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Atomic Power Safety

By John F. Hogerton

WHAT IS ATOMIC POWER?

The subject of this "yooklet 1is the safety of central-
station atomic power »lants, by which 1s meant plants
cperated by utilities to supply electricaty to their customers,
Its purpose 1s to present factual mformation on a number of
topics relating to this subject, including some of the under-
lying techmcal considerations.

By way of introduction, we will first present some general
information on atomic power —what 1t 1s, why 1t 15 bemng
developed, and where 1t stands today.

About 80'. of the electricity used in the Umted States 1s
produced in steam-electric plants, These are plants in which
heat from the combustion of coal, o1l or natural gas (the
so-called “fossil fuels™) converts water to steam. The
steam 1s t'ion used to drive a turbme-generator and thereby
produce electric power,

An atomic power plant 1s a new kind of steam-electric
plant 1n which the heat comes not from the burnng of a
fossil fuel, but from the fission of an atomic fuel, the basic
sources oI which are uramum and thorium. The turbine-
generator part of an atomic plant 1s simlar to that of an
ordinary steam-electric plant; and the product, electricity,
1s :dentical,
Q
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Why 1s atomic power important?

Ihere are two prinetpal meentives for developmg and
usmg  atomre power, First, it promiises to help stabihize
and may soun reducc the cost of generating L‘ltCtl‘lCl'ty mn
se ctiuns ot the country that are distant {rom coal mnes or
otl ur gas ticlds and the refore boas eh fuel transportation
costs. Lxamples are the Northoast aid the West Coast where
fuel costs typreally account for about half the total cost of
puner soie ration, Atonme power s already benefiting these
scetivns by maning & compe titive energy source available to
them,

The sceond reason s that atumie power pronuses ulti-
mately tobe anmdispensable energy resouree, country-wide,
While U. 5. reserves of fossil fuels (especirally coal) are
large, ovur rate ot consumption is mcereasing rapdly. Thes
15 true not Just an cleetrie power veneration, whieh pres-
ently aceounts fur about one-f1fth of vur fuel consumption,
but also i transportation, manutacturing, heating and other
Setwvities i whreh fuel s consumed an large quantitires.
Altogcther, 1t has been ostimated that we will use as much
energy trom tuel over the next twenty years as we used
trom the American Reovolution te the present day. When
projected mercases moour rate of energy consumption are
tahen mto account, the dications are that we would ex-
pericnee some cifeets of depletion o our fossil fuel re-
sources unly two or three generations henee if we were to
continue vy presont pattern of fuel utilization, Tne use of
atonie tuels tor generating eleetrie power will help con-
serve fussil fucls for uses for which they are umquely
<urted, and will ereatly extend our energy resources for the
future,

Where does atomic power stand today?

U, > levedopment of atomre power for central-station
st bevan m carinest m 1954, when the Congress passed
1 2islation pernnttng atihities and others besudes the Federal
Goternment to uwn atonne reactors. This action was taken
to cneotrage, as well as to enable, manufacturers and

2
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utilitic s to develop and use atone pewer, The re was already
moexistence by then a considerable body of applicable
technology, thanks to the highlv successful development of
reactors tur subinarime propulsion, andto expe rrence gamed
m other major tields of reactor use,

In the short span of time smee the 1654 Act becanme law,
much has been acoomphishad i the dircetion of mtegrating
atonne power anto the U, 5. electrie power cceonvmy, For
examnie,

] A total of about 1 nnllion kilowatts of atonne power
capacity has been placed i operation; plants with an ad-
dittonal anlhon kilowatts of capacity are man advanced
state of coustruction: ad an acditional 2! . mthon kilo-
watts of capacity are now beme desigued. These numbers
are small w relation ty the total amount of U, S, clectrze
poner generatiy capdeity, which s currently almost 2
hundred nullion klowatts, They nonethieless represciit a
sianfreant amount of power. For example, 2 nnlhon
kilowatts (the amount of atomne power capacity how or
sooil to be i operation) are cuough to supply the vleetrieal
demand of such states as Connecticut and Kansas, and of
such natwons as Denmark and Hungarv,

2 The total capital mvestment made or commtted to
date by U, S, utilities for atonne power ge, . ration facihi-
ties has almost reached the $£1 billion mark,

3 Atone power plants can now be purchasced on a
firm-price basis with performance warranties,

This progress has come about as i result of a partnershp
cffort on the part of the Atomie Lncrgy Comnission (AEC)
and U, >, mdustry.
There exists today o sizable atonne power mdustry with
4 backeround ot oxperrence datmmg back to December 2,
1942, the dav Lurico Forme and ins colleagues suceessfully
lomonstrated the world’s first atome reactor onthe campus
ut the Umversity of Clicago. This mdustry now has some
2 mullion man-yvears of experenee m the Umted States,
O
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WHAT DOES SAFETY DEPEND ON?

It should be understood at the outset that 1t 15 physically
impossible for an atomic power plant to behave hike an
atomic bomb. Inthe latter, preces of essentially pure fission-
able material are rapdly compressed mto a dense mass
which 1s forably held together for an nstant of time to
enable the chain reaction to spread through it. These condi-
tions do not and cannot ¢xist 1n the reactors used 1n atome
power plants. They employ relatively dilute fuel; they are
designed along different principles; and they operate differ-
ently.

The safety of atomic power plants does not depend on
restrammng the force of atomic energy but on containing
the radioactive material 1t generates,

The principal radioactive materials generated are the
"ashes™ of fission—the so-called fission products. These
are a diverse mixture of substanc. s, Some aregases, some
are sohds. Some have short radioactive hfetimes,* some
have long lifetimes, and some are stable (non-radicactive).
The quantity of fission products formed s small mn terms
of mass —only a few pounds a day 1ina big plant —but large
i terms of racdioactivity, As the plant operates, the re-
actor’s mventory of 1adioactive fission products builds up
gradually until a point is reached at which the rate they
lose radioactivity just about offsets the rate at vk ch they
are formed and the- .. essentially levels off, As will be
brought out, all but a very small amourt (less *.an one-
thousandth of one per cent, .: the material normally re-
mains confined within the fuel, f

Small additional amounts of radioactive matter, called
activation products, are formed 1n an atomie power plant
by exposure to neutrons., This only aappens in and around

* Fhe Litetine of a tadioactive substance s usually espressed in
term= ol 1t~ “halt=lile,” which s the time it tahes 1or it to lose
adt ot ats radioactivity s Hall-Lives o most Lission produdts range
from tractons of 4 sccond to tens ol veatrs,

fHor more about nuclear hission, atonne enctey and reactors,
see COur AMomie World” and “Naclcar Reactors.” other booklets
i this series.,




the reactor core, which 1s the only part of the reactor
where many neutrons are present. Most activation products
have very short lifetimes and are of minor importance in
relation to fission products.

The basic umt for expressing amounts of radioactivity
1S the curie, named 1n honor of Marie Curie, the discoverer
of radium. One curie of radioactwvity 1s equal to a certamn
very laige number (37 bilhion) of atomic disintegrations
per secund, But 1t does not help our understanding of radio-
acuvity to be able to relate numbers of curies to numbers
of disintegrations per second since the latter terminology
1s just as unfamihar as the former. And what is more im-
portant, 1t has httle absolute meaning when applied to a
muxture of radiocactive substances such as fission products,
The reason 1s that different kinds and strengths  radiation
are given off by different radioactive materials, One kind
walpha particles) 1s blocked by an ordinary prece of writing
paper, while another kind (gamma rays) can penetrate sev-
eral fect of concrete. Also, different radiocactive substances,
besides having different radicactive properties, also differ
in other properties that are mmportant from the viewpomt
of safety. Thus, to say that there are X curies of radio-
activity i an atomic power plant 1s a httle like lumping
together the number of oranges, apples, grapes, water-
melons, ete., 1n a grocery store; 1t 1s a number that does
not tell us much.

The most meamngful way of gauging radioactivity from
a safety viewpont 1s by the amount of radiation to which 1n-
dividuals might be exposed. This topic will be dis ussed
m a moment, First we should comment on a very ravortant
aspect of radioactivity —namely, radiation deiection and
measurement.

Radiation detection and measurement

The presence of atomice radiation, though not detectable
by the human senses, 18 readily detected by several types
of mstruments. One of the simplest radiation detectors 1s
ordinary photographic film, which darkens on exposure to
rcl}(h.ltlon and 15 routinely used in the form of “film badges™
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45 o4 means vf measuring the cumulative amount of ex-
pusire recelved during o gaven perrod by workers in atomie
cuergy wnstallaucas, Other types of detectors (such as
Gelger counters. proportional counters and scintillation
counters) are used to deteet the presence and measure the

Hand 1nstrument used for radiation momioning

mtensity of atvmic radiation. \s the uames of these wstru-
ments suggest. they are capable of “counting” indrvidual
particles vrumts of radiatiod, Such mstruments are routinely
used tu momitor radiation levels inand around atomie energy
mstallations.

The ability of radiation detection wstruments to count
mdividual particles and umts of atomice radiation makes 1t
pussible to make extremely sensclve radiation measure-
ments --or, tu put 1t another way, to detect the presence of
extremelv small amounts of radiosctive muaterials, This
ability s the basis for the wide use 1 scrence and mdustry
of small amounts of radwactive substances as 4 means of
“tracing™ events 1 bwological. chenmncal or physical pro-
cesses, An experiment conducted by the U. S. Geological
Survey can be cited as an example. The U, S, G, S, wanted

6



to race the loss of water from a lurge reservoir. For this
pirprse 4 small amount thundredths of a4 gram®) of a ra-
dtoact:ve form of indrogen was put i the reservorr, and
ground water was later sampled at ponts several miles
away. By measurin, the concentrations of radioactive hvdro-
ven 1 the samples, much was learned about the pattern of
the luss from the reservoir, The scnsitivity of this tech-
mque. and of radiattion detection m general, 1s 1illustrated
Ly the faet that the conecentrations of radiocactive hydrogen
traeer 1 the samples were on the order of 0.00000000003
parts per nnthon.

Radiation detection 1> also very sensitive i another
way —namely, 1 its abihity to wdentify specific radioactive
substances. This 1s made possibie by the fact that every
spectes of radwactive atom has a characteristic pattern of
racdoactivaty.

Thus thost who operate atomie power plants can, through
the use of radiation detection and measurement instru-
ments. maintan an extremely close check at all fimes, not
onlv on ruawaation levels m and around the plant but also on
the wdentity and amount of anv fission products present 1n
plant effluents isee next chapter).

Background radiation

Atomie radiation 1s not new to the world; 1t 1s part of
our natural environment. We have always hved n its pres-
ence. Tius "background” of naturil raciation comes from
two sources. One 15 radiation 1n the form of hmgh-energy
particles tnat come from outer space and are known col-
lectively as cosmice rays. The other source 1S natural
radioavtivity —that 1s, naturally radioactive substances
present m commonplace muterlals, such as granite, and 1m
our verv bodies. Part of the potassium and carbon wmn our
bodies, tor example, 1s radwactive. The following table
shows .1 breakdown of the radiation typically received by
an andividual from natural sources. The vilues are ex-

1

Clhore e bobo2rimes i tpowsd, One cram rouzhly equals the
i |

Q bty two bbbl e,
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pressed n thousandths of a rem (millirem), The rem1s a
measure that takes into account the properties of the kinds
of radiation involved, The mdicated total of 125 millirems
Qer year 1s an average figure. The exact figure varies from
place to place mainly because of differences in the amounts

REPRESENTATIVE BREAKDOWN
OF BACKGROUND RADIATION

Source Radiation Received*
(Thousandths ot a rem per year)

Cosmic ruys 50
Natural radioactivaty
External sources 50
Internal ources 25
Total 125

*Dose to reproductive orguns and other soft body tissue.
Source Report of Umited Nations Scientific Conference on the
Etfects of Atomic Radiation, 1962.

of natural radioactive materials present in the environs.
Another reason for the variation is that cosmic rays lose
strength as they pass through the earth’s atmosphiere so
that they are stronger at h.gh altitudes than at low altitudes,
In the U, 5., background radiation levels range from about
90 to just under 200 millirems per year. In some parts of
the world levels as ligh as 12,000 mllirems per year have
been reported,

Incremental radiation exposure*

When we talk about radiation exposure resulting from
atomic power operations, we are talking about incremental
exposure to exactly the same kinds of radiation found in
nature. Nor 1s atomic power the only source of mcremental

“Detined 1 this case as the additional esposure recened as the
rosult ol atomic power operations ot other peacetul uses ol atomie
cncradv s exclusive of exposure to tadiation tor medie d purposes,

8
A

-



ERI!

exposure. For example, medical and dental X rays are
famihiar sources of radiation exposure, as are television
sets and luminescent watch dials.

The biologreal effects of exposure to atonnce radiation
have been studied for many years, We now have relatively
defintive knowledge about effects on the human system of
exposure to large rachation doses since hese have been
obscrved, Effects that can be defimtely ascribed to chronic
exposure to very low radiation levels have never been ob-
served; but, by mference from data obtammed at higher
levels and from our general knowledge, scientists assume
that they exist, The problem of obtaining defimtive informa-
tion to vahidate this assumption 1s complicated by the fact
that other factors m the human environment are known to
produce the same changes min the human system as those
assumed to result from exposure to low-level raciation,

The fact that we know less about low-level effects than
high-level effects does not mean that we are without
knowledge about radiation as a factor mn our environment,
In 1960, after reviewing what was known about raciation
effects, the National Research Council commented on thas
pomt as follows:

Despite the esisting saps tnoour hnowledge, st s abundantly
Clear that radiation s by Lar the best anderstood envitomnental
hazard, The wercasing contamimation ol the atmosphere with
potential carcinogens,* the widesptead use ol any new and power-
ful dirug s mediome and chempeal deents moandustrs. emiphasize
the need for vizilanee over the eatire environment,  Only wath
recard to radidtion has there been deternnation L muumize
the rish at almost any cost.

In this connection, a feature that cistinguishes radiation
from other environmental hazards 1s the relative ease and
remarkable sensitivity with which 1t can be detected and
measured.

Study of the environmental aspects of raciation goes on
around the clock. U. S. Public Health Service and AEC
monitormg stations, supplemented by State and local facili-
ties, routinely check air, food and water supplies at sam-

*Cancer-producing chemieals.
O
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tnstrument used for measunng
radroactiity of samples

phng pomts throughout the country. While this surveillance
network was established to momtor fallout from nuclear
weapons testing, 1t provides an accurate and continuous
check on the presence of radioactive material regardless
of 1ts source. Research on the behavior of radioactive
substances n the environment 1s contributing to the de-
velopment of new techniques for handhing radiological
contamunation problems. Procedures have been estabhshed
to mobilize teams of skilled technicians to deal with such
problems should they arise. While all of this work relates
primarily to the U, 8. civil defense effort, the knowledge
bemg ganed and the techniques being developed contribute
generally to the control of radiation 1n our environment,

Radiation protection standards

The problem of balancing risk agamnst benefit is perhaps
the oldest problem in human experience. In the radiation
freld the solution has taken the form of radiation protection
standards.

Over the years, independent committees of scientists
active 1 the raciation field have sought to define safe

10




practice m the use of man-made radation. There 1s, for
example, the International Commission on Radiological
Protection (ICRP), which acts i an advisory capacity to
the World Health Grgamzation, In the Umted States, there
1s the National Commmuttee on Radiation Protection and
Measurements (NCRP), which mamtams 1ts headquarters
mn offices of the National Bureau of Standards but 1s orga-
mzationally wmdependent of that agency.

The standards which govern ace »ptable practice inatomice
power plants are determuned by the Atonune Energy Com-
misson 4s part of its statutory respounsibility under Federal
law. In tting these standards, the ARC recewes official
gudane.  1om the Federal Radiation Council (FRC), whose
recomiacidations are subjecttothe approvalof the President
and whose membership meludes the Secretaries of the
Department of Health, Education and Welfare, the Depart-
ment of Defense, the Department of Commerce, the De-
partment of Labor, the Department of Agriculture, and the
chairman of the AEC. Also, the AEC has the benefit of the
advice of the National Commuttee on Rachation Protection
and Measurements, and of several advisory comumttees
whieh the AEC 1tself has established, mcluding an Advisory
Comnnttee of State Officials.

In short, the procedures followed by the AEC 1n setting
radiation protection standards ensure that the best sewentifie
advice obtamnable 1s 1n fact obtained.

The Federal Radiation Council has recommended that
meremental whole body radiation exposure of members of
the general publie not exceed 500 mullirems per year. The
ALC's radiation protection standards are designed accord-
mgly. They melude a tabulation of maximum permissible
concentrations of speeific radioactive substances i air,
water, etc.

The AEC’s basic radiation protection standards are
published 1n the Code of Federal Regulations and have the
force of law.

It should be mentioned before gomng further that the
amount of meremental radiation dose estimated to have
been reeerved by communities 1n the vicimty of commercial

d}tomxc power plants has been kept to a very small fraction
ERIC 11
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Apparatus used for core Partial assembly of fuel Reactor vessel being moved
physics measurements elements in reacior core into containment

of the it recommended by the FRC. We say “estimated
t have been receiwved” because, desprte the sensitivity of
radiation detection mstruments, the radiation levels have
been generally found to be mdistinguishable from natural
background levels, Thus, the only way operators of these
plants find 1t possible to estimate the exposure of neigh-
bors 1s to caleulate this on the basis of amounts of radio-
Active materials released by the plants aud the dispersion
characteristies of the environment.

This booklet's focus

The booklet focuses on the safetv tomic power op-
erations within the framework of the radiation protection
standards, with these pownts i mnd:

1. Central-station atonnce power development 1s being
pursuced as 1 matter of both natronal and ndustriai
poliey;

2. Radiation protection regulations have been lad down
by competent authority to govern this activity;

3. Our purposc s to present factual wmformation on
safety considerations and practices and to summarize the
wdustry's safety record to cate.

The atomie power ndustry's “formula” for safety s as
follows:

L. In desiemmg an atonuce power plant, evaluate the
possible types and degrees of accidents:

2. Bv taking advan.aec of natural laws, by providing
enzmeering safeauards, by conservative design, and by
careful construetion and operation, do all that can be
done to prevent these accidents from occurring;

)
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Reactor vesse! being fuel tod Jssemblies prior to installation  Massively shielded container used to

installed transfer spent” fuel elements

3. Bulld mto the plant dependable means of containmg
the consequences of accidents should they oceur;

4. Cheek and double check the safety of the design,
vonstructrca, and operation of the plant through licensing
and comphiance procedures;

5. Conduct supporting safety research and test pro-
grams.

CONTROL OF RADIOACTIVE MATERIAL
DURING OPERATION

The previous chapter deseribed the prineipal source of
rachoactivity m an atomic reactor —namely, fission prod-
ucts, This chapter desceribes how these substances are
controlled durmg routmme operation of a4 central-station
atomie power plant. In this and subsequent chapters the
discussion will be based on plants ¢mplovine water-cooled
reactors, which are the most widely used at the present
time; however, the prinaiples behind the plant features and
operatmg procedures described apply to central-station
atomie power plants i eeneral.

The reactor core

A large water-cooled reactor contams 50 to 100 tons of
fuel, The fuel material most commonly used todayv 1s
shahtly cnriched wramum dioxide (UO,) m the form of
small evhmdrical pdlets.® The pellets ard placed w thm-
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walled metal tubes to furn fuel rods, anumber of which are
bundled tugether 1n a long metal canto make up an assembly
knuwn as o4 fuel clement, A number of these are positioned
m 4 grid to make up what 1s knuwn as the reactor core,
The core 1s contamed 1 a massively constructed steel
tank, known as the reactor vessel, through which cooling
water flows,

The 1ventory of fission products m the plant, after
scveral months of operation, amounts to several hundred
pounds. The fisston products are, uf course, formed mside
the fuel, On a weight basis, m excess of 99.99. of the
fisston-pruduct inventory of the plant normally remamns
confined within the fuel elements, As this fact idicates,
it 15 difficult fur the fission products to escape the fuel.
There are two reasovns, First and most important, 1t 1s the
nature of uranmum divxide to hold tenaciously onto the
fissiun products. Sceond, fission pruducts which manage to
break the grip of the uranmum dioxide must find a way to
get past the fuel eladdimg (that 1s, the metal tubes) m order
tu et out. Thouse that do get vut of the fue! enter the coolant
(see below),

When 1t comes time to refuel the plant, which 1s done at
mtervals of a vear or longer, the reactor 1s shut down and
the top of the reactor vessel 1s removed, A crane 1S used
to Lft out the spent fuel elements and move them to a
storage  vault or pool., There they are left for several
mounths to allow for the shorter-lived radioactivity to
subside, By the end of this “cooling’ period, nearly all of
the paseuus fission products have lost thewr radicactivity,
The fucl elements are then loaded mto ruggedly-built lead-
shiclded steel eontamers for shipment via truck, rail, or
barye, to a plant where they will be chemically processed
tu recover therr unused fuel content for future use. It 1s at
the processing plant that the fission products contamned 1n
the fuel elements are removed, concentrated and stored,

Thus 1l but an extremely small fraction of the fission
products furmed during the operation of an atomic power
plant are nurmally held captive i the heart of the reactor
ur 1n spent-fuel storage, and leave the premises when the
spent fuel 1s shipped away.
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The coolant system

There are two basic types of water-cooled reactors —
pressurized water reactors and boting water reactors (sev
figures on this pagel. In the former, the rcactor cooling
water \prumdary cvoolanti 1s kept under sufficient pressure to
keep 1t from builing 1 the reactor vessel. On leaving the
reactor vessel 1t passes through a heat exchanger m which
It g1ves up 1ts heat to 4 separate stream of water (secondary
coolant), thereby converting the lattes to steam, Then 1t
flows back to the reactor.

In a boiling water reactor the flow pattern s different.
In this case the reactor cooling water 1s allowed to boil
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the reactor vessel so that steam 1s generatedn the reactor
proper.® This steam goes to the turbine, 1s condensed, and
the condensate 1s returned to the reactor vessel.

It 1s mmportant to understand that i both systems the
primary coolant circulates within a closed equipment circut
and 1s completely cut off from its origmnal source (river,
Lahe  or ocean), Indeed, in all commercial atomic power
plants ¢ssentially the only water that goes from a waterway
mto the plant and then empties back directly nto the
waterway 18 that which 1s used to cool the turbine con-
densers. This water does not flow through the reactor, Its
function 1s merely to earry non-usable heat away from the
plant,

As the plant operates, the reactor cooling water picks
up some radhioactivity. One sourceis leakage of some fission
products through minute imperfections m the fuel element
cladding. These fission products, amounting to something
Like one-thousandth of one per cent of the fission-product
iventory of the plant, are principally the gaseous and more

Assembly of 3 main coolant pump Fabrication of a heat exchanger (steam generator)

—
*Additional st may be generated o separate heat ovehangen

sunaba o that inoa pressurized water plant.
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casily vaporized sohid constituents of the fission-product
nuxture, Another source of radiocactivity m the reactor
coolimg water s actwvation products, These melude sctiva-
tien produets formed in the water, most of which have very
short Lifetimes,* and activation products that are formed m
redctor structural materials and enter the coolant through
COrrosion or erosion,

To mamtain the punity of the water and to hinut the
amount of radoactivity 1n the primary covlmyg system, the
reactor cvolant 1s purified, This 1s done by drawing off a
portion of the primarv ¢ 7wt {low, passing 1t through
purification cquipment, and then roturnmg it to the system?

Radioactive waste handling at the plant site

In addition to processine a portion of the primary coolant
flow, the coolant purification system may also handle water
collected from other pomts in the reactor mstallation (for
example, water that has leaked out of equipment, or that
has been used to clean out cquipment durmg mamtenance
operations), The purification 1s done by means of vvapora-
tors, demnerahzers, iilters and the hke,

Ail but a small fraction of the solid or hquad radioactive
substances romoved during the purification process are
volleceted as waste concentrates, which are temporarily
stored. The balanee, averaging a few nulhionths of a gram
per day durmg routine operation, 1s discharged to the
waterwav serving the plant i a dilute waste stream gen-
erally so feebly radioactive that 1t meets Atomae Energy
Commussion standards for drinkmg water, Further dilution
oceurs as the waste streamas dispersed mthe waterway.,

The radioactive gases removed durmg the purification
process average 4 few hundred thousandths of a gram per
day durmg routme operation, This material 1s released
to the atmosphere through a tall Jlumney on 4 controlled
basis to assure that therce 1s sufficient dilution and at-

b oaamnlo, soccios o0 tadiogetine ditrogen Gormed by neu -
tro absorption peoosveca atoms oo the waton have halt-Iinves on
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mospherie dispersion of the radioactivity to meet AEC
regulations, which arv based on the annual radiation
exposure that mught be recewved by persons living at the
plant houndary.

The radioactive waste concentrates from the purification
process, together with other miscellancous solid wastes are
encased 1 concrete insteel barrels. When a sufficient numn-
ber of barrels accumulate, they are shipped from the plant
to an AEC-approved site for burial or long-term storage.

Monitoring and regulatory control

Radiation levels inside and outside the plant are routinely
monitored to ensure that proper conditions are mamtained.
Furthermorv, all of the operations that have beendescribed
are subject to AEC wnspection and compiiance procedures,

ACCIDENT PREVENTION

As has been stressed, the central safcty consideration
m the operation of a central-station atomic power plant 1s
control of the plant’s inventory of radioactive material.
Release of any of this material to the environment must
satisfy the Atonnce Encrgy Commassion’s radiation protection
regulations, The last chapter described the procedures
followed 1n routine plant operation. Now 1t 1s time to con-
sider the possi lity of accidents. In this chapter we will
discuss the principal theoretical considerations nvolved,
cite natural safety features which limit accident possibili-
ties, and describe some of the precautions taken to prevent
pussible accidents from occurring. Another aspect of this
subject —namely, contaunment of the consequences of acci-
dents 1n the event they do occur —will be discussed n the
next chapter.

Nuclear Excursions

The power level at which a reactor can operate safely 1s
Limited by the capacity of its cooling system— that 1s, the
rate at which the primary coolant can carry away the heat
generated in the reactor core. If heat were to be gencrated
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at a faster rate than it 1s carried away by the coolant, the
fuel would overheat and could melt or even vaporize. The
consequences mght range from heavy radioactive contami-
nation of the coolant (through release of fission products
from molten fuel; tu damage to reactor equipment and some
release of radioactivity from the primary reactor system
into the plant containment system.

Thus one broad category of accidents which the reactor
designer takes mto account s that of an accidental -
crease 1n the rate of the fission chain reaction— referred
to 1n reactor parlance as a “nuclear excursion.” And, in
this connection, he also takes into aceount the possibihity
of a secondary effect —namely, that the high temperature
reached 1n the fuel might cause chemical reactions between
reactor materials that woul. mcrease the amount of energy
mvolved,

Natural Safeguards

Most of us know someone who 1s contrary in the sense
that the harder we try to cet lnm to do something, the more
reluctant he 1s to do 1it. We usuallv attribute this to a
swubborn streak 1n s nature. Reactors designed for
central-stationn service nave a simular streak in their
nature when 1t comes to nuclear excursions. For they are
so designed that when an excursion begins, their natural
tendency 1s to slow themselves down. Several factors
contribute tu tmis mherent stubbornness. The most 1m-
portant 1s what reactor designers refer to as the "Doppler
effe *." This 1s a complex phenomenon to describe but the
gist of 1t 1s that, as the temwerature of the fuel rises, the
proportion of neutrons captured by non-fissioning atoms
mereases and the rate of fission therefore tends to slow
down. The Doppler effect 1s not only automatic butn-
stantancous, and so offers immediate resistance to any
mcrease in reactor power level,

A second factor 1s that as the fuel becomes hotter its
density decreases shghtly, which also acts to lower 1ts
reactivity.

Thirdly, m water-cooled reactors, the water that flows

o through the reactor core, beswides carrymg away the heat,
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serves also to “moderate” the neutrons and thereby en-
courage the fission cham reaction, Just as the fuel density
decreases with mereasmg temperature, so does the density
of the water and with the same effect — that 1s, lowermg of
reactivity,

In these and other ways, accidental nuclear excursions
tend to be self-correcting. Thus a runaway reaction can
only occur if there 1s an accidental addition of reactivity
so large as to override the losses of reactivity whach ac-
company the excursion. Various design safeguards are pro-
vided to prevent this from happenng.

It should also be mentioned that 1in normal operation the
temperature of the fuel eladding 1s kept well below 1its melt-
mg point. There 1s thus a good deal of “elbow roou” for
the fuel temperature to rise and fall durmg an excursion
without affecting the mtegrity of the fuel elements,

Design Safeguards

We have described the natural safeguards agamst 2 nuclear
excursion in some detail to eorrect any IMPression you may
have had that controlling a reactor 1s like having a lLion
strammg on a leash, Actually, if anythmg “strams 1ts
leash™ 1 a reactor 1t 1s the reactor's control system, which
18 designed to shut down the reactor automatically at the
first sign of an unsafe condition,

To understand how reactors are controlled it 15 neces-
sarv to explam what 1s known as “excess reactivity,” If
2 reactor were loaded with the bare mummum of fuel needed
to mtiate a fission chamn reaction, it could not operate for
more than a spht second. Why? Because as soon as the
fission reaction 1s started, some fuel would be consumed
and the reactor’s fuel mventory would fall below the bare
mmmum needed. Also, fisston products would begin to be
formed and these substanees would absorb some of the
neutrons necded to sustain the chamn reaction, For the
latter reason, even 1t cnouch tuel were added to replace
exaetly the amount that had been consumed, the reactor
still could not operate, Before the reactor could be started
up acan, one would have to add a little extra fuel to make up
for the “drag”™ on the system caused by neutron losses to




fiss1on products. Because of these two factors, 1t 1s neces-
sary 1w practice to load reactors with more fuel than the
theoretical mmmmum requirement. This extrafuel furnishes
excess reactivity against which the system car draw to
sustain the chain reaction as the operation of the reactor
proceeds,

For stable operation, there must be a means of compen-
sating for the excess reactivity that 1s present 1in the
reactor core. In other words, there must be a way of
controlling the rate at which the excess fuel 1s consumed.
Usually this 1s done by mtrcducing a balancing amount of
"negative reactivity” in the form of substances that are
highly efficient neutron absorbers. (They can be thought of
as neutron blotters.) By moving these substances into and
out of the reactor core with adjustable control rods, the
neutron population of the core can be decreased or in-
creased, thereby slowing down or speeding up the chain
reaction. In effect, they serve to control the rate at which
neutrons are fed to the fuel.

Reactors controlled 1n thus fashion are equipped with a
mumber of control rods, some of which are held in reserve
for emergency shutdown of the reactor. Also, 1n many re-
actors, solutions containing neutron absorbers are added
to the primary coolant, either for routine control or for
use during shutdown periods. In all reactors, neutron
sensing mstruments are used to monitor the neutron popu-
lation of the reactor core. On signals from these instru-
ments, reactivity 1s added to or subtracted fromthe system
by control rod adjustments or other means. In reactors
dcsxg%d for central-station service, several independent
neutron monttoring circuits are employed and are wired
mto safety mechanmisms that stop the reactor automatically
if the neutron readings exceed predetermined limits, This
1s done by rapidly nserting control rods into the reactor
core. In some reactors, ncutron-absorbing solutions are
also mjected mto the core as part of the shutdown procedure.

Similarly, other instruments momtor other aspects of
reactor operation, such as the level of coolant n the re-
actor vessel, the temperature of the coolant leaving the
1rea.ctor vessel, and the pressure of the primary reactor
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system. These struments are also wired nto safety
mechanisms that stop the reactor automatically f an ab-
normal condition develops.

It should be added that every effort 1s made to design
the safety mechamsms to operate i a “fail-safe” manner,
meaning that 1f & component were to fail, the mechanmism
would automatieally be triggered into cperation. For ex-
ample, control rods are held in standby position by power
operated electrical or mechamcal devices. Should a power
fatlure occur, the rods would automatically be released
and enter the reactor core, thereby shutting down the
reactor,

Failure of cooling system

Overheating of fuel could alsobe caused by an interruption
in the flow of coolant through the reactor core when the
reactor 1s otherwise operating in a stable manner. Also,
once atomic fuel has seen service in a reactor 1t continues
to give off heat when the reactor1sshut down and even after
1t has been removed from the reactor. This *“afterheat”
results from the radioactivity of the fission products and,
while not nearly as intense as the heat that 1s generated
during reactor operation, 1t could lead to melting of the
fuel elements 1f adequate cooling were not provided, Thus
a second broad category of accident which the reactor
desiiner takes anto account 1s that of malfunctioning of
the cooling system —either during operation or during
reactor shutdown and spent-fuel storage.

The safeguards provided against cooling failures can be
summed up 1w one phrase. ultraconservative design. Al-
thoueh all components are designed and fabricated to
exdeting standards, the designer assumes various mishaps
may oceur, ranging from a slow leak inauxihary equipment
tu o abrupt break o the mawn coolant piping. Instruments
are provided to wonitor the system for such occurrences
and. as described above, are connected mnto the reactor
safety mechamsms so that the reactor 1s automatically
shut down at the first sign of sigmficant interruption mn
coolant flow or of outright “loss of coolant.” Also, a
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standby system 1s provided to cool the reactor core during
reactor shutdown in the latter event.

Failure of fuel element cladding

As was described in the previous chapter, the core of a
water-cooled reactor 1s made up of many fuel assemblies,
each contaiming a bundle of fuel rods. Openings at either
end of the tube bundle enable the coolant to enter and leave
the assembly. Thus, as the coolant circulates through the
core, it flows along each 1ndividual fuel rod.

Despite rigorous fabrication standards and careful in-
spection procedures, 1t 1s presumed that there will oc-
casionally be some munute flaws in the cladding tubes, or
that these will develop 1n the course of reactor operation.
Therefore, some slow leakage of fission products from the
fuel mto the reactor coolant 1s expected to occur. As the
previous chapter brought out, it 1s a function of the coolant
purification system to remove and collect fission products
that find their way through the fuel cladding. Thus, within
linits established by design criteria, leakage of fission
products through fuel cladding into the coolant is a normal
situation. There would be no interference with routine
operating procedures unless these limits were to be ex-
ceeded. How could this happen? A batch of defective fuel
tubes mught somehow get past inspection, or perfectly good
cladding tubes mught be damaged as a result of local *“hot
spots” in the reactor core. While these things are very
unlikely, the reactor designer assumes they mught happen
and takes them duly into account. It should be stressed that
this 1s strictly an internal operating problem since we are
only talking about fission products getting into the primary
coolant system. It 1s the dependability of the plant, more
than 1its safety, that 1s affected.

The safeguards provided in water-cooled reactors against
excessive leakage of fission products into the coolant due
to fuel element cladding failures include conservative design
of the fuel elements themselves, and the use of monitoring
instruments that windicate if design limits are approached.
But there 1s also a more fundamental safeguard—namely,

ot the fuel material used 1n these reactors has a remark-
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able ability to retamn fission products, Uranmum dioxide and
thorium oxide, the materials most commonly used today,
are ceramic or porcelain-like substances. Part of their
ability to retain fission products comes from the fact that
they are extremely resistant to hot-water corrosion, There
are other factors as well, and the result 1s that it is ex-
tremely difficult for any but the more volatile fission
products to escape from the fuel, As an 1llustration of
this, a case 1s known where multiple cladding failures
occurred 1in some special fuel elements undergong test in
a central-station plant. Even so, the rate of leakage of
fission products 1nto the coolant was found to be well
within the limits which had been set for safe operation of
the plant, and 1t was not necessary to replace the defective
fuel elements before the regular refueling took place.

Accidental criticality

Here we refer to the possibility of a fission chain reaction
starting by accident. Under some circumstances, a chamn
reaction could start in an amount of fuel considerably less
than a full reactor “core-load.” Therefore, wherever atonuc
fuel 1s stored, handled or transported, care 1s taken to
maintain safe conditions.

The answer to accidental criticality 1s **safe geometry,”
which means ensurmng that a critical mass cannot be
assembled under any circumstances. The safeguards n-
clude designing shipping containers so that it 1s physically
impossible to load an unsafe number of fuel elements nto
them, and equipping fuel storage vaults with spacer devices
so that safe geometry 1s assured.

General

We have descrihed the major classifications of possible
reactor accidents and brought out some of the safeguards,
both natural and “eagineered,” that act to linut or prevent
them, Our solie frame of reference has been safety. Before
closing this chapter, the point should be made that the
utihities that own and operate commercial atomic power
plants have an additional frame of reference —namely,
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dependability of service, The need to have dependable
power-generating facilities has always caused the utility
mdustry to be extremely conservative i cquipment selection
and plant design. This same conservatism carries over
mto equipment manufacture and plant construction. The
tradition of dependability of service, and the conservatism
1t 1mposes, are of themselves important safeguards.

CONTAINMENT IN THE EVENT OF ACCIDENT

As we have seen, there are multiple physical barriers
m a central-station atomic power plant agawnst the escape
of radioaetive substanees into the environment. There 18,
first of all, the ability of the
fuel material to retain fission
products. Then there 1s the
fuel element cladding through
which fission products must
pass 1 order to get into the
reactor coolant. Then there
are the walls of the reactor
vessel and of other massively
censtructed equipment which
must be breached before ra-
droacuve substances can get
out of the reactor system
proper. Aud, finally, i most
of the plant., bewng built today,
there 1s what reactor design- Double door entrance
ers call the “vapor contain- to a vapor containment enclosure
ment system,” which encloses
the reactor nstallaticn and, mn the event of a major acci~
dent, serves to limt the escape of radivactive substances
from the plant 10 the environment, It 1s with this final bar-
rier that this chapter will deal.

The concept of vapor containment

The concept of vapor containment 1s best explamed by
desceribing how a contamnment system 1s designed. If you
were the designer, vou would begin by 1magumng what 1s
Q
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usualls reforred to as the " maximum credible accident” —
that 1>, the most scrous reactor accident that could be
Cape oted to happen if major design safeguards failed. Ths
would mvolve iy pothesizing not one but &« combmation of
stveral tughly improbable things gomng wrong simultane-
ousl.. Then, takig into account the size anddesign charac-
to1iaties ot the reactor, you would make some calculations,

[t us assume, by way of example, that the “maximum
crohible accwrdent mvolves a sudden escape of all of the
coulant contained an the primary system of a water-cooled
reactor - which would happen 1if the walls of the hgh-
pressure system were breached, This would mean that
all of the energv normally “stored” (as heat) i the coolant
miehit be released. Picture, m short, an event similar to a
butler rupture n winel a large amount of mgh-pressure,
high-temperature water flashes to steam,

Let us alsu assume that the standby core-cooling system
dous not function properly with the result that fuel elements
overheat and eladding failures occur, releasmg fission
products.

In analyzing the consequences of such an accident (or,
more accurately, this combination of accidents), you would
first caleulate the maximum pressure that could be exerted
on the walls of a vapor containment enclosure, Then, after
vstimating the amount of various specific radioactive sub-
stances that mught be released by the overheated fuel and
the possible rate of leakage of vapor out of the containment
enclosure, you would calculate the maximum rate at which
these substances could be expected to escape from the plant,
Then, taking mte account the characteristics of the proposed
reactor site—in particular 1its meteorology (prevailing
winds, ete,) and 1ts location 1n relation to the surrounding
population —3you would estimate the maximum radiation
exposure that nught be received by persons at the plant
boundary and at outlying distances 1if this hypothetical
sertes of events actually occurred. If you found that the
exposure pattern 1s consistent with the Atomuce Energy
Commission’s radiation protection standards and related
siting, eriteria, you would then be rearly to proceed with the
design of the containment system,

26




In the design and econstruction of the vapor containment
system, the rule of conservatism applies. For example,
the structural deswgn of a contamment cnelosure 1s custom-
arily based on a pressure lngher than the calculated pres-
sure, Wherever pipes or ventilat. . ducts penetrate the
enclosure, precautions are taken to ensure that they do not
compromse the mtegrity of the contamment system. The
same applies to aceess doors for personnel, When com-
pleted, and at mtervals durmng the Life of the plant, the
enclosure 1s carcfully mspected and tested to determane
that 1t meets the degree of leak tightness specified by the
design, Bevond these and other standardsafeguards, special
safeguards may be provided in particular crreumstances,

Types of vapor containment systems

Two prmcipal tvpes of vapor containment systems have
been used to date m eentral-station plants « mploy ing water-
cooled reactors,

One type makes use of a large spherieal or eylindrieal
steel shell that encloses essentially the ontire reactor
mstallation, The shell, which m a large plant nnght be the
hewht of a twenty-story building, 1s constructed by weldmng
together sections of steel plate, In the plants that have been
built to date, wineh are located at a dastance trom popula-
tion centers, a smgle eontoimnnment shell 1s usod, Reeent
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proposals to locate plants in or near population centers are
based on much more elaborate designs, These proposals
have specified a double-walled, “zero”-leakage shell sur-
rounded by a massive concrete radiation shield. The radia-
tion level at the boundary of a plant employing such a
containment system would be essentially unaffected by a
major accident within the shell.

A second, basically different type of vapor contamment
system has come into use recently. It 1s known as the
“pressure suppression system.” In one version of this
system, the reactor vessel 1s located 1 a steel contamnment
tank surrounded by a concrete radiation shield, The con-
tamment tank, termed the dry-well, 1s connected by pipes
to a second tank, termed the wet-well, that 1s partially
filled with water. The entire mstallation 1s housed below
ground level within a buirlding of special construction. In
the event of a vapor release from the reactor, the vapor
would pass mto the dry-well and from there through pipes
into the wet-well. The pressure surge would be immediately
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relicved by vapor condensation; morcover, m bubbling
through the water m the wet-well, the vapor would be
scrubbed essentially free of sohd radioactive particles,

LICENSING AND REGULATION
OF ATOMIC POWER PLANTS

It 1s Federal law that no one may buld or operate an
atomic power plant without obtarmng first a construction
permt and then an operating hicense from the U, S, Atomice
Energy Commussion. The licensmg procedure, outlined be-
low, 1mvolves a searching analysis of the safcty of the
proposed plant, not only by the AEC's own regulator, staff,
but also by expert advisors, Also, 1t provides opportumty
for State and local authorities and the public to keep fully
mformed on the progress uf the hicense applications and to
participate 1n hearings held before aetion 1s taken to grant
or deny them.

The AEC's authority and organization

The AEC 1s an mdependent agency of the Federal Govern-
ment headed by a4 five-member commission appointed by the
President. Its authority over the licensing and regulation
of atomie power plants stems from the Atomie Energy Act
of 1954,

Under this act, the AEC has three broad areas of re-
sponsibihity, One 1s the production of atomic materials
needed for the national defense, Another 1s fostering the
development of atomice puwer and other peaceful uses of
atomie energy. The third s the hicensing and regulation of
the peaceful uses of atomic energy.

To avoid conflict between the role of promoting the de-
velopment of peaceful uses and that of regulating these
same uses, the AEC has set up a separate staff for the
latter function. (See Chart pages 30 and 31.)

Prerequisites for a construction permit

To obtain a construction permut from the AEC, the
:{nnhcant must establish his techimcal qualifications and
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LICENSING OF POWER REAETRS &

How are central station atomic power plaats hicensed .

ﬁvﬂm and regulated? Tre US Atomic Energy Commission .

; requires two separate licenses—one 10 build the fa [ ]

WE,@E cility and another 10 uperate it Let's trace the steps -
in the process of obtaining a construction permit
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;é’\ ? ’\y? design and location of the proposed plant and the
Hektot ’ safeguards to be provided  The application siso covers

the utitity s technical and tinancial qualiticatiors
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2 The AEC s Division of

Reactor Licensing (DRL)
makes copies of the application
availgdbie o the public and
ACRS DRL technical experts
study the application review it
with the applicant and prepare
30 analysis

The DKL analysis i1s submitted to the AEC's statu

tory Advisory C on Reactor Safeguards
a committee of independent experts ACRS studies
the application 1n detal and holds conferences with
the applicant ang DRL statt The ACRS findings are
reported to the AFC and made public
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As Construction progresses acdiional informa m
ton s developed and the ulilty apphes to the
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DIVISION OF COMPUANCE INSPECTION

After reviewing the test
mony and the DRL and
ACRS tindings, the Board de

cides for or against granting a
construction permit

A public heaning 15 heks
) usually near the proposed
site, by an AEC appointad
Atomic Satety & Licensing
Board Private citizens, State &
local officials, and commumty
grouns may attend and give
testimony
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financial respousibnlity and must satisfy the AEC that the
proposed plant will be built and operated safely.

Oue of the requiremcnts of financial responsibility 1s that
the applicant must arrange for a spectfied amount of m-
surance coverase (01 equivalent fiinancralprotection) agamnst
pussible public llabihity.

THE EXPERIENCE RECORD

Central-Station atomic power plants

The acid test of safetv 1s cxperience. While the U. S.
atomre power ndustry 1s still voung and just begiming to
eraw, the amount of electricity that has been produced
I central-station atomie power plants 1s already measured
in billions of Kkilowatt-hours. The safety record can be
sumnarized verv briefly:

L. There has been no wmstance of radiation mjury to
any worker m a central-station atonne power plant;

2. The radiation exposure estimated to have been re-
cerved by the general public as a result of central-
stutivn atonme power operations has been kept to a very
small fraction of that allowed by the Atonne Energy
Conmmssion’s radiation protection regulations;

3. There has been no mstance of an accident 1 the
categurtes described earher (see chapter on Accident
Prevention) in a central-station atomie power plant.

We do uot mean to miply that reactor accidents mav never
happen. But, as we stressed 11 the discusswon of acerdent
prevention, the designers of atonne power plants postulate
even verv unhikely reactor acewdents and the plants are
designed accordmgly,

In leseribing the operating experience of the mdustry, a
distiinec tion should be made between prelinnary and routine
ape ration,

Preliminary operation

When an atomie power plant 1s started up for t > first

tiue 1t us put throuch an extensive check-out procedure.
O
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The perwd of preliminary operation may range from several
months to a year or longer. During this period the power
level at which the reactor 1soperatedis gradually increased
from an mtally low level to that corresponding to the full
rated power output of the plant. This 1s done in strict con-
formity with hrmtations 1mposed by the operating license,
which may require operation at »pecified iow power levels
for an extended period.

Both during the startup procedure and trial operating
period, varwous tests are conducted and any necessary ad-
justments are made. It is quite common for the reactor
to experience a number of automatic shutdowns during pre-
liminary operation, either because of over-conservative
control instrument settings or because of minor malfunction-
ing of some components of the reactor system.

In the latter connection, the reactor components have on
the whole presented fewer startup problems than the more
or less standard equipment used 1n auxihary systems and
1n the electrical generating portion of the plant.

Routine operation

Once they have entered into routine operation, central-
station atomic power plants have proven to be extremely
dependable producers of electricity. Utilities speak of
“plant availability,” meaning the percentage of time a
power plant 1s available to supply power on demand.
Atomic plants have demonstrated annual availability factors
that compare favorably with those of the most modern.
fossil-fuel-fired steam-electric plants.

There 1s 1n fact at least one reason to expect that time
may prove atomic plants to be more dependable than fossil-
fuel-fired plants. The reason is that in an atomic plant the
components that get the *hardest wear”-—namely, the
reactor fuel elements —are replaced when the plant 1s
refueled. In fossil-fuel-fired plants, the components that
get the hardest wear are the tubes in the furnace section
{(“firebox™) of the steam boiler, which are permanent
fixtures. As a general rule, thesc tubes present the mcst
serwus vperating and maintenance problem 1n ordinary
lﬁ'*eam-ele(‘tn(‘ power generation.
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Other reactor installations

The above discussion applies to central-station atomic
power plants. Such plants are designed and engineered to
meet exacting utiity standards of dependability over their
operating life. Once 1n routine service, they are usually
operated at fairly even power levels for sustamed periods
of time.*

Naval reactors

The closest parallel, at least as regards the degree of
dependability required, 1s 1n the reactor propulsion systems
supplied for operational Naval vessels. Here again the
experience record has been excellent. At this writing
something lhike 100 reactor-years of safe operating ex-
perience have been logged with Naval reactors.

Miscellaneous reactcrs

Other categories of reactor installations include:

1. Experimental or prototype power reactors operated
to obtain data for the design of future central-station
atomic power plants;

2. Experimental or prototype systems built in con-
nection with the development of reactors for various
specialized apphications, such as supplying electricity and
heat to remote muhitary bases, furmshing auxihary power
to space vehicles, rocket propulsion, and others;

3. General- and special-purpose test reactors —reac-
tors used to test developmental reactor materials and
equipment, or to study the basic characteristics of
reactor systems;

4. Production reactors-—reactors used to produce
plutomum and other materials for defense stockpiles;

5. Research reactors—reacwirs used primanly to
supply neutrons and other forms of radiation for scientific
research;

mucl cost of atomie power plants 1s low. they lend

then selves to “hase load”” operation m a utthity system — 1.e,, op-
cration at 507 or more of ther tated capacity over the year.
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6. Tramng reactors — reactors used primarily as aids
m teaching reactor technology;

7. Critical expermment facilities. These are not reac-
tors n the usual sense of the term, since they operate
at essentially “zero” power, but do nvolve the initiation
of a self-sustaming fission chain reaction,

As you mught expect, these diverse fields of reactor design
and use represent a broad spectrum of operating conditions
and circumstances. For this reason it 1s difficult to relate
the collective experience of the reactor field to the safety
of commercial atomic power plants. It canbe said, however,
that building and operating reactors of basically different
types under widely different conditions cdoes much to
strengthen the general technology upon which the designers
of commercial atonme power plants draw. Also there 1s at
least one common denomnator —namely, the opportumty
for human error—so that those who design and operate
reactors for une purpose can often bencfit from experience
gamnecl with reactors designed and operated for quite differ-
ent purpuses. In this hight, the fact that hiterally hundreds*
of atomic reactors of different types have been operated
under different conditions with a degree of safety almost
unparalleled m industrial experience 1s, at the very least,
a favorable omen for the commercial atomic power field.

SAFETY RESEARCH

The safety uf atomue power s studied as well as practiced.
The U. S. Atomic Energy Commission 1s sponsoringa major
research and test program in this field and supplementary
work 1s doue on specific problems on the mmtiative of
reactor manufacturers or under utility sponsorship.

The AEC program 1s divided into two mam parts —
study of basic reactor accident phenomena, and testing
of safety features. It also wmcludes research and develop-

* Phere are approspnatchy 00 nuelear reactors an operation
the wotld, O this nunber, about halt are locuted i the Ul S,
(Fhese figures melude reactors nmall categories listed on pages 34

and 35.)
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ment on all aspects of radioactive waste handling and
storage. It would be beyond the scope of this booklet to
describe the AEC program n detail, and therefore the
followmg paragraphs are intended only to indicate the
principal lines of effort in the field of reactor safety.

Fuel assembly n test reactor

The part of the program devoted to the study of accident
phenomena has been in progress a number of years, It has
mvolved systematic theoretical and experimental studies of
the behavior of reactors under transient conditions (nuclear
excursions), the performance of control devices and systems,
and related activities. The emphasis has been on water-
coolec reactors but other types have also been studied in
considerable depth. Much of the work 1s conducted at the
Natironal Reactor Testing Station i Idaho where several
expermmental facihities are used exclusively for satety
research,
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The safety test portion of the AEC program 1s currently
concentrated along four principal lines: (1) simulation of
“loss-of-coolant” accidents to study the consequences of
such accidents and to test related safeguards;(2) simulation
of nuclear excursions in oxide fuel cores for the same
purpce es; (3) experiments to determine the escape pattern
of fiss'u. ,.oducts during fuel-meltdown accidents and
to test the performance of containment safeguards; and
(4) metallurgical research and engmeering tests aimed at
acquiring fundamental knowledge of the causes of mechani-
cal failures in high-pressure equipment,

Through safety research and tests, the atomuc power 1n-
dustry 1s continuously strengthemmng the most important
safeguard any industry has-—namely, knowledge of the
causes and consequences of accidents and of the depend-
ability of safeguards. Learming about accidents before they
occur 1s part of the basic fabric of the safety of atonnc
power.

ADDITIONAL INFORMATION ON ATOMIC POWER

Books

Atom Power  Juseph M, Duhert,  Coward-McCann, Ine., 210 Madi-
son Avenue. New York 16, N Y. 1962, 127 p.. $3.50.

Ao Encrgy Doskbook  John F. Hogerton,  Reinhold Publishing
Corporation, New York, N. Y. 1963, 673 P S11.00.

Somrccbook on Momec Energy Samuel Glasstone, D. Van Nos-
trand Company, Ine. Princeton, New Jersey. 1958, 641 p., $4.10,

Pamphlets

Alomee Power Progress  Ldison Electrie Institute, 750 Thurd Aye-
nae, New Yorh, N. Y. 3010

108 Aonac Torms and What Fhey Mean Available trom the Esso
Research and Eugineering Compuny, P, O. Box 45, Linden, New
Jersey. 20 p.

Cuilian Naclear Power —A Report Lo the Preswdent — 1902 U, S,
AMomie Energy Commussion,  Free from ARC, Division of Tech-
nical Intormation Extension. P, 0. Bos 62, Qak Ridge, Tennessee.
1962, 67 p,

Fact Sheets on US Nuclcar Power Projedts  Lleetric Companies
Public Intormation Program, 230 Park Avenue, New Yorh, N, Y.
1963, T p,, R2.00,
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Licensing of Power Reaclors. U. S. Atomic Energy Commission.
Free from AEC, Division of Pubhc Information, Washington 25,
D. C. 1963, 9 p.

Nuclear Reactors Buill, Bewng Buill or Planned wn the Uniled Slales.
(TID-8200). U.S. Atomic Energy Commission. Free from AEC,
Division of Techmecal Information Extension, P. O. Box 62, Oak
Ridge, Tennessee. Revised semiannually.

Power Reaclors U S Atomic Energy Commission. Superinten-
dent of Documents, U.S. Government Printing Office, Washington
25, D. C. 1963, 68 p.

18 Questions and Answcers Aboul Radiation. U.S. Atomic Energy
Commission. Free from AEC, Division of Technical Information
Extension, P. O. Box 62, Oak Ridge, Tennessee. 1960, 47 p.

Swinmary of Forum Member Vieus on the AEC Report ‘“Ciwilian
Nuclear Pouer—A Report lo the President— 1962." Atomic
Industrial Forum, Inc., 850 Third Avenue, New York 22, N. Y.
1963, 143 p., $3.50.

Miscellaneous

Eighth Nuclear Report  W. L. Felsen, Editor. Electrical World,
330 West 42nd Street, New York 36, N. Y. May 20, 1963, 7 p.,
$0.25.

Progress Chart U S. Nuclear Pouer Projects. Atomic Industrial
Forum, Inc., 850 Third Avenue, New York 22, N.Y. $1.00. Re-
vised periodically.

Motion Pictures

Avallable for l»an without charge from the AEC Headquarters
Film Library, Division of Public Information, U. S. Atomic Energy
Commission, Washington, D.C. and from other AEC film hibraries.

Alomic Pouer and the United Stales, 25 minutes, black and white
(1959).

Power and Pronuse, 29 minutes, color (1959).

Power Unlimited, 12'% minutes, black and winte (1955).

Burax Construction and Operatwn of a Boing Water Power Re-
actor, 14 minutes, color (1955).

The Atom Comes to Town, 29 minutes, color (1957).

Atonuc Venture, 23% minutes, color (1961).

Basic Principles of Pouer Reaclors, b'/z minutes, color (1962).

Hallam Nucicar Power Faciity,20 minutes, sound and color (1963).

The Piqua Nuclear Power Facidity, 23 minutes, sound and color
(1963).

The New Power, 39 minutes, sound and color (1963).

Nuclear Encrgy Goes Rurel, 145 rmunutes, sound and colos (1963).
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