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OFEICIAL Iy

In late 1964, at the regquest of the Atomic Energy Commission,
a group of scientists and engineers drawn principally from Brookhaven
Wational Lakoratory was asked to perform & review related to the
safety of nuclear reactors, not from the point of view of the stan-
dard safety analysis of a nuclear reactor, but going beyond the
usual limits of analysis and considering effects of ciroumstancea
that eoculd be termed incredible or perhaps practical impossibilities.
The assigned task was to disxegard questions of probability of
accidents and to consider only consequences. The results of this
review, which brings up to date a similar one performed by a

Brookhaven group in 1957, are summarized briefly hera.

Typical Eeactor

The reactor taken for consideration is asaumed to generate
3200 megawatts thammal power and to have operated continucusly for
a complete fuel reloading cycle of 1000 days. The fuel is typically
stainless steel ¢lad uranium oxide, and the coolant is water., The
reactor is shielded with concrete and is situated in a containment
building which is leak tight to less than 1% of the contained gas

per day and is able to withstand iarge internal pressures.

Tvpical Sites

Two types of reactor sites were considered in this study.

The first is a typical present-day site with & neighboring popula-

tion distribution that does not differ significantly from that of
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the typical 1957 site. It is expected that during the next decade
reactors may ke bullt in urban losd centers, Thus the second site

treated in the analysis was in the center of an urban area.

Description of Accidents Selected for Study

Nearly all of the accidents that can be visualized as poa-
sible would be of the nature of malfunctions that would interfere
with operability of the reactor but would not affect the public.
For an.accidant to become a hazard to the public, there would have
to be a segquence of events that in some fashion allowed the fission
products nomally fixed within the fuel ElemEﬁts to eacape the
boundaries of the fuel elements as well as a number of other
barriers,”

In most reactor safety analyses, this seguence is assumed
to be started by a catastrophic rupture of a primary coolant aystem
pipe. If a severe break of this kind were to occur, it would allow
the primsry coolant to escape from the reactdr vessel and could
lead to i;adequate cnnliqg of the fuel elements if they indeed did
become exposed to air., Without an occurrence of thie or a similar
nature, there would be no posaibility of libderating fission prnducﬁa
and no hazard to the public. Therefore, the same initiating event,
a catastrophic rupture of a major primary systam coolant pipe, is_
assumed in the present study., Up to a point, the assumptions con
the course of the hypothetical accident closely follow those in
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conventional safety analyses. However, to achieve the purpose of
the present study, which involves identifying the point at which
damages and public injury would occur, it is necepsary to suppose
that all of the means of assuring safety have failed to function.
For instance, the emergancy cooling aystem iz pimply supposed not
to aperate as 1t should. In addition it must be assumed that some
large penhetration in the reactor contajinment bhuilding is open at
the time of the accident, or that the containment building is
damaged by a missile from the accident, s0 that contalnment is
violated. At this point, the hypothetical accident would become

a hazarxd, and its consequences would be severe. In order to
identify the point in the spectrum of hypothetical reactor accidents
where public injury and financial damage would begin, it has been
necessary tc assume that a very improbable event ia followed by a
failure of a complete set of safeguards that are engineered to
prevent hazarxrdas to the public or to reduce these hazarda,

Fiagion products would be liberated from the fuel when it
melta some time after the hypothetical accident is started by the
loga of coplant., The means by which the fiszion producte are fraed
from the fuel, diffuse out of the reactor vessel, and disperse
throwghout the atmosphere of the building have besen analyzed by
techniques of heat transfer and thermal convection, the chemistry
of the fiszion products, and the physical charaétaristics of the

fumes or aerpsols formed by these materials.
I}

[ .u.“_u.-:-t:-:TI:—i"'




—_—e—- a0 p A1 FT
rl Ill d h!
T i
LI P T =y v e R

-

It is not possible to ldentify any oné polint in the primary
piping ecircuit as more subject to the improbable mode of failure
that has been assumed than are other points, Nor is it possible
to make general assumptions on the location of the failure relative
to the complicated network of pipes, ducts, alectrical conduit,
passagewafs. stc., that is commonly characteristic of the primary
piping region. Thua it is not possible to estimate the effect of
this geometrical question on the nature or amount of fisslon pro-
ducts that would be released to the containment building. The
analysis has therefore been based on the additional assumption of
instantancous uniform mixing of fission products in the containment
buiilding atmnsphefﬁ as they are released from the damaged reactor.
The effect is that the consequences of the hypothetical accident
are overestimated,

Three cases have been analyzed: Case I - Complete Contain-

ment, Case II = 0,2Z¥% Per Day Leakage Rate, and Case III - Breached
Containment. Tor the purposes of this study, the following model i
was used to approximate the course of the hypothetical accident

and to obtain results for casges I, II and III, It was assumed that
for a time after the initial pipe rupture, water is being boiled

out of the reactor vesse)l and the fuel remaina intact., After the
water is gone, the temperature of the fuel bhegins to rise. Eventually
the fuel melts and drops to the bottom of the vessel, From a com-

putation of the total radioactive decay heat generated by the
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fission products in the first six hours after shutdown, it was
found that there was enough heat avallable to melt the fuel clad-
ding and 95% of the fusl itself, to free the releasakle figsion
products, end to melt through the bottom of the reactor vessel.
Knowledge of the distribution of decay heat in the fuel leads to
an estimate of the time dependence of melting of the fuel.

It was aszaumed that at the time of fuel melting, the atmo-
sphere within the reactor vessel is a mixture of steam and air.
Experimental data on release of fission product isotopes from
molten uranium oxide in air and steam were used to estimate the
fission product release, . The pradominant particle size of the
aerosol that is formed by agglomeration as fission products are
evolved from the melt is calculated to bé approximately one micron.

Deposition and retention of the fission product aerosol
within the reactor vessel and in the primary piping region could
not be estimated, because the factors which bring about asrosol
deposition, i.e. ohstructions to air flow and the nature and axtent
of surfaces available for deposition, cannot be specified for a
genaeralized case, If it is assumed that flow is limited only by

the pize of the ruptured pipe, the calculated flow rate is large

enough to sweep the asrosol out of the vessel and into the contain-
ment building almost as rapidly as the aeroscl is evolved from the

melt. Thie additional conservatism causcs the calculated effacts
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to be greater than those which are truly representative of this
simplified model of the hypothetical accident., But no wey to avoiad

this congervatism is posaible in general,

Radiation Effects

The pattern of radiation exposure dose as a function of time
of decay of the fiseion products was then calculated., The analysis
dane tnnk-accnunt of the individual fission products that would be
released if the fuel elements wera to melt, and the values of
radiation dose in four days per microcurie inhaled, for each iso-
tope and each critical organ., From the total exposure pattern,
it was found that the dose to the gastrointestinal tract was =&
controlling factor in determining exposure levels for categories
of no injury, injury unlikely, illness, and lethality. It was found
that time of inhalation had little effect on the relative expoeure
to the warious organs.

Ground contamination effecte were not examined as extensively
as direct exposure effects. Pederal Radiation Council action limits
have been set for 1131. and are imminent for Sr U, Corresponding
criteria could be deduced for gound contamination levels which
would require destruction of crops and those which would place

long~term restrictions on agriculture fraom the remaining isotopes.

However, for the purposes of this study, indirect exposure effects
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Erom Il31 and SrBD are sufficient to illungtrate the nature aof con-

tamination f£rom the hypothetical accident that would ba a hazard to

the public.

Atmospheric Dispéxsion

The meteorological analysis in the 1957 study was known to
be incomplete and unrepresentative in several respects, Some of
the diffieulties stemmed from a lack of technical knowledge, but
inability to cope with the immense number of calculations regquired
for an adequate representation also limited the earlier attempt.

From & technical point of view, the most important new
meteorological knowledge incorporated intoc the present svaluation
reflects a better understanding of dispersion conditions over
urban areas,. Moet earlier meteorolegical evaluations have agsumed
that the extremaely stable condition typical of open country at
night can exist.narmally over urban areas ag well. Data obtained
from several sources in the last few years have shown that such a

condition over a city is at best extremely rare and that nocturnal

conditions over the city are usually characterized by weak turbulence

in the Jlowest layer, capped by a stable layer aloft,

Sevaral other refinements have also been made, The most
important of these include recogrnition that dispersion does not
continue indefinitaly in the vartical, but it is always restricted

by an atmospheric lid at a height ranging from & hundred to a
haapt
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thousand meters. Similarly, this study has incorporated the effact
cf the change in wind speed with height, which is Xnown to be a
consistent feature of the lower atmosphere. FPinally, while the
original study aa;umad that the metecrological conditions existing
at the time of the assumed accident continued indefinitely without
changa, the new computation permits complete flexibility in change
of the conditions as a function of either time or distance.
Diffusion at great distances ie not understood much bhetter
than it was seven years ago. It 1s partly for this reason, as
well as the fact that dispersion would often he over water after
1000 km, that this distance has been fixed aa the outer limit of

the calculations.

Calculational Technigque

The features which have been briefly described in the fore~
going sections were incﬂrpcratgd inte a digital computer code
with which radiation exposures and ground contamination wera cal-
culated for a given set of input data, These data were the rﬂlea?e
of fission products as a funetion of the time after release, the
meteorological conditions prevailing at that time, and the type of

gite, The radiation effects in the area surrounding a country or

urban site were cbtained, The results took into account the day/night
variation of meteorology characteristic of the gecgraphical area

considered. -
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Discussion of Resules

The task assigned in the present review was to disregard
questions of probability of accidents to reactors, and to reevaluate
only the effects of hypothetical accidents.. This reevaluation was
to take into account the increased technical knowledge obtained in
the past seven years, as a regsult of continuing research in reacter
technology and associated fields, Furthermore, this stndy was to go
beyond the usual limits of gafety analysis, to make clear what the
safety features of reactors guard against, and to identify the point
in the spectrum of hypothetical reactor accidents where pubklic injury
would begin., In order to fulfill this objective it has been neces-
sary to suppose that all of the means of @&ssuring safety have failed
to function.

For Case I - Complete Containment, in which no radioactive
fission products were released to the atmosphere, estimates of
injuries from radiation exposure were very low and there were no
hazarda from ground contamination.

In Caze II, the ashumpticn that =ome leakage of fission
praoducts takes place makes the meteorology of soms importance.

Thuz, if the hypothetical acecident took place under daytime weather
conditions, with relatively good atmospheric dispersien, calcula-
tions imply that some injuries from radiatieon exposure would result,

but no lethal doses would be sustained. Under nocturnal inversion
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conditions the hypothetical accident would cause many more injuries
and there would be a number 0f lethal exposures.,

Areas contaminated in excvess of PRC limits for I131 would
range from 1000 to 3000 square kilometers, depending on the weather
conditiona at the time of the release, It should be noted that
the assumption that leakage continues at a constant 0.,2% per day
of contained air mass is unrealistic, because heat exchange to the
environment and aszociated changes in driving pressure have heen
neglacted.

It ia, however, in Case 1II that the study has been extended
te a point commonly considered incredible or a practical impos-
sibility. Here it was assumed that fission products were liberated
to the environment as soon as they were evolved from the melting
fuel. 'The implications of thia part of the study, which perhaps
should be regarded as a mathematical excrcise, are that considerable
illness, %ethal exposure, and land contamination would occur for
all weather conditions and reactor sites considered.

An interesting sub-caze of case III we have called the

“hot puff* releass, It is assumed here that all of the airborne

figssion products are released at the same time as the primary system
ruptures, and that they are therefore retained in the hot ¢loud of
steam that was generated. It was found that the temparature of the
released cloud itseif. with heat added by deéay of the radioactive

fission products, would carry the material into the upper atmo-
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sphera, where it would be harmiessly dispersed.

The study alsc indiceted that for any given assumptions on
the rate at which heat ig lost to the containment structure and its
contents, and eventually to the environment, there is a power level
bayond which engiﬁeer&d safeguards for additional heat removal
become more necessary. For systems typical of those studied, and
for a hypothetical a¢cident of the size considered, this peint is
reached at about 500 megawatts of thermal power. Beyond the critical
power level, the heat from decay of radioactive fission products
would in time raise the internal pressure above the strength capacity
of the cnntainmant-building. Reliable heat removal would trans-
ferm some hypothetical accejdents from the category of Case IXI to
ilevals congiderably milder than case IX,

It is appropriate here to compare the resulta of the presant
reanalysis with those of the 1957 study. At the outset of the
comparison, it should be stated that note has been taken that con-
giderable improvement in numbers of engineered safeguards and their
reliability has occurred in the intervening.period. The effect of
this trend can only be to reduce even further the probability of
reactor accidents, and to lower the consequences of any failures,
Howsver, it was made c¢lear in the a$signmant.ﬁf tha present task
that questions of probability and, thus even reductions in probka-

hility, were not to be conaidered. Therafore, we have as in 1957




OFHERALYSE-ofrr—

-12=

agssumed that all safeguards, such as emergency cooling, fissicn
product raetention devices, containment, ete., fﬁil to perform
their intended functions,

We have used more reliable knowledge and calculational
techniques to fmprove formulae; values of parametera, and data-
handling, to arrive at more accurate and more detailed calculationa.

This has been particularly true for fission product releases
from moltan fuel, atmoepheric diaspersion of airborne materials,
and the procesging of calculations with modern computing machines.
in total, these particular refinements have only improved the
accuracy of prediction of the effects of the extreme hypothetical
accidents considered. and they have had little effect on the size
of these estimates. The one real change introduced by the reas-
sessment is a result of the increase in size of the reference
raactor. Bectause reactors now being contemplated are several timéﬂ
larger than those in prospect in 1957, and fuel cycles are lnnger,_
it iz an inascapable conclugion that, assuming the same kind of
hypothetical accidents as those considered in the 1957 study. the
theoretically calculated damages would not bhe less, and under some
circumstances would be substantially more, éhan the consequences

reported in the earlier study.

For very large accidents, such as those considered in c¢ase III,

the total damage to people and property undar the worst weather
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conditions would ba substentially tho same, shather tha resactor
ia jn a large city or some distance away, asasuming that in the
larter case the wind is directed toward cthe city in the tima
period econsidered. The advantsge of a “coumtty" locatiou for a
large reactor isd related to less severe accidents than the extime
ones of caga III. A smallar sccident wwould, of course, be less
hazardous at a mora remote site,

The present teport lisce only the conclusions of the rastudy,
and hes been issued now in the intereat of asrly disgeminacion of
these conclupiona. Details of the caleculational technignes and
the values of importent parmmeters of interest to the nuclear comunity

will be published as weparate reporty in the technical litsrature.
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BRIFFING FOR THE PRESIDENT
ON POTENTIAL HAZARDS OF ATOMYC REACTCRS

On Januery 29 the President recelved a briefing on reactor
hazarda. The followlng representatives of the ﬁtomic Energy
Comml ssion participated in the briefing:

Chalrman John A, McCone

Dulght A. Ink, Asalatant to the Chalrman

H. L, Price, Director, Diviasion of Llcensing & Regulatlon

Br. Clifford K. Beck, Chief, Reactor Hazards Evaluation
Branch

I » SUMMARY

1. Dr. Beck started the prepentatlon by oullining tha
nature of the hazards, reviewing past sceldente, and identifying
the posslble types of accidenta and safeguard mezsures taken,

He explalned the need for isolation and contalrmnent and other
safety measures and mentiloned the reviews made within the
Commlssion and by the Advigory Commltitee on Reactor Safegaurdas,
He mentlonad the speclal safety problems involved in the
maritime progrem and the aireraft program, and briefly discuased
the poaslble range of conasequences of major reactor acoeldents
based on tha Brookhaven study of 1957. He comecluded with &
brief deseriptlon of amergency procedures which have been
astablished for dealing wlth radiation ineldente. A statement
of the substance of the bricfing 1s attached,
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2, Mr, Price stated that the study of rogsible congegquences
of resctor accidents was made for the Joint Committee of Congress
in connection with its conalderation of indemnity legislation.

It dealt with the theoretiocel pogelbilitlises of major eatastrophes,
It did not attempt %o desecribe expected preactor accident ex-
perlence,

3. Chairman McCone emphasized the safety review of all
reactor projects within the Commission by a separate staff
organization having no responsibility for conatruction or opera-
tlon of reactors, and the additional review by the atatutory
Advisory Committee oh Reaetor Safeguards, an indspendent group
compoaed of part-time consultants to the Commisalon,

4, Pollowling the presentation there were questionsg by the

Pregident and a dlacuasion of varlous aspects of reactor safety.




11 - POTENTIATL HAZARODS FROM POWER REACTORS

1. The Prineipal Hazerd: Accldental RHeleage of Radlonoetivity
Inventory

The primary hazard of A reactor 1s the popalbllity that

the radicactive fisalion products produced in the reactor
might he released and dispersed into areas beyond the owaer's
control, Figalon products are the fragments of uranlum atoma,
the “ashes" of the miuclear reactor, accumulated in the core of
& resctor as the nuclear fuel is "burned". The magnitude of
this fisslon product inventory is epproximately in proportion
to the power level &t which the reactor is operated. If this
material should be accldentally released from containing
structures, dlspersal to public areas conld ocecur by way of
the underground water table or nearby streams or through the
atmosphere,

In & major reactor acoldent -~ fire, internal exploslion,
or power runaway with consequent meltdown of fuel -- a peortion
of the fission product inventory may be released.

The factors of concern in auch an incident would be:

a. The magnitude of fthe flpsion product lnventory.
Thia depends primerily on powar levels,

b. The radlosctive nature of Ghe fisslon producta.
The average half-1lfe of fisslon producta in
reactors la much longer than the flaglon




products of wespons. The average half-1lfe
increases as the. fuel cycle 1 inereased.

o, The physical nature of the fission preducte.
Some are gages, such ap emnon an? Ercpton; aome
are volatile and chemlcally actlve, auch as
lodine; some are metals or non-volatli-e aollids
and would generally tend to remain in the fuel
unleess vliolently dlapersed.

d., Condition of the alrborne release.

Whether the alrbrone component of the released
me&terial 1z 1in gaseous form, 13 affixed to fine
particulate matter (such as carbondust from the
burning of graphite), or is physically attached
to larger partlcles (e.g. dust from a steam or
chemical explosion), has a major influence on
the sybsequent pattern of dispersion and depo-
sigion of this maberial,

e. Weabther 2ondlvions.

Atmosphe~’e¢ tarhulence, temperature lnwversion,
raln, and other meteorologlcal factors have
important effects on whether airborne radios
gctive materlals are dispersed, channeled or
deposlted,
In all power reactors now bullt or under consiruction,
the nuclear fuel in the reector cores 1s in solid form and
-2 -




ie ¢lad or sheathed in leak-tight metalllec coatinga. These
gogatings serve as an Initlal harrler agalnst escape of fisaion
producta. & typleal arrangement of a reactor facllity 1sg shown
in Chart 1., A high pressure, high- integrity veoscel congtltuting
g portien of the primary ccolant system encloses the core and
offera the gecond waJor barrler agalnst rolcase of flsslon
products in case the fuel structures themzelvea should be accl-
dentalily disrupted. Masslve shlelding structures surround the
reactor core and its containlng veasel to protect nearby workers
from radlation, These sbtructures would alsc offer aubatan?ial
realatance to the dlapersal of radloactive materials. Minslly,
there ig for most power reactors bullt near centera of popula-
tion, smome aort of external contalnment shell which perves as
a barrier of last resort againat the escape of any internally
released materlals,

Chart 2 1ls a recent photograph of the Dresden Nuolear
Power Statlon. now nearins couwpletlon near Chicago. Tha con-
talmnent vessel and the isclated envircmmental conditlons are
shown. Such safeguerds as theze and others, mentioned below,
lead to the unanimous oplnion among reactor experts, that the

iikeiihood of a reactopr sccldsnt which would release dang

e

amounts of fiesion products beyond the boundarlsa of the facil
ity 1z extremely low, How low this probablility mighf be 1z

imposeible to ¥mow quantltaiively, but rough guessea of 1 chance

Byous
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in 100,000 to 1 in & billion per. reactor - year have been made,
This could be interprsfed a8 the chance that there might be one
major reactor accldent per hundred years if 1000 reactors were
in operation., HNo firm rellance can be placed on auch estima-
tlons, but they do glve an lndication of the strongly held
bellef that major reactor cataatrophlea are extremely unlikely,
2. Past Accldents

No significant acoidents have occcurred tlma far in thils

country in regularly cperasted power or production reactora.
Two accldents have ceccurred 1ln experimental resctors.

During an exploratory transient operstion with the Experl-
mental Breeder Reactor No, 1l in 1955, in which some of the
protective devices. hed been dzlibergtely disconneceted 1ln order
fo conduct the experiment, the power level roge to unimtended
levals, and partial meltdown of the core resulted. The fission
product inventory was confined to the system and no one was
injured,

Tn 1958, in en advanced design experimental reactor in
the Alreraft Propulsion program, during initlal trizl operations
at low power, & power fiash-up occurred, This was due primarily
to faulty design in the conbtrol ard safety instrumentation asystem.
Some eof the fuel elementa were partially melted; about 1% of the
fission products waes dlscharged through the alr-ccoling system
to the aimosphere, Ground conbamlnation outside the reactor
bullding was slight; no one was Injured,
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At Windscale, England, 1in 1957, the only lmown serlous
accldent with & steadlly operated (production) reactor oc-
curred. Durlng a speclal operabtion with reduced cooling
desligned to relleve the acoumulated radiation energy in the
veactorts graphlte by anneallng, and becsuse of inadegquade
instmmentatlon, the reactor became overheated and & portion
of tha graphlite and fuel burned, A large portion of %Fhe
fleaion products relessed from the burned fuel was swept by
the coolling alr up the sbtack and inte the atmesphere., FPlibers
at the top of the stack were able to retain a considerable
portion af the particulate materlal, but gazes and fine parti-
gulate matter were dlspersed to the atmosphere end a portlon
was subsequently deposlted on the countryside. The level of
contamination was not sufficient to be a health hazard from
direct exposure, but for about Fhree weeks mllk from cows In
a narrow areg about 20 miles lopg wam wlthheld from human con-
aunmptlon,

3. Types of Accldents

In the above cases, release of flasion products resulted
frowm overheating or burning of the fuel, Thia would ocour in
almoat all typea of catastrophle accldents. Overheating or
burning may result from many causesa, Some of these are:

a. Lose of coclant or fallure of the coolant

ciroulating punps may lead %o fuel meltdown.
-5 -




b. Excesslve power levels may cause fuel burnout
or melidown,

¢, In graphlte or corganlie moderated reactorn,
the moderator may catch fire and overhesat
the fuel,

d. In some reactora, viclont waber-metal reactlons
may occur 1f the metal becomes overheated
(aluminum-water; zirsonium-wabter).

e. In reactors wlith high pressure coclant aystems

(pressurized, bolling water, etc.,) the streszes
in the system may eventually lead to failure and
canaequent loss of waber coolans.
There i85 no hazard of a bomb-llke nuclear explosion in a
reacbor. Overheating could cause chemlesl or gteam sxploslions,
of a violence comparable to that possible in other industrial

operstlions.

Y. Safepuards; Contaiyment, Loeaiklon

In every reactor, great care ls taken to provide safeguards F
againat the partlcular kinds of accldents to which 1t might be J
vulnerable. These include emergency cooling systemns agalnst
fallures of the primary cooling aystem; auvtomatio, fast acting
ehutdown mechanisms againgt excessive power surges; extraordinary i

care In assuring hlgh integrity materisls and hizu pevformance

machlinery.
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The safety aspects of all reactor projects in thiz country,
whether privately or OGoverrentally owned, including military
projects, are reviewed by a teahnieal 1 groun within the Commission

e g b gl o i e - P

T % P A g W Ty R
whileh has no other responsibilities. The Reactor Hazards Evaluation
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BEranch extensively reviews the design, contalnment, and locatilon
of each reactor and other conslderatlons pertalning to safety.

In additlon, all power and taest reectors and large reactors
of ofher Lypes are reviewed by the statutory Advisory Commlttea
onh Reactor 3afeguards, a group of part-time technlezl-expert
ecnpultants, The operation of Govermment-ownsd projects ia
subjeat, of courses, to adminletrative supervieion, The ocon-
struction and cperation of privately owned reactors are subjeot
to detalled licensaing requirements and are periodically inspeacted
for compliance with all safety requlrements.

Desplte those pregautions there still remains some un-

certsinty relating to the posalbility of a serious reaotor
ageldent, Henoe, the follouwing two additlonal precautlons are
i — Y

oneerved for mwos” large rseactors bullt near populated arena:
_J.Lprwiaian for some degree of external contalnment arcund the
antire reactor facllity, and 2) melection of a location where
there is some degree of 1501-312:1 immedlately arowd the reastorn
and a relatively low populztlon density in nelghboring asreas.

5. Bxternal conbalmment may vary from high-integrity ateel
veaselas of high preasure capasity and loweleaksage specification,
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to relatively open structures equipped with flitering-scerubbing

davices 1n the venbilation exhsust sratem, The exhaust systeoms

sre designed to keep the strunture at pressures less than atmos-
bherie te¢ prevent unfiltered ocutleakage in case ¢f acoident,

The purpose of containment veessels is to provide a harrisd
of last resort against release to the atmosphere of the fission
product inventory in case of reactor disaster,

The value of an external containment vessel ls difffoult

o]
it et o e

to asaess, Ibs chlef function is $o provide insurance Egaigat
the exbremely unlikely cabasbrophle ascident which would caly

T

ogeur 1f all interpal safoty deyloes and precautionary measure
{EE%; If, in an instance of this kind, the conbalnment vessel

le successful in preventing major flassion product disperslon, the
protectlion afforded 1a well worth the coast. On the other hand,
i% 18 possible that the contalmment vessel pight be left open
Just at the time when 1t 1s needed, ard tha® asccidenta ocould
cceeur which nlght hreach the contalnrent vessel, Thus, the
contalnment vessal offers addad protection, bubt it doez noh

insure abvsolute prokactlion,

6. Location of reactors within an exclusion zcne, and in

an area of low population density 1s a practice which arises from
recognltlion that acecidents could oscur whioh would relsase some
tiaslon products fvrom a reactor and even from a contsizment

veasel, 1f one ia presant,
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An excluaion distance of from about 1/% to 1/2 mile has
been provided for moat large power resctora now under construotlon,
The reagons for the desirablility of such a Zone are:

a. The movement of any persons present in this
gresz can be controlled by the owner and hence
exposure hazarda in case of aceildent can ba
minimized,

b. In case of 2 release of radicactivity which 1s
gonteined within the reactor facllity direet
radiation to persons oukslde the operator's
premigss would be minimized,

¢, In case of asmall radioactiviiy releases to
the atmosphere, Anbtontlonal or otherwlse, the
exclusion zone aasures acme dilutlon before
the radloactivify reaches public areas,

d. In case of major releases under the majority
of abmoegherds vondlilone, an exeluslon zone
would affcrd pome peried of tim: 1ln whlch
resldents cutaslde the arez could be warned
of the approaching hazards,

The apeclifications for a lew populatisn denmaity in areas
around a power reacior have not been praéclsely defined, However,

it 1a considered deplrable for a largs reactor to be about 20

ailes or g0 from a major olity, and at least a few miles from

-9 -




smaller towns, though particular featurea of individual facllitles
nay in part offaet thias regulrement.
This feature of location 12 deslrable because:

a, In case of catastrophe, a low population density
assures that serlous exposure of large numbers
of people 1is nminimized.

k. In case of catastrephe, a relatively few paople
mlght be evacnated without radiation injury,
while large numbers of pecple could not be
evacuated,

¢. In case of eatastrophe, the economic value of
property contamlnated would fend to be leas
for areas of low populaticn denslity than for
areag of high populabtlon density,

T. The Maritime Problem

Marine vessels propelled by nuclear power present no different

basic problem from that arlsirnz from any power reactor, Fosalble
releage of the radloactlvity inventory constitutea the principal
hazard. However, there 1a a high degree of probablllity that
catagtrophle accldents in marine vesasels would be concomitant with
submerging or flooding of the reactor. In many types of reactors,
flooding would tend to prevent any release of fission products.
Purthermore, amy release that did cccur would be into the water,
Moat of the Plszalon products would be rebalned in the waber, and
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the hazard to peéple 1n nearby areas from airborne radicactivity
would be correspondingly reduced.

It is difficult to make a ganeral estimate of the damages
which would bBe caused by heavy contamination ol the waters of a
harbor, S0 much depends om such factors as currents and tides,
flughing times, activitles in the harbor and the effects of
contaminated waters on adjacent shore activities., In genersl,
however, 1t ia clear that the principal consequences of a flooded
or submerged reclease would be economic, Thare would be an inter-
ference with harbor activities, and an indirect threat Ho health
by the presance of conbaminated water, The level of activity in
the water and the quantity of slrboriie activity would hurdly be
high enough to pose a threat of aeriouas direct radiatlon exposure
to large numbers of peosle,

On the other hamd, 1t 18 posaihle thet reactor acoldents in
marine vessels could release fisalon products directly to the alr.,
In such case, the threat of alrdborne hazard ¢ people in adjacent
areas would be o éifferent from that arising from a land-based
power plant, These and other speclal clrcumstences affectling the
safety of marine vessels may be sunmarized as follows:

a. Marine vessels operacve in port areas which are
lacated ilmmediately adjacent %o population
ceniera where stabtlonary nuelear power plants
would not ba permitted. (A given vesmel,
however, 1s usually in 8 portd arvea f'or only
a2 small proportlon of its operating time.}
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b.

The mobllity and maneuvering reguirements of a
marine vehlcle make 1t more suaceptlble to
operatlonal eccldenta than 1s the case for a
steadlly coperated power resctor., The naviga-
tional hazards ln port areas, where the conse-
quences of accldenta would be most serlous, make
aceidents more probable here than out on the open
S8,

In marine vehicles, particularly submarlnes,
moat ecatasptrophle aecldents would have as

thelir most serious congequence contaninatien

of the water. In a harbor sarea the serious-
nees oIrwater contaminatiosn would depend on

nurerpag  Factors previcusly mentloned,

In sowme marine accidenis, airborme fission product
releases could oceur, i.e., in non=-flooding typés
of agcldents, which could offer serious hazarde to
Inhabltants of adjacent areas.,

For maclear propelied merchant vesgele, &ssursnces
of aafety must be placed on the adequacy of ocontain-
ment and dependabllity of other safeguards, the
quality of tralning and aurervision of penrsonnel,
end on limltation and control of operatlions in

ecaptal areas.
- 12 -
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It 1s the general opinion of persons familiar
with the problems of marine vessels propellsd

by nuclear power that the operatlcn of such
vessels in coastal aress phould continue to be

on & limited and controlled basls until the real
extent of potentlal hazarda are batter undersicod.

8. The Nuclear Rircraft Problem

Az 1ln other nuclear facllities, the fission product inven-

tory 1ln an aireraft regctor 1a proportional to the power lefel,

end releaae and dispersion of this materizl into populated areas

1s the prinecipal hazard, Operaztion of nuclear aireraft over

pepulated areas would offer the possibhility of crashes and

figslon product relsases in the moat hazardous leocations, Re-

gtriction of flights to "corridors"” having low popnlation den-

sities or to flight peths over extensive bedles of water would
subatantlally reduce the potentlial hazard from accidents, but

would not eliminate it,

Urndgue aepectn of the nrelear alrcraft problem are:

a.

The uwaual safety lmplicatlona of melfunction or

-plsoperation of reactors are greatly intenalfied

for nuclear airceraft because of the possibillty

of a crash of the vehlecle,

An externsl contaimment vessel for the Teactor

faclllty cannot be provided in an aircraft, IT

one were provided, crash of the alrcrafi wonld
- 13 =




d.

probably demollsh €he contaliment ag well as
the reactor, with resulting fisaion produst
release,

The operation of a nmuiclear alrcpraft in the
gir-space enviromment, with welght limitationa
on over-gll shielding, and the high performance
Seménd on components required, will Ilmpose the
necegslty of unusual operational controls.
These added aspects of hazard suggest thet
operatlion of nuclear powered alreraft should

be carefully controlled, and limlted to arsas
where a crash would not be wlthin dangercua rangs
of lnhablted areas.

9. Conaequences of Accidenta 1n Power Remctors

A study has been made for the Commission at the request of
the Joint Committee on Atomlc Energy on the theoretical pessibll-
ities and conseguences of catastrophic accidents in large nuclear
power plantas., A group of gelentlats directed by represeniatives
of Brookhaven National laboratory collaborated in making this
study and the results were publicly relessed at the time they
were ment to the Jolnt Commlittee on Atomlc Energy. To maks
this study, erhltrary and uncertaln assumptlons had to be made
on many of the factors having a wvital effect on the magnltude
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of the result,

1likely and the assumptlona which appeared most reasonable were

made,

The study was made for a 500 thermal megawatt power reactor
in a typlcal location, L,e., 30 mlles from a major ¢lty, with a

2,000 foot exclusion distance, and with reduced population

denslty begluning at zero at the site boundary and increasing
gradually with distance to a value at the distance of fhe clty

equivalent to that along the eastern segboard,

From the variety of detalled situations studied, two are

reported here:

&,

The Contained Case,

It was assumed that a major accldent occurred
releasing the entlire fisslon piodact of the
Inventory from the core, but into a high
integrity contaimnment veasel whilch permitted
no leskage to HShe environment, Table I cone
talns a surmary of the resulta,
It shoujd be noted that the only hazard from an
aceldent of this ¥Wind to people beayond the con-
fines of the plant would arlae from the direct
radlation streaming ocut from the contalnment
veggel 1n all directionz. Thlis radistion
decaya 1n time and is attenuated with dlstance
- 15 -
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b,

8¢ that beyond a few thousznd [set dangerocus
exposgures vwould nof cecuirr. FPeople closer to
the plant would have to be evacuated for a
period of time to aveld injurlous exposure.

A3 indicated 1n the table, less than 75 people
would have to be eyvaounted from the adjacent
aresa of over about fwo square mliles, If this
evgeuation could be accomplishad within two
hourg no one would recei#e lethal ¢r lnjurious
expopure, If the evecuation were accomplished
in 24 hourz no lethal exposures would result
but giz people would be injured,

The 50f Release Case

For this accldent, it was assumzd thet S50% of

all fiepeion producta escaped intoc the atmosphere
and was subsequently dlsperaed over the sountry-
slde. Tzble IT contalns & summary of the perscnal
Injuries wiilca might result. I¢ should be noted
that an accldent cof thls magnitude is larger than
any aoccident having a credible likellhcood of
pocurrenee. If 1s difficult to aee how even
deliberate mabotage of a muclear reactor could
cause the release of thia percentage of the

figelon product lonventory. Thus the results
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ahiovin represent a magnitude of damege which 1t
is bellieved will never be reallzed, though con-
celvably 1t could be realized.
In Table II, personal injurlies which could ceccur
as a result of this accldent are shown under three
combinations of eonditions, If the accident should
cccur under the most favorable condltions no persons
would be lethally exposed and none injured. On the
other hand, 28 1ndlcated in column 3, under the
worat conditions which might exiat, and these
mipht be expected for as much ag 5 or 10% of the
time, aa many as 3400 people might recelve lethal
exposures and mera then 40,000 might be inJured.
The second eoclumn of thia table indicated that
for typical conditicns which might be expected
over 3/4 of the time, leas than 10 people would
be lethelly exrosed and less than 100 inJured.
It should be noted that In addltion to the
above persconal injurlep which might regult
from a gerious zsceldent, there would ba coatly
and hazardous land contaminatlon over broad aroas,
thousandas of aquare mllez in some cazea, which
might require temporary or extended evacuation of
pergons and restrictions on varlous actlvities,
rarticularly sgricultural activities.
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. Theugh it 1s not anticiratbted that aceidents
having 2onsequences as bad as the worat onea
ilsted ebove have any credible likelihood of
geourrence, 1t ig almest certain that there
will be aceldents with reactors and that in
pome cages these ¢ould result 1n sukstantilal
injurdies to people and contamination of land
areas, We can hardly hope, with the inoreaaing
numbers of reactors now belng bullt, desplie the
many precautiona diligently appllied, to escape
entirely from the possibllities of serious
accidents.

10, Bmergency Procedures

T¢ minimlze the consequences of accldenta 1f such should
cecur, 1t 1s required that every faclllty develop plana and
procedures for handllng accidents and for protecting the public
in case of emergency. Usually this involves developlng with
locgl police, fire departments, civil defensge and public health
leaders an understanding of how matfers would be handled 1n oase
of reachor epergency. These plana include procedures for ob-
taining ocutslde assiatance in case the emergency should exceed
the capaclty of the locel facllity.

Each AEC field office throuphout the country has energency
procedures, teams ant egulpmens ready for assistance in any
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miclear emergency which might occur within ita area of
Jurisdiction. Eight of the AREC leld offlcea, one in each
of the elght reglons which together cover the entire United
States, has been deslgnated as a reglonal emergency center,
Additional competence for dealing with reactor accldents haa
been developed at each of these reglonel offlces, Procedurea
have been estsblighed whepreby flaid offless can e¢zll on
military asslatance and tralned radiologlcal teams avallable
at varlous military genters as needed,

Finally, at the Washington Headquarters of the AEC, &
Radlologleal Incildent Center has been organized, with standby
personnel appointed, to be manned at any time a2 majJor accldent
ghould oecur. Thie center c¢an coordinete asslastance to any
lecation and eecure additional ald from military, clvil defensze
and other agencles ag may be needed.



TABLE I

TEE CONTAINEL CASE
(ASSUMING A 2,000 POOT EXCLUSION DISTANCE)

PERICNATL: TNJURY

L] L] L] [ ] L |

OF NEARBY AREAS

ASSUMING ASSTRING
EVACUATION EVACUATZION
In 2 HOURS in 24 HOURS

OF NBARBY AREAQ

LETHAL EXPOSUHE
INJURY LIKELY

EVACIIATION , .

L] & L] » ] -

0 PERS30HS Q PER3CNS
0 PERSCNS 6 PERSONS
NUMBER
OF PEOPLE AREA
67 2 5g. MILES
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TABIE IX

THE %% RELFASE CASE

{ASSUMING A 2,000 ¥OOT IMCLUSICN DISTANCE)

e

(FAVCRABIR COMDETICNS )

CONDITIONS
QVER 3/t OF TIME

WA T
(WOBRST CORDITIONS)

FPERSONAL IRNJURY

IETRAL DI

B

INSURY DIs

0 PERSCES
0 MILES

0 FPERSOHS
0 MILES

YTopg than?

10 FERSORS

1 MIIE

100 FERSCHG
2.5 MILES

3,400 PERSOWS
15.5 MILE3

k2,500 PERSONS

LYy MIYES
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The Honorable Chet Holifield

Chajrman, Jeint Commitctes on Atomic Hnargy
Congress of the United States

Deav Mr. Holifield:

During tha Joint Committea hearinogs last year, you suggestad that
concurrently with the anticipated considaration of axtending the Price-Andergon
Indempicy Act, re-enamination should perhaps be wads of tha 1937 report prepared
by the Atomic Enargy Commisaion ui:th tha assistance of Brookhaven Nationei Laboratory
o "Theoretical Fossibilities and Consequences of Major Accidents in Large Ruclesx
Power Plants™. This report is jdantified as WASH 740,

Pursnant to your suggestion,ws asked tha Brookhsven Nstional Laboratory
to va-evaluate {ts earlier study in light of today's tachuicsl information and
current upward irends in power reactor smizes. It is the porpoes of this lasttar
te awmarize the results of the laboratory ra-evalvation, and to intarpret the
significance of these findinge in the context of tha 1957 calculations and in
the context of present enginesaring practices and licensing procedures.

A Steering Committee*, composed Llatgely of members Irom the Commission staff
and Erom comtractor orgsnisations, mat with Brookhavan at the outsst to plan the
re-atudy and again at intervals thersafter to discuss the course of the work.

-

* pr, Frank Gifford, Dir., Dept. of Turbulesce & Diffusien, UV.B.Weathar Bureauw,0sk Ridge

Dr, David Okrent, Senlor Physicist, PDirector's Office, Argumne Haticaal I.atm-t.nry
Hx. James E. HMcLawghlin,RY00

Dr, W. I'. Clavs, Special Aasistant tp Director, B&M, ARG

Dr. R. L. Doan, Dirtector, RL, AEC

Mr. W. J. McCool, Aset. Dir. for Reactor Safety, 05, AEC

Mr. U.M. Staabler, Asscciate Dir. for Power Applications, RD&T, AEC

Dr., F. Western, Divector, 58, AEC

Dr, Clifford E. Beck, Dap. Dir. of Regulation, ABC (Chairwan of the Committes)

~
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Brookhaven's letter veport to us on the sumsary of results from their re-
examination ia attached as Part 1.

In the original study in 1957, Brockhavem concentzatsd most of its
efforts om caleulating the theoretical consequemcas of wajor hypothetical accidents
withoout etismpting to assess the detaile of possible malfumctions that might lead
to such accideute or the probabilify of cccurremce of such events. The samg pat- . .
tern was followed in the present re-study, On the other hand, it is cleacly the
case that theorstical calculstions of comsequences that might derive from hypo-
thetical sccidents do not alone conyey a trus perspactiva of the risk or hacard
to public health and safety which arises from operatiom of nuclear reactora. As
4 uecessary accompaniment, thare must alap be a recognition of the likelihood
or woxe accurately of the improbability of suwch events. Therefore, in Part 1
of the attachment there is presented g brief discussion of factors which help
to understand Brookhaven's theoretical calculations in relstion to the
extramely low probabilicy of such events,

In its sumnary of the present re=stwdy of theoretical consequences of hypo-
thetical accidents, Brookhaven reminds ue that reactors of today are nuch larger
than reactors in prospect in 1957, that thair fuel cycles are longer and hemca,
that fission product inventories axe lerger. Then,to co one's surprise, they
teach tha basiec conclusion for theae reactors that, samming the same kind of
hypnl:hel:il:ai sccidents as those conajdersd in the 1937 stwdy, the theoretically
calculated damages would oot be lase, snd under some circumstances wowld bae
gubstantially more than the consequences reported in the sarlier study, Brook-
haven further comments eignificamtly that "considersble improvsment in mumbers
of engineering safeguards and their relisbility has occurred in the intervening
paricd. The effect of this trend can only be 1o reduce even further the probabllity
of Teactor accidents and to lower the conseqguences of any failures.”
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This latter observation is consistent with the discussion in Parc I
on those factors which increasw our confldence in the consistently held
opinion smong expercts that the likelihood of aceidents of majer dimensions
in powar reactors ip extremely low. In the period since the 1357 study there haw
been substantiel increasse in knowledge about resctors sud their oparationsl
cheracteristics, many improvements in resctor safeguazrds have bean made, and our
added years of opergtions]l experience with power resctore has been unblemished
by any reactor accident that caused substantiasl damage to the facility or injury
to any person. No accldent in these facilities has caused interference with the
public in any way.

In presenting this brief suzmary to you, we wank to ewphasice that there
io wich nuclear raactors, a8 in many othar anterprises, a vast difference babween
potential hazards and the practical likelihocd (or sxperience) of realised demages.
It is the potential hazard inherent to pwclear reactors from theiv accumulstions
of fission product inventoriee and the conceivable consequences of accidental
teleases of such inventories that Brookheven has comsidered. Assesement of the
practical likelihood of realized demeges must also take loto saccount the multiple
system of defenses provided to prevent the potentlal hazards,

Such defenses against the potential hazards of nuclesr rasctors permeste
the basic design of every component and system, they are evident in the successive
barriers sgainst fission product rejease built into the accident-prevention snd
the consequences-lidicing safeguards mentioned sbove; smd the seversl icdependent
pafecy reviews of every facilicy by reactor experts give assurance that ne
possible route to danger hae beem left wmprotected. A firm baeis has been lajd
for the belief that the likelihood of major accidents of the type considered

by Brookhaven is extremsly low.
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Kevertheless, as pointed out in Part I of the attached memorandum,
the posaibility that swh s¢cidents might o¢cur cannot be sxcivded. or
rather, the nature of this problem iz such Chat & quancitacive msasure canpot
be objectively established of the probabilicy {or improbabilicy) of such
conceivable sccidente. It is probably impossidle to devalop a poaitiva maans
to danonatrate that no such event could sver happen.

Degpite this ipherent elemsnt of uncertainty, tha Commission, in cxansmitting
this report, affirms its basic conviction that resctors with thair sultipla
syatems of protection do not prdsent an undue hazard to the health and safety

of the public.

We are encouraged by the prasent status of power reactors and the systems
of safeguards wvhich have been and are continuing to be developed sgainst their
well recogunized potential hazards. But we are not, we Caonot be, complacenk.
Tha re-atudy reported hars of thie old problem gives us renewed detarmination and
gives to our ressarch and regulatory surveillanca sfferts renewed vigor toward the

objective that these potentiale for public barm shall never bs raaliced.

Sincerely yours,

Attaﬂlﬂenﬂi :
A prtated




PART 1

FACTORS RELATING TO THR FROBABILITY OF CATASTROFH]IC
REACTOR ACCIDENTS

Clifford K. Beck
Daputy Director of Regulation
{1.8. Atomic Energy Commission

Washiogton, D.C.
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Potential Hazard va. the Fractical Likelihood of Realized Damage:

In oo other endeavor undertaken by hunans hae the potential hazard been
s0 great in propottion ¢to the exceedingly small wmagnitude of actual realized
damages as i{n the operation of nuclesr zeactors. The damger or risk to pecple
cousiste of some combination, such &5 the product, of the inhereat potential
for hazard and the probability of that hazard being realized. Heither the
magnitude of the potential hazaxd nor the size of the probability of its
realization zlone can furnish am ac;cuta:i luuml:e of the tisk to pevple,

It is the first of theae, the potential hazerd inherent in nuclear reactors,
that was considered by Brookhaven in their calculaiions reported io WASH 740, in 1937,
"Thecretical Possibiiities and GConsequences of Major Accidents in Large Nuclear
Fowuer Plants™., A brief description of procedures end a summary of regults of
their re-examination im 1965 of theoretical confequences of .hypntheticll sccidents
for ﬁmmrs now in prospect are reported in Parc II of 1ﬂ'l1l documwent.,
BNL roach to Conse G letions: _

Brookhaven'a 1965 re-evaluatiom of the 1957 report is bassd oun &
"maximum consequence” sccident postulated te occur as & result of a total loas
of coolant coupled with a concurrent inabilicy to prevent the core from melcting
and the failure of various successive barrierse which would prevent releass
of radioactivity to the envirooment,

Tl;n 1965 study diffaxrs from the 1957 study in that it has been carried
out on the basis of a water-cooled reactor of 3200 therwal megawatts (1000 enw)
and a fuasl :lrrad*l‘.nti.nﬁ period of 1000 days, such as ara nov being contemplaced,
The 1957 atudy waa based on a water~cooled reactor of 500 thermal megawvacte

and a fusl reloading cycle of 160 daye, which was in prospect at that time,

’
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Hers is encountered the most baffling and insoluble enigma existing in our
technology: it {8 in primciple easy and straighcforward to calculate potential
damages that aight ba realized undar such postulatad asccident conditiona: there i
not even in principla an objective and quancitative mechod of calculating probabilicy
or Improbabilicy of accidents or the likelthood that potsntial hazards will or will
not be realized.

In the 1957 discussion of probability of catsstrophic asccidants, it was stated:
“Ho one knows now or will sver know the exact magnitude of this low probability of
a sublicly hazardous resctor accident.” It wes them suggested hhat some sotimstion
of this probabiility might be ottained from:

a. established or assigned numerical values to all separate factors which would
either prevent or cause such an accident, then try to calculate the composits
resultant probability of catastrophic accident;

b. woperation of enough rasctors for a sufficient leugth of time;

¢. obtaining the bast juigment snd judicious opinjons of knowledgeable experts, .

tome of these led to satisfactory estimates in 1957. Some further ¢nn-1d;ration
ig given below on itams (&) and (b).

Az to the cpinion of experts, it was concluded that, "whether cuserically
expressed or not, there was mo dicsgreement in the opinion that the probability of
=3 jor reactor accidents is exceedingly Iow,”" No formal ssopling of expert opinion
haz besn 7;&1 recemtly, but all svailable indicatious are that the opinion exprassed

in 1957 is even move fivmly held today than it wae in 1957,

The Probabilistic Approach to Eatimating ths Likelihood of Rasctor Accidents:
The Planning Resssrch Corporation, under contract to the Commiseion, has

attempted to establish a "Probabilietic Method" of calculating the likelihood of

accidents having damaging conssquences to the public,* The firat basic premise on

*An ilnveatigatiom directed toward the principls objeccive of establishing a probabilis-
tic reactor safety analysis aethodelogy applicable to light water-coeled & modarated
-ower Teactor system, Contract AT{B#-E&;?Egi P}ag&%nrhﬁgylgrch Corp., Los Angeles, Calif.

'I_'ll EL.‘]L L T e L _1




~ QERHGIAL-USE-OM Y-

- -
vhich thia study rests is, that a sequenca of events must cccur for deamage ro
tha public to be realized.

For exompla, one of a finite numbar of combinations of failures, malfunctions,
misoperation, ste, must occur before reactor fuel is dazaged and fission products
ars ralesgad from the fuel: additional abnormalities and mafeguard faflures must
occur =0 releape the radiosctiviry from the primsry system, atlll wore failures
must sccur before radioactivity im ralsassd to the environment, and aven Chen
only undar certain weather conditions, would pravailing dispersive conditions
lasd to hazardous contemination or exposure of peopla.

The second premise is that a probabilicy walue can be established for ezch
of the sequential failures or abnormalitiss requisite to realization of
public damage.

The final premisg is that having determined the various possibls sequences
" oF events prervequisita te publie damage amd @scabliched probability values for
each avent in the different dequences, it wiil then be possible te caleculare the
ovar-all probability of each accidemt or of each wagnituds of public dumage,

In principle, there appears to be an appealing legic to thase premisen
but thers are many obvious questions about the practical means available for
"aatablishing™ valves Ear the svent-links in the sequence chain, There axe still
mora quastions about our preassmt abiliry (a) to identify or to anticipate sll the
uigulftcantrnccidant sequence-chaing, and (b)) to develop appropriate weighting
formulas for the calculations. Thus, & major alement of uncertainty must be
racognized in sny tentative results from present applicacions of this method,
though the affort iteelf is ¢ valusble one and hopefully mors definitive

applications can ba developad in the futurs,
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The Plaaning Rasearch Corporation har devaelopad a complete formulacion
for this “probabilistic method" of calculating reactoer scaidents and has
made 'entative galeulations of catastrophic accidenta for prasent watar type
rgaccra, They concluda:

"es.s The quasi-probabilities for rha sccurrance of catastrophic nuslear repstor
accidents obtained from the raliability models are of the order of 107k par year
vhates k 1ies between 8 and 16. Considering all catastrophic accidents applicabla to
the reactor types studied, the estimated probabllity of a catastrophie aceldent

e 7% 108 per zTaacter year of

for a given type is in the range of 5 x 10°
oparation.”

That iws, from this atudy, tentative estimates are that the probability of
publicly hazardous accidents would be in the range from 1 event in 15 milifon/reacter
year to 1 event in 2 trillion/reactor year.

Thus, from this wethod, it {3 obvious that we are not now abla to assign
firm quantitative measures to our balief about the "low probability" of wajor reactor

sccidents, But these figures, whatever their wvorth, do not coutradict thies belisf.

Factors contributing to Confidence that the Probabilicy of Reactor Accidents ia
very low:

There are several specific facteras which support our belief in the increased

safety of ouclear power plants and, at the asue tine, a fow slamants prevent dur
being able to say with finality that such accidents canpot occur,

Much Progress haw been made inm Reactor Safst asarch:

The extenszive reactor research prograns, which currantly ave bsing supported
ts the extent of many milliona of dollars annually for efforts divectly committed

to axploration of reactor safaty, have revealsd & grsatly expanded underestanding

of besic reactor characteristics and behavior, Ia the folloying araas of reactor

tachmology, owr basic knovladge has been substantially increased over the past 8 years;
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a. ‘Through power excuvsion sxperimsats (SPERT, BORAX, etc.) our
knowledge of the dynamic behavior of reactors in reactivity transients has
been greatly expanded,

b, Our Imowledge of the ipherent cosfficients and paramaters which
lead to sutomatic terwinacion of reactivity excursions in water reactors with
low enriclesnt oxide cores hae been clarified,

¢. Through observation of many planned expariments and analysls of & faw
wnplamed iacidents, our knowledge of factors affecting petential reactions
between water and various metals commonly used in core constroction haw basn
aextendad,

d. Throvgh extensive small scale experimemis, currently beilng expanded
Inte experiments utilizing large scale ﬂ:qu:l.p-ijnt. the factora affecting
potantial fractional release of f{ission products from damaged veactor Fusl
have been comsiderably claxified.

a. Our mdcntﬁdlng u_.'. radiation enbrictlesent of structural componemts
of reactors has been extended somewhat and, more imporiantly, a msassive long
ranga prograsm is begimming to yield a nmecassarily slow but valuable sccuomla~-
tion of data on this phenomsmon. Factors affectivg rediation embrittlemant™
and ics reversibility, are being systematicelly explored.

f. Energy relssases in potential reactor accidents, the subsequent
prassure nnd temperature transisnke, and design of structures to accommodate
these hava been extensively explored. For exampls, engineering sxpariments on
stale models have demonstrated that with prni:uly designed containment buildings,
“upper limic" energy rdalesses in fast reactoxrs will not ramult in braeach of
the contaimnent by sjection of top shiald plug, or othar potential wmissilas.

Much new knowledge about reactor behavior snd relisbility has also baen
gained by succeasful design and oparation of aucceseive “genexations” of

reactors, particularly of the water type, and by axparimental varistion of



components and operating wodes In such resctors, Much credit must be given to
reactor manufactureres and owners for the contribution to basic understanding of
resctors and hanca o resctor safety, which has smerged from this worki

a. The stability, coatrellabllity sad prediceability of bshavier of
certain types of reactors have been amply demonstrated,

b. The technology of cnnlﬁrollins and predicting powar distribution in
.eactord has been greatly advanced,

¢. Knowledge of burn-out raties, safe limite on heat fluxes and hence
of factore affecting safety margins in thermal Jasign have been ¢larified.

d. ‘111; technology of efficiency in fuel loading and fual ¢ycles, made
possibla by predictability im reactor characteristice and bﬂi'll\'iﬂl', through
flux {lattening, power density control, bucnable poisonn, chemical shime, ete,
has been graatly extended with concommitant implications for safety of reactorzs,

e, The technology of fuel element fabricatiom, qualicy control, etc. leading
to extended life expectancy, has also given greater confidence in safety.

Substantial improvements have been made in Enginesring. Safeguards:

When the Coamisaion's guide on selection of sites for powver resctors waa

published in 1961, the principle wae eatablished that, {f adequate and depend-

able sngineeting safsguards were included in cthe design of .the reactor, thara

could be ?omn reduction in distance requirements that othfruin wuld bes necessary.
A mtrong incmtive was thersfore placed on the reactor manufacturers and ownars

to devalop iwprovement in the safeguard systems in order to gain approval of

less isolated reactor sites. In ::nnuqumn..mny new and frultful idess on reactor
safeguatrd systems have been genaratad, and great strides have been made in

improving the sffectiveness and reliability of such syacems.
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In gafeguarde diracted towsrd prevention of reactoer sccidente, much
general progress and some specific advamcomonts since 1957 hava basn
accomplished, For convenience, an “accident-preveution” safeguard might
bo cefined as any device or system intendad o pravent sote mishap - breaskdown
of machinary, componsnt fallure or malfunction, oparater artver, ete, fm‘
eocalation inte, aay, & significanc zelaase of fission products from the
reactor fuel. Thug, te prevent sm ioadvertent rasctivity insartion from
cavging 4 major povar sxcursion shnd fusl aeledown, a system for vapid
sutomatic vod insercion o resctor sctaa iv provided, To prevent a loss
of coolant from cousing fusl ¢verheating and meltdewn, ap emergency cooling
syetem is provided,

In additiem to these two sxamples, accident prevention safeguards would
,imeludet

a. A polson injection ;yltn te assist in saergency shutdownm,

b. Indepandsnt source(s) of main station power, in case the primary
spurce of power should fail. J

€+ A high preseure corea spray system to ¢ool the fuel, in case
¢ireulation line, etc. are inopevativae. N

Agide from specific accident-prevemtion safe-uvard systems, substantial
pmgi:u in the prevention of accidents bas also ocen made through developaeat
of mate q=£initivt standards, codes and :pmiiicn;im for the design and
construction of resctor presaurs vessals, tha valvas and piping of the
primary system and other vital reactor compopents,

Perhaps even more obvious advancenents have been made in epfeguard
systems directed toward minimizing the hazavdous consequences of 4- major

acclident, should cne occur, ¥o substantial hazazde to the public ariss from

———




OFFICIAL LISE-ONEY—

accldenta in reactora unless significant portions of the radicactivity in-
ventory Ehould @ecape from the resctor facility into the envirooment. Thare-
fore, in conformity with the definition of sccidents given abovae, "conskquances-
limiring" safeguards would heve as their asntral purpoee the prevention of
fission produnct releass to the enviromment which might have accidentally
eacaped from tha fue]l.
Among euch safeguards which have baen developed are the following:
a, Improved sources of auxiliary power fo keep essential equipment in
operation in caee of failure of normal and emergency power supplies.
b. Spraysvaghdowm asystemz to quench stess, reduce air temparaturs, aad
wagh down fission products in the contaimment in case of accidents.
¢. Filter pyscems €o collect fission products h:,; intaernal recirculation
of building atsosphera.
4. Containment buildings of high strength and low-lsakage, A nimber
of improved new contalwment concepts have been evolved, such aasi
{1) Double-containment-with-pumpback, end extra shielding outeide
{2) Dry well containment with vapor suppreesion
{3} Doubls vapor supprassion
Such safeguard systems provide a basis for increamssd confidence in the
level of protection againet potential accidents in the cperation of nuclear
reactors,

Accumulated reactor opsrating experience has been greatly expanded and
continues to ba highly successful;:

In any machinery as complex as & rsactor facility it is inevicable that
structural fallures, instrument malfunctions, operators' errors and other

mighape will occur, daspite the most caraful design and rigid schedules of
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maintenance and adwinistrative control. &Such has been the experience with
reactot installations. Analysis of the veactor accident experlence over a
sufficient period of time would provide a basis, actuslly the only relisble one,
for eatimating the actual hazaxrd to the public from such faciliclan,

Some pertinent facte aml opbservations oo the extent of our experience to
date are presented hers: |

1. Reactor Accidents:

For the 250 odd teactﬁra*, built over the 22 year period since th;

first Teactor in 1342, and operated for a total of about 1500 reactor yauéa,
only some 20 reactor accidents have”uccurrad of sufficlent severiry to cause
injury to people or significant domage to the facility. Ho reactor accidemts hawva
occurred of sufficient magnituda to cauvse injury to members of the general public:
only 3 workera have been killed, all in on# accident; very few other workers have
recelived overexposure to radiation.

Lese than half dozen such sccidents have occurred in the ___ large power,
production or propulaion reactors.vd

No damaging accidents have occurred in the __ power Ilﬂ:#ﬂtl now in use
for cantral sctation electyic power generation.

Mot of the demaging accidents by far have oceurred in small u:xperiment:l,
davelopmental or resesarch facilitias, often purposely located at remote sites

bacauna of tha flexible exploratory natura of thelr programs. BSuch was the cage

with rthe reactor in which 3 workers wera killad.

W w W w =

* This tabulation does not include eritical facilities or accidental criticality
events in fuel processing plants.

%+ Losm of the Threcher is an sxceptional case, not included in chis tabulatioa,
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Statistical Sisnificance of Aceident Record:

What can one say about the probability of cataatrophic, publicly
hazardous reacter accidents frow the »xperience to date? There have baan
ne such accfdents in approximataly 2530 resctors operatad for a cumulstive
total of about 1500 rsactor yeacs.
For aimplicity of calculation Lt is sesumed that all the reactare
are alike as to their probablility of catastrophie a¢cidents. Then, based
on the further asosusption that the cccurrance of catastrophic reactor accldents
followa a normal Foieson distribution, simple mathematics would show that the
probability of catastrophic accidenta, at the 95% level of :onfidaﬁ;.. is aot
wmore than 1/500 per reactor year of operation, The nntyll probablilicy ia
certainly & great deal smaller, but the extent of Teactor eperation Lo alwmply
insufficient to deponstrate this, TPor exsuple, if there were 15,000 reactor
yeare ~f unpatieﬁtc without a catastrophiec sccident, the prohability of such
accidenta, at the 953 confidence level, mnﬁld ba oot wore than 1/5000 par Fear,
Such an approsch, of course, predicts that the probability of catastrophic
accidente is not lazger than 1 in 500 per resctor vear, but it doed aot say how
low thie probabiliecy ia --- which is the queutian'of real {mportance, -
Thus, it wust be concluded that projection of our preeent reactor oparating
and accident experisnce cannot be used to predict an expected frequency of

Glt&itlﬂphiﬂrIEIttnt accidents,
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Factors contributing to unnertaintx:

Despicte the basip of confidence in tha safacy of reactors provided by the

many factore mentioned above, a few sepects of the present status of reactor
technology prevent a firm and final conclusion that A major hazard to people froo
a reactor accident csnnot occur. Among the more significant of these are:

a. Abnormal 1ncidente: In all complex system of machinery, migheps of
many kinds ocour. At every reactor faciliry a long 1tst of cparating abnormalitias
occur over a pariod of cime, and & complete tabulation for all reactora would
includa thuu;and: of such ineidents, PBraakdown of machinery, malfunccion of
ingtrunents, deviations from established procadures and operators' errora wuﬁld

be among thesa incidents,

If

Such experiences give riss simultansously to both reassurance and to
uncertaincy. Reassuranca arlueu+£ruu realization that programe of safeiy surely
must ba large for this nmmber of mishaps to have resulted in so few damaging
avanta, mentioned above, and no avents of maganitude to h;ve caused damage to the
public. On tha other hand, tﬂtnliy unexpectad sbnormal situations do nccﬁr, and
ic is the cass that relatively minor evants 1q than;elvaa. in combinacion wi;h
other abmormalities, can turn an insignificant situation inte a majer sceldent.

b. Sarious Inciplent Fallures: There have heen diacovered in Taactor
ayatems a few incipient failuras which, had complste failure occurrad, would
have rasulted in more serious mccidents than any thus far experienced. As
gxamples, in thraa reactors two or threa of the stud bolte on the hasd closure

of the main pragsure vessal or at crucial locations within che pressure vessal

wera badly eracked or broken. In another reactor two main control rod shefts
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were found to be cracked from atreas corrosion in two reactors wignificant
ctacks were found 1n Che piping of the main primary coslant system. Small,
easily visualizable extensioms of these situationa could h;vu lad to sarious
accidents ,though still by no means neceasarily to major public hazardse, for
additional protective safeguards would atiil have remained.

c, Mapy of the more imaginativa and extensive mafeguard systems
deajigned for power reactors have not yat been proven out by simulated tescs
or operating experience on the reactor facility of which they are a parc. :

d, Because of the high level of induced radicactivity, the interior
surfaces of major components of cthe primary system cannot ba inspectad for '
evidence of incipient failuras. Thege ara the vital components uherq majar

+ tupturas would have aoat sarious coasequences.

e. No large powar reactors have yat heen carried through a major portiom
of their ewpected lifetime. It ig nof yet knowm what pattarn of long term cumuletive
effects leading to faillures will be rQVEgléﬂ in the lattar half of reactor lifa.

f. In a fev areas aur‘snfety research programs are addressed reo difficulrc
technical problems on which sufffcient information has mot yet been established '
to give complete assuranca that all necessary and appropriate pracauvtions are
being taken. Awong there, the smbritclement of atructural components by
frradiation and tha poseibility of chemical reactions betwesn water and cartain
metale frequently used in reactor structures are examples.

g. Reactor technology i# atill im & relatively early stage of devalopment
and it i not yet certain that all posaibilitiss nflunsafa behavior hava been
identified and appropriately safeguarded. As an exsmple, theare cccurred in the

SL-1 accident 4 completely unexpectad vater-hmmer phanomenon which projacted

the massive.pressure vessel completely out of ite normal location and shaared

all connections to auxiliary apparatus,

i IR BN Y1 Y 2
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From all che informakion availeble about reactors and their beshavior
and iroem the cumulated reactor experience to the present time, chere ia
a basis for confident belief that the likelihood of occurrence of reactor
accldents of sufficieni severity to smdanger fhe public 18 axceedingly low,
oven lower than would have been estimated at the time of the first report
on Theoretical Poemibilities and Consaquencas of Major Aécidents in Large
. ﬁunlear Fower Planks.

On tha-othnr hand, rthe posaibility that such accidents might occur
cannot be excluded and there has been aceumulated some evidence that a
few failures may haﬁe Almost otcurred wvhich could have resulted in mora
esrious accidents than any whichk hoave thus far besn experisnced. Howvever, °
avan had thaese incipient failures resulied in major breaches of the
primary cooling systems, thers stil]l would have remained seaveral safeguard
barriers against the release of 'rndiuttivity in significant amowmts to ths

environment .,

Thus, all the evidence available to the pressnt time indicates that *
the probability of accildeénts in the publicly hakaydous category of those
analyzed :l;n the summary report from Brookheven attachaed herste have
exceedingly low likelihood of cceurrence, though muwclear technology is now and
probably will Tremain for a long time in the uncomfortabla position where naither
the impossibility nor the prohability of these conceivable occurrances cam

ba positively demonstrated or quantitatively measured.
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PRESSURIZED WATER REACTOR IN DUAL BARRIER CONTAINMENT
BASED ON MALIBU REACTOR FACILITY

In this pressurized water reactor, heat iz gbsorbed by water in the primary coolant system flowing through the
reactor vessel and is transferred to the gecondary ant system in a steam gemerator where steam is produced
and delivored to a turbine located outside of the contaimment structure,

REACTOR VESSEL - Berves to contain the nuclear core which beats the recirculated water in the primary

coolant system,
Deslgn Pressure = 2485 pounds per square inch.
Design Temperature - 850° F.

Thicknese and Diameter - 10-1/2 inches by 14-1/2 feet.

CONTAINMENT VESSEL - Serves to prevent the leakage (within 1imits) of radioactivity released to the contain-
ment atmosphere in the event of an accidental meltdown of the nuclear core.

Leakage from containment veasel limited by 2 steel membranes separated by 2-1/2 feet porous
concrete zone, maintained at a pressure less than atmospheric by pump-back compressor aystem,

Outer 5 fi. conerete shell serves to withetand internal pressure and alse as a biological shielding
for parsonnel protection.

Design Pressure = 4{) pounds per aquare inch,
Allowable Leakage Rate - 0,1% of contained volume per day.
Thickness of Membranes - 3/8 inch,

Diameter of Vessel = 135 feet.

CONTAINMENT WATER S3PRAY - Removes iodine in containment atmosphere by washing getion, and condenses
gteam released by rupture of main coolant aystem,

CONTAINMENT AIR COOLING - Maintains alr temperature below 1209F. during normal operation, and cools
and c&ri;g:?sea vapors in comtalnment atmosphere to prevemt overpressure due to decay heat
EEneT

CHEMICAL REACTOR SHUTDOWN SYSTEM - Provides for injection of boric acid sclution (neutron absorber
into the reactor vessel to hold the nuclear core sub-eritical in the event neutron shsorbing contro
roda fail to function,

CORE SAFETY INJECTION SYSTEM - Provides for injection of water into the reactor vessel in the event of a
lw coolat eystem rupture in order to maintain corse cooling and prevent fuel element
m e

to decay heat genaraiion.
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Chart2

SINGLE CYCLE BOILING WATER REACTOR IN PRESSURE-SUPPRESSION CONTAINMENT
BASED ON JERSEY CENTRAL REACTOR FACILITY

In this asingle ¢yele boiling water reactor, the water in the prim eoolant gyatem ing th h
the reactor curgclis eonverted directly into steam which Ispin tua:n?dauverad?t?: the%um luﬂgd
outside of the coniainment vessel.

REACTOR VESSEL - Serves to contadn the muclear core which heats the reclrenlated waker in the
primary coolant system to the boiling polnt.

Design Preasure = 1250 pounds per square inch,
Design Temperature - 57RO F,
Thicknees and Diameter - 7-3/8 inches by 17-2/3 feet,

CONTAINMENT VESSEL - Serves to Erwent the leakage (within I1imits) of radioactivity released to
the containment atmosphere In the event of an accidental meltdown of the nuclear core.
‘The flashing steam and water in the containment aimosphere {dry well) resulting from
a rupture of the primary coolant system is directed into a pool of water (pressure-
suppreseion chamber), Upon condensation, a rapid reduction in the overpressure in
the containment results,

Design Preasure - 82 peig {dry well) 35 psig (pressure-suppression)
Allowable Leakage Rate - 0, 5% comtained volume per day.

EMERGEMCY CONDENSER SYSTEM - Provides a cooling gystem to dissipate reactor decay heat
following reactor scram requiring closure of the isolation valves in the primary
coolant system.

CHEMICAL REACTOR SHUTDOWN SYSTEM - FProvidea for injection of horic acid solution {neutron
absorber) into the reaetor vessel to bold the nuclear core sub-g¢ritical in the event
neutron absorbing comtrol rods fail to function,

CORE SAFETY INJECTION SYSTEM - Provides for injection of water into the reactor vessel in the
event of a large primary coolant aystem rupture in order to maintain core ecoling and
prevent fuel ent meltdown due to decay heat generation,
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Chart 3

MAXIMUM ACCIDENT ASSUMPTIONS AND CALCULATED POTENTIAL CONSEQUENCES

BROOEKHAVEN REPORT ANALYSIS

1.

Logs of epolant aceident oceurs
and results in a 100% core melé-
down and of the contain-
ment vessel. 100% of noble gaa,
100% of jodine and 1% of solid
fission products escape Irom
fuel to containmant atmosphere,

100% of the nohle gnﬁdlﬂo%nf
iodine and 1% of =olid fission
roducts, indtially in fuel, leak
rom c¢ontainment vessel as a
puif tvpe cloud release.

Doses at 1/2 mile from passing
¢lond are 2,700 rad whole bod
and 4, 500, 080 rad to the thyroia,

Dosea from passing cloud at 7, 5
milea are 240 rad whole body
and 67, 000 rad to the thyroid.

1,

REGULATORY STAFF ANALYSIS

Spontaneous double ended re of largest primary
coolant system pipe comnected to reactor veassl cecurs
ingide of the containment vessel resulting in a lo#s-of-
coolant accident.

a, Pressure inalde comtainment Increases in 18 seconds
from 0 psig to peak value of 32 psig.

b, Coolant amd moderator i3 lost from pressare vessel
doe to flashing, entrainment, and/or boiling,

c. Reactor is shudown bt fuel cladding melis due to
continued decay heat generation within Fuel,

d, 100% of noble gas, 50% of iodine and 1% of solid fis-
sion products are released from fuel to contalnment
atmosphere,

Presgure inside comtainment decreases from peak
value of 32 peig to 15 paig in 20 hours due to condens-
ing of ateam on containment walls, and heat radiation
and conduction from containment veseel to atmosphere,

0% of the iodine released from fuel iz plated out on
containment walls,

100% of noble gas, 25% (50% of 60%) of 1odine and 1% of
solid fission products initially in fuel leak from con-
talnment vessel at a rate of 0, 1% per day,

Doges at 1/2 mile in 2 hours are 1,7 rad whole body
and 290 rad to the thyroid,

a. Doseg at 7,5 miles in 24 houra are 0, 3 rad whole
body and 40 rad to the thyroid,

b. Doses at 7.5 miles in 30 dags are 0.0 rad whole
body and 260 rad to the thyroid,




Chart 4

METHODS TO PREVENT UNCONTROLLED RELEASES OF FISSION PRODUCTS FROM REACTOR FACILITIES

1.

Degign and ifabrication of fuel elements and
their cladding so as to maintain cladding
integrity during normal and abnormal oper-
atione of the reactor,

Eﬁm and pru'gsinn of reliable instrumen-
on system t0 measure operating para-
meters of the reactor,

Design and provision of reliable reactor
safety system to cause initiation of reactor
8 wn in the event of abnormal operating
conditions,

Design and provision of reliable eontrol rod
drive system to shutdown the reactor in the
event of abnormal operating conditions,

Design and provision of emergency chemical
reactor shutdown system to hold the omclear
core subcritical in the event control rods
fail to function.

Design and fabrication of primmary coclant
gyetem to maintain its integrity under nor-
mal and abnormal operating conditions.

Design and provision of coolant purification
system to maintain proper coolant chemistry
in order to avold corrosion of primary sys-
tem materials,

1.

11,

12,

13.

14,

Design and provision of pressure relief
system to maintain coolant pressure in the
primary system within allowable limits,

Deslgn and provision of emergency condens-
er to provide a cooling system to dissipate
reactor decay heat following reactor scram
requiring closure of isolation valves in the
primary coolant eystem.

Proviaion of well-trained reactor operating
staff with competent technical support staff,

Delineation of clear-cut lines of authority with
a clear definition of the responsibility of

individuals for safety of reactor operations.

Usze of detailed writien procedures covering
all phases of reactor operation.

Provision for periodic tests of performance
of reactor componants and systema,

Provision for timely preventive and correc-
tive maintenance of reactor components and
gystems,




Chart 5

METHODS TO REDUCE CONSEQUENCES OF UNCONTROLLED RELEASES OF FISSION
PRODUCTS FROM REACTOR FACILITIES

Design andprovision of core safety injection 4,
gystem for injection of water imto the reactor

vesael in the event of alarﬁ primary cool-

ant system rupture in orderto maintain core

cooling and reduce amount of fuel element

meltdown due to decay heat generation.

Design and provision of eontainment spray B,
system to reduce containment preggure

followlng an accidental release of steam

from a rupture in the primary coolant sys-

tem, The scrubbing action of the water

spray also removes from the containment
atmosphere some of the lodine vapors and

solld radicactive contaminants which may 6.
be released from a fuel element meltdown.,

Design and provision of contalnmemi air

cooling system to cool and condense steam

in contalnment atmosphere resulting from a

rupture in primary coolant system rupture T,
in grder to prevent contalnment overpros-

gure due to decay heat generation.

Design and provision of contatnment airfil-
ters to remove radioactive materials, par-
ticularly iodines, releaded to the contain-
ment atmosphere inthe event of fuel element
meltdown,

Design and provision of containment vessel
to prevent the le (within 1imits) of
T actlvity released to the containment
atmosphere in the event of fuel element
meltdowm,

Design and provision of pump back compres-
gsor system to maintain a nepative pressure
between double containment shells and to
pump any leakage from negative pressure
zone loto the inner containment shell,

Design and provision of emergency power
syatem to provide necesaary power in the
event of loss of normal power supply.



: mﬁwﬂ o SUMMARY OF USUAL PROCESSING TIME FOR CONSTRUCTION PERMIT FOR "CONVENTIONAL"

WATER POWER REACTORS
(JERSEY CENTRAL USBED AS EXAMPLE}

Date Hem Months

Elspeod
4/80/64 w=—————==  Application for construction permit recelved, 0
5/1/64 mJ ACRS Subcommiltes and Regulatory Staff toured reactor site, 1
8/4/64 MM Regulatory Staff Request for additional information. 2
7/2/64 m..w Amendment 2 submitted company in response to request for 3
8/7/64 mm ACHS Subeommifttee meoting. 4
8/13/64 Regulatory Staff Safety Anslysis forwarded to ACRS. 4-1/2
h m\_uu\m__ mmm ACRS Meeting. B
“
8/26/64 m = ACRS report to Chalrman, AEC. 5
9/9/64 Mmmw Notice of public hearing published, 5
5/28/84 .m Hﬂﬁ ﬁw:ﬂﬁﬂu Analys}s made available to Hearing Board ¢
10/14-16/64 mw Public Hearing, Tom's River, New Jereey, &
12/4/64 mﬂ Decision of Atomic Safety & Licensing Board issued. 8
12/15/64 —  Issusmnee of Construetion Permit, &1/2
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Chart 1
PRESSURIZED WATER REACTOR IN DUAL BARRIER CONTAINMENT
BABED ON MALIBU REACTOR FACILITY

I this pressurized water reactor, heat is absorbed by water in the primary coolant system flowing through the

reactor vessel and is transferred {o the secondary system In a steam generator where steam is produced
and delivered to a turbine located outside of the contalnment structure,

REACTOR VESSEL - Served to contain the nuclear core which heats the recirculated water in the primary

coolant system,
Deaign Presaure - 2485 pounds per aquare inch,
Degion Temperature - 8500 F,

Thickness and Diameter - 10-1/2 inches by 14-1/2 feet.

CONTAINMENT VESSEL - Serves to prevent the leakage {within limite} of radioactivity released to the contain-

ment atmoaphere in the event of an accldental meltdown of the maclear eoras,

Lezkage from containment vessel limited by 2 steel membranes separated by 2-1/2 feet porous
concrete zone, maintained at a pressure less than atmespherie hy pump=hback compressor system,

Outer % ft, concrete ahell serves to withetand luternal pressure and also as a bhiological shielding
for persomnel protection,

Deogign Pressure - 40 pounds per square inch,
Allowable Leakage Rate - €, 1% of contained volume per day.
Thickness of Membranes - 3/8 inch,

Diameter of Vessel - 135 feet,

CONTAINMENT WATER SPRAY = Removes fodine in containment atmosphere by washing action, and condenses

steam released by rupturs of main coolant system.

CONTAINMENT AIR COOLING - Maintains alr temperature below 1200F, during normal operation, and cools

and menses vapors in contaimnent atmosphere to prevent overpressure dus to decay heat
generation,

CHEMICAL REACTOR SHUTDOWN SYSTEM - Provides for injection of boric acid solution (neutron absorber)

into the reactor vessel to hold the nuclear core sub-critical in the event neutron sbsorbing control
rods fail to function,

CORE SAFETY INJECTION SYSTEM - Provides for injection of water into the reactor vessel In the event of a

primary coolant saystem in order to maintaln core cooling and prevent fuel element
meltdown due to decay heat geuem
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Chart 2

SINGLE CYCLE BOILING WATER REACTOR IN PRESSURE-SUPPRESSION CONTAINMENT
BAJED ON JERSEY CENTRAL REACTOR FACILITY

In thiz single cycle bolling water reactor, the water in the primary coolant syatem flowing through
the reactor core i3 converted direcily i:nio steam which ia in turn delivered to the furbine located
outside of the containment vessel.

REACTOR VESSEL - Serves to comtain the nuclear core which heats the recirculated water in the
primary coolant system to the bolling point,

Design Pressure = 1250 pounda per aquare inch.
Deeign Temperature ~ 5750 F,
Thicknese and Diameter - 7-3/B inches by 17-2/3 foet.

CONTAINMENT VESSEL - Serves to Ea revent the leakage (within limits) of radioactivity released to
the contalnment atmosphere in the event of an accjidental meltdown of the nuclear core.
The flashing steamn and water in the containment atmosphere {dry well) resulting {rom
a rupture of the primary coolant system is directed inmto a pool of water {pressure-
guppression chamber), Upon condensation, a rapid reduction in the overpressure in
the contalnment results,

Design Pressure - 62 paig (dry well} 35 paig (pressure-suppresslon}
Allpwable Leakage Rate - 0. 5% contained volume per day.

EMERGENCY CONDENSER SYSTEM - Prnﬂdes a nnnl system to dissipate reactor decay heat
following r?antor scram requiring closure of isolation valves in the primary
coolant aysiem

CHEMICAL REACTOR SHUTDOWN SYSTEM - Provides for injection of boric acid solution (neutron
absorber) into the reactor vessel to hold the muclear core sab-critical in the event
neutron absorbing comirel rods fail to function,

CORE SAFETY INJECTION §YSTEM -~ Provides for injection of water into the reactor vesgel in the
event of a large primary coolant gyatem rupture in order to maintain core cooling and
prevent fuel element meltdown due to decay heat generation,
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Chart 3

MAXTMUM ACCIDENT ASSUMPTIONS AND CALCULATED POTENTIAL CONSEQUENCES

BROOKHAVEN REPORT ANALYSIS

L.

Losa of coolant accldent occurs
and results in a 100% core melt-
down and rupture of the contain-
ment vesgel, 100% of noble gas,
100% of iodine and 1% of solid
fisalon products escape from
fuel to containment atmosphere.

100% of the noble gas, 100% of
iodine and 1% of sold fission
roducts, Initially in fuel, leak
rom containment vessel as a
puff type cloud release,

Doses at 1/2 mile fmnl:ttimmg
cloud ars 2, 700 rad whole bu;:‘li
and 4, 500, 030 rad to the thyro

Doges from passing cloud at 7,5
miles are 240 rad whole body
and 67, 000 rad to the thyrold.

REGULATORY STAFF ANALYSIS

Spontaneona double ended of largest primary
coolant aystem pipe comnected to reactor vessel gecurs
inside of the ecomtainment vegsel rasulting in a loss-of-

coolant accident,

#, Pressure inside contaioment increases in 18 seconds
from 0 peig to peak value of 32 peig.

b. Coolant and moderator 1z lost {rom pressure vessal
dus to flashing, entrainment, and/or boiling,

¢, Reactor 18 slutdown but fusl cladding melts due to
continued decay heat generation within fuel.

d, 100% of noble gae, 50% of lodine and 1% of solid fis-
gion products are releaged from fuel to containment
atmosphere,

Proessure inside containoment decreases from peak
value of 32 paig to 15 peig in 20 hours dus to condens-
ing of steam on ent walls, and heat radiation
and conduction from containment vessel to atmosphere,

50% of the fodine released from fuel i plated out on
containment walls,

100% of noble gas, 25% (50% of 50%) of iodine and 1% of
solid fissfon products initially in fuel leak from con-
tainmeni vessel at a rate of 0. 1% per day.

Doses at 1/2 mile in 2 hours are 1.7 rad whole body
and 290 rad to the thyroid.

a, Doses at 7,5 miles in 24 hours are 0.3 rad whole
body and 40 rad to the thyroid,

b. Dogea at 7.5 miles in 30 daye are 0.6 rad whole
body and 280 rad to the thyroid,



Chart &

METHODS TO PREVENT UNCONTROLLED RELEASES OF FISSEON PRODUCTS FROM REACTOR FACILITIES

1. Design and fabrication of fuel elements and 8. Design and provision of pressure relief

?l

their cladding so as to maintain cladding
integrity during normal and abnormal opsr-
ations of the reactor,

Deegign and provigion of reliable instrumen-
tation system tc measure operating para-
meters of the reactor.

Design and provision of reliable reactor
saf gystem to caunse initiation of reactor
8 in the event of abnormal operating
conditions.

Degign and provision of reliable conirol rod
drive system to shuidown the reactor in the
event of abnormal cperating eonditions,

Design and provision of emergency chemieal
reactor shutdown system to hold the miclear
core suberitical in the event conirol rods
fadl to function,

Design and fabrication of primary coolant
system to maintain its integrity under nor-
mal and abnormal operating conditions.

Design and provision of coolant purification
gystem to maintain proper coolant chemistry
in order {0 avoid corrosion of primary sys-
tem materials,

10,

11,

12,

13,

aystem 10 maintain coolant preasure in the
primary system within allowable limits,

ngmﬂaion of emergency condens-
er I:u provide a cooling syetem to diesipate
reactor decay heat following reactor scram
requiring closure of isoclation valves jn the

primary coolant system,

Provizsion of well-trained reactor oper
staff with competent technical support

Delineakion of clear-cut lines of authority with
a clear definition of the responsibility of
individuals for safety of reactor operations,

Use of detalled written procedures covering
all phases of reactor operation,

Provision for periodic tests of performance
of reactor components and systems,

Provision for timely preventive and correc-
tive maintenance of reactor components and

gystems,
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Chart 5

METHODS TO REDUCE CONSEQUENCES OF UNCONTROLLED RELEASES OF FISSION
PRODUCTS FROM REACTOR FACILITIES

Desigm and provision of core saf.

injects
system for injection of waler inio

e reactor

vessgel in the event of a large primary cool-

ant system rupture in orderto maintain core
and reduce amount of fuel element
meltdown due to decay heat generation.

Design and provision of containment spray
syetem to reduce contalmment pressure
following an accidental release of steam
from a rupture in the primary coolant sys-
tem, The scrubbing action of the water
spray also removes from the containment
atmosphere some of the iodine vapors and
solid radioactive comtaminamis which may
be released from a fuel element meltdown.

Design and provieion of containment air
cooling aystem to cool and condense steam
in containment atmosphere resulting from a
rupture in primary coolant system rupture
in order to prevent conmtainment overpres-
sure due to decay heat generation,

4.

Design and provision of containment alrfil-
ters to remove radioactive materials,ngal.;-
ticularly iodines, released to the contain-
ment aimosphere Inthe event of fuel element
melidowm,

Design and provision of containment vessel
to prevent the le (within 1imits} of
r activity releazed to the containment
atmosphere in the event of fuel element
meltdown.

Desjgn andprovision of pump back comprea-
sor Aystem to maintain a negative pressure
between double containment shells and to

pump any leakage from negative pressure
zone into the inner containment shell.

Deslpn and provision of emergency power
gystem to provide necessary power in the

event of loss of normal power supply.




SUMMARY OF USUAL PROCESSING TIME FOR CONSTRUCTION PERMIT FOR "CONVENTIONAL"

Date

3/30/84
5/1/64
6/4/84

7/3/64

8/7/64
8/13/64
B/25/64

B/28/64

9/0/64

9/28/64

10/14-16/64
12/4/64

12/15/64

3taff & ACHS Subcommittee
Review (4-1/2 mos, )

Full ACRS
Roeview
{15 days)

Statf

Anal,
{12

}

ing

Board-Heay
(2 mos, )

WATER POWER REACTORS
(JERSEY CENTRAL USED A5 EXAMPLE)

em

Application for construction permit received,
ACRS Subcommittee and Regulatory Staff toured reactor site,
Regulatory Staff Request for additional information.

Amendment 3 submitied company in response to request for
additional information

ACRS Subcommittee meeting.

Regulatory Staff Safety Analysie forwarded to ACRS.
ACRS Mesting,

ACRS report to Chairman, AEC,

Notice of public hearing published.

Final Staff Safety Analyeis made available to Hearing Board
and to public.

Public Hearing, Tom's River, New Jersey.
Decision of Atomic Safety & Licensing Board issued,

Iasuance of Constructiocn Permit.

8-1/2




BACKGROUND ETATEMENT June 18, 1865
ON
REACTGR LICENSING PROCEDURES AND REACTOR SAPETY

PROCEDURES IN LICENSING NUCLEAR REACTORS

Protection of health and safety is the primary poal of the Atowic Energy
Commission's regulatory program. Under this program, the licensed uses of
radloactive materials and the construction und operation of licensed nuclearx
facilities, of which reactors are one type, are regulated by AEC. State and
local officials are kept inforwed of AEC licensing actions taken in comnection
With a power reactor project.

The following is a general summary of the main steps in the licemsing
of a muclear power recactor.

Salection of a Reactor Site -- Pactors considexed by the Cowmission in
judging the safety of proposed sites for power reactors include dimensions
and characteristics of the site under the operatox's cantral; popolation
density in the arsa surrounding the proposed site, and the uses which are
made of this area, such as industrial, farming or residential: and rhe
seismnlogy, metecorclopy, geclogy and hydrology of the area. Other factors
considersd ave the characteristics of the proposed reactor, including
maximos powsr lovel, use of the facility, and the sufeguards =agineered
into the plant either to prevent or to limit the consequences of accidemts;
and the extent to which the design of the reactor incorporates wnique or
tmusual festures which may have a significant bearing on the probability or
consaquences of an accident,

Bafore formally filing an spplication for construction and eperation
of a power reactor, m prospective applicant may discuss possible sitss for
the reactor with the Commission's regulatory staff and with the AEC
Advisory Committee on Reactor Safepgnards, a committes compozed of scientists
and enginesrs who are eminently qualified in the various fields related
to reactor technology. The ACRS advises the Commission on safety aspects of
reactozrs. In this way an applicant can receive additional gunidance as to
the acceptability of a zite and the informatiom which sost be included in
the application for a license to constyuct and operate a reactoer.
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Application for a Construction Permit -- Once a company has decided it

wants to bufild » power reactor st g particuler site, it sust f£file an appli-
cation with the Commission for a permit to begin constructiom. Such things
as site exploration, site excavation, procurement or manufacture of
compoments snd construction of non-muclear facilities may be done without
an AEC construction permit.

Along with the application, the company files a preliminary safsguards
report. This report sets ocut in as much detail as is then possible the
technical aspects of the proposed resctor, 5 well ax comprehensive data
on the proposed site. The report discusses conceivable accidents which mipght
occur and the safeguards which will be provided to prevent accidents, or if
they should occur, to prevent overexposure of the public and smployees to
radiation.

The safeguards report is carefully studied by the regulatory staff.
Copies ure sent to the Commission's Advisory Committes an Reactor Safeguards,
as well as to state and local officials, and are placed in AEC's Public
Document Room. A public announcessnt of the receipt of the application is
issved by AEC and a notice is published in the Federal Register. Copies
of all correspondence and filings relating to the application are placed
in the public records of the Commission.

The Atomic Energy Act includes provisions establishing the Advisory
Committes on Reactor Safeguards as a statutory committee, requiring certain
of its safety reports be ande public, and requiring that public hearings
be held on certain reactor license applications.

Review and Safety Bvaluation -- The appliczation iz reviewed by
technical exparts of the Commission's repulatory staff. This staff iz
headed by the Director of Regulatiom, who reports directly to the
Comnission, The thoronph technical review of the application includes
consideration of all the radiation safety aspects of the proposed reactor,
as well as the applicant's technical and financial qualifications, The
regulatory staff supplements this study of the hazapds summsary report
with conferences with conferences with the technical staff of the appli-
cant, and way ask for faorther information if this is required in the
safoty determination vhich must be made.
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The data submitted must provide the necessary information to permit
evaluation of the adequacy of the proposed site for a reactor of the power
level and type plamned. Even though complete design detalls are usually not
available at the time of the application for a comstruction permit, the
data submitted must provide reasonable assurance that a reactor of the type
and power level proposed can be constructed and operated at the selected
site without endangering the health and safety of the public, including
plant employees,

ACRS Safety Evaluation -- Before completing its review the regulatory
staff analyzes the safety aspects of the proposed power reactor and
prepares a summary of this analysis for the Advisory Committee om Reactor
Safeguards, which has already received the applicant'’s preliminary safe-
guards report, Particular problems which may exist are identified for
consideration by ACES. Representatives of the applicant and members of the
Tegulatory staff usually meet with the ACRS to deal with gquestions that
arise during the Committee's review of the reactor. When it has reached
a conclusion as 1o safety aspects of the proposed reactor, the ACRS reports
its views to the Commission. This report is made public.

Hearing on Construction Permit -- The next step in the regulatory
process is the scheduling of a public hearing to consider izsuance of A
construction permit for the reactor. The public iz given 30 days' notice
of the hearing date, through a notice published in the Federal Register,
In addition, 2 public announcement is issued by AEC.

Approximately 20 days in advance of the publiec hearing, an analysis
of the safety aspects of the propozed reactor, prepared by the regulatory
staff, is mede svailable to the public. This analysis tskes into accoumt
the recomnendations and advice of the ACRS. Copies of this analysis are
furnished to newspapers in the area which surrounds the proposed site of
the reactor.

The public hearing is cenducted either by an atomic safety and
licensing board, or by a hearing examiner. An stomic safety and licensing
board is composed of two persons who are techmically qualified and ane
person who is qualified to conduct administrative proceedings.
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The application, any amendments to the application which muy have been
filed, smd any other pertinent documents are subnitted for the record.
Testimony is presemted both by the applicant and the AEC regulatory staff
on the safety aspects of the reactor and on the spplicant's technical apd
financial qualificatioms to censtruct the reactor. In additjon, the
Commission's Tules of practice permit persoms whose interests may be
affected by the proceeding to intervene as parties. Persons who wizh only
to make » statement of their views concerning the project may bs permitted
to make "limited appearances."

The proceedings are conducted inforwally, censistemt with legal
requiresents and fairness to mll parties.

Final Actiom on Construction Permit -- The licensing board or hearing
exapiney considers the evidence which has been presented, together with
any briefs which may have been filed, and issues & decision. These
decisions aye subject to review by the full Commission upon its own motiom or
upor filing of a petition for review which the Commission sccepts. In the
sbsence of Commission review, the decision becones effective om w specified
date,

If suthorized by the decision, a construction permit is issued. The
permit for a power rewctor may be provisionml in that it takes inte
accoumt the fact that complete technical data being developed by the
applicant will be required latex to complete the safety analysis. The
permit must include s finding, however, that AEC is satisfied it has encuph
information to provide reesonsble assurance that a facility of the type
and size propused camn be constructed and operated safely at the proposed
location.

The Cosmission, as a matter of practice, inforaally reviews proposed
construction permits and operating licenses in cases where no hearing is
held.

Oporating License -- As constructicn proceeds om the reactor, it is
inspected periodically by representatives of the Commission's Division
of Cowpliance to assure that the requirements of the construction perwit
are mot,
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Eventually, the applicant submits the remsinder of the required informa-
tion, includiag plans for operation and procedures for coping with
epergency sitvations, and pertinent details on the final design of the
reactor itself - such 23 containment design, desipn af the nuclesr core,
and waste dispozal systems, Once again the regolatory staff makes g
detailed review of the informmtion om the reactor and presents a SuUmmary
of itz views to the Advisory Committee on Resctor Safeguards. The report
subsequently develeped containing advice by the ACRS to the Commission
is made public.

¥When the Advisory Committes on Reactor Safeguards and the AEC regulatorxy
staff have completed their preoperational safety reviews, the Comshission
in irs discretion may issue an operating license (after the requirved safety
deteraination has been made] or it may schedule a public hearing to
comsider issuance of the licansa. In the svent no hearing is schedulad,
2 30-day public notice is published stating that in the absence of =
timely petition to intervene, mng request for a hearing, the license will
be issuad, Before final action on the license, the regulatory staff's
analysis of the safety aspects is made available to tha public.

If a public hearing is held, the decision of the licensing board or
hearing examiner is subject to Commission review.

If the decision is favorable, an operating license is issued to the
applicemt. This license may be provisiopal for an initial period of
operation, at the end of which tise a review is made to determine condi-
tions for the full teym license (not more than 40 years).

Power reactors are brought up to fuoll power gradually, In soxe
ciases, & step-wise approach to full power operatiom is required by the
license, and on evaluation of operations is made by AEC before each new
step in power increase is begum. Persons who operiate 8 power raactor
mast be licensed by the Commission., They must pass an AEC examination
which includes an operating test and a written exsmination cn thedr
mowledge of specific details of the facility and the procedures used in
its operatien.




Continuing Review —- AEC inspection and review of power reactors dves
not stop when tho operating license js issued, The reactors are imnspected

periodically by representatives of the Comaission's Divisiom of Compliance
to maks cortain operations are being éonducted in accordance with terms of
the license.

Thus, reacitors are subject to detailed review by technical experts
before constyuction is permitted, before operation is permitted and
during the entire pericd of thedir cperaticn. In the event an unsafe
condition is discovered after operation beginas, the Commission has
authority to order the licensee to shut down the reactor and take any
safety measures which may be necessary. It should be emphasized, however,
that the owtstanding safety record of the atomic emergy industxy has been
achieved because parsons who deal with atomic energy respect the potentisl
hazards and exercise great care in the handling and use of atomic materials.

THE REGULATORY STAFF'S TECHNICAL REVIEW

The goal of the regulatory staff's technical analysis and safety
evaluation of nuclear reactor proposals is to assure that adequate pra-
visions have boen made in their siting, design, construction and
operation so that neither mormal operation nor sccidents will pose any
significant risk to the health and safety of the employess or the public.

Of overtiding importsnce in this review is the detexminatiom of the
adequacy of two general types of safegnards to (1) prevent the occurrence
of any credible accident, and (2) in the event that such an accident
should somehow occur, to prevent overexposure of the public and employees
to radiation,

The site as well as the principal features of the plant and its
operation come tnder scrutiny by the staff in arriving at such assurance.
Factors comsidered in judging the safety of proposed sites include
dimensicns and characteristics of the site umder the operator's contral:
population density in the area surrowmding the proposed site, and the
uses which are made of this arez, such as industrial, farming or
residential; und the ssismology. meteorology. geology and hydrology of
the area, [xilizetion ix made of the advice of recognized authorities
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in the pertinent fields of the project's enviromment, including Federal
-agencies such as the U. 5. Geological Survey and the U. 5. Weather Buresu.

The old adage that “an ounce of prevention is worth a pound of cure®
is particularly applicable to the overall safety problem of nuclear power
plant operation. Pirst attention is therefore given by the designer, the
spplicant and the regulatory staff to those facets nf reactor design
which are essential to stable operation within lieits known from experi-
mental and experience information to be adequate to protect the integrity
of the nuclesr fuel and primary coolsnt system. The nuclear limits wre
established for a particular core by s complicated nuclear design
procedure, and gumranteed during operation by nuclear comtrel instrumenta-
tion with accompanying "scram' devices set well below the points at which
fuel damage will occur. Limitations on the pressure, temperature and
flow of the priasry system cooclant are established from engineering
considerations, and are puaranteed by comparable 'stup'' devices set with
ample margia to protect the integrity of both the fuel amd the primary
coolant system. Administrative limitations on operating procedures must
be adequate to preclude the likelihood of operational errors that might
conceivably defeat the automatic protective desvices.

While accident preventiom is the cormerstone both of safety and of
the economics of puclear power generaticom, it is nevertheless necessary
to make provigions feor limiting the congequences of any accidentz that
may occur, despite Tthe precautions taken to prevent them. Such accidents
will be dus primarily to cospopent mglfunction or materials failure of
A typs that canmat usually be predicted, Accident consequence-limiting
devicos are an important part of every nuclear facility design, and the
regulatory staff takes a careful engineering look at the adequacy of
this feature in design proposals.

First and foremost is the emergency cooling system which is designed
to prevent core meltdmm in the event of a major rupture in the primary
cooling system that would interrupt the normal coolant flow, The
probable reliability of emergency cooling systems over the life of the
plunt, and methods of periodic checking of their operability cowe in
for close scrutiny by the staff,




If the emergency cooling system works as planned, no significant release
of fission prodocts from the cors should occur, oven with a major rupture
in the primary coolant system. But this cannot be taken for granted, end
provisions mmst therefore be made to contain sny fissiom products that may
be relesssd from the core in the svent of an accident involving both a
sajor rupture of the primsry system and the failure or partial malfumction
pf the swergency cooling devices. There are several different curreat
desigas of containment structures, all of which must be evaluated by the
staff with respect to their sdeqoacy to accommodate with suiteble :argiﬂs
of safety the pressure and energy releases resulting from a major break in
the primary system, and to hold the lesakage of fission products outside the
containment to accepteable limits as dstarmined by resident population
pattarng around the facility. The criteria used in the evalnation are
those set forrh in Part 100 of the Commission's regnlations.

Whara nesded to prevent over-pressurization of the containment or to
lower the iodine content of the containment atmosphere to meet off-gite
exposure requirements, two additional engineered safeguards have been
proposedfbr licenze applicants and ¥ust be evaloated by the staff. One
of these i3 a series of air recirculation fans equipped with re-cirenlating
coolant which Temoves the heat to the outside of the containment structures.
Where icdine is a problem, thesa fans are equipped with particulate filters.
Another enginesred safepguard is a containment spray system with built-in
heat exchanger which serves both to cool the containment air and to wash
out some of the icdine. In the pressure suppression type of containment,
primary system steam and also fodine are trappsd in a peol of water.

In its evaluation of the containment and other sngineered safeguards,
the regulatory staff concerms itself with such things as pressurs
capability, leak tightness and means of verification, Functioning of air
recirculution, filtrarion and spray systems under mccident cemditions,
and the reliability of emergency power to operate all essential equipment
in the event of an accident which might incapacitate normal zources of

power.
The disposal to the environment of radiocactive waztes generated in
the facility operation is limited by provisions set forth in Part 20 .of
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the Commission's regulations. HNevertheless, the regulatory staff evaluates
the proposed equipment and methods of mesting thess requirspents. Since
waste processing storage and monitoring are usually conducted outside the
reactor contpineent, the staff also makes an evalvation of the consequences
of aceldental releases of waste effluents.

COMPLIANCE INSPECTION

When a construction permit is issued, the inspection program of the
Division of Complimnce beging, and this surveillance continues throughout
the lifetime of the plant.

During the construction phase, the Compliance program is directed
primarily toward the gathering and reporting of information to substantiate
an aventual finding that the facility has been comstructed in accordance
with the construction permit, and that the preoperational tests demonstrate
that the facility and its componsnt system will perform as described im
the license application. In the coarse of pathering this information,
inspectors (1) examine the details of construction;(2) ascertazin whether
the applicaat and his contractors maintain an adoquate program of imspection
of the fabrication of crucial components; (3) examine the plans for, and
results of preoperational tests of components and systems, and witness
important tests; (4) review the status of the applicant's proposed detziled
operating and administrative procedures; and {5) review the applicant's
training program and the overall competence of the operating and technical

staff. The roview of pers¢mnel training and competence is later supplemented

by the examination of candidates for operator licenses by the Division of
Reactor Licensing.

After the initial operating license is isswed, the efforts of the
Division of Compliance are directed toward verifyving that the facility is
baing operated in accordance with the terms of the license and AEC rules
and regulations, and that no tmdue hazards exist. On-site inspections are
conducted at frequencies dependent upon the relative hazard potential of
the particular facility and the type of cperations curremtly being carried
on, Inspections are quite frequent for complex facilities during initial
operational testing, and much less frequemt during routine operation of
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standard reactors by experienced persomnel. During all inspections, the
primary aources of information are personal obzervation by the inspectors,
discussion with operating personnel, and review of opsrating lopgs and records.
Important aspects of the inspection program inelude:

(1) Observation of all phases of operation of the facility,

(2) review of operstion and adwministrative records,

(¥ stody of maintenance plans and performanses,

(4) investigation of uhusual oceurrences at the facility,

(5) evaluation of the adequacy of operating and emergency

procedures, and
(6) general review of organization and assignments of responsibility, and
. an overall assessment of panagement's views on safety.

In the course of the inspectipn pregram, close contact is maintained with
respomsible levels of ligensee management to assure that they are aware of any
deficiencies discovered, and to ascertain that adequate corrective measures are
uadertaken. Appropriate informal and formal -emforcemewt programs are available
for use as needed.

THE QPERATIONAL SAFETY RECORD OF NUCLEAR REACTIORS
In considering the extension of llabliity protection afferded by the
Price-Anderson legislation, it is appropriate to review the safeiy sxperience

accumulated in the operatisn of nuclear reactors and the presest outlook.

In sysmary, the number of reactors built and operated haz iscressed
sharply since 1927, the greatly expanded operating sxperience has bheen
accumulated with an outstaading record of safety, and belief im the extremely
low likelihood of publicly hazardous accidents can be beld with even greater
confidence today than could be supported in 1957,

Reactors Built and Operated
As of June, 195, a total of 28] reactors has been constructed and

operated in the United Stntus.* Reprosenting & wide variety of types and

L 3
Critical facilities, of which 53 cells have been constructed and operated,
are not iacluded in this total, though in some of them the loading goes
above “critical," and neutron chaln reaction does become self-sustaining.
In some cases 8 facility is used both as a critical and as a reactor
facility; its principal us¢ determines the categery. For example, the
Godiva facllity is listed as & critical facility, though at times it can
be considered a reactor,
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sizes, these reactors were bnilt for meny different functions, are located
at diverse types of sites, and have beéen operated by widely dissimilsr
orgenizations.

In size, these reactors ranged from rero power level to some of several
thousand megawatis thermal. Types included pressurized and boiling water,
orgatic, gus-cooled, sodium-cooled, pressure-tube, heavy water moderated,
super-heat and others. Their fanctions or purposes have included production
{of fissile material), propulsion (of wobile vehicles, namely, maritime
vesgsels), power (i. e., electric), experimental, research, testing and
teaining.

Reactors have been located as far spart as the two poles, almost
liferally. and at wany different places in between; in submatines, in
surface ships, at remote wilitary bases, at the isclated National Reacter
Testing Statiom in ldaho, en cellege campuses, in an airplane, in cities,
at remote sites in the coumtry, inm a satellite.

The 98 power, producticn and propulzien reactors have beem oparated for
a cumnlative total of almost 500 reactor years. The remaining 183 experi-
nental, test, research and training reactors have attained a conmlative
total of almost 1000 operating years.

Thus, & cusulative total of slmost 1500 reactor years of operation
has been logged by 281 reactors, collectively. The earliest power reactor,
Shippingport, vwhich began operatiom in 1957, has contributed 8 reactor
yaars. Nawtilus, the oldest sAuclear-propelled vessel, has accummlated 11
reactor years of operation. The Oak Ridge Graphite Reactor, at the time of
its shutdown in 1963, had 8 longer span in operational status than any
other reactor, 20 years,

it is significant to the discussion below that this record includes
the experience for all types of rTeactors operated under widely diverse
conditions, for different purpeses, and during those "early days" when
each reactor operation was a venture into gn unknowm ares, as well the
sxperience in more recent days when reactor techmology and practice have
become more firmly established.
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In considering this 1500 reactor years of operating experience with
these machines, which possess a well recognized potential for hazard to
people, and with a large percentage of the effort devoted to pionsering
exploration into a new techaology, it is of ¢rucial interest to inquire
about abmorwmalitiss in operation, accident: occurring and the general safety
record experienced. An outstandingly fevorable respomse can be given to
this inquiry, as discussed below, However, it would be contrary to all
humen experience to expect that all misheps could be eliminated from the
operation of nuclear reactors. As in any complex operatiom, it 1s not
possible to do this. But, as the record of abnormalities in reactor operation
is dlacussed, it should be kept in mind that the basic concept of protection
of the public from the potential hazards arising from nuclear reactors is
comprised of a twofold tandem approach:

1. Ther= is a major, concertod and continuing effort to reduce
to the lowest possible levels the likelihood of abnormalities and
nishaps of all magnitudes.

2. There is a deliberate inclusion of protective safeguard
systems with the intention that no hazard would occur to the
public even if all sorts of imaginable mishaps should occur.

To the preseont, the latter objective has been fully accomplished. No
reactor accident in the United States has caused injnry or sven inter-
ference with the normal sctivities of any wmember of the public.

Reactor Incident Experience
In any complex machinery it is inevitable that structural fajiluras,

instrument melfunctions, operator errors and other mishaps will occur,

despite the most careful design and rigid schedules of saintenance snd
agministrative contrpl. Such hax been the experience with reactor facilities,
as with all others. At every reactor facility, a record of cperating
abnormalities accumulates over a period of time. A complete tabulatiom

for all reactors, should one be compiled, would undoubtedly include

thousands of such incidents. Most such abnormalities result in no harmful
effects, no injury to people, no dampge to the facility. However, inm a
typical faecility sowe mishaps would lead to reactor shutdowm and im B very

small percentage of the events some minor damages might be involved., A
fow events have occurred which would merit ap "accident™ label.

S e
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The fact that many abnormalities have besn experienced pives rise to
considerable reassurance that the margins of safaty sursly must be large
for thiz nuaber oé mishaps to have resulted in as few events, az noted below,
and in wo events of magnituds sufficisnt to have caused damape to ths public.

Anong the abnormal events in reactor systoms are a few incipient
fgilures which, bhad complate failure or concelivable extensionz of the
situations occurrad, could have resulted in serious accidents - some perhaps
moTe serious than any yet experienced. Even then, howaver, it is sxtremely
unlikely that all safeguard barriers would have besen breached or that any
harm to the public would havs resulted, As expmples, in three reactors,
two or three of the stud bolts on the head closure of the main pressure
vessol or at crucial locations within the structural core supports were
badly ¢racked or broken, In another reactor twe main control rod shafts
were found to be cracked from stress corrosion. In two reactors significant
cracks were found in the piping of the main primary coolant syatem,

Some of the more serious events which have o¢curred in reactors
resulted 1n substantlial damage to the facility, exposure of personnsl
above Part 20 limits or wnintended major elevation in power (withour
dasage to the facility or overexposure of people}, These incidents, all
of which have been previously described in published material when
consequenceas of significance were involved, have in no instance caused
hazard beyond the site boundaries. A review of reactor operating records
reveals that some 25 such svents have occurred in the 281 reactors built
and operated in the United Statns.*

The only fatmlities from abnormal events in reactor operation occuxrred
in 1961, when the 7 operators of a small experimental reactor at NRTS were
killed; 9 operators in 3 separate reactor incidents received exposures in
the range from 2 to 20 r; and in 13 events substantial damage was done to

ir

Incidents of this type in critical facilities and in fuel processing
systems are not included in this tabulation. Also events in radicisotope
handling around a-reactor,--in fuel handling outside of reactors, and
pon-nuclear incidents in non-muclear auxiliary systems are not included.
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the reactor fuel. Among the principal causes - of these 25 events are the
following: blocked coolant flow chanmel, impropsr manipolation of control rods,
instrupent failures or Inadequacy, interaction of experiments with reactor
behavior, exploratory operation in known hazardeous modes of reactor behavior,
and erroneous calculation of rod startup pattemns.

The large majority of these events have occurred in experimental, test
and flexible reactor facilities, Very few such events have occurred in large
Teactors designed for extended operation for power oy other purposes.

Consequences of accidents thus far have been much less severe than might
have been expected from the accident conditions and elircumstances,

Nothing approaching an abmormality of "maximm credible eccident
magnitude has thus far occurred, except possibly for the experimentzl SL-1
reactor, which damage occurred in the ryange of what may heve been estimated
as the maximum credible accident for this small reactor.

Thus, the overall accident experience Tecord must be considered extremely
favorable. Only 25 accidents have occurred in 281 assorted reactors of all
kinds, operated for & cumulative total of almost 1500 resctor years. No nember
of the genersal public has recelved overexppsure to radiation from reactor
accidents. No accident has caused interferemce with normal activities of the
general public,

Nevertheless, these damaging incidents have occurred, in some cases mors
extensive consequences could be visualized under scmewhat different conditions,
and there can be no Firm assurance that more serious accidents will not occur.
Further, it must be recognized that 1500 total reactor years of operatica,
including 500 reactor years for central station power reactors, do not
constitute a very extensive basis for predicting long-term expectancy of
major {publicly hazardous) reactor accideats. No such accident has occurred;
but no central station power reactor has operated longer than 8 vears. The
patterns of maintenance schedules and component. failures for the latter
pertion of reactor life cycles have not yet evolved, and the full scope of
reactor technology has not yet been fully unfolded.

s g
In some cases more than one factor "caused" the accident. In these cases,
what appears to be the principal cause is listed.
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On the whole, however, the cumulative record of reactor cperations and
safety experience gives increasing confidence that the probability of
catastrophic accidents and the likelihood of substantial damages to publie
health and safety is sxtremely low, particularly for large steadily-operated
poMeT TeEacLors.

Several additional factors alse produce gyeatly increased confidence in
the safety of nuclear power plants, and support the belisf that the probabilicy
of publicly hazardous accidents is indeed smmll.

PROGRESS IN REACTOR SAFETY RESEARCH

The axtemsive reactor research programs, which currently are being
supported to the extent of many millions of dollars annually for efforts
directly committed to exploratiom of reactor safety, have greatly sxpanded
understanding of basic reactor characteristics and behavior. In many areas
of reactor technology, our basic knowledge has been substantially increased
during the last 8 years since opsration of central station nuclear power plants
began:

1. Through power excursion experiments (SPERT, BORAX, etc.), knowledge

of the dynamic behavior of reactors in reactivity transients has been

increaszed.

Z. The inhereat coefficients and paraseters which lead to automatie
ternination of reactivity excursions in water reactors with low
enrichment oxide cores are mich better understood.

5. Throuwgh observation of planned experiments and analysis of a fow
unplanned incidents, knowlodge has been increased on factors affecting
potential reacticns between water and various metals commonly used in

core construction.

4. Through extensive small scale experiments, currently being sxpanded
inte sxpariments utilizing large scale aquipment, knowledge has heen
increased on factors affecting potential! fractional release of fission
products from damaged reactor fuel.

E. Our mmderstanding of radiation smbrittlement of structural components
of reactors has been extended somewhat und, more isportantly, a massive,
long-range program is beginning to yield a necessarily slow, but
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valuable accumulation of datm on this pheénomenon. Factors affecting
radiation embrittlement and its reversibility are beinpg systematically
explored.

6. Energy relesses in potential reactor accidents, the subsequent
pressurs and temperature transients, and design of structuves to
accommodate these have been explored. For example, enginesring experi-
ments on scale models have demonstrated that with properly designed
containment buildings, "upper limit" energy releases even in fast
reactors will not result in breach of the containment by ejection

of top shield plug, or other potential missiles. In thermal reactors
this is not considered to be a problenm.

Much new knowladge about reactor behavior and reliability has also been

grined in the successful design and operation of succesaive “generations" of
reactors, particularly the water type, and by experimental variation of
components and operating modes in such reactors. Mach credit must be given
to mpnufecturers and owners for the contribution to basic understanding of
reactors, and hence to reactor safety, which has emerged from this work:

1. The stability, controilability and predictability of behavior of
ceTtain types of reactors have besn amply demonstrated.

2. The technology of contrelling and predicting power distribution
in reactors has beem greatly advanced.

3. Xnowledge of burn-out ratios, safe limits on heat fluxes and hence
of factors affecting safety margins in thermal design has been clarified,

4, Technology for achieving efficiency in fuoel loading and foel
cycles, made possihle by predictabllity in reactor characteristics and
behavior through flux flatteming, powar density control, burnable
poisons, chemical shims, ete., has baen greatly advanced with
accompanying lmplications for safety of reactors.

5. The technology of fuel element fabricatiom, quality control, ete.,
leading to extended life expectmncy, has also piven prester confidence

in safety.




These increases in the umderstanding of reactor technology hgve provided
4 moTe substantial basis for designing reactrors with confidence in the
predictability of their safety snd perfornance. Given forther extension of our
unfolding kmowledge about reactor behavior and the relisbility of its components,
the remaining problens srisinp from insdequate experience and wncompleted
explorations will be resclved. For exanple, ways will be found to cope with
our presently incomplete understanding of the radiztion embrittlenment problem,
and with our imability to make periodic inspectioms of reactor internals for
incipient failure.

THE DEVELOPMENT OF ENGINEERED SAFEGUARDS

When the Commission's guide on the selection of sites for power reactors
was published in 1961, the principle was established that, if adequate and
dJependable engineering safeguards were included in the design of the reactor,
theye cotild be some reductiom in distance requirements that otherwise would
ba nocessary. A straong incentive was thereby placed before the reactor
mapufacturers and owners to develop improved safeguard systems in order te
gain approval of less isolated reactor sites. Consequently., many new and
fruitful idess om reactor safeguard systems have been generated, and great
strides have been made in improving the effectiveness and reliability of such
systeus,

In safeguards directsd towsrd the prevention of reactor accidents, wuch
general progress and some specific advancements have been made. For
convonience, an “accident prevention safeguard' can be defined as any device
or system intended to prevent some mishap -- a breakdewn of machinery,
component fallure or malfunction, operator error, ste, -- from escalation
into, szay, a significent release of fission products from the reactor fuel.
Examples of accident prevention safeguards are:

1. A system for rapid avtomstic rod insertion or reactor 'scram" is
provided te prevent an inadvertent reactivity insertion from causing
a major power excursion and fuel meltdown.

2. An emergency cooling system is provided to prevent a fallure of
the primary coolunt systewm from causing fuel overheating and meltdown.
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3. A poisom injection system, to assist in eswergency shutdown.

4. Independent source(s) of main station power, in ¢ase the primary
source of power should fxil.

5. A high pressure core spray system to cool the fuel, to be used

in case coolant recirculation lines are inoperative.

Substantial progress in the prevention of accidents has also been made
through development of more definitive standards, codes and specifications for
the design and construction of reacter prassure vessels, the valves and piping
of the primary system, and other vital reactar components,

Perhaps even more obvious advances have been made in safeguard systenms
directsd towsrd minimizing the hazardous consequences of a major asccident,
should one occar. No substantial hazmrds to the public could arise from
accidents in a reactor wnless significant portions of its radioactivity
inventory should escape into the environment. Therefors, in conformity with
the definition of accidents given above, “consequences-limiting" safeguapds
would have as their central purpose the prevention of fiszion product relsase
to the environment which might have accidentally escaped from the fuel.

Apong such safegnards are the following:

1. Improved sources of auxiliary power te keep essential equipmeat in
operation in case of failure of norual and emergency power supplies.

2. ©Spray-washdown systems to quench stemm, reduce air temperature, and
wash down fissjon products in the containment in case of sccidents,

3. Filter systems to collect fission products by intermal recircula-
tion of bullding atwosphere.

4, Containment buildings of high stremgth and low-leakage. A nusber
of improved new containment cencepts have been evolved, such as:
{a) Double-containment-with-puspback, and extra shielding
outside.
{b} Dry well comtainment with vapor suppression.
{c) Double vapor suppression.




Such safeguard systems are now being incorporated into the Teactor facilities
under construction today. They provide a basis for increased confidence in the
level of protection against potential accidents in the eperation of nuclear
reactors. When such systems have been proven out by accumulated sxperience
with responses to periodic tests, performance under simulated accident conditions,
and revisions made in design as may be necessary to satisfy capability and
testability requirements, an even firmer bagis will have been laid for comfidence
in the sbility of such systems to prevent hazards te the public from sny
foreseeable accidents. Very great strides have already been made toward this
and.

In summary, a number of factors contribute to the bhsis for our confidence
and telief that the probability for catastrophie aecidents in puclear Teactors
in the United States is extremely low -- aven lower than our estimate in 1957 --
of the "remote’ probability of such an event,
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\: FROGRAM FOR DEVELOPMERT OF FURTHER DATA

REY G ‘IO REACTOR DEEIGN AND LOCATION

In April of 1962 the AEC issued Reactor Bite Gﬂtni? (10 CFR 100)
to guide evaluation of propossd sibtes for statiopary pon‘g Teactors,
primarily of the prespurized and boiling water typas. ‘liiu guides
ware developed in consultation with the AEC statutory mikoq Coumnittes
on Reactor Safeguards and Itha nuclsar power industry. One of the
oblectives of theos guides waw to familiarize industry, it&tl and local
officiels sud tha general public with the factors mnidﬂ:sd by AEC 1w
evaluating propoced veactox sites,

In acknowledging the continued nead for competent tethnical jodpment
by both the applicants and the AEC iv ioplememtation, flexibility was
deliberately writtem inte ihe guides. The Conmission endeavored to set
forth the criteria in suwch a way that they could be sdministerad in an
evolutionary mannet, In s0 doing; it wae recognized thet insufflcisat
superience had been sccumulated to parmit the writing of detailed stendards
for either the design or tha eiting of veactors.

The basic principle umderiying the reactor safety program is
recognition of the necessity for sffective emginsared safeguards in the
cmtri;ntlm and operation of resctora Jhnl:h to prevont major accidents
apd to control their consaquences iu the unlikely eveat they shwuld occur.
Dader the Sita Criteria, provision is made to balance such enginuered
sefeguards in relation to the distance betwesn resctor snd populstion
centers, The application of thie concept hac bad the effoct of continmuing

the AEC practice of kwoping central station power and test reactors
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a4 rveasonable distance from densely populated centers.

The safety record achiaved by tha awcissr power l.nﬁu-tfy has basn outs
standing. In no instance has a reactor accident in che ngnrll:inn of &
cantral atation slectrical generating reactor plant causef any radistion
dasaga to tha public or ita eavirormemt, or to the plant Sorkers. Thets
oparations in the United Btates have involved the produck of over
14 billion ¥ hours of elsctrical sasrgy.

This exexplary safety record i¢’ the resuvit of the general recognition
by the Conmission and the induptry of the problems of putortill accidemte )
the expanding knowledge of phenomena aesociated with such potemtisl
aceidents; and the application of sound snginesring pr:l.m:i.;ln in tha .
design and construction of raactor eystews end appurtenances, The
Conmisnion's research, development and teot programe have materially
assinted designers in aspecifylng proper system raquirements and safsty
evaluators in assensiog the safety of mpecific system designe., One
pert of the Conmissiova’s rewearch and development progrenm fdentified
as NHuclear Bafety is budgated at about §24 million in ¥Y 1966.%

The participation of industry has been wmost encouraging and many
recent snd improved safety eystems have been develcped through their
affurta!‘;r more dafinitive and uniform criterie for the construction smd |
opaeration of power resctors have evolved, Efforis aleng theee iines
ara continuing and ate recognized as vitsl to the heaithy growth of the ‘
iadustry. Conesquently, £t has been possible in recani years to .
accept cartaio :nugin-utn; safeguards aa & partial substitute for tha

L]

smouvat of geographic isolation formerly required.

* Sse attacimemt #2 for s cumsary of this Nucloar Sefuty Program,
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The rapid np&mtun and developument of the nuclear pmf’ industry
involying different reactox types sud incroased xesstur sise for broader
spplications (e.g. desalciog), sud the incentives to locate in closer
proximity to metropolitan load centers, have focused attention on the
continuing need for cereful attention to ell watters which poteuntially
could affect the health and safety of the public. Counsequently, :Eurthﬂr
important advances in reactor plant design, in the cepability of safaty
systeme and enginesred safeguaxds, fn adapting critical componente and
system® to accoumodate their inspection and testabilicy, end in practical
Jdemoastration of dependablility of performance of such criticsl systems,
wust avolva €0 keop pace with the development of the nuclear power industry.
In recognition of these ilncreasing needy, the Commission has decided
to sugment efiorts and redivect auphoesis to define and develop the
improvements in rgactor plank dili.gq and capability of eritical systems
snd enginesced safoguavde., This affort ui.lll ba carried on in coecparagion
with industcy and in coojunction with the Comuission'e cafety ressarch
and development programe in order cto obtain the accumulation of mesningful
experience with respect to cepability and reliabilicy of inmporcaat ssfsty
aystems, In the course of thie undertaking, new and improved mathods
st ba developed for design, construction smd opsration of cemtral
station resctors from the standpoint of safety, including mesns of
testing and inspecting the safety sspecis of important systeme, Additfonal
sfforts also will ba undertsken, in cooperation with appropriate groups,
in the developmeot of standards and codas for the dulgn and uu-tmtinn
of reactors sod thaiy prilnl.pll :uponnt-. ) v
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Thiz research I‘md developmemt work, together with incregsed emphanis
on tha devalopment ri mora specific reactor standards will be ascesbary

a2y resctors inenasﬁ. in #siz¢ acd are built closar to metropblitean load

Cantard,

Az the augmented reactor safety progrom progresses, the Coomisaion
will continus tc consider spplications for reactor construction permits
and operating licenses on a un-by-fnu basis. As new data and improved
safety devices are developed, they will be taken inte sccount in the
regulatory process,. In recognition of this evolutionary devalopment, the
AEC has cocouraged applicants emd induwtrial organisationsa. to come in and
obtain informal review of their sitiog problems and reactor plant and
conponent design. In this manner, saximow advantage can ba taken of the
current knowledge and proposed plans aa these may affect th, health and

;
_J
{

safety of the public and the growth of the muclear power industry.
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3 DIGEST OF SITE CRITENIA

The Atomic Inu}mr Couaiseion published YResctor Bite Criteria®

i, i

Part 100, Title 13. Code of ¥Faderal Regulations, se sn offective reguiation
‘!.. .

on Hay 12, 1962, The fundsmental purposs of Paxt 100 is 'to provide guides

for the svaluvacion of the suitability of ptﬂpﬂﬂﬂ. sites !:’{l: staetionary power

A '
and testing resctors. The regulation specificelly recog E{: that insufficient
.

experionce has been accumulated to permit the writing of debaiied standards
aml swphasizes thac Parc 100 is :I.nl:e:ﬂed as an :I..nl:eri.u guide to identify a
nuober of factors conaidered by che Commission in evalusting reactor aites.

The parcicular factors considared in determining tha%h:q:ppuhﬂil:; of a
sita are the characteristics of reactor dasign, imclwding pq:nt level, safaty
features and similsr design considerations, populstion density snd use ‘
charactariptice of the environe, phywical charscteristice of the site, and
the enginsered safeguards designad to minimira the conssquences of any
accident, -

The polat of depaxture Eor the evaluvation of site suitability and plant
design 18 the concept of the "muximva credible accident.® This represente tha
upper iimit of practical hazard to the pubiic which ¢an be expected from the

proposed Eacility.

The ‘guides make explicit, sod define, the concepta of mul-tinnllml

sround a reactor which had been obsexved in practice ail slong by the Commd eoion;

tha exclueion zone, whars peoplw, if any, are highly wobile and sunder the
direction of the reactor operatow m'mrémius: the next swcceeding low
population zone, where evesive ur prnrtm:.;:i\l’l measures for people could be
taken in case of dangerous releases from the plent; and the sity distance,

where peoplea are not wory wobila, but the distance is .ll.lfﬂ.\‘.".iﬂl_t_t_ﬂ_ praveat °

e .
VSR

the worst aspects of denger’ should & luﬂm ‘aeutd utur.ur.-
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The guides provide nmerical valuves for poteantial rndinlﬁiuu SApOBUTE
Y
doses that might pccur to off-site personnel in case of a paximm ersdible
accident Eor the rsactox in questiocn, to ba used as meswuring indices for

evaivating the scceptability of the reactor in the site pfwmlﬂl-*

R

b

Thease valuss are 25 rem whole body and 300 rem to the thytoid.;ﬂ

* Thess values are not permisaible limits for public exposure and are not
guides for determining measuras thet should be caken {n case an accident
should otcur te limit exposures of J.‘u!f«-atl:u persounel. They are measuring
indices to be used in tha coatext of maximum etedihln. sccidente to ovaluate
reactor designe and rmr.u: eites. To the esttent that the protgctive actiom
guidos receatly developed by the FRC ara @liuhll, it is assumed that these ]
would be used by persons responsible for .lll.ﬂiditg'ptntlct;h measuras to be 4

taken after an scoildent. _ : Coiny

. ) . ] . k)
*% In view of the extremely small probabliity that an sccident would ocewr ‘i‘& :
l...-

3

of the typa thet would result in such exposures, and in view of the u:hl:mt:“

B LI
)

K-.
of emergency procedures which would reduce still further the likelihood of  *

K

Py

-

such exposure, the use of thess values in evalusting resctor sites are

cunutd?raﬂ to rapresent extremely emall tiske o individusle. Further,

’m‘r_'"?‘-"ﬂ_'?'ﬂ—w:r-rm- o
. - - b "
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calculacions show that fox presemtiy veed reactor aites, these sxposure ?lhllli

in the unlikely event that serious accidents should occur, would result in

-~
-

- 4- LR

cunvliative totml population dosea wel) bulw the limits ihi.l:h II.I'!'-I I:un ol

_recomaended by the Inturnstiounal Bc-:lttu om m:lulnsiﬁﬂ. Hnmtim mi
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The gujdes igdmtily problems of meteorology, hydrclogy and welsmology
which must be uu:mldﬂnd io svalvating ths suitabilicy ol_‘:; site,
Pinally, tha Pﬂmipll is acticulsted thet “whexe unll'wcrlhh physical
charscteristics of the site sxist, the proposed site llr!iﬂ“ﬂﬂlllﬂl
e found to ba acceptable if the dunign of the facility -inﬂll;dll appropriate

and adequate compemesting engineering safeguards.” This has been .
interpreted to mean that where sppropriate and adequata coupensating
safeguards are provided, I:luu mir be some reduction in l:lul 1lnllti-nn

diatance n! thn reactor uhiuh nthani.u mld Iu rtquiﬂd;
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ATTACHMENT NO, 2
SUMMARY OF NUCLRAR SAFETY PROGRAM

In augmentation of asalected results from individual reactor

projects and technical prugrnna, the nuclear snfeﬂy :eanarch.

. devalopment and taet program coordinates tha tachgulqu. focusas

effort and provides data and information requiredifor thé 1Dﬂltiﬂny
degign, construction and nparatiun of mafe reactors and the eppli
tion of relisble epglineered aafaguarda for affectivF accident
preveation and control.

The primary objective of the nuclaear aafaty-pﬁngran is to
provide sound technical bases for deeigning safe rsactors and
preventing acnidanta by ubtaining quantitative data from a coopdi- -
nated aequanca of 1ahoratury studies and experiments and anginaaxing
scale tests, and through Improved analytical techniques and ‘
processas. Concomitantly, the program's objective ig algso to
' provide the required technical bases for evaluating the safety of
proposed reactor designe and ingtallations. .

The Fuclear Safety Program includes the followlng:

1. HNuclear safeity research and development, which iaveolve
both fundamental and applied resaarcl'll in muclear reactor safety,
including studies in reactor kingtinn, fuel meltdown,phencmena nnd
fuel=-coolant interactions (ﬁhamical reactions), reactor cnntainutnt.

and other enginesrad aafhgunrﬂu, 1n¢1uding Ehnla rnlnhnd tn fhut .

¥ '1f
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reactor safety studles.
2. Efflueip: control rsseaxch and dmlopmr.'; which is
directed toward i‘i:hlm development of more effactivq}nannu of

|
nmanaging redicactive wastes resulting from nmucledy reactor cpere-

a4y

tions, and toward determining and controlling the heh:viqé‘uf
these residual radiocactive effluents in the environment.

3. Engineering field tus'tn » Which axtend laboratory-scale
test results on both aercapacs and terrastrial wuclear systems '
into full-engineering-ascale field test resulta.

4. Reactor safety analysis and evaluation, which :mﬂuct:r_;;‘;
safely analysis studies that supplemant other program antivttit;,
and provide gssistance in planning and directing tha over-all
nuclear safety program.

The kinetics program is characterized by the SPERT reactors
which involve; study of all phases of abnormal reactor behavior

+

including nuclear excursions beyond the threshold of dm.ga*.

Reactor comtaimment gtudies include large scals axperimenty
of energy relesses, the efficiency of engineered safeguards,
£iasion product release and comtrol, and plpe rupture.

Work carried out under effluent control research and developmant

includes environmental satudies assoclated with the safe disposal

of radioactive efflusnts into the environment including gaseous
activicy, low, intermediate and high activity waete dieposal, the
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development of iustu treatment processes, and the dnvnlopnant of

cuuntamasuru for trapping fissiom products rem,lting from &
reactor lﬂﬂidlnt_i .
The epgineering test program is nharncted.:quh;r the LOFT w,:‘
program which involves the test and control of a full scale loss
of coolant accldent for s 50 Mw(t) pressurized water reactor. Ia °
many respects, this program is, the synthesis of mdhfnm for
other parts of the ufaty program. The urunpu,li safety program
is also conducted under this sctivity. f
The nuclear safaty analysis and evaluation ll‘ffﬁrt ifnvolves o
the coordination of safety relatsdl work outeide fuf the base ufatlm
programs, prassure vesgel research, safety analysis of reactors, 'L;
surveys of reactor operating experience and adaquacy of ang:l.nmad"'
safeguards, probabilistic studies of reactor accldsnt occurence, "
and nuclear safety data dissemination. |

Currently, an important part of the analysis and eveluation -

H
X R

work 1s the initiation of development of more uniform and better

engineel;:i.ng ¢odes, material and component specifications and quani:y
control and inspection practices. It is intended that ultimately
there will be a comprehensive set of codes or specifications for

all compoments of reactor nynta;u that, if properly implemented

and followed through, will waximize the safety uf reactors-at any
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location, both in terms of protecting the.public and maintaining,.

the integrity of the oparating plant. S .

The budget for this effort is given in the £?11Mng estinates

for FY 1966 and FY 1967. : . ’
‘ Budget Estimstes (In Millions) j..‘-___ g P

| ' L | FY_1966 s 4 1967 -

Research and Developuent. ,-'.': 100 . "t 15.0 :
Effluent Control R&D . ., A N I

Engineering Field Tests’, '

Analyeis & Evalustion ’ e !




