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Sunrmary

This study analyzes the radiological assessments made by the
Metropolitan Zdison Company and the U.S. Nuclear Regulatory

Commission for the proposed venting of the atmosphere within
the TMI-2 reactor building.

Qur £indings are:

i

[ 8]

Previous discussion of the venting of radicactive gases
from TMI-2 has concerned unly the noble gas krypton=8S5,
Besides krypton-85, the afmosphere of the reacter buil-
ding includes a great number of other radionuclides,

some of which would be released intc the tnvironment
during the blow off of the gases. This could lead to
radiation exposures significantly higher than those cau-
sed by krypton-83. The most important radionuclides, which
have not been sufficiently considered so far include:

C 14, Co 60, Sr 89, Sr 90, Ru 106, Cs 134, Cs 137, Pu 2239,
Pu 241 and cthers. Even allowing for high filter effi-
ciency, a model calculation for only three of these nu-
clides showed that population doses would be high enough
to cause about three additional cancer cases and an equi-
valent amount of genetical damage.

. Uncertainties inherent in the meteocrological models and

dcse calculations mean that it is impossible to exclude
that in the proposed puzge program individual skin doses
due to krypten-85 could exceed the 10 mrem limit.

Estimates of health damage should consider not only re-
gicnal but also global peopulation doses which are an in-
dication of all health effects caused by the release of
radioactivity. Both can be estimated only with great un-
certainty. The dcse effect relation is subject to wide



scientific discussion. We cannot exclude that venting
k:ypton-ls alone could cause at least one additional
cancer case (probably skin cancer) plus one case of ge~-
netic damage within the next century. However nothing
is known about a potential synergism between krypton-85
beta and ultraviolet radiation.

The environmental monitoring program cannot ensure that
all significant radiation doses to the community as a
result of deccontamination of the atmosphere of the TMI-2
reactor building atmosphere will be detected. Most mea-
surements are not freguent enough and are not made at all
in some important localities. Important pathways and
radionuclides are neglected. "

As considerable health damage could be caused by venting
the atmosphere of the TMI-2 reacter building, we strong-
ly advise against this procedure. The report of the Unicn
of Concerned Scientists concludes that decontaminaticn

is not as urgent as stated by Met E& and NRC. Therefore,
we strongly reccmmend that the alternative methods for
deccntamination propcsed by UCS and Prof. Morgan be used.

%
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1. Introduction

On April 23, 1980, the Institute for Energy and Environmen-
tal Research was asked by the Three Miles Island Legal Fund
to prepare a study on the community radiation exposure that
could be expected if the atmosphere of the TMI-2 reactor
was vented.

We did not receive detailed information con the plans of Met
Ed and NRC's statements until May 23, and therefore had
only limited time to prepare this report.

For this reason we can give only preliminary results and
pose guestions which should be analyzed in more detail. How-
aver, we believe that our study may indicate some aspects

of the propesed venting which have nct been censidered by
Met Ed, NRC, and UCS.

2. Radiologcical Impact of other radionuclides excluding
kryoton-8%

2.1. General situation

Table 1 summarizes the result of the computer run with an
ORIGEN program for the present radionuclide inventory at
TMI-2. Only nuclides with more than one curie are listed.
In their radicecological 2ssessment, Met Ed, NRC, and UCS
considered cnly one of these 7! nuclides to de relevant -
krypton-85.

However, because of different volatilities, only a small
part of the inventory of most nuclides would be present in
the containment atmosphere. Measurements of the containment
inventory have been made only by the Met £4. Nec independent
control measurement was made. Furthermore, in their 1979 re-
report Met Ed only listed measurements ¢f 13 nuclides (i.e.

Co 58, Co 50, Xr 85, Xe 1I1m, Xe 133m, Xe 133, Xe 138, Cs 134,
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Table 1: Radionuclide Inventory of TMI-2 at July 31, 1980
(activity > 1 Ci)

Nuclide Half-Life Inventory (Ci) Nuclide Half-Life Inventory (Ci)

o3 12.3 8 3 800. Te 127m 109. 11 000.
Mn 54 2. d 2 006.. | Te 129 1.2 62.
Fe 55 2.7 29 200. Te 128m 3.1 9.
Co 58 70.8 26 000. Cs 134 2.1
Fe 53 as. 4 300. Cs 135 2 108 8.3
Ni 75 000. 70. Cs 137 30.

Co 60 5.3 000. 82 137 2.6

Ni 63 100. 000. Ce 141 32.

Se 65 000, 3.3 | Ce 144

Kr 25 10.8 000. Pr 144

Sr 89 50.5 000. Pr 144m

“ §r 90 28.1 000. Pm 147

30 2.8 600. Pm 148
g1 $8.8 000. Pm 148m
33 1.510% Sm 151
3im 13.6 Eu 152
9 15, Gd 153
%5m 3.8 Eu 154
3 §5.5 Eu 155
99 210 000. ™ 160
103 9.5 Th 231
103m 57. Pa 233
106 30. Th 234
106 1. 235
" 25. 236
110m 250. 237
113m 13.6 237
115m 43, 238
119m 245, 238
123 129, 239
128 60.3 240
128 2.7 241
125m 58, u 261
126m 19, 242
126 100 000. 284
127

:xhaaanunu-man-nnn-na-nnnouuua—
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Cs 136, Cs 137, Ba 140 and La.140). In the 13580 repert
(Met E4, 1980) additional values for gross beta activity
are given. A rough extrapolation is made for I 129. In
addition, NRC gives a value for tritium concen.ration.
Also, some measurements of strontium-83/50 activities
exist. 63 of the 71 nuclides in table 1 are neglected by
Met Ed and NRC, although they focused attenticn on other
nuclides (e.g. I 131, Xe 133 and others) with such a low
activity as to be indeed irrelevant.

Met Ed's measurements of radionuclide contentration in the

reactor atmosphere vary by up to seven orders of magnitude.

According to table 2-1 in (Met Ed, 1979), within 5 days

(frem June 21, 1979 to June 26, 1979) air concentrations
of cobalt 60 increased by a factor cfads 000 000 and
of cesium 137 increased by a factor cf~ 1 500 000.

The last reperted measurements of september 26, 1979 showed
smaller values than those ‘rom June 26, 1979, but as can

be seen from the data cf gross beta analysis (Met E4, 1980)
during the menth of Nevember and December, a considerable
rise of .airborne concentraticns was reported. Either the at-
mospheric concentraticns are constantly changing or the re-
sults are not reproducable for other reascns. In any event
the worst possible case should be considered. We have doubts
«hat the "best estimate” provided by Met Ed describes the
actual state and can be relied on as representing conditions
during venting. There is a risk that during the venting par-
siculates from the walls and floors could volatilize and
thus lead o a rise in reactor air concentraticns.

1£, for example, maximum values for airborne activity as
shown in table 2-1 (Met E4, 1979) existed during venting,
the total inventory of airberne Cs 137 and Co 60 could be
about 790 Ci and 45 Ci respectively. Even with the assumed
filter efficiency of 99 § (instead of Met Ed's 90 % estimate)
7.9 Ci of Cs 137 and 0.45 Ci of Co 60 would be released.




Potential radiation expos.res of radionuclides excluding
krypton-85 are discussed in section 2.2. We conclucde here
that it is essential to molsuic the amount of each radic-
nuclide present in the reactc. atmosphere and to estimate’
the potential release rate during venting the range of as-
sociated uncertainty.

2.2. potential ridiation exposures

The relevance of the above consideraticns is clear f-om our
estimate of the potential health effects of a release of
selected radionuclides. We present our results in table 2.
Individual radiation dcses (50 year commitment) were calcu~
lated for three nuclides ( Cs 134, Cs 137, and Co 6§0), as~-
suming mederate atmospheric dispersion (%= 1 x 10°ssec/m’)
and a deposition velocity of 1.3 x 10'2 m/sec. We assumed
that persons would take only half of their food from the area
of maximum concentration. Calsulaticns were made according

to default values in the Cerman Federal Regulation Guide
(BMI, 1973) except the dcse conversion factors which are ta-'’
xen from BRULAND et al. (1972 and 1879).

Radiation exposures frem cther radicnuclides and by other
cxposu:; pathways (such as inhalation, ground exposure etc.)
were not ccnsidered. The calculated ingestiocn dose to whole
pody of 530 mrem and to kidney of 7 500 mrem is considerab-
ly higher than NRC's limits for public radiaticn exposures.

In our considerations of all health effects, we estimated
population doses which would de cf the order of 2 800 man-
rem, about 30 times the whole body populaticn dese by kryp=
ton-85. Assuming the incidence of cne cancer case per 1 000
man-rem (SCHMITZ-FEUERHAKE et al., 1979), three additional
cancer cases could result from the release of the three ra-
dionuclides considered. 1In addition, an eguivalent amount
cf genetic damage is estimated.

A further problem is represented by the radicnuclide caz-
bon-14, presumably present in TMI-2 to the orde

r of a few
~
1£-11ife

4
-

curies in gas form. Because of its very long half




Table 2: Potential Radiation Exposure by Radionuclides other than krypton-85

soclide Total Inventory Maximum Inventory Releaseb’ 50 Year Individual el lcollective Dosé“
at July 31, 1980 in Reg,:t\,r ALrv.O0S~ pDose Committment (mrem) ,to whole Body
‘ phere whole body critical organ :(un-re-)
'
’ ' . 1
Co 60 300 000 Ci 45 Ci 0.45 Ci 8 34 ' 160
_ (liver)V .
' .
Cs 134 220 000 Ci 200 Ci ‘2. ci 130 1 40‘2“ ’: 420
Cs 137 880 000 Ci 790 Ci 1.9, CX 390 6 100 ' 2 200
lkidncy): |
; |
Total 530 - : 2 800 {
] \

a) calculated from table 2-1 in (Met Ed, 1979); maximum values for Co 60 and Cs 137; concentration for Cs 134 corrected,

as Met Ed values are inconsistent - L

b) filter efficiency of 99% assumed

¢) see text
d) etstimated from UNSCEAR (1977) assuming a region with population density of 200 k--z (e.g. sector ENE at THI)
correction factor of 2 for varying of radioecological parameters from the mean value of UNSCEAR




{5 730 years), it will cuse gonsidcnblo population doses
although individual doses in the vicinity of the release
will be small. Cne Ci of carbon-14 would lead to populaticn
doses of 400 to 5350 man-rem, when integrated over the whole
decay period (KILLOUGH and ROHWER, 1978). Compared with the
whole body pepulation dose due to krypton-85, release of
only one Ci of carbon-14 would lead to doses and nence to
healsth effects five times greater. The radionuclides con-
sidered by us to be most relevant for individual and col-

lective doses include C 14, Co 60, Sr 89, Sr 90, Ru 106,
Cs 134, Cs 137, Pu 239, Pu 241 and others. Detailed -investi-

gations are necessary.

3. Radiological impacts bv krypton venting

Met Ed is planning to release about §7 000 curies cf radio-
active krypton-85 into the atmosphere to decontaminate TMI-2
reactor building. Met Zd proposes to vent and flush the re-
actor building through a 160-foot vent pipe over a period
of five to 50 days.

3.1. Individual doses

To stay within ¥RC's regulatery limits of 10 CFR 50, Appendix
I, noble gas skin doses should not exceed 15 mrem. Since

NRC anticipates additicnal radiatiocn exposures in the course
of this year they propose a limit of 10 mrem.

We agree with Met Ed and NRT that the skin dose due to kryp-
ton~85 is the most relevant dose contribution to the indivi-

dual.

Met E4 plans to release radiocactivity from the plant stack
under favourable metecrclogical donditions. Since these con-
ditions are calculated by a computer, attention must be
payed to the input data.

The calculated radiaticn dose depends linearely on the me-
teorological dispersicn factor used.

Met E& did not indicate the source of thelr data £rem which




ctor ® is computed in de-
os: wind spe=d and release height.

aata set used by Met Ed is

not the only cne available. Figure | shows the variation of

the metecrological dispersion fa
pendence of gcability class
jowever, it is clear that the

meteorological dispersion as a ¢unc:ion of the distance for
a special weather situation and for certain distance from
+he emission source. When c.mparing the data sets from five
different authcrs, we €ind a factor higher than 100 for X
at 1 000 m downwind. For other meteorclogical situations,

a smaller variation is ¢ound. Since =ach data set preserts

mean values originally derived from several measurements,

there is an additional uncertainty of up tc cne order of
magnitude. Therefore, the guestion of data sets is in fact

highly relevant to whether or not Met EQ cnly releases
er conditions. We found that under
ons may underestimate

under favourable weath
all weather conditicns Me+ E4 calculati
actual doses up to more than one order of magnitude.

€4 should ensure
10 mrem=-limict

The meteorological program groposed by Met
«hat environmental doses 30 not exczeed the

-

skin dose. They do not , however, take the
cribed into account.

Secondly, variaticns in dcse factor calculations are ignored

by NRC and Met £4. The skin dcse immersion factor is given
by NRC and Met Ed as 4.3 X 1272 (rem x ' x ci”' x sec™ ).

NCRP report no. 44 (NCRP, 1975) gives a summary cf dose f.c-

tor calculations by different authors. The results depend
's estimate

on the assumed skin layer «hickness. The report
is a value of 5.7 x 1072 (rem x m® x ci”'! x sec”'), about

one third higne. than NRC's value.

Whole body dose factors also vary by more than 100 &, but

ince the gamma radiation of kxrypton-85 is low, whole body

dose is less impertant than skin dcse.

y due to the m tecrological cal-

Compared to +he uncertaint

incertainties des~
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factor

culations, the uncertainty due to the dcse conversion

is of winor importance.

Assuming a release of all Kr 85 during unfavourable metecro~
logical conditions (wind speed of 0.5 m/sec, stability class
D), maximum skin doses could reach 320 mrem at a distance of
0.5 miles from trs stack. In fact, these doses are too low

to cause direct health effects such as radiation erythema.

As we will point out in section 3.3., the risk of skin cancer
induction will rise statistically.

A more extensive LnQ.stigaticn is necessary to eliminate these
uncc::aiﬂties and to give precise infcrmation about combi-
naticn of metecrological parameters, under which beta skin
doses of more than 10 mrem could be eliminated with low pro-
bability - “ errcr. With the present meteorological models

asd dose calculations, there are considerable docubts that

the proposed venting program can exclude the possibility of
individual skin doses due to Kr 85 exceecing the 10 mrem limit

A solution of the problem of reducing the individual doses
could be venting by a tethered balloeon as suggested by UCS.
Cr, secondly, all persons could be evacuated f£rom the vicini-
ty of the plant during the release. A third solution would

be not to release krypton intc the atmcsphere at all, but to
use alternative methods of decontamination.

3.2. Ceollective doses

for health effects estimates, : most relevant parameter is
rot the individual, but the co..ective dose, which is the
sum of all individual doses (unit: man-rem) . Whereas individual
doses can be reduced by elevation of the stack, the collec-
tive dose will remain the same. Assuming a linear dcse-res-
poense relation, collective doses are proportional to the total

health effects caused by the emission.




NRC made no man-rem calculation. Met Ed has calculated
pépulation dose within 50 miles from the reactor site,
leading to whole body doses of about 1 man-rem. As this
value correspends to whole body dose, the value for col-
lective skin dose will be about 100 man-rem within that
distance. After meteorological dispersion, krypton-85
will be found beyond a 50-mile radius, since it has a
half-life of 10.7 yeéars. It will distribute globally and
will cause a radiation docse cover several decades. The in-
tegrated collective dose will reach its maximum after about
70 years when most Kr 85 will have decayed. This means
that when in 1980, Kr 85 is released, it will still con-
tribute to radiation doses up to the year 2050.

L)

The global ccllective doses caused by the release cf 57,000
curies of Xr 85 can only be roughly estimated, Using a
simplified model of global dispersicn, the collective dose
commitment would be in the order of °/

100 man-rem whole body dose and
10 000 man-rem skin dose.

3.3 Potential health effects

Little is kxnown abcut the dose-response relation cf krypten
radiation, especially about radiation induced skin cancers.
According to the epidemiclogical studies summarize2 in the

| . UNSCEAR report, there is strong evidence that even low ra-

| ‘ diation doses can induce skin cancers (UNSCEAR, 1577). Numer.i-
cal risk values are very uncertain, as UNSCEAR states:

| "No good estimate is available for skin cancer induction,
but the induction of fatal cancers of skin appears also to

! pe low."

The UNSCEAR risk values derived from three different referen-
ces do no® seem to describe the situation of skin exposure
by Kr 85 adequately, since body areas expcsed and other cir-

cumstances vary widely.

*) see e.g. NCRP (1975) and UNSCEZAR (1977)




According to BEIR report, the absence of further data limits
the accurancy of the estimates (BEIR, 1972).

The NCRP report on krypten gives no numerical estimates but
points ocut possible interactions between ionizing and ultra-
violet radiation. UV causes skin cancers. This may be a syner-
gistic effect, meaning that small exposures =o Kr 85 radia-
tion in combination .with UV would have the same effect as a
high increase in UV exposure. The NCRP report. concludes:

"It is impossible to p:cdict the impact of low-level krypton
85 exposures on the induction of skin cancer by ultraviolet
radiation in the absence of direct evidence."” (NCRP, 1972)

These uncertainties mean that the possibility that the 10 000
man-rem collective dcse to the skin may lead to cne additional
skin cancer case cannot be excluded.

Many es.imates have been made cf the relaticn of whole body
radiation exposures and they have been the subject of in-
tense scientific discussion. ICRP estimates one fatal ancer

" per 10 000 man-rem, or that 100 man-rem whole boédy radiation

would léad to 0.01 fatal cancers. Evidently, ICRP's estimates
are at the lower range of values. According to SCHMITZ2-FEUER-
EAKE et al. (1979), incidence for all cancers and leukemia

is of the order of 0.3 - 1.5 per 1 000 man-rem. MCRGAN's con-
servative interpretation of the results of tne Eanford study
leads to a maximum value of one addi:ilcnal cancer case per
140 man-rem (MORGAN, jb79).

We therefore conclude, that for the radiation exposure caused
by the release of Xr 85, the inducticn of one additional can-~
cer case (probably skin cancer) cannot be excluded. Genetic
effects are also expected and are normally assumed to be as
frequent as somatic effects.

In a summary we conclude that

- population dose estimates of krypton 835 release should be
made for a wider area than the 50 miles radius arcund TMI
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the global population dose estimates lead only to approxi-
mate figures about which there is a considerable uncertainty

numerical values of dose-effect relaticn for skin cancer
induction by krypton-85 beta radiaticn are very uncertain

- no information is available on synergism between krypten

85 beta radiation and UV radiation in induction of skin

cancer

- estimates lead to maximum values of cne additional cancer

case (probably skin cancer) and one case of qcnctig damage
as a result of the planned krypton-85 release at TMI-2.

4. Sensitivity o2 Radiolcqicll Environmental frogram

In NUREG-0662, the NRC summarizes the projected radiological
measurements. We analyzed the program which will be performed
by Met £d, the Commonwealth of Pennsylvania, the U.S. EPA,
the U.S. NRC, and the U.S. DCE and found that important in-
formation is lacking in NRC's descripticn of the program.

Qur critical analysis centers on:

1. the number of locaticns where measurements are performed

2. the frequency of measurements

3, the detection limits of measur=aments

4. the importance of "zero-dose” evaluatiocns

5. the completeness of exposure pathways

6. the laci of comprehensiveness in the types cf radionuclides
considered in the program

Generally speaking, it must be stated that

1. no sensivity analysis is made of whether the location and
frequencies of measurements arce such that all radiaticn
exposures will be detected. It cannot be concluded that

TLD's or dose rate recorders cover the whole area inclu-




ding the maximum exposed place. Measurements on “pro-
jected plume touch-down area 2during the contral purge”
(NRC) will not ensure that the real touch-down area is
measured because of the uncertainties inherent in the
weteorclogical models stated in section 3.1. Although
together at least 719 TiD's will be fixed at different
locations a considerably smaller aumber of other types
of measurements is projected: e.g. ST 89/90 analysis

of air sampling filters are only planned at 3 locations
on a quarterly basis by the "commonwealth Of Pennsyl-

vania" program.

. The freguency of measurements is inadeguate. Many TID's

are measured only menthly or guarterly, gas samples are
taken only weekly. Thus, higher dose rates that could
occur over small time pericds will not be detected.

In the descripticn of the monitoring program, NRC indi-
cates the detection limit only in one case. Such infor-
mation is essential for independent assessment of whether
or not the proposed program will ensure all radiation
doses. In a study for a Committee of the pacliament of
the Federal Republic of Germany, the authors analyzed

the sensitivity of the ocfficial radiation menitoring
program in the vicinity of West German nuclear plants.
Tts results are summarized in table 3., It can be seen,
+hat the unsufficient frequency of measurements and high
desection limits allow radiation doses, namely those
considerably higher than the stated value of cone mrem
per year cor even higher than the dose limit of 30 mrem
per year whole body dose in the F.R.G., to go undetected.
A similar study could be made for the TMI monitoring pro-
gram if more informaticn were available.

. No indication is given of whether pre-release measure-
ments are taken for a sufficient time O allow "zere"-
dose assessment, Variation of daily background external




Taszis 3: Sensivity of Eanvironmental

in the Vicinity of Nuclear Plants

(according to standards in
from: TEUFEL et al., 1980

West Germany)

Monitoring of Radiocactivity

Detection limit
set by Federal

location and

Potential

Expc sure pachway | Ministry of In- Fregency cf maximusm ra-
tericr sazples diation dose
not detected
T~ dcse 10 TID's at
(e.3. ground site boundary:
exposire) $0 mren/yr vearly measurement |25C area/yr

from the sazples
taken by the li-
censee the "indepen-

26 mrem/yr (whele bedy)

r- aercscles ) dent"instituticn
(air) 10 fci/m? takes a mix-saxzple |400 mrem/yr (kidney)
guarterly
2 samples per year
’ at farm at area max
cow's milk cone. ,
{Streatium 50) 0.5 pCi/d 2 samples at dairv |40 mrem/yr (bone)
12 mrem/yr (liver)
by Co 60/Vit B 12)
cow's milk 7 mrem/yr (kidney)
(¥ -nuclides) 0.5 oCi/) ibid. by Cs 137
- cne sample per
c?v s 3ilk month at point of
2 131) .
max,concentration 110 arem/yr
0.5 pCi/1 and dairy (thyroid, infant)
several samples
vegetatles 1pCi/kg preferably at area 130 mrem/yr
_i;r 20) fresh weight £ max.concentration| (bone)
vesetables 10 pCi/kg 20 mrem/yr
- suclides) fresh weight ibid (kidn. ' Cs 137




radiation , e.g. due to Rz 222 emanation in soil should
be considered to detect additional radiaticn.

5. Important exposure pathways are not considered. At least

samples of soil, plants, dairy products, etc., should be
made. Because of the presence of fallout nuclides in these
samples, zerc measurements are necessary to detect a po-
tential increase. As can be seen from table 3, especially
for these pathways, detection limits and the £requency of
measurements are very important as considerable doses can
remain undetected with the official reccmmended monitoring
program set in the F.R.G. Whole body measurements and urine
llhplos from exposed persons could give additicnal security.

6. Important radionuclides are difficult to detect, particular-
ly carbon-14, technetium-99 and other & - and B8-nuclides.
As stated above, B8-nuclides will not be sufficiently de-
tected by the proposed program, especially Sr 90, C 14
and Te 99. Analysis of -nuclides is alsc completely
lacking.

To sum up, the prcposed monitoring program is not satisfactory.
Most measurements are rot freguant enocugh and are not made at
all in some important localities. Important pathways and nu-
clides are neglected. No indication is given whether and how
freguently zero measurements are made. No analysis is made of
the range of uncertainty of the program including detecticn
limits.

Thus, the program cannct ensure that all significant radiation
doses to the community as a result of decontamination of the
atmosphere of the TMI-2 reactor building will be detected. It
seems possible that radiaticn doses that go beyend official
limits can occur without being detected.
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