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Nuclezr Reactors

Introduction



How Beactors Work

The best place to start is with the fission reaction el In thie
reaction the center, or nuclens, of certain atoms upon bemng strnck by
a subatomic particle called a newtron, plits inte two radioactive
fragments called frssion products. These fly apart at great speed and
generste heat as they collide with surr. sandhing matter. The < ¢ ting of
an atomc nuclews 1= accompanied oy the emission of gamma __aation.
smilar 1o X ravs, and by the release of two or three sdditional
neutrons. Fhe refeased neutrons may in turn strike other moedes causing
further fissions. and <o on. When th. . process contmaes we have what
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1 fisston reaction.

\ nuclear react ¢ .= simply o devee for starting snd contr ding a
selfsnstammng fission cham reaction. For reasons that will hecome
evrdent it coudd as well he calied 3 “newtron machune ™

Nuclear reactors are used i seversl wavs

I To supply intense fields or beasm. of nestrons for scwntifi

CAperimencs

2 To produce new slements or materials by neatron wradiation

PTo furmsh heat for electric power generation, pe sprrdspenns,

mdustrial provesses. or other applications

The hasie parts of a nuclear reactor are
1. A core of fuel
2 A nestron saeoderator, which = 2 material that sl the fisson
process by slowmng down the neatrons
“For basic stomic seiwnce. see Our Atome Bordd, & compavion booklet in
this senes
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3. A means of regulating the namber of free nevtrons and therebs
controffing the rate of frecom
b A coolant which repenes the heat generateod m the cor

5. Radwatson dhelding

The Fuel The rssential woedient of reactor uel s 8 Leaonable
material that w2 substance that readily b eab= apart (or Baa ns) when
trnck by neutrons. The anfy naturally occarnme sobstance frapsnabl

by dow neutrous = uramum-235. an motope of weamom constilulimg
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U.§. Central Station Naclear Power Projects- June 1970
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Name and/ or owner

OPFERABLE
Shippirgport Atomic Power Station
Dresden Nuclear Power Station. Unigt |
Yankee Nuciear Power Swution
Big hock Point Nuclear Plant
Indsan Point Station, Unit |
Ennco Fermi Atoimic Power Plant
Humboldt Bay Power Plant, Unit 1
Peach Bottom Atomic Power Station, Linit |

San Onolre Nuclear Generating Station, Unit |
La Crosse Boiling Water Reactor

Haddam Neck Plamt

Oy ster Creek Nuclear Power Plant, Unit 1
Nine Mile Point Nuclear Station

Robert Emmett Ginna Nuclea: Power Plant. Unit

Dresder. Nuclear Power Station, Unit 2

BEING BUILT

Millstone Nuclear Power Station, Uni: |
Palisades Nuciear Fower Station, Unit |
Dresden Nuclear Power Station, Unit 3
H. B. Robinson S, E, Plant, Unit 2
Quad-Cities Station, Unit |

Locstion

Type

Capacity

kilowatts) Startup

Shippingport, Py
Marris, 111,
Rowe, Mass,

Big Rock Point, Mich.

Indian Point, N. Y,

Lagoona Brach, Mish,

Eureka, Calif.
Peach Bottom, Py

San Clemente, Calif.
Genoa. Wis,

Haddam Neck, Conn,
Toms River, N, J,
Scriba, N, Y

Ontano, N. Y
Morris, 11

Waterford, Conn.
South Haven, Mich.
Morris, il
Hartsville, S, C
Cardova, U

Pressurized water
Boiling watet
Pressurized water
Boiling wuier
Pressurized water
Sadium cooled, fast
Bolling wyter
Gas cooled, graphite
moderated
Pressurized water
Boiling water
Pressurized water
Bolling water
Boiling water
Pressurized water
Boiling water

Hoiling water
Pressurized water
Bailing water
Pressurized water
Boiling water

90,000 1957
200,000 1959
175,000 1960

70,400 1962
265,000 1962

60,900 1963
68,500 1963
40,000 1966

410,000 1968

50,000 1967
§78,000 1967
$30,000 1969
$00,000 1969
420,000 1969
80% 07T 1970

652.100 1970
700,000 1970
809,000 1970
700,000 1970
809,000 1971
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haracteristies of 1. S Civilian Power Reactor Concepts

Pressnrized-Water Reactor (PR R)

FUEL Shghtly enniched arsmiam oxide clad with sicconmm alloy
MODERATOR Wates
COOLANT Water
PRESSURE OF PRIMARY SYSTEM 2258 pounds per square inch
(p=i)
COOULANT OUTLET TEMPERATURL 605 |
NOTES Well v‘rw'lup« d tes hw-;»-;f\ Cootant "v-»-vtnfn; to pee

I

vent hulk boiling i core: henes high oserating pressure
g 2h Of g1

|
i
!

Boding W ater Reactor (BWR) l
i

FUTL Same as PWR, abows

MODERATOR Daotling water

COOLANT Boiling water

PRESSURE OF PRIMARY SYSTEM | (M) ps

COOLANT OUTLET TEMPERATURE 550 F

NOTES Well developed technologs Coolamt aliowed 1o boil L

core. hence bhower operating pressure than PWIL Phy cical sie of core

Larger thon m PWR ‘
'
'
.

iligh-Temperature Gas Cooled Reactor (HTGR)

FUEL Highly ennched ucsniom rarbude and thormem carhede coated
with pyrolvtic carbon

MODERATOR (raphite

COOLART Helian:

PRESSURE OF PRIMARY SYSTEM 55J 700 pse

COOLANT OUTLET TOMPERATURE approximately 14000 F

NOTES Use of hefinom as coolant permuts achioving lugh tempera

tures (with resulting  hagh overal! plat effpenoy) srsd  preonmere

corrosion problems. Core design of HHOR leads to lgh tuel mtdhzation

eflictniey

46



“lolten Salr Resctor (MSR)

FUEL Medtes sodution of highly corched sraniom and thorym m
fleporads walt mixtue

MODERATOR  Graphate

COOLANT S¢ notes helow

PRESSUS CF PRIMARY SYSTEM  Nomanal

COOL~s: DUTLET TEMPERATURE i3 |

Nt 7 Circulating fuel system. Coneept 1 oxporins ntal <tage

Eaquand Metal Cooled Fast Breeder Beactors (EMEAR)

Sodiwamn-Graphite Reactor (SGR)

FUEL ihebly enriched aranmsm plistonmum onide clad wr stanless

deel
MODERATOR  Minemal
COOLANT  iagqud soudiam
PRESSURE OF PRIMARY SYSTEM 11Nl 200 gy
COOLANT OQUTLET TEMPERATURE ‘. @ 1108 i
NOTES Promse | loow Tuel costs and elisewns withzatuwm of [oel

resonries through breeding Vie of sodiim as coola it peranl- a haeving

hugh temperatures ot nomnal pressure . abso, sodiom s o oven el hownt

heat fransfer medium. The handling of sodian droduces <oms de<agn

aned operating compleations
i £ ¥

Fast Breeder Reactor (FBR)

FUEL Highh enriched uramum alloy olad with ctadess <t el (s ol
arsmum  plutomuem oxdes projects dj

AODERATOR None

COOLANT  {igquid sodmm

PRESSURE OF PRIMARY SYSTEM  Nomnnal

COOLANT OUTLET TEMPERATURE 8080 1150 F
NOTES Promise of low fucl costs and efficient atifization of fuel

CU=a VT Hn’-:ugh bare vqhng lse oof saosedinieny 3= woslomt [ remiis b v

tigh temperstures at nonunal prossare. oo cosbpen = a vers elhwrent
beat tean=ter medimm. The handhng of culiem sntvoduees some the~agn

anmed wperating « smplications

a%
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Moiiom Pictures

Available for loan withowt charge from the AFC Headquarters Film 1ibrary
Bivision of Public Information, || S Atomic Energy Commission, Washington,
1y £ 20545 and from other AFC film libracies

Homie Power Today Serviee with Safety, 20 winsics color 1966 Produced
for the Atomie Industrial Formm, e . and the AFC by Sences Productions,
ine This filor tells how central dation nuclear power plants serve Amenca
Starting with basic mformation on how eectricity s produced from water
power and fossil fuele the film mtroduces muclear fuel a5 a2 new energy
resource that helps keep down the cost of electricity. Components and
vonstruction of a power plant are shovin, and afety features are emphasized

The Nuclear Ship Savannah. 287, minutes color, 194 Produced by Ordeans Film
Productions for t'we S Maritime Administration and the AFC. This
nontechnical flm rovers the histonesl background . design. cordniction. sea
trishe, and mitial port calls of the NS Savanneh, the world's first noclear
powered merchant ship

Tomoscow s Power — Today, 5% mimtes, color. 1964, Produced for the AEC by
the Argonne National Laboratory . This film explams why energy from the
atom i necded to supplrment that of convenbonal fossil fueks 1t chows how
heat from mmelear fission is converted to electriesl power and gives a brief
survey of representative stomie power plants i the 11 S

The New Power, 45 mingtes. « sdor, 195 Produeced for the AR s ahe
Operation - ffice by the Lookout Moantan Aw Forre Sta on. This fiim tells
how the Nabwnal Resctor Testing Station in Mdabo & furthering the AR
quiest 6t cconomic nuclear power Most of the many o1 wrimental nocicar
reactors located at the Testing Station are deseribed . The film also sxplains
the basic principies of power reactor constriction and operation

Atomic Power ivoduction. 13 minutes color or black and - hite 1964 This film
in the Magic of the Atom Series was produced by the Handel Film
Corporation. An sxplanation is given of how % hesl created by the
controlied chain reaction of atomie fuel in 2 teactor s converted 1o electrical
power. The basic differences in these power actors are discussed: the
seactor, and the orgauiccooled reactor. The principle of the breeder reartor =
explained and its importance stressed.

Atomic Venture, 23% minutes, color, 1961 Produced by the Gene ral Eleetrie
Company. This vers the design and development of 3 large dual cvele
boiling water  teactor —the 180000 kiowatt  Dresden  Nuclear  Power
Station  built by the General Electric Company for the Comunonwealth
Bdion Company in Chicago amd the Nuclesr Power Group, Ine . from s
beguming m 1955 to its completion i 1959

Fower and Promise, 29 muntes. color, 1959 Produesd by the AEL This film
desenhes the Sloppingport Atomie Power Station in Proncylvamia which was
bkt to advance power reactor technology and demonstrate the practicabdit s
of operatiog a crntral station nuclear power plant in a uhility nefwork

The Doy Tomerrow Began. 30 munutes color, 1967 Produced by Argonne
National Laboratory for the AEC. This file tells the story of the building and
testing of the world's first reactor By interview, historical film foetage. and
pamtmgs. the motion picture reenacts the historic events that led 1o the
midestone i man’s quest for knowledge aceurred under the stands of Stagy
Field Chicagn, on Pecember 2. 1942

SNAP8: Svstem for Nuclear Auxitiary Power. 10 minwtes. color, 1966 Prod. -4
by the Aerciet General Corporstion. SNAPS can proside o sourer of
continuous power s that space vovagers mav live in bealth and comfort for
months at a e In antmation and live action sequences the faboication aned
operation of this system s e xplamed

Atomic Envrgy for Space, 17 wanutes. eolor, 1966 Produced by the Handel Film
Corporation with the cooperation of the AEC and NASA. The film explaine
why only stomic energy can satisfy some of the future power needs £ the
exploration of deep space. Nuclear enengy for space & being developed
through two basic applications: The nuclear rocket for space propulsion and
the wotopie or reactor power plants that produce the clectricity essential for
spaceerafit operatons. The efficiency of nuciear and chemical tockets i
comr - 1 and the fission proees. which produces the heat for the suclear
engive s thrust, is explaimed with amimation. KI%! and NERV A systers are
shown. SNAP systems, which can provide electricity for spaceerafl and
satelhites are described 1o detad

First Reactor in Space: SNAP 104, 14, minutes. color 1966 Produeed for the
AEC by Atomees internstional Deselopment and fauneh of the first teactor m
space are described. SNAP.1OA. consmsting of a nuclear reactor and power
conversion unit. opersted successfulls for 43 davs and produced more than
500 000 watthours of eleetricity. This compact reactor is coupled to »
thenaonsectric converter radiztor anit that converts beat from fission m the
reactor directly inte electricity. The heat s then transferved to the power
comversion unit by 2 fiquid metal coolant

Nuclear Propuision in Space. 20% minutes color. 1969 Produced by NASA for
NASA and the AFC. This film compares e heavy chemical rockets used
today with the hghter nuclear rockets «hich will be used in the future These
lighter rockets will cut travel time or aliow an increased pavioad The KIWi
and NERVA tests are explained and dlustrated

The Wonther Fye. 13 minutes. color. 1969 Produced by the AFC. The design,
fabnication. and testing of SNAPA9 are described  The clectrical power
provided by this motop: generator will eupplement the sdar cell power for
datagathening instruments  and  tronsmatters ahoard 3 Nimbus  weather
satelfite

-



THE COVER

\ darge mosaic portraving the
tremendous energy and limitless
sope of the 'u¢l¥'!l' atowm s
mounted on the concrele <haeld
of the TRIGCA teaching and re-
search reactor 3t Kamsas State
University . The miosaic was de
waed by fucdents of the Vpssersity h partmsent of \echetes tun
alter vconsultation withe the Ih partment of Nuclear Fagineenar  ~ix
and one hall fred high and fonr and vne hall foot wide the maosan
vontamnms m .M!\ l“’"’“ 'Hur\ ol ~u’uh|! v_"q\~ ‘-! ”u Iunvi ‘A" an
hands of supphcation” to convey mankind - hope that the gift of

l'u."v ar energy »\l" ln " ‘-'o' L B |\

THE AUTHOR

John § Hogerton & a chemneal i |
nuclear cngpneer (1) Yale, 1971y whe
has worked m the atomic inda oy browm

e '"‘;{"l"-lll;: . i= now an s ;..vn!. nt

consultant

Mr. Hogerton was coauthor of the final report on the wartiow
gaseous diffusion project at Oak Ridge. He also served on the
Manhattan Project Editorial Advisory Board which coordmated the
writing of the multivolume National Nuclear Foergy Serie-

The first edition of the Atomic Enersy Commission” four volume
Reactaor Handbook was edited b My Hegerton. For the American
Socwty  of Mechanieal fngm'"'ru he comtributed to 1 Clossary af
Terms in Nuslear Science and Technology and wrote the widels weerd
booklet, Uranwm, Plutomam and Industry. For the AFC be wrote the
1958 Geneva Conference commemorstive voldume . Vomy for Pov e
/.S A 1958 a omve sodviene ~'n:\-lu‘n-ch.c The 1tomn Frergy [ hesi
bervark " Lhi-bed e 1990 S toomme Fouel and Vomee Power So2 s Wiy

beosok et s thi- <« S
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This booklel is cue of the Understanding the Atom.

>ertes. Comments are invited on tliz booklet apd wthers
in the series; please send them to the [Hvision of Technical
information, V. S. Atomic Energy Commission, Washington,
D. C. 20545,

Published 23 part of the AFEC's sducational assintance
program, the sertes includes these titles

Accelovators Surloay "vepes v * or

Anprwmis in Aownic Resvarih Nucierar Reo ’

et Furl . ar Fevms i My »

Yomic Pomer Safetly TRy Aow Worr ld

Wows @1 ihe Scwrwee Faty Plomw ba

Livvemes 1o Agyiruitnre P vl s encsm

Afoms . Nature, and Man Fomw > tonm Rt rovcot ope

Hooks om Aowsc Fayrgy fov Sduiy FPoxwer Reactovs n Small Package
and ( Reidrem Rty wts [ grops

Carvery o Apowmrc Energy Radioiatopes and Mroreasnes

 ompute rs Roudeciyd pres 1m fugfustyy

Comtrodlond Nuclear Fusson Ratromsoiones m Meodi ame

Cryagenics, The Uncomecon { oid Fare Eoarths

fvec. Comrersion of Energy Research Keactors

Faliout From Nuciear Texis SNAP. Nacleny Spacy Reactors

Food Presovvation by [rradiation Sources of Suelear Fawl

Lenmtic Effects of Radiation Spacy Radiatom

fudus *= the TAS Sovien Mertrancaty

Lanevy Syncheite Tramsws mowm Ele w

MHicrostraciyre of Matley Fhe Atowm and the Ocvan

Nentron A:Mwation Amalys s The Ol sttty of the Nedie Gar -5

Nomde sivnctive Towting The Flnsive “ontvine

Nuciear (loone ke First Reactar

Nuclear Eaevgy for Desaiting The Natural Badraition Envirome cnf

Nuciear Power and Merchani Shipping Whie Body Connters

Nurieoar Power Plants Your Body and Radiats

A single copyof any ene booklet or of no move than thyes

fifferent booklets may be oldained free hy e iing to
USAEC. P O BOX 62 OAK RIDGE. TENNESSEE 37830

Compilete sets of the series are available to schno! and
public librarians, and to teachers who can make then
available for reference or for use by group<. Requests
should be made on school! or library letterheads and indi
cate the proposed use

Students and teachers who need other material o -
cific aspects of mmclear sovwencs or references ta othey
reading mat~rial, may also write to the Ouk Ridge address
Hequests should state the topic of interest exsctly, vl the
use imtended,

In all requests . include

Zip Code™ in return addr es



