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ABSTRACT

Airborm-, toe/iti- /3/ irtliases trot?, Ri'Vs art- dey'rexis,, I,.,ist- (;n .it) ,9b',I/.J1t~c1 of 31
rLX~cto, yc~ir c~. opo~itue /.itdhip Ani ,e,(/epelidfetnt .1tnysis o/Ef etiefisi'e. / 13771? t %Iif.,ie

motiits spoinsorref 1q, thm Ieo~wti Petwe, lI'vse.rcti Itstitiltv Ilin d jll .t'llflt 11dna io,,';ah'nlw
rohepse* ofl ,'iet-mte,tt icrdint! tt/ ) toy hIl 25, ,,,,Ihc-tries vrf reic,(tor. T'pti havis for itgrnuiti/a
t(poll is .1 c:.h.'itd ye',? connmstmYifl , 301) cIq,,s ofl powerft opihtattots .ind ('it, ,,hit-/,iil
,'tI.1t,7,tMIMI, s/ti itiow, period .1 ro~wri,lrtinnt o! 1-131 in re'a-tot wxwpt'"n I p:Ci 'Ail.
,j gwirjyovrr ofi / 131 hirom 'emijtort wwrir to reacwtor ste.?x t' fh ofi 1- ./ .tv( cr Oo ,n.tmo'

tredt,mitlt. ArIpitstnt',t tjrtors wouldI he alipiptli to plalits with j),rx~liiih.r. vwi vmey~ trom
thips tioP', ' Ih/dtiotf AlsIisS tip de.ter~t? itefli t? aritural 1- 131 airboefiI to-'h'.,s rawit ll Ito trteri-

Arto~im meaiiprSIe'iptivitS 1./ 131 ariiftIV y tip milkI 1)ro(Iticemi onl far',i ne,'r (WI?~s i11(firat,

thUt iijt ,nlljnfit romvrpe,,tic this mi/,A xt ) rate 'if 300 liters pe" yvnir, rofisn.%wriv,' .7VS(,Ii/t

t'itis, Ither fhe thy, flit dose' if''tle I( - 131 iittWstioi) wotild amittdti)l 10Itniht less than oit,
n'illin':n This doss' 'stlitiliti' is 1 it deadiL less than~ the Uniite'd States Nij(cle.pr flic'u.trotpv
Cof Fip is.sn inydse ottlective Iodine- 131 ,,irhorn,u releases Iroiti oper;Itint 8117?s luvi' not
hemp?, signihl~iant 4c,tliSP#S of dlose via the pilanit airhorne rce~'q~~-~-t~&-itifi ftt
path way. ntor are they anticipated to he in the foreseeable futture.
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1. INTRODUCTION

Thil• ,,nttwnlrim it NEDO-21159. Mrtch 1976. "Airborne Releases from BWR's fill Eiwiritn01,,It'l Ihnlmpt
Ev,,lii•rfrrt. p'"ill,uh.'s Ithi,;llriral r luri \VIlh new information (I crrl ne-131 (1-1311 rtlasi' tumo viniilltion ', 1'%te',.
New intoirmation includies 1.131 release measurements from July 1975 to about December 1976, I 131 reactor water
concentrations in doomestic BWRs Wdi improved-fuel exposures to December 1977. plus an evaluation of 1.131 release

measurements that allows for thill rojection of current results to future BWRs.

Nn nov iinftoriiitiri 's wcicld'f1111 i 1 thils otrendmllellt about) noble rauiogas (ir paiticlulit, ,h'lyse%,.

FI ofI Ilvl0uif il,'rt,=1 in1)p10:t ilse ir•in.s ts of BVRs rvults art! sLinif-lnjiiil in S'(ctlioI 2. 1 h,,si' rtsultls fo I1 131
,1u hnre ,t'l'h',,., OW,, llties,,te orl nit a "normal.'ed" basis. The reader may recall that tihe o(litial vrsion of NEPO--21159
I.1i1ct 1916) i',ateull i' If.glesq (.ata nil anl "ins is" Iass. It NEDO-21 159 a limited ev,0tiatio'n niulicaitnl that the
I- 131 i oull,,d,'s h: e niiil' tle rn.lattedl it) 1-131 reactor water concrtntrations. This arnthr-nolent nitclcjdi, thI: rwisllt,, 'f. it
nnlur0 .•, t',i~sv,' i,vivacitntoin! I- 131 relh'asti data norniahlied to reactor water concilntatcinis arnd other plant ft(rllrtimoinc

l),dlitetn !'.l Till njialrati?,ii i btjsis is defined as follows:

1. .' rae',e.yi,'f Y•er consists of 300 days of power operations and one refuelinltg!rarntenance, shitilowin peri•' ,.

2 .- ,o•o .-'oirr itn,• ( It 1- 131 Ill t;acto•ri watler of 1 aC.ikqg,

3 a , v,r• •.ei;,'r ill 1-131 hnot 0c'actnIr walei to rea.:or steam of 1%, and

4. (tll ft ff;if' risdff,ltt+.l• tfO.W M01* t.

F ro .1 IIn,lftl vvih Valyirq fron al1y VOf thesP ValueS adjustment factors woritrll ho aiplilhd to tIt, ntoi-
,il.gh/,,rl ni-hl,.- 'i., to ilht,'-n ine tIle- 1-131 ,nrthlnr•ne relrjses frnon BWRs. Furthlermore, for lwrnpimn iirnrti+rrnerlitial

ilit|.ni I ,".iii.it''+t th,, I. 1 rn l.,e', ntiit iit:ltich; icictflttS of each 1pecie of 1-131 f 11AJR reactrtirline and

niirlo.,i.t.' lrlil1i1q( vitl.ntrt,1 l ,.xhao'fisti 'nol tlItl ljland seat ;team/mechanical vacilunm pliU tl) discthar• •,s. Tih InisiilIt fill
I 131 ,in,' h.r,''l ti nrtti i rllf.'rrts.; inn : Iat'l t:xhausts without charcoal treatmentm .

7th,. iiv.iilt% ,nnirf,,i'll In S.)'cttnrn 2 estLithfish a quantitative relationship between 1-131 airboirne releases to the
I',nviruis i ll l )tVMs and t1.lrt pai;tai-,ttisr. inchnliitihil 1-131 reactor water concentration. In addition Sectioo 2 • tiiserit, the!
i'stilts of a ,i'a lfa, a iidy •'s that imcdira.,ites a rlenerati downward trend in actual 1-131 rteliase rataws at ftour M1W1 plant,

Tilt-' jtunt'' i- 131 i:'h'Is'-1 fltmi co:uiriltly desigined BWR process off-tlJs trleai ;Itment sv'teti have livenit i .,<tmatrcl
i,. ' u-s'entially /it I fo 'frMvot:r 1 II.

In N10DO-21159 (March. 19/6) r 'lhen ec was macde to 10CFR50 Appendix I in olhder to establish r ealistic
estimales of tiff sitf, doses ftm nucleai p)r)w(r plant airborne effluents. In this amendment, Appendix 2A tresents
select cl lt(Itations flioit lhe Nuclear Regulatory Commissioner's opinion on Appendix I. for the reader's convernir'nce
(Riehfrence 1 2) The quotation- from the Cominission,.,'s are included in this amendment to re-emphasiie the impor.

tarce of realistic dose ,tssessrnents and the end to :',"ctions in already conservative dose objectives. The dose objectives

stilitulatt;t in I0CFRS0 Appendix I are understood to be firm values which are not ex;+,ct•d to be reduced in the future
tcle to Suiperior performance by BWRs (Reference 1.3).

Section 3 (if lhis amendment piresents 1-131 release measurements on art "as is" basis. These measurements
include routine operatingj plant data for about 31 reactor-years, data for about 3.8 reactor-years from special measure.
nients sponsored hy tfll! Electric Power Research Institute (EPR I). and other shot t-term measurements try 'he Nuclear
Regulatory Coimmissior (NRC) and the General Electric Company (GE). The measurements of 1- 131 specifs--partioilates.
elemental iodine. hypoiodous acid and organic iodine- are presented in Section 4. The following section presents data
flo the 1.131 concentrations in milk produced on farms near BWRs: this is new information that was not included in
NEDO 21159 (March, 1976). Art empirical correlation has been developed between 1.131 concentrations in milk and

distance from the plant.

Section 6 presents background information relative to 1.131 carryover from reactor water to steam, 1.131 concen-
trations in reactor water. and data on improved fuel performance. The final part of Section 6 presents the EPRI meas

tirentents nit s norrnhliztil basi% Inieltitfinq stattistical fnd trend analysis



The results for 1 131 .iittorne measurtenmernts arte presentLtd in Section 7. Thhese re,strlts inchlde ivrvraqe vallet:s for
the 1. 131 species. surnmaries of the utility and EPRI data. In addition an empirical relationship is 0himm that indicates
the overall effect of improved fuel performance on 1-131 reactor water concentrations in BWRs. The resuilts of this
study for the qeneric (feterminration of annual 1 131 releases from BWRs are verified by test ,qairst in independent data
set. 3 reactor years of mcasurermrents from the Browns Ferry site durinq 1917. The resuilts of this verification ate firie
senilt:( in Section 7.

1.1 REFERENCES

1 G.rrit', . R J ,iud C. W. Mller,r Feknitary 1977, "NGG SJAE" O(H-G.a% Tre,,atmenit Syt'i, ' (Getwal Elrpiric
Co"f-,.vry 1. 't'vi • ropu-',if reirrrt. Class I. NE [DO-21056. S,,ction 6.6.

12 tbir11,'ui lit,,o. Nlil,!,nr I,'riqdair-to Commurriuion. April 30. 1975, "'f),nri n (ir the; Coni,,ni •rrl. hi flh, In ,rIlrn, of
~ijlh.i1,rk.=rr 44"1,1(lli Nimi1rica.,! Cm',i'nlr'd', fw I.t;niqn Olrje;:trvv" arrdl [.it irt1iil Ccr fulrhtrrrrr', Inn (f)oir.I ,iuunl innt.li,,t

fihn: "CU-' sfn ','rA-. L.owV, A-. Pif'('tir',ilrbi! fr 1,1nlinn), vi, Mlflaei rl mn Ligjht-WVViti-r-Co(hrnli Nirlrha, Ponvvi Rlemgirto.'
I ffhj'nt%," Doc:ke!t No. flM. ) 5 2

1 .3 Khhanr. R S.. and Y. Feiqe. 1977. "The Wide Margin (if Implicit Built in Safety F actors inI Current FRduftiotnrl Proi.
icctlon Standards." i~li ;,h Physics 32. 509.
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2. SUMMARY OF RESULTS

This section summarizes the results for normalized iodine.131 release rates as well as a trend analysis of actual
airborne 1.131 release rates. The data base and methods used to develop these results are described in the following

sections of this report. With regard to the concentration levels of 1.131 in milk produced in BWR environs all the

information is presented in Section 5.

On the hasis of extensive special studies of iodine-131 (1-131) airhorne iheleases the, normahled anrt1ial .irlirnif

relehse of 1-131 in elemental form vi 25 milicuries per year per reactor, set, Tables 2-1 and 2-2. Relative' to Lelemenltal

I-131, the results indicate that atout 75".. of the iotine is released from thie turbine buildling with the ear: tot htildihih

being the next largest source. 15%. The other sources of elemental 1-131 releise, ire ,iorninal. see., Table 2-1. Elernental

I-1 31 is the pirimary form of iocline' for envrontmental impact evaluations of a9qr iCultural pathways li'C-isc' it' r1a tiVOely
high (.pnosit•ton vel('i'itv comparei'd tot other identified species in BWR airborne releases.

Aiuior iep ilease results for ioin-elehmr;tal 1-131 species are presented in Tables 2-3 and 2-4.

lodine-131 not mati.,ed releases presented in Ihis amendment ire based tin measLiemntstlt spurnsored by the

Electrit Power Reseirch Institute. and coiiduct'ed by Nuclear Environmental Services at three BWRs, namely, Vermorit
Yarnkee. ikloMn!cello, arnd Oyster Creek. There are about 4 reactor years of special measturements at these lifferc'nt tvpe's

of W R s. Ov's:i' CrGrk is tii ,Plri.!%t p11it. comrmissioned in 1969 and Vermont Yainkee. which began cormmeflrf al
p)owere •.,iietr,itnn i•i 1972, is thi' irewist of the three.

The cuimtulativ- ralifurlir emar tit'rlly 1-131 ic'leases werre correlatedn by lhaSt-scLuares reression amalysis. This arltlysVi

ronsiders vr'actrrrs for whiih 1-131 ventilation release data are available for at least 2 years. For correlation p)urp)ose~s
data from thit first vear. or so, o! ieartor operations were eliminated to discount any start-up effects that would liv,
leased lb.' vi'.eult% di'wffw,rrds Tht, corrtltiorn is of the form

evl'orrt' y a )

C:ui'ulaltIst 1-131 relhas.', millicuries

V nrmulalive plant olicratuiiq time, months

,i.hi constarts leterMintrt I)y regression analysis

For the evaluation of trends in 1-131 release rates, the important term is the exponent. b. because the exponent
is an index of whether releases are increasing (b > 1). decreasing (b <". 1), or constant (I) = 1). The correlation results
are summiarited in Table 2 5. The h results listed irn the( right-hand column of Table 2+5 indicate that the 1.131 ventila
lion releases from BWR' s are on the decrease.

Trend analysis results are also graphically summnari/ed in Figure 2-1. The ordinate of Figure 2-1 is a "normalizedi"
ifrdex of 1- 131 releast's useful to nionitor trends. The ordinate is the ratio of the calculated deviation hetween the
ohbserved arnd correlated values at cacti period to the standard error of estimate' of the correlation. Negative deviations
Indicati. decri sinq I. 131 release rates, arid ecorivtrsely. This parameter is analogous to the number of standard deviations

that a sampl,, poait is frnin the sample' mean. In Figure 2-1 the tdil- .rns of the curves ate below ther mean hy more
than tssto 'standard deviations" foi three of the: four BWR plants: namely, Pilgrim 1, Monticello and Quad Cities I;2.

There has been only a slight dsecrease in release rates from Dresden 2/3 over the last few years; its 1-131 releases have
been relatively small.

TIh i t'anrjilt | error of iistimate. St.s rls f d cf i a I aollows.
n AI

S, I i 'Y,-Y,)" In-21.
.- 1

wht e're ii noUriTmli'r of s$oiruie pn'1

. ullsemrvw'd Valum' of develm'c'li1r i .0i1 Iml4 ,

Y , evt ria i ed vsalu 0 of Y, I)y rteilressni n e('lat0on.

Omit Br . aria . l. W. Mlooing. 1975. Statistrcs ;il Research, 3rd ed.. Ames The lowa Stato Uriveirsir, Prel. pi. 170



NEDO-21159-2

2.1 REFERENCES

2 1 Amer ,can Nticlear Society Stancljrds Commitre0 Workinq Group ANS 18.1. "Amir,rc,;n N,ito nitl SlNIMlndral Smirce
Term Spicilcatioi," American Nuclear Society. ANS-18.1. ANSI N237.1976 (Approvedl May 11. 1976). Tbhlte 5.

22 Lin. C. C. and H. L. Kenitier. July 1977. "Fissin Product Transport Meiastirctnerts at B3rurnswi'ck.." Generat

Ele':tric Company. Internal Dortmi-lm t (DraftI). FFiqure 5.



NEDO-21159-2

Table 2-1
NORMALIZED' ANNUAL AIRBORNE RELEASES OF ELEMENTAL IODINE-131 FOR

ENVIRONMENTAL IMPACT EVALUATIONS OF BWR's

Elemental 1-131 Release"i

Source Millicurles Per Year
Building br Exhaust Per Reactor Percent

Reactor"• 8 15
Turbine" 19 0 76
Radwasle 1 3 5
Gland Seal Steam and 1 I 4

Mechanical Vacuum Pump" "i
Total' 25 0 millicuries 10000

Notes

(a) ••sulis are normalhzt(ij to the toiow'%nq Lwlri•!?oo'S li a calendar year r'vns.stinq of Jo.i% cuo; or lootowe' niitert.on% Arnd ointe
refueling maintenance. shiitd(lowl period i). r Con.entrat'N of 1 '11 in, 'Artio wooe, ,' 0 1 pt rig i:lt a Calritve i ' 1 !31 if'"
reactor watet ro reoC1o0 steam of I% And 14, lull flow Condensate trealeftenl

(Wi The l elmental ioline 1121 lorm Oi 1 131 is -*nt-t.nhed ait that plrtion of tlip aifboone ,elie,1e l'arnt'el hy irad'lii'- ,-.10.1P WIiire"It

art the iodine species. sample'.. see Section 4
Ic) Normahlzed •,ieOins are based on on I 1.1 ipactor wAiler co,eicentratin of i0 ujC..kq (lio fWI' i S -A "irht., I"F11' tt%, Cflni i-

Iration adjust releawis in deel proporlicin mI, row eeaccted 1.131 'p.4clo water c¢oncf.rnt',aw On0 the b.4'.$ )In Siiici't.| mie.asu,'e
monts In 1972 at several ClWF1 s an 1 131 reactor ater concentration of 05 ICilkg ha% r*eri used for erflvrorrletntai im-pAct
assessments ptfleterence .- I.) On MIe bas-s of this evaluations analysis of 1975 anRi 197 6 'o,-ertilwng dtai f'rom 15 domesthc
DWH s the Oel•Ptled V 131 reactor water conc.entraiton for future rlwR & with 100% f0rptovel hml and lull flow condensate
treatmenit ,.i 0 5 pC.:Sg However ths conrcentraton s•ould still be cor'servahove tpt'(d,%#- .1.e baed or part ". im. r g,-,' it'

of oldktypeie tutor isC Section '1
Idl MleIAMor buil(ding r`l0lAlsC ar=e baAed on IJWI Mark I C•olta,n•rn,.ts FEN I3Wn Mark lii •,itafnme.rN t,%f, -,), ct f the Mlilrk I

reartnr building result for to the auxiliary and fuel buildings and 50". for the Mark Hll (t•trar•nerrt tiid,r,.l
(ei For [1WRs with dolep-bed Condensate Ireatment systems or powde.l plants with Stainlo,% stewo condaense tubing multiply aronvt,

retultis by 1 5 and lor plants with piowdolt systemis multiply results by 0 4 IS,". Table- P I,

(1, For (tWR.s with forward puumped flow nitil,,pi5 atove results by 025 inclease reactor id ,•A(I*a.Sl ding, relealise. ty I 79,

(r1eterence 2-')
t91 Gland seal steam repiase is based on EJWFI -, withOut lhe lose Of an auitliary loniit ,lo, Iii .liri tam ,i-|oviWII %. witn I

%efoilercte %IPAn supply. the ilctnd s•all reloo.to shoijld be. div(Jded by 1000
(hi Nirmaltoerd releaedeC lisume one t~iutieinq 'fmainenanc.t nutage per yea' and 30)0 Mo., .0 jtwdpt Jpti.raO'i iti 40lhi,

tVwill 5 Wilt" "norl',t lu cycles the An.ilui ovlotwislti shOlJd be adrtis•lec to IN(l. D.yioli Pt, -. i ."!., Tabtle.1 '

Table 2-2
NORMALIZED ANNUAL AIRBORNE RELEASES OF ELEMENTAL IODINE-131 ACCORDING

TO PLANT OPERATING MODE FOR ENVIRONMENTAL IMPACT
EVALUATIONS OF BWR's 4

Elemental 1-131 Release
MIliicurles per Year per Reactor

Source Plant Operating Mode

Building or Exhaust Power Generation Relueling/Maintenance

Reactor Bulding 3.4 0.40
Turbine Building 18.0 0.97
Radwaste Building 1.3 0 039
Gland Seal Steam 1.1
Mechanical Vacuum Pump -- 0 0006

Total 23.8 1 42

Notes jai Sen Notes listed in Table 2.1
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Table 2-3
NORMALIZED ANNUAL AIRBORNE RELEASES OF NON-ELEMENTAL IODINE-131 SPECIES

FOR POWER GENERATION OPERATIONS (300 DAYS), FOR
ENVIRONMENTAL IMPACT EVALUATIONS OF BWR's 1 ,.

Species 1-131 Release, Millicurles per
Year per Reactor

Source

Building or Exhaust

Reactor Building
Turbine Building

Radwaste Buiding
Gland Seal Sleam and

Mechanical Vacuum Pump

Totals

Particulate

10
64
0 18

0.88

85

HOI

15
49
0 48

CH I

3.2
30
34

39

108

13.1

22 7

Nnrii". iao Sop NnIPSlstw illn It labi. 2 1
1f 13 sIxfcH' Ai'd.. afo cyvssr in Sec'loon 4 P.1frICuIA~teS.Conrrefp nd In 1 ~1,1 t'.ii'l4dl cn1 .d-nn*tIde ,,'.,C
f~ily ccc cois ;,cc find ldaptcnd oil p ilodphi'ncti adsorbent. nnfi C113 mIrflcins Ine11hyi cc11. fict. 1. 1,11 4ReUcy~IccII ~ ~~
grie hiilowlixn 0 "u1.'otwIrrcZ fl(fe' paplir cldmttirit litjol. aind pc tclkphefnt thce' 01,1 %i *" '.gcg. ey ti rhact, oi crnprtfi'nrcati-t
with Tf OCA Ii(SIvi siv ,i.i Ipbe Actucal Chemicluc ana dltyses mlay indicate taiveiltyei smilit anci~tdt',t ccI ultier( tdifrdccu (* ti'lp( Adtill 1%

ir) Irccllcip. I 4ll S Xcl0% aft, sccmncarvit-d oni a ptc'cgntago bayer. Ifir thet va~tcmcc% ,.Acrr .110 .i'le~" 'c'drcfli cwlry'IPS 1rc 1 ;flhi 4 it
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Table 2-4
NORMALIZED ANNUAL AIRBORNE RELEASES OF NON-ELEMENTAL IODINE-131 SPECIES

FOR A REFUELING/MAINTENANCE OUTAGE FOR ENVIRONMENTAL
IMPACT EVALUATIONS OF BWR's L

Species 1-131 Release, Mlllcurles per
Year per Reactor

Source Species

Building or Exhaust Particulate HOI CH.3 I

Reactor Building 0.079 0.65 0.46
Turbine Building 0.17 1.4 099
Radwaste Building 0.005 0066 0.69
Mechanical Vacuum Pump 0.012 0.006 6.0

Totals 0.266 2.122 8 14

Notes tat See Notes hsted in Taole 2.1
toi oiC ne lt speci.is are surnmm ruted on A percentagle bs1 tort ihtire drrOu% Stou; e.s r pliAnt operating nifrvesi in ' abim 4 8
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Table 2-5
CORRELATION OF LONG-TERM TRENDS IN ACTUAL

1-131 AIRBORNE RELEASES FROM BWR VENTILATION EXHAUSTS

Plant Exhaust
Operation Period

Montti/Year
Elapsed Time

Months

Correlation
Exponent. b

Operational Period

Overall Recent

Dresden 2/3

Dresden 2/3
Dresden 2/3
Quad Cities 1/2

Quad Cities 1/2
Ouad Cities 112
Monticello

Monticello

Monticello

Pilgrim 1

Pilgrim 1

Pilgrim 1

Reactor Bldg.

Reactor Bldg
Reactor Bldg
Reactor Bldg

Reactor Bldg
Reactor Bldg
Reactor. Turbine
and Radwaste Bldgs
Reactor. Turbine
and Radwaste Bldgs.
Reactor. Turbine
and Radwaste Bldgs
Reactor. Turbine
and Radwaste Bldgs
Reactor. Turbine
and Radwaste Bldgs.
Reactor. Turbine
and Radwaste Bldgs

startup ,
(7/71 and 11/71) to 12/72

1/73 to 12/76
1/75 to 12/76
startup A

(8/72) to 6/73
7/73 to 6/77
1/76 1o6/77
startupa

(7/71) to 12/73
1/74 to 12/76

12.

48
24
10

48
18
30

36

not calculated

1.15 -

- 095

not calculated

1.19 -

- 071

not calculated

1.00 --

- 004

not calculated

1 29 -

•- 044

I1"75 to 12/76

starlup -
(12/72) to 9/74

10/74 to 6/76

12

22

21

127/75 to 6/76

Note% I a) re!atop is de a hern' e a s *hflst Ot - ofoIt"tpehc o tnl imiice
ithi C(wreiaiton is of fotry y at, *ht)(e t) is caflod the corfelation exponent, y IS the cumulative 1-131 toloase. and x= is the cu~mulative I-,nf
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3. AIRBORNE IODINE-131 RELEASE DATA

This section presents airborne 1-131 releasedata from measurements routinely performed at operating BWR plants
and from special studies. The special measurements have been sponsored primarily tby the Electric Power Hewarch
Institute and conducted blj Nuclear Environmental Services, a division of Science Applications, Inc.

A few special measurements have been performed hy the General Electric Conitlany and the Atomic Energy
Commission (now Ithi Nuclear Regulatory Commission). These results were previously reportedl in the orillinfl vet sin
of NEDO&21159 (March 1976). but are included here for completeness.

3.1 MEASUREMENTS BY UTILITIES

The following data were reported in semi-annual operating reports by several utilities, and in S•me instancm,. data
were obtained from plant records. These d1ata are obtained by routine procedures of health bphysics ch,,inistry pI...oonnel.
The results providh; long-term histories of actual BWR airborne releases of iodine-131 via ventilation exhausts.

3.1.1 Boston Edison Company (Pilgrim 1)

For Pilgrim 1 data are availahle for total plant ventilation exhaust releases from January 1973 to June 1976
(References 3-1 to 3-7). These data arm presented in Figure 3-1 and listed in Table 3-1.

Figure 3-2 presents the distribution of quarterly releases of 1.131 for the total plant ventilation release., including
the total of the reactor, turbine and radwaste building exhausts. The plant operational period is from October 1974 to
December 1976, inclusive. This period discounts the data during the first 22 months of commercial operations.

3.1.2 Commonwealth Edison Company (Dresden 2/3. Quad Cities 1/2)

3.1.2.1 Dresden 2/3

Foi thlr Dresden 2/3 reactors data are available for the reactor building ventilation release up to December 1976
(Ref•eit.ces 3-3 to 3-22) Fijure: 3-3 illustrates the chronology of 1-131 ventilation releases from the Dresden 2/3
,actnrs from 1972 to 1976, incluive. Table 3-2 lists the data.

The reactor building ventilation releases of 1-131 are normally distributed as shown by Figure 3-4. For all the
dlata, 16 calnmihr (onar ters the arithmetic meani is 0.026 curies/quiarter per 2 reactors, and the standard deviation is large
at 0.013 Clilquater. The large variance is partially due to one outlier because of an unusually high 1-131 release that
occurre(d (hifmg the foutrth quarter of 1974, as shown by Figure 3-3. Rejection of this value, leads to a slightly lower
mean, 0.023 Ci/quartef with a standard deviation of 0.0076. This corresponds to a coefficient of variation of 33%
instead of 50% when the outlier is included. The coefficient of variation is defined as the ratio of the sample standard
deviation to the sample mean, expressed in percent. This release is about one-half the reactor building release recom-
mended in the original version 0.1 NEDO-21 159 (March 1976).

During 1975 and 1976 the 1-131 reactor water concentrations at Dresden 2 and Dresden 3 ranged from about
0 2 to 5 /Ci/kg Dresden 3 had consistently higher 1-131 concentrations than Dresden 2.

3.1.2.2 Quad Cities 1/2

For the Quad Cities 1/2 plants data are presented from July 1972 to December 1977 (References 3.23 to 3.35).
Figure 3-5 illustrates the chronology of 1-131 releases from the Quad Cities 112 reactors, and Table 3-3 lists the data
on a quarterly basis.

The Ouad Cities 1/2 reactor building ventilatioi releases of 1-131 are normally distributed, as at Dresden 2/3,
see Figure 3-6. For the last 8 reactor-years of operalionr the mean 1-131 release is 0.0394 curies per quarter for 2
reactors. The standard deviation is 0.015 Citluarter which yields a 36% coefficient of variation. This degree of variation
is almost the same as for Dresden 2/3.

3-1
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1 he average annual 1.131 release for the reactor building ventilation release is 79 miIlicuriesVreactCr. This value, I%

about 10% less than the reactor building release recommended in the original version of NEDO-21159 IMarch 1976).

During 1975 and 1976 the 1-131 reactor water concentratiorn at Oiad Cities I aid (uaid Cities 2 sange, htorn

-ýbout 0 3 to 40 pCikq. Durinq 1975 the 1.131 concentration% wee greater at Mnaud Coi,, 2. however. dtuinli the
latter-hall of 1976 hoth reactors weve operating with 1-131 cthcentratio•-s of about 2 to 3 pg C,'oc "his i% a qF'iiPral
decrease in concentration with time which is reflected in lower 1.131 reactor building ventilation rIPleases. .ef Figture 35•

3.1.3 Northern States Power Company (Monticello)

lodine-131 ventilation release data are presented from January 1974 to December 1977 for thI* Monticello plant

(Rehfrenc;s 3-36 tn 3-421. Figlurti 3-7 presents the chronololy of total plant vetilation si,'.I. l-. plant v.ntilatiuti
rleases arft the SUm of p e reactor. turhine and radwaste buildding exhausts These data areli hstihr n Ti ihhle 3-4

The Monticello total plant 1-131 releases are lognurmally distributed prior to 1976; (data fill 1976 ,r-r normally
(rlistriu tell, see Figuire 3-8. Note Fiqure 3-8 plots the 1976 data on logrnormal probability 1iar,1I0- for c:,rr'reri-i'c. tinly

Ti r:chant? ii (listrniution type occurred a.fvr the rifueling'mairntenance outage ini lali, 19/5 After lhhi Euuititt. fihll fflel
was lptimariy of the tisproved typer (GE futl type, "M88") a•nd vatiations in 1-131 s•eaclto waterl cone•Liitr•t loft. wer I.

small Prior to 1976 I-131 reactor water concetnlrationis ranged from about 10 to 700 /•CI;kq. ,il 1976 nicirPnt rl(atirris
we're (r*nera ally •etw,,,n 4 and 10 i Ci •k(i with I detcreasing trvndI.

T lie actual averatle (git.eonmetric mean sinice data are Ioqn(ormally distributaed)I - 13 1 1 Ple.a' from thfe I!tac'fI. iitlIIr I
.Xml rfdwaih;t huitluifnis at Monticello is 0 31 Ci'(narteat r with a gonmetric staridaul(I (hItvlaonof of 2 •9 1 h isl i.a.li exh'nrhl
over 2 reactor years of operation. For the one reactor year of operation (1916) after complete incorporatnon of
improved ftiel, the total plant ventilation 1 131 release is an average of 0.015 Ci/quarter wit ,fficterit of vartation

of 24%

The changltnu hiin old-tye hitul to impi unvedl fuel has decreased; the average, 1-131 iidl.nt vi+.llii,>i iiPl,..'e hiy
aillirroximahely a lactor of 20. Fuiitlher decrease In plant 1-131 release would he ex.ti.ecte as ri'sifital trannifi utanium in
thf , reac:tor vesslI i% "hlf'nir ti )"

3.1.4 Philadelphia Electric Company (Peach Bottom 2/3)

There iS a hrnaled amount of data for I-131 releases via a total. plant ventilatiri ixhihtt? ill Pearh litttom 2'3
(fiehiererwci 3 43). For these two reactors, thill 1-131 release! data are availabfe for the first 9 moriths of 1976. see!
Tables 3 5 and 3 6. Since the data base is only for 1.5 reactor years it is of limited use ti estahhshnq tonq term trends.
However. it is presented here because the data are useful when combined with the analysis of 1.131 in milk produced
on farms in the environs of the plant (see Section 5).

3.2 MEASUREMENTS BY ELECTRIC POWER RESEARCH INSTITUTE

The Elevitric Powver Rwai ch Instit Il I spuinsored Nuclear Environmental Services (NES) to perform ineastirments
oif ailinirrie rtlease's ait three [WR's This repotirt summarizes 1-131 release data availahh;li! n the vanrious stltnhi?• it, the
period of June 1974 throuqgh Decenmhie 1976 fot Oyster Creek, Monticello and Vi-imtont Yankee (Relerenice% 3-44
it 3-473. The first phase of stuliies at Vermont Yankee were sponsored by the Yankee Atormic Electric- Companny

(Rlelriefre 3-481.

In this Section the data atr; simply tabulated. In Section 6.4 graphs are presentedd of the 1- 131 reMleaes as d function
of timse. These qral)hs presen Ithe 1-131 release information on a normalized basis, thai as, thfl actual I- 131 releases
for each sample periorl are divided hiy the actual average 1-131 re?-u,,;, er concentratiorn durinq the same ie:riod.
Normalized releases allow a comparison of 1-131 airbor mie releat:• from cacti building ven tilatmon exhautst at eacth 8WR
stsdied out a common basis. Tables 3-7 to 3-19 tabulate the EPRI Sl)onsore I data; Tables 3-7 to 3-9 are for Vermioit
Yankee. Tables 3-10 to 3-12 are for Monticello. and Tables 3-13 to 3-16 ,.re for Oyster Creek. For each planit these
tables present Information in the following sequence: average 1-131 release r;,te (pCi/•), total 1-131 release (milhcuries).
and avera;ge 1-131 reactor water concentration (p Ci/kg) and power level .%, of rated). The results are in chroinological
order by plant. Table 3-17 presents some miscellaneous data obtained at Oyster Creek The total 1-131 releases are
summarized far each plant in Tables 3-18 and 3-19. However, for practical purposes these latter results are, not directly

1 1
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ueful because of differences in sample time. plant operation and fuel performance. Thewe variables are accolnted for

in Sectio 6 4 Thus the results prrser'tld in Tables 3-18 and 3-19 are listed oilY for po-,sihle information needs if the

reakdr at ,. the results are not applicable as 1-131 "source terms" for environmental impact evaluati Us of HWR'.

3.3 MEASUREMENTS BY NUCLEAR REGULATORY COMMISSION

Table 3-20 it a sunimary of iNRC measurements coisducted duuring 1972 and 1973 lReferenct-s 3-49 and 3-501

This table app•iaed as Table 3-28 in the original version of NEDO-21159 (March 1976). References 3-51 and 3-52

contain tfotmaltio)n by the AEC that confirm% the measurements at Dresden hy Commonwvalth Edison Ier$sonnrl

3.4 MEASUREMENTS BY GENERAL ELECTRIC

lab', 3-21 is a summirv (of GE measrtremtnts conducted diurinq 1971 to 1974 (Recfirences 3.53 to 3.60)

This tatl,' ippeuateir as Tdhlrt 3 29 in the original version of NEDO-21159 (March 1976). One dat Ipoint his b-een ad•hhed,
namely for a nicjchan,cal vacuum pump 1-131 release at Millstone Point 1 ckdrrn a brief shutdown onI S•litemhoir 1. 1972

3.5 REFERENCES

3-1 Pilqtim Nuctlear Power Stat.ot. Januaty througqh June 1973, "Srmtannual Operatinq awid ••iiterimice Report,"

Docket 50-293- 151
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Doikiet 50-293-663.
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3-22 Ioeplehe- 133 Vent Stai, Veli.ias,•s (DWriedrlr). July thi •)toreh December 1976. as r ep(rtid in iitte'r D L Hutcher toR. It Tirstmnie, Awle 15. 1M77
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Table 3.1
IODINE.131 AIRBORNE RELEASE

PLANT - PILGRIM I
BUILDINGS - REACTOR, TURBINE. AND RADWASTE

Iodine-131 Release
Year Ouarter curles'quarter

1973 1st 000429
2nd 0 05952
3rd 001606
4th 001024

1974 ICA 000283
2nd NDj
3rd 000831
4th 0 1449

1975 tst 02306
2nd 04020
3rd 0492
4th 00735

19 76 h 11t 0.189
2nd 0.0609
3rd 00325
4th 00507

arithmetic mean 0 14 Ci/quarlef (October 1974 to Dec.nber 1976)
standard deviation - 0. 16 Ci 'quartor

Not". 1A) N,-DrtAN e At)v4y
fbi DAti I,' lotWier hail 19?A not ovlable
Ic) 0.Dcounlt mn.iaI pfolod of com a•wcil r*cP Qgnefatiot O(•a•rontl,

3-,



NEDO-21159-2

Tsble 3-2
IODINE-131 AIRBORNE RELEASE

PLANTS - DRESDEN 213
BUILDING - REACTOR

1-131 Retease
curies per

Year Ouarter calendsr quarter

1972 I1t 0019
2nd 0011
3rd 0D13
41h 0006

1973 IgI 00230
2nd 00100
3rd 00124
41h 00320

1974 Ist 00259
2nd 00189
3td 00317
41h 001564

1975 Ist 00200
2nd 00196
3rd 001?0
41th 00181

1976 IS@ 002,57
2nd 0 028
3rd 00371
4th 0 271

Arilnrntic rnt,.n release 11973 to 1976: 00?4
CA quapt'b

Standard Deviation 0013 C0 quarter

Hole tA ) ThmA woeo eo0 ), sis 4%0 ,•of" ow" v
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Table 3-3
IODINE.131 AIRBORNE RELEASE

PLANTS - QUAD CITIES 1/2
,BUILDING - REACTOR

Year

1972

1973

Quarter

1974

1975

3rd
4th

15t
2nd
3rd
4th

1st
2nd
3rd
4th

1st
2nd
3rd
4th

1st
2nd
3rd
4th

1st
2nd

3rd
4th

0 0257
0 0389
0 0498

0 0586

0 0327
0. 0376
0 0737
Oý 0534

0 0498
0. 0302
0 0307
0. 0243

0. 028
0. 037
0. 042
0. 053

1-131
Total curies released
per calendar quarter

000620
000303

0. 0015
0 0135
0 0253
0. 0370

1976

1977

Arithmetic mean ' 0 040 - 1.131 curies~quarter
Standard deviation = 0.013 Ci/quarter

Note (a, Average calculated for period of 1973'3rd quarter to
1971 4tn Quarter. inclusive (the last 41, years). average
release excludes data during first year (approximately)
of commercial operation
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Table 3-4
IODINE.131 AIRBORNE RELEASE

PLANT - MONTICELLO
BUILDINGS - REACTOR, TURBINE, AND RADWASTE

Iodine-131 Release
curleslquarterYear

1974

Quarter

1975

1st
2nd
3rd
4th

1st

2nd
3rd
4th

Ist
2nd
3rd
4th

Ist
2nd
3rd
4th

0.4658
0 1531
0 4638
02931

0.2049
0.7052
1.5005
0,0426

0.0193
00126
00116
0 .0170

0 00731
0.00563
0.00421
000135

geometric mean 0 312 Ci quarter

geometric standard deviation
2.93

Arithmetic mean 0015 Ci quarter1976

Sstandard deviation 0.004
Ci quarter

1977

None tie da rnai,,cr.,IecC',asp (Ss,-p Ftqiti 3-8Sign 1.131 release wvhfch octUrfei inl the 4thi qjiflier Of 1971)
and thereafter is primarily 111#0, V) .1 change in fuel The entire core has be~en alimost Completely

Table 3-5
IODINE-131 AIRBORNE RELEASE

PLANT - PEACH BOTTOM 2
BUILDINGS - REACTOR, TURBINE AND RADWASTE

1.131 Release, curies/quarler
gaseous particulateYear

1976

Quarter

1st
2nd
3rd

0.06
0.13
0.17

0.0072
0.00365
0.0098

Table 3-6
IODINE-131 AIRBORNE RELEASE

PLANT - PEACH BOTTOM 3
BUILDINGS - REACTOR, TURBINE AND RECOMBINER

1.131 Release. curies/quarter
gaseous particulateYear

1976

Quarter

1st
2nd
3rd

0.00239
0.232
0.080

0.00187
0.00496
0.014

I1V
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Table 3.7
AVERAGE 1-131 VENTILATION RELEASE RATES

PLANT - VERMONT YANKEE
DATA SOURCE" - EPRIINES

Average 1-131 Release Rate. pCI/s

Nominal Gland Seal
Sample Period Reactor Turbine Radwaste and MVP Stack

Month/Day'Year (0.001) (0.001) (0.001) (0.001) (0.001)

6 20-7'2,74 395 1.4 1.5 05 NS'
7 2-7 9 74 240 2.2 4.0 500 NS
79-72374 42 1 1 2.4 037 NS

723-73074 26 1 5 1.7 049 NS
7,30-8 1374 19 1.5 1.1 0.44 NS
8'13-82774 18 16 1.4 040 NS
8'27-9 1274 42 26 1.5 032 NS
9 14-92774 39 1.5 3.0 NS 92
927-10 1074 1.1 0.75 1.4 036 5.5
10/11- 10?13'74' 180 NS 420 NS
10.13-10 14 74 230 4.7 NS 1100 NS
10 14-1031 74 450 8.2 NS 160
1031-11 1 74 160 56 1.6 130 NS
11 1-11 18 74 17.0 0.86 0.65 062 NS
11.18-12 2 74 120 0032 0.38 0.17 NS
122-12674 12 0.040 0.27 0.18 NS
126- 12 27 74 0064 0.023 NS NS NS
1227-1 2875 0.016 0.025 0.016 0030' NS
1,28-2 1475 0009 0016 0012 0020 NS
2'14-35 75 0.064 0,018 0014 0.037 NS
3.5-38 75 0.005 • 0008 0.030 0021 NS

3,8-32675 034 0032 0035 0087 NS
326-4'1075 0.034 0047 0.012 0025 NS
4,10-4 -26'75 0034 0,027 0.0088 00 90 NS
4,26-58 75 0.029 0.060 0.017 00131 NS
5'8-!,29 75 0020 0075 0.016 00696 NS
5:29-6'13 75 0042 00142 00086 0.00736 NS
6,13-62675 0.0223 0.037 0.021 0.0155 NS
6,26-7.1075 0048 0.057 0,028 00306 NS
7,,10-7'2975 0026 0.031 0.042 00258 0.130'
7 29-8 13*75 019 0030 0010 0017 037
813-82875 0.10 00077 00020 0020 013
8,28-91975 0021 0.039 00060 NS 0068
919-10 7,75 0031 0.032 0014 0050 0094
10 7-10.21 75 0.069 0024 0.039 0014 025
10 21-11 775 0.022 0.0081 0.050 0024 0.77

Notes t1) NS means no sample taken
121 Notation example Reactor Suilding release rate 6'20-7.2 74 is 0 0035" C:s
03) Refueling maintenance outaqe transpired 10 1I to 12.13"74
a Collected t 7 to I W8 75
C Collected 6 26 to 7 29 75

fMeasuroments from 6 2074 to 7 30 74 were sponsored by Yankee Atomic Electric Company

3-11
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Table 3-8

ACTUAL 1-131 VENTILATION RELEASES
PLANT-VERMONT YANKEE
DATA SOURCE - EPRI/NES

Total 1-131 Release. milllicuries

Nominal Sample
Sample Period Period Gland Seal
MonthtDay;Year Days Reactor Turbine Radwaste & MVP

620-7.274 12 1629 1452 1555 0518
7.2-7974 7 14515 1,331 2419 30240
79-7,23 74 14 5080 1.33 t 2903 0448

723-73074 7 1.572 0907 1028 0 296
730-8 1374 14 2.298 1 814 1331 0532
8 13-82774 14 2.177 1935 1693 0484
827-9 1274 16 5806 3594 2074 0442
9 14-92774 13 1 123 4380 3370 NS*
927-10 1074 13 1236 0842 1572 0404
10 11-10 1374 2 3110 NS NS
10 13-10 14 74 1 1987 6903  NS 9504
10 14- 10 31 74 1.7 6610 12.04 7 258
1031-11 1 74 1 1382 0493 0138 1 123
11 1-11 1874 17 24.970 1263 8955 0911
11 18-12 2 74 14 14515 0039 0460 0206
122-12674 4 0.415 0014 0093 0062

126-122774 21 0116 0.042 NS NS
1227-1 2875 32 0044 0069 0044 0054
1 28-2 14 75 17 0013 0024 0018 0029
2 14-3575 19 0105 0030 0023 0061
35-3875 3 00013 00021 00078 00054
38-3,2675 18 0.5288 0.049 00544 0 1353

326-4 1075 15 0.0441 0.0609 0.0156 003244'10-4.26'75 16 0.0470 0.0373 00122 00263
4.26-58,75 12 00301 00622 00176 00136
5 8-5'29 75 21 0.0363 0.1361 0.0290 01263

5 29-61375 15 00544 0.0184 00115 0.0954
6 13-6 2675 13 0.0250 00416 00236 00174
6 26-7,1075 14 00581 00689 0.0339 0.0370
7 10-7'2975 19 0042/ 0.0509 0.,689 0.0424
7 29-8 1375 15 02462 00389 0.0130 0.0220
8 13-82875 15 0.1296 00100 00026 00259
828-9 1975 22 00399 00741 00114 NS

9 19-10-17,75 18 00482 0.0498 0.0218 00778
10 7-10.21.75 14 00835 00290 0.0472 0.0169
10 21-117,75 17 00323 00119 00734 0.0353

Tot~l 1-131 Release, mihicuries 151.641 27205 32.160 53.281
Total sample time, days 502 502 478 418

Notes (1I NS means no sample taken
2)l Release rates reported as leis than I. IJ Tat~ie 3.7. were treated as equa to I
(3) Sample period for gland s•al & MVP release was taken tO De 21 da,- or.-esponid-ng to ri weclion penod o 117 tO 1128/75
141 Slack release not tabulated because release includes process off gaS
151 Actual 1-131 Release Data are summarized in Tables' 3-18 and 3-t9

1" 1)
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Table 3.10
AVERAGE 1-131 VENTILATION RELEASE RATES

PLANT-MONTICELLO
DATA SOURCE - EPRIINES

Average Release Rate. oCLts

Nominrp!
Sample Period Reactor Turbine Radwaste Roof-VentMonth.Day/Year (0.001) (0.001) (0.001) (0.001)

; -11 1774 210 37 53 30
11 20- 1* ' 74 22 19 26 44125-12 1874 16 94 14 2712 18-1 f 75 91 70 18 1818-197!& 61 4.1 1? 111 13-1-1575 27 34, 14 651 9-1 13 and 18 39 064 58
1 15-1 2275
1 22-2775 68 68 028 1427-22275 31 28 045 31.222-3 1075 81 18 026 263 10-325 75 22 20 NS 42
325-4 775 14 44 1 I 594 7-421 75 21 37. 0.84 59421-5575 NS 51 1 NS5 5-5 1775 77 52 14, 1305 19-6575 36 41. 35 81
65 -62375 58 29 53 93.623-7875 77 34 75 12078-72275 210 54. 96 250711-73075 54 41, 85 9385-821 75 83 56 3.7 140.821-9375 100 110 64 21093-9 11 75 53 57. 33 110911-92575 48 5.3 29 569 25-10 15,75 NS 1.4 025 NS10 15-10 2775 20 02 0.029 2.210 27-11'14.'75 018 0.065 03096 02511 14 -11,17)75 00149 001881 NS NS11 17-111875 0.0425 00538 00107 NS11 18-11'18,75 NS 01076 00213 NS11 18-11.1975 01296 0.0807 00160 NS11 19-11 1975 00141 00829 00160 NS11 19-11 2075 01508 0,0798 00304 NSI 1.20-11.21 75 0.3398 0.1067 00533 NS11 21-11!21.75 0.3611 0.1573 00693 NSI I '21 -11;22.75 04248 0-4490 0.0405 NS11.22-11/22'75 0.4885 02634 0.0533 NS11!22-11/2375 0.4248 03725 00587 NS11.23-11,23175 04885 0.3488 0.0491 NS11.23-11V24r75 0.7646 0,3634 NS NS

Notes a Sam~pling penod 55-5-12 75
b TVMS data pcot and Subsequent turbine building ates excludes MVP equipment compartmentezhaust because no samples wet taken
11) Refuelng maintenance Outages transpfred 1,-27175 and W1 11 •17.75
(2) NS means no sample taken.

3-14



NEDO-21159-2

Table 3-9
IODINE- 31 REACTOR WATER CONCENTRATIONS AND POWER

LEVELS AT VERMONT YANKEE
DATA SOURCE-EPRL'NES

Average 1-131
Nominal Reactor Water Thermal

Sampl, Period Concentration Power
Month'Day'Year jACl'kg % of Rated

6 20-7 2 74 250 79
72-7 974 250 35
" 9- 7 23 74 250 79

7123-7 30 74 250 79
730-8 1374 300 79
8 i3-8 2774 350 79
827-91274 380 79
9 14-92774 370 73

927-10 1074 350 79
10 11-10 1374 a 0
10 13-10 14 74 a 0
10 14-1031 74 a 0
10 31- I1 1 ?4 a 0
11 1-11 1874 a 0
11 18-12274 a 0
122-12674 a 0

126-122774 1.0 41
1227-12875 0.81 91
128-2 1475 078 99
2 14-3575 089 55
3,5-38 75 -
38-32675 080 78

326-4 10 75 063 93
4 10-42675 090 99
4 26-5 875 061 99
58-52975 071 84
5 29-6 13 75 053 36
6 13-62675 062 67
626- 7.10 75 062 82
7 10-72975 061 82
729-8 1375 067 45
8 13-82875 064 0
828-9 1975 061 79
9 19-10 1775 0.85 96
10 7- 10 21.75 0.77 97
1021-117 75 089 99

a Plan! down fo' ve'u-lng maintenance 10 l ttO 12 1374 1-131 reactf,) *wfer COnCenlraton
data are rMf avadiable
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Table 3-11
ACTUAL 1.131 VENTILATION RELEASES

PLANT- MONTICELLO
DATA 4cWURCE-EPRI!NES

Total 1-131 Release. mlllicurles

Nominal
Sample Period
Month'Day'Year

11 lb-Il 1774
1' 20-12574
125-12 1874
12 18-1 675

S81975
1 13- 15 75

1.9-1 11 75and
1 15 • 22 75

1 22 -2 7 75

2 7--2 22 75
222-3 1075
3 10-3 25 75
3 25-4 7 75
4 7-4 21 75
4 21-55 75
55-5 17 75
5 19-6 575
6 5-6 23 75
6 23.7 8 75
78-72275

7 11-730 75

85 821 75
8 21 -9 3 75

93-9 11 75

9 11-9 25 75

925-10 1575
10 15-1027 75
1027-11 14 75
11 14-11 1775
11 17-11 1875
11 18-11 1875

11 18-11"19 75

11 19-11.1975
11 19-11"2075

11 20-11 21 75
11 21 -11.21 75
1121-11 2275
11,22-11 '22 75
11.22-11'2375
11 23-11;23 75
11 23-1124 75

Totals

sample time. days

Wominal
Sample Time

Days

2
15
13
19

1

2
11

16
15
16
15
13
14

14,

12
17
18
15
14
8

16
13

8
14

20
12

18

2 90
101
043
052
049
0 68
047
068
065
0.43
063
0.38
0.61

360.88

Reactor
3629

2851
1797
1494
0527
4666

17.11

9400
4018
120

28 51
1572
2540

NS
7983
5288
9020
9979

254 0
37.32

1147
1123
3663
5006

NS
2 074
0280
0.00
0002

NS
0006
0004
0.009
00014
002
024
0.18
023
0.016
0.040

1119847

326.5

Turbine
0 634

2462
1056
1149
0354
5875

3707

9400
3629
24.88
2592
4942
44 76
6169
5391
6022
45 10
4406
6532
2834
7741

1236
3940

6411
2.419
0207
0 101
0.005
0.005
0.004
0.004
0004
0005
0004
0009
0025
0.010
0.020
0011
0019

889-591

360.9

Radwasle
0 91b
3370
1 572
2 955
0101
0242
0608

0387
0 583
0359

NS
1 2.16
1 W("
I 210
0 847'
5141
8243
9.720

1161
5875
5115
7 188
2281
3 508
0432
0030
0015

NS
0009
0008
0007
0007
0002
0002
0004
0002
0002
0003
0.002

NS

74 583

3374

Roof-Vent
r, 1841

57 0?
30 33
2955

0 95)
11 23
55 12

1935
4018
35*94
54 43
66-'7
71 37

tNS
134 8
1190
144 6
1555
302 4
6428

193 5
235 9

76 03
67 74

NS
;"8!

0 389
NS
NS
NS
-Ils
NS
ris
NS
NS
NS
NS
NS
NS

NS

1973 344

3170

Notes a Samptl period ,i 7 days
III ACtual 1131 release data are surnmarI'rp:d an latiws 3-18 And 3-19
f2! NS meanr no Sample taken
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Table 3-12
IODINE-131 REACTOR WATER CONCENTRATIONS AND POWER

LEVELS AT MONTICELLO
DATA SOURCE-EPRIINES

Average 1-131
Nominal Reactor Water Thermal

Sample Period Concentration Power
Month!Day'Year 1,Ci'kg % ot Rated

11,15-11 1774 - _

1-20-12574 72. 80
12'5-12'18 74 83 78
12 18-1675 07. 75
18-1975 55 63

1 13-11575 a 0
1.9-1:13 and
1:15-1 22 75 a 0
1 22-2.7.75 a 0
2 7-2.'22,75 10. 0-100

222-3 1075 34. 100
110-32575 35 100
325-4775 39 100
4 7-4'21 75 52. 100
421-5575 67. 100
5'5-5 15 75 73 97
519-6575 160. 87
6 5-6 23'75 140. 87
623-7,8'75 150. 82
7,8-7.22.75 240. 77

7:22-7 30 75 230. 69
9!5-821 75 150. 64
8'21-9.'375 210. 60
93-9 11,75 170. 56
911-92575 b 0

9'25-101575 b 0
10!15-10 27,75 b 0
1027-11,1475 b 0
11,14-11117.75 b 0
11,17-11: 18'75 0.013 Critical
11118-11;18 75 0.029 Critical
11/18-11. 1975 0.0783 1.2
11V1.I)-1119;75 0.433 15.0
11/19-11,20,75 1.43 21.1
11/20-11/21/75 1.83 51.4
11121-11:21175 2.09 49.4
11/21-11,2275 2.83 580
11/22-11"22,75 3.56 61.0
11122-11"23!75 2.75 630
11/23-11/23!75 2.72 64.0
11/23-11t24/75 321 66.0

Notes a Retueling'maintenance outage transpired 1,9 to 217,75.
b Refuelinq'maintenance outage transpired s11 to 11117.75.

I-1
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Table 3-12a
IODINE-131 REACTOR WATER CONCENTRATIONS AT MONTICELLO

DURING REFUELING/MAINTENANCE OUTAGES
DATA SOURCE - EPRI/NES

Outage of January/February 1975

Average 1-131
Reactor Water

Sample Date Concentration
Month!Day

1:r9
113
115
116
1 '!7
2"5
26
27

j1Cil/Kg

54.
42

51
4.2
33
0 57
1.2
4.0

Outage of September/November 1975

911
915

918
922
9 25

190
14.

5.5
0 64
2.1
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Table 3-13
AVERAGE 1-131 VCNTILATION RELEASE RATES

PLANT - OYSTER CREEK (2175-2,78)
DATA SOURCE - EPRI/NES

Average 1-131 Release Rate, ICI/a

Nominal 
Gland Seal TotalSample Period Reactor Turbine Radwaste and MVP VentMorth!DaylYear (0.001) (0.001) (0.001) (0.001) (0.001)

2 22-2.26*75 0.75 25. 0.46 NS 26226-3 12 75 053 28. 0.68 NS 293 12-3128 75 2.2 28, 0.49 NS 31329.415.75 53 80, NS NS 91.4 15-51,75 1.3 53. 3.4 NS 58.5 1-51575 050 4.6 NS NS 5 15 15-52975 020 0.42 0.048 NS 0.67529-6 1675 075 2.9 0.16 NS 3.96 16-63075 1.1 4.6 0,15 14 59630.7.1775 1.1 2.7 0,46 1.22 437 17-8575 042 5.6 1.01 66 7.18 5-8 21:75 033 7.5 0.72 2.2 86821-998,75 010 3.3 1.9 5.5 559'8-9 29 75 018 4.7 1.9 NS 689"29-10 14 75 0.19 0.95 1.1 NS 2,210 14-103175 0086 NS 056 NS -10,31--11,14"75 0096 7.7 024 055 8011 14-12475 094 4.3 1.0 56 6312 4-12,18.75 0.19 7.0 0.19 2.0 7.512,18-1:!5.76 12 4.5 NS 8.2 -1,5-1,22.'76 0.18 10.5 0.109 0.18 1081 22- 2.'9,76 0031 1.4 0.081 0.0052 1.5

Note• (It Refueling maintenance outage transpired 3'2a' to 51915
(2) Rafuehing maintenance outage transpired U5,76 to 29476 and continued to 3114176131 NS means no sample taken

-7 in.



NEDO-21159-2

Table 3-13a
AVERAGE 1.131 VENTILATION RELEASE RATES

PLANT - OYSTER CREEK (6176-1171)
DATA SOURCE - EPRIINES

Average 1-131 Release Rate. pCils
Reheater

Feedwater Pump,' Protection
Nominal Gland Seal Condensate Pump System

Sample Period Reactor Turbine Radwaste and MVP Room Exhaust Exhaust
Month/Day/Year (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

616-6'23,76 0.2388 11.49 04632 NS NS NS
6 23-63076 02095 11.80 0.2714 0.4321 1 NS
6,30-7 7,76 02168 21.79 0.5554 0.488701 NS
7'7-7113.76 0.1049 14.19 0.6074 0.3397 01196 NS

7:13-7,20.76 01595 12.89 0.1463 0.6198 NS
7.20-7 27.76 0 1875 13.99 0.0930 0,4440
7.27-8.3 76 83258 6.464 1.0918 27.803 009894 0691

83-810:76 0.9990 1371 0.5491 05602
8.:10-8.17:76 08125 2120 0.2003 0.1118 0.2884
8"17-8'24.76 0.7093 19.19 10176 06616 1683
8 24-8:3076 1029 11.22 09084 1.9281 1009512
830-97:76 03363 1146 0.4060 1.3619 10690

9 7-9 16 76 0.3563 9.063 0.7462 1.6420

916-9 23 76 04762 16.72 1.3462 1.9936 0
9,'23-9 30,76 00406 13.10 4.4096 2.4436
9'30-10776 02831 14.43 0.9657 1.5496
1017-10 14176 0.2801 14.33 0.5554 1.5794

0 1438
10 14-10'2:;76 02641 13.51 04357 1.4095
10,21-10 2876 0.2298 12.00 1.1554 1.2844 01158 06566

10 28- 11.4176 0.2165 12.83 0.6646 1.2754 07524
114-11:11:76 0.2244 12.11 0.5194 1.3470 07529

11;11 - 1 V18;76 0 2288 1139 07538 0.9476 3 NS
11:18-11/3076 0.1765 10.53 06169 1.2278 0.2178 03783

Note Plant shti,',own for five dayS between 7.26 and 8 1 76
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Table 3-14
ACTUAL 1-131 VENTILATION RELEASES

PLANT - OYSTER CREEK (2/75-2/76)
DATA SOURCE - EPRI/NES

Total 1-131 Release, mllllcurles

Nominal
Nominal Sample

Sample Period Time Gland Seal
Month/Day/Year Days Reactor Turbine Radwaste & MVP Total Vent

222-22675 4 0259 8640 0159 NS 8986
226-3 12 75 14 0641 33.87 0823 NS 35083 12-328 75 16 3041 38.71 0677 NS 4285
329-4 15 75 17 7.785 117.5 NS NS 13374 15-5 1 75 16 1.797 7327 4.700 NS 8018
F5 1-5 15175 14 0.605 5564 NS NS 6169

5 15 f 2?9 7h 14 0242 0.508 0.058 NS 08105 19- t16 18 1 166 4.510 0249 NS 6.065
S6 lti-6 3Q 75 14 1.331 5564 0.181 1693 7.137

6 30- 7 17 75 17 1616 3966 0676 1792 6316
7 17-8 5 75 19 0689 9.193 !.658 10.83 11.66
8 ", -8 21 75 16 0456 10.37 0.995 3.041 1189
8 21- 9 8 75 18 0156 5.132 2.955 8.554 8554
9 8 9 29 75 21 0327 8.528 3.447 NS 12.349•291- 10 1.1 75 15 0246 1.231 1.426 NS 2851

10 '4 -10 31 7.5 17 0126 NS 1.823 NS -1031 11 14 75 14 0116 9314 0.290 0.665 9.677
1 14 12.1 75 20 1 624 7.430 1.728 9677 10.89

12 4. t12 1 E75 1.4 0230 8.467 0.230 2.419 9072
12 18- 1 5 76 18 1 866 6.998 NS 12.75 -
1 5--1 22 76 17 0.264 15.42 0160 0.264 1586
1 22--2976 18 0048 2.177 0.126 0.008 2.333

Total 1. 131 Relsast, milictinres 24.631 376.362 21.361 51.693 422.420

Totial sanirile iinm. ,."lys 351 334 302 185 316

Not..-% i I i nfuhiinQ mnAintonatic outage Iranspiredi 3 29 10 5,29 75
121 1petfuI ng maintenance outage transpired I 5 to 2976 and continued 1o 3 14.76
131 NS means no, sarmie taken

320
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Table 3.14a
ACTUAL 1-131 VENTILATION RELEASES
PLANT - OYSTER CREEK (6176-11/76)

DATA SOURCE - EPRIINES

Total 1-131 Release, millicurles

Nominal
Sample Period

Month:Day Year

6 16-623 76
6 23-6 30 76
6 30-7 776
7 7-7 13 76

7 13-720 76
7 20 •7 27 76
7 27-i 3 76
83-8 10 76

8 10-.8 17 76
8 17-824 76
824--830 76
830.9 7 76
9 7-9 16

9 16-9 23 76
923--930 76
930-107 76
10 7-10 14 76

10 14-1021 76
10 21-10 28 76
1028-11 4 76
11 4-11 11 76

11 11 -11 18 76
11 18-11 30 76

Total 1-Q31 Rolease
I fIt ilhl' c ri(--P

Totrt smph: time

idays)

Sample
Period
Days

7
7

7
7

7

7

7

7

7

'7

12

Feedwater Pump
Gland Seal Condensate Pump

Reactor Turbine Radwaste & MVP Room Exhaust

0 1444

0 1267
0 1311

005438
0 09647
0 1134
49947
06042
04914

0 4290
0 5334
02325
02771
0.2880
002457
0.1712
0 16-34
0.1597
0 1390
01309

0.1357
01384
0.1830

9 7685

167

6 950
7.136

13 176
7.358
7 798
8460
3909
8294

12824
11.604
5815
7919
7047

10.; 15
7.922
8 729
8.667
8.170
7260
7 757
7.322
6 888

10921

192 041

02802
01641
03359
0.3149
008847

0.05622
06603
0.3321
0.1212
06154
04709
02806
0.5803
0.8142

2.6669
0.5840
0.3359
02635
06988
04020
0.3141
04558
0.6396

11 4574

NS

02613
02956
01761
03749
02685

16815
03388
006759
04001

09995
09413
1 2768
1.2057
1 4779
0.9372
0.9552
0.8525
0 7768
0.7714
0.8146
0.5731
1.2729

31 8535

1r7

NS

0 1724

0 1343

0 1197

05233

01151

04604

0 1740

0 1400

02722

02258

23421

Reheater
Protection

System
Exhaust

NS
NS
NS
NS
NS

0 8356

1 274

1 890

2-482

1 150

1 216

07943

09101

N S

03922

; 0 94 40

167 167 160 126

Noitsi I I Plant shutdown for live days between 7 26 and U 3 76
I.' Nl ni,'An no sample taken

Summary of all Data:

Total 1-131 R(hlease
Irnillici unt'S

Total sample time

(days)

344 568 32.8 83.5 2.34 109

518 501 469 352 160 126

.311
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Table 3.15
IODINE-131 REACTOR WATER CONCENTRATIONS AND POWER

LEVELS AT OYSTER CREEK (2175-2/76)
DATA SOURCE - EPRIINES

Average 1-131
Nominal Reactor Water Thermal

Sample Period Concentration Power
Month/DaylYear ItCilkg % of Rated

222-2.2675 65 88
2.26-31275 6.5 94
3,12-32875 65 95
329-4 15.75 a 0
415-5 1 75 a 0
5 I-5'1575 a 0

515-5'29 75 a 0
5'29-6 16 75 1.7 62
6 16-6 3075 3.0 80
630-7 17 75 1 7 80
7,17-8 5 75 1.8 75
85.-821 75 1.6 82
821-9875 1.4 37
98-92975 1.3 60

929-10. 14 75 1,0 27
10 14-10 31 75 16 47
1031-1114 75 1 7 76
11 14-124 75 1.4 47
12:4-12 1875 1,7 76
1218-1'5 76 1.6 26
1 5-12276 b 0
1,22-2,9 76 b 0

Notes a Refunhn. maintenance outage transpired 3.29 to 5,29 75
b Aetfue#Inq matntenrancn outage transpired It5 to 2/9 76. outago continucd In 3 14 76

3.22



NEDO-21159-2

Table 3-15a
IODINE-131 REACTOR WATER CONCENTRATIONS AND POWER

LEVELS AT OYSTER CREEK (6/76-11t76)
DATA SOURCE - EPRIINES

Average 1-131
Nominal Reactor Water Thermal

Sample Period Concentration Power
Month Day'Year mCl/kg % of Rated

6 16-62376 1 43 903
623-630 76 1,47 91 3
630-7 776 1.29 898
77-7 1376 136 922

7 13-72076 1 49 914
7 20-7 27 76 1 52 806
7 27 -8 3 76 045 330
83-8 1076 153 919

8 10-8 1776 1 71 959
8 17-824 76 2.17 963
824--83076 1 47 96 7
830-9776 135 958
97-923 76 1 14 834

923-93076 1.19 970
930-10776 1.93 933
10 7-10 14 76 181 964

it 14- 1.0 21 76 2 18 94.4
10 21-10 28 76 2.05 994
1028-114 76 310 967
114-11 11 76 236 998

11 111-11 1876 2.36 97.5
11 18 .11 30 76 205 956

3.23
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Table 3-15b
IODINE-131 REACTOR WATER CONCENTRATIONS AT OYSTER CREEK

DURING REFUELINGIMAINTENANCE OUTAGES
DATA SOURCE - EPRI/NES

Outage of March/May 1975

Nominal
Sample Period

Month!Day

4'2 -4 8
49 -415
416-422
4 23-4,29
4'30-5'6
57 -5 13
514-5 20
5 21-527

Average 1-131
Reactor Water
Concentration

pCI/Kg

39
0.70
0.44
0 053
0.016
0.020
0U022
0.64

Outage of January/March 1976

12.'29-1 5
1.5 -1,12
1.12-1:19
1. 19-1,26

0 13"
0.11
0.095
0.080

'Plant down for refueling and condenser maintenance 12,26,75:
thermal power (percent of rated) was 26% during period from
12.1875 to 1:5,76.

3-24



NEDO-21159-2

Table 3-16
IOOINE-131 REACTOR WATER CONCENTRATION, POWER LEVELS AND STEAM FLOW RATES

DURING STARTUP (AFTER 75 DAY SHUTDOWN) AT OYSTER CREEK STATION
DATA SOURCE-EPRI/NES

Date
Month/Day/Hour

1976

1-131 Concentration
In Reactor Water,

pCIlKg

3 14

3 15

3 16

0254
0820
1054
1314
1404
1755
1959

0115
1259

1020
1059
1559
1714
1732
1914

0127
0214
0714
0835
1544
1604
1713
2004

081

085

0 86

083

0.78

0 77

0.82

088

Power Level
% of Rated

419

418
450
462

45.2

44.5

459
477
458

458

Steam Flow
LB/hr x 10 *

2 89

2 89
3 13
321

3 14

3 09

3 16
3 28
3.19

3 18

450
464

450
494

49 1

3 12

3,20

3.13
340

339

3-25



NEDO-21159-2

Table 3-16 (Continued)
IODINE.131 REACTOR WATER CONCENTRATION, POWER LEVELS AND STEAM FLOW RATES

DURING STARTUP (AFTER 75 DAY SHUTDOWN) AT f)YSTER CREEK STATION
DATA SOURCE-EPRL'NES

Date
Month'Day/Hour

1976

1-131 Concentration
In Reactor Water.

MCI/Kg
Power Level
% of Rated

Steam Flow
LB/hr x 10 0

317

3 18

3 19

3 20

3 21

0112
0304
0830
1204
1304
1404
1504
2004

0304
1000
1104
1910
2024

0324
0820
1049

1909

0309
1109
2009

0309
1109
2009
2209
2309

084

0 86

0.92

0.96

0.95

49.1

49 1

50 5
54.6

57.2
57.2

58 3

57 7

56.1

56.0

559
55.8

558
558
558

561
55.6
55.4
55.6
703

3 39

339
3 54
386
4.06
4.06

4 14

4 10

3.97

397

3 96
3 96

3.96
3.95
3.94

3 94
3.94
3.92
3.94
5.08
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Table 3.16 (Continued)
IODINE-131 REACTOR WATER CONCENTRATION. POWER LEVELS AND STEAM FLOW RATES

DURING STARTUP (AFTER 75 DAY SHUTDOWN) AT OYSTER CREEK STATION
DATA SOURCE-EPRLINES

Dale
Month )Vayflour

1976

1-131 Concentration
In Re actor Water.

ACLIKG
Power Level
% of Rated

3 22

3'23

3 24

0009
0109
0959
1959

0259
1059
1909

0309
0829
1209

71 2
7Z. i
703
68 7

686
68 6
68 6

67 4

67.7

Steam Flow
LB!hr x 10

515
5 22
5 08
4 95

4 95
4 94
4 94

485

4 87
15
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Table 3-17
IODINE-131 AIRBORNE CONCENTRATIONS IN BUILDING EXHAUSTS AND GLAND SEAL STEAM

EXHAUST DURING STARTUP (AFTER 75 DAY SHUTDOWN) AT OYSTER CREEK
DATA SOURCE-EPRIINES

1-131 CONCENTRATION. pCI/cc

Sample Time
Month;Day/Hour

1976 Reactor

315

3 16

3 17

3 18

3 19

3 r24

0030
0823
1624

0027
0043
0852
0910
1700

0100
0900
1110
1745
1750
1800
1819

0029
0041
0047

0056
0900
0930
1645
1650
1700
1800

0940
0941
0948
0956

1326
1345
1355
1425
2003
2100
2200

30(- 12)

* 21 12)

S2( 12)

* 2( 12)

35( 12)

35( 12)

Turbine

8.8(-12)

7.7( 12)

4.2(-12)

3.2( 12)

1.6( 11)

1.41 11)
1.2(- 11)

6.5( 11)

7.8(-11)

1.2(.-10)

1.5( 10)

1.4(--10)

3.0(-. 10)

2.7(-10)

3.2 12)

44( 12)

54( 12)

4.8 ( 12)

52( 12)

4.0 ( 12)

3.6(- 12)

1.o(-11)

1.2 (- 11)

Radwaste Gland Seal Steam

26( 101

4.6 10)
4.9 10)

42 10)
43( 10)

6.3 ( 10)

5A4 10)

6.7( 10)

6.8 1 10)

6.9( 10)

7.8 ( 10)

1.2( •9)

cbm
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Table 3.18
SUMMARY OF ACTUAL 1-131 VENTILATION MEASUREMENTS BY EPRI/NES

AT VERMONT YANKEE, MONTICELLO AND OYSTER CREEK

PLANT

Vermont Yankee Monticello Oyster Creek

Total* 1-131 Release. milllcurles (sample tlfv,,:. days)

Power Generation Opert.,ons

Release From:
Reactor Building

Turbine Building

Radwaste Building

39. (446) 1028.3 (253.5)

18. (446) 828.0 (267.0)

13.89 (255)
9.77 (167)

161.9" (238)
1920- (167)

1632 (237)
11.5 (167)

31 9 (167)

18. (425)

34. (379)

69.4 (264.4)

Gland Seal Steam Exhaust No Data

RefuellngfMalntenance Outage

Reactor Building

Turbine Building

113. (56)

9. (56)

14. (53)

19. (39)

31.2 (29)
60.4 (44)

52.3 (29)
9.1 (64)

1.24 (29)
3.99 (64)

No Data

10.43 (61)
0312 (35)

196.8 (61)
17.6 (35)

4.76 (30)
0286 (35)

No Data
0.272 (35)

Radwaste Building

Mechanical Vacuum Pump

Notes a Total includes all Chemical species of 1-131
b Excludes 1.131 releases from feedwAter pump/condensate pump room exhaust and reheater protection

system exhaust because no samples were taken.
c Excludes 1.131 releases from feedwater pump.'condenute pump room exhaust and reheater protection

system exhaust. these releases are small, namely2 34 mCi (160 days) and 10 9 mCi (126 days). respecively
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Table 3-19
SUMMARY OF ACTUAL 1-131 VENTILATION MEASUREMENTS BY

EPRIVNES AT VERMONT YANKEE.. MONTICELLO AND OYSTER CREEK
ADJUSTED TO 300 DAYS OF POWER OPERATIONS AND 1% 1-131 CARRYOVER

PLANT

Vermont Yankee Monticello Oyster Creek
Totat' 1-131 Release. millichrtea

Release From Power Generation Overations

Reactor
Turbine
Rad aste
Gland Seat Steam

26 3
311
130

27 1

1217
2061

78 7
No Data

3357

168
127 0'
206
78 8

243 2Sub-total 97 5

Refueling Maintenance Outages

Reactor

Torbine

Radvvaste

Mechanical Vacuum PumD

Sub-total

Total, Annual Release

1125
218
143

215

364

462.

495
68 3

26
NO Dala

120

3477

537
466
134

0o12

65 5

309

c Annujý *r'ci..s 3X) la,,% ff vt E avie'al~onlI Plus Or- A4 V

I if)
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Table 4
SUMMARY OF NRC MEASURtMENTM OF 16131 RELEASES AT SIX BWFrS

1-131 Release Rate. 0XC•e

Plant
Sample Time

(Days)

Oyster Creek

Monticello

Dresden 2

Dresden 3

Dresden 2 & 3

Ouad Cities 1

Ouad Cities 2

Opweating Mode

Normal
Normat
Normal
Normal
Containment Purge

Refueling

Normal*

Normal

Normal"

Normal

Normal

Normar

Normal

Normal

Normal

Retctov

00016
00014
00025
00061
014
0011

00070

00019
NM
NM

00061
NM
NM

Tuftlne

0.018
0043

NM
0007
0087
0.060

00050
00017'

NM
000028
000027

NM
0.00065
00008

00006

NM
0.00047

NM

Radwaste

0 00067
000053

NM
00019
00011
0 0025'

00064

NM
NM
NM

NM
NM
NM

NM

14
14
14
14
2

45

29 hours
42"

24 hours
15
14

24 hours
13
14

424NM

Normal
Normal

Normal

00038
NM

NM

NM

1
14

*0 00023

No*%i a F~irst 31 dails ontir
b In Conjundelon wit04 sod.". spvc.i mfssurtnwrit. aStiluam rnoema 0ratIMo
C kXl~u00%. 91i bj~id~ngS
d Appo*..walvvalve INEDO?71159 L4aCi 1976 Figure 3-201
111 MUsurpfti~fi9 mad* during 19 72 woo t ow Ouad Citis 1 2 prant whfich *we mvefigata in 1973
Qt2) W rlwwn no mwasuriwrlner

3-31



NEDO-21159-2

Table 3-21
SUMMARY OF AIRBORNE 1-131 RELEASES; MEASUREMENTS BY GENERAL ELECTRIC COMPANY

1-131 RELEASE RATE, MCI/s

Mode of
Plant Operation

Gland
Seal Sample

Exhaust Period (hrs)

Sample
Time

Month 'Year

1-131 Coolant
Concentration

(1,Clicc)Reactor Turbine Radwaste

Dresden 2 Normal 0005.
Normal NM

- NM
NM

2
15

Jan'1971
Feb'19710006

0 0023
0.0023

0.0017

0 002

Nine Mile
Point 1

Normal NM 00016 NM NM

Normal 5 57 E-4
129 7)

Normal 6 64 E.4
(44.9)

Normal 4 6 E-4
(66 2)

Normal 7.97 E-4

15,3)
Normal 7 1 E-4

(15.8)
Shutdown 4 48 E-3

(12631
Shutrdown 1 79 E-3

(1621

5 57 E-3
(42.4)
7 3 E-3
(6 7)
4.54 E-3
(64.21
7.02 E-3
(65 3)

1 38 E-3
(47.7)
7.81 E-3
(71 8)

1.00 E-31
(509)
4.04 E-4
(44.1)
4.2 E-5
(48.5)
1.0 E-5
(43 2)

5.2 E-5
(751)
1.6 E-4
(43.2)

-0.00030

0.00105

NM
NM

NA Dec, 1971

a March-
April.74

a

a

a

a

a

Oyster
Creek

Normal

Millslone Normal
Point I Normal

Normal
Norrn;al

Shutdown

0.00144. 0 0009
0 0029

000165 NM
000146 NM

0 0026
0 00323
0.0058

-0.006 t
1

0.000192

C

9

April 1972

July 1972

Sept 1972

0 0075

0 0034

0.030 to 0,232

Notes a Sam'ple period this) in paronihosis
t) Corn 'ntrilntr -.%fear? leak At about In,% 1ifl10
r. Agipro~tmaloly ' I miliicurses of 1-.131 rele~ased1 during 70 minutes of mechanical vacuum pump operationon S..ptom'bor 1 1972. iho plant was shuti down on August 29. 197?
i Ii NM No Measure~d
f21 NA Not AvniijtbIe
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1.0

01
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0.01
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Figture 3. 1. Calendar Ouarterly Total Plant Ventilation Releases of /. 131 versus Time, Pilgrim I
(Reactor. Turbine and Radwaste Buildings)
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4. CHEMICAL FORM OF IODINE-131 RELEASES

The following material on iodine-131 chemical form updates data previously reported in NEDO.21159. March

1976. Chapter 4.

The chemical form of radfoiodine releases is an Important factor in a realistic and proper environs dose impact

assessment. The specification of 1.131 species is in accord with Appendix I of 1OCFR50 which requires realistic dose

evaluations (see Appendix 2A). From BWR operatinq plant experience. 1-131 exists in several forms, both inorganic

and organic. Inorganic iodine forms of interest are particulate, elemental (I,) . and hypoiodous acid (HOI). For ingestion

dose evaluations, the amount of elemental 1-131 release is needed (Reference 4-1). Organic iodine (methyl iodide)

is not a significant contributor to the milk pathway dose. However. CHtl would contribute to an inhalation dose.
Methyl iodide is known to have a much smaller deposition velocity than elemental iodine, thus it does not readily

deposit on vegetation vhich could he eaten by cows and found in milk (References 4-2, 4-3, 4-4, and 4-5). The

deposition velocity for 1: is mote than 1000 times greater than for CHjI. and more than 10 times greater than for

iodine in particulate form. The deposition velocity for HOI is unknown.

The importance of iodine chemical form in BWR releases has been recognized by the NRC. In 1972. the NRC

Athen AECI conducted measurements of BWR rel-ases which included measurements of radioiodine species. Similar
soccies measurements with improved techniques were conducted in 1973. In addition to the NRC measurements. GE
has independently conducted species measurements at a few BWR plants. The most extensive measurements of radio-
iodine species ha-,.e been sponsored by EPRI. This chapter includes EPRI results through December, 1976.

The chemical forms of iodine-131. or species thereof, are defined on the basis of samplers previously described
(References 4-6 through 4-11). All the samplers consist of a series of adsorbents which selectively identify the iodine

species in the direction of air flow as follows:

I-131 species idsorbent

()articulate filter paper, Flanders F-700

elemental (I:) cadmium iodiode on chromasorb - p

hypoiodous acid (HOI) 4-iodophenol on alumina

organic (CH. 1 I) KI or TEDA impregnated charcoal

(or silver zeolite)

Thus the ifiine species are defined in terms of the adsorbents.

Ai this time there is some question about the actual presence of HO). The chemical nature of the HOI has not
been positively netermined and is so-called on the basis of circumstantial evidence. In this document the iodine species
collected on the third adsorbent is called HOI, but with serious reservations as to its existence. Also, in this document

CHjl is used as a synonym for organic iodine. However, organic iodine species other than CH3l have not been fully
determined in operating plant atmospheres.

The chemical form of l-131 varies significantly between BWR operating modes. The relative amounts of elemental

and organic iodine change from normal power generation operations to refueling/maintenance outages. Furthermore,

the 1-131 species concentrations are different for each of the principal building ventilation exhausts and the gland

seal/mechanical vacuum pump exhausts. The available measurements on 1-131 species are listed in Tables 4-1, 4-2.
4-5. and 4-6 are for the reactor, turbine, radwaste, and gland sesa/MVP exhausts, respectively. Tables 4-3 and 4-4

list results, unique to Oyster Creek, for 1-131 species of the Feedwater Pump and Condensate Pump room exhaust and

the Reheater Protection System and Lube Oil Storage Area exhaust. The total 1-131 release from both these exhausts

is less than 10% of the turbine building release.

Appendix 2B summarizes 1-131 species data for in-plant compartments of the BWR reactor and turbine buildings.

In addition 1-131 species measurements at the end of the SJAE delay line are listed in Appendix 2B. This appendix
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contains data for the reader's convenience; the information was riot used to calculate 1-131 species concentrations
in vpntilation exhausts.

Table 4-7 summarizes the 1-131 chemical form data according to plant. The dJa~a for normal powe'r greneratiron
operations are separate from data for refueling!maintenance outages.

The concentrations of particulate, elemental, HOI and CH., I recommended for environmental impact evaluations
are listed in Table 4-8.

The simecies meoasurements were evaluated to obtain the host single estimate of the f- 131 chemical form in eacl
building ventilation exhaust dulring both power generation operations (including brief plant shujtdowns) and refueling'
mainten:ance mitages. In.spectiorn of the data indicated that species concentrations were relatively similar for a given
plant, but significant differences existed between plants. For example, the average CHII concentration during plowir
generation operations in the reactor building ventilation exhaust at Ouad Cities 1 is approximately a factor of 1.5
greater than at Quad Cities 2. The assumption was made that the available measurements constitute a random selection
of operalinq BWR's. For each plant, the relative 1-131 concentrations (percentages of 1-131 released in each ventilatinn
exhJust) were determined by weighting the reported results according to sample time. This assumes that a sample of
long-dlurralion yields more characteristic information than a short-time sample (Reference 4-12). The weighting of
data accordihng. to sample time is analogous to taking samples for a constant sample piriod hut weighting the mean
results accordlinq to the numher of samples. The greater the number of samples (equivalent to longer sample times), the
more certain one becomes that the sample mean will be close to the (unknown) population mean. This effect is based
on thecentral limit theorem of statistics (Reference4-13). After a set of weighted mean conreentrations were determined
for each plant and exhaust, these restults were simply averaged (the arithmetic mean calculated) in order to establish the
best single estimate of the average 1-131 species concentrations.

The above data reduction I)rDceolure gives equal weight to results from each BWR in spite of the number of
samples at each BWR. This may be considered a shortcoming to the results reported here. However, the data reduction
method favors a best-estimate on the basis of measurements from many different BWR's rather than a large number of
measurements from a few BWR plants.

A sumr '-rrv of the number of data poitnts and plants is presented in Table 4-9. There are a total r.f 14 domestic
BWR's that have commenced commercial operations since 1969 (starting with Oyster Creek) and with more than one
year of commercial operation. but excluding the Browns Ferry plants. The iodine-131 species measurements have been
made al more than half of the domestic BWR reaLtor buildings, and at about one-fifth of the turbine and radwaste
building exhatists.

The 1- 131 species data were also evaluated to determine the sensitivity of the reporierl concentrations to the
various variables. The 1-131 species concentrations were found to be independent of the following variables:

1. total 1-131 release rate,

2. total 1-131 activity collected on sampler,

3. sample time.

4. sampling by different organizations,

5. sampling at different times after the plant has commenced commercial operation,

Furthermore, a consistent set of ratios between the species for a given plant, ventilation exhaust, operating
condition was not apparent. The 1-131 species data were found to he relatively consistent for each plant, ventilation
exhatust, and plant mode of operation.

It is beyond the scope of this document to present analyses of variance or estimates of confidence intervals for
1-131 species.

4-2
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Table 4-1
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR REACTOR BUILDING VENTILATION EXHAUSTS

Sample Period
Month/Day/Year

Species. *o of 1-131
I. HOI

Release
CH;I

Measurements

By

Sample
Time
Days

Reference
Plant Particulate

Plant Mode: Power Generation Operations

Nine Mile Po'nt
Nine Mile Point
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oister Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyister Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oysver Creek
Dresden 2
Dresden 2

1
1

3-24-74
3-29-74

2-22 - 2-27-75
9-29 - 10-14-75
12-4 - 12-18-75
6-16 - C-23-76
6-23 - 6-30-76
6-30 - 7-7-76
7-7 - 7-13-76
7-13 - 7-20-76
7-20 - 7-27-76
7-27 - 8-3-76
8-3 - 8-10-76
8-10 - 8-17-76
8-17 - Z-24-76
8-24 - 8-30-76
8-30 - 9-7-76
9-7 - 9-16-76
9-16 - 9-23-76
9-23 - 9-30-76
9-30 - 10-7-76
10.7 -- 1014-76
10-14 -10-21-76

10-21 - 10-28-76
10-28 - 11-4-76
11-4 - ii-11-76
11.11 - 11-18-76
11-18 - 11-30-76

1973
:973

110
25 0
490

26
20 5
- 1.0

100
170

-. 70
170
130
8.0
20
50
60
50

110

70
90
40
60

100
110

100
130
160
150
50
80

24 0

44 0
410
17.0
97

26.0
24.0

27 0
24.0
30.0
26.C
25 0
24.0
19.0
110

24 0
26 0
26 0
28 0
35 0
27.0
33,0
34 0
35 0
33 0
40 0
370
45 0
56 0

69
62

30
10

2,0
194
219
12.0

40.0
35 0
33.0
350
46.0
390
380
17.0

41 0
46 0
390
370
34 0
41 0
29 0
31 0
270
26 0
2;0
300
150
70

420
34 0
34 0
68 2
31 5
640
21 0
21.0
25 0
24.0
24.0
31.0
27.0
32,0
37.0
67.0
24.0
21 0
25 0
31.0
25 0
22 0
27 0
25 0
25 0
25 0
24 0
290
32 0
130

GE
GE
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
ZPRI(NES)

EPRI(NES)
EPRI(NESJ
EPRIINES)
EPRItNESI
EPRI(NES)
EPRI(NES)
EPRMINES)
EPRIINES)
EPRI(NES)
EPRIINES)
EPRIINES)
EPRIiNES)
EPRI(NESI
EPRI(NESi
EPRIINESt
EPRIiNESi
AEC

EPA-NRC

1 87

022
5

15
14
7
7
7
6
7
7
7
7

7

9
7

7
7
7
7
7

7

7

7

3-55
3-55
3-44
3-44
3-44
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-49
3-52

zm
0
0

Ento
tý3



Table 4-1
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR REACTOR BUILDING VENTILATION EXHAUSTS (Continued)

Plant

Dresden 3
Dresden 3
Monticello
Monticello
Monticello
Monticello
Monticello

Quad Cities 1
Quad Cities 1
Quad Cities 1
Ouad Z-ties 1
Ou.d Cities I
rQ.uad Cities I
Quad Cities I
Quad Cties 1
Quad Cities I
Quad Cities 1
Quad Cities I
Quad Cities I
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Vermont Yankee

Sample Period
Month/DaylYear

1973
1973
1973

11-18- 11-19.74
1-8 - 1.9.75

7-31 - 8 -3-75

9-3 - 9.5.75
6-27 - 7-9-74
7-9 - 7-17-74

7-17 - 7-25-74
7-25 - 8-6-74
8-6 - 8-20-74
8-28 - 9-12-74
9-12 - 9-19-74
9-19 - 9-26-76
9-26 - 10-1-74
10-1 - 10-10.74

10-10 - 10-17-74
10-17 - 10-24-74

6.27 - 7-9-74
7-9 - 7-17-74

7-17 -- 7-25-74
7-25 - 8-6-74

8-6 - 8-20-74
8-29 - 9-12-74
9-12 - 9-19-/4
9-19 - 9-26-74
9-26 - 10-1-74
10-1 - 10-10-74

10-t0 - 10-17-74
10-17 - 10-24-74
10-24 - 10-31-74
6-19 - 6-22-74

Particulate I. HOI CHI

Species. % of 1-131 Release

0.6
-4.0

10.3
27 3
25.4
22.3
278

7.8
86

10.1
20.0
190
3.6
2.6
1.4

134
7.0

129
8.0

12.6
129
134
148

180
5.5
37
2.0

101
13.4
165
5.7
7.7
317

710
54-58

29.3
45.1

536
34.4
41 5

15.1

258
240
22.9
36.6
15.6
25.7
9.3

13.6
17.4
21.2
33.2
39.4
33.0
343
378
418

25.7
23 5
160
23.5
17.9
22 9
394
44 4

23.5

180
.. 4.0

21 7
106
133
30.6
22.2
19.4

153
194
159
26.7
256
25.3

99
14.8
18.9
186
178
16.7
21.4
212
248
26.1
31 3
280
2 0
22 2
183
168
20 4
25.4
14.5

110
38-42

38.7
17.0

77
11.6
8.0

57 7
504
46.6
41.1
17.7
55.2
46.3
79.4

58.2
56.7
47.4
43.9
31.2
32.7
31.1
22.7
14.1
37.5
448

61.6
44.2
504
43 8
34 4
22.6
594

Measurements
By

AEC

EPA-NRC
EPA-NRC
EPRI(NES)
EPRIINES)
EPRI(NES)
EPRI(NES)
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
EPA-NRC
YAEC(NES)

Sample Reference
Time
Days

I
NA
NA

*1

3
2

12
8
8

12
14
15
7
7
5
9
7
7

12
8
8

12
14

15
7
7
5
9
7
7
7
3

3-49
3-52
3-52
3-44
3-44
3-44
3-44
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14
4-14

3-44

z
m
V
0
U'
Oa



Table 4.1
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR REACTOR BUILDING VENTILATION EXHAUSTS (Continued)

Plant

Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermort Yankee
Vermont Yankee

Sample Period
Month/Day/Year

9-12 - 9.13.74
10-10 - 10-1'.-74
9-19 - 9.22-75

9-22 - 0-7-75
10.7 - 10-21-75
11-7 - 11-8-75

Species. . of 1-131 Release Measurements
By

Sample
Time
DaysParticulate 1, HOI CH,I

Reference

74
66
48

16.1
15.0

-.7.0

24.7
62

34 6
26.2

"'15.0
25.3

17.7
68

(18.5)
(-50)

(,-15.0)

(.-8.0)

500
804
(42.1)

(57.7)
(100 C'

(74.7)

EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)

3
15

14
1

3-44
3-44
3-44
3-44
3-44
3-44

Plant Mode: Refueling/Maintenance Outage

z
0 ý
0

Oyster Creek
Oyster Creek
Oyster Creek
Montcello
Monticello
Monticello
Monticello
Vermont Yankee

12-18 - 1-5-76
1-5 - 1-22-76
1-22 - 2.9-76

1-13 - 1-15-75
9-11 - 9-25-75
10-15 - 10-27
IC-27 - 11.14

10-31 - 11-1.74

7.1
5.1

<60
69
68
97

31 2
2.0

11.1
13.7
11.8
61.0
33 8
23.3

91
16.0

27.3
52.7
32.8
12.6
41.7

(-:65)
(--:88)

590

54.5
28.5
55.4
19.6
17.6

(64.9)
(59 6)
23 0

EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NESj
EPRI(NES)
EPRI(NES)

18
17
18
2

14
12
18
1

3-44
3-44
3-44
3-44
3-44
3-44
3-44
3.44
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Table 4-2
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR TURBINE BUILDING VENTILATION EXHAUSTS

Sample Period
MonthlDay/Year

Species. % of 1-131 Release Measurements
By

Sample
Time
Days ReferencePlant Pzrticulate HOI CHI

Plant Mode: Power Generation Operations

41J

Nine MIe Point I
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Oeek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Oeek
Oyster Creek
Oyster Creek
Oyster Creek
Oyste Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oystef CteeK
OysTer Creek
Oyster Creek
OyVitw Creek
Oyster Cree,
Oyster Creek
Oyster Cieek
Oystew Crepw
MOr•icelo

3-24-74
2-22 - 2-27-75
9-8 - 9-29-75

9-29 - 10-14-75
10-31 - 11-14-75

12-4 - 12-18-75
12-18 - 1-5-76
6-16 - 6-23-76
6-23 - 6-30-76
6-30 - 7-7-76
7-7 - 7-13-76
7-13 - 7-20-76

7-20 - 7-27-76
7-27 - 8-3-76
8-3 - 8-10-76
8-10 - 8-17-76
8-17 - 8-24-76
8-24 - 8-30-76
8-30 - 9-7-76
9-7 - 9-16-76
9-16 - 9-23-76
9-23 - 9-30-76
q-30 - 10-7-76
10.7 -- 10-14-76

10.14 - 10-21-76

10-21 - 10-28-76

10-28 11-4-76
11.4- 11.11.16

11.11 -- 11.18 76

11-18 - 11.307f6
11-1 --- 11"14-74

180

27 0
135
118

22.5
22 4
203
18.0

110

200
23.0
21.0
18.0
250
250
220

90
120
IS 0
210
180

130
180

160
120
22 0

30
140
60

1ý I

680
470
46 1

44 1
468
454
39.1

490
49.0
- 84
37.0
29 0
43 0
31.0
450
39.0
290
390
400
300
410
52 0
52 0
45 0

51 0

44 0
65 0
57 0
56 0

-17 9

20
190

(174;
(147)
(12)

244
273
28 0
450

380
43 (,
31 0
390
250
300
40 0
410
380
46 0
290
23 0
27 0
310

250
26 0
25 0
24 0
190
300
148

120
70

(23 0)
(294)
(29 5)

78
133
50
40
50
50
50
50

130
50
60
90

110
100

90
90
70
6P
60
80
80
90
80

100
80

22 3

GE
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRIcNES)
EPRI(NES)
EPRI(NESI
EPRI(NESI
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NESI
EPRI(NES)
EPRI(NES)
EPRIINES)
EPRI(NES)
EPRIINES)
EPRI(NES;
EPRIINESI
EPRI(NESI
EPRI4NESi
EPRI(NESj
EPRItNESi

028
5

21
15
14
14
18

7
7
7
6
7
7
7
7
7
7
6
8
9

7
7
7
7
7
7
7

7
12

1

3-55
3-44
3-44
3-44
3-44
3-44
3-44

3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45

3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45

3-45
3-44

z
m
0

o'



Table 4-2

SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR TURBINE BUILDING VENTILATION EXHAUSTS (Continued)

Plant

Monicello
Montcelto
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee

Sample Period
MonthlDay/Year

1-8 - 1-9.75

5-12 - 5-15-75

6-23 - 6-24-74

9-12 - 9-14-74

10-10 - 10-11-74
9-22 - 10.7-75

10-7 - 10-21-75

10-21 - 11-6-75

7-5 - 7-8-74

Species. 0. of 1-131 Release Measurements
I. HOI CH I ByParticulate

Sample
Time
Days Reference

134

26 5
24 9
171

33 7
80

21 0
500
- 895

640

638
55.0
57 1
48 6
486

1000

123
154
40

20 9
92

(26 4)

(-80)

00

103
66

113
70

-30
(25 0)
(303)

1 500)
105

EPRI NESI
EPRIiNESI
EPRIINES)
EPRICNES)
EPRIINESI
EPRIINESI
EPRIINES)
EPRI(NES)
EPRI(NES)

1

3

2
1

15

14
16

3

3-44

3-44

3-44

3-44

3-44

3-44

3-44

3-44

3-44

z
m

Plant Mode: RefuelinglMaintenance Outage

Oyster Creek 3-30 - 3-31-75 12 3
Oyster Creek 3-31 - 4-1-75 20
Oyster Creek 1-5 - 1-22.76 57

Oyster Creek 1-22 - 2-9 32

Monticello 1-13 - 1-15-75 24

Monticello 9-1 1 - 9-2W575 8 1

Monticello 9-25 - 10-15 23
Monticello 10-15 -- 10-27 24

Monticello 10-27 - 11-14 7 1
Vefrm.nt Yankee 10-31 - 11-1-74 20

NOTF Numbers in Darenrtrosc" ind,.caie qustionabe, qua'.ty of aiorbent mdia. IPH

28 6
53 7
184
143

55 5
313

94
176
11.9
100

190
193
503
56 8
163
400
104)

( 32)
(" 11 9)

57 0

40 1
27.1

25 6

25.7
25 8
206

(88 0)
182 4)

(1000)
31 0

EPRIINESp
EPRI(NES}
EPRI(NESf
EPRI(NES)
EPRIjNES)
EPRIINESf
EPRIINES)
EPRIINES)
EPRIiNES)
EPRIINES)

I

I

17
18
2

14
20
12
17

1

3-44
3-44

3-44
3-44
3-44
3-44
3-44

3-44
3-44
3-44



Table 4-3
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR FEEDWATER AND CONDENSATE PUMP ROOM EXHAUSTS AT OYSTER CREEK

Sample Period
Month/Day/YearPlant Particulate

Species. 6a of 1-131 Release
I, HOI CH'I

Measurements
By

Sample
Time
Days

Reference

Plant Mode: Power Generation Operations

Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek

6-16 - 6-23.76
6.23 - 7.7-76
7-7 - 7-20-76
7-20 - 8.3-76
8-3 - 8-24-76
8.24 - 9-7-76
9-7 - 10-7-76

10-7 - 10-21-76
10.21 - 114-76
11.4 - 11-18-76

11.18 - 11-30-76

5
10
8

12
6
6
7

17
12

No Sample
35
- 95
- 83
- 87
44
41

50
82
77
69

62

15
49
43

8
6

i5

3

7
4

29
4
1

3

4

EPRI(NESI
EPRI(NESj
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRIINES)

7
14

13
14
21
14
30
14
14

12
12

z
3-45
3-45
3-45 "
3-45 ,'p
3-45
3-45
3-45

3-45
3-45
3-45
3-45
3-45



Table 4-4
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR REHEArER PROTECTION SYSTEM AND LUBE OIL STORAGE ARL.. EXHAUSTS AT OYSTER CREEK

Sample Period
Month/Day/Year

Species. *ý ,:,: ! 31 Release
I.. HOI CH.I

Measurements
By

Sample
Time
Days

Reference
Plant Particulate

t

0ý

Plant Mode: Power Generation Operations

zm
0
0

Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek

Oyster Creek

7-20 - 8-3
8-3 -8-17
8-17 -8-30
8-30 - 9-16
9-16 - 9-30
9-30- 10-14
10-14 - 10-28
10-28 - 11-11

11-18 - 11-30

30
10
10
60
03

100
90
90

7.0

96',

F 0
2 0

12C
170
280
210
20 0

20 0

190

50
14 0
120
150
140
130

23 0

690
86 0
92 0
680
71 0
470
56 0
58 0

500

EPRIINES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRAINES)
EPAI(NES)
EPRI(NES)
EPRIINES)

EPRIINES)

14
14

13

17

14

14

14

14

12

3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45

NOTE No rsul~tsavailable forperiodsof 616 to 72076 and 11i11 to It A1a76



Table 4-5
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR RADWASTE BUILDING VENTILATION EXHAUSTS

Sample Period
Month/DaylYear

Species. *. of 1-131 Release Measurements
I, HOI CHI By

Sample
Time
Days

Reference
Plant Particulate

Plant Mode: Power Generation Operations

P-

Nine Mile Point 1
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creok
Oyster Creek
Monticello
Monticello

3-24-74
2-22 - 2-27-75
9-29 - 10-14-75
10-14 - 10-31-75
10-31 - 11-14-75
12-4 - 12-18-75
6-16 - 6-23-76

6-23 - 6.30
6-30 - 7-7
7.7 - 7-13
7-13 - 7.20
7-20 -7 -27
7-27 - 8-3
8-3 - 8-10
8.10-8-17
8-17 - 8-24
8-24 - 8-30
8-30 - 9-7
9-7 - 9-16

9-16 - 9-23
9-23 - 9-30

9-30- 10-7
10-7 - 10-14

10-14 - 10-21
10-21 - 10-28
10-28-- 11-4
11-4 - 11-11

11-11 11-18

11-18-- 11-30

11-18 - 11-19-74

1-8 - 1-9-75

90
-20

25

1.0
- 10

-:20
-'02

60
-:02

<0 1

" 05
-:07

0.1
-:02

-'03
,-01

03
S0.2

-. 0.1
,01
-.01

05
.02
. 02

-01

06
02

-01
-01

02

56 0
20 0
182
15.1
128
90
9.0

150
13.0
13.0
50
9.0

41.0
70
80

140

90
100
2.0

41 0

290
150
270
270
170

80
190

15

49

47

10
300
(95)
(5.5)

( 23)
288
180

280
26 0
200
17.0
14 0
43.0
21.0
17.0
23.0
230
14.0
30

170

20 0
300
33 0
180
32 0
23 0
22 0

16

34,0
50 0

(69.9)
(794)
(87.0)
622
730
450

53.0
57.0
61 0
660
78.0
77.0
16.0
720
75 0
630
680
76,0
950
410

51 0
550
400
550
51 0
690
590
967

GE
EPRI(NES)
EPRI(NES)
EPRIINES)
EPRI(NES)
EPRI(NES)
EPRIINES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NESJ
EPRU(NES)
EPRIINES)
EPRI(NES)
EPRI(NES)
EPRIINES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)

1 84
5

15
17
14

14

7
7

6
7
7
7
7
7
7
6
8
9
7
7
7
7
7
7
7
7
7

12
1

3-55
3-44
3-44
3-44
3-44
3-44
3-45
3-45
3-45
3-45

3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45

3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-44

zm
0
0

C"I
10

0 10 1000 EPRI(NESI 1 3-44



Table 4-5
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR RADWASTE BUILDING VENTILATION EXHAUSTS (Continued)

Plant

N,

Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankq
Vermont Yankee
Vermont Yankee

Sample Period
Month/Day/Year

6-19 - 6-20-74
9-12 - 9-13-74
9-26 - 9-27-74

10-10 - 10-11-74
3-5 - 3-8-75

9-22 - 10-7-75
10-7 - 10-21-75
10-21 - 11-8-75

Species. % of 1-131
I, HOI

-06
-..0.1

0.5
09

.:10
..3.0
*:10
• - 1.0

145
117
82

16.0
-1.0
257
35 2
370

108
92
8.7
54

-K1.0

(73)
(2.1)

(-2.0)

Particulate
Release

CH)I

74 9
79.1
82.4
77.7

1000
(67.0)
(62.7)
(630)

Measurements
By

EPRI(NES)
EPRIINES)
EPRI(NES)
EPRI(NES)
EPRI(NES,
EPRI(NES)
EPRI(NES)
EPRI(NES)

EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES!
EPRl(NESi

Sample
Time
Days

1

3
15
14
18

3-44
3-44
3-44

3-44
3-44
3-44
3-44
3-44

zM

Reference

Plant Mode: Refueling/Maintenance Outage

Oyster Creek
Oyster Creek
Monticello
Monticello
Monticello
Monticello
Monticello
Vermont Yankee

1-5 - 1-22.76
1-22 - 2-9-76

1-13 - 1-15-75
9-11 - 9-25-75

9-25 - 10-15-75
10-15 - 10-27-75
10.27 - 11-14-75
10-31 - 11.1-74

- 6.0

-9.0
03
02

-02
18

-84
10

97
130
39
55
67

119
33 0
50

176
27 6
39

147
" 0.4)

f- 37)
(110)

70

72 7
72.4
91 9
796

(933)
(88.1)
(67 0)
870

17
18
2

14

20
12
18

I

3-44
3-44
3-44
3-44
3-44
3-44
3.44
3-44NOTE Numbers in parenthesesi ndicate qbesIanable8 qual-ty of adsorbe~nt rneaa IPH



Table 4-6
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR GLAND SEAL STEAM AND MECHANICAL VACUUM PUMP EXHAUSTS

Plant
Sample Period

Month/Day/Year Particulate
Species. °. of 1.131 Release Measurements

1, HOI Organic By

Sample
Time
Days

Reference

Plant Mode: Power Generation Operations (Gland Seal Steam Exhaust)

Li

Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek

Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek

Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee

7-16-75
3-24-76
3-24-76

6-16 - 6-23-76
6-23 - 6-30
6-30 - 7-7
7-7 - 7-13

7-13 - 7-20

7-20 - 7-27
7-27 - 8-3
8-3-8-10
8-10 -8-17
8-17 -8-24
8-24 - 8-30
8-30 - 9-7
9-7-9-16

9-16 - 9-23
9-23 - 9-30
9-30 - 10-7
10-7 - 10-14
10-14 - 10-21

10-21 - 10-28
10-28 - 11-4
11-4 - 1t-l7

11-11 - 11-18
11-18 - 11-30

6-18 - 6-19-74
6-20 - 6-21-74
9-13 - 9.14-74

10-10 - 10-11-74
3-5 - 3-8-75

28 0
38 0

-01
10
10
10
1.0

,-01

1.0
1.0
3.0
0.2
0.4
0.3
0.1
03
10
0.2
0.3
04

03
1.0
0.4
1.0
6.5
36

12.0
15

12.0

150
65

(10.4)
No Sampie

9.3
180
150

36
7.0
60

220
1.0
9.0
8.0
5.0
60
8.0
50
60
7.0
6.0

6.0
50
60

10.0
6.0
0.4
1.0
10
2.9
60

80
7.6

(12.2)

12.0
26.0
190

33.0
15.0
380
280
42.0
55.0
55.0
57.0
50.0
50.0
43.0
49.0
43.0
470
44.0
45.0
60

42 0
08
39
1.6
27
40

490
48.0

(77.4)

790

55.0
65.0
63.0
59.0
79.0
39 0
70.0
46.0
37.0
40.0

37.0
42.0
44.0
50.0
44.0
51.0
47 0
51 0
48 0

83 0
51.0
92.3
91 5
85.6
93.0
78.0

EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NESi
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRIINES)
EPRI(NESI
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRIINES)
EPRIINES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRIMNES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)

7
7
7
6
7
7
7
7
7
7
6
8
9
7
7
7
7
7
7
7
7
7

12
1
1
1
1
3

3-44
3-44
3-44

3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-44
3-44
3-44
3-44
3-44

z
m

0
(0



Table 4.6
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

BWR GLAND SEAL STEAM AND MECHANICAL VACUUM PUMP EXHAUSTS (Continued)

Plant
Sample Period

Month/Day/Year

10-7 - 10-21-75
11-18-75

Species. % of 1-131 Release Measurements
I, HOI Organic By

Sample
Time
Days

Reference
Particulate

Vermont Yankee
Vermont Yankee

• :0 1
.:03 5.0

2.1
8.8 86.2 EPRI(NES)

(3.0) (94.8) EPRI(NES)
14
0.42

3-44
3-44

J•b
Plant Mode: Refueling/Maintenance Outage (Mechanical Vacuum Pump Exhaust)

zM
0
0

En

Monticello =
Monticello a
Monticello •
Vermont Yankee
Vermont Yankee
Vermont Yankee

1-9-75
1-10-75
1-14-75

10-11 - 10-12-74
10-12 - 10-14-74

10-31-74

0.4
0.8
1.5
0.3
0.2

<- 1.0

0.9
2.8
9.8
01
0.2

<1.0

1.8
6.9

41.0
0.1
0.2

-:1.0

97.0
98.5
47.7
99.5
99.4

-:99.0

EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)

0.542
0.583
0.917
0.67
1.92
1

3-44
3-44
3-44
3-44
3-44
3-44

NOTES (a) Monticello MVP results are actually stack releases which may include 1.131 releases other than from use of MVP.
(1) Numbers in parentheses indicate questionable quality of adsorbent media. IPH
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Table 4-7
SUMMARY OF IODINE.131 SPECIES MEASUREMENTS

IN BWR VENTILATION EXHAUSTS

Species, % of 1-131 Release
Normal OperationsVentilation

Exhaust
Refueling Operations

Plant Particulate I, HOI CH3I Paticulate 1, HOI CH3I

Reactor
Building Nine Mile Point I

Oyster Creek

Dresden 2

Dresden 3

Monticello

Quad Cities 1

Ouad Cities 2

Vermont Yankee

Turbine
Building Nine Mile Point 1

Oyster Creeka

Monticello

Vermont Yankee

Radwaste
Building Nine Mile Point I

Oyster Croek

Monticello

Vermont Yankee

Gland Seal
Steam Oyster Creek

Vermont Yankee

Mechanical

Vacuum Pumpb' Vermont Yankee

18.0

10.3

160

2.0

23,2

10'0

110

5.9

180

17.1

183

252

9.0

080

- 2.4

062

0.85

7.1

42.5

26.4

50.5

63,5

42.8

22.1

31.7

18.1

68.0

44.5

54.5

58.6

56 0

15.6

15.2

10.3

1.5

30.5

11.0

11.0

17.6

19.9

23.1

13.0

2.0

307

14.2

11.4

1.0

22.8

6.2

7.0

38.0

32.3

22.5

25.5

16.2

48.1

34.3

63.3

2.0

8.3

13.1

7.1

34.0

60.5

73.9

62.8

61

6.9

12.2 37.6 46.1

47.4 27.2 18.6

16.0 590 2302.0

67

5.3

2.0

7.5

03

1.0

28.7

43 4

100

11.4

4.7

5.0

364

28 2

57.0

22.6

93

7.0

29.6

23.2

31.0

72.6

85.8

87.0

8.0 38.2 54.4

2.3 2.6 88.1

- - - -0.2 * 0.13 0.13 99.3

NOI ES (a) Turbine Buil,".g results for Oyster Creek exclude contributions from the feedwater pump and Cordensate pump comparlmmt
exhaust and tMie reheater protection system and lube oil storage area exhaust

(b) Mechanical Vacuum Pump release reported for Monticello (Table 4-6) are not Inluded hero because of uncertainties in obtaining
a representative sample.
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Table 4-8
RECOMMENDED RELATIVE CONCENTRATIONS OF IODINE-131 SPECIES IN

BWR VENTILATION EXHAUSTS DURING NORMAL POWER GENERATION OPERATIONS AND
REFUELING/MAINTENANCE OUTAGES FOR ENVIRONMENTAL IMPACT EVALUATIONS'

Plant Mode
1-131 Species Power Generation Refueling/Maintenance

Species, 0 of 1.131 Release

Reactor Building Exhaust
Particulate 11.3 5.0
Elemental 37.4 25.2
Hypoiodous Acid 16.6 41.3
Organic 35.0 29.2

100.3 100.7

Turbine Building Exhaust
Particulate 20.0 4.7
Elemental 55.8 27.4
Hypoiodous Acid 15.3 40.5
Organic 9 5 27.9

100.6 100.5

Radwaste Building Exhaust
Particulate 3.3 0.6
Elemental 24.1 4.9
Hypoiodous Acid 9.0 8.2
Organic 64.2 86.4

100.6 1001

Gland Seal Steam and Mechanical
Vacuum PuMpb

Particulato 4.7 0.2
Elemental 5.7 0 1
Hypoiodous Acid 20.6 0.1
Organic 69.8 99 3

100.8 9

NOIES (a) Data weighted by sample time to obtain a weighted average value for each plant studied. recommended
values are Ihe arithmetic means of the sample-time weighted plant avefages

(b) Mechanical Vacuum Pump corresponds to refueling'maintenance outages. only
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Ventilation

Roactot Builddn

Turbine Buildini

Radwaste Build

Gland seal stal

Mechanical vac

Table 4-9
SUMMARY OF NUMBER OF IODINE-131 SPECIES MEASUREMENTS

'Plant Mode
Power Generation Operations Refueling/Maintenance OutageExhaust Plants Samples Plants Samples

g 8 69 3 8

j 4 40 3 10

9ng 4 39 3 8

•m 2 32 - -

:uom Pump
2 6
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5. IODINE-131 IN MILK

The purpose of this section is to update 1-131 in milk data previously presented in NEDO-21150 (March 1976).

Additional data have been obtained for the Monticello and Peach Bottom 2/3 plants for the 1976 grazing season.

At Monticello the 1976 annual release of 1-131 (all species) was 0.12 curies from the stack and the plant ventila-

tion exhaust. Most of the release was from the ventilation exhaust. The amount of 1-131 which was observed in the
milk at farms as close as 2.4 miles to the plant corresponded to activities less than 0.25 pCi/liter (Reference 5-1). The
Monticello data are summarized in Table 5-1.

At the Peach Bottom station with two 1000 MWe reactors operating the 1.131 activity in milk was very carefully

monitored at farms from about 1. miles from the plant site to 11 miles from the plant site (Reference 5-2). During
the grazing season (April 1 to November 301 the 1.131 release the environs amounted to 0.78 Ci (all species). At the
closest farm the arithmetic mean 1.131 activity was 0.7 pCi/liter. The mean 1.131 activity in milk decreased with
distance from the plant, and the results were correlated by least-squares regression analysis.

The regression analysis considered correlations of both arithmetic and geometric means of the milk sample data.
Normally arithmetic means are used for environmental dose assessments. However, in this instance, geometric means
yield more conservative results as the milk samples are taken from farms further away from the plant. This effect
arises because a majority of the samples taken (luring the entire sampling period have activities less than or equal to
the minimum detection limit. On the other hand, samples from the closest farm result in an arithmetic mean which is
13% greater than the geometric mean. Calculation of geometric mean discounts samples with activ;ties reported as less
than the minimum detection limit, and calculation of the arithmetic mean assumes those samples to be at the minimum
detection limit, 0.07 pCi/liter. Both of these calculation procedures are conservative. At a distance of 2.4 miles from
the plant, the correlated results have a crossover point, that is, for distances less than 2.4 miles the arithmetic mean is
greater than the geometric mean, and conversely. For overall correlation purposes an equation based on the geometric
means of the data is recommended. This equation is shown in Figure 5-1. The Peach Bottom 2/3 data are summarized
in Table 5-2. The Peach Bottom 2/3 1-131 activity levels are consistent with the Monticello data when compared on
the basis of similar 1-131 airborne releases from the plant, see Figure 5-1.

lodinei-131 concentrations in milk in environs of Quad Cities 1/2 site are listed in Table 5-3. Concentrations were
not above background during 1975 and the first-half of 1976. These results have a detection limit of 0.5 pCi/liter.

Thie observations of 1-131 activity in milk at Monticello can be used to estimate a maximum annual ingestion
thyroid dose. Assume an infant drinks 300 liters of milk per year. which is a conservative assumption by a factor of
about 50"'. and a dose conversion factor of 0.013 mrem/picocurie ingested (References 5.3, 5-4 and 5-5). During
1976 the 1-131 activity was always less than 0.25 picocuries/liter in milk collected at farms as close as 2.3 miles to the
p)lant. (This excludes radioactive fallout effects clue to the Chinese weapons test of September 1976.) The maximum
close is 0.2b picocuries/liter x 300 liter x 0.013 mrem/picocurie a < 1.0 mrems. This dose estimate corresponds to an
annual 1-131 airborne release of 0.12 curies. The calculated dose is more than a decade below the NRC dose objective
of 15 nir'mn stipulated in 10CFR50 Appendix I.

Calculations similar to the above can be made on the basis of the Peach Bottom data. At the farm within 1 mile
of the plant the maximum potential close due to milk ingestion is 2.6 mrems. This is a factor of 6 less than the NRC
dose objective. The calculated (lose corresponds to a 1-131 release during the grazing season of 0.75 curies.

5.1 REFERENCES

5-1 Clank, B. W.. March 30, 1977, letter to T. R. Marrero. "Monticello Nuclear Generating Plant Radiation Environ.
mental Monitoring Program. Annual Report - 1976."

5-2 Peach Bottom Atomic Power Station, Radiological Regional Environmental Monitoring Program Report Num.
ber 12 (1976). Table XXXI.

5-3 Thnmpson, J. C., 1976, "Comments on the Paper, 'Radiation Doses from Iodine-129 in the Environment,' by
J. K. Soldat," Health Physics 31, 287.
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5-4 Soldat. J. K.. 1976. "Reply to J. C. Thompson, Jr.'s Comments on the Pappr. ' Radiation Doses from Iodin,- 129
in the Environment. " hyJ. K. Soldat. Health Physics 31, 288.

5-5 U.S. Nuclear Regulatory Commission. March 1976, "Calculation of Annual Average Doses to Man froim ROLItiru:
Releases of Reactor Effluents for the Purpose of Implementing Appendix I," Regulauory GuMIe 1.109. 1. 27.

5-6 Commonwealth Edison Company, "Quad Cities Power Station Radioactive Waste, Environmental Munitorrn!l
and Occupational Personnel Radiation Exposure," Semi-annual reports for January throutjh Jumne 1975. July
thioutih December 1975. January through June 1976.
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Table 5-1
IODINE-131 ACTIVITY IN MILK IN ENVIRONS OF MONTICELLO (DURING 1976)

FARM

Peterson
2.3 mI at I11'/ESE

<0.25(1-13)
<0.25(2-9)
<0.25(3-8)
<0.25(4-12)
<0.25(5-11)
<0.25(6-2)
<0.25(6-8)
<0.25(6-15)
<0.25(6-22)
<0.25(6-29)
<0.25(7-13)
<0.25(8-10)
<0.25(9-8)
<0.25(10-19)
<0.25(11-9)
<0.25(12-7)

Nelson
2.4 mi at 269'1W

<0.25(1-13)
<0.25(2-9)
<0.25(3-8)
<0.25(4-12)
<0.25(5-11)
<0.25(6-2)
<0.25(6-8)
<0.25(6-15)
<0.25(6-22)
<0.25(6-29)
<0.25(7-13)
<0.25(8-10)
<0.25(9-7)

0.76(10-19)Y
<0.25(11-9)
<0.25(12-7)

Vandergon
8.3 ml at 247-/WSW

Olson
2.5 ml at 24'/NWE

Shovelain
3.0 mi at 250"/WSW

Kotilinek
5.6 ml at 2307SW

--0.25(1-13)
<0.25(2-9)
<0.25(3-8)
-.:0.25(4-12)

<0.25(6-2)
<0.25(6-8)
<0,25(6-15)
--0.25(6-22)
<.0.25(6-29)
<0.25(7-13)
<0.25(8-25)
<0.25(9-7)
<0.25(10-19)
<0.25(11-9)
<0.25(12-7)

<0.25(1-13)
-,%0.25(2-9)
--0.25(3-8)

<- 0.25(4-12)
<0.25(5-11)
<0.25(6.2)
<0.25(6-8)
<0.25(6-15)
<0.25(6-22)
<0.25(6-29)
<0.25(7-13)
<0.25(8-10)
<0.25(9-7)

0.96(10-19)Y
<0.25(11-9)
<0.25(12-15)

<-0.25(3-8)
--0.25(5-11)

Hopkins
7.6 ml at 193'/SSW

<.0.25(3-8)
-0.25(5-1I)

z
M
0
0

01

-7

Holland
8.1 ml at 199I SSW

Vetsch
9.4 ml at 128*/SE

Becker
10.0 ml at 130'/SE

Klrchenbauer
11.5 mi at 323VNW

Dwinger
13.0 ml at 3350/NNW

<0.25(3-16)
<0.25(5-11)

<0.25(3-8)
<0.25(5-11)

<0.25(3-8)
<0.25(5-11)

<0.25(3-8)
<0.25(5-11)

<025(3-8)
<0.25(5-11)
<0.25(7-13)
<0.25(8-25)
<0.25(9-7)

2.23(10-19)0
<0.25(11-9)
.0.25(12-7)

<0.25(3-8)
<0.25(5-11)

NOTES. a Higher OC'y *"ue to fallout from nuleaf test conducted Dy Peoole s Ri•putV.C of China o- Seem)bef 26 1976b. Th•e no•nl• lower bm! of delecton bas4od on 3 sgna error for backtryound sample ts 025 Picocunesfs!et
C The rntlk sample colection date is .n'icated Dpaentf'eTcatv nexi to t"e 1.131 activity



Table 5-2
IODINE-131 ACTIVITY IN MILK IN ENVIRONS OF PEACH BOTTOM 213 (DURING 1976)

1-131 Activity. picocuriesdliter

Farm Distance
Sector (miles)

Sample
No.

1

2
3
4
5
6
7
8
9

t0
11
12
13
14
15

16
17
18
19
20
21
22

Geometric Mean

Arithmetic Mean

J
0-1
W

G
1-2

SSW

a,

19 E-1
7.4 E-1

130 E-1

2.4 E-1
1.5 E-1

430 E-1
20.0 E- 1
12.0 E- 1
6 1 E-1
36 E-1
2.5 E-1
23 E-1

140 E-1
9.0 E-1
3.7 E-1
80 E-1
4.1 E-1
30 E-1

11.0 E-1
4.7 E-1

0.58

0.66

5 5 E-1
38 E-1
3 2 E-1
0.6 E-1
7.4 E-1

22.0 E-1
320 E-1
170 E.1
100 E-1
5.2 E.1
1.7 E-1
0.7 E-1
1.1 E.t
1.4 E-1

12.0 E-1
1.1 E-i
33 E-1
6.0 E-1
28 E-1
2.0 E-1
0.4 E-1

130 E-1

037

0.58

H
1-2

S&SSW

32E.1
23 E1
7.7 E-1
45 E,1
12 E1
2.3 E,1
90 E1

13.0 E-1
10 0 t.1
2.8 E-1
0.7 E-1
32 E-1
3 0 E-1
1.6 E-1
6.8 E-1
4.2 E-1

10.0 E-1
1.5 E-i
9.4 E-1
5.3 E-1
1.6 E-1
4.0 E-1

037

0.41

M
2-3
ENE

L
2-3
NE

D
3-4
NE

N
3-4
ESE

A
5-10

WSW

57E-1
12 E-1
2.1 E-1
05E-1
09 E-1
92 E.1
1 0 E-1
0.7 E-1
32E-1
30E-1
0.7 E-1
08 E-1

0.16

0.15

52 E.1
1 3 E-1
09 E-1
1 8 E-1
49E-1
13 E-1
1.0 E-1
1 6 E-1
0.9 E-1
39 E-1
72E-1
4.4 E-1
3.4 E-1
82 E-1

025
0.20

04 E1
20 E-
20 E-1
7 5E-1
4 4 E.1
21 E-1
08E-i
36E-1
1.0 E-1

4 0 E-1
08E-1
2.5 E-1
18 E.1
1 3 E-
24 E-1
2.3 E-i

019

017

15E-1
11OE-1
92E-1
90E-1
51 E-1

22E-1
3.3 E-1
2.6 E-1
20E-1
1 9E-1

100E-I
6 3 E-1
I 1 E.1
23 E-1
46E-1
2 0 E-1
1.4 E-1
8.5 E-1
90E-1
72 E-1
34E5.1
22 E-1
2 2 E-1
60E-1
038

042

13 E.1
100E-1
32 E-1
12 E.1
07E-I
05 E-1

016

012

05 E.1
21 E-1
22 E-1
1.9 E-1
05 E-1
1 0 E-i
05 E-1
4.0 E-1

C
5-10
NW

E
5-10

N

1 5 E-1
1.9 E-1
11 E-1
1 0 E-1
0.9 E-1
1.4 E-1
1,6 E-1
4.0 E-1
4.1 E-1
2.3 E-1

09E-1
04 E-1
10 E-1
2 7 E-1
0.7 E-1
05E.1

zM
0

B10-20
S

012 0 17
0096 012

0 084
0077

NOTE' Sam~ples *eta Coli d 3-97;t 92-6o a weekly ba~sS ~',^ jmDwnumbetSsae vi eqkenCe kerri. S .s~dc -? eelb

I~ssllh~me lowtcm of cl etectim'(O) 07 PC.Ihtei) and ttlese reu~tts ate Olmiled lIovil Iii's 1,uabtia? Ptiow to 3 2-9 7h 1 131 to- efltvat.o's 'U' "Vkl *i,,P

f~slthaT100O1.i~iflvie Aft~er927-7 6 V* 1-
3 1 ao~inve creasedsignifcantlty ueOto te nuclear weapons w. econ~cwted tv te Pcipe Fjep,,hc o,
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Table 5-3
IODINE-131 ACTIVITY IN MILK IN
ENVIRONS OF OUAD CITIES 1/2

(DURING 1975 AND FIRST-HALF OF 1976)

Collection Date
Month!Day

1975

1'4
21
32
4C,5
412
4.19
4.'26

53
510
5'18
5'24
5131

67
6 14
6'21
6,28
7;5
712
7.19
726
82
89
8 16
8 '22
8130
9,6
9 14

9*20
927

104
11:1
12'7

Dairy
Background' Indlcatorfb

1-131 Concentration, pCI/llter

-7:4
-.4..'4

-:05

- 0.5
-'05
-05

- 05

'-0.5

-0.5
-'05
-. 0.5
,0.5

-0.5
<'0.5

-0.5

--05
-05
< 1.0
-- 0.5

0.6 ! 0.2

-0.5
-. 0.5
< 0.5

<0.5
-. 0,5
--0.5
-0.5
<'4
<4

<4
<4
-:4
-:05

.. 05

. 0.5
-:0.5
,.0-5

-0.5
.0.5
-'.0.5
-:0 .
<0.5
-0.5
<0.5
< 0.5
-'0.5
,-0.5
-'0.5
-0.5

--0.5
-:0.5

<05
< 0.5
'.05

"-0.5
-05
-05
<.005
.o4

-:4
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Table 5-3 (Continued)
IODINE-131 ACTIVITY IN MILK IN ENVIRONS OF OUAD CITIES ½

(DURING 1975 AND FIRST-HALF OF 1976)

Dairy
Collection Date

Month!Day Background, Indicatore
1976 1.131 Concentration, pCilliter

1:3 .:4 .4
2.7 A4 '.4
3'6 .4 • 4

'0.5 •-0.5
410 ",0,5
4-17 .:0.5 :,0.5
424 *-0.5 .0.5
5!1 :0.5 • 0.5
58 0.5 .0.5
515 *ý0.5 -0.5
522 -0.5 .:0.5
526 .%0.5 0.5
6.4 <0.79 0.69
6.11 -0.5 0.5
618 .:0.5 0.7
625 <0.5 0.5

Notes Oata reoOrteC ,• are at the W39. Confidence levte

a Hanson Dairy rarm about 5 5 miles from site.
b ,5n1d0 e Clhb Dary lIes than I mile from Site
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0.3
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4

0.2

0.1

0.05

0.01
16

DISTANCE FROM STACK IMILES)

Fiqure 5-1. Empirical Correlation of 1-131 Activity in Milk as Produced in Environs of BWR's
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6. NORMALIZATION OF IODINE-131 RELEASES

The following information on iodine-131 updates data previously reported in NEDO-21159. March 1976,
Chapter 6. This information is divided into four major subjects; namely.

1. iodine-131 carryover,

2. iodine-131 reactor water c.oncentrations,

3. fuel performance of current .R's.

4. normalization of iodine-131 ventilation releases to its reactor water concentration.

6.1 IODINE-131 CARRYOVER

lodine-131 carryover is significant because it affects the amount of 1-131 release from the turbine building
ventilation exhaust, the gland seal steam exhaust and the mechanical vacuum pump. A first-order approximation is
that the higher the carryover the higher will be the 1-131 release from the above exhausts. Measurements of 1-131
carryover at operating BWR's indicate that carryover may range from 0.2 to 2.5 percent, depending on the plant. Thus
in order to compare 1.131 releases from the turbine building ventilation exhaust. etc., it is necessary to account for
differences in 1.131 carryover.

lodine-131 curryover is defined as the ratio of the 1-131 concentration in the condenser hotwell to its concen-
tration in the reactor vessel. This definition is directly applicable to BWR's in which 100% of the steam is condensed
in the hotwell. At this time there is only one exception to this flow pattern. The Brunswick plants have forward
pumped flow, and for this type of flow the 1-131 that is recycled to the reactor without passing throuph the hotwell
must be taken into account in order to estimate 1-131 carryover, as defined above. This is an important consideration
because many future BWR's will have forward pumped flow and the distribution of 1-131 sources within the turbine
building will depend on the steam/condensate flow pattern.

A brief outline of the p)rincipal methods used to determine 1-131 carryover is as follows. The most frequent
method is based on sampling 1-131 activity in the water of the reactor vessel and the hotwell. Carryover is the simple
ratio of 1-131 activities per unit volume, hotwell to reactor, and reported as a percentage. Less frequently "no-cleanup"
tests are conducted. This method compares the rate-of -loss of iodine from the reactor vessel by all processes with and
without the cleanup system in service. These processes include radioactive decay, leakage of primary water, and carry-
over. A third method, infrequently performed, determines carryover based on anal, i'es of the turbine moisture separator
and heater drains. Further information on 1-131 carryover measurement mpt.h•c.s can be found in References 6-1 and
6.2. Iodine*131 activities are based on analyses of the sample by gamma ipectra usually with Ge (Li) detectors. Liquid
samples are concentrated by use of ion-exchange membranes.

The 1-131 carryover dlata cre summarized in Table 6-1. These results are based on various internal General
Electric Company documents, including Chemical and Radiochemical Startup Reports. and personal communications
for some unpublished results. The data has been approved for release by the utilities involved. The summary includes
data available to this author through January 1977 (References 6-1. 6-3 and 6-4). The carryover results exclude data
from BWR's which commenced commercial operations prior to 1969. or plants of pre-Oyster Creek vintage. For
some BWR's several 1-131 carryover values have been reported, however this summary presents only one value
per plant.

A discussion of the effects of power, water level, steam flow, and other variables on 1-131 carryover is beyond
the scope of this report.

The results in Table 6-1 indicate that 1-131 carryover is related to the type of cotdensate treatment system,
This empirical result is illustrated in Figure 6-1. Apparently BWR's with "Powdex" condensate treatment systems have
lower carryover values than plants with "Deep Bed" condensate systems. The only exception to this grouping is
"Powdex" plants with stainless steel condenser tubing, the other "Powdex" plants have condenser tubing made of a
copper bearing alloy. This exception Implies circumstantially that the amount of copper in the reactor water has a
significant effect on 1-131 carryover (see also. Reference 6-5).

6-1
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For "Deep Bed" plants the arithmetic mean 1-131 carryover is 1.5% with a sample standard deviation of 0.65%;
for "Powdex" plants the mean and standard deviation are 0.40% and 0.1%. respectively.

The above results suggest a mean 1-131 carryover value of about 1.0%. A one percemt 1-131 carryover is used in'
later sections of this document to normalize BWR 1-131 airborne release data from the turbine bLiildrnq ventilation
exhaust. qland seal steam exhaust, and mechanical vacuum pump.

6.2 IODINE-131 REACTOR WATER CONCENTRATIONS

ludine-131 reactor water concentration data are presented in this section. The data have been obtained under
Operational Information Exchange Provisions between the General Electric Company and utilities with commercially
operating BWR's and are reported here with the concurrence of the utilities. The reported 1-131 reactor water concen-
trations are, foe 15 tlonitec MWR's opetating during 1975 arnd 1976. The time period was chosen to provide more
recent fatl.i to dletermine a 1-131 concentration trend with time, if any, and for two pIldnts dlat from 1974 were
1,ocluddrl to show 1111. effect of improved fuel performanice. These numerous data art? hert provided bry a series (if
graphs, Figures 6.2 to 6.34a. In these figures improved-fuel denotes both General Electric Company fuel types (7x7R)
and l8x8).

Table 6-2 lists the inaximum monthly value of the available 1-131 reactor water concentrations by plant. The
roldiamn of the. motnthly maximum cot centrations were plotted un normal probability paper, Figure 6-35. This fig(ure
slows that the rangte of 1-131 reactor water concentrations decreased significantly from 1975 to 1976. Fi(.;ure 6-36 is
a trend analysis over the two yeir pwriod. This figure'was developed from the dehviations on a monthly basis of tfil
'1r1it: 1111. . fli' l 1i.i ef tih. 24 medih aftns of tilt rnmiximnmin monthly concentrations. Tit! resutlts iorlecate a rti'cr eami. cnieoeii -
trtiterri with tine!. Thie above m.fatses ,ere like' "siapshots" of 1-131 concrntration,% for all WR's sampled.

0) ,1 rplart ),1ses over the two year period, Table 6-3 summarizes the median maximum monthly 1-131 reactor
watert ce-urt•:irr i tfens. Dati are excluded whimn a plant is undergoing refueling/maintenarice outae•l or there are riot data
avail,elhle fore (jiveoe month. Thus 1t1) 1-131 concentrations conservatively apply only to plants in tire power generation
mode, of opiertions. Table 6-3 ilso indicates the fractional 1-131 fuel release resulting from old type fuel defects,
name;ly, from GE type "7x7" fuel. These valuts arte estimates from a survey of 1975 and 1976 fuel performance dala
and account for the, increase in 1-131 reactor water concentration from the beginning of a fuel cycle.

Ate atnalysis was also h•erformed to determine an empirical relationship between the percentage of improved fuel
,ll the' reactors aind thi' 1-131 reactor water concentration. The purpose of this analysis was to see if the current BWR
fiei! performrian•re and plant onperatioris indticate any differences from the previous source-term (Reference 2-1). Tihe
data presented in Figures 6-2 to 6.34a were evaluated according to fuel cycle number and fraction of core loading that
consisted of improved fuel.

The 15 domestic BWR's studied contain large differences in the amount of improved fuel loaded into the core,
and in most cores there is a mixture of old-type fuel and improved fuel. Reactors with a relatively large amount of old-
type fuel would not be representative of current fuel design. Thus, the following criteria were selected in an attempt
to correlate 1.131 reactor water concentration with the percentage of improved.fuel in BWR's:

1. Fuel cyclte numbers must lie greater than 1.

2. The amount of old-type fuel (7x7) must be less than or equal to 67%.

The first criterion eliminates data from reactors that are still in their first fuel cycle. The fuel exposures would be low
relative to the total exposure to be experienced by the fuel. "he observed 1.131 reactor water concentrations during
the first fuel cycle are probably less than in later cycles. The second criterion, eliminates data from reactors that have a
preponderance of old.type fuel; core loadings which would be atypical for future BWR's.

6-2
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On the basis of these criteria, twelve data points wcre available for consideration. Each point corresponded to

the arithmetic mean of the monthly 1-131 reactor water concentration data available for a reactor and fuel cycle.

These rest.Its are summarized in Table 6-4.

The mean 1-131 concentrations were then plotted against percent improved fuel, and a definite correlation was

apparent. However. there were two outliers, namely Dresden 2 (fuel cycle 5) and Monticello (fuel cycle 5). The Dresden

2 point fell way below the other data points. This is probably due to the fact that in 1972. at the end of cycle 2. almost

the entire core loading was changed, which removed the defective fuel and tramp uranium. Thus, subsequent cycles

would not be so affected by the previous fuel performance due to the "core flush." The Monticello point was above the

other points because of residual tramp uranium. At Monticello, in 1975, with old-type fuel the 1-131 reactor %.Jtfr

concentration had been up to about 200 pCi/kg. These two outliers were rejected for correlation purposes. Furthermore.

the data from Nine Mile Point 1 (cycles 3 and 4) seemed slightly out-of-line. A review of its history indicated that
Nine Mile Point 1 has been operating at "stretch power levels." not at design levels. This kind of plant operation
essentially increased the number of defects. To adjust the Nine Mile Point 1 data to the same design bases as the other

plants the average 1-131 reactor water concentrations were multiplied by 0.7.

The 10 data points for 1-131 concentration were correlated with percent improved fuel by least squares regres-

sion analysis. The correlation was found to be linear.

y a 4 1hx

whert '

y concentration of 1-131 in reactor water, pCi/kg

x -percentage of improved fuel,

ab- constants determined by regression analysis

The a coefficient was found to be 4.46 and the b coefficient was -0.0393. The latter indicates that increasing
the a nount of improved fuel decreases the 1-131 concentration in the reactor water, as would be expected. The
crrr,:lation coelficient was fairly good. equal to 0.86.

Additional analyses were performed of the data at 100% improved fuel conditions. These data are listed in
Table 6-5. The results are graphically presented in Section 7.

The data provided in this teport are more comprehensive and recent than the input to the currently accepted
value for 1-131 reactor water concentration. Both the American Nuclear Society 18.1 Standards Committee and the
U.S. Nuclear Regulatory Commission. Office of Standards Development, use a value of 5 pCi/kg. 1-131 in the reactor
water (References 6-6 and 6-7). This value has recently been reduced to 1.7/uCi/kg (Reference 6.81.

6.3 FUEL PERFORMANCE

As previously reported (NEDO-21159, March 1976) BWR cores containing all or significant quantities of improved
fuel (the 7x7R and/or the 8x8 fuel design) demonstrate much lower iodine reactor water concentrations than BWR
cores containing old 7x7 fuel. This is the result of a factor of 100 fewer fuel defects in early life (<5 GWD/T) and a
factor of >10 fewer fuel defects in mid-life (5-15 GWD/T) burnups. Additionally, the fuel defects that have been
inspected in the 7x7R fuel design show very small tight cracks in the active fuel region with no exposed fuel. In
comparison the old 7x7 fuel was frequently exposed directly to the coolant resulting in a rapid increase in the core
"recoil' level. Defects in the improved fuel are consequently degrading at a much slower rate and at lower release
levels than previously observed (lower by greater than a factor of ten). The net effect is reactor water iodine-131
concentrations of 0.006 to 0.5 (pCi/kg in cores that contain only improved fuel (plants B, C, D & E in Table 6-6).
In cores that contain reload improved fuel the old 7x7 effects are still being seen with higher iodine concentrations of
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2 to 5 jCifkq (plants A & K in Table 6-6). The old 7x7 fuel "recoil" is continually decrcasirou due to fissioning dhrrin
plant operation and core component replacement (fuel, channels. etc.) during refueling. This is dramatically seen at
Vermont Yankee end-of-cycle 2 (10!741 and throughout cycles 3 and 4 (Figures 6-32 and 6-33). A similar redLictin•a
in iodine concentrations ocrurred at Monticello end-of-cycle 4 (9/75) (Figures 6-16 and 6-1 7)

The increased exprrience with imp)roved fuel and the extremely low offgas and reactor water iodine release rates,
a number of reactor operators with improved fuel cores have elected to dispense with leak detection and defective fuiel
removal at end of fuel cycles. As at result of this practice a number of improved fuel bundles containing defects have
seen extinsive core resideence time with only modest increases in core "recoil", offga%, and reactor water iohrrdir
tconcentrations heing observed. 1he reactor water iodine concentrations remained 1 to 2 decads lower than levels
typically oliserved in old 7x7 cones

Tahl', 6-7 %urnniariies intoi matiorn related to fuel 'oadings. plant capacity, and reactor water cleanupl systmrn

c.apacity.

6.4 NORMALIZED RELEASE RATES OF IODINE-131

Measurements of 1-131 airborne releases have been made at BWR's operating under different conditions. In order
to provide expected annual 1-131 releases, the actual release rates (see Section 3) ha:ve been normalized. The basis for
norinalihatin is ait concenti;latiori of 1-131 in reactor water of 1 pCi/kg, a carryover of1 1-131 front reactor water to.
rfeactor stean of 1"., fIill -flow conldensate treatment, and a calendar year consisting of 300 days of power operations a1ndl
004' IMfuP[hr iSnarntenrrc,. shutdown perglod. The ntext discussion deals with notmatiation of actual 1-131 relhas.;
d,ata to its• water concentration, onilv.

The 1 131 r,'lhasi rato riottalhied to concentration is the rate of the actual release divided bry the average I- 131
11,0001tor W0101, ConcW"lint!rat ion itn pC'oll durint the same operating period Thus, the units f'.ir normahtied 1-131 ret'ase
rate!is h'a ? ,le ,1resserl is JSupCiij, corrrtsionding to an 1-131 reactor water corrcenlra-ion of W.u .'!:', Sirnilzrly.
Ili nturmiathteI - 131 release (millicuries) is the product of the normalized release rate time-, 9- normal samlie time in
S,,:onrtls timi, 1.0 x 10 "*. The latter Lictor converts microcuries to millicuries. Normalized 1-131 release rates signifi-
cantyl re•rhu:, he, vat iatlions in re•'hase rate's for troth intra-plant and inter-plant results. For a govelr plant the normalized
ri-'lr'ea ratr:', ov''r about one cal,1ndar year of op,!ration will usually vary by Ies, than a factor ,f• 10. Generally, the
n ter-llant it,'ults also have lhss than a factor (if 20 difference orn a normalized hasis.

A normalized airlhor ne 1-131 release is d(etermuiired for both power generation operat ions and lefuehlnglmaintenanct.s
fR MI) oulagls;s Fo, RM) oultages the avrage 1-131 reactor water conreentriatio(n for about three to four weeks,
'rluiv.il1.rt to ahotit 3 half-lives, prior to the shutdown is used for norrnaliatioir purposes. This assumes that the RIM
uiltage I- 131 rhfease is proportional to the previous plant 1-131 inventory and allows a reas'onahile time to accoutint for

its rad•oat'tive decay. Note that normalized 1-131 release fates do not accouint for its chemical form; normalized rates
arr: hased oor all I- 131 species.

The iiormnaliation of 1-131 ventilation releases to its reactor water concentration is admittedly a, first approxi-
mitOnn. Other planlt design leatures or operating conditions will also affect 1-131 ventilation releases. However, as
previously indicated in NEDO-21159 (March 1976) there'appears to be a strong correlation between 1-131 release and
its reactor water concentration. On the other hand the analysis of 1-131 normalized release rates can help determine the
effect of plant operations or system conditions. In this report only a very limited discussion is presented of planl
operation effects; such aw equipment testing, process changes, process leaks that are identified and repaired.

This amendment to NEDO.21159 presents data obtained by the Electric Power Research Institute from mid.1974
through December 1976.

The available results of the EPRI sponsoredI measurements are presented in Tables 6-8 and 6-9 for Vernmont
Yankee (GWRI4), Tables 6-10 and 6-11 for Monticello (BWR/3), and Tables 6-12 and 6-13 for Oyster Creek (BWR/2).
These resrlts are illustrated in Figures (6-38 to 6-46) for the three plants as a function of time and ventilation release
point (building).
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The normalized 1-131 release results are presented in Tables 6-8 to 6-13. For each plant - Vermont Yankee,
Monticello and Oyster Creek normalized 1-131 release rates and releases (millicuries) are tabulated. The results for
second listing for measurements of June through November, 1976. Table 6-14 is a summarv of the normalized I 131
releases for the three BWR's and indicates the release activities for power generation operations and refhelingr'
maintenance outages. For purposes of normalization. the power generation operation period is assumed to he 300
days and the refueling/maintenance outage is assumed to be an annual event.

Table 6-15 compares normalized 1.131 releases from the turbine building of all three BWR's (above) at the
same 1.131 carryover. For normalization purposes a 1.0 percent carryover was assumed.

The tabulated normalized 1-131 releases are presented in a series of bar graphs, Figures 6-47 to 6-49. whirlh
compare the building releases at the three BWRs for dif lerent plant operations. These results are a marked contrat to
the results on an "as is " basis, discussed in Section 3.2. For all plant operations. assuming one R/M outage cmi year.
the reactor building normalized 1-131 average airborne release for the three BWR's is approxinmately 10 millictrrcis/
year plus-or-minus 50%. For tihe turbine building the 1-131 annual release ranges orun 3 to 70 millicuries. Two of
the three BWR's have normalized 1-131 annual releases from the radwaste building of only millicuri,'yeai. the thirrl
is more than a factor of 10 greater.

Figures 6-50 to 6-53 are frequency polygons of the normalized 1-131 airborne release rates. The 1.131 release
rates that are not normally distributed, but are lognormal. The results were calculated by means of a General Electric
Company data analysis program STATPAC (Reference 6.9). These graphs are helpful in determining causes of
abnormal 1.131 releases. For example, at Vermont Yankee the reactor building normalized 1.131 release rates
appear to be bimodal. The relatively high values occurred during the refueling/maintenance outage. The low peak
occurred after the R/M outage. Presumably some leaks from the power-generation and process equipment were repaired
during the outage. The turbine building is distinctly unimodal with a mean of about the same magnitude as the reactor
bwuilding norrial i/fd 1-131 release rate after the R/M outage. There are two low otitleis and these rcorreslponrI to the
final clays of the R/M outage. Apparently all tile 1-131 is released from the turbine huilding during the first-phase of
a R/M ouitage: at Verniont Yankee. Similar evaluations of frequency polygons are possible for all the other BWR's.
However, further detailed discussions are outside the scope of this report.

Figure 6-53 compares the freqluencies of turbine building airborne normalized 1-131 release rates at the three
plan is at 1% 1-131 carryover. It is readily apparent from Figure 6-53 that the nortnalhted 1-131 release rates. increase
in the order. Vermont Yankee, Monticello and Oyster Creek. On an "as is" basis the frequency of 1-131 rates would
show greater differences between Ovy$.ct Cieck and the other two plants because the sample 1.131 carryover at Oyster
Creek is 2.3%. whereas at Vermont Yankee and Monticello the carryover is 0.40 and 0.45%, respectively.

Figure 6-54 shows that the turbine building. rurmalized 1-131 release rate correlates with plant power level. This
effect was not evident at Vermont Yankee and Minticello. Presumably, at Oyster Creek there is relatively large fluid
leakaqe-pronbahly steam. This conclusion is ma.Ie because turbine steam pressures at intermediate and low-pressure
stag,'s are proportional to power level. Estimates were made of turbine intermediate pressures as a funiction of power
from sample BWR heat balances. These results indicate that the normalized 1-131 release rate can be correlated to the
sctu~re root of pressure. It is g.enerally trin th,: fluid leakage from orifices is proportional to the square-root
of pressure.

Another evaluation of the normalized 1-131 release 'esults was made by integrating the roleases as a function of
time. These cumulative amounts were plotted on log-los graph paper, Figure 6-55 to 6-66. The slope of these data
indicate whether or riot leakage is increasing, decreasinj or remains the same during plant operations. If the slope is
greater than 1 the release rate is increasing, if the slopi is 1 then the release rate is constant; and if the slope is less
than I then the rate is decreasing with time. Since the a;ove graphs plot normalized 1-131 release rates the results are
estimates of the effective fluid leakage from the nuclear stea,-, supply system and auxiliaries. Only a few comments
follow regarding the interpretation of the cumulative 1-131 releas. results. A refuelinrg/mainltenancre outage causes a
sharp rise ifi normalizeI 1-131 release. The system is opened and more fluid leakage is inevitable. Howwver. the actual
1.131 releases are off-set by decreasing 1-131 inventories due to clean-up and radioactive decay. At Monticello the
reactor building leakage Increased rapidly during mid.1975, betwe',n the R/M outages. This increase may he due to
the continued deterioration of the seals on the reactor water clearup pumps. At Oyster Creek the radwaste building
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ledkage inm.eased significantly with time presumably due to changes in processing mcthtids. At Vermont Yankee

leakage was constint or decreasing with time presumably due to the implementation of an effective tnaintenance

pr otifaill.

Trend aiFalyseIs wer, ivale of actual 1-131 airborne emissions from several BWR's on the has6i of routilne operat-

ing plai•t data. The p)uIrpose of these analyses was to determine the long-term trend in ,airborne release rates The

numerical results have already been presented in Table 2-5. In this section the results are presented in graphical form.

Fig0res 6-67 to 6-70. Trentd anlltysis jtr, hased on the cumulative releases as a function of plant operatiirg timr-. The

cuinulativi, 1-131 airboril. r eli-asr for Dresden 213. OQuad Cities 1/2. Monticello and Pilgrim 1 show a decreas.'ig trend.

This is apparent fromt F ilgiri's 6-67 to 6-70 w;ich are lohg-log plots of the data. Increases in r atis Corr•s.p)oll to %1l0p1,.
greater1 ta1. ,•1,. ( i:il a led(It*'a ,.s'I I0 ti'S Col rivponil t) %IopLs less than 1, For these tur nedl analyses data from the first

y,, 01 of t)-¶?n~t'i tiit (%0t, llatoro. weit' deleht,.ll to eliminate any startup effects. Suich effects were apparent fil

the itantt. 'ori(rirl, see F i(Itgres 3-1. 3-3. anud 3-5.
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Table 6-1
SUMMARY OF BWR IODINE-131 CARRYOVER VALUES

A. BWRs with Deep Bed Condensate T'eatment
Systems or Powdex Systems with Stainless
Steel Condenser Tubing

B. BWRs with Powdex Condensate Treatment
Systemsb

Plant Carryover % Plant Carryover

Cooper'

Dresden 2
Dresden 3
Fukushima 1'

Fukushima 2
Fitzpatrick
Millstone Point I
Pilgrim I
Ouad Cities 11
Nine Mile Point 1

Oyster Creek
Tsuruga
Nuclenor

12
18
20
1.1
1.4
1.8
1.2
082

20
2.4
2.5
021

Browns Ferry 1
Browns Ferry 2
Browns Ferry 3
Duane Arnold'
Hatch 1
KKM
Monticello
Pt-,ach Bottom 2
Peach Bottom 3
Vermont Yankee

05
0 23
03
04
035
06
04
0.1
044
04

570 0 65%

c Revorted vailies are sarnirie Ca~es

b Plants hav condonsers viiii'
admiraii' briass tijbnq or We
cupper beraeriq iatena~ii
Antrnpiriic mean 04'.
STO 0 10*t

d Based on nmeaurpemenis cii I. t32
1.133 anid 1-135
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Table 6-2
ARITHMETIC MEAN OF 1-131 REACTOR

WATER CONCENTRATIONS FOR DOMESTIC BWR's DURING 1975

Year - 1975

PlantiMonth Jan. Feb. Mar. Apr. May June July
1.131 Concentration. 1,Cikg

Aug. Sept. Oct. Noi. Dec.

Cooper
Dresden 2
Dresden 3
Duane Arnold.
Hatch 1
Millstone Point I

o• Monticello
Nine Mile Point I
Oyster Creek
Peach Bottom 2
Peach Bottom 3
Pilgrim 1
Quad Cities 1
Quad Cities 2
Vermont Yankee
Browns Ferry 1
Browns Ferry 2
Brunswick 2

0000724 000145 0.00177 000228

42
0 00172

5.05
56 0
1 20
3.56
0.008,3
0.00292
14.0
0.041

0.86
0.121
0.0034

57
0.00169

6.35
23.5
2 54
4.86
0.0261
0.0525
5 70
0.306

0.663
0.933
00083

59
0.00188
0 00196
9.35
31.1
3.21
9.96
0.0200

00384
13.1
0.328

0.738
0.413
0.124

58
0 00163
000240
988
498
4.72

0.0185
0.0826
153
0.921

092

000157 000188 000328 00044
- 022 034 0 24

0.00182 0.0019-1 000:19 000224
0.00181 0.00402 000250 000425
9.19 848 915 19.5
77 138 z03. 175
4.71 4.05 461 8.33
- 1.66 1.96 1.78
0.0147 - 00600 0.0243
00699 00580 0.0202 00308
180 13.1 187 209
0559 0.868 2.48 136
2,79 8.25 40. 23 3
075 085 077 0.66

0 00206 -- 00137 00352
023 016 021 0.27
1 5 28 29 2.4
000200 000220 000258 000243
0.00549 000512 000280 0.00330
14.4 1.61 321 245
171 - 2.6 7.26
12.9 - -- -

1:21 1.30 169 1.63
0.0215 00374 - 0.0277
- 0.0294 0.0274 0.0307
203 - 130 17.6
0.521 0.650 0.365 0.344
902 43 0982 1.97
079 0.84 0643 0725

- 00059 00033 0.012

z0Ii0
0
IM3

U,



Table 6-2a
ARITHMETIC MEAN OF 1.131 REACTOR

WATER CONCENTRATIONS FOR DOMESTIC BWR's DURING 1976

Year - 1976

PlantlMonth Jan. Feb. Mar. Apr. May June July Aug.
1-131 Concentration. j.CLkg

Sept. Oct. Nov. Dec.

Cooper
Dresden 2
Dresden 3

0.0612
0.27
2.9

0.0382 00156 0.0168 0279 0.0820 00250 0 0?61 0.0524 -
3.35 0.28 - - 035 021 026 033 0.26
2.7 2.5 25 40 2.6 3.6 3.6 6.8

Cycle 2
00103 0.0036
0.29 032
3.5 4.0

0 Duane Arnold 0.00278

Fitzpatrick -

Hatch 1 0.00619
Millstone Point 1 2.24
Monticello 7.09
Nine Mile Point 1 1.46
Oyster Creek -

Peach Bottom 2 8.43
Peach Bottom 3 -

Pilgrim I
Quad Cities 1 -

Quad Cities 2 2.53
Vermont Yankee 0 638
Browns Ferry 1 -

Browns Ferry 2 -

Brunswick 2 -

Cycle 2_
0.00267 - 000739 000717 000501 0.00519 00147 0,0480 0.348 0.238 0.0108

- - - - 0.144 0.112 - 0.179 0.195
0.00693 0.0108 00111 00952 0.0672 0.0296 00188 0.0437 0.179 0297 0.413
2.10 0.895 1.73 2.34 2.29 2.65 2.70 - - - 1.14
7.91 7.42 9.07 8.40 7.91 7.03 495 8.20 697 6.04 4.691.41 1.14 0857 1.23 1.50 0.835 1:34 1.99 1.41 1.67 5.63- 1.12 1.40 1 23 1.55 1 37 1.95 1.95 2.33 2.75 1.90

Cycle 2
19.9 79.3 - - 0253 0522 4.79 0809 0786 0.680 1.12
0.0446 0.504 0257 0396 0221 0.591 0 636 1.91 0.767 0.40 0556

.- - - 112 12.4 155 356 11.4 116 183- - 1.37 131 1 17 377 3 15 247 7.94 2.40 1.34
28.8 637 830 238 259 1.59 1 87 160 - 190 13.10680 0.7C0 0603 0686 0470 - 0410 0483 0328 0487 0328- - - - - - - - 0236 0781

.- - - - - 0030 03450.0082 - - - 00055 0.290 1 00 0441 - 615 0070

z
m

0
N)



Table 6-2b
ARITHMETIC MEAN OF 1-131 REACTOR

WATER CONCENTRATIONS FOR DOMESTIC BWR's DURING 1977

Year- 1977

Plant/Month Jan. Feb. Mar. Apr. May June July
1-131 Concentration. uCiikq

Aug. Sept. Oct. Nov. Dec.

Cooper 0.00828 0.00531 0 00437 0.00369 0 00681 0 00802 0 0364 0278
Dresden 2 0.530 0.55 030 0 643 0 593 0392 0 345 0 303
Dresden 3 4.10 4.30 4.90 3.50 2.18 5.14 2.58 245
Duane Arnold 0.770 00960 R M R M 0 109 000931 000919 00172

Hatch 1 1.20
Millstone Point 1 1.19
Monticello 4.95
Nine Mile Point 1 6.38
Oyster Creek 1.97
Peacth Bottom 2 1.58

1.47 12.7 R M
0.936 1 52 288
5.38 4.45 4.71
8.26 RM R.M
2.33 2.75 1.71
0.728 0.569 2.33

C,}

Peach Bottom 3 R/M R M RM RIM
Pilgrim 1 9.9 16.6 11.6 280
Quad Cities 1 3.41 2.39 2.15 R,'M
Ouad Cities 2 1.95 <LLD 2.61 2.72
Vermont Yankee 0.391 0.431 0394 0.383

(Browns Ferry 1 0.483 0.195 0.0911 2.13
- Browns Ferry 2 0.0369 0.0135 00220 0.142
u Browns Ferry 3 0.0349 .0.0532 0.0605 0.0520

O Brunswick I NA 0.0139 0.00940 0.0258
1Brunswick 2 0.402 10.8 0.442 1.04

Fitzpatrick 0.198 0.212 0.152 0. 122

Cycle 2
RM 0.00968 0.0128
1.78 1.26 2.65
5.25 5.23 495
P. k RM RM
RM R M RM
R.M R.M R M
Cycle 2
0.697 NA 1,54
17,2 15.7 17.

RPM <LLD 0312
7.59 4.49 1.45
0.333 0.470 0.554
1.04 0.728 0.958
10.0 0.800 0.260
0.165 00848 0.787
M M 00514
0.770 1.67 0923

0127 0.150 R,M

00108
4 05
4 87
1.34
1.77
RM

0.747

16.
0.19
7.66
0.318
1.53
0334
0 0539
00213
1 39

R.M

0.243 000416 0.00459 0.00442
R M R-M R;. 0.220
290 248 7.94 13.6
00237 00244 0.0155 0.0107

00832 0.230 00170 3.186
262 5.91 6.29 6.92
5.45 RM 3.13 3.10
1.20 1.44 1,38 1.44
2.62 2.60 3.59 4.11
R.M 0.210 (0273 0.344

0.610 1.17 1.16 NA
R M R.M RIM 0.92
5.55 6.98 NA 1.18
.. 72 204 <LLD 11.5
RM 0394 0.246 0.287
0.131 RM RM RM
0.0213 0.0207 M 000450• -

00500 00450 00440 00374
00129 0.00954 0.00997 0.0179 |
4.16 R M R M R:M '

Cycle 2

Z
0

(0

RP M 00104 0.120 0.0555

<LLD = less ihan lower limit of detection
M = maintenance outage

NA= not available
RM refueling;maintenance outage
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Table 6-3
SUMMARY OF MEDIANS OF MAXIMUM MONTHLY 1-131 REACTOR WATER

CONCENTRATION AT 15 DOMESTIC BWR'S'

Fractional 1-131 Release
Concentration Resulting From

Plant 1-131 Ci/Kg Old Fuel Defects

Coppe 0!roen July 1975) 0.039 0 0
Dresden 2 0.27 0.95
Dresden 3 35 095
Duane Arnold (1975 only) 0011 00
Hatch 1 (1976 only) 0,070 00
Millstone Point 1 2.9 0.9
Monticello (from Dec.. 1975) 9.0 1 0
Nine Mile Point 2.0 08
Oyster Creek 2.0 095
Peach Bottom 2 0.88 10
Peach Bottom 3 076 10
Pilgrim 1 197 095
Ouad Cities 1 1.9 09
Quad Cities 2 5.4 095
Vermont Yankee 0.76 1.0

Notes a Dais tor 1975 and 1976 unless otherwise specif,ed

Table 6-4
IODINE-131 REACTOR WATER CONCENTRATIONS AT BWR'S

WITH HIGH AMOUNTS OF IMPROVED FUEL IN THE REACTORS'

Amount of Mean Monthly 1.131
Date Cycle Improved Fuel Concentratlon:

Plant Year Number % $iC11k9

Dresden 2 1976 5 44 0289 : 0.0487(7)
Dresden 3 197576 4 33 3.138 ! 1.269113)
Duane Arnold 1976 2 100 00847 n 0.1328(8)
Millstone Point 1 1.175,176 4 51 2.202 - 0620(11)
Monticello 1975:76 5 100 7.149 !t 1.282(13)
Nine Mile Point 1 1975 3 38 5.140 3.505(9t
Nine Mile Point 1 1976 4 76 1.705 1.275(12)
Oyster Creek 1975 5 c 1.597 0.307(71
Oyster Creek 1976 6 c 1.768 0.542(10)
Peach Bottom 2 1976 2 100 1.281 1.570(7)
Vermont Yankee 197576 3 100 0.727 0 102(8)
Vermont Yankee 1976 4 100 0.407 0 078(5)

Notes. in) Selection of plants excludes reactor in ther first fuel Cycle
(b) Notation is arithmetic mean - one standard deviation. months of continuous povor genpfatlion are I-sted in parenthev.0s
IC) Old-type fuel (l70) amounts to 40% lot cycle 5. and 30% for cycleS
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Table 6-5
IODINE.131 REACTOR WATER CONCENTRATION DATA

FOR BWR's WITH 100% IMPROVED FUEL

sample
date

month/day/year

1-131
concentration

PCi/kgPlant (fuel cycle)

Duane Arnold (2)

Peach Bottom 2 (2)

4/27/76
5/4/76
5111/76
5/18/76
6/8/76
6/15/76
6/22/76
6/29/76
7/6/76
7/13/76
7/27/76
8/3/76
8/10/76
6/17/76
8/24/76
9/7/76
9/14/76
9/21/76
9/28/76
10/5/76

10/12/76
10/19/76
10/26/76
11/2/76
11/9/76
11/18/76
11/23/76
11/30/76
12/7/76
12/14/76
12/28/76

6/28/76
7/6/76
7/12/76
7i113;76
7/14 76
7120'76
7/27,76
81376
8 i 17076
9;2,/76
9,7/76
9;14'76
92f176
913076
10i'S76
10.15/76

0.00739
0 00795
0.00458
0 00897
0 0106
0 00235
0 00229
000481
0.00417
0 00246
0 00895
00169
00121
0 0203
0 00949
0 0170
0 114
0.0147
0.0461

0 0317
0 0292
0.0128
1 32
0484

0.0561
0 105
0.382
0.165
00185
0.00822
0.00556

0.253

0.231
0.861
0.877
0.86
0.499
0.143

0.257
9.32
0.449
0.551
0.555
0.709
1.78
0.905
0.691
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Table 6-S (Cont.)
IODINE-131 REACTOR WATER CONCENTRATION DATA

FOR BWR's WITH 100% IMPROVED FUEL

sample
date

month/day/year

1-131
concentration

mCl/kgPlant (fuel cycle)

Peach Bottom 2 (2)

Vermont Yankee (3)

10/26/76
11/2/76
11/9/76
12/3/76
12/7/76
12/16/76

1/9/75
1/21/75
1/30/75
2/4/75
2/25/76
3/4/75
3/12/75
3/18/75
4/4/75
4/8/75
4/15/75
4/22/75
4/29/75
5/8/75
5/15/75
5/22/75
5/29/75
6/4/75
6/20/75
6/26/75
7/3/75
7/11/75
7/15/75
7/22/75
7/29/75
8/6/75
9/5/75
9/11/75
9/18/75
9/25/75
10/2/75
10/8/75
10/14/75
10/23/75
10/30/75
11/4/75
11/7/75
11/18/75
11/26/75
12/2/75
12/8/75

0,763
0.645
0.715
1.28
1.15
0 944

1.03
0 77
0.78
0.738
0 588
0.935
0 880
0.400
0.700
0.670

1 00
0.64
058
0 56
0,96
088
0.90
0.73
0.93
0 50
0.69
1.10
0851
0.703
0.66
0.569
0.770
0.809
1 01
0.78
0.798
0U824
0.760
1.00
0.863
0 798
0.934
0 778
0.748
0 744
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Table 6-5 (Cont.)
IODINE-131 REACTOR WATER CONCENTRATION DATA

FOR BWR's WITH 100% IMPROVED FUEL

samp.le
date

month/day/year

1-131
concentration

MCI/kgPlant (fuel cycle)

Vermont Yankee (3)

Vermont Yankee (4)

12/15/75
1/8/76
1/13/76
1/20/76
2/20/76
2/24/76
3/2/76
3/9/76
3130/76
4/6/76
4/15/76
4/20/76
4/29/76
5/4/76
5/11/76
5/20/76
6/4/76
6/8/76
6/15/76

8/19/76
8/24/76
8/31/76
9/7/76
9/24/76
10/1/76
10/8/76
10/15/76
10/22/76
10/28/76
11/5/76
11/9/76
11/16/76
12/3176
12/7/76
12/14/76

0682
0675
0 670
0 568
0 598
0 761
0.862
0 709
0519
0 559
0 531
0 588
0 735
0614
0 832
0612
0427
0 524
0 459

0475
0 352
0 404
0 559
0407
0443
0271
0451
0 348
0 128
0 520
0.483
0 458
0348
0225
0411

Note Data Dass clCuops ..ntorinvoon avaiijbiot froo¶' j.t~uary t975 to Deomo 1976
*Iciudttg exvveriene cat& to, t.tst o~ut cycit at Bw~s atm oo-., '~~ o ut.
excluces kMonticewso ~aat for cycos 5 *nscm mas too*. ^Drovec tuot Du! *Etotv
hogt amounts of tramno uranium out to vorv~ous Oe'ects in urwraovea #*e.
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Table 6-6
COMPARISON OF 1-131 REACTOR WATER CONCENTRATIONS AND FUEL BURNUPS.

1.131 Coolant Concentration and Burnup
BWR NEDO-21159' Present'

Conc. Burnup Conc. Burnup
Plant Name /iCI/Kg GWD/t uCli/Kg GWDIt

A 0.08 6.6 2.1 15
B 0.2 3.2 0.5 10
C Cooper 0.005 5.7 0.006 11
D Duane Arnold 0.005 4.4 0.13 10
E Vermont Yankee 1.0 5.0 043 15
K C 99. i 5.4 10

NOTES a Data as of about 1231 75. concentration values are maximum values reported during fuel cycle to indicated burnup
b Data as of about 1!26 77. concentration values correspond to this date
C No permission received from utility to identify plant by name
d UnimprOved fuel. fuel performance not like improved fuel in other listed plants

Table 6-7
SUMMARY OF BWR FUEL TYPES BY PLANT AND RELATED PARAMETERS.

Rated Powers Fuel Typei % Reactor Water Cleanup Flow
Plant MWR 7x7 7x7R axe % of Feedwater Flow

Cooper 801 2 76 22 1
Dresden 2 810 56 4 39 8
Dresden 3 810 47 7 46 8
Duane Arnold 566 - 77 23 1
Fitzpatrick 850 24 76 - I
Hatch 1 809 - - 100 1
Millstone Point 1 650 28 26 46 7
Monticello 543 - 4 96 1
Nine Mile Point 1 620 24 20 56 5
Oyster Creek 641 30 - - I
Peach Bottom 2 1098 - 75 25 1
Peach Bottom 3 1098 - 100 - I
Pilgrim 1 655 74 - 26 2
Ouad Cities 1 810 70 4 27 1
Ouad Cities 2 810 57 - 43 1
Vermont Yankee 537 - 11 89 1

Note% a Nominal turbine piate rating

b Date as of 1 1,77

C Nominal capacity is 6%4 however system always oMrated at 3"s of feedwater flow
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Table 6-8
NORMALIZED 1-131 AIRBORNE RELEASE RATES AT VERMONT YANKEE . ,

Normalized 1-131 Release Rate, luCI/sl

Nominal
Sample Period Reactor Turbine Radwaste GS & MVP
Month/Day/Year (0.001) (0.001) (0.001) (0.001)

6'20-7,2-74 0.1400 0.0560 00600 0,0120
7-2-7.9 74 09600 0.0880 0.1601 2.0001
719-7.23 74 0.1680 0.0440 0.0960 00148
7,23- 7'30 74 0 1040 0.0600 0.0680 0.0195
7 30-8.13,74 0.0633 0.0500 0,0367 0.0146
8 13-8'27.74 0.0514 0.0457 0.0400 0,0114
8.;27-9-12,74 0.1105 00684 0.0395 00084
9'14-9 27;74 0.0271 0.1054 00811 NS
9'27-10 10 74 0.0314 0.0215 00400 0.0102
1011 - 101374 0.5000 (0 .0 6 9 4 )d 1.1667
1013 10.14.74 0.6389 0.1110J 30556
10 14-10.31,74 1.250 00227 (1.16)1
1031- 11;1'7 1 0.444 0.1551 00440 0.3611
11:1-1 '. 18&74 0.4722 0.0239 0.0180 0.0172
11.18-12,2"74 0.3333 0.0009 00106 0.0047
12;2-12'6,74 00333 0.0012 0,0075 0.0049

12 6-12i'27.74 0.0639 0.0231 NS NS
12.27-1 28.75 0.0196 00308 00196 0.0241
1'28-2'14,75 0.0114 0.0210 0.0157 0.0253
2.14-35.75 0.0719 0.0205 0.0157 00417
3'5-3 8,75 - -..
38-32675 04250 0.0400 0.0437 0.1087

326-4-10.75 00540 00746 0.0191 0.0397
4.10- 4 "26'75 00378 0.0299 0.0098 0.0211
4 26-5:875 0.0476 0.0984 0.0279 0.0215
5.8-529.75 0.0282 0.1057 0.0225 0.0980

5;29-6.13.'75 0.0792 0.0268 0.0167 0.1389
6;13-6.'2675 0.0359 0.0597 0.0339 0,0250
6.26-7. 10 75 0.0775 0.0918 0.0452 0 0494
7,10-7.:29,75 00426 0.0508 0.0688 0.0423
7:29-8'13.75 02836 0.0448 00150 0.0253
8.13-8'28.75 0.1562 0.0120 0.0032 0.0312
8.:28-9,19,75 0.0344 0.0639 0.0098 NS
9 19-10,7,75 00365 0.0377 0.0165 00588
10 7- 10'21,75 0.0896 0.0312 0.0507 0,0181
10 21-11,715 0.0247 0.0091 0.0562 0.0270

Notes (a) Normalied 1-131 release rates are based on EPRINES measurements
(D) Data are normalizpd to an 1.131 neactor water concentration of 11C0 Kg
(c) Refueling maintenance outage transpired 10'11 to 12 13.74.
Id) Numbers in IareritheSIS are estimated values
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Table 6-9
NORMALIZED 1-131 AIRBORNE RELEASES AT VERMONT YANKEE' b. L

Normalized 1-131 Release. milllcurles
Nominal

Sample Period Gland Seal
Month/DaylYear Reactor Turbine Radwaste & MVP

6!20-7/2;74 0.1452 0 0581 0.0622 0.0207
7:2-71'9/74 0.5806 0.0532 0.0968 1.210
7;9-7/23'74 0.2032 0.0532 0.1161 0.0179
7/23-7V30!74 0.0629 0.0363 0.0411 0.0118
7/30-8/131,74 0.0766 0.0605 0.0444 0.0177
8;13-8!27!74 0.0622 0.0553 0.0484 0.0138
8/27-9.12174 01528 0.0946 0.0546 0.0116
9.14-9127174 0.0304 0.1184 0.0911 NS
9.27-10,110'74 00353 0.0241 0.0449 0.0115
10,11-1013:74 0,0864 0.2016
10-13-10,14:74 0.0552 0.1918 (0.018)d 0.2640
10,'14-10!31;74 1.836 0.334 (0.1)"
10'31 -1111,74 0.0384 0.0134 0.0038 0.0312
11:1 - 11 ,18,74 06936 0.0351 0.0265 00253
11'18-12.'2,74 0.4032 0.0011 0.0128 0.0057
12 2-12.;6,*74 00115 0.0004 0.0026 0.0017
12:6-12,27.74 0.116 0.042 NS NS
12:27-1128.75 00543 0.0852 0.0543 0.0667
1728-2,14/75 0.0167 0.0308 0.0231 0.0372
214-3"575 0.1180 0.0337 0.0258 0.0685
3'5-3.'875 ....

3,8-3.26,75 0.6610 0.0622 0.0680 0.1691
3'26-4/10,75 0.0070 0.0967 0.0248 0.0514
4/10-4/261,75 0.0522 0.0414 0.0136 0.0292
4,26-5;8/75 0.0493 0.1020 0.0289 0.0223
5'8-5/29"75 0.0511 0.1917 0.0408 0.1779
5'29-6;13,75 0.1026 0.0347 0.0217 0,1800
6"13-6126.75 0.0403 0.0671 0.0381 0.0281
6126-7/10/75 0.0937 0.1111 0.0547 0.0597
7110-7:29.75 0.0700 0.0834 0.1130 0.0695
7129-8113:75 0.3675 0.0581 0.0194 0.0328
8!13-8128;75 0.2025 0.0156 0.0041 0.0405
8:28-9,19/75 0.0654 0.1215 0.0187 NS
9/19-10/7075 00567 0.0586 0.0256 0.0915
1017-10/21/75 0.1084 0.0377 0.0613 0.0219
10,21 -11/7175 0.0363 0.0134 0.0825 0.0397

Notes (a) Normalized 1.131 releases are based on EPRI.NES measurements
1b) Data are normalized to an 1-131 reactor water Concentration of I 0 oiCi/hg for each sample period
(c) Refuelingwnaintennce outage transpired 10 11 to 12.13:74.
(d) See Table 6-12 for summary of total 1-131 releases
(e) Numbers n parentheses are estimated values
It) Sample 1.131 carryover is 040%
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Table 6-10
NORMALIZED 1-131 AIRBORNE RELEASE RATES AT MONTICELLO A h

Normalized 1-131 Release Rate, l)ACl19
Nominal

Sample Period Reactor Turbine Radwaste Roof-Vent
Month:DayiYear (0.001) (0.001) (0,001) (0.001)

11 15-11.1774 ....
11,20-12 5,74 03056 02639 00361 06111
12 5-12 18"74 01927 01133 00169 03253
12:18-1 6 75 01358 01045 00269 02687
18-1.9,75 01109 00745 00218 0.2000

1,13-1 15-75 04426 0.5574 0.0230 1 0656
19-1.13and 02951 06393 00105 09508
1 15-1 2275
1 22-2775 01115 01115 00046 02295
2 7-2 22.75 03100 2.8000 0.0450 3 1000

2 22-3 10 75 02382 0.5294 0.0076 0 7647
310-325.75 06286 0.5714 NS' 1 2000
325-4775 03589 1.1282 0.0282 1 5128
4 7-421.75 04038 0.7115 0.0161 1 1346
421-5.575 NS 0.7611 0.0149 NSW
5.5-5 1775 10548 07123 0.0191 1.7808
5 19-6!5 75 02250 02562 00218 0.5062
65-6"2375 04142 02071 0.0378 0.6642
6 23-7.,875 0 5133 02266 0.0500 0.8000
7.8-722 75 0,8750 0.2250 0.0400 1.0416

7'11-7 30.75 0.2347 0.1782 0.0369 0.4043
8-5-8:21t75 0 5533 0.3733 0.0246 0 9333
8 [" 1-93.'75 0 4761 0.5238 0.0304 1.0000
93-911 75 03118 0.3353 00194 0.6471

9.11-92575 02526 00279 0.0153 02947
9 25-10,15 75 NS 0.0074 0.0013 NSc
10,,15-10 27,75 00105 00011 0.0002 00116
10"27-11.14.75 00009 0.0003 0.0001 0.0013
11.14-11,17;75 - - NS" riS
11:17-11:18,75 3269 4.14 0.823 N4
11:18-11 '18!75 NS 3.71 0.734 NS
11.18-11:19 75 1.655 1.03 0.204 NS
11 19-11!1975 0.240 0.191 0.037 NS
11 19-11.20,75 0.105 0.056 0.201 NS
11/20-11i21,75 0.186 0.0583 0.0291 NS
11,121 -11;2175 0.173 0.0753 0.0332 NS
1 I;21-11/22'75 0.150 0.159 0.0143 NS
11,22-11122/75 0.137 0.0740 0.0150 NS
11;22-11V23,75 0.155 0.136 .0.0213 NS
11i23-11123175 0.180 0.128 0.0181 NS
11,i23-11:24.75 0.238 0.113 NS NS

Notes is) Normal,hz 1.13t release rates are based OM EPAI.NES measuremenlts
to) Data atr norof•llzed to an 1,131 reactor water Concritrat:on Of I 0 •C~kQ fot each samole IDeri lO
wet Refueling mailtenance outages tlanpared 1 9 to 2775 and 911 to 11:17,75.
(al) Ns Indicates Mtoat no InMolo measurement to available
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Table 6-11
NORMALIZED 1.131 AIRBORNE RELEASES AT MONTICELLO' " '

Normalized 1-131 Release, millicuries
Nominal

Sample Period
Month:DayiYear Reactor Turbine Radwaste Roof-Vent
11:15-11117,74 ....
11.20-12.,5.74 0.3960 0.3419 0.0468 0.7919
12,5-12:18,74 0.2165 0.1272 0.0189 0.3654
12 18-U6,75 0.1715 0.2230 00441 0.4410

18-197915 0.0096 0.0064 0.0019 00173
113-1;15•75 0.0765 0.0963 0.0040 0.1841
1/9-1/13 and 0.2805 0.6077 0.0100 0 9036
1/15-1.'22.75

1'22-2,7175 0 1541 0.1541 0.0063 03172
2,,7-2,122175 0.0402 3 629 0.0583 4.0180
Z22-3;10-75 0.3294 0.7318 0.0106 1.0571
3L10-3:25175 08145 0.7405 NSO 1.5551
3:25-4,7;75 0.4030 12671 0.0316 1.6992
4/7-4,21,75 0.4884 0.8607 0.0195 1 3725
4,21-5,.5;75 NS 0.9207 0.0181 NS
5 75-517,75 1.0935 0.7384 0.0116 1.8465
5 19-6,5,75 0.3305 0.3763 0.0321 0-7437
6 5-6;23,75 0,6442 03221 0.0588 1 0328
6;23-7.8,75 0.6652 0.2937 0.0648 1.0366
7;8-7;22,'75 1.0583 0.2721 0.0483 1.2600
7.11-7,130:75 0.1622 0.1232 0.0255 0.2794
8;5-821..'75 0.7646 0.5160 00341 1.2900
8.'21-91375 0.5347 0.5885 0.0342 1.1230
9'3-9;1 1,75 0.2155 0.2318 0.0134 0.4472
9'11-9'25:75 0.3056 0.0337 0.0185 0.3565

9!25-10115,75 NS 0.0127 0.0023 NS
10'15-10.'27i75 0.0109 0.0011 0.0002 00120
10/27-11114/75 0.0015 0.0005 0.0001 0.0020
11114-11117/75 - - NS NS
11/17-11V18/75 0.2860 0.3620 0.0720 NS
11!18-11/18175 NS 0.1362 0.0270 NS
11'18-11/19,75 0.0745 0.0464 0.0092 NS
11;19-11119/75 0.0102 0.0081 0.0016 NS
11119-11/20175 0.0062 0.0033 0.0013 NS
11120-11212i5 0.0076 0.0024 0.0012 NS
11!21-11021f75 0.0101 0.0044 0.0019 NS
11t2 1-11122175
11/22-11/22,75
11/22-11/23/75
11123-11123/75
11123-11/24/75

0.0085
0.0051
0.0084
0.0059
0.0125

0.0090
0.0028
0.0074
0.0042
0.0060

0.0008
0.0006
00012
0.0006

NS

NS
NS
NS
NS
NS

Notes 14) Normalized 1.131 tels". rates are based on EPAI.NES meiasrementS
(b) Data are normalized to an 1.131 teactor water concentration of 1 0 #ACi.kg for each '.amnpie pericd.
(c) Refueling/maintanance outages transpired 1/9 to 2775 and 9%11 to 11,17 75
(d) NS indicate$ that nro sample measurement is available.
(r) Sample 1.131 carryover oC 0 45%
in See Table 6-12 for a summary of total 1.131 refeases
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Table 6-12
NORMALIZED 1-131 AIRBORNE RELEASE RATES AT OYSTER CREEK (1975-1976)

Normalized 1-131 Release Rate. IACII/s

Nominal Gland Seal
Sample Period Reactor Turbine Radwaste & MVP

Month/Day/Year (0.001) (0.001) (0.001) (0.001)

2;22-2"26;75 0.1154 3.8462 0.0708 NS
2,26-3'12175 0.0815 4.3077 0.1046 NS
3,12-312875 0.3385 4.3077 0.0754 NS
329-4'15'75 0.8154 12.3077 NS NS
4'15-51175 0.200 8.1538 0.5231 NS
511-5'15'75 0.0769 0.7077 NS NS
5.'15-5:29'75 0.0308 0.0646 0.0074 NS
5'29-6,16'75 0.4412 1.7059 0.0941 NS
6;16-6/30.75 03667 1.5333 0.0500 0.4667
6i30-7!17;75 0.6471 1.5882 0.2706 0.7176
7,17-8:5:75 0.2333 3.1111 0.5611 3.6667
8'5-8!21.'75 0.2063 4.6875 0.4500 1.3750
8'21-9,98/75 0.0714 2.3571 1.3571 3.9286
9;8-9;29,'75 0.1385 3.6154 1.4615 NS

9.'29-10.14175 0.1900 0.9500 1.1000 NS
10'14-10,31175 0.0538 NS 0.3500 NS
10,'31-11! 14.75 0.0565 4.5294 0.1412 0.3235
11:14-12,'4175 0.6714 3.0714 0.7143 4.0000
12;4-1201875 0.1117 4.1176 0.1118 1.1765
12,118-1/5/76 0.7500 2.8125 NS 5.1250
1/5-1/22/76 0.1125 6.5625 0.0681 0.1125
1/22-2,'9,176 0.0194 0.875. 0.0506 0.0033

Note See end of Table 6.12a
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Table 6-12a
NORMALIZED 1-131 AIRBORNE RELEASE RATES AT OYSTER CREEK (1976) '

Normalized 1-131 Release Rate. IpC115J

Reheater
Feedwater Pumpl ProtectionNominal Gland Seill Condensate Pump SystemSample Period Reactor Turbine Radwaste & MVP Room Exhaust ExhaustMonthlDaytYear (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

6,16-6,2376 0 167 8.04 0.324 NSd NS NS6'23-6130'76 0 142 8.03 0.185 0.294 NS6;30-7,7.76 0.168 169 0.431 0.379 NS7:7-7'13*76 00771 104 0447 0.250 0.0836 NS7/13-7.20;76 0.107 8.65 0982 0.416 NS7120-7.27.'76 0 123 920 0.0612 0292 0&846 0698727-81:76 18.4 14 4 2.43 61.8
8,'3-8:10,76 0.653 8 96 0.359 0.366
8.10-8,17,76 0475 12.4 0 117 0.0654 0 149
8.17-8,24 76 0327 884 0.469 0.305
8,24-8'30,76 0700 7.63 0,618 1.31 009248'30-9/7 76 0.249 8.49 0.301 1.01
9. 7-9:16:76 0.221 5.63 0.464 1.02 1.14

9,16-9-23,76 0418 14 7 1.18 1.75 0.114 08139!23-9,30,76 00341 11.0 3.71 2.05
9,'30-10 7.76 0.147 7.48 0.500 0803
10.-7-10'14,76 0.155 7.92 0.307 0.873 00538

10,14- 10:21176 0.121 6.20 0.200 0.647 0.70
10/21-10.28/76 0.112 586 0.564 0.627 00310
10.28-1 14l'76 0.0698 4.14 0.214 0.411
11,4-1 ' 11:76 0.0951 5.13 0.220 0.571 0.276

11 11 - 11,18!76 0.0969 4.83 0.319 0.402 N S11;18-11:30i76 0.0861 5.14 0.301 0.599 0.106 0.185

Notes (a) NoImarlized 1-131 release rates are baseo on EPMI NES measurements.
(bf Data are normalized to an 1.131 reaCtor vwater concentration of 1 0 &Ci.,kg for eacn sarmple period.(tc Refueling maintenance outages transdired 329 tO S 29 75 and 1,A to 3,14 76.
(d) NS indicates that no s$mole measurement is available
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Table 6-13
NORMALIZED 1-131 AIRBORNE RELEASE RATES AT OYSTER CREEK (1975-1976)

Normalized 1-131 Release, MIlIlcurles

Nominal
Sample Period Gland Seal
MontihDaylYear Reactor Turbine Radwaste a MVP

222-2!2675 00398 1.3292 0.0245 NS
2,26-312.75 00986 5.2108 0.1266 NS
3 12-3 '28 75 0.4678 5.9954 0.1042 NS
3 29-4 1575 1.1977 18.0769 NS NS
4 15-51,75 02765 11.2723 0.7231 NS
51-51575 00931 0.8560 NS NS

5"15-52975 0.0372 0.0782 0.0089 NS
5'29-6 16 75 06859 2.6529 0.1465 NS
616-6,30 75 04437 1.8547 00603 05643
6 30-7 17.75 09506 2.3329 %;.3976 1.0541
7,17-85,75 0.3828 5.1072 0.9211 6.0167
8 5-8'21'75 02850 6.4813 0.6219 1.9006
8 21-9 8.75 01114 3.6657 2.1107 6.1100
9 8-9'2975 02515 65600 2.6515 NS

9 29-10 14.75 02460 1.231 1.4260 NS
1014-10 31.75 0.0788 NS 0.5144 NS
1031-11:14,75 0.0682 5,4788 0.1706 03912
1 1,14-124.75 1.1600 5.3071 1.2343 6.9121
1274-12,18'75 0.1353 4.9806 0.1353 1.4229
12 18-11P5,76 1.1663 4.3738 NS 7.9688
1'5--122'76 0.1650 9.6375 0.1000 0.1650
l"22--29'76 0.0300 1.3606 0.0788 0.0050

Note- See notes at end of Table %1t3a
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Table 6-13a
NORMALIZED 1-131 AIRBORNE RELEASE RATES AT OYSTER CREEK (1976)-A. b. ... ,

Normalized 1-131 Release. Milllcurles

Reheater
Nominal Feedwater Pump/ Protection

Sample Period Gland Seal Condensate Pump System
Month/DayYear Reactor Turbine Radwaste & MVP Room Exhaust Exhaust

6.16-6:23.'76 0.10098 4.8601 0.1959 NS' NS NS
6,23-6,30.76 0.08618 4.8544 0.1117 0.1778 NS
6;30-7:7:76 010164 10.214 .0.2604 0.2291 NS
717-7,13.76 0.03998 5.4100 0.2315 0.1295 NS
7;13-7.20;76 0.06475 5.2335 0.05938 0.2516 NS
7.20-7:27,76 007460 5.5657 003699 0.1767 0.1023 0.844
7.27-813 76 11.099 8.6873 1.4674 37.368
83-8:10:76 0.39490 5.4211 0.2171 02215
8:10-8 17'76 0.28738 74995 0.07086 0.0395 0.2697
8.17-8,24,76 0.19769 5.3474 0.2836 0.1844
8,24-8,'30,76 0.36287 3.9559 0.3204 0.6799 0.82.3 0.0828
8'30-9,7,'76 0.17220 58660 0.2079 0.6973
9g7-9,16!76 017209 4.3773 0.3604 0.7931 1 R8

9-16-9ý23;76 0.25263 8.8724 0.7142 1.0577
9"23-9.30.76 0.02065 6.6572 2.2411 1,2419
9?30-10I7:76 008870 4.5227 0.3026 0.4856
10!7-10.'14;76 0.09358 4.7882 0.1856 0.5278 0.08700 650

10:14-10;'21,76 0.07326 3.7478 0,1209 0.3911
10;21-10/28,76 0.06779 3.5415 0.3409 0.3789 0.375
10.28-11,4/76 0.0-1223 2.5021 0.1297 0.2488
11;4-1111 176 0.05752 3.1026 0.1331 0.3452 0.333

11.11-11:18.76 .0.05863 2.9186 0.1931 0.2429 NS
11i18-11,30.76 0.08926 5.3274 -0.3120 0.6210 0.1101 0.191

Notes. 18f Normalized 1.131 releases are based in EPALNES measurements,
it)) Oat= are normalized to an 1-131 reactor water concentration Of 1.0 nACLkg for etch sample period.
(Cl Refuelingmaintenance outages transpired 3.29 to 5,2975 and 1;5 to 3J14,76
(d) NS Indfcates that no sample measurement is avadilable
(el Sample 1.131 carrover is 2 3%
I() See Tafle 6-12 for a summary of total 1-13t r•-leases.
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Table 6-14
SUMMARY BY PLANT OF NORMALIZED 1.131 RELEASES AT

VERMONT YANKEE, MONTICELLO AND OYSTER CREEK FOR POWER GENERATION OPERATIONS (300 DAYS)
AND ONE REFUELING/MAINTENANCE OUTAGE S. b. C

Power Generation Operations (300 Days)
1-131 Release, milllcurles

Building/Plant Vermont Yankee Monticello d Oyster Creek

1-131 Release, millicurles
Reactor 2.49 (53) 10.50 (40) 14.62 (9)
Turbine 1.25 (27) 14.72 (57) 137.65 (83)
Radwaste 0.94 (20) 0.8.0 (3) 14.21 (9)

Total Building Release 4.68 mCi 26.03 mCi 166.48 mCi
Gland Seal Steam -- 2.00 mCi 74.60 mCi

Refueling/Maintenance Outage"

Reactor 3.12 (83) 0.69 (59) 0.90 (4)
Turbine 0.24 (6) 0.45 (39) 20.64 (88)
Radwaste 0.40(11) 0.03( 3) 1.96 (8)

Total Building Release 3.76 mCi, 1.17 mCi 23.50 mCi
MVP - 2.4 mCi

Notes (a) Normalized 1-131 releases are based on EPRLNES measurements
(b) Data are normalized to an 1-131 reactor water concentration of 1.0 iCivkg,
(c) Numbers in parentheses are percentages of total building ventilation release per plant per operation
(d) Monticello redwaste release includes inpult from reactor water cleanup demlneralizer which Is an input

source to reactor building at the other two plants
(e) At plants with two RM outages, the 1.131 releases were determined by the arithmetic mean.

Table 6-15
NORMALIZED 1-131 TURBINE

BUILDING RELEASE ADJUSTED TO ONE PERCENT 1-131 CARRYOVER . b

1.131 RELEASE, MILLICURIES

Power Generation Operations (300 days)

Vermont Yankee 3.12
Monticello 32.71
Oyster Creek 59.85

Refueling/Maintenance Outage

Vermont Yankee 0.60
Monticello 1.01
Oyster Creek 8.97

NOTES: (a) At Vermont Yankee gland seal release Is 5.0 millicuries and the MVP 1-131 release
Is 6 0 millicurles.

(b) At Oyster Creek gland seal 1-131 release Is 32.4 mlllicuries.
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1000.0

0

z0
I-

U
c-
0

t)

La

I-

z
0
0

MONTICELLO - CYCLE 5 (CONTINUED)
100% IMPROVED FUEL

100.0

0

z

0

100 Q • •

S•

Se
* S

S
S

Se 0S
*ee S.

bS
S

S

0 0

0 0* 0

0

as0* 00 0
a

11
a 0

0

it III I fill 1111*111 1 i I II II I I II II I I I I I I I~ I~ I I I I i ,~i~ti ~1.0 ..... i

5 15 25 I 5 15 25 I 5 15 25 15 25~ 5152551525151525151525 [515255152551525151525

10 20 E10 0

JAN I FEB

5 15 25
10 20

MAR

5 15 25 5 15 25 5 15 25 5 15 25 5 15 25 5 15 25 5 15 25 5 15 255 5 15 25
10 20 10 20 10 20 1 20 10 201 10 20 10 20 10 20 10 20

APR MAY JUN JUL AUG SEP OCT NOV DEC

YEAR 1976 MONTICELLO

Figure 6-17. Iodine- 131 Reactor Water Concentration at Monticello, 1976
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Figure 6-18. Iodine- 131 Reactor Water Concentration at Nine Mile Point 1. 1975



100.0

NINE MILE POINT I - CYCLE 4
76% IMPROVED FUEL

,a

0

Uj

-W

0
U,

U'

0
V

10.0

0.0

0
0

O0
0

&0 00

1.0

S 0 S 0

0

0 *@e0

z
rn
a
0

lp.

!L I 1 1 I I 15 I 1 , , , t I , , , , I, , [ , I II1II1 I II II 1 11 11 1 11 111 1 111 11 1 11 11 1 1 11 1 10.1

10 20 10 205

JAN FESl

5 15 25
5 15 25p

10 20

MAR i
5 15 25 5 15 2510 20 10 20

APR IMAY

15 25
10 20

JUN

15 15 251 5 15 25 5 15 25 5 15 25 5 15225 5 15 25
10J20 10 S 1020 1020 1020 10 20IJUL IAUG ISEP OCT INOV 1DEC

YEAR 1976
NINE MILE POINT 1

Figure 6-19. Iodine- 131 Reactor Water Concentration at Nine Mile Point 1, 1976
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Figure 6-21. Iodine- 137 Reactor Water Concentration at Oyster Creek. 1976



1 0.0

REFUELINGIMAINTENANCE OUTAGE (4nl7 - 81771

0 0
00

0

I.-

z

z
0
C.)

Uj

I-0

I-

0

0 0

O0

0 0
0 0

0 * 0 0

0
1.0 [

CYCLE 6 (CONTINUED)
0 OYSTER CREEK - CYCLE 7

z
m
0.
0

0.1 L-

Il 1111111111 I, I 111111111111I I Ill11Ilill I I 11111 1111111 ' I II I 1111111111 I0.01
. .. . . ..5 15. . . . . . . i i 2i5ii1l.i . . . . . . . . . . . . .5 15 25

10 20
JAN

5 1015 2025110 20
FEB

5 15 25
10 20

MAR

5 15 25
10 20

APR

5 15 25
10 20

MAY
I

5 15 25
10 20

JUN

5 15 25
10 20

JUL

5 15 25 15 15 251
10 20 10 20

AUG SEP

5 15 25
10 20

OCT
10 20

NOV I

5 15 25
10 20

DEC
YEAR 1977

Figure &-2la. Iodine. 131 Reactor Water Concentration at Oyster Creek, 1977
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Figure 6-23. lodine- 131 Reactor Water Concentration at Peach Bottom 2, 1976
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Figure 6&23a. Iodine- 131 Reactor Water Concentration at Peach Bottom 2. 1977
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7. RESULTS

The additional measuiemenis of airborne 1-131 releases since the issuance of the NEDO-21159, March 1976.

provides corrtborative evidence reqatdcin. 1- 131 species, fuel performance, building ventilation release rates. and gland

seal steam/mechanical vacuum pumrp exhausts.

Thý,, iercentaqles of the various 1-131 species released from BWRs are sumrmari'ed in Table 7-1. Most of the

el.ertintal 1-131 arises hfom the turbine hiildinil ventilation exhaust. A majority of organic 1-131 (methyl iodide) is

relea-,ed ftorn tht' nmechanical vacuim pump (MVP). The 1-131 species appears to he dependent on its hold-up timro, in

iircc.'ssw, and,'r i)latte-oilt (n building or process equipment surfaces. In areas where the 1-131 would be delayed the
miol th. ralitive amount of organic 1-131 increases. Additional sunmmaries of 1-131 sl)rties have' ti:c:n lvlen ieItfnto ini

T,ihli,% 4 -8 and Ta,.l,:s 2-1 I) 2-4.

Table 7 2 summarizes the utility data and.includes a rough indication of the 1. 131 reactor water concentrations.

Precise estimates are not available for the 24reactor years of operation, hut if the averatle total annual 1.131 release. as

measured by the utility, is divider, by the approximate mean reactor water concentration to obtain normahzed release

rates, it is apparent that the annual normalized releases are in most cases in the 10 to 100 millicurie range. This range
is comparable to the results calculated from the extensive EPRI/NES measurements, see Table 7.3.

Table 7-3 is it siimtnary of normialized 1-131 airborne releases for the three BWR'*s according to buildling and

pIainl. The arirhmetirc men building 1-131 release is indicated for both flower generation operations (on 300 day%) and
a refueling/maintenance outage. The results are conservative because one of the plants (Oyster Creek) can operate,
with relatively high I-131 releases and cause no significant environmental impact, because th1i aitrlione activity is
cfisi:lrqled from a tall stack. Thus by uise of the simple arithmetic mean these results are skewed in favor of Oyster Creek.

The EPRlINES %tuciv alsn included an independnt method for the determination of normalited 1-131 release
rales. The, restiits i lpor• 'd by EPRlINES are compared to the results of this study in TO.Ohl 7-4. In many instances the
tsultts ,ire fhle sini, dihfife.rences are qenirally small. Both analyses have the same maglnitude foi 1-131 'elseass and this

c:onlisItmhe qen ,iial validity of the re stilts reported here.

A rcnilmiiiso.n of the current NRC source-iterm and the results reported here is presented in Table 7-5. The NIC
soutce teewin fi)r vlemeimal I- 131 hased on the eaeiier 1972-1974 measurements can now be reduced by about an
or dt'r fit ma(n~tdq ie,

With relaid ti) the r.actor building releases from Mark I/BWR plants relative to Mark III/RWRs it is difficult to
assess the, divihion of releaises Ietwvpen the containment and the auxiliary/fuel buildings. The reactor building rele.a:s
weire ilt.f' prinmarity to Iproblems with the reactor water cleanup liump at Monlicello and the sample hood at Oyster
Crevk. icciudriil to the. EPRlINES study. Howevet other plants have different leakageo sourves in tlie reaiioh lnihl(liiq.
"mhu even though the reactor water cleanup is located in the Mark III auxiliary buildina the releases from it may nut
x, qtw',tti l ia the wcontainment building The type of sample hood at Oyster Creek is not used in any new RWR's

dlesitns and ,amplh;i hoodsl are not expected to be a significant in-plant source of 1-131. Thus, it si probably best at this
tmif, to assumri a 50/50 split for ihleases bietween the containment and auxiliary buildings.

Figujre 7-1 shows the correlation of 1-131 concentration in reactor water with percent improved fuel discussed
en Section 6.2. At the reactors with 100% improved fuel each reported concentration was considcered, Table 6-5, and
plotted to determine a fIrquency distribution, Figure 7-2. Recall that these data include restits from Vermont Yankee
which still has some tramp uranium in the reactor from the exposure of old-type fuel. This uranium is slowly "burninq-
off" as indicated by continuitng decreases in the 1-131 reactor water concentrations, see Figures 6-32, 6-33. and 6-34.
Fro•n Figure 7-2 a bimodal frequency distribution is apparent, the low value corresponds to fuel performance at
Duane, Arnold (fuel cycle 2) and the upper from Peach Bottom 2 (fuel cycl, 2) and Vetmont Yankee (fuel cyl•,'
3 and 4). These data are i onvenientllv piesented in the form of a curnulative frequency distiibiition showinm the iunt:

of o•bserval ions less than or equpal to a specified value, see Figure 7-3.

7 1
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A summary of iodine.131 reactor water concentrations in domestic BWRs is presented in Appendix C. This sum-
mary includes the experience of 21 plants during 1975. 1976 and 1977. The results are the arithmetic mean of data
available. Individual utilities have been contacted to verify the data base appropriate to their plant(s). The majority of
the plants have verified or modified the data base as appropriate. The values in this document reflect the verified and
modified utility input. The plants with mostly improved type fuel (7x7R and 8x8) are the BWR/4s which have experi-
enced fewer defects than other BWRs; accordingly, these plants have lower levels of 1.131 in the reactor water in com-
parison to the other BWRs which have used old-type (7x7) fuel. Two BWRs (Browns Ferry 3 and Brunswick 1) have
had an initial core loading of all 8xB type fuel, the only type of fuel now manufactured by General Electric. These
plants exhibit much lower 1.131 concentrations,<0.2 uCi/kg. Although this upper limit value is limited to 1 year of
data at each plant, it agrees with the above analysis (see Figure 7-1). Due to this limited operating experience, the 8x8
data from these two plants was not used in the determination of the normalized release rates.

A verification of the normalization method for the determination of 1.131 release rates was completed. Release
rate data were obtained from three BWRs, not included in any or the original studies. The data are from Browns Ferry
1/2/3 during all of 1977. A comparison of the normalized release values of this report and those from the three Browns
Ferry reactors is presented in Table 7-6. The available data are presented in Appendix D. These results show that 1.131
airborne effluent rates from the reactor and turbine buildings as calculated by the values listed in Chapter 2 (of this
report) are always conservative by factors of 1.3, 4.9 and 1.7, for Browns Ferry 1. Browns Ferry 2, and Browns
Ferry 3, respectively. Apparently. Unit 2 has extremely little leakage. For the radwaste building, a factor 2.6 was cal-
culated. again indicating that the results of this report lead to conservative values for 1-131 airborne releases. This con.
servatism is quite reasonable because the reference plants Monticello, Oyster Creek and Vermont Yankee all have tall
stacks which allow operations with greater leakage due to more favorable atmospheric diffusion conditions.

The above results are on a normalized basis, namely, the same 1-131 reactor water concentration, carryover, and
an annual fuel cycle. The actual average total 1-131 from the Browns Ferry plants indicates an annual release of
.10 millicuries per reactor-year (see Appendix D, Table D-1). This total includes all chemical forms of 1-131. Thus, the
Browns Ferry plants are operating with effluent rates (and no charcoal treatment on the ventilation exhausts) a factor
of approximately 10 less than would be calculated by NRC procedures in NUREG 0016, Rev. I Draft, June 1978.

7-2
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Table 7-1
AMOUNTS OF IODINE-131 SPECIES IN AIRBORNE RELEASES OF BWRs:.b

PROPORTION OF PLANT. %

Source Elemental

Reactor building
Turbine building
Radwaste building
Gland seal steam and MVP

Total annual release, millicuries
Grand total all 1.131 species 78 millicuries

15
76

5
4

25.0

1.131 Species
Particulate

13
75
2

10

8.7

HOI

17
49

4
30

13.0

CHjI

12
13
13
62

31.0

NOTES (al SourCe rIPense is taken to be 300 days oi power operations And one refueling maintenance oulagpib) Thrp total annuAl release including all 1.13, species for the sources are as follows'reactor 11 mCi. turbine 36 mCi. radwaste . 6.2 and gland seal and MVP - 15 mCi

Table 7.2
SUMMARY OF UTILITY MEASUREMENTS ON 1-131 AIRBORNE RELEASES.

Sample Period
Month/Year

Operating
Period

Reactor-Years

Approximate
Index of 1-131
Reactor Water
Concentration

pCi/Kg

Average
Total 1-131
Release

(all plant operations)
Milllcuries/Year/Reactor

Plant

Reactor Building Release (only)

Dresden 2,'3 1/73-12/76
Quad Cities 1/2 7/73- 6/77

Reactor. Turbine and Radwaste Buildings
Monticello 1/74-12,75

8
8

2

0.3 to 4
2 to 5

10-200

9
20

0.5-100

46
80

Pilgrim I
Peach Bottom 2'3

1/76-12/76
1/73- 6176
1/76- 9.76

1
3.5
1.5

1240

60
480
440

effect of
improved fuel

Total Length of Operations -. 24. Reactor-Years

;/i .7-3'



N EDO-21 159-2

Table 7-3
SUMMARY BY BUILDING OF NORMALIZED 1-131 RELEASES AT VERMONT YANKEE,

MONTICELLO AND OYSTER CREEK FOR POWER GENERATION OPERATIONS (300 DAYS)
AND ONE REFUELING/MAINTENANCE OUTAGE.'" b. C. d

Plant Operation

Power generation Refueling/maintenance Annual total

1-131 release. millicuries

Reactor Building "
Vermont Yankee 2.49 3.12 5.61Monticello 10.50 0.69 11.19Oyster Creek 14.62 0.90 15.52

Arithmetic mean 9.20 1.57

Turbine Buildlr'q (1-131 Carryover at 1%)
Vermont Yankee 3.12 0.61 3.73Monticello 32.71 1.01 33.72Oyster Creek 59.85 8.97 68.82

Arithmetic mean 31.89 3.53

Radwaste Building
Vermont Yankee 0.94 0.40 1.34Monticello 0.80 0.03 0.83Oyster Creek 14.21 1.96 16.17

Arithmetic mean -- 5.32 0.80

NOTES- It) Data are normalized to an 1.131 reactor water concentration of 1.0.=CI/KQg.
12) Gland seal steam 1-131 release (1.131 carryover at 1%) Is 5 0 mtllicurtes at Oyster Crook.131 Mechanical Vacuum Pump (MVP) 1-131 release (1-131 carryover at 1%) Is 6.0 millicuries at Vermont Yankee.(41 At plants with two RM outages the 1.131 releases were determined by the arithmetic mean.

: : : :7.4
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Table 7.4
COMPARISON OF NORMALIZED 1-131 RELEASES WITH EPRIINES RESULTS." b

Plant Operating ModeSource Power generation (300 days) Refueling'maintenance

.1-131 release. mlllicurles

This report EPRI/NES This report EPRI/NES

Reactor building at
Vermont Yankee 2.5 1.5 311 32Monticello 11. 11. 081 093Oyster Creek 7.7 5.7 1.8 2.5

Turbine building at:
Vermont Yankee 1,3 2.0 0.24 025Monticello 15. 17. 091 0 78Oyster Creek 79. 98. 41. 48

Radwaste building at.
Vermont Yankee 0.94 1.0 040 040Monticello 0.80 0.73 0 06 0 04Oyster Creek 13. 13. 2.0 1 4

NOTES Ian U'PRI NES results evaluated at I ,QCi Kg
(D) O..y$r Cr,'iek results excludle June .November 1976 data

Table 7-5
COMPARISON OF NORMALIZED 1-131 RELEASES WITH THE

CURRENT NRC "SOURCE TERM", b. c

ALL 1.131 SPECIES

This Report 1.131
(NRC Reactor Water Concentration

Source NUREG-0016) at 5 pCilkg at 1 /ClIkg

Reactor Building 340 55 11Turbine Building 190 180 36Radwaste Building 46 31 6.2Mechanical Vacuum Pump 30 30 6
606 296 59

Nolps (a) In dose evaluations the NRC assumes 50% of the total 1- 131 release is in elemental form 303 mmlhcurie•according to this Sludy the tecommendea results is 25 malhcutiesyear reactor of 1.131 inelemental form
(b) Annual releases were Calculated at two 1.131 reactor wauer Corcenfration, to illustrate ditlertnc es,between old 119721 values I 5 ,ACI kgl and expected vatues concentrations ba.led on d4ta to 1976(c) NRC 'source term- is NUREG-O0016 April 1976 ~Calculation of Releases of Radioactive Materials inGaseous and Liquid Effluents from Boiting Water Reactors (DWR.Gale Code). PP. 1-6 and 2-27.
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Table 7-6
SUMMARY OF IODINE.131 VENTILATION RELEASES AT BROWNS FERRY SITE

DURING 1977-NORMALIZED RESULTSV

PLANT OPERATION

Power Refuel/ Power Refuel/ Power
Operations Maint. Operations Maint. OperationsReactor and Turbine Building Releases:

Reactor Unit
Vent Location (NO.)
Reactor Bldg. & Turbine Equip ilo.Poms (-250)
Turbine Operating Floor (4 vents) (-249)
Turbine Operating Floor (5 vents) (-251)

Annual Normalized Release
Calculated Normalized Release (This Report)
Release Ratio. (This Report/Browns Ferry Plant)

I 2 3
Normalized 1-131 Release, mCi/Reactor Year

12.5 5.53 4.422 0.213
0.094 0.102 0.087 0.013
0.265 0.073 0.034 0.013

18.6 5.1
25.0 25.0

1.3 4.9

10.38
1.01
1.68

13.1
22.0

1.7

Radwaste Building Release (Unit 1/2/3 Combined):

Average Normalized Release of the Three Plants
Calculated Normalized Release (This Report)
Release Ratio. (This Report/Browns Ferry Plants)

2.41 mCi/reactoroyear
6.16 mCifreactor-year
2.6

a Normalhied results calculated Irom annual (300 days power operations plus one refueling'maintenance outage) release$
presented in Appendix D. Table D-I. divided by the appropriate 1-131 reactor water concentration. The average
annual 1-131 concentrations at each plant wore as follows- Browns Ferry 1.0.889 juCL'kg; Browns Ferry 2. 1.35
,Ci kg. Browns Ferry 3.0 132 uCikg. average ot three plants. 0 79 pCiAg.

7.6
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8. RECOMMENDATIONS

For the purposes of iodine-131 "source terms" for environmental Impact evaluations of future BWRs the resultsof this study are recommended. For each chemical form of 1-131, the annual airborne effluent releases are to be deter-mined by the product of normalized release rates from the various release points in a BWR plant and the 1-131 reactorwater concentration. Iodine.131 reactor water concentrations of l/Ci/kg for full-flow condensate treatment and2/uCi/kg for pumped-forward heater drain plants are realistic, yet conservative, average values for BWRs.

To date, the extensive BWR operating experience indicates that no charcoal treatment is required on any ventila-tion exhausts to meet Nuclear Regulatory Commission Appendix I dose objectives.

The measurements of 1-131 activities in milk are the most reliable index of potential dose. From operating BWRs,which have released more than 10 times as much 1.131 to the environs as expected from future plants, the measured1.131 activities in milk were still sufficiently low such that doses (if the milk were continuously ingested) would equal afraction of the NRC dose objectives. Thus, it it suggested that the costly monitoring of milk, as currently performed byBWR owners, could be reduced in terms of sample frequency and precision requirements. It is recommended that moresimple programs for milk monitoring be developed and Implemented.

8.1/8-2
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Quotations From

NRC Commissioners' Opinion on

10CFR5O Appendix I, dated April 30, 1975

The following are quotes from the Commissioners' opinion at the time of issuance of Appendix I for ALARA on reactor
effluents, on the question of use of environs monitoring data to improve dose calculational models and 1o change technical
specification. This is of particular practical importance on the relationship between radioiodine emissions and actual dose
from milk consumption.

The page numbers indicated are from the original typewritten 149 page Issue of April 30, 1975. Other publications of
the opinion may have other page numbering systems.

Chapter I: Summary and Statement of Considerations

Background

Page 4-5

'The numerical guides of Appendix I which we announce today are a quantitative expression of the meaning
of the requirement that radioactive material in effluents released to unrestricted areas from hight.wator-cooied
nuclear power reactors be kept 'as low as practicable.'"

Page 6

"The commission believes that the record clearly indicates that any biological effects that might occur at the
low levels of these standards have such low probability of occurence that they would escape detection by
present-day methods of observation and measurement."

Chapter I1: Appendix I

Section I. Introduction

Page 25

"'Design objectives and limiting conditions for operation conforming to the guidelines of this appendix shall
be doemed a conclusive showing of compliance with the 'as low as practicable' requirements ot 10 CFR sec-
lions 50.34a and 50.36a."

Chapter IV, Guides on Technical Specifications for Limiting Conditions of Operation

A. The Rule

Page 101

"If, for any individual light.water-cooled nuclear power reactor, the quantity of radioactive material actually released in
eltluents to unrestricted areas during any calendar quarter is such as to cause radiation exposure. calculated on the
same basis as the design-objective exposure, which would exceed one-half the annual design-objective exposure.
the licensee shall make an investigation to identify the causes of these high release rates."....

Page 102

"The licensee is also required ... to provide data on measurable levels of radiation and radioactive materials in the
environment so that the relationship between quantities of radioactive materials released and radiation dosages to
Individuals can be evaluated"....

2A-1 -
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Page 103

"It is further provided that. if the data developed in the surveillance and monitoring program described above show the
relationship betwon quantities of radioactive materials released In effluents and the dose to individuals in unrestricted
areas is significantly different from that assumed in the calculations used to determine design.objective limits, the
Commission may modify the quantities in the technical specifications defining the limiting conditions for operation in
the license that authorized operation of the light.water.cooled nuclear power reactor."

B. Discussion of Section IV of Appendix I

2. Surveillance and Measurement In Operating Plants

Page 106.107

"Ouantitative measurement of radioactive materials released in effluents has always been required of persons
licensod to operate nuclear power plants."

Page 107.108

"This preference for measured confirmation of estimates was shared by other participants. As discussed in Chapter V.
the incentives for improving calculational models, which must necessarily be used in establishing design objectives
for each reactor, are strong Measurements at operating reactors are a means for making improvements. We are in
sympathy with those who cite the virtues of designing and operating effluent.control systems with the enlightenment of
real experience rather than with arbitrarily conservative calculational models. Measured levels of environmental
radioactivity are generally small in comparison with values calculated from known or presumed release rates."

Page 109-110

"The pathway of greatest concern is the radiolodine course from air to grass to cow to milk to child. The Commission
and the Environment Protection Agency made a study of this pathway. including a program of independent measure-
ments in the vicinity of three operating light.water.cooled nuclear power plants. This study and further evidence in the
record show the practicability of making useful measurements pertaining to the radioiodine pathway in situations in
which radiolodine releases are substantial. We have required, by Appendix I. special surveillance measures for such
situations and have adopted an implementation policy that should encourage applicants to use the best data available
in any case."

Chapter V Implementation

A. Applicability

2. Dlscusslon of Applicability

Page 119

.We agree that it would be preferable to base evaluations of design objectives on actual operating experience with
the reactor in question in cases where substantial relevant information has been accumulated during plant
operations."

- B. Implementation of Numerical Guidelines

2. Discussion

* Page 126-127

.... The necessity of explicit guidance is suggested in the argument that the procedures used by the Regulatory
Staff for calculating doses show a predisposition to make unnecessarily conservative assumptions. The draft

* 2A-.2
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Regulatory Guides circulated by the Directorate of Regulatory Standards with the Staffs concluding statement reflecta tendency toward the use of unnecessarily conservative calculational assumptions. The calculational methodsdescribed In the Final Environmental Statement and in draft Regulatory Guides are opposed in some particulars:furthermore it was argued that the Staff has, In the course of reactor licensing actions, generally been quiteconservative in its quantitative assessment of effluent controls.

Particular areas of controversy shifted as the hearing progressed. It was not clear to participants whether or notmodels and assumptions used in the Final Environmental Statement were also intended by the Regulatory Staff to beapplicable to the analysis of individual applications for licenses in the Implementation of Appendix I. Examples ofallegedly unnecessarily conservative implementation methods as they have b;eon used in current licensing, include:excessive source-term assumptions with regard to radiolodine emissions; neglect, with regard to such emissions. oftheir chemical form, actual release points and modes, and expected plume behavior; overestimation of dispostionrates and retention factors for radioaodine on forages. and postulation of nonexistent dairy cows and unrealisticmilk-consumption patterns."

Page 130

.Our resolution strongly favors the suggestions that calculational methods be realistic, which in turn hasinfluenced our adoption of particular numerical guideline values for dose objectives

Page 131-133

"The essence of our conclusions on how calculational procedures should be used in determining design objectives isgiven in the five following points,

(1) An applicant should be free to use as realistic n modeltot characterizing naturalphenomena. includingplant performance, as he considers useful. An applicant may Irke inot account situations notadequately characterized by such standardized models as may be available with respect to specificfeatures of plant design. proposed modes of plant operation. or local natural environmental features
which are not likely to change significantly during the term of plant operation.

.... several effects that should be recognized, and we restate some of them here to illustrate natural phenomena that
might be partially or entirely neglected in standard models but could be properly considered:

(a) radioisotopic composition of effluents:

(b) radioactive decay of released nuclides prior to exposure of the receptor;

(c) waterway flow and the associated diffusion and dilution;

(d) rrmoval of radioactive material from solution or suspension in the water by sedimentation or othernaturally occurring mechanisms or by water-treatment processes:

(e) exposure modes and occupancy or use factors;
(f) release conditions (to the atmosphere) including elevation of release point, effluent stream buoyancy

and momentum, and building geometry;

(g) local meteorological and aerodynamic conditions influencing airborne effluent plume dispersion.

(h) beta and gamma radiation energies for the radioisotopes released and the associated dose effects;

(i) chemical form and physical behavior of the effluent constituents:

0) plume elevation, size, and depletion;

, 2A-3 , -
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(k) shielding effects;

(I) partitioning, filtration, and other retention and depletion effects:

(m) deposition rates and velocities for the various chemical forms of released radioiodine on offsite
vegetation, ground. and other surfaces, with appropriate apportionment to the vegetation of its capture
fraction; and

(n) weathering and other loss factors for radioiodine on grass and other vegetation.

Clearly other natural phenomena must also be adequately taken into account In models used for determining design
oleclives. but these are sufficiently established in practice that they need not be repeated here."

Page 134

"The models last proposed by the Regulatory Staff are different from the highly criticized versions used in theevaluations presented in the Final Environmental Statement. Testimony of the Staff indicates that the models used bythe Stafr and described in Regulatory Guides will continue to change. We believe Regulatory Guides to be useful;however. Regulalory Guide models should not be applied as a norm to be abandoned at the peril of the applicant. Webelieve the testimony of Staff witnesses in this hearing miaht, by some reasonable persons. indeed be construed asindicating that the Staff has been excessively zealous in ap,.,ing Regulatory Guide models. We particularly expect allparties to licensing actions to which Appendix I applies to note both the potential utility of Regulatory Guides and theirsubordinale status relative to Commission regulations and opinions."

Page 135-136

We believe that the opportunity to modify models and data as new experimental information comes to light couldhave substantial advantages over a rigid rule, which is a persuasive argument for permitting this matter tobe dealt withby the preparation of Regulatory Guides and be case-by-case evaluations."

Page 138

The models described in the hearing record and the evidence and arguments advances with regard to numerical
estimation of dose lead us to the conclusion that one should try to attain realistic estimates; but. where uncertaintiesexist, one should choose calculational procedures that are unlikely to produce substantial underestimates Webeliove, furthermore, that it is in the best interest of the pub' c to make realistic estimates, even with uncertain data.and to depend upon the programs for improving models and data, particularly programs of in-plant measurements, todetermine whether proper case-by'case design decisions were made. . .

Page 148

"Furthermore the evidence shows that with additional experience and data from operating plants the most likely resultwill be that estimates based upon present-day models and assumptions are unrealistically high... "
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Table B-I
1-131 SPECIES - IN-PLANT COMPARTMENTSIREACTOR BUILDING

Plant Compartment

Montrwetio Fuel Pool Skimmer

Sample
Date

Month/Day/Year

11-5 - 11.7.74
1-8 - 1-9-75
1.13 - 1-15-75
9-11 - 9-25-75
9-25 - 10-15-75
10-15 - 10-27-75
10-27 - 11-14

11-5 - 11-7-74
1-8 - 1-9-75
1.12 - 1-15-75

11-17 - 11-18-74
1-9 - 1-10-75
1-10 - 1-12-75
1-12 - 1-14-75

Species. % of 1.131 Release
Particulate I. HOI CHI

1-131
Release Rate.

SCil/s
(0.001)

Plant Sample
Operating Time
Condition Days

24.1
408
28
35
20
3.4

<2.4

0.4,
16.1
2.4

0.3
7.9
02

03

22.7
592
526
302
200
21 3
31 0

208
* .27.0

374
37.4
(0.3)
(2.6)

(-'2.7)

32.4
-"27 0

7.3
28.9

(775)
(756)
(69.0)

Morsticeflo

NJ

Sampling Hood

Containment purge to
Standby Gas Treatment
System

0.16
0.10

22.0
200

78
17
0.12

049
0.078
022

2.4
19

0.1
032

0
0
R
R

R

R
R

0
0
R

19.0 93
;C 5 -:4.0
44.7 15.1

653
8.5

37.3

77.4
58.7
a2.3
66.0

2

2

1
1

2

Monticelo

2
1
2

14
20
12
18

62
8.0
2.9
5.6

16.1
25.4
14.6
28.1

R
R.

z
m
0.

C.0

Standby Gas Treatment
System

Inlet
5-16 - 5-17-75
(1700 hrs - 1555 his)

2.3 192 504 28.1 3.6 0 096

Outlet
2.8 148 179 65.5

454 29.1 6.4

021

360
Clean-up pump room
exhaust

0015. 5-19 to
1020. 5-19-75

1920. 7-30 to
0832. 7.31-75

0856. 7-.1 to
2007. 7-31-75

19.1

O 0.96

O 042

O 0.55

O 0.47

23.0 428 265 7.7 1100

26 9 359 291 8.1 960



Table B-1
1,131 SPECIES - IN-PLANT COMPARTMENTSIREACTOR BUILDING (Continued)

Sample
Date

Month/Day/YearPlant Compartment
Species. % of 1-131 Release

Particulate 1, HOI CHJI

1-131
Release Rate.

,ICl/s
(0.001)

Plant
Operating
Condition

Sample
Time
Days

2010. 7.31 to
0917. 8-1-75

0920. 8-1 to
2232. 8-1-75

1920. 7.30 to

2232. 8-1-75

279 34.9 27.9 92 950 0

0

0.55

0.55299 395 22.5 81 950

23.7

21.8

362 309 9.2 100.0 0 2.1

w
p#

NoneUse Point I

I&* e ePoirotI

or/well Purge

Steam Dome

3-29-74

4-1-74

10.9 0.0 67.3 1.47

NA

R 011

1.1 35.9 27.5 ', 35.4 R 0.18

-Z
M

?

%dOTE III AnS Y~swOer~1r)B osaodIvwty EPA) (rondu'e-1 Y NE~ ~i:N5r i.vtI~



Table 8-2
1-131 SPECIES - IN PLANT COMPARTMENTSITURBINE BUILDING

(ALL MEASUREMENTS SPONSORED BY EPRI. CONDUCTED BY NES)

Plant Compartment

Vermont Yankee

Monticello

Condenser area

Condenser area (top)
(bottom)

Condenser area

SJAE Room

Sample
Date

MonthlDay/ Year

11-15 - 11-17-74
1-8 - 1-9-75
1-13 - 1.15-75
5-12 - 5.15.75
9-11 - 9-25-75
9-25 - 10-15
10-15 - 10-27
10-27 - 11-14-75

3-27 - 3-28-75
3-27 - 3.28-75

9-12 - 9-14-74
10-31 - 11-1-74

11-15 - 11-17-74
1- -- 1-9-75
1-13 - 1-15-75

11-18 - 11-19-74
1-8 - 1-9-75
1-13 - 1-15-75

1-8 - 1-9-75
1-12 - 1-15-75

Species. % of 1-131 Release

1-131
Release Rate.

O.CIs
(0.001)Particulate I. Of CHJI

Plant
Operating
Condition

Sample
Time
Days

184
138
1.4

26.5
81
23

<2.4
<7.1

38.0
51.0

30.4
1.0

3.4
126
4.0

22
--'6 8

30

S12,7
29

53.1
686
507
51 5
313

94
176

<11.9

480
400

122
92

16.9
154
400
(04)

(<3 2)
(-'11.9)

16.3
8.4

324
66

20.6

(88-0)
(8241

(1000)

29
34

22 0
31.0

4.7

13
0.17
0.058

10.0 4.0
9.0 <1.0

606 6.7 1.6
90 47.0 43.0

Moritcello

Monticello

MVP Room

Operating floor

304
433
71.6

26 5
408

306

63 3
26 0

163 500
288 15.3
138 105

37.0 340
150 448
242 422

36.7 -<190
230 480

4.1
56

0.5
062
2.8

03
0.1
28

O11
78

D
0
R
0
R
R
R
R

0
0

0
R

0
0
R

0
0
R

0

O

1

2

2
3

14
20
12
18

-.mn

2

2I

2

1

2
1

2

Oyster Creek Ope(aling floor 2-22 - 2-27-75 320 430 210 40 40 0 5



Table 13-2
1-131 SPECIES - IN PLANT COMPARTMENTS/TURBINE BUILDING

(ALL MEASUREMENTS SPONSORED BY EPRI. CONDUCTED BY NES) (Continued)

Sample
Date

Month/Day/Year

1-131
Release Rate,

,Cil/s
(0.001)

Species, % of 1-131 Release
Particulate I, HOI CH)1

Plant Sample
Operating Time
Condition Days

Plant Compartment

Oyster Creek Heater Bay I
2
2

.3
4
5
65
6

2-22 - 2-27-75
2-22 - 2-27-75
3-30 - 3-31-75
2-22 - 2-27-75
2-22 - 2-27-75
2-22 - 2-27-75
3.30 - 3-31-75
2-22 - 2-27-75

2-22 - 2.27-75
3.30 - 3-31-75

17.0
16.0
6.4

.17.0

17.0
27.0
<2.0
25.0

25.0

5.7

17.0
1.0

21.0
02

600
56.0
182
55.0
55.0
47.0
42.9
50.0

500
33.5

670
790
680
110

200
23.0
14.5
23.0
23.0
20.0
202
19.0

3.0
5.0

60.9
5.0
50
6.0

36.9
6.0

NA 0
0
R

-0
0

*0
R

.0

5
5

5

.5
Li 5

" * . ."1

• , • 5 •

z

0
7 i . ! •,'

Oyster Creek

Oyster Creek

Climate

Roheater area (top) 3.27 - 3-28-75
(middle) 3-27 - 3.28-75
(bottom) 3.27 - 3.28-75
exhaust 4.1 - 4.2.75

20.0 5.0
136 47.3

13.0 30
12.0 80
70 40

588 300

NA
NA

NA

R

0
0
0
R

1
1

I

5
1

NOTES it I PWaii Mode nodat~on: 0 - Po*e' eneaI'fl P~OP t.On1 (*hjKt1 'l~ay .fI~bd bw*4r gr*%hW s. *njb. R '.e1ac ~g-(3w) 1-131 Release Ramte r'oation 2 9(0 001) - 0 0029 WhOOC-vSWO0Cw
(3) NA - Data "~o ayaabie



Table B-3
SUMMARY OF MEASUREMENTS OF IODINE-131 CHEMICAL FORM IN

BWR STEAM-JET AIR-EJECTOR DELAY LINE

Plant

3

3

-I>
3

3
1

Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek

Sample Period
MonthlDaylYear

6-16 - 6-23-76
6-23 - 6-30-76
6-30 - 7-7-76
7-7 - 7-13-76
7-:3 - 7-20-76
7-20 - 7-27-76
7-27 - 8-3-76
8-3 - 8-10-76
8-10 - 8-17.76
8-17 -8-24-76
8.24 - 8-30-76
8-30 - 9-7-76
9-7 - 9-16-76
9-16 - 9-23-76
9-23 - 9-30-76
9-30 - 10-7-76
10-7 - 10.14-76
10-14 - 10-21-76
10-21 - 10-28-76
10-28 - 11-4-76
11-4 - 11-11-76
1 1-11 - 11-18-76
11-18 -- 11-30-76

Species. 6i, of 1-131 Release
k- HO!Particulate

" 0.1
-"01

0.1
0.1

<0.1
<0.1
<0.1

<0.1
<0.1
<0.1
<0.1
<0.1
-:0.1
-.0.1
,0.1
<0.1
.. 0. 1

-:0.1
-.0.1
-:0.1
.. 0.1

No Sample
1.0
0.1

Sample Lost
--0 1

30
1.0
10
04
1.0
3.0
1.0
04
04

<.0.1
02
0.1
02
0.1

-0.1
-0.1

0.1

.01

180
19.0

18.0
16.0
100
24.0
19.0
17.0
18.0
25.0
33.0
12.0
13.0
60

-0.1
6.0
30
1.0
20
1.0
1.0

81
81

82
81
89
75
80
82
79
74
67
88
87
94

100
94
97
99
98
99
99

CHI
Measurements

By

EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EP•r.INES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)

Sample
Time
Days

7
7
7
6
7
7
7
7

'.7
-7

' 6

9
7
7
7
7
7
7
7
7
7

12

m
0
0 :.,,'.
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APPENDIX 2C

Summary of Iodine-131 Reactor Water Concentrations
in BWRs (1975 to 1977), Average Annual Values
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Table C-1
SUMMARY OF IODINE-131 REACTOR WATER CONCENTRATIONS

IN BWRs (1975-1977), AVERAGE ANNUAL VALUES

Year
Condensate 1975 1976 1977Type Treatment Plant, 1-131 Concentration, ),Ci.'Kg

2 Full-Flow Nine Mile Point 1 4.5 19 3 0
Oyster Creek 32 1.7 2.7

Average 3.9 1.8 2.9

3 Full.Flow Dresden 2 0.24 0.29 064
Dresden 3 3.9 3 5 4 9
Millstone Point 1 8 0 2.0 3 2
Monticello 101. 7.3 4.7
Pilgrim 1 16. 16. 17.
Ouad Cities 1 083 2.7 65
Ouad Cities 2 16 61 36

Average 21 54 5.9

4 Full-Flow Browns Ferry 1 046 0 55 0 89
Browns Ferry 2 0.046 0 17 1.4
Brnwns Ferry 3 - .- 0 13
Cooper 00061 0054 0044
Duane Arnold 0.0020 0.082 0 036
Fitzpatrick - 0 14 0.12
Hatch 1 00034 0.11 089
Peach Bottom 2 0.028 12. 5 2
Peach Bottom 3 0.043 0 59 1.0
Vermont Yankee 079 052 038

Average 017 1.6 1.0

4 Pump-Forward Brunswick I -. - 0.017
Brunswick 2 00070 089 3.0

Average 00070 089 1,5

.- V ,*- -



APPENDIX 2D

Summary of Data Available for Iodine-131
Ventilation Releases at Browns Ferry During 1977



Table D-1
SUMMARY OF ACTUAL IODINE.131 VENTILATION RELEASES AT BROWNS FERRY DURING 1977

Vent Flow
Rate

Vent No., ccsPlant

Browns Ferry 1 1-250
1-250
1-249
1-249
1-251
1-251

119 E-71
11.9 E-7
2.98 E-7
2.98 E-7
3.27 E-7
3.27 E-7

1-131 Conc.
(avg.)

ACUCC

362 E-13
45.1 E-13

3 00 E-13
126 E-13
761 E-13
4.19 E-13

1-131 Release
rate (avg.)

pCI/S

Sample Period
Power Oper. RefueliMaint.

Days

1.131 Release
Power Oper. RefueLMaint.

mCUiYear"

430 E-5
537 E-5

0.322 E-5
1 62 E-5
0.912 E-5
1.16 E-5

Total Plant 1-131
Release

mCI/Reactor Yr.

257

(108 -OOS)

(110- 00S)

106

(28-OOS)

155 -OOS)

Totals

11.1

0.0834

0.236

11.4

5.97

0.117

00455

4.92

0.0910

0.0650

5.07

0.287

0,0176

0.0175

0.322

- 16.5

Browns Ferry 2 2-250
2-250
2-249
2-249
2-251
2-251

12.6 E-7
12.6 E-7
3.03 E-7
3.03 E-7
3.79 E-7
3.79 E-7

18.3 E-13
3.56 E-13
489 E-13
3 36 E-13
1.53 E-13
2.67 E-13

23.0 E-5
4.49 E-5
0.450 E-5
0.313 E-5
0.176 E-5
0.312 E-5

296

(9: -.O0:)

(91 -OOS)

74

(20-00S)

(20 * OOS)

rn
0M
9

IVp

Totals 6.13 6.45

Browns Ferry 3

Totals

Browns Ferry
1,213

3-250
3-249
3-251

12.1 E-7
2.58 E-7
3.23 E-7

4,37 E-13
2 86 E-13
4 55 E-13

5 29 E-5
0 514 E-5
0.857 E-5

365
(209 00S)
(175- 00S)

1.37
0.133
0.222

No Outage
During
Year

1.73

5 69

.,? 1.73

0-252 161 E-7 112. E-13 180 365 (three plants) = 190w

NOTES
a Vent*250 releases are from reactor building and certlyf er!u-Pml~l r~ooms in Iurb'nh' buld~nq Vent-2.19 We FWlease from four fans ov~er operating f loor of turbinebuddingq Verit-251 reap are from 5 fans over operating floor Of turbone building
0 Re4eases adjusled to 300 day's of power nperation pw vehi Plus One n PA outjae

cNot&?-on$ 119 E-7 -119 - 10% 00S -OutofService
d Radwaste building processes wa~stes from' Ad three re~actors annual release tAir-en 51bas relea1 dIV64leO by Ihr.i..
t AW3rae 1-131 reactor water concentration loco kg) du'.flQ po~er operation is a% follows. UPtI 1089" Un-a. 1 35 Unit .3 0 131
2 Average 1-131 r*4#3se per plant 1tolat of rmeacitor. !uftbwnt% a~d r?5dv3!e byuiling dnilarti-ainf ieloasi.~i. 06 5. - 0i. 45 1 - 569)3 - tO I 'nCs r.avor 1.mr
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Table D.-2
IODINEo131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 1

DURING 1977, MONITOR 1-250 (REACTOR BUILDING AND EQUIPMENT
ROOMS IN TURBINE BUILDING, FLOW RATE - 11.9 10' cc/a).

Sample Period 1.131 Concentration Sample Period 1.131 Concentration
Month/Day (pClI/cC) x 101o MonthfDay (1,CI/cc) ' 10'

12!31-1/7 0.505 5/26-5127 4.42
1/6-1/7 7.95 5&27-64 3 73
1!7-1115 0116 614-6'11 43.5

1!15-121 -<0,0161 6111-6117 517
1/21-1/25 -0.126 6?17-620 0334
1125-1126 <0.399 6`20-6,21 1 61
1126-1;27 1.51 6!21-6'24 2.31
1/27-1,'27 .- 3,50 6'24-7i1 0 590
1;27-1!29 1.00 7,11-7,17 231
1:29-2:'4 0 352 7/7-7,8 0.880
24-2 1 0.152 7,8-7:9 0723

211-2 13 980 7.9-7-11 2 16
2.13-2 13 2.90 7,'11-7;11 552
2,13-2,14 479 7111-7/15 2.44
2:14-216 2.17 7015-7,21 228
2 16-217 267 7.21-7.22 2.73
2;17-2.18 1.15 7:22-7.27 166
2/18-2 21 0342 7Z27-7i28 1.14
2;21-2,22 .0.435 7128-7i29 5 67
2;22-2'26 0.327 7;29-8.5 12 9
226-3 5 0.119 85-8'13 382
35-3'11 0.234 8.13-819 226

3,11-3-12 -0834 8'19-8 22 230
312-3,12 -z4.10 8'22-8 23 2.29
3'12-3113 -'0.544 8123-826 1.36
3'13-3.114 -:0.480 8"26-8 30 1.18
3/14-3,18 0.391 92-99 0691
3/18-3121 ,-0.215 99-916 0806
3121-3.'22 --.0.631 9 16-9 20 122
3'22-3'24 0.651 9'20-9 21 127
3124-3124 0.843 9'21-9 23 477
3'24-3125 -2 17 923-930 250
3/25-3'•2' 1.37 9'30-10 8 40.4

0864 10'8-1014 685
4,1-4.'9 0447 10:14-10 22 386

4'9-4,'15 0.490 1022-1024 0.335
4i15-4;22 1.49 10'24-10'25 1.25
4/22-4:25 15.7 10,25-10'29 13.6
4/25-4.26 9.15 10.29-11:4 0,512
4/26-4,30 37.3 1114-11'12 0563
4..30-5,6 ,.2.54 11112-11"19 --0.137
5,:6-5:13 2.88 11/19-11'21 -'0.318
5/13-5120 1.32 11,21-11:22 -- 1.11
5120-523 5.55 11,22-11:26 0812
5'23-5/23 7.95 11126-12,3 0.269
&123-5'23 9.96 1213-12,'9 0.158
5'23-5'24 5 56 12:9-12.16 - 0 162
5-24-5'24 4.51 12!'16-12t19 '0-266
5'24-5126 -'2.56 12'19-12-'20 -0.629
526-5'26 : 4.78 12:20-12,23 <0.183
5126-5126 4.21 12;23-12321 <0 115
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Table D-3
IODINE-131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 1

DURING 1977, MONITOR 1-249 (FOUR VENTS OVER OPERATING FLOOR
OF TURBINE BUILDING, FLOW RATE - 2.98 x 10' cc/s).

Sample Period 1-131 Concentration
Month/Day (/CI/cc) x 10"

1/1 -5!27 Out of Service
5:27-5127 <0.993
5:27-6,'4 <0.108
6;4 -6,10 0.657
6/10-6 17 0.332
617-6!20 :0.253
6;20-6'21 <0.510
6,21-6!24 0.210
6:24-7/1 0.157
71 -7:9 0.135
7,9 -7/10 ,-0.104

7.15-7;22 <0.0823
7.22-7:27 --0.159
7,27-7.'28 -0.456
7,28-7;29 <0.195
7,29-8,5 * 0.984
8,5 -8'13 0.307
8'13-8119 0.279
8 19-8;22 0.208
8'22-823 <0.417
8.23-8'26 <0.158
8:26-830 <0.175
8"30-92 -:0.153
9.2 -9'9 <0.0824
9,9 -916 <0.0855
916-9 20 <0.248
920-9'21 <0.538
9'21-9'23 1.26
9;23-9;30 1.07
9/30-10'8 3.79
10!8-10114 <0.672

10'14-12-31 Out of Service

2D-3
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Table D-4.
IODINE-131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 1

DURING 1977, MONITOR 1-251 (FIVE VENTS OVER OPERATING FLOOR
OF TURBINE BUILDING, FLOW RATE - 3.72 - 10' ccls).

Sample Period 1-131 Concentration
Month/Day (11Ci/cc) w 10'

1/1 -5!27 Out of Service
5'27-5,'27 < 1.14
5:27-6/4 0.344
614 -6110 0.751
6&10-6,17 0.491
6.,17-6'20 -.0299
6`20-6,'21 - 0.706
6121-6;24 <0 294
6'24-7.1 -0.184
70 1-7i7 < 0.184
7/8-7;9 -0.139

7;1 5-7:21 0.165
7/21-7i22 <6.57
7i22-7/23 4.03
7,22-7/27 <0 225
7.'27-7;28 --:0 677
7!28-7:29 -':0.289
7129-8,5 1.26
8'5-8!13 0.250

813-8,19 0.360
8'19-8!22 <0.228
8'22-8!23 -0.361
8'23-8/26 <0.182
8;26-8130 < 0.292
8.'30-9'2 <0.140
9'2-9.'9 <0.116

9.'9-9'16 .".0.104
9'16-9`20 <0.260
9,20-9/21 <0.441
9'21-9,23 1.31
9,23-9130 0.374
9'30-10,'8 0.551
10 8-10114 -:0.185

10,14-10,22 <0.0502
10.22-10'24 <0.306
10!24-10/25 --:0.610
10,25-10.'29 <0.208
10,129-11V4 <0.0956
11/4-11013 <0.179
11/2-12/13 Out of service

2D-4
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Table D-5
IODINE-131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 2DURING 1977, MONITOR 2-250 (REACTOR BUILDING AND EQUIPMENT

ROOMS IN TURBINE BUILDING, FLOW RATE - 12.6 x 10' cc/s).,

Sample Period 1-131 Concentration Sample Period 1.131 ConcentrationMonth!Day (pCi/cc) x 10", Month/Day (MUCI/cc) .: 10"

12131-1,7 0.151 5120-5t23 3.2817-1,.15 0.232 5/23-5124 0.6951/15-1,'21 00902 f,24-5,27 3.731 '21 - 1;25 3 30 5!27-6.!4 2.55l125-1126 299 6/4-611 i 9.871;26-1,29 8.17 6111-6117 0.5731129-2.3 2.35 6/17-6120 0.4192.3-2,4 1.47 6!20-6,'21 -0.40524-2.11 1.72 6/21-6'24 0.2932.11-2.18 1.10 6/24-7/1 0.3372,18-2;19 <1.03 7/1-7,9 0.8542 19-2.:21 -0 279 7/9-7/15 06732.21-2 22 0.699 7!15-7123 0.5372:22-2-22 5.75 7122-7/27 02182.22-2:26 0.481 7/27-7/28 -0.402'26-3 5 0.185 7/28-7/29 •-0.285
3'5-3'1I -. 0.0989 7129-8/5 -0.08333,11-3 14 0.408 8/5-8r13 0.3313 14-3 14 -- 1.67 8'13-1120 0.212314-318 '0.130 8,'20-8/22 -0.189318-321 0263 8122-8123 •-0.4443 21-3'22 -0444 8123-8'26 -0.1333 22-3 24 0.850 8a26-9 2 • 0.08913'24-3'25 -. 0 757 9'2-9'9 - 0.0836325-325 . 1.83 9 9-9.16 "-0502325-325 <3.01 916-9.19 12.13,25-326 *"0.693 919-9'21 2.713'26-3'28 '0,239 9 21-9'23 1.653'28-3'28 -7.25 9 23-930 09283 28-3 31 TP.174 9130-10:8 7.533.31-41 0.544 108-10./14 2034 1-4 1 0.512 10'14-10'22 2.164 1-4'8 -00868 10 22-10'24 0 3074-6-4,9 - 0.937 10'24-10'25 1.0549-4 11 • 0 172 1025-1029 -03794 11-4'23 -0638 10'29-11o4 0.3854:12-4'12 4.28 11;4-11111 0.420412-4113 -0.857 11/11-11/18 02134'13-415 <0.187 11/18-11/21 <0.2524115-4'22 0.823 11/21-11122 <0.750

4!22-4/25 0.788 11/22-11126 <0.2684 '25-4;.26 0.934 11126-12,3 -02374/26-4'30 1.30 1213-12.9 -.0 1754/30-5,6 0.258 129-12,16 -0.11394.'5-5 13 0.456 12i16-12/19 --0,213513-5-21 0.264 12,19-12120 -:,0.570
12,20-112123 ..0 220
12123-12,31 0.124

2D-5
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Table D-6
IODINE-131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 2

DURING 1977, MONITOR 2-249 (FOUR VENTS OVER OPERATING FLOOR
OF TURBINE BUILDING, FLOW RATE - 3.03 x 10' ccla).

Sample Period 1.131 Concenlration
Month/Day (pCI/cc) x 10'-

1/1 -7/19 Out of Service
7119-7020 < 1.83
7,25-7,'26 0.130
7/26-7.127 <0.621
7T27-7!29 0.217
7129-8,'5 0.676
8'5-8'6 0.139

8.'13-8'19 0.143
8/19-8,-22 <0.215
8122-8r23 <0.623
823-8126 <0.229
8 26-9-2 <0.411
9.2-9'9 ":0.110 .

99-9116 <0.155
916-919 <0.300
9.19-9120 <0.716
9 20-9.23 1.42
9i23-9130 0.552
9'30-10,17 0.466

10:'7- 1014 <0.556

10,14-10.21 0.277
10121-10!24 <0.324
10'24-10,25 <0.796
1025-10/29 <0.260
10;29-1115 <0.182
1 i5-11110 <0.117
11/10-12i31 Out of Service

2D.6
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Table D-7
IODINE-131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 2

DURING 1977, MONITOR 2-251 (FIVE VENTS OVER OPERATING FLOOR
OF TURBINE BUILDING, FLOW RATE -. 3.79 x 10' cc/i).

Sample Period 1-131 Concentration
Month/Day (/CI/cc) x 101,

V'1 -7/19 Out of Service
7;19-7/20 <0.0710
7/25-7/26 <0.0944
7/26-7/27 <0.194
7/27-7,29 <0.0852
7/29-8/5 0.0685
8.'5-8,113 <0.363

8/13-8/19 0.0409
819-8,122 <0.0943
8;22-8'23 <0. 192
8,23-8126 <0.0882
8126-9!2 <0.0546
92-9,19 <0.0492
9/9-9/16 <0.044

9:16-9!19 <0.114
9/19-9.'20 <0.252
9!20-9/23 1.01
9'23-9'30 0.0869
9!30- 10;7 0.0543103"-1 m " 4 0.0456

10114 vs21 <0.0538
10/21 - 10124 <0.306
10,'24-10125 <0.194
10!25-10-29 <0.725
10129-1115 <0.0741
11!5-.11/10 <0.0375

11110-12/31 Out of Service

2D.7
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Table D-8
IODINE-131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 3

DURING 1977, MONITOR 3-250 (REACTOR BUILDING AND EQUIPMENT
ROOMS IN TURBINE BUILDING, FLOW RATE = 12.1 x 10' cc/s).

Sample Period 1-131 Concentration Sample Period 1-131 Concentration
Month/Day (/1CI/cc) x 101, Month/Day (pCI/cc) x 10"

12/31-1;7 1.23 7/1-7/9 <0.0727
1/7-1115 0.145 7/9-7/15 <0.0814

1115-1/21 <0.0651 7/15-7/22 <0.0791
1121-1125 0.198 7/22-7/27 <0.103
1/25-1/26 <0.396 7/27-7/28 <0 399
1/26-1/29 1.59 7/28-7/29 <0.255
1129-2/3 0.376 7/29-8/5 <0.0802
214-2/11 <0.932 8/5-8/13 <0.0659

2/11-2:18 0.0977 8/13-8./20 <-0 0744
2118-219 "0.193 8/20-8122 <0 18
2/21-2/21 -"0.522 8/22-8/23 <0.386
2!222'2"26 <0.169 8/23-8'26 <0.129
2126-3!5 0.115 8/26-9/2 <0.0841
3/5-3.11 --0.104 9/2-9/9 ':0.0848

3111-3/18 0.103 9,9-9/16 0.346
3/18-3,21 0.206 9/16-9,119 5.33
3121-3/22 <0.531 9119-9,'21 0.668
3/22-3,'25 <0.144 9!21-9/23 0.653
3,125-411 <0.858 9.23-9/30 0.499
4/1-4'8 <0.0884 9130-101'8 2.34

4/9-4i15 -0.107 10/8-10/14 0.450
4.!15-4!22 0.274 1014-10/22 0.323
4/22-4!25 0.338 10,22-10/24 0.715
4/25-4/26 <0.447 10,'24-10/25 <0.381
4/26-4130 0.239 10/25-10/29 -0.194
4,'30-5!6 1.33 10/29-11/4 0.228
516-5/13 1.45 11/4-11/11 <0.0905
5:13-5/20 <:0.0748 11/11-11/18 0.114
5120-5'23 <0.179 11/18-11/21 <0.215
5!23-5i24 <0.412 11/21-11/22 <0.586
5/24-5/27 <0.133 11122-11/26 0.339
5/27-6/4 -:0.0746 11/26-12/3 <0.132
6/4-6111 0.120 12/3-12/9 <0.146

6/I1-6117 <0.0837 12/9-12/16 <0.110
6/17-6/20 <0.145 12/16-12119 <0.227
6/20-6.21 <0.372 12/19-12/20 <0.485
6/21-6!24 <0.123 12/20-12/23 <.0.172
6/24-7/1 0.177 12/23-12/31 <0.120

2D.8
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Table D-9
IODINE-131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 3

DURING 1977, MONITOR 3.249 (FOUR VENTS OVER OPERATING FLOOR
OF TURBINE BUILDING, FLOW RATE -2.58 x 10' ccls).

Sample Period
Month/Day

1/1 -4/18
4118-4/22
4'22-4/24
4124-4/26
4126-4127
4,'27-4.30
4'30-5'6
5'6-51'13
5'13-5:21
5!21-5,'23
5'23-5,24
4,'25-5.'27
5127-6t4
6 4-6,111
6. 11-6:17
6'17-6'20
6 20-6!21
6.'21-6-24
6 24-7.1l
7/1-7;9

7;9-7/15
7/15-7/22
7Z22-7-27
7:27-7/28
7/28-7129
7i29-815
8.5-8'13

8 13-8.'20
8/20-8 23
8.,23-8:26
8'26-9'2
9'2-9'9

9,9-9'15
9/15-9.'16
9'16-9'19
9.19-9.21
9'21-9'23
9,23-9'30
9,30-10.8
10.!8-10.;14
10.4-10,22

10'22-10/24
10,'24-10'25
10:25-10'29
10,29-11/4
11/4-11/11

11111-12,131

1-131 Concentration
(,pCl/cc) x 10"

Out of Service

*-0.335

* 1.01
'0.646

<0 455
2.04
0.19

<0.0938
<0.123

0.430
0.918
0.269

<0.180
0300
0 194

-0.242
-v0.451
< 0.136
,0.0815

<0.0776
<0.0825
<0.0773
<0.125
<0.397
<'0.178

0.0939
--0.0775
<'0.149

<0.970
"0.220
<0.118
<0.367
<0.112
,0.312

<0.237
<0,482
<0.198

0.104
0.0704

':0.0390
<0.0459
<0.0898
-0.180
<0.655
<0.0373
<0.0805

Out of Service

2D.9
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Table D-1 I,':
IODINE-131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 1, 2, and 3

DURING 1977, MONITOR .0-252 (RADWASTE BUILDING,
FLOW RATE = 1.61 x 10? ccls).

Sample Period 1-131 Concentration Sample Period 1.131 Concentration
Month/Day (fCI/cc) x 1012" Month/Day (p1CI/cc) x 10'"

12131-1/7 23.2 7/9-7/10 0.3751!7-1;15 22.0 7/10-7/15 0.954
1/15-1/21 3.08 7/15-7/22 0.8551/21-1125 118. 7/22-7/27 1.411/25-1J26 104. 7/27-7/28 0.3161/26-1/29 272. 7/28-7/29 0.847
1129-2,'4 --0.215 7/29-8/5 10.42i4-211 15.3 8/5-8a,13 3.332j 11-2:18 -:.0.156 8/13-8619 1.55

2/18-2,"21 32.6 8/19-8!22 1.332/21-2,'21 26.2 8/22-8/23 0.9282'21-2!22 <2.62 8,123-8,!26 0.646
2122-2.126 9.85 8/26-9!2 0.9782/26-3"5 13.7 9/2-91`9 0.29135-3111 4.11 9!9-9,'16 0.558
3111-3'18 1.34 9!16-9,'20 13.83,'18-3121 0.363 9/20-9,'21 4.00
3'21-3"22 0.239 9!21-9,!23 1.473:22-3,'25 0.486 9/23-9/30 0.887
3/25-4/2 1.57 9/30-10/8 17.94/1-4/9 0.400 10/8-10/14 4.51
4/9-4/9 <0.446 10,/14-10/22 2.09

4/9-4/15 0.336 10/22-10124 <0.1504/15-4/22 2.47 10/24-10,25 0.6574,22-4125 14.2 10/25-10.'29 0.395425-4;26 28.3 10/29-11/5 1.634126-4130 9.53 11/4-11/23 0.6174'30-5;6 5.69 11/12-11/19 0.347
5,'6-5,'13 2.42 11/19-11/21 1.185.13-5120 1.08 11/21-11/22 1.095!20-5.!23 8.89 11/22-11126 1,535!23-5!24 30.1 11/26-12/3 0.3005,'24-5/27 30.0 12/3-1219 -:0.221
5127-6/4 1.84 12/9-12! 16 '<0.102
614-6/11 8.32 12/16-12/19 <0.260

6,/11-6.117 4.83 12/19-12/20 <0.605
6/17-6,20 1.12 12120-12124 <0.1836.'20-6/21 1.83 12/24-12/31 <0 102
6/21-6/24 0.640
6/24-7/1 1.30
7/1-7/9 0.976

2D.11/2D.12
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SUMMARY
Airborne iodine-131 releases from BWRs are decreasing
based on an evaluation of 31 reactor-years of operating
plant data. An independent analysis of extensive 1-131
measurements sponsored by the Electric Power Research
Institute indicate an annual normalized release of
elemental iodine (T2) to be 25 millicuries per reactor.
The basis for normalization is a calendar year consist-
ing of 300 days of power operations and one refueling/
maintenance shutdown period, a concentration of 1-131
in reactor water of 1 lCi/kg, a carryover of 1-131 from
reactor water to reactor stedm of 1%, and full-flow
condensate treatment. Adjustment factors would be
applied to plants with parameters varying from this
normalization basis to determine the annual 1-131 air-
borne release rate for future BWR environmental impact
assessments.
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