
ATOMIC ENERGY COMMISSION 

REACTOR SITE CRITERIA 

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

, . THE PROBLEM 

1. To consider thseT of proposed site criteria.  

SUMMARY 

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

a proposed regulation establishing reactor site criteria. Copies of 

AEC-R 2/19 were furnished to the Advisory Committee on Reactor Safeguards 

and the subject was discussed by the Commission with the ACES on January 

S1964. In that meeting some of the members of the Committee expressed 

objections to various provisions of the regulation as a result of which 

the Commission instructed the staff to attempt to work out a 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 ACES and agreed 

upon the basis for a compromise.  

4. On Tuesday, January 17, the Director, Division of Licensing 

and Regulation, and staff members met with Dr. T. J. Thompson, Chairman, 

ACES, and Dr. Franklin A. Gifford, Member, ACES, and prepared a draft 

of criteria based on the compromise previously agreed upon. A copy of 

the compromise draft is attached as Appendix "A".  
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5. Dr. Thompson is now in the process of seeking the concurrence of 

members of the ACRS in this draft of criteria.  

6. The important 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 ACES 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 tp "guides" 

wherever they alpear•sv- L- tLt•9 wort !L_± a 

c. 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 has been gained but may be applied, with 

greater conservatism, to other reactors. A recognition of this principle 

is contained in the present 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 occu second, the objective that even in a more 

serious accident (not normally considered credible), the numbers of people 

killed should not be catastrophic; and third, the recognition of the 

importance of total population dose which will be given further study in 

an effort~to d~velop a criterion on this point. Meanwhile, to give recognition 

tot he proposed guide states that in some instances the A 
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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 reactor site has been changed to "low 

population zone", and the use of the term "bench mark" to identify the 

results of initial calculation of various distances around the reactor 

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

for calculating those distances for a standardized reactor as outlined 

in Appendix "A" have been preserved as a suggested initial step in the 

determination of the exclusion area, the low population zone, and the 

population center distance(o 

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 wilJ adequately serve t#e same purpose.  

7- Parts of the previous draft have been reorg zed and edited to 
A 

make the criteria more flexible in consonance with the philosophy of guides 

rather than regulations, but the essential criteria of the previous draft 

have been preserved. ' 

STAF JUXMOTS 

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

Development, the Office of General Counsel- c- -!--. J .L'_- _

V concur in the recoinendatioi of this paper.
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RECOMECNDATION1 

/, . The General Manager recommends that the Atomic Energy Commission: 

a. Approve publication in the Federal Register for comment of 

the proposed reactor site criteria for power and test reactors, attached 

as Appendix "A" .  

b. Note that the action recommended in (a) above should be 

deferred until the Chairman, ACES, 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 Energyr/v' r f 6& -' 

d. Note that an appropriate news release will be issued.  

e. Note that this paper is unclassified.
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ATOMIC ENERGY CCHMISSION 

-1o c Part ioo_7 
REACLOR SIMT• CRITERIA 

Notice of Proposed Guides 

Statement of Considerations,$ On May 23, 1959 the Atomic Energy 

Commission published in the Federal Register a Notice of Proposed 

Rule Mking that set forth general criteria for the evaluation of 

proposed sites for power and testing reactors. Many comments were 

received from interested persons reflecting, generally, opposition 

to the publication of site criteria, as an ABC regulation, both because 

such a regulation would, to some extent, incorporate arbitrary 

limitations and because it appeared that in view of the lack of 

available experimental and empirical data specific criteria could 

not be established.  

Judmnt of suitability of a reactor site for a nuclear plant 

is a comlex task. In addition to normal factors considered for any 

industrial activity, the possibillty of release of radioactive 

effluents requires that attention be paid to physical 

characteristics of the site, which NO..... .... ._ 

be of significant importance in increasing or decreasing the hazard 

resulting fron an incident. Moreover, inherent or engineered design 

features of the reactor are of paramount iportance in determining 

the possibility and consequences of any release of radioactive 

effluents. All ' factors must be considered in determiniMg 

whether location of a proposed reactor at any specific site would 

create an Undue hazard to surrounding population.  
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Recognizing that it is not possible at the present time to 

define site criteria with sufficient definiteness to eliu±nte the 

exercise of agency judgment, the proposed guides set forth below 

are designed primrily to identify a nimber of factors considered 

by the Commission and the general criteria which are utilized as 

guides in evaluting proposed sites.  

The basic objectives jjb.ire seugt b, tsu: a.are~~ 

(a) erius ijur toIndividuals off- site should be aYoided 

if an unlikely, but still credible, accident should 

occMr.  

(b) Even if a more serious accident (not normally considered 

credible) should occur, 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 csared With a con

servative standard as yet to be specified. The CMmmission 

intends to give further study to this problem in an effort 

to develop more specific guides on this subject. Wawhile, 

in order to give recognition to this concept the population 

center distances to very large cities my have to be greater 

than those suggested by these guides.  

./.',X+ is believed f-" "" can be achieved under the 

criteria set forth in the proposed guides 

Notice is hereby given that adoption of the following guides 

is contemplated. All interested persons who desire to submit 

written conzznts and suggestions for consideration in connection 
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with the proposed guides should send them to the Secretary, Ltited 

States Atomic FEnergy Commission, Washington 25, D. C., Attention: 

Director, Division of Licensing and Regulation, within 120 days 

after publication of this notice in the Federal Register.  

(List of Section Readings) 
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AU¶EMORITY: 

GENIRAL PROVISIONS 

S100.1 Purpose. It is the purpose of this part to describe the 

criteria which guide the Commission in its evaluation of the suitability 

of proposed sites for power and testing reactors subject to Part 50 

of this chap'ter. Because it is not possible to define such criteria 

with definiteness to eliminate the exercise of agency judg mnt in 

the evaluation of these sites, thia part is designed primarily to 

identify a znvber of factors considered by the Commission and the 

general criteria which are utilized as guides in approving or dis

approving proposed sites.  

1 100.2 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 primarily 

for reactors of a general type and design on which experience has 

been developed, but 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 be applied 

more conservatively to specify more isolated sites -- the degree of 

isolation required depending upon the lack of qeyinty as to the 

safe behavior of the reactor. It is • , of course, that 

the reactor be carefully and competently designed, constructed, 

operated, and inspected.  

OFFICIAL ..USE ONLYKY
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OFFICIAL USE ONL.  
d. "Power reactor" means a nuclear reactor of a type described 

in 1 1 50.21 (b) or 50.22 of Part 50 of this chapter designed to 

produce electrical or heat energy.  

e. "Testing reactor" means a "testing facility"as defined in § 50.2 

of Part 50 of this chapter.  
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SITE EVALUATION FACTORS 

1 100.10 Factors to be Considered When Evaluating Sites.  

In determining the acceptability of a site for a power or testing! 

reactor, the Commission will take the following factors into 

consideration: 

(a) Population dentity and use characteristics of the site 

and its environs, including, among other things, the 

exclusion area, low population zone, and population center 

distance.  

(b) Physical characteristics of 1he site, including, among 

other things, seismology, meterology, geology and hydrology.  

For example: 

(i) The design for the facility should conform to 

accepted building 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.  

(ii) Special meteorological conditions at the site and 

in the surrounding area should be smame Uw

(iii) Geological and hydrological characteristics of the 

proposed site may have a bearing on the consequences 

of an escape of radioactive material from the facility.  
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/ower and testing reactors should not be located 

at sites where radioactive liquid effluents might 

flow seadily into nearby streams or rivers or might 
fin reamdy ,access to underground wwaterr table nls 

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 compensating engineering safeguards.  

(c) Characteristics of the proposed reactor, including proposed 

maxllim power level, use of the facility, the extent to which 

the design of the facility incorporates- well 

proven engineering standards, and the extent to which the 

reactor incorporates unique or unusual features having a 

significant bearing on the probability or consequences of 

accidental releases of radioactive material.  
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1 100.11 Determination of Exclusion Area. Low Population 

Zone, and Population Canter Distance.  

A s an aid in evaluating a proposed site, an applicant should 

ssume a fission product release rate from the core (See Appendix A, 

per. - 2 a. for suggested values), leak rate from the contaiiment, 

and meteorological conditions suitable to his site to derive an 

exclusion radius, a low population radius, and a population center 
A 

distance. For the purpose of this analysis, the applicant 

should determine the following: 

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

at any point on its boundary for two hours imodiately 

following onset of the postulated fission product release 

would receive a total radiation dose to the whole body 

of not more than 25 rem or a total radiation dos" of 

not more than 300 ram to the thyroid from iodine exposure.  

(2) A low population sows of such size that a individual 

located at any point on its outer boundary who is exposed 

to the radioactive cloud resulting from the postulated 

fission product release (during the entire period of its 

passage) would receive a total radiation does to the who&* 

body of not more than 25 rem or a total radiation dose 

of not more than 300 r to thef thyroid frm iodine 

expo5"We.  

FOMR OFFCIAL US OiLy 
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(3) A population center distance of at least 1-1/3 times 

the distance from the reactor to the outer boundary of 

the low population 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 a lifetime accidental or emergency dose for radiation 

workers which the NCRP recommends may be disregarded in the determination 

of their radiation exposure status. (See Addendum dated April 15, 1958 

to N3S Handbook 59). The NCRI' 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 establishing areas and 

distances under the conditions asasmed 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.  

( Appendix A of these guides contains 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 zone, and 

the population center distance.  

FOR OFFICIAL USE ONLY 
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APF]IWI A 

Example of a Calculation of Reactor Siting Distances 

1. On the basis of calculation ethods and values of parameters 

described below, initial estimates of distances for reactors of various 

powvr levels have been developed and are listed in the following table: 

Low Population 

Power Level Exclusion Zone Population Center 

(Therml Megawtt) Distance (Miles) Distance (Miles) Distance (Miles) 

1500 .70 13.3 17.7 
1200 .60 11.5 15.3 
1000 .53 10 13.3 

900 .50 9.4 12.5 
8oo .46 8.6 1.1.5 
70O .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 4.5 6.0 
200 .21 3.4 4.5 
100 .18 2.2 2.9 

50 .15 1.4 1.9 
10 .08 .5 .7 

2. This table has been based upon the following assumptions: 

a. The fission product release to the atmosphere of the 

reactor building is 100% of the noble gases, 50% of the halogens and 

15 of the solids in the fission product inventory. This release 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 components.  

b. The release of radioactivity from the reactor building 

to the environment 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 leakage rate persists throughout 

the effective course of the accident which, for practical purposes, 

is until the iodine activity has decayed away.  

c. In calculating the doses which determine the distances, 

fission product decay in the usual pattern has been assumed to occur 

during the time fission products are contained within the reactor 

building. No decay was assumed during the transit time after release 

from the reactor building.  

d. No ground deposition of the radioactive materials that 

leak from the reactor building was assumd.  

e. The atmospheric dispersion of material leaking from the 

reactor building was assumed to occur according to the following 

relationship: 

x 
7Pz 

where Q is rate of release of radioactivity from the containment vessel, 

the ("source term,"): 

X is the atmospheric concentration of radioactivity at distance 

d from the reactor 

u is the wind velocity 

17y and Vz are horizontal and vertical diffusion parameters 

resp.  

is a constant 3.1416.  

f. Meteorological conditions of atmospheric dispersion were 

assumed to be those which are characteristic of the average "worst" 
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(least favorable) weather conditions for average meteorological regimes 

over the country. For the purposes of these calculations, the parameters 

used in the equation in section e. above were assigned the following 

values: 

u = m/sec;Vpy Wd~2 -_r7 -21, 

E 2Cz2d2-T; Cy .=0; Cz = 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 results from integrating the effects of 

iodine 131 through 135. The population center distance equals the 

low population zone distance increased by a factor of one-third.  
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h. The source strength of each iodine isotoe was calculated 

to be as follows: 

Exclusion Low population 

Isotope R ýuries/zaegmatt) Q (curie s/megayatt) 

1131 .55 76.4 
1132 .68 1.40 

333 1.19 18.5 

,134.72 .91 
1135 i.o4 5.4 

These source terms combine the effects of fission yield under equilibriu 

conditions, readioactive decay in the reactor building, and the release 

rate from the reactor building. all integrated throughout the exposure 

time considered.  

i. For the exclusion distance, doses from both direct gmma 

radiation and from iodine in the cloud escaping from the reactor build

ing were calculated•, and tbe distance established on the basis of the 

effect requiring the greater isolation.  

J. In calculating the thyroid doses which result from 

exposure of an individual to an atmosphere containing concentrations 

of radioactive 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 329 

1-32 1.4 

1133 92.- 3 -OFFICIAL: USE- _NY 
1134 5.66 

1135 25.3
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k. The whole body d e at the exclusion anA lar population 

zone distances due to direct gamm radiation from the fission products 

released into the reactor building were derived frcm the following 

relationships:

D =-483 Be-ur 
1d71r2

t 

0/,tt

- 0.21
dt

where D is the exposure dose in roentgens per megawatt of reactor 

power 

r is the distance in meters 

B, the scattering factor, is equal to (i + ur + ur2 ) 
3 

u is the air attenuation factor (0.01 for this calculation) 

t is the exposure time in seconds.  

In this formilation it vas assumed that the shielding and building 

structures provided an attenuation factor of 10.  
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