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EPR 12 N3
FEMORANDUM FOR: Dfistribution
FRQM: Lake E. Barrett, Sectian Laa&ér, Eavironmental Evaluation
Branch, Diyfsion of Dperating React.sd, ONRR
SUBJECT: PREL IMINARY ESTIMATES OF RADIGACTIVITY RFLEASES FROM

THREE MILE ISLAND

Attached i5 a surmery of available information in Bethesda regarding estirates
of radioactivity releages from Three Nile Istand. We have estimated a total
¥e-133 release of approximately 13 milTion curies and an 1-131 release of ap-
proxizately 14 curies from March 28 through Acril 5. Thig estimate was made by
back calculating radioactivity releases using neasured offeita TLD dose data,
radioindine air concentrations and copcurrent meteorolagical conditions. As
mn;e fnformation and time become available, more refined calculations can be
mde.

As of midday April 9, 1979, the population dose dut to noble gases 1s estimated
%ESBE 24?0 an-rens with the maximm individual exposure at Tess than 100 mrem
oEtem;f .

Lake W. Barrett, Section Leader
Environmental Evaluation Branch
Division of Operating Reacters
0ffice of Nuclear Reactor Regulation

Enclosure:
As stated

1767 UB6
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'SUMMARY OF PRELIMINARY RADIOACTIVITY
RELLASES FROM THREE MILE ISLAND
AS OF APRIL 7. 1879

Preliminary rough estimates of Xe-133 and 1131 releases from Three Mile

Island {TM1} have been mede based on reported environmental mezsuremenis made

with pff-site TLDs and radipiodine air samplers using meteorological data con-

This approach has baen used

current with the envirormental measurament times.

to obtain & rough estimate of reieases because accurale in-plant effluent moni-
tar infommztion is not available at this fime. The ventilation exhaust monitors
did not provide zesvwate werdings of absplute quantities of radioactivity re-
lesses during the accident because of hign airborne radicactivity concentra-
tions and.direct radiation from auxiliary building components resulted in in-

stcurate raadings, e.g., off scale.

The most feasible method For rough preliminary gsrimates of the amount of
noble gases released during thé accident {5 to backe-galculate a curie releass
based on radiation megsurEments taken in the envirpns, the isotlopic spectrum
of the effluents and actual meteoralogical ecorditions. Environmental TLDs
have beer used to provide the best estimate of the 1ntegfated radiavion dose
at.a specific location, Ground survey measurements with portable instrumenta-
tion have not been used betause the actual measurement reported was for a spe-
cific short time pericd {~)10 seconds when the meesurement wes taken) which

is not a long enough time peripd to permit the zalculation of meteorpipgical

dispersion conditiaons.

The jsotapic distribution has been assumad to be essentially Xe-133 based upen

ARMe data. ARMs 2ircrafi spectrum meascrements indicated mostly a ¥e-133 specs

wruz. In the first days, some Xe-135 wzs detected but levels were am order of

4

Annex to Appendix ¢
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magnitude belpw Xe-133 and quickly decayed (5 hour halfelife) to undetectabie
levels. Ennseﬁuent]y. we have assumed a single Xe-132 speetrur, for these cal-

gulations.

Metearplopical dispersion factors { Q) were ealeuiated for the specific time
periods and lecations of the exposed TLDs. The weather conditions for these
calculations were originally based on information from tne Nztionzl Weather

Service. Actual meteorological data from the TMI weather tower has racently

been obtained by HMB and has been used with the wsather service datz fn

determining the dispersion factors far the TLD locations.

The equations and assumptions used for the calculation of the releases i% pro-

vided 1n Table 10.

Tabie 1 %% a sumwary of the Xe-133 release from ™1 as 2 function of the time
the TLDs were exposed. Tables 2 through 8 are the TLE and wateorological dats

seed to make the estimated release for each time pariod. The estimated re-

lease for each time period 1s the average of.the retezse cateulated for each
of the TLD locations. Considering the assumpticns necessary to permit hand
calculations, the velease estimates based on each of the TLD readings are fairly

consistent. The total release of Xe-133 through Aprii 5 wsing this methed of

eatimation is 13 miilion curies.

Lawrence Livermore Laboratory (LLL) has al;o previded & Y“very rough estimate”

sf the reieases oh April 4 based on ARMs information, which is indevendent ¢I

ene TLD method used herein. LLL estimeted the rost 'prosable releesg rate e

1767 188
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20 10 5C [i/sec of Xe-133. This corresponds to 14 wmillion t6 34 millign

curigs of Xe-133 through April § which is consisteny with the NRC estimate

et 13 mitison.

The iodine 131 releases have also been estimated using & gimfler method but

wﬁﬁh measured 1=-131 concentrations instead of TLD detz. Eight offsite ipdine

sampier locations have been reported. The estimated 1-131 release through

Beril 3 is 1.4 ecuries. The offsite radioiodine toncertrations, sampler loca-

tions, and metesrological conditions are provided in Table 3.

To date we have not received any useful information from the radigicdine in-
plant monitars. The radigiodine samplers should have been continuously samp-
1ing the effluents Trom the station vent except for the period from 0100 to
0330 on March 30 when the auxiliary building fans were secured in an attempt
to reduce the release rate. When the fans were Secured some unsampled build-
jng exfiltration todk pliace, however, this was only for a short peripd. The
jodine sampler contains a :harcﬁal cartridge which cam be removed and analyzed
for radiofodines in a laberatory. Data from the inplant radiztion detector
which normaliy monitors the charcpal cartridge has nat peen reliabise because
neble gases also accumulate on the charcea) cartridge resulting in ebnormally
high readings. These charcoal cartridges can be counted in & laboretory within

2 few weeks and accurately predict what the actwal 1-131 relesse had been,

Ne hi&taricai informzrion can he established from the efflusnt inctrumontation

for nohle gasas when the monitors are off scale. Informetien sueh es

1 76? | UB? Annex to Appendix C
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area radiation monitor readings could be useful in the future for estimating
airborne concentrations, however, direct radiation from components will make

this approach difficult, if not impossible,

The noble gas release history in Table 1 i¢ generslly consistent with various
activities that occyrred during the post-aceident peried. The higher release
rate of the 28th and 29th probably correspond to the pumping of the contamina-
ted water from the containment sump to the Auxiliary Building tanks which over-
flowed onto the Auxiligry Building flpor. The noble gases then evolved fror
the water as it was exposed to the building air and was then exhausted by the
auxiliary ‘builaing vemtilation system., On absut 3/29 much of the water that
had spilled on the floor had been pumped into tanks which reduced the evelution
af gases to the air, The release rate after 3/29 and before 3/31 was reduced
possibly because the letdown flew path of primary conlant was to the Reactor
Covlant EBleed Holdup tanks and waste gas system., The increase in release nn
3/31 could correspond to the establishment of the normal Jetdown path throuzsh
the Makeup Tank. Establishment of normai Tetdown resulted in several gasesus
reledses as problems were encountered with leakage of dissolved gases evelvins
from the makeup tank veni, Also, during this period the bubb1é in Lhe reactor
vassel was the main concern and efforts were directed toward degasification of
the primary system. The method of degasification was through the makeup fank
to the vent gas system and waste gaé decay tanks as well 2s venting the pras-
surfzer to containment. During this mode of operation Yhere were appare-t
iegks in the vent gas system between the makeup tank and vaste gas decay tenmks.

Altnough Tittle verified intormation goncerning waste gas decay tank pressu=z:

1767 096

Annex to Appendix C



A3/208/20689 14:82 3812784880 TakoMs BUS. SUITES P&GE A7y

MAR-28-28829 13:26 P.@7r21

-5 -

exist at this time, it appears thai the waste gas decay tank pressures did not
increase a% much as was expected, alsp indicating vent gas system leakage.

The degasification of the primary system through the makeup tank could weil have
removed much more than 10% of the noble gases from the prira=y system. The in-
itial core inventory of xenon at 0400 cn 3/28 was 148 rillion curins. It is
possible when econsidering the amount of Xe-133 available to be relezsed to the
primary coplant, the severe ¢ore overheating, the method of primary system de-
gasification and the Teaks in the vent gas system betweer the makeyp tank and
wiste gas decky tinis thai the release of 13 million curjes of Xe-133 is

feasible.

1t 4% again stated that these guantitative estimates have beon based on date
reporteg from the TM] site. Much of the information was provided verbally
from the site and cannot be verified at this time. As mere information becomes

avajilable, more accurate estimates can be made.

Annex to Appendix C
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260 191}

Prellminary £stimate of Neble Gas Releases {Xe-133}

Time Period

/28 - 3728
/2% - 3/1
uam_ - A1
a7t - 442
4/2 - 473
43 - 4/
4749 - 4f5
Total

gien 77?8 Core Inventory Xe-133

fipble Gas Release

(Curies Ye-133;

4.2 x 100

2.2 x 10° (2 days)

2.1 x 10°
6

6.4 % 104

1t ox 10%

0.07 x ie®

0.2 x 10°

-13.0x 0

M0 x 10

6

6 cliries

Annex to Appendix C



FaGE 89

TaKOMS BUS. SUITES

14:82 381270466860

A3/28/26A9

P.AY-21

18: 27

e

—i

o

-—_ -
2
I
ot

MAR=2@-26E3

Time Periad
TLO
Location

{Miles) {Direction}
0.4 - NW
0.7 NE
15 SE

9 St
2.3 SE
0.5 CNE
i.t WM
2.6 B
13 5

* packaround corrected.

Noble Gas Release Estimates

3728 - 3729 (1500 hours}

TLD
Dose*
{irem}

|4 §

wy o= I

mﬂ
hnmnxauw

5 x malm

1 x 1072
T x 1077
T x #alu
(2 x W7
1 x 10°F
2 x 1070
1 x 1078

5 x 10-8

AVERAGE

{35 hr pericd}

Calcutateod
Release
{(Ci Xe-133)

3.5 x 16°
6.6 x 10°
9.0 x 108
2.3 x 16°
3.2 x 10P
1.1 x b
1.3 x MW"
1.5 x 16"

1.2 x 107

e e e —

8.2 x 100

finnex to Appendix C
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P60 L9/

Time Period

L9

Locattian

(Miies) {Direction]

2.3
13

15
15

2.6

10

SSE
5

L
SE

SE
ERE

TABLE 1
lichle Gas Release Estimates

3729 {1500 hrs) - 3731 (1000 frs}

LD

Dose Mm___m

{mrem) {s/m*}
9.3 z x 108

1.7 Zz x 10772

2.1 g x 107

1.7 1 x 1077

2.9 1 x 10°6

1.2 2 x 197

1.3 Sz x 077

Avg,

{23 hr perind}

Calculated
Release

{C] xe-133)
1.0 x 106
1.8 x 10°
5.6 x 10F
3.5 x 106
6.2 x 10°

1.3 x .Em

1.4 x .Em
27 x 109

&nnex to Appendix ¢
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TABLE A

P.11-21

fioble Gas Release Estimates
Time Meriad 3731 - a1 {22 he. perlod]

TLD TLD Calculated
waﬁmwmos Dose uxw mmMQWmm

{Miles} (Oirection) {mrem) {sfm"} (C4 Xe-133)

0.5 ENE 25 1 x 106 5.4 x 109
0.8 NE 7 5 x 10-7 2.5 x 160
13.8 H 6.6 1x 1077 9.8 x 108
9.6 Ny 5.5 2 x 1077 5.8 x 108
1.5 W 1 2 x 1075 3.2 x 10°

7.0 SE 2.5 ax 107 1.3 x 168
4.2 SE 3.0 9 x 19°7 7.1 x 10%
2.0 W 1.1 1 x 1078 2.4 x 10"
7.1 W 1.2 5 x 3077 5.1 % 10°
5.3 y 0 - 1x 0" 22 x10
— 2.8 s 1.5 2w 1070 1.7 x 10°
>~ 6.2 s 1.0 7 x 107 1.1 x 10°
..nw 3.4 NE 1.5 7 % 1070 1.5 % 10°
o1 NE 2.1 1x w0t 8.5 % 10°
avg. - 2.1 x 100

Annex to Appendix €
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Time Perfiod

TLD
Location
{Miles) (Direction)

2.6 303°
1.3 2630
7.8 297¢
1.8 200°
9.3 223

*Harrected Tor Rackground

TABLE 5

Roble Gas Releese Munmqﬁnmm

4/1 - 4

TLD
Dose*
{mremn)
1.5
1.0
0.6
0.6

0.3

{0.1% mrem/day)

2

/
nm“m }

1 x 1578
1. x ﬂa-m
4.0 x A¢|w

6.0 x 1077

6.0 x 1078

(24 br. period)

Calculated
felease

{C1 Xe-133)
3.2 x 105
2.1 x 100
1,2 x 05
2.1 x 105

11 x 108
E s

Annex to Appendix €
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TABLE 6

Hohle Gas Release Estimates

1ime Period 472 - 473

TLE TLD Calculated

Location Dese* ¥/ m ‘ Release

(Miles} (Direction®} {mrem) {sim’} (Ci ¥e-133)

7.8 297 0.4 2 x 1078 4.3 x 10°

1.2 263 §.2 3x 10’ 8.6 x W

1.8 200 1.0 : 1 x 1078 2.1 x 10°

5.1 . ez 0.5 5x 1077 1.1 x 10°

) 2.4 203 1.1 5 x 1077 4.7 x 19°

2.5 169 2.0 2 x 1078 2.1 x 19°

6.2 178 1.3 2 x 1077 1.4 x 10°

8 181 1.2 31077 9.3 % 10°

7 N 0.6 1 x 1977 1.3 x 100

9.3 225 0.6 . 6 x 1078 2.1 x 10°

— P 14 1.2 k1077 2.6 x 16"
.’L

< 1.9 162 1.2 2 w1078 4.5 % 10°

— 1.0 151 2.9 5 x 1078 3.8 x 100
T
b |

Annex to Appendix C
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860 [9/1

TABLE 6 {Cantinued)

Hoble Gas Release Estimates

Time Fericd 5728 - 473
LD TLE
location bBose* ﬁ.w
{Hiles) (Divection®} {nrirem} {sfa)
5.3 30 0.4 6. x 1078
2.6 303 1.1 2. x w0’
1.3 752 0.8 2. xio°8
z.9 270 0.6 1. x10°B
7.1 262 : 0.7 7 x 107

* Corrected for Background (C.19 mremfday}

Calcukated
_Relpase
(C1 Xe-133)

1.4 x 108

1.2 x 10°

8.6 x 10°

1.2 x 19°

1.5 x 10°

————ee v

Avg. 1.1 « Em

Annex to Appendix €
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560 1911

Yime Period

{Direction®]

o
ﬁ:m”mmeanmﬂuaa
1.0 151
1.9 162
2.5 169
6.2 178
.7 181
§z2.0 184
1.B 260
2.8 203
7.0 225
9,3 225
1.3 763
1.3 252
2.9 270
&1 e

TABLE 7

Hodle Gas Release Estimates

TLD
Bose®
{mrem)

D.24

g.68

.91

0.33

0,28

0.14

D.gt

0.18

0.46

0.43

1.51

0.43

0.9%

.23

4/3-0/4

'l
ﬂmmamu

4 x 1078

P ]
-
et
o

1.0 % W78

Calculated
Release
{Ci ¥e-=133)
1.28 x 10}

w.mw ] una

9.73 = dmn

3.51 x 10"

5.99 x 10°

1.00 % 10°

3.87 x 10°

1.93 x 107

.04 x 10°

9.20 x 107

1.62 x 107

2.30 x 10%

1.30 % 10°

4,87 & .an

Runex Lo Appendix L
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001 /9.1

Fimre I'eriod

TLD
Locarton
[Mites} ~  {Dirvection"}
J.1 e Y
;.b nm
5.1 316
7.8 297

TABLE 7 {Continucd}

Hoble Gas Release E£stimates

a/3-478
LD
Dose* X/
{rrem) {s/m3)
0.6 1.0 x 10°%
0.11 2 x 1079
Q.21 1 x 1079
0.21 ax107

*Corrected for Background {0.19 wremfday)

Calcplated
Relrase
-{C1 Xe-133)

9.84 x 10°
1.18 = 10°
a.49 x 10°

1.12 x 10°

Arg. 6.5 x 107

Annex to Appendix €
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finw [Foriod

EHiles
1.0
1.9
£.5
6.2
8.0

12.0

7.0

1.3
2.9

5.1

L
Locetion
{Biraction®)
153
162
169
178
im
184
200
203
225
275
P T
252
270

272

TABLE &

NHoble (at Release Estimates

D
Bose®

{mrem)
6.73
G.19
G183
G.13
g.21
G.26
G.18
G.11
.26
G.26
.11
0.53
0.23

0.26

&/9 to 475

1 x 1077

Calcul ated
Release
{Ci Xe~133)
2.60 x ¥0°
1.02 x 10°
3.85 x 10°
3.97 x 10°
7.49 x 10°
BRI
3.85 « 15°
3.92 x 10°
185 x 10°
1.85 » .nm
5.00 x 10"
5.67 x 107
1.64 x‘qan
2.78 x 10°

dnnex to Appendix ©
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1911

20\

.qun Meriod

TLR
Location
(Mi¥es) {Birection®}

f.1 262
2.6 163
5.3 30
7.8 297

TABLE & (Continued)

tioble Gas Release Estimates

a4 to A5

TeD

Bose* 0
(mrem) (s/md}
0.41 2 x 107"
0.19 i.0x 107
0.14 9.0 x 1077
0.19 2.0 x 1077

* Corrocted for Background (0.19 mrem/day)

Caleylated
Release
{Ci Xe-133}

5.85 x 107

&.07 x 10°

3.33 x 107

2.03 x 10°

Avg. 2.2 % 00

Anmex to Appendix [
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ot 1941

Rzadioiodine Release Estimates
Updated 4/10/79

TABLE 9

Afr nn:nmﬂmqmﬂima

lime Poriod 3/2B-3/729
Location
Hiles ivection 1pCifm
0.4 B 0.4}
7.3 SSE <0.2
0.4 E <{.0?
15 NW <{.03
q SE (.04
2.6 R G.608
1.6 H5W (.3
13 5 <0_M7
Time Paringd 3429-3/0
0.1 N 27.56
7.3 SSE 2.1
(k.4 E 4.3
15 N 1.8
9 SE 0.27

sec/m

<A %

10
1077
10

10~7

-7

1077
10
300

108

107>

107°
107
0
10~

Calculated
Release
i

2 x107?
4.3 x 1072
2.9 3 107

<2.6 x 1072

<3.5 x 1072

1.7 x 1872

2

“1.1 ¥ dmuw

ey

<2.3 a1 10

«1,3 x 10

¢.20
1.9
0.35

3.9
0.23

finnex to Appendiz €




FaGE 26

TakOMS BUS. SUITES

14: 82 3al1:27ad466860

A3/2a/28089

P.28,21

128

12

MAR=ZE=2EE3

P01 1941

2.

1.6

13

Time Perind

6

.4

2.3

0.

2,

11

Tine Perigd 3/2B-473 Comudative Avg.

i

i

0

WSW

3/31-4/3

SSE

SE

HSW

W

TABLE 9 {Continued)

12,7
Z23.9
¢4

7 x 107°

3x 108

2 x 1077

diow M o

P

Radiofodine Releasa Estimates

1073

10
1072

10”7

-5

111

10°8
7

-7

10
10

1.1

0.12

fivg. 1.2

1.4 51973
0.18

3.5 x 1073
0.14

2.6 x wnrm

9.1 x 1673

0.93

6.2 x 107%

- e

fivg, 0.17

* 1.4 ¢

Amnex to Appendix C
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ti (Ci Xe-133)

% {Ci Xe-133)

Cquation for Back Calculating Me-113 feleascs

| ] i 102
CL%q sec/mo]" [2.94 x 1077 remH, 107 pCi dyr

pCl-yr Cf 315 x |9 sec

0.214 (TLD Dose mrem) | aAumn .3}

where £ = {Finite Plyme nc_.-.mnw_uau-_ 2 2

el 1-171)

N{ci L0}

Reg. Guide ).909 dose conversion of 2.94 x 10~

NI

H-uﬂ:—!n:.&u

——t et

pLi-yr

Lgquation for Back Calculating 1-1371 Releases

3.6 % 10t m._::-_ [t rs] ¢

whree ¢ 0 =131 concentration znuxau

o o
1} n

Thae perdod [hrs)
3.6 x 107 (secthri[Ci/pti) .

Annex to Appendix €
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