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T SRR BACKSHOUND AND DILCUSSION

R .Prepared by Accident Analysis Branch
; , : : Directorate oF Licensinv

‘The evaluation of nuclear power reactor sites from a racioloc*cal risi
' -'standpoint is performed by the Regulatcry staff prinarily by cosnarlsoc ol
',"}" .,the results of design basis accident dose corputations a;a;nSc the numerica
- ~ puidelines in 10 CFR Part 100 for individual exposure. Consideration is.
rrdven to population risk in paragreph 100.11 of 10 CFR Part 100 which states
~ that "Where very large citles are involved, a greater distance may be '
B necessary because of total integrated population dose censideration.”
_Because the consequences of an accident decrease with distance frem the
~ point of release as a result of atmospheric dispersion and radicactive dscay,
. the total population exposed to a significant dose can be mininized by use
of;sites.away from highly populeted areas. | |

Given the state—ochne-art for engineered sa;ecy Teatures ased on
S current roneration plents, the technolohJ -exists to make 51“inr in
:;;;5};9-. nEtIOpOlitan areas -feasiblefrom the stand"01nt of reeti'zu the individial
dose Vuidelines in 10 CFR Part 100; however, reactors have been excluded .
. from metropolitan areas to date for several reasons. It has been felt, as
irdicated in statements before the Joint Committee in 1965 and 1967, that
advances 1n safety systems in terms of design, testing and “ellabxll(y woulf
. be needed‘befofe-siting in retropolitan areas would be allowed. There has
been no reason to'take tre addit*onal incremental risk, however snall cf
- incurring coses to a large metropoliten gopulaticn as 2 ”esc‘“ of *1y
accident in the nuclear facility when other suitable site s, less c-nse;v
populated, remain availabie. Also, the dlfficulcy of institu ing effective
protective measures for the surrounding populace in the event of an
‘accidentAincreases with increased population deﬁsity At the present .1 ime
the staft uses an informal ruloeline that sites with a population dercity
'ﬂT%IL(F Lhun that of an nnvnlope of the Zion, hewbold s lirnd cuwd lndllrll«n it
site pOpUldtiOh; are not considered accoptablc
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?(, | While the above considerations have been formally applied to rhc .
calculatcd congequences of 'deslgn basis' accidents, they would be nu.l;§~
| slrnlflcnnl for a more remote scqucnvc of cvents.  Such cvvnls are dclxnvd
lu the prnpnch Annex Lo Appendlx D of 10 CFR Part 50 as lnvolvinc

scquenccs of successive fallures more ~severe than those postul ated for

N P -

o the design basis for protective 3j~t ems and engineered safety features.”

L &
5

When evaluated realistically, for example with meteorology uhich
might occur 507 of the tine, a very large uncontained reactor accideat
-such as a release of .all. gas--us fission products might have significan:
whole body dose consequences. .!-— s @3eeimiarhibie body dose for this
large uncontained release would be at a level where injury would be suscained
‘to persons downwind for about ten miles and fatalities could result,in a
:downwind arca a few miles from the plant. In the case of the calculated
thyroid dose, doses greater than 100 times the thyroid guideline doscs of
10 CFR Part 100 could be incurred a fcw miles from the plant for averapge
‘ mctcorological conditions. Athougn this mapnitude of thyruid dose could -
q"ﬁi;'result inhpossible damage to the thyz nid the associated whole body dose
‘incurred as a result of the inhaled iodine would be only a small fractien
- of the whole body dose received from a pa551ng cloud. While a loss of
. thyroid function can occur at high doses, an individual can survive; Wnerees

high whole body doses can affect individual survival.

In the event of extremely unfavorable peteorology, damaging doses

Erom an uncontained accident could be delivered a substantial distance .

- from the plant within a narrqﬂ?éectorrin the downwind direction. Under this
‘type of meteorological condition, howeyer, several hours would be available
- to institute protectiVe actions, such as evacuation trnm the path of'thv
plume.t (For’ example nine hours could elapse before cloud pnssagc at a

‘distance of twenty miles.)

These qualitative con51derations lead to the conclusion that 51t1ng
in metropolitan areas, unless shown nandatory from the standpoint of

.

environnental, economic or other factors, should continue to be discour 'a
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‘Previous case-by-casefreviews of population distrihutiOns'have
effectively distouraged large numbers of plants in areas of rclative
high population density by requiring engineered safety features to ‘redu,
computed consequences of design basis accidents to levels which. are ueli

A'} within the dose guidelines of 10 CFR Part 100. (This practice has also’ :

:'f,'probably increased, by some undefined margin, the capability of plants so .

designed to cope wiqh the consequences of undesigned-for sccident - seauenr=s )
Tnis case-by-case evaluation ‘has resulted in large expendntures of staf ff
manpower. 4 single such case may require extensive discu551ons durino a
preliminary site review the construction permit review, and durino public

hearings. The issues involved range from the growth and future distribut ':n

of popuiation density to the adequacy of the extra engineered safety fClCULeb

proposed for the plant. A siting policy which providas jincentives to LhOnxC’
sites which are clearly acceptable from a population distrLbutlon standpurnt,

therefore, offers attractions in staff manpower savings as well as in the

I realization of some incremental reduction of risk to the publlc.‘

wooa , T
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One means of encouraging location of nuclear power plants in’ low

population areas is by narrowly restricting the conditionc under wnitn ‘:

E plants may be 1ocated in moderate to high population den51ty areas and

by effectively prohibiting 51t1ng in metropolitan areas. The draft Poli

Statement and draft Regulatory Guide entitled "Population Dlstribut'on 5‘

hAround Nuclear Power Plant Sites which are included as Appendix A detail

‘:_‘such conditions. Vo maximum ‘acéeptable population distributions are ziven

In the proposed guide. Such an upper. limit would tend to encourage lnrgu

" pumbers of additional high population den31ty sites comparable to’ thosr -
few which have already obtained staff concurrence. The maximum populdljun

‘at various distnnces at sites which have been recommendcd for npprovnl hy‘

the staff to date will continue to be used informally as an upper bound

'Vzr.but approachlng this upper bound in the future will be strongly diSCOdegEu
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. density site, additional engineered safety features must be provided to

'-Regulagory Guide (Appendix A).

-4 -

Pupulatlon levels are speéificd in thg'Cuide which would scrve as an
lhdléntlon ol an acceptable population distribution. Above this level,
lt must be shown by the applicant that a high population density site

offers signlflcant advantage from the standpoint of eavironmental, cconomic

or other factors. The specified levels were chosen as representative ol

sites available fbr the development of nuclear pover. The judgment that

such sites are available was based on the fact that.about 7OZ of the

‘construction permit applications submitted to date meet the indicated

population: levels at all three distances (5, 20 and 40 miles) specified in
the proposed guide. 1In addition, at any given distance (5, 20 or 40 miles)

90% 0£ the applications submitted to date meet the population value specified.

In addition to demonstrating the need for a relatively high popuiation

assure’ that the overall risk to the public has been minimized. This is

' slmflar to the requirement for additional features on the.Newbold [sLand

.« . and leerlg?'p%qnps”;o_gedu;gwtbe computed si;é"boundéryvéddolsw population .,
‘doses to small fraéthns of the guideline values of 10 CFR Part 100. This
"provision aésures'chat total populatiqn doses as well as individual doses

- assumed to be delivered as a.result of a design basis accident are kept to

very low values.. Individual doses at plants not éffected by this -

requirement are'kept to acceptable levels by the dose guidélines of

10 CFR Part 100. ..

i T

" Information on the current population distribution around approved

.‘_éi;es is presented in Appendix B, A "Site Population Factor" (SPF)

concept 1is also discussed in Appendix B in which the pPopulation at longer

distancés'is weighted less than the popplation adjacent to a site for the

’ Purposes of comparison among vériqus sites. This concept has plnycd a key

role in the staff's analysis of varjfous Population patterns and the

selection of the.cpmulative pPopulation values contained in the dfnfL

, .
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n‘controlled areas (for example.current milltary or AEC reserv

LR ELETEY ) I S
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tn any populatLon criteria, future as well as existing population

’ ’ . R . .
must be taken Into account. Accurate projection of population growth ia

the vfclnlty of sltes would seem to require a detailed.anuiysis of

cconomle and cultural considerations (which the very existence of the plant

| may influence). Of course this type of analysis would be most reliable in

the near term. A period of about .ten years from submittal of a constiuction

permit application is suggested in the draft Regulatory Guide Eor_this

- .type of detailed analysis. This time period would assure examination ofd

the population anticipated to exist at the time the plant is to begin

’operétion. Sites with very low existing Dopulation density would not be

required to submlt such a detailed analysis.

Another alternative means of assuring low populatlon der,r-res which

‘18 currently being examined for feasibillty and which could be pursued ’7f

over a longer time-scale is the concept of use of large federally owned or

ntlons)

Y“- R S RN . Tl T2 je a

) Options for Actfon on a Siting Policy

.~.1. Regulatory Cuide

A Regulatory Guide could be issued which is’ structured to encourage;
'siting in areas of low population denslty. A draft of such a guide
18 included in Appendix A. Under the proposed guide the applicant

would need to show that the Hlon population density site orfers

signiflcant advantages from the standpoint of environmentai,

- economic or other factors. In addltlon, engineered safety features
would be.provided, above those required to meet the guideline doses .
of Part 100, so that there would be additional assurance that the
risk has been minimized. Such en°1neered safety features would probably
include the ‘use of contairment sprays with chemical additives and a
secondary confinement system (sometines referred to as a dual con-

.tuinment) to hold up and filter f15$1on products released in a

pos*u]ntcd design basis accident.
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The staff recommends issuance of a Regulatory Cuide with accompanying -

Pollcy Statement. The Cuilde would be squect to future revision

If experlence should Indlcate the need for modLficatlons. Should

-the Commisslon'approve issuance 1in principle of such a Guide; the

staff would plan to discuss the Guide with the ACRS before issuance.

It is recommended that the provisions of the Guide be applied to

'construction pernits docketed after January 1, 1974. Allowing a

few months notice after issuance of the Guide will reduce the 1mpact

on utilities now in the process of site selection.

IEARNAER 2 3]
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Change to 10 CFR Part 100

fAc this time it would appear more appropriate to issue the statement

as a Guide rather than a regulation and later issue a reoulat101 if
deemed approprlate on the basis of experlence with the Guide.
Issuance of a regulatlon would require advance notice of proposed

rulemaking w1ch opportunity for publlc comment and would probably

'tequire preparation of an environmental impact statement. On the

other hand, the absence of a binding regulation will require the
staff to address the technical merits of the Policy Statenent and

Guide in licensing proceedings wnere the issue 1is raised.

No Action Pending Further Study

Action on this matter could be postponed until after completion of
the SONAR study. If this study resulted in sophisticated estimates

of risk from "worst concelvable" acc1dents, a siting policy might

'then have a defined technical basis. The staff belleves it is

unllkely that the general shape of the policy would change from tHat

- indicated in the proposed Regulatory Guide, however. There is a

. present need for guidance to the industry in this area, and the tiain

and success of accident probability and consequence studies associate

‘with the SONAR prOJect is not clear.
!

-~
>

1
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4. Influence State Land Use Policies

Various states now have laws or are in the process of formulatmo
laws providing for long~-term land use planning. If ouldellnes

- were provided to state planaing bodies indicating desirable
characteristlcs for nuclear power plant sites, the States would ,
screen out 51tes with high populatlon densitles. This could be an

, effort much broader in scope thaa population denslty, covering a
rmultitude of slte‘characterlstlcs. It would prooablly be inltlally
effeotive in only a few states, however, and: would uot provide the

immediate guldance to industry which is needed in thls area.

-

Coordination

The opinion of Dr. H. Monson, a member of the AC?S, was ‘sought ‘in this

matter. Dr. Monson concurred in pr1nc1ple but sugoested that the

importance of population close to the plant be emphasized. The staff. has

under consideratlon the addition of an acceptable population value of

- 120,000 ‘people within 10 miles. This would be in addition ‘to the present

specification of populatlon at'5, 20 and 40 mile distances. The addici
of the 10 mile population value would not change the number of current
sltes which meet the populatlon criteria at all distances as discussed in

this paper. This chanoe may be adopted before issuance or the- Regulator
Guide.

A meeting with selected utility executlvesl/ was’ neld on Aprll 12 » 1973,
to explain the general approach proposed and to sollc1t their c0mmonls on.

the impact of a policy such as dlscussed in this paper and on dlLLrudLlV(

~ means of ach1ev1ng the same end. The consensus of the meeting was thuL

the principal 1mpact of the pollcy would be the potentlal adverse puol1t

_ reaction to any action which 1nd1cated that the safety of reactors was in

questlon.

Representatlves of Commonwealth Edison Company, Consolldated Edlson of
New York, Pacific Gas and Electric, Philadelphia- Electric, Public
Service of New Jersey, and Southern Callfornla EulSOD were preseant.

‘
.



‘of the .Regulatory Guide.

-8~

It was,agfeed however, that if the policy'were'to'be implemented,

there was no viable alternative to a public announccment by the AMC Ie
* was proposed by the ucllicy representatives present that the policy be
'presented by (1) stre531ng the good safety record of the industry to date,

(2) 1nd1cat1n° chac prev1ous policy has beea to use low population sitas

with a view to evencual siting in metropolitan areas, (3) stating that

. more operating experlence is required before metropolitan 51t1ng can be

allowed, (4) 1ndicat1ng that the acceptable populatlon values are to be

used as inter1m guldance for the next five years, and (5) stating that the

) AEC will review the technology - DRI kval experlence aga1n at the

end of five years with a view toward siting closer to populated areas at
that time. This approach has been partially adopted by the staff and is

reflected iz the Policy Statement which 1s proposed to accompanv issuance

.
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.. _ _ PROPOSED POLICY STATEMENT
POPULATION DlSTRl“UTlON AROUND NUCLEAR POWER PLANT SITES

A long- sLandinb policy of the Atonmic Energy Conm1551on* has eﬂLUUIlﬁgL
siting of nuclear power plants avay from densely populated areas until
“additional operating experience has been obtzined. However, specific
guidance has not been provided as to accep:able population characteristics .
for a nuclear power plant site. To facilitate early site planning and -
selection, the Commission believes it is appropriate to provide further
« guidance, from the standpoint of compliance with 10 CFR Part 100, as to
low population den31ty characterlstics and to requlre a sufficient

justification for sites where the population characteristics are higher.

This guidance will be provided in the fora of a ngulatory Guide
"Populatlon Distribution Around Nuclear Power Plant Sites." The Comm15510n
cxpects that after additional operatina experience has been obtained with

systems licensed under the new standardlzatlon procedures the then currcent

;_,reactor CCchnology will be reviewed and the population siting guidcllnn»

?v-modificd as appropriate. The interim guidaﬂce will be applied to con-

.8tructlon permit applications accepted for review after January 1, 1974.

‘For plants proposed for sites where the populatlon characterlstlcs are
"hlgher than ‘the low populatlon den81ty areas indicated 1n the Guide tHe
'Regulatory Starf w1ll request: (1) an analy51s of alternatlve sites 1.cluqa~~
. @ showing that the prooosed high pOpulatlon density site offers 51gn1;1canc
:advanCaoas from the standpoint of environmental, economic or otﬁer Eaccars,
and (2) the 1nclu31on of state-of-the-art engineered safety features to

assure that the overall rlsk,to the public has been minimized°

" The Commission recognizes that sztes where populatlons are higher than
- the low populatlon density areas indicated in the Guide hnvc been wpprnvbd
In the past and nnclclpatcs other such sites may be dpprOVLd n the Future.,
‘1HL Cuide should not be construed as suggesting that sites which do noL wecet

the low population density values are no longer acceptable. Because the Guide

* . . i
See Statement of Consideration, Reactor Site Criteria, 10 CFR Part 100,

- 27 FR 13509 (april 12, 1962)
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will be applied by the staff to construction permit applications which arc

dockcted after January ], 1974, those reactors at sites already approved

"and for which reviews are in progress are not affected.

Under Part'lOO of the Commission's regulations, "Reactor Site Criteriz
population density is one of the 1mportant tactors which must be considered
in determinxng the spitability of a site proposed for a nuclear power plant.
Applicants are required to postulate a large release of fission products
within the reactor containment and, on the basis or acceptable assumptlon
for various desxgn basis accidents provided by the Regulatory Staff, to
calculate off-~ s1te exposures from such an assumed release. These calculatel
exposures may not exceed exposure guidelines established in Part 100.
Because of the resulting conservatlve plant design, the risk to any 1nd1v Cu
from acc1dents is small. Part 100 also specifies that special con51d°rac~~*:
may apply when large population centers are near proposed power reactor

sites because the large number of persons who potentially could be EYPOaEL

'tb rad10act1v1ty in the event of an accident does present some small

additional increment of risk to the total populatlon. The use of the Guida

should asSure that, with reactors of current technolooy, sites whlcn have
high population densities are not used in the absence of suff1c1ent '

justiflcatlon....



‘ - PROPOSED RISULATORY GUIDE »
| POPULATION DISTRIBUTION ARCU!D NUCLEAR POWER PLANT SITES

INTRo**criow B

- Section 50.34 of 10 CFR Part 50 requires that each application for =
.construction permit or operating liczase provide a description and safety
‘assessnent of the site on which the ::c1lity is to be located with SPEClql
attentlon directed to the site evalua:ion factors identified in 10 CFE
‘Part 100. Scctlion 100.10 of 10 CFR Part 100 states that the population
dcnslty charattcrlstics of.the site eavirons, including the exclusxon area,
low population 7one, anh§50pulatlon cznter distance, are factors the
Comm1551on will take into consideratisn in determining the acceptability -
of a site for a power or testing reactor. Permissible porulaticn deasity
ot total population in the zone surrcunding a nuclear power plart is not
specified although Part 100 indicates that special considerations may apply
Qhen large population centers are present. This Guide ideantifies S accepta “5
population distributions in the area aurroundlng nuclear power plant site

-

: from the standp01nt of compllance with Part 100.

Where the population distributions in the area surtounding a proposcd
nuclear power plant site exceed those distributions identifitd in this
Culde, the site may nevertheless be found to be acceptablt L% the design
~of Lhc plant Includes appropriate and udequate comptnsating enoxnecrcd
safcty features and if adequate alternative sites, " which me2t the populattou

- guidelines, are not avallable.

DISCUSSION o

The reason for consideration of the population distribucion around a
proposed nuclear power facility is primarily to assure that risks to the
population as a result of any accidental releases of radiocactivity are
adequately taken into account in-the selection of the site. Because the
‘Toutine releases of rad10act1v1ty allowed under AEC regulations are
extiremely small, the risks to the popu‘atlon from routine reieases, even
assuming a very high population densicyx around tho Eacility, can be taicly

chacacrerlzed a8 negligible.
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Estimated doses from postulated accidents in the nuclear facility,
for example the design basis accidents, will not exceed but do appreach

the dose guidelines given in 10 CFR Part 100 if very conservative

‘assumptions are made at each stage of postulated fission product release

“and ttansport; Uhen examined with a viev of obtaining a best calculational

estimate of the accident con:.quences however, the acéideat consequaincas
are smaller. While the cor°’*vative calculation does represent a pOSSiole -
consequence of a postulated accident it is not a probable consequence

givcn the accident. (The probability of a particular radiological

"consequence, given an initiating event, will depend on the probability of

- full or degraded functioning o #;"0;“---;SV;2;c., features, the probability

distribution of the transport phenomena and the probabillty of occurrentu

" of the selected meteorological condition.)

To rigorously quantify an environmental risk, a computed radiological
consequence would have to be multiplied by a numer1ca1 value for the

probability of the computed radiological consequence occurring, given the

i'event however, because of the absence of significant radiolog1cal

accidents in the nuclear power 1ndustry to date and because of the

- extensive precautlons taken in design, construction and operation to assure

a low probability of accidents.in.the future, definitive estimates of

~accident occurrence probabilities are not available. Except for frequency
- of occurrence information for meteorological disper51on paraneters,

“definitive estimates of the probability of particular radiological .

conscquences, given an event, have likewise not been establlshed. Althnurn

‘a definitive and quantitative. reeult is not available, when the probnbllxty

of a design basis event occurr1 Bry ' and resulting in a given set of

consequences is (qualitatively) weighted by these consequences, the.

"resulting expression of risk is, as in the case of routine releases,'verv low

In addition to the events for which the plant is designed, other event), ’

considered to have an extremely low probability of occurreuce, are

'conceivable. The radiological consequences of these ‘events may be less or

y - R
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may be more than thoseltypes of releases for which the.plant has been
" gpecifically designed. As indicated in the proposed Annex to‘Appendix D

" to 10 CFR Part S50, (36FR22851, December 1, 1971) these accidents, some of
) ."whlch could conceivably lead to significant radiological consequences,
':?"‘ are and will remaln, sufficiently remote in probability that the risk to a

surroundlng population is extremely low.

Notw1thstanding all of the above, siting near large populacion centers
: presents some additional increment of risk above that at a site in a low
population density area. It is the intent of this Guide, therefore, to
encourage siting in- low populatlon density areas unless siting in high
population den51ty areas offers 51gn1ficant advantages from the standoolnt

of environmental, economic or other factors.

For plants located in areas which have populations above those set
forth in this Guide, two additional factors will be considered at the time

- - of the constructlon pernlt review. First, an analysis of alternative sites

L

‘will be performed, including a show1ng that the high population density sics
offers significant advantages from the standpoint of environmental, economic
- or other factors. (Simple transmission losses over distances of lesé than
100 miles may not be accepted as a principal economic Justification. ) Second .
~ certain engineered safety features may be needed to prov1de greater
assurance of low risk. All sites will continue to be required to meet the
siting criteria set forth Ln 10 CFR Part 100.

" The Regulatory position is that a populationeprojectlon for tho life
of the.plant (as well as a detailed population projection for the near
future for.those plant;‘&hich are close to exceeding the guidelines) would
1'be needed In the'anplication of the gufdelines, recognition will be ,
__given to the dlfficulty of predicting local populatlon changes w1th accu*ac,
'~ and the need for addltlonal engineered safety features during the fac111t/ |
. lifetime would not be anticipated unless the guldellnes were exceeded by

a substantial margin. °
l ‘ e
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It should be notcd that over 90/ of the sites proposed to date would

‘meet at least two of the population levels indicated in Item 1 of the

Repulatory positton,  About 702 of the sites proposed to date have current
populations whlch fall below all levels indicated in Item 1 of the

-Regulatory position.

~

REGULATORY POSITIOV A

Il.' Applications for sites having a cumulative population projected
from the date of application for a construction permit, as indicated
. in Item 2, greater than 30,000 within 5 miles, 500,000 within 20
- miles or 2 ,000,000 within 40 miles should: '

(a) Present an analySis of alternative Sites, including a
showing that the proposed site offers significant advantazes
from the standpoint of environmental economic or other

factors. o

(b) Provide state-of-the-art engineered safety features to
assure that the conservatively calculated consequences of
postulated design basis accidents are Significantly beloa

’ the dose guidelines of 10 CFR Part 100.

(c) Have a minimum exclusion distance of at least 0.4 mile

' and a low population zone of" at least two miles.

2. 1If population prOJections indicate that any of the values in
_Item 1 would be exceeded during. the plant lifetime, a detailed

study of cconomic and population growth patterns for at least

10 years after the date of application for the construction permit

should be performed. The ‘guideline values in Item 1 will be

deemed to have been exceeded if (a) the detailed lO-year proJection
‘indicates that any of the guideline values are exceeded, or

(b) at the time of the ‘eonstruction permit application, any of the

guideline values can be reasonably expected to. be excceded by more .

than a factor of two over the progected lifetime of the plant.



P

PN 5.

3. Plant sites which falllbelow the population criteria éf Iltex lf
above, and which can reésonably be expected to remain at a
population level less'than-these guidelines-over the'projected
plant 1ifecime will be individually evaluated against the dose
guidelines of 10 CFR Part 100 and a dgcailed 10-year projection

. need not be performed.

4 |
4. SlIgnificant unusual pobulation dis;ributions within the -
distances specified in Item 1 above will also be taken into

account in determining site acceptability.

5. Should the population at any approved site rise to unexpectedly

large values during the plant lifetime, the AEC may review the

" population .growth to determine whether additional engineered safety -

features‘should be provided or plant operétions.modified.

“.“‘ PR A Rt
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" 1. Previous Metropolitan Site Revieds

. 11, ;Qistancc Versus Engineered Safety Features

Two prOposed sites (Ravenswood and Burlin0ton) have been withdrawn

'g~_because of population considera'ions. Qavenswood was a site proposod by

Consolidated Edison Co. of Vew York in about 1963 to be located in the

- Borough of Queens, New York City. It has a population distrioution greacly '

exceeding any plant ever proposed and was w1thdrawn by the applicant.

PubllL SerVicc Electric and Gas Co. (PSE&G) of New Jersey proposed
the Burlington site in about 1967 to be located in New Jersey approximntely
15 miles north of Philadelphia, Pennsylvania. HoweVer, after ektensive

discussion with the staff and the ACRS, the applicant recognized that -the

' site had a population distribution several times larger than the highest
Vpopulation distribution preViously approved by the staff and PSE&G relocated

~‘ the site at Salem. PSE&G later submitted an application for Newbold Iqland

which has a cumulative population lower than Indian Point beyond 30 niles

‘and within the first few niles, but a hioher population between 4 and 30 mil~ .

In the selection of parameters for the deSign basis accident caleulation,
the applicant is permitted to select an etcluSion and low population zone

accordin° to gUidelines set forth in 10 CFR Part 100. -If a relatively

: sparse population distribution exists around a- Site, and ‘land acquisition'

costs are relatively small, the applicant may choose to select a relativel/

large excluSion distance and a large low population zone. By selecting large
f .
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distances, the appiltant can take advantage of the natural ‘dose reduction

by neteorological dispersion that occurs as the distance from a radioactive
source increases. Thus, less sophisticated mechanisms to assure the retept-:
.of any released radioactivity at the source (engineered safety features) are

.

reQuircd.

1

Frequently, however, the site characteristics are such that the ex-

' cluSion and low population zone selected by the applicant to comply with
_10 CFR Part 100 are relatively short distances and beeause of speCial site
characteristics good atmospheric dilution cannot be antic1pated for a;
'significant fraction of the time. Consequently, the reactor is equipped
hwith cngincered safety features to contain or delay release of the radio-
activity at the.source. These engineered safety features include
chemically treated containment sprays, filtration systems, stacks to allow

elevated release of activity, or systems which assure dilution and holdup

in secondary containment volumes._

lIl. Population'Data»for Existing Sites

Figures 1 and 2 show a2 representative spectrum of exist*ng Site
;population distributions plotted as a function of distance 1n relation
to hypothetical cumulative population curves which correspond to uniform :
population distributions of 250, 400 and 1000 people per square mile.
‘ &These figures -are based on 1970 data. ) Figure 1 shows" the cumulative
populations to 9 miles and Figure 2 shows the cumulative populations to

50 miles.
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"Figures 3 and 4 show several relatively high site population dls—

, tributions in relation to the same hypothetical distributions mentioned

. \\

above.

The present informal and internal population criteria for siting

\]

nuclear power plants are based on a case by case comparison against j

existing high population sites. Indian. P01nt and Zion are the highest

“population density sites which have received construction permit

;Limerick and Newbold Island are high population den sity sites for which .

the staff has issued safety evaluations. Newbold Island is currently

being recon51dered by the staff in 1ight of recently projected increases

 4n, close—in population. L

- Table 1 presents a comparison of six high population d°n51ty sites

 to the maximum 1980 population level which has been approved at the con-'

struction permit stage. In addition, the p\bposed lower population level

:is liated.above which state—of-the-art engineered safety features and an

analysxs of alternative SLtes would be required

IV, Site Population Factor (SPF)

In addition to plotting the cumulative populations around the pro-

posed reactor sites and making comparisons between the proposed populatxon :
~and the composite site, a reactor site population index has bteu devised Lo i

numerically rank any population distribution in relation to a hyputth[vnl
I ' ‘
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‘Distance From

TABLE 1

. CUMULATIVE POPULATION (1980 PROJECT[ONS)

..}leuriék

960,800

-Site (Miles) 5 - 20 40
Max Inua Population ‘ L | ‘ fan
Proposed Lower !
Pop. Definition ) h
.(400 People/sq ml) 30,000 500,000 2,000,020
71 000. People. | -
'_Sq. mi. 78,530 - 1,256,000 5,026,000
“Zion 106,615 846,515 5,184,515
‘Indian Point 70,053 1,179,611 12,882,240
Nevbold Island 122,335 " 1,843,935 7,097,935
. Burlington 236,000 - 5,150,000" - . 8,800,000
.;7R5véhswobd : : | SR
(1970) . 3,599,248 12,779,748 18,324,036
93,262 6,958,800



'slte; The index, called the Site Population Factor (SPF), is a weighting
of the incremental populations around a reactor at the annulmrdistancts of
1, 2, 3, 4, 5, 10, 20 30, 40 'HJ S0 niles in conparison to a hvpothetica1
site having a_uniform populara. cistribution of 1000 people per square -
mile. The weighting factors applied te the populations at the various |
':annular‘distances ‘are 1nversely proportional to the distance from‘the
source. The inverse weighting is in consonance with the increased-
'atmospheric dilution‘with distance for an assumed release of radioactivity
:vemanating fsomla reactor. According to the weighting, a given populat101
close to the site would be considered to present a higher risk than the
same population farther away. The weighting used is.the distance (d) raised

1/

to the ~1.5 power.—

V. . SPF Catevor‘es for Presently Docketed Plants

The value of the SPF (max ) for a designated plant is the maxinum SPf o
~ calculated for the series of radial distances 1, 2, 3, 4 5, 10, 20 30, 40
and 50 miles. A different SPF is computed for each dlstance.' Because the
‘SPF is normalized to a hypor“;.ical site having a uniform population cen51cy
of 1000 people per square mile, the iresultant SPF can be equated directlv to
a uniform pooulation den31ty. Thus, a plant having A SPF equal to 0. 4 at a
particular distance is equivalent to a site with a uniform population dcns:ty

: of 400 people per square nile to that distance.

A ]

Ve |
= The distance to the -1.5 power relationship was selected because it
approximates the annual average as' well as the conservative meteorology
specified in Safety Guides 3 and 4 for computation of design ba51s_

- accldent consequences.,
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Table 2 is a listing of all sites for presently docketed plants (plus

the Ravenswood and Burlington sites) in order of'decreasing SPF (maxicum)

A histogram of Table 2 showing the number of sites in each SPk category hds
been dravn in Figure 5. The following 1n£ormation-can be derived from the’

histogran: - o

SPF _{Max) o " Percent of Plants

0.1 or less o 29%

0.2 or less " 51% '
0.3 or 1less ' ' ‘ 667 , |
0.4 or less 77% .
0.5 or less ' o - 84y

0.6 or less . _ 887
0.7 or less | 923 |
1.5 or less | 1007 |
Most sites clearly lie at the lower end of the SPF (max).scale.

In addition to the maximum SPF' s, an examination oF SPF's as a functicn
of distance allows the characterization of existing sites into five repre-
sentative groups as shown on Figure 6. Group 1 contains the sites 1n close

proximity to metropolitan areas with SPF values of 1 00 or more. Group-z

4 contains sites which encounter a large city 10-30 miles away and maximum

"SPF values of 0. 3. Group 3 includes sites that are in relctively unpopulatad
areas, but have a small town 1-5 miles away from the reactor site, For

Group 3, the SPF generally peaks in the 1-4. mile region and then drops‘to



1,

2.

3.

Ravenswood
Burlington

Indian Point

' Newoold Islard

Zion
Standard' (1000/mile2)
Limerick. ‘
Shoreﬁém
G.E.T.R.

Bailly

Midland

Fermi

H. B. Robinson

. Oyster Creek

. Tortuguera

Eaddam Neck
Hillstohe |
Begverxvalley
fhree Mile Island
Waterford

Peacrn Bottom

Salen’

- San Cnoire .
‘Portlan

" Pilgria

.095

.238

+38
370
o

X -.<:4}2:

304

.215

. L.308

L2600
339



32.

- 35,

" 38,

47,

Palisades

’ .109°

___PLANT . MAXDMUM SPF__ SPF AT 50 MILi3
126, B.AJWLT.R. 295 133
27. Humboldt Bay 274 ‘.090 .
28, Saxton "L273 .099
29, Cook S 213 164
' 30. Ft. St. Vrain .256 W224
' 31. Ginna .267 180
Davis Besse .234 | 1467
33, Trojan 229 152
34. - Zimmer 218 119
| McGuire 218 .166
36. _Calverc Cliffs -« 188 | :Idi
. 37. 'Maine Yankee .184 .128
Turkey Point a8 an
39.. Susqﬁehanna +180° 175
40. 1Lasalle .163 077
41; ‘Vermont .161 .:'-'»7122
42, surry " o159 .159
,‘43. Seqﬁoyah .153 112
:44; Rancho Seco - 1155_' 3 135
45. Prairie Island 151 151
46. Dusnc Arnold 144 .097
Monticello 163 163
48. Yankée_Rowe .135 f117'_'
4. Quad Fiﬁies B 4 “.691
50, ’ ' |

.096



" Hatech

PLANT YAXIMUM SP7 -
51. Oconee .093. .083
52, FitzPacrick ,;093 . .082°
53. Hutch%nson 1sland 091 - .057
54.’ North Anaa | '\\: .085 061
55. B;owﬂs Ferry 076 ;076
56..-A:1antic . «072 .072_
57. .w;tts Bar - . .063 .053
58, Point Beach .061 061
59. Arkansés .054 :632‘
“60. Kéwaunee | . +055 .OSS_
o1, LaCrosse - +040 .038
62. Ssefor 038 036
3. Farley .038 037
.54. " Cooper 7:936 .018,
65. Big Rock Point .03 ,02.-1
66, Brunswick - .034 .027.
67. Diablo .030 .025
68. Crystal’ River 030 020
" .020 B
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a constant level of 0.3. Group 4 contains sites in unpopulated ar;as'whose
Sberemains constant at 0.3 or less. Finally, Group 5 contains those'sitcs
that encounter,large metropolitan areas in the.40—50 mile region.' The SPT
‘curve of this’category is an increasing function.a Figure 6Als a plot.ot tha
SPF's of representative plantsdas a function of distance.for_each of the

five groups.

Hlstograms vere also drawn to 111ustrate the dlstrlbutlon of plants for
the specific 4istances (5 20 and 40 miles) whlch are aseu to spec1fy maxizur
allowable cumulative populations in the draft Regulatory Guide ' Acceptablt
Populatlon Dlstributlon for Nuclear Power Plant Sltes.' These histoora_s
(Figures 7, 8 and 9) 1ndicate that about 90% of the currently approved sit
have an SPF below 0.4 at the S-mlle distance. Slmllarly, 90% of currently
‘approved sites have an SPF below 0.4 at a diStance'of 20 miles and 85%-h'vo
an SPF below 0.4 at 40 miles. An equivalent uniform cumulatlve pOpulatlon
correspondlng to these values was chosen at each of these Jistances as
the deflnitlon of a low population site 1n the Regulatory Gulde. When
examined from the standp01nt of cumulatlve populatlon,about 7074 of all
sites would f1t the cunulative populatlon defin1t1on of a low populatlon

site at all three distances. : . , i

‘The use of the cumulatlve population values 1nd1cated in the oulde
does not take 1nto account maldistributions of populatlon whxch may well

occur between,the speclfled distances. For this purposc the SPF technique
' : ’. .. N ' . ’ N - o
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. provides a better measure of relative risk and would be used by the sta ats

B~20

_as an aid in determinlng the acceptability of a plaqt ceetlng the cuntlt-

population criterion but hav1ng most of its allowable populatlon JUSC out
side the 5- or 20-mile distance. The staff will continue to develop the
SPF concept and.may propose to substltute at soﬁt futﬁre time an SPF
criterion for the cumulatlve-populat;on.crlterla‘glven.ln the Regulatory.

Guide.

-~
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