting water in differentgeological formations. The _ely deeper waters
Pl'Ml l_jp _ It_C _ were analyzedin 1989 arethe watertable,theMcBean
.,._.v___ Member of the Santee Formation, the Upper Congaree

Formation,andthe lower CongareeFormation.

&ns At the watertabledepth,nrl was detectedin 8 of 9 wells.
Theaverageconcentrationis80_ andthemaximumis

_.,_,, _ 290pCi/L. inMcBesn n_lwasdeteOtedin5 of 7wellsat an& m averngeconcentrationof60p(3/Land•maximumof140
m---'tm_ _ pCi/I.. No _ was detected in the eisht wells of the

mg mm,k Am**_ _ Consaree formation,which is a minormume of drinkin8
wat=atsps.

__.._ The shallower SanteeFormationis aim • minorsourceof

, , ,_ drinkin8water at SPS. The oaly SltS wells that draw
"" drinkingwaterfromtheSanteeFormation are locatedin the

[_ __ li ' B _d S_NJImo _ which m at I_ 5 km f_om the _e

a,._,_.=_Wd, basins(Figure 3-1, page 17). Althoughthe concentrations
_,_ observed in the McBean MemberoftheSanteeFormation
_._L_ nearthe F seepage basins exceed the EPA standardof 1

_m_-, pCi/Lfor t_l indrinkingwater(EpA, 1977d),the pan of the
SanteeFormationtappedfordrinkingwateris notmatami-

Figure 4-16. Lacationsof MonitoringWellsSelec*edfor hatedwith nq. This conclusion is based on the lackof
Analysis of Radioiodine in Groundwater elevated tritiumeoncentrationsin the drinkingwater,Ural
NearF.AreaSeepnge Basins concentrations in McBesn arensmciatedwithtritium

mncentrationsthatare• factorof approximately10sgreater.
Althoughml hasashorthniflife, its migrationwasdetected The sourceof the drinkingwater is not likely to become
in monitoring wells for perched water and the water comaminatedbec=usethe©ontaminatedgroundwaterflows
tableduringthe earlyyearsof operation. The locationsof in the opposite direc_on toward Four Mile Creek.
these wells, designated Irl throughF13, are shown in Furthermore,,Upper Three Runs Creek cuts throughthe
Figure4-16. The greatest concentrationswere in the SanteeFormationto physically isoiste rbetwo portionsof
shallow wells closest to the seepage basins. The greatest theformation.This is shmvninFigum4-17, which isbesed
annual average concentrationof tStl was approximately on the referenceAadlandandBledsoe. 1990.
5x104 pCi/L in well F6 in 1956, the year of maximum
aqueousreleasestotheF-AreaSeepngeBasins.
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4-18. _ of L_landTritiumCom_tm-
in _ _ Near the F-Ar_

mw
_4.1_. s_k_ n_ume_ •

sinsandn Area(SgLis Ometfromthe sho_ bythere_ tine_ thedm. Thesk_of
Line; also, See Figure3-1) the line is 0.81, which means forevery doublingof _tium

c_ceuU_k_ them'lmumnUation_ a fac_ of
1.8.

Gn:adwau_ rusurfacusat outcropsalonga m_line
adjacenttoFourMileCreekatane_ app_xima_ly Sodimemsinthepathofthe_ buinwa_ altonhow
20metem lowucthantheelevationofthebasins,The evideu_ofm_L_cocmtakeninsidetheF-Ara

kx_/_of_ _ iss_wninrq_n4-_6. ,eq:,pb,s/minI_ showamxim,__s:,_u of
t20p_S(Coeooa aL,19S.S).Tm vee_ Wor_of'_

The firmm_mnm_M of u'qin _ warn'was in 1977. co_ can notbe de_ becauaeonly the top
TIN='I conc_ratimin a sn,bsamplewas224_ ml_oftlNcom_wemmdyzedfor_q;th/slsovidu
(Anderson,197s). In 1_ and1_9, a me_e oe)ytwodmpoimfo,'thevenk_dpmfi]e.
survey for numeral radionudidm, inchtdin8 uq, was
txmdu¢_ a_$ tl_ _ F'_pms4-16 _t_ mint of Sedinmm cores w_u talr_ alo_ the _ in 1988and
the_mmpi_clo_tothebuins. _ 1989. _ of t_ in _ from various
of tsl _nip_ mmplm of rmnfaced poundwat_r ranged d_th _ nm_ from 1m _ pCUgin 1988md m km
from 24 to _ _ in 1988, and from k_, than 23 than detection limits of' approximately$ pCUs in1989
(_ Un_¢_ 410 _ i_ _s_ (Hmk,w et -I. (Hmk,w_,d., 1990)._ d_ecti_ tin_u,m wt
1990). fix_ valua, it is poss/ble m measme 1 pCi/Sin o_ set of

analymsandhaveadetectionlimitof $ pCi/s inanotherxr.)
Theoutcropresultsfor1977,1988, and1989arenotdirectly C..orin_locationsam notthe same in each year.
comparablebemusesamplin_loationsamnacthesan_in
each yea_. The rumdls only show that the elevated Sedime_co_awemtakenfmmins/dethe_Old
coocentratiomof L_linoutctopwateram in thehundredsof F-Arm Sot_ap Basin in 1986 to atudy migration of
pCi/L. Theseconcentrationsarecom/stemwiththe _ Sectiomfromvariousdepthintavaisinfour
cottcentratiom obmrved in the ipoundwa_ monitoring _ cores wegu individually analyzedf_r ta'l.
wells. 'r_ maximum_ is 3 pC_/g(Shedmw,19S6).

Vmial pmfii_ of _q mn_m_om M_owm _
gmt of tb__ samples analy_ k_rU'lw_ aim lmm_. I__vo mn= _l is _tilldztw_ st t_ b<_mmof tl_
anal_ for triu'um.Fqpn_4-18 showsth__ 400-cmd,_oo_s. lntheo_twoco_a,_mTcont_ia
of t_l plottedaqpmmthe com__ tritiumconcutra- below the detectioo limit of _xima_ly 0.3 pCi/g
tions. _roundvnm" t'_i mnceam'atiomareasmcia_ '_th b_innin_ atd_hs of 100 and 300 m.
tritium_ntratious that aregrut_ by a _of 10_to
1(7'. The mrrelation of t_l and tritium _ is

4.-.18



H-AreaSeepageBasinSystem I
1lm H-Area Seepage _ are located southwest of H ]

Area(see Figure4-15). Thebasinsareabout11kmfromthe / _
nearestsite boundaryand have an elevation of approxi- m
mately 75 metersabove sea level. 'me nearestmajorsite m

meams, Four Mile Creek, which ia 300 meters to the __,,Dmuthem_ andCrouchBranch(a tributaryof UpperThree

Rum Creek),whichis1,100meterstothenorth. __,_ ,.,,I.1conductedin 1977-1978. Concentrationsof mplinmonthly m

grabsamplesof basin water rangedfrom 15 to 80 pCi/L tamm_ 4 .u
with u averaSeof 46 pCi/L (Antietam, 1978; Kantelo, m._ minims m,• m, m
1987). As describedfortheF seepagebasinsystem, mmrmm umm
month-to-mouthvariationsareattributedtorainfalland

operationalconditionsinth__parationsprocess.Also,

tritiummisration datacanbe used to illustrateposs_le nrl mm_
migration. The traveltime for tritiumto m/gratefromthe 0
seepase _ to FourMile Creekrange, from14 to more O
than 50 years (Murphy ct. al., 1990). Gmu ater

alongthe seepline shownin Figure4-19. y , ,
Hill I

Migratienof ml was detected in monitorin8 wells for the tq=,, ......
water table during the early years of operation. 'me t _wa• Grom d t_amm8 Wd.

kx:atiom of thesewatertablewells, designatedH1 through .--- **_,,--
HS,areshownin Figure4--19. The greatestannualaverage O _ lo=,=,,Omm@.mm Nma,mm_

concentrationof ml was approximately3 x 10' pCi/L in
well H5 in 1956.

Hgure 4-19. Locations of MonitoringWells Selected
Migrationof t_l in groundwaterat the H Seepage Basins for Analysis of Radioiodine in
wt, measured in 1977 when water table samples were GroundwaterNearH-AreaSeepageBasins
analyzed. In monitoringwells Hl3, H14, Hl5, Hl8, and
Hl9, shown in Figure 4-19, concentrationsof t_l ransed

thantheelevationof thebasins. Thelocationof theseeplinefrom0.1 to 16 pCi/L(Anderson,1978; Kantelo1987). An
is shown in Figure 4-19. Concentrationsof _I in grab1_ concentrationof 63 ICi/L was measuredin1980 for the

water table monitoringwell BG10 adjacent to basin 4 samplesof remufacedgroundwaterat two locationsalong
(Kantelo, 1987). This is the maximum _ concentration the seeplinewere 5 and50 pCi/Lin 1988, andwere below
detected in the groundwaternear the H-Area Seepage detectionlimitsof approximately50pCi/Lat five locations

in 1989 (Haselowet al., 1990). Figure 4-19 shows the
Basins. locationssampledclose to thebasins.

Groundwaterf_rom19 monitoringwells was analyzedfor
x_Iseveraltimesdurin81989. The locatiou of these welb, 1_e outcrop results for 1988 and 1989 are not directly
which have the letterdesignations"HSB", are shown in mmpamblebecausesamplinglocationsarenot the same in
Figure4-19. The progressively deeper waters that were each year. The results only show that the elevated
analyzedin 1989 were the watertable,theUpperConfju_ concentrationsof _I in outcropwater are in the tens of
Formation, and the Lower Congaree Formation. At the pCi/L. 'I'nese concentrations are consistent with the
watertabledepth,L_ was detected in 13of 16 wells. 'me observed concentrationsin the groundwatermonitoring
averageconcentrationis14 pCi/L andthemaximumis50 welts andarean orderof magnitudelowerthantheresults
pCi/L. No _ wu detected in the three wells for the for the F-Areaseepagebasin system.

CongareeFormation. Figure4-20 shows concentrationsof _ plotted against

Groundwaterresurfacesalonga seepline adjacentto Four con'es_nding tritiumconcentmtiom.Groundwater _
Mile Creekatan elevation approximately15 meterslower concentrationsare associated with tritiumooecentrations

H " i i, i , i
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i innu ,lm i lull i

thataregreaterby • fagtorof 105 to 1(7'. Thecorrelationof flow of groundwaterbeneaththeSWDF is dividedbetween
nq ted tritiumconcentrationsis shownby the regression muthedy flow towardFour Mile Creek andnortherlyflow
line throushthe data. The slope of the line is 0.73,which ts towardUpperThreeRunsCreek.
nm u meepM the _ of OH1 for the _a_r dam
neartheF-Areaseepagebasins. The di_ereace is meaning- Tritiummigrationdatacanbeused to illustratepmm_ieu_l
leas becauseinsufficientdataexists at the lowerconcentra- misration. The traveltime for tritiummisrafionfromthe
tiou todeterminepreciseslopesforthedatainFigures4-18 SWDF to Four Mile (3reekfusee from 11 to 50 years. The
and4-20. travel timesto Upper Three RunsCreek me mnsidembly

longer; essentiallyali the tritium (12-yur half-life) is

"] expectedtodecaybeforeOu_in s (Murphyetal. 1990).

"1 oA_._ Theprin_lxdsource of 1'1'Iburiedin theSWDF is spent• ceramiccb/psthatwerensedforradioiodineremovaldining

_,o] _ diamlutionof irradiatedmaterials.Tbe presumedchemical

_1 i'm_'"I f°nn °f tnl °n thechipsissilveri°dide'whichis°nlY very

If , slishtly mluble in water.

'.,'_- I " ,.-,m. ,--

• ] ___.._,... . Anexperimental Jtudy of theluchsbllity of_ fromburied. chips demonmates that a small fmctim, IH x lfr' (0.18
.................... '_ ......... _--_ IXmapermillion), is leachablefrom the waste 0tawkim,tC w' m' tV 11" w'

_ m,_,_. 1983). This fractionw_ relatively constanton u annual
bask during the four-yearstudy, although the lewatable

glgu_ 4.20. Correlationof us] andTritiumConcentre- fractionfor individualmmpleadurin8 a given yearfluau.
lions in theGmundwtterNem"the H-Area ated with the qmmtityof rainfall. This small leaedmble
Seepage Basins fractionis conabamtwith theveryalightsolubilityof silver

iodide. The leachediodineis expectedto exist intheiodide
chemica form in pmadwmr.

An inmrrea tritiumemmentmtionof 1.6 x 10s pCi/ml on
May23, 1989 is reportedformonitoringwell HSBll6D in
the 1989mmualenvironmentalreport. The mmmt value is An experimentaldetemtinm'onof the diatn'butioneoeffi.
1..5x 10' #2i/ml (EMS, 1989s and EMS, 1987o). The cient for Xnlin mfl from the SWDF shows thatI_ magea
correct value, converted to units of pC_ oEpems in from3.6 to 10 dependin8on the macentmtionof stableio-dine..Smaller if,, values are umciated with the greater
Figure4-20. ttable iodine eotmentmtions. With • lg_ of 3.6, uq is

Sedimentsin the psthof themigratingImsinwateralto show pmdkted to move at5 percentof the igoundwatervelocity
evidence of ta_l. Sediment corm taken from H.Area (Hoeffner,1985).

Seepage Basins in 1984 show a maximummncentrationof
190pCi/g(Corboettl. , 1985). Until 1989 only limited analyt_ were performed todeterminetheextentof USlmigrat_n f_mntheSWDF. The

Sedimentcores have tlm been taken along the seeplines, monitoringwell Pl_$ wu of partimdarintermt in theearlierstudies. This well is 180 metro from the meth
Concentrationsof us] in sedimenm _ various depth
intervalsnmse from 1 to 5 pCi/g in 1988 mulare less than boundmTof the SWDF(see Figure4-21). lt hasa 2-meter

screen at the 14-meter depth, which correspondsto the
detectionlimimof approximately5 PQ/8 in 1989(Hallow middleof theof migratingtritiumplume. Concentrationsof
et al., 1990). Coringlocations arenot thesame each year. ml in well PI_S imeMed from0.25 pCi/LinApril1982to

1..q_ in December 1982 to 12 _ in August 1983

SolidWaste DisposalFacility (Obh, 1980.Yae.e rmuimdemoummethemival of theleadingedgeof migratingUSl.Tlmmneeutm.
tioa of _tium hJapproximately10i greaterthan the t_

The SWDF, which is located between F and H Areas(see concen_ in the August 1983 umple. The n'l concen-
Figure4-15), is approximately10 kmfromthe nearestsite trationis less than the detection limit of 7 pli/L in 1987
boundaryandhas an elevationof approximately88 metem (M¢IntyreandWillfite,1988).
above sea level. The nearestmajorsite streams8reFour
Mile Creek,whichis 900 meterstothemouth,aad Crouch
Branch,which is 700 metemto the mnh. The horizontal

II 5 III I li n lull III I I I uum
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kleaau_l_ oo_mmJom of _q were detected in __c I

frommo_odnS wells 13056,!_57, _ _ ,mo
113,andBGC2C alon8ritesouthboundaryof theSWDF in ,mo

0.03pCi/Lwiththe_n ofwell _ whichhas•
ce_enmUionof0.9pCJ/L(Kantelo,198"7).The tritium
concentrationexceedsthe_q concentrationbyfactorsof
10Tto10, in theAugus_1983samplm. Theixalxxseofweiis I_ _ .msu
_ and_ isto determ_ thedqXhandbreadth _ " - [
of the migratingtritiumplume. The otherweil. arewater

mbi. welk. . rn_II.0__ J _.d.
Omundwu_ from 19 monitoring wells was analyzed lumam"'I"1
several_ during1989. The locations of these wells,
which have the letterdesipmion "BGO"and "HSB", are • mos

-- in F_m'e 4-21. The pro_vely deeperwatem _ _.,a', J_ .um_
analyzedin 1989w.re thewatertabi, (9 walls), rh, McBean o 3oo a, __._sw_._ .
Member of the Santee Formatim (7 wells), and the m , , , w.,,.
Co_ Fommion (3 wells). No _l was detectedin the ,,----

wagersamples from these 19 wells at • detectionlimit of FIIlure4-2L Locations of MonitoringWells Selected
aFproximately1pC3/L.The 1989mndts areconsistentwith for Analysis of Radio_ in
themu'lira'studies;monitoringwell PDQ$ was notsampled _ouudwam. NearSWDF
in 1989.

SurfaceWater Transport
The proximity of major si_ ro:earnsto SRSfa_Hfieainvolvedwithradioiodineis aho_
inFigure3-1(seepage17). The majormureamsaretn'butariesof the SavannahRiver,
which flows to the Atlantic Ocean. Onesmall uauamedmum in thenorthemem
sector of thesitedrainsto theeastinto the SalkehatchieR/vet. No effluent fromSPS
facih'tiesdrainsinto thisunnamedm_.am,which b notshown b l_l_e 3-1.

SurfaceWatersat SRS Dm m of sv.s,u,.,m
drain into the SavMnahRiver. lm Iongghis about 5 kmand

Tneprincipalsourcesof the mttuml flow k site meanm are imwutembedis about26 iuna. BeaverDam Creekreceives
springs and rainfall. Cooling water from SPS reactors muJ approximately 3 m3/sec from D Area effluents, in the
other SPS proceasm augments the natural flow in certain Ssvmmah River swamp, overflow from Four Mile Creek
streams. The majorityof radioiodine_ by site mixedwith BeaverDamCreekwhen C Reacu_ discharged
surfacewaters origina_ in direct aqu,mus releases from Nm_lar_ coolin_ water.
SPS facilities or mioa_n fromseparationsareaseepage
basins and the SWDF. A minor0ourceis rainwaterrunoff, FourMile Creek b approximately24 km long und Imsa
whichtmm_rm partof thersdioiodinedepositedfromSPS watershedof about57 km_. Itsnaturalflow is 0.14 m_/sec.
8_ releaseaandglobal fallout, lt receives effluent fromthe F and Hchemical separations

mms and mlgm_ 8 water from the SWDF and F- aud
Upper Three Runs Creek is the only si_ stream that H-Arm Seepage Basius. Effluent from the chemical
originmesoffsite, lt is 40 k,rnlong,has • watershedof about s_tims areasaddsapproximately0.3 m_/sec.Until the

kma,andan averagenatm'alflow rateof approxim_ly mid 1980s the lower reachmof Fourblile Creekreceived
7 m_/sec. Oneof imprincipaltribumrimis Tun's Branch, secondarytooling water from C Reactor. Cooling water
which receiveseffluents from M Area aud SRI.. These addedaflow of approximately11 m_/secwhentheruu_r
effluents add approximately 0_3m_/secto the flow rateof was operating. Mbc_ilanmus C-Area dischargesadded
UpperThree RunsCreek. TheEffluentTreatment Facility approximately 0.14 m_/sec.
in H-Areabegan dischargingtreatedwaterto UpperThree
RunsCreekin 1988.

li l II I l I llll Ill l
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Pea Ikan_ flowl tl_ly 24 km le the Savannah
Rivu mqmeqpwhere it, flow path beunnm relatively _m. r..m,_..

ltpeemlly_w, thmushthe_ pamlleJto ----e--
theriver for about8 km beforeenteringSteelCreeknearits ,

confluencewith the SavannahRiver. PeaBranchhasa mo _ --_.-
wutemb_ of about_ kn_. Iu utuml flow rate of 0.2 ii

uP/nec im:ma_ to ,bout 11 nr_/aeewhen K Reactor _ ii c_,u. *_*--(1_.. *

diw.har_,econdarycoolingwater, i" m ,,i _--

Steel Creek ht _Sxoximately 18 km long and has it _.'u_ *
watmahedof about90 km:. Flow rmmvtry dependingon t6-_ , ,
reactor effluents. Po¢example theflow was 22 m3/secwhen °m0..... "_&_"" "' """_;m....... i_ ..... _e0
bothP andLRetctms diacharsed,quemmeffluents toSteel .,,,.,,.
C3reekin theearly1960u,0.7 m31seeformint of the 1970k vm
and11m3/mcin 1985 afterthenmmrtof L Retctor. A large lqllwe 4.22. Annual Average CoueealntioM of ml in
imlxxmdment,L lake, wasformedbyclammingSteel Creek SPS Streanmfrom1960through1989
south of L Reactorin the mid 1980s.

Lowa ThreeRunsCreekhasthemscondgreatemdrainage rmulU were reportedbefore 1960of dmiu8 1965-1977;
m'ea 0.50 km_ of the SRS _ Both P andR ReamonJ cooceatrmiomJImvebeen below detectionlimits tf_ 19T7.
diJu:hargedeffl_m totheLowerThreeRumCreeksystem.
In theupperreaehe, of thecreek• largeimpoundment,Par The 81eateMannualtvera_ _I mneentrationaaremmo_.
Pond,wu_ in 1958to providecooling waterfor ,ted with fuel element failure, in the reattore. These

recinmdationthrough P and R _ Several mudler couceatratiomwere 116 pCi/L in PenBranchdurin81960
ponds were oonmucted betweenthe _ andParPond and102pC3/Lin Steed_ dufin81962. The gmttemmi
to providetooling forreactoreffluents reenteringParPond. coocenerationin an _ sampleof streamwaterwas
The averageflow ratefromPm"PondintoLowerThreeRuns 22,000 pli/L,whichwasobservedinSteelCreekfollowin8 •
Creek is 1 m3/sec. Fromthe Psr Pond dam, lower T_ree fuel elementfailurein P Reactorin 1957.
Runs Creek flows approximately 38 kilometers to the
rmvmumRive. Formostofthisdistancethecreekis _rveystodm_nineu*lcouceummousingrabmuupimof
outsidethenainpartofthesite;however,thecreekis sitestreamsandswampwaterswereceeduetedinAugust
bordered by a narrowstripof SRS-own_ land. 1977 and June 1978 (Amkmon, 1978; Andemon, 1980;,

Kmelo,1987).Conceuumiousfar, sirenstreaminthe
Sitesteams,otherthanUpperThreeRunsCreekandLower twosurveysgenerallyagn_within• factorof two.This
Three RunsCreek,pas8throughanextensive swampalong differenceis not conaidered Mgnifu_t becauaeconcentra-
theSouthCarolinasideoftheSavannahRiver.Theswamp floesdependon flow conditions,whichwere not docu-
typically floods at leastoneday during every monthofthe meritedazthetimeof munpling.The 1978 surveyresultsare
year(Matter,1974).Theroomfx_luemmxxUngoemmin mowninFigure4-23.
JanuarythroughAprilandtheannumaverageflooding is 23
percentof the year. local bQdcSmundmncentratiom of t_l were appmxi-

nmtely0,001 pCi/L,u shownby the vtluu inLowerThree
When flooding oceum, the flow in the Savannah River RunsCreekandtl_SavannahRiverupriverf_omSPS.
swampgenerallytunspandlelto theriveranddoa notenter local backgroundk approximately100 times greatertlum
the mainchanneluntilhighgroundis encoenteredappmxi, theNorthAmerk:u fiverwater_nd, which k on the
mately 10 kmdownfiverfrom Steel C3reek.Thk mudition mderofl0"SpCi/L(13muef,1974). Theioad backipmu_ in
altows mixingofwaterfromsitestreamswiththewaterin meatusk elevated becatmeofthedelxxdtionofairborne
the flood plain. SRS U*lonto the _ environment. Rainfall runoff

_ p,rtof medepadt_lu*Iud uuwom it to me
Figure 4-22 shows the annualaverageconcentrationsof 1311 mreamL
meamued in the SPS mrfaee watem. No ml himbeen
detectedinUpperThreeRunsCreek,BeaverDam Creek,or Conceatmtiou in Upper Three RunsCreek---thestream
the swamp. The _oncenlrationin FourMile Creekduring withthelm'gemw_tmllhod--m_approximatelytwice the
1962was below the detectionlimit. No annual8vemse ml local background.Thinis bemuae the proximityof Upper
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F_iua Leaend _urfJ_ WatersLe_I

B HWCFR ]BDC Ber';r Dam Crock

C,K.L,P.RReactorAn_s FMC FourMileCnmk
D Heavy Water lOB IndianGraveBrms_
F ChemicalSepmatiem + NavalFuels LL L Lake"
H ChmnicalSq_sratioas+ RBOF LTRC Lower'llm_ RunsCreek
M Raw Materildl PB Poad B

SRL SavannahP,_vcrlaboratory PC PondC
SWDF Solid WmmDi_ Facility PEN Pen Bnmch

T TNX Semi Works PP ParPm_
SC Steel Cs_k
'rB 'l'unslkal_

UTRC UpperThnw RunsCreek
swamp
*L Lalz did not exist
at thztimeof tbe_ nzssuren_nts

Figure 4-23. Concentrations of _ (pCi/L) in SRS Streams and t_e Savannah River Swamp in 1978
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Threeitum Crmkto tlmutmslioas treM temdtsinipreater rudimentmocenumiom of taqsre in FourMile Cxeekud
depmition in its watmshed than in the othw watentheds, theswampimpactedby FourMileCreek. Thmeconcentra-
CalculationsshowthattheelevatedUralinUpperThreeRuns tions areapproximately$ times greaterthan the detection
Creekdora notofisin_ f_mnspontaaeousfission of SPS limit. Theelevatedconcentrationsprincipallyarecausedby
uranium dispmed into the sedimem of Tim's Branch. _! that migrateshem theseparationsareaseepaSe basins
Although toasof unimt_ted uraniumhavebeendispersed, andadsorbson the sediments.
the quantityof uraniumcannot produce enough nrl by
spontaneousfission to accountfor the elevatedconcentra- Despitethehistoryof multi-curiereleasesof short.livedml
tions, to Steel Creek,greatlyelevatedconcentrationsof nrl were

notdetected. This is becausethe high activity ml releases
The 8mttat tnl conoeatratio_ are in FourMile Creekand were smociated with failures of freshly irradiatedfuel
in the swamp impacted by Four Mile C_mk. These elemuts; the ml coat,mt of the releases was extremely
ceaceatrationt_'e approximately100times greatertlmnthe small (Table2-I; pep I0).
local backlpeuad. The elevatedconcentrationsme winci-
pally due to mismtioa of usl from the separationsarea A significant imftioa of any U'l sbaod_l on sedimentsin
seepagebasins. Steel Creek was probably leached by the hot secondary

coolanteffluentbom L andPresctom. Thisconditionalso
Four Mile Creek has bees studied more than any other appfimto Pen BranchandK Reactor,althoughnnelevated
stream. Grabsamples downstreamof the outcroFefrom coacentr_ion of 0.36 134_gwas detectedin Pen Branch.
F-Aret seepagebasinsbutupsuemnof theconfluence with
C.Reactor emuent, showed concentrationsof 33 and 2 The resultsforFourMileCreekmayaim indicatetheeffects
r_i/L in 1973 and 1977, respectively (Kantelo, 1987). In of hot waterleachins. The factorof threedifference in uq
1988the concentrationswerebelow the detectionlimitof 1 concentrationsupstreamanddownstreamof theconfluence
pCi/L(Huelow et al., 1990). witheffluent fromC.Reactormaybe relatedto leachin8 of

iodine fromNdiments by hotwater.
Samplin8 of Four Mile Creek in 1977, 1979, and 1980
between the outcrcq:mfrom F- and H-Areaseepage basins The lack of extensive munplin8andanalyses for USllimits
ahowed Utl concentrations of approximately 1 pCi/L conclusionsto thegeneralitiesstatedin this sectionon SPS
(Kantelo, 1987). in 1988theconcentrationswerebelowthe surfacewaters.
detectionlimit of 1 pCi/L(Haselow, etal., 1990).

, thoue,h• sim.t -mpUnsofFourMile SavannahRiv.r
upstream and downmum of the outaop_ bom F-Ana
seepage basins has not been not performed,the limited The Savannah River forms the southwestern SPS site
resultsobtainedinthe 1970ssugsest thatthe majorityof usl boundaryfor about33 km. lt hasan averase flow ratethat
in FourMile Creekorisinatesin theF-Areaseepagebasins, inmemmfrom285m:/NcupriverfromSPSnem'Aulpmm,
That conclusion is supported by the 1977, 1988, and 1989 GA, to340m3/secdownriver nearClyo, GA. The upriver
groundw_r resultsalongthe seeplin_ Jfit is assumedthat and downdver locstions areappmximstely 300 and 100
the inputrateof_ to FourMile Creekfromthe outcrops fiver-kilometre, respectively, from the Atlantic Ocean.
nearthe H-Areaseepage basins does not exceed the input SPS is locatedbetween261 and228 fiver-kilometersf_om
ratefrom the outcropsnearthe F-Areaseepase has/ns, theAtlantic Ocean.

Sedimentsfromsitestremmand the Sumah Riverswamp SRS Ims three pump atationson the ri'ver. Two _pply
have periodically been analyzed. Gamma spectrometric molin8 water for the productionreattorewhile the third
_mlysis hss notrevealedanydetectsble ml. A comprehen- sapplies cooling and processwaterforD Area. Except _,r
sivesurveyof sedimentsfornumerousradionuclides,evaporativelossat,allriver water is returned to the
includingta'l,was conductedinthemid 1980s(Lower, SavannahR/vm'.
1987).Sedimentcoresweretakentoadepthofl00cm.A
compositesmnpleof theentirecoreforeachsampling Tl_annualaverasemncentrationsofmIinSavannahRiver
locationwas analyzed. Resultsof U'lanalysesareshownin water st Hishway 301 Bride,, approximately 37 km
Figure4-24. downriver from Steel _ are shown in Figure 4-25.

ConcentnUions_ to 1960 were not measured. The

Concentrationsof t_qgenerallyareat thedetectionlimitof plottedconcentrationis the netconcentration,which is rite
0.1 pCi/& or within a fsctor of two of ii. _-ue _-",,_._ mff_ __hetw__e_meamn_ concentrationsat Highway
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301BridpandShellBluff.Tlm latterisa backsmund Americanriverwsterbackgroundison theorderofI0_
_oximmly s km _xivwfromU_ _ pC_0am_, 1974).

Runs Ooek. The net mnoennution of 00._ in 1966k
basedon downrivwand upriverannualaverageconcenU'a- The occasional_etectionof UPlin upriverwaterreflectsthe
tions of 0.3 and0.1 p_/L, respectively. In ali otheryears, surface water _ of uq from the watershed.
theupriverconce_ bavebeeneithergreaterthanthe Rainwaterrunoff in the watershedtransports_nl that is
clownriv_ valu_ or lem tlumdetectionHmlts. in thelatter depenitedh'omSRSatmosphericrelensesandgiobalfallont.

no submsc_a k peKm_l; the _tiver concen_a- Anomalous resultswere ob_m_ in the summerof 19'78
tion is conskle._ to be _e netconcentration, when elevatedconcentrationsof_ were detected in the

uprivwsamples.Asaresult,concentrationsuprivware
The s_urce ofthemi in the SavannahRivw was direct esmnthdly equal to correspoedj_ concentrations
dischargesof disassemblybasinwaterfrmnreactorsto site downriver. The originof this anomaly_sunknown.

The max_um annualaverageeonamnafloa of 10
pC__k 1960;mmtherpinkoccunodin1962nt _,

l.;[8.SpCi/L. Coocentrationsofml inlg60-1963aregmat_ m • _

thantbe1977d).1977EPA drinkingwaterstandmlof3pCi/L(EPA, ,. "" "'_'_....
LI' "_ •

The greatest¢onccntr_on of mi in an individualsample of _ _.
riverwaterk nsmck_ withUle1957 fuel elementfailure f- \
inPReactor.Jnstbelowtheconfluence of SteelCreekwith _. _ ...

the SavannahRiver the maximumconcentrationwas 3,800 mm, / -
!_ Furtherdowmiver m Highway 301Bridge, the
maximum was 800 pCi/I. The deaeese in concentration ,.am, .... , .... , .... , .... ,....., .... , .... , .... ,IMO 1NO t@N 1NO 1NO
reflectsdilutionof SteelCr_k waterbytlmSavannzhRiver.

YIar mqmm_m

The net concentrations are comparedin Fqpue 4-25 to
calculateddowuriver concentrations. The latteraredeter- l_Mm 4.._. MeasuredandCalculamdRiver Com_m-
minedby dividingannualtotalcuriesof ml releas_toSPS Iralionsof ml dueto SPS operationsfrom
sUeamsthatfeed the SavannahRiver by thewat_ volume 1957 thmush 1989 (Savannah River at
transl_ in the Savannah River pest SItS for each Highway 301 Bridge Dowmiver f_om
individualyear. Decay durin_the transittime to Highway SP,S)
301 k naccowkk_ Releases of ml from R-Ructor m
also not considered; these were diacharip_ to Par Pond.
Exceptfor 1960, measuredandcalculatedresultscompare
favorably. , • _

SavannahRiver water hasbeen intermittentlyanalyzedfor . . umr
between 1970 and 1981. Grabsamplesof water were _ o.olI $.

mlle_d downriverf_m SPS at Highway301 Bridgeand F . , _o

upriver from SPS at Shell Bluff (Andenmn"1978; Ander- o_m_ I
son, 1980;,Kanmlo,1987). Concentrationsof u_Iat both : , v
locatioas m shown in Figu_ 4-26. SPS is the principal " * qt
sourceof x_ in _ river. F'qpu_4-26 showsthat the o_m._.... , .... , .... , .... p,#o,,,,,,?,_,,,, .... ,110 10M0 _070 1880 1880

downriver concentrationtypically exceeds the upriver ,,,,..
concentratkmby an orderofmash/rude. Downriver ueq y_
concentrationsaretypically less thanI percentof theEPA
drinkingwaterstandardof lpCi/L (EPA, 1977d). _ 4-2& Compm'ismof ml C,om_ntrm/ons in tl_

SavammahRiver Upriver and Downriv_
Detectionlimitsfor individualsamplesam intherangeof fromSPS MeasuredIntermittently from
0.0001 to 0.001 pCi/L. The valueof thedetectionlimitfor • 1970--1981
given sample is governed by • numberof factors,such as
volumeumpled andmeasurementinterferences.TheNorth



The transportrue for SPS Uralin the SavannahRiverwas withdrawn near fiver-kilometer 65 and U'ausportedin a
ini_ally emimaU_to bebeeween0.016 and0.027 curiesper 29-kmcanal to the plant.
year (Andamou, 1978; Andemon, 1980). When later
meamu'menmwere abo ce_uuddered,the transportratewas The PortWentworthWaterTreatmentPlantsupplies v:,_er
clmerminedto be 0.022 curiesperyear._ valuecontinues to permof ChathamCountyGeorgia.The plant,which ha_a
to be used in annual environmental reportsand release capacityof 170 millioniitemperday,was operatingbefore

reformas the _ for usl migrationfrom the separa- SPS existed. Savannah River water is withdrawn from
tions areaseepagebasins since 1980. Forthis purposethe AbercoruCreekm a pointabout3 km fromits confluence
0.022 curiesis equally dividedbetween the F- and H-Area with theSavannahRiverandtransportedthroughau 11-km
seepep Ixsin systems. Migrationfromthe seepagebasins pipelineto the plant. The mouthof AbercoruCreekis near
prior to 1980htnoteomticlered.Figure4-26 showsthatU_l fiver.kilometer46.
wasdetectedin theSavammbRiver in 1970,althoughat
Iowareoucenuuionstluminthelme 19'70s.Migrationfmm Although u'l at the water uruaUueatplants has not been
thesepm_tionsarea_epssebasinsisthemoatlikelysource analyzed,concent_tionaareexpectedto be about 20%
of the X_lin 1970. smallertlumthoseat Highway301. These are well below

the EPAdrinkingwaterstandardof I pCi/Lfor_Sl.

Downriver Water Treatment Plants
Savannah River Estuaryand Atlantic

The Beaufort-JasperWaterTreatmentPlantsupplieswater
to Beaufort and Jasper counties in South Carolina. Coasta| Waters
Operationof theplant,whichhasa capacityof 38 million No studiesof radioiodinein theestuaryor coastalwatem
liters per day,beganin 1965. SavannahRiverwateris lave beenperformed.

i i
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Summary of AqueousTransport
of _1 o_mmfromthe_m_Jo,,- area_e basinsud _ SWDF; the

extentof _ mipation from SWDF is notwell def_mi. Onxmdwm_ U_lmi_8
fromthe,epmtions aru ,eepeSe basinsbepn murfaci_ adjacentto FourMileQreek
probablyasearly as 1970. This is consistentwith expected_on rates,

Oroundwat_mmaemmionsof_q, whiatneartheF-Area the separations area aeepap basins. The _H deeper
neepep bemmsystem rm:h hundredsof _ mu8Joel. 8mundw_ in the Black Cm_-Middendorf formations
atedwithtritiumconcentrationsthatarea_of 10sto I0 ' ('ruscaloou aquifer)is themajorsourceof drinkingwaterat
puater. _ relafionsh/pis used as an ind/catorfor the SPS.
preaenceor absence of tnl in o_er wa_. For example,
lpoundwaterfromtln SanteeFormationis• minorsourceof The shallower Ooundw_t_rprincipally rusurfacesalong
dfinkin8 waterfarthe B and SRLareasatSRS. The lackof meplines adjacentto FourMile Creek. Consequently,Four
elevated tritium ooncentrations in this dfinkin8 water Mile CreekwatercontaiM thegreatesttnl concentrationsof
indicates that the portion of the fommion tapped for site muuns.
drinid_ water is not contaminatedwith the Snl that
comaminat_theMcBeen MemberoftheSanteeFormation Drainage ofthestreamsintotheSavannahRiver is the
n_rtheF-AruasoepeSebesins.Thesourceofthe_ pincipalsourceofUraltrmsjmmdbytheriver.T'nelarp
watw isnotlikelytobecomecontaminated.Thecontami- volumeoffiverflowdilutestheelevatedstreamconcentra-
hated poundwata flows in tlm opposite direction, and tions to levels typically less than 1 percentoftheEPA
Ulcer Thn_ RunsCreekcuts_ough theSan_e Formation dtinim_ w_ mu_k_
tophys/cally isolate FAreafromthemurce ofthe drinking
water. Dim:t dischargesof dkasmmbly buin waterfrom,uJaom

to site streamsresultedin elevatedconcentrationsof ml in

Groundwa_ inthedeeperConpme Formationisalsoa the Savannah River that during 1960-1963 exceed the 1977
minor source of drinking water m SPS. No usl has been EPA drinkingwater standard. No ml has been _4___.___
deteaed in 8roundwaterfromtheConpr_ Formationnear afire1968.
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Coneeatmtiom of mdioiodine _ the down, vet water tiom memued inthe Savmmh Riverapproximately37km
UWmeugplanmm expeaedtobesimilarto the eoneeutm., dowuriverfrom SitS.

Concentrations in Animals
Atmmphe_ mulaqueoustmmportof radioiodiaeresulmin theimakeof radioiodineby
wildlife. _ principallyoccur, by animalscouuming vegetationsnd water that
coumimmdioiodinefromSPS relmu,mud globalfallout. Ingmed iodineis principally
found iu the thyroid Bland of animals. "l_ytc.l.dswere one of the first types of
environmental munpim q_mdly analyz_ for radioiodineby SITS. Routine
mumnmenm of 1311bqpmin 1954 androutinememuemem of uq bepn in 1984.
i_mume saimal thyroidsm genemJlynoteatenby humans,the doseto humansfrom
this pmhwayis minimal.

"l_ymids bom a variety of tnim_ both mali andhurge, Chinesetest in ¢ktober. The avemse mi eoucentmtionin
have been analyzed. Table 4.6 contains a summaryof thirtynine thyroidswas 32 l_"i/g. The elevatedresultsfor
mumm,mnt tomtitsfor those yeats whenradioiodinewas 1976, 1977, and 1980 are aim attributedto fallout flora
de_u_ Sm_ animals include r_t, fox, r_coon. Chine.etem,
bobcat, opommm,squin_l, rat, owl, and quail. Large
mfimalsa_sislofdeerandcau_ _ forcallleqallof The PHS opem/_ a nationwide network,knownamthe
these snim_ m eoilected ouaite;rattlearecollemedfrom BovineThyroidNetwork,fromlate 1964 to early1969. The
local offsite farmsorslaughterhousm. Fm]mu was to analyze for 1311in bovine thyroids bom

regionsofthecountrynearnuclearfacih'tim. Network
Themaximum concentrationsoccurredin1956and1957 rmulgscanl_compm_ totheSP.Sresultsforcatflethyroids
whenreleasesofml fromthesepmztionsareastoboththe in1966-.1968.
atmmpheretad seepase tnm/u wew, at a maximum. Arat
collected aesr theH.Area Nepase bu/a in 1956 coetained Only theaetwmk ruults for thyroidscollected at lem I00
the greatestobserved mi thyroidconcentration--7.1 x l0s kilometemhem SPS in the mutheastemstatesareoonsid-
pC_/g. Other animals collected fartherfrom the seepage mud for the _n. These provide the muthemem
basins in 1956 and 1957 hadml th]n_idma_atmtiom of backSmundand are takenf=omreferencm PI-IS,196%;
about 2,000 pCi/& For mmpari_t_n,_ fallout in PEIS, 196&:;and Pl.IS, 1969_ Network maximum ml
Tmmemeeduring 1957 intuited in '311mneeutmtioes of eewatmfiom are musiatent with the local maximum
26,000 and 67,000 I_A/g in cattle and _heep thyrokb, valumia1966and 1968. Thenetwork_umeoacentra-
respectively,(Van Middlesworth,1_S8). tiouin 1966w_m702 p_8 eomptredto the Iomlmaximum

of7&qpCi/g. The networkthyroidwascollected in Gwis_
In yearnotherthan 1956 and 1957, mi thyroidconcentra- County,GA, appmximately2301unnorthwestof SRS. In
tions in animalsnever exceeded 1,000 pCTr/&In manyof 1968 thenetworkandlocal maxim_a concentrationswere
those years, 81obalfalloutwas a s/_ contn'butcrof 45 snd 41 pCi/& respectively. "_ .__ thyroidwas
ml in thyroids. In 1954, 1955, 1958, 1961, and 1962 fiomFon,ythCounty,GA,_xin_..,_._260kmemthwest
thyroidswerecollected coincidentw_ththemfivalof fallout of SPS. In 1967 the networknmxi_,_:__ 1,856 pCA/&
fromatmmphericnuclearweapons testsby the USSR orthe which exceedsthe localmaximum_ '_] pCA/gby • factor
USA. In 1966, 1967, and 1968 cattle thyroids were of six. The networkthyroidwas coli.e_¢d in Tennemeein
collet-_f specifically for reaearchpUrlXatessoon afterthe earlyJanuaryshortlyafter the arriv_ of fallout from the
an'iva]offalloutfrom Chinm_ tests. Chinm_testofDecember28, 1966.

The 1970re_ts representtwo selutratesamplinllsof deer A limitednumb_:o._offl_ _ple_ fr_n deerat_!hop were
thyroids.Thefirstset was collectedin Februaryto studythe analyzedf_rm! :_!',_s19_._._y _ 1987 was ml detected;
effeclsofalmosphericreleases ofml fromH An=. About itsooncentration_,_ !__{;i/_.
10curiesofml werex_leasedduringthefirsteightweeksof
1970, due to the reprocessingof short.cooled neptunium 2"aymidconceatnti_ _i _.lived t_qagegenerallynot
targets. Eishtthyroidswere analyzedandfoundtohavean affected by passhtg _ fallout. 'Inis is because the
average ml concentrationof 21 pCi/g. The aecond1970 activity of u_ producedin atmmpherk nuclearweapons
samplingoccurredaooa after the arrivalof fallout froma

I .... , • __.... ii i ni IINN I Imini
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tests is exce_y small relativeto the activityof ml (see thyroid meamtremeetsconducted in later years generally
1). provedto be consistentwith this vahte. Routine measure-

meatsof deerthyroidsf_omSRS bepa in 1984. Until 1989,

Some of the thyroids fnxn the Bovine ThyroidNetwork the8maualaverageconcentration-neverexceededthe 1974
wereiacindsdinaeol_venationwidssur,ey fort_ml value of 16 pCi/8, la 1989, the avenge t_l concentration
d_ 1964 to 1969 (lkauer et al., 1974). The averase _ rose to 63 pCi/8. _ is due to one deer thyroid with a
concentrationin bovine thyroids from South Carolinaand concentrationof2,145pCi/8. Tbeaverasemncentrstioafor
C._ is 0_ pCi/g. Similarresultsareobservedineutem 1989 withoutthis thyroid is 11 pCi/8, which is consistent
Wuhingmn and mrtbeutem Orepn near the Hanford with l_evioes years.
nee.learfuel repr_ facility. Coacentrationsare at
least aa orderof masaitude lower in states thatare more The deer with the 2,145 pCi/g eoaceatrttioa had likely
distantfromSItS tad Haaferd. iallmed the nsl by coasumin8 waterand velptatioe from

the seepline for the m_ ma _ besins. The

la 1974, Si_ coaducteda preli_ uapublishedstudyof valueof 2,145 pCi/8 is _untilarto the maximummaceatnt-
nq _ in deer thyroids fromthe SItS site. The tioa of 3,700 IX_i/8reportedatthe Wat Valley auclearfuel
tverqe thyroidcon©eatratioawu 16pCi/& Resultsofdser repmcewin8 pbat in lqew York(Mttuseket al., 1974).

Table 4.6, Itadioiodinein uim, J thyroids

A=_.l DetectedCemmtnatt0._.J/p
, , ,fw,

' uq u.i
Numbm" '"

Year _ Type Avemlle Maximum Averqe Maximum

1954 3 imldl 103 142
1955 27 small 33 96

1956 60 small "" 7.1 x 10s
1957 .. *. "" 2.8 x 10s
1958 32 ** ** 680
1961 3 deer 135 190

34 man 120 . 655
3 cow "" 250

1962 7 deer + small 50 "*
1966 .0 cattle "" 785
1967 "" cattle "* 290
1968 *" cattle "" 41
1970 47 deer 30 93
1974 12 deer 16 91
1976 65 deer 150 670
1977 70 deer "* 410
1980 48 deer 6 9
1984 58 deer 15 210
1985 22 deer 4 31
1986 38 deer 2 $
1987 24 deer 3 16
1988 24 deer 3 20

1989 41 deer 63 2,145

•Concent_ioa un/tsare pCi per gramwet weight.
"'U_ inpublishedreports.
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Tl_ckapcerdesoib_tkekea_impac__wi_k_eto
r_ The enethodologyused to prodm:t dose es_ b presented.
Theresultsof tkedoseassesmsentfor radioiodinered--pore 19.T5to1989
aredL_ussed.

dosesare_megm_expressedin termsofrad(r_
dose).A dmeofoneradb equaltotkeabsorptionoflO0er&sof enersyper
gram of abax)rbing material _jsce one rad of obsoriw,d dosefrom different
tFpesof radiationcankavedifferentbiolo&icaleJlec_in_ theunitol
remwasdevelope&Remdoses,or moreprec_ly, doseequivalents,are
_d bymultiplyingr_do_bya_,_ l_r.The_'y /ac._p_aces
dosesonacommonscabofbiologicalelIea(carcino&enab)forall_ of
_g r_ The_ lac_r;brx.ray_gammarays,andbeta
pa_ b 1(one)._ in diecaseof internaldose,fromx-ray_gamma
rays,tmdbeta_ ot_ radis_ toonerem.

Theremis too largeto convenientlyreprexntdosesfromenvironmental
r_ Themillirem(,u,em),whichb oneone.tkoumnd_ofarem,isused
ford_purea_
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Relationshipof Doseto Riskand Health Effects
of humans to radiation increases the risk of cancer, geneticchanges,andfetal

abnommfities. Risk factom adopted by the EPA are used to assess the impact of
rsdioiodinereleasesfrom SRS.

Ionizing Radiation Asseen in the figure,, characteristicof stochasticrisks is
theabsenceof athreshold. Inotherwords,it is conceivable

Ionizingradiationisradiationthatstripetheelecuonsfrom that any dose of radiation, no matterhowsmall, mightgive
the matter through which it passes. The interactionof rise to a cancer. On the otherhand,thereis no way to be
ionizing radiationwith biolosical system can induce a certainthatagivendose, no matterhowlarge,Imscausedor
series of chemiml reactions that can cause permanent ultimatelywill cause 8 cancerin auindividual.
cimngmiu thegeneticmaterialof cells. Thesechanges
(mutations) may cause abnormalfunctioningwithinthecell
ormayleadto,:eHdeath. Cancer Risk Estimates

Thenatureofradistion-ind_:edcellularchangesisdepend- Themeetcomprehensiveestimatesofcancerinductionby
eat upon the magnitudeof thedoseandtherateatwhich itis exposureto ionizing radiationcome from m_dimof the
received. For the low doses anddme ratesencounteredin atomicbomb survivorsat Hiroshimaand Nasm, ki. Lm,
the envimmmU from SPS relusm, the most significant definitivestudiesincludetho_ of medicalpatientsexpoml
type of effect is cancerinduction, to therapeuticand diagnosticradiation°Studies of lalx_-

toryanim_ have increasedthe undemandingof dme.d-
'This is believedto be a stochasticeffect; in otherwords,an feetrelationships.The InternationalCommissionon Radio-
increasein dose increases the probabilityof the effect, but logicalProtection(ICRP)hsaevaluatedali of these studim
the severity of the effect is independentof the dose. An andconcludedthatthebest estimateof lifetimeriskof fatal
illustrationof this approachto the dose-responserelation- cancerfor membersof the general populationis approxi-
ship is providedin Figure5-1. mately500 cases per 1,000,000 pemon-rem(ICRP,1991).

This is equivalentto one caseper 2000 pemon-rem.

100 ......

$
] -

/

0 / ........ _lf,_,a2

IncreasingCollectiveDose
(person-rem)

Figure5-1

, , , , ,|
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Radioiodine Exposureand Doseto Humans
Stable iodine is sn essential trace constituent in the human body. The 8duit body
conm/nsanaverageof 0.011 Brains;inatypicaladult,appmxinu_ly 0.010 of the0.011
pm_ arein thethyroidKland.The thyroid,anendocrineglandinthe throatbelow the
hrynz, secretesiodine-besting hormones,which are_Jentiai formaintainingnormal
metabolismin MIbodycells.

Radiom_ve isotopesof iodine have the same biochemical returnedto the plasmapool msinorpnic iodide;therefore,
belmviot'in the humanbody as stableiodine, i.e., a large some iodine will be recycled to the thyroid. About 20
fractionof inta_ is foundinthethyroidBland.Radioiodine percentof the_81nic iodide is em_od in,be fece8. Mint
relemmdto the environmentfromthe mglear indum_ and of theinoqlaniciodineis exacted intheurine(ICRP,1989).
fromw_ tta, mn exist in • vsri_ of organic and
inor81nicforms. Humansm,cexposedto md/oiodinein the The turnoverrate(rateof depletion)of naturaliodine in the
environmentby inhalationand by ingestion of food and thyroid 81andand the rest of the body decreases with
water, increasin8ase u showninTable5-2. Thesebiokinetkdtta

are used in the ICRP model (ICRP, 1989) to cakulate
aSe-dependentinternaldlceesf=_mradioiodine.Aim _own

Distribution and Retention of Iodine inTsbleS-2are_mauesofthethymidmdbody

in the Human Body forvtrim

Essentially ali of rbe iod/ne thateaters the iunss and the
81strointestinaltractis assumed to be rapidlyabsorbedin Radiation Carcinogenesis of the
bodyfluids (ICRP, 1979;ICRP 1989). This assumption is Thyroid Gland (BEIR,1990)
band oa experiment, with mice, rat,, dop ,ml ,i_ep
0Hillazdud Bait, 1961; BMretM.,1963). in di tile poutps TheImm_le radiMosic81dmmtP to thethyroid818m:Ifrom
of hummm,;,_',hthe exception of newtmminfantsup to 5 hmmmexlmmreto mdioiodine mn manifemitself in the
days,thefrm:timUmmfmTedto thethyroidis 03. Frictional 6mn of immedimephysicaldmmp (cell death fromvery
uputke by the thyroid Illand of newborns is about 0.7, hi_doam)or__incidmoeofcs_er. Do,mhish
deediningto vMum,t or below thatotmervedfor _lults by enoughto mum immediatephysiml dmmqpwouldrarely
five days after birth (ICRP, 1989). Iodine thatdoes not be enmunteredexcept in the intentionalMminiRation of
mgh the thyroid is assumed to So directly to excretion radio_ae by medical practitiooemtor therapeuticpur-
OCRP,1979). poem. Of moreme.ra ,re mdios_c thyroid_-

tim tlm misht be mociated with uatmal uvimementd

Thethyroidxaretm orsaak: iodine inthefona of honnonm expmare f=om_ ud _n of food muiwater.
into the blind. The iodine is mmbolized in tiuum ud

Table S-Z Biokinetk dataandstsndardorsan mam_ formdioiodinedme cslculstiom
ilil i

i ! i

Zhyr eody" peld Body
,|1 i

3 mm 0.3 11.2 1.12 15 129 6,000

1 yr 0._ 15.0 1.50 20 1.78 9,800

5 ym 0.3 23.0 2.30 30 3.4.5 19,000

10 ym 0.3 58.0 5,80 70 7.93 32,000

15 ylm 03 67.0 6.70 80 12.40 55,000
Adult 0.3 80.0 12.00 91 20.00 70,000

li iii



An incnm,_ intddm_ of thyroid canow from kmizing of two exponeatials
md/ationhMbtam_ inanumbu of Ignmpmincluding
infants mqxmd to _¢ x-rays, hqpsnwe A-bomb
mrvivom, am/Marshall IMandm exlm_ to radiom_ve g(0 =Ae_u*_ + (1-A)e_°'_
falloutbom nuclear_ t_t,. StudimofthesBgroups

thatthegruuast mmmpdbiHtyto mdiation-induc_ wl_re
thyroidmnc_roccumduringinfancyandmuiychildhood--- R0) = _nal retentionin thethyroidglandu a function
_:ially dud_ the firmfive years. In _ individuals of time, t
exposedl_fom pubqgty,the tumomumudlydo notbecome A = initialuptakeby the thyroidgland
sppam_ until after sextttl maturation. The risk of T1 andT2 =observedhalf-timesforclearance
rad/afion-indm_ cancer in adultsis only one-half,or lem,
of thatin children. Femalesare roughly threetimesmore Retention data are largely determined _ ml whine
maitive thannudmto mdiogenicthyroidmm_r. 8-day mdiolo_ml half-life is too short to observe •

two-exponential clumge. For dmimetric _ a
Diapmtic pmcedurm to ev81uatethyroid function eom- sinile mean_ half-timeof 91 days forstableiodine
monly use ml. in one iarlie study of 3.5,000 people in adults has been adopted (ICRP 1989) to replace the
undergoingsuch tests, the mean thyroiddme was 50 rad. two-exponentialbiologicalhalf4imm. Valuesforotherale
The resultsof themudysuggestthat_ dosmof m I 8mapsare: 3 mo6tha-1Sdaya,1year. 20 days,$ yearn-30
do not s/gnificantly_ the risk of thyroidcancer, daya, 10 years - 70 days, and I$ yearn- 80 daya. These

apparenthatf4/mes were und to calculate the biolos/cal
Aeeepted criteria for the definitionsofvariowtypesof half4imesshowninTable 5-2. in weviow ICRPinternal
thyroid neoplasms have been developed and pmmulsated dose calculations (ICRP, 1979), a biological half-timeof
by the World Health OrsanizatiotL This _ 120 days was assumedfor theadultthyroid.
system d/videa thyroid csnceminto follicular, papillary,
squamowcell,undiffemnthtuxl(utphatic), andmedullary The newertp-wecific intenuddoeebctmsin ICRP1989
types. Medical studim have indicated thst radiogenic reweaentdosecommitmentsfromtl_ ageof intakeuntilage
thyroidcance8 aregenerally papillary8rowtha;relatively 70. Thus,theintegratingperiodvarieswitheachase Stoup.
few arefollicularor mixed pathology. Radiogenicthyroid However,aliradioiodineimtopesareeffectivelyeliminated
cancercauses deathin enly about 10 percentof ali case_ bom the bodyin periodsrangi_ froma few days to a few
"l'nemorenudignanttypesof thyroidcancershavenotbeen yumt afterintake.
foundto _ve a ngliopnic origin.

The iodinedose couvemionfactomuaedinthelate 198(kby
DOE werecalculatedwith1979 ICRP methodology. A

Iodine Dosimetry mint-mortofmow withmedumadmUd.ms
1989 ICRP methodologyis shown in Table5-3.

The inhalttion andingestion of ali common compoundsof
radioiodineresults in 100 percenttransferinto the blood. The ICRP1989internaldose factorsforadultsin Table5-3
Approximately30 percentoftheintake_ to the arelowerthaneorrmpoudingDOE 1988 dcee ftctom.
thyroid,exceptin newborninfants. The ICRP(ICRP,1989) diHerenceis theresultoftheshorterbiologicalhalf-lifeused
has adopted a three-compartmentmodel to describe the in ICRP1989. The diHereacmareamMlfor isotopeswith
biokinetics of iodine after entry into the blood. The shortradiologicalhalf-Hves(1311andml), butmoresisaifi-
com?mments are(1) blood, (2) thyroid,and(3) restof the cantfor the long-lived 1ni.
body.

ICRP 1989limiteditsconsiderationof ap.41ependentdose
This model allows for recycling of radioiodinereleased _tors to the most radiologicalIys/gnifimnt imtopm that
from the thyroidin the formof organiciodine compounds mightbe mlmmd to theenvimamentdue to varioushuman
0mrmonm). The mmideration of recycling is only activifiee. Thus, ase-dependentICRP 1989 dose factors
necessaryfor ions-lived isotopes of iodine. Becauseiodine were only providedfor three radio_ of iodine:
is recycled through the thyroid, monitoringthe glandaf_ ml, and mL q['mDOE dme factors include ali
an intakeofradioiodinewillnotrevealasinsJe exponential immpeswithradiolosjcalImlf-livmlongmmughto resultin
clearance,butwouldbeapproximatelydescribedbythesum asisnifieant internaldose;DOE dme faetom arelimitedto

adults.

mlJt.m_
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TablkeS-3. Internaldme _ foriodine_

Dose Fair, mrem/pCI
HHI, ,

Radlo-

Lmmpe Falr.IIfe Group Mode EDE* Wall Thyroid ...... _ Reference .....

ml 60.14 d adult ingestioa 3.8 x 10es - 1.3 x IIYm - DOE 1988
adult inhalation 2.4 x 10"m - 8.1 x 10_ - DOE 1988

_ml 13.02 d adult ingestion 7.1 x llY°s - 2.4 x 10m - DOE 1988
adult inhalation 4.3 x 10"m - 1.4 x 10a3 - DOE 1988

_aq 24.99m adult ingestion 8.5x 10e' 1.2x 10_ 4.1x 10"°4 - DOE1988
adult inhalation 4.5 x 104= 1.2 x 104n 2.0 x 104n 2.7 x 104n DOE 1988

nsf 1.57 x 107y 3 mos inSeld3on 4.1 x I0_ 4.4 x IIYm 1.4 x I0m - ICRP1989
inhalation 2.6 x 10_ 1.1 x IIYm 8.5 x IIYm 8.1 x 10an ICRP1989

I yr ingestion 4.8 x 10_ 2.6 x I04m 1.6 x 104u - ICRP1989
inhalation 3.0 x 104N 6.7 x 10an 1.0 x llYm 1.3 x 104m ICRP1989

5 )'rs ingestion 3.7 x 10_ 1.4 x IIYm 1.3 x IIYm - ICRP1989
inhalation 2.4 x 10_ 4.1 x 104n 8.1 x 10au 7.8 x 10an ICRP1989

10 3vm ingestion 4.1 x 10_ 1.0 x 10°. 1.4 x 10_ - ICRP1989
iuhalation 2.7 x 10_ 3.7 x 104r; 8.9 x 104n 8.5 x 104n ICRP1989

15 ym ingestion 3.1 x 10"°' 7.0 x l0 an 1.0 x 104u - ICRP1989
inhalation 2.0 x 104N 2.6 x 104n 6.7 x 10m 4.8 x l0 an ICRP 1989

adult ingestion 2.4 x 10_ 7.4 x 104n 7.8 x 10es -- ICRP1989
ingestion 2.8 x 10_ - 9.3 x 104u - DOE 1988
inhalation 1.5 x 10_ 3.1 x 104_ 4.8 x 10_ 5.9 x 104n ICRP1989
inhalation 1.8 x 104N - 5.9 x 104s - DOE 1988

1_ 12.36 h adult ingestion 4.3 x 104_ - 1.4 x 10es - DOE 1988
inhalation 2.5 x 10aN - 7.4 x llYm 2.2 x IIYm DOE 1988

1_I 8.04 d 3 mos ingestion 4.1 x 10_ 1.3 x 104e 1.4 x 10az - ICRP1989
inhalation 2.6 x 10_ 2.8 x llYm 8.5 x 10m 3.3 x IIYm ICRP1989

1 yr ingestion 4.1 x 104N 7.4 x 10_ 1.3 x llYm - ICRP1989
inhalation 2.5 x 104N 1.7 x 104_ 8.1 x 10au 2.4 x 10_ ICRP 1989

5 ym ingestion 2.3 x 10_ 3.6 x IIYm 7.8 x 10m - ICRP1989
inhalation 1.4 x 10es 8.9 x 104_ 4.8 x 104u 1.4 x llYm ICRP1989

I0 ym ingemJm 1.2 x I0 _ 2.1 x IIYm 4.1 x IIYm - ICRP1989
inhalatim 7.4 x IIYm 5.2 x 104n 2.4 x 10au 8.9 x I04n ICRP1989

15 ym ingestion 7.8 x 104e 1.4 x 10_ 2.6 x 10_ - ICRP 1989
inludafion 4.8 x 10es 3.4 x 10_ 1.6 x llYm 5.2 x 10an ICRP1989

adult ingestion 4.8 x 10es 1.1 x IIYm 1.6 x 10au - ICRP1989
ingestion 5.3 x llYes - 1.8 x 104u - DOE 1988
inhalation 3.0 x 10es 2.6 x 10an 1.0 x llYm 4.4 x 10_ ICRP 1989
inhalation 3.2 x 10es - 1.1 x 104B - DOE 1988

*EDE =effective dose equivalent.



Table S-3. Internaldme lack ;_ eoriodine imtopes (continued)

i

Factor, mrem/pCl
Radio-

At, Stoum
Isotope Half-life Group Mode EDE* Wall Thyroid Lamp Reference

1hl 2.3 h 3 mm insmtim 7.0 x 10"u 2.5 x 10m 1.5 x 10_ - ICRP1989
inhalation 3.7 x 104_ 3.7 x 10_ 6.7 x 10m 1.1 x 10'N ICRP1989

1 yr ingmtion 5.6 x 104* 1.4 x 10_e 1.3 x 104N - ICRP1989
inhalation 3.0 x 10m 2.1 x 10"u 5.9 x 10m 7.4 x 10m ICRP 1989

5 yrs ingeJoa 2.8 x 10_ 7.0 x 10"e* 7.0 x 10m - ICRP1989
inhalation 1.6 x 10_ 1.1 x 104* 3.2 x 10m 3.7 x 10m ICRP1989

10 yrs ingmtion 1.4 x 104* 4.1 x 10'm 3.1 x 104e - ICRP.1989
inhalation 8.1 x 10m 6.7 x 10m 1.4 x 104e 2.5 x 10m ICRP1989

15 yrs insmtion 9.3 x 10m 3.0 x 10_ 2.1 x 10m - ICRP1989
inhalation 5.6 x 10m 4.4 x 10m 9.3 x 10_ 1.6 x 10m ICRP1989

adult ingestion 6.3 x 10_ 2.3 x 10_ 1.3 x 10m - ICRP1989
ingation 1.0 x 10_ 2.3 x 10_ 1.4 x 10_ - DOE 1988
inhalation 3.7 x 10m 3.6 x 10_ 5.9 x 104. 1.3 x 10m ICRP1989
inhalation 3.3 x 10m 3.7 x 10m 6.3 x 10_ 1.0 x 10_ DOE 1988

l_el 20.8 h adult ingestion 1.0 x 10m - 3.4 x 10_ - DOE 1988
inhalation 5.4 x 10et - 1.8 x 10_ - DOE 1988

SUl 52.6 m adult ingeation 1.9 x 10m 2.0 x 10_ 2.3 x 10_ - DOE 1988
inhalation 1.1 x 10m 2.6 x 10m 1.1 x l0_ 5.2 x 10m DOE 1988

S_el 6.61 h adult _ 2.0 x 10_ - 6.7 x 104e - DOE 1988
inhalation 1.1 x 10_ - 3.1 x 104e 1.6 x 10_ DOE 1988

*EDE= effective do_ equivalent

The ICRP 1989 inhalationdosefactors shown in Table5-3 libraries. The librariescontain radionuclid_sp_ific and
were calculated from the lung model of ICRP 1979. The expo_re pathway-specificfactorsthate_ thef_)-year
lungmodeldoes notmakeanyallowanceforage.dependent committeddose thatwould rmultfrom _ intakeof a unit
changes in deposition or cle.anmceof inhaled material, quantityof radioactivity.
_aerefore, the age-dependentinlmlationdcta faz:torsin the
tableareconsideredto be interimvalues. Anaqle-depenclent 13oa_ to the of/site population from SPS rudioiocline
lung model for inlmhttiondma being developedby ICRP relenue, as pmunted laterin thiachapter,were calculated
was notyet availablefor use in thiarepmt, using both the DOE 1988 and the ICRP 1989 dme

convention factom (Table 5-3). The diacuuion of the

To calculate _ eommitted dme equivalent to specific results, however, focuses oa the dme mtimtm generated
organsandthe,committedeffectivedme equivalent(CEDE) with theDOE dme factorsbecausetheyaregenerallyhigher
to an individual, gRS dme codes access dose factor and, therefore,moreconurvative.

mlSAIOg
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Modelsof RadioiodineTransportand Dose
Coamatmfions of SPS radiolodinein theoffsite environmentu of the late 1980e are m
low thatthey arenot detectableby conventionalnmnitodng technique,. Therefore,
radiationdoses to offaiteindividualsandpopulationsarecalculatedwithmathematical
models. These models use knowntransportmechanismsfor atmosphericand liquid
mim andknownmajorIxlthwayaof exposureto humans.Modeledatmosphericand
aqueous dispersion are periodically verified _Ln8 environmentalmeasurementsof
_tium releasedduringnormalSRS operations.

Calculafional Models condition, continuodyateishtmeteo logi
towers,oneof whichis ot_te. The towm relaywindspeed

The firmmodels used at SPSfor calculatingoff_iw_ mid directionlM atmoq_lmrk:mbility i_onmuioa at
were developed at Sill (Cooper, 1975). These models, fivHemnd inte.rvalato SPA. throughthe WIND (Weather
MREM (atmmpherk: releases) and RIVDOSE (liquid Informmionand Display) system. A dm base of this
releases), were first used in 1972. In 1982 MREMand informationcontainingthe60-minuteaverap vMuesforthe
RIVDOSE were replaced with nmretechnologically sd- period1982 - 1986 is accessed by the dispersioncode to
rantedmodels, determines/te-specificatmosphericdispemioncham_ris-

tics.
SitS annual offmte drumwere calculatedwith the trmmport
and doee models developed for the commercialn_lear The dispemlon of an atumephedc release from SitS is
industry(NRC, 19778; NRC, 1977b). The models were modeledusing XOQDOQ,which compute, coeeenuatlons
implementedat SPS in thefollowing computerprograms: in the plume u a function of downwind distance and

compnss sector. At the user's eptim, the phme can be
Almmphe_ _leasee depleteddee to drydepmitioeormdim,:eve decay. Aim at

the user's option,plume concentrationscan be reducedby
• MAXIGASP: calculates maximumandaveragedoses takinginto accountthe upwarddisplacementof theplume

to offaiteindividuals remdtin8from thermi buoyancy or momentum effects.
• POPGASP:cak:ulatesoffaite population¢kmee 'Ibisoptionis notusedtt SRS--ao creditis takenforplume

rise.

LiquidReleases
'l"neplumeconcentrationinformmionllenemt_ by XOQ-

• LADTAPH: calculatesmaximumandavemsedoaesto DOQ is thenusedby thedoee modelingpropam GASPAR
offsite individualsas well as doses to offsite popula- to estimate doses lo offsite individuals and populations.
tions

Direct P.ad_tk_

MAXIGASPandPOPGASPareSRI-modified versionsof
the Nuclear Resulatory Commission (NRC) prosrams .....
XOQDOO(s endorfet 1982)tu/GASPAt
man et81.,1980). The modificationsweremadetomeet the
requirementsforinputof physicalandbiologicaldatawhich
8re.specific to the SRS. The basiccalculations in the
XOQDOQandGASPARprosramshavenotbeenmodified.
LADTAPII (Simpsonand McGill, 1980)is an essentially lt
umdteredversion of the NRC code of the same name. !

Modeling Atmospheric Dispersion of

Radioactive Releases FISure S-2. Simplified P_dhwaysto Humansfrom

The routineatmoepherk:transportof rlutioactivematenala RadioactiveMaterialsP,eleased to the
from SPS is evtluated ou the _ of metemological Almmphem

I III lm li l
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GASPAR mtimatm drum from a number of pathways 8round-levelairconcentrationsand50-yrcommitteddoses
which are illustratedin • generalsenae in Figure5-2. ata numberof pointsalongthe site boundaryin each of 16

compasssectom.
The doses estimated by GASPAR are reported on a
pathway-specificbasis M follows: Themainoutputsfronttheprogramarethemaximumdme

equivalentsto an individualalong the SPS perimeter. The
• Plume -external dose from radioactive materials maximally-expmedindividualkusumedtoresidecontinu.

suspendedin theatlaosphere outly atthe locationof hishest exlmsureandto have living
• Groead - externtl dose from radioactive materials andeating habitsthat_ his dme. These amemp.

depm/tedon theground tiom provide • milin8 on doses from atmosphericreleases
• Inhalation-internaldmefrominhalationof radioactive as no such individualis believedto exist.

natedals presentin the plume
• Vegetation - internal dose from consumption of Tee parametemused to calculatedoses with MAXIGASP

contaminatedcrops arepresentedinTable 5-4.
• Milk - inumml do_ from consumption of milk

pmduoedin acoalam/Mted area PO/_ASP. The calculations requiredby XOQDOQ and
• Meat - intemtl dme from consumption of meat GASPAR to estimate populationdoses from atmmpheri¢

pmduc_ in acontaminatedarea relmum6areperformed at SRS umingPOPGASP.POPGASP
mkndatm annual averageground-levelair mnmntrttiom

The_ ofmodelingtheeoneenUafionofradioa_vity and annual doses f_ each of 160regiou (16 winddirection
u it movm throughthese pathwaysis fairlyeonsistemfrom seetom at 10 distsm:_ pm"uctor) within au SO-kilometer
nuiionucHdeto radionuclide.Thereis,however,a amewor- radius of the releaselocation.
thymodificationmadeforradioiodine.Fordme purposesit
is assumed thatali of the radioiodinedepositedon vegeta- in addition to mmpau sector-specific _logiml
tion is retainedby the vegetation. This differs from the information,POPGASPusessectaf-specific dataon polm-
retentionfractionof 0.2thatis used formainother laliondisuibutionandmmpmifion.Comparable data on
radionuclides, milk,meat,andvegetable productionandconsumptionsre

also used in thecode. These databasesarequiteextensive

MAX/GASP. The calculationsrequiredby XC)QDOQand mhdare available for res/ew in the SRS env/romaentad
GASPAR to est/mate maximum aud averase individual reportspeblkhed annually. With respect to the human
doses are performedat SPS =ing the computerprogram pmametemusedin POPGASP,the key values me shownin
MAXIGASP. MAXIGASP calculates anneal averase TableS-4.

un II II inm l umm l ni , in l l
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Table S-4. Site- aral_ Imamemz foratmmphe_ releum
ii ii

Age Dbtrlbution, %

Population Group Size Children Teen Adult
li i lr i

_ radius 555,1_ 18.6 11.1 70.3
emma* ml* m m m a _mm* m _ m maim _ *mmm _mn m 1mm* m mmm* *mim _im* _mm m m m mama,

Maximmm Individual (MAXIGASP)
mi

Exposm Pathway Infant _ Tees Adult
i iiilll i |1 i

Cow',MiA(t_) 33o 33o 40o 310
Meat(ks/yr) o 41 65 11o

ve_les _) 0 26 42 64
Fruits,gna_ms ott_ 0 s20 630 s20
vesmbla(kWyr)

_ 0.7 0.7 0.7 0.7
Tmnmimion facte¢

builmap

immw _ m a main m _ mu' g m i i _im* _ m m g m Imam _ m m _

General Population (POPGP.._P)

Exposure Pathway Infant Child Tees Adult t| t

Inhalation (m3/yr) 1,400 3,7_ _ &_

_emon
_w's _ _) 170 1_ _ 110
Meat(kg/yr) 0 37 59

venire _) 0 10 _ 3O
Fruits,gndnsandother 0 2oo 24o 190
vegetables _)

exposure 0.5 0.5 0.5 0.5
_on
forshielding
_dinp

Modeling Doses from Liquid Releases • Sporefishandcommm_ fish. internaldme from
cmmmin8 fish of SavannahRiverorisie

The consequencesof'liquidreleasesf_omSPS aremodeled • Saltwaterinvertebmm- internaldme fTomconmmins
usingLADTAP II.The potentialpathwaysofexposure shellfishbom estuariesoftheSavannahRiver
._'omliquidreleasestotheenvironmentareshown inFigu_ • _n - e_ _ _ _m _ties in
_3. _ pathwsy_ drum calculatedby __ andMongtheSavannshRiver(bostinl_swimming,mul
aregroupedinto the fo_8 five _fies: __ activities)

• _i¢ _ water- internaldosefzom consuming
water of Savannah_ver o_

II II1|1
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m ,

I.Am'AP mimmm individual and populaeon drum at
t,,s,mm specific downstreamlocations. The only removalmedm-

nism includedin the tmnstxmmodel u it is used atSitS is
radioactivedecay. No credit is taken for admrption of
radioiodineoa streamsediments.

The major assumption inherent in the application of
LADTAPto SL'; releasesis thatliquiddischargesundergo
complete mixing iu the SavannahRiver before rew.hing
potentially eXlXmd populations. This usuml_n is
supportedby _ tritiummeasurementsindicati_ that
completemixing occursht the fiverbetweentheSitS and
the Highway3Olnmplins ration (Cumm_ et ,1., 1990m).

LADTAPHgeneratesmaximumindividualandpopulation
dm_ forali of theexposurepathwaysidentifiedpreviously.

ml_,_ Thoughstandardinputvaluw areprovidedin L,ADTAPII,
Figure S--3. SimplifiedPathwaysto HumansfromRa- SItScalculationsme performedwithsite4pecific infomm.

diosctive MaterialsReleasedto Surfaceor tim to the extent that it is available. Sumnmrytables of
GrmmdWaters principalinputvalues used in the SItS version of LAD-

TAPI1areshown inTable 5-5.

• Irrigation- internaldme fromfoodsproducedby irriga-
tionwithSavannahRiverwater(thereareno knownus-
eraofthefiv¢_for this purpose)

_IJJg_
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Table S-_ Site- andaSe-spec_ lmmmetm for liquidreleases
|li i

Maxhnum Individual Dose Assessments (I,AJ)TAP ID

li i

li

SavannahRiverflow meamuedaverageor 170

TransittimefromSPS to 24
Savunab River,Iu'

Shore width factor 0.2

numum i _ i i emmmm imam _ _ qmemm mmmm emmm mmme i esrom _ _ m mmmm i mim e _ ,mural emmm

Maxhnum Indlvlidual('_
i

Human Psrsmek_ Infhnt _ Teen Adult
i

WatermnsumlXtion(LJyr) 260(330) 260(510) 260(510) 370(730)
Fish consumption0qp'yr) 0 11.2 2.5.9 34
Shell fish consumption(kgJyr) 0 1.7 3.8 5
ba=tion (pmou-hr/yr)
Shorelineactivities 0 14 67 20
Swimming 0 10 10 10
Bolting 0 60 60 60

(°) "l'nevalues in parentheses are EPA pammetem mandated for use when calculating maximum individual doses
to Beaufort-Jasper and Port Wentworth water users.

| i i i i|
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Tabh _.& Sit_ wd qp-sptcific pm'nmmm_for liquidreleases (mtaima_

PopulatlomDo_ Am_muta 0L,ADTAPID

Param_
i

Savannah Rivet'flow rste, m3/s measuredaverageor 280
Trans/ttimefrom SPS to 24
SavsnnahRiver, br

Tmns/ttime bom SPS to "/2
waterumanmmtplant,hr

_ timein w_ 24
matnma systm, hr

Sho_ width factor O2
Rivu' dilmiou iu em_u.y 3
Xqum_food,urvm(ks/p)

fmh 103,'_00
Commercialfish 31,800
Salt waterinv_ 299,400

euman eumm .tamm. enmm, .mnm emma, emum ural eaumm m m amino em,,,mt m .tamm e_l aumm .mmsu _emn mum _mm mum emmi, m emum,

ASe DJstrl_aoe, %

PopulmtioaGroup Slm Chad Tee,, Adult "

80-kmradius 555,100 18.6 "' 11.1 70.3 "
Beaufort-Jasperw_e_,_':_,_m 51,000 21.0 10.0 69.0
Port Wentworth we_.x users 20,000 0.0 0.0 100.0
m esmD emm. I ._. s s mm, mim s I u s mum I s s ,snm i s s mmm I 1mm mmm

Avm_e iadb/dmd
i i

Humu Pm'ameta5 Infant Child Tees Adult
i '_ iii

Watercomumptiou(t,_) 2,,O 260 26O 3'70
emh_ (keyyr) 0 3.6 s.s 11.3
Shell fah e_Mnption (ks/yr) 0 0.33 0.7_; 1.0

,stoma, m tamm _ m smmm m m m m mires m ,lm, _ m mwm m m .msre. m m ,smmm m

Humu Pm'smeten 80-km Populstiou

Recreation(l_n,on-hr/_)
Shoreline activities 108,400
Swimmmg 8,465
so_s 232,ooo

5-12 m.m._



Tail_e5-6. Maximumindividualdosesfromatmosphericreleasesof '2'1(1955- 1989)
-- ICRP30 ICRPSb ICRP56 ICRP56 ICRP56

Releases Adult 13qme(revere) Adult Dose (torero) Teen Dose(torero) Child Dose (torero) Infant Dose (torero)
Year (wrleJ) k'DE ]lt_/_id "E])tE Thyroid EDE Th_'old "I-DIE " "lrhyroid EDE Th_oid

1955 2.12 x 10'_ 2.18 x IOOt 7.21 !.87 x l0a* 6.04 2.80 x IOOl 8.95 2.69 x l0"el 9.43 5.58 x 10_ 1.83
1956 2.12 x 10"_ 2.18 x i0 ot 7.21 1.87 x 10"°* 6.04 2.80 x l0"el 8.95 2.69 x IOO_ 9.43 5.58 x 10"_ 1.83
1957 2.12 x 10"m 2.18 x IOOt 7.21 1.8'7x i0 ot 6.04 2.80 x l0el 8.95 2.69 x 10.°l 9.43 5.58 x IOO2 1.83
1958 2.12 x 10_ 2.18 x i0"e* 7.21 1.87 x l0 "el 6.04 2.80 x l0 "el 8.95 2.69 x IOOt 9.43 5.58 x 10_ 1.83
19_ 2.12x 10"_ 2.18x 104n 7.21 1.87x 10"_ 6.04 2.80x IOOt 8.95 2.69x IOOt 9.43 5.58x 10m 1.83
1960 2.12 x IOOt 2.18 x 10"_ 7.21 ' 87 x 10"m 6.04 2.80 x IOOt 8.95 2.69 x 10"_ 9.43 5.58 x 104u 1.83
1961 2.12 x 10'_ 2.18 x 10_ 7.21 1._7 x 10_ 6.04 2.80 x 10"m 8.95 2.69 x i0 "m 9.43 5.58 x 10_ 1.83
1962 2.12 x 10"_ 2.18 x 104_ 7.21 i.87 x 10"_ 6.04 2.80 _ IOO' 8.95 2.69 x IOOj 9A3 5.58 x 10"m 1.83
1963 2.12 x 104u 2.18 x 10"_ 7.21 1.87 x 10"e 6.04 2.8_ x IOOt 8.95 2.69 x 104_ 9.43 5.58 x 104u 1.83
1964 2.12 x 104a 2.18 x 104n 7.21 1.87 x IOO_ 6.04 2.80 x IOO_ 8.95 2.69 x 104n 9A3 5.58 x 10"m 1.83
1965 2.12 z 10'_ 2.18 x 10"_ 7.21 1.87 x 104j 6.04 2.80 x 104_ 8.95 2.69 x 104_ 9.43 5.58 x l0"ce 1,83
1.q66 2.12 a i04a 2.18 x 10'4u 7.21 1.87 x 10"_ 6.04 2.80 x 10_ 8.95 2.69 x 10_ 9.43 5.58 x 104u 1.83
1967 2.12 x 104R 2.18 x 10_ 7.21 !.87 x 104_ 6.04 2.80 x 104u 8.95 2.69 x 10"a 9.43 5.58 x 104u 1.83
1968 2.12 x 10"m 2.18 x I04u 7.21 1.87x 10"_ 6.04 2.80 x IOOt 8.95 2.69 x IOOt 9.43 5.58 x 104u !.83
1969 2.12 x 10'_ 2.18 x 104n 7.21 !.87 x 10_ 6.04 2.80 x 10"_ 8.95 2.69 x I04n 9.43 5.58 x 10'4u !.83
19"/0 2.12 x 10'4u 2.18 x i04u 7.21 1.87 x 104t 6.04 2.80 x i0a 8.95 2.69 x 10"u 9.43 5.58 x 10at 1.83
1971 2.12 x 104_ 2.18 x 10"a 7.21 1.87x IOOt 6.04 2.80 x 10"_ 8.95 2.69 x 104n 9.43 5.58 x 10'4u 1,83
1972 2.12 • 10_ 2.18 x 10'_ 7.21 1.87 x 10_ 6.04 2.80 x 10"_ 8.95 2.69 x I0a 9.43 5.58 x 104u 1.83
1973 2.12 x 10"u 2.18 • IOOt 7.21 i.87 • IOO* b._.._ 2.80 x 10"_ 8.95 2.69 • 10"a 9.43 5.58 x 10"m 1.83
1974 1.70 • 10"u 1.75 • 10a 5,78 1.50 x l0_ 4.85 2.24 X |04_ 7.17 2.16 X10"_ 7.57 4.47 x 104_ 1.47
1975 !.40 x 104u 1.44 x 10'4a 4.76 i.23 X104* 3.99 1.85x 10_ 5.91 1.78 x IOO_ 6.23 3.68 x 104a 1.21
1976 i.50 • 10"u 1.55XI0"a 5.10 1.32 x 104n 4.28 1.98 x 104u 6.33 1.91 • 10a 6.68 3.95 x 104u 1.30
1977 1.40• 10"e i.44• !0a 4.76 1.23x 10"_ 3.99 !.85• 104a 5.91 1.78X 10'a 6.23 3.68X 10'4u 1.21
19711 1.30 • ioot 1.34 X10a 4.42 1.14 x 10"e 3.71 1.72 X10"a 5.49 1.65 X10"_ 5.79 3.42 X104u 1.12
1979 1.30 • 10"u 1.34 X104a 4A2 1.14 x 10a 3.71 1.72 x 10"_ 5.49 1.65 x 104* 5.79 3.42 x 104u !.12
19_0 1.150x 104t 1.65x I0a 5.44 1.41 • 104t 4..56 2.11 x 10"a 6.75 2.03 x 10_u 7.12 4.21 x !04u !.38
lg_l 1.60x l0 ut 1.65 x I0a_ 5.44 1.41 x I0a 4.56 2.11 x 104t 6.75 2..03 • 10a 7.12 4.21 x 10'4u 1.38
1982 5,90• 104u 6.08x !04u 2.01 5.19x 104a 1.68 7.79x 10'4u 2.49 7A.9x 104u 2.63 1.55x 10'4u 0.51
1983 4.10 x 104u 4.22 x 10"_ !.39 3.61 x 104= 1.17 5.41 x 10'm !.73 5.21 x 104a 1.82 1._ x 104u 0.35
1964 3.54 x 104u 3.65 • 10a_ 1.20 3.12 • 10"u 1.01 4.67 x 10'4u 1.49 4.50 • 104u 1.58 9.31 x !04n 0.31
1985 6-50 x I04u 6.70 x 104n 2.21 5.72 x 10'4u 1.85 8.58 x 104u 2.74 8.26 • 104n 2.89 1.71 x 10'm 0.-56
1906 8.70x 104* 8.96x IOm 2.96 7_6x 10"m 2.48 i.15• 104_ 3.67 1.10x 104_ 3.87 2.29x 104u 0.75
1987 7,20 a 104u 7A2 x 104* 2.45 6.34 x 104a 2.05 9.50 x 104u 3.04 9.14 x 104a 3.20 1.89 x I04u 0.62
1988 630 • 104u 6.49 • I0 m 2.14 5.54x 104u 1.80 8.32x 104u 2.66 8.00• i(Ym 2.80 I _6 x 104m 0..54
1989 5.19 • 10_ 5.35 x 10_ 1.76 4.57 x 104u lA8 6.85 x 10_ 2.19 6.59 x i0 a 2.31 1.36x 10"m 0AS

Total 5.67 5.85 1.94 x I_ 5.00 1.62 x 10_ NI._ NIA N/A

DO_ for 1955 dm3ush1973 reflect Imuai iv,.'rl_ retemes for this pemd. m.m_,
IF.DE- eifcc_ dme cqmvs_mt
N/& n_m I_ Ira_I_t m iadividu_ cot_l ._, hJweRmaia_l ia d_ _ ip_upIhmul_ _ 3_y_ _ _.

m
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Talo_e5-7. _,laximumi ldividualdosesfrom atmosphericrelea_s of '3'1#1955• 1989)
ICRP30 iCRP56 ICRP S5 ICRP 5G ICRP 5G

Relemet ,t4hdt_ (torero) ,kduh Doe (m,.e.m} Teen _ (m,'em) C'h_ Dose (ewe'm) Infant [)o0e (torero)
vm, (¢_,,_) "mt..... _ toe _o_d' me .... x_,.o_d =C_ _oU e_
1935 6.92 x 10el 7.I3 x 10'm 2.42x 10e_ 6A6 x 1(7e_ 2.15x 10ez 9.34x I0 "el 3.10x 10D' 1.99 6.75 x 10e_ !.99 6.31 x 10e_
1956 1.58x 10m !.63x !0m 5.31x 11_ 1.47x lO°1 4.F19x !0m 2.13x lOe' 7.06 x I0 _ 4.55 x I0°1 1.54x 10_ 4.54 x I_' !.44 x lO_
1957 2.92 x I0m 3.01 1.02x l0 n 2.73 9.05x 10m 3.94 1.31x I(_ 8.41 2.85 x 10m 8.41 2.66 x 10m
1958 1.99x I0_ 2.05 x I0 "m 6.96 1.86_ lOot 6.18 2.69x 10"m 8.93 5.74x I0 m 1.95x I0e_ 5.74x I0"m 1.82x I0at
1959 !.62 x I0= i.67 3.66x I0e_ 131 3.03x lO°1 2.19 7.26x I0°1 4.67 !.58 x 1on 4.67 1.48x I0_
1960 7.03 7.24 x 10'4n 2.45 6.37 x 1040 2,18 9.49 x i0m 3.15 2.02 x l0 am 6.86 2`02 x 10"m 6.41
1961 1.62x 10m 1.67 5.65x 10o* i.51 5.02x 10°j 2.19 7.25x 10°1 4.66 1.58x 10m 4.66 1.48x 10m
1962 1.66 x 10°1 1.71 x 10"_ _.81 !.35 x 10"m 5.16 2.25 x 10= 7.45 4.79 x 10'm 1.62 x 10el 4.79 x 10'_ !.52 x 10ml
1963 4.82 4._ x lO'_ i.68 4.50 x 10'm 1.49 6`51 x 10"m 2.16 1.39x 10'4n 4.71 !.39 x 10'or 4.40
1964 1.16 x 10m 1.20x 10_ 4.05 !._ x l0'am 3.50 1.57x lC.,"n 5.20 3.34x lOam 1.13 x 10m 3.34 x 10"m 1.05x 10as
1965 !.81 x 10m 1.86 x 10'l 6.31 1.69 x 10'm 3.50 2.44 x IO4_ 8.09 5.20 x I&'m i.76 x 10m 5.20 x 104n i.65 x l0 n
1966 3.16x!0 m 3.26x10 'l 1.10x!0 m 2.95x!0 'm 9.80 4.27x10 _ 1.42x!0 m 9.11x104n 3.09xl0 m 9.11xi0 "m 2.88x!0 m'
1967 2.01 x 10m 2.07 x 104_ 7.01 1.85 x 104n 6.23 2.71 x 10"m 9.00 3.79 x 104* !.96 x 10m 5.79 x 104_ 1.83 x 10m
19_ 2.21 x I0m 2.28x 10"u 7.72 2.07 x 104. 6.86 2.99x !0_ 9.91 6.37x I0 m 2.16x I0 m 6.37x I048 2.02 T 10m
1969 3.60 x 10m 3.70x I0 _ 1.25x I0 _ 3.36 x I(Y"_ 1.11x 10'1 4,s]3x i0 "u 1.61x !0_ !.04 3.51x I0 _ l.Oi 32,8x i0m
1970 3.4,1xi0 m 3.54x10 "m 1.20xlOm 3,21x10" 1.07xlOm 4.64x104n 1.54x!0 m 9.90x!0 m 3.35x10 m 9.90x104n 3.13x!0 _
1971 2.66 x 10m 2.74 x 104_ 9.29 2.49 x 10a 8.25 3.59 x 10"m 1.19 x 1(3'_ 7.67 x 10"m 2.60 x 10m 7.67 x 104n 2A3 x 10m
1972 2.74 2`82x 104a 9.57x 10'4' 2.56x I0 'm 8.50x l0'a* 3.70x 10"a 1.23 7.90x 10'4u 2.68 7.90x 10"m 2.50
1973 I.I!6 1.91• 10"_ 6.48 x i0 'm 1.73 x 10'a 3.75 x 10'_ 2..51x 10"m 8.31 x 10'm 3.34 x I0m 1.81 5.34 x 10"m !.69
1974 1.91 !.97 x 104_ 6.68 • I0'_ i.79 x I0m 5.93 x 104* 2.58 x 10"m 8.57 x I0'm 5.51 x I04u 1.87 3.51 x 10'm !.75
1975 1.23x!0 m 1.27x!0 "u 4.31x104u i.13xlO "_ 3.83x!04u !.67x10 "e 5.33x10 al 3.56x10 ae l.-21xlO 41 3.56"104e 1.13xlO 4
1976 1.53x 10_ 1.60x IO_ 5A3 • I0_ IA_ • I0 _ 4.82 x 104e 2,!0 x IO4* 6.96 x 104m 4A8 x IOm !.32• IO_ 4.48 x 104_ lA2 x 10_
1977 6`09 x 10"m 6.27 x 10'_ 2.12 x 104u 3,69 • 10'm i.89 x 104 8.22 x l0 'au 2.73 • 10'm I.TS x 104o 5.94 x !04u 133 x 104o 3.33 • 10"m
1978 6.54•10 _s 6.74x!0 'au 2,28xl0 'm 6.llxlO 4u 2.03•104o 8.83x10 "_ 2.93x10 'm 1.88xlo 4e 6.-39x10'_t IJHlyl04° 3.97xl041
1979 8.43 x 104 8.69a 10'4u 2.94x 104 7,8_ x10'4u 2,,51x !04n !.!4 x I04e 3.78 x I04n 2.43• i04e 8.23x 104o 2A3 x 10'_ 7.69x l0 'au
1980 2.51 x 104o 2,59x I0"u 8.77x 104o 2,3S:_I0 _' 7.79x 104_ 3.39x I0'4u 1.13x lO'a° 7,23x i&_u 2.45x I04u 7.23 x I04u 2.29x IO'_
1981 4.70x10 "m 4.8dx10 "u 1.64x!04n 4.'_!0 ''_ IA6xl0 'a 6.35xl04' 2.11xl(Y 'm !.33x10 4 4-59x104a 1.35x104e 4-29•104m
1982 1.06x10" !.09x104' 3.70x!04u --'_10" 3.29x10 m IA3xlO _ 4.75x10 'm 3.05x104' 1.03xlO4' 3.05x10 _ 9.67x10 'l
1983 8.,41x IOa 8.66x 10"u 2.93x 10'a :._ *',_ _ 2.61x 10"_ 1.13x !0'_ 3.77x i0 'a 2A2 x 104 8.20x lO'au Z42 x 104o 7.67x 1041
1964 2.82x10 a 2,91x10 '_ 9.95•!041 _._4_1_ "_' 8.73•!04e 3,81xl0 "_ 1.27x10 '_ 8.13xlo "m 2,76x!O 'a 8.13x10 "_ 2.58x10'a
19'83 6.03x104_ 6,23x!04. 2`llxlO "m 5,6_'x_0_u i.8"/xlO 4't 8.16xi0 '4u 2.71xl04e !.74•104 3.90•_0 '_ !.7_.'.t0"m 3.51x 10_u
19_5 2.64 x10"_ 2.72x IO4u 9,21x 10'm 2.47x I0'm 8.18x 10'_ 3.56x 10"_ t.IR x 10'_ 7.60x IO4u 2.38x I04u 7.60 x 10"_ 2.41x !04u
1987 !.26 x 104. !.30x 104. 4.40x i0 "m !.18 x I0_ 3.91x 104. 1,70x I0 a 5.64st I04e 3.63x 104. 1.23• 104. 3.63 • I0" !.13 • I0 _
1988 4._5 x IO4u 3.11x I(Y'u 1.73• I0 '_ 4,,63• I04_ i.54 • 10'4_ 6.70x I04_ 2.22• 10'm 1.43• IO'_ 4.84x 104'* ! A3 • 10'_ 4.52x I0 '_
1989 3.64 • 10'_'* 3.75• 10"u 1,27• !0 '_ 3AOx 10_u 1.13x 104_ 4.91x 104* 1.63x 10'_ !.05x IO4u 3,.53x I0_u 1.05x 104_ 3.32• I0'l

Tread 2.52 x Ion 2.60 • 10m 8.80 • 10m 2.35 • l0in 7.81 • 10m NIA N/A NIA

_l_, e._'dve dme equt,,utm
"The relxsned19_ ItJele 1_ leevukl_ to Iim,e Ile_ 3.46x I0 _. mm,mo,
NIA fetle_ the fa_t dw amiadivid_ c_ld motlamveremainedmtthism_eIp_P duough_ _ 3_ _ _

111111 11111 111 11 -- .111, I I
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1al•le_ Populationdotes ft'oreatmosphericradtoiocEnereleases(1955 • 19B9)

Pel14m-rem P_em

IU_Nutet IQIP 30 ICRPSb Releases ICRP30 ICRP$6

Year (cu¢_) '_DE 'TIq,roid EDE "l'hw'oid (curie1,) EDE Thyroid EDE Thyroid

1955 2.12 :t 10"u 7.72 2.48 _ 10m 7.55 2.44 x I(Ya 6.92 x IOO' 4.71 x IOOz !.59 x I0_ 7.68 x loot 2.58 x IOO3
1956 2.12 x !04a 7.72 2.48 x 10u 7.55 2.44 x !0m i.58 x I0*n 1.07 x IOO_ 3.62 x ioo* 135 • loot 5.88 x IOO_
1957 2.12 • 104 7.72 2.48 • I0_ 7.55 2.44 • I0m 2.92 x 1(3_n 1.99 • !0 m 6.71 x 10m 3.24 x I0_ 1.09 z lO_
19_ 2.12 • 104 7.72 2.48 x IOO_ "7.55 2.44 x 10_ 1.99x i0ot 1.36x looI 4.58 x if_ 2.21x IOO: 7A3 • loo:
1959 2.12• I0"a 7.72 2.48• i0m 7.55 2.44• I0m 1.62x I0_ 1.10• 10m 3.73x 10_ 1.80x 10m 6.05x I0_
1960 2.12 x 104 7.72 2.48 x I0u 735 2.44 • I0_ 7.03 4.78 i.62 x !0 _ 7.80 2.62 x lOm
1961 2.12 • I0"4u 7.72 2.48 x 10u 7.55 2.44 • 10m i.62 • i0_n 1,10 x loo2 3.72 • I0m 1.80• I0m 6.04 • !0_
1962 2.12 x 104 7.72 2.48 _r10m .7.55 2.4,4 x 10m 1.66 x lOot 1.13• IOOt 3.82 x IOO2 1.B5x lOot 6.21 • I0In
1963 2.12 X104 1.72 2.48 x 10m 7.55 2.44, x I0m 4.82 3.28 ! .1! x 10t:: 5.35 1.80 x iooz
1964 2.12 x 104 7.72 2.48 x 10m 7.55 2.44 x 10m 1.16 • loot 7.89 2.67 x 10m i.29 X loot 4.33 x IOO_
1965 2.12 x 104 7.72 2.48 • 10m 7.55 2.44 • l0m 1.81 x IOOt 1.23• loot 4.15 x 10In 2.01 •IOO: 6.74 • !0In
1966 2.12 • 104' 7.72 2.48 _t10gu 7.55 2.44 x 10m 3.16 • IOOt 2.15 • I0°: 7.27 • 10m 3.51 • IOO* i ,18 x I0W
1967 2.12 • 104 7,72 2.48 • 10m .7.55 2.44 • 10m 2.01 x lOot 1.37x iOot 4.62 • i0_ 2,23 • IOOt 7..,'0 x I0°z
1908 2.12 x 104 7.72 2.48 • 10m 7.55 2.44 • I0m 2.21 • lOot 1.._ • IOOt 5.08 • looz 2.46 x IOOt 8.25 x 10D_
1969 2.12• 104 ".72 2.48x lOs 7.55 2.44 x i0m 3.60• IOO' 2.44• IOO: 8.26x I/7n 3.99xlOo: 134 x IOO3
19"/0 2.12 x 104 7.72 2.48 x 10m 7.55 2.44 • 10m 3.44 x lOot 234 x lOot 7.90 • I0m 3.81 • lOot 1.28 • 10w
1971 2.12 x 1041 7.72 2.48 x 10m 7.55 2.44 x I0u 2.66 x lOat 1.81x IOOt 6.12 x !0u 2..95 x lOot 9.93 • !0 m
1972 2.12 x 104 7.72 2.48 x lOut 7.55 2.44 x i0 u 2.74 !.86 6.30 x IOO: 3.04 1.02 x 10m
1973 2.12 a 104 7.72 2.48 • 10m 7.55 2.44 x 10m 1.86 1.26 4.26 x IOOt 2.06 6.92 g IOOt
19"/4 i.70 x i0 'at 6.19 1.99 x 10m 6.05 1.96 x 10m 1.91 1.30 4.40 x IOOt 2.12 7.14 x loot
19_ 1.40x 104 5.10 1.b4 • 10m 4.98 1.61 x 10m 1.23x !0 "u 8.40 x i0 ut 2.84 !.37 x 104 4.61
1976 1.50x 104 5.46 1.76x 10m 534 1.73 x 10m i.55 • 10'_ 1.06• 104* 3.57 !.73 • 104 5.80
1977 1.40x 104 5.10 1,64• lOut 4.98 1.61x 10m 6.09x i04u 4.14• l0"m !.40 6.76• 104z 2.27
1978 1.30 • 104 4.73 1.52 x l0in 4.63 1.50 • i0 m 6.54 x 10'4n 4A5 • 10'a 1.50 7.26 • 104u 2.44
19"/9 1.30 • 104 4.73 1.52• 10m 4.63 1.50• I0 _u 8.43 • I04n 5.74 • 10"u 1.94 9.36 x 10"4u 3.15
1980 1.60 • 104 5.83 1.87• !0m 5.70 1.84• 10m 2.51 • !04a 1.71 Jt I0'4n 5.77 • 104 2.79 x 10'41 9.37•10 "_
1981 i.60 • 104 5.83 1.8"/• IOOz 5,70 1.84• IOn 4.70• 10"v 3.20 • 10"m i.08 5.22• i04n 135
1982 5.90• 104 2.15 6.91 • 10_ 2.10 6.79x !0 _ l.fl6x 104 7.21 • 1048 2.44 l.lEx 10"a 3.95
1983 4.10 • !0 a 1.49 4.80 • 10_ !.46 4.72 • 10_ 8.41 • I0 '4u 5.72 • 104u 1.93 9.33 z !04_ 3.14
19@4 3.54 • I04z 1.29 4.14• !0_ 1.26 4.07• I0_ 2.82• 104. !.92 • 104. 6,49 3.13X 104. 1.05•IOO:
1985 6.501 104 2.37 7.61 • i0u 2.31 7AS• 10m 6.05 • 104° 4.11 • 1048 !.39 6.71 • 104 2.26
19_6 8.70x 10"a 3.17 1.02x 10m 3.10 I.O0x 10m 2.64 x 104n i.80x 104 6.07 x 104 2.93 • I04a 9.85x 10"u
196'/ 7.20 • 104 2.62 8,43 x 10_ 2.56 8.28 • loot 1.26• 104 8.57x 104 2.90 • I0"a I AO• 104 4.70x 104
1988 630 • I04z 2.29 7.37 • I0a 2.24 7.25 • !0_ 4.96 • 104' 3.37• 10" I.Z4 • 10"_ 5.51• I0 "u !.85 • I04n
Iqtl_ qlOslO 4z 1.89 t_tr}'/zItept IX5 _,77z IflSt "_,J_14s I_) 2_&Kz 113"m liq_s lO4e 4_04z Ifr u I 3t_zlfr az
Total 5.1_ 2.07•!0 m 6._•10 u 2.02_ ]0u 633•10 m 2.52•10 m 1.71xlO m 5."/9x10_ 2.'/9•!0 _ 9.39xl0 _

u_Do_ Ik_r1955 ihn_41h1973 relkct mnual aver•lc _eme_ for thi_perk3d.
Iwrke mpomd 1989ndemewu leev_duatedtohavebeta3A5 x lO'*.
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Verification of Models Using Measurement Data
are v_md withuvigemmeutalmeasuremeuaof tritium.Tritiumis routinely

detecaed,o_ _ oon_ mum_g tec_qua.

_o- code. Figure,5-4ad_owa• eo_n of calculatecland

_0 exceedoburved vaJues,yet nai t' a degreethatwould
indicateanexces_velyconaervativeapwcagh.

_0 Other_ ofprtdicUdandmeamnd concentra.
q lionsbare beenmade(Martin,198_ _ haveexJu'bited_

10o- E concentrationsoftritiuminairtrugenerally"._nservative
est_ma_ofactualoff,tcvalues.

o ' , ", Uquid ReleasesIN4 tOeS 1_ 1907 1ti laiJP 19g0

vw Tl_t the _ 1954-1989,_ waterdosesMmiiml,m

frommutinoSPSmleaM8barebeendomJnat_bytritium.
_ C.om_ of _ and Measured Memnud, ratherthanagimated, tritium_o_eutmtions are

TritiumCotgentrationin Air at the Site thereforeused for the dow_vur locations that are mast
perimeter(.,2,_ _v_do,.atthe impomntintMaofdo_cak_a_ O)j_l_c,wSRS,
95 Pm'centConfidencelevel) (2) at theBamufortJuperwatermmtmentplant,andO) ag

tlw Pofl Wemwoflh watarmmtnma _mt. In addidonto
.upplyinS measuredtritium eoncenamio_ suchdataabo

Atmospheric Releases p_ SavannahRiverdilutionfactorsfortheaelocations.
The availability of aggurm _mtm of river dilution

The radionuclide_m gediated by XO_DOQ ___tly enhauc_LAWrAP'sabilityto
sre nmtinely comlaa_ with meamred values of tritium _ _er concentrationsof other radiomw,lidm
concentrations in air to evaluate the performanoeof the such asradiokgli_.

Impact of SRS Radioiodine Releases on Offsite
Population

The computer codes MAXIGASP, POPGASP,andLADTAP IIareusedtocalculate
effectiveandthyroiddo_ equivalei_thathavebeenUst_mtka_lyreceivedby segments
oftl_offsitepopulati_fromradioiodi_(t_l,1311)exposunov_ the_ ofsite
operations. The rmultsaseshown sre in tables5-6 through5-8 fordoem atm'bumbleto
_pheric relearnandtables_.9 through5-11 fordons f3xxnliquidreleasesto
_c_as. Atmosphericradioiodinereleaselevels havecons/steutlyexceededliquid
r_]easelevels to meatt_ andthis trendis refloctedintbe calculateddoses to theoff_ite

Doses from Atmospheric Releases Routine Releases
Dcxm ch_ to_tngxpbez_mleu_ of mdioiodineate Dem_toindividuakf_mntaqandmla_ahownintabi_

intemn ofroutinemleaumandthe1961acute 5.6andS-'/,mspectively.As_s_wninTableS-7,tbehu_at
relemein_ideatt, annualeffective doee equivalenttheomt/caJlyreceivedby



an adultoccurredin 1956, theyearatmmpheric:3:1releases The populationdoses reportedin Tible 5-8 arebased on
peaked.Theeffective andthyroiddme equivalentsfrom:3:! 1980 census data(555,100 people within 80 km) andthe
to thz"maximum"adultatthe site perimeterin 1956were mostrecentlyavailablemeteorologicalanddose factordata.
16 and 551 torero,_vely. The drum to otherage If it is smumedthatthis population has lived in the SPS
Srou_ calculatedwith ICRPPublication56 methodology vicinity throughoutthe periodof site operation,the total
(ICRP,,1989) werehigherbecauseofbiok/netic anddietary collective effective dose receivedby thatpopulationwould
d/ff_ The age group most impactedwas children, be 3,000 permn-rem, due to SPS md/oiodine releases
The effective andthyroiddose equivalents from :S:lto the through 1989. As indicated in the table, this value is
_num" childat the site perimeterin 1956were 46 and dominated by the 13tI component of the dose, 2,790
1540 mreax,respectively, person-rem.

"Maximum" individuals are hypoth_cal persons who The risks associated with this collective dose are quite
lived at theSItS boundaryandsubsistedon diets of locally small. The ICRPmmintl risk estimate for the numberof
producedmilk, meat,end vegetables. No suchindividuals excess fatalcancerspotentiallyinducedby acollectivedose
areknownto exist. Nevertheless,if one examinesthe case of 3,000 penJoa-remis 1.5. Conversely, in that small
of themaximumadult individualHviagcontinuouslyat the population, at the e'_rrentfatal cancer f_equencyof 16
site perimeter'_roughoutthe period1955-1989, thecumu- percent(EPA, 1989), there will be approximately90,000
Iative effec_:.-edose equivalent frommmmpheric:_'Iand spontaneousfatalcancm fromali othercsasm. Therefore,
tRIreleases is estimta_ as 32 mrem(tables 5-6 and5-7). it is very unlikely that a relationshipbetween any of the

v_ue is believed to representtheboundingcase foran cancerdeaths_S in this populationand the releases
adult'eiodinedoeeandwouidmakeaminorcontributionto of radioiodine to the tlmosphem from the SRS will be
theoveralldose received duringthattimeperiod, encountered.

A person who was an infantor a child in the 1950s would
have cumulative effective and thyroid dose equivalents ACUte 131jRelease Incident of 1961
somewhathigherthana personwhowasan adultin the
1950s. The_ doses would depend oa the ase of the Of t_e 162 curiesof :3:1released in 1961, 153 curieswere
individual at the time of themaximum releases.The released f3x_nthe F-Area chemical sepmations facility
maximumpossible cumulativedose equivalents wouldbe during May 29 - June 23, 1961, as • result of the
receivedby a personwho was • childin 1955 andwho lived unintentionaln_0ceesi_ of very short-cooled material
at the point along the site boundaryhavin8the maximum (MMS, 1963). About67pmcent(103curies)ofthe:3:lwas
concentnttioa throughout the 35-yetr period 1955-1989. released duringthe firsteight days. Prevtilins muthwest
The cumulativeeffective and thyroid dose equivalents to windaandUmospbericinver, ionsdtspersedthersdioiodine
this hypotheticalperson fromnrl and _1 rel_ wouldbe mainlyto the northeastof the site where it was detectedin
77 and2,610 torero,respectively, stir,vegetation,andfood.

A personliving in the CentralSavannahRiverAreawould Serialsamplingshowedthatthe effective half-timeof _:I in
have received an effective dose of approximately10,300 vegetation and milk was 4 to 5 days. The maximum
mremfromexposureto naturalsourcesof radioactivityand concentrationof t3_lin milk from sampling48 farmsand
an additional Z300 mrem bom medical practices and dain'esduringthe peak periodof June 5 and 6 was 5,451
various consumer products during this 35-year period pCi/L. The maximumsample was obtained from • farm
(Cumminset al., 1990b). Therefore,the SPS atmospheric approximately3 Iannortheastof the site perimeter.
radioiodinereleases coutn'butedless thanan estimated0.6
percentofthetotalcumulativedosetothtsindividualevenif The only other fresh, locally produced foods available
theindividualwas a child in 1955. daring this period in early June were e88s and peaches.

FreshegSs from the farm where the maximum milk
Becausethecontributionof SPS radioiodinereleasestoany concentrationwas found contained an average of 33
one individual's total radiation doee ts ao small, it ts pCi/eg8. Peachesf_oman areaof high depmition showed

necessaryto pooltheradiationexpmuresfrom• given noevidenceofradioiodine.
population if an assessmentofpotentialhealthrisksis
desired.Thepopulationdme withinan80-kilometerradius Thegreatestconcentrationsof_3:linairfortheperiodof
is• figure-of-meritfrequentlyusedto make suchan maximum release(May30 -June7)rangedfrom1 to5
assessment. PCi/m3.
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Fromthe eoammtml_ dm, it was ¢twiom thatthe milk re_eat_nal activitiesin andalong theriverjust below SPS.
pe_wuywouldbethemajormurceofoff_e expomue.To Dometo thisadultarebelievedto rep,'e_mtheboundiu8
avoid,_ml_n_ thedme f_m theingmtionof milk, casefor liquidradioiodinereleases('Table5-9). Drinking
oriliinaldomcak:ulttiomwemmadewithan_8-day water deemhaveaim beeacalaulmedfor age_
half-timeof ml in milk insteadof the S.dayhalf-time maximumindividualsat the clowuriverwater treatment
_y obmved (Miner, 19e3). 'rbe ori8_ dme ptanm(Table5-10) u_ forthepopulatiomservedbythe
ealaulatiomindigatedthemaximumpmlatbledme of 1,200 wal_, _t phmts(Table5-11).
mmm to a child'mthyroid and 140 tamm to an adult's
thyroid. Dme contn'butionsfrom _I havenot beenincludedinthe

tables.The totalamountof nq thatmigmtedtostreams
Ikm cakul_om for food mmmmptionwere basedon the throughoutthe35-yearperiodhas beeu estimatedu 0.2 Ci
averapconcmltratioaofml inegSS.Umin8acomump(/on andisthereforenotasignificantcontributortodme.
rate of 2 eiip per day and mnassumed S-day half-timein
egp, the dme to a eMMmd _dultthyroidwouldhavebeen Table5-9 shows thatthe muimum dines oa=mud in 19b'7,
%1and0.7 tamm, respe_vely. • yearof mhdivelyhighml releasesooupledwithlow river

flow farm. The effective andthyroiddose equivalentstothe
immemion (plume) thyroid doses from one week of maximumindividualfor thatyearareestimatedu 0.4 and
exlmm_ toaircontamiuatedwith ItoSpCi/m3ofmlwouid 13.7 mann,ruspec_vely. If the hy_ '_maximum"
haveransedfrom4xlO'Sto 2x10" torero.'l'nymiddrum expomueeonditiomatu uradastheboundi_ cue for the
ffominhalafionofthisairwouidhavenu_edfroml .4to6.9 35-year periodof aite openutioncomidemdhere, the
mremfora childand0.3 to 1.5 forsnadult, cumulativeeffeaivesndthyroiddoeestosuchanindividual

would be on the orderof 1.4 and47.6 tamm,respectively----
Based on this discussiou of 1311dmea from various noneof whic_wasdelivereda/h=1978.
psthwaym,8rearerthan95 percentofthethyroiddosefora
child and sm sdult would have resulted from the milk .n,._sumthis individmd'sdme bom noe-SRSmurcemof

pathway, radiation for that ssme time periodwould have
12,000 torero,it may be mncluded thattheeoutn_ to

"rnyroiddo,ms_ the milk pathway were mcakulated duwsmrm,m individuals'doNs bySRS mdioiodiaereimmm
(Manet,199o) with m more receminter_dm/merry is_ Thimcondusioeisfunherevidema_bythe
method(ICRP, 1989) Iwdthe _ed haJf4imeof mi in facdthat remitof the Iqgo-_ lumnttalefflgtiv_ ckmB
milkof S days. Maximumdmmwemmdueedto277mrem reponedintablmS-9and 5-10do notexoeed 1 torero. An
to a child thyroid and 53 mrem to an adult thyroid. In effe=tiveclouequivalentof< 1 tmum/yr.lumbeentermeda
addition,doses of 497 mrem to an infantthyroidand 112 Neslilp'blei_dividualRiakLevelby theHational_ on
mrem to a teeu thyroid were cak:ulatedwith the current Radiationl_mectioa andMeamuemenm(NCRP, 1987). in
methodology, threecases effective dme equivalentdoe8exceed I tmem.

"['negreateatvaltmis 1.2 tmem to an infantin 1957.
Regardlea of themethodology,thecadcadatedthyroiddoses
ffomthe1961acute mlease in_dent amkss thanthethymid With mslagt to tbe effect of liquid ml mleasea on the
doses fromroutinereleas_ in 1956, the yearof maximum popalalio_ downgivmfrom SRS, dginkingwaterdlmeefor
ml releases, wm oftheBeaufeM-Jasp_,SC,andPortWmtwomi&GA,

watertreatnu_ pPtntshave also been mimmed. DWmmt
umnino_lty is urad to deK_'be the two populatioat to

Doses from Uquid Releases . Aa aie mmiu am, eu, emf -hWerpat Ot,0o0cumxnm).ervica m
Dose equivalem potentiallyreceivedby downsueam audtbe_fere pevidm full.emledomestic:wateraerviee.
mnsumemof SavannahRiverwaterandfishareshownin ThePortW_ facih'ty(20,000effectivecmmuuem)
tables5-9,-10,and-11. Thedosec81culatiousarebaed on aervesa mmmer_deomplexinwhicheoutactwithtretted
the total meuumd _uriesof mi mleam_ directly to otutite SavannahRivet warmis limitedto _ wodumswho
meanu, cousumetapwater, in pesty_m, however,• lomlly.opw-

ated mft drink boUlin8 faciUty may have pm,eared an
Dme equivalems havebeencakulated for • "maximum" add/tio_ pathwayof exFom_.
inciividuailiv_l justbek_ theSRS. Thisisanadultwho
subwts on adietof mmeatedSavannahRiverwaterandfish If the cumulativeeffective doomreeeivedby both of these
of SavannahRiver odsin. The individual parukm in water-mummin8populatioesaresummed,thecollective

i i i i i , ---

_amlJt.mug
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dme equivalm would be 13 pemm-mm. Uaing theICRP The maximumindividualexpmme is tothewatermmmmer
nominalrisk factm, the wedicted _ of this collective who wm aminfant in 1957. If tlm person continuedto
dme is ameatimated0.007 exeemfatal cancersin a mmune treatedSavannahRiver water,the cumulative
polmlatioa of 71,000 pmple -- 11,400 of whom, at the effective and thyroid dmea would be 3.7 and 123 torero,
eummtfatalmn_r rate,areprojectedto mxxatmbto cancer empectively-- noneof which wu deliveredafter1978.
bom ali mhea"mureu.

Table _9. Liquidml releasesanddrumto the SPS "maximum"individual(')
i 11 iiii i n iii i i i li ii ii i i i ii

ICRP 30 ICRP J_;
]_lnmted Relemm Adult Dme Adult Dme
Flow Rate To Streams (mrem) (mrem)

Year (mS/s)e* (CI)*e EDE ' _ EDE Thyroid
li I I I ' I I I li I l

1955 171 .....
1956 168 .....
1957 205 6.50 x 10m 4.03 x I0 m 1.37 x 10m 3.65 x 10m 1.22 x 10et
1958 354 .....
1959 222 .....
1960 388 2.43 x 10m 7.95 x 10m 2.70 7.20 x 10m 2.40
1961 276 2.88 x 10e_ 1.32 x 10m 4.49 1.20 x 10m 3.99
1962 289 8.71 x 16m 3.82 x 10m 130 x 10_ 3046x 10m 1.16 x 10m
1963 298 4.65 x 10m 1.98 x 10'on 6.73 1.79 x 10m 5.98
1964 517 8.70 2.14 x 10m 7.25 x 10m 1.94 x 10m 6.44 x 10m
1965 403 5.39 1.70 x 10m 5.76 x 10'm 1.54 x 10m 5.12 x 10'm
1966 296 3.02 1.29 x 10m 4.39 x 10m 1.17 x 10m 3.90 x 10m
1967 261 1.36 x 10m 6.62 x 10m 2.24 6.00 x 104* 1.99
1968 282 9.49 4.27 x 1040 1.45 3.87 x 10m 139
1969 306 5.02 2.08 x 10m 7.07 x 10 at 1.88 x 10m 6.28 x 10m
1970 219 2.17 1.26 x 10m 436 x 10m 1.14 x 104z 3.79 x 10m
1971 270 1.53 7.19 x 10m 2.44 x 10m 6.51 x 10m 2.17 x 10m
1972 319 9.30 x 10m 3.70 x 10m 1.26 x 10m 3.35 x 10m 1.12 x 10m
1973 411 1.55 x 10m 4.78 x 104N 1.62 x 10m 4.33 x 104N 1.44 x 104n
1974 306 1.40 x 10m 5_81x 10w 1.97 x 10es 5.26x 104e 1.75 x 10m
1975 380 .....
1976 377 ZOOx 10m 6.73 x 1046 2.28 x 10_ 6.10 x 10*' 2.03 x 10_
1977 344 1.24 x 104n 4.q8x 104e 1.55 x 10m 4.15 x 104e 1.38 x 10m
1978 240 7.26 x 10"_ 2,38x 10"N 9.76x 10'w 2.61x 10_ 8.68x 10"w

ni ii n i i u UN

Totals 3.02 x 10mz 1.40 4.76 x 10et 127 4.23 x 10m
i i i i i i

(') Throushout1955-1989, approximately0.2 Ci of 1_1migratedto ntreamm.The 1_Idid not significantly
contributetooU&itedoses.

C,)FlowratedatabaaedonUSGSmeamuementaatAugua_GA (1954-1972)andtheSItSboatdock
(1973-1978).

tc)NodirectU_lreleamettosu'ean_after1978. Totaldoesnminchule1 curietbomheatexchangers,
ud numi_

i ii

EDE = effectivedmeequivalent

i ni
IL n i i u__
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Table5-10. Liquid_1 dosesto "maxJmum"indlvidual_al the downrr_erwater treatmentplantsL°'

ICRP56
ICRP 30 IndividualDoses (torero)

/diAl Dme
| mre_n/ AAuh l[._n thud In/snr

Ymr CEDE "ht_'okl CEDE Thyroid CEDE "l'hyroid CEDE Thyroid CEDE Thyroid

1955 ....................
1956 ....................
1957 3.41 x 104a i.16 x l0t' 3.10 x 10"ez 1.03 x 10oa 3.51 x 10"or 1,17x 10°t !.03 3.51 x l0ot 1.19 3.79 x l0 ot
1958 ...................
19_9 ....................
I_ _ 6,74 x 10"m 2.29 6.12 x l0"°a 2.04 6.93 x l0"°a 2.31 2.04 x ioo t 6.93 2.36 x IOOt 7.48
1961 1.12x I0"m 3.81 i.02 x 10"_ 3.4U i.16 a IOOl 3.84 3.40 x 10"_ 1.16 x IOOt 3,93 x !0"_ 1.25 x l0ot
1902 3.24 X lC)"°_ i.10 X i0 ot 2.94 x IOOt 9.82 3.34 x 10"°t I.I I x l0ot 9.82 x 10"°t 3.34 x l0ot !.14 3.60 x ioot
1963 1.68 x RYe 5.70 1.52x 104a 5.(J_ 1.73x lO°t 5.74 5.08 x 10_ i.73 x IOOt 5.88 x l0 ot 1.86 x IOOt
1964 1.81x104a 6.15xi04 1.64x104a 5.48x104a 1.86xloo a 6.20xloo * 5.48xlo m 1.86 6.34x104u 2,01
1965 1.44x i0 "m 4.89 x IOO_ i.3! x 104_ 4.36 x 104a 1.48x I0"m 4.92x lO"m 4.36 x 10"m 1,48 5.04 x IOOa 1,60
1966 1.10 x 1040 3.73 x lC)"a 9.97 x 104n 3.32 x lC_ 1.13 x 10_ 3.76 x IOOt 3.32 x lC)"m 1.13 3.84 x 104a 1.22
1967 5.61 x 1040 1.90 5.09 x l0"w i.70 5.77 x 104n 1.92 1.70 x 104a 5.77 1.96 x IOOt 6.23
19_ 3.62 x I04n 1.23 3.29 x l0"°a 1.10 3.73 x i0"°a 1.24 1.10 x ID°t 3.73 1.27 x I04a 4.02
1969 I.T7 x i0 "m 5.99 x 10"m 1.60x 10"°a 5.34 x 10"_ 1.82 x l0"°a 6.04 x IOOt 5.34 • I0"m 1.82 6.18 • I0"m 1.96
1970 1.07 x lO4a 3.62 • I04a 9.68 x 104e 3.23 x 104a 1.10 x 104u 3.65 • I04a 323 x 104a 1.10 3.73 x 10"m 1.18
1971 6.10 x 104 2.07 • 10_ 5.._ x 104 1.85 x 104a 6.27 x 1040 2.09 x 104_ 1.85 • I04a 6.27 x IOOt 2.13 x l0"an 6.77 • 104`
19?2 3.14 x 10_ 1.07 x I04a 2.85 x I(Ym 9.49 x 104a 3.23 x 1040 !.07 x 10_ 9.49 x 104a 3.23 x 10"a 1.10x 10'm 3.48 • 104n
1973 4.06 a 10" 1.38 • 10_ 3.68 x IOO' 1.23 x 104a 4.18 • l0"°' 1.39 x 104a 123 x 104e 4.18 x 104a 1.42 • I04e 4.51 x 104a
1974 4.92 x I0 a 1.67 • 10"a 4.47 x 10_ 1.49x 104n 5.07 • 1C)4e !.68 x l0"as i.49 • 104` 5.0"/x I(Yas 1.72 x 10* 5.47 x 10"m
19"/5 ...............
1976 5.71 • l0 ot i.94 • 104a 5.18 x ioo t 1.73x l0"°* 5.87 • 104a 1.95 x 104` 1.73 • IOO° 5.87 x 10" 2.00 x 104e 6.34 • 104a
1977 3.88 • i04e i.32 • 104° 3.52 • 104e 1.17• 10_ 3.99 x 104a 1.33 • 104n 1.17 x 104* 3.99 x i(Yas 1.36x i0"°* 4.31 x 104a
1978 2.44 x 104* 8.29 x 104e 2.22 x 10* 7.39 x 10_ 2.51 x 104* 8.35 x 104e 7.39 • 104* 2.51 x 104* 8.55 • 104* 2.71 x 104`

aq_nmillmut 1955-1969, apim)xima_y 0.2 Ci o( _atlnagratedto nmMms.The ml did notsignificandy cmuil_le tooff_tedoees.
aqqo din_ •al n_eaecs IOm_ms _lau 1978.
C_DE - ommiued ciTe•me dme equivadem.

HA _ IJ__ dttmIliaiBdiVi_l_ cotl_ _ UV¢ _ i/I _ I_¢ _ OUOUBhO_I_ 35"y_Ji"p_od Iuidi0d. IttNn,

gelilMl.t_M
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Table f,-.IL Liquidml drum to polmlatioeaservedby downriver watertreatmentplan_')

Population Dose, (person.rem)

BenforbJuper, SCa* Port Wentworth, GA
i

ICRP 3@ ICRP 56 ICRP 30 ICRP

Yem" CEDE Thyroid CEDE Thyroid CEDE Thyroid CEDE Thyroid

1955 ........
1956 ........
1957 .... 2.80 9.53 x 10m 2.53 8.42 x 10_
1958 ........
1959 ........
1960 .... 5.52 x 104n 1.88 x 10m 5.00 x 10m 1.66 x 10m
1961 .... 9.18x10 m 3.13x10 m 833x10 m 2.77x10 _
1962 .... 2.65 9.05 x 10m 2.41 8.01 x 10m
1963 .... 1.38 4.69 x 10_ 1.25 4.15 x 10m
1964 .... 1.48 x 104n 5.06 1.34 x 10m 4.47
1965 3.00 x 104n 1.02 x 10m 4.09 x 104" 1.38 x 10_ 1.18 x 10m 4.01 1.07 x 104n 3.55
1966 2.29 x 10_ 7.77 3.12 x 10_ 1.05 x 10m 8.98 x 10_ 3.06 8.15 x 10m 2.71
1967 1.17 x 10m 3.97 x 10m 1.59 5.39 x 10m 4.59 x 104_ 1.57 x 10m 4.16 x 10m 1.38 x 10m
1968 !7.57x 10m 2.57 x 10m 1.03 3.48 x 10m 2.97 x 104n 1.01 x 10m 2.69 x 10_ 8.94
1969 3.69 x 10m 1.25 x 10m 5.02 x 104n 1.70 x 10m 1.45 x 104n 4.93 1.31 x 10_ 4.36
1970 2.22 x 104_ 7.55 3.03 x 104n 1.02 x 10m 8.72 x 10m 2.97 7.91 x 10_ 2.63
1971 1.27 x 10_ 4.32 1.73 x 10_ 5.86 4.99 x 104n 1.70 4.53 x 10_ 1.51
1972 6.55 x 104* 2.22 8.92 x 104D 3.01 2.57 x 10m 8.75 x I04n 2.33 x 10_ 7.74 x 10_
1973 8.46 x 10m 2.87 x 104n 1.15 x 10_ 3.90 x 104" 3.32 x 10m 1.13 x 10_ 3.01 x 10m 1.00 x 104n
1974 1.03 x 10m 3.49 x 10m 1.40 x 10m 4.73 x 10_ 4.03 x 10_ 1.37 x 10_ 3.65 x 10_ 1.22 x 10_
1975 ........
1976 1.19 x 10"°* 4.04 x l0 m 1.62 x 10_ 5.48 x 10m 4.67 x 10"°s 1.59 x 10m 4.24 x l0"m 1.41 x 10m
1977 8.10 x 1044 2.75 x 10'm 1.10 x 10m 3.73 x 10"m 3.18 x 10'_ 1.08 x 10"m 2.88 x 10_ 9..58x 10"m
1978 5.09 x 10"m 1.73 x 10"m 6.94 x l0 "m 2.35 x 10"m 2.00 x 10"m 6.68 x 10"es 1.81 x l0 "es 6.03 x .10"°4

Totals¢c)3.25 1.10 x 10m 4.42 1.50 x 10m 9.72 3.31 x 10m 8.81 2.93 x 10m

(a)Throughout 1955-1989, approximately0.2 Ciof u_lmigratedto streams. _ t_l did notsignificantly
contributeto :_ff_tedo_.

ce)The Beaufort.Jasperwater_ plantdidnotoperatepriorto 1965.

(c)NOdirectml release8to streams_ 1978.

CEDE=committedeffectivedoseequivalent

m.
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Comparisons of Radioiodine Concentrations and Doseswith
Applicable RegulaUons

EPA 8rodDOE mamlm_ tre theregulationsby which concent_iom anddrumdue to
SPS releum sre comparuL The standardsareq:q:dimbleto sir middrinkingwmer.

Concentrations and Dosesin Air crop.;however,me;.v._)_ o_'_. no,.p_=.tly
depleted by decay.

Atmmpheric eoecentrations at the site perimeter are
modelled with computercodes becawe ml has not been in 1989 the McBeanMemberof the SanteeFormationwas
routinelydetectablesinoe1963 mulroutineanalysisof _'! foundto be contaminatedwith tni neartheF-Aru seepase
wasnotperformed.For1989, the averaSeMaualperimeter basins; the maximum concentration detected was 140
co_entratiom of uq tad ml, ampredictedby XOQDOQ, pCi/L. At otherlocationson the site, the SanteeFormation
were 1.4 x l0 s tad 3.8 z 10" pCi/m3,respectively. These is a minorsource of drinkingwater. The portion of the
valuta represent leas than one millionthof the DOE and formation_ fordrinkin8wateris notmntaminatedby
EPA derived air mncentration guides for these tni u evidencedby the ia_ of elevatedtritium(Chapter4).
radionudidm(seeTable 5-12).

The maximumtnl coecentratioeobeervedfor8roundwater
In1956,the yeerofsmatest 8tm_ releMeof ml, the out_o_ is 4101_i/L nearthe F-Areamepapbesinsystem.
averageannual perimeterconcentrationwould have been _ valueexceed8the applicabledrinkingwatersttndard,
0.4 i_i/m 3. This jreateatconoentrationis only 0.1 parcent but before this water _ dowmdverwater treatment
of the DOE Kuide in effect during 1989. However, these plants, it is dilutedby FourMile Creekand the Savannah
eoncentratioaguides oaly ensure thatthe annualeffective Riverto concentratiomto well below the EPA drinking
dme equivalents to membem of the public from the watermndards.
inhalation of radioiodine me <I00 torero/yr. As MI
ruuoaably w.hiev_le steps are taken to ensure that
en_md ,kw m o_yJeaU_ of_ doe Concentrations and Doses in Offsite
limit, Jthtmmomble to expectof_te _r ooncentndomto
b, qutw,mUfr_eon,of me,no_b_ _ Surface and Potable Waters
limits. There In two wster Umtmeatplantsdownriverbum SitS

tlm we SavannahRiverwata fordomeJt_ sndmmmerciM
'lhc highest hypothetical effective dme received by the tervice. The intake can_ds for the plants sre located
maximallyezposed individualdue to 8tmmphericreleum appmzimately170 kilometersbelow the site. The mw tnd
of radioiodine f=omSItS was 16.3 mrem in 1956 (Table finishedwstersuppliesof theBeaufeft-JMper,SC, sndPort
5-7). Thecurrentanneal limitson dmes to membersof the Wentworth,GA, plantsme routinelysampled forrsdim_
publicrecommendedby the ICRPandthe DOE,re 500 sad tivity. Cooccntmtionsof ml ,t both plantsraresimilm'to the
100 torero, respectively. However, s 1989 resulstion fiver mncentrations. They have been below the limits of
established• 10 mrem/y_ limit on effective dose equivs- maventioul detectionsince the late 19608. Estimate8of
lentstomembersof the public(EPA,1989). Thisvaluewu tnl concentmfiom determined with the eomputer code
developedto establish a bueline for risk_t woA i.AIYrAPil amMms_ iaTsble 5-13 forthe yeer1989. The

anddoes not implythata h/gherdose is unaccep_ble. With vMueof 0.0029 pCi/Lrepmtedinthetableis 0.29 peroentof
the exceptkm of 1956, annualdmu to off:siteinOividuals the EPA drinkinswsm' mmiard. Cou_ntnttio_ of ml
fTom SRS rsdioiodine releases have not czceeded 10 have not been included because tfter 1978 mi w_ not
torero/year, routinely disdmrged to site mnmm that flow to the

SavannahRiver.

Concentrations in Groundwater No com._d _o_i_ do_ eqeintm _ sps
mdioiodine releuee to the Savsnnah River ezceeds 1.2

The standardsforml and m_iin drinkin8wStersre 1 and3 nn_n ss Mmwnin tabim 5-9 ud 5-10. Dmu from this
pCi/L,res_vely (EPA, 1977). Short-liveds_! decaysto expmumpe_hwaywerecalculsted underextremelyconser-
immeuursbly smaU concentrationsdrain8 the mismtion
time for mntaminated flroundwst,r to reachurfsce out-

i
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vative conditionsand age muchlower thanthe DOE dme ali radionuclidereleaNs, the relatiomflfipbetween SPS
standardof 4..totemeffective doseequivalent, do_s andthe variousdose limitsdescribedabove remains

valid. The SRS, based on radioiodineor total releases, is

lt is importantto noto thatthe dose standardof 4 mremis consistentlya minorcontn'outortoradioactivitylevels inthe
meantto beapplledtoali releasesof __,-ity-- notjust SRSenvironment.
taqand13tl.Whenthe cakatlatiotmareexpandedto include

Table 5-12. Com_ of airborneneland nrlconcentrationswithregulatoryguidelines,pCi/m3

ii

DerivedAir 4,000 20,000
ConcentrationGuide
(EPA1988)

Derived 70 400
ConcentrationGuide

Air(DOE 1990)

Avemse Annual 0.000014 0.00000038
PerimeterConcentrationfor 1989(')

i

_') Concentrationsestimatedusingthe XOQDOQtransportanddispersioncode.

Table 5-13. Comparisonof estimatedtaglconcentrationsin surfacewaterswiththe regulatoryguidelines,pCifL-

Domtrlver Water Treatmem Ptant

Parameter Beaufort-Jasper, SC Port We,atworth,GA
i

DerivedConcentration 500 500
Guide forWater
(DOE1990.

Drinkin8 Water 1 1
Standard(EPA1977)

Average Annual 0.0029 0.0028
Concentrationfor 1989°')

lib

t,) 'rue DOE guideline is shown mlely for purposesof compadmn. The 500 pCi/Llimitdoes notapplybeyondthe
operationalboundaries of • DOE facility.

•) Concentrationsestimatedusingthe LADTAPIItransportanddispersioncode.

ii
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Summaryof DosimetricImpacts
1lte mmU mdiotos_ _ of Sits r_oiodin, _ (1955--1989)oetheo_ite
'maximumadultma be_ by totaldesm of 32 mrem (atmoq_ric) and 1
tamm0iqukl). Forthemaximumindividualwhowas achildin 1955,the totaldme due
tostmmphericreleasesis 77 torero.Forthemaximumind/vidualwhowas an infantiu
1957anda coesunter of tamed SavannahRiver water, the totaldme due to aqueous
releases is 3.7 torero. Howevw, n individual would have received • dose of
tplm_imately 12,600 tmem from other murom of ionizing radiatioadu_g 1955 -
1989.

'I1Mimp_ of SRS redioiodiae relewm m olhite popula- lifetime ri_kof 0.007 fatal caner cua; tha Ufetimerisk
tiom is raisin. The totalcoll_tive dorafromttmmphe_ fnxa til othercauMeof canceris 11,000 famlitim.
mdioioWm mJemm (1955--1989) ht estimated w 3,000
pema--nJm _ tmoe8 555,100 individualswithin _ mleua from SitS have decreased dramati-
80kmofSRS. The dme mmlts in aUfetimeriskof l.S fatal ctlly over the ooerse of site Olmatiom. Measuredand
cMcef cwm in thatpoimlatio_ the lifetime risk bom &li predicted_'I andml coace_al/ou dataclearlyreflectthis
oth_ _ of mater is 90,000 fatalities. The total tread,l]med on datapublishedintheuaual eeviroemeattl
collectivedme fromliquidradioiodiaereleaes forthemme _ _ Ural_ mi releases hela SRS present t
_ is 13 iNnma-4emdistn'butedsnmng71,000 remain- aqlli_'ble riskto thaoffsiteeaviromaemtandthepopulatioa
en, of treatedSavamuthlurer water. The dme resul_ in a it_

mlJ.Ml_
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Appendix A-Physical, Chemical and Biological Properties of
Iodine

The elmnent iodine has only one stable isotope, but numerous radimg:tive isotopa.
Stable and radioa_ve isotopes of iodine show the same chemical and biologiml
behavie¢.The physicalpropertiesof some of theradioactiveisotopeswill bedeac_bed
inthis appendixalotWwiththechemicalandbiologicalpropertiesof theelementiodine.
A briefdea_ption of iodinein nuclearreactoraccidentsis also included.

Physical Properties Chemical and Biological Properties

Up toseventeenradioa_veisotopesofiodinehavebeen Withoxidation states of-l, 0, +1,+3, +S,and.7, iodinecan
presentat SPS due ,o site operations. These iaompm exim in numerousorphic or inogpnic chemiml forms,
originate from three sources: (1) nuclear fission, (2) some of which age volatile at ambienttemperatures.The
maivationrea_oms(mmtroncaptumor(nOm)reactions)_or chemiml and bioiogkad behaviorof a specific ed_mical
O) oomm_qally purchasedproducts. Typ_dly, only the formof iodine is the same whetherthe iodine is stableor
Ionger.llved 1311and uq isowpes have b_n detected in radioactive.
releases to the environment_om SPS facilities.

The dism'm_tionof chemical formsof radioiod/nereleased

An atom ofmi decays by emitting a betaparticle that f_om nuclearhn:ilitiwmay differ fromthe distributionof
beionp to one of Nveral characteristicq _ The clMmnticalformsof stable iodinefoundin the enviromnent.
most abundant_ is emitted in d6 percentof decays. As a result,the enviroemontaibehaviorof radioiodineand
Within each q grcm_ the beta particleshave a mbk iodine may dit/er. The uvin_uunm_d bcdmvior
distn'butionof energies. Forthe mast abundantfFoup,the deU_mJne8the pathwayto humans. A brief dee__ of
maximumbeta _ energyis 610 keV. Severalgamma the envimnmmtMbe2savJe¢of iodine follows. A more
rays are also emitted in ml ckgay. The moet abundant thoroughdmadpCioucanbe foundinthereferencesCohen,
gamma ray has an energy of 364 keV and is emitted in 198.5,andWhitehead,1984.
82 percentof decays.The half-lifeof ml atomsis 8.0 days.

bcgomes redistributedabout the earthby physimd
The decay of ml _ mXe in both the groundand andcbmmi¢__ in the_rmmtriMenvironment,the
metastab_estatm.Morethan99percentofthedecaysofml oceans,andtheattachable. Much oftheiodineinsoft

peru:lutethe stable ground state mXe without formation of orisinate8 from the weatheringof rocks. Iodine can be
the metastable state. The mxe" thatis formeddecayswitha tnumferredfrom the terrestrialenvimnmnt to the atnms-
12-daybMf-life to thestablegroundstatemXe by isomeric pbereby thesuspen;_iouof iodine-coutain/n8 soil particles,
transition emittinga 164-keVgammamyin 2 peromtofthe the formatiouof volatile iodine compoundsin vegetation
transitions, and,oil, and_ _ombustionof coal.

An atom of U*ldecays by emitting a betaparticleto form Surfacewatertralport of dJmoivediodinemgliodine-con-
stableu_Xe.Theemitt_betaparticlebelonpto only one raining soilparticlescan redistributeiodinefrom the
characteristic energy Stoup. The maximumbeta panicle tenum_ environment to the oceans. Iodine can be
energyis150 keV. Sever_ low energy photom are also transferredfrom bodim ofwaterto the atmmp_m by the
emitted. One, • gammaraywith ane,magy of 39.5 keV, is formationof volatile iodinecompoundsin thewaterandthe
emittedinonly 7 pewentof decays. Moreabundantarethe formationof iodine.4xmtainingparticlmin spray.
xenonx-rayswhich8reemittedinapwoximately 60 percent
of decayL The x-rays bare an energyof 8PWoxima_lY30 Oneeairborne,iodineunders°eaexchanSebeJween_
keV. The half-life of t_i atoms is 16 million years.The and ptniculate form. in the aUnoq_ gaseous iodine
combination of very long hMf-life and low-abundance, can exchanp to the pm'ticulateform by rugting with
low-energy photons make the routinedetection of X_lat lmrticul_ matter. _ or pm'.iculateformsof iodine
environmentalconcentrationsdifficult, can undergodecompomtionru_ona due to physical

ii i ii ii i

gIJ_Im_



influe_m such u _ or chemicalinfluenoessuch as About 90 pexcem of the 0.011 paros of iodine in adult
_one. An exz_aptoof this cycle hsmethyliodide which is humansis foundin the lhyroid81and. Iodinein thethyroid
notveryreactivewithpwticula_surfaces.However, _ a aeriesof biochemicalreactionsto form
__'___ andoxidationofmethyliodideproduces honnones,whichare_t tometabolisminmoetbody
elemental iodine which is very reactive with particulate tissuessuch astheheart,skeletalmuaclel, liver,andkidney.
,_,rfaces. The removalof iodine fromthethyroidis _ by

the biolog/ca]haft-t/meof iodine.
Airborneiodineistransportedwiththewind. Iodineis
removed from the 8tm_epheteby wet ariddry deposition.

bm to Properties in Nudear Reactor
nucJur g:,,:m'tyi,dqx. rand,iti, Accidents
mx readily mmspce,_ downward in the venkal ,oil
oolemn. _ has boundemonstratedby measurementsof Czmsiderableinfmmationaboutthechemical_es of

nearnuclearfud nq_m:usinj facilities thatexperience iodine in • mr.lear reaaor accident was learned from
diHemm climatic andsoil conditions. These facilities are analysisof theThreeMile Islandaccident,which tggmrred
SRS, Hanford,and NtwJearFuelsServioesintheUnited in1979.Oneoftheaurpriah_asjxgtsoftheaccidentwas
States,theKarlsndte_ PlantinGermany,the thesmallreleaseofml totheatmocpbe_.ThelScuriesof
Sellafield Wm'ka in _ and the Power Reactorand _l thatwas releamdto theatm_ relmmmtedleasthan
Nuclear Fuel _ Corporationin Japan(Ander- onepartpermillionoftheinventoryofmlintheruamorcore
son, 1978; Kanteloetal., 1982; Rickatdet al, 1974; Brauer (Voilleque, 1986). About 40 percentof the mi i_._'¢mtory
andStrebin,1982; SehutteikopfandPimpL1982;Robenset was dispmuedto theinsideof themminment ata auxiliary
al., 1989;,Stewart and Wilkins, 198.5; Murmatsu and bufldinp (Paquette et al., 1986). Most _f the iodine
Ohmomo,1986), oondm_ u cesiumiodideonwalls,_awork,

Depos/mliodine csnbe removodfromaoilby r_xu.wem_on, The Clmmobyl reactor accident in 1986 also relessod
xurfs_ waterrunoff,volatilization,andupCa_into theroot comdd_ably Ius md/oiod/neto the env_ronmmttthanwas
syatem of plants.. PlantsalJo receive iodine by direct contained in the reactor core. Asseriousasthisaccident
depomtion onto leafy surfaou. Vegetation is a step in the was, ouly 20 Ixmamtof the inventoryof ml was releasedto
maim' Ipethway for the uptake of ml by hmnans who th_atmosplm'e(USSR,1987).
oonsunn rankfromoows thatp'aze on vegetationcontami-
nate0with falloutradioiodine.
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AppendixB--EnvironmentalSamplingandAnalysis
Ovw thehistoryof SRS,therouthleenvironmentalsamplingMd s_Jysisprosmmhas
evolvedintoa comprehensivenetworkof samplingstationshtthelocalenvironmeot.
Similarly, the site's capability to respond to emerfpm_ conditionshsa evolved to the
point where mobile hdxm_ries providenear real-time measurement results for
environmentalsamples.The SRScapabilitiesforroutineandemergencymonitoringof
radioiodinearedescaibedin this appendix.

Routine Site Operating Conditions _y_d bygammaspecuometry.O'nemm#ins material
um_duntilthemid 19608wu afilterpspercotted withsilver

The routinemdysis of environmentalsamplessuch as 8lr, nitrate.)
rain,m/Ik,water,vegetation, wildlife, soil, andsediments
hu been directed towm_ the detectionof ml. l)etection of

at the very low levels found in the environment is _in
tochnic_y difficult--the measurement technique is not
amendableto routineanalysesofthemasnitudeofthe'311 Someof the locationsfor air monitoringalsohavethe
samplinj ix_grmn. However, since 1989, selected capabilityto collect rainwater.Rainwatercollects in stain.
fpoundwstersampleshavebeen routinelyanalyzedforU'l. lets inel pans 60 cm by 60 cm ,ujd flows through an

anion-cationexchangecolumnbeneaththepanandtheninto
The environmentis sampledby acontinuouscollection for a collection bottle for volume measurement.The ion
aspec/fied time,suchas a7.daycollectionof water,orby an ex_ump columnisehaupdeveryfmmhweekezc_t atthe
insUmtaneo_ collect/on, such ,usa grabsample of water. 1604un locations, where it is changed quarterly.The ion
The reportedconcentmion for the instantaneoussample exchangecolumns areanalyzedby pmma spectrometry.
repmsenmthe concentrationat the time the sample was
collected; the concentrationat measurementthne is oor- Be_J_ the nfinwster collection pens are continually
reinedforradioactivedecayduringthetimebetweensample expmmdto themmoqdune,they_ collectdrydepmifion.
collection end sample measurement.For the continuous Rainwatercan leach rsdioiodinehum the drydeposition;
collection, the measured concentration is corrected for thisru_iodine is trspj_ on the ion exchangecolumn.
radioactivedecay duringthe e_ time since either the
sum or the midpoint of the ooilecfio_ oneor the other
correction Imsbeen used during tin historyof SRS. •

" " tAir
o_

Atnmsph_lic sampling locations near the s/tc perimeter • • •
increasedfTom8 in 1955 to 14in1989. Correspondingly, at • '_o • Demmk
the40-kmradius,samplinglocations increased f_om3to 12. • Bmmm
Figure13-1showsthe Iocatiom within the40-km radius. Oeoq_ •

WtymdDm $oatb
Locationsat greaterdistatmmwere addedin 1962to help 0

distinguish SRS-releuexi l'_fioiodine from that due to •Ailend,le
fallout, which wasmoregenerallydiseributedin theenvi- •
ronment. Four locations (Columbia, SC, Greenville,
SC, Macon, GA, and Savannah, GA) were added at the

160-1rraradiusto aid this e_!, q .... 10 ]e OnsiteMonitorStation [

The aireumlplersfor radioiodine ooatinuously pus a filtered Kilometers !• SitePerimeterMort/torStation ![• 40-kmiUdi, Moni So.
air stream through a _ridge of activatedcharcoalimpreg-

natedto5 percenttriethylenediamine(TI_A). Thecharcoal FISureB.-L AirMonitorinS Locationswithin40 kmof
cartridgeand perticulate filter are changed weekly and SPS

, t i , lt

mu_.. B-1



Fism_ _ Milk Monilmi_ Locationswi_ 40 km K L_
of SRS

Milk

Milk samples are collected every two weeks bom approxi-
matelyfive dairies and one major diatn'butorwithin the
40-kmradiusofSRS.Tlmiocatiomofthedaida sampledin
1989 are shown in FigureB-Z Thedairyin Williamn,SC,
ceued_ in _9. hs re_cem,m_ nmvuns
purpom8isadairyinDenmark,SC.Dudngtlwhistoryof OEO_O_
thesite.,variousdairiesandfarmsoutto80km havebun

sampled, _ _ t _ | _o O.--d,..,_',--l._

Fourlitreofmilkarepassedthroe_,mwon exc.lmp
column.The ion exeMage column is analyzedby gamma
q_uomeu'y. F_.eatBL_ _ Wrent_t._

B _ _ II_ml_mGmk
¢2MJ, It Itumm/mm _ I_Bl_llCl_t

LI. LIAIB
L11LC Lmmllmo Iron _k

Groundwater ' _._.,_ ,_ ,_
H ,IUIO_ I_ IPmdC

Routine monitodug of SRS wells for ml belPa in 1956. in _ _ _ _ _ h,_id W0mmqma _y tc _¢m_

1989 approximately140 wells were sampledforml once 1' .mx_,_w,m 'm 'n_hm
dm'in8 theyear.Samples arecollected eitherbypumpingor U_o _t'__tm_c'm
bailingthewens.A1-1iter_qeot ismdyzedby_ FtCm',B-& _ WaterStapling_ Omit,
q:_cuometry, andOmae

routineaulym for uq in Bro_ndwatersamplesbeBaa
in 1989. iodine in q_y umpire is chemically sepa-
rated,Imrified,and analyzedby low.energy photoe sp_c-
uomeuy.



Efflamt e.tlldb b'emIpeeemm Weather Information and Display System

Samples are generally collected from the ditch or canal Material released from SPS to the atmmphere moves
connectingthe_ outfallwithabody of surfacewater, throughthe atmosphereas • plume.TheWIND System is •
Variousmmpmite samplers are used, the Win_pal ones mmputerizedemergencyresponsesystemthatpredictsthe
being the paddle wheel samplerand the Brai]sfordpump location of the plume as • function of time after an
sampler, unplannedrelease,lt alsopredictsconcentrationsof specific

isotopes in the plume and the do_ consequem:esof the

Routine water samples are retrieved weekly. A 1-1iter release.The WIND System is linkedto theWeatherCenter
aliquotis analyzedby pmma spectrometry. Analysis Laboratoryin SRI. and to the SRS Operations

Center'.

Site Streams TheWINDsystemusesavarietyof real-timeenvironmental
dataas inputto its mmmrologicaltransportanddispersion

Samplersaresimilarto thosedescribedforeffluentoutfalls, computercodes.Tne inputs include metcorologiatl data
Routinewatersamplersareretrievedweekly, anda 1-1iter from sevea instrumentedtowers onsite and one tower
aliquotis analyzedby gammaspectrometry, offsite, stack monitoringdata, and perimetermonitoring

data.

Savannah Rlvm" Predicted concentratiom and dines from an unplanned
release provide a preliminary assessment of the

The SavannahRiverhasbeensampledatthelocationsconsequencestopublichealthinthepathoftheplume.This
showninFigme13-3.Watersamplesarecollectedby a informationiscommunicatedtotheSRSOperationsCenter.
paddlewheelsamplerwhichprovidesacontinuoussample, WIND imxlictionsarealsousedtopositionthesite'sfield
Samples are retrieved weekly, and • grab sample is also resourcesforemergencyresponse--the two mobile iabora-
collected at theupriversamplinglocation, tories and the samplecollection teanut--_ ideal ka:ations

forsamplecoHeetion.
Initially,iodinewas chemicallyseparatedh'omthewaterby
solvent extraction.Thisprocesswas changedin1963 to
passing water throughan anion-cationexchange column. Radiological Assistance Programlaboratory
The ion exdmnge column is analyzed by gamma
spe_=rometry. TheRadiologicalAmiman_ Programmobilelabomory be-

came operationalin 1986to providenearreal-timeassess-
meat of any radiological emergency in the muthesstem

Other EnvironmentalMedia mu=. lt Iu=numerotmcapabilitiesforthispurpoee,butonly
thonecapabilitiesapplicableto aradioiodinereleasewill be

Periodicsamplesof vegetation,wildlife, soil, sediment,and describedhere.
food other than milk are collected for radioactivitymeas-
urement. Grabsamplesof soil, water,milk,vegetation,andaircanbe

collected. The air samples m obtainedwith portable
samplingkitsthatpumpairthroughsilverzeolitecartridges.

Emergency Response Conditions XUeon-boardmeasurementinstrumentationused to assess
these environmentalsamplesfor isotopesof iodine include

Site resources available for emergency response to sodiumiodide andgermaniumdetectorsforgammaspectn_
unplanned releases of mdionctivity include the SPS mett_ analysis. However, t:sl is not detoctableby this
OperationsCenter, the Weather Informationand Display technique, in the case of • radiologicalemergencyat SPS,
System (WIND), two mobile laboratories,andfield sample resultsof pmma spectrometricanalyses performedin the
collection teams. The SPS Operations Center is the field arecommunkatedto the SPS OperationsCenter.
commandcenter forcoordinationof the site's responseto

emergency conditions.



Trackin8 Radioactive Atmospheric aiumdmaom forpmma _ amlym _ ismt
Contaminants Laboratory detecttb_bythistechnique).Typically,within30 minutes

of eommea,:t_maple mileceoe,mdioiodiaecoac_us-
The _ P.ad_gtb_ _ Contaminants tion resultssreavailableforcommunicstimto theWeather
(TitAC) mobile _ becme ope_ioatl ia 1984. lt Cent_ Analym _. These netr real-timeruultJ
was Wincip_y dmiped to assess the radiolofli_udimpact providemeasured coneentratiom to comlmre with com.
on theigenerMpublk of m atmosphericreleue fromSRS. lt purer-predictedmncentratioM.InterWetat_Mof theretulta
hsathe Ctlxtbilityto continuouslymonitortheenvironment in terms of dme aueuunent are thencommunicatedfrom
for _ in real-timeand to lagfom qaa:ialized the Weather Center Analysis Laboratory to the SPS
analyseson-bo_ innearn_-tiaz. Only those capabilities OperationsCenter.
tpplicsble to arsdioica/iaereleasewill be describedhere.

As a plume of ame_ releasedfrom SPS r_vm t_Sb cqmbility to a_te¢ the ra_ for _aait_l miioiodiee.
the ttmmpbere, the locationof the plumecu be eontinu- ThisreM4imeuMysis is done withmother set of_.
ously monitored by TRAC _ mcin_ _ tim _ EaviraameatMsamples such m soil,
tent,providedtheplumecontains81mma-emittin8nuclides, water,milk,tad vqg, tation can be coHecsedin thefield and
such as mi. 'Ibis monitoringcan occur while TRAC is analyzedfor their nglioiodine content using the on-botrd
perkedor moving. Results of these rul-time analyses to high remlution 8_rmanium_ Resulte of then
locate theplume ud to monitoritsmovemeatarecommu- additional analyses are communicated to the Wetther
aicated to the WeatherCenterAnalym, Laboratorywhere Cuter Analym Latmntto_ u they betaine available.
the _ is used to refiae WIND pedictio_.

•ro _ me _ _ of Field SampleCollectionTeams
mdmkxiiae,nm_ks of ur areobtainedwi_ an
hish volume nmpler that pemp, air at 25 m3per minute. 5ample collection teams are deployed to appmwime
Airbornepartkulateformsofiodinearetrappedoua hish Iocatiom in the fieM to eollect a vsriety of eavimnmealM
efficiency particulateair (HEPA) filter. Volatile forms of amnplu. The umple8 arereturnedtoenvironmentallabora-
iodineare trappedoa a Tl_A-impregnated charcoalfilter, todm ,t SPS forsubaequentanalysis.Theseenvimememl
To umximizethe abeorptionof iodineon thechmma_ only samples wovide peater eomprehenaivecoverage of the
a portion of the HEPA-filteredsir is peued throush the mamquences of a release thanthe covemse providedby
charcoal. This flow rate is limited m I m3 per minute, the mobile laborakxim. Howevu, the availabih'tyof au-
"I'niamunplin8canoecurwhileTRAC iaperkedor movins, lyticMreults is net netrreM4ime._ of thistypeof

nmple eoi_tioa andtmdym we,re_ in Chaix_ 4
The m-bored memn_ment instrumentationwed to assay wherethe 1961 acute 13tj relealteill_de_ltwIuJdillCuMed.
airttmples formdioiodine includehighremlution germa-
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