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ATOMIC ENERGY COMMISSION

REACTOR SIT . CRITERIA

Report to the Ueneral Manager b tt'xc
Director, Division of LicensIing and P.eg_v._xlatt_c_\g

THE PROBLEM

1. To consider the publication for pablic comment of proposed
site criteria.

SUMMARY
2. AEC-R 2/24 contained a cozpromise draft of proposed site
eriteria worked out on January 17 by Dr. T. J. Thozpson, Chairman,
ACRS, and the Director, Division of Licencing and Regulation.
That cooproaise draft was submitted to the full ACRS mezbership

for cooment, Th2 ACRS then met in executive cession on Janua.y
28 and developed some proposed revisions to the couproaise dra’t,
Those Committee revisions are showncin Appendix "A" to this paper,

3, For convenience in reading the attached Apperdix "A",
the ACRS dcletions have been shown in brackets thus: / _7;
ACRS additions have been underlined thus: . Where the
staff disagrees with the ACRS additions, the revisions recommend
by the ACRS are shown b.y 1ining out thus: emtt, There disagree~
ments are moatly language changes involving matters of drafting.

w—— o

RECOMMENDAT ION

4, The General Manager recomends that the Atomic Energy

Cormission:

a. Approve publication in the Pederal Riglster,
for public corment, of the proposed reacto:* site
eriteria for power and test reactors, attached as

‘ Appendix "A"; r
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b, Note that a copy of the proposed criteria
will de sent to the Joint Committee on Atomic
Energy prior to pudlication in the Federal Reglster;

¢. Note that an appropriate news release will be
1ssued;

d, Note that thic paper 1s unclassified,

LIST OP ENCLOSURES

Page No.

APFEND IX "A" - Reac*or 3188 Cri%erlb ccvcccccscccsssces 3

Annex 17 to Appendix "A" - Exarple of a Calculation of
y Reactor Siting Distances., 11
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ATOMIC ENERQY COMMISSION '

/1o CFR Part 1007
RBACTOR SITE CRITERIA
Notice of Proposed Guides

Statement of Considerations, On May 23, 1959 the Atomic
Bnergy Commission published in the Pederal Register a Notice of
Proposed Rule Making that set forth general criteria for the eval-
uation of proposed sites for power and testing reactors, Many |
comments wers received from interested perscns ref scting, .
generally, opposition to the publication of site eriteria, as an
ABC regulation, both because such & regulation would, to some
extent, incorporate crditrary 1imiations and because 1t appsared
that in view of the lack of available experimental and expirical
data specific oriteria could not be established,

Judgment of suitability of a reactor site for a nuclear
plant is a complex task, In addition to normal factors considered
for any industrial activity, the possidbility of release of radio-
active effluents requires that special attention be nig 2 physi-
ecal characteristics of the site, which mﬁ‘y;‘b‘;lo? ignificdnt im-
portance in increasipg or decreasing the haurd rasulting from an

incident. Moreover, the inherent €I auFEaiisTOmSmeIras characte:

pistics and the specifically designed safeguapd features of the
reactor are of paramount importance 1n fdevermiming—ohe/ reducing
the poseibility and consequences of -{angf accidents which might
result in the release of radicactive Zeffiwents/ caterials, Allal
thess yTaetossF features of the reactor plus 1ts purposs and metiiod

of op Ww—“—”ﬁ B
—sasstans) must be considered in determining whether location of &
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these Taetosss

of operatio

features of the reacton plus its purpose and metnod

=

-

. must be considered in determining whether location of a

proposed reactor at any specific eile would create an undue

blie.

of the

hazard to the _heslth and safe

>

Recognising that it 18 not possidle a

t the present time

eliminate

site criteria with sufficient definiteness to

to define

the

the proposcd guides set forthielow

exercise of agenoy Judgnment,
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GENERAL PROVISIONS

§ 100.1 Purpose.

It 4s the purpose of this part to
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# 100.1 Purpose. It is the purpose of this part to

i

. describe the criteria which guide the Comisiiqn in 1& evaluatlion
of the suitability of proposed sites for power and testing reactors
subject to Part 50 of tiiis chapter, Because it is not possible
to define such criteria with sufficient definiteness to eliminate
the exercige of agency Judgnent. in the evaluation of these sites,
this part is fIeTIgmedt 15“‘2;2 primarily to identify a number of
factors considered by the Commission and the general eriteria
which ore utilized as guides in approving or disapproving proposed

sites, )

6 : 100.2 Scope. This part applies to applications filed
under Part 50 of this chapter for construction permits and
operating licenses for power and teoting reactors,

The site criteria contained 1n th.‘pp/u't faredeetuaed/ apply
primarily —<Fesf to reactors of a general type and design on which
experience has been developed, but can also be applied with
additional conservatism to other reactors. Por reactors which are
novel in deeign, unproven as prototypes, and do not have adequate
theoretical and experimental or pilot plant experience, these
eriteria will need to ve applied more conservatively. LSowpeotty—

‘I'h‘lg Eoneervatism 3111 result in more isolated sites -- the degree

of isolation required depending upon the lack of certainty as to
the safe behavior of the reactor, It is esnr 1al, of course, that
the reactor be carefully and competzntly designed, constructed,
operated, and inspected,

8 100.3 Definitions. As used in this part:

(a) "Exclusion area" means the aresa surrounding the

rollct.or, access to which is under the full eontrol of the reactor

—fowner/- 1icensee. This erea may be traversed by a highway, 7o/

\ T e



The site criteria contaih;d in th."op/art WM
primarily <%esZ to reactors of & general type and design on which |
experience has been developed, hut can also be applied with
additional conservatism to other reactors. For reactors which are
novel in design, unproven as prototypes, and do not have adequate
theoretical and experimental or pilot plant experience, these
criteria will need to e applied more conservatively. y®e—spectfy/—
‘ _'lz;vi_a( Eomeryatism 3111 result in more isolated sites -- the degree

of isclation required depending upon the lack of certainty as to
the safe behavior of the reactor, It is essential, of course, that
the reactor be carefully and competently designed, constructed,
operated, and inspected,

& 100.3 Definitions. As used in this part:

(a) "Exclusion area” means the area surrounding the

reactor, access to which 1s under the full control of the reactor

—fowner7 licensee. This erea may be traversed by a highway, 77—
W
railroad, or waterway, provided W these
@ g_r’g not so close to the facility as to interfere with normal opera-
tions, and provided approprinte‘m effective arrangements are made
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e‘ are designed primarily to identify a number of factors considered
by the Commisaion and the general eriteria which are utilized
as guides in evaluating proposed sites, —
The basic objectives which it is believed can be achieved
under the criteria set forth in the proposed guides, are:
(a) Sericus injury to individuals off-site should
be avoided if an unlikely, but still credible, accident
should occur.
(v) Bven if a more serious accident (not normally con-
sidered credible) should occur, the nuzber of people .
@ killed should not be catastrophic,
(c) The exposure of large numbers of people in
terms of total population dose Should DE 1OV, b
WWM%
—epoctiiedyl The Comuission intends to give furtner study
to this prodblem in an effort tc develop more specific
guides on this subject, Meanwhile, in order to give
recogniticn to this concept the population center
distances to very large cities may have to be greater
than those suggested by these guides,
Notice is heredby given that adoption of thLe following

@ guides 1is contexplated, All interested persons who desire to

oy 1y vt

submit written comments and suggestions for consideration in
connection with the propceed guides should send them to the
Secretary, United States Atomic Energy Commission, washington 25,
D. C., Attention: Director, Division of Licensing and Regulztion,
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within 120 days after publication of this notice in 55 Fedorel
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GENERAL PROVISIONS

Sec.
100.1 Purpose.
‘ 100.2 Scope.

- 100.3 Definitions.

SITE EVAL.UATION FACTORS

100.10 Factoro :o be Considered When Ewaluating Sites.
' 100.11 Determinatiom of Exclusion Ares, Low Population
S Zone, and Population Center Distance.
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@ to control traffic on the highway, W railroad, or waterway, in
case of emergency, to protect the public health and safety. Resl-
dence within the exslusion area shall normally be prohibited, fSad L

- ——

;p any event, residents shall be subject to ready removal in case of

necessity. Activities unrelated to operation of the reactor may
be permitted 4in an exclusion area under appropriate limitations,
provided that no significant hezards to the public health and
safety will result,

(b) "Low population zone" means the area immediately
esurrounding the exclusion area which contains residents the total

nuzber and density of which 1is such that there 1is a reasonable

‘:3’ probability that appropriate protective mcasures could be taken in
the event of a serious accident, Thesc guides do not specify a
perzissidble population density or total population within this
zone because the situation may vary from case to case. Whether a
epecific number cf people can, for example, be evacusted from a
specific area, or instructed to take shelter, on a timely bdbasis
will depend on maryy factors such as location, number and size of
highways, scope and extent of advance planning, and actual
distribution of residents within the area,
(e¢) "population center distance” means the distance

@ frcem the reactor to the nearest boundarﬂr of a densely populated

center containing more than 32225 25,000 residents.

w(d) "power reactor" reans a nuclear reactor of a type
descridved in 58 50.21 (b) or 50.22 of Part 50 of this chapter
designed to procuce elecirical or heat energy.

(e) "Testing reactor” means a "testing facility" as
deftned 1 § 50.2 of Part 50 of this chapter.
|

|
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highways, scope and cxtent of advance planaing, and actual
distribution of residents within the area,

(¢) opulation center distance" means the distance
o from the reactor to the nearest boundary of a densely populated
center containing sore than 9_239_3 25,000 residents,

(d4) "Power reactor" means a nuclear reactor of a type
described in 88 50.21 (b) or 50.22 of Part 50 of this chapter
derigned to produce electrical or heat energy.

(e) "Testing reactor” means a "testing facility” as
defined in = 50.2 of Part 50 of this chapter.

SITE EVALUATION PACTORS
8 100.10 Pactors to be Considered Wher Evaluating Sites. 1In

determiniig the acceptability of a site for a power or tesating
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reactor, the Commission will take the rollow{ng factors into
consideration:
(a) Population density and use characteristics of the
site Smd—tidfenvirons, including, among other
things, the exclusion area, low population zone,
and popula’ion center distance,
(b) Physical characteristics of the site, including,
among other things, seismology, meteorology, geology
and hydrology. For example: i
(1) The design for the facility should conform to
accepted duilding codes or standards for areas
having equivalent earthquake histories, No
facility should be located closer than 1/4 to
1/2 mile from the surface location of a known
active earthquake fault,
(11)é;poo&qu:steorological conditions at the site
and in the surrounding area snould be considered,
(111) Geological and hydrological characteristics
of the proposed site may have a bearing on the
consequences of an escape of radioactive
material from the facility. Unless special
precautions are taken, Jower—amd-beetday reactors
should not be located at sites wnere radicactive
liquid effluents might flow readily intn nearby
streams or rivers or might find ready access
to underground water tables,
Where some unfavorable physical characteristics of

the site exist, the proposed site may nevertheless de



and population center distance,

(b) Physical characteristics of the site, including,
among other things, seismology, meteorology, geclogy
and hydrology. For example:

(1) The design for the facility should conform to
e accepted building codes or standards for arcas
having equivalent earthquake histories, No
4 facility should be located closer than /4 to
1/2 mile from the surface location of a known
active earthquake fault,
(11)M;1:teoroloaica1 conditions at the site |
and in the surrcunding area should be ccnsidered, -
(111) Geological and hydrological characteristics
of the proposed site may have a bearing on the
consequences of an escape of radioactive
material from the facility. Unless special
3 @ precautions are taken, Fower—=md-teotdng reactors
should not be located at sites where radicactive
1iquid effluents might flow readily into nearby
streams cr rivers or might find recady access
to underground water tables,
Where some unfavorable physical characteristics of
the site exist, the proposed site may nevertheless be
found to be acceptable if the design of the facility
includes appropriate and adequate ccmpensating engineering

safeguards p—hn=wophin—
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B (¢) Characteristics of the prepesed reactor, including

proposed maximum power level, use ef the facility, the
extent to which the design of the t/;eiuty inceryerates

well proven engineering standarda,/"ul the extent te which

the reactor incorporates unique er unusual features

having a significant bearing en the probability or cone-

sequences of accidental releases of radieactive material,

§ 100.11 Determination of Exclusisn Area, Low Population

Zone, and ropulation tenter Ulstance,
(a) As an aid in evaluating a proposed site, an applicant
should assume a fission product release rrcm the core W
E LAY, _Par o —G-av-fer-sugreTttT AT, a8 uluat\rated in

Agpendix "A", the expected demonstrable leak nt; from the containe

ment, end metecrological conditions ZSuttatee/ pertipent to his
site to derive an exclusion-Gadiver/ area, a low population§ il

W zone and a population center distance. For the purpose
of this analysis, the applicant should determine (he following:

(1) An exclusion area of such size that an individual
located at any point on its boundary for two hours
immediately following onset of the postulated fission

product release would not receive a total radiation

D dose to the whole body fof-reo-mere—shery in excess of
25 rem ar a total radiation dose Jeé—mei-mere—bireni

in excess of 300 rem to the thyroid from iodine

exposure,
(2) A low population zoge of such size that an
individual IocutedA any point on its nuter boundary

\ WhAa 10 Avnanad ba She weddaccbt.. .= . » -
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ol ~2' this enalysis, the applicant should determine the following:

WSS S NiEnd TR TS ST preeaneesy R T T &R g F
-—M zone and a population center distance, Por tie purpose

* (1) An exclusion area of such size that an individual

located at any point on its boundary for two hours
o {mmediately following onset of the postulated fission

. %z product release would not receive a total radiation

b dose to the whole body jof-mot-mewre—shery in excess of
) 25 rem or a total radiation dose Feé—asti-acee—sneil—

in excees of 300 rem to the thyroid from iodine

exposure,

2) A low population zoge of such size that an
(_) ‘?. Lo
individual located/‘ any point on its outer boundary

. who 1s expoasd to the radiocactive cloud resulting
from the postulated fission product release (during
-4 . % the entire period of its passage) would ;t_o_g_receive
+ 4  a total radiation dose to the whole body:@sm
—thanZ in excess of 25 rem or a total radiation dose
9 ) | —fof-met-manathand in excess of 300 rem to the thyroid

from iodine exposure,

Appendix "A"

E ONLY
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D (3) A population center distance of at least 1-1/3
o times the distance from the reactor to the cuter boundary
of the low population 2zone, ,;& SbrrrEERtn-finbaner -
applying this guide cdue consideration ohoulLbeTgivenfg

b /{ho'gogugtlcn distribution within the populstion cepter.
wWhere very large cities are 1nvo%uur distance
may be necessary because of total pépulation dose considera-

tions, . worovtad -

(hvan-po-She

_._.Moa-wn.csmt-o!-omn}mn' Ax-a-periit-of-Che
B - Byrthor-sbudp-to-ba-carricd-on-by-Sho-Oomminston, ~

~_ARPranziakeomedifisabicso-es-eNie-AiTvAMNe-NSY-Pe-made.

The whole body dose of 25 rem referred to above corresponds

)
B

to the once in a lifetime accidental or exergency dose for radia-

tion workers whieh, according to Yomwe/. NCRP Jeeemzmurus)—

recopmendations, may be disregarded in the determination of their
radiation exposure status, (See Addendum dated April 15, 1958 to

7

NBS Handbook 539). The NCRP has not published a similar statement
with respect to portions of the body, including doses to the
tnyroid from iodine exposure, For the purpose of estadlishing
areas ard distances under the conditions assumed in these guides,
9 the whole body dose of 25 rem ard the 300 rem dose to the thyroid

from iodine are dbelieved to be conservative wlues,
(b) Appendix "A" of these guides cortains Ja—eoneerve——
Ltive/ ap example of a cilcul.tion for La-gensesibecds hypothetical

reactors which can be used as an initial estimate of the

exclusion area, the low population zone, and the population

\
center uistance, WMM.J ‘

]



¥4 NBS Handbook 59), The NCRP has not published a similar statement
with respect to portions of the body, including doses to the
thyroid from iodine exposure, For the purpose of estadblishing

areas anC distances under the conditions assumed in these guides,

@ the whole body dose of 25 rem and the 300 rem dose to the thyroid

from iodine are bouéved to be conservative values,

(b) Appendix "A" of these guides contains Ja-eeneervme—
—tive/ an exasple of a calculation for Ja-gessreisocdl hypothetical

Pl -~
reactors which can bé used as an initial estirate of the

exclusion area, the low population zone, and the population !

center distance,

S Tt Yo it ban ~ MA l i ASUES 058+ DAriedi L L0d 0000 ¥ VLSRG ..

e bOvOTOpE T
\ The calrulations descrided in Appendix "A" are a means J

\ =

of obtaining preliminary guid-i.nce‘ They may be used as a point
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Example of a Caleulation of Reacter Siting Distancee

1. WI“’ caleulations of this Appencix /

are based upon the following assumptionss

a, The fission product release to the atmosphere of
the reactor building is 100% of the noble gases, 50% of the
halogens and 1% of the solids in the fisalon product inventory.
Tnis release is equal to 15.68% of the total radiocactivity of

@ the fission product inventory. 0f the 50% of the halogens
e - a Loerdense-wav-or—one/ agsord
releape,” one-1alf is assumed to = o/ K,

internal surfaces of the reactor builfing .or acdhupe to
internal cozponents. WWP-S&M

mﬂw-ho;-deoo—mt—mmﬁ - Lhe.

~—astua et TN EPETRETE ~Whi N -may-he-ve lcased-oP- theitr-amoLRis,

b, The release of radicactivity Trom the reactor
building to the environment occurs at a Jaak rate of 0.1%
per day of the atmosphere within the buiX4ng and the leakage
rate persists throughout the effective cairse of the accident,
which, for practical purposes, 18 until tte iodine activity
G has decayed away. :
| c. In calculating the dosefwhich determine the —
distances, fission product decay in the wsual pattern has been
assumed to occur duripng the time fission groducts are contained
wil.thm the reactor dbuilding., No decaly wax assumed during the

transit time after release frcm the reactrr bduilding.



rate persists throughout the effecty

which, for Practieca) Purposes,
e has decayed away,

Ve course of the aceclident

is unt1) the 1odine activity

€. In caleulating the dosef whien determine
diatances,

fission product decay 1p the
assumed to oce

the

usual pattern has been
ur during the time

within tie reactor buildinc.
transig time afterp release fpe

fission Procducts are contained
No decay was assumed during the

4 the reactor building,
d, No ground deposity

00 of the radiocact+
that leak from the

ve materials

reactor building Va8 assumed to
@ ton.owing rehtionarup:
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s
X = Q
Ty Pz

where Q is rate of release of radiocactivity from the containment
veasei, the ("source term,”):

X is the atmospheric concentration of radioactivity at

distance d from the reactor
u is the wind velocity
7y and Uz are horizontal and vertical diffusion parameters
resp.

f. Meteorolcgical conditions of atzospheric dispersion
woere assuned to be those which are characteristic of the average
"yorst” (least favorable) weather conditiont for average
meteorological regimes over the country., PFor the purposes of
these calculations, the parameters used in the rquation in
section e, above were assigned the following values:

u = Ilm/oec;7y = [I/zc:"’az'" ]1/23
Pus= [I/zczzdz‘yl/z‘ Cy = .40; Cz = 0,07, n =C.5

g. The isotopes of ilodine were assumed to be rontrolling
for the low population zone distance and population cen‘er
distance, The low population zone distance results fron inte-
grating the effects of iodine 131 through 135. The population
center distance equals the low population zome distance increased
by a factor of one-third,

h. The source strength of each iodine isotope was

ecalculated to be as follows:

. Bxclusion Low population
Isotope Q (curies/megawatt) Q (curies/megawatt)
1132 .55 76.5

132

1 > .68 1.40
| 133 |
1 1.19 18.5

3134 2 .91




where Q is rate of release of radicactivity from the containment
vescel, the ("source term,"):
X is the atmospheric concentration of radiocactivity at
distance d from the reactor |
u is the wind velocity
Vy and Uz are horizontal and veriical diffusion parameters
resp.
ISRt L BETRPRPSERTEL L e
f. Meteorolcgical conditions of atmospheric dispersion
were assumed to be tuose which are characteristic of the average
"worst” (lezst favorable) weather conditions for average
meteorological regimes over the country, For the purposes of o
these calculations, the parameters used in the equation in
section e, above were assigned the following values:
u = ln/sec;7y = /I/207242-0 71/2;
Fu = [1/2c2242°%7Y/2; 0y « 40; Cz 0,07, n = 0.5
8. The i1sotopes of iodine were assumed to be controlling
for the low population zone distance and population center
distance, The low population zone distance results from inte-
grating the effects of ilodine 131 throug: 135. The population
center distance equals the low population zone distance increased
by a factor of one-third,
h. The source strength of each fodine isotope was

calculated to be as follows:

.. Bxclusion w population
Isotope Q (curies/megawatt) Q,(curiea/hezavatt)
3132 .55 76.5
e .68 1,40
1133 1.19 18,5
134 72 .91
" s 1.08 5.4

¢ T
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These source terms co:i}ne the efferts of fiesion yield under
equilibtrius conditions, radicactive decay in the reactor bullding,
and the release rata froz the reactor vuilding, all integrated
throughout the exposure tice concidered,

1, For the exclusion distance, doses from both direct
gamma radiation and from 10Aine in the cloud escaping frem the
reactor building were calculated, and the distance establishred
on the basis of the effeect requiring the greater isclaction,

J. In calculating the thyrcid doses which result frox
exposure of an 1ndividual to an ataosphere containing concen-
trations of radiocactive 1cdine, the following cenversion factors '
were used tc¢ determine the dose received frcm breathing 8

concantration of one curie per cubic meter for one second:

Isotope Dose (rem)
7331 329
1132 12.4
33353 92.3
134 5,66
i 25.3

v, W m cdhale Sades Anans at tha avaluesinn svA Tnw




' 'R (132

12.4

S . %23

113 5.66

1 25.3

. k. The whole bcdy doses at the exclusion and low
e population zone distances due to direct gamma radiation from the
fission products released into the reactor building were derived
4 from the following relationships:
14

D = 483 pe~ur -0 .
L 3 W t Olalt
o . {

where D 18 the exposure dose in roentgens per megawatt of reactor
power

r is the distance in neters

B, the scattering factor, 1s equal to (1 + ur + (ur)?)

u is the zir atteruation factor (0.01 for this
R ealculation)

t is the erposure tigo in seconds. Xr- e
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; @ In this formulation it was assuted that the shielding and building

structures provided an attenuation factor of 10,

2. On the basis of calculation methods and values of
parameters described FoetowpZ aboye initia) estimates of distances
for reactors of various power levels have been developed and are
Usted La~tne—foilowing-tabier] helgr. Caestvuslinetosnsiswamiy—
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Power lavel Exslusion Zone Center
(Toerma) Megawatt) Distance (Miles) Dietarce (miles) Distance (M4les)

,ai O Low Pcpulation Pecpulation
g

- 1500 .10 13.3 7.7

1200 .60 11.5 15.3

/ 800 .22 ?.6 11,5

= 2k 700 A2 8.0 10.7

N ' 600 N ¥ 2.2 8.6

' 500 «33 o3 oA

" - «h00 2 2.“ 2.2

; —— ,_’3w R —— = 02 OZ .o

. " 200 021 3- “-5 .

4 N v 300 .18 2.2 2.9

-;‘,‘,'no"‘“ 50 15 1.4 1.6
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