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UJTRODUC ION 

Tb. feaaib111 ty ot nu.clear ower for Io .. _ 1 ea en 1 lly 

overned by &eonomto oo s11!er tionn e.nd 1t 1e th r ore 

ro riate that thi th 1- hould b 1n17 oonc r &d 1th 

factor~ · h1ch d!rectly or indirectly ftect the economic of 

both convent1o'M.l nd nuol~ar !'OWCU."'• A detailed xam1n t1on 

ot tb. oonventlon 1 w ll a th nuclear po\1 r tua lon 1s 

of 1mporta oe alnoe t e adoption ot nuclear pow r dur1n~ the 
next doo de will oartainl;y depend on 1ts b111ty to roduoe 

oomp&t1t1v or oh,· er unit or eleotr1o l nargy. 

e of the !>r1no1po.l obji)et1 Vt!G of th1$ tho•1 1 to 

det rmine as pr o1 ely s pone1bl when naclear over will be 

eoono 1onlly comp t1t1v with onventlonal pow r 1n to • 

Absolute nuclenr or oonvent1onal .o~er eo ts are then ot s 
1m ortant a are r l t1ve vow r costs , nd 1 order to roV1de 

b· si to:- ~ompa.r1aon all est1 tes will be overned by com-
n t1bl "rou d rul • nat us throl hout will be plic.· bl 

to Io nd ny e ti te or ~r d1ot1ons de w111 b b ed 

on, nd . overnGd by, oond1 t1ons perta1n1ng to Iowa , 

"'oo d t ava.11 ble on th co t of 1 otr1o ty fro l. r 

ooale nucle ,.r lan·t ar baaed on P'· per stu01 • At be t tho 

r ea nt the oonfiidor d jud ~ment of thoae oat ta ;i111 r w1 tb 

the v r1ou t c n1e l nd o~no o f otor 1nvolv d. In 
en era 1 tll e ti .~. t d power oon t are more rongly tt o ted 



by the v ou non- technloal so pt1ons m 107ed, uch 

lant n:-1 te-otf • 1nventort enarg nnd lo d factor, n b7 
otor r lated to re tor teohnolo • 1nce the ftel otton of 

non.- t eh?U.oal tis t1ons rofloots th.e degro at opt1 aa or 

co 1s or tno. tng the t1 te .• on o n ay th t such 
projeoted co ts hnv no f1oa:no • h f ot t..~ 

opti t outnumber the ss1m1 ts and most ~rod1ot1on 1nd1• 
c t a p:rom1s1ng ou 1 ok tor com t1 tl. ve uole r po er 1 very 

noour ng. The out important u stion to eke no 1 
in tact. 1 n :111 v llav co.;petittve nuc er o :r 1 Io"' ?' 

r tber than, t'will e have comp ti 1vo nuol r o r?1 The 

obj ot ot th1 hoE1 in t t-<>Vida info t ton r 1 t1ve to 

ans l'l 18 th queotton of 11 .,, en•1 and so dolng 1. t 1 ho od 

th t pla.nnlng tor th tu. tur exp zion ot th ! oun Po r Grid 
:ill b ... 1 pl!t1ed . 

uol r ·"r cone pt · ar · t r ln ti ly rly of 
deYolo m nt. The growth 1G rap1d ~nd rad1c oha.ng 9 t e 

l av ry bra.nob .. Snveral di.ft r nt o r 

·1 te r under ep te nd 1rouJ. t noou a velopment nd 1 t 

G not ponsibl to p ed1ct with any ocr nty \<ib.ich of he e 
yoteni 'k1.ll be mo~t ooesstul. trnder mioh nond.1 tlon t is 

not ·Urp 1n that .t1t"!t otory o ier co ,t ot1 t o.r 

d1ft1oul t o ace . nti ths v d!f.te:r nt esti ·: - tor cv\ n th 

o ayst d1:ft r r10 rently . S1noe the field ia ne 1 there 
1 little past oxpe 1de future launin.tI• no ev r , 

us ~hould. b · made o ha . v r . perl t!C 1 v l bl and th 



Tabl, l , Oonatruotion coatn1 eott ~ttd and actual. of 
p o1tic nucle r plants 
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Do e not inolud cotJ t of r cent modi oat1ons. 

34 
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~o coot of reo _nt mod1tto .. t., one . Include 
~o t 0£ ec t flrnt oor oo t t ala ,o .6 llion or 

rb1no saner tor. 
0tt M.s bo~n ost1 '." tod th.a.t the acool.era.ted con.at-Notion 

oh dul at r adopt d would ve 1ncraased th1s to 2.1 ! . 

4nc not inolud .2. 3 f r ower. ner: ti nt. 
0 s ,d on r cen. t e tim.:, te th 

tincludoc oo t of ~ ol rabrte t1on. 

not include cost of and 



oonpnr!eon in f ablG 1 tween est~.· n:to a:nd ctu.al coot of 
spoo1.f1c eloa.r pl ts ic 1.nntru:!t1ve ( 20. • 11•12). 

In ll ut on a the d '9'1 tion b tl . n 
ctuel. •onot u.o tlon east llb!l be!?n tltHJ to oonal.derablo uld r· 
ot1. t:i.on. Tll.01'0 a.re sny rea ono tor hi • incro s d con ... 

otrnotion orrts. t\ll!: · th• .. 1r rela'tive ·~ mportnnee r1~ ~th the 
d1tf' rcth. pro3eoto. or ~~~lu, 1n t.i.\tfit o . o of GR , e-vcr l 

m ~or it it of eq_t'd n·t1 suoh · 6 1 mete.llur ico.l hot c ll, 
atoru.s :tor liquid ~ to?:' drJ fuel wnr add 1:1 r .e1~ tho 

pl11 tii? 'T t occurred <lunng d.en1gn and c notrunt.1on and 

·100 oret d into h pl :nt us information b 041."lO v 11• 

·phite,. 1ncr no 
cooling ... or cot"" shi ldlng. 1no ~a ·ed sodium 4re-ne t a uip• 

M1t, etc. 
h increanee fro~ M "'Cb l9S:.> to Sept mb r 951 n th 

estim ted ooettJ of th\'l Indian »o1nt DJJ.elo$.l' pl ~nt l v b~on 

:pln1tted b1 t..~e Conool1d~ted lson Oompnr~ ot I:etr · "'o"r · o 

f'ollo11 ( • P• .12): 

cost of convont1oual portion 
"ati · to o! ~ ,rch 1955 

Increa e in ,rons c~p o1tya 
Deotgn oh ng s 

ao lt~.tion 

nt1m te ot S ptc~b~r 1957 

e om 236 to 275 ( ) .. 

l ;ill!.on of e.011nr 

,6.5 
.o 

l . O 
:;.5 -4S.o 
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'l.!11onn of dollar. 

Oo t ot z:u.tol.m .. \r pos. t!on°' b l.6 ... o 
I ores. e 1n O$G Qa:po.oi ty ~.7 
·.r;o~at1on 2 .. 1 

t7. to diapoe 1.l u1st<'!m 2.1 
s f .ty r$qi1 manta 3.~ 

neer1ng1 e roh• and develo ment 7.4 
Undarettt1m.~te ~lld dcoign chsnges 6.8 
'1ontingenain • onrhf) d, an.. inter 

dur ~g conotruction .7 -Eat1 to of. S ptember 1957 

~tl •sti ted totnl cost ot con~t:ruot1on there.tore 1nore (:ld 
from 52.5 million tn ~le.rob 1955 to 90 million ln So to ber 
1957. The aost 1ncreaees r3ealting from 1noreaee4 groaa 
c p c1 t7 d exo. i:!t1on ropre ent st tuat1ons that o n also 

ti e 1n the oonetru.ot1on ol !os 11-tuel plants. ·~th re 
to tho other 1trun1!, tho mount of ba.a1o nuola r reseo.roh nd 
d velopm nt 1nvolve ~a muob greater "thl\11 orl.aina.J.ly tttl• 

ted end .la.n~ were modified a number o~ tS.mea. thereby in-
or tug thg oost of . ng1.neer1ng. In dd1 tton, many 1 tems 

re undere3t1 · tad o.nd d&o1p obanges 1norea.aed t.nc oo~t of 

the harthnlre, (!U.1okly us1ug up the ortgtn 1 a.l.lo'WanOe for oon-

t1ngeno1ee. e moat r cent co t atitlate tor the entire 
plant 1a 100.3 m1ll1on, 1ttclud1ng 810.8 m1ll1on :tor rooearoh 
and d volopment. 

In View ot uoh oss 1n1 t1 under~ot1 teo 1 t wouJ.d 

ppea:r th.t tuture ilOrk should arr on the ~1de ot con~erv t1em 

6 ·otimat~ of l,"" h 1955. 

b om 36 to 275 :w(o) . 



1n t..-~ hope that thene erro~n w.tll counter ct th$ co~t n-
ourr · be unforeseen 1·rr1eul ties and dd1 t1onal re 1re enta. 
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L1 title tt aJ11 11 tert;itu:re hna been publ1t'fhed !3peo1t1oal1y 

concerning the til'llaa1b111 ty ot nu.cltatlr vowel" tc'1: lotm, bow-ever 

~ o.on~1d'tt:rabl~ aw.ount ts ave.1lf1ble on the more g&noral subjet')t 
ot the encn:lom1tH!f o:t nl.lcloG:r pon:r tor t11i? Un1te>d ::Jta.tes (41 511 

9t 21). .nuon ot tblo ha$ .,pJ,'H!IB.rG'd s121oe 1958 and the growing 

b1t$Net in econo~i®l nucl.,ar pow~r1 nth.er than cs1?aply 

nuclear power 1t•Hlf• :ts "llJrf eV1dent 1u t..tu:t stea41.ly in• 

aroaa.1.d.ng qwut ti t;r of 11 t•rr.rture publioh.ed. on the subject. 
Since most pnblleat1ono are o! a gen(lrel na.:ture, tho 1n!'o~­

t1on prt'Htont~d :re~u11'$£? anal1s1B to deter!Alntl whE>ther 1 t 

a. 1e d1rootly s:ppltcable to Iol'm.t 

b, :requ1rco mod1:tioa.t1o1l, or 
o. 1a not a:ppl!oable to Iovs. 

'L.1 teratu:-!l generally aitailnblfk 1n the :f'1olr'l m..~ be 

clo.as1f1ea under tlui followln~ mnin ll.&adiit~f!U 

a. Unol,\\ns1fied Atomic Ent1ra Oo~t\s1on reports 
b. Penoc:u.~a 11tot"ature 
o. lnlhu;trl.Al ~tatuo :t>eporti'.IJ and n.rtS.cles. 



In 1958 four reactor atu.d1oe (Ji) wore 1n1 t1ated by the 

D1v1 ion of Renotor Dewlop ent, u.a. Atomc ergy Oommts-
aton, to osesn th fe s1 b111 t;r ot po,.rer genc!nl tlon through 
tho \\Be of certain types of nuclear reaotor-s . Seve:r~l oott• 

t~aotor pnrtic1pat0d and i general each 1nveot1 tQd and 
r~ orted on a par·~!.i'.t\11.at' reactor oono.ept (3. 1. 19, 22) . '?he 

r ports re mttdo public 1n 1959 nl.f ~re followed by $Uppl • 

nto 1n 1960 which 1ntroducect several ... od1.:f'1oet1onia M4 re-

orted 1n more dot 11 on (Ull"tei$.n aspects 'tth:iob. vero not . o 
thoroughly 1nvjf)at1go.tod 1n the 1n1 tial Qtudy . 

The econom1o ds.ta roport&d. by the various oontrnctor r .. 
nootod di,f:f'erent doaisn pl111osoph1~e. d1.!'!e:rent eatim ting 

o11o1on, e.nd 1n some o aee a t obnolo{l.l;; ot itertf' <1 by the 

A.EC dci'1n1 tion o: cur.ren.t sta·tus. n July 1959 sax-aont nd 
Lundy e re u stod to revi w th· reports ttd to proper or-

l!z d co t t1 t a ot ah reactor oonoe t {18) . 
mno 1959 uc1oar reaotor stu41 e tlll.d th nub e ~ent 

ow r oo t norw:l1z t1<:h studies 1n tho a111111a.n 01ar r actor 
rog.r have rovi eiS. basin fol" the WOX"!t and develap~ent 

~oh ha. tllke pln<Hl during the l .et three yonr • loo aom-
pal1. on ot current and 1959 status prov-1dtHi: a m(!rutn ot 
a e sins the dev -lo m.Gn.t or a a.rt1a.ul r concept.., 

~~ i:!l. nip 11 coct eetimatos preofm.ted. 1.n the stud1 e• 
Ol.'lto clo not speo1fioal.l.y npply to part1oulal' lOOelt1<n1. 



o~ v r. round rules have been t up ao that oond .ion.a and 

oost ro rgpreaent.· t1\~ ot thos elttot1ng ln man;r part of 

the United to.tea. Thu.a, al.thou.sh the ottid1ee do no1; ~pply 
' directly to o.ey spoeitic loan t1on nnd eluctrical q~t~n.t, the1 

con ti tut .. e tho b· 1n of n ~t1c\.ll · r cs1gn. -:!1an r.u)d1f'1cat1onn 

ar - de to £ult1ll s7titem. :requ1:remunts, and corr otions a.re 

e tor en~t1ng a1 t~ cond1 tions and economic taotors 

artioul.n.:r to tho reposed reactor looo..tto:n. 

P riod1cal LiterBture 

13eveloperitn tn tho 1'11Jld o! n.ucl.ear eng1neer1ng htive 
en l re 1611 in rec nt year td.t.-.1\ th· re Ul.t that oa, 

.atorltd ls outdated. soon t't()r 1t 1s abl1Shtr!<l. Periodic~.l 

11 tero.ture pro\'1.de!! the noo~S!Bnl"1 cur:icr..t 1nfot'1Mlt.1on ~nd. U!f• 

data onct!ns r~ports (10) •. 

The v1e c Xj')l'llS ed 1n per1od1o~l 11teratur are often 
'!f1 d :f"ter.ent anlt more venod than thoce !o,.tnd 1n Atomic 

erSY oomm1stJ1on t>r 1nduetr1al r;,po~·te. AEO reports are 

of n ub3eot to mif171uterpreta.t1on dnt.'1 mainly to a different 

ethod ot cost c.ccount1ng. on tbl'! cthor hn.nd1 1ndu. tr1 re• 
ort . a o r.;. nerlll.11 . tte:n ·u1th the ob3eot1ve 1n V1 w of 

m 111~ th.& :part1oul!i.r ~reduct of the £1rm 'P'. onr e.s a.t~ot1ve 

a po~fd.bl~. 

It- ,.a,y th:c~re.for~ be oonot\.t4sd tb.ut per1otU.oa1 liter tu.re 

1.s n 1mport~nt eoure of current 1nforl'llat1on · t nd to 



10 

contain re ortglll!ll ldeae and eantU.O vie~ than ;rould ba 

found n · t'1er A o o "' induat:rJ. .. report • 

e ort 

>1 .. 1 1s . Ul:liq MJ. 1 or·t.? ~t rol n 

n 1@ld of nuol · ar n tn en g int11.u1trl l o?'t for· 

1'1c nt ourc of lni'omat n It io most prob 'ble th t 

oh oro dep~n nco 11 v to b l o d on 

t se epo1•t0,. a1n¢ 4 v-Glop cn.t d.11 b conducted. to 

,p: · i;; tar e t nt tty ln 1v1du~l oontr ctortJ., r. th.er than by tho 

ccr • !1 dl O· dVtU'.i. goo e.ea.roolt\tod w1 t · u.oh 

oond t1on 1ne n tel°""'rt o lo@:! ti t 11 · f e;rd 

t or t tl o fro':\ to o ... ..,ti tor nnd 1 . tardy 1t 

divul ng ny o nt break- thrcn.igh until ch ti 0 

t1n 
1 

-t.~tc ot 
ttfh lo 

ni ¢1nl 

d!O'lti 

t elf to b dvers f'ectod . 
u1:rod ger..er. l b ckgr und 1n.tornia.t1 ~ for t 

ts ve:ile lo fi."()m. · a.ey- ant'! varied source • 
sine , D11'; ctti {15) ov1d.G de ail on tn com• 

oo no 1c t n• 
in· dat • 

. e V .r oun U., ., G Vo . 01'0.t'to, 1n p ir t1eu.tar 

' t1 t rt o t t1 t .c ot thltl u. • '' ( 2 ) ro e tn c ""' 

n.rg illto lon. on au h point.a ne po~ul t4on · o~rth, vaila• 

ll ty r,,t labor torca. int r!ft~~.te mt~tion, foe 11 ru 

d· o 1t~. ~ iil .tu l od et n. and cl tr1eal po r 



ll 

conauapt1<m. ''fi'lo Iw.ndbcolt of Ba.1;1!0 ioonomo st .-"':ietlaa, n 

publlshcd monthly b7 the Eoonomo St~ t1et'.1co Jru.rt'le.u r;,t 

Wtlaluncton, D.o , • 1~ found to bt? .a. va.lu.o.ble eouroe ot 
eu.rreut tnto.m ·tiort. Ia. p('.rt1eula.r, tbe cons~:r t.nd 'ffhole-

m:-~e price indoxeo, ~ported eaoli yt~ar a.tnoe l9l3t ore re• 
qUlt'ed. in thls study f~r ccat normal1Eat1on. (26). 



Io1~'0 eeonoray hn;S btlett centered &bout a.erloulture and 

a"'~ ~1. tb!n r!loon t 7$!!.r~ he~c 11:utu~rt;r7 111? .. oim .e:tJS' s1gns of be• 

ol!*miug tho nfluentd.ntt f.at:tor in tu.titre fJC:c>nom1o Sl"cn,th. 

Sttid::r ct tho indt1at%'.1.el de'failO:P,.."'lcnt rn to \.Y1 thin the atrtta 1B 

1m ol:"~'411t if N11l':l.b1e :p~4.tut1.on!t ~ to b~ so.do 1: future 

:po'\'.rer 4 e:ineind ~n'l loa4 ooneentration. ~he) labor torciJ la ot 
necenol t:r ala.need 'bG we~,\ ~~ricml ture and, ind.turtr.r. A ~bi.ft 
to 1nductr.r l"etntlts 111 r..n tn~rea e 1n produ.ction and a 

~ tor 11\orees~ 1n th dGatdld tor powor. uduBtl."7 &leo 
ten' a to oallae n ooucent.ration ot o~~ th~mo.nd a.nd GO pcmi tn 

nn 1ncroaoe 1n ~irnm u:t.11 t eG.'P~o1 tr. lrittn~ l $hous tb\'l 
actual tUld prt.J~lot~d di~ltd~n ot population 1n Iova tro~ 1900 
to 1980 (12)~ 

l:. turnl!l{; ;poln't ln th& ~lerti.O!l~htp ot 1ndnstl7 md 

agrteulture c~ 1.n 1950. Pot:' ro1.u:"S 1rutunblal output tn 
I t had ~ll1led t'oo dolltl.t' produ.ct1 vi tr o.t ag.rlottl tu.re. 

Industry dr~lw , .h~e.4• ho"mnr• 1n 1950• when tndtu~tr!.~l ou.tnu.t 
~ eottmat~d o.t e2.,5 b1lllt>n &!! oompn1""et\ 1'dth ea411 billion 

for gr1c'1lturo. S1Xtoo tll:Gn 1ndu~trta1 output 1n Iowa ho.G 

TnGll"ci than doubled th~t ot th~ fa.t-au, even tbou.gh the ls:tttn.~ 

ha.a gQ!ncti. In4u. trt11l p~duotton 1c n~ainG , •5 b1l11on e. 

1oe.r anrl asrtcttltv,ro S.a !i.1: !), ~~2.5 b111J.on a. yar.r level (11). 

In md-1961 tl1c tcd.Grt\1 Rlllaoriro Dank or Old~ annnunee4 tho. t 
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Icrt:J. lloa the highe t gro"Tbh .. tie ln ~ufs.ctllI'i"nS r..m.ung the 

at.- s in 1 ta di'"tnct 1n recent ear· (J.6) . 
ho in u.otr1al !U.f .. hnrs b1·ou,t .. ~t an enomou.$ hu!'£ling of 

. ooplc and jobr! . 41h no l f.?"om or to ty. 'l'hc 1950 ... 

1960 o · 1101.1 oho ·re + ~ t tho Io :ra, l creneJe n tu1u.str1n'l 

·,)~~ero ms 18 ;;er cent a •rint~ ~,iae det:hc! a par d d ~ th~ 

natio1ui~. V'l'.lr't.tl'l~ of 3 •)er oou.t. lio11avo1~. t!1M"e ·mo or,lf e S 
per cerrt popule. t16:u ljrO"{th OOA1 rad to l.S D<~r c ·. nt w:tio:unlly 

( '• p . 180) . ..h · te or ~o 1 i.nor o1ng. and b · 75 

Io dlt havo po u.lo.tion ot . ~ million ii' t lC rate of 
o· th tu nt th.e m1me l 'Vol n.s 1n th.~ 1950' , or o ul ti.on 

ct , .18 1ll1on mt of gro ·t~ oontlnu.o. to !nor c e 
1,.. bas flince 19:50 (l6} . Ou.rveo lU'e MOW 1n . gtlre 2 ,. 

:ate Icna ooll. gc- ooilmWli ty Rem~a.roh Center !'let!m t a 
tlt::i. 1n 1965 t.hnr irJ..ll bo 190,000 more m mbar ot tho 

i" or f ro thtU.t r tilt f jobs. aohlno c hao 
ems. tted fe"\7er f'nmer to produce mor • In 1950 tho roduc-
1.on of on farm tiror. .. or r•u.pport d l.4. 56 per ·Ona, 1n 19 "O 1 

roduot1o uppo.rt d 2J.69 per on.n (11) . lt la rob b ho.\ 
a. largo la or f oroo 1111.l booom.~ £l .. 11ab1e eta.ch 7e(lr d.u.o to 

o:>ulo.ti n groi-:th t'!~..d to l"adund: noy on th fam. 

'fh& aV< 1lab11it:r o 1 bor 1 3or tr ct1on 
1nduntr-J . ..1 o :r o , the onl;r tt:l bord r 4 by t 10 

r.i.&.v1.gabl0 r1 OJ:"O, tl\A u1Gt.fi &1pp1 e.n.d th.fl Jt!GG0tl1"1 .- 0 

'Ziuo1 e1pp1 has a st >111z d nine foot cho.nne.l tho. t erv 
t lvo Io "O. CO!ili"!lUtd. 1 0 W1 th ;;} ' te ... t~ro1nal. w Io la. 
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n~ar tho entet- of ts -stl)te 1n.duGtrta1 nrkot n tho u.pp r 

nh1oh ~ploy elf the t1ou'o cbiner: ut o• 

turtne er cant of ll ~loy es in f brl. t d 

et~la. 1 .. inuu:7 et end tl."im.aporto.t!on aqu1pmtJnt. l.l . o t 

on -third 0£ tho u. ~ . popal. ti.on.. rntail 0 lBs · tnd vf.t ~ct1 v 

01 r t 1 d. thin one a ' ti o:t I y true "} d 

t "'0 dny · ' t e by ~11. 

! t 1 ul'llik ·11 tlm th ee a tra.ottone 11 tn tl to .. 

llo eh · t of nd stri 1 • 
1ndu rit:ll ~ot1th M the r u_ d a . rating o c y 

t.>c oloaoly a. · ooJI e.tcd 1 t ts 11k ly- that the dom nd or 

%' · 11 oo t1nu.... o nol"'Oa ·~har lf,. a.e on. 

bio i t1on. t U? to t1 d p o ty cu:rve :or I 
:ttr ol ted to 6,ooo ~w 1ur:>t'1-l1ed by 98 { 1~re ) • 

1a in n "d. tb. tho n . pt1ott o.tto · ncl o ii h 

t e rl no , thn.t t 

ton. rear • O.n sitoh b o1 tho Ot\ ·Hic1 t1 111 1980 would be 

5 .. 200 ~W. ?>ut cono1det"1n th l:dgr1 r.atG of ndustr1al 

~rt no d exp t ,. t~ a ~ti te (.tf 6.o O ~ do not 

c asive. 
cnt the i dustrlal gro ih 1s . or notlceabl 1n 

er· Io· an Oe tr to • ni Io•, ioe" to ove 
u indu tr ally. I . uture n th 1m rov nt th 

~ ~ouri 1 iM:t' clle.tU1 l. ohedulc to e t:>.b1 ~ d to nin 

f · ·t Oll:it c. ty r; the lnt 1960 • · n loceJ. 

1t1 t 
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Io ·tu ~rloultl.3.1."al ba.ol(Gt-ou.nd 1a rotl· cted 1n the 

tlltnrncter!ntios Of i to electrioo.l grid qetenu l rg& lOV• 

o ""er deno1 ty :regt.ons re ~ir1nrt aemeo ~d few urb!ln aretu~ 

mer the pcnrer de.mid. ty 1 a h:tg;i. S\.to~i oond.1 t1ona ro u1.re m....4\U;r 

a?:.1.0.ll 01;rer 6Gnilm tion uni to, evenl.y d1n·t:r1buted; so that 

transm1nn1on losaea :ll"$ reduced e.~d the nystem tsb111t7 
problems aaooein to~ tfl. th lone l1n~a e.vorted. D ep1 te th· in-

Gi't1c1ency nnd 11Gh opent!.ng ooct ot tho ma ll unit there 

l to 9 Mti :D1eael nta.t1onc 1a ope~at1on tQdtA1• l1£m1 

o.re s1mp:1.y on sttltld•br b~td.u. 

file c.ver e;c otonr:1 ta. t1on Qe; 001 ty in tbe l rn;a 1?001 

Oom anf (\r!..d 1o 70 Mlf nnd th aV&rt\Gtt die ; l sta.t1on cap city 

1s 4.-5 • ,a c;iV1nt; e.n overall nv · t'nge etn.t1on cape.ct ty <>f o.niy 

43. 5 l!f • 

:he in.stalltltion Of 90 OOl'J1 SI:Ulll 4 WlOCGWJU1o tat1ons 

1D the past h..~o bean e us 4 tiy' the f~ r thQt the t~llure ot a 
large un:L t tfOuld nftoot , n cxtenni ve al"OBt as well as probably 

cauetns tripptns on na2.sJ1bo:r1n~ ovorlotulad linos. l?r'!or to 

·tho tormat1on ot the Io ta ool ltUU) ooopf)ra.t1on o3:is cd b • 

tlmcm the VM"!ou.o owor oo.:n • n.!G.G anet ua.oh. tended to provide 

1 ta o~"ll :r oerva o~p~c1 t,.. Th1 o rctsUl tod in a reserw cap c1 ty 

ot 22 per oen.t ti~1ng wilt •p W1 thin tho trttt tc, oom red to 

I.t;)tro, Pom:r nnd :tight on., De ttoino • to • Iuterco11-
neotins trnnomts~ on 1otem f the Iowa Pool Ooa. . \"'t\te 
ool'.l'l11t'ttnlct\tion. l 61, 
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national avertlS;e of J.2~5 er cent+ he t'orritst1on ot th Io,· 

ool an aub ,, uen.t !oord1nat1on 0£ tile v"ro:"i?tt . lenmng 41 vi• 

!:'!tone tn hcl ins o 1mprovG th ~tttt.:.'ticn. '!be ad~ nt ec e 

~Ub!ltMt1a.l in the tom ot ~eonomy !nternhan~o. l~nuu~nad co te 
of opl.r.uine asenei;, tnortitaecc! etf1otenoy and. lo ·(Ired un1 t 

oos·t of' lnr ~.r an1ts, lus jrea.tcr dep nda'M.l1ty ot sorvlo to 

By 1963 the towe Pool flhoul.d bo approc.eh1.ng tbe 14 pe1~ 

cont roneno level. ~rea.ft~rt it 11!1 hoptlld t o k ' .• it in the 

10 or cent to 15 p r cont ~~. 

I 

It 

III 

g?be gon X"t!.l trend a.pp oars to b() to .mre. · plannitlg on a 

, ~ ad•Oi t1ea a.rea 
C~dar n p1da are 

stern lOlt"B ~re 
Den Moino~ n.r~a 
~ h!iilltoW'll a-roa 

t,,u:ter.i .. 0£) ~ea 
sout..~ cent l Iowa 
Fort l>odt;e ~rc!ll 

Siou.,; 01 ty r$ 
.,ou:no11 Uffs l"tltl 

Iowi •tlltno1~ GeB & fil•otr1o oo. 
Iow. ctnc L1e;ht · o ·er oo. 
:re.a South~m Ut1l.1t1oe co . 
!o;m Po4.:er ~ Light Co , 
Iowa Eleotrlc L1ght Po1or ao. 
I<nlfa l?tib11o !101"'11~ 
Io sou.them Utt11 ti e co. 
lowa-Illino1n · .. s &:: • oo Jrlo ~o . 

Io PUbl1o ervioe 
lo . l.'owr & L1~rt Co • 

.. •n• ... .. Uc dbl l •• 1 •P 'U 1 •• ...-.1 Tl d lbQl1s:Uil'Af .- • I UOpliJ • ., ii It l ,... . rt Jt 





1'.b.e o ar nu l;ll."O cbotm on th.a •P 1n 1 re 4 and l o the 

tour r.i<J.3or gent>:r~;t: ;1ng point tor future ddt ... iona tn !oua. 

such a ·!an t~uld Uhdoubt(lid1y help t~ r duo~ op&rating coot 
d'.i :ell .s pe~ t tho tnot.Q.llntion ot unite " t!l. cat r 

cap o1t;r. in lattor poJ.nt to !$t%'-Oosed J.taoe twill 

·"'ho·'1n to b~ o prt ey ,.mportance coneernlng the t aol bi i t7 

of! n: olcn.r Olrer for Iolm. 

stu.d1 is no 1 belnc ad tor thtt Io1n . ool OnmpM! e by 

the ctrto 't1t11i t'1 ~ 1oertng Department of the ·ios in1r-

houao n ectrl. o oorpor~ ti on. 1.'b~ study• uo1ns h1$h• tt aed 

oomputAra, io boln$ m.3do to dete~ne tho optimum mode ot 
o eX" tlon Por tho Pool, th~t 1$1 ld'lether 1 t ts bo t to 
opera to ·r.t th o. "011 ver:r l'1rgt'l plan ta a.ud h1Sh vol t f'> ·ea. or 
dth l rcer num:ber of Tn'lll plan.ta nca.r lo·:.d o~nt rs. 

Detlni ti ve roeUl ta of the otudy er~ not yet avail bl th s& 

resttl.tu :till havo an 1 .. ortQ.nt bearing on t4lon uole~ po~ er 
llottld be a.doptf}tt 1'1 tha IP m Pool oom :.m1os. 



ro dst the dov l.o ll~nt o.r a o.rti.Qu.le.r aotor a1 t<tm 

na not n 1nn.u. 11e a a tly 1 eoonomo • In :t'net . o t 
-r o oiV'llintt pow r a torn n operation• or under c n• 
true .ton, t1Q?' not int nded, and nn not e oct(J41 to o• 
uc &ne:t'gy t lolror tba.13. eonv n. ion.al owr oo tll- Th 

rn~J:7 obj otl ve hn ,o .. o o ln th.o e en 1a.l t clllli 

htorma't10;1 tlt1oh i - ro.y availabl t.ro::i th.Cl •P, t 

roto ypoa. 
ore n'b.tl roun t'lcle otor sy und r · :·tensive 

a u :1 to e:/• t\nd 1 t i 1 pooo1bl.o to aa.y _ t}1 c rta1n m1oh 
t tb.ose rll.l n ttm row 1 tBolf st ettoot1 ve and be 

nne~ l QPtod. It 1a fortu t"t tb.$.t ork' i t r an 
ro 1n.g n at'> many roaotor canc01> • li:d. lps to n-

·ulr thn.t the moot s tint· ot(u.· .-- systom ·w1ll evolve in the 

n nwn ti:mo. etil"•througha 1n 011 rq ten y v ey o:t' n be 

p .led o n.notb.erJ nd J1noe th .r .l tive tu of h 

mparad it ®ould 1 11f1 thct t<-11sk ot e luat1 u id 

4 er.mioot1o:n of th· o t lit ·ble system. 

, • h r po r r-o 
t! n . l 

ub uont r!; be.a 
the.· no th ,, 

n based on t: a oonoopt. be re ult 
tt:auo d. · a cool n 

b ot. o vo , th lr 



ent onto Me 
l ~a. uo hea 

tutl.. 

lncvt~blo; ln 19·G en 
· t.or mod ~ tttr en . o 

H ro 1n tho Untt s te co d1t1ontl r · ditf r-nt. D11t1 

o tll lnr uppllo f oho on 
ot 1tt ltteno · 

th Dt; resot.trO f .. r h.e 

e ti h J.i h , of 1 uiro ;."°ntrJ ·mo uu 

1o • . e>r .-hi 1~ 

. IJ1 oted 1n 1 
Q )uild 

.e 

·tno . n rEr.lo or steas ho:'f< "'"' o d ~~u.w:<.. 

""tt!J:lY divor p the. 
ln cauocd o aohl. vo 

ite of li U!d 

e t:t1lln& ':'"'ato1· R otor 
t(l ·'t' t\U"o ~ ln 

\'lil , 11 
further no ean~tl t':ie ayel on ·t.he 

a ·1 t· • (OC ) ov :roo n 
i or t•o een t 

ot e 
oolod otor ( GCR) • ~ · tt'Jn • lla.o 1 ta ec· 1a. t d 

ohotoc t a.ny tic r 
a go i:ned 1 'ta · ant 

tun, tt lno 1 h roqllir mentn ot the ey t · 

ibieh t; unot10 • 



?rho r asurlsed l tox- ~ctor in a het ro enoou fueled, 

th.ams]. ro ... QtOr th t cen o:t'dlt:t"?.'.7 ter ,, oo/.ler tor "' 
cool mt,. .: o.r t~.m u, t!11zos an lnt~l:' .~at~to oool at oop b ... 
twon tho x-ca:otor Bltd ttlrb!ttth• 1h. 1m. tor 1n the prt .. 

coclant loop 1o tr'intn1.ncd. un.dol' Sb. p:rG~tn r · 'to keo tho 

t l!lpe .u.r at th.O oool · · t 1 nving thti ro ctor b 10 · 'tho 
mrotion _ t:t:p tura <tur!ue no r G . era.tine oondl ti.ona. 

o1Qpl1f'1ed flov dl~ 1a OhOt.'1'1 .:n t'1guro $ . 

:rho PtTR eonoopt ~ !!\., p:reettnt tho ~oat :L~o.-l.nolomtoally 

't-anootl tltaa 1n the o! vilio.n po ·ror l"'atl.ator pt•ograo. '! ra 

t.b.r.4"'\ f'our ttmeo o.e 1oh c ;pt tel ti.no been 1nV"CU'tGd 1n rcne rch 

nnd ae~rolopoont on th PW tl"J.m on t:~ of tho tb · r reactor 
't1Y te~. 

iho cons1derab1 t3:.'"t'parienee ~d with th l?1iR h 

provod M.t 1t ls aafo, dnpenlif..lbl nnd ~oy o control. 

X AV n£0 •.. 1~ 
~ ... 

In to re nt bulk bo1l1 · in t~ ro otor, d t 
ro uee r. ao , hlc i re ttl"cn. high prooaurc mutt bo in• 

'to1l1. d . t preecnt tho i-e sure ooel muot b doot. od · :r 
o er tton in tho 2,000 





gonere.t1on ·· y aGtlf:jiblo hettt 1&·xchant...., of' t:'Jtee.a t about i,ooo 
oia. 550 F. t.t io oxceedlng:t.y diffl .. ult CA 1 vc to 

d si :fa. ;1.c:;:i. e pr -sur v asol e.nd rln"'rt oy t ra to 

th t .. rul uoh vro::mur • Yet, ·t.he ate~ :rodueed doen not 

. ulrement"" cf th . od :rn tu b1no. 
u.e problem of t\ davolo <mt 1 a uooi tttd ird t..11. o t 

atema. S1noo a lou f'ut'l co~t is entJM:tt.1~1 for compo·t1t1v 

nuclear po nr evol:'f .t:rort 1e bc1ng t:iG.d~ to 1ntrodu.oe ~ br1c .. 

t1 d <l~ .tueln for e tt t h1 '1er . o t" 

de ·1t1 

rt 1 u.nl. -1,.tu.y t improve onto 1n te"" QUt\11 ty l.l 

ontinut~ to b,;) obt:;dned b1 tr~9.tc.1: prosottrl:sn.t1on ot tho pr1· 
~ cy tc.n. !n :t"C1.ct ibll" 1.den r>£ p ~Ji ttir burt bolling ln 
th... c - ,t cha.nl;ol ~ so l:n r otne tbe ::;tome.nu 1 101" 

untt r otutl;r . !f!le eytrtom b.o:u of 001.tt1ve enter tne · 011!.ne; 

t r oactor f1e1d an has utJooctu.te t'11 th. t h pro bl. · o 

corn 
Fuc.l dovelopr.AG'ilt rotli.ncs tho (t'l:'e~. t~at potcn.titll aVln.g 

by t' duo1ng ft-. b:rin~tion C!'Hlt~ and inernn.01nr; the :Uel 11w.o. 

F . brio t1o eot'!tn c~:n - o :t"'o uo ~a b;r d~lo 1ns .. roved 

zc.\ , on t chtt... le · ·tli!l t 111 all:mn tc th :t'one.1 ·e 

~;.11.Ud1n O:P&rat.1.¢ll An4 t'r.!! t l.onser pellet· to be :a.1.d~ • 

.i: •• uu .. r o d .... : .s !V."Ot ld ~ ult in bettor neutron eonor~y u 



ence io·er tuel co•t. frhe clad4in now mu t b non• 

oolle.ps1ng: ehottld coll d•ol d b fe•e1bl , ~ l th1ok• 

nesaee as low e 0. 012 inches may b us d.. Al o develop ent 
ot 1ne~-pens1ve, low-cros • eotion ola4ding at rials, ucb as 

1von- lum1n1u.m ater1als oould el.so improve ol dding oos • 

Teet do. ho e ·that tuel burnup an bA. oxtend ed to t l t 

en avera.g 21.soo vw /ton 1n uo tu.els, with peaks a h1gh 

50,000 to 60 , C'!OO r&d/ton. 

Pr v1oue y urf c tem.p~r ure ot tuel el m nt h b e 
re·tr1ct d bf de 1r to avoid oent r melt1n or tho fuel rode . 

, ate have 1nd1cat d th t tht.s need not b source or erioue 
concern. 

sev ra1 oo ponent d v lopmento ,romtse oout re~uotion • 
For ex plc, 1t ie e coted that 1 a exr.en 1ve shaft- e 1 
pl"1 ry oool. nt ump 'Will repl c present c un d 1.110 ..,:r 
pu ps. Curr ntly th .otor cool!)nt um c co t rox1 t l;y 

1 per c nt or the ca 1 tal. co t or tho pl nt th.1 1 

qulv ent to 0.33 111 I tfh or fixed oh r. • The 1ntrodu.c-
1on of umps employing shaft c als woul~ r ult 1n reauo• 

t1on or about 0.11 mll I ·"- Reple.oement of th r sent 

ooneervattv l dcal,.,.ned contc.1nment eholl '"1th . "bur tt 

system in m1oh th 1n1t1al et rele Be 1 lowe to cape 

to the t 0 here. or th 8. or• uppre ion r;y m 1 blob 

the rele ec! Vtl.t'Ol" eoole and ccndene;ed by larg up 11 e 
ot oold t r tor t in th shell, WOUl r sult 1u r • 

duot1on of prox1 .tely 25 per c t ot the con$truct1on cost 



of eon·ta1runent, or 0 . 09 milla/K,Jl. Since the Il1aximtua 

credible co1dent doe not 1ead to core elt1ng 1n o t 

d e1gne, future design may be able to eli'minate the shell 

oomplett1ly. 

Boiling Water neaotorc 

p ,$C£1p,t1.on 

the bo111ng W"dter reactor (BWR) (7) ie a heterogoneoue 

fUoled, thermal reactor that uaes light wter a utoderatox- and 

coolant . There are severa.l variatS.ous ot tho mm ooncept. 

those are: (1) tbe dlreot cycle yetem 1 in whioh -the w ter 1e 
boiled in the reaotor pressure veeoel end the oteam is bl&d 

directly to the tux"b1ue; (2) th dual cyole 1n which part of 

the enora trom the reactor forms ntert.m wh1oh goee directly to 
the turbine and part of th~ energy 1a tr nem1tted by hot ter 

to a steam .enerator, ·where ad<Ut1oruu steam is formed to help 

oupply the turbine dGICand J nd ('.5) the 1nd1:t•ect oyole wb1oh 

util1z s a ateam generator between the reaotox· and th turbine . 

the 1fli can ut111ze natural c1rcUlat1on, torced o1rculat1on, 
or a combination of ·oth. Zteem oaa be separated either 111-
elde t.~o reactor (smaller sizes) or 4X'ternally . A o1mpl1t1ed 
now d111gr m 1s ehown 1n Figure G. 

superheated utoam may be roduoaa ue1ng a nuclear or 
fO$B11 tu.el auperheater . It 1s considered that the use of a 

fossil fuel eu:perb.ea.t r ie only an 1nto:rmed1 te et n end that 
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tbe nuole r euperna t r 1noo orn·ted into t..'t Pa thfind r 

l nt 11 row uo ese!ul. ver. th re re any rob-

1 as 001 t t'J 'W1 th nuol · r unerhea.t .. ?hes nly 

concerned th control nd he t tran t r • 
. ! t the thf1nder lant the nuole r u er e t•r 1 loo 4 

in tbe cen r ot t re otor. Tb r actor oore con 1 t of 
wo re o tH (1) an annular boiler re ion. in wt'.d.oh satu ted 
t am 1 roduc d and o to the dome of th .reactor v ol1 

d ( ) entral r on 1.n vh!.ob the ate is condllo ed own 

throuah lt29 t: nl ea eteel clad tu l el nt • e t 

825 10 t d direotly to th r 1ne. 

Only 36.7 million has been pent on the reaearoh nd 

dev lo m nt or bo111n ter reactors b tween 1950 and 1960 s 
oo par d to 172. , llion on pr eauri e er reactor 
during the am• period . How ver, t r r-e c or 

has di-a m heavily on th technolog develo d 

ter r otor system • h1s 1 true peo1 11 1n tbe rean 
ot fuel · d materie.1 develop. nt. fh• phye1c Qt 'the ie 

s1 1lar to th!\t ot th& PWR although t1e ey te 1 complicated 
by th enc or at vo1de 1 'Which 1ntrodu.e r1 ble n 
the an ly 1 not to~ d n other reactor ty es. Howe r 1 1t 

h been :round that b UD1ng th proper t r • to•hel volu.m 
r t1o• tho 4e 1r&d vo1d ooetf1c1ent t part1oul r o er .ting 
oond1t1011 o n be obtained. on rol of the WR 1a e 
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&iftiet1lt by t..lio ta.et that the void ooeff1c1ent tends to Op• 

·poett the steam demand change • 

rhe mo t wldely accepted tuel tor the BWR te uo2• Th1s 

1• due to 1 ts good oorro 1on r4.\)'a1eta.nce ln w t r s well 

1ts ra.41 t1on damage resis tance. In gener i . uee haa been 
made of oomponente and ux111arie already d veloped ror con-

ventional steam pl nts or for non- boiling water reacto~s . 

"Iowever. the conventional equipment 1 often the ajor e uee 

ot op ·r t1ona.l delays .arvJ lant m. l.funotions . 

111ng water r ctor are tnharently sa!e since a power 

surge ten~ to r~duee power by tnoreas\ng void formation. The 
re etor pressura ts lees than in the pr1mary o1rou1t ot the 
PWR, yet th ea e ressure 1e deltvered to th turbine . The 

el1m1nat1on. et ntunber or p1.-tmpa and h at exohanger tend to 

r$duo the cost. The adopt1on of m. nucl r su-p&r• he tin 

r on 1n th~ oenter ot the oore promises h16ber temp ratur& 

and bottar qual1.t1 team, 
It 1 no &d th t the uee of a low pressure cont 1lllllent 

vessel end a vapor filUppreea1on syste 1n tuture l"1nts will 

provide a oap1 t-:il cost oa.v1ng or up to 2 mill ion. The 50 w 
DWR Humboldt Bray plant at Eur k ,, Oel1forn1 1ncornorates the 

flrot presaur~ uu.pp1•eaa1on containment cyotem. 



l . The development of high temperature fuel ele nt 
cap blo ot opar t1on t i:>oo• r tor io.ooo Wd/ton , wl th 

geometry ~u1 bl tor uperheet$d steam. 
2. Improve~ent ot uperho t technoloS)" . lt 1e ho ed 

th t the first nu.clear up rhe ter in the S1oux lla plant 

w111 provide the necessary pract1o l exper1enoe. 

otent1nl 

h oxpeoteC raduotiona 1u power oaet are an follows 

(27)' 

l . The ouoo . ~.t\11 1nor eao in the power den 1 ty f'rom 28 

to 50 .. 1/11 tar ot ooro would resial t 1n a net s ving o! o . 6) 

m1llsfr. Wh . 

2. Th real1zat1on 0£ th developmet progl"am fo.r r-· ... 

Cuc1n the requirements ot vapor containment e1tber bf the 
0 burpn method or or suppr sston would re ult 1.n avtng of 
o .o~ 1110/KWh. 

3 . Ma jor r duct1one 1.n tuel eyole coat will occur tbrouGb 

low r ta.br1cat1on cotJ\ nd 1ncr a. ad tu l erposure . The 

estlmnted .tu.el ex osure from uo~ 1s 40, 000 M'Wd/ton ax1mum b1 
c; 

1968. The rettuot1on in fuel 01010 cont go1ns trom 13. 0 o to 

19;000 l 'd/ton would be 0 . 53 .mllls/K"ih • 

4 . lle use ot n integral boiler, euperheater .reactor 1e 

X'J)Ge ted tt> reduc co t by 0.73 millt:/KWh . h,t gain 1 



ohieved beca.u e of an e t1mated o.4:5 DlS.lls/KWh reduction 1n 

oapi t l ooet n well a an p ro'X1rnate 0. 3 m!lls/KUh. reduction 

1n fU$l costs . 

Sodium Grapbi te eaotor 

ngaoa12tlo11 

'?be eod1'W.!'1 ~ph1t• reactor (6GR) 1a a ueterogeneoue 
fueled, grepW.ta mot!• ted, aodiwa ooole4 thermal :teaotor. 
he reaetQr gene!"( tea heat !.e dttl1vered thl'ough two coolant 

100 to the turbine . 8ad1oaot1V$ QOd1Um oirOUl tes in the 

flr t loop, remov1ng the heat .from the tuel and transml t·t1ng 

tho energy thrOUf?,h a .. eat exchanger to tbe eeoond ry loop . 

The non- .. d1.oact1ve a oonde.r:r sodium tranaltd.ts the be t to 
te c ne tor vhore ·Uperho ted steam 1 !"omed to drtv 

the t~rb1ne . A e1mpl1f1ed flow d1egram of the sodium graphite 
reaotor plant ia shown in P1gure 7. 

he sodium graphite renoto:r teolm.oloa has i!r w heavily 

on experience obta1n.4d tlirough. the !iaval Subllla:r1ne Inter• 

mediate Reeotor program (SIR) and the Fast ee61ng Reactor 

progra.'!! (SRE}. Exper1ence to date haa shown tb.e .tea 1b111 tJ 
ot the conoe,t. Bowtver, thG present compleltlty. hish coat 
of the 1 tom ~nd tho l~ok or. a hif;h• temperature long-11te 

tu&l elem nt mak~ it unlikely to be n eoonom1e ropos1t1on in 
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tb .. uea.r f'utur. Since nod.tu - cooled taat re ctoro ofter 

oat or the g lu. br ,..dins ll, th tT .s. 
to:m1o argy Ootim1 aion reoomm nds tht\t ork on tb od1u.m. 
ap . te ooncopt. not b expanded until oper ting r eul.te trom 

th n lla.l!'l rettotol'* cnn be tvalu.a:te.u1 . Thia reaotor w nt 

orit1enl on \U t ';f'f 1 1962 nd ts expeoted to b t full 
01>1 r 1n th$ spr1 ot 1.9G • 

The SGR GJBtem has tho ~d t~se of ope~at1n under lower 
pressure in tho primu.Zj' r;y tem because o.! the 11 u.1< otals 

r t v ly h1 h bo1l1ng otn't . Sodium au rs to bo n on ... 

oorroo1ve ubetano • The r uot ot oo lum- t r r -ot1on, 
sodium ti.ydroxida. 1 • ot oour a., extremal;r oorroeive :hen 1!1 

ter eolu.ti.on. Th.1 1 the M1n reason for \l 1.ns a ooondtH'1 

so tum. loo • In th ev :nt or a · odium-water re"'ct1on. he por 
eas d would not be r dio ct1ve . 

1. _ uel d velopm.ent 1 the moot 1 port t roblem. q'he 

tu. l mu t ~ high therm. l conduoti V1 ty and ·the b1l.1 ty to 

1'tan.d v r e osur e ot at lea.at 17 , 000 M "d/ton t a 
urto.c tem ratur of 1400t'I .r~ . U""'n.n1UJ.."l Ctl.rblde look prom ina 

at pr nt d tuey 1a oentered around 1 t . 

• St am !:.ln torn prob bl7 h. ve the l r .· at pot nt1ttl 

tor tmp cv nt of 111' 1ngl out-of- core oom onen:t. be 
pr ont d ign mploya double alled tubes cont 1n1n 



mnnitnrtns fluid and co t could e . e tl7 r duoed throu 
t.111zat1on of ( ) h1e,h trtJngtll t rr1te te i . (b) 1onoe-

t ougb." cone pt. nd (c) 1ngle•~ led tilbee . 

~· Liquid. metal 
et1o, ar erpenai ve to ma1ntnin eeause om.e ot their part 

e ln 1r ct oouto.ot wt~ e ra.u1onot1 ve od1wa. 

4. Sto - tveo e loped so tar coat 3, 000 ~er tnch ot 
lV open1n~. The potontial o,o t ,.. du.ot!on her 1tt eon• 

id rnble and "thor · · e!ll n.4 o l 1 k ty ~s--

r being !nv sttgo. ~d. 

rr nt aatitla t a tor a :WO l. :r 0odlum grnph ... te 2·ae.otor 

run bout 11 lls/ , • It 1~ exp otad that there ldll 

r: .dnotion of .t le t 3.5 tllot ih by 1969. 
h . conomto t nt1a1 or th · odium plli te r aotor !o 

_,...,~dent pr1 o.rlly on tb.o develo m ttt ot ooram.to type ot 
ll ~ovtdo long expo ur s, o:nd o1mpl1ttc t1on or 

r -.otor de 1 · • tor . 001 ted th 

the nc d sodium 
M d velop ont ot sini lif:tcd uteam n~rato:r.s woUld red.\to~ 

t 1 oo t to i45/£t. , n1oh 1 u1V'alent to a a"'ltng ot o. 2s 
l'!l1lls/l nt. :pot nt1 ot the odtu.tr1 graph! te rta.oto:r 11 

in the dev lo · cnt of tho ura.n1tlTJ on.rbid or 1m11ar tuel . 1.he 

u-10 /o ·o ourr ntly u c l un ul ted due to high m er tu.r 



11 at1on • It 1 h od 

l 1 ro ,oo ~o 1 000 

tho e.ver ~e irr diation 

~d/ton ~d ~ due the 'fu 1 oyol 

c ot by o. 67 r:d.lle/' ill. 

ton 

¢ UOOl$d re ct ~ (OOR) {3) 1 

ut11 z1 

cool t. e r otor u e.lly odeT ~ea by 

heterogGnr:!oU 
ter o.1 s 

u il1uetl n coolant, hen v 1", o the ... • ,ode· tor mater! 1 can 
be ell (2). . ne .,. t 1 r ova: trom tlle :fu .1 by th o 1c 

coolant t. ansr.11.t ea to a et~am bo1ler. 1 n_1 iGd flow 
41ae;r ot th o .. , !11.0 cooled ro ctor plant ! ahown 1n • l r 

!he ohnology or tb OOR concept i n the arly 

of dev lo m nt, t. thl co oo t 1 11tdt to the 
er io ··o tod Re ot()r ·· .. erl.m. n~ (Uld, tllo qua ro ctor. 
tn le ted by th u.s . Ato to '.F.?l$l"gy Oommiae1on., 1t 1 11 17 

t th c cool d r otor ll bf) oo p t1 t1 v in c high 

oo t r by ddle 1960 ' na _:- ma oth r re l r . 
The conco t is xp et to roach this stag d th ca . ese roh 

an evclopm n n f r xpcr1 ntal nd rototy o pl t 

than ll be u1 d th ot.her r a.otor oono pt • hl ld.ll 
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be possible beee.uee the s1et~ 1s reln.t1nl1 itJ1mples 1t nae bean 
ble to borrow muah £rmt1. Wiltsr-reactor teoh.noloa and the 

develo mental d1ft1oultiet en.coUJ'l'tertd so £u h.ave been 
eas1ly OV$:room~. when the more 1m.ed1 tt problemB of the 

org,mic concept have been eolvtd• tb.e 4•velopaent •ttort will 
atdtoh to an 1nveet1gat1on of pluton1wa reqole and other ad-

Vt\.noed fe tureo :tor orgM1o aysteu. 
'l?he orgw:dc oool•d reaotor hn.e ~ attract1n .teaturesi 
l. I,ow p:restture 111 the pnm.rr syatttm for tempttra.turec 

in the rans• or Goo• F to eoo• 1. 

a. ,o oo~osivo ditfloul.tles or he.~ar4ous ch.end.cal re-
:&otions w.1.th the t'uel or cor• maten~s. · 

~. Stant1a.ra ,at.rials and component• tor oon.etnct!.on 
( elwninwn for tttel cladd.1n.g ttd low c~rl>On steels 1n atand.ard 

1.pee). 

4. Low 1nduced ~ot1 'Y1 ty in ooolu t. S1noe the preeeure 

is nlso low, containment ooats are sr•a'l.7 reduced. 
5. Pluld modera.tor-coola.nt g1 TOG 1e.rg• negat1.ve 

tea en ture eoet.fl c1en.t ot reaet1 V1 v. 

l, !en.t trans:tflr 1o a lil'ld tins factor on partol"JlaJ:l.ce be-

cause ot the low thortlnl con.duct1'f'1ty o! the o:rgallios. Develop• 

ent ~10~ 1e intended tc soerta1n whether improved foroQd con-
veot1on or 1u.aol•nr bolling is the beet ~ to 1aoreas& heat 

tl"alle.ter. 



~· • u l•ol ent 6e'1olopnu>nt,. the most c:d. tiaal are~ for 

c "eo.otor. itno rn,:t long bttmi.u.p el mo:nt ·t th n 

rge lle t -.l"'eh tor u.rtnce :i.rn • tr:rnnium• molyod num. metn.l 
lloy 1 l."' 1:H tl.Y 'belng developed. !h:s ~ost 1m ortsnt 1tem 

i cledd1ne; ~tc.,..1~ with h1.gb t11orr-~l OtJl1duot1v1ty 'Rhich 

cru1 bo 111 extrudttd th ""'ln rut 1 oompn.t1 ble 1th the 

ooolnnt up to oo• F. Tho .ma t rowJ.e1n~ cladding mater!al o 

:: r 1~ a 1.at .,..od nlu.ml.nun oon.tll1i111'1G 6-8 ,er e&nt 2o.;,-
• gs.nlc nr ttbj et to rad1o11tie dccom".'loa1 t1on . 

bi , . deoompoti1 t1on .. ta can X"o Ult in high 0001 nt . o- u 

oosto. 

uoo saf'ul t)O~'"l.o:m!c potential or thc. ore;anio x- otor 

concept 10 dependent. on ohiedug a uel Qap blo of a h1 h 
h t trantd"er at to tho organic ooolan.t . and htr,h bl.ll'1lup . In .. 

ort'!tts us the po·.mr onc1 t1 from 19 to 44 K '/11 te:r of oorG td.11 

. erldt reduo•ton 1.n t:lore t1!ie ent! num.ber ot oontrol rods. 

: ... vlns : o . , :nill • t1meto .. It 10 ho11e4 to i,norease 

tho tu .l xposw:e from :u .• 000 to 19 ,ooo M C!:fJ./ton. l11 th a ooe't re-

duet1on ()f o . 61 ndlla/lt fn .. 
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G Cool d R~aotor 

rlll' f'ir:""t co erciel nuclear ror tat on -
lo;r · d s coo11n~ ( r) r..n.d na. tur l \trn.nlum o tuol. 1 ee 

th .n th onoept h:.a es· d velop d. con ide~.bl1 by th Unit a 

ngdmn Atomto r~~rgy utbor1 ty, bu.t until reoently. t · n the 

o cooled cone t 

1 ttl. nt+ent1on in 

(1 ,, oped, 

Unit S "'t , • 

r1 .ltmant . 1 ta u.ce · f bieber•t('?ra er ture fl.lel el nt 

t rtnls o.nd loo ~.llows o~ll.er oore voltlrl · • e · 11u 1 

d a 1:i cool nt rn er tb.an c~t"b . rl1ol!ide 1.n rdor to vo1cl 

th carbon lortde ~nh1 t& oh~ .10 roblcm on renctorn rrl. · r 

ta:nt:P r turo 1zottl b 500 tc 6rt04 c. U 11um la oho?itleal 1' 

n rt oom t1bl th th tuel ·tmd tor tor. ls 
thr ucttou tb. r ur" ·e o 1ntere t. e hol1 

001 t 1 . nmntto to (i. t at\ ennra.tor in ur n d B1gn.e. 

l1f1 d flo'* 41 . :mm i t?llow:u 1n -·1guro 9 • 

1'h tec~.nolo1g of eiu1 ch~d :fuel " .. o :re. oto1~ ha 1ot r; t 

n full d na d. i.ll r nt d e1. Q.e :uo2 
r .cent ll GR con pt e?n 101 · tuel el· ents conn1 . t1r. ot 

xt~ ot 25 vol. per cent ·~nd 7$ vol. p r cent of 
ot1 vel;/'. The .tuel &ltin nt 1 :nol d ii 

od or nurtaot'! tcmpcr.~turea u to 2.000° • !rho Ato 10 





Energy ""Ot"ltn1~s1on 1~ (lllooure..gl.nj.~ two Vt!1",,1()ns ~! ·tht;t oonoept: 

the lttperiment&.1 G?lo Cooletl Jl,ooctor (BGOR) :..i.t Cat lU.dge 

liatton.lll L3b., and th& :i1gh 'r~iilp~l'atUr$ OG.Q RQ~ctor UHCGR) 

be1nc bu11 t iE.t P.eaoh ttom; :Et~. .Further ren.otor oonntruet1on 
10 to ,,..,~ .. t t t.h~ op1&mtl11g resu.1 ti:; from ti1EJ1se t t0 proje<Sts .. 

data. Hcnun" r,. thf} ECOR at Onk Ril!!gft w1ll. s-ene ea a f:'laJCible 

tnc.111 ty 1n ii.id oh to tent ad'l'J'a."'lo~d .tu.els, I:rtatttnale and 

oo!l.pon.en~a.. 

l. A reali~tio method of dtta'.r"Aining halium leakage is 

not . now and preeour& expel"1mt.'Uttt'Z c>n blo1f~ro, val .. teo end 

p1p1n.g c.ro not f!'Jt completed. 
2. Fu.el h".lttdl1ng ~Q,Uipmttnt and r.,J11otff Ulaintonauoe 

teehni ues require de~loJ>rannt. 

3. Po!Jot.ble eolut1on.c to the 1~1nt pro'blc~n ot h1gh 

tenpe:re.ture ttas svutomai eutlt be toum1 entl the blo~"tlrs tor 
oirc1da:ting thb e;-a.n eoolsnt aro a ptlrt1oalarlr 1mpo:rtf\'lJ1t 

eomponent. 

tho.re 1a oo:.u:J1derable eeope for 1mi>rovenient in m.trrcnt 

d~etgn bea~d. on fh1.:per1ment~1 roettlte. All cu.rren.t doc1gno 

employ a f.S$•nteam oyolc b&twan the teaetor and turb!.ne~ 

Bmrovcr. 11lnce thQ' prl.:m1U7f Ct>Ol.t'\llt 10 a ps 1 t tl.'1,)poah l1k.~ly 



th t d th tho dovi9loptn.ent of ;;.., nrav a Goalt'l nd .a· ole •'.tl.Up 

nmcticos d1:rilot ·" n 01oll' betweon ri'ae.otor IU'ld turb1no mll 

be fe 1blo. suab. nn 1n:no t1on wot\l ~ltmtn..fi ~ the costly 

ne. & "'o a n 9 oo t va.l v a. blo l':!t n um , 
ncreas ng th c, ole ft c1 ne7 and roduoi ·tho oom-

ty of the 1la.n • '"u® ·llll de nd. on t.~e Teolil t~ of th 

CR and HTGR project • 
o rl3 de 1gn~d o cool ~ eotora ~ r u1ra no 

oontainm nt. flrl.s is b o ueo (1) the an&r r lensed upon lo a 

ot ooolo.nto 1.n .tts yste o ls mttoh J.e o th,.:.n 1. tater tty 't • • 

a ( 2) tho eol14 odemtor a.oto $. a heat sink a.nd lim t , 

temper. ture e .. ouraion. 1urthe:rm.ore. t · p ar s ibl to 
d · 1 ooolet'l r a.c·torn so th t no 1.n e nccld n o lead 

to o plete loo or. ouolant. 

Oon.olu ' one 

t t r d 1d d ha.t oon~t ic !on on 
ta on hould t.!\rt 1~ d!. ly 1n :ro. than th choice would 

sur ly e l1m1 tcd to :r surte d or bo111ll6 rter system.. If 
tM most olte.ble srot m s tbo 60 ern1ng it.\otor then 

ss\.U1.a d . t-er plant would b the choloe. .o t ot tho 

bo111ng mt-Or r otor troubleo ho.VA hE!?cn reeol'V!!d 1no tho 
w..rt-up ot th. m2• ppl;l ' n " lant ln 1957. 1'1110 pl 

en.er t 1 t b1ll1onth. k1lo m. tt--hour of lee tr e1 ty 1u 

o bor 1957 e 1)1 "l't• alt'>o den1 . ed by th 

tin otme Atord.o o r l11vf.n1on, .oner- t d 1.t 1ll1onth 
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nlo t ... our n eb r:v. 1962. :mi .OD Oti:\ r ti gll.ou e-
d 1 d r e 

i" . 

r 

1 

l.etton 

tl1"1· cd ·· 1e.nts. ne; up t 

r.tou.a ota. ot con· ~otlon. l t 

or tJ 1ffd 

oompe t1 t1 

~a siJ. 

offt31 a on n 
ot 1 r t.'lna tb(J as. tu 

lat t l' 

·S at111t1 

:4 h fo ,Gll 

o, \1%'?1!:: y b 

etroul tlon 

r-ot-

otor 

' on 

"1e p 

s1 • 
011!.nc 

t r r ct r in ra,t1n up to bou ?K>O w. 

60 

h 

nts 

1 c -

hue. coo't v1et1 o nt the o 11n \!'ftter ~c 

tt ct • t .. so t t cl 1 u t b 

pe tin.., 41£ teultioa • 
• . 

s d on ., th r 
tor tlle 

1. I 1 ·t plan ·or , cl a.r o r tnt1on ·:hould be 

confined to the b 11 n ~-nter a~d re aur1oed ter ;rn. otors 
d 'th· fin soleot1on ou1a d .ttd on lo %' 

ea· !tnl oo of tt .. e boil g wt r r otor 1 · -k 17 to c . en-
f'or the o 1sre.t!.one.l .tffieult1e wt11ah ~ y e eneounteroo. 

the- n .r 

r . uld p bablt o .c;ntin d t e 'b<> , 1ns 



renetll:r only i ·th 1100 ot nttol a.r or !'omnl su.p •. rne.a. t b£.11ng 

c1et ted b.1 r ult~ fro, tho ... ,,, ·thfln · .. r u.nd .. ,. k ver ro;teots. 
Plano for ~~ la to 60' s rut! 70' · hould not b oonf'1ned 

to ·et:i1 pn.rt1CU.la.1• project.. ta.1~C$ tb.ere lll"f;i ao mr;i.ny vartsbloa 
1nvolved, frcl!l fual ta.br1oa't1on eo.sta to th~ c1ovelo ment of 

co p ctoJ.y ne .l conoe:pto, auch o r ot1o a1on q t , 

moro gene ... l outlook should be e.dopted. Pro#eotton of futu · 
ttema ot dicH>OVtn:1, t cllltOloa; of utlllznt1on £'..nd doatind tor 

1 rou r· cou.rces la1 t i> at, ln ot 1nto?"""nl sp OUl · tion. 
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If th er!. ts o n e7stm11 uruter ooonom1o · tua.1 c.r to be 
1gnif1e·mtly eve.l~i.t d, then oompnrlson muet be mde b tween 

lt d oo e 1 nlar ·t m (16). In the co e of nuolo r 

otter ooot study tho · 0 01 for oompo.rtson 1c th conventional 
· y tom ext. ttng 1n th rsglon tor Wblcb the study le bolng 

. do. r fo . , h oonomoa of tho convention l o· r 
. n ln Io m. mu.ct b · thoJ:oughl.y nveat1e; ·. t d if 11-tound d 

110.blo oonOlaolo c..t"e ()~ ct from the sub-oquent 
elear study. 

he t i.t?lportnn b3eot1 e ot the atudy to dcterm!n 

c . o1t1calty ns po aible men nuole~ power oo ts will e• 

qw:U 0 1 or les thtm.1 conv: utlcllt\l po1ror co to tor the 
lo Pool ystem. or· soneral'Jq, When nu.ol o.r po r m.11 
b coo ot1 t1v n Io ~t~to ao mole. dlottons tdll. b 
. d tor th· twenty-y a:r perloo ~ran 1960 to J.980 and ll det 

info tlon uaod 11111 ar'tt"..tn an oloaolr · o o lbl to the 

r gtono o:rvcd by th Io · ol oomna:oien. 

Oon nt1onnl po'w· · r co.~'tn d r1 ved tr - e Irnm ocl 

7at .~ ?hole, or .fro!n unita nireedy 1netalled, nre not ot 
srs t f1oano~ 1n t.11!.e otu.dy. !ho 07at.oa oon:taine; . lnr o 

cnor · nt o.f · nu1 oont o.n.d '""rlY "'terf s~l Ulli t 'Wbloh ro4uoe 



~ltt ttv l;r U: c;n \"G Gilvot:rl.cz:il. ;H.>'t:ax~, hm.w poo;r load t ctcr 

e.:nd ~· othex- Cl:k"\.a.'""3Ctor1ntteia Ntd llOUUa:t1 tiee uM c:h on 

BVOJ:"C', . ng th the 0%"0 llOl"tUJ.l Ull1 ~ 'tnJUld Ve 'ill ttone . l~ 

b11ai~ tor eo pa.rte.on. teat ot th oncttns mnatl Ull1 t11, • ould 

not be d omod nnc~o~"lt'i it th trh.olG sy~tGo l,-'!Jla be1n~ 111s ll d 

todn.T. Tho ox1st1q pouer sr:ld att4 po'ter ti~t1onrs ,;ra 
c\1"l. ... ..,.ct rtot1o c:r. a. gt"di.tt 117 ei~dns · mcnltu com.mtmttr 
whore m.11 1nd 1nrd.'f1e1f'nt uni ts -rcr tnnt:0.11 d to tiset tho 

1mrn. di te n ode ot the da7 ~ 

Qo pa.rlaon muot e ~do bet~ocn 1.1on n:t1o. l .nil nclet!r 

powe:!" plnnte of oc. nc1 ty, ert?ctod under ei nl!'lr eond1· 

t1onfj and at th sar.IID t.1.m · • e neoans1 t tos dete:l"mintns th 

coeto o onventlo~l plenta ot ~ vcn ca.pn.c1 t1 n o .·· r tho 1960 

to 1980 tim.o . Ol'iod. In effect. tho comp r:J.eon 'h"ill do 

. twoen th.l) co~t of o rer ti•om e nuol4a;r plo.n t and the oost of 
pcner from tbo most model"n convont1onel >la.llt vnile.ble t !fu,e 

t m , ra.th~:r tl4~ betrmon auol.0$-V ot. r cost e.nd oxlet1ng power 

cost ,.vareged, over tht eyotet:l, for from the •oonom1o 'tl'!.011 o1nt 
oxtr~ pl'.tf!tlr :coquirem nto mll be mot by th Chea e t o ns 

wil· ble. oo it oo:nventlo~ nr nu.ala~. 

o en. ao1ty of tn. largest u.n1 t 1nrJt·<t1o4 in 0i. ... ., to ta 

,ovel'.'!10 b7 o v r l f no tors : 
l . ine tOt'll xi t1.ng Gyatem C!lpeo1 ty 

~ . ~e · ~ biU tr o.f th ;yctet'\ 



• 
t :ns 

4. :e outsgo re t on.01 xp ·l'1tlncod. 

f.he to t«'t.l ennt1n y t m o . a.01 t7 has large 1nf1u no 

on th"" 

At 0£ 

r oovery 1 · oord.ble. 

or h 

, .11 t: one, tnc 
wt eh t . tu a ~ th. r ~ 

ill an ~st1ri te a., bt! . us 

of cap .1 1 
lat1one ip tu en u t 1ze 

en ob n d rro tr ublieh d b7 
1on (7). 

P 1 ,,.Ii. G 

w ~ ee or e nt of 1'!!:1 .. 
01 tr o:r not1 t · l otn o 
~ ner tin U..'11 t 

. t .••• l l -· ....... t l••-4tt•lfi .••• ....... p ilP IW'!2 •'A 

a ()r .ll te .. l ot:ric Wl1 t n t U 1. l.9,8. 
bfbere io a rang mtblu es.oh of the lndiootod 

rcon n 
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In 1960 the tot ... 1. qsterA oapao1 ty 1n lou11 wao 1'500 ME and 

th. rofore :t omc hble :3 the tUUtitl.ll'!l s7st&· oepao1 t1 pertll tt d 

ooulD have beeu ll•.9 ;:or cent ot l:SOO "'nr. 't411ob ta 194 Mfi,. 

A a~1!11ne e oublin cf CQpac1ty ver; ten y ar the tot~l 
c p"'Ci ty of , h Io m ,ystnm t.n 1980 ahould bo 5200 · nr, p 

1tt1ne a J.nanmu unit cnp a1ty of. 13,4 per oont tot l, !•.2•, 
440 r. 

t :ou.ot be rcaonbel:" o th&. t tl'.a above ~ m11 ts o b r d on 
tot ton c3 ~a1ty cono!de:t1Jt1ona e.:nd ~ill ro u1re moait1ea• 
tton w n the r~1ning aovomin~ .faotoro u.ro 1nw ti ted. 

n;v-n:tJF\ at.n.J?1d:t ty. ny v~n. trantt:l.1.eo1on lino ha.a 
lu for th~ pcwor \"hlt:h 1. t oan trann!lllt and ot1ll 

. · tntain st b1l1 ty. '!!its value i ·s saver.ned by ti'lc cllo:ra.oterla-
10 impedance 4 the length of the l1n$. ni.e re eta.nee 

aoaoo1e. ted lr1 th the tronm:nt. s1on line cauao ph e ht tt b • 

tu \ln tbc vol to.ga et n~ttcl1ng d. reo~1'VltlG end.a. the 

tNneJ::li tt .... d o r to tncr asoa.. tho pha.ao ditfe:reuc A:nereru:u:?a 

unt:tl tnt lo reaohed ~re the roduct of reoe1v1ns .nd 

ol t!' , eunent ond po r tnctor 1 e. ~n un.., lil¥:f turther 
incr·a o 1n loa4 r aulie 1n inGt~b111ty. 

h1o be demonstrated mo.the~t1oo..llJ u.n1ns cimple 

one na ply1ns ' ~u.1 v:~ ent rr '1 e.nnl1s1e m~th.od • F sur 10 

hon~ the u1vn.J.ent ii' c1rcU1t for ulnS].e trt'Ulrmtits 1t>n line 

cd s t e volt go 1 ti loe.5e4 at ·tho other nd, men tlie 

volt ge lo u2• ~e 'l1ne baa total o t.ilval.ant :r-ea1ctance, 
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1nduo ,o and nuaoepto.noe of RR , ~~ e,.n4 
odo tb .. lo d. 

n 1 - 0"" l t1 
veotor • ho 

d -

1.n 

t nr.mt ttod =md o tJr rt bl •• 

"10 - DO ... D · 

2 = u~ U1110~ ~.~. - b ) - ~~001 • 

z'li 
tho porer t o.n-.u t d o '1 load. n d1f£ r nt1atin th 

ov X'P~ na1on t\llJ.l_ tt1n OQu:rt.l to zoro: 
dP U Untt1n(oc • o ') 

'If 

:>. r for tor m~nttun po... r trn-n.nf' ... r b !:t' 0(. 

tr et:dtto tb o bl:ft bet~ 

Ual to 

ah . · ct. no t1e of th 11n • 

ond1 s :n.d 

Oh 1 0. 

In r otto tll l.:lno 1e not londod a ov th drru me 
b111 ty 11 1 • tfbiCh ts often .at tot 50 p a nt of th 

~~·' u.m po1~ r re.tins.. Thi l1m1t provide for o o111a tlons 4u 

o ~ tob.1.ng, :U.gbtnlng ct other ·"rgo • 



5 

r son no .r• net u b t eon the · oo1o.ted inductive and 
c c t1 1 en· • It 1 ppare t , therefore, that 

with lon ~ tr rd. aion 1.nea le ll ly to ve b1ll t7 d1!t1-

eul t1ee , nd or~ n eel lly 1t all nu ber of ler e units 

inot l d. 

'fh d for 1 t t b111t7 haa b no ot th r ot rs 
1ntlu no1ng th• er ot1on of so ny 11 o1ty unit in 

Io • In 1959 tbG v r e ate m lant unit oanaoity in Io 
70 ,tJ co red ov r th United 

In Vi~w of this :f'aot th~ 1n1 ti 1 value tor un1 o -

ct tr• d r1 ved :rrom tot 7 tem o c1 ty on the bae1a ot 
u ec1 st t v r g • X-- u1re r duet on. ll. redu t1on .t otor 
for 1959 is 70/13~ or 0 . 53. On the b a1 ot h1 redue 1 n 
rotor, th imated 1mwn unit oap city tor 1960 is 104 .w 
ntl tor 1980 1 235 r., 

v labil1'tjl' o 
e er nc7 aup 11e• rrom ne1ghbor1n system pla7 .n import nt 

part 1n et rm1n1ns 01 ty . It the 1nter-

1ste 11nk r t.ron then all the tnn1n r serv n d 

n.ot b provtd d trom w1 th.1n and o prov! 1on for la:rg unit 

~ l u.rc 1 not · n 1 v • 
Prior to the fo t1on ot th to oh com: 

t ndod to r ly on 1t om p1nn1n re e!'V e , d a re ult 

re rvo c p oity of r c nt btdl t up w1 thl?l the te, 
comp d to t o l .v .e of 12. 4 r c t . rre ent 
ooo r tion .c1 re u the re erv to 15 per 



c nt n<l 1 t 1a hoped. to malo.ta1n th1e bet· n iO t:Ulfl 15 er 

cent. /is well intern .,.. sup 110 , Iowa has ()1 1 v 11 tron 

ran 1o ion linka h the nn cotn, Oma • n a 1t • t . 

ou d Dooat~r, I111no1 gr1de. 

ou. f\f;t (requen.oz. y a re uch or u o pt1ble 
o t .1.lur ne.n oth r . • e.tur o · u~ uob fre uen t 

th"ndcr to • or trong nd ~r otten th c o. iowever, 
h. tto of odern f st ... olo ,ur ciro 1 t • br e.kera nd prot.ectlon 

e uip n e n greatly r due th !requoncy o eut g • nd o, 

w1 t:1 th d n r or up 17 tr 1lur reduo d. unit o c1 ty , be 

1ner ned . 
pl e nt or 

Io , Pool syot m. 

u r d 4 qui m nt 1 u.nderwt:!.1 1n th 

In 11 ht of th 

1 d tor .tutu. 

' or 60 1 con 1 

bove ractore the eet1m G 1n r'l 13 

unit o eit;r. h ea o l ot 15 

with o~· l tn t. l t!o d t e 
expo entlal 1ner &o t 00 Mf bf 1980 is a con .. rnttv 

d 1 red r ona.blfi by Io L1 ht 

ey n nocr • 

r th ale o 1 lio1t( the value of the u.s. doll r 
ll b oo .. 1d~red t1x d nt its 196 l vel n all d t u ed 

ll b normaltzed to h1 date . such roo•dur d.ll not d • 

ct fr m th v lut of the tu.d 1noe 1 t 1 · th el ti co t 

f conventio 1 and nuo .. pot1 .. r .hioh 1 be1n con ider 
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Th oon~wn r Price I·1d x in ·1gure 14 he.n b en eitt-r· l)Ol&tl!ld to 

l' · o nd o rov:tde for co t nor lie tion ( 6) . 

fuel co t r -
d1et1on. £or 960 to 19 O made by £1fte n v . s. ut1l1t1 s e 

util1z d. (8) . A s . in nee index of 100 n 1960, lot of 

s , oil ·d coo.l 1 ex r~d1ct1cr.a 1o .110 m in Flgur 15. 
oin tt $ , o t terati , u:t 011 tl'Vt~ra.g1ng tlle oo t .t'or os.o ty e 

o:r 41.Q l rel ·t: v 11 smo. ,fl tr 'ml 11 !'1$ re cult. .ver 

1m. "t • d 

tb t 00 t 

011 co ts . 

by th titt en ut111 ti t:or this region, ho 

re - ect d to 1nort1n e .. ore idly th n co 

fb px· ... en t ta l con u.111pt1on by tbe Io · ut111 ·t1. 1 

p rox1nw. t y fJ.auallt di rtd ca betWGen gen and oonl. nd th 

oon umpt1on ot 011 may b4' oon.aid red negligible . As ga oostll! 

in.or ase, the trend d.ll b to"W greator u or coal an th 

t 1 1980 th r ~ll e tlU'e to o e 
r 10 b twe . tbe quant1t1 of ooal d no ue d. On tht. 

b 1 the fuel coat pr~d1ot1ons :for Iowa ar do . 
oin th · xtr pols ted Oonsum r rtee Inde tb tuel 

¢Qllt rend · v be elltp:r e ad 1.n terms of · he 1960 1'1 ed dollar. 

Fi ur 14 ho' tho predicted Bn price index end the pred1oted 

coal rlc ind x. B ump lon t t oro co 1 will 

u d a th a 00 r t1v 11 or exp n ivc , the 
to al tu l rto in.a x t r tll o ~ ut:llttieo 1 r dtote • 

h t of fUol co t tncre 1 ex:p oted to · sr ter 
th t r th r oonsum r ood9. h1o 1s re o ble lnee 
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ning and trar~ port ion oosts or TU .~ hould m:r no 

-: we " r. d fU ls "'r r ort d to. 

F1 r 16 ho,· th r 1tat1 n · ll'.t bet' ,en r::onv nt1ou l 
an r port r • 

obtcl Cor o t1on and 

A mio "n ( :;) ...:<> tb.l 

tor. th 

oroout e 1 -

nrt1~:m.lnr ittor -a.stil in ge .. e. tine o t tt'l'1buted ·to 

con 1 u a the. t t l e 

11! be r ,,qu1r d to o n · .t11a or ·ti:J.!) low r Ct\lorltic · lue o! 

tll fu.01. .. oh \!1111 b bur.n~d. 

• 

U t O"tp 

he I el t10.Zl;lh1t' b .t n unit ""l{}.i."'l?J •'OSt9 e.n un1t C· '1)!"10. ty, 
.. e ed 1.' port • d by er. en d Lunday to 

e .to 0 0,. .f 0 ion (18)~ 

oo·b1n1np th etteot o ~ ·1 prio and unit cep~a1ty 

luu~,ses '1et m.~·M.mint~ '! r t'h~ p re ·t!f..ag~ ah.."'tttgt1 in un! 't en r 

oonv n.t1on 1 syn to!ll fro 1960 19 o r · ul 

U.i..V s .for .rlouc 196 un.1 t .n ra oo.rrt~ re how:n 1n 

18. 

iC$'te O""'l, 
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be ~opt 4 a tb& :, . ., t\lt:m x nndr1. fhilll'! 1e in 11n .:i th th"' 

.:-::a.ut11 t1,c,n oft n ~.de 1n ~ JMil1 r ,f.tld1~B th&!.t conventional 

n rg cost."' wlll enu1.\1ll eon trult (1 ) • 

lat1v coat :1ttet7ls for nucl~ar 1ll'ld oouvent1onal 

p1r..nt$ tlif'fitr cons14 r. bly. Cu.:rr ntly th eapt.Ui.l cost of .. 

nuclc • p1 t is cone1d eat9r ~~n tha.t ot n equi -
le:& c nv nt1onal pl n't. Another .1.gnitlcant dttfnronoo 
eldst :h1 tb..~ O!!)at-s1,.e :t" l$.t11'nsh.1p. NUolns.~ l,)lru:its 

pre tht;r bog1n. to mer1 i:us econordoally ooiapett 1ve 1n tho 

300 ~i" ran e a.ncl ~ · rd • 
oonv. nt1on'll fu l eoct ere, :nil .. dll oont1nu.$ to 11. 

d ter.m.tnod b7 tu-:-1 ava.tl b111. ty 1 lt!.bor coat eoealat1on nd d• 
nee · !n minln~ t~chn1qu.es. NUoloar cont.. er. eent111 t1 vo to 

f: ta wb1 nh ~ ~ l ttle ·boaring on conv n.t1on l f'uel 

oo t nch t: actor cor chnol roe t.Hd.ns coot , 
febr1 t on techll1qu. 1m rov mentn. tb~ ooot of nt3.tur!.\l uranium 
ua gcvel'lU:3ont ~ e1ns pr. oticea. 

!gi.l... 19 l'l o. •. y .. oth":tioa.1 11,\u~tr, tion of' nuol o.;r e.Xltl 

oonvo~ 1.it:>n~.l. cos com onent tor the :-oduction o:t one 1!1otr..itt• 

heur of e otrtcltl'" ( _3). ..t 1.llttstratoti th. 1 portant o1nt 

that at reasnt, CO· et1 t1 ve uole r l)ower t.'htp~ndo on lcw fuol 
G ot1on 
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AO o·.ootuJa0d pr '"V'iOUsly, the pred1ct1ttn Of TlUole .r Oli' r 

oomta 1 h .zr1t· oue o ic.>n. oet oho.x·t r \.It e ti t 

h v had errors 1n he ngo ot 5~ er QGnt ( o. 1. ll- 12) , 
·nd co l · ts cona1d n that the r aults of n G • YG r ey, 
uG ntJ 1r.11 r esti . tin"' t obl".J.ques, muld not b t . 

!n th.is ~41 t1ut1ca p ro o hna b en do 
,o th. ro'b1 T!i bt th 1se: of -wlW t may be term d :i. 'l rrain 

et~rV(;." 1 learn1n.. curve toohl11quo origin ted in th ti.lr• 

or t ... ntlu try du.rln;,) tb. (l) . It o touttd ~'!:wt h n 

nc .oa · l tma put <m th .Geembly l1neo the cost of 'th t 

nirc... rt produoee; l\"C 1 h . !'lte eeo?ld irorc..tt cost 

cent le • ~d J. tb. h ouba~ n dou.bl1n, of to'btl roduc .. 

t1on n re .t cot duotton no • f ot 
s found to b ol r~ t v ~lu~ toJ: , ~ir:;.g rel ti v ly rtecurs te 

oo t ~r d1ct1 no. 
· nc the 'l r th l · ming earv tacbni u. has e 

~1a ly ndo t by nctu t .. nd he ... l'r V't?n t.o be alu. e 

tool . It also b en found t t e c·ti indu try ha a l) rt1cu-
lo.r r due .ion r otor as 001. e w1 th t~ . or e. th 

uto!ftob1l !. ,,uet'r:i ~1 lS p r c nt r duotio 1n 

oot for o oh douhlinrr ct to·tal model procluct1on. wti.11 n th 

h1 oh!n tndustr7 tbe ~duot!on taator mny 10 r 
o nt . 



Pron ia.at (fitperlenoe lfl tt. nppl1cP .. t1on of the lea:n11ng 

ot1rve t · chn1 un 1. t .ny bo t:1 ta tad th.at: 

1. not rouu1te e.rc nbt tned hon th rodu.otlon . te 1o 

hi h, !nee thet toehntque haa n s t1l)t1e ... l btt 1.0 .. 

• 

;t:bO leerntng CU:.t*VO t&chniqtu~ !.n Of .ea.test V~lue at 

oomm no mont ot production when dc~blin. ot th tote.l 
numbe ot tu:d ts rodtulcd ooottrc fr ,quently . 

The reduction raotorc for roduotn d th eimilar 

tt:ohnolos1eo ey bo oons1dored tho • 
hC:l le""'rn!ng curvo ohnrt tht? teehtlolo 1c 1 1m rove .. 

(111tc i~eoul 1ng .tron the p 11oat1on of £net 

:cumul tod ot 

T'n.1"1 f n~ po1nt 1nd1o~tes that the le11$7.!1n.g curve to 1n t1t!tect 

s lot n 1n t tim~ of the ~ ind!'V'idua to 
loam rom. p. t expert noo. It o n ther ~or b conolud a that 

the reduotton f.aot~r :le nl~o dependent on tb 1.nt. 111 ;.,no of 

th 1.ndi \'1 iie ooneerned. 31no9 th4' rettul. t bneed on the 

lear 1ng ,urve do not count tor. ueh va:M. ble ohang in 
ost 0£ ~ w mgter al , or othe~ manuf etur1ng restr1ct1Qn, uch 

~ r1o.bles uat be oorr otod tor won der1 v1 . the redttct1on 

t otor1 nnd if pot.mtbl . n n mak1n futur e. t1. tee. 



67 

It is no" poetulc.ted th t the learning curve technique 

Wl1 be ap lied to cont o tlmat1on 1n the eleotr1o pow r 
1ndu tr-1 ( ~1) . It this 1. leg! t.1n'ft!lte t11en oxtut1ng pover cost 

reoor\1s, correotad tor eeoalation. should elth1b1 t the 

oharnoteri£t1cs of a learning eurvo . Figure 20 ab.ow the 

variation of the eleotr1o oner67 cost lndex (1960 :100) w1 th. 

total ineto.ll&d oapaett1 and a f!x d l 60 doll r {25, 26) . th 

riod f~om 19 9 to 1946 hae beon reJeoted noe the natur~l 
tl"end "4'tia cons1dero.bly 1ntluenced by oond1'1ona e::dot1ng durtns 

the tmr 1 n:rs • 'Tl11 alonet of both trend lines st VG a 12 per 

c nt coat reduction for ee.cll doubling ot o ... pa.c1t1. n:his ts 

cllar eter1at1.o ot a le rn1ng O\U"VfJ where the nduot1on t otor 

1o 12 per cont atld tbo product 1s 1n un1ta 01' inetalled mega,. 

watts. Conventional power oo&ts bave 1n tbe pas·() followed a 

laa.rn1ng cttrw trend nd it 1a moot prob ble that nuclear pouer 

cost - will follov oimileir trend . 
The moet logioal men.no for lons• rr.J'lg& nuclear power coat 

pred1ct1on 1s tho learning our"le . fb.e ~eduot1on fQO\Qr . 

tablinh d ov r the years. tor convontioll.Q.l power ld.11 bo 
usod. fh ~ 1o aubet:lntte.1 ju t1t1cat1on for th.la p lie t1on • 

. l. fhe toohnolog1e ot the t ro f1o1ds nre s1m11a.r and 

the 1.[,provements projected !or nuclear planta nrl!l or the eamo 

ktnd an those w1th wn1ch conventional plMlts ho.ve tr d1t1oMllY 
n utr lized a r1$1ns QO t level and nave otu lly real1z d the 



oonom1om ohOl in Fi ure 20· 
2. con -id r ble 1 t1 tude tor r !1.nements 1n 

d tgn. or xamplo, th Pn th.. ndc:r pla.nt in Gtoux F 11 

th am pr n ur 1 only 555 n1 t ti e when 6.ooo p ta 

nd or is nV1 s.g d for oonv n 1onsl ple.n.ts. 
3. • e utpmont 1 ado nd d eign d b7 ssentinllr 

th , e uppller fJ.rmsi and . s 1llutJuatod by the ntror ft 
tndu.st:r7 • th reduction £ cto:r eat bl1.t;he4 during th 'W'al' t1ll 

ut'.otur of the or Qdva,nced pr sont 
1rcr ft und r roduot1 {l). 

In ot'd r to project 1.1olear 'PO r oo&ta the r e of 
1ntro4uet1on of nuclear power must b determined o that tba 
1not lled c~ 01 ty ac l .a, be oonverteil into 1 us. 

P1guro ho m tbr e si1 · t • trom d1f.f rent oour • 

or total ln t 11 d nuol ar cap3o1ty 1n th Unit d utetoa (6, 
2.8). Thor 1a cono1der· bl· dev1e.t1on betwe n h ra, nd the 

or r c nt st1mat r le o timi tto. fho e t1 te of 
o~dl.a ntl. Dan (1957) and .~yer {1958) follow n xponent1 l 

p ttern d 1n tne o 1n1on of f:ebrot:nt1 lead to bsu.rd1 tie • 
z br ,k1 • tl .at · n d on ro th patt rn .f'ot1nd in th 

11 uid tu l d duetrie • , • n in1t1 l p riod ot 
olo ol xpon n vinl. gro h much r '!>id thr.an the wth. ot 
th o o . t1o 1 p duct. follo d by .. oft' or n n.rl ro-

port1onn1 to rult ot the eros no.t1o l product. Thi s m 
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b. oot a- onsbltt e t to and 1 ~B d 1n th1 etudy. 

1'a.blo ,_.. sho Ul.o d e ~'11 ·n doubl1ns of ot 1 uel . 

c . 01 y n tho 1.Tn1 t~ · ta too ! . e ot d pl Ot.h 

tb. b o1 o 12 p r ut r duot1on ror o ~ou~l!ns 1n 
c pao1 ty. the ou.rv s in .1 l."C lG ft ob in for r of 
l 60 nucler..r e r :i.! cost&. In1:t1titlly "'·he um t ener;g de• 

1d1y n cot nd then lu1l7 tend l v lout. 
ho nuol a.r nd con nt1o?l.ltl curvas sr th 

fo of t· o t 1t the unl t , ergy co. t or oonv nt1onril 

mom t ti e ln tll.s - Y :r no • ·1 

cl.a. tor ti ti vo nu l .n.r pow r t oo1f1 d lo · ion.a in 

I¢ mav 1m t d . Th proc • r ro.q b 1llu trat d 1 

oon·i 'rin · cc1 lo le. 
o LUJ.1 t o t tor e. n •).:y on tru.c d 150 ff on-

v tto l owor plant i r De Mo1n 1.s foand t..o b 6 . 0 11. 

i. 60. ' . u hould t4I mi.cl nr po .1~ plruit b oomp -
v · in G ·l?l" otu.1' r uot. a u.n1 

· .9'3 lls/ n:i :tor 300 M ~ unit w1 th e .... 65 

o t:tug da tet? t• 

t .. l th 

. t ·4 o b .. so ~w. sur 2 . the iu.al ,, .. ca 1 ty eon. ... 

ion t otcr for a o 
1m1l·u:t 8 ... t.mt Uld nav \Udt en r 

cost t a.02 iilln/K ih in l 65 . 1. eol.~i the nuo t), r 



Table 4 . nueloar pounr cost p.red1ot1.on £or Iol~ 

Year for !otal Unit l2P re• 
doubling o.f ti . s. capac1 ~ ductio~ 
oa.pnc·1 t.ya cmpa,ci tya. i.n l'.otra £actor • 

'1960 .380 1:50 1 .000 ·14. o 13.0 12 .. 0 u .o 10.0 9. 0 a.o 1 .0 
1962~ 160 161 o.aeo 12. 3 l.l . ':5 10. 6 9.7 8 .8 7.9 7.1 6 . 2 
1965 1520 rr9 0.115 l.O. S 10 .. 0 9.9 8. 5 7 ,,7 7.9 6. 2 s.s 
1968 3040 198 o.561 9.5 S.,8 8 .. 2 7 ., 5 6. 8 16. 1 5.5 4. 8 
1911.!J 6080 zro 0 . 601 ·a.4 1.1 1. 2 6 -.6 6 •. o 5. i,. 4.8 i..., 
1975:1 '1216-0 256 0 . 529 1 .4 6.8 16. 3 s.1 5. 3 4 .7 4 .• 2 ' •7 • 1 

1980 24320 300 !0 . 456 6.5 6.o S.5 5.0 4.6 4. 2 -,.1 '·' 
a B.e:smt ou F1gu.ro 21. 
'b., · a :r1 ... ~ ... 3.oc . on · gu.re .:i..;, .• 

c1255 Learning c~ be.sod ·on con.vont1onal enor&Y cocto 111 J:"llguro oo. 
4uuelet~r encrg costs tor Iowo. :f.ron nu.cl~ plnnt 'W1 tb unit c1ior1;w costs 1n tbo 

14 'to ~' mll.s/K"db range tn 'l.960 . 

....a 
ti) 
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ti~ OU El -t 10 Oo 0 ·tin. 
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£:rot11. 1962 to 1968 C!..r b'\ d on tota.1 1VJtt'l!J3 . ost~ quot 4 ., 

e t1.ftflhous n 1961, 0 h · o1ltns ':a ter rnaotor coats have 
b,,.on no .l1z d to 100 p r eont 1n 1960,. .UC! tht' Xt&11our!se 

t t" r9ector oost€J tl) oej!Os p t' o~m~ 1n 1962. 

·i!h oles r lat!.ona p b two tho learntn"" OUl."'\."'e , nd 

oxr .r1onocd ood prr;d1ctod eost ~du.a .. 1t'H10 1n tll p rlod ~n 

1959 to ::t.960 !r> ~lo ~a.rrt1£1c 'ti')n for tG1141ng t.110 p:r.ui-
ctple .,o long ranae co t pre-d1ctionrr . 

~e lo"'rning; Cl:tit"Ve tootmtque h.aa .qtnt1:at1co.l b n1 an~ 

1 t lt.1:u.?t · c ocoptoa th.at cos~ 1n IXI.lY 6!.ven l ·nt 11 

pre bl;r Utt r f'ti'm:.i tho e pr t<Jte .. Oting n<U"Ilal et1 ~t1ng 

· tllods t :le poa l>le to 't' d ot m th J!'OC\$Ctlablo ' OU 03 

coot · two or three lfen:t' . ~d b1 tr.\ld.ns into nccount 
potentle.l. aav!ng$ fl'<>l.ll the optlon of tmprov~d fenture unde 

tud7 or t o • It lG moro 41tf1mut to rodlot ,..o1t1a 
bre~ .... tbrou$ha cmd ch moro ltt1cult to ntit:J.O. whon. tlie e 

ld.11 oocw.".. me 1 al'Tilns eurve. tr..oh1liqtl , hotleV&~. does not 

d p on ttl · pre 1ct1on an s1{.j?)! . .i..C· nee ct l)(')Olt1c a<lveno ... 

. t~, bU. t, ~ed on ,revtonn axpar1cnco over a eono1cl ·r.:tbl.e 
p rlo • obsr~ ·· tbG re~lctcid. vur.,.,ge advance !Jl til f rm f 

o · t re uot1 n . ~1uo the lonm.ne c:.;.r1 n p re to b of o t 
-lu. or lone; 'l"C;nge :rcat ct1on~ 1fb. rtl eta. t1 ttcal vnr1 . t1on 

a1:e t;s td.gt')J.t!o .. tt oompZ<.:r With the c-r or r oUl.t1ne ho 
... L T J Jq l"sl' .IEili l _ 1· 111n 

8 DetU., ~rruilt s, • ~! tingb.oui;,e :m.ectrto oo., ttsbu.rab, 
· • ·;uclc"'l..r 11ar&f ooat .. rivn.te eoro.~1o."''ti.on . 196P. · 
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dlnot estlaawe of 1pett1:t1c ildft.llffMa\I ol' l:r~prowmente. 

fbe leal'ld..ag o\li"n teomd.qae 1• vell n1 W w ale atu47 

when it le ut tXJ)ecW that ruaolear power will ht 1...a1au17 
a4e;p\e4 and when no t1na. 'fl"" !\ft held ooaoenlag a 

apec1t1od reaotor ete'4t1a. 
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nd v1ni t th orla tins nuolo r pow r "'- ti on, .. 
01 t1 f do t 
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o.n.in ine a.bout tht:i . · socis:ted br oh 

lutonitnl prO<ln.ction, nd 1lo 1ttcr oo 

nento. ut. 

of tho fi ld 1 such 
th ·r t ~ ·dUCt\ 

It .on be el:pecto .,,,hn. · 1.'ttlt al ca.p1t01 eost o timates 

11 be eloear tu tho ao un. co · t tl\.a.'n prcv. ot101.y, inc tJle 

1 ficult1 4 Mve b n tolved rat l ~ 

nis d. tlt t O:ill b e.s"'um d tb: t coGt ranotcd by c.m.nute.o-
turet"$ 111 o~rtcl.nt.v t bo leo 'tb.tl.n d1-

1Qn ot o or 20 t"tr cent leht gt .e · clon r t1 to ot e 
etu.al oo t. 

no f r1 t ndustry in th~ uclb~ ~ 

1 l 11-1 :; 1.~ i por nt repcrc•~f! ions 1 'tur 7 ar • 
Indutrtey d.ll vrostt for ~e to~ eontt"'Ol .n6 las :re tr1ot.1one 

s ll a .neou.1.""lg1 aninm r'kct. Al ·hou.gb ('tt 

r 1' nt .f't..iel 1 mor l a ub 1d1zed, it a ot . t1 .. 
fa.otor1 OP'±ll ion.. rlo 1 t1t101~1 end he 
utU1t , ~apee1tilll' ba ~llor ne • r u:n'fiillU1 ... to r1 k r n. 

lars ;;o ... ;ve r lnv & . nt 1~ a pl irt ~os racono · o ucce n 

n c n tbe .1h1 of & noy. 

pr A)ent, the ta .t n t Bitr!..el g.,"l()·Jtl n o · 

h1~ r t<ll0ih thi;J na:tlo, '- Qvera.se ana n th· ne~r uture tne 
d ~ , for xtrt;. pOt>ter .lll br: propod;1onatel7 . ater. 
2':h r ·tor , th opportunity l e 1 · t or th in t':lll • 1.on of 
the lat.iv ly 1· gn lr!Jlto tt t d to auel f:tr o r. l 

co ·t~ 1n the rt D<lCi t.t aad Clv,rle Q: ty ~re a of Ie m ar 

ap ro ~ tely 2 per ocnt bovo the ti1:ver - tor thn t t • It 



tbe lc~d :arre.nts e. at1.ff1¢1eutly lar&t11 stat1ou ln the area 

thou nucle .~'r plant eb.otUd oerttdnlf 'be, ~oonooio there by 

1968. 

oluaion tbnt the 
eboultl tom the baolo tor: enonottd.¢ nu.cl nr ower produot1on ln 

tJ.io n xt decade. ·i"c entl;r• tht ob.&;!.peet and .o•t reliable 

nuole~r' pover 1n pro\lided by the pr~$murtced system. but 1nd1· 
oa.t1ono arc thtr.t the bo111n!3 water systen td.11 prow 1 taelt 

super!or 'ln t;;.,_e next t. "'·t ;venrs. It 1a highly roba.ble that 
both ,....,, te1" :rcaotorn l.1"111 b · su.p&1'$t'Jd()~. by ao~o one ot the 

otb. r ay tenu:i proasntly und r tect or be1nn- lannoa. 
Thcrofore • b1 the t1'tl,G nuolenr power io econoa!c in Io1m. 

tb boiling t:Stor r actor to 11ke]Jr to be .t h1Sh level ct 
tlle ain conte11d.er tor erection. 

!fb.e adoption of nuol a.r po er in th& trnt ted ~t. ·tee no1; 

appesro in Vi'tsbl o.nd tn protf r1tlg an IJ'<nrrwer to the u.eotlon 
o'! tmcn 1 till bo oonomio !.n Itn~, 1 t 1~ hoped that t.>l. rmin . 

. or th tu tu.re o .:;pan$1Cn ot tho J:otta l?O·"ar & J,1gnt s1s tem, nd 

th Iotm P ol syetem c a :Pbole; naa been e1mp1lt,led .• 
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