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after publication of the proposed guide. ORO comments were
completed and transmitted in our memorandum to you dated January 16,
1661, subjsct "Proposed Reactor Site Criteria."

//S. R. Sapirie
Enclosure:

ORNL Commusnts - Reactor Site Criteria

¢C: W. P, Finaa, Headquarters, w/encl,

F. K. Pittman, Headquarters, wiencly T it wer '
k. C. Arastrong,w/encl. ) e r
J. W, Ould, w/encl. \uneiﬁﬁf P
H. M. Roth, w/encl. \ Cops -+ . 2

L. H. Jeckson, w/encl. ]

L. Dubinski, w/encl.
E. E. Stckely, w/encl. :
D. ?. Cope, w/encl. .



Cax RiDGE NATIONAL LABORATORY

ORtMATED BY

UNIOM CARBIDE NUCLEZAR COMPANY

use

PGET OFFICT BOX X
OAK RIOWE, TEKWNESSLT

May 1, 1961

N gy

U. 8. Atonic &nergy Commissicn
Post Office Rox E

Qak Ridge, Ta2nnessee
Atvtention: Dr. H. M. Rotk
Gentlemsn:

Subject: Federsl KRegister, February 10, 1961, Notice of Pro-
posed Guide, Reactor Site Criterie (1C CFR Part 100)
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When the subject guide was published for comment on February 19,
1961, it was requested tuau all comments and suggestions be sub-
nitted to the Secretary, U. S. Atomic Energy Commission, Washington
25, D. C.. marked Acttention: Director, Division of Licensing ana
Regulation, within 120 days after publication of the proposed guide .
Accordingly, our comments are attached hereto for your subseguent
transmittal to Washington.

A previous statement on this subject was contained in our Jetter of
June 19, 1959, Center to Sapirie, on "federel Register, May 23, 1959,
Pitle 10, Chapter 1, Notice of Proposed Rule Making". This letter
was also prepared in respcnse to a request for ccmments, although
since the letter wes never filed in the Fublic Documents room, I do
not Xnow if they were transmitfed to Washington.

Our interes: and coacern in this macter are not only derived from
the probisms of the several reactor projects with which we are con-
cerned, but also from cur more general activities in nuclesr safety.
As you will note, we believe that the present proposal contains many
asrious deficiencies which should be corrected before the guide be-
coees part of the AEC regulations. :

Yours very truly,

Toacoment
JAJ:WBC :sh . JA. Swvartout
w1 T J. Burmett Yy Director
k. &A. Cha.rpie

W. 5. Cottrell
¥, 6. MacPuerson
. % Centi&~ : <
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Critique c¢f Yroposed Guide: Resctsr Site Criteria
{10 CFR Part 100}

The Coamission‘s attemptl to make available to the putlic an AEC
guide for its evaluation of proposed sites for nuclaar reactors is
to te commendad. Cuch a criteria guide could eliminate some of the
guees work and apeculation on the pert of the uninitisted as to what
the Commission regards as importanc .o its site evaluations. At the
sexe time, &s the Commission is aware, the criteris should not be so
regtrictive as to remove the incentive ifor the develorment of inher-
ently aefer reactor systems and improved safety features including
cortainment techniques cther than the coniainment vessel.

The proposed criteria guide 2:tatlishes the exposures which consti-

. tule the ugpper limit of the hazuard to the heaith and safzty ot the
public which would be "permitted™ as a consequence of ths "meximm
credible reactor accideant™. We Delleve that this is ine most in-
portant achievement of the proposed guide even though we do not agree
with zoxe of the values presented.

We also believe, however, that the proposed guide 1a its present fora
is overly restrictive and that it has certain other shortcomings.
More specifically, it 1s written 30 as to preclude its applicsebility
to reactors other than water reactors and to containment techniques
other thax pressure containment. In eddition, the most important
deficlency of the guide is the arditrary establishment of "populstion
center distencee” without relating these distances to ellowable popu-
lation expousures. An immediste consequence of such a policy is to
preclude, out ¢f hand, the operation of & mobile reactor (as the NS
Suvannan) in a populated area.

Altaocugn we evuorse the intenst and scme of the coatent of the prorosed
guids, we recommend that the guide not be relesesed unisss the specific
modifications, discussed under toe appropriate headings below, are in-
corporated.

Lepiiee iwatriciions &8 to Type cf Reactor, Safety FPeetures , and
Certairrment

it is appareat throughout the proposed guide tkhat it was written for

& gp2cific clees of reactors and & specific type of containment. This
is wafosrtumate gance reactor types and design features, as well as
kinds of coatainwent, vary substantially from oo instailation to
azdther. The Intiuslon in the critsris of several sample calculatiorns
for aiirfsrenal types of reactors wvith various kinds of coatainment would
avid the implicetiou that all reactors must nave the sane containment




wrovisions cnd are sublest 1o the identical maximum credib ci-

i#0t fwacs ). Such & Tresestation would also have the advantage that

it would identify sowe of ths imporv-r+. 4i Iﬂ”°nL factors asseciated

4ith cinesr reactor sud containment L. uuii*wou, the AEC should

ciarify its pesiticn witq regerd TO tae exie te whicn special safety

rrovisicns may ve aliowed in amelinrating the consegquencss of accidents,

e by, She emergency suray codeiing ol & reactor core, recirculating
*ilter systems within the centaliner, =uz.

Use of Boecilic Velues fer Siting Faciors

The follicwing specific 7% anus are {ncluded in the g *de' rrs
is pot pos:iz,e...to Ge. ..&@ site criteris with sufrirlent definite-
pess...:" "[It 1g] desugaed primarily tc identify a number oP fac-
tors considered in...PVuluatlng...::iPS" ang the il-abt;at ve 2sl-
culrtiors in the guide include numerical values which "represent
sporoximexione {waich] may ne=2 to be revised....” Lespite tiese
warmings, awsoclation of exast rumbers wilh specific readily identi
Tissie Zactors will resu.t in these aunhars’ being taxen all too
sericusly a2ven thoughl that is obvicusly not insended excervt for tne
unioae ceaas which hapren to be described by those numbers

il 13 e=ssentiel that the difficuities a *icipatea above, namely *
xisuse o exact numesrs and the implicit description of buv one of
several possible releese mscuanisms; nct be promalgatac in official
nides. This can be aone by de-empnasizing the contents or the
sppendix in the following manner: first, include 8 sampie calcula-
+ion for each 0f several cther typical s=situatiore, esnd, second, do
aci incliude specific numeers In tne caicwiation.  Aluncugi & probab.e
racge for each ractor In question might be suzgestad, the guide should
mexe it clesr that eitnsr Lhe reactor desigler will have to demonstrate
the vaiue of eacn factor for kis pariicurar installation or accept some
conservetive value which the Commission woila designate.

FYopuiscion Exposures

Ove aspect €I tae siting mooien which clearly should be ronsidered
iz cae population density nesr the Luclear facliity in guestlien.

Scme smpreclation ror the significance of the popu_atiun density
factcr iz invimated in the yropusad auide by the a2signetinn of the
.5 vopaistlion zcwe” aua the 'popwiation cerier distence". Eowever,
nowaere in tae aquide is there any definition of a satisfectcory oasis
for aetermining now low tne popuelation exmosu.e gaould pe or any ex-
Flagaticn of the popa;auinn center aistance” (wnich seems to be quite
iwniimmrily establisned ).
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Actually the answer to the question of the acceptable population
exposiure is the key whicn can relate the hazards of mobile (see
below) as well as stationery pcwer plants on 8 couparable bacis.
This ces te done by requiring that the maximum populstion exposure
not exceed soie glven predetermined value, in conjuacticn with the
meximum exposurs level which is now proposed in the gaide for es-
tebliching the "exclusion area" and the "low population area”. (We
beiieve the latte- is better defimed es the "evacuation area”.) In
prectice the total population exposure including persons beyond the
Mevacustion aree”, a3 well as those witbin the "evacuation area”,
could tanen be caiculated for the maximum credible accident. Such
an exposure hes & real meaning in terms of the geastic dose to the
population, and velues in the neighborhood of several millior wman-
reus have been suggested for a reactor maxieum credible accident.2s

4 criterion which is based upon voth a maximum individual exposure
and e total population expcsure not only protects the individual but
stmiltanecusly protects the population as & whole. In seems apparent
thet such protection cf the populaticn is implicit in the attempt to
establish "low population zones" and "populution center distances”,
although it 1s never so specifically staved. Tt is most impertant
+5 observe that the identification of the population eaposure as a
basic constituent of reactor hazards azsessment is but the first step
in ccontrolling the quentity in question.

¥ooila Reactors

The application of this criterion to motile reasctor instailations

is much more than just an academic gquestion since the advent of
ruclear -powered shipping. sever the motives may be for permitting
s mucleer-powered military or merchant vessel to sall into porulated
harbors, the AEC will be called upon tc gefine the relative hazard in
terms of the site criteria which 1t has estsblished for stetionsry
reactors. If it is indeed esseatiel to pudlic safety that nuclear
yeactors uot be located near populated sress, then it 1s lixewise
ezsential that nuclesar merchart salps not be permivted in populated
harvors. Tre teasibiilty of nuclear sbip propulsion can be proven
j=st as well operating Irom a Yorktown aresa ae can the Tezsibility
of a statlanary nuclear power plant at er isclated location.

At exmatnsiion of the ultimate hazardk from the NS Hzveunsh has led-
us to the conclusion ti the Suveasah may te safely operatzsd in a

poixlated harbor. With comparable contaimment provisions, it would -
appear likely that any stationsry nuclear plant could be situated in
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a8 close proximity to a poepulaticn center witk no greatar risk to
the public. In view of the relative hazards of gstationery and ship
nuclear plants, together with the stated Ravy and Maritime Programs
fcr taeir nuclear vessels, one may well ask what ground ruies are
nyclear ships to Le judged by end why. Although Navy vessels may
be dismissed from further consiceration bere on the grounds that
nutional defense may justify some risk, the BS Savannah carcnot.

The use cf the population exposure concept rather than the questionable
darived concept of a "populetion ceater distance" resolves the problex
for mobile reactors and at the sam: time properly identifies a basic
elament in reactor hazards evsluaticn. Trtus the NS Savannah may safely
enter the New York Harbor because both the maximm ingividual exposure
and the total populatior exposure which would result following the mca
are acceptable. In a similar manner, these two conditicns May be
satlsfied for any reactor in any locaticn uniess She ground rules

for credible accidants are to be changed (see below).

Iusredible Accidents

The jroposed criteria state that one of the basic objectives 1s thet

. in the event "a more serious accident should occur, the number of

Psuplie killed should not be catastrophic”. The e:cidant in question
bere is defined as thai "not normally considered credible®. All the
good thet might be derived by the criteria will be uadcne - ? the re-
actor decigner 1s to be left with the objective that some Freredible
uespecitied accident should not 111 a "catastropnic” number of people —
vhatever that number might be considered to be. ’ne may infer from
the criteria that the population certer distance requirement resolves
this problem as far =s the AEC is concerned. It is, nevertheless 5
imgortant to deline the prcolem, i.e., the incredible accident which
W15t be conmsidersd, end the expocures (both individua) and population)
wnich would be considered acceptable for that accident. It must be
tatt there are other satisfactory solutions than the “"poputation
cauter distance”, slse the Severmah would again b2 excluded from New
York Baxdbor.

«

Iodire Egosure Equivalent to 25-rem Whole Body

td craterion proposes the use cf 300-rem thyrcid exposure ac: &
conserviiive value vhich, by implicatic :, is sumenow eguivalent to
the 25-rem whola-body exposure. We do ot question the 25-rem whole-
body axposwre, but we o belleve that tiwe 300-rerm tayroid exposure is
w0 bigh. The highest value iodine exposure equ:valent tha: we could
LusL3Ty at the present time wouid bte 150 rem. This value ia derived
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from the fact that the ICRP,S MIP.P,6 and FRCr each have recommended
that the occupetional exposure for thz thyroid should be 30 rem/yr
corresponding to a dose of 5 rem/yr to the total body (a ratio of

6 to 1). We suspect that the higher thyrcid values were included
in the proposed criteria on the basis that axposed persons may be
treated in such s fashion as to reduce their thyroid exposure by a
factor of 2. However, the use of the kigher value would be justi-
fied for a particular reactor only af that installation were prepared
to, and were capable of, rounding up all tie persons which had been
evacuaved from the low-population cone and getting them to submit to
the required treetment. is does not sppear to be elther desirebie
or practical. ’

In view of the probebly controlling exposure of c¢'.dldren, it would
seem that & particular study ol this inhalation exposure hazard
should be made on the lines of the Brjitisn study for ingestion in-

take following the Windscale incidentV in which aa exposure limit

of 25 rem to the thyroid was used.

Exposure per Inhaled Curie of Iodine

The proposed criterion tabulates ccocnversion factors whick were used
to determine the dose receivad from breathing a specified quantity
of the warious iodine isotopes. We believe that the actual conver-
sion factors are appreciably higher and suspect that the luower values
in the guide were calculasted frcm an earlier inaccurate value of the
uptake of iodine by the thyroid «s well as a lower breathing rate.

Using ths most recent value of 0.23 for theé uptake by the thyroid of
iodine inhaled as an air contaminant (instead of the earlier constant

of 0.15), together with the valuss for energies, etc., from the Report
of JCRP Committee 11 on Permissiblg Dose for Inter:al Radiation (1959 )910
and the corresponding NCRP report,® the following values are calculated
as the total subsequent dose to the thyroid per inhaled microcurie of
iodine isctope for the "standard man”.

~ 1sotcpe ' Dose (rem)
) s ‘ 1.48%
bl ' 0.053
3 0.399
o 0.025

IJ'35 0.123 »
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Rather than use an average value for the breathing rate of 20.8
i‘cera/'m:ln for the 8-hr occupationally exposed, it is strongly

felt that & bresthing rate of 30 liters/min {500 emd/cec) is more
appropriate for the conditions of ectivity, excitemeat, alarm, eblz.,
accompenying and subsequent to a resctor accident .1l This siightliy
larger breathing rate also is more arpropriste in view of the con-
comitant exposure off-site of chiliren with smaller thyroids, more
active metabolisrx, and greater sensiiivity.

Hence, it is f21t that exposures snouwid be calculated using the fol-

lowing conversion factors for des: frow btreathiung 1-curie/m3/sec o?f
escan isotope.

Isctops Dose (re1)

! 2
1332 6.5
33 200
o 12.5
b o 61.5

Geological end Hydrological Conslaerations

Th= guide iists geological an: hydrological considerati..:s among
the factors which are counsidered by the AEC in svaluating a site
and statea that special precautions must be taken if reactors are
locared where "radloactive liquid effluea’s migit flow readily into
aearty sireems or rivers”. Inameuch as most all power reactors will
be located on tae edge of waler whicn is empioyed for cooling in the
picnr, *he potential exists for released sctivity to esczap2 into the
wster. Jtv would be desirable to ldemcify maxim.m acceptable concen-
cogtlens in the river water wnich should not be exceeded for such an
eveni. Gome clarification cf the exgressior "fiow readily” would bde
in crder, ard it may be anticipated that the reactor designer would

+hen be able to provide a liguid-waste systexm with satisfactory aafe-

gacrds. lo magy instances, it wouid appesr thet the greatest river
contamiration mey result froa a heavy raimoub #t the time of the maxi-
mm credible accident. The extent to which th:s should be considered
ard 4he iimitirg iangesticn exposures {and the hasis for their ceter-
xination from river concentrations wv: time data) should be indicated.
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Geclogical considerations appear to be a second-order effect, except

to the extent thsat tney have bearing on the rate of movement of es-
caped activity thrcugh the soil.

Accidents Other Than the Maxim: .redii.c Accident

The preoccupstion with the maximum credibie accident would appear, by
definition, to be completely justified as far as public safety is con-
cerned if not &s regards plant operability. Thus, reactor accidents
are contained so that the resulting off-site exposures cannot exceed
the prescribed values. If the instellation has waste-disposal facili-
ties, hot fuel stcrage and handling facilities, hot maintenance or
enalytical fasilities which are cutside the contaiament provisions

of the reactor installation, the posential accidencs in these facili-
ties should also be evaluated. It is spparent the- the maximum credi-
ble accident in these facilities should not be s&s :atastrophic as the
maximp credible reactor accident, but there are &t present no re-
strictions as to the locaticn of these supplemental services relative
to the site boundary. The small activity releases from such accidents
may, however, result in substantial exposures to nearby persons in-
cluding those off-site. Muorthermore, 1t would appear that accidents
in these supplemental facilities elthougn leas severe would have a
much grester probability of occurring than the maximum credible reac-
tor accident. Accordingly, we believe that the allowable exposures
from these "minor" accidents should be much less tuan that from the
reactor mra. We would suggest that the maximm occupatiornal quarterly
exposures (i.e., 3-rem whole body, etc.) be employsd as the design
limit for occupational workers and that 0.1 of this be employed &s

the design limit for an individual at the site boundary.’,% The sug-
gested exposure limits for the verious parts of the body are tabulated
belov.

TABLE I

" Maximm Exposure Ior Nominal Radiation Accilents

Exgosure. to Exposisre to Public
Occupational Resiiing Near
Parc of body Expused Workers (r) Controiled Areas ()
o T3 0.73
Skis aad tbyroia 8 0.8

Toctal body and goneds 3 0.3
Other orzan: L _ 0.4
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