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| Introductiott ' yq
- $| -

**

p,f ,The diwmcry of nu<! car fi-sm, anrumne cil by the German - *

' ~

.| .

I: '#scientists, Otto llahr and Fritz Stra+mann, in January 1939. wt the
#

..f '* [ ,,, ,
stage f..r the era of ctom enerry dnelopment. !!ut the res: beginning -

s .I
'

't
'

, *
-I came 3 yea, later wheri ; group of scientists led by Enrico Fermi 1 -

! demonstrated flat a s-fi u-taining fi4m thain reatti. n could he * '

%'. . ,*

'
; achined a 4,more important.could he controlled. (*} . ,

- - , ..
.

Fermii on.rr.itism of 1he first nuricar reartor begain at 3-2.~e p.m. on j .

-

t hvember 2,1912. in au h ,,rmi-c.I talw.ratory beneath th.- stadium at -

apparatus-ewntially an awmbly of uranium arul graphite bricks - %gf M F ,the University of Chicago. IIy tiw!.sy's stamfard4 it was a fairly crude f* *
3

' ' '
i -

,
. _

about 21'/ feet on a sie and 19 feet high. 'Ihe meth.wl of au cmbly. - *
2

'

M (-whi. h waa simply to place ont brick on tup of another, case ri , to the . ., _ _ _ _ . ;

narr e " atomic pile";"nuelrar r*. rtor"is now the preferred term *
_ . .

Sneral humired nucle-r reactors hat? been p :.ced in ogwratit. 2,8 - .-

the United States since then. I ate- we will divu-a the sari.m4 ways in
~ I *

-- - A .

,

being uwd arid citamine the major desclopment The first of two 4(Afoot high sp ,enerators (reft / mr, <= itswhit h reactors are'
,

| programs. P.cfore we do thia we Ju uhl first ilivua general reat tor pedestal. On the righ t, she reactor reuel i f. ered ini.i pt -c ,si th,-

prinen.;r., l'alu <neles % ? ear l'ancer Station at Sousch flaren. Slichigem. nos
ligh t- u nter reru ..or at s!! hm e a net en;metty of 7tm,tMMt kilumntis of

*See TF.e l'irrt Rewrt..r. an..ther Inw Alet in this .-ric< rfer treer ry.

I

1 ._ _ . _ _ . , __ .,_ . _ _ __. _ _ _ . _ _ . . _ _ _ -.._, _ , - _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ .
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llow f(cactoroCork ' ~ '~ ~ ~~

*...e,..... - - .The tw>t place to start is with the fi% ion reacti.m itsrlf. In this . . L t .. .*.M .P..J.
.**

reaction the center, of nurleus, of erriain atom 4. upon being strn(k by (y:,. *. . . . .
'

.

[.*a subatomic particle callet! a neutron, splits into two railioactise [ ; *,
*

j.
,

n.
fragments called fimion pnalutts. These fly apart at great speed aml

{ ;[.- gg]]( )M" C0"t*0' "
*- "

'

generate heat as they collide with durro mding matter. The s,4 ting of j -{
e

n

ani atomic tiurleus is arrompanied ny the emi4m of gamma . aiathm, iQ* &3 .", ; '

similar to X rays, and I.,y the relea4e of two or three ail.lithmal I h$j;[
. +. .

. . ___[hf
-

'** '

neutrons. I. lie released neutrons may in turn strike other nue lei, cauemg 4-

ggg!qg: gpp
,

j .e CorxAmt out,

further ft4 me. aml so on. When flin proces continues we haw what is
,

1 E ME.yx=EM2, V= .

known a4 a chain rear 1 ion.* :m:MCt~* d: 0; ** ' *
-(21stactoe vtssts, trop rs

Eig E=:@ E _ 75 atwovastt me strut a,.

see -
asasssasass; .

-

p [ h
.

--t31 THtWAL SMELD
*
, +

/ h " |[-

/ " . g J. ,, -141 Blot 0GICAL SMELD; ;
,

fumiens /y ' ,.O *L
-

t : -'

'

C -- - - --- O *
i; [ . ;-

**( -tSt COPE GMOUO FIAL*
! .E-X "E"E"'S

,' '
~

3 ,

Neton '- *, s
N

- 5 # '''**'E'USED^8 COG'^"'\ O /* TERTRETTEEE23 * . ."-5 - ago estuipose neocEntTam\ ~

_(M.-
4

]' %g ime . _ ->d, . . ,'

. ' . ki{t agment .- /

.

m. 00LAMT*e
'

A fu.nwn reactwn.
-

y. : .;,-
x. .

,

,_

'; ..
~ -

;~
,

'

. , -
A nuclear rearf -r i4 simply a dev:re for starting aml contralling a

.
f. :c;

self4nctaining fidm diain reacti<m. For rea-ms that will herome -
"*

.;. ;,7 *. .T,.g,,..... . . . .
~~ . ** ' ,esident. it rould as well be called a "neutr.m ma< hine'* ' *

|
* '* - * ~ - '

Nuricar tra< tors are sc.I in mer.d ways: [
1. To supply inten-e fiel.I, or t.eam, of neutron 4 for s. ientifir ;

esperinwnis. I Ferfaced, reen s.rtiew tN.mmriadwter so.cl.aw re 1,.r.
2. To produce ocw element < or materiais by ne.itron irra<liation. .

':1. To furni-h he.,t for ciertric power generati.m. proput-ion,
m.in4 trial processes,or of her applications. 4 J.. A mean+ of regulating the number of free swnin.n< arwl tivtrhy. .

;

He has parts of a nuclear rearfor are: |.
contnelling the rate of fr..i. m.

L A roulant. which remov- the heat generaint in the curr
1. A core of fuel. ' 'i.1:adbritm 4iel.fing.
2. A netitron t.eoderator, whith is a material that dida the fi4m

e nel >< e w nt ni.inHent of reartor inel i+ a 0 ionsMeproces.s by slowing down the neutrons.
matrrial that i a sub-4 ante that read Iy feraka apart (or fi4ns) wlwn

* For tra*ic atomie wience. we (Nr Atom c 13 orM. a neganism in.oO+t in by nMron( b onh naturaHy orrurdng snMan.e MonaW
thi= wrie=. by slow neutrone i4 uranium-2.Ti, an isotope of uranium ron-tituting

3i

- , . . .
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f gg.f* 5N-W,W .f - ( ' ' . , ja.bling. Thi- take< the for. - of a peot .the .mting or 4rath that# - j , ,

'
3 . s ** ' ' .ea-*

.

t rern flee Orel mata rrel men! the reartor8pres ents sIirert v oettattI ,~ / ' udh
%' "

#
0".lant arn! al-o series a* pnt of the -tructure ..I the fier! riement..,

a.. *

,
. * , _. s . ' s as g g

, _

Zirronitum a!!"y * are v ors %v ly u-rel a- cl.r bling m.eterial* in p..wer- .'
--c_

a-paa b ' - reartors; aluminum is generdly w nl in tr+are is rem t-ws.*~

-- ~ __ 8 -- wa5- . -
-_ w-.% ,

MacIImIeratur Neutrart* lilwrate<I in a e h.am tra. Ii.m trasel at f~t-t-1Ti *b P '

g
r

4

at irry h.gh sprevl4 ~! hrt he -petel a- they n.Ihde cla-tically withW' || 4:stroundir.; matter ire the reartor v ore. I hb low of peed is dedral.le.,

igyu .. .

_ hp . - ,
w

- lwrau+c 4e .rtendng seentn n- are nw re ellet tru ies triggerir.g 6--cm
'

A -

.

than are fa-t rietstron . I!ut if s e ry many roIIe-ione are imoIsed, an
,

,

*Y imIhi.lual neutron reins run-iderahir ri-L ..f humping inte an atom that
will ah+rh it unprod..ethriv. (Fi-i.m pr hr:- for cumple, rea.hty& .

mh-orb neutron .) E hat i- swe.Inl. Ihntforr, b a material that le.r- the"'- ,

/1 aleihty to low deewsi netstron- equi. Lly anel mhi. h at ihr eme Iime. h. -
-

4
/ " 4 * ms

* *
.

Q Istlic treidenry to ah-oeh neut rim- Emh a maler tal i< . allo! aes
5

88 , r%. -
- . mo.gna tor.

,, . *v
,

'

e| \eutrom- hase a maw apponimatrIy the -ame a- that .J a hs efrogen
ar*" #

.~ g - .c

-

19 |
atom; therefore matnial- roeitartern- a onnvntrati no of hy alr:Sen or'

r a e ~ - D y' | other lightweight atono are the nue t rfiewthe m w!cratm.t Mater:3I6
+

f -

g~ 4_ j

used for (Isis purgwme imhede <>rdinary water, brasy water $ graphite.''

; ,
_

h
., .'

~ bee = Ilium, and rer*ain organir ri.mgwments

- It is obtiou< that the moderator Jumbi lee weil di-trihntn1 withinpg .

[g
,

, g..
.

.he (nel rone. In ovne reartors thi4 is arrompILheil by the *p.winc of'
~ *

\
. , ,

-X the fuel elements; in oth, rw the inel and maderator materrals are ,

W - ,
- f, , | ,' '

, u
_ _, , i i

4| intimately mised together
. .

'"- ' .

,

. .

.,
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Hesearc!:, Teaching, an:1 Materials Tc= ting Ite.nctors
.

Itewarth Itcartore flesearch reactors are a uniquely matile - 4

emrre of atomit rad;ation for experimer tal purpows. Some esample< 3
of the ways in which they can wne whjert area < of scierwe are: * ;

Nu f.s., ph r oc.. Simly ing mwic.ir re wtium I.s irra.h2 ting tmget , ,ds
,

-
;,

'
a mat rual- . _ Ja '

.

Lin14rnte physrc- Itete-mining the en-tal utructure of materuls * D
by nentnm dif fracti.m en hui.pwt

] Radiation chen.istry Stu.1y ing the ef fut- oi rarlution on r hemical y ,

reartiona sad ur, the pryertin of material < euth a< pla-tin.
<lnnlytml demntry. Identifying trare impurities in materiale by

artivation ainlysi< in hnique(* ',*
liiology. Induring genetic mutations in plant peric< l.y +cd

irra.liat hm. Ihr elow gn+n off I.y this

U 11edicine. Ihrerimental treatment of errtain brain cancers by a trameng reactor core u, caned ,

Cncer redmtime. It occurs'

technique known aa neutro i capture therapy .t
(hher. Prmluttion of radi..imtopes Ior us in laboratory pre; ramt arhcr. ele iricelly chorerJpar.

tecles pan thramch n tenns.:. e speriments, material < are m<rted .m the reaC or for L"In some1
. . .

1.arent medmm at a twtocury
erradiatem; m other< rsperimental apparats i< * * :ip in the path of m etress of t w sp-ed ofligh t!

nostron beams emanating from opening * (p.tl9 in f, r react y *hield. rn tha' medium.o

Itewarct rextors are u-ually categorised by t'icer neutron flus,
imeaning the inten4ty of the neutron field < or beam- they generate.

Neutron flus i< related to the power Inci at which a re ctor operates power inri- than pool reactor < and therefore a4 a rule prmide a higher
but al-o depends on dc4gn factors. trutrUrt (Iut .

. .
!%.cre are > creral ha<.>cally different resear, h reactor dedgns. The It u diff.icult to generalize on the co~t of re-art h reartor< =nwe .'two moet corem.mly u<ed are pel reactors and tank reactois. In the much depends m the tvpe ami estent of ausifian fan.htic= prm nied. In

forrr r, the reactor core s su< pended m. a eleep, open put of water, scry roemd num!.ers the capital owt of a pool r- etor in-tAtate.m.
. -

which wnes a< coolant, moderator, and radiawm shield. Thi< arrange-.
meluding a Imihh.e; and <upp.rting facihtica,i< generasty in the rar.gr of
.

ment affords fleu.bility, since the po<it.um of the core can easily be
. $1JMHJMMI to $'t,lMW)JMML A o.rrespemding sam"e for a tank reartor

shifted and experimental apparatu< can readily be po4tiemed; al-o it
. mstallatum o $1PMUWX) to $UNW)fMN)."

. . .

,

permits dirett oh crtatum of the proceedings.
[;- In tank reactors, the rearfor core i< held in a fisni puition indde a Teaching Iteartors new arr < mall, low thn tra, ter+de-igne.1 to
1, e to<d tank. The coolant mo<t often used i< ordinary watn but mme he u-ed as tevhing aids an.1 to meet limited rr-car. h ami ra.lioimtope

*

E installation < use brasy water. Tank rearters generally operate at higher pro.furti<m re c irrments. There are seseral tyin .m alw maket. S.mr
*1femtained imit- shipped .w prepxkage.! a*,cmb!w. remly forI

_
are

'Escrv *twrica of rmtkiartwr atom ha* a di tincter g attern of ra.ipurtnc m-tallati*m in available tal. oratory spa r. 'llwir < o-t is in the $lt o.tW
de. an in me tnathm analvain. a sample i ma.le rs.tk.actWe lo nrutron ectostam to $M,tMU range, delivered and in<talle,l. t ittwes *em**what num
Ity ansluing alw ermiti..e emIL.arenity with wiriiti.e eleterthm in tmmrnte, t!.- ,g,ho,,g,. but al%, more versatile. t.mge in rmt up to ab mt $WUW.
islentets ed auletaners gwr-ent in the cample is determmed. For e re alwmt the.

j molye t, see %wrr.m ,teramtbn ,inely ras aval Sperermropy. oth.r tw = Mrto in thw
-rw

3
ror ,m-c mronnath.n. we n,mora a,.rter a e,-ya,+m imottet in ite

tSee Ra<limmtores in .t1-dirme, naather t=u Llet in thi< *rriew wries.

|- 1^ 13 i
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Materials Testing '!cartors These are high-flus reae tors u-d to te+t
the performame of rearfor materia!4 and equipment com;=ments umur ~; e''

. ,

ir:adia.i..n therrl y obtaining . lata e+ential for new reartor de-ign4 .e &

The, generally carry a diser- te-t I..a.1 ami are ogwrated prir.ripa!!y in , > ,

support of power reartor dnelopment programa. The larre-t insta!!a- ! ', .,

tion art serTire i.s the linited States i4 the Adsanced lest l!eactor( \TII),

- * at the Atornie Energy Commi44an's Nati..nal it. -tor Tnting Station - ,, g
near blai.o Falls, Idaho. The ATI simila- in , r-ign to a tank-t,s pe '. --

rewarrh rea tor heat enuch larger, tijerates at [mw er locl+ up to
_ '

e
: -

-

,

( S D,Oth) kilowaf t- heat outpe;t sted repre-ents an im r st tractit of
'

y
,

apprusimatrly $2.tHH), TMH). It i4 eeptipped with in-pile test hoop * that .* g . i

artake it po+ible i t. rondort many irradiation es[wriment s umler - J . .

trittperalitre, pr ewnre , and flow rumiiti.m. reprewrit.it he of .ar tte.nl Em
' '

,
bpower rearfor operation. p W , .,4-

-

,, .

, ,, .

~ ~ #
,

. ,s
'

The core of the idonnred Te<t Itenetor ( 1litI. n hirh achwt ed *
- N . ,

unuttal crut! canty m Jedy lwa. is und for testmg fuel < and
'

- .? ~ , '
.. . |high neutrom-intensity psrirenrv nt, lhe t ieu- - '

| vmr terials in a
^

helam- rer ents the upper erad of the I-io!#d serywn tine r are,
stina ted 14f et lwlour the rene t<>r's top brud. The < traigh t
" pipes"a.e tu n of the ntne in-pde tubes that r> di pros ide spaces
for in<ertmg sampin of rr actor ft..I< and strnet.sral materin|s tn
Iw performance-tested. The f * rurred pegm contain d. terrar
in<trurnents n ed to controlreartor pouer.

'
_4

,

*g
!?

I,

.

a ."' ,-
r~*f- /L** =:.

|*
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t
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Civilian Nuclear Power Programs in tornentional steam-clertric W5
; power plant <, a fowl fuel (roal, oil, or malnral ga-) is burneil in .i In.il.-r "se*

atul the resulting brat is u-rd to generate steam. The team is n-ed, in by v' -

turn, to drise a inrhogenerator, therrhy producing riertricits. In a
..

, *

ie nuricar power plant, a nuclear reartor furni-hes the heat. the reactor
*

,
,

I
j thu* ' ub-situtes for the consentional lueiler -" '-

) f

: . ,
. --

Pj

eki
' are the hghts of &nenton nOn the vrgh t

| % rit shargh. The Shoppunggmrt .1tamor 1% err .

*

| ._ , Stutton (abot eL the first full seale, nuclear- .

{ <Q h Thi< photograph. taken Decem- elet t-ir statron budt eneinsirely fo rivolimr j . g
''

,

- -

her 240 143l. at the 1 |L 's %. needs, prou edes electrretty for the homes and j - :n G; y y ,

GE N
'

}, y. Ihmni Henetor l'esimg Stalwn m factorres of the greater Yuttsburgh aren. The L
% |i = $% Idaho, <hous the first uneU;

'
of pre <mru:rd u nter renetor. u hreir note hns a - -

~ * *~*Ier tric pourer from n rom te en- 40, t Wt!- ne t- elec trient- k olo urn t t enpartty. be- s

ergy. The indb. nre hgh ted br the gan rummercial operatwn in I43 7. The
~

-e
,

'*_&f .. ,.. .
.

p nerntor at right th st og -rates em renctor is en the large buddmg en the cen ter. ., - |,

-- ::%::*. - -=.= - ::. -
.

hent .from Ihe E a pcrumen inic-;

b ik N$1NI I!rceder Renetor. @c pages 41 4 for a complete li-t by state.) One way of
C,','-j,1,~$U..,ik pnnialing ivrspertise on thi4 figure is tu say that it reptmnts a

) financial turnmitment. for plante ahme, of mmembere in the neighin r.
| The dram tic, almost overnight emergence of nu. frar power a- a In=ul of SiO,OtWUNNUNHh Another and esen more imprerise way i< to

ruajor farf or in the II. S. efertrical energs cronomt h.,- l . n one of t he point ont th.it the in,tdir.1 rapacits of the ll. F. rlci trical imlu-In at >

| most ermarLahle desrlopments in our to mtg i imin-trial be-t..n . it the -t.nt of norbi h ar il totalle.1 only 12JMMUNHD Lilowatt .
i the -tart of the 19(44 the U. S. ro-ter of risilian nurlear power pr..jn I, b the dimen-ion of the mh lear rem-tructio-a program grew the I

was limited to a few demon tration unit < with rapa, stic- in the unit sire of the pl.mt im rea,rd. At the rmi of 19fM, the large-t mtfrar
, nrighborhotu! of OtHUHND kilowatt < and a number of -mall rsivri unit 4 on order were in the 1,tMMU MN D to I,"tMUMNLkilowatt rat.ge, and

| mental or proto*) pe nnits with raparitics in the t.mge o f 38 H WI to the ro + mge imit size wa alnne litNU M N) Lilow a tt s. T he-c figures
' . , 90,000 kihowatts liv the end of 1961 mor al la rge.-e .d.- herome all the more imptrOe when one rralizes that up to the miel,

p (4tHUNNL NH),fMN) Lilowatt) projects had been undertaken. 'Ihe liut to l'Gk the largest comenti. mal stram+!ertrir unit in senin in the U. S.
f he li< en ed for ron-truction was a 430,1NNLLilowalt unit at San 8 ' noire, ha.' a capacity of only 250,fMMl kilowatt-
! which rrreised it< construction permit in March 19fd. In rnid-19fi . . la the main, the nu<irar power pbmt- committed to date are'

utility announerments of commercial nuclear power projects began tu schedn>d to start operation in the 1970 - 197~. Iwrio.l. Ibc espn tation !

gather momentum. |ty the time San Onofre ha.1 heen huih and brothe at this seiting i< that by 1975 mme 74,1NMUHut Lihmatts of mirlear f
; np to full power (January 1968) nearly 50 OtMUNN) Lib, watts of capacity w 'I he in commerciaI wrsire. 'ud that ley l'CO the total will t

[ nurIrar pow r rapacity havl been -e heduled for run trterlion. I!y the base increa ed to .4mt ISO,f MHUNN) Lilowalt~. If the latter espn ta-
eml of 19GI the total had ri-en to nnere than 72.flOO.tHW) Lilowatt , tion i, Inerne ont, nuclear power woubl then ae rount ihr approdmately ;

r

18 19
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'I'% of the rouatry'* total riertre l rapacity aml. herau-, ofae- wm y ,; j

gd operational crosnemies for an esen highrr pertentage of the totali

%$ clertrical output. Imking 4till further into the future, many beliew
MN that by the emi of tids century roulear gw.wcr will arroemt for half of

d the total cir. trical output .u I f..r e .<n ti.. tis .+il poo. r crocratior t
'

liig flock l'oin t Nurlene 1%n t, rayaris' hnitt thereaf ter * |
lornted near Clenrferni r. Ilu hipm. llasing spoken of nurl.'ar p.weri statu ami pro-pyts it is of (

| Irns n 70. ItH! net.rlec trical-ksi.nra tt inte nt now to trare it- rsolution and to say .omrthing alumt it- {
j enpurais.

, terhnolop . '

( ' ['gg lle-igm of power rea tors for . lcriret pmer generation receiwd,

}, sotne attention during and imme.!iately IJowing the wartirne atomic*

jI luimb program (llanhatt.tn Proje. I). Imt a sy stennatic rc<arv In aml
l

dewlopment effort towant thi< ol.je< tise did not ge t under w.ny until |
$ ._ _ ! #9 811. In that 3 car the I.S. Atomic 1:nergy Commiwinn formed a |g r 4-
i

~
IMi4on of ||cartor linvlopment (now tiv I Sirion of lleaetor !.;,

g . . licwlopment an.1 Technol..p ) ta pursue :hi- and other fi. Id- of y>wer |'

| rca. tur application. For the first " years or so the rmpha-is t a4 placed :!

on anpuring fmniamental krmwledge aml sin. lying the I.a-ic furarter- (?

j, L..c San Onofre Aurlear i-tim of <svral promi-ing reartor .ledgn roewept . I herme thi< period !

dv M i . uded out i, RC Morandm ~.n+c 4 whi. lij; Ge n e ra ting S tation nenr
Sm Clemente. G !,fornia, h"' *d M 6 E h uniuMio d eem h imtwiA..

lb te,r tet hmdon !=>re a secarity rias ilitatioe. in th+e
130.ono kilourait capneury,a g, _ ,m n ,, ,,,, ,,,,n ;n ,'gg,r, r, ,wg gor the Cowsnment ther

right to own pnwer reacte and condlary facilities. I:y 1951 hoth of
!.

;

there lea'rters to prisate initiativ in marler.r power .!ntiopment had I:s ? , _f y
! M~

-
.,c.,,

MM s . ~
r Q,_> -

, . -

\j4 been reinosnl and, with encouragNg results being reported from the
|L . \. >I | l' #-

research work, the stage was set for a conter trated gnwrnment- t
- - f? _ _s w,

by1 * e # 41F $ imfu<try dewh pment e(fort. |
--

;

* ' d.gg Arrordingly, the AEC u.itiated a Power l>rmonstration Ikartor j4 f -,,

| Program under which it prenided financial and e ther av.i-tante to
I ;

' clectric utility rumpanics and manufacturers preparrd to undertake {I -

pr m cring restfor run-irurtion projerts. ilmt of *he esperimental and |
i- Ich
:i . Ilroren, Ierry hvic,tr l'on er 1%nt prototspe projert< referred to earlier wrre carried mit within the

*

|j framework of t. .ms progr.im. Ad.htsonally , wural piom cring proin t . |

.

under construerum near Incatur., p g ;,9; g_ . _ gg,n y 9, ;y A tol nmn. This e icer shou t t m.. . rf
-

i firm, i N : h. M w a l* l'M N d n d..- !j _
the slurn I,o Iung u nter reart~rs. Its

.,,,, m,,,,, gg_ ,g,,4 o, ,;;, nm , p,C, ;, ,,g , ,,
total p.nerating enparutr aill 1e<

,

. [ ouve :t.000.tHto L olorrnts It n o!!1.e *
gg ;,4 , , 9, ,;, , y., ,, y , ,, ,., g ,, ;

j . ' ~ - Q ,, ;, 4g, . ,,; ,gg, 4 g, ,

; .p
,

8, - - the larp .t atomic p nerntmg proj large4 rale projr t initiated rinre that tinw h.,w l.ern mniertalen i, cet sn the trorld urnen I n corce
;

y [g g pleted m the 1970s. I
* w r

; .s m a se - - - a - m ,- - - ;
! '
s

,

4

N

!
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| willunut genrrrttrent supp>rt. The <me e xceptitm imohed a promising
|

!l' new ty pc of reactor system-
'

%Iany different ty pes of reartter +.ystem , were studied in the cour-a
fI of the ic> earth ard deselopment effort de4rrihed above; howeser, two

j9~[ (
systeme emerged as the most promising for near irrn application-the ,% 7 |

j, pressurized-water tractor and the boiling +ater reartor. Itoth employ N |||| ||8 onlinary water (as distinct from heavy water) a4 th< ro. dant and % }j mtulerator. In the pressuriud water system, the water i+ Lep: unfer
'

4; (,
., j

! sufficient pres ure to pre ve nt bull boiiing in the reartor se .cl and
|| steam to run the turhme. generator in produced in a eparate unit of ) ft ,

!j |
p; |

-

{,

jj e quipment (steam generator). In the boiling water syste m, the water i- 4 d) Q 4 ,

i alh,wn! to boil in the rearter ses.-el, therrby pnoin. ing -tram that i- [ f4*
''' ff

W 4 44'j b. . . .

M ||
. fed firerttv
!

~ to the turbinefenerator. 't he form-r -ptem wa- first '

I

.- h k .kjf " p% fM t
develop <d for subnurine pn. pulsion. Pre %urized. ami hoiling-water [1L_

'

reartors completely dom;nate the n,mmerrial !!. S. nm b ar p.wer [ f Il !
-~

'

d h"$9h f i I fmarket at the present time. A pn.-pectise competitor, which at thi4 $ 1'

b3writing is ju*t going thnmgh the paces of largr* ale .lcmonstration. i- [, |Fk !|

[) F ~

$ ~hn: {

"

~)l 3 '$p3 the liigh. Temperature Gas Cooled I!cartor (11 IUll). l
1 _

1

|, The crom.mic benefits of nuclear psw-r are twofohl. First. it is ; l y 38 ;gl (a
g

"M __ , f |
;; helping to redure the cost of generatinc ciertru sty m arca4 of the p t 4 j

rountrv dependent in the ps4 on highm fo-sil fuck 4n ndly the f; y |
| |q '

'C I'r-
.-m . . ...

' ' ' i
y

! abilits to draw on atomic fuel rc<ources greatly -trengthen- the i 9 T- " ~'-l r -4* w/~n %'

1 J. D O"" k thC !
: country's long-range energy position. Amy -- 1

|In the first connertion,a point worth ment 5 ming i- tlut herau- of - _.,. m
m m.q q ^ _.

_

{

-

9;,,,<;;.w
I the . :.mpartness of atomic fuel ami con-npvnt elimination of fuel #, -

tran4portation nut differential <, nuticar p.wer will in time art to o " '

|' ,

vandardin ciertricity costs across ti.e nati<m. Ilow rur pact i< atomic .- $ !, , .

furl? Well, the fissioning of I gram of fi%ionah!c material relea+s f
2't.tHNI Lib. watt hoor4 of heat. This mean< that 1 ton of uraniuu has e - '

|
. nmghly the i,ame p.tential fuel valae a< :tJHo.tHM tons of coal or
{|

'
(l 12,tMM1/NM, harrels of oil. In practi< e only a s aall fraction of the

_. _ |fg potential erwrgy value of atomic fuel is extracted hrring a single eycle
,

- . ;- : . r3% - - ._ _ .

{
p|'

of reactor operation. E .cu so, a ton of reactor fuel still :.ub-titute- for !

| many fuPy loaded freight trains of nmventional fuel. Q
In th e accond amnection, it is = remarkable fart t!wt. witi harch - "

,

j more than "fc of the world's p,pulation, the Una d States prmhrers (
r

''

and consumes more than onc4hird of the world's electricity. An i ca,;,;33m p ,, '-
equally remarkable statistic' is that, taking s!! forma of energy into " '' E ' + * ' T_' -.

-

account, the United Staten will probably use a< much energy f rom fuel ; ,g,gy ,7ucA7,,g of ,ne,ch,J uremam.235 c,m w ppIr 8t, total
y in the next 20 yeam as in all its history. And the rate of fuel ,pcgricor gum,, y,ed, of o rsty of 200, pns prople f,, n scar. C, ties of
j runsumption is expected to double ir the 20 years thereafter. If thi* that opprorime.te sm em inde Eugene. Orerm: l'ortf<md. it. nee: and
; trend continues, our reserves of fossil fuek sa t as they arr. will R,rkigh. Torth Carolma. I
1

1: :

i ,

j 27 23 i
1

|

1
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progressisely be depleted. Opini.m sarin im thb pointi Imt nen lleactors to Si pply llcat
allowing for the di<entery of new dep.e.the thance4 are that if fail
fiwb nmtinis to carry a< large a share of our energy bur.len as they h> In tne l'nitml States. 24 in an increa-ing nur.twr of rotmtrio,

4 as ca , tlw engineers are turning to the sea as a resenoir in.m whi.h tr. .iraw toruiw. s will twgin to cywrience 9.me .lepleti.m ef fet ,

turn of the century. Our remmree< of um icar fuel < are I. erg. . .f we erline prewnt water dmetages ami frip m. - future engub rments

. -neres tully einvlop en hm. logy f..r I, renting (pr. luring more IL,.i.m. bicar reartors are a gemu-ing nwam of supplying Llw Iwat rapiirr 1

E able fuel fnim fntile material than i< tonsume.I in the operati.m of a for fla-h di<tillati.m ami oth.c pnweuc* lwing .Inclogwil for large vale
,

seawater desatting operations. In nuny are>< where there is a sulstantialreactor);1 hey will be alrr.oxt limitles I?ltinutely . Ilmugh, we inay base
'

to lool ~ to still other energy sources. .I ti,at may I.- w twre .
Iemamt for fre h water. tiwre is aim a romplementary elemaral f..r

;| drermonuclear gmwer comn in Dee eli-conion im page -10). .

ciertricity In th+se situati.m<, large dual pury.w water sml elettritity

|.
Putting nuclear pmer on a nnnpetitise forting with comenti. mal Im-luring reactor plant < offer po-ildtities for n-e in the near future.*

pmer .ha< not been an cauy ta-k, f .r n. menti..nal p wer had the Samlin to thi< end are being om.lueted by the AEC in neliaborati.m

Iwnefit of a I.mg hi-tory of dnriopment. A gun.1 ,dicabr of the with tlw Offin of Saline Water of the i epartment of tie interior

pn.gre+. that was made in the comentional pmer ficId i< tire efficiency (.lomatic applicati.m<) aml with other rotmtrica amt interrsati. mal
of fuel utilization. Almut the time of hrbl War il the average fuel organizathmd.

nm*u.npti.m in tlw U.S. riertric utility imlu-try wa< lfl pmmI4 of Rhere largewale rnpeirements are to tw met reattors are aim a

coat (or the equisalent) per kilowatt hour of clntricity pnnlucni; promi ing :neans of sty fying low-temperature (up to if Wl'F) steam for

- tmlay it is les than 0/> pmnd -a gain in efficiency of 3R An nen imht trial pniresang n;erati.ms asch a4 drying, nap > ration,or di-tilla-

Iwtter imlicator is the unit est of p 4er gerwrati..n, =lii. fi, ori a ti.m. in PM plaris were amn.unre.1 for a large d. mal-p.irpow irestallation

c.o3 car-ago.lesp;te in \lk hican t.. sepply riertrkity to ifw geht of a utihty am! gew.~,

y nati. mal 2nerage, i- al mt alw .,one t.. lay a-it ,a

steep incream in talu r, nyipment. ami comtructi. materiak n.sts ateam in a phnt compics of a large rlwmiral rmerany.

The ciertric utility imbetry gaim haic 1.cen ar., pli-hed in three Some say reactorr. may aim tw m-d to supply higtetemperrture

principal wap- (1)l y rai4ng the temperature ami pre +ure of steam heat (15tE300tf F) for imlustrial pnxwes suc h as coal ga-ification.

l.o;ter operation. _ therchy lelivenng higher epatity ' -tran. ' to the flowner mth application mu+t await further dnclopment of hi,,h

; turbine-generator and achiesing impnnni cificiemw in romerting heat temperature reactor technology ami hence lie in the indermite future.

to electricity, (2) hy increa<ing the size of pmer ge eerating imtalla. An esciting extemi.m of multhpurywe reactors is the c mcept of

tiom, which tends to rnhire the rapital imestment per unit of plant "agro-imiustrial complexes *-i.e., large nuricar reacor centers that

j capacity and thereby lower fised charge = gwr unit of poweroutput,aml wnuld sn; ply ?ow-co<t electri ity, pnwess steam, ami possidy aim

i (3) by refi,ements in plani and equipment ele ign. The e same avenues i.mizing radiatien for the producti.m of a range of imlastrial aml !

[- have been and wiil continue. to be traseled in the development of arricultural pn=lutts. The reference here to hmirmg radiati m shouhl

I nuclear . power tnhnology. As time goes on hownrr, the met perhap< he amF4fied by sayi.g ths t thew are two peihilities:(i) the.

t imp >rtant gains to be expected in nuclear power technohngy lie in uw of radiatioa as a meam of presening fel stuffs (ra.fi.masteur;ra-

3' bringing 1.rceder reactors into commercial me. Thia objective is twing ti.m) or. disinf-eting graiti (radiosterilizati.m).t aml (2) the paildlity,

pursued wi.h sigor and will prtd ably entail another ryrie of g.ntrn. inherently I.mger range, of pro.hwing ha<ic dwmicab I.y ra.fiathm

f]f
pre. essir.g. It is emi im ed that the om<tnieti.m of wh nm lesr energvment-indu-try partnership effort mimilar to that dewribed alese. .

i.bpridualium-nw.h d fast -(i.e.. unmoderateds reactor * are presently centers roubt pnnide a meam of dneloping = holly new indu-trial am!

receising tlw greatest emphasis and the m.thmL is for sptems of this agricultural complesce in deselog6g natiuns. In this firkt.as in straight

type to achine routine commercial applicati.m sometime < luring the water desalting, the AEC is com'urting studies ami esploring possilili-
-

*

IWUS- tie * for applicati m in collaborati.m with other omntries.

.

*See Nefear Energefor Deswrewr. another In=Alet in thin arnes,
'See Radaarkm Iveseroetkm of food, another tx=Alet in tfrin enes.

s
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Ileactors at Sea.

,

The first power n artor ever budt began og-ration em 31arth M
1953, in a section of a sul,marin Imil at the National !!eactor Tr-ting *

Station in Idaho. This land.hawd installation was the f..renmner of the
pressurized-water system uwd in the submarine, USS Nautdue, =I.i< h y [",

was launchn! the following y car and began sea trial * in 1955. Surh merc ; >{
,

the first miledonen of the Naval iteartors 1*rogram, a joint eff.nt of the 2 g. _ O
,

j N.n y ami ihr Atomic l{ocep Gm.mi+i..n, whirh fu- en..In:ionifr-l j ~, #

t ,f
g nasal stra tegy.

f f' p'z.
| Gmgr v has anthoriznl 106 nurlear powerni submarines, ..or Iterp .,.; . 1 , pg d, ~{g.;.

,
: 6t I

Su bmergence Itescarth Vrhirle, ami men mu lcar p.,wernt surfue '' sgW Jgshi;% Of these i14 ships,81.<ubmarines and I surface hi;~ hase been
., .

?' % *6*
plarnt in operation and have stramn! oser 13JHM).f No nites. The # N?a

principal classes of ships, all of which are powerrd by pres-nrized water
rearfors,are:

Cla a f.eaIahip
.

f faat Attack Sulmaanne t'SS S4ig.pr&
.a

Polaris MawIc Fulimarine IISS Geogre t'4erhingfrm ',..
therp Sulwnergefwr I!rsrarch Vrhiric hit. l
Ihf ro)rr t SS (sunt>rmfse
Crui wr I'SS 14mg Ilme h
Errraf t Carner I'SS Fntnirue

f

't he rs olutionary nature of this flect is <!ur primarity to the
compartnew of atomic fuel anel. in the ca* of submarines, to the fact '

that osy gen is not rnguirni for cisme operati m. Thew fa. to.* tra.i late
-

into increa .e 1 range and erni-ing perd an.1 the rapar;ty for en-taine.l
submersion by subrnarines.,

e To illustrate, consentional diesel powered snhmarines hae a masi-
! mum surfa.e speed of about 18 knots w hich thes < an ..ustain for un!v

, | b,1f an hour or so. Their performance underwater i< et en more limited:
2

^ --

j World War il submarines roubl make only 11 knots submergnl. aml after Y*
an hour at thi< spred had io resurface Io rerharge their hattcrir*.1 her *

oper,te submergni Irw than 15% of the time ti..y are on wa duty. In fcontra-t, nuclear-powered submarines characteri-tira!!y eperate -ub-
merged em.re than Inif of the time. They can steam ai full power far
el.n * ..r n en w erL* amt tr.n ri fa-scr omferwatrr than on 41.c -or t..r.
~I hrir ma sinn m -per.1 ha- not 1.ren di-. lo-ed Imt i- Loow n to 1.e in

The l 'SN bilde. the fint atomic submarin . rs ru nrtof mtovsren of ''O Lnots. Their range i remarLahle; f. r exampte. she long life
%r }'ork harbo af ter her i nac amkr she nrvere ur. rap m 147

.

26
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1

i The USS l'nterprix IPoregrou nd) and :he USS 1.nng l'em h- The NS Savannah during one rf her sea triafs. {i .

| rr
-1

| rores now | wing instaHed in sinclear unhmarinn will prog *I the * hip for t ha- (ompIrtnI almut .T'.0,tW HI miles of trasrl. TIw bra t fuel 'isw

| appr..simately liH)JMMi mifr . rrplarrnwnt t...L place in the fall of 5%fl =lwn f..ur -pare element * !
| In Oriol.cr l'fM, the llSS l'nterpnve. USS Lung Ifesch, am! USS (one of 32) were inctled. The c will allow nmtinue.I operati.m for |
r fininIninge compi-trd t ipcration Sea 4 6: hit. a (G lay, 30.56~.-mile al .ut 2 cars. !3
I r mn.1 the worbi < rni* completriy free of rrfueling or logi-t r upp.n t The potential economic a.h an t ages of nuricar prop.d-ion for |
| .,f any Limi. ( Pperation< like this base denum-tratnl i onrin.itely the commerrial vrwels are:(1) ctiminati.m uf fuct spaces, the wi'ing more !

lL | ability of nurfrar.gmwered ships to operate over great di-tanres at high spare ami tonnage nailable for ,argo.and (2) impemed ship utiliration, !

|, |!
speed 4 comp!<tely free of logi-tic support. due to higher crui-ing speed an.1 eliminati.m of the wnl for fregrnt

{ Speaking of listances at sea, the nest number that runws to mind i< refueling. At pn -ent tlwse a.Irantag-s are ranrelied out 1.y the f a. t inat
j 3503HM) miles. which is the crui-ing range of Im nuclear pownni the rapital co-ts of mwlear propul-i.m equipment are suhtantiatly

,

P merchant ship Sunannah. A combinati.m paaser.ger<argo ses-cl. the N', higher thm tho.e of romentional niuipment. Opinion saries on when
|- (for Nuclear '! hip) Smennnh. was built as a joint project of the the balance will shif t in fawor of emclear propubi.m but it is mperted
| Niaritime Administration and the Atomir Energy Commien m t" that this wi!! orrur in cargo applications, su l as high *p-ed roa- !demon-trate the safety and reliabilit, of u<mg nuclear proput-nm for taineriint r ship .m hmc tra.'c n.ub.* i
|| commerrial purgwes. The Sam . displacea 22, irk) tons and is

.

;

Y powerni f.y a presuriznl.wa* - that deliser* 22JHNI shaft ;+.

! horsepower. She satisfar torit y . o p, . I sea trials in 1962 amt is _ % g. ,,r t 3r,rrh nr Sh.crat. = j.g,, ,,,, g ,4 g o.

| p,..n ti, i i..; ..i- ,atni in ,.. - ire. n n.egh = r ,_.m ai,t .u . -

, .
*
, ;

, >

)
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| Iteactors i.e Space lil'.ACTOlt SPACE POWEll APPL.ICAT!')NS
'

.

4

3 in parc. as on lami ami s-a. atomic energy pr..mie to pasc the
! way into the f uture. A< payI..a.l* grow larger an.I th. rnergy rnguirn! to
i nme them around in space in-ream, the nuclear r..ekrt will greatly '[

incrra-v the proput-i.m capability of emr *parc schi. le . I lettric power >>

' "m m a '"* a ''' *" '
,

generatnl from relioi-otopr* or um icar rea. tors wie . .mtine- 1'

'a f~lh ''-'

Iwrome more important as we mme farth -r f rom ti. um, as mi+ ion
lifetimes in sparc increaw.or as po*cr requirrments het .me greater for

,! more iu.phietiratnl pyloah. |!

Ilmket Propulsion 'Ihe National Aeronautics e.1 Space LL inis-
I tration aml the Atomir En gy Commi<-ion jointly upon-or a g..vgram
) to dnriop nuclear rm ket engincs for spa.-c mi+ ions.

| In a nuricar rurkrt, iiquid hydr . gen * is pumpns into a nuticar
reartor where it is brated to a high temperature ami rje, led (as gawrou4

| hydrogen) ley espainling it through a nortle, therrley dneloping thrust. . ,

The spreific impul e-that is, the poun& of thru-t per poumi of
%n ne.1 ork trn"e - w ~

'm
.- progw!! ant rjrried per senmd-that can he achiesniin sm b a mtem i, /'

- sfere sterfrem.,.

; c-ti* naled to be two to thrre times that ..I hem'ral to. Lets..

}" Estremely high reactor emtlet t emperat urr< requirnI forre

{ cificient performance .f a nuclear rurket. Very large power output. , ,
*

! million.s ot' kilowatt 4 of heat - are rnguirnt, and th e reictor mu-t he *
,,

. . ,-
! able to start and stop quickly ami at the prrri-e time neede.l. - .- .

,

*~

*

in the N ASA- AEC program, the main-tream dnclopment ef fort is -

. ,- -
the 7itm pound thru .t flight engine ca!!nl NEI!Y A (Nuclear Engine -

,
-

h
. f |

.
'

i| for Ih tket Vr. uric Application). This engine, whit h is bring dr4pwl , w
.

| by the Arrojet General and htingl ouse Ein tric G rpora. . : .
-

,

| tion 4 will be highly reliable, and will hase a specific imput-e rwarh ' i
t

# ' ' I'""'d #"'"'-
f twice that of ti.e nu.-t a.lvanced themical rocket engine end tlw / \h .

*
*

er

f capability for multiple restarts in pare.
' '~

;' %, - .

~ #- -
-! I NEllVA is based on 1-1 years of analy tical an.1 estwrinwntal

I
t

researth by the les Alannu Scientific I.alw.ratory (l.ASL) and NEi!VA _,t

contractors. 'lhe goals of tire nuclear rurket terhm4ogs program are:
- n1

|3 (1) prmi.Ir I.adr graphite technologr and dedgn conrepte for nucl ar _.
'

'| rockets, G') estrial reaphitr reartor in imologs to im.-mr rifirirews py: .
k ''

I a.,1 im reaw :.ower. (3) prmide in hmJogy for flight reart. r* hx.I on
| graphite reartor terhnology, aml (1) prmi.Ir 4 nm icar rm Lrt enginc _ __

| . ptem in hn.. fogy. AerojebGeneral aml htingl ou e hate recen Iy
'

)<
- s,

*- ~m

j tI,an.ern is syma .8 irmper. tor . i., is n 2nl. n.r a ae npie. a ,3, . w irar etrerriret
. \' .

cxten<or 14.w.irmrr ture terhmaorv th., support, norte.e pmput+m ror ,p re, pe"pa rmm. |
- cm. +,. r e v-.._m cou. .m,e,rr so uri in u.is ,r+,. -

|
,

|

""
31
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groumi hawd esperinwnt I rugine to obtain 3' it d" ray' Tlvemoele. tric r.mwrd..n - ilm gen.-ration of -l- t ri.it yrun pfrtal tr> ting*
a

a.l.liti mal etata nental f.< (1). (in Trial -n.inmdu. tor doir.~ ranni Il-rm..ro..ofr9 .lur to t h',
The national 4t for.nnricas orket reactor ami engi,w t<<t* Iand comiuetion of h-at thr.mgh the-. desico.

crentually n.mplete stageq is the Nurirar Itorket I)nch.pment Stathm A June $1. M61, an imlope p,wer ee SNAP :l A weighine
3 P"""I* aml generating S watts of etertricits wa r,rrini into ..rhit(NilltS) herated in Jackan flats. Nnada. The major installation. in +c

at the station are Test Cell T. a tractor te t oll: Engine Test Sta ul *h"ard a Navy nasigatirnal atrilite. It prmi.In y,wer for tw, of the
.

' p,i_!WPr 3 g.

N-t Wes
1he M il*31 generator *

.) .I f
i

behito hall at botto m ).
'

'

,

attached to n wrellite to *
*
' * '

,

prurid, energy for the
_ .

|
'/

wsteliste ) transmitters uns s s

Vy' s the first of atomie _ e r ,'u se

, f"' 31odel of we adr anred A*rra p-m-er m spare. lanched
'

| i f enpne .n tended to produce i" IT61 truth a design tafe a,

i Q .

i }. h- bejhHI to 75. tot p.mnds of of S y ents. SYll'31 is '

. ame .;
,

shrunt and approtsmntelv 1500 stil' matune.* * ~ ' , " ' mmw arts of pon er. t
.

* --.
.

O -

satellit/s four radio tranernitters and titus gives driym ami aircraft a
No.1; IMI Alf. a rear 5,r n'aintename. . - mbly aml di-awmbly wor!.lwide means of deterrnining tierir psitions rl.. tr.mirally. tilher
imibhng; .md E M N. an engine maitetenanrc. a-rmbl . .nul diwa-sem- radioimtopic powc amrtes, gnwrating up to 66 walta of power for3

I.ly 'mihling * *atelhtes, have b.vn launchni Wrwe that tune inche.fing the A p llo,

| In a.idition to the NEllV \ work, the nu.frar rocket pn gram alm AI.SEP csperinwnt p.vlage and tlw Nimlm< It weatlwr o. ate llite. T1 r
* *1'"'t * oilwr revan h for t he e stensi.m of nn Irar ro. ke t a . hm.I..p . ins. Irar desires in tlww satelliers were lesrloped e4 part of the All' -c

. f I.AS1,. Ihe lewi- l'escarch Center. Marshall Spa < e I'li ht Center. end space clertric power program.
.

t many other government laIx>ratories, uniscr4 tics industrial organiza- As past of the same program. two e la+rn of .-ampa t .nsdrar j

ti.m<. an.I rewarth i*tstitutes are involved in thi+ effort. Artititirs ..f rearts rs .re behig deselogwd for the higher p>=rr spare .epplica'a.ms of I

particula *' interest are: (I) a.hanrements in rea. tor fort in hnoh p. the future. l heir power outpnts r;n ge from ab mt i kilowatt to
(2)in.cstigation of materia!4 properties azul adsancnl rea. tor romps thou4 amis of kilowatts?.

|'| nen s. (I) desclopment of nuclear schide technoh.gy. aml (I) inse-tiga- Ctawes of sp.ere rm-don * .mel reartor power evnrepts are devrilw.I
;I ti.m of the fra-il.ility of mhance.1 nuricar rmket n.nrepts twlow.

Some unnunned utrilitrs of the l'Ak wi!! ewed at least erra!
Electrical Power The first applicatbm of atomic enern- in spre kilowatt < of ricotrio*v. If the m. . . ...

waa a dnw.e that generates small amotmts (watt.) of vin tru,.tr br * i-wm re ,uirer.wnt- p-trmt the schi. le.

|
. . to bc I.mg and dender, the shiridm.e wrecht for unmamwd sparetraft- -

thernuwlectric cornersion of the heat gisen off by a rad.ioartne emtope "

*See hrleur Ebpw%.a for S =sce. a nimpani.m t== Alet ir. It i< =rth *See SLti'Jasrfair Sp. ore Rmerm. a rompan*m !=At t in ob $rtre=
t
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will tr- L:w enough m that rea. tor < will be romgwtitisc with i+otope* or Inch tem;<tature reartore whi. 4 wili I.c u ,8 for mi.i..ns of On.19Pa .
nonnuricar power at power level + above alumt I- 2 kw. I'robably 't he rirroninm hy dride tra. tor wilt I.e u<d primarih with ilwrm. tre.
among the cartiret uses of sparc reactor power plants will be in mannni tre tornerso (w hirh ha- m. m.ning parts for p,wer pn bu t,..n) in
sparc stations and lunar ba* spplications, one or both of = hich may be llw 10 E Lw raner .m.! with i e meirnr3 Ihmkine FN \ pat me.m int i

launrim.I in ilm l'Kos. In alw3c mi+i.e. which rr.gnire heavy shiridmg. t he 30 70 L w rang n llowr.er. t he high rf f b ivory I: rap..n d ..rg.,,,ir
reartor u-r is a.hantagnms above ah.. t 10-15 kw. At power lesch of Itantine ry rte terhm.hyy may esteml the p,wer r,g.al hty ,,f the>

about 50 kw and ab.nc, wl.ich w oubt be rr.inir.d in spa.c statior.. and rinunium hpfrhie reartor to prrlop< Itm Lw.'

riectrical propulsion missions. reators base uni.pr a.hantagr< mer all l'ower for vier trir proput i.m a men a- i.., unih.,,y p..,rr ,_ ..n
other power concepts. Ilm -p+ r. rait b l-.. bring drui..pnl. In . i., trir pn.pnt,;..u. ihru-t i-

! The fir-t *parr reactor elescloped wa< SDP1 a thpiiil-mrtal- produrnt by rierting a high +neres I. cam ..! . !rrtri. affy ..r rlectromac-
; cootnl. rirconium hydrhic moderated reartor with a thermal p wer notically crrirrated up r. ~1 hh . ..u i lea.I to st ificantly imprm e.1t

output of 50 kw. Thi4 tr rtor together with a 500-watt therunwlet trir <pur propul-i..o system 4 l{In tric proput son i- a low thrn-t .on. rpt'

generator was dr<ignatnl SMP-10A. A flicht version of SN AP-10A wa< mid wonhl I.- u-ed only f..r pr..prhn.g ps . rr..it .ow du3 s ,.7,

Iannchn! and trutnl in orbit in 19(G. and an identical model wa< testnl launthol In.m Ilw . arth hs uther nr.rns
'

on the groum! for oser a year. f"' hkh"r P'urr or f..r lower piwer plant weight <. a.hanent spa, e
p,w er -3.-tem + u-ing high temperat ure. fa-t rea. t..r* are rnpiirnt. T he

.

. ; g./ ,
.. .

;
, . two pm er ye m . ..oerpt- that -how the mo-t proe..i.e for thi,s. 'e .*

'

purphe are the iet+ ore thermbmu rey tor amt the [ *t.s-mra Ih4:tLineO
, . f gg - rs.Ic w it h a hkh t. :np r.iture h.pei.I nwta! . .-.ir.I cra t. -r. In a4 <

.

; ( /'

| , , , f ' .'
i t he r mi. .oir gem t tor. . fr. t icity i- pr. I * n! 13 cmb,& m ..: . Ir. e n.n.

;
j

I In m a heatnl raum.1- (as i., an . fr. tr..nir u. mun tuld in the in.c..re
# -

thermi.mic rotwrpt. the rat hmir* aml . ollertors .rre integral par 14 of th-;

,6 rrartor fu-l elemente, rnpdring Dwl e lad temgwrat urr* annmd 3tO fT.~,
. ,

,
s

- *
The li.gui.l-metal <ocieti r. at tor. pota<4um flanki,. system 1%!- and. ,. , .

,

( 4 romlene y,ta-ium in a rp lc .imilar to that of a comenti. mal sicam,.
_ -

; . p>wer plant. but at peak temper tura aruum! 2tpf.F. in . nier to
-

- attam the comp 3 inc+ rnpiired in mare > strms.
.

-

aggr -

.

.

t

, .
. 3w..-. . s % -

..# -, -

,

6 .(" -' "
. _ __

.
t

' ' . - . ,, . A

(n* . a| '- *s. ks ;
+ . ,. ;.:

; 9 7 , _; ; j
_

w .

6, -
. m

'h %A f= ~ ~ "~
, . * ' ' f.- , _ . p - SV1P MisR v a pmtotrn , a compact

'

v e. ~ ' , '. .; q a at s*-
nurie .r rem tor that may one das arpply,

I- SY.11*.27 (arrme) shmen em meum, provides elec tricalpm.er for the p.m er am the mo.m or nhwed a spr--rem _(t.
l

<

,1IMi* instrum nts left by apollo 12. Its mmumum pour outpu t of ihr rene t .r surem u, much of the
63 u arts comes from the heat of the radr.ertwo derny of plu tonmm- twhnot..p ..| t're ST IP-IrlI and at full-
23|L .I thermnelectrue syst m ccmrerts the hea. dirretly mto electricity. poner op.,as tr..n se ril prod re 6 M I,J.~

| n nrts of thermal energy. fl. re a terhmeiam
! The pre ent program is ronrentratirg on two gewrd rategorie' of of 211 fuel riemer* in to them wr t3 ,me

,
space power reactorc (I) the rirconium hpfride thermal reactor, *hh h

,

r<wl durine mrtral critreality ex-
,

,rore

of currently auitable in hwdog aml (2) the pen m-n ts.
..

makes masimum -
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I
I These photographs record the se.psence of events during a driren down mto the core. (*!) Seventy nme maluseronds after

'

| deliberate core destruction experimen t in the bVI'RT-1 f<rdity at penk p<m-cr was reached. steam begins esenping. tt:) One hundred
| the Mtional Re<rtor Testi sg Station. The area on view is the top andfire m.thwronds after peak power, some of the te,t apparatn,
|. of the reactor. schich was installed in an open tank istow ground is Knorked out of place. !!!) Une hundr.d and tu enty-m en
| leuvL (I) A rmi containing e.tcess retrtn ety at upper vtght us endte.#r.mds after peate pmrer. a!! detads are hidden by ewaping

f, Itcarlor Safely
s tecm.

i

Errtenti.m of rerrtor arridents star 13 with con-ertatise design of
(*an a nuclear rrector blow up like an atomic homh? TI.e the reartor torc and control *-} stem and ron enalise engiewerbeg of the

! ansuer is: No. In the first p!are, the fuel use.] in tractors co.dd reactor in-tallation. IIasimum advantage is taken of natural laws to j
i

f stot he made to emphide even in a homb. la tlw -rrond gdarc. hnild inherent viety features into the system. Starting with this ha-c, |si:nple ty pe ofentirrly O f frwnt. In atlw desigo principles ilw d.wigorr -. rL# t.. anti. ipate the poWid. .nrs ..f hum.m rt..r a,4 k
aw,

p;ct es of c+cntially pure fi+hmable matrritimmb, two <!rrtronw.hanicai fadure ami to make prosi-ior. for sivm in the de irn,or em re i

[ are rapidly brought together to form a critical ma* an.1 are held l'or esampic. ,afety r. b. whi, h automatirafly in<et alwm<!te= int..
: . h, < _ , _ h m I , e m ,l. for a ery ur=.. . ,i . h- t.. i.. t iw r~. t.- h._ -t hmit. _ ,_ h_i- de.._i ..n 2 ,ad sa f.-

i! generated. In a reartor there is emthing to 1941 the inct together. If a ha <i<.
.'

i
runaway reacti.m occura, the inten*r heat generated rau<< the fiwl to Accident prnenti m takes many other forma. .meh as the rare that !'
melt or otherwisc come apart.1:cartors are o dr-igne 1 that. if thi< is t Len to elect and trair ..prratie g per .mrw! a.;.1 t.. .<t.e. ils operating
happens. the fuel tend 4 to disgwrse and the rearthm automatically prortdures I;cfore a nuclear p>wer plant may he built in the finant
stops. Indeed, most typs of rea.1on have an inintent enda6ng Statn. rigorous mfety resiew pr.wntures me t 1.e fun..wed, invinding,

,$ characteristic in that as the temperature begine t o ri< t he rea tion among other steg.s a sgwrific sa fety rniew of the prop rd p..jert by
). slows dow n. the AEC amt impartial Imard of reactor cywrt< (Lisi<oryan

f Apart from the physical damage to the reactor. the most scri. us Commit.ee .m Ilcarror Safegnanl*). Thi< rniew takra into arrount not
i hazard in the esent of fuel melidown-cr a stnwtural failure, or a,) only the features of the pn.a.o-e.1 n 4. tor installati.m but al-o the

other conceivable reactor acrident- is the po+ibir es agw of radioac- rmironnwntal rharacteri-tirs cf the pn.p ed iorati .n -_.listance from
/ tivitv. Tiwrc are thus two main asperts of reartor sifety : (I) pre "t i. m p.pulation renters, terrain, meteoroingical ronditi.m . amt tlw like. T
! of reactor .wthlent4. and C) containnwne 4 radi..artisit3 in liv event simil.c !.ut nrn more detailed rniew i- made Iwh re a h. en-e i- grantr.1
| of an arcident, to operate the plmt. t erre the plant is in wni.e.an anwndment to tiw
!

|-
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Iirense mo<t he obtained befoet any significant change may he made in
the plant or its operatirig pattern. timun tre re perl pm (arr..n L trhwh y

| In the rontainnavnt a-}w. l of reae tor safrt), f i--i. m prnhwts ,,u. errmiertml m the llaterretts T es t-

arrount for ne rly all the radioat tidly in nu.-t power reartors *.o they ing lienefor at th ? Natr< mal llenrtoe
are what mu-t he rontained. In tuermal o|wration, the fiWon pnwhwis Ic'trag Statum. et b=rded rnto a far-

nace where et w ell he meltml mare loe leil in the lurl ley the ftwi rlaehling. w hit h i thu4 tlw pl.mt's first'

line of .lefenw again-t relea-e of radioartisity." ~l hi- material frases the prmurr:cd steam. a hwh umutates a
,

premi-es, so to speak, when " spent" (used) fuel element * are remow.! Imofenohmt necidat. In this a ey f

fro m the reactor and shipped to a fuel reproces-ing plant.+ Trace surfre v.-s tmg*, d.v on tam ma ri.m -
,

i- amount < of fi-sion pn ducts that e cape into the rea. tor nudant procedu res. Snmpleng d.>r kes. and -

through .lefects in the fuel cladding are seasenged from the v u.lant hy radiochemwat annly trent method, ran |
purification equipment. packaged aml shippe<I to an AEL site for safe he 95t J and erniaoted. 'i

,

p>

i hurial.t !
t

,

j 7 ,r enough to reat powihte shrapnel rifert- Ilwy esp!.dn the f.emiliar [
j g sphrvical or hemi-pheri. I shape .J mme mn lear power plantt '

; ther the more than two derades that haw na-d since the l'ermi !J4

' '

es perinwnt. .!nring w hi4 h lit. . ally hundred- of rea, tor- ..I s ri..u, ty p. -
ore of. he Spn ial I,<m er i erurstemWP G. t

aml .t -igns haw twen innit f or a great many purp..-r-'aniq.ren *
.

r, - ,i Heac tor Te<t A o. I is!'t H T-IL 1hus*
r

.
afety record has been ar%.wd. % h ewn new re wtor and . a4 h twwit

y )4' ss
4

. u sed f or vsfe rv te sI <, sn< h as '
,

|
'

, , year of operating asperieare> k now Ir * Ige s n.n-l.ent y fero.
.

l w 1sww
- determumng the er ny in u hich fuel "

. ;gan.ed-aml th.e s perhap* the mo t important -afeguard of all. \n
,

q , ~ ,,
pms ful runder e nrron s abnormaf rom-%

equalh important murm of new knowledge s the Atomi. Enerp.

! i,
- ditions, and the energy thresholds for . . ,

. L.on ms-mn e reactor <afetv program. The. r4 a myor effort and ha- two
. . .

<

x. fuel damage and future under neci- . . .
!

-

,

prmt pal a-perts: (1) study of I-as.e arrulent mn hani-ma and (?) test. |, ,- \ den t conditions.p, ..
.

-

v eng of safety Ie'.ures. In the latter,ldneratory anel protot)pe rmnIrl< of |.

sarious t} pes wi reactor sy-tem < are tmt through rigorous tests umler f
'

,

j{ In the eunt a major arcident such as fuel f.e-It -down. hould swrur, estreme comliti.ms to determine the safe hmits of eledgm. materia!*

|| large amounts of fi+i m prow.d* woubl cuape their norm /. reinfine. and equipment mm[wment<.* ;

|| ment in the fuel.Therefore chitian power reactors are prusided with an i

|! a,hlitional line of defenw-isually a ga tight enrh -ure. In enany plant < f
l' this takes tl.e form of a large containment shell. whi-b enclo.es the !

dnigned to with,tand the !L reactor insta!!ation. These shr!!s are
rnasimurn s agu er pre 4strrr that migInt lee generated. anil tre ruggrd

,
- ;

*In thin t.mnrrtion. et b the alaiety ol h.el and he<I rlaafdme nutreial- to
with tatut g4ey iral tieformatiem tuuler erra liatiam whic h often afrtermun the [

| allowable "furt 1.urmep"-that is. ehr teneth of time fuel element, can be allowed I

to remain in a gwwer rearfor. [
t 4 plant 21 *leich reaiHIual fm'l b ersarred.
tin mmw ra*es an airtight lasilding auffices for contairmwnt. m other plants. j

major parts of the reartor wystem are indsiduaffy crmtained in steel tankt See 'I'er more inforn ation on reartor .afety. .cc A ro.mr Ibirer % fety. a

Ldh u rice Irastes, another t w4let in this artic<. romps,sion tw>cklet in th6 wrien.
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Appendix

'
U. 5. Central Station Leicar Power Projects-June 1970

Capacity
Name and/or owner Location . Type - (kilowatts) Startup

{ Ol'l RABLE
Shippen; port Atomic Power Station Shippingport. PA. Pressurized water 90,000 1957
Dre4 den Nuclear Power Station, Unit 1 Morris,111. - Boiling watet 200.000 1959
Yankee Nuclear Power Station Rowe, Mass. Pressurized water 175,000 1960
Big hock Point Nuclear Plant Big Rock Point, Mich, Botling wuct 70,400 1962
Indian Point Station, Unit I hdian Point;N. Y. . Pressurized water 265,000 1962
Enrico l'ermt Atomic Power Plant Lagoona Beach, Mkh, Sodium cooled, fast 60,900 1963

* ,

Humboldt Bay Power Plant, Unit 3 Lure ka, Calif. Boiling water 68,500 19o3.
; _ Peach Bottom Atomic Power Station, Unit 1 Peach Bottom, Pa. Gas cooled, graphite 40,000 '1966

,

,

moderated
San Onofre Nuclear Generating Station, Unit 1. San Cleme nte, Calif. Pressurized water 430.000 1963- La Crone Boiling Water Reactor Genoa, Wis. Boihng water 50,000 1967
11addam Neck Plant .

. Iladdam Neck, Conn. Pressurized water $75,000 1967
,

Oyster Creek Nuclear Power Plant, Unit 1 Toms River, N. L - Bolling water 530.000 1969-' - Nine Mlle Point Nucicar Station Scriba, N. Y. Boiling water 500,000 1969.
Robert Emmett Gtnna Nuclear Power Plant, Unit ' Ontano, N. Y. Pressurized water 420,000 1969Dresden Nuclear Power Station, Unit 2 Morris, Ill. ' Boiling water 80'#,tT4 1970

BEING BUILT
Millstone Nuclear Power Station, Unit i Waterford, Conn. . Boiling water 652,100 '1970
Palisades Nuclear Fowe* Station, Unit 1 South llaven, Mich. Pressurized water - 700,000 1970Dresden Nuclear Power Station, Unit 3 Morris, Ill. Boiling water 809,000 1970a. 11. B. Robinson S. E. Plant, Unit 2 flartsvdle, S. C. Pressurized water _ 700.000 1970

_

* ' * '
Quad {ities Station, Unit 1 Cordova, llt Boiling wa ter 809,000 197.1!-

L- ., r. . . - _ , . . ~ , _ . _ . , - 'a _,_..,_.;_.R.%,,_ ; -#,,c.- , ,,...,.+,..,,_-m,-m ,, . . . , _



_ _
.

._ . ._._y, u _ _ _ - - - - -

.

o

,

y Capacrty

Name and/or owner Location Type $tlowatts) Startup

Montwello Nuclear Generating Plant Monticello, Minn. Boihng water 545.000 1970
Point Beach Nudear Plant, Unit 1 T wo Cree ks, h. Pressurized water 497,000 1970
$urry Pouer Station, Unit 1 Grasci Neck, Va. Pressurized water 750.000 1971
Oconee Nuclear Station, Unit i Seneca, S. C. Pressurtzed water 841,120 1970.
Indtan Point Station, Unit 2 Indian Point N. Y. Pressurited a ster 872,890 1971

Browns ferry Nuclear Power Plant, Unit I Decatur, Ala. boiling water 1,064,500 1971
Peach Bottom Atomic Power Station, Unit 2 Peach Bottom, Pa. Dotling water 1,065,000 1971
Fort Calhoun Station, Unit 1 Fort Calhoun. Nebr. Pressurized water 457,400 1972
Turkey Point Station. Unit 3 . Turkey Point,Ila. Pressuttred water 651,500 IW1
Vermont Yankee Generating Station Vernon, Vt. Boiling water $13,900 1971

Quad Cities Station Unit 2 Cordova,111. Boiling water . 809,000 1971

$urry Power Station, Unit 2 Gravel Neck, Va. Pressurized wster = 780,000 1972

Pibrim Station Plymouth, Mass. Botling water 625,000 1971
Point Beach Nuclear Plant, Unit 2 Two Creeks. Wisc Pressurued water . 497,000 1971
Fort St. Vrain Nuclear Generating Statir - Platteville, Colo, Gas cooled, graphite 330,000 -1971

rnoderated
- Cooper Nudear Station Brhwnville, Nebr. Boiling water 778,000 197.

Oconce Nudear Station, Unit 2 5eneca,S.C. Pressurized water 886,000 1971
Zion Station, Unit 1 Zion,111. . Pressurtzed water 1,050,000 1971

Salers Nudcar Generating Station, Unit 1 Salem, N. J. Pressuoted water - 1,050.000 1972

Three Mile Idand Station Unit 1 Middletow n, Pa. Preuurized wate: 810,000 1971
Browns i erry Nuclear Power Plant Unit 2 Decatur, Ala. Doiling water 1,064,500 -1972
Turkey Point Station, Unit 4 Turkey Potnt I'la. Pressurtzed water 651,500 1972-
Diablo Canyon Nudcar Power Plant, Unit i Diablo Canyon, Calif, . Pressurized water . -1,060.000 1972
Prairie i land Nudcar Generating Plant, Unit 1 Red Wing, Minn. Pressurtzed water 530,000 '1972

Maine Yat.kee Atomic Power Plant u iscasset, Maine Pressurized water 790,000 1972
Browns re ty Nucicar Power Plant, Unit 3 Decatur, Ala, boiling u nter 1,064,500 0 72

.

Kewaunee Nudear Power Plant Carlton, W!s. Pressurized water $ 27,000 1972
Crystal River Plant, Unit 3 Red icvel, l~la. Pressurized water 858,000 1972
Salem Nudear Generating Station, Unit 2 Salem, N. J. Pressarized water 1,050,000 .1973
Peach Ibttom Atomic Power Station, Unit 3 Peach Bottom, Pa. Boiling water . 1,065,000 1972
Arkansas Nudcar One, Unit 1 London, Ask, Pressurized water 850,000 1973
Donald C, Cook Plant, Unit i Bridgman, Mich. Pressurized water - .l.054,000 1972
Oconee Nudear Station, Unit 3 ' Seneca, S, C. Pressurized water 886,000- 1972
Cahert Cliffs Nudear Power Plant, Unit i Lasby, Md. ~ Pressurized w ater - 800,000 1972
Edwin 1. llatch Nuclear Plant, Unit i N* icy, Ga. Boiling water ~ 786,000 .1972
Rancho Seco Nudear Generating Station. Unit 1 Clay Station, Calif. Pressurized water -800,000 1972
Beaver Valley Power Station, Unit i Shippingport, Pa. Pressurized water. 847,000 1972
Three Mile Island Nuclear Station, Unit 2 Middletown, Pa. Presu,, red water 810,000 - -1973
Calvert Clit'fs Nuclear Power Plant, Unit 2 Lusby, Md Pressartzed water 809.000 1973
Indian Point Station, Unit 3 Indian Point, N. Y. Pressurized water - '965,300 1973
Donald C, Cock Plant, Unit 2 Bridgman, Wh. Pressurtzed wates 3,060.000 1973
Brunswick Steam Electric Plant, Unit i Southport, N. C, Dolling water -621.000 1975
Zion Station. Unit 2

.

Zionilli, Prenumed watet. -1,050,000 1973
Prairie Island Nuclear Generating ibnt, Unit 2 Red Wing, Minn. Pressurized water = $ 30.000 1974-
Sequoyah Nuclear Power Plant, Unit I- Daisy, Tenn. Prenarbed water - 1,124,000 1973
Duane Arnold Energy Center, Unit i Palo, Iowa Boiling water 545.000 1973
James A. Fit Patrick Nudear Power Plant Seriba, N. Y, DoUing water 821.000 1973
Sequoyah Nuclear Power Plant, Unit 2 Daisy, Tenn. Pressurued water 1,124,000 1974

PLANNED
. llutchinson Island, Unit 1 I Fort Pierce, fla. Pressurize,1 water 800.000 1973
MiUstorie Nudear Power SLtien, Unit 2 . Wawrford, Conn. Pressurized water 82d,000 1973

. North Anna Power Station, Unit 1 Mirieral, Va.
..

Pressurized water - 845,000 1973
Diablo Canyon Nuclear Power Plant, Unit 2 Dublo Canyon, Calif. ' Pressurked water . 1,060,000 1973
Enrico Fermi Atomic Power Plant, Unit 2 . Lagoona Beach, Mich, Boiling water 1,123,000 -1973-

a Troian Nuclear Plant, Unit 1 - Rainter Oreg. Pressurized water - 1 106,000 1974"
Davis-Desse Nuclear Power Station Oak liarbor. Ohio Pressurtzed water . 872,000 ~ 1974

- - - - -- ._
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Vame andlar owner I ocatton Twr ,1tiowerts) Sr.irtup

loch N1. I t,rley Nucicar 1%nt Dothan. Ala, Prewurued water 829.000 1974

North Anna Power Station, Unit 2 \lmetal, Va. Prenarized water 545,000 1974

New bold bland Nuclear Generating Station, Unit 1 Newbeld hland, N. ,f, Boiltng water 1,088,000 1974

Limerick Generatmg Station, Unit i Pottstow n, Pa, Bothng water 1,065,000 1974

% uham H. Z.mmer Nuclear Power Station, Umt i Stoscow Ohia Boilms water $10,000 1974

Pennsylvanta Power & Light Co., Urut 1 Bodmg water 1,052,000 1975

Shreham Nuclear Power Station Brookhasen, N Y. Bothng water 819,000 1975

%ilham 11. Zimmer Nuclear Power Station, Unit 2 Niosc ow, Ohio Boding water 610.000 1975

wuharri b, SV;uire Nuclear Stattort Unit 1 Cowans ford Dam, N C. Prenurued w ater 1,150,000 1975

I orked Riser NucLar Generating Station, Unit i Forked River, N. J. Pressurized water 1,129,000 1975

San Onofre Nucicar Generstmg Station, Unit 2 San Clemente, Cahf. Pressurued water 1.140,000 1975

\tabbu Nuclear Plant, Unit i Corra Canyon,Cahr, Preuurized water 462.000 1976

bailly Generating Station Dunes Acres,Ind. Buihng water 660,000 1976

Carolma Power & Light Co, North Carohna Boiling water 821,000 1976

N:s bold bland Nuclear Generating Station Newbold bland, N. J, tioilmg water 1,M 8,000 1976

Urut 2
Edu m 1. llatch Nuclear Plant, Urut 2 Basley, Ga, Boiling water 4 6.000 1976

Aguirre Nuclear Power Plant Puerto Rico Preuurized water $ 33.000 1976

Arkanus Nur ar One Unit 2 London, Ark, Pressurued water )!O.000 1976

Limerick Generatmg Statwn, Unit 2 Pottitow n. Pa. Doittng water 1,#65,000 1976

San Onofre Nuclear Generattng Station, Unit 3 San Clemente, Cahf. Prenurized water 1,.40,000 1976

LaSalle County Nuclear Station., Unit 1 Seneca,111. Bodmg water 1,'00,000 1976

LaSalle County Nuclear Station, Unit 2 Seneca,111. Bothng water 1.400,000 1977

Consobdated Edun Co,' Verplanck, N Y, Boiling water i 15,000 1977

Pennsylvania Power & Light Co., Unit 2 Bolling water 1,052,000 1977

Beu Station Lansing, N. Y, Boiling watet 838,000

%ilham B. NicGuue Nuclear Station, Umt 2 Cowans l'ord Dam, N. C. Pressurtzed water 1,150,000 1977
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Lharacteristics of U. S. Civilian Power lleactor Concepts 7t m arta P @NE
_

,

1 1M" i

I
g / [ @7!- Presmehed Water Reactor (PWit) 4MFMI 4i y

j FUEL Slightly enriche.1 uranium osiete doel with rirconium all..y io N 9 -

Y '

j
. . i}

'

|
MODERATOR Watc< ,

h |COOLANT Water j
PRESSURE OF PRIMARY SYSTEM 2,250 pound 4 per sjuare inch i 7 2- , L J,u -;

(P ) % gw .

'
4 '. i

~"
--

"A VCOOLANT OUTLET TEMPERATURE MWF ;
-

=|,,,,,
"""' "

,

NOTES Well dorlopnl technuh.gy. C.=.lant per-urire.1 to pre- |
- *s+

j sent knik I. oiling in core; hence high o;. crating pressure.

,

N
,STEMM U K

1 .- . s a

NDSTa_ __ 3; f[WLRATORriloiling Water Itcactor (ilWit)
i i

' -
-

E FUEL Same as PWit, above
*'"

'

MODERATOR !! oiling w ater
I .

COOLANT lloiling watn ; .

. -

f PRESSURE OF PRIMARY SYSTEM IBM) psi | ') Q %
COOLANT OUTLET TEMPERATURE 550'F || 21' ,

NOTES Well dnclopeil technology. Coolant alh.we.1 to lu.i! ia ! d + N W =*r

core: hence lower operating presure than Pu ll Phy deal me . f vore ! 4 _ _ __ ._ Q'-
!arger than in PWit.

| p=ap

.

.

,

.57EM LDiTe'
_=,a_pe cevLw'.gj Iligh.Teenperature Gas Cooled Reactor (IITGR) <. ,
,,_ _m_.

. ,
y

- - -
'

FUEL liighly enrielvd uranium rart,ide ami thorium earlide roated I UE~k [.
- 5 '===e-*- -

i with pyrolytic carbon
fJ

I rMODERATOR Graphite . ,

ygg :

f COOLANT liehum -

j'
! m -Q :

i
,

PRESSURE OF PRIMARY SYSTEM 550--700 psi ig! I E ' g'
'

COOLANT OUTLET TTMPERATURE approximately I ftWfF E |,:;
* '

NOTES Use of hdium 'as coolant pnmits sch;ning high tempera- |
; O '

2 ' - - .-

" -- C ' _I [ I
~

turc4 (wnh re of ting high .ncrall pLmt cificintry ) and minimirc>, ..

# '~'' ~ " " * ~
corrosi.m problema. Core .luign of It'8;lt lead < to high inel utilization.

cf f airney ,._

47
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s
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%Iten Sals Iter .>r OlSit)s

FUEL Witen w!uti.m ,f highly enri heit uranium an.1 tinnium in
fluoriel- sitt misture

MODERATOR Graphite
COOLANT Sci notes t.clow
PRESSLC CF PRIMARY SYSTEM Nomiaal
COOL /Rt 90TLET TEMPERATURE 1:stMf f .

NP ~ Cirrulating furl eptem. Conupt in o perimental -tage.

.

I,ieguitlSI.-tal4bolcel Fasi Ilreceler Itcactors (13115 fit)

S. lium-Graphite Itcart. e (SCII)

FUEL liighly enri.-hc.! uranium -plutonium mi le vl.al in -tainte-*
strel

MODERATOR Tlinimal
COOLANT 1.i.piid sodium

*PRESSURE OF PRIMARY SYSTEM HMt . t NI p-ir

COOLANT OUTLET TEMPERATURE 8. >l--IltMFF
>

NOTES Promiv- f low fuel co-ts aml eflivirm utilization of fuel
. g y y(TIT Ml

re ..urce, through brmling lisc of elium as t.=.I.nt permit- a In.cung
,

high temperatures at nominal pr~ urn al-o, sulium i< a vry efficient
,

I'.. N .UUM LDiE
,

h.at transfer med m. Ihr han thng of walium intro lures -ome ele-ign - -

7 - - 3
'IRSpp' r-m - ;! ;

}. an.1 operating complications.
. t

' '--~'- f

ibgmF ? a- --ie
! @dj Fast I!rmler lleactor (Fillt) j }

.

m e .~ ,
- ;

FUEL liighly enriched uranium alloy .121 with stamic-4 -teel (n-c of i i t
j j I _ .-Q ~~~~ - - ~ '-

.
,

, *

bIC; '

i uranium - plutonium mieles projerte.1) Wy '
o e m

.'.10 DER AT OR None =m ,COOLANT I.i.guid milium
PRESSURE OF PRIMARY SYSTEM Nominal
COOLANT OUTLET TEMPERATURE WW ll5tf f '

NOTES Promiv of low fort ro-te and efficient utilisation of fuel
resmrre, through breeding.. I!se of alium a< r..ol.mt permite a. hirsing
high trmperatures at nominal pr%ure; cl~.. -.-lium i- a scry rilicient
8. rat tran fer me.lium. 'I he hamiling of alium intro.Ince- - me air-ign
amt nyrating complitali..n*

49
48
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' " . " "* N 14ev Tomecrow Besen. 30 minutes enfor.1%7. Pn luced by Arg.mne
'

National I.almratory for alw AEC nis film trlk the story of the building arwl
Availabic for loan without charge frort the AEC llcadquarters Film 1.ibrary, testing of the world's first reactor. I!y interview. historical Glm kmtare. and
Divi < ion of Public Information.11. 5. Atmnic Erwrgy Commiahm. Washington. '

D. C. 2tn15 and from oiler AEC film libraries-
paintings, the motion pirtme reenacts the hktoric events that ini to the
dramatic rrement = hen the first nu*tainni chain rearskm wa. achie,nt, ni,

,t romic ancer TmLey: Senire inst Safety 2fth mimate= rotor.1%6 Pn=lurni nulestone in man's qunt for krumledge memred umlet the stands of Stagg
Field. Chicago.on December 2.1912.

for the Atomir trulustrial 14msm. Inc., arul the AEC by Snwes Produrtunn.
Inc. This film teth how central plathm nuclear power plants sene Amerva.

| SNelP& Syrsem foe Norfear Aursamry Power 10 mm*tn. nJor. I% Pmde ed
*

Startinct with basic informatum on lum ciertricity in pmdured from water by the Acrojet General Corpne=thm. SN APJl een pro dle a wmtre of
pmer mul fwil fuelm the f.fm introduces nuelcar fuel as a new emrry continuma power ao that spare soyarm may inc in health amt comfort for ~'

remmrre that Irtps keep down the rost of ciertricity. Comp.ments arw! nmnths at a time. In animathm arut liveetkm anpwnces, the fatricatimi aml
; rmstructiem of a smwer plant are shown, and safety features are empha, ired. operati m of this system in esplamni.

| The Newlear Ship Savannah,23% minutes. rohw.19fr1. Pnuluced ley Orleans Film Atomic Energy foe Space.17 minutu. color, lh Produced by the llamlet Film
Pnw!urti.ma for t *w k S. Maritime Admini*trathm amt the AEC Thin Corporation with the cm perathm of the AEC and N ASA. Tlw film nplains j
mmtechnical film rmers the histoneal ba lsgnmmt, design, curatruttam, sea why only atomic energy can satsfy =>me of the future power needs fa the !

'

trial <, arul imtial port ralk of tlw NS Saiennah the world's first nuclear cydorati m of deep space. Nuclear energy fue spaer is being developed ;
powered merchant ship. through two basic application < De emrlear nwket for space pmgmbion aml !

.. Tomorroac's Puerer-T,= fay. Sh minutn color,1%i. Pnwinced for the AEC by pie w rnetw pmn planh &at swoduw de clutnoty ewntialim
tfw Argonrw Nathmal Lalmratory. This film nplains why crwrgy from the | 'P"*U "I"'*'""' U' #'ciency of nwirar and dwmical ta kets in ;

'

the Gmon se =Mi produces Ow Iwat for Ow nuclearatom is neede.1 to popplement that of nm.cntkmal fouil fwl<. It diows how m, an

twat from nmicar fis4m in comerted to electrical emer arul gives a brief engine s thrust, as explai wd wnn animation. KlWI amt NERV A sptems are
splena which can provvie electricity for i.paeceraft amium n_suncy of reprnentative atomic gmwer 3 anta in the ti. S.4 ,

satrliites, are de=cribal m detad.
Tr.e Acw Swer. 15 minutn, olor. 1%1 Prmlurnt for Or AECi Idalm

operatior i Off.ere by the femkout Mmmtam. Air f.orte Sta on, his film tells ,. first Ravine m. Spare: SN.lP 10A. I $$ minutes. pdor 1% I*nutured for tlw
' .

AEC by Atomics International. Development ami lawn h of tir fir t scartor inIImw the d. lkmal Itcartor Tnting Stathm in Idaho e.s furtlwrine the AELsa
i

. pant ic.r cronmnic malcar lumer. Mo e of the many ei wrinwntal mulcar spaer are desenbed. SNAP.10A. emmistme of a nurlear rearter and pown
nm ern.m umt, operated succewfully for 53 days ami pnwhered nu.re than

. .

reartors forated at Ow .festirig Stathm are doen.ted. He film alm nplam.s
.

| the ha=ic princigdes of gumte reactor constnerti m and ogwrathm. 500.0n0 watt hours of etertricity. This compart reartor is em.pini to a

Atomic n>wer no.forti.m.1 & minutes, rotor or black arw! hite.19 fit. Thi< film reactor directly into electricity. %e heat k then trawferrn! to the pmer
; in tfw Magic of the Atom Series was pnwlured by the llandet Film nmversion unit by s tiquid metai cadant.

Corporathm. An explanathm in given of Imw tln Iwat created by the4

No fear hopet. = in Space. 20$ minutes, etJor 1969. Pnvlored by N ASA forccmtrolled chain reaction of atomic fuel m a reactos s convertal toe!nencal
N ASA and the AEC This film compares the heavy etwmiral *wkets uardemer. The basic differences in thew power reartors are di nwsed: the gg g g 9 g ;, g, g

twiling water reactor, the pres =urized-water reactor, the liquw_ l-inetalental
rear tor, amt tie organic-cmJnl reactor. He pnneiple of the breeder reactor is lighter rnrkets will cut travel time or a!!me an increased payload. The KIE1 !

ggg gg
esplained arul its importance strnsed.

'

,lsomic l'eneure. 23% minutes, rotor,1%I. Pmduced by the Gern ral Electric The itkerher Eye,13 minutn. color.1%9. Prmfuced by the AEC he demen. ;
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