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~Sir: 

UNITeD ~TII.TPi 

NUClF./~n nCGUL/\ H)JlY cor·,v.115SION 

V/A:;'flN':iHW. O. O. 20555 

~ Peactor ::b.fety stt.'1y, initi<ltcd VI the luT-, has C'Oli'plctro its WJrk undar 
~ sty:)l1sorsh".p,of &.~ U.S. }hlc:lerr P~gulatoT.'J O:ml'istion. 'l'he "'::ni~ was 
p-.:!rioITIEd by a stcdy group h~~c.~ by Profcs!;cr NOrr.'cJIl C. I~[""'T!USsen of the 
l~ssuc!lU.s~tts Institute of 'l\..">Cbro}09Y. A dr~ft rcp::>lt "~s circuJ at'2d in 
A1.qu.c;;t 1974 and cc:rr:~nts \o.'2.re rcc~ivcd fro:n 87 indiviCimus und org.:mizu.tio:1S 
l:Cprescnting rtl-my divcxsc viE!.·'T:oints end field3 of p_x~se. ThesE! conr.P-nts 
\'~e Vf>..ry r.clpful in C)npleting the fin2.l l"0t.=OL't "1\n 1.:se~s'"'i"ent of Accident 
ni..uY.s L'l U.S. Cbrrm:!rcial. Nucle.:l.r l?cM'er l'lwlts," i-msH-lt.OO (NUREG-75/014) of 
O_!, ohar· 1975. 

In a recent public sbteJrent, "lillimn A. Anrers, a'la.im.an of the u.s. t.."uclear 
1egula tory O::mnission stated: 

"'Ihe <b:mUssion ~licvcs that the P.cactDr Safety Study ~rort: provides 
an objective and ID-::wU.ngf-ul cstiIrat2 of the public r;u;ks as!X>Ciated 
llith the operation of prczent-day light water FC'\~.r l.'cactors in the 
United Statc!;. '!he final report is a 501..:ndly oosC<l 4:lnd. llrprcGsive \oX)rK. 

Its overull conclusion i5 that the ris~: utt:lched to the oP"'-.ration of 
n~c1(.-ar !X1 .... cr plants i5 very 10.'1 COIq:Qrcd '-lith ol:her nrJ.tural and man­
!MOO risks. The rEp:Jrt reinforces the OJnmi5~ion'5 · belief thClt a nuclear 
pc::MCr p1unt dcsigred, const....""Uctcd and operated in ilccord"ll1cc \·lith NRC's 
amprc.hcnsi vn regula tory rcquircmint5 pl:ovides adcq1..1~te · protection to 
public hc.:llth .:md FClfcty and the cnvironrn:!!lt. Of rou..'"'S~, sue') rL'<]ulatoty 
r~i.rcm .. :nts I'IU.lst be continuul1y rcvicwrxl in th~ ]i.~ht of nC?W knowledge, 
1nclucling that dcri~ fran a vigorous reguliloory research program." 

A ropy of" th~ rCfX)rt is being fOl:W"<l.l."ded for your infmnntion and W.lC. 

ntclo;.\\\:'e: 
Final ncport 

~crc1Yll 
/~~vJ . M~ 

Saul I~vJnc 
Project StAlff Dl:lI'cctor 
Ib."\ctor ~tlfcly 5llrly 
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Section I 

Introduction 

This appendix of the Reactor Safety Study describes the input data and mathematical 
models employed to calculate the consequences of a potential release of radioactive 
material in the event of a nuclear power plant accident. Emphasis has been placed on 
documenting the rationale and referencing the source material underlying these inputs 
and models. In the course of this work, it has become increasingly clear that the 
consequence model is complex, w~th dependencies between many different scientific and 
medical disciplines, and that, in many areas, the available base of data is limited. 
The model described herein represents a reasonable assessment of consequences 
considering the state of knowledge in each subject. Future refinements should reduce 
the uncertainties, but it is believed at this time that the best-estimate values of the 
probabilities and magnitudes of the consequences should not greatly change from the 
values reported herein. 

To assist in the development of the consequence model, the Reactor Safety Study has 
solicited the advice of many nationally recognized consultants in the many disciplines 
involved. In particular, an advisory group on health effects was formed; its member­
ship is listed in section 14 of this appendix. The advisory group was unanimous that 
the selected model and input data were reasonable given the current state of knowledge. 
Of course, as would be expected in such a complex area, there were some conflicting 
opinions within the group over some details; however, these differences did not detract 
from the unanimity of opinion on the adequacy of the overall health model. The judgments 
and opinions expressed in this appendix are nonetheless the responsibility of the Reactor 
Safety Study. 

It is the objective at the study to assess the risk from commercial nuclear power plants 
in as realistic a way as can reasonably be attained and to bound this assessment with upper 
and lower values. It is important that the estimate be as realistic as is reasonably 
attainable, in order to provide a proper perspective on potential risks. This realism is 
especially needed where risk comparisons are made as in chapter 6 of the Main Report. 

A schematic outline of the model is shown in Fig. VII-I. The starting point for the 
calculation is the quantity of the radioactive material that could be released from the 
containment to the environment in the event of a nuclear power plant accident. The 
spectrum of releases to the environment are discretized into the nine PWR 1 and five 
BWR release categories as stated in Table VI 2-1, each with its associated probability 
of occurrence and release magnitude. Though the probability values that were developed 
in preceding appendices included estimated confidence bounds, these bounds are not 
propagated in the consequence model. However, they are used to estimate the confidence 
bounds on the results reported herein. The release magnitudes are used as best-estimate 
values, although, as discussed in the Main Report, they are believed to be conservative. 
The meteorological model computes the dispersion of radioactive material in terms of 
concentration in the air and on the ground as a function of time after the accident and 
distance from the reactor. The model used to compute dispersion is described in 
section 4, and the data that support its selection are presented in Appendix A. The 
model includes the following factors: 

1. The decay of radioactivity as a function of time after the accident. 

2. A standard Gaussian dispersion model that has been mOdified to include the 
effects of thermal stability, wind speed, and precipitation as a function 
of time after the accident. The model includes neither the temporal varia­
tion of wind direction nor the effect of wind shear. 

lOne PWR release category was subdivided into two releases to more properly represent 
the range of heat rates included within the category. 

1-1 



3. Dry deposit~on by contact betweenkhe cloud and the ground and wet deposition 
by washout due to the temporal variation in the occurrence of precipitation, 
as described in section 5 and Appendix B. 

4. The tempora1 variation of weather parameters (stability, wind speed, and 
precipitation) are obtained by using 90 stratified samples from 1 year's 
weather data from applicable reactor sites. The diurnal and seasonal 
variations of the mixing layer are included. The details of the sampling 
scheme are described in section 13. 

5. The effects of the plume lifting off the ground due to the release of 
sensible heat. Latent heat and radioactive heating are not included. The 
plume is not permitted to penetrate the mixing layer. 

Having computed the concentrations of radioactivity in the air and on the ground, the ~ 
model then computes the potential doses that could accrue from the following potential 
modes of exposure: 

1. External irradiation from the passing cloud. This exposure would occur 
over a period of about one-half to a few hours. 

2. Internal irradiation from inhaled radionuclides. While the inhalation would 
take place over the same time period as external irradiation from the passing 
cloud, the dose accumulated would be controlled by the residence time of the 
various radionuclides in the various parts of the body. 

3. External irradiation from radionuclides deposited on the ground. 

4. Internal irradiation from the inhalation of resuspended radionuclides that 
had been deposited on the ground. This exposure mode would not contribute 
significantly to predicted doses. 

5. Ingestion of r~dionuclides from contaminated crops, water, and milk. Since 
this type of exposure could be controlled by constraints placed on 
consumption until levels of radioactivity are below maximum permissible 
concentrations, it would not contribute significantly to predicted doses. 

All these different modes of exposure and the corresponding dosimetric models are 
discussed in section 8, with supporting data supplied in Appendices C through E. 

The risk for the first 100 commercial nuclear power plants is calculated by using the 
following considerations. Meteorological data were obtained from six representative 
reactor sites, and each of the 68 sites was assigned to one of the six meteorological 
data sets to form a composite site representative of those reactors that are subject 
to similar weather. The meteorology for these six sites is described in section 5. 

The distribution of people as a function of azimuth and distance from the reactor was 
obtained from 1970 census data. The populations in 22.50 sectors associated with 
the reactors assigned to a particular meteorological data set were combined to form 
~ composite population distribution and its associated probability for that weather 
set. The details of this combination are described in section 10. It was assumed that 
people located within 25 miles downwind of the reactor would be evacuated in the event 
of an accident. By statistically analysing evaouation data (Appendix J), an evacuation -
model was developed as described in section 11. 

The health effects models are described in section 9 with supporting data in Appendices 
F through I. The costs of decontaminating land or relocating the resident population 
are calculated with models described in sections 11 and 12 with supporting data in 
Appendix K. 

The overall accident set is computed by convoluting the dispersion of radioactive 
material associated with the 10 PWR and 5 BWR release categories by using the 90 
weather samples from each of the six sets of meteorological data over each of 16 
population sectors for each of the six combined population distributions. These 
130,000 hypothetical accidents are then ranke~ to generate complementary cumulative 
distribution functions for each of the potent~al consequences. 
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The results of the calculations are presented in section 13. Some additional studies 
are presented to show the sensitivity of specific consequences to important input 
parameters. In general, interdependencies between two parameters have not been 
assessed, and the study recommends more work in this area • 

Release Categories ~--..+f 
from Appendix V 

Weather Data 

Atmospheric 
Dispersion 

Cloud Depletion 

Ground 
Contamination 

Dosimetry 

Population 

Evacuation 

Fig 1lI 1-1 Schematic Outline of Consequence Model 
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