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ABSTRACT

Airhorne wdimn-131 releases tram BWVRS are decreasing based on an eviluation of 31
reactor -years o aperating plant data An mdependent analysis of extensive 1 131 measure
mients sponsorecd by the Electric Power Research Institite adwcate an qrial nosealzed
relase of premental ocine (1) to be 25 aulhicuries per reactor. The basis tor normalizi
ron s o calendar year conssting of 300 days o power operations aned ane telupling
maintenance shutdovm period o concentration of 1-131 in reactor water 0! 1 uCi kg,
a crryover oF [ 131 fram reactor water 1o reactor steaen of 10 wnd fal-thoy condeosate
treatment. Adgustenent Lactors would be applied to plants with pararneters varying e
this norms heation basis to deternnne the annual 1-131 airharne celease rate for Tature
BWR evvironmental inmpact assessiients

Actual measurements ot 11310 activity i mifh produced on farms near BWRs wrchicite
that ot anantfant consumed this nutk at a rate +f 300 liters por year, conservative assumy
tons, then the thyrond dose due to 1-131 ingestion would amount to munch less than one
mulhren This dose estieiate 1s a decade less than the United States Nuclear Regulatory
Camnussion dose olyective lodme-131 airhorne releases (rom operating BWRs have not
hean sigruficant causes of dose via the plant arrhorne release-grass-cov-nulk <infant
pathway, nor are they anticipated to he in the foresceable future.
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1. INTRODUCTION

Thay amendment 1o NEDO-21159, March 1976, “Airhorne Releases from BWR's for Envionmental Timpact
Evaluatians,” updates the onginal teport with new information on rodine=131 {1-13 1) teleases from ventilation systems,
New information ncludes 1-131 retease measurements from July 1975 to about December 1976, | 131 reactor watet
concentrations in domestic BWRs and improved-fuel exposures to December 1977, plus an evaluation of 1-131 release
measurcments that allows for the projection of current results to future BVYRS.

No new ainformation saecluded in thes amendment about noble radiogas or particutate releases.

For environmental tnpaet assessments of BWRs results are summanized in Section 2. These resolts for 1131
mrhorne reledses ate presented on a “noemabized” basis. The reader may recall that the ongimal version of NEDO-21159
(Mareh 1976) teated e release data on an “as 8” basis. 1n NEDO-21159 o limuted evatuation indicated that the
1-131 tetoases coutd be corelated to 1-131 reactor water concentrations. This amendment mchudes the tesults of @
mote extensive evatuation of 1-131 release data normahized 1o reactor water concentration and other plant performanc:
parameters. The nommabizane sy basis s defined as follows:

1. a calentiar year consists of 300 days of power aperations and one refurling/maintenance shutdown period,
? acancentrgtion ot 1-131 0 reactor water ot 1 uCi/kg,

3 aarryover b 12131 homoieactor water to reactor steam of 1%, and

3. fuli-tryy condensate redatment,

Fora plant vath parieneters vanying from any of these valaes adjustment factors would be apphbed to the nor -
malized el tates to deternune the 1-131 anhote relegses from BWRs. Furthermote, for proper enviconmental
gt evgliatiang the 8131 seleases st mclude percentages of each species of 1-131 from BWR reactor, tutinne and
tadwaste butddmg ventilation exhausts and the gland seal steam/mechanical vacuum pump discharges. The results for
131 are haved onneasarements o venbilation exhausts without charcoal treatment.

The results reported o Sectron 2 establish a quantitative relationship between 1-131 airborne releases to the
snvitons of BWRs and plant pacimeters, including 1-131 reactor water concentration. In addition Section 2 presents the
tesults o asgndbicant analysis that indicates a general downward trend in actual 1-131 telease rates at four BWR plants,

The auborne 12131 relvases trom carrently designed BWR process off-gas treatment systems have been estrmated
te i essentially zoro (Reference 1 1),

In NEDO-21159 (March, 18976) reference was made to 10CFR50 Appendix | in order 1o establish realistic
estimates of oftaite doses from nuclear power plant airborne effluents. In this amendment, Appendix 2A presents
selected quotations from the Nuclear Requlatory Commissioner’s opinion on Appendix |, for the reader’s convenience
{Reterence 12) The quotations trom the Commissionue’s are included in this amendment to re-emphasize the impor-
tance of realistic dose assessments and the end to i ctions in already conservative dose objectives. The dose objectives
stiputatea 1in 10CFRS0 Appendix | are understood to be firm values which are not expected to be reduced in the future
due to superior performance by BWRs (Relerence 1.3).

Section 3 of this amendment presents 1-131 release measurements on an *‘as is'' basis. These measurements
include routine operating plant data for about 31 reactor-years, data for about 3.8 reactor-years from special measure-
ments sponsored by the Electric Power Research Institute (EPR1), and other short-term measurements by the Nuclear
Regulatory Commission (NRC) and the General Electric Company (GE). The measurements of 1- 131 species--particidates,
elemental iodine, hypoiodous acid and organic iodine~ are presented in Section 4. The following section presents data
for the 1-131 concentrations in milk produced on farms near BWRs: this is new information that was not included in
NEDO 21159 (March, 1976). An empirical correlation has been developed bLetween 1-131 concentrations in milk and
distance from the plant,

Section 6 presents hackground information relative to 1-131 carryaver 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
urements on a normahized basis ineluding statistleal and trend analysis




The results for | 131 arhorne measurements are presented in Section 7. These results include average values for
the 1131 species, summaries of the utility and EPRI data. In addition an empirical relationship 1s shown that indicates
the overall elfect of improved fuel performance on 1-131 reactor water concentrations in BWRs. The results of this
study for the qenenc determination of annual 1-131 releases from BWRs are vertfied by test against an independent data

set, 3 reactor years of measurements from the Browns Ferry site duting 1977, The results of this venfication are pre
sented in Section 7,

1.1 REFERENCES

VY Guueney, ROJ and C0 W, Miller, Fetwuary 1977, NGG SJAE Oft-Gas Treatment System,” Geneeal Eleetric
Corepany . Lwensiig Topueal Repore, Class 1. NEDO-21056, Section 6.6.

122 Unned States Nuclear Regulatory Comnussion, Aprd 30, 1975, “Opuvian ol the Commussion, Tn the Matrer ol
Rulemabing Heatma Numaericat Gudes tor Design: Objectives and Linuting Conditrions tar Opetstion to Meet
the Cotenon "As Low Ay Practicable” for Radioactive Material i Light-Water- Cooled Nuelear Power Reacter
£ {fluents,” Docket No, BM- L0 2 :

1.3 Kahan, R S and Y. Feige, 1977, “The Wide Matgin of Implicit Builtan Satety Factors in Current Radiation Pro-
tection Standards,” Health Physies 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 anatysis of actual
aitborne 1-131 release rates. The data base and methods used to develop these results are described in the tollowing
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 basts of extensive special studies of 1odine-131 (1- 131) airborne releases the normatized annuat anborne
retease 0f [-131 in elemental form s 25 millicuries per year per reactor, see Tables 2-1 and 2-2, Relative 10 elementdl
1-131, the results indicate that about 75% of the iodme is released from the turbine bunlding with the reactor bunlding
bemng the next largest source, 15%. The other sources of elemental 1-131 release are naminal, see Table 2-1. Elemental
1-131 15 the pramary form of indine tor environmental impact evaluations of agricultural pathways because 1s relatively
tugh deposition velocity compared to other identified species in BWR airhorne releases.

Aithorne release rosults tor non-elemaental 1-131 species are presented in Tables 2-3 and 2-4.

lodine-131 normalized releases presented in this amendment are based an measutements sponsored by the
Eiectric Power Basearch Institute. and conducted by Nuctear Environmental Services at three BWRs, namely, Vermont
Yankes, Monticello, and Oyster Creek. There are about 4 reactor years of special measurements at these different types
of BWR's. Oyster Crovk is the ulidest plant, commissioned 1n 1969 and Vermont Yanken, which began commercial
power generation i 1972, 15 the newust of the three,

The cumulative calendae (]U:Hll"lv.l-13‘| releases were correlated by least-squares teqression analysis, This analysis
consiclors reactors for whieh 1-131 ventilation release datd are available for at least 2 vears. For correlation purposes
data from the first yvear, or so, of reactor operations were eliminated to discount any start-up effects that would have
ased the pesults downwards The correlation s of the form

where vy ant

v oo camulative 12131 reledss, mithicurtes
v vumulative plant operating time, months

a.b - constants determined by regression analysis

For the evaluation of trends in 1-131 release rates, the important term is the exponent, b, hecause the exponent
is an index of whether releases are increasing (b > 1), decreasing {b <0 1), or constant (b = 1). The correlation results
are summarized in Table 2 5. The b results listed in the right-hand column of Table 2-5 indicate that the 1-131 ventila-
tion releases trom BWR' s are on the decrease.

Trond analysis results are also graphicatly summatized in Figure 2-1. The ordinate of Figure 2-1is a “normalized””
index of 1-131 releases useful to monitor trends. The ordinate is the ratio of the calculated deviation between the
observed and correlated values at each period 1o the standard error of estimate” of the correlation. Negative deviations
indicate decre sing 1-131 release rates, and conversely. This parameter is analogous to the number of standard deviations
that a sample point is from the sample mean. In Figure 2-1 the tail- mds of the curves are below the mean by mare
than two “standard deviations’” for thiee of the four BWR plants; namely, Pilgrim 1, Manticello and Quad Cities 1,2,
There has been only a slight ducrease i release rates from Dresden 2/3 over the last few years; its 1-131 releases have
bheen relatively small,

* The standard error of nstimate, S¢ s defined a5 lonuws.l

Y
Sé s ) (YI-Y') Hn=2,
v 1
where " number of sample ponr
Y, observed value ol dependeny cgriable,
A ‘

Y, petimated vatue of Y, by regression equation,

LOstile, B.. and R. W, Mesing, 1975, Statistics in Research, 3rd ed., Ames  The lowa State University Press, p. 170
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Term Specitication,”” Ametican Nuclear Society, ANS-18.1, ANSI N237-1976 (Approved May 11, 1976), Table 5.

22 Lin, C. C. and H. L. Kenitzer, July 1977, “Fission Product Transport Measurements at Brunswick-2,”" Generat
Electric Company, Internal Document {Draft), Figure 5.
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Table 2-1
NORMALIZED ¢ ANNUAL AIRBORNE RELEASES OF ELEMENTAL I0DINE-131 FOR
ENVIRONMENTAL IMPACT EVALUATIONS OF BWR's

Elemental 1-131 Release®

Source Millicuries Per Year

Building or Exhaust Per Reactor Percent
Reactor? -8 15
Tutbinegr ' ¢ 190 76
Radwaste 13 5
Gland Seal Steam and 11 4

Mechanical Vacuum Pump®” "%

Totat”™ 25 0 milhcunes - 1006
Notes

(a) Rasults are normahzed 10 the toliowng condtions (1) & calendar year consisting o 3t ddys 0 DOW A Owrations ana one
retueng mantenance shutdown penor 1) d cONCOMIatonr of | 131 10 raactor water it t 0, .-6 i3 A carryover o1 23 o
reacter water 10 reactor Steam of 1% ang (4} tull flow condensate treatrent

(d The elemental ixgine (] form of 1 131 15 identhed as that pOron of the arborne refease Fapped Dy CadMum widee Adsorhent
I (he 10ine Specres sampit, sae Section 4

{c) Normahzed reloasns are based on an | 131 reactor wdter concentration of 10 uCikg Fur BWH & w 1n othee thgn g concen

trabon . adust rafeases i drect propormon 1o the expacted b 131 reach water concenrtrgtion On the bdass 0! salercted measure

ments n 1972 at saveral BWI s an i 131 reactor water concentraton of & uCi/kg has been used 100 envitonmantal impact
assessments (Heteronce 2-1) On the bas's of this evaluahons analysis of 1975 ana '4°6 operatng data from 15 domestic

BWH s the grpected 1131 reactor water concentration for future BWR s with 100 impraovedt tunl and tuli How cundansate

treatment is 0 6 uCirkg However this concentrabon should stit be coNservativee becauss 1 is BASEd Ir part on (e pertormar -

of old-type fue! isee Section 7} .

Reactor bullding reloases are based on BWHR Mark 1 contanments For BWR Mark i antanmensts use S0, of the Mark |

reactor buiding result for to the auxtary and fuet buddings and 50% for the Mark 11l containment tulding

For BWRs with dnep-bed condensate treatmant systems ar powder piants with stainiess steel Condenser lubing multiply above

tesults by 1 S and lor ptants with powder Systems myultiply results by 0 4 1see Tadie + 1y

(th For BWRs with torward pumped flow multiply above results by 025 intrease r0actor and radwasto buiding releases by 1 7%
{Reterence 2-7)

1q) Gland seal steam release s based on BWHR s without the use of an guviiary Dorer for — ean stpam lor BWH & with a

sepneate stoAa supply, the gland seal teled.e should be gvided by 1000

Normatizad releases aisume one refueling mantenance outage per year and 300 duay . of Power genetaton operations for

HWH 5 with 10nQes funt cycles the annua! reiedses should be Adustea 10 the CyLle Dot «f s Tabte @ 2

(¢

(e

{h

- Table 2-2
NORMALIZED ANNUAL AIRBORNE RELEASES OF ELEMENTAL 10DINE-131 ACCORDING
TO PLANT OPERATING MODE FOR ENVIRONMENTAL IMPACT
EVALUATIONS OF BWR's *

Elemental I-131 Release
Millicuries per Year per Reactor

Source | Plant Operating Mode
Bullding or Exhaust Power Generation Retueling/Maintenance
Reactor Building 34 0.40
Turbine Building 18.0 0.97
Radwaste Building 13 0039
Gland Seal Steam 1.1 .
Mechanical Vacuum Pump . 0 006

Total 23.8 142

-

Notes (a) See Nates isted n Table 2

2-3
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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 « *-

Species 1-131 Release, Millicuries per
Year per Reactor

Source

Building or Exhaust Particulate HO! CH !
Reactor Building 10 15 32
Turbine Bulding 6.4 49 3o
Radwaste Bulding 018 048 ) 34

Gland Seal Steam and
Mechanical Vacuum Pump 0.88 39 131
Totals 85 108 227

Heten 1a) S00 Notes hatoa i Tabte 2 9

11 1131 Species are antussod in Sechion 4 particuldtes correspond o 1 131 trapped on samgier hiter Papeer HO means
hypousdous acitd and trappod on paodopheno! adsorbont. and CH Jl meany Mathyl idichs o 1 1401 Specass whuch ponuttiates
the fodowing adsorbents biter paper cadmium odide and p axlophenot The CHal s fraapgusd by charcoal impregnated
with TEDA (o Sitver 2eobte) Actual chemicat analyses may indicate felatively Small arnounts of Other OFgaKe Compeurds
10Ame- 131 $Ppectos are SUMMAnzZed on a percentage basis lor the vamus soutc ey, and AN Operatingg mordes in 1able 4 H

{c
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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 *

Species I1-131 Release, Millicuries per
Year per Reactor

Source Specles
Building or Exhaust Particulate HOI CH,l
Reactor Buiding 0.079 0.65 0.46
Turbine Bulding 0.17 14 0.99
Radwaste Building 0.005 0066 069
Mechanical Vacuum Pump 0.012 0.006 6.0
Totals 0.266 2122 814

Notes (3) See Notes isted s Tadle 21 .
(D) fohine 131 species are summarzed O 4 parcentage basis 10r 1he varous sour es and plant operating modes 1in Tabin 4 &

2-6




Plant

Dresdon 2/3
Dresden 2/3
Dresden 2/3
Quad Cities 1/2
Quad Cities 172
Quad Cities 1/2
Monticello
Montucello
Monticello
Pignm 1

Pilgnm 1

Pignm 1
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Table 2.5

CORRELATION OF LONG-TERM TRENDS IN ACTUAL
1-131 AIRBORNE RELEASES FROM BWR VENTILATION EXHAUSTS

Exhaust

Reactor Bidg.

Reactor Bldg
Reactor 8idg
Reactor Bidg

Reactor Bidg
Reactor Bidg
Roactor, Turbine

and Radwaste Bldgs

Reactor, Turbine

and Radwaste Bidgs.

Reactor, Turbine

and Radwaste Bldgs

Reactor. Turbine

and Radwaste Bidgs

Reactor, Turbine

and Radwaste Bldgs.

Reactor, Turbine

and Radwaste Bldgs

Correlation

Operation Period Elapsed Time Exponent, b

Montii/Year Months Operational Perlod
Overall Recent
startup * 12 not calculated
{7/71 and 11/71) to 12/72
1/73 to 12/76 48 1.15 —_
1/75 10 12/76 24 - 095
startup ? 10 not calculated
(8/72) 10 6/73
7/7310 6/77 48 1.19 -
1/76 10 6/77 18 —_ 071
startup * 30 not calculated
(7/71) 10 12/73
1/74 t0 12/76 36 1.00 -
117610 12/76 12 - 004
startup * 22 not calculated
(12/72) 10 9774 ]
10/74 10 6/76 21 129 -
7/7510 6/76 12 - 044

Notes  1a) Stacup s delnea here as fest mantt of commerclal senace

b1 Corretanon 15 of form y

ax’ whare b 15 cafled the correlation exponent, y 1S the cumulative 1-131 tnlease. and x 1s the cumulative time.

?2-6
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3. AIRBORNE IODINE-131 RELEASE DATA

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

A few special measurements have been performed by the General Electric Company and the Atomic Enerqy
Commission (now the Nuclear Regulatory Commission), These results were previously reported in the original version
of NEDQ 21158 (March 1876}, 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 some instances, data
were obtained from plant records. These data are obtained by routine procedures of health physicsichemistry pr.sonnel,
The results provide 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 available for total plant ventilation exhaust tefeases from January 1973 to June 1976
{References 3-1 10 3-7). These datd are presented in Figure 3-1 and listed in Table 3-1.

Figure 3-2 presents the distribution of quarterly releases of 1131 for the total plant ventilation release, including
the total of the reactor, turbine and radwaste building exhausts. The plant operationa! 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

For the Dresden 2/3 reactors data are avinlable for the reactor building ventilation release up to December 1976
{References 3-8 to 3-22) Faguree 3-3 sllustrates the chronology of 1-131 ventilation releases from the Dresden 2/3
teactors from 1972 1o 1976, inclusive. 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
data, 16 calendar quarters the arithmatic mean is 0.026 curies/quarter per 2 reactors, and the standard deviation is targe
a1 0.013 Cy/quanter. The Jarge vanance is partially due to one outlier because of an unusually high 1-131 release that
occurred dunng the fourth quarter of 1974, as shown by Figure 3-3. Rejection of this value, leads 10 a slightly lower
mean, 0.023 Ci/quarter 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 refease recom-
mended in the original version 1 NEDO-21159 {March 1976).

Duting 1975 and 1976 the 1-131 reactor water concentrations at Dresden 2 and Dresden 3 ranged from ahout
02105 uCi/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 10 3-35).
Figure 3-5 illustrates the chronology of 1-131 releases from the Quad Cities 1/2 reactors, and Tabte 3-3 lists the data
on a quarterly basis.

The Quad Crties 1/2 reactor huilding ventilation releases of 1-131 are normally distributed, as at Dresden 2/3,
see Frgure 3-6. For the last B reactor-years of operations the mean 1-131 release is 0.0394 curies per quarter for 2
teactors. The standard deviation 18 0.016 Cirquarter which yields a 36% coefficient of variation. This degree of variation
is almost the same as for Dresden 2/3.

341 '
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The average annual 1-131 release for the reactor building ventilation release 1s 79 millicuries/reactor. This value 1s
about 10% less than the reactor building release recommended in the original vetsion of NEDO 21159 {March 1976).

Ourning 1975 and 1976 the 1-131 reactor water concentrations at Quad Cities 1 and Quad Cities 2 vange hrom
shout 03 to 40 uCi/kg. During 1975 the 1-131 concentrations were greater at Quad Gities 2, however, duting the
latter-halt of 1976 both reactors wete operating with §-131 concentrations of about 2 to 3 pCikg This 1w general
decrease in concentration with time which is reflected in lower 1:131 reactor buntding ventilation releases, see Figure 3 5

3.1.3 Northern States Power Company (Monticello)

todine-131 ventilation release data are presented (rom January 1974 to December 1977 for the Monticello plant
(Reterences 3-36 to 3-42). Figure 3-7 presents the chronology of total plant ventilation 1eteasss, plant ventilation
releases are the sum af e reactor, turhine and tadwaste buitding exhausts. These data ate bsted i Tabte 3-4.

The Monticello total plant 1-131 releases are lognormally distributed prior to 1976. data tin 1976 are nonmanly
distnibuted, see Figure 3-8. Note Figure 3-8 plots the 1976 data on lognormal probatnhity paper for convenntnce onty
The change in distibution type occurred a'ter the refueling'maintenance outage 0 Late 1975 After thes aatage the fuel
was pamanly of the anproved type (GE fuel type, “Bx8') and variations in 1-13Y reactor water concentrations were
small Prior 10 1976 1-131 reactor water concentrations tanaged trom about 10 to 200 uCikg, i 1976 concentrations
were qenetally betwenn 4 and 10 pCitkg with a decreasing trend,

The actual average (geometrnic mean singe datg are tognormally (hslrihut'ndl 1- 131 telease from the reacton, turbine
and tadwaste bulddings at Monucelto 1s 0.31 Coguarter wath a grometric standard deviation of 29 This retease exteneds
over 2 reactor years of operation. For the one reactor year of operation (1976) after complete incorporat:on of
improved fuel, the total plant ventilation 1131 release 1s an average of 0.015 Ci/quarter wit HMticient of vaniation
of 24%

The change trom old-type fuel to mproved tuel has decreased the average 1-131 plant ventitstion selease by
approximately a factor ot 20, Further decinase in plant 1-131 release would be expected as tesidual tramp uramum in
the reactor vessel o “burned up ™

3.1.4 Philadelphia Electric Company (Peach Bottom 2/3)

There 15 a himited amount of data for 1-131 releases via a total.plant ventillation exhaust at Peach Bottom 273
{Reference 3 43). For these two reactors, the 12131 selease data are available for the tust 9 months of 1976, see
Tables 36 and 3 6. Since the data base is only for 1.5 reactor years it is of fimited use in estabihishing tong term trends.
However, it 1s presented here because the data are useful when combined with the analysis of 1131 1n milk produces
on farms in the environs of the plant (see Section 5).

3.2 MEASUREMENTS BY ELECTRIC POWER RESEARCH INSTITUTE

The Electiie Power Research Institute sponsored Nuclear Environmental Services (NES) to petiorm measurements
of aiborne releases at three BWR's This repart summarnizes 1-131 refease data avalabte 1 the various stuchies i the
peaod of June 1974 through Decembies 1976 for Oyster Creek, Monticello and Vermont Yankes (Referencey 3-44
1o 3-47). The fust phase of studies at Vermont Yankee were sponsored by the Yankee Atonme Electice Company
(Reference 3-48).

In this section the data are simply tabulated. In Section 6.4 graphs are presented of the 1-131 refeases as 4 function
ot time. These graphs present the 14131 release information on a normalized hasis, that is, the actual 1-131 teleases
for each sample peniod are divided by the actual average 1-131 reacior woter concentration during the same period.
Normalized releases allow a comparison of 1-131 airhore relea<ss from each building ventilation exhaust at cach BWR
stuched vn a commaon basis. Tables 3-7 to 3-19 tabulate the EPRI sponsore § data; Tables 3-7 to 3-9 are tor Vermont
Yankee, Tables 3-10 to 3-12 are for Monticello, and Tables 3-13 to 3-16 ire for Oyster Crevk. Far each plant thess
tables present information in the following sequence: average 1-131 release rite (¢Ci/s), total 1-131 release (millicuries),
and average 1-131 reactor water concentration (g2 Ci/kgl and power level . % of tated). The resutts are in chronalogical
order by plant, Table 3-17 presents some miscellancous data obtained at Oyster Creck The total 1-131 releases are
summarized for each ptant in Tables 3-18 and 3-19, However, tor practical purposes these latter results are not directly

179



P
-

e et e e e e e
. . . » e

sy

NEDO-21159-2

uteful because of ditfersnces in sample time, plant operation andd fuel performance. These vanables are accounted for
in Section 64 Thus the results presentsd in Tables 3-18 and 3-19 are listed onty for possible information needs nt the
teader ann the results are not applicable as 1-131 “‘source terms’ for environmental impact evaluations of BWR's.

3.3 MEASUREMENTS BY NUCLEAR REGULATORY COMMISSION

Table 3-20 15 a summary of NRC measurements conducted during 1972 and 1973 (Reterences 3-49 and 3-50)
This table appedred as Table 3-28 i the onginal version of NEDO-21159 (March 1976). Refrrences 3-51 and 3-52
contain mtormation by the AEC that contirms the measurements at Dresden by Commonwealth Edison personnrl

3.4 MEASUREMENTS BY GENERAL ELECTRIC

Table 3-21 45 a summary of GE measurements conducted duning 1971 10 1974 (Reterences 3-53 to 3-60)
This table appeared as Table 3 290 the onginal version of NEDO-21159 (March 1976). One data point has been added,
namely tar amechanicat vacuum pump 1- 131 retease at Milistone Point 1 during a bireet shutdown on September 1, 1972
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BUILDINGS — REACTOR, TURBINE, AND RADWASTE

Year

1973

1974

1974

1976"

arnthmetic mean* = 0 14 Ci/quarter (October 1974 1o Docombcr 1976)
standard deviation =~ 0.16 Ci‘quarter
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Table 3-1
IODINE-131 AIRBORNE RELEASE

PLANT — PILGRIM 1

Quarter

1st
2nd
rd
4th

15t
2nd
3rd
4th

1st
2nd
Jrd
Jdth

15t

2nd
3rd
4th

Notes  (8) Non-Detactadle Actvty
(b) Data 100 tarter-hait 1976 not gvadlable

1c) Diwcounts mitial penod of commercial power qeneuhon Operationy

3-7

lodine-131 Release
curies'quarter

0 00429
0 05952
001606
001024

000283
ND*

0 00831

0 1449

0 2306
0 4020
0492

00735

0.189

0.0609
00325
0 0507



Year

1972

1973

1974

1975

1976
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Table 3-2
IODINE-131 AIRBORNE RELEASE
PLANTS — DRESDEN 273
BUILDING — REACTOR
1131 Release
cuties per
Quarter calendpr quarter
1t 0019
2nd 0011
3edt 001)
41h 0 006
1t 00230
2nd 00100
3rd 00124
ath 00320
st 00259
2nd 00189
et oonz
4th 0 0664
1st 0 0200
2nd 0019
Jded 00170
41h 0013
1g¢ 00257 -
2na 00238
g o0In
4th o002

Standard Deviation

Amtnmetic mean telease (197310 1976) 0024

Cirquarter
0013 Ciquarter

Note (2) The penod shmaates feleats (s Sumng b3l youe

(apptLawmaiely) O COMVmEv M) ¢ Dor 20N



Year

1972

1974

1975

1976

1977
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Table 3-3
IODINE-131 AIRBORNE RELEASE
PLANTS — QUAD CITIES 1/2
‘BUILDING — REACTOR

Quarter

3rd
4th

1st
2nd
3rd
4th

15t
2nd
3rd
4th

1st
2nd
3rd
4th

tst
2nd
3rd
4th

1st

2nd
3rd
4th

1-131
Totgl curies released
per calendar quarter

0.00620
000303

0015
0135
0253
0370

ocoopo

0257
0389
0498
0586

(o oo N e

0327
0376
0737
0534

cooo

0498
0302
0307
0243

cooo

028
037
042
053

oo oo

Arnthmetic mean * 0 040 = 1-131 curies/quarter
Standard deviation = 0.013 Ci/quarter

Note (a) Average calculated for period of 1873'3rd quarter to

1977 41n quarter, inclusive (the last 43 years). average
release axcludes oata during first yesr (approximately)
of commercial operation

3-9




Year

1974

1976

1977

. o s
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Table 3-4
JODINE-131 AIRBORNE RELEASE
PLANT — MONTICELLO
BUILDINGS — REACTOR, TURBINE, AND RADWASTE

fodine-131 Release

Quarter curles/quarter
15t 04658 \
2nd 0.1531
3rd 04638
4ath 0.2931 > geometnic mean 0312 Ci quarler
st 0.2049 geometnc standard deviation
2nd 0.7052 - 2.93
3r¢ 1.5005
41h 0.0426 )
1st 0.0193 ) Anthmetic mean  0.015 Ciquarter
2nd 00126 \
3id 00116 standard deviation  0.004
4th 0.0170 Cirquarter
st A 000731
2nd 0.00563
3rd 0.00421
4th 0.00135

Note  The aramali decrease (See Frgure 3-8 1131 release which occurfed in the 4th quarter of 1974
and therpaltet 1s pnimarily due 10 a change in tuel The entire coro has been almost completely
changed 10 impraved tvpe Geneeat Electnge tuel

Table 3-5
IODINE-131 AIRBORNE RELEASE
PLANT — PEACH BOTTOM 2
BUILDINGS — REACTOR, TURBINE AND RADWASTE

1-131 Release,curies/quarter

Year Quarter gaseous particulate
1976 1st 0.06 0.0072
2nd 0.13 0.00365
3rd 0.17 0.0098
Table 3-6
IODINE-131 AIRBORNE RELEASE
PLANT — PEACH BOTTOM 3

BUILDINGS — REACTOR, TURBINE AND RECOMBINER

1-331 Release,curies/quarter

Year Quartet gaseous particulate

1976 1st 0.00239 0.00187
2nd 0.232 0.00496
3rd 0.080 0.014

310
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Nominal
Sample Period

Month/Day/Year

620-7"2i74
72-7974
79-72374
723-73074
7:30-8B 13 74
813-827 74
8:27-912 74
914-927 74
927-101074

10/11-10/113/7%

10.13-10 14 74
10 14-1031 74
1031-111 74
111-111874
11.18-122 74
122-12674
126-1227 74
1227-12875
1'28-2 1475
214-3575
3.5-3875
38-32675
326-410-75
410-4:26'75
4:26-5875
58-562975
5:29-61375
613-62675
6'26-7.1075
7:10-72975
729-81375
813-82875
828-~919.75
919-107.75
107-10.2175
1021-117:75

Reactor
(0.001)

38
240
42
26
19
18
42
39
1.1
180
230
a50
160
170
120
12
0064
0016
0009
0.064
0.005
034
0034
0034
0.029
0020
0042
0.0223
0048
0026
019
0.10
0021
0031
0.069
0.022

Notes (1) NS means no sample taken

NEDO-21159-2

Table 3-7
AVERAGE 1131 VENTILATION RELEASE RATES

PLANT — VERMONT YANKEE
. DATA SOURCE* — EPRI/NES
Average 1-131 Release Rate, uCl/s

Turbine Radwasle
(0.001) (0.001)
14 15
22 40
11 24
15 1.7
15 1.1
16 14
26 1.5
1.5 3.0
075 14
NS
4.7 NS
82
56 1.6
086 065
0032 038
0.040 027
0.023 NS
0.025 0016
0016 0012
0018 0014
--0008 " 0.030
0032 0035
0047 0012
0027 0.0088
0.060 0017
0075 0016
00142 0.0086
0.037 0.021
0.057 0.028
0031 0042
0030 0.010
00077 00020
0.039 0.0060
0032 0014
0024 0.039
0.0081

0050

(2) Notation exampie Reactor Building release rate 6:20-7.2' 74 18 0 0035: Cv's
{3 Retueling mantenance outaqe franspirad 10 1110 121374

a Coilected 1 71012875
b Collected 6261072975
*Moasurements Irom 6 20'74 10 7 30 74 were sponsored by Yankee Atomic Etectric Company

Gland Sea!
and MVP
(0.001)

05
500
037
049
044
040
032
NS
036
420
1100
NS
130
062
0.17
0.18
NS
0030
0020
0.037
0021
0087
0025
c0190
00131
00696
0.00736
00155
00306
00258
o0z
0020
NS
0050
0014
0.024

Stack
(0.001)

NS'
NS
NS
NS
NS
NS
NS
92
55
NS
NS
160
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.130"
037
013
0068
0094
025
077



Nominal
Sample Period

Month/Day/Year

620-7.2.74
7-2-7974
79-72374
723-73074
7.30-81374
813-82774
827-91274
914-92774
927-101074
1011-10 1374
10 13-10 14 74
10 14-1031 74
1031-11174
11 1-1118 73
11 18-12274
122-12674
126-1227 74
1227-12875
128-21475
214-3575
356-3875
38-32675
326-41075
4:10-42675
4.26-5875
58-52975
529-6'1375%
613-62675
6 26-7.1075
710-72975
729-81375
813-82875
828-91975
919-1017.75
107-10.21.75
1021-11.7.75

Sample
Period
Oays

12

7
14

7
14
14
16
13
13

2

!
17

1
17
14

4
21
32
17
19

3
18
15
16
12
21
15
13
14
19
15
15
22
18
14
17

Total 1-131 Release, millicuries

Total sample time, days

Notes (1) NS means no sampie taken
(2) Release ratos reported as less than (- ). Table 3-7, were ireated as equa: to (- )
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Table 3-0
ACTUAL 1-131 VENTILATION RELEASES

PLANT—VERMONT YANKEE
DATA SOURCE — EPRI/NES
Total I-131 Release, millicuries

Reactor

3629
14 515
5080
15672
2298
2177
5806
1123
1236
3110
1987
6610
1382
24970
14515
0415
0116
0044
0013
0105
00013
0.5288
0.0441
0.0470
06301
0.0363
00544
0.0250
00581
0.042/
02462
0.1296
00399
00482
0.0835
00323

——

151.641
502

Turbine

1452
1.331
1.331
0907
1814
1935
3594
4380
0842

6903

0493
1263
0039
0014
0042
0069
0024
0030
00021
0.049
00609
00373
00622
0.1361
00184
00416
00689
0.0509
00389
00100
00741
00498
00290
00119

27205
502

Radwaste

155%
2419
2903
1028
1331
1693
2074
3370
1572
NS
NS
1204
0138
8955
0460
0093
NS
0044
0018
0023
00078
00544
00156
00122
00176
0.0290
00115
00236
0.0339
0 .o89
0.0130
00026
00114
00218
0.0472
00734

32.160
478

Gland Seal
& MVP

0518
30240
0448
0296
0532
0484
0442
NS’
0404
NS
9504
7258
1123
o9n
0206
0062
NS
0.054
0029
0061
00054
01353
00324
00263
00136
0.1263
0.0954
00174
0.0370
0.0424
00220
0.0259
NS
00778
0.0169
00353
53.281
418

(31 Sampie poriod for gland seal & MVP releasa was taken 10 be 21 da, > COr*2SpONaNg 10 cosechon penod of 177 1o 1/28/75
4) Stach retease not tabutated because release includes process off gas
15 Actuati-131 Release Data are summarized in Tables 3-18 and 3-19

1M



Nomina!
Sample Period

Month:Day/Year

leL1117 74
1120-12 374
125-121874
1218-1€ 75
18-197%
113-1'1575
19-113 and
115.12275
122-277%
27-22275
222-31075
310-32575
325-4775
47-42175
421-5575
55-51775
519-6575
65-62375
623-7875
T8-72275
711-73075
85-82175
821-9375
93-91175
911-92575
925-10'1575
10 15-102775
1027-11'1475
1114111775
11 17-11.1875
11 18-11°1875
11 18-11.1975
1119-11 1975
1118-112075
11.20-11.21 75
1121-11:21.75
11:21-11,22.75
11.22-11122:75
11:22-11/23'75
11.23-11:23'75
11:23-11/2475

AVERAGE 1131 VENTILATION RELEASE RATES
PLANT—MONTICELLO
DATA SOURCE — EPRI'NES

Reactor
(0.001)

210
22
16
91
61
27
18

68
31
81

22

14

21

NS

77

36

58

77

210
54
83
100
53
48
NS

20
018
00149

0.0425 -

NS
01296
00141
01508
03398
03611
04248
04885
0.4248
04885
0.7646

Notes 8 Sampling penod 55-51275 .
b This data puvt and subsequent turtine building rates excludes MVP equipment compartment
exhaust because nNO samples were taken

{1) Refuehing maintenance outages transpired 1.8-27/75 and 911-31:172.75

(2) NS means no sample laken.
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Table 3-10

Average Release Rate, .Cis

Turbine
(0.001)

37
19
94
70
41
34.
39

68
28.
18
20
44
37,
51
52
41,
29
34
54.
41,
56
110
57.
53
14
02
0065
00188°
00538
01076
00807
00829
00798
0.1067
0.1573
0.4490
02634
03725
03488
03634

3-14

Radwaste

{0.001)

53
26
14
18
12
14

064

028
045
026
NS
11
084
1
14
35
53
75
96
85
37
64
33
29
025
0.029
035096
NS
00107
00213
00160
00160
00304
00533
00693
0.0405
0.0533
00587
0.0491
NS

Roof-Vent

(0.001)

30
44
27
18
11
65
58

14

31.

26
42
59
59

130
81

93.

120
250
93

140.

210
110
56

2
0

NS

NS

2
25

NS
NS
NS
NS
NS
NS
NS
NS
NS

NS .

NS
NS
NS
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Table 3-9
IODINE-131 REACTOR WATER CONCENTRATIONS AND POWER
LEVELS AT VERMONT YANKEE
DATA SOURCE—EPRIUNES
Average 1-131
Nominal Reactor Water Thermal
Sampls Period Concentration Power
Month Day Year uClkg *e of Rated

620-7273 250 79

72-7974 250 35

7Y9-72371 250 79
723-73074 250 79 i
730-81374 300 79

8 i3-82774 350 79
827-91274 380 79
914-32774 370 73
927-101074 350 79
1011-1013 74 a 0
1013-10 14 74 a 0
1014-1031 74 a 0
1031-111 24 a 0
111-1118 74 a 0
1118-12274 a 0
122-12674 ’ a 0
126-122774 10 41
1227-12875 ) 081 o1
128-21375 078 99

214-3575 089 55 <

35-3875 — —
38-32675 080 78
326-41075 063 ’ 93
410-42675 090 99
426-5875 061 99
$8-52975 071 84
529-61375 "~ 053 36
613-62675 062 67
626-7.1075 062 82
710-72975 061 82
729-81375 067 45
813-82875 064 0
828-91975 : 061 79
919-101775 0.85 96
107-1021.75 0.77 97
1021-11.775 089 99

3 Piant gawn for tetuseting maintanance 10 1110 12 13 74 1-131 reactar water conceniration
data are nct availadle



Nominal
Sample Period

Month‘Day 'Yeat

11 15-1117 78
12 20-12574
1265-1218 74
1218-1675

T8 1975
113-1 15875
19-11275and

11512275
122-2775
2722275
222-31075
310-32575
325-477
4742178
321-5575
55-51775
£§19.6575
65-62375
623-7875
T8-72275
711-73075
85 82175
821.9375%
43-91175
911-92575
925-101575
10 15-1027 75
1627-111475
1113111775
1117-111875
11 18-11 1875
1118-1111975
11 19-11.1975
1119-11°2075
1120-11 2175
1121112175
11.21-112275
11.22-112275
11.22-112375
11:23-11.2375
1123-11.2475

Totals

sample time. days

Notes 8 Sample peniod 18 7 days

ACTUAL 1-131 VENTILATION RELEASES
PLANT—MONTICELLO
DATA SOURCE—EPRI/NES

{dominal
Sample Time

Days
2
15
13
19
1
2
1

15
16
15
13
14
14
12
17
18
15
14

16
13

14

20

12

18
290
10
043
052
049
068
047
068
065
043
063
038
061

360.88

NEDO-21159-2

Table 3-11

Total 1-131 Release, millicuries

Reactor

3629
2851
1797
1494

0527

4 666
17.11

9400
4018
120
24 51
1572
2540
NS
7983
5288
9020
9979
2540
3732
1147
1123
3663
58 06
NS
2074
0280
0.00
0002
NS
0006
0004
0009
00014
002
024
0.18
023
0016
0.040

1119847

3265

(1) Actual 11131 release cata are summanzed in Tadtes 3-18 and 3-19
{2) NS means no sample taken

Turbine
0634
24 62
1056
1149
0354
5875
3707

9400
3629
24,88
2592
4942
4476
6169
5391
6022
4510
44 06
6532
28 34
74
1236
39 40
6411
2419
0207
0103
0.005
0.005
0.004
0.004
0004
0005
0004
0009
0025
0.010
0.020
0011
0019

889.591

3609

Radwasle
0916
3370

1572
20485
0104
0242
0608

0387
0583
0359
R
1256
tO16
1210
0847
5141
8243
9.720
1161
5875
5115
7 188
2281
3508
0432
0030
0015
NS
0009
0008
0007
0007
0002
0002
0004
0002
0002
0003
0.002
NS
74 583

3374

Rool-Vent

n 184
5702
3033
29455

0950
1123
5512

1935
4018
3594
653143
66 27
7137
NS
1348
1190
144 6
1555
3024
64 28
1935
2359
76073
67 74
NS
s 081
0389
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
_ NS
1973 344

3170
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Table 3-12

IODINE-131 REACTOR WATER CONCENTRATIONS AND POWER

Nominal
Sample Period

Month/Day Year

11:15-1117 74
1-20-12 574
12'5.12°18 74
1218-1675

18-1975
113-1/1575
1.9-1:13 and
1:15-4 2275
122-2.7-75
27-2:22.75
222-31075
210-32575
325-4775
47-42175
421-5575
55-51575
519-6575
65-62375
623-7.8'75
7.8-7.22.75
7.22-73075
R/5-821 75
8'21-9:3'75
9:3-9 11:7%
911-92575

925-101575

10:15-10 2775

10:27-11:1475

11/14-11117.75

11117-11:1875

11/18-11,1875

11/18-11:19'75
11119-11/19,75
11/19-11:20.75
11720-11/21/75
11/21-11:21/75
11/21-11/22175

11122-11222/75

11/22-11:23/75

11/23-11/23/75
11i23-11/24/75

Notes a Relueling'maintenance outage transpired 1.9 to 27,75,
b Refueling'maintenance outage transpired 8 11 to 11/17.75,.

LEVELS AT MONTICELLO
DATA SOURCE-EPRINES

Average |-131
Reactor Water
Concentration

uCtkg

72.
83.
07.
85
a

10.
34.
35
39
52.
67.
73
160.
140.
150.
240.
230.
150.
210.
170.

(o e g o gl o gl e g

0013
0.029
0.0783
0433
143
1.83
2.09
283
356
275
272
321

Thermatl
Power
% ot Rated

80
78
75
63

0-100
100
100
100
100
100

Cuitical

Critical
1.2
15.0
21.1
514
494
580
61.0
63.0
64.0
66.0
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Table 3-12a

{ODINE-131 REACTOR WATER CONCENTRATIONS AT MONTICELLO
DURING REFUELING/MAINTENANCE OUTAGES

Sample Date
Month/Day

19
113
115
116
117
25
26
27

911
915
918
922
925

DATA SOURCE — EPRI/NES
Qutage of January/February 1975

Average 1-131

Reactor Water

Concentration
nCi/Kg

54.

42
51
42
3.3
057
1.2
40

QOutage of September/November 1975

190
14,
5.5
0.64
2.1
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Table 3-13
AVERAGE (-131 VONTILATION RELEASE RATES
PLANT — OYSTER CREEK (2/75-2/78)
DATA SOURCE — EPRI/NES

."

Average |-131 Release Rate, uCl/s
Nominal Gland Seal
y Sample Period Reactor Turbine Radwaste and MVP
{ A Month/Day/Year {0.001) (0.001) (0.001) (0.001)
n 222-226'75 075 25. 046 NS
2 226-31275 053 28. 068 NS
| 312-32875 22 28. 049 NS
L 329 41575 53 80. NS NS
T 415-51.75 13 53. 34 NS
f 51-51575 050 46 NS NS
g 515-529 75 020 042 0.048 NS
' 529-6 15675 075 29 0.16 NS
616-63075 11 46 0.15 14
6:30-7.17.75 11 27 0.46 122
717-8575 042 56 1.01 66
85-821.75 033 75 072 22
821-987% 010 33 19 . 55
9'8-929 75 018 47 19 NS
9:29-10 14 75 0.19 095 1.1 NS
10 14-1031 75 0086 NS 056 NS
10°31--11:14°75 0096 7.7 024 "0.55
1114-12475 094 43 1.0 56
12 4-12:1875 0.19 7.0 0.19 20
12/18-1:5.76 12 45 NS 82
1.5-1;22'76 0.18 ' 105 0.109 0.18

1.22-2976 0031 14 0.081 0.0052

Notes (1} Relueting maintenance outage transpired 32 10 5:2975
{2) Refueling maintenance outage transpired 1/576 to 2 976 and continued to 3 14/76
{3' NS means no sample taken

Total
Vent
(0.001)

26
29
31
91
58.
51
067
39
59
43
7.1
86
55
68
22
80
63
75
108
15
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Table 3-13a
AVERAGE 1-131 VENTILATION RELEASE RATES
PLANT — OYSTER CREEK (6/76-11/78)
DATA SOURCE — EPRI/NES

Average [-131 Release Rate, uCl/s

Feedwater Pump/

Nominal Gland Seazl Condensate Pump
Sample Period Reactor Turbine Radwaste and MVP Room Exhaust
Month/Day/Year {0.001) (0.001) (0.001) (0.001) {0.001)
6:16-6/23'76 0.2388 11.49 04632 NS NS
623-63076 02095 11.80 0.2714 0.4321 ] 0.1425
6:30-7.7.76 02168 21.79 0.5554 0.4887 '
7:7-713.76 0.1049 14.19 06074 03397 ’ 01196
- 7.13-7.20.76 01595 12.89 0.1463 06198
7:20-7 27°76 01875 13.99 0.0930 0.4440 l 009894
7.27-8.376 8258 6.464 1.0918 27.803 '
83-8'10.76 0.9990 1371 0.5491 05602
B/10-8.17.76 08125 2120 02003 01118 ‘ 0.2884
8:17-824:76 0.7093 19.19 10176 06616
824-8:3076 1.029 11.22 . 09084 1.9281 009512
8:30-9'7:76 03363 1146 0.4060 1.3619 A
97-9'16-76 0.3563 9.063 0.7462 16420
9:16-923.76 04762 16.72 1.3462 1.9936 01776
9/23-930.76 00406 13.10 44096 24436 '
9:30-10:7:76 0.2831 1443 0.9657 15496
10'7-10 1476 0.2801 1433 05554 1.5794 01438
10 14-10'2::76 02641 1251 04357 1.4095 -
1021-10 2876 0.2298 12.00 1.1554 1.2844 01158
1028-11.4:76 0.2165 12.83 0.6646 12754
11:4-11:11.76 0.2244 12.11 0.5194 1.3470
1111111876 02288 1139 07538 09476 02292
11:18-11;3076 0.1765 1053 06169 12278 02178

Note Plant shutsown for five days between 7.26 and 8 1.76

318

Reheater
Protection
System
Exhaust
(0.001)

NS
NS
NS
NS
NS

0691
1053
1683
1690
09508

1 006

06566

0

~3

524

NS
03783

Pp—
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Table 3-14

ACTUAL 1-131 VENTILATION RELEASES
PLANT — OYSTER CREEK (2/75-2/76)

OATA SOURCE — EPRI/NES

Total 1-131 Release, millicurles

Nominal
Nominal Sample

Sample Period Time .

Month/Day/Year Days Reactor Turbine
222-2267% 4 0259 8 640
226-31275 14 0641 3387
312-3287% 16 3041 38.71
329-4157% 17 7.78% 1175
415-5175 16 1.797 7327
51-5157% 14 0605 5564
H15 5207y 14 0242 0.508

$519.616 18 1166 4510
f16-63075 14 1331 5 564
630-71775 17 1616 3.966
717-8575 19 0689 9.193
BR6&-8217% 16 0456 1037
821-9875 18 0156 5132
98 42975 21 0327 8.528

U910 18 75 15 0246 1.231
1013-1031 75 17 0126 NS
1031 111475 14 0116 9314
114 12475 20 1624 7430
124121875 11 0230 8467
1218-1576 18 1866 6.998

15-12276 17 0.264 1542
122-2976 18 . 0o48 2177

Totat 1-134 Release milbhcunes 24631 376362

Total sample time., ¢ays 351 334

Notes (1) Refuehng maintanance outage transprired 3 29 10 5.29°75

121 Retueling mamtenance outage transpired 1 5o 2 976 and continued to 3 14:76

131 NS means no sample taken

320

Radwaste

0159
0823
0677
NS
4.700
NS
0.058
0249
0.181
0676
1658
0995
2.955
3447
1.426
1823
0.290
1.728
0230
NS
0.160
0.126

21.361

302

Gland Seal
& MVP

NS
NS
NS
NS
NS
NS
NS
NS
1693
1.792
1083
3.011
8.554
NS
NS
NS
0.665
9677
2419
12.75
0.264
0008

51.693

185

Total Vent

8 986
3508
42 85

1337
8018

6169

0810

6.065

7.137

6316
11.66
1189

8 554
12.34

2851

9677
1089

8072
1586

233
422420

316
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Table 3-14a
ACTUAL 1-131 VENTILATION RELEASES
PLANTY — OYSTER CREEK (6/76-11/76)
DATA SOURCE — EPRI/NES

Total 1-131 Release, millicuries

Reheater
Nominal Sample Feedwater Pump " Protection
Sample Perlod Period Gland Sea! Condensate Pump System
Month‘Day‘Year Days Reactor Turbine Radwaste & MVP Room Exhaust Exhaust
616-62376 hy 01344 6 950 02802 NS ’ NS NS
623-63076 7 01267 7.136 01641 02613 01724 NS
6307776 : 01311 13176 03359 02956 ‘ ¢ NS
TT-71376 6 005438 7.358 03149 01761 01343 NS
T13-72076 : 009647 7798 008847 03749 e NS
72072776 by 01134 8460 0.05622 02685 .
S . 5
T2TH37 h 49947 3909 06603 16815 01197 (0836
83-81076 n 06042 8294 0.3321 03388 1274
810-B17 76 ; 04914 12824 0.1212 006759 05223 -
817-82476 h 04290 11.604 06154 04001 1 890
824-83076 6 05334 5815 04709 09995 01161 ’
830.97 76 8 02325 ., 7919 02806 09413 ? » 182
37.916 76 a 02771 7047 0.5803 12768 e
916-02376 7 0.2880 10.i15 08142 12057 -
923-93076 7 002457 7922 2.6669 14779 04604 : H150
930-10776 7 01712 8729 0.5840 09372
107101476 » . - 1216
7 7 ; 01634 8.667 0.3359 09552 4
1014-102176 7 0.1597 8.170 02635 08525 01740
1021-1028 76 7 01330 7260 06988 07768 07943
1028-114 76 7 01309 7757 04020 07714 01400 o
1494-111176 7 0.1357 7.322 03141 0.8146 oo
1111111876 7 01384 6 888 04558_ 05731 02722 NS
11181130 76 2 01830 10921 063% 12729 _ 02258 03922
Total 1-131 Release 97685 192 041 114574 318535 23421 10 9430
tmiheunes)
Total sample time 167 167 167 107 ' 160 126
idays)
Notes (1) Plant shutdown for five days between 726 ano 8376
{21 NS means no sampie taken
Summary of all Data:
Totat 1-131 Release 344 . 568 328 835 2.34 109
tmeilicuries)
Total sampte time 518 501 469 352 160 126
(days) '

am
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Table 3-158 ‘
IODINE-131 REACTOR WATER CONCENTRATIONS AND POWER
LEVELS AT OYSTER CREEK (2/75-2/76)

DATA SOURCE — EPRI/NES
Average {-131
Nominat Reaclor Water Thermal
Sample Perlad Concentration Power
Month/Day/Year nCi'kg % ol Rated
222-2.2675 65 48
2.26-31275 65 94
312-32875 65 95
329-4 1574 a 0
4'15-5175 a 0
51-5'1575 a 0 o
815-529 75 . a 0 %
529-6 16 75 1.7 62 %
6 16-63075 30 80 |
630-71775 17 80
717-8475 1.8 75
85-82175 ' 16 a2
821-9875 1.4 a7
98-92975 1.3 60
929-10.14 75 1.0 27
10 14-1031 75 1.6 a7
1031-1114 75 17 76
1114-12475 14 47
12:4-121875 17 76
12'18-1-576 16 26
15-12276 b 0
1.22-2976 b ¢]

Notes a Retueling mamntenance outage transpired 3.29 to 529 75
b Retyshng mamtenance outage transpired 1:5 1o 2/9 76, outage continued to 3 1476

322
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Table 3-15a
IODINE-131 REACTOR WATER CONCENTRATIONS AND POWER
LEVELS AT OYSTER CREEK (6/76-11/76)

DATA SOURCE — EPRINES
Average 1.131
Nominal Reactor Water Thermal
Sample Period Concentration Power
Month Day'Year uCl'kg % of Rated
616-62376 143 903
623-63076 1.47 913
630-7776 1.29 B9 8
TT-7T1376 136 922
7T13-72076 149 914
720-72776 1582 806
727-8376 045 330
B3-81076 . 153 _ 919
810-817 7% 171 959
817-82476 217 2% 3
824-83076 147 96 7
B30-9776 135 958
97-92376 114 834
923-93076 1.19 970
930-107 76 1.93 933
107-1014 76 181 96 4
10 14-3502176 218 94 4
1021-1028 76 2.05 Q9 4
102811476 310 96 7
114.11 1176 236 - 998
17111118 76 2.36 975
1118-1130 76 205 356

3-23
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Table 3-15b :
IODINE-131 REACTOR WATER CONCENTRATIONS AT OYSTER CREEK
DURING REFUELING/MAINTENANCE OUTAGES
DATA SOURCE — EPRI/NES

Outage of March/May 1975

Average 1-131

Nominal Reactor Water
Sample Period Concentration

Month/Day uCl/Kg

42 ~48 39

49 -4.15 0.70

416-422 0.44

423-429 : 0053

4'30-5'6 0.016

57 -513 0.020

5°14-520 0.022

521-527 0.64

Qutage of January/March 1876

12:29-15 013
1.5 -1:12 0.1
1:12-1:19 0.095
1/19-1:26 0.080

*Plant down for refueling and condenser maintenance 12:26/75;
thermal power (percent of rated) was 26% during period from
121875 to 1:5:76.

3-24
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Table 3-16
1OOINE-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 1-131 Concentration
Month/Day/Hour in Reactor Water, Power Level Steam Flow
1976 uCl/Kg % of Rated LB/hrx 10 *

314 0254 — 419 289
0820 081 - -
1054 — 418 289
1314 - 450 313
1404 - 462 321
1755 085 — -
1959 —_ 452 314

315 0115 086 - -
1259 -— 445 309
1020 083 - -
1059 —_ 459 316
1559 -— 477 328
1714 — 458 : 3.19
1732 078 - -
1914 — 458 318

316 0127 077 - --
0214 — 450 312
0714 — 464 , 320
0835 0.82 - .-
1544 —_ 450 3.13
1604 - 494 340
1713 088 - --
2004 — 491 339

325




Date
Month/Day/Hour
1976

3T 0112
0304
0830
1204
1304
1404
1504
2004

318 0304
1000
1104
1910
2024

319 0324
0820
1049
1909

320 0309
1109
2009

KRV 0309
1109
2009
2209
2309

NEDO-21150-2

Table 3-16 (Continued)
!ODINE-131 REACTOR WATER CONCENTRATION, POWER LEVELS AND STEAM FLOW RATES
DURING STARTUP (AFTER 75 DAY SHUTDOWN) AT NYSTER CREEK STATION
DATA SOURCE—EPRINES

1-131 Concentration
in Reactor Water,
uClUKg

084

0.86

Power Lovel
% of Rated

491

491
505
54.6
57.2
57.2

58 3

577

56.1

56.0

55.9
55.8

558
558
558

56.1
55.6
55.4
556
703

Steam Flow
LB/hrx 10 *

339

339
354
J 86
4.06
4.06

414

410

3.97

397

3.96
396

3.96
3.95
3.94

394
3.94
3.92
3.94
5.08



Date
MonthDay/Hour
1976

322 0009
0109
0959

1959

323 0259
1059
1909

324 0309
0829
1209

NEDO-21168-2

, Table 3-18 (Continued)
IODINE-131 REACTOR WATER CONCENTRATION, POWER LEVELS AND STEAM FLOW RATES
DURING STARTUP (AFTER 7S DAY SHUTDOWN) AT OYSTER CREEK STATION
DATA SOURCE—EPRINES

1-131 Concentration
in Reactor Water,

uCUKG

327

Powes Level
% of Rsted

712
720
703
687

68 6
68 6
68 6

674

67.7

Steam Flow
LB/hrx 10 *

515
522
508
495

495
494
494

485

487
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Table 3-17
I0DINE-131 AIRBORNE CONCENTRATIONS IN BUILDING EXHAUSTS AND GLAND SEAL STEAM
EXHAUST DURING STARTUP (AFTER 75 DAY SHUTDOWN) AT OYSTER CREEK
DATA SOURCE—EPRI/NES

1-131 CONCENTRATION, uCi/cc

Sample Time
Month/Day/Hour
1976 Reactor Turbline Radwaste Gland Seal Steam

315 0030 - 88(~-12) —_ -
0823 — - —_ 26( 10)
1624 - 7.7( 12) — —

316 0027 - 42(-12) - : -
0043 - — 32( 12) -
0852 - 32( 12) - -
0910 - - - 46( 10
1700 - 16(.11) - 49( 10

317 0100 - 14( 1) 44( 12) 42( 10)
0900 - 1.2(-11) - 43( 10)
1110 - - 54( 12) —
1745 —_— - —_ 6.3( 10)
1750 —_ 65¢( 11) —_ -
1800 30( 12) - - —
1819 - - 48( 12) —

318 0029 - - - 54( 10)
0041 - 78(-11) — -
0047 L2 12) - - -
0056 — - 52( 12) -
0900 - 1.2 (-10) - 6.7( 10)
0930 L2 12) - - -
1645 - - - 6.8( 10)
1650 - 1.5( 10) - —
1700 L2 12) - - , —_
1800 - — 40(-12) —

319 0940 - - — 6.9( 10)
0941 —_ 1.4 (-10) -— —
0948 35( 12) —_ —_ —
0856 -— - 3.6 (- 12) -

324 1326 — —_ -— 7.8 ( 10)
1345 — 3.0(--10) —_ —
1355 35( 12) —_ - —
1425 —_ - 1.0(-11) -
2003 - - - 1.2(-9)
2100 -_ 2.7(-10) - ——
2200 —_ — 1.2(-11) —

cbm

3-28



Release From:
Reactor Building

Turbine Building

Radwaste Building

Gland Sea! Steam Exhaust

Reactor Building

Turbine Building

Radwaste Building

Mechanical Vacuum Pump

NEDO-21169-2

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, miilicuries (sample tim.c, days)

39.
18.
18.

'34.

113,

14.

19.

(446)

(446)

{425)

(379)

(56)

(56)

(53)

(39

Notes a Totalincludes all chemical specres of 1131
b Excludes I-131 releases from feedwater pump/condensate pump room sxhaust and reheater protection
system exhaust becausa no samples were taken.
¢ Excludes 1-131 releases from feedwater pump 'condensate pump room exhaust and reheater protection
system exhaust, these relsasas are small, namely 2 34 mCi (160 days) and 10 9 mCi (126 0ays). respectively

Power Generation Opersuons

1028.3  (253.5)

8280 (267.0)

694  (264.4)

No Data

Refueling/Maintenance Outage

31.2 (29)
60.4 (44)
523 (29)
91 (64)
124 (29)
3.99 (64)
No Data

13.89 (255)
977 (167)
161.9" (238)
192.0 (167)
16 32 {237)
1.5 (167)
319 (167)
10.43 (61)
0312 (35)
196.8 (61)
176 (35)
4.76 (30)
0286 (35)
No Data
0.272 (35)
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i
i
|

VS SUMMARY OF ACTUAL 11131 VENTILATION MEASUREMENTS BY
| EPRINES AT VERMONT YANKEE, MONTICELLO AND OYSTER CREEK
‘ ADJUSTED TO 300 DAYS OF POWER OPERATIONS AND 1% 1131 CARRYOYER
{ PLANT
| .
.
. Vermont Yankee Monticelio Oyster Creek
l. Totat I-131 Release. milticuries
": Relesse From Power Generation Operations
‘ i
| Reactor 263 1217 168 ?
{ Turbine 31 2061 127 0° \\
e Radwaste _ 130 787 206 ‘
Gtandg Seal Steam 271 No Data 788
Sub-totat - 97 g 31;;7 ) '1543 2.

.ft.
-
(

el

N
.
4
P
ir

g

.
{
3
?.
|
l,_
-
]
B
ii'
|
}t'

Table 3-19

Retueling Maintenance Outages

Reactor 1125 495 537
Turtine 218 683 46 6
Radwaste 143 26 134
Mechanical Vacuum Pump 215 No Data 012
Sub-total 364 120 655
Tolal* Annual Release 462. 3477 309

a Tuta: includes alt crenucdl torms of 1-131

B INCHptes teiedses ipm reheater RICTArhiun $y3tem ang 1eeda e LONICY A% DO e QuiDmen? comgrtrient
¢ Annydl nciuaes IXC days Of power Dperatons plus 0ne A M outage

3130



Plant

Oyster Creek

Monticello

Dresden 2

Dresden 3

Dresden28 3

Quad Cities 1

Quad Cities 2

SUMMARY OF NRC MEASUREMENTS OF 1131 RELEASES AT SIX BWR'S

Operating Mode

Normat

Normal

Normat

Norma)
Containment Purge
Refuehiny

Normal*
Normal

Normal®
Normal
Normal
Normal®
Normal
Normal

Normal

Normal
Normal

Normal

Notes a First 31 gays only
D In CONPUNCHION With 10GiNE SDECHES MESSUrEMeNt. A3SuMe NOMAal CPETEHONS
€ Includes all busdings
d Approawnate vatue (NEDO 21159 Maich 1976 Figure 3-20)
(1) Measurements made dunng 1972 eacept for Ouad Cites 1 2 plants winch were nrvestigated n 1973
(2) WM meens NO Measurement

'NEDO-21188-2

Table 3-20

131 Release Rate, xCls

Reactor

00016
00014
00028
0 0081
014
oon

00070

0.0019
NM
NM

0 0061
NM
NM
NM

00038
NM

- 000023

N

Turbine

0018
0043

NM
0.007
0.087
0.080

00050
0.0017°¢

NM
0 00028
0 00027
NM
0.00065
0.0008
00006

NM
0.00047

NM

Radwaste

0 00067
0 00053
NM
00019
00011
0 0025°

0 0064
NM
NM
NM
NM
NM
NM

NM

NM

NM

Sample Time
(Days)

14
14
14
14

2
45

29 hours
421

24 hours
15
14

24 hours
13
14

42"

14
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Mode of
Plant Operation

Dresden 2 Normal
Normal!

Nine Mile Normal

Point 1
Normal
Notmal
Normal
Normat
Normal
Shutdown
Shutdown

Oyster Normal

Creek

Milistonee  Normat

Point 1 Normal
Normal

Normal
Normal

Shuldown

Reactor

1-131 RELEASE RATE, uCl/s

0 005 -

NM

NM

NEDO-21159-2

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

0006

00016

557E-4 557 E-3
297 (42.4)
664E-4 73 E-3
(44.9) (6 7)
46E-4 454 E-3
(66 2) {64.2)
7.97E-4 702E-3

(5.3)

{65 3)

71E-4 -
(158}

448E-3 138E-3
(126 3)  (47.7)
179E-3 781E-3
(16 2) (71 8)

0.00144 - 0 0009

- 00029

000165 NM
000146 NM

0 0026
000323

0.0058

Notes a Sample perniod thrs) in parenthosis
b Concentrator steam leak at about thes time
¢ Approwmately & 1 mithcunes of 11131 released duning 70 minutes of mechanical vacuum pump operation
on September 1 1972, tho plant was shut down on Auqust 29, 1972

th NM - Not Moasured
(2) NA - Not Avaitable

NM

1.00 E-3°
(50 9)
404 E-4
(44.1)
42E.5
(48.5)

1.0 E-5
(43.2)

52E5
(75.1)
16 E-4
(43.2)

-"0.00030

0.00105

NM
NM

Gland
Seal

Turbine Radwaste Exhaust

NM
NM

NM

-"0.006

0.000192

-

C

3.32

2
15

NA

a

a

- .t D =

Sample
Perlod (hrs)

Sample

Time

Month'Year

Jan'1971
Feb1971

Dec 1971

March-
Apnil:74

Aprit 1972

July 1972

Sept1972

1-131 Coolant
Concentration

{nCiicc)

00023
0.0023

0.0017

" 0002

00075

00034

0.030 to 0.232



TOTAL 1-131 RELEASE (CURIES/QUARTER)

1.0

o

0.00

0.001
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111l

NO
DETECTABLE
ACTIVITY
l 1 | | | 1 L1 | | R N |
1 2 3 4 ! 2 3 a4 1 2 3 4 1 2
CALENDAR QUARTER
1973 1974 1975 1976

Figure 3-1. Calendar Quarterly Total Plant Ventilation Releases of 1-131 versus Time, Pilgrim 1|
{Reactor, Turbine and Radwaste Buildings)
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Figure 3-2  Accumulative Probability Distribution of Calendar Quarter 1131 Ventilation Releases,
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2-REACTORS
ARITHMETIC MEAN » 0.026 C//QUARTER
(13t QUARTER 1973 TO 4th QUARTER 1976)

NN
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CALENDAR QUARTER :

1972 1973 1974 1975 1976 1977

YEAR

Fugure 3-3. Calendar Quarter Reactor Building Ventilation Release of 1-131 Versus Time, Dresden 2/3
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Vertilation Relesses of 1 131 Dresden 2,3 tsnuary 1973 to Decernber 19761
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Figure 3-7. Calendar Quarter Total Plant Ventilation Release of 1-131 versus Time, Monticello (Reactor,
Turbine and Radwaste Buildings)
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|
| THIS FIGURE EXCLUDES 1977 DATA
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0.01 l
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Frgure 3-8. Accurnulative Lognormal Probability Distribution of Calendar Quarter 1-131 Total Plant
Ventilation Releases, Monticello (Reactor, Turbine and Radwaste Buildings, January

1974 to Decembher 1976)
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4. CHEMICAL FORM OF IODINE-131 RELEASES

The following material on iodine-131 chemical torm updates data previously reported in NEDO-21159, March
1976, Chaptetr 4,

The chemicat form of radiciodine releases is an important factor in a realistic and proper environs dose impact
assessment. The specification of 1131 species is in accord with Appendix | of 10CFR50 which requires realistic dose
evaluations (sec Appendix 2A). From BWR operating plant experience, 1-131 exists in several forms, both inorganic
and orgaric. Inorganic 1odine torms of interest are particulate, elemental (1), and hypoiodous acid (HOI). For ingestion
dose evaluations, the amount of elemental 1-131 release is needed (Reference 4-1). Organic iodine {methy! iodide)
13 not 2 sigmticant contributor to the milk pathway dose, However, CH,1 would contribute to an inhalation dose.
Mcthy! iodide 18 known to have a much smaller deposition velocity than elemertal iodine, thus it does not readily
deponit on vegetation which could be eaten by cows and found in mitk (References 4-2, 4-3, 4-4, and 4-5). The
deposition velocity for |, is mote than 1000 times greater than for CH, !, and more than 10 times greater than for
iodine 1n particulate form. The deposition velocity for HO! is unknown,

The smportance ol iadine chemical form in BWR releases has been recognized hy the NRC. In 1972, the NRC
{then AEC) conducted measurements of BWR relsases which included measurements of radioiodine species. Similar
species (neasurements 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-
1odine species have been sponsored by EPRI. This chapter includes EPRI results through December, 1976,

The chemicat 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 identity the iodine
species tn the direction of air flow as follows:

1-131 species adsorbent
particulate filter paper, Flanders F-700
elemental (I;) - cadmium iodiode on chromasorb - p
hypoiodous acid (HOI) 4-iodophenol on alumina
organic {CH, 1) K1 or TEDA impregnated charcoa!

{or silver zeolite)

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

At this time there is some question about the actual presence of HOL. The chemical nature of the HO! has not
been positively oetermined and is so-called on the basis of circumstantial evidence, In this document the iodine species
coliected on the third adsorbent is called HOI, but with serious reservations as to its existence. Also, in this document
CH, 1 is used as a synonym for organic iodine. However, organic iodine species other than CHy | have not been fully
determined in operating plant atmospheres.

The chemical form of 1-131 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 seal/MVP exhausts, respectively. Tables 4-3 and 4-4
list results, unique to Oyster Creek, for [-131 species of the Feedwater Pump and Condensate Pump room exhaust and
the Reheater Protection System and Lube Oil Storage Area exhaust, The tota! 1-131 release from both these exhausts
is less than 10" of the turbine building release.

Appendix 2B summarizes [-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 28, This appendix
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contains data for the reader’s convenience; the information was not used to calcutate 1-131 species concentrations
in ventilation exhausts,

Table 4-7 summarizes the 1-131 chemical form data according to plant. The data tor normal power generatinn
anerations are separate from data for refueling/maintenance outages.

The concentrations of particulate, elemental, HO! and CH, 1 recommended for environmenta!l impact evaluations
are listed in Table 4-8.

The species measurements were evaluated to obtain the hest single estimate of the I-131 chemicat form i cach
building ventilation exhaust during both power generation operations (including brief plant shutdowns) and refucting’
mamteaance outages. Inspection of the data indicated that species concentrations were relatwely sinular for a given
plant, but significant differences existed between plants. For example, the average CHa i concentration duning power
generation operations in the reactor building ventilation exhaust at Quad Cities 1 is approximately o factor of 1.5
greater than at Quad Cities 2. The assumption was made that the available measurements constitute a random selection
of operating BWR's. For each plant, the relative [-131 concentrations (percentages of [-131 released in each venuilation
exhaust) were determined by werghting the reported results according to sample time. This assumes that a sample of
tong-cluration vields more characteristic infarmation than a shart-time sample (Reference 4-12). The weighting of
data accarding to sample time 1s analogaus to t3king samples for a constant sample penod but weighting the mean
results accorching to the numbes of samples. The greater the number of samples (equivalent to longer sample times), the
maote certam one becomes that the sample mean will be close to the {unknown) population mean. This effect is based
on the centrat hinnt theorem of statistics (Reference 4-13), After a set of weighted mean contentrations were determined
for each plant and exhaust, these results were simply averaged {the arithmetic mean calcitated} m order 1o establish the
best singte estimate of the average 1- 131 species concentrations.

The above data reduction procedure gives equal weight to resuits from cach 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 ditferent BWR's rather than a large number of
measurements from a few BWR plants.

A summiry ol the number of data points and plants is presented in Tahle 4-9. There are 2 total ¢f 14 domestic
BWR’s that have commenced commercial operations since 1969 (starting with Oyster Creck) and with more than one
year of commercial operation, but excluding the Browns Ferry plants. The iodine- 131 species measurements have heen

made at more than half of the domestic BWR reactor buildings, and at about one-fifth of the turbine and radwaste
building exhausts,

The 1-131 species data were also evaluated to determine the sensitivity of the reported concentrations to the
various variables. The -131 sp:acies 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 ditterent 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 be relatively consistent for each nlant, ventilation

exhaust, 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.
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SUMMARY OF MEASUREMENTS OF I0DINE-131 SPECIES IN

Table 4-1

BWR REACTOR BUILDING VENTILATION EXHAUSTS

Sample Feriod
Month/Day/Year

Plant Mode: Power Generation Operations

Nine Mile Pornt 1
Nine Mile Point 1

Oyster Creek
Qyster 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
QOyster Creek
Oyster Creek
QOyster Creek
Dresden 2

Dresden 2

3-23-74
3-29-74
2-22 — 2:27-75
9.29 - 10-14.75
12-3 — 12-18-75

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 —B8-10-76
8-10 —B8-17-76
8-17 — 2-24-76
8-24 —8-30-76
8-30 — 9-7-76
§.7 — 9-16-76
9-16 — 9-23-76
9.23 — 9-30-76
9.30 — 10-7-7

10:7 — 10-13.76
10-14 — 10-21-76
10-21 — 10-28-76
10-28 — 11-4.76
11.4 — 11-31.76
11.11 — 11-18-75
11.18 — 11-30-76

1973

1973

Particulate

110
250
499
26
205
- 1.0
100
170
-.70
17.0
130
8.0
20
50
60
50
110
70
90
40
60
i00
110
100
130
160
150
5C
80
240

Species. %o of I-131 Release

1

440
410
17.0

97
25.0
24.0

270
240
300
26.C
250

69
62

240

19.0
110
240
260
260
280
330
27.0
33.0
340
350
330
400
370
130
360

HOl

30
10
- 26
1943
219
12.0

400
350
33.0
350
46.0
390
380
17.0
410
160
390
370
340
410
2990
310
270
260
2:0
300
150

70

CH.!

4290
340
330
68 2
315
640
210
21.0
250
24.0
240
31.0
270
320
3T0
67.0
24.0
210
250
310
250
220
270
250
250
250
240
2390
320
130

< “"

Measurements
By

GE

GE
EPRIINES)
EPRINES)
EPRI{NES)
EPRINES)
EPRI(NES)
EPRHNES)
EPRI(NES)
EPRINES)
EPRINES)
¢PRI(NES)
EPRI(NES)
EPRINES)
EPRINES)
EPRINES)
EPRI(NES)
EPRINES)
EPRINES)
EPRUNES)
EPRI(NES)
EPRINES)
EPRINES)
EPRINES)
EPRI{NES)
EPRINES)
EPRHINES)
EPRUNES)
AEC
EPA-NRC

Sample
Time
Days

187
022
5
15
14

~

e N M NN NMNNNNNOAONSNNSNNNO NN

Z
p<3

*

i L AU, P

-,

o v

Reference

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

e S

8"69 112-003N




Plant

Dresden 3
Dresden 3
Monticello
Monticelio
Monticetio
Monticello
Monticelio
Quad Cities 1
Quad Cities 1
Quad Cities 1
Quact ives 1
Quad Cities 1
Cwuad Cities 1
Quad Cities 1
Quad Cities 1
Quad Cities 1
Quad Cities 1
Quad Cities 1
Quad Cities 1
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cites 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Quad Cities 2
Vermont Yankee

e, . -

Al

P

S D G S S L SN S S e e e A e e
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Table 4-1

ot

SUMMARY OF MEASUREMENTS OF |0DINE-131 SPECIES IN
BWR REACTOR BUILDING VENTILATION EXHAUSTS (Continued)

Sample Period
Month/Day/Year

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 — 7-9-73
7-9 — 7-17-74
717 — 7-25-74
7-25 — 8-6-74
8-6 — 8-20-74
8-28 — 9-12.74
912 — 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
717 — 7.25-74
7-25 —8-6-74
8-6 — B8-20-74
8-28 — 9-12.74
9-12 — 9.19-74
$-19 — 9-26-74
9.26 — 10-1-74

10-1 — 10-10-74
10-10 — 10-17-74
10-17 — 10-24-74
10-24 — 10-31-74
6-19 — 6-22-74

Particulate

0.0
- 4.0
10.3
273
25.4
223
278
7.8
86
10.1
200
190
36
2.6
1.4
13.4
7.0
129
8.0
12.6
129
134
148
180
55
37
20
10.1
134
165
57
7.7
37

1, HO!
710 180
54.58 ;4.0
29.3 217
451 106
536 133
34.4 306
35 222
15.1 194
258 153
‘240 19.4
229 159
36.6 26.7
15.6 256
257 25.3
93 99
13.6 148
17.4 18.9
21.2 186
332 178
39.4 16.7
330 214
343 212
378 248
418 26.1
25.7 313
235 280
160 205
23.5 222
17.9 183
229 168
394 204
44 4 25.4
235 145

Species, % of 1131 Release

CH,l

110
38-42
38.7
17.0
77
116
8.0
577
504
46.6
41.1
17.7
55.2
463
794
58.2
56.7
47.4
409
31.2
32.7
311
227
14.1
375
-448
61.6
44.2
504
438
344
226
594

Measurements

By

AEC
EPA-NRC
EPA-NRC
EPRI(NES)
EPRI(NES)
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)

1
NA
NA

Sample Reference
Time
Days

3-49
3-52
3-52
3-44
3-44
3-44
3-44
4-14
4-14
4414
4-14
4-14
4-14
4-14
4-14
4-14
414
4-14
4.14
4-14
4-14
414
4-14
414
4-14
314
4.14
414
414
414
4-14
4.14

3-44

2-6511Z-003N
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Plant

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

Oyster Creek
Oyster Creek
Oyster Creek
Monticello .
Monticello
Monticello
Monticello
Vermont Yankee

Samplie 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

Plant Mode: Refuellnglnaln!enance Outage

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
16-27 — 11-14

10-31 — 11-1.74

NOTES (%) NA -~ Da'a Not Avadadie

Table 4.1
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN
BWR REACTOR BUILDING VENTILATION EXHAUSTS (Continued)

Species, °» of I-131 Release

Particulate I,
74 24.7
66 62
48 346

16.1 26.2
«215.0 -*15.0
7.0 253
7.1 1.1
5.1 13.7
«<6.0 18
69 61.0
68 338
97 233
31.2 9.1
20 16.0

12) Numbers in parenthesss NAKCAte QUASTONATIe Juakly U Sampie adsorDent media 1PH

HOI

17.7

68
(18.5)
(-50
(~15.0)
(--8.0y

273
52.7
328
12.6
41.7
(--65)
(—-88)
590

CH\l

500
804
42.1n

(57.7) -

(woc
(74.7)

54.5
28.5
55.4
19.6
17.6
(64.9)
(59.6)
230

Measurements

By

EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRINES)
EPRI(NES)
EPRKNES)

EPRI(NES)
EPRHINES)
EPRI(NES)
EPRINES)
EPRINES)
EPRI(NES)
EPRI(NES)
EPRI(NES)

Sample

Time
Days

18
17
18

14

12

18
1

Reference

3-44
344
3-44
3-34
3-44
344

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

. 2-65112-003N
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Table &4-2
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN
BWR TURBINE BUILDING VENTILATION EXHAUSTS

Sample
Sample Period Species. * of I-'31 Release  Measurements Time
Plant Month/Day/Year Particulate 1, HO! CH, By Days Reference
Plant Mode: Power Generation Operations

Nine Mije Point 1 3-24-74 180 58 0 20 120 GE 028 3-55

Oyster Creek 2-22 — 2.27-75 270 470 190 70 EPRINES) 5 3-44

Opyster Creek 98 — 9-29-75 135 461 (17 3) 230 EPRINES) 21 3-44

Oyster Creek 9-29 — 10-14.75 118 441 (147 (29 9) EPRAINES) 15 3-44

Oyster Creek 10-31 — 11-14.75 225 468 12 (295  EPRINES) 14 3-44

Oyster Creek 124 — 12-18-75 224 454 234 78 EPRINES) 14 3-44

Oyster Creak 12.18 — 1-5.76 203 39.1 273 133 EPRI(NES) 18 344

Oyster Creek 6-16 — 6-23.76 18.0 490 280 50 EPRI(NES) 7 3-45 z

Oyster Creek 6-23 — 6-30-76 2z0 49.0 450 40 EPRI(NES) 7 3-45 8
- Oyster Creek 6-30 — 7-7-76 110 — B4 —_— 50 EPRI(NES) 7 3-45 9
& Oyster Creek 7-7 —7-13-76 200 37.0 380 50 EPRI(NES) 6 3-45 _ﬁ.

Oyster Creek 7-13 — 7-20-76 230 290 4306 50 EPRI(NES) 7 3-45 &

Oyster Creek 7-20 — 7-27-76 210 430 10 50 EPRKNES) 7 3-45 s

Oyster Creek 7-27 — 8-3-76 " 18.0 31.0 390 130 EPRINES) 7 3-45

Oyster Creek 8-3 — 8-10-76 250 450 250 50 EPRI(NES) 7 3-45

Oyster Creek 8-10 — 8-17-76 250 390 300 60 EPRINES) 7 3-45

Oyster Creek 8-17 — 8.24.76 220 290 400 90 EPRI(NES) 7 3-45

Oyster Creek 8.-24 — 8-30-76 90 390 410 110 EPRINES) 6 3-45

Oyster Creek 8-30 — 9-7-76 120 400 380 100 EPRINES) 8 3-45

Oyster Creek 9.7 — 9-16-76 150 300 460 90 EPRINES) 9 3-45

Oyster Croek 9-16 — 9-23.76 210 410 290 90  EPRINES) 7 3-45

Oyster Croek 9.23 — 9-30-76 180 520 230 70 EPRINES) 7 3-45

Oyster Croex 9.30 — 10-7-76 150 520 270 60 EPRINES) 7 3-45

Oyster Creek 10.7 -- 10-14.76 180 450 310 60 EPRI(NES) 7 3-45

Oyster Croeh 10-14 — 10-21.76 160 510 250 80 EPRINES) 7 3-45

Oyster Creek 10.29 -- 10-28-76 120 540 260 80 EPRKNES) 7 3-45

Ovyster Creehn 10-28 — 11-4.76 220 440 250 90 EPRIINES) 7 3-45

Oyster Creak 11.4 —11.11.76 30 650 240 8o EPRINES) ? 3-45

Oystar Craok 1111 — 1118 76 130 570 190 100 EPRINES) 7 3-45

Oystar Creen 1118 - 113076 60 560 300 80 EPRINES) 12 3-45

Monticetio 1118 — 11-19.74 151 479 148 2213 EPRINES) 1 3-44




8-

Plant

Manticelio

Monticello

Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankeo
Vermont Yankee
Vermont Yankee
Vermant Yankee

Oyster Creak
Oyster Creek
Oyster Creck
Oyster Creek
Monticetio
Monticello
Monticello
Monticello
Montcello
Verm_nt Yankee

[}

Sample Period

Month/Day/Year

1-B ~ 1.9.75
5-12 — 5-15.75
6-23 — 6-23-74
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

Plant Mode: Refueling/Msintenance Outage

3.30 — 3-31-75
3-31 — 4-1.75
1-5 — 1.22.76
1-.22 - 2.9
113 — 1-15.75
9.1t — 9.25:73
9.25 — 10-15
10-15 — 10:27
10-27 — 11-14

10-31 — 11-1.74

Particulate

134
263
249
171
337
-80
210
- 500

123
20
57
32
24
81
23

- 24
-7
20

O S L S
P ;

Table 4-2
SUMMARY OF MEASUREMENTS OF 10DINE-131 SPECIES IN
BWR TURBINE BUILDING VENTILATION EXHAUSTS (Continued)

Sample
Species. ®. ot I-131 Release  Measurements Time
1 HOI CHI By Days Reference
640 123 103 EPRNNES) 1 3-44
515 153 66 EPRIINES) 3 3-44
638 - 40 113 EPRUNES) ! J-44
55.0 209 70 EPRINES) 2 3-44
571 92 -30 EPRUNES) 1 3-44 %
486 (26 9) {25 0) EPRINES) 15 3-44 o
186 (-80) (303) EPRINES) 14 3-44 g
1000 (- 500 (- S00) EPRNNES) 16 3-44 -
895 ~— 00 105 EPRI(NES) 3 3-44 3
)
286 190 401 EPRINES) 1 3-44
537 193 271 EPRINES) 1 3-34
18 4 503 256 EPRINES) 17 3-44
143 568 257 EPRINES) 18 3-44
855 163 258 EPRINES) 2 3-43
373 400 2056 EPRIINES) 14 3-44
94 04) (8800 EPRINES) 20 3-24
176 -39 {82 4) EPRIINES) 12 3-43
119 - 119 (10000  EPRUNES) 17 3-43
100 570 310 EPRINES) 1 3-44

NOTF  Numbers in parentheses indicate Questionabie quahty of agsorbent media, IPH
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Plant

Oyster Creek
Opyster Creek
Oyster Creek
Oyster Creek
Opyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek

Sample Period

Month/Day/Year

Plant Mode: Power Generation Operations

6-16 ~— 6-23-76
6-23 — 7.7-76
7-7 — 7-20-76
7-20 — 8-3-76
8.3 — B8.-24-76
8-24 — 9-7.76
9.7 — 10-7-76

10-7 — 10-21.76
10-21 — 11-4.76
11-4 — 11-18.76
11.18 — 11.30-76

Particulate

-

-

NI VNOOIR®S !

-

. Table 4-3
SUMMARY OF MEASUREMENTS OF I0DINE-131 SPECIES IN _
BWR FEEDWATER AND CONDENSATE PUMP ROOM EXHAUSTS AT OYSTER CREEK

Species, % of 1-131 Release
CH,l

1,

No Sample

35

——

44
41
50
B2
77
69

95
83
87

HO!

)
O & N ~

’

LN AR

Measurements
By

EPRINES)
EPRI(NES)
EPRINES)
EPRI(NES)
EPRI(NES)
EPRINES)
EPRINES)
EPRINES)
EPRIYNES)
EPRKNES)
EPRI(NES)

Sample
Time
Days

14
13
14
21
14
30
14
14
12
12

Reference

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

¢-65112-003N
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Plant

Opyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Qyster Creek
Oyster Creek
QOyster Creek
Oyster Creek
Qyster Creek

Sample Period
Month/Day/Year

Plant Mode: Power Generation Operations

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

Particulate

30
10
10
60
03
100
90
90

7.0

NOTE No results avarlable for penods ot 6 1610 72076 and 11 1110 111876

Table 4-4
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN
BWR REHEATER PROTECTION SYSTEM AND LUBE OIL STORAGE AR:A EXHAUSTS AT OYSTER CREEK

Species. *. ui ! 131 Relense

9
€0

12¢
170
280
210
200

200

HO!

190
To
50

140

120

150

140

130

230

CHJ

690
860
920
680
710
470
560
580
500

Measurements
By

EPRINES)
EPRINES)
EPRI(NES)
EPRI(NES)
EPRIINES)
EPRI{NES)
EPRIINES)
EPRINES)

EPRINES)

Sample
Time
Days

14
14
13
17
14
14
14
14
12

Reference

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

¢-65112-0G3N
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Plant

Nine Mile Point 1

Oyster Creek
QOyster 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 °

Qyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Qyster Creek
Oyster Creuk
Oyster Creek
*onticello

Monticello

SUMMARY OF MEASURE

Sample Period
Month/Day/Year

Plant Mode: Power Generation Operations

3-24.74
2-22 — 2-27-75
9-29 ~— 10-14-75
10-14 — 10-31-75
10-31 — 11-14.75
124 — 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 —B8-17
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
114 — 11.11

1111 — 11-18

11.18 — 11.30

11-18 — 11-19-74
1.8 — 1-9.75

Particulate

90
- 20
25
10
- 1.0
-:20
~ 02
60
- 0.2
<01
- 05
<07
<01
<02
03
.01
03
- 02
- 0.1
- 01
~01
05
-02
-.02
-0
06
02
- 01
-0
02
-10

Table 4.5
MENTS OF IODINE-131 SPECIES IN
BWR RADWASTE BUILDING VENTILATION EXHAUSTS

Species, ®» 0f 1-131 Release

1,

56 Q
200
18.2
15.1
128
90
9.0

150
13.0
13.0
50
9.0
41.0
70
80
140
90
100
20
410
290
150
270
270
170
80
190
15
10

49
47

(.

HO!

1.0
300
(95
(3.5)
23)
288
180

280
260
200
17.0
14.0
430
210
17.0
23.0
230
14.0
30
170
200
300
330
180
320
230
220
16
10

CH,!

310
500
(69.9)
(79 4)
(87.0)
62.2
73.0
450
53.0
57.0
610
66.0
78.0
77.0
16.0
720
750
63.0
68.0
76.0
950
410
510
550
400
550
510
690
590
967
1000

Measurements
By

GE

EPRINES)
EPRINES)
EPRINES)
EPRINES)
EPRI(NES)
EPRI|NES)
EPRI(NES)
EPRI(NES)
EPRINES)
EPRI(NES)
EPR}NES)
EPRI(NES)
EPRHNES)
EPRI(NES)
EPRINES)
EPRI(NES)
EPRI(NES)
EPRINES)
EPRINES)
EPRI(NES)
EPRINES)
EPRINES)
EPRI{NES)
EPRI(NES)
EPRINES)
EPRI(NES)
EPRI(NES)
EPRINES)
EPRINES)
EPRI(NES)

Sample
Time
Days

184

e e RN NN NNNNNNNQOQIANNNNNNON

Reference

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
345
3-45
3-45
3-45
3-45
345
3-45
3-45
345
3-45
345
3-45
3-45
3-45
3-45
3-44
3-44

2-65112-0Q3N
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Plant

Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankea
Vermont Yankee
Vermont Yankee

Oyster Creek
Oyster Creek
Monticelio
Monticello
Monticello
Monticello
Montcello
Vermont Yankee

Sample Period
Month/Day/Year
6-19 — 6-20-74
912 — 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

Plant Mode: Refueling/Maintenance Qutage

1-5 — 1.22.76
1.22 — 2-9-76
113 — 1-15.75
9-11 — 9-25-75

9-25 — 10-15-75
10-15 — 10-27-75
10.27 — 11.13.75
1031 — 11.1-74

Particulate

-06
<01

05

09
1.0
=:3.0
-21.0
1.0

-6.0
-9.0
03
02
02
-18
-84
10

NOTE Numbers in parentheses incicate questionable qual'ly of adsorbent meaia 1PH

Table 4.5
SUMMARY OF MEASUREMENTS OF I0DINE-131 SPECIES IN
BWR RADWASTE BUILDING VENTILATION EXHAUSTS (Continued)

Species, °s of 1-131 Release

L

145
117
82
16.0
1.0
257
352
37.0

97
130
39
55
67
119
330
50

HO!

108
92
8.7
54

~ 1.0

73

2.

176
276
39
147
(- 049
-37
( 1o
70

CH,l

749
79.1
82.4
77.7
100.0
(67.0)
(62.1
(63.00

727
72.4
919
796
(93 3)
(88.1)
(67 0
87.0

Measuremen!s

By

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

EPRI(NES)
EPRINES)
EPRI(NES)
EPRINES)
EPRI(NES)
EPRHNES)
EPRIINES)
EPRINES)

Sample
Time
Days

- et s en

15
14
18

17
18

14
20
12
18

Reference

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

3-44
3-44
3-44
3-44
3-44
3-44
3-44
3.44

Z2-65112-0a3N
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Plant

Sample Period
Month/Day/Year

Particulate

Table 4-6
SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN
BWR GLAND SEAL STEAM AND MECHANICAL VACUUM PUMP EXHAUSTS

Species. °s of I-131 Release

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

Qyster Creek
Oyster Creek -
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Qyster 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
Opyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankee
Vermont Yankeeo

7-16-75 280
3-24-76 380
3-24-76 :
6-16 — 6-23-76
6-23 — 6-30 -01
6-30 — 7-7 10
7.7 —7-13 10
7-13 — 7-20 10
7-20 — 7.27 1.0
7-27 —~B8-3 -20.1
8-3 —8-10 1.0
8-10 — 8-17 1.0
8-17 —8.24 3.0
8-24 —8-30 02
8-30 — 9-7 04
9.7 — 9-16 03
$9-16 — 9.23 0.1
9-23 — 9-30 03
9-30 — 10-7 10
10-7 — 10-14 0.2
10-14 — 10-21 03
10-21 — 10-28 04
10-28 — 11-4 : 03
114 — 1111 1.0
1111 —~ 11-18 04
1118 — 11-30 1.0
6-18 — 6-19-74 6.5
6-20 — 6-21-74 36
9-13 — 9-14.74 120
10-10 — 10-11-74 15
3-5 ~3:8-75 12.0

!, HO! Organic
150 8.0 490
65 76 48.0
{(10.9) (12.2) (77.9)

No Sampile

9.0 120 790
18.0 26.0 55.0
150 19.0 65.0
36 63.0
7.0 33.0 59.0
60 15.0 79.0
220 380 390
1.0 280 70.0
9.0 420 46.0
8.0 55.0 37.0
5.0 55.0 40.0
60 57.0 37.0
80 500 - 420
50 50.0 440
60 430 50.0
70 490 44.0
6.0 430 51.0
6.0 470 470
50 440 510
60 45.0 480
10.0 60 830
6.0 420 51.0
04 o8 92.3
1.0 39 915
10 16 85.6
29 27 93.0
6.0 40 78.0

Measurements

By

EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRKNES)
EPRINES)
EPRINES)
EPRINES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRINES)
EPRINES)
EPRI(NES)
EPRINES)
EPRI(NES)
EPRINES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI{NES)
EPRNNES)

EPRINES)

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

Sample
Time
Days

e

w-‘“—--N\JVV\I\J\J\J\J\J‘DQQ\J\&\J\J\I\J@\I\JN

Reference

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
345
3-45
3-45
3-45
3-45
3-45
3-45
3-45
3-44
3-44
3-44

3-44

Z-69112-0Q3N
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Table 4-6

SUMMARY OF MEASUREMENTS OF IODINE-131 SPECIES IN

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

Sample Period

Plant Month/Day/Year Particutate I, HO!
Vermont Yankee 10-7 — 10-21-75 =01 5.0 8.8
Vermont Yankee 11-18-75 0.3 2.1 (3.0)

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

Monticello * 1-9-75 0.4 09 18
Monticeilo * 1-10-75 0.8 28 6.9
Monticello ? 1-14.75 1.5 98 41.0
Vermont Yankee 10-11 — 10-12.74 03 01 0.1
Vermont Yankee 10-12 — 10-14-74 0.2 02 0.2
Vermont Yankee 10-31-74 <1.0 1.0 -1.0

NOTES (a) Monticelio MVP resuits are actually stack releases which may include 1-131 releases other than from use of MVP.

(1) Numbers in parentheses indicate questionable quahty of adsorbent media. IPH

Species, % of 1-131 Release

Organic

86.2
(94.8)

97.0
98.5
47.7
99.5
994
<:99.0

Measurements

By

EPRI{NES)
EPRI(NES)

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

Sample

Time
Days

14
042

0542
0.583
0917
067
1.92

Reference

3-44
3-44

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

Z-65112-003N




NEDO-21169-2

Table 4-7
SUMMARY OF IODINE-131 SPECIES MEASUREMENTS
IN BWR VENTILATION EXHAUSTS

Species, % of I-131 Release

Ventliation Normal Operations Retueling Operations
Exhaust Plant Particulate l; HO! CH,l Paticulate 1, HO! CH,l

Reaclor

Building Ning Mile Point 1 18.0 425 1.5 38.0 — - - -
Oyster Creek 10.3 264 305 323 61 122 376 461
Dresden 2 16.0 505 11.0 225 - - - -
Dresden 3 20 635 110 255 - - — -
Monticello 232 428 176 16.2 6.9 | 474 272 186
Quad Cites 1 10.0 22.1 19.9 48.1 —_ - —_ -
Quad Cities 2 110 317 231 34.3 - - - -
Vermont Yankee 59 18.1 13.0 63.3 2.0 160 590 230

Turbine

Building Nine Mile Point 1 180 68.0 20 2.0 -— — — —_
QOystor Creek® 17 445 307 8.3 67 287 364 296
Monticello 183 545 142 131 53 434 282 232
Vermont Yankeo - 252 58.6 114 7.1 20 100 570 31.0

Radwaste

Bulding Nine Mile Point 1 9.0 56 0 1.0 34.0 — — - —
Oyster Creck 080 156 228 60.5 7.5 114 226 726
Monticello - 24 152 62 739 03 47 93 858
Vermont Yankoo 062 103 70 828 1.0 5.0 7.0 870

Gland Sea! :

Steam Oyster Creek 0.85 80 382 54.4 — —_— - -—
Vermont Yankee 7.1 23 26 88.1 - - - —_

Mechanical

Vacuum Pump?® Vermont Yankee - - - - 0.2 013 013 993

NO1ES: {a) Turbine Buil:.—g results for Oyster Creek exclude contributions from the feedwater pump ana condensate pump compartment
exhaust and the reheater protection systam and lubae oil storage sres exhaust
(b) Mechanical Vacuum Pump releasa reported for Monticello (Tadle 4-8) are not inluded here because of uncertainties in obtaining
a tepresentative sample.

4-15
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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 Specles’ Power Generation Refueling/Maintenance

Species, % of 1-131 Release

Reactor Bullding Exhaust

Particulale 1.3 5.0
Elementa) 37.4 25.2
Hypoiodous Acid 16.6 41.3
Organic 35.0 29.2

"100.3 _ "100.7

Turbine Bullding Exhaust

Particulate 20.0 47
Elemental 558 27.4
Hypoiodous Acid 153 405
Organic 95 27.9

100.6 100.5

Radwaste Buliding Exhaust

Particutate 33 06
Elemental 24.1 49
Hypoiodous Acid 9.0 82
Organic _64.2 86.41

1006 1001

Gland Seal Steam and Mechanical
Vacuum Pump?

Particulate 4.7 0.2
Etemental 57 01
Hypoiodous Acid 20.6 0.1
Qrganic 69.8 993

1008 . 897

NOTES. (a) Data weighted by sampia time to obnin & waighted average value tor sach plant studied, tecommended
values are the arithmetic means of the sample-time weightad plant averages
(b) Mechanical Vacuum Pump corresponds to refueling’'maintenance outages, only
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Table 4-9
SUMMARY OF NUMBER OF IODINE-131 SPECIES MEASUREMENTS

‘Plant Mode
Power Generation Operations Refueling/Maintenance Qutage
Ventilation Exhaust Plants Samples Plants Samples
Reactor Building 8 69 3 8
Turbine Building 4 40 3 10
Radwaste Bunlding 4 39 3 8
Gland seal steam 2 32 - -
Mechanical Vacuum Pump —_ — 2 6

4-17/4-18
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5. IODINE-131 INMILK

The purpose of this section is to update I-131 in milk data previously presented in NEDO-21152 (March 1976).
Additional data have been obtained for the Monticello and Peach Bottom 2/3 plants for the 1976 grazing scason.

At Monticello the 1976 annual relcase 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
mitk at farms as close as 2.4 miles to the plant corresponded to activities less than 0.25 pCifliter {Reference 5-1). The
Monticelio 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 30) the [-131 release the environs amounted to 0.78 Ci {all species). At the
closest farm the arithmetic mean 1-131 activity was 0.7 pCifliter. 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, gcometric means
yield more conservative results as the milk samples are taken from farms further away from the plant. This effect
anses hecause a majority of the samples taken during 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 activitics reported as less
than the minimum detection limit, and calculation of the arithmetic mean assumes those samples to be at the minimum
detection hmit, 0.07 pCiftiter, 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 Bottam 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,

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

The observations of 1-131 activity in milk at Monticello can be used to estimate a maximum annua! 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 factar of 0.013 mrem/picocurie ingested (References 5-3, 5-4 and 5:5). During
1976 the 1131 activity was always less than 0.25 picocuries/liter in milk collected at farms as close as 2.3 miles to the
plant, (This excludes radioactive fallout effects due to the Chinese weapons test of September 1975.) The maximum
dose is 0.25 picocuries/liter x 300 liter x 0.013 mrem/picocurie = < 1,0 mrems, This dose estimate corresponds to an
annual 1-131 airborne refease of 0.12 curies. The calculated dose is more than a decade below the NRC dose objective
of 15 mrem stipulated in 10CFRE0 Appendix 1.

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 dose due to milk ingestion is 2.6 mrems. This is a factor of 6 less than the NRC
dose objective. The calculated dose correspands to a 1-131 release during the grazing season of 0.75 curies.

5.1 REFERENCES

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

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

5-3 Thompson, J. C.,, 1976, “Comments on the Paper, ‘Radiation Doses from lodine-129 in the Environment,’ by
J. K. Soldat,"” Health Physics 37, 287.
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Soldat, J. K., 1976, “Reply to J. C. Thompson, Jr.'s Comments on the Paper, * Radiation Doses from lodine-129
in the Environment, * ** by J. K. Soldat, Health Physics 37, 288.

U. S. Nuclear Regulatory Commission, March 1976, “*Calculation of Annual Average Doses to Man from Routine
Releases ot Reactor Eftluents far the Purpose of Implementing Appendix 1, Regulatory Guide 1.109, p, 27,

Commonwealth Edison Company, “Quad Cities Power Station Radioactive Waste, Environmental Munitaring

and Occupational Personnel Radiation Exposure,” Semi-annual reports for January through June 1975, Juty
through December 1975, January through June 1976,
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Peterson

2.3 mi at 111°/ESE

«<0.25(1-13)
«20.25(2-9)
-20.25(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)

Holland

8.1 mi at 199°/SSW

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

NOTES. a Higher actwity due 10 faliout from nudear test conducted by Peopie s Repubic of Chwna on September 26 1976

Nelson

2.4 mi at 269°/W

<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(3-7)
0.76(10-19y
<0.25(11-9)
<0.25(12-7)

Vandergon

8.3 mi at 247°/WSW

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

Table 5-1
IODINE-131 ACTIVITY IN MILK IN ENVIRONS OF MONTICELLO (DURING 1976)

Olson

2.5 mi at 248°/NWE

<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)

Vetsch

9.4 mi at 128°/SE

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

FARM

Shovelain

3.0 mi at 250 /WSW

20.25(1-13)
<.0.25(2-9)
+:0.25(3-8)
<0.25(4-12)
+20.25(5-11)
<0.25(6-2)
«<0.25(6-8)
«20.25(6-15)
<0.25(6-22)
«<0.25(6-29)
<0.25(7-13)
<0.25(8-10)
<0.25(9-7)
0.96(10-19y

<0.25(11-9)
<0.25(12-15)

Becker

10.0 mi at 130°/SE

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

b.  The nominal lower dmit of detechon based on 3 sigma error tor background sample i1s 0 25 picocunes/dter

¢ The milk sampie collecbon date 1s indcated parentheticatly next 1o the 1131 achwity

Kotilinek
5.6 mi at 230" /SW

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

Kirchenbauer
11.5 mi at 323°/NW

<0 25(3-8)

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

2.23(10-19y

<0.25(11-9)
-20.25(12-7)

Hopkins

7.6 mi at 193°/SSW

«<.0.25(3-8)
«20.25(5-11)

Dwinger

13.0 mi at 335°/NNW

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

Sector {miles)
J
Sample o-1
No. w
! 19 E.1
2 7.4 E-t
3 130E-1
4 2.4 E-1
5 1.5 E-1
6 43Q E-1
7 20.0 £
8 12.0 E£-1
9 61E-1
10 36 E-1
LR 2.5 E-1
12 23 E-1
13 140 E-1
14 90 E-1
15 3.7 €
16 80E-1
17 4.1 E1
18 30E-
19 110 E-1
20 47 E-
21
22
Geometnc Mean 0.58
Arithmetic Mean 0.66

G
12
Ssw

55E-1
38E-1
32E-}
0.6 E-1
7.4 £-1
220€E-1
320E-1
170 E-1
100 E-3
52 E-1
1.7 E-1
0.7 £-1
1.1 E-1
1.4 E1
120 E-1
1.1 €1
33E-1
6.0 E-1
28 E-t
2.0 E-1
04 E1
130 E-t

037
0.58

H
1-2
S&SSW

32E-1
23 E-?
7.7 E-t
45 E1
12 E1
23 €A
90E-1
13.0 E1
10.0 £
28 E-t
0.7 E-1
32E1
30E-1
1.6 E-t
6.8 E-?
42 E4
10.0 E-1
1.5 E-t
9.4 E-1
53 E-t
16 E-t
4.0E-1

037
0.41

Table 5-2
10DINE-131 ACTIVITY IN MILK IN ENVIRONS OF PEACH BOTTOM 2/3 (DURING 1976)

1-131 Activity, picocuries/liter

M
2-3
ENE

357E-t
12 E-t
21E1
05E-Y
09E-}
92 EY
10E-Y
0.7 E-t
32E-1
30E-1
0.7 E-1
0B8E-1

0.16
0.15

L
23
NE

S5S2E
13E-1
09E-3
18E-1
49E-
13E-1
1.0E
16 E-}
09E-1
39E-1
7T2E4
44 E-1
34 E-t
B2 E-}

025
0.20

0]
34
NE

DaE
20E-!
20E-
75E-1
48 E-
21E-t
08E-1
36 E-
1.0 E-t
40E-1
08 E-t
25 €41
18E-t
13 E-t
24 E-1
23 E-1

019
017

34
ESE

15E-1
110 E-t
92 E.1
90E-1
51E-1
22E-Y
33E-t
26 E
20E&-t
19E-1
100 E-!
63 E-1
11E-1
23E-?
16 E~
20E-1
14E-1
8.5E-
90E-1
TR2EA
J3E-
22E~
60E-1
038

042

A
5-10
WSW

13E-1
100 E-!?
32E-
12 E-1
07 E-1
05 E-1

016
012

NOTE: Sampies were coliected rom 3-20-76 19 9.26-76 0n @ weekly basis ™rn s JMDIe NUMbEIS I1€ N SEQUENCe MOwever many S3mpies Nad acty Ty 248l

less than the tower kit of cetecton (0 07 pCi/hter) and these results are omiied from s tabulanon Proe 10 3.29 Th 1 131 ¢
tessthan 0 Q7 . pCsibter Ater 9:27-76 the 1133 actwes mcreased signiticantly ue 10 the nuciear weapors 'est conoucted ty

Cana

O CEMTALONS W ik i
the Peopie s Repubic of

Cc
5-10
NW

05 E-1
21E-t
22E-%
19E-1
05 E-t
10 E1
05€E-1
40E-?

012
0096

5-10

15E-t
1.9 E-1
11 E
10E-1
0.9 E-1
1.4 E-1
16 E-
40E-Y
3.1 E1
23 E-

017
012

" 05E-1

8 T T T :

10-20

09E1
04 E-1
10E.
27E-
0.7 E-t

Z2-65412-003N
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Table 5-3

IODINE-131 ACTIVITY IN MILK IN
ENVIRONS OF QUAD CITIES 1/2
(DURING 1975 AND FIRST-HALF OF 1876)

Collection Date
Month/Day
1975

14
21
32
45
412
419
426
53
510
518
524
531
67
614
621
628
75
712
7.19
7.26
82
89
816
822
8:30
96
914
920
927
104
11:1
127

Background*

1-131 Concentration, pCl/liter

<4

4

« 4

<205
- 0.5
0.5
<05
<05
- 05
- 0.5
-05
05
<0.5
<05
0.5
<05
~0.5
~0.5
=05
<1.0
<05

06 :02

0.5
~0.5
<0.5
~05
-~ 05
<05
0.5
<4

4

-4

Dairy

indicator®

=4

<4

« 4

<05
<05
- 05
05
<0.5
~05
0.5
0.5
<0*%
<0.5
<0.5
~0.5
< 0.5
<0.5
0.5
-°0.5

<0.5
<05
<05
<0.5
<05
0.5
- 05
<05
<05

('_4
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Table 5-3 (Continued)
IODINE-131 ACTIVITY IN MILK IN ENVIRONS OF QUAD CITIES %
(OURING 1975 AND FIRST-HALF OF 1976)

Dalry

Collection Date
Month/Day Background*
1978
1.3 o4
27 <4
36 <4
<05
410
417 <0.5
424 <05
51 <0.5
58 <08
515 0.5
522 0.5
526 0.5
64 <0.79
611 0.5
618 <20.5
625 <0.5
Nntes Data reported as -~ are at the 93% confidence level

a Hansen Darry Farm about 55 miles trom site.
b Saaate Club Dany less than 1 mile lrom site

Indicator®
1-131 Concentration, pCiliter

-4
-4
-4
<.0.5
-:0.5

0.5

~05
- 0.5
- Q.5
- 0.5
<0.5
- 05

0.69
0.5

+ 0.7
0.5



1131 ACTIVITY IN MILK {pCi/titer)
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0.3
02— 0548
pCilliter - 0,431 X~ ° 2
O (PEACH BOTTOM CORRELATION)
0.1 }—
0.05 j—
O PEACH BOTTOM DATA 1976
/A MONTICELLO (1975 DATA! NORMALIZED TO SAME AVERAGE
GRAZING SEASON RELEASE
AS PEACH BOTTOM 2/3 {1976)
TOTAL 11131 RELEASE = 0.75 Ci (ALL SPECIES)
0.00 L | | { | | {
o 2 4 6 8 10 12 14 16

DISTANCE FROM STACK (MILES)

Figure 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 concentrations,

3. {uel pr.-rforma.ncc of current & .R's,

4.  normalization ot iodine-131 ventilation releases to its reactor water concentration, -
6.1 IODINE-131 CARRYOVER

lodine-131 carryover is signifitant because it affects the amount of 1-131 release from the turbine banlding
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 ot 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
ditterences 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 delinition is directly applicable to BWR's in which 100% of the stcam 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 through 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 liriel outhne of the principal methods used to determine 1-131 carryover is as follows. The most frequent
method is hased on sampling |-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 vesse! 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 anat, ses of the turbine moisture separator
and heater drains, Further information on 1-131 carryover measurement methids can be found in References 6-1 and
6-2. lodine-131 activities are based on analyses of the sample by gamma spectra ususlly with Ge (Li) detectors. Liquid
samples are concentrated by use of ion-exchange membranes.

The 1-131 carryover data 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 ta the type of condensate 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 I-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 percent 1-131 carryover is used in
later sections of this document to normalize BWR 1-131 airborne release data from the turbine build:ng venttation
exhaust. gland seal steam exhaust. and mechanical vacuum pump. :

6.2 1I0DINE-131 REACTOR WATER CONCENTRATIONS

lodine-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 concursence of the utilities. The reported 1-131 reactor water concen -
trations are for 15 domestic BWR's operating during 1876 and 1976. The time period was chosen 1o provide more
recent data, to determine a 1-131 concentration trend with time, if any, and for two plants data ftom 1974 were
mcluded to show the effect of improved fuel performance. These numerous data are here provided by a series of

graphs, Figures 6-2 to 6-34a. In these figures improved-fuel denotes both General Electric Company fuel types (7x7R)
and {Bx8).

Tatite 6-2 lists the maximum monthly value of the available 1-131 reactar water concentrations by ptant. The
medians of the monthly maximum concentrations were plotted un norma! probability paper, Figure 6-35. This figure
shows that the range of 1-131 reactor water concentrations decreased signiticantly from 1975 to 1976. Figure 6-36 is
a trend anatysis over the two year period. This tiqure'was developed trom the deviations on a monthly basis of the
atthimetic mivan of the 24 medians of the maximnn monthly concentrations. The results indicate a decreasing concen-
tration with time. The above analyses are frke “snapshots’ of 1-131 concentrations for all BWR's sampled.

Q9 o plant basis over the two year period, Table 6-3 summarizes the median maximurm monthly 1-131 reactor
water concentrations, Data are excluded when a plant is undergoing refueling/maintenance outage or there are not data
avatlable 101 o given month. Thus the 1-131 concentrations conservatively apply only to plants in the power generation
mode of operations. Table G-3 also ndicates the fractional 1-131 fuel release resulting from old type fuel defects,
namely, from GE type “7x7° fuel. These values are estimates from a survey of 1975 and 1976 fuel performance data
and account for the increase in 1131 reactor water concentration from the beqinning of a fuel cycle.

An anatysis was ulso performed to determine an empirical refationship bhetween the percentage of improved fuel
in the reactors and the 1-131 reactor water concentration, The purpose of this analysis was to sec if the current BWR
fuet performance and plant operations indicate any differences from the previous source-term {Reference 2-1). The

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 mast cores there is a mixture of old-typé 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-fue! in BWR's:

1. Fuel cycte numbers must be greater than 1,

2. The amaunt of old-type fuel {7x7) must be less than ar 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. The observed 1-131 reactor water concentrations during
the first fue! 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.
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On the basis of these criteria, twelve data points were 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 [-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 cther 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 atfected 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 water
concentration had been up to about 200 uCi/kg. These two outliers were rejected for correlation purposes. Furthermore,
the data from Nine Mile Point 1 {cycles 3 and 4) scemed 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 Paint 1 data to the same design hases 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 T a ¢+ hx
where

y = concentration of 1-131 in reactor water, uCi/kg
x = percentage of improved tuel,
a.b = constants determined by regression analysis

The a coetficient was found to be 4.46 and the b coellicient was -0.0393. The latter indicates that increasing
the anount of improved fuel decreases the 1-131 concentration in the reactor water, as would be expected. The
corralation coelficient was fairly good, equal 1o 0.86. '

Additionat anatyses 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 acceptec!
vajue 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 § uCi/kg, 1-131 in the reactor
water (References 6-6 and 6-7). This value has recently been reduced to 1.7uCi/kg (Reference 6-8).

6.3 FUEL PERFORMANCE

As previously reported INEDO-21159, March 1976} BWR cores containing all or significant quantities of improved
fuel (the 7x7R and/or the 8x8 fuel desigr) demonstrate much lower iodine reactor water concentrations than BWH
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 frqquently exposed directly to the coolant resulting in a rapid increase in the core
“recoil”” level. Defects n 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 etfect is reactor water iodine-131
concentrations of 0.006 to 0.5 (uCifkg 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 10 5 uCifkg tplanms A & K in Table 6-6). The old 7x7 fuel “recoit”’ is continually decreasing due to fissioning during
plant operation and core component replacement (fuel, channels, etc.) during refueling. This is dramatically seen at
Vermont Yankee end-of-cycle 2 (10/74) and throughout cycles 3 and 4 (Figures 6-32 and 6-33). A similar reduction
in‘ivthne concentrations oceurred at Monticello end-of-cycle 4 (9/75) {Figures 6-16 and 6-17)

The increased expedience with improved fuel and the extremely low offgas and reactor water iodine release rates,
a number of reactor operators with improved fiiel cores have elected to dispense with leak detection and defnctive fuel
removal at end of fuel cycles. As a result of this practice a number of improved fuel bundles contauning defects have
seent extensive core residence time with only madest increases in core “recoil”, offgas, and reactor water wdine
concentrations beng ohserved. The reactor water iodine concentrations remained 1 1o 2 decades fower thon tevels
typically ohserved in old 7x7 cores.

Tathe G-7 summarzes imtormation refated to fuel ‘oadings, plant capacity, and reactor water cleanup system
capacity. ’

6.4 NORMALIZED RELEASE RATES OF {ODINE-131

Measurements of 1-131 airborne releases have been made at BWR's operating uncler different conditions. In order
to provide expected annual 1-131 releases, the actual release rates {see Section 3} have been normalized. The basis for
normalization s a concentration of 1-131 in reactor water of 1 uCifkg. a carryover of i-131 from reactor water -
reacton steam of 1%, fuli-flow condensate treatment, and a calendar year consisting of 300 days of power operations and
ane refuchng/mantenance shutdown pertod. The next discussion deals with normatization of actual 1-131 releas:
dotla 10 s reactor water concentration, only.

The 1131 retease rate notmalized to concentration is the rate of the actual release divided by the average 1-31
teactorn water concentration in uCikg during the sume operating period Thus, the units fur normatized 1-131 reliase
rates may be expressed as [pCiis], corresponding to an 1-131 reactor water concentration of .U LCi'te Similirly,
the nurmatized 1-131 release (millicuries) 1s the peoduct of the normalized release rate times the normal sample time in
seconds times 1.0 x 10 °*. The latter fuctor converts microcuries to milticuries. Normatized 1-131 release rates signifi-
cantly reduce the vaniations in release rates for both intra-plant and inter-plant results. For a qiven plant the normalized
telease rates aver about ane calendar year of operation will usually vary by fess than a tactor of 10, Generally, the
niter-plant results also have 10ss than a factor of 20 ditference on a normalized basis.

A normalized airborne 1-131 release s determued for both power generation operations and tefueling/maintenances
(RAD outages For (R/M) outages the average 14131 reactor water concentration for about three to four wereks,
equivalent 1o about 3 half-lives, prior to the shutdown is used for normahization purposes. This assumes that the R/M
outage 1-131 release is proportional to the previous plant 1-131 inventory and allows a reasonable time to account for
its radioactive decay. Note that normahzed 1-131 release rates do not account for its chemical form; normatized rates
are based on all 1-131 species.

The normalization of 1-131 ventilation releases to i1s reactor water concentration is admittedly a first approxi-
mation, Other plant design teatures 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 1ates can help determine the
eltect of plant operations or system conditions. In this report only a very hmited discussion is presented of plant
operation effects; such as 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 sponsored measurements are presented in Tables 6-8 and 6-9 for Vermont
Yankee (BWR/4}, Tables 6-10 and 6-11 for Monticello (BWR/3), and Tables 6-12 and 6§-13 for Oyster Creek (BWR/2).
These results are illustrated in Figures (6-38 to 6-46) for the three plants as a function of time and ventilation release
point (building). :

6-4
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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 {milticuries) are tabulated. The results for
second listing for measurements ot June through November, 1976, Table 6-14 is a summary of the normahized 1 131
releases for the three BWR's and indicates the release activities for power generation operations and refueling/
maintenance outages. For purposes of normalization, the power generation operation period is assumed to be 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 10 6-49, which
compare the building releases at the three BWRS for different plant operations. These results are a marked contrast 1o
the results on an ““as is ** basis, discussed in Section 3.2. For all plant operations, assuming one R/M outage per year,
the reactor huilding normalized 1-131 average airthorne release for the three BWR's is appmoximately 10 mitlicurins/
year plus-or-minus 50%. For the turbine buiding the 1-131 annual release ranges from 3 to 70 milhicuries. Two of
the three BWR's have normatized 1-131 annual refeases from the radwaste building of only millicune/year, the third
is more than a {actor 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 1131 release rates
appear to be bimodal. The relatively high values occurred during the refueling/maintenance outage. The low peak
occurred afier 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
building normalized 1-131 release rate after the R/M outage. There are two low outhiers and these cornrespond to the
final days of the R/M outage. Apparently all the 1-131 is refeased from the turbine butlding during the first-phase of
a R/M outage at Vermont Yankee. Similar evaluations of frequency polyqons are possible for all the ather BWR's,
However, further detailed discussions are outside the scope of this report.

Figure 6-53 compares the frequencies of turbine building airborne normatized 1-131 release rates at the three
plants at 1% 1-131 carryover. 11 is readily apparent from Figure 6-53 that the normalized 1-131 release rates increase
in the order, Vermont Yankee, Monticello and Oyster Creck. On an *‘as is” basis the frequency of 1-131 rates would
show greater differences between Qvetzr Creck and the other two plants becuuse the sample 1-131 carryover at Oyster
Creek is 2.3%, whereas at Vermont Yankee and Manticello the carryover is 0.40 and 0.45%, respectively.

Figure 6-54 shows that the turbine building, normalized 1-131 release rate correfates with plant power level, Thas
effect was not evident at Vermont Yankee and Munticello. Presumably, at Oyster Creek there 1s relatively farge fluid
leakage-probahly steam. This conclusion is maJde because turhine steam pressures at intermediate and low-pressure
stages are proportional to power level. Estimates were made of turbine intermediate pressures as @ function of povser
from sample BWR heat balances. These results ‘ndicate that the normalized 1-131 release rate can be correlated to the

squdre root of pressure. It is generally true that fluid leakage from orifices is proportional to the square-root
of pressure.

Anather evaluation of the normatized 1-131 release *esults was made hy integrating the releases as a function of
time. These cumulative arounts were plotted on log-loq graph paper, Figure 6-55 to 6-66. The slope of these data
indicate whether or not leakage is increasing, decreasing or remains the same during plant operations. If the slopen is
greates than 1 the release rate is increasing, if the slop is 1 then the release rate is constant; and if the slope is loss
than 1 then the rate is decreasing with time. Since the avove graphs plot normalized 1-131 release rates the results are
estimates of the effective fluid leakage from the nuclear steas supply system and auxiliaries. Only a few comments
follow tegarding the interpretation of the cumulative 1-131 releass results. A refueling/maintenance outage causes a
sharp rise in normalized 1-131 release. The system is opened and more fluid leakage s inevitable. However, the actual
1-131 releases are off-set by decreasing I-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

6-5
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leskage antreasedt signiticantly with time presumably due to changes in processing methods. At Vermont Yankee

leakage was constant or decreasing with ume presumably due to the implementation of an cffective «aintenance
progeam,

Tread analyses were made of actual 1-131 airborne emissions from several BWR's on the basis of routine operat-
ing plant data. The purpose of these anatyses was to determine the lang-term trend in aithorne release rates. The
numerical results have already been presented in Table 2-5. In this section the results are presented in graphical form,
Figures 6-67 to 6-70. Trend anatysis ars based on the cumulative releases as a tunctinn of plant operating time, The
cumulative 1-131 airborne tetease for Dresden 273, Quad Cities 1/2, Monticello and Pilgrim 1 show a decreas.ng trend,
This 15 apparent trom Fiqutes 6-67 to 6-70 winch are 10g-tog plots of the data. Increases in rates correspond to stopss
greater than one, and decreasas i rates coneshornd 10 slopes fess than 1, For these turned analyses tlata from the fust
year, of so, of commercigl operations were deleted to eliminate any startup effects. Such effects were apparent for
the plants canudered, see Faures 3-1, 3-3, ancd 3-5,
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Table 6-1
SUMMARY OF BWR IODINE-131 CARRYOVER VALUES

A. BWRs with Deep Bed Condensate Treatment

Systems or Powdex Systems with Stainless

Steel Condenser Tubing

Plant

Cooper
Dresden 2
Dresden 3
Fukushima 1
Fukustima 2
Filzpatrick
Milistone Point 1
Pitgrim 1

Quad Chuties 14
Nine Mile Point 1
Qyster Creek
Tsuruga
Nuclenor

a Powdes with stanless steel condenser

tuthng

Acithmeotic mean 5%

S1D 065

¢ Reported vatues are sample cases

Cartyover %

12
18
20
11
1.4
1.8
1.2
0.82
1.09
20
24
25
021

67

Systems®

Plant

Browns Ferry 1
Browns Ferry 2
Browns Ferry 3
Duane Arnold*
Hatch 1

KKM

Monticello
Prach Bottom 2
Peach Bottom 3
Vermont Yankee

b Plants have condensers witn
admiraity heass tub'ng o nther
capper bearing materat
Anthmetic mean 04%

sSt0 010°%

d Based on measurnments at 11132

1133 and +-135

B. BWHs with Powdex Condensate Treatment

Carryover °o

05
023
03
04
035
06
04
04
0 44
04
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PlantiMonth

Cooper

Dresden 2
Dresden 3
Duane Arnold .
Hatch 1
Milistone Point 1
Monticello

Nine Mile Point 1
Oyster Creek
Peach Bottom 2
Peach Bottom 3
Pitgrim 1

Quad Cities 1
Quad Cities 2
Vermont Yankee
Browns Ferry 1
Browns Ferry 2
Brunswick 2

Jan.

0.000724
42
000172
5.05
560
1.20
3.56
0.0083
0.00292
14.0
0.041
0.86
0.121
0.0033

Feb.

0.00145
57
0.00163
6.35
235
254
486
0.0261
0.0525
570
0.306
0.663
0.933
00083

Mar.

0.00177
59
0.00188
000196
9.35
311
321
3.96
0.0200
00384
13.1
0328
0.738
0.413
0.124

Apr.

000228

58

"0001n3

000210
988
198
472
0.0185
0.0826
15.3
0.921
032

Table 6-2 ,
ARITHMETIC MEAN OF 1-131 REACTOR
WATER CONCENTRATIONS FOR DOMESTIC BWR's DURING 1975

Year — 1975

May

1-131 Concentration, nCi kg

000157

0.06182
0.00181
9.19

77

471
0.0147
00699
180
0559
279
075

June

000188
022
0.00191
0.00402
B.48
138
4.05
1.66
0.0580
13.1
0.868
8.25
085

July

000323
031
000195
0 00250
915
203.
161
1.96

0 0600
0.0202
187
2.48

40.

077

" Aug.

0 0044
nza
000224
0 00425
19.5
175
833
1.78
0.0243
00308
209
136
233
0.66

Sept. Oct.
0 00206 -
023 016
15 28

000200 000220
0.00539 000512

144 1.61
m -—
12.9 —
1:21 1.30
0.0215 00374
—_ 00293
203 —_
0.521 0.650
9.02 43
079 0.84

— 0 0059

Nov.

00137
02}

29
000258
000280
KIPA
26

169
00273
130
0.365
0982
0843

00033

Dec.

00352
0.27

2.4

0 00243
0.00330
245
7.76
1.63
0.0277
0.0307
17.6
0.343
1.97
0725

—

. T69112°003N

0.012
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Table 6-2a
ARITHMETIC MEAN OF 1-13¢ REACTOR
WATER CONCENTRATIONS FOR DOMESTIC BWR’s DURING 1976

Year — 1976
Plant/Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
1-131 Concentration, .Clkg
Cycle 2

Cooper 0.0612 0.0382 N0/56 00168 0279  0.0820 00250 003261 0.0524 - 0.0003 0.0036

Dresden 2 027 2.35 0.28 — - . 035 o021 026 033 026 . 029 032

Oresden 3 29 27 25 25 40 2.6 36 3.6 68 - 35 4.0 %

Cycle 2 8

g Duane Arnold 0.00278 0.00267 — 000739 000717 000501 0.00519 00147 0.0480 0.348 0.238 0.0108 o

Fitzpatrick ~ _ —_ - — ~— —_ 0.144 0.112 - 0.179 0.195 >

Hatch 1 000619 0.00693 0.0108 00111 00952 00672 0.0296 00188 0.0437 0179 0¢97 0.4¢3 8 o

Millstone Point 1 2.24 2.10 0.895 1.73 2.34 2.29 2.65 2.70 - - - 1.14 L

Monticello 7.09 7.91 7.42 907 8.40 7.91 7.03 495 8.20 6.97 6.04 4.69 '

Nine Mile Point 1 1.46 1.41 1.14 0.857 1.23 1.5G 0.835 1.34 1.99 1.41 1.67 5.63

Qyster Creek — —_ 1.12 1.40 123 1.55 137 1.95 1.95 233 2.75 1.90

Cycle 2

Peach Bottom 2 843 19.9 79.3 - - 0253 0.522 479 0.809 0786 0.680 1.12

Peach Bottom 3  —~ 0.0446 0504 0257 0395 0221 0.59 04536 191 - 0.767 040 0 556

Pilgrim 1 - - e~ - —-— 112 12.4 155 356 11.8 116 183

Quad Cities 1 — —_ - 137 131 117 377 315 247 7.94 - 240 1.34

Quad Cities 2 2.53 288 637 8.30 238 239 1.59 187 160 — 1.90 13.1

Vermont Yankee 0638 0680 0.700 0603 0686 0470 — 0410 0483 0328 04187 0328

Browns Ferry 1 - - - - - — — - — - 0228 0781

Browns Ferry 2 _ — - - - - — —_ — — 0030 €345

Brunswick 2 - 0.0082 — - - 0 0055 0.2%0 100 044 - 615 0070
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Cycle 1

Plant’Month Jan.
Cooper 0.00828
Dresden 2 0.530
Dresden 3 4.10

Duane Arnold 0.770

Hatch 1 1.20
Millstone Point 1 1.19
Monticello 4.95

Nine Mile Point 1 6.38

" Oyster Creek 1.97

Peach Bottom 2  1.58

Peach Bottom 3 /M
Pilgrim 1 9.9
Quad Cities 1 3.41
Quad Cities 2 1.95
Vermont Yankee 0.391
Browns Ferry 1 0.483

Browns Ferry 2 0.0369 -
Browns Ferry 3 0.0349
Brunswick 1 NA
Brunswick 2 0.402
Fitzpatrick 0.198

e —— - -

Feb.

0.00531
0.55
4.30
0 1950

1.47
0.936
5.38
8.26
233
0.728

RM
16.6
2.39

- =LLD

0.431
0.195
0.0135

. 0.0532

0.0139
10.8

0.212

24 -
e

i3

Mar.

000437 (C.00369

030
4.90
ARM

12.7
152
4.45
RM
275
0.569

AM
116
2.15
2.61
0394
0.0911
0.0220
0.0605
0.0094C
0.442

0.152

<LLD = less ;han fower limit of detection
M = mainlenance oulage

NA = not available

R'M = refueling/maintenance outage

Table 6-2b

© .

ARITHMETIC MEAN OF 1-131 REACTOR
WATER CONCENTRATIONS FOR DOMESTIC BWR's DURING 1977

Year — 1977
Apr, May June July Aug.
1-131 Concentration, uCikg
000681 000802 00364 0278
0643 0593 0392 0345 0303
3.50 2.18 514 258 245
RM 0109 000931 000919 00172
Cycle 2
RM RM 0.00968 0.0128 00108
288 1.78 1.26 2.65 305
4N 525 5.23 495 487
RM =B\ RM RM 1.34
1.7 RM RM RM 1.77
2.33 RM RM RM R:M
Cycle 2

R/M 0697, NA 1.54 0.747
280 17.2 15.7 17, 16,
RM ARM <LLD 0312 0.19
2.72 7.59 449 1.45 7.66
0.383 0.333 0.470 £.554 0.318
2.13 1.04 0.728 0958 1.53
0.142 10.0 0.800 0.260 0334
0.0520 0.165 00848 0.787 - 00539
0.0258 M M 00514 00213
1.04 0.770 1.67 0923 1.39
c.122 0127 0.150 RM RM

Sept.

0.243
RM
290
60237

00832
262
545
1.20
2.62
ARM

0.610
RM
5.55
172
RM
0.131
0.0213
0.0500
00129
4.16

AM

Oct.

0.00416
RM
248
0.0233

0.230
591
R'M
1.44
2.60
0.210

1.17
RM
6.98
204
0394
RM
0.0207
0 0450
0.00954
]M
Cycle 2
00104

e

Nov.

0.00459
RM
7.93
0.0155

00170
6.29
313
1.38
3.59
0273

1.16
RM
NA
<LLD
0.246
RM

00440
0.00997
AM

0.120

S

Dec.

0.00442
0.220
13.6
0.0107

0.186
6.92
3.10
1.44
4.1
0.344

NA

0.92
1.18
1.5
0.287
RM
0.00450
00374
0.0179
M

Cycle 1

00555

A

N
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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 1131 Ci/Kg Old Fuel Detects
Copper {from July 1975) 0.039 00
Dresden 2 0.27 0.95
Dresden 3 ’ 35 ' 095
Duane Arnold (1975 only) 0011 0.0
Hatch 1 (1976 only) ) 0.070 co
Millstone Point 1 2.9 09
Monticelio (from Dec.. 1975) 9.0 10
Nine Mile Point 20 08
Oyster Creck 2.0 095
Peach Bottom 2 0.88 10
Peach Bottom 3 076 10
Pilgrim 1 197 095
Quad Cities 1 1.9 09
Quad Cities 2 5.4 095
Vermon! Yankee A 0.76 1.0
Notes 3 Data for 1975 and 1976 unless otherwise spetified

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 Fue! Concentration’
Plant Year Number % uCi'kg

Dresden 2 1976 5 44 0289 : 0.0487(7)
Dresden 3 197576 4 33 3138 = 1.269(1%
Duane Arnold 1976 2 100 00847 =~ 0.1328(8)
Millstone Paint 1 1075:76 4 51 2.202 -+ 0620(11)
Monticello 1975.76 5 100 7.148 = 1.282(13)
Nine Mile Point 1 1975 3 38 5140 =+ 3.505(9
Nine Mile Point 1 1976 4 76 1.705 = 1.275(12)
Oyster Creek 1975 5 c 1.597 = 0.307(7)
Oyster Creek 1876 6 c 1.768 = 0.542(10)
Peach Bottom 2 © 1976 2 100 1.281 = 1.570(7)
Vermont Yankee . 197576 3 100 0727 = 0102(8)
Vermon! Yankee 1976 4 = 0 078(5)

100 0.407

Notes. {3} Sefoction of plants excludes reactor in thew hirst fuel cycte
() Notation 1s anthmetic mean ¢ one standard deviation, months of continuous power generation are hsted 1n parentheses
1c) O1d-type tuel (7x7) amounts 1o 40% tor cycle 5. and 0% for cycle &
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Table 6-5
IODINE-131 REACTOR WATER CONCENTRATION DATA
FOR BWR's WITH 100% IMPROVED FUEL

sample 1-131
date concentration
Plant (tuel cycle) month/day/year uCi’kg
Duane Arnold (2) 4/27176 0.00739
5/4/76 000795
5711176 0.00458
5/18/76 000897
6/8/76 00106
6/15/76 000235
6/22/76 000229
6/29/76 0.00481
7/6/76 0.00417
7/13/76 0 00246
7127176 000895
8/3/76 00169
8/10/76 00121
6/17/76 0 0203
8/24/76 0 00949
9/7/76 00170
9/14/76 0114
9/21/76 0.0147
928776 0.0461
10/5/76 00317
10/12/76 0 0292
10/19/76 0.0128
10/26/76 132
11/2/76 0484
11/9/76 0.0561
11/18/76 0105
11/23/76 0.382
11/30/76 0.165
1217176 ' 0.0185
12/14/76 0.00822
12/28/76 ' 0.00556
Peach Bottom 2 (2) 6/28/76 0.253
7/6/76 0.231
7/12176 0.861
7113:76 0.877
7.14:76 0.86
7:20'76 0.499
7127/76 0.143
8376 0.257
8/17/76 9.32
972/76 0.449
9'7/76 0.551
91476 0.555
9:21/76 0.709
9/30.76 1.78
10'5/76 0.905
10/15/76 0.691
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Table €-5 (Conl.)
JODINE-131 REACTOR WATER CONCENTRATION DATA
FOR BWR's WITH 100% IMPROVED FUEL

sample 131
date concentration
Plant (fuel cycle) month/day/year uCirkg
Peach Bottom 2 (2) 10/26/76 0763
11/2176 0.645
11/9/76 : 0.715
12/3/76 1.28
12/7176 1.15
12/16/76 0 944
Vermont Yankee (3) 1/9/75 1.03
1/21175 077
1730/75 078
2/4/75 0.738
2/125/76 0588
374175 0.335
3712175 0 880
3718775 0.400
4/4/75 0.700
4/8/175 0679
4715175 1149
4/22/75 1.00
4/29/75 0.64
578175 058
5/15/75 056
5122175 0.96
5/29/75 088
6/4/75 0.90
6/20/75 0.73
6/26/75 0.93
7/3/75 050
7/11/75 0.69
7/15/75 1.10
7722175 0851 -
7/29/75 ' 0.703
8/6/75 0.66
9/5/75 0.569
9/11/75 0.770
9/18/75 0.809
9/25/75 101
10/2/75 0.78
10/8/75 0.798
10/14/75 0.824
10/23/75 0.780
10/30/75 1.00
1174175 0.863
14/2/75 0798
11/18/75 0.934
11/26/75 0778
12/2/75 0.748
12/8/75 : 0744
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Table 6-5 (Cont.)

IODINE-131 REACTOR WATER CONCENTRATION DATA

FOR BWR's WITH 100% IMPROVED FUEL

sample
date

Plant (fuel cycle) month/day/year

Vermont Yankee (3) 12/15/75
1/8/76
1/13/76
1/20/76
2/20/76
2124176
3/2/76
379176
3/30/76
4/6/76
1/15/76
$/20/76
4/29/76
5/4/76
5/11776
5/20/76
6/4/76
6/8/76
6/15/76

Vermont Yankee (4) 8/19/76
8/24/76
8/31/76
9/17/76
9/24/76
1071776
10/8/76
10/15/76
10/22/76
10/28/76
11/5/76
11/9/76
*1/16/76
12/3/76
12/7/76
12/14/76

Note Data bases ncluces nlOrmahon avadanie from January 1975 1o Decempder 1974
4xCIUCING expONance Cala 107 hist fuei cycte of BWRS with 100% imzroved luet
exciuces Monntceno 2ata 10r Cyce § whieh nas 100% 1mproved fuet Du! *A1dtyery

1-131

concentration
uClskg

0682
0675
0670
0568
Q508
0761
0.862
0709
0519
0558
0N
0588
0735
0614
0832
0612
0427
0524
0 459

0475
0352
0 404
0559
0407
0443
0271
0 a5
0348
0128
0520
0.483
0 458
0348
0225
041

Nigh amounts of ramp uranium due 10 Drevious Ce'ects i UMIMDrQvead * 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 nCi/Kg GwDI uCilKg GWDn
A ‘ 0.08 6.6 21 15
8 ¢ 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 ¢ 99. d 54 10
NOTES a Data as of about 1231 75. concentration vatues are maximum valuas reported during fuel cycle to indicated burnup
b Data as of about 1/26 77, concentration values correspond 10 this date
_ & No permission received from ulility 10 1dentity plant by name .
d Ummproved fuel. tuel pertormance not ke improved fuel in other histed plants
Table 6-7
SUMMARY OF BWR FUEL TYPES BY PLANT AND RELATED PARAMETERS.
Rated Power Fuel Type® % Reactor Water Cleanup Flow
Piant MWR x7 7x7R 8x8 % 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 - 1
Hatch 1 809 - - 100 1
Milistone 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 - - ’
Peach Bottom 2 1098 - 75 25 1
Peach Bottom 3 1098 - 100 - 1
Pilgrim 1 ' . 655 74 - 26 2
Quad Cities 1 810 70 4 27 1
Quad Cities 2 810 57 —_ 43 1
Vermont Yankee 537 —_ 1 89 1

Notes a Nominal turbme plate rating
b Dateasott 177
¢ Nominal capacity 18 6% however system always oparated at 3% of feedwater tiow
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Table 6-8

NORMALIZED I-131 AIRBORNE RELEASE RATES AT VERMONT YANKEE* " ¢

Nominal
Sample Period

620-7.2.74
7:2-7.974
7/9-7:23 74
7.23-7'3074
730-8.13.74
8 13-827.74
B8:27-9.12:74
914-927:74
927-101074
10.11-10'13:74
1013 101474
1014-10:31/74
1031-11,1:74
11:1-1.18.74
11.18-12,2:74
12,2-12°6:74
12 6-12:27.74
12.27-1:28.75
128-2'14.75
2.14-35'75
35-3875
38-32675
326-4-10.75%
4-10-426°75
4 26-5.875
58-529.75
5:29-6.13'75
6:13-62675
6.26-7.1075
7:10-7:29:75
7:29-8°13:75
8:13-828/75
8:28-919.75
919-10.7/75
107-1021.75
1021-117:75 .

Reactor

(0.001)

0.1400
0.9600
0.1680
0.1040
0.0633
0.0514
0.1105
0.0271
0.0314
0.5000
0.6389
1.250
0444
0.4722
0.3333
00333
0.0639
0.0196
00114
0.0719
04250
00540
00378
0.0476
0.0282
0.0792
0.0359
0.0775
00426
02836
0.1562
0.0344
0.0365
0.0896
0.0247

Normalized 1-131 Release Rate, [uCl/s]

Turbine
(0.001)

0.0560
0.0880
0.0440
0.0600
0.0500
0.0457
0.0684
0.1054
0.0215

}0.1110

0.1551
0.0239
0.0009
00012
0.0231
00308
0.0210
0.0205
0.0400
00746
0.02%9
0.0984
0.1057
0.0268
0.0597
0.0918
0.0508
0.0448
00120
0.0639
0.0377
0.0312
0.0091

Radwaste
(0.001)

0 0600
0.1601
0.0960
0.0680
0.0367
0.0400
0.0395
0.0811
0 0400

{0.0694)¢

0.0227
00440
0.0180
00106
0.0075
NS
0.0196
0.0157
00157
0.0437
0.0191
0.0038
0.0279
00225
0.0167
0.0339
0.0452
0.0688
00150
0.0032
0.0098
0.0165
0.0507
0.0562

Notes {a) Normatized 1131 release rates are based on EPRI'NES measurements

{b) Data are normahized 10 an 11131 Reactor water concentration of 1,Ci1Kg

{€) Retueling'maintenance outage transpired 10°11 10 12 1374,

{d) Numbers in paranthes:s are estimated values

6-16

GS & MVP
(0.001)

0.0120°
2.0001
00148
0.0195
0.0146
0.0114
00084
NS
0.0102
1.1667
30556
(1.16)°
0.3611
0.0172
0.0047
0.0049
NS
0.0241
0.0253
00417
0.1087
0.0397
0.0211
0.0215
0.0980
0.1389
0.0250
0.0494
0.0423
0.0253
0.0312
NS
00588
0.0181
0.0270
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Table 6-9
NORMALIZED 1-131 AIRBORNE RELEASES AT VERMONT YANKEE +*>- '

Normatized i-131 Release, miflicurles

Nominal |
Sample Petlod Gland Seal ?
Month/Day/Year Reactor Turbine Radwaste . & MVP

6/20-7/2:74 0.1452 0.0581 0.0622 0.0207 |
7.2-7/9/74 0.5806 0.0532 0.0968 1.210 !
7:9-7/2374 0.2032 0.0532 0.1161 0.0179
7/23-7i30/74 0.0629 0.0363 0.0411 0.0118 ;
7/30-8/13/74 0.0766 0.0605 0.0444 0.0177 !
8/13-8127/74 0.0622 0.0553 0.0484 0.0138
8/27-9/12174 0.1528 0.0946 0.0546 0.0116
9/14-9/27/74 0.0304 0.1184 0.0911 NS
9:27-10/10/74 0.0353 0.0241 0.0449 . 00115
10/11-10/13:74 0.0864 0.2016
10-13-10.14:74 0.0552 0.1918 (0.018)° 0.2640
10/14-10/31i74 1.836 0.334 0.1)°
10'31-11/1.74 0.0384 0.0134 0.0038 0.0312
111-11/18/74 0.6936 0.0351 0.0265 0.0253
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
12/6-12i27:74 0.116 0.042 NS NS
12:27-1/28.75 00543 0.0852 0.0543 0.0667
1:28-2"14/75 0.0167 0.0308 0.0231 0.0372
2:14-3'5/75 0.1180 0.0337 0.0258 0.0685
3'5-3:8'75 — —_— —_— _—
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
4/10-4/26/75 0.0522 0.0414 0.0136 0.0292
4:26-58/75 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
6/13-6:26:75 0.0403 0.0671 0.0381 0.0281
6/26-7/10/75 0.0937 0.11114 0.0547 0.0597
7/10-7/29/75 0.0700 0.0834 0.1130 0.0695
7/29-8/13:75 0.3675 0.0581 0.0194 0.0328
8:13-8/28/75 0.2025 0.0156 0.0041 0.0405
8:28-919/75 0.0654 0.1215 0.0187 NS
’ 919-10/7/75 00567 0.0586 0.0256 0.0315
10:7-10/21/75 0.1084 0.0377 0.0613 0.0219

10:21-11/7/75 0.0363 0.0134 0.0825 0.0397

Notes (a) Normahzed I-131 releases are based on EPRI'NES measurements
{b) Data ars normahized 10 an 1-131 reactor water concentration of 1 0 uCikg for each sample penod
(c) Refueling‘marintenance outage transpired 10:11 to 12:13:74.
(d) See Tabile 6-12 for summary of total 1-131 releases
{e) Numbers in parentneses are estimated values
() Sample [-131 carryover 1s 0 40%

617
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Table 6-10

NORMALIZED 1131 AIRBORNE RELEASE RATES AT MONTICELLO* * ¢

Nominal
Sample Period

Month:Day/Year

11 15-1117 74
11:20-12574
125-121874
12:18-16 7%

18-1.97%

1,13-1 1575
19-1'13 and
115-1227%
122-2.775
27-22275
222-31075
3.10-32575
325-477

17-421.75
421-5575
55-51775
519-6:575
65-62375
623-7.875
7.8-72275
7'11-730.75
8-5-8:21.75
8§ 21-9.375
93-91175
6.11-9:2575

9.25-101575
10:16-1027.75
10°27-11.14.75
11.14-11.17.75
11,17-11:18.75
11.18-11/18:75
11/18-11:1975
11.19-11/1975
1119-11.2075
11/20-11:21/75
11/21-11121,75

11,21-11/22'75

11/22-11:22:75
11:22-11:23'75
11,23-11:23/75
11/23-11.24:75

Normalized {-131 Reloase Rate, {uCl/s)

Reactor
(0.001)

—

0 3056
01927
01358
01109
04426

0.2951

Q1115
03100
02382
06286
03589
0 4038
NS
10548
02250
04142
05133
08750
0.2347
05533
04761
03118
02526
NS
00105
0 0009
J 269
NS
1.655
0.240
0.105
0.186
0.173
0.150
0.137
0.155
0.180
0.238

Turbine
{0.001)

02639
01133
0.1045
0.0745
05574

06393

01118
2.8000
0.5294
0.5714
1.1282
0.7115
07611
07123
02562
0.2071
02266
0.2250
0.1782
03733
0.5238
0.3353
00279
0.0074
0.0011
0.0003
414
n
1.03
0.191
0.056
0.0583
0.0753
0.159
0.0740
0.136
0.128
0.113

Radwaste
(0.001)

00361
00169
00269
00218
0.0230

00105

0 0046
0.0450
0.0076
NS?
0.0282
0.0161
0.0149
0.0131
00218
0.0378
0.0500
0.0400
0.0369
0.0246
0.0304
0.0194
0.0153
0.0013
0.0002
0.0001
NS*
0.823
0.734
0.204
0.037
0.201
0.0291
0.0332
0.0143
0.0150
. 0.0213
0.0181
NS

Notes (a) Normahzea 1-131 release rates are based on EPALNES measurements
D) Data are normalized to an I-131 reactor water concentrat:on of 1 0 uCikg for each sample period
(¢} Retueling maintensnce outsges transpired 1910 2775 and 911 to 11.17.75.
(@) NS indicates that nO sample messurement 18 availadle

6-18

Rool-Vent
(0.001)

06111
03253
0 2687
0.2000
10656

09508

02295
31000
07647
12000
15128
11346
NS¢
1.7808
0.5062
0.6642
0.8000
1.0416
0.4043
09333
1.0000
0.6471
02947
NS¢
00116
0.0013
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
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Table 6-11

NORMALIZED 1-131 AIRBORNE RELEASES AT MONTICELLO* ™~

Nominal
Sample Period
Month/Day/Year
1115-11/17/74

11.20-12:574
12°5-12:18/74
12.18-1/6:75
1/8-1/9:75
1/13-1,15:75
1/9-1/13 and
1/15-1:2275
1'22-2.775
2i7-2/22:i75
2:22-3/10.75
310-3/25/75
3:25-4/7.75
4/7-4,21.75
4.21-5,575
5/5-5'17.75
519-6/575
6.5-6:23'75
6:23-7-8.75
7/8-7:22775
7.11-7/30:75
8:5-8:24/75
8:21-93.75
93-9:11:75
9/11-9:2575
9:25-10/15/75
10/15-10:27/75
10/27-11/14775
111411117775
11/17-11/18/75
11/18~11/18/75
11118-11/19/75
11/19-1119/75
11/19-11;20/75
11/20-11,21/75
11/21-11721/75

11/21-11/22/75

11/22-11/22/75
11122-11123175
11/23-11/23/75
11/23~11/24175

Reactor
0.3860
0.2165
0.1715%
0.0036
0.0765

0.2805

0.1541
0.0402
0.3294
08145
0.4030
0.4884
NS
1.0935
0.3305
0.6442
0.6652
1.0583
0.1622
0.7646
0.5347
02155
0.3056
NS
0.0109
0.0015
0.2860
NS
0.0745
0.0102
0.0062
0.0076
0.0101
0.0085
0.0051
0.0084
0.0059
0.0125

Normalized 1-131 Release, millicuries

Turbine
- 0.3419
0.1272
0.2230
0.0064
0.0963

0.6077

0.1541
3629
0.7318
0.7405
1.2671
0.8607
0.9207
7384
0.3763
03221
0.2937
0.2721
0.1232
0.5160
0.5885
0.2318
0.0337
0.0127
0.0011
0.0005
0.3620
0.1362
0.0464
0.0081
0.0033
0.0024
0.0044
0.0090
0.0028
0.0074
0.0042
0.0060

- Radwaste
0.0468
0.0189
00441
0.0019
0.0040

0.0100

0.0063
0.0583
0.0106
NS¢
0.0316
0.0195
0.0181
0.0116
0.0321
0.0588
0.0648
0.0483
0.0255
00341
0.0342
0.0134
0.0185
0.0023
0.0002
0.0001
NS
0.0720
0.0270
0.0092
0.0016
0.0013
0.0012
0.0019
0.0008
0.0006
00012
0.0006
NS

Notes' (a) Normalized §-131 release rates are basec on EPRLNES measurements
(b} Data are normalized to an |-131 reactor water concentration of 1 0 .Cikg for each sampie pericd.
{c) Retusling/maintenance outages transpired 1/9 t0 2775 and 911 to 11.17 75,
(d) NS indicates that no sample messurement 13 available.
(e) Sample 1-131 carryover 0s 0 45%
(N See Tadle 6-12 for a summary of totat I-131 releases.

619

Roof-Vent
0.7919
0.3654
04410
00173
0.1841

09036

03172
4.0180
1.0571
1.5551
1.6992
13725

NS
1.8465

'0.7437
10328
1.0366
1.2600
0.2794
1.2900
1.1230
0.4472
0.3565

NS
0.0120
0.0020

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS
" NS
. NS
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Table 6-12

NORMALIZED 1-131 AIRBORNE RELEASE RATES AT OYSTER CREEK (1975-1976)

Nominal
Sample Period
Month/Day/Year

2/22-2/26/75
2:26-31275
3.12-3/28'75
3'29-4/15775
4115-5/1:75
51-515'75
5/15-5729'75
529-6'16/75
6/16-6/30/75
6/30-7/17.75
7117-8/5:75
8'5-821:75
8'21-9/8/75
9.8-9/29/75
9/29-10/14/75
10'14-10/31/75
10.31-11/14/75
11:14-12/4i75
12/4-12118:75
12/18-1/5/76
1/5-1/22/76
1122-2/9/76

Note. See end of Table 6-12a

Reactor
(0.001)

0.1154
0.0815
0.3385
0.8154
0.200

0.0769
0.0308
04412
03667
0.6471
0.2333
0.2063
0.0714
0.1385
0.1800
0.0538
0.0565
0.6714
0.1117
0.7500
0.1125
0.0194

Normalized 1-131 Release Rate, (uCi/s]

Turbline
(0.001)

3.8462
4.3077
4.3077
12.3077
8.1538
0.7077
0.0646
1.7059
1.5333
1.5882
311
4.6875
2.3571
3.6154
0.9500
NS
4.5294
3.0714
4.1176
2.8125
6.5625
0.8752

6-20

Radwaste
(0.001)

0.0708
0.1046
0.0754
NS
0.5231
NS
0.0074
0.0941
0.0500
0.2706
0.5611
0.4500
1.3571
14615
1.1000
0.3500
0.1412
0.7143
0.1118
NS
0.0681
0.0506

Gland Seat
& MVP
(0.001)

NS
NS
NS
NS
NS
NS
NS
NS
0.4667
0.7176
3.6667
1.3750
3.9286
NS
NS
NS
0.3235
4.0000
1.1785
5.1250
0.1125
0.0033
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Table 6-12a
NORMALIZED 1-131 AIRBORNE RELEASE RATES AT OYSTER CREEK (1976)* » ¢

Normalized 1-131 Release Rate, [uCi/s)

Reheater
Feedwater Pump/  Protection
Nominal Gland Seal Condensate Pump System
Sample Period Reactor Turbine Radwaste & MVP Room Exhaust Exhaust
MonthiDay/Year (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
6/16-6:23.76 0.167 8.04 0.324 NS‘ NS NS
6/23-6:30:76 0.142 8.03 0.185 0.294 0103 NS
6:30-7:7.76 0.168 16.9 0431 0.379 NS
7:7-71376 00771 104 0447 0.250 00836 NS
70113-7.20'76 0.107 8.65 0982 0.416 ' NS
7/20-7.2776 0123 920 0.0612 0292 .
7:27-8:3.76 18.4 14 4 2.43 51.8 01846 , oess
8/3-8/10.76 0.653 8 96 0.359 0.366 0650
8.10-8.17.7 0475 12.4 0117 0.0654 0149 '
8:17-8.24 76 02327 8 84 0469 0.305 _ 0924
8.24-8/30.76 0700 7.63 0618 1.3% 00684
8/30-9/7-76 0.249 8.49 0.301 1.01 '14
9.7-9/16.76 0.221 5.63 0.464 1.02 )
9.16-9-23:76 0418 147 1.18 1.75
9:23-9.30.76 00341 11.0 3.71 2.05 0114 0813
9:30-10 776 0.147 7.48 0.500 0803
10.7-10:114:76 0.155 7.92 0.307 0873 *0.0719 0538
10/114-10.21/76 0.21 6.20 0.200 0.647 ’
10/21-10:28176 0.112 586 0.564 0.627 0449 0310
10.28-1113:76 0.0698 4.14 0.214 0.411 ’
11/4-1111:76 0.0951 5.13 0.220 0.571 00071 0.276
11:11-11.18/76 0.0969 483 - 0.319 0.402 ' NS
11,18-11:30/76 0.0861 5.14 0.301 0.599 0.106 0.185

Notes (a) Normahzed 1-111 release rates are based on EPRINES measurements.
51 Data are normalized (0 an 1-131 reactor water concentration of 10 uCukg tor each sample period.
{c) Refueling maintenance outages transpiracd 32910 52975 and 1.5 10 314 76.
13) NS indicates thal no sample measurement 13 avaiiable
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Table 6-13

NORMALIZED 1-131 AIRBORNE RELEASE RATES AT OYSTER CREEK (1975-1978)

Nominat
Sample Period

Month/Day/Year

222-2:2675
226-312.75
3'12-32875
329-4:1575
415-51.75
51-5'1575
515-52975
529-61675
6'16-63075
630-71775
7.17-8575
85-82175
821-98:75
y8-92975
929-10 14.75
1014-1031:75
1031-11/14:75
11/114-12'4.75
12:4-12,18/75
1218-1/5.76
1:5-1,2276
122-2.9'76

Reactor

00398
0.0986
04678
1.1977
02765
00931
0.0372
0.6859
04437
09506
0.3828
02850
01114
02515
02460
0.0788
0.0682
1.1600
0.1353
1.1663
0.1650
0.0300

Note' See notes at end of Table v-13a

Turblne

1.3292
52108
5.9954

18.0769

11.2723
0.8560
0.0782
2.6529
1.8547
2.3329
5.1072
64813
3.6657
6 5600
1.231

NS
54788
5.3071
4.9806
4.3738
9.6375
1.3606

6-22

Normalized 1-131 Reloase, Miilicuries

Radwaste

0.0245
0.1266
0.1042
NS
0.7231
NS
0.0089
0.1465
00603
v.3976
0.9211
0.6219
2.1107
2.6515
1.4260
0.5144
0.1706
1.2343
0.1353
NS

0.1000

0.0788

Gland Seal
& MVpP

NS
NS
NS
NS
NS
NS
NS
NS
0.5643
1.0541
6.0167
1.9006
6.1100
NS
NS
NS
03912
69121
1.4229
7.9688
0.1650
0.0050
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" Table 6-13a

NORMALIZED 1-131 AIRBORNE RELEASE RATES AT OYSTER CREEK (1976)* >+ '

Nominal

Sample Period
MonthiDay!Year

6.16-6:23:76
6.23-6:30.76
©30-7.7.76
717-7:.13:76
7/13-7.20.76
7:20-7.27'76
7.27-8/3.76
83-8.10.76
8:10-8'177
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
11,11-11:1876
11/18-11.30/76

Reactor

0.10098
0.08618
010164
0.03998
0.06475
007460
11.099

0.39490
0.28738
0.19769
0.36287
0.17220
017209
0.25263
0.02065
0.08870
0.03358
0.07326
0.06779
0.61223
0.05752

0.05863

0.08926

Turbine

4.8601
48544
10.214
5.4100
5.2335
5.8657
8.6873
54211
7 4095
5.3474
3.955%
58660
43773
8.8724
6.6572
4.5227
4.7882
3.7478
3.5415
2.5021
3.1026
2.9186
53274

Normalized 1-131 Release, Millicuries

Gland Seal
Radwaste & MVP
0.1959 NS?
0.1117 0.1778
0.2604 0.2291
0.2315 0.1295
0.05938 0.2516
003699 0.1767
1.4674 37.368
0.2171 02215
0.07086 0.0395
0.2836 0.1844
03204 0.6799
0.2079 0.6973
0.3604 0.7931
0.7142 1.0577
2.241 1.2419
0.3026 0.4856
0.1856 0.5278
0.1209 0.3911
0.3409 0.3789
0.1297 0.2488
0.1334 0.3452
0.1931 0.2429
-0.3120 0.6210

Notes. {8} Normatized 1-131 releases are based in EPRINES measurements.
() Oats are normalized to an {-131 reactor water concentration of 1.0 uCikg for each sample pencd.
(¢} Relueling:maintenance cutages transpired 329 10 52975 and 15 to 14,76
(0} NS indicates that no sample measurement i1$ avadable

{e) Sampte 1131 carrover 13 2 3%

() See Tadle 6-12 for a summary of total I-1J1 releases. -

623

Feedwater Pump/
Condensate Pump

Room Exhaust

NS
0.1249

0.0939

0.1023
0.2697

0.0828
0.2951

0.0870
0.0543

0.1175
0.1101

Reheater
Protection
System
Exhaust

NS
NS
NS

NS
NS

0.844
0.787
1.04
168
0983
0650
‘0.375

0.333

NS
0.191



Buliding/Plant

Reactor
Turbine
Radwaste

Total Building Release =
Gland Seal Steam =

Reactor
Turbine
Radwaste

Total Building Release +
MVP =

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 QUTAGE *-*- ¢

NEDO-21159-2

Table 6-14

Power Generation Operations (300 Days)
1-131 Release, millicuries
Vermont Yankee

Monticello ¢

1-131 Release, millicuries

2.49 (53)
1.25 (27)
0.94 (20)

4.68 mCi
2.00 mCi

3.12 (83)
024 (6)
040 (1)

Refueling/Maintenance Outage *®

3.76 mCi

24 mCi

Notes. (a) Normalized I-131 releases are based on EPRLNES measurements
(b) Data are normalized to an 1-131 reactor water concentration of 1.0 uCirkg.

{c) Numbars in parentheses are parcentages of tota! building ventilation release per plant per operation
{d) Monticello radwaste release includes input {rom reactor water cleanup demineratizer which is an input

source to reactor bu

(e} At plants with two R'M outages, the I-131 releases were determined by the arithmetic mean.

ilding at the other two plants

Table 6-15

10.50 (40)
14.72 (57)
0.80 (3)

26.03 mCi

S—a—

0.69 (59)
0.45 (39)
0.03( 3)

1.17 mCi

NORMALIZED 1-131 TURBINE
BUILDING RELEASE ADJUSTED TO ONE PERCENT 1-131 CARRYOVER*- ®

1-131 RELEASE, MILLICURIES

Power Generation Operations (300 days)

Vermon!t Yankee
Monticello
Oyster Creek

3.12
32.71
59.85

Refueling/Malntenance Outage

Vermont Yankee
Monticello
Oyster Creek

0.60
1.01
8.97

Oyster Creek

14.62 (9)
137.65 (83)
14.21 (9)

166.48 mCi
74.60 mCi

0.90 (4)
20.64 (88)
1.96 (8)

23.50 mCi

r—

. NOTES: {a) At Vermont Yankee gland saal release is 5.0 millicuries and the MVP 1-131 release

is 6 0 millicurias.

(b) At Oyster Creek gland seal [-131 refease is 32.4 millicuries.

6-24
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IODINE-131 CARRYOQOVER (%!}

20 |—

10—

~ CONDENSATE TREATMENT

O DEEP.BED AND POWDEX PLANTS WITH
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Figure 6-1. Normal Probability Distribution of lodine-131 Carryover in BIWR's
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{ODINE-131 REACTOR WATER CONCENTRATION (uCi/kg)
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Figure 6-2. Ilodine-131 Reactor Water Concentration at Browns Ferry 1, 1977
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IODINE.131 REACTOR WATER CONCENTRATION [} Ci/kg)
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Figure 6-3. lodine-131 Reactor Water Concentration at Browns Ferry 2, 1977
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IODINE-131 REACTOR WATER CONCENTRATION (uCi/kg)
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IODINE-131 REACTOR WATER CONCENTRATION (u Cilkg)
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IODINE.131 REACTOR WATCR CONCENTRATION (UCi/kgl
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IODINE-131 REACTOR WATER CONCENTRATION (4Cifkg)
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JIODINE-131 REACTOR WATER CONCENTRATION (U4 Ci/kg)
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IQDINE-131 REACTOR WATER CONCENTRATION {1 Cifkg)
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IODINE-131 REACTOR WATER CONCENTRATION W Cikg)
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IQUINE. 131 REACTOR WATER CONCENTRATION WCi(\tgl
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IODINE.131 REACTOR WATER CONCENTRATION ({1Ci/kg}
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IODINE-131 REACTOR WATER CONCENTRATION (U4 Ci/kp)
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10DINE.131 REACTOR WATER CONCENTRATION (iCi/kg}
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IODINE-131 REACTOR WATER CONCENTRATION {11Ci/kg}
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IODINE- 131 REACTOR WATER CONCENTRATION (UCirkg)
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IODINE-131 REACTOR WATER CONCENTRATION (& Ci/kg)
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Figure 6-17. lodine-131 Reactor Water Concentration at Monticello, 1976
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Figure 6-38. Normalized I-131 Release Rates, Reactor Building Ventilation Exhaust at Vermont Yankee
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Figure 6-41. Normalized 1131 Release Rates, Turbine Building Ventilation Exhaust at Vermont Yankee
(1974 and 1975)
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Figure 6-42. Normalized 1-131 Release Rates, Turbine Building Ventilation Exhaust at Monticello
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Figure 6-48. Bar Graph of Normalized 1-131 Airborne Releases at Three BWRSs for Power Generation
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Figure 6-51. Frequency Polygons of Normalized 1-131 Airborne Release Rates from Reactor, Turbine
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Figure 6-55. Cumulative Normalized I-131 Radwaste Building Airborne Release at Vermont Yankee
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7. RESULTS

The additional measuterments of airborne 1-131 releases since the issuance of the NEDO-21159, March 1976,
provides corroborative evidence regasding 1-131 species, fuel performance, butlding ventilatian release rates, aned gland
seal steam/mechamical vacuum pump exhausts.

Tha percentages of the various 1131 species released from BWRs are summarized m Table 7-1. Mast of the
elemental 1-131 arises from the turbine building ventilation exhaust. A majority of organic 1-131 (methyl iodde) is
released from the mechanical vacuum pump {MVP). The 1-131 species appears to be dependent on its hold-up time in
processes andfor plate-out on budding or process equipment surfaces, In ateas where the <131 would be defayed the

mast the eelative amount of organic 1-131 increases. Additional summaries of 1-131 specins have been presented in
Tables 4-8 and Tables 2-1 to 2-4,

Table 7 2 summarizes the utility data and includes a rough indication of the {-131 reactor water concentrations.
Precise estimales are not available for the 2dreactor years of operation, but if the average total annual 1131 release, as
measured by the utility, is divided by the approximate mean reactor water concentration to ohtain normahzed release
rates, it 1s apparent that the annual normalized releases are in most cases in the 10 to 100 mullicurie range. This range
is cormparable to the results calculated from the extensive EPRI/NES measurements, see Table 7-3.

Table 7-3 s a summary of normalized {-131 airborne teleases for the three BWR's according ta budding and
plant. The anthmentic mean building 1-131 release 1s indicated for both power generation operations fon 300 days) and

a refueling/maintenance outage. The results are conservative because one ol the plants {Oyster Creek) can operate

with relatively high 1-131 releases and cause no significant environmental impact, because the auborne activity is
discharqed from a tall stack. Thus by use of the simple arithmetic mean these results are skewed in favor of Oyster Greek,

The EPRUNES study also included an independsnt method for the determination of normalized 1-131 release
rates. The results weported by EPRIJNES are compared to the results of this study in Toble 7-4. In many instances the

tesults are the same, differences are generally small, Both analyses have the same magnitude for 1-131 releases and thes
conbiums the genecal vatidhity of the results reported here,

A companson of the current NRC source-term and the results reported here is presented in Table 7-5, The NRC

source term for lemental 1-131 based on the earlier 1972-1974 measurements can now be reduced by ahout an
otder ol magmitutde,

With regardd to the reactor building releases from Mark [/BWR plants relative to Mark HI/BWRSs it is difficult to
assess the chvision of releases between the containment and the auxiliary/fuel buildings. The reactor building releases
were due primanly to problems with the reactor water cleanup pump at Monticello and the sample hood at Oyster
Creek, accordmg to the EPRIZNES study. However other plants have ditferent leakage sourees in the reaclor building.
Thus even though the reactor wateo cleanup s tocated in the Mark 11 auxiliary building the releases from it may not
be greater than the containment building The type of sample hood at Oyster Creek is not used in any new BWR's
designs and sampte hoods are not expected to be a significant in-plant source of 1-131, Thus, it is probably host at this
time to assume a 50/50 split for 1eleases between the containment and auxiliary buildings,

Fiqure 7-1 shows the correlation of 1-131 concentration in reactor water with percent improved fuel discussed
m Section 6.2. At the ceactors with 100% improved fuel each reported concentration was considered, Table 6-5, and
plottett to determine a frequency distribution, Figure 7-2. Recatl that these data include resulits from Vermont Yanken
which still has some tramp uranium in the reactor from the exposure ot old-type tuel. This uranium is stowly “burning-
oft” as inchcated by continuing decreases in the [-131 reactor water concentrations, see Figures 6-32, 6-33, and 6-34.
From Figqure 7-2 a bimodal frequency distribution is apparent, the low value corresponds ta fuel performance at
Duane Amold (fuel cycle 2) and the upper from Peach Bottom 2 (fuel cycle 2} and Vermont Yankee (fuel cynie
3 and 4). These data are conveniently presented in the form of a cumulative frequency distnibution showing the nuna:
of ohservations less than or equal to a specified vatue, see Figure 7-3. '
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A summary of iodine-131 reactor water concentrations in domestic BWRSs 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. Individua! 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 I-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 8x8 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 trom 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 1131
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 |-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 mare favorable atmospheric diffusion canditions.

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. 1 Draft, June 1978.
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AMOUNTS OF IODINE-131 SPECIES IN AIRBORNE RELEASES OF BWRs*®

HOI

17
. 49

30

PROPORT!ON OF PLANT."/.
- - 1-131 Specles
Source Elemental . Particulate

Reactor building 15 13
Turbine building 76 75
Radwaste building 5 2
Gland seal steam and MVP __{_ i i(_)_
Total annual releasn, millicuries 250 8.7

Grand total all 1-131 species - 78 millicuries

13.0

NOTES (al Source release 18 taken to be 300 days of power operations and one refueling maintenance outage
(b} The total annual release including all 1-131 species for the sources are as follows:

reactor

Table 7-2

11 mC. turbine - 36 mC. radwaste « 6.2 and gland seat and MVP - 15 mCi

CHsl

12
13
13
62

31.0

SUMMARY OF UTILITY MEASUREMENTS ON 1-131 AIRBORNE RELEASES.

Operating
Sample Perlod Period
Plant Month/Year Reactor-Years

Reactor Building Release (only)

Dresden 2.3 1/73-12/76 8
Quad Cities 1/2 173- 6/77 8
Reactor, Turbine and Radwaste Buildings

Monticello 1/74-12/75 2

1/76-12/76 1

Pilgrim 1 1/73- 6/76 35
Peach Bottom 2/3 1/76~ 9/76 1.5

Tota! Length of Opefations -~ 24, Reactor-Years

Approximale
Index of 1-131
Reactor Water
Concentration

uCl/Kg

03to 4
2105

10-200

9
20
0.5-100

78

(all plant operations)
Millicuries/Year/Reactor

46
80

1240

480
440

Average
Total 1-131
Release

eftect o!
60 {improved fuel




Reactor Building
Vermont Yankee
Monticetlo
Oyster Creek

Arithmetic mean =

Turbine Building (1-131 Carryover at 1%)
Vermont Yankee
Monticello
Oyster Creek

Arithmetic mean

it

Radwaste Building
Vermont Yankee
Monticello
Oyster Creek

Arithmetic mean =

— e = S =t

Table 7-3 |
SUMMARY BY BUILDING OF NORMALIZED I-131 RELEASES AT VERMONT YANKEE,
MONTICELLO AND OYSTER CREEK FOR POWER GENERATION OPERATIONS (300 DAYS)

AND ONE REFUELING/MAINTENANCE OUTAGE. * ® -9

2.49

10.50
14.62

9.20

3.12
32.71

59.85 -

31.89

0.94
0.80
14.21

5.32

.

- o . plant Operation
Power generation -

Refueling/maintenance

1-131 release, millicuries

3.12
0.69
090

1.57

0.61
1.01
897

3.53

0.40 .
0.03
1.6

0.80

NOTES' (1) Data sre normahized to an I-131 reactor water concentration of 1.0 uCiKg.
t2) Gland soal steam I-131 release (I-131 carryover at 1%) is § O millicuries at Oyster Creek.

{3} Mechanical Vacuum Pump (MVP) I-131 release {I-3131 carryover at 1%) is 8.0 millicuties at Vermont Yankee.

{4) At plants with two RM outages the |-131 releases were detarmined by the arithmetic mean.

SR Y

L]

[

Annual total

5.61
11.19
15.52

3.73
33.72
68.82

1.34
0.83
16.17
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Table 7.4
COMPARISON OF NORMALIZED 1131 RELEASES WITH EPRI/NES RESULTS.* °

‘ Plant Opefatlng Mode -
Source Power generation (300 days) ‘. » Refueling/maintenance

l 131 releau. millicuries

Thisrepot  EPRINES - This report EPRUNES

Reactor butlding at

Vaermont Yankee 25 1.5 31 32

Monticello 11, . 11, 0.81 093

Qyster Creek 7.7 .87 1.8 25
Turbine building at:

Vermon! Yankee 1.3 2.0 0.24 025

Monticello ] 15. 17. 091 078

Qyster Creck 79. 98. a1 4B
Radwaste building at.

Vermont Yankee 0.94 10 040 040

Monticelio * 0.80 0.73 006 004

Oyster Creek 13. 13. 20 14

NOTES (a) EPRINES results evaluated at 1 uCiKg
(B} Oyster Craek results exclude June-November 1976 data

Table 7-5
COMPARISON OF NORMALIZED 1-131 RELEASES WITH THE
CURRENT NRC “SOURCE TERM™# ®- ¢
ALL I-131 SPECIES

This Report'1-131

(NRC Reactor Water Concentration
Source NUREG-0016) at § uCilkg at 1 uClikg
Reactor Buiding 340 85 11
Turbine Building 190 180 36
Radwaste Building 46 31 62
Mechanical Vacuum Pump _30 ‘ 30 6
606 . 296 : 59

PSS RS S SIS S

Notes (a) Indoseevaluatronsthe NRC assumes 50% ot thetotail- 131 release1sin glementat lorm or 303 millicunes
accordging to this study the recommendeda resutts is 25 milicunes year reactor of 1-131 «n
elomental form
{b) Annual releases were calcutated at two 1131 nactov water corcentrations 1o iltustrate ditlerences
betwoen ola {1972) values ( § ,4Ci kg) and expectod values concentrations based on data to 1976
{c) NAC " source term™ 18 NUREG-0016 Apni 1976 “Calcutation of Releases of Raa:oactive Matenials in
Gaseous and Liquid Efftuents from Boiling Water Reactors (BWR-Gale Code). PP. 1-6 ang 2-27.

15
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Table 7-6 .
SUMMARY OF IODINE-131 VENTILATION RELEASES AT BROWNS FERRY SITE
DURING 1977-NORMALIZED RESULTS?

PLANT OPERATION

. Power - Refuel/ Power Refuel/ Power
Reactor and Turbine Bullding Releases: Operations Maint. Operations Maint. Operations
Reactor Unit 1 2 3
Vent Location (NO.) . Normalized I-131 Release, mCi/Reactor Year
Reactor Bldg. & Turbine Equip. i1uoms (-250) 12.5 _ 5.53 . 4,422 0.213 10.38
Turbine Operating Floor (4 vents) (-248) 0.094 0.102 0.087 0.013 1.01
Turbine Operating Floor (5 vents) (-251) 0.265 0.073 0.034 0.013 1.68
Annual Normalized Release 18.6 5.1 13.1
Calculated Normalized Release (This Report) 25.0 25.0 22.0
Release Ratio. (This Report/Browns Ferry Plant) 1.3 : 4.9 1.7
Radwaste Bullding Release (Unit 1/2/3 Combined):
Average Normalized Release of the Three Plants 2.41 mCilreactor-year
Calculated Normalized Release (This Report) 6.16 mCi/reactor-year
Release Ratio. {(This Report/Browns Ferry Plants) 2.6

a Normahized results calculated Irom annual (300 days power operations plus one refueling/maintenance outage) reteases
presented 1n Appendix D. Table D-1, divided by the appropriste I-131 reactor water concentration. The average
annual I-131 concentrations at each plant werta as follows: Browns Forry 1, 0.889 uCikg: Browns Ferry 2, 1.35
uCikg. Browns Ferry 3. 0 132 uCikg. avorage of three plants. 079 uCikg.

?'6 )
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8. RECOMMENDATIONS

For the purposes of iodine-131 “source terms” for environmental impact evaluations of future BWRs the results
of 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 reactor
water concentration. lodine-131 reactor water concentrations of 1uCi/kg for full-flow condensate treatment and
2uCi/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 | 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 {131 to the environs as expected from future plants, the measured
1-131 activities in milk were still sufficiently fow such that doses (if the milk were continuously ingested) would equal a
fraction of the NRC dose objectives. Thus, it i suggested that the costly monitoring of milk, as currently performed by
BWR owners, could be reduced in terms of sample frequency and precision requirements, It is recommended that more
simple programs for milk monitoring be developed and implemented.

81/8-2 -
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Quotations From
NRC Commissioners' Oplnion on
10CFR50 Appendix |, dated April 30, 1975

The {ollowing are quotes from the Commissioners’ opinion at the tirﬁe ol issuance of Appendix { for ALARA on reaclor
elfluents, on the question of use of environs monitoring data to improve dose calculational models and to change technical

spocilication. This Is of particular practica! wnportance onthe telationship botween radioiodine emissions and actual dose
from milk consumption. . -

The page numbers indicated are {rom the original lypewrmen 149 page lssue of Apnit 30, 1975. Other publications of
the opinion may have other page numbering systems.

Chapter I: Summary and Statement of Conslderatlods
Background

Page 4-5

* The numernical guides of Appehdix t which we announce today are a quantitative expression of the meaning
of the requirement that radioactive material in ef{luents released to unrestricted areas from hght-water-cooled
nuclear power reactors be kept ‘as low as practicable.” ™

Page 6

“The commission beheves that the record clearly indicates that any biological etlects 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 Il: Appendix |
Section I. Introduction

Page 25

“Design objectives and limiting conditions for operation conforming to the guidelines o! this appendix shall

be deemed a conclusive showing of comphiance with the ‘as low as practicable’ requirements of 10 CFR sec-
tions 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 rachoactive material actually released in
effluents to unrestricted areas dunng any calendar quarter is such asto cause radiahon exposute, calculated on the
sama basis as the design-objectiva exposure, which would exceed one-half the annual design-objective expasure,
the licansee shall make an investigation to identily the causes of these high release rates.”

Page 102

“The licansea is also required. . . .to provide data on measurable levels of radiation and radioactive materials intho

environment so that the relauonshup between quanmnes of radioactive materials released and radiation dosages to
individuals can bo evaluated™.... .

. ZA',i. f.f. :
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Page 103

“Itis further provided that, it the data developed inthe surveillance and monitoring program described above showthe
relationship betwen quantities of radioactive materials releasgd in elfluents and the dose to individuals in unrestricted
areas Is significantly diflerent from that assumed in the calculations used to determine design-objective limits, the
Commission may modily the quantities in the technical specifications defining the limiting conditions for operalion in
the license that authorized operation of the light-water-cooled nuclear power reactor.”

B. Discussion of Section IV of Appendix |

2. Survelllance and Measurement in Operating Plants

Page 106-107

“Quanttalive measurement of radioactive materials mleased in effluents has always been required of persons
licensod to oporate nucloar power plants.”

Page 107-108

“This preferonce for measurad confirmation of estimalos was shared by other participants. As discussedin 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 elfluent-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

“Tho pathway of greatest concern is the radioiodine course from air to grass to cow to milk to child. The Commussion
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 ol making useful measurements pertaining to the radioiodine pathway in situations in
whichradioiodine releases are substantial. We have required, by Appendix I, special surveillance measures for such
situations and have adopted animplamentation policy that should encourage applicants to use the best data available
in any case.”

Chapter V Implementation

A. Applicability

2. Discussion of Applicabllity

Page 119

. We agree that it would be preferable to base evaluations of design objectives on actual operating experience with

tho reactor in question in cases where substanual relevant information has been accumulated during plant
operations.” :

B. implementation of Numerlcai Guidelines
2. Discussion

Page 126-127

“. ... The necessity of explcit guidance is sqggeéted in the argument that the procedures used by the Regulatory
Stall for calculating doses show a predisposition to make unnecessarily consorvative assumptions. The dralt

oA




Regulatory Guides circulated by the Directorale of Regulatory Standards with the Statf’s concluding statement reflect
a tendancy toward the use of unnecessanly conservative calculational assumptions. The calculational methods
described in the Final Environmental Statement and in dralt Regulatory Guides are opposed in some particulars:
furthermore it was argued that the Staff has, in the course of reactor licensing actions, generally been quite
conservative in its quantitative assessment of effluent controls. - "~ -

Particular areas of controversy shifted as the hearing progrossed. It was not clear to participants whether or not
models and assumptions usedinthe Final Environmental Statement were also intended by the Regutatory Staffto be
applicable to the analysis of individual applications for licenses in the implementation of Appendix I. Examples of
allegedly unnecossanly conservative implementation methods as they have baen used in current licensing, include:
excessive source-torm assumptions with regard to radiolodine emissions; neglect, with regard to such emissions, of
their chemical form, actual release points and modes, and expected plume behavior; overestimation of dispostion

rates and retention factors tor radioiodine on forages, and postulation of nonaxistent dairy cows and unrealstic
milk-consumption patlorns.” ' ' :

Page 130

", ...0ur resolution strongly favors the suggestions that calculational methods be realistic, which in turn has
influenced 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 is
given in the five following points.

(1) Anapphcant should be froe touse as realistic a mode!for characterizing natural phenomena. including
plant performance. as he considers useful. An applicant may I-ke into account situatrons not
adoquately characterized by such standardized models as may be available with respect to specific
features of plant design. proposed modes of plant operation. or focal natural environmental leaturos
which are not hikely to change significantly during the term of plant operation.

... .sevoral eflocts 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) radoisotopic composition of effluants;
{b) radiocactive decay of refeased nuclides prior to exposure of the receptot;
(c)  waterway flow and the associated diffusion and dilution;

(d)  rrmoval of racroactivo materia! from solution or suspension in the water by sedmentation or other

naturally occurring mechanisms or by water-treatment processes;

(e)  exposure modes and occupancy or use factors;

() release conditions (to the atmosphere) including elevation of release point, offiuent stream buoyancy
and momentum, and building geometry; '

(9) local meteorological and aetodynamic conditions influencing airborne etfluent plume dispersion;

-(h)  beta and gamma radiation energis for the radioisotopes released and the associated dose ellects;
() chemical form and physical behavior of the effluent constituents;

0 plume elevation, size, and depletion;
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(k) shielding eflects;
() pantitioning, filtration, and other retention and deplation effacts:

(m) deposition rates and velocities for the various"chemical forms of released radioiodine on ofisite

vegetation, ground. and other surfaces, wilh appropriate apportionment to the vegetation of its capture
traction; and e }

(n)  weatherning and other loss factors for radiciodine on grass and other vegetation.

Cleatly other natural phanomena must also be adoquatoly taken into account in mode!s used for determining des:gn
ojectives, but thase are suthiciently establhished in practice that they need not be repeated here.”

Page 134

“The models last proposed by the Regulatory Stalf are diflerent from the highly criticized versions used in the
evaluations presented in the Final Environmental Statement. Testimony of the Staltindicates that the models used by
the Stall and described in Regulatory Guides will continue to change. We believe Regulatory Guides to be useful;
however, Regulatory Guide models should not be applied as a norm to be abandoned at the penil of the applicant. We
beleve the testimony of Stalt witnesses in this hearing miaht, by some reasonable persons. indeed be construed as
indicating that the Statf has been excessively zealous in ap.,.. sing Regulatory Guide models. We particularly expect all

parties o hicensing actions 1o which Appendix I apphes 1o note both the potential utility of Regulatory Guides and their
subordinale status relative to Commission regulalions and opinions.”

Page 135-136

We believe that the opportunity to modily models and data as new experimental information comes to hght coutd

hava subslantial advantages over a ngid rut, which is a persuasive argument for permitting this matter tobe dealt with
by the preparation of Regulatory Guides and be case-by-case evaluations.”

Page 138

“ The models described in the hearnng record and the evidance and arguments advances with regard 1o numenical
estimation of dose lead us to the conclusion that one should try to altain realistic estmates; but, where uncertainties
ewist, one should choose calculational procedures that are unlikely to produce substantial underestimates We
beheve. furtharmore. that it is in the best interost of the pub'.c to make realistic estimates. even with uncertain data.
and to depend upon the programs lor improving models and data, particularly programs of in-plant measurements. to
determing whether proper case-by-case design decisions were made. ..."”

Page 148

“Funtharmore the ovidence shows that with additional experience and data from operating plants the most likely result
will be that estimates based upon present-day models and assumptions are unrealistically high. . . ."

2.4



APPENDIX 28

lodine-131 Species Measurements
of In-Plant Equipment Compartments
and SJAE Delay Pipe Exhaust
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Plant

Monticello

Monticetlo

Compartment

Fuel Pool Skimmer

Sampling Hood

Containment purge 1o
Standby Gas Treatment
System

Standby Gas Treatment
System

Clean-up pump room
exhaust

2007, 7-31-75

Table B-1
-131 SPECIES — IN-PLANT COMPARTMENTS/REACTOR BUILDING

Species. ° of I1-131 Release

Sample
Date
Month/Day/Year Particulate
115 — 11.7-74 241
1-8 — 1-9-75 408
1-13 — 1-15.75 28
9-11 — 9-25.75 35
9.25 — 10-15-75 20
10-15 — 10-27-75 34
10-27 — 11-14 <24
11.5 — 11.7.74 0.2
1-8 — 1.9-75 16.1
1-12 — 1-15.75 24
1117 — 11-18-74 03
1-9 — 1-10-75 .79
1-10 — 1-12.75 02
1412 — 1-14.75 ~ 03
Inlet
5-16 — 5-17-75 23
{1700 tws — 1555 hrs)
Outlet
28
0015, 5-1910 19.1
1020, 5-19-75
1920, 7-30 1o 23.0
0832, 7-31-75
0856, 7-°1 to 269

227
592
526

302

200
213
310

19.0

l.o:,

447

62
8.0
29
56

192

148

454

428

359

HO!

208

-:27.0

374
374
0.3
(2.6)
(<27)

93
-24.0
15.1
15.1
254

146
28.1

179

29.1

265

291

CH,!

324
270
7.3
28.9
(77 5)
(75 6)
(69.0

653
85

373

774

58.7 .

223

65.5

64

77

8.1

660 - -

1131
Release Rate,
uCils
(0.001)

0.16
0.10
220
200
78
17
0.12

049
0.078
022
24
19

.1
032

36

021

36.0

1100

Plant

Operating
Condition

DDIDIOXZTDBOO

OO

"IDROC

Sample
Time
Days

QO AN -pn

12
18

N =0 N

SN . -

0.96

042

0.55
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Table B-1
+131 SPECIES — IN-PLANT COMPARTMENTS/REACTOR BUILDING (Continued)

Sample
. Date Species. % of 1131 Release

Plant - Compartment Month/Day/Year Particulate 5, HO!I CH,)
2010, 7-3t to 279 349 279 92

0917, 8-1.75
0920, 8-1 10 299 395 225 81

2232, 8-1.75
1920, 7-30 to 237 362 309 9.2

2232, 8-1-75
Nene Mile Point 1 Drywell Purge 3-29-74 218 10.9 0.0 , 67.3
Nine Mie Point 1 Steam Dome 4174 1.9 359 275 354

el

NOTE: (53 All maaswrements sponsorad by EPRI (conductes by NESI exzapt 1hosa 3t Nena Min POt T ahch were done oy GE

{2) Prant mode notation' O . Poaer Ganeraton Opsatons (ahoh May s Dol piart snutdoans: 7 19SI0g My rtenance outige

(31 1131 Aviesa rate notabon 016 (1001) 0 00116 m 10 as. sacona

131

Release Rate,

uCils
{0.001)

100.0

147

NA

Plant

Operating
Condition

Sample
Time
Days

0.55
0.55
2.1

-on

018
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Plant

Monticetio

- Vermont Yankee

"Monticelio

Monticello

Monticelio

Oyster Creek

Compartment

Condenser area

- Condenser area (top)

{bottom)

Condenser area

SJAE Room

MVP Room

Operating Ytoor

Opeorating floor

Sample
Date
Month/Day/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

912 — 9-14.74

10-31 — 11.1.74

1115 — 11.17-74
1.8 — 1.9-75
113 — 1.15.75

11.18 — 11.19.74
1.8 — 1.975
1:13 — 1.15-75

1.8 — 1.9.75
1-12 — 1-15.75
2:22 - 2:27.75

Table B-2 .
1131 SPECIES — IN PLANT COMPARTMENTS/TURBINE BUILDING
(ALL MEASUREMENTS SPONSORED 8Y EPRI, CONDUCTED BY NES)

Species, ®, of 131 Release
Particulate

184
138
14
265
81
23
<24
<Z.1

380
51.0

304

1.0

3.4
126
4.0

22
<68
30

<127

29

320

53.1
686
507
515
313
94
176
<11.9

480
400

606
90

304
433
71.6
265
408
306

633
260

430

HOI

122
92
16.9
154
400
(09)
(<32
(--11.9

100

90

6.7
47.0

163
288
138

37.0
150
242

36.7
230

210

CH,\

16.3
84
324
66
206
(88.0)
(82 4)
(100.0)

4.0
_<1.0

1.6

- 43.0

S00
15.3
105

330
448
422

<19.0
480

40

1131
Release Rate,
. Cils
(0.001)

29
34
220
31.0
47
13
0.17
0.058

4
- .58

05
062
28

03
0.1
28

0.1
78

40

Plant

Operating
Condition

0 00O IIDIIOIOO

DO DOO VOO

O

Sample
Time
Days
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Table B-2
1-131 SPECIES — IN PLANT COMPARTMENTS/TURBINE BUILDING
(ALL MEASUREMENTS SPONSORED BY EPRI, CONDUCTED BY NES) (Continued)

131 .
Sample Release Rate, Piant Sample -
B Date Species, % of I-131 Release nCils Operating Time
. Plant Compartment Month/Day/Year Particulate 1 HO!L CH, (0.001) Condition Days
“ 1. OysterCreek . - Heater Bay 1 2-22 — 2:27-75 170 600 200 3.0 NA % 3
ol 2 2-22 — 22775 160 - 560 23.0 50 o 5
. 2 330 —33175 - 64 182 145 609 R 1
S 3 222227715 170 550 230 50 : c 0 5
a 4 222 —-22775 - 170 55.0 2320 50 .00 5
b 5 2222775 270 470 200 60 : S0 5
L 5 3.30 — 3.31-75 <20 . 429 - 202 - 369 R !
6 222—22775 250 - .500 "~ 190 6.0 0 5
Oyster Creek - Climate 2.22 — 2:27-75 250 500 200 5.0 NA
: 3.30 — 3-31-75 57 335 136 47.3 NA R 1
Oyster Creek Reheater area (1op) 3.27 — 3-28-75 17.0 670 13.0 30 NA o 1
, (middie) 3.27 — 3-28-75 1.0 790 120 80 - o) 1
(bottom) 3.27 — 3.28-75 210 680 70 40 o] 1
exhaust 4.1 —4.2.75 02 110 588 300 A 1

NOTES (1) Pant Mode notation: O - Power Generaron Operatons {which may inchude dre! plant shutdowns). R . rstueing. ma.menance cutagrs
(2) 1131 Release Rate notation 2 9 (0 001) - 0 00RI marocw o3’ second
(3) NA ~ Data not avaladbie
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Plant

Oyster Creek
Opyster Creek
Oystler Creek
Oyster Creek
Oyster Creek
Oyster Creek
Opyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek
Oyster Creek

'Oys:ev Creek

Oyster Creek
Oyster Creek
Opyster Creek
Oyster Creek
Opyster Creek

SUMMARY OF MEASUREMENTS OF IODINE-131 CHEMICAL FORM IN
BWR STEAM-JET AIR-EJECTOR DELAY LINE

Samplie Period
Month/Day/Year
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 — B-10-76

~ 8-10 —B-17-76
8-17 — 8-24-76

- 8-24 —8-30-76
8-30 — 9-7-76
9.7 — 9-16-76
9-18 — 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
11-11 — 11-18-76
11-18 — 11.30-76

Particulate

«<0.1

" <0.1
<0.1

<01
~0.1 -

«20.1
0.1
< 0.1
<201
-.0.1
-20.1
-.0.1
~0.1
0.1

Table B-3

Species. % of 1-131 Release

No Sample
1.0
0.1

Sample Lost

<01
30
1.0
10
04
1.0
3.0
1.0
04
04
«0.1
02
0.1
02
.01
- 01
- 0.1
- 0.1
- 0.1

HO!

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

87

81
81

82
81

89

75
.80

- 82

79
74
67

CH,l

100

97
99
28
99
99

Measurements
By

EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRI(NES)
EPRUNES)
EPRIINES)
EPRI(NES)

. EPRINES)

© EPRI(NES)

' EPRI(NES)

' EPRINES) .- . .
. EPRINES) .
" EPRINES) .

. EPRI(NES)

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

Sample
Time
Days

- .,;-\“'.."
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APPENDIX 2C

Summary of lodine-131 Reactor Water Concentrations
in BWRs (1975 to 1977), Average Annual Values
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Condensate
Typo Treatment
2 Full-Flow
3 Full-Flow
4 Full-Flow
4 Pump-Forward

NEDO-21159-2

Table C-1

Plant

Nine Mile Point 1{
Oyster Creek

Average

Dresden 2

Dresden 3
Milistone Point -
Monticello
Pigrim 1

Quad Cities 1
Quad Cities 2

. Average

Browns Ferry 1
Browns Ferry 2
Browns Ferry 3
Cooper

Duane Arnold
Fitzpatrick
Hatch 1

Peach Botlom 2
Peach Bottom 3
Vermont Yankee

Average

Brunswick 1
Brunswick 2

Average

Ar ¢ i~ A

SUMMARY OF IODINE-131 REACTOR WATER CONCENTRATIONS
IN BWRs (1875-1977), AVERAGE ANNUAL VALUES

Year
1975 1976 1977
I-131 Concentration, nCi'Kg
45 19 30
32 R 27
3.9 1.8 29
024 0.29 064
39 a5 49
80 20 32
101. 7.3 4.7
16. 16. 17.
083 2.7 66
16 61 36
21 . 54 59
046 055 089
0.046 017 1.4
- e 013
00061 0054 0044
0.0020 0.082 0036
-— 014 0.12
0 0034 0.11 089
- 0.028 12. 52
0.043 059 1.0
0.79 052 0 38_
017 16 1.0
—_ —_ 0017
00070 089 30
00070 089 15
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APPENDIX 2D

Summary of Data Available for lodine-131
Ventilation Releases at Browns Ferry During 1977
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Plant

Browns Ferry 1

Totals

Browns Ferry 2

Totals

Browns Ferry 3

Totals

Browns Ferry
123

Vent No.*

1-250
1-250
1-249
1.249
1-251
1-251

2-250
2-250
2-249
2-249
2-251
2-251

3-250
3-249
3-251

0-252

NOTES

Vent Flow 1-131 Conc.

Rate (avg.)
ccls uCilce
119 E-7+ 362 E-13
119 E-7 451 E-13
298E-7 300E-13
298 E-7 126 E-13
327E-7 761E-13
327 E-7 4.19E-13
126 E-7 183 E-13
126 E-7 356E-13
303E-7 489E-13
303E-7 336E-13
3.79E-7 153E-13
3.79E-7 267E-13
12,1 E-7 437E-13
258€-7 28B6E-13
323E-7 455E-13
161 E-7 112, E-13

1-131 Release
fate (avg.)
uClirs

430 E-5
537 E-5
0322 E-5
162 E-5
0912 E-5
1.16 E-5

230 E-5
449 E-5
0450 E-5
0313 E5
0.176 E-5
0.312 E-5

529 E-5
0514 E-5
0.857 E-5

180

Table D-1
SUMMARY OF ACTUAL IODINE-131 VENTILATION RELEASES AT BROWNS FERRY DURING 1977

Sample Period

Power Oper. Refuel:Maint.
Days

257

(108 - 0OS):

{110 - 00S)

296

(9% - 005)

(91 -00S)

365
(209 - 00S)
(175 - 00S)

365

106
(28 - 00S)

(55 - 00S)

74

{20 - 00S)

{20+ 00S)

1-131 Release
Power Oper. Refuel’Maint.

Total Plant 1-131
Release

mCi/Year® mCl/Reactor Yr.
111 —
— 492
0.0834 -
— 0.0910
0.235
— 0.0650
11.4 5.07 = 16.5
597
- 0.287
0.117 —
- 0.0176
00455 —
— 0.0175
6.13 0.322 = 6.45
- 1.37 'No Outage
0.133 During
0.222 Year
1.73 = 1.73
569 {three plants) = 1 90*

3 Vent.250 releases are 1rom reactor building and centam eQuipment 100ms in turbie duilding Vent-249 are releases from four fans over operating f1oor of turbine
puriding Vent-251 raleasss are from 5 fans over operating Hoor of turbine buiding

Notatons

Ve—-Qnag

Releases adjusted 10 300 days of power operation per year plus oné R M outage
119E.7 5 119 = 10°; 00S + Out of Service
Radwaste builging processes wastes from ait three reactors Innual release 1aren as 15131 retedsS8 Givided Dy thrae
Average 1-131 reactor water concentration (,Ci kg) dunng poaer operation 1s as toliows
Average 1-131 teledse per plant (totat of reactor, furbiné and radwnaste buthting ventiatcn releases)

Unt ! 083 Umt2 135 unitd 01N
1'65.535-173-569)3-10 1 mCrenactor year

¢ Z83L1Z-003N




Sample Period

Month/Day

12:31-1/7
116-1/7
1/7-1/15
1115-1214
1/21-125
1/25~1/26
1126-1/27
1/127-1.27
1.27-1:29
11129’2."4
2:4-2'11
2:11-213
2:13-2.13
2:13-214
2:14-216
216-217
2/17-2.18
2/118-2 21
2/21-2,22
2/22-226
226-35
35-3'11
311-312
3'12-3'12
312-313
3'13-3'14
3/14-3/18
3/18-3/21
3:21-3/22
3'22-3'2a
3124-3:24
3'24-3/25
3/25-3:2%
2¢o-4:2
41-49
4'9-4/15
4/15-4/22
4/22-4:25
4/25-4/26
4/26-4:30
4:30-56
5/6-5/13
§/13-520
5'20-523
5723-5/23
523-5'23
5'23-524
524-5'24
§'24-5/26
5/26-5'26
§/26-5/26

NEDO-211592

1-131 Concentration
(uCilcc) = 10"

0.505 .
7.95
0.116
<0.0161
<0.126
~0.399
1.51
<3.50
1,00
0352
0.152
980
2.90
479
2.17
267
1.15
0342
- 0.435
0.327
0.119
0234
-<0.834
<410
- ().544
~:0.480
0.391
«0.215
<~:0.631
0.651
0.843
<217
1.37
0.864
0447
0.450
149
15.7
9.15
373
<2.54
2.88
1.32
5.55
7.95
9.96
556
4.51
«<2.56
<4.78
421

Table D-2 -
IODINE-131 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/s).

mn.2

Sample Period

Month/Day

5/26-527
5/27-6'4
6'4-6/11

- 6/11-617
6'17-6.20
6'20-6/21
6:21~6:24

624-7/1
704-7/7
7/7-78
7.8-7.9
7/9-7-11

711-7.11
7111-7115
715-7:21
7.21-7.22
7:22-7:27
7:27-7/28
7:28-7/29
7,29-8'5

85-813

8:13-819

8:19-8 22

8'22-8 23

8/23-826

826-830

92-99

99-916

916-920

9'20-9 21

921-923

9°23-930

9'30-108

10'8-10'14

10:14-10 22

1022-1024

10'24-1025

10'25-1029

1029-11:4

11/4-11"12

11112-11:19

11/19-11:21

11721-11:22

11/22-11.26
11/26-123
12/3-12:9
12/9-12'16
12/16-12/19
12/19-12:20
12'20-12:23
12/23-12:31

1-131 Concentration
(uClicc) « 107

4.42
373
435
517
0334
1.61
2.31
0590
23
0.880
- 0723
216
552
2.44
228
2.73
1.66
1.14
567
129
382
226
230
2.29
1.36
1.18
0691
0806
122
127
477
250
40.4
6 85
3.86
0335
1.25
136
0512
0563
~0.137
-:0.318
111
0812
0.269
0.158
- 0162
+-0.266
+0.629
«0.183
<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 (uClicc) x 10V
1t =527 QOut of Service
5:27-5:27 «<0.993 ’
527-6:4 <0.108
6.4 610 0.657
6/10-617 0.332
6:17-6/20 -:0.253
6:20-621 -20.510
621-6/24 0.210
6:24-7/1 0.157
71 =79 0.135
7.9 -7/10 . <0.104
7156-7:22 -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
8:13-8/19 0.279
8 19-8'22 0.208
8'22-8.23 <0417
8.23-8'26 <0.158
8:26-8:30 <0.175
8:30-9.2 «0.153
92 -99 <0.0824
99 -9'16 ~0.0855
916-920 <0.248
9°20-9/21 «<0.538
9:21-9'23 1.26
9:23-9'30 1.07
9/30-10'8 3.79
10/8-10"14 «<0.672
10'14-12:31 Out of Service

2D-3
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Table D-4 . -
{ODINE-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 x 10’ cc/s).

Sample Period 1-131 Concentration
Month/Day ~ (uClicc) >~ 107
111 =527 . . Oul of Service
5'27-5/27 : B <1.14
5i27-6/4 o 0.344
6/4 -6/10 0.751
6/10-617 ’ 0.491
6:17-6/20 . - 0.299
6:20-6:21 " +0.706
6'21-6i24 _ <0294
- 6°24-7:1 -0.184
7:1=7i7 <0.184
7/8-7,/9 -0.139
7/15-7:21 0.165
7121-7/22 : 26.57
- 7/22-7i23 4.03
7:22-7127 <0 225
7:27-7:28 : <0677
7:28-7/29 «~0.289
7/29-8!5 1.26
8/'5-8/13 0.250
8/13-8/19 0.360
8/19-8/22 ~0.228
8/22-8/23 «<0.361
8/23-8/26 ~0.182
8/'26-8/30 <0.292
8/30-9'2 «:20.140
9:2-9:9 ) <0.116
9/9-9'16 «0.104
9'16-9°20 <0.260
920-9/21 ~0.441
921-9/23 1.31
9/23-9/30 : 0.374
9'30-10:8 0.551
10.8-10/14 <: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
10/29-11/4 <0.0956
11/4-11/13 <0.179
11/2-12/13 Out of service

204




Sample Perlod

Month/Day

12/31-1:7
1/7-1:15
1/16-1/21
1/:21-1/25
1125-1/26
1:26~1,29
1129-2:3
2:3-2.4
24-2. 11
2:11-2.18
218-2:19
2 19-2:21
2.21-2:22
2:22-2:22
2:22-2.26
226-35
3'6-3'11
311-314
3 i4-314
314-3/18
318-321
321-322
322-324
3'24-3'25
325-325
325-325
3.25-326
326-328
328-328
J328-3 31
3:31-41
4.1-41
41-48
48-4'9
49-4 11
411-4-23
4:12-4"12
4/112-4'13
4'13-4:15
4/15-4:22
4:22-4:25
4'25-4:26
4/26-4'30
4/30-56
4:5-513
513-521

NEDO-21159-2 -

1-131 Concentration
(uCl/ee) x 107

0.151
0.232
00902
330
299
8.17
255
1.47
1.72
1.10
~1.03
0279
0.699
575
0.481
0.185
+0.0989
0.408
- 1.67
0.130
0 263
--0.444
0.850
<0757
- 1.83
“3.01
<~ 0.693
<0.239
~2.25
<0174
- 0.544
"+ 0.512
-°0.0868
:0.937
<0172
- 0638
428
0.857
<0.187
0.823
0.788
0.934
1.30
0.258
0.456
0.264

TableD-5
IODINE-131 VENT MONITOR MEASUREMENTS AT BROWNS FERRY 2
DURING 1977, MONITOR 2-250 (REACTOR BUILDING AND EQUIPMENT
ROOMS IN TURBINE BUILDING, FLOW RATE = 12.6 x 10’ cc/s).

205

Sample Period

Month/Day

5/20-5/23
5/23-5/24
£:24-5'27
5127-6.4
6/4-6/1 i
6/11-6/17
6/17-6/20
6/20-6/21
6/21-6/24
6/24-7/1
71-7/9
7/9-7115
116-7/23
7/22-127
7/27-7/28
7/28-7/29 -
7/29-8/5
- 8/5-813
8'13-8'20
8/20-8122
8/22-8/23
8:23-8'26
8:26-92
92-99
99-916
9/16-9/19
9/19-921
921-923
923-930
9'30-108
10-8-10/14
10'14-10'22
1022-1024
10°24-10'25
1025-1029
1029-11/4
114-11/11
11/11-11/18
11/18-11/21
11/21-11/22
11/22-11/26
11/26-12.3
12/3-129
129-12'16
12/16-12/19
12'19-12/20
12/20-12723
12/23-12:31

1-131 Concentration
(uCilcc) « 107

3.28
0.695
3.73
2.55
9.87
0.573
0.419
-20.405
0.293
0.337
0.854
0673
0.537
0218
<'0.40
«-0.285
+-0.0833
0.331
0.212
«:0.189
-:0.444
+0.133
-.0.0891
-'0.0836
- 0502
12.1
2.7
1.65
0928
7.53
203
2.16
~0307
1.05
-:0.379
0.385
0.420
0213
<0.252
<0.750
<0.268
<0237
<0175
<0.139
<0213
<0570
-.0 220
0.124



Sample Perlod

Month/Day

11 =7/19
7/19-7/20
7/25-7/26
7/126-7:27
7:27-7129
7/29-8/5
8'5-8'6
8/13-8'19
8/19-8/22
8/22-8/23
823-8/26
826-9:2
9/2-99
99-9/16
9/16-9'19
9/19-9'20
9.20-9.23
9/23-9/30
9'30~-10/7
10.7-10/14
10/14-10.21
10'21-10/24
1024-10/25
1025-10/29
1029-11/5
11:5-11/10
11/10-12/31

| NEDO211592 1 < T

Table D-8

L " - 14131 Concentration
“(uCilce) x 104

Out of Service

Out of Service

2D.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’ cc/s).

<1.83
0.130
<0.621
0.217
0.676
0.139
0.143
<0.215
«<0.623
«<0.229
<0411
«20.110 .
«0.155
«<0.300
«<0.716
1.42
0.852
0.466
«<0.556
0.277
<0.324
<0.796
<0.260
<20.182
<0117
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Table D7 70
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/s).

Sample Period

Month/Day

11 <7119
7/19-7/20
7/25-7/26
7/26-7/27
7/127-7/29
7/29-8/5
8'5-8/13
8/13-8/19
8:19-8/22
8/22-8/23
8/23-8/26
8126-9/2
9:2-9/9
9/9-9/16
9:16-9/19
9/19-9.20
9/20-9/23
9/23-9/30
9/30-10/7
10;7-1n"14
10114 21
10/21-1024
10/24-10/25
10/25~10/29
10'29-11/5
1151110
11/10-12/31

207

- 1+131 Concentration

. (uCllce) x 10"

o but of Service

<0.0710
<20.0944
- <0.194
<0.0852
0.0685
<0.363
0.0409
«0.0943
»:0.192
«<0.0882
- <0.0546
<0.0492
<0.044
<0.114
<0.252
1.01
0.0869
- 0.0543
0.0456
«<0.0538
<0.306
-<0.194
- <0.725
<0.0741
<0.0375
Out of Service



" Table oa 2
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 Perlod 1-131 Concentration
Month/Day {uCilcc) x 102 - . Month/Day (uCllce) x 107
12/31-1;7 1.23 A 7/1=7:9 ' «<0.0727
1/7-1115 0.145 - 7/8-7/15 <0.0814
115-1721 ~0.0651 7/115-7/22 «<0.0791
1/121-1/25 0.198 7/22-7/27 <0.103
1/125-1126 <.0.396 7/27-7/28 <0399
1/26-1/29 1.59 7/28-7/29 <0.255
1129-2/3 0.376 - - 7129-8/5 ~0.0802
2/4-2/11 0.932 T 8/5-8/13 ~<0.0659
2/11-2/18 0.0977 8/13-8/20 ~0.0744
2/18-2/19 «<0.193 8/20-8!22 <018
2121-2/21 -0.622 8/22-8/23 «0.386
2/122-2:26 ~0.169 - . 8/23-8/26 ~0.129
2/26-3/5 0.115 © 8/26-9/2 ~<0.0841
3/5-311 <<0.104 9/2-9/9 «0.0848
3'11-318 0.1C3 9/9-9/16 0.346
3/18-3/21 0.206 9/16-9/19 . 533
3/21-3/22 <0.631 ' 9/19-9/21 0.668
3/22-3/25 <0.144 . 9/21-9/23 0.653
3/25-41 ~:0.858 9/23-9/30 0.499
4/1-4:8 <0.0884 : 9/30-10/8 2.34
4/9-4/15 ~0.107 10/8-10/14 0.450
4115-4/22 0.274 10/14-10/22 0.323
/22-4/25 0.338 10/22-10/24 . 0.715
4/25-4/26 <0.447 10/24-10/25 ~0.381
4/26-4/30 0.239 10/25-10/29 «<0.194
4/30-5/6 1.33 10/29-11/4 0.228
5/6-5/13 1.45 11/4-11111 «<0.0905
 5/13-5/20 -20.0748 11/11-11118 0.114
5/20-5'23 <0.179 ) 11/18-11/21 <0.215
5/23-5/24 <0.412 O 1121-14722 «0.586
5/24-5127 <0.133 - 11/22-11/26 0.339
5/27-6/4 -20.0746 - 11/26-12/3 <0.132
6/4-6/11 0.120 12/3-12/9 <0.146
6/11-6/17 <0.0837 12/9-12/16 <0.110
6/17-6/20 <0.145 12/16-12/19 «<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 12/23-1 2/31 <0.120

208




TableD-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’ cc/s).

Sample Period .~ 1-131 Concentration
Month/Day © " (uClicc) x 107
171 -4/18 " Qut of Service
4/18-4/22 - . 0335
4:22-4124 o 1,00
4124-4/26 ' © '0.646
4:26-4127 <0455
4:27-4:30 S 204
4130-5'6 019
56-5/13 : ' © «0.0938
5'13-521 : «0.123
5:21-5:23 _ 0.430
5'23-5/24 . 0918
4/25-5:27 0.269
5/27-6/4 . «<0.180
6 4-6/11 0.300
6:11-6:17 0194
6'17-6'20 ~0.242
6 20-6/21 ~0.451
6.21-6.24 <0.136
624-7:1 <0.0815
711-7.9 <0.0776
7/9-7:15 <0.0825
7115-7/22 ~0.0773
7.22-7:27 . <0125
7:27-7/28 <0.397
7/28-7:29 . ~0.178
7/29-8'5 0.0939
8:5-813 <0.0775
813-8:20 <0.149
8/20-8 23 , <0.970
8:23-8:26 <0.220
826-9'2 <0.118
92-99 <0.367
99-9/15 <0.112
9/15-9:16 ~0.312
9'16-9'19 <0.237
9/19-9'21 <0.482
9.21-9:23 <0.198
9:23-9'30 0.104
9/30-10.8 0.0704
10'8-10:14 -20.0390
10:4-10:22 \ ~:0.0459
10'22-10/24 ~0.0898
10.24-10'25 <0.180
10:25-10-29 <0.655
10:29-11/4 <0.0373
11/4-11111 : «0.0805

11/11-12/31 ‘ o Out of Service

00
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Table D11 .
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’ cc/s).

Sample Perlod I-131 Concentration =~ -~ Sample Perlod 1-131 Concentration
Month/Day (uClicc) x 16¥ - . Month/Day (uCilcc) x 10"
12/31-177 232 7/9-7/10 0.375
1/7-1/15 22,0 7110-7/15 0.954
1715-121 3.08 7/15-7/22 0.855
1/21-1/25 118. 7122-7/27 ’ 1.41
1/25-1i26 104. 7/27-7/28 0.316
1/26-1/29 272. _ 7/28~7/29 0.847
1/29-2.4 <0.215 . 7/29-8/5 10.4
2i4-2:11 15.3 B 8/5-8/13 3.33
2i11-2:18 <0.156 8/13-8/19 1.55
2/18-221 32.6 - 8/19-8'22 1.33
2:21-2/21 26.2 8/22-8/23 0.928
2121-2/22 =262 : 8/23-8/26 0.646
2/22-2/26 9.85 8/26-9/2 0.978
2/26-3'5 13.7 9/2-9/9 0.291
3'5-311 4.11 9/9-9/16 0.558
3'11-318 * 134 9/16-9/20 13.8
318-3/21 0.363 9/20-9/21 : 4.00
3'21-3:22 0.239 | 9/21-9/23 1.47
3:22-3/25 0.486 9/23-9/30 0.887
3/25-4/2 1.57 .- 9/30-10/8 17.9
4/1-4/9 0.400 - - 10/8-10114 4.51
4/9-4/9 <0.446 10/14-10/22 2.09
4/9-4/15 0.336 10/22-10/24 «0.150
4/15-4/22 . 2.47 10/24-10/25 0.657
4:22-4125 14.2 10/25-10/29 0.395
425-4,26 28.3 10/29-11/5 . 1.63
4/26-4/30 9.53 11/4-11/23 0.617
4:30~56 5.69 11/12-11/19 0.347
5'6~5/13 ) 2.42 1119-11/21 1.18
5/13-5/20 1.08 11/21-11/22 1.09
5/20-5/23 8.89 11/22-11/26 1.53
5/23-5/24 30.1 11/26-12/3 0.300
5:24-5/27 30.0 12/3-12/9 «0.221
5127-6/4 1.84 12/9-12/16 <0.102
6'4-6/11 8.32 12/16-12/19 <0.260
6/11-6/17 4.83 12/19-12/20 <0.605
6/17-6/20 1.12 12/20-12/24 <0.183
6/20-6/21 1.83 12/24-12/31 <0102
6/21-6/24 0.640
6/24-7/1 1.30
711-7/9 0.976
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SUMMARY - .
Afrborne iodine-131 releases from BWRs are decreasing
based on an evaluation of 31 reactor-years of operating
plant data. An independent analysis of extensive I-131
measurements sponsored by the Electric Power Research
Institute indicate an annual normalized release of
elemental iodine (Tp) 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 I-131
in reactor water of 1 MCi/kg, a carryover of I-131 from
reactor water to reactor steam 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 I-131 air-

borne release rate for future BWR environmental impact
agsessments,

~ By cutting out this rectangle and folding in half, the above information can be fitted

into a standard card tile.
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