ATOMIC ENERGY COMMISSION

REACTOR SITE CRITERIA

Report to the General Manager by the Director,
Division of Licensing and Regulation

' THE FROBLEM »
M\ ﬁM W(/v\/v
l. To consider thﬂeéem ol proposed site criteria.

2. This paper supplements and modifié AEC-R 2/19 which contained

SUMMARY

s proposed regulation esteblishing reactor site criteria. Coples of
AEC-R 2/19 were furnished to the Advisory Committee on Reactor Safeguards
and the subject was discussed by the Commission with the ACRS on January
_L& 196‘. In that meeting some of the members of the Commlttee expressed
objections to various provisions of the regu.lation)as a result of which
the Commission insti'ucted the staff to attempt to work out é. compromise
with the ACRS on this subject.

3. On Saturday, January 14, the Director, Division of Licensing and
Regulation, and other staff representatives met with the ACRS and é.greed
upon the basis for a compromise.

k. On Tuesday, January 17, the Director, Division of Licensing
and Regulation, and staff members met with Dr. T. J. Thompéon, Cha.irman,
ACRS, and Dr. Franklin A. Gifford, Member, ACRS, and prepared a draft
of criteria based on the compromise previously a.gzeed upon. A copy of

the compromise draft is attached as Appendix "A".




e

5. Dr. Thompson is now in the process of seeking the concurrence of
menbers of the ACRS in this draft of criteria.

6. The impoﬁ‘.ant differences between the draft criteria proposed in
AEC-R 2/19 and the compromise draft now proposed by this paper are as follows:

a. The present draft is essentially a combination of the portions of

the ACRS letter of December 13, 1960, which were emphasized at the ACRS meeting
with the Commissioners, and the regulations previously proposed by the staff,
after ACRS consultation, in AEC-R 2/19, with some significant modifications.

b. The words "rules" and "regulations” have been changed to "guides”

wherever they appear,:s

SokeaationeT™

¢. Dr. Thompson felt that the Committee would insist on a
statement to the effect that these criteria are primarily applicable to
reactors on which experience ha_s been gained but may be applied, with
greater conservatism, to other reactors. A recognition of this principle
is contained in the présent draft.

- d. The statement of considerations contains a statement of three
general concepts considered important by the ACRS} first, the objective of
avoiding serious injury to individuals off-site if an unlikely, but still
credible, accident should occur,’ second, the objective that even in a more
serious accid.ent (not normally considered credible), the numbers of people
killed should not be catastrophié H and third, the recognition of the
importance of total population dose which will be given. further study in
an efforfc.\to d?velop a criterion on this point. Meanvhile, to givé recognition

to thi e, the proposed guide states that in some instances the
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distance to very large cities may need to be greater than the distances
stated in the guide.

e. The nomenclature on several points has been modified, i.e.
the "evacuation area" around the feactor site has been changed to “"low
population zone", and the use of the term "bench mark" to identify the
vesults of initial calculation of various distances around the reactor

has been eliminated. However, the table of distances and the basis

! B
iI}\ Appendix "A" have been preserved as a suggested initial step in the

S 5 for calculating those distances for a standardized reactor as outlined
determination of the exclusion area, the low population zone, and the
population center distance/.

f. The concept of maximum credible accident has been eliminated

but the reference to the assumed fission product release both in the

guides and in the table attached will, adeguately serve the same purpose.
| pritimnsd ar G ECK 3777
7. Parts of the previous dra.ft/\ha.ve been reorgarfized and edited to
meke the criteria more flexible in consonance with the philosophy of guides
rather than regulations, but the essenmtial criteria of the previous draft

have been preserved. , h 2 ' __ % ’

STAFF JUDGMENTS

7. &. The Division of Biology and Medicine, the Division of Reactor

Development ,/\the Office of General Counself“W

~Sgfelw concur in the reconnnenda’cionp of this paper.



REcomaENDATmNa

/0‘ 7 The General Manager recommends that the Atomic Energy Commission:
a. Approve publication in the Federal Register for comment of
the proposéd reactor site criteria for power and test reactors, attached
as Appendix "A".
b. Note that the action recommended in (&) above should be
deferred until the Chairman, ACRS, has had the opportunity to obtain
the comments of the full Committee on Appendix "A".
c. Note that a copy of the proposed criteria will be sent to .
the Joint Committee on Atomic Energypné® 15 fpdlicalinn Tho Fedinad el
d. Note that an appropriate news release will be issued.

e. Note that this paper is unclassified.
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ATOMIC ENERGY COMMISSION
[ 10 CFR Part 100 7
REACTOR SITE CRITERTA

Notice of Proposed Guides

Stetement of Considerations. On May 23, 1959 the Atomic mergy

Commission published in the Federal Register a Fotice of Proposed
Rule Meking that set forth ggneral criteria for the evaluation of
proposed sites for power and testing reactors. Many comments were
received from interested persons reﬂecting, genefa]ly, opposition
to the publication of site criteria, as an AEC regulation, both because
such & regulation would, to some e;tent » incorporate arbitrary
limitetions and because it appeared that in view of the lack of
available experimental and empirical data specific criteria couwld
not be established.

Judgment of suitability of a reactor sité for a nuclear plant
is & complex task. In addition to normel factors considered for any
industrial activity, the possibility of release o_f- radiocactive
effluents requires that {pe attention be paid to physical
characteristics of the site, whicp Wdbiibonper-ineidonivor may
be of significant importance in increasing or decreasing the hazard
resulting from an incideat. Moreover, inherent or engineered design
features of the reactor are of paramount importance in determining
the possibility and consequences ot any release of radioactive
effluents. q&oﬁg‘é&cwrc mist be considered in determining
whether location of a proposed reactor at any specific site would

create an undue hazard to su.rrounding population.
!
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Recognizing that it is not possible at the present time to
define site criterim with sufficient definiteness to eliminate the
exercise of sgency judgment, the proposed guides set forth below
are designed primearily to identify s mmber of factors considered
by the Commission and the general criteria which are utilized as
guldes in evaluating proposed sites.

[esng-sought-by-these—guides] are [ibny:

(2) Serious injury to individuals off-site should dbe avoided

The besic ob:}ccti_ve-

if an unlikely, but still credible, accident should
oceur.

(b) Even if a more serious accident (not mormally considered
eredible) should oceur, the number of people killed should
not be catastrophic.

(c) The exposure of large numbers of people in terms of total
population dose should be low vhen compered with a con-
servative standerd as yet to be speé:l.fied. The Comnlssion
intends to give further study to this problem in an effort
to develop more specific guides on this subject. Meamvhile,
in order to give recognition to this concept the population
center distances to very large cities may have to be greater
than those suggested by these guides. .

z«JZw:A/ft 15 believed {that—thess.objectivas] can be achieved under the

criteria set forth in the proposed guides/)
N.otice is hereby given thé.t edoption of the following guldes
is contemplated. All interested persons wvho desire to submit

written comments and suggestions for consideration in connection

QFFICIAL USE ONLY:
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with the proposed guides should send them to the Secretary, United

States Atomic Energy Commission, Washington 25, D. C., Attention:
Director, Division of Licensing and Regulation, within 120 days

after publication of this notice in the Federal Register.
(1ist of Section Headings)
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AUTHORITY:
GENERAL PROVISIONS

§ 100.1 Purpose. It 1s the purpose of this part to describe the
criterie which guide the Commission in its evaluation of the mmbuny
of proposed sites for power and testing reactors subject fo Part 50
of this chapter. BPecause it is not possible to define such criteria
vith. definiteness to eliminate the exercise of agency Judgment in
the evaluation of these sites, this part 1s designed primarily to
identify a2 mumber of factors considered by the Commission and the
genersel criteris which are utilized as guides in epproving or dis-
approving proposed sites.

8 100.2 Scope. This part applies to applications filed under
Part 50 of this chapter for construction permits and operating licenses
for power and testing reactors.

The site criteria contained in this part are designed primerily
for reactors of s general type and design on wvhich experience has
been developed, but can also be applied with additiopal conservatism
to other reactors. For reactors which are novel in design, unproven
as prototypes, and d» not have adequate theoretical and experimental
or pilot plant experience, these criteria will need to be applied
more conservatively to specify more ieolated sites -- the degree of

isolation required depending upon the lack of gertainty as to the
LD Dlrn

safe behevior of the reactor. It 136.;&5“@.&19, of course, that

the reector be carefully and competently designed, constructed,

operated, and inspected.
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d. "Power reactor” means a nuclear reactor of a type described
in § 8 50.21 (b) or 50.22 of Part 50 of this chapter designed to

produce electrical or heat energy.

e. '"Testing reactor" mesns a "testing facility"as defined in & 50.2
of Part 50 of this chapter,

OFFICIAL USE ONLY "
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SITE EVALUATION FACTORS

$ 100.10 Factors to be Considered When Evaluating Sitees.

In determining the acceptability of a site for a power or teating/
reactor, the Commission will take the following factors into
consideration:

(a) Population demiity aﬁd use characteristics of the site

and its environs, including, smong other things, the

exclusion'ntea, low population zone, and population center

distance.
(b) Physical characteristics of the site, including, smong
other things, seismology, meterology, geology and hydrology.

For example:

(1) The design for the facility should conform to
accepted building codes or standards for areas having
equivalent earthquake histories. WMo facility should
be located closer than 1/4 to 1/2 mile from the
surface location of a knowm active earthﬁuake fault,

(11) Special meteorological conditioms at tpe s}te and
Qroriicn g o
in the surrounding area should be examined.
(iii) Géological and hydrological char;lteristicl of the
proposed site may have a bearing dn the consequences

of an escape of radioactive material from the facility.

OFFICIAL USE ONLY
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/P/over and testing reactors should not be located
at sites where radioactive liquid effluents might

flow seadily into nearby\strezms or rivers or might

find ready access to underground water tables

special precautions are takfgj

Where some unfavorable physical characteristics of the site
exist, the proposed site may neverthelcs'l be found to be
acceptable if the design of the facility includes appropriate

and adequate compensating engineering safeguards.

Characteristics of the proposed reactor, including proposed

maximm power level, use of the facility, the extent to which
the design of the facility 1ncorporate¢M well
proven eﬁgineering standards, and the extent to which the
ruc.tor incorporates unique or unusual features having a
significant bearing on the probabllity or consequences of

accidental releases of radiocactive material.

ORR|GHALUSE -ONLY
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§ 100.11 Determination of Exclusion Area, Low Population

Zone, and Population Canter Distance.

\ As an aid in evahuting a proposed site, an applicant should

assume 2 fiui.on product release rate from the core (See Appendix A,

par. = 2 a. for suggested valnel), lezk rate from the contaimment,

and utooiologiul conditions suitable to his site to derive an

@luim radius, a low population: Aradius, and a population center

distance.

For the purpose of this analysis, the applicant

should determine the following:

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

2

at any point om its boundary for two hours immediately
following onset of the postulated fissiom product release -
would receive a total radiation dose to the whole body

of not more than 25 rem or a total radiation dose of
notinore than 300 rem to the thyroid from iodine exposure.
A low population sone of such size that m individual
located at any point om its outer boundary who is exposed
to the r;'ndio;ctive cloud resulting from the postulated
fission product release (during the entire period of its
passage) would receive a total radiation dose to the whode
body of not more than 25 rem vor a total radiation dose

of not more than 300 rem to thef thyroid from fodine

exposure.

FOR OFFICIAL USK
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(3) A population center distence of at least 1-1/3 times
the distance from the reactor to the outer boundary of

the low populatiom zone. Where very large cities are

involved, a greater distance may be necessary.

The whole body dose of 25 rem referred to above corresponds to
the once in 2 lifetime accidental or emergency dose for radiatiom
workers which the NCRP recommends may be disregarded in the determination
of their radiation exposure status. (See Addendum dated April 15, 1958
to NBS Handbook 59). The NCRf has not published a similar stetement
with respect to portions of the bedy, including doses to the thyroid
from iodine exposﬁre. For the purpose of establishing areas and
distances under the conditions asaumed in these guides, the whole
body dose of 25 rem and the 300 rem dose to the thyroid from iodine
are believed to be conservative values.

(Ti) .Appendix A of these guides contaiﬁs a conservative example
of a calculation for a generalized reactor which can be used as an

initial estimate of the exclusion area, the low population zome, and

the population center distance.

FOR OFPFICIAL USE ONLY
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Example of a Calculation of Reactor Siting Distances
1. On the basis of calculation methods and values of parameters
described below, initial estimates of distances for reactors of various
power levels have been developed a:;d are listed in tﬁe following table:
Low Population

Power Level Exclusion ' Zone Population Center
(Thermal Megawatt) Distance (Miles) Distance (Miles) Distance (Miles)

1500 .70 13.3 17.7
1200 .60 1.5 15.3
1000 : .53 10 13.3
900 .50 9.4 12.5
8oo 46 8.6 11.5
" 700 42 8.0 10.7
600 .38 7.2 9.6
500 .33 6.3 8.4
400 .29 5.4 7.2
300 24 k.5 6.0
200 21 3.4 k.5
100 .18 2.2 2.9
50 .15 1.h 1.9
10 .08 .5 T

2. This table has been ba.sed upon the following assumptions:

a. The fission product release to the atmosphere of the
reactor building is 100$ c;f the noble gases, 50% of the halogens and
1% of the solids in the fission product inventory. This reiease is
equal to 15.8% of the total radioactivity of the fission product
inventory. Of the 50% of the halogens released, one-half is assumed
to condense out on the internal surfaces of the reactor building or
adhere to internal camponents.

b. The release of radiéa.ctivity from the reactor building

to the envirorment occurs at a leak rate of 0.1% per day of the

OFFICIAL USE ONLY
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atmosphere within the building and the le@ rate persists tﬁr;ﬁéd{rt
the effective course of the accident which, for practical purposes,
is until the lodine activity has dscayed avay.
¢. In calculating the doses which determine the distances,
fissioﬁ product decay in the usual pattern has been assumed to occur
during the time fission products are contained within the reactor
building. Nd-_ decay was assumed during the transit time af'ter release
from the reactor building.
d‘. Ro ground deposition of the radicective materials thet
leak from the reactor building was assumed. |
e. The atmospheric dispersion of material leaking from the
reactor bullding was assumed ﬁo occur according to the following
relationship:
X = Q
WV, 7,
vhere Q is rate of release of radiocactivity from the containment vessel,
the ("source temm,"): ‘
X is the atmospheric concetrbn.tion of radioactivity at distance
4 from the reactor
u 1s the wind velocity _
Vy and Vz are horizontal and vertical diffusion parameters
resp.
YT 15 a constant 3.1416.
f. Meteorological conditions of atmospheric dispersion were

assumed to be those which are characterietic of the average "worst"

OFFICTEE=HSE BNLYIF17il L7F ONLY
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(least favorable) weather conditions for aversge meteorological regimes

OFFICIAL USE ONLY

over the country. Eor the purposes of these calculatioﬁa, the parameters
used in the equation in section e. above were assigned the following
values:

| u = lm/sec;Vy = p—z{'}yzda-y %':

Vz = [3c22a® 2/ oy = o; ¢z = 0.07, n = 0.5

g. The isotopes of iodine were assumed to be controlling
for the low population zone distance and population center distance. The
low population zone distance resuits from integrating the effects of
iodine 131 through 135. The population center distance equals the

low population zone distance lncreased by a factor of one-third.

4 - OFFICIAL USE ONLY
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L. The source strength of each iodine isctope was celowlated

to be as follows:

Exclusion Low population
Isotope Q furies/megewatt) Q (curies/megawatt)
3 | 55 64
'3 .68 1.40
1_133 1.19 - 18.5
i3k | T2 N1
1135 1.04 5b

These source terms combine the effects of fission yleld under equilibrium
conditions, rea.dioactivﬁ decay in the reactor bullding, and the releese
rate from the reactor building, all integrated throughout the exposure
time considered. | |

i. For the exclusion distance, doses from both direct gamma
radistion and from lodine in the clowd escaping from the reactor build-
ing were calculated, and the distance established on the basis of the
effect requiring the greater lsolation.

J. In calculating the thyroid doses which result from
exposure of .a.n individuel to an atmosphere containing concentrations
of rediocactive iodine, the following conversion factors were used to
determine the dose received from breathing a concentration of one

curie per cubic meter for one second:

Isotope Dose (rem)

1131 B 329 ,

32 | 2 '
3 5.66
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X. The vhole body doses: at the exclusion and low population
zone distances due to direct gamme radiation from the fission products

released into the reactor building were derived from the following

relationships:
t
D = 483 Be~W
Tree - 0.21
t dt

o
where D is the exposure dose in roentgens per megawati of reactor
power

r 18. the distance in meters

B, the scattering factor, is equal ‘to (1 + ur + __\uf )
3

u is the air attenustion factor (0.0l for this calculation)
t is the exposure time in seconds.
In this formuletion it was assumed that the shielding and building

structures provided an attenuation factor of 10.

‘OFFICIAL :USE :ONLY



