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POTENTIAL CONSEQUENCES OF SEVERE ACCIDENTS
AT THE LIMERICK NUCLEAR FPOWER PLANT

1.0 INTRODUCTION

I1f a severe accident involving a core meltdown and a
substantial release of radiation were to occur at the
Limerick nuclear power plant, state, local, and regional
planners might consider taking several protective action
options in an effort to reduce the potential radiological
hazards to the public. Recommendations for evacuation
might be made to the people living within the ten mile
radius, Plume Exposure Pathway Emergency Planning Zone
(EPZ). Even outside the Plume Exposure EFZ, people might
voluntarily evacuate their homes if an order to evacuate
were given. Another important opticen for reducing the
radiological hazards of a core melt accident is the
concept of sheltering. If sheltering were recommended as
a protective measure, people would be encouraged to stay
inside their houses -- in their basements, if they were
available -- until the radiocactive cloud had passed by or
had dissipated within their neighborhoods. This report
analyzes the probable radiocactive ~xposures and resulting
consequences associated wlith protective action
recommendations for evacuation and for sheltering within
the vicinity of the City of Philadelphia and the Limerick
plant. For comparison, the exposures associated with
conditions where no protective actions would be taken are
also reviewed.

Site specific results are presented in this report for
the geographical area about the Limerick site and for the
Philadelphia area in particular. The results have been
based upon radiological source term descriptions for
severe accidents at the Limerick plant as they have been
derived by the Nuclear Regulatory Commission (NRC) in
their Draft Environmental Statement (NUREG-0974) +4or the
facility (Ref. 1). The individual source term categories
considered in the descriptions of the accidents are
presented 1in Table 1 (Reproduced from Ref. 1). The
corresponding probabilities of the contributing source
term categories are presented in Table 2 (Reproduced from
Ref. 1). Consequences have been calculated using the
CRACZ statistical analysis code -- a state of the art
computer code developed by the NRC for estimating the
potential effects of postulated severe core melt accidents
at nuclear power plants. Meteorological conditions for
the site were furnished by the Philadelphia Electric
Company. (Ref. 2).

2.0 CONSEQUENCE ANALYSIS RESULTS



Calculational results are shown in Figure 1 for a
model of public response where the people are assumed to
take no special protective actions for an entire day 1in
response to the accident conditions. The model
characterizes the public as going about their daily lives
as though conditions were normal for a 24 hour period of
expnsure to the radiocactive fission products released 1in
the event. The concept of the model 1s based upon the
results originally presented by the NRC in their basic
planning document, NUREG-039& (Ref. 3). Shielding factors
for the calculations are presented in Table 3.

In analyzing the results of Figure 1, a substantial
fraction of the population of Philadelphia 1is located at
distances of between 20 and 30 miles from the Limerick
plant. The city boundaries are generally east-southeast
(ESE) to southeast (SE) of the facility. At this distance
and direction, a@assuming no protective actions are taken by
the public, the mean doses projected are between 2.0 and
3.0 rems. The mean doses presented 1in these results
represent the probabilistically weighted arithmetic mean
(or "average") values of over 1300 to 2600 individual
calculations of the magnitudes of doses and/or health
effects for each analytical case considered. Feak doses
and health effects values have also been presented in the
text below. The peak values cited represent the largest
single values of the conditions calculated from the 1300
to 2600 individual results calculated for each case and
location in the analyses. .

2.1 Health Impacts of Ionizing Radiation

Exposure to the ionizing radiation resulting from a
severe nuclear power plant accident may cause health
effects as a result of biological changes induced in the
cellular structure of the body. However, the health
effects induced by radiation can only be projected on a
stastical basis. That i1s, within a group of people that
have all been exposed to the same average dose, individual
members of the group will not necessarily experience the
same symptoms -- especially at relatively low doses. Thus
not everyone exposed to radicactive doses sufficiently
large to induce some early dJdeaths or 1njuries may be

victims of such effects. However, survivors of early
effects may subsequently succumb to the delayed effects of
latent cancers. These delayed effects would also be

probabilistically distributed among individual survivors
and would ordinarily begin to appear after latency periods
of ten years or more.

In order to minimize the probability that the public
will be exposed to health threatening radiological doses,
the Environmental Frotection Agency (EFA) has established
Protective Action Guidelines (PAG’s). The PAGs require
responsible government agencies to initiate protective
actions whenever projected doses to the public from an
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accident are expected to exceed 1 to § remns to the whole
body and/or S to 25 rems to the thyroid. The EPA did not
propose that the PAGs represented acceptable doses to the
public. The«PAGs simply represent triggering dose levels
at which protective actions aust be initiated, if
projected doses exceed the established limits (Ref. 4).

However, if PAG level dosas were received by the
public, the probability of health effects to individuals
would be quite Jow. The probability of early deaths or
injuries - occurring within 30 to 60 days afte~ exposure -
would be negligible. Moreover, the probability of delayed
cancer deaths (or incidence) would be less than 1/1000.

Threshold doses for induction of early fatalities are

commonly considered to be: about 200 rems. 1f coses of
this magnitude were rece#:ved, a ten percent probability
exists that early deaths would occur - assuming that the

recipients received l.ttle of no imsediate medical
treatment for their radiological exposures. I¥f the people
receiving 200 rem doses survived the early fatality
threat, there would be a &0 percent chance that they would
experience early injuries o primarily respiratory
ailments, nausea, etc. After recovery from the effects of
the early injuries, there would still be a 2 to 8 percent
probability that their exposure to such a large oose would
ultimately result in death 4rom-1atont cancers.

The commonly accepted threshold doses for early
injuries are about 30 rems. At a 30 em exposure, a one
percent probability exists of incurring early injuries.
On the other hand, the individual probability of latent
cancer deaths occurring as a result of receiving a dose of
S0 rems is about 0.5 %o 1.2 percent. In this study,
latent cancers have been assumed tn be linearly related to
the magnitudes of radicactive doses receive! with a
probabilistic frequency of about 150 cancer deaths per
million person-rems. Recent evidence suggests that the

. probabilistic frequency of cancer deaths from radiocactive
exposure could be as large as 400 deaths per million
person-rems. Therefore, the latent cancer death estimates
presented in this report are Lelieved to be conservatively
low.

2.2 Dose-NDistance~Probability Results

Tous the mean calculated dose levels of 2 to I rem
within the Philadelphia city limits, for the sum total of
all probable accidents at the Limerick plant, fall within
the PAG limits. Peak values for the projected doses
within ti.e city limits for the same set of accidents range
between 194 and 424 rem. The results of the calculations
show that the probability of exceeding PAG levels within
the city limits is about 40 to 4S5 percent at 1 rem and
from B8 to 14 percent at S rems, if no protective actions
were to be takei by the public. As indicated in Figure 1,
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the probability of receiving 1life threatening or 1injury
inducing doses is quite low at distances as far away from
the Limerick site as Philadelphia. Though as noted above,
the peak doses calculated for the city were quite high,
the probability of exceeding doses as high as 200 rems was
calculated to be about 1/10,000 (or 0.01%). The
probability of exceeding doses of 30 rems wis calculated
to be about the order of 1 percent at distances between 20
to 30 miles downwind from the plant.

In Figure 2, the results are shown of calculations of
the potential doses to individuals who were modeled as
evacuating through the City of Philadelphia with an
average velocity of one mile per hour. For purposes of
this study, it was assumed that the residents of
Philadelphia were also evacuating, even though they may
not have been included in the evacuation order. The
calculated mean doses to such evacuees at distances of 20
to 30 miles from the plant range from 1.7 to 2.3 rems.
Under corresponding accident conditions, the peak
calculated doses to evacuees within the city ranged
between 110 and 151 rem. consequently, the probability of
life threatening doses was calculated to be negligible.
The probability of receiving doses in excess of S0 rems
was calculated to be less than 1 percent (ranging from .62
to .34 percent). The probability of exce ding 1 rem was
calculated to be about 40 percent (ranging from 37 to 43
percent).

An estimate was made of the potential effects of
overloading the traffic carrying capacity of the city
streets. To estimate these effects, calculations were
made of the doses received by people who were caught in
gridlock conditions in their automobiles while evacuating
within the city. Doses received under these conditions
would, of course, be very time dependent relative to the
time during which gridlock conditions existed.
Calculations were performed for parametric gridlocked
periods ranging from 2 to 12 hours. For the wunlikely case
where gridlock existed within the city limits +for the
longest times of twelve hours, the doses received under
such conditions were calculated to be very similar to
those for the no protective action case. The calculated
mean doses ranged from 2.2 to 3.4 rems. Though the peak
calculated doses ranged between 213 and 458 rems, the
probability of receiving life threatening doses even under
these extreme gridlocked conditions was essentially
negligible. However, the probability of receiving doses
in excess of 30 rems was of the order of | percent. Doses
in excess of O rems were calculated to have a probability
of from B8.9 to 16 percent. The probability of exceeding i
rem was estimated to range from 4| to S0 percent. For
gridlocked periocds of about two hours, the probability of
exceeding either 200 or 70 rems becomes egligible,. The
probability of exceeding 2 rems 18 reduced to o range of
from about - to &6 percent’ and the probability of




exceeding 1 rem is reduced to from 25 to 35S percen*.

In Figure 3, the results are shown of calculations of
the pntential doses that might be received by i1ndividuals
if they took shelter in brick houses with basements ~-—
like those that are typical o+ the Philadelphia area. The
mean calculated doses for people who take shelter in this
fashion for a period of 12 hours range from 1.0 to 1.6
rems at distances of from 20 to 30 miles from the Limerick
plant. The probability of life threatening doses was
calculated to be negligible wunder these circumstances.
The probability of exceeding doses of 30 rems was of the
order of 0.1 percentc (ranging from .D&64 to .261 percent
depending upon distance from the plant within the city
limits). The probability of exceeding 5 -~ems ranged from
3.8 to 5.5 percent; while the praobability of exceeding 1
rem ranged from 28 to IS5 percent.

2.3 Health Effects

Anal vses were made of the health effects associated
with the accident sequences and associated doses of
radiocactivity incurred by exposed individuals as discussed
above. In particular, early fatalities, early injuries,
and latent cancer fatalities were projected for the severe
accident sequences analyzed. In all the cases reportad on
below, the health effects inclufled the combined summation
cf all the source term elements defined for the NRC’s
Draft Environmental Statement (DES) as described in Tables
i and 2. The calculations were conducted for the
population associated with the two sectore ESE and SE of
the Limerick facility within which the city of
Philadelphia = located. The health effects were analyzed

parametrical for three evacuation conditions and for
three shelter ing conditions. The evacuation analyses were
conducted on the basis of the assumpt: on that an
evacuation had been recommended for the City of

Philadelphia and that =vacuees were moving throuch the

‘city at three different average velocities: 2.5, 1.0, and

0.5 miles per hour (mph). A two hour delay period pr-ior
to initiation of evacuation was assumed for all cases --
in accordance with the DES assunptions (Ref. 1, p.S5S=-22).
The sheltering calculations were performed under the
assumption that the majority of the pcpul ation of
Philadelphia took shelter in brick houses with basements.
The effects of exposure periocods of &, 12, ard 24 hours
were investigated parametrizally.

As expected, the highest velocity evacuation case was
the most effective protective action analyzed. For the
2.5 mile per hour average velocity case, there were 1.05
mean early fatalities (relative to the peak value of 48&0
fatalities for all calculated cases with this average

velocity). By comparison. there were mean and peak values
of early fatalities of 4.:!85 (9120 peak) and 28,9 (54,900
peak) for the 1 mph and 0.5 mph cases respectivelv. In



most cases, early fatalities occurred outside the city
limits, within the close-in regions nearer the Limerick
facility.

Early jnjuries were also found to be of limited
significance to the city planners. Only for the lowest
velocity case (0.5 mph) was there any substant:ial
likelihood of early injuries occurring within the city
boundaries. In this case, where a mean value of 449 early
injuries was projected for the population distributed over
all distances from the reactor, 131 of the early injuries
(or 29.2 percent) were calculated to occur within the city
boundaries. For all the other velocity cases
investigated, the probability of early injuries occurring
within the city boundaries was found to be essentially
negligible.

Latent cancer fatalities were only calculated for the
one mile per hour evacuation case. A mean calculated
value of 613 +fatalities was projected for this case
(compared to a peak calculated value of 62,000
fatalities). OFf the 613 mean total fatalities for the ESE
and SE sectors and all distance: +from the facility, 320
(or S2.2 percent) were calculated to occur within the city
boundaries.

For the sheltering cases examined, the overall early
fatalities were smaller in number than they were for the 1
mph evacuation case. When all=> distances from the plant
were included, mean values ranged from 2.42 fatalities for
the & hour exposure period case to 3I.98 for the 24 hour
exposure period conditions. Feak values of early
fatalities associated with these exposure conditions were
7610 and SS60 respectively. However, like the evacuation
cases examined, the impact of early fatalities on the city
was essentially negligible. In only a few relatively rare
cases were fatalities incurred as far from the plant as
the city limits. Even in these rare cases, 1t appears
that few, if any, deaths would be expected to occur within

the city limits.

Early 1injuries were projected for the 2ring
cases that were examined. The results 1ndicac that
early 1injuries under these conditions have a samited

impact on the city. The mean early injury values at all
distances from the reactor were found to range from 27.8
to 36.3 for all the exposure periods investigated. For
the mean values calculated, the city’s contribution to the
whole was found to be less than one-half of one percent
(0.5%4). The peak values observed for all distances from
the plant ranged from about 90,000 to 100,000, For these
cases. the city’s contribution to the overall total is
unknown. However, i1t 1s likely to be larger than the

fractional contribution calculated above. In any case,
however, the probability of the peak values of early
injuries occurring 1n an accident 18 very remote



(approximately 1/10,000,000 -- assuming that a severe core
melt accident has occurred).

Latent * cancer fatalities were calculated for
conditions where the population was sheltered for the 12
hour exposure case. A mean calculated value of S81 deaths
was projected for the entire area considered 1in the
calculation (compared to the peak value of 59,300 deaths
for the same area). Of the total mean value of 5SB1
deaths, 274 were projected to occur within the city limits
(about 47.2 percent of the total).

3.0 CONCLUSIONS

The results of the calculations performed +for this
report were dominated by the effects of only a small
number of the 27 listed Release Categories preserted in
Table 1. The relative probability of a severe coremelt
accident is dominated by the release categories I-T/DW,
the two I-T/WW cases, and the two I-T/LGT cases.
Together, these five cases represent over 92 percent of
the relative probability of a severe accident occurring.
However, the projected doses for these release categories
(when considered in terms of their individual
contributions) are quite low. For example, the mean dose
associated with the I-T/WW series is about 0.5 rem at the
city limits. -

On the other hand, a few release categories with large
fission product releases contribute most of the rest of

the impact on doses and health effects. For example, the
II-T/WW, III-T/WW and the IV-T/WW series Jominate the
impacts of the high dose categories. Though these three
categories contribute less than five percent to the

overall relative probability of a severe accident at
Limerick, they contribute 25 percent of the overall mean
value of the dose for all integrated contributions of the
release categories. The calculated mean dose for the
-individual contribution of the IV-T/WW category at the
city limits 1s about I7 rems -- a rather large mean dose,
slightly in excess of the early i1njury threshold. Thus,
these few, relatively large, release categories have a
disproportionate influence on the consequences o©of severe
accidents. An accident in any of these categories, if it
were to occur, could cause unfortunate consequences for
the city. A significant question to ask is whether the
approximately five percent relative contribution to the
probability of an accident associated with these combined
categories is sufficiently small to be negligible fcr city
emergency planning purposes.

As a result of the influence of the relatively high
probability of the Limerick release categories associated
with low doses. the projected mean doses were rather low
within the city limits for all cases considered 1in this
report. Mean values ranged from about 1 rem with
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sheltering to about 3 rems for cases where no protective
action was taken. On the other hand, peak dose values +for
these same identical cases ranged from from about 100 rems
to about 425 rems. The peak values show the influence of
the relatiyely high consequence release categories

combined with bad weather co t!itions. Peak doses are
almost always associated with rainfall conditions
Ooccurring simul taneously with the arrival of the

radicactive cloud from the accident over the city limits.
However, as noted above and as shown in Figures 1 to .
the meteorological conditions leading to peak doses are
relatively rare Occurrences.

Though the calculated one to three rem mean dose
values are relatively low, the probability of incurring
more substantial dose levels within the City limits is
relatively high. The probability of incurring doses in
excess of 30 rems - the @arly injury threshold - i1s about
one percent assuming that a core melt accident has
occurred. Moreover, the probability of incurring a 10 rem
dose is about S percent. Though doses of 10 to 30 rems
have a negligible probability of being associated with
early fatatities, they do increase the individuals
incremental probability of incurring latent cancers by
about ore to two percent.

The calculated consequence results indicate that
early fatalities and early injuries will probably not have
4 major impact on the city, wunless very low evacuation
velocities are expected to occur within the city. For
most practical purposes, the effects of early deaths and
injuries are confined to areas outside the city limits.
Except for those cases where evacuation velocities were
substantially less than 1 mph, when early deaths and
injuries occurred within the city limits the consequences
were essentially negligible. The effects of latent
cancers are so pervasive however, that they are calculated
to impact the City. As noted, in the cases considered,
about S0 percent of the overall mean latent cancers
induced by the accidents Ooccurred within the cCity limits.
"It should be noted, however, that the individual risks of
incurring cancer as a result of the radiocactive doses
received in an accident are relatively low within the city
limits. On the basis of the potentially exposed popul ation
of about 1,767,000 included in the zones of the
calculation for the city, the mean values of the
individual risk of death from latent cancer induction from
the accidents are about 1/10, 000,

It shoulid also be noted that the latent cancer deaths
associated with such accidents would be distributed over a
relatively long period of time. No deaths are likely to
Occur 1n the +first ten years after exposure to the
ionizing radiation. Thereafter, the probability of cancer
1nduced death 1s distributed essentially uniformly
throughout the remainder of an i1ndividual’s lifetime.

.



Thus, the indicated mean values of latent cancer deaths
projected for the city in the calculations (approximately
J00 in both the evacuation and sheltering cases
considered) would probably be spread cut over many decades
of time after the accident. For comparative purposes, the
cancer induced natural deaths over a similar period of
time for the population of a city the size of Philadelphia
would be about 300,000. If an accident with doses more
severe than the mean values were to occur (e.g., 10 to 30
rems as discussed above) then the number of latent cancer
deaths might reach values of the order of 10,000 +for the
city. Though these deaths would also be distributed over
decades of time, their impact on the city would clearly be
substantially greater than the impact of the mean value
cases (300 latent cancer fatalities) as discussed above.

Since the number of latent cancer deaths could be much
larger than the mean values cited above in the event of an
especially severe accident, it will be important for the
city planners to consider the necessary protective action
options that might be exercised to 1limit the potential

hazards of nuclear power reactor accidents. The results
of the calculations suggest that sheltering can offer as
much effectiveness as practically any other option
considered. In addition, sheltering probably offers an
easier planning option than preparing for complex

evacuation procedures. Thus, sheltering appears to be a
relatively effective protective action +for the city of
Philadelphia. It should probably be given serious
consideration in the mix of protective options available
to the city planners.
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lable 5. 11c Summary of the almospheric release specificalions used in consequence analysis for Limerick Units 1 ang 2°

Warning Fractions of Core lnventory Released

. Release Release time for tnergy Release

8 Kelease tine duratfon evacuation release height Inorgan-

- caleyory (hr) (br) (hr) (10° Btu/ir) (m) Ke-Kr Organic 1 ic 1 Cs-Rb Te-Sb Ba-Sr R 1a®

o Ly e e .

»

o - 1/022)* 517 0.5 3.67 100 25 1.0 6.99(-3)** 1.28(-3) 1.88(-2) B.41(-2) 9.94(-4) 4.95(-3) 9.89

o 1-1/400(25) 5.17 0.5 3.67 100 25 1.0 6.99(-3) L.as(-4)  3.11(-1) 1.24(-3) 1.91(-5) 7.39(-5) 1.4

s 1-1/Wd(24) 5.1 0.5 16 100 25 1.0 6.99(-3) 2.03(-4)  9.19(-4) 2.16(-3) 8.22(-5) 1.39(-4) 2.6

5 1-1/50(14) 2.4 0.5 1.0 130 25 1.0 - 9.6(-2) 1.0(-1) 4.0(-1) 1.0(-2) 4.0(-1) 2.0

- 1-1/1B(20) 2.4 0.5 1.0 100 25 10 = 2.0(-1) 6.0(-2) 1.0(-1) 7.0(-3) 8.0(-2) 1.0

4 1-1/1G1(26)**~ 1.5 34 0 10 25 0.73 e 2.7(-3) 9.8(-5) 4.6(-4) 1.6(-5) 3.2(-5) S.e(

= I-171G6i18) 3.5 314 0 1.0 25 0.7’ - 1.9(-2) 9.8(-2) 4.6(-2) 1.6(-3) 2 2{-3) 5.8(

® 11-1/AM(B) 24.92 3.9 532 1.0 25 0.98 6.86(-3) 6.73(-1) 3.36(-1) 2.31(-1) 41(-2) 4 8-1) 1%
- 1/5E(14) 27 0.5 7 130 25 1.0 = 9.6(-2) 1.0(-1) 4.0(-1) 1.0(-2) 4.0(-1) 2.0(
HE-1m(10) 2.67 1.38 2.1 100 25 1.0 6.99(-3) 1.81(-2) 2.24(-1) S.74(-1) 1.95(-2) 3.65(-2) 6.9
T W/SE(S) 2.0 0.5 1.0 130 25 1.0 e 4.0(-1) 5.0{-') S5.0(-1) S.0(-2) S50(-1) 3.0(

- 1/u8(20) 2.0 0.5 1.0 100 25 1.0 = 2.0(-1) 6.0(-2) 1.0(-1) 72.0(-3) B.0(-2) 1.0(

HI-1/1G1(26) 0.5 35 0 1.0 25 073 -e 2.71(-3) 9.8(-5) 4.6(-4) 1.6(-5) 3.2(-5) 5.8(
Hi-1/iGi(s) os s 0 1.0 1 25 ‘an e 1.9(-2) 9.8(-2) 4.6(-2) 1.6(-3) 3 2(-3) 5S.u(
Iv-170u(2) 1.13 1 0.5 1.0 25 1.0 6.99(-3) 9.39(-1) B8.61(-1) 8.62(-1) 9.39(-2) 1.49(-1) 1.1

- Iv-1/M(4) 113 1 0.5 10 25 38 - 6.99(-3) 9.39(-1) 72.72(-1) 6.88(-1) 9.0(-2) 1.19(-1) 9.

= Iv-1/wi(3) 1.13 IiN 0.5 1.0 25 1.0 6.99(-1) B8.74(-1) 8.04(-1) 5.82(-1) 9.55(-2) 1.18(-1) 7.8
Iv-1/5E(5) 2.0 05 1.5 130 25 1.0 =8 4.0(-1) 4.0(-1) 5.0(-1) 5.0(-2) 5.0(-1) 3.0(
1-S700{2)) 5.1 0.5 3.76 100 25 9.99(-1) 6.99(-3) 31.31(-3) 4.89(-3) 2.86(-3) 6.01(-4) 2.87(-4) 4.0l
Iv A7bu(1) 1.1 3 0.5 1.0 25 9 99(-1) 6£.99(-3) 9.65(-1) B.7(-1) 8.74(-1) 9.9(-2) 1.51(-1) 1.2(
1S C/bv(13) 0.3 116 0. 37 1.0 25 i.0 6.99(-13) 7.61(-2) 1.37(-1) S.68(-1) 7.42(-3) B.17(-2) 17.05
IS C/56(14) 1.3 0.5 1.3 130 25 1.0 - 9.6(-2) 1.0(-1) 4.0(-1), 1.0(-2) 4.0(-1) 2.0
1S C/bu(12) 1.4 2.9 1.4/ 1.0 25 1.0 6.99(-3) 8.22(-2) 1.43(-1) 6.06(-1) 7.78(-3) 1.02(-1) 7.3
1S-C/st(14) 23 0.5 2.3 130 25 1.0 - 9.6(-2) 1.0(-1) 4.0(-1) 1.0(-2) 4.0{-1) 2.0(
S-H20/WH(11) 2.67 4.56 2.67 1.0 25 9.87(-1) 6.99(-3) 1.09(-1) 1.62(-1) 2.85(-1) 1.23(-2) 4.9(-2) 13.64
S 120/5E(5) 15 05 s 130 25 1.0 -- a-1) 4(-1) 5(-1) 5(-2) 5(-1) 3.0(
S H20/wi(9) 2.83 3.5 2 83 1.0 25 9.68(-1) 6.98(-3) 2.56(-1) 2.74(-1) 3.86(-1) 2.57(-2) 6.18(-2) 4.9

%See Section $.9.4.5(7) for discussion of uncertainties.

Uy ee Appendix B for designations and descriptions of the release caleygories.

‘urg4u|c todine is added to inorganic lodine for consequence calculations because organic fodine Is likely to be converted to inorganic or partic
foras duping environmental transport.

Y hudes Ru, RN, Co, Mo, Tc.

“luc Vudes Y, la, Zr, Nb, Ce, Pr, Nd, NP, Pu, Am, Cm.
“Humber in parentheses indicates velative ranking of the release calegory according to cesium fraction.
"46.99(-3) = 6.99 x 10-3.
***Ihis release cateyory is combined with IHI-1Z1GI in consequence analysis.
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Table 5.11d Summary of the calculated mean (point estimate)
probabilities of atmospheric release categories

Prebability of the reliease

cdtegory initiated by internal

causes, fires, and low to

Probability of the release
category initiated by

Release moderately severe earthquakes severe earthquakes
category (per reactor-year) (per reacter—-year)
[-T/0OW 2.41(-5)* 5.6(=7)
[=T/Ww 2.18(=5) 9. 1(*7)
I=T/Ww 2.44(-8) S.7(-8)
[-T/SE 9.77(=9) 2.3(=10)n*=
-[-T/HB 9.77(=7) 2.3(-8)
[=T/LGT** 2.17(-5) $.0(=7)
[-7/LG7 2.67(=5) 6.2(=7)
I1=T/WW 2.04(-86) 2.0(-8)
[I-T/S¢E 4.0(=12)%%= 4.06(=10)%*=
_ LII=T/WW 1.66(-6) 3.7(=7)
[II-T/SE 3.4(-10)%=x= 7.4(=1]1)%n=
[1I-T/HB  3.4(-8) 7.4(=9)
[II-T/LGT 7.5(-7) 1.6(=7)
I1I-7/0GT  9.2(-7) 2.0(=7)
—iV=-T/OW 3. 83(=7) 4.7(-8)
IV=T/WW 1.46(-7) 4.27(-8)
IV=T/WW 1.63(-8) 4,75(=9)
[V-T/SE 3. 85( =11 )" - . 5(=12)"">
[-S/0W 3.76(-8) 0.0
LIV=-A/0W S.0(=9) 0.0
[S-C/0wW 1.4(-8) 1.3(=7)
[S§-C/SE 1.8(=12)""= 1.3(>11)"n=
[S-C/0wW 1.0(=7) 9.0(=7)
[S-C/SE_ 3 QE = 11 ). 9:0(=11)"==
S=H20/WwW 1.35(-8) 4.1(-8)
S-H20/SE 1.35(=12)"" &, 1L =12 )=
§=H20/WW 1.35(-8) 3.69(-7)
-Total prob-
ability per
reactor-
yJear 1.04(-4) 4,.56(=%)
; %2.41(-5) = 2.41 x 10-%

**This releasa category is combined with [II-T/LGT
***Any release category with probapcility less than 10-? per reactor-year

is omitted from consequence analysis because of its low probapility and
insignificant contribution to risks.

|

; NOTE: Please see Section 5.9.4.5(7) for aiscussion of uncertainties.
|
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rable 3 Shielding Factor Projections

Status “cLoua Ground
Preparing~f3; 0.75 0.33
Evacuation =/

During Evacuation 2/ 1.0 8.7
During Sheltering Y 0.4 0.0%5
Normal Activity 0.75 0.33
-= No P:a}ective

Actions <

.-‘

fro

/ Data

W

pata from NUREG 0396

TNP 1A SHIBLDW G FACTHEeS Fel. ReUCK +ovses WiTH BaASEMENTS.

&/ pata from NUREG 0396

from PRA Procsdurcs Guide NURZG/CR 2300 Vel. II
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