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AT13' 1RACTl

The Tennessee Valley Authority injects tihe Raw (Cooli.lng Water (kCW) and

Essential Raw Cooling Water (ERCW) Systems at Watts Bar Nucl.ear Plant

(WBN) with sodiulm1 hypoclil.ori.te to cotitro l As i.atLic clam polin IA iotis. 'I Ie

National PollutLait D:ischarge E mitnat ion SysLem (NPD).FS) Pe r-miL. for WBN,

NPD)ES No. TN0020168, allows chlorine to be discharge(d Lo tLhe 'lTennessee

River continuously; hiowever, total residnual cit ori ne ('TRC ) s ha- I nlot

exceed a maximum ilst~anLtaneous conceLitrat iolt of 0.1() lg g/L.. AidIlionJally,

colintwuo us chloriliatiott o[ tile E'RCW atid RCW sysLems ;tt a maximimuim of 30.9

pountds per hour for Ltle purpose ol Asiatic clam cotiLt)ol is pe lilliteud when

both units are opera;ti.nlg auth the raw waLer iJnttake ttL'uiperatiitc ris 1 bove

15.6°C (60°F). Part Ill K. of the permit reqjiti res TVA lo hetlerminie lihe

mflaximunm discharge concentrations of TRC I-or a. h-I discita rge I low palthus and

to evaluate the need to provi(de decihloritnaL. ion to cotpipty wi Li the 0. I(0

mg/L. TRC effluent limitit unuder al l operatLiotla Iliodes anltd pltatitL uomidi tjolis.

Tlhi' TR[C concenttratiolt itl the diff-tser- dischiat rge (I)SN 1l)1) tid th(i

emergency overftlow from thre yardtl hobId li tg pottd (I)SN 102) v~ti-ii s wilt1h t il('

lIlllOillit 01' soditItIt htypocit-10-i Lo e added at li.e( i Iltake pmupiip I tij, at~i iii 1 ( 1S)

ind Lthe plant opexrat i tig st.atIs . TenI di ft ereiSt' scenta r ios, i ltv Ivi tig

vat iOUS dischtarge roultes anid plantco.. I it jLiOIs whii (Ii coul id itt iet l 'RC

colicent rat itt in ditschatrges to the teinessee River-, wer(e i dent i f i(ed. 'file

sceniario in witichi tie two nuicl ear reac lors are itt sliitdowt n o0de, tile two

coolintg Lowers are not in opera Li on (waLer is io t be itlg ci r cillha ted

thi ouigh the condense rs), botht tihe RCW anid l.E'RCW [[ow is routed to tle cold

water ciannIel of the cooliPg Lower-, alnd the diffut ser is itl operati-on,
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resulted in the hlighiest expec ted TRC coticenitra Lion i.n a di scha gt' to LIlie

river. Field investigations showed tLhaL. for tLnis scenario, a discharge

limitation of 0.1 mng/L for TRC couLd not be mel when tLhe TIRC avc raged 1.0

mg/L at the IPS but couLd be miet when Hime 'TKC concenLitraLtion avermagedi 0.6

mg/L at the IPS. Field investigations aLso showed that an i mistaLitamneous

m1axiilumil concentration of 0.8 mg/L fo r 'iC at the IPS couln (n hot hce met

primarily because of the difficulty of controlliing Lme sodium 11 hmypochlorite

feed system with precision. To allow for these fHuhctmati ons;, procedures

anmmd limn itat ions govern illg tLme sodi Inu Ihypociiori te iced recLuf' c;til d be based

on mai mint aining an average 'T'RC concentraLioni at tiLe IPIS stattimIl.
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I-NTRODUCT ION

The Tennessee Valley Authority iujects the Raw Cooling Water (RCW) and

Essential Raw Cooling Water (ERCW) Systems at Watts Bar Nuclealr Plant

(WBN) with sodium hypochlorite to cont-rol Asiatic ci am popln Iations .The

National Pollutant Discharge El iminati on System (NPI)ES) Permit for WBN,

NPDES No. TN0020168, allows chlorine to he discharged to the Tennessee

River continuously; however, total residual chlorine ('RC) slial iot

exceed a maximum instantaneous concentrat ion of 0. 10 mg/l. Addi tiona lly,

continuous chlorination of the ERCW and RCW systems at a maximum of 30.9

pounds per hoour tor thle purpose of Asiat ci- clam con1t.rol i<s lpermoiLtedl when

bothi Unlits are operatinog a r(d thle raw water illtake temi)(-rA-litre is abI)OVe

15.6 0 C (60°F). Part .Il K. of the pwermit reqnuires TVA to detetruillie tlie

IlI.XilllUIII diSCharIlge COit'ltitraltions of TRC lor al I (lisclIii ge I 1,, pialis anld

to evaluate the need to provide (lechlori nation to comply Wi ti the 0.10

mg/li TR( elf lueiLt 1im IL undcr ;all operationllI modes ;iid(I pI jut '1 (11it0i.)lls.

The results of this eval ation were originally 1(o he reported to the

I.Environinen tal Pr(otectioon Agency ([.PA) lio later thIan lDecembeur 31, 1.984;

hIo;wever , tile deadl1 ine was exteled tlo Octoher- 1, 1985 as re(qije8 teIl by TVA

il-st onll ecetmbher 27, 1984 and theti aga ill Ott July 29, 1(85. 'ITlhe lollowi rg

teport gives the resitlts of tltis evalualittion. Thte report (loes lO t consider

tlie scenario in wh icht tlie condenser coo Lirig water (CCW) systceml is s hock

chloriit.-ited. Thle capahifit y ex-ists for thL-e CCW sysLemi to be vliIori nated;

but ait this tinte TVA does rIot believe chlrorinatiort of Lhe C(.W will he

ntcessary.
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SYSTEM DESCRIPTION AND OPERATION

Cooling water for WBN is wi thld rawir f ronit lihe Teiiiiessee River by the intake

pumping station (IPS), where l-low is (livi ded iuto tire RCW sysLtell andli the

ERCW system. See figure 1. The iritake primp iirig statioii conisists of two

pits. Pit A is equipped with 4 RCW piiimps arid 4 i.RCW pumps wliie Pit B is

equipped with 3 RCW pumps arid 4 ERCW uxmpls;. Ela cl RCW allrd ERCW p-ump is

rated at 5135 gallons per minute (gpim) antI 11800 gpmi respectivelly. Plant

coriditions determine the number of RCW alld ElRCW pulps thiat are noriolia[y

operated. Tat)1e 1 shows the max imirrum niiumbe r of RCW a iid E'R(W l" pmlpS ini

operation under various operatiiig coiluitiolns.

Whicir the temperature of the initake water reaclhes 60F, soditjill

lhypochlorite is added to each of tihe pits iii tihe IPS to coinLrol Assiatic

cli ams arid to inhibit biofoul ing on the e(u lipmetiL and components whiichi

tI I ize RCW arid ERCW f lows. The amount. ol sodiim hypochlori te il(' at

lite Il'S is coiltrolled by tire desi red conicenLtra .ionr of T'RC in tle systerp

The IlIaxiniiuini TRC colncerit rati on winicii wi H. avoid ox xidation of tlie resins

associated witih the makeup derilnieral[izer system is 0.3 mg/L.

Aflr mliscellanlreouis comirponrenit afnd equipmenit cool ilng, Lthe RCW is;

dischlIarged into the coL1(1 water channe l of tiLe coolinig tower, where it

serves as makeuip water for the cor(derLser circrilatirig water (C(W) systern
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0
TJABLE I

Maxim nuim RCW aindl EIWW Makeiip I lowra I.s as a I'uiirI i

of PlanLt Operalo iOU StatLus

PIanlt Operation

Status

Mlax imumij

Nluuub(e r/Tyipe o) l

Pumps -i u pera liouu*

Hr':l i 11111111

CoMnbi u. IIL' d Makeup

1,, (('WPi' ':( ,P!W.I'

Both units off line

Oue Unit in operation

Two units in operation

6 RCW,

6 RCW,

6 RCW,

2 ERCW

2 E'RCW

4 FR: kCW

45, i -)

45 7)5

1 ,552

*Flewer pumps could be operated depending On equipfliet cooLintg i(eeds.

--'iRCW pumps raLe(I aL 5,135 gpm each; ERCW pumps ra ted at 11,800 gpiu.
I)ischlarge flowrate is less than product of number of puLImps Limes rated
Hlow because of miscellaneous water uses.
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See figure 2. After safety-related system cool ing, Lt iEI'RCW is; dischlarged

into tile cold water clhiinnel of thle cool ing Lower to serve ais iaikeil) for tire

CCW system or to the yard holdi iig pond. A miii iimm of I I ,()(() gppi of makeulp

per operating unit must f)e routed at all t imies to tihe cold water liaciriel

of the cooling tower for makeup. I)ischarge of the ERCW lo the yard hol (d ing

pOil(l will occur only in the event of bllockage of. the normal llI ow 1p;itl to tile

cooling tower or for mairitenanice.

Two closed-cycle natural draf t cooIing Lowers wil.l. Ibe tised lo to ect.

coolinig requiremirents at W13N. Thi s will enabl)e lile pl. iLt to ope r;tLe wi Li

a minimal thermal effect onl the 'remiiessee River, siirce flirC ()CW sysLtm

will cycle cool water Iromi thle coolifig towers thi rough the coildluisers a nid

dischiarge the warmer water back to the cool inig towers iii a closed system.

Blowdown is remove(l fronm the coI(l water chaliire l of tile cooling tower to

limit (di ssolve(l sol ids bluildup ill tihe CCW system. The blowdlowil is tlhenl

, ;1,,,, ge. li ,1 (:i (hila g l r ;v1i 1' v ia; . SY( i I I y h :; gicf I f1 ,1, I I ear y

sys, t em.

Whei t lie pl ant is online, water is circulated thirough the coirdelisers by

thle CCW ptiipS anrid enters the center of tlie cooIliig Lowers wIhere it

casca(des over the till material in the Lower. The water thenI IeaVes the

tower via tile cold water channel. A portion oJ lihis flow dischliarges

over a weir as b lowdown and goes on t tIre d iffuser . Thre iriLake f or t le

CCW pUmips is located in thle bottom of the end of tIre cold water cHianel.

The RCW and ERCW flow eniters the cold water channel di rectl Iy over t lis

intake, therefore, during operation of tile CCW system, tIre RCW arid ERCW

Iflow are mixed with tile CCW flow arid puiilpedl through the condenisers. When
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B LOWDOWN

CCW PUMPS

FIGURE 2. CONDENSER CIRCULATING WATER SYSTEM



tIIe 1) ImIIL is off' lir e , WaLter is roL. (i ric l;I( tid L hroug l i tire ( I irr lr s

o r casc(d(l e(l ove r te I il IIIa l (' i ; I ;11(l1 (I I il I l.e ((-()I w;i t cI celiharI

is iI tL.e oppos i Le di rec tion from LIhatL w heii tire ) tamtL is on I Hic Ii re -

fore, RCW and ERCW flow euters die cold( water chtaninle I, fIHows a silor-L

distance through lhe channel , and discharges over the b1lowdown wei r

going to the diffuser.

The fRC concentration in the diffuser discharge (I)SNIO1) varies . with tile

amount of sodium hypochlorite added at the IPS alici the p1lant operating

status. The following scenarios summarize discharge routes an(-ld plant

conditions which can affect the TRC concentration at tue difilfuser.

Scenario I: 'rFie Lwo niuclea r reactor Units are in shin t(towri o(det Llie

two cooling towers are not in oI)eration (water is niot

being circulated througIh the condensers) and boLh the RCW

and ERCW flow is route(d Lo the cold water cihane I of the

c(o i ig Lower. Uin([er thiis (011itdi oii, airy niiirilrbi oJ RCW

Mriid lRNW puimips co'il I ( r ir( tmIiini i f- hi tii t lihe iii i iili i be irig

one each resiilLiig in a llow of' 16,935 gpmir. Sirice waler

is nIOL Circ('uil at intig tirough Lire CCW sysi (iim, tle RCW a1nd(1

ERCW flow would discharge over tiLe wei r in tire cold waLer

chairniel and enLer tihe dif [user sv,;Lte wi tih little or rio

dilutrion or dissipration of tihe chiloriiie from tiat

discharged into the tower.
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Scenario 11:

Sce(t'rimrio II[:

Thre two Iiucle ;rI rte a(tor 1i it.s are it, sIit itow i i modle , tIIe

two coolling towers are not iui operation , t Lie R('W flow i s

irouted to the colId water chalinnIel of Ilie cooli fg Lower,

and the ERCW ftlow is routed to tLhe yard holIdirig poud.

Since water is not circulating through tihe CCW system,

the RCW f].ow would disc(large over tLie weir iu tihe co1l(1

water channel an(d enter Lie dilflfuser systLeii wit Ii Ii~tle

or no dissi paLion of Lire ciloriti e. Tlie i'ROVW I1.ow goi ig

to tire yard htoldiig pond(1 woI 1(d be reLtai ned iu iithei piori

ior a pteLi od of Lilime thiat. wotlild be ;liea ti Imion I tof L'

number of ERCW l)piiuipS operaIt ing. 'Tis t1.ow wouild Lteih be

discharged to the difflrser system where it would (be miixed

with the over[low from Lhie cold wat.er clhanirel of1 tLhe

cooling towers. Threre woulnd lie some chliorinie dissiipation

occur iii the pond; tirerefore, tire '1'RC concentration at

the difftiuser won'l( lbe exxpi(Led to be siigliLiy less tLi;iii

that in Case 1.

The two nurcl ear reactor iiLits are iu op)eratioiii, tLhe two

cooling towers are in operatiott (water is heii g

ci rcu[lated thirough the coideise rs) arid both tiLe RCW arid

ERCW flow is route(d to tLe cold water chiantrielI of the

cool ing towers. Under this conditiLon a maximtrirrit of 6 RCW

pumps and 4 ERCW punmpis wonldIi be operat ing, prodticilig a

corrbiired makeuip to the CCW systeni of 61,552 gpi. Si rice

water is circulatit g Lh rorig i tLie CCW, tIre ERCW ftlow would(
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be di i Lte( w i LI t Lie f- I ow iII L Ie C(W systekm, L it'el cascadedl

over t Ie Iil l miLteria I iu tle t ower Ibef ore d iselia rge to

the diff[user system. '[I'e CCW Iflow for eaicli iiiiit is

410,000 gpm, there fore, the makeup I'low of: 30,,77/ gpill per

unit (61,552 divided by 2) is diluted 13 Lo 1. Since

the coolinig towers are uot unitized, it is possible For

the RCW and E'RCW [low Lo be distribuited iinciieqilily between

the two CCW systems. In Lhie unti[ikeely c;se when al: RCW

and ERCW flow is routed to one CCW system, the diilutioni

ratio would stilIl be greater tfian 6 to 1. Since additional

chloriiie is uot expecLed to be added to the CCW system,

tlie TRC in tIhe RCW ;ilid ERRCW discharges will 1J Iso be

di [tIIedl. In add it i-on signlifi caiit cfIlorine dissipaLtion is

expected as the water Flows over the coolinig tower fill.t.

Sceilalio IV: Oi I y o()e uic lealr reacLor iii i L aII Ii o0II c ool i g owe I0 is iII

opeiatioon a iid hot Ii the R(LW aliid EIlCW fHow is roitei d to the

cold water ch;aiiinel of the cooli ig towers. Une(l(r t~Lis

condj itiou, a maximum of 6 RCW atid 2 EIRCW puilips woulId be

operati ig prochiiciuig a comb i ned flow of 45,735 gpim . Port ions

of this flow could be d(itrected to either CCW system dlepending

on the need for makeup to the operating CCW system. T'here-

fore, the potelntiaI exists for some of tIre chloriine to be

diLItted with the operating CCW system and dissi pa Led by the

coolinig tower fill.
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Scenario V: 'lire two uiic lcar imii ts ate i n opt ra t i oil , the t wo coo I i fig

towers are in oplerat iont, tLe RCW fl ow is rot(ed to tihe

cold water channel of the cool ilrg towr r, and al hiuL

11,OOO gpm of ERCW f[ow i.s routed to tihe ya rn holdirig

pond. Since water is circul ati rig ii Llie C(W, tire lPCW alid

ERCW flow routed to the tower wilL be CH .ULe(d wi.Lii tile flow

ill tire CCW system, then cascaded over tLie I i I I mriat teria I i:i

tLie Lower, before di scirarge Lo Lire dii hiser sv!; (em. 'Ilhe

reiairaninrig ERCWII ilow goinrg to tile yard h(oldilig p(.uld( will

be retained ill tile ponId as ill Case 11. Thiis I-low will.

then be discirargeol to tile diffuser system where it. woUl(1

be minxed witLi tire overflow from tirLe cold w;rterr cihrimirel of

tLie coolinrg towers. TIle TR'C rice(jrelrirt i orr .it ( ti Ii fft iser

would he rediuiced ibecauise of di I Liotn of 'rt ol tof e fhlow

wi.LiL the C(CW system lol lowed by di ssipr;t ion r ii Lthe Lower

jidl r-t .ir 1ilg L(ir r11r ii niiig I ow irl Lhi. pmoid ;a i ,wirillg

somie dissipation of tile cilniorirre to occur.

Ilr addi.Lion to tihe di [fiser dliscila rge, TVA is also perirri .ttLe( to di scliarge

cirlori nated water from th e ya rd hol di rig porrod (D)SN 1 02) (i recL I y to lle

Teunessee River under emergency conditions to protect di.ke stabi I i Lty.

Uirde r norimral operation, tile yard irol dinrg poird di scharges to the d i ffuser

svs tenl. When the flow ill tile river is less tharr 3500 cib ic Iee L per

seconrd (cfs) , t. lie dif fuser is isolated (shut off) causi r ig the I. ow to

backu rp ill the yardl holdirg pond. WitAl hotLi units ini operat iorr, tIhe yard

hol(irig pond can store coolinrg tower b)1.owdowrr i'or a mn ir iririrrrr of 12 hours

hefIore water woiild spill over thre emergenicy overtlow. Hlowever, hased
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on historical data, ad(dlitiolIal I low woMni(l hWe avai fable Irom Watts Bar Daam

immediately upstream of tire di I fuser, thlus reopen i rg the di.1 fIuser discharge

arid lowering the pond prior to overtlow.

Should the diffuser have to be iso Late( d iiring the chliori nat iOn season

for some other reason, such as ma inrtenance, for longer than 12 hours

wilie both units are operating, there would be a di.schlarge oli chlorinated

water to tire Tennessee River. Although the probal)itliy ofl tiis ocCUrring

is remirote, tins patiiway does exisl. Si ilm ilar to tire di ttfuse r di sclirrge,

the TRC concentration inn tire overflow varies witit the amounit of sodiurn

hypocihlorite added arid the planiL operatLinig status. The 0ol lowirig suenrarios

suiira rize d iscira rge routes ardi planit coni(d itions whi ichi cain (il 1 e('( I th RC

concerntrat ion at tlie yar-d holdirig pond(1 em'ruergenicy overtl Iow we i (. I)SN 102).

S(e( zirio VI:

Scr Ii o Vi1:

Plant con(L'it ions andu fIlow patirs woil d bhe tire saiiie as iii

Scellraio I except that. tie difsllrier woril d is' i siataLed arid

tlhe flow would back up irto Lihe yar(l Iroldi rg porrid arid

threni over tIre emergenc y overf l ow wei r.

P larrt cou((itiorrs ard I low pa tIhs worlid be tire s5ile as :it

Sceriario I T except that tice difiruser worJ .(d h)e i soI ated

arid mixing of tihe ERCW flow ard(0 coolirig tower b)lowdown

would occur ill tire pond i.us tea(i of in tire pi pitig system

going to the diffuser. i)isciharge to the river woul( be

over tire emergenicy overlflow wei r.
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Scenario VIII:

Scenario IX:

Scenario X:

Pla it cor(i t ionIs ad R [ low pathIIs wou id h e Lhe salmet as in

Scena rio I ii except tlia L Lhe di i ffuser wou 1( he i so I a Le(

and flow would back up into tLle yard liol di ng ponld a rid

then over the emergency overLLow wei.r.

Plant conditions and flow patLbs wou[(I l)e lhe samile as in

Scenario IV except that the di IffUser wou l(d 1W isolate(d

alid( flow wonld( back up into the yard hol]ding Ipmud and

then over the emergency overf 1 I ow we i r.

Plant coriditions and Flow pathls wonId he Lhe s;nnne asIs in

Scenarrio V excel)t. that the (lill riser wonI d he i sol aLed

arid inix ing of the ERCW flow anrid cooling lower b1owdown

would occur i-n the pond instead of in the piping, syster

go.iug to the diff user. Di-scharge to thlie river wonld(1 be

over the emergency overflow welir.

'liT lTRC concerut ration iii the dif[fuser disclia rge (DSN 101) is expected to

be Llte hligliest Ilor Sceraerio I, when the two iuc lear reactor urn its are

siluLtdowii, lihe lwo cooling towers are riot iii opera tiori anid boLth L Ire RCW

arid ERCW 1low is rouLed to the cold waler ciannel of thie cool inig Lowers.

For Llte other cases, Lhe chlorine i.n Lhe RCW arid ERCW llow is eiliLe r

di IuLted wiLIi tire CCW sysLem arid dissipaLted iii the coohli rg towers1; Or

diss i pa ted in thle yard hold(iig pond(. '['le 'T'RC conceritratioon ill li('

em1 i- genicy ove r I ow f roii LtI Ie ya r(l Io I ( i iig I)oII(I i s expecLed Lo )(e L lie

highest for Scenario VI, when thne plant. cond(itionis an(] tIlow paLlis would

be the same as in Scenari.o I except thiat i.nstead of di.schiarge liir-ough tLhe

(I 1l luser, flow would be inlro tHe yard hol dirig pond anrd then over Lhe
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(m e rgency overflow weir. The TIC ('colceiL rat. i oili ln Le di I I I iser d i schalrge

ior Scena rio .1 is expected to be equal L:o or grea Ler Ltian LthfAt iit lihe

em'uergency overflow lrom tLhe yard oholdling pwiid lor ScentaIrio VI. Tihe refore,

in order for TVA to demonsLtrate compliance withi a discharge ilmitiLai oIr of

0. 1 mg/L for TRC for a giverr concent.rat ion of sodium nhypochlor i al Lhe

]I'S, fie ld stLudl es ieeud oil I y be conducted 1 (r '-e cila rio I.

-1.3-
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SCella rio I coid i Lions were siinnlIa Led dirring Novemirber 1984 a rid a ga ili

1111- i Ig May 1 985. DIii vi rig both i I iiii h1ia Li il:;, :;.niirp I ts wl I c ci 1 L t'd ann

analyzed for '1RC. A descriptiou of Lhe nmetiLods usedl du riig eaclh stutdy

anid a discussion of the results foLlows.

Metihods - November 1984 Stlud

The two nuclear reactor units were shut (]own arid the two cool i lig Lowers

were riot in operatiori anid bothi Lte RCW arid 1:(;W flow wars routed to Lhe

co.ld water chaiinel of the cool ing towers for the niurationi of tLh( stiLdy.

Two RCW and two ERCW pumps were l)einig operated resulting ill a Lit t

esti ima ted flow of 33,870 gpin. A 10 perceuit so!Lutioii of sodli im)

hypochilorite was being fed at the IPS at a rate that would nra iut aiii a

'ITRC concentration between 0.5 and 0.8 mg/I. at air compressor 13,

approximately equivalent to a 0.8 to 1.20 mg/l, IRC concentration at the

II'S. Air Compressor 13 is one of the last conmp)onienits insidne the pI ;int to

utilize ERCW. 'Iwo of the four avai lable chlorilne pumips were operational

for the duration of the study. Grab samples were collected periodically

i or ajiproxininately 5 hours at the Collowing points:
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1. AL the plant inLtake pumpllinrg stat ion f'roll:

RCW line coming from pit A

RCW line coming fronm pit B

ERCW line coming from pit A

ERCW line coming from p iL 13

2. At the cold water channel from the cooling towers:

Tower A

Tower B

3. At the diffuser discharge sample port:

Leg A

Leg 13

Al I samples were 200 ml arid were analyzed for TRC concerntrati orn I Lr Iig/L

Iisirg the amiiperomietric LtitraLtion miethiod arid Fisher-Porter insLrtjmenLs,

Model 17T1010.

MethIods - May 1985 Stidl

P1lant operat ion was the same as Ior t he November 19984 study excej)t sodiuiii

hypocihtoriLe was beilig fed at the TIPS by eduictors at a rate to iii ai i rt a

TRC concentration between ()0.6 to 0.8 mg/] aL tLhe [PS. 'Tlie pumps; used Lo

feed tihe sodiuLm lhypochlorite (diririg the November study were repl Iared
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wi Lt eductors iu a31 effort to make coiit-ro( I iit g lie I ee d raLe 111o c

reliable an(d accurate. Grab samples were col lecte(d period0(li< ly for

approx:imiately iii ne hours at the I ollowinig po inti;.

1. At the plant intake pump station:

a.

b.

RCW line coming from p iL A

RCW line coming from pit 13

2. At tlhe cold water channel Irom the coolifg towers

a. Tower B

3. At the diffuser discharge sample port:

a.

b.

Leg A

Leg B

All samples were 200 ml and were analyzed fIor 'IRC coiceiiLtrafiLiio iu iig/ L

using Lte ampe rometri c LiLrraLion lrietho(l andil Fislher-PorLer i.ns;. r1(1ni(1Ls,

olodlel 17T'1010.

Reslt I Ls

'Ii e reS II ILs ol lie Novembeii)(r a Id NIaIy s;LI (I es ;a i( gi Veir icI ' lab I ; : ;iI1 d 3

r espctIve I y .f)u Irin g Li e Novemb1)er s(Iirdy, L. te 'e TR C ;at I I I l'% IPS val l 10-1

() . i to I .5 mg/I. ain(I aver agede 1.(I I ig/Lm . 'IhiTe di l luser dischiatrge v;iried(

from ). 18 Lo 0.46 arid averaged 0.29 mg/L. DIuriig Lhe Hlay sILrd y , LIe TRC
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at the IPS varied from 0.05 to 1.8 ing/l. anid average(i 0.61 ing/L. Il Ie

comb i ne d di f fuse r discha rge varied Irom 0 .0 2 t o 0.06 mg/II (Ir(i ave raged(

0.05 mg/L.

Discussion of Results

As evidenced by the data presented in 'fable 2, a TRC coirceit raLion of

less than 0.1 mg/L could Hot be acirievel at tihe diifirser wirerr tUic 'ITC

concenLration at tUie IPS averaged 1.0 (irg/L. Ilowever wirenr I. ie TRhC

concentration averaged 0.61 mg/L at Lire [IS, a IRC concentLraLtion of' less

than 0.1 was achieved. Since sceniario I corrdit ions represerrt tire wurst

case witLh respect to tiLe discharge of cihlorinre Irorim a pcerilLed dirsciarge

for WBN, a TRC concentration of less tiLhir 0.(1 sironlil be acic (v;lrlIe minrder

other plant conditions and flow paths as Jong as Lhe TIRC coicernLratLi orn at

tiLe IPS averages 0.6 mg/L. Because of the lactors (liscussedi ii Lire

previous section , a IRC conicentration()I o' less ILhrar (). I Ing/I, sirolrld be

aciievablle uhr(der tiLe otLher plairt cond it iois at eveir greaLter IPS IR(C

concenL rat ions.

Tle two stu(lies showed that the inistLant a neonus max i.minriin corn centLratiirr

limiitat ion of 0.8 rg/ L for TRC at tire I PS corld ~ rnot be met. AIt Loigr

sodi irrr hrypochlorite was added at a rate to nmairtairn an average IRC

cornerintratio0 at tue HIPS betweerr 0.8 a ird 1 .2 during Lire Novemirbe r stl(Iry

alrd ().6 and 0.8 during the May study, ins LaiLtarneous TRC concertraLtiolns as

high as 1.8 mg/L were observed. TIhese extrarreous values res;ulnr td I rom
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TABLE 2

TRC Results (mg/L) - November 1984 Field InvesLigation

Intake Pumping Station Cooling Di I fuser
RCW ERCW Tower 1) is c a rgeEST A B A 1 A 11 A B

1255 1.25

1300 1.04

1.(04

0.51

1.09

1.1 1

1.20

(. ,8 (.58

1.(04

0 .5 7

1.18

1.26

1312

1315

1325

1338

1343

1353

1355

1:358

1406

1410

14 1 (

1421 '

1424

1425

142')

1 440

1441

1. 11

0.56

0. 19

0.)05

0.24 0. 18

1.11

EVALUATI ON (F CIIHLk I NATI10N

0.24

- 18 -



w 0

TABLE: 2 (Conl iu ed)

'1'RC ResulLs (nig/l,) - Novemijber 1984 i e'J.cl Inives Ligat imO

Intake P'unpin S ta ion -

RCW Ei-(:W
A 1B A -

(>o I i.llg

A

I) i l l Is er
I)i St l; rge
.. .. .

1. 15

0. 74 0. 65

I.34

1. 19

() . 3()

0.20

E ST

1447

1500

1502

15 12

15 1 3

1516

1527

1532

1 542

1544

1 550

1 555

l ()0'LI

1 6 0 7

1 6 1 2

1 630

1632)

1) S 7

I6ll 7

1 .30

I .27

I .5()

I .37

1 .06

0.79 (0.8 1

(). 93:3 (). 8'3

0. 0.830.95 . 88

0 . 34

0.20

(. 3:

0.22
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TABLE 2 (Continued)

TRC Results (mg/L) - November 1984 Field Investi-gatoio

EST

1700

1712

1713

1729

1730

1742

1750

1759

1800

180)6

1812

1815

Number of
Al 1alyses

Average

Hi 11 ilullm

Ma x i in umn

Intake Puilmpg Stat io I
RCW ERCW

A B A B

0.30

- ---- - --

Coo iig
Tower

A 13

1)i f iser
Dis chmarge
A B

0.83

0.28 .

0.73

0.91 0.67

1.13

0.46

0.38

1.0* 1.2*

I .(00

1.18

1. 10

15

1.15

0.83

]. 37

5

1.24

1.04

1.50

3

0.72

0.56

1.04

11

0.97

0. 30

1 .34

6

0.80

0.58 .

0.95

6

0.74

0.5 8

0.88

6j

0 .3:3

0.24

0.46

7

0.24

0.18

().38

*;AnIalysis by Ilach Kit
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'TABLE :3

'TRC (estIIL S (ing/L) - May 1985 Ii cI( IIives Li gaL i onis

intake PumiLnig Sation

ES'I A [3

1015 0.5 1.3

1018 0.43

1030 0.20 1.2

1045 0.10 0.9

1052 0.10

Coo l lig
'rowe r

II -

0.9

0.20

0.20

0.15

0. 10

0.75

1 .10

1.80

0.20 1.40

0.50

0.10 (.3()

0(.05

0.15

0(.30

0.35

0.40

0.41

0. 50

1058

1102

1120

11:30

1155

1145

1158

1210

1215

1223

1 23 5

1242

1252

I'1()

1:315

I 12(1

-I-VALUAl'ION O CHII LORI NATION

Iii iff user
)i s(Iiarge

A B

0.20

0. 16

0(.17

0. 17

0.20

0.35
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TA131,1: 3 (Cul i llilel )

TRC Resul l s (mng/L) - [lay 19 85 I ie I( I nvesL i ga ti ols

.lI iLa ke Pu1p1) iig Sk1l ion
RCW

EST A I

1345 0.56 0. 60

1400 0.51 0.62

1410 0.88 0.62

1430 0.72 1.10

Coo I i lip
lowe r

- - -B -

0.16

0.85 0.98

(. ()2

0.55

0.60

0.60

().40

0.15

(.0(2

().02

0.65 0(.53

0.15

0.70 0.80 () . (3

0.03

1440

1445

1450

1500

1515

152(0

15 25

1 53(1

1534

1545

1 55(1

1 6(10

16 15

162(0

1 625

163(0

I t)wj

1 . 20

(.95 0. 17

() . (5

().05

0.70 ().6(0

0. 17
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0.60
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'TAB ,E 3 (Con Lii wnsed)

TRC ResulLs (mg/L) - ay 1985 Fi el (I ives Li gpli olls

intake Purinpirig Statio
RCW

-

0.63

0.60

0.60

0.40

0.52

0.90

Coo L0i rIg
Towe r

B

1)1 iffUser
Di. sihige

A B

0.05

0.05

0.18

0 . 05

0.05

0.64 1.50

ESr

1640

1645

1650

1700

1707

1712

1715

1720

1725

1730

1737

1740

1745

1800

1803

18(5

1 8(8

18 15

182(

1 825

1830

0(.05

0.70 1.20

0:05

0.70

0.70

0.64

0.70

0.60

0.43

0. 15

(. (5

0.05

0.80

0.70

0.770

0. 85 0 .17

0..06

(. 0))

(.50 0. 95 0. .17
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'TAB LE :3 (Col illl-ueWd)

TRC Results (Ing/L) - May 1 985 I i e I d I lives Li ga Lions

-ew Iii take uiijping Statioi
- RCW

EST A B

1845 0.60 0.95

1848

0.7

Cool ifig
lowe r

B -.- -

0.5S5

0. 18

0.7 0.30

45 42

0.48

0.05

0.88

11

0.74

0.16

1.80

0.17

0.15

0.119

II 8

(1.04 0.05

(1.02 0.02

0.05 0.06

4,VALUATION OF CHILOR I NATION

I) I I hser
1) i scl;jrge

, -

1855

1856

1905

19'10

() ()rj

Number of
Samples

Average

l i I i [111 1111

lcix i II 111fl

0. ()0

-24-



inclompl1 ete imlixinig oL tlIe sodium I iyl)o I iot e wi LIiii Ll te I PS p L s and

the dif f icul Ity of coLtt ro IHi ng ihe sod i timhypo hit or i Le I ed(I system accurately.

These outlyi01 g values are dalpen0e (d on t as Lhe wva ler Llows tihrough the

system, as evidenced by the smaller variabil ily of L11-ew TC concentration

in the diffuser discharge compa red to tLIe varia1) iIi ty in LIe IPS.

Accordingly, internal procedures and limitations governing the sodium

hypochlorite feed rate should be based on maintaining an average TRC

concentration at the IPS.
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CONCLUSIONS

The TRC concentration in the diffuser disclharge (DSN 101) arid tile emergency

overflow from the yard holding pond varies with thle amount of sodium

hypochlorite added at the IPS and the plant operating status. Ten

different scenarios, involving discharge routes and plant conditions

which could affect the TRC concentration in discharges Lo thle Tennessee

River, were identified. Thle scenario in which thle two nuclear reactors

are in shutdown mode, tile two cooling towers are not in operation (water

is not being circulated through the condensers), both thle RCW and ERCW

flow is routed to the cold water channel of Ilhe coo(0lig tower, and the

diffuser is in operation, is expected to result in thle highest TRC

concentration in a discharge to the river. Field investigations showed

that for this scenario, a discharge limitation of 0.1 mg/I. for TRC could

not be met when the TRC averaged 1.0 mg/l, at thle IPS but coulld be iiet

whien tile TRC concentration averaged 0.6 ,,g/!, at the IHIS. TI ere Vore , as

long as the TRC concentration averages 0.6 mg/k . at the 1PS, dc(leho-rination

equipment is not necessary to meet a discharge limnitationi of( 0.1 mg/L

for TRC. Field investigations aLso showed that tile instLantan(oi0;5 max i mum

concentrati on limitation of 0.8 mg/L for IRC at tile 1lPS couln( not be met

primarily because of the difficulty in coiltrollng tlhe sodil tm lhypoclIorite

feed accurately. To allow for these surges in the fee(d, int-erim:l procedures

and liumitations governing the sodiu tm hypoclhlorite f ee(l rate shmtild bhe

based on maintaining an average TRC conceitrat ion at tile l'S stat ionl.
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