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time ocile you are settine for your dev lopment work; the :mount of momey you
mmmmd.o;mmwimmlnnmnuumz your reswurces of
sciontists and technologiots (abowe 411 ;¢ metallurgists and design engineers)
who you are prepared to allocate to the poject.

dith regard to the second course ym are as wvell bhle to form aa epinien
from ths informition publisaed on the deve spmant of large 1mi besed mmelear
power plants {n the U.S. as I a.

If you wished to adopt the third nltwunative wni Lf any necessary over-riding
agrsementa were negotinted we should eerti.nly adviss the adoption in the first
place of raacters of the Calder Hall type We feel that this is the anly re—

] actore vhich we oould jmmadiotely et forard as beirg s:fe, reliahle sand achiew
able in the initial st.ges of developmont. It occupies the same plaes in the
developmenit of miciear powcr th.t the slo- spesd reciprocsting engins occuplied
in the develspmmt of conventions) steas pasr plmts in tint it maloss uas of
teaini=8 ad matarials which are vell establiswd and mll tried to give a
safe, reliabis nd reasombly secodnomical souroce of power. The carly slow speed
reciprocating en;nns held its ovn agrinst other forws of prime mover for more
than a century; during this tine it was progressively developed; it wes in cowrse
of tine suparseded for certuin applieatious by the high speed rociproeating
erngine and thsn supplanted Yy turdbine machinery. It is interesting “e trace the
course of this develeopment in the graphs which show, plotted against time, the
reduction, fir=t in weight per horse pawer and them in st pw horse power.
These reductions resulted frox the develspment of new tecmiques i of new
materials.

1 believs that the develepment of mmeienr power plants will follew a
sirdl r patierr. Lilte the ecarly steam engirmss, the Calder Hall typs of pile is
capahle of great improvemat; as campured with the plamts which are Leing dexigned
today the rating amd cutput ean be raised and ths capdtil eost per herse power
will come down . I think that reactors of thinr type will still be sold in 0 er
evan 40 years time - that they w1l be in use in 50 years time.

t meamdhile other reactors c:rahle of higher reting wdll be dewioped.
These will initially use nev .l expensive materials in parts of their construo-
tion and initdally they Wdll not show a cost advartage as campared vitl reacters
of tixe Calder it:ll type except in oartain limited flalds, Wt as the domand far
the speci:l mteri-ls increases mad the tedhniquns of manufacture beooms better
estublished costs will come down and ultimitely theee highly rated resctors vill
supersece ‘e reactors of lower spacific rmting.

' Partiips 1t would uceful 1f 1 concluded this lecture b the
wimc 'hiJ' 'Y R AR AL RR) ...]..‘...'.'."...Q.h)0‘..:‘..)‘5 Ql.l.’O'( LN "'0'
EBREOALER you ought at any rate to consider in Jesigning yowur Atoude Emsrgy

developmmts: -

FIRSTLY:- It is esasmtial that ym should prepare a firs and realistic progremme
~? the smount of mmelear pow:r ;lant that you inmtend to hawe installed
yo.r by yoar. Tthis mograme will take into scoount not merely yoww I
power reuiresnts Sut the seicmtific and proctieal xeoblems imvelwed |
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and the Anmncial resources you are The
programme ouglt to be regarded as firm for the {irst five years,
less firm for the second five years and
years. In preparing this progremes yeu
fact that the rete of development in almost 2ll new industries is
exponential and that in order to achievs a csrtain rute of develep-
rent in five yoars or ten years tise you may have te mis an earlice
stort in industrial installation than you wuld sthervise desire,

You can not achiewe industrial results sisply by ressardl, important
25 research.ia. In order to alisve tiese resulis research and
industrial application must go hand in hamd. If I my drew s militasy
parallel, the ressarch v-~kers are the reconmaisanes units wiile the
imdustrial argamisation ts the main body of the army; it is no use
for the recormmisance troops to papstrate tee far if the army is not
able to follow up nad consalidite the adwvances. I =m, im faet,
advisirg that whille developing your reeearch programmse you shoulZ
install an industrisl reactar of scms sort <t the earliest rersamable
date,

In the early stages of an industrial mmelear power progratm it is
mich more impertart to be suecessful than to be clever. I sonstanmtly
find it necessary to give this adviocs to xy am peopls. In the early
stages of a rmclear power progrume ths peychologisal effeets of
accident or failure would be vnry searious.

don't owerloox the fict that the developmernt of research ideas inte
indusiricl practice is done by practicd engineers and in erder teo
secwr+ rapld nd satisfictory industrial 4 t it is meosssary
to build somes sort of a tém in which there is, from the ocutset, a
happy and eGual partnarship betweem the ‘ndustrial engineser and ths
repearch warker.

TP f 0y it it g 1 contained pregramme ocaprising wraniwm

el elsment mumufMmcture, shamical extraction and re-
e i at; the - endit lire of poney and™ techmical effort
o, Wrese ancillary plui.  wiid duwring U ﬁrﬂ 5-8 yours be fir mexe
tian the expenditure on the reactors themtlves,

With limited resourees it may tharefore be advisable to seek arrange~-
rart in which these services are Tovided by one of the comtries
wit ii £n established atomic energy imdustry.

presaing need for muclsar energy, ywu
de, in KEngl rd, 'ad something of that feeling whea,

cell behind the United States, we lauii the foundations of our industry in 196,
We found, however, th't erreful plamning nd wise coneentretion cf effert emshled
us to make satisfactory progress md that we were right in rugarding ocer late

start as & challenge rather than a handieap.
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lirst lecture

(Lectru by Sir Christopher Hintam,
at Toxyo, Moy 19, 1956, YOMIURL,
Mry 20, 1956

The "ir-nd speech mocting o) atomic gemeration" sponsared by the
Siipoyn to celabrate the visit c¢. Sir Christopher HINION was held from 1:00 p.a.
.. on tho 19th st the Cluo Univers .ty amditorium im Kanda Surugadai, Chiyoda
“iard, To.'o. In his opening address, Vicé Presidsat TAXAMASHI of the.
TS.MBM st-ted: "Noves in Jymn juring the past year for atomic development
«wwve bewn recariable, yet thay aje smll ir compsrison with those in foreaign
count ™ rz, In Brit-in. ¢t is ta. years since the developsnt of atozie power
wos sericusly taken up by the Atomic Energy Burcan amd the Ataie Bncrgy
Authority ‘hich sucoceded the Burcau. Japan smst make up for the 1-3 of tem
ears.” He further emphasized that if Japar is to mairt-in her position as
one of Lie {irst-rnidng industrial nations, she should secure elec-ric power
resourves wnd atomic generation as necessary for that purpose.

¥Mr. TAXREAUI then introduesd Sir Christopher HINION, responsible official
of e Crlder Hall Atomic Power Station which is scheduled to start its epoch-
~:cdn: opertion in October this year. Sir Christopher HINTON explaired
theories ronging from the A B C of stomic energy to atomie gemerztion, amd
~ove an account. of his experiences in theory and practice by cmans of -bout &
<logen ricture slides. lis speech 2130 ‘..ghed upon the construction ol a
hreeder reactor using fast neutrons, and g-ve a strong impression to the 3.U0

~ndience vhich filled the auditorium. The following is the gist of his epsech:

ladies and pentlemcn, I wish Lo speek to you on how tomic energy is
“..izel for industrial jurposes.

In ordinary therml pover plants, energy is obtained as a result of com~
bustion of carbon campawnds. If you ask a technician in a theymal power plamt
viere an-rgy resources are obvtoined, I think he will not maios any answer
tecaume the methais to secure energy rescureces are 30 fmiliar to all. On the
contr ry, oblxining em:rg:’ resouroces by means of muclear fission is oot
f~-iifar o us, It in n more complicated phenomenon. In the oase of mmclear
fis:dorn ~s rn enery snrcd, we GANNct see vith our oyes vhat reastiom is
taking pi-ce. Tharefore, I will epesk firet of 1l un the strueture of mstter.

o asatee.

c-aoapra

Ahnt 18 gener 11y cilled an atom cin be divided into scme mmll particles.
To explain by comparing it to our solar syctem, the stom is composed of a
control part cxllad "atomic nueleus" Aiid: c'n be campared to the sum aad
"sluctirons” whidh move cround the mucleur like the planets. The atemie malews
consists of two diffarent kinds of particlas: one is the protem with a pesitive
eloctric ch.rge and the other 1s an elcc!.rir~ly neutrrl pertiele '
neutron. Since the itan as 2 whole is el~+ «icdly neutrrl, the wmber of.
protons in the nucleus ~quzls that of he ci-ctrons vhich move soml A8,
ehermic:il propertics of an ator are decidad h- the mmbrr of protems whieh'

in the atomic nuecleus. In other wtords, 71'~s high hive the sams oumber
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protons have the sxmw chemic | fropertios., The mmber of rutrone in an atom
will df ffer 7s tha came nay be, ard its mass i nd physical properties will differ
accordingly.

when t ' nimber of protons of two atoms 18 equil, their chemieal properties
are exnctl the 3ame, while on the contrary, when the mmbers of neutrons differ,
"o phiysie d property of thesa rtams will differ accordingly. We call these
«.om8 isotopes. Wlant a chemizal re~ction takes placs between two atums, the
atonic nuelei ~f tlirse atons remin unch-nged.

In the case of a muclear reaction, on the contrary, transpositiom of
elnctrons hws no such decisive meaniry as in the case of a chamiczl reactionm.
in this case, a chanze takes place :ithin the atomic nuclei. The matter pro~
tuced by n nuclear reaction is either more oomplicated or simpler tham the
0i'sinal matter. In tha case of 1 cherical reaction the difference of cnergy

ifore and aftar the reaction takes the form of heat divergence. The emergy =~
Piviuced by a muclear reaction is larger than thot produced by a chemical re=
actfon. In ordinary cases, the farmer is several hundred million tines the

latior.

If tw hydro-en atams loir into a “:eavy hydrogen atom, the twc hydrogen
a‘om .be.fore the fusion have ti.eir respective energy, and the heavy hydrogen
aton ereated by the reaction also has its enaergy. Hovever, since the energy
cf Lue heavy hydrocen is less than that of the tw hydrogen atoms, there takes
place a divergence of haat. In ‘als reaction two hydrogen atoms join and con-
secuently a new alowic nucleus is jroduced. This is what we eall muelear re-
action, which differs from chemicsl raaction. The energy created in the pro-
diction of 3 heldum stom is far larger than that in the generation of a heavy
“urovorn molecule, und this ener ¥y cam s aut as heat. In fuel, in the case
~{ sxch & nauclear reacticn, the energy {which is hundred zilliom times that in
o chamic 1 reaction) is released., lInfiitunately indeed, hc:ever, it is very
difficult to unit atocic nucled in tii: way. I mesn that it is very difficult
to oriiy twe atamic nucled to a condition enabling them to undergo such a
recctdor,

However, twre ir an exceptional c.ise vhere this nuclear reaction can be
crusod cmparitively essily. This reiction is called "nuclear fission™. For
iretance, .hen a neutron is sublected ¢n the ntemie nucleus of uranium 235,

Liere ocours a very camplicited pnenomenon in which the nucleld are, as a whole,
divided into two groys and then an enormous hert is ~enerated. Generally,

this phenamenon is accompanisd by the emwnetion of 2.5 units of neutroms. It
follows, then, th.t 2 nuclear fission results in tiic ercation of muelear fission
prodiucts, the generition of ieat v th: enrn~tion of neutrons. when flssiom
tewes plice Ln comp ratively large volime, sne rexction brings about another

arc thus the Tission jovs on consecytiv 1. .o.ever, then the volume is em)-
the se nutrora disspjmar ithout bain:; = b cctel & chor nuclel. Ifthe wame |
is 1-rg-, the fisalon mnction will co sc -t w.is poinmt. If a large qusacity of !
ur-niax is employed in this easme, the prot hilit: of neutrons bedng los’ de= K
creasee, bucausn the maxs T of atoms to  :.c™ nsutrons 1ro bambipded incroases

by tre law :f cube while the surface Ororn hich neutrons disappear increases ty
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the law of suare.

The minimm necessary pantity of fusl materiazl for csusing conseeutively
occurring reactions, nansly the chain reaction, is called "eritiecal quantity®”.
In a tursl uranium, the isotpe 235 «hich causes such fissiom is contained enly
to the extent of 0.7 por cont. The greater put of the reminder eauses no
fission. An avermge of 0.5 ¢© the 2.5 units of nsutrons which are emitted from
fissisned urmium 235 is lost for same cuse or another; one unit hits urudum
238 wd the remaining one unit serves to sustain the choin reaction. Such &
state t~ims plice comecutively, nd this is t'w phencnenon which is seen in
an ordinisry stomic reactor,

If the chain reaction is ‘0 txe pl.ce contimiously, as 1 have just said,

2 _certain quantity of fuel has to be consmmed. If there is too mmch loss of

amutrons, the chain reaction eannot continue. On ths other hamd, whem the
contity of fuel is l.rger than its eriticl cuwtity, the chain reaetion wWdll
occur nd tho heat it generstes can be utilizad for industrial parposes.
‘hether or not it is possible to harmess this energy depsnds on the extent to
tthich heat can be taken out of the central pirt of the fuel. This we czll heat

eficiency.

in case ordinary wranium or only a little concentrated uranium is used as
f.al, it is conceivable that all neutrons will be captured by uranium 238. If
such & condition arises, the neutrons will be unable to cause muclesr .lssion
in succession b; being bombaded to uranfum 235, ind then the chxin reaction
©311 be discotipued. Uraniuwm 238 is about W40 tinmes more abunmdant than
ur nium 235, so ve st invent sone devics if the chain reaction is to be coo-

. 2
-IGa,

~ The neutrons emitted when muclear fission taiss pl:ioe have a very high
v locity, and thsy are called fast neutrons. It is possitle to incresss the
crobatility of the naxt nuelear fission being csused by lowering the velocity
of these neutrons wnd also to decrease the mrobahility of such nsutrons being
eaptured br urnnium 238, As a means to decelerate the neutroms, it is con-
ceivable o daprive tham of thelr s'wrgy by bambarding then to certain other
nuclel. The meterinis shiich are used to thus decelerate neutroms are called
noderators. Oftan used as moderators are graphite and heavy water. The
velocity of meutrons can be lowered by moderators to the level of molecular
movenents of crdinmry gases. The neutrons which are decelerated to =uch an
extent are called thermal neutrons, and those reactors vhich use such neutrons

are ¢:llsd thermrl reactors,

If \n atomic rctor is to be opernted in a stabdlised state, it is neesssery
to ke p eonstut the number of neutrans vhich exist in the reactor. Tais is
possibl: through the process of h-ving surplis natrons captured when the mumber
of neuirons incre:sses, namely, by puttin- irre .l'e renctor a substance which
will eapture neutrans. Often used for t*is purpose is borom, which is put imbe
the re ctor ‘o the form of A "control rod". ‘her tne control rod is put desp
inmto . 1woalc renretor, for instance, thr ~u ntity of neutroms which are oap-
tured by it 1.l increase, ard those neccssary for comtimiing & ehain reastiss
will decrease., In the same sence, in ih¢ case of an utmost emergency nad
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danger, for instance, it ie jowsibls to stop the eperation of a reaster by
patting into it a matorial w.ich vill capture neutrons. This is eclled "eutting
mthod”. An atomic resctor can thus discharge an enormous heat. The ‘uel used
in atomis roactors is metallie wranium, which is eoated with alumiminm or

other matorial, In this oass, of course, part of the fusl dll de treammted,
Yielding nualear fission prodwets. It is possible to refins these “aghes” and
separite plutonium which em be used for other fusl purposes. That
uranium 238 {n itself will n3t undergo any fission, but it will esptuse msatrome
and {8 troanmuted into an e.xmamt cnlled uranium 39 vhich does net exist in
the nitural formm. Yremimm 239 is a aubstance with sn instable matwre, and
chinges into anothar clement by emitting elsctroms with a negative elesetrie
charge. Losing this negative electric charge means acquiring a higher atemie
nunber, A new elsment nemed meptium with atamic mmber 92 vhich doss mot exist
in the natwal farm i{s thus created, but this also is not stahls amt

into another elsment, nmmely plutoniwm, atomie No. 94, while diseharging
nug-tive—charged electroms again. This plutonium is a somswhat stabdlised
clemmt, subject to muglear fission,

&
s
:

The first ctomie reector in Britain was established in Harwell for re-
se..rch purposes. later, a reactor for the purpose of extraeting a large quamtity
of plutonium was constructed in Wirdscale nsar Harwell, However, tle emtire
heat generated b the latter reactor was wasted without being harmessed at all.
Tie reactor was dangerous because of its wmssnation of very strang radiesctivity.
The central part of the reactor was therefure thielded with & concrete wall with
a thickness of about 9 inehees (about 23 ers), and owding to this shield,
radicactivity of the reactor was success y lowered to bslow the telerable
limit,

liowewer, as therc was a danger that the conerete shisld might bde dmsaged
by thermnl neutrons, another type of shield was devised sc as to absord nsutrens
coning out of the reactor. This was ealled 3 shield against thermal nsutrums.
The reactor comstructed in Windseale was a ‘graphite reactor, and 12 was oceoled
L: meane of air ciraulation. The air used for cooling the cemter of the re-
actor was discharged timoush a8 chimney about 400 feet high.

For some decades to cams, the Windeeals reasctor will remin as a reactor
thich was built up by our own hands. As to utilisation of heat genersted in .
an atomic reactor, it beocomes very important for the econcmical mmnsgemstt of _ ;
the reactor to contrive to obtain such heat in a higher tempsreture. With regard
©0 the sald reactor, peopls had originally possessed very limited imowledge
about how to utilise the beaat econmmically. However, as the tecimique achieved
rensrkable ;rogress later, there are st proscnt definite prospects on the ecomamied

utiligation of suah heat.

A gerurction reactor which can thus be operntod economicelly is now asar
ccopletion in Calder Hall. This reactor, just as the Windsoale reastor, is a
gruuite moderation reactor, oooled hy me~ns of carbon dicdde. The earbom
dioxide s pressurised and circulates around the fuel. A stewm Surbine is rem
by the hext carried with the carbon dioxide, and power is tims obbaimed. Opere~
tior. of this reactor is to be started by e hand of thc Queen in Ostober thia
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more, it will beccss posaible by 1975 to obtain
pover equivalent to 50 millism tons of esal. After 1975, in Britzin, eemstrue-
umofmmorwmmunmuﬂm,ht,
according to the pregrom, electric gensration will be carrisd ewt sxslusively

‘ by atamie power plmnts.

Therwal reactors like that in Calder Hall, yield plutenium as & by-pre-
duct. The question wvhich natarally fo lows is in what field tie
© bo used, It is poseibls to utilige the plutonium for other types of resetors.
ﬂuso-ulhdhnuwtmbmmmhmcdnhhuamw
ate 0 use the plutamium as a fuel. We are oenstruct & very lares plutemiwm
reactor in Dosmley in the north of Scotland. The hitherto msatiomed rescters
*ich use alow nsutruns require moderators in order to deeslerate mestroms. I
msant that the use of moderators is for the purpose of mmber
neutrons from baing captwred by uranimm 238. 1If most ¢cf the fwsl bo woed is
made of a substanse wiich can easily split, there would be me
decslerating neutrens by expressly using the moderator. This is the ressem
we have to consider comstrusiing fast reactors wvhich do not use smy moderater.
Also, if no moderater is used, it Will be unlikely that meutroms wdll be abecrbed
into impurities conta‘ned in the moderater. ,

The care of a fast reactor is surrounded by uraniam 238. Oms of ths reasons
why this t)ype of reactor is very ecommmieal is that most neutrems emitted from
atomie rucled are captured by wranium 238 and can also be transformsd imte
feutonium 239 which undergoes nuclsar fission. This reactor esm producs plutenimm
in a larger quantity than fusl consmmed; bencs the nams of bwreeder reaster.

The tharmal ocutpxt of the said generatisn reactor in Dowmley is about 60,900
K. It core is very mmall, abowt 2 inches (5 suntimsters) in @lzaster. A best
ecuivalent to about 30,000 ordinary heating stoves ean be abtained frem the
cortre of the fuel part. ARy gas cooling devies is not necessary for sach
sall central fusl part, and the use of liruid natrium as a ossler is comssiwvedle
instead. The natrim will be circulated around the reastor core Wy msens
slectric pamp. This will involve great tgcmieal difficulties, as sueh a large

o~
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quuit ity of liquid o trium has mever been used before,

If the natrium circulation is stopped for somes ocsuse ar ether, it is
occivabls that the cemter of the reactor will be mslted. In order to prevent
very strongly redioacti ve materisls fram thus flowing avay and cowtaminating
things wtside, the reactor ecore is placed in a steel containsr Meving s dlasber
of about LLC feet. Surrounding the reactor cemter, ursnima 258 1s plaesd as a
"blanket™,

The tharmal reactor in Calder Hall and the fast reactor in Demley
regarded as representirg both extreses, the former being very havwy ad
efficient, but safe and reliable as well as simple to design, while the
is i, vory Ught and! afficient but inmvolve many techmicel difficulties.
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. there are wmlimited possidilities of atorde goneratiom

of

i

(Classi i ation) Desp.

Varicus wagyu of resstor designing cmm be censsived between twe extremes.
To itemine acoording te te waledity of ncutrems, there are tigee types uaing
fast ssutrons, interwsdiste nsutrons sd very thermal noulisons resposti valy.
Alsc ecnesivabls are these using mo asisreter wning ordiaery »
heavy wmta+, grepiite or beryllim as & medere uslng gas, water,
dloxide or liquid metal as a csoler,

We om alse eenceive resctors wisg fel
also as a sclutien ar wreuviun eslleid. Thay are
It wvill 1eqeire further stadies te deciite vhieh o
for industrial pwposes,

In Britain, we are now esnstructin; fast resctors amd
designing twe or tivee other types of reactors whish use
madiste velocity. Howver, the keensst sttemtion st press
Llb thermal reacter which is to be camplrted in Calder Mall.
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souros of astivity. After passing to the third vessel the liquid is prewped
through fllter presses which remsve the swspanded impuritiss. The crwmimm ia
the solution, whis is now ~uly slightly astiwe, is precipiSated Wy the addi
of hydrogea peroxide and removed by filter pressdng. This filter though
& pure uraniwm oxide by eommarcial standards, requires further pwificatisn to
moet atomic energy standard and is re~disselved in scid aml extrested inte ether.
The impuritiss remsin in ths agueous phase amd the uranium, as ursaxyl nitrate,
is then washed out of the ether and precipitated wWith asmemtia in tie forw of
aomunium diurenste, vhich is esllected ard dried em a Nutseh fllter.

e

b

i

into an electric fiwnagse. The conversion proceeds in three stages; the dinremste
is first hested to decampose it to ursmium trisxide, this is reduced with
hydrogen to the dlexide the dioxide i{s them trested with anbydrews hydre-
firorie acid gas te 1% o ureaium tetraflosride,

 The final #fiep in G ERUlisturs of wraalisms mstal i the rednetiom of the
tetrafinoride with metallie s leium. A mixture of ealaium chips sad ursniwm

fluoride., The mould, shich i» mors sed an & begle, is rwm inte the firirg
ehamber, and the contents ignited by a psllst of potassiwm mitrate

This initintes a2 Wolemt reaction. The uranimm metal beesmes moltem snd einmics
to the bottom of the mould whilst the calcdmm flueride, wixish is the cther
product, forms a alag an top. After leaving to eool the mould is tweism dowe
ard the wranimm billst remsved. n-umummnumz: are

It tmd imitially been the intentian that we should Wxild water—sooled
graphite maderated pilee. Bowver, for safely ressems we decided te build air-

At this ¥Windseals factory we have alse the chamisal plmts for the extree-
tioo of plutominm snd wracium from the irradiated metal., It ws docided at a
firly early date that we eugt to adapt solvent axtrection processes v these
chemic separations, not merely beesuse we wished to achieve tie Mg efficimeiss
f vhich they are capabls, ™t alm becsuse we felt that it was eesssiial to
sdopt from the wuteet dhemieal processes vhich enshled us to reqyele the wremizm
exl 80 secure oconamy im its use. Construction of the
suarted late in 19,8 en ths baais of researdh work which had been carrisd esd
at the Chalk River lebarataries in Camda by Dr. Spenoce, who
Chemxietry Division at Harwell, This work was dome on only 20 milligrems of
plutoelrm, and as there was ro time for the eonstructiom of pllet o esmi~ ‘
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costly, on the basis tnly [ DOr. Spence's research carried eut am se

. Quutity cof plutonimm, It i», of ecurse, not difficult te seale P &
proeess in this way if the full seals proocess is (o eperate batcindee, in
this case wa were sciling 'p from laborstary bemch work te s eontimmsus preesss
mnd the results of chemical enginsering researdh am the msre diffisult seetd
of the plant becans avillatle te the designars only after cemstruction wvas
under wvay. In spite of thus, the plant wat inte opsration om the regruamed
date, virtually vithoat t=ouble.

4

1)

Barly in 1950 it wa-. decided to proceed with tim canstrwetion of a gaseows
di ffusion plant for ths memufacture of uranium slightly enriched in the fissiom~
able 235 isotope. This plant was necsssary for re-enrichemsat of the purified
uraniun separated from the irradiated slugs in the chemical plast st Windscale
and mde avilable for re-aysling through the piles. The plant was bumilt at
- Capsalmirst in Cheshire and started opsratice e=rly in 1953. Alongside it has
been built a plont for the wmufacture of highly enriched wremiwm.

Plang for the lpwdiate Future

In the ¥inisci s piles all the heat of fission i wasted; this is becsmse,
at ihe time they ware built we did not hawve enough tecimalegisal imewledge to
an:bls us to recover the heat at a high emcugh taspersture te gmsrste pewer,
There difficulties were sufficiently overcome by 1953 to emabls us to etart
constructing reactars which would both mnke plutoniwm amd gemeraste slestrie
power. They are now approaching oompletion at Calder Hall, im Jwmberlasd.

This factory Wil ultimately consist of four

reactors :nd will have a full-losd genarating eapacity of 150 mgemtts at 12 £V.
The stalicn is Lo be run by the Atomic Energy Anthority and will be epened Wy

H. K. The Yusen on October 17 of tr'. year.

Baged on this develggment 2 Geverrment White Papwr was preduced in Melwwary
1955 which artlined the first stages of the progremme for the developwrat cof
inkstri~l mglear powsr in Great Sritain, This programe sterts uWtl: the e~
structior of two gas—eooled, zrsphite-mcderated statioms, each witk twe resstere,
ana tnese sbowld be in preduction in 1960 or 1961. Ry 1964 tisre shomld
twelve stations in opesrmtion, Wtz a total geversting capecity of arcand
It is hoped thn: by 1975 muclear power statiems in Britain w1l b
4LO miilion tons of coal every jwar. Let us now eomsider twe of the more impertamt
problems which lie in the way of prodeging cseful powr from amelear emergy.

(aj) Firstly the probles of operating at high temperatzres amd hMigh retings.

Unforturetely there i3 no known vay of conwerting mmclear emsvgy imte _
without soing thqough & heat «ycle. It dllows tharefore that in eder
the macimm thermml srficiengy we mst use the asat which i3 awailable
fisgion enorgy At the highest possible tampesrature. Thls csm emly
our fus] siewmts cn be epereted at high emperatwres. Napeswar, -
the reatest ococommy o cipital ecet, it is necsssary 0 remowe & o«
possible from every ton of suclear fuel that we put iwdo the reosder. 1D enmiid, .
be over emptasised th:t «heress the dimensions of the ewe of & mmaloay Y
are detarcuned prisarily by maslear physical ecnsideretiess, the m____l
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rete of hant release, as weil as the tempersture st “hich we esh eperate our fual
elsment., depmnd on metallurglesl engineering consideratioms.

In pllee vhiich use natw il uranium as & fhel the fissile U5 1s ddluted
by non-flssile U238 and bessure of this reasomahly vesmanieal piles esm be duilt
vith moderate heat relsases por ton of fusl. But as we mxvw into the flald
of reactors which use mnrichs| material sd progrest evem further into the fast
reactor field where we must vse a fual which consists of almest pure fissils
material we {ind that we mms’. use very mnch higher retes of hest release. The
need for this arises frm the fact that our enriched fuels are very expmsive
and we sust therefore get large quantities of hest par tom of fusl if our
reactar is to be econamical At the high rates of hest ewalxtion vhich we have
to achieve in these highly rated reactors the problem lies not so much in getting
the heat sway from the swrface of the fusl elsnent as in condueting it throuwgh
the mass of fuel i{n whish i i3 gensrated to the surface from wiich it has to
be removed. The rate of heat flux in the metal is sudh as te giwe wery high
thermal stresses both on the fuel and in the caming material wh
To my 1dnd the limiting preblem in reastor design for mmy ywmre to cam wdll
be the design of the fuel element; the reastorw vhich we shall Wild will be ee
econmical as aur knowledge of fusl elsmsnt design emables us to make thsm.
This is one of Uw principal 1imitations in reactor dedign.

,';[(b) Secondly the problem of w"’;

! 4 muclenr reactor preserts a po ential basard osczuse of the accamlstion
of highly active fission prodicts i hiin the fuel. Any accidemt with a reactor,
in the way of a fire or wresmrolled supsreriticality, whieh resultad ir the
release of fissien products from thw ocore, wuld lsed te the ecomtamimstion of a
surrounding ares. PFor norml powsr statiom cpwretien in thw Umited Kingdmm,
there.hre, it is essential «dtder t¢ bulld reastors which are inhsreatly safe
from the fire or supsreriticality point of view, ar altermstivaly to rovide
adequate contsinment of the amtire reastor plnt seo that, vhatevw accldent
mght occur, there could be Be relesse of fissiom products sufficlemt to con-

stitute a dangmr.

let us eonsidar a possible cause of an ascidemt to & —eastor. In the ease
of therml reactors the core oontaisas both moderater and esslamt in additiem te
the fuel elecmnt. If the ovelamt is wcre sffective as am abserder of msutrums
than it is as a modsrator, any less of ecolart from tie esre may remlt in e
increase of the reactivity of the pile. This is becsuse the msstroms that W
previously been abserbed in the ccolamt now becomo availahle te eswse further
fission nd mo increse the activity. Such a reaster, for instanse saw designe
of griphite or heary water moderated plles using ordinary light wter ss esslamt,
my be inherenmtly dangercus. On thw other huxd a graphite-mocdersted pdle with
air, X or helium cooling is interently safe because loes of csslamt will ash
Ancreass the mumber of neut-ons available to cause further fissioms. Simdlarly
it is voasihle to design a light or hecavy wvater reactor usimg the same sub-
stances both as moderatar «nd osclant in such a way that no swdden inerease of

reactivity oan oeaur,

In the ease of the mare highliy rated thermal reactors wvhish ean de duilt f
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vhen enrichud wranizm is used, accidents are possibls becmmwe of the smll
thermal sapecity aof the core.

It is probahis that sich ~eastore vill use liquid metals as ecelants; if
for nny recsoa cireulation of the coolant coases, the heat eapacity of the eere
is so mmll that the tempesrature would rise suffigiestly quiekly to esuse
struoctural disintegration of the core and vapourisstiom of the liguid setal
which might then catch fire and cause dispersal of fissicn prodwsts. Ihe result
of such an accident can be eertained by housing the resster ia a suitable vessal
which wiil stand the ealaulable prossure vhich may arise. This is buing dooe
on our fast reactor at Damreay by housing the core of tim fast reastcr ina

steel yphare.

be u aistake to suppose that tls prebablility of s secidert poed
any highar in the esss of ¢ melear pewer plant than with sy msre cemven-
power plants but the results might be mere ddespresd if atteantiem were
the hasards which have been deseribed.

to
Lot us now look at a few of the altermative types of reastar which hawe
been or are being develeped for ths gensration of industrial pewer.

The Calder Hall type of reactor is a matural developmsmt from the HEFO amd
Windscals plles. We have an active core in ths form of a qylinder of approximately
.0 ft, diameter. ¥We aim at relisble eperation with s mxximmm surface temperstare
for the fusl elements arcami LO0SC, It is mscessary to put the gas coolamt cir-
cauit umder pressure, of 100 p.s.i., ai this involves enclosing the entire eovre
in a steel pressure vesssl. The pressure vessel is abot 4O ft. diamster.
Jifficulties ari.s ir supporting the great weight of the gruphite core and carry-
ing the loed thrwugh the pressure vessel cn to the main supprrting strueture or
foundations.

The uranium lies in vertical cwunnels in the graphite msderuter. Such am
arrsngemsnt is comvenient eo far as the design of the coolamt clrexit is em-
corned and aUso frem the point of visw of the graphite strusture. It leade te
difficulty however in the methed of supparting the waight of the fuel elamste.
If the reactor is arranged wWith horisantal dwmnels the lstter difficulty
appears btut the design of the gruphite structure becomss mush msre ssiomard.
1r either case there is diffieulty in arranging a suitable mechamism for chargimg
a.. diseharging the el elemmmts. If & separate hels ticough the simll of the
[r: ssure vesss! is provided for' every echarmsl the design preblem is extremaly
avaomrd. 17, on ths other hand the chamnels are grouped for dmrging aad
charg.ng ‘he nochanimm bocamss more camplex.

¢

;

%
i

The coolant gas +iich is CO; is circulated round the aloeed
by mars of motor-driver bhlowers and tha cutlet temperature af the
the reactor is in the neighbaurhood of 350°C. The heat exshangere ar bulleve
are situited outaide the main niologiml shield surrounding the resstor itself
and the turte~altersator plant s of conventional design.

The adwe atages of the graphite-moderated gap—-ococled reagbes are its
safety ind stabdiity and Lhe large thermal mty of the esre. Neat redAlngn
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are quite modest, in the ruge between 1 anv. 2 MW per togre of uranium, and this
means that the cquul irvestaomt of wraniui is large. The main dicadvantages
of this type of reactar are the largs inwsarat of uranius reqiired, tls need
to use high-purity graphite, and the #ffiml'y of construsting the pressure
shell, However, Lhe griph.te-moderated gas-eoled reactor is the oms for which
Ltiie groatest amount of incwledge ind design eperience are avallable, it uses
tecmiques and materi'ds of construction whict are well established ad is the
only tLype of rwmactor Which we could today put forward as a sound industrial
proposition,

it is dffienlt to give 3 precise estimste of the ocost of power generation
from such a reactor owing to the problemmtical valus to be allowed for the
plutonium which it produces as a by-product. Two a half years ago the best
eatimate for the first prototype was a penny a wnit, neglseting any eredit for
the plutanium. The figure, taking accourt of techmieal advanoes d making
reasanable allawanece for the value of the plutonimm, was given in the White Paper
as 0.6 pemce per unit for the reactors of this typs viiich are inelwded in the
programms for the naxt ten years. MNors recent work suggests that this figure is
14 over optimistie,.

e

If this campetitive price can be achieved in the first miclear powar stations,
it saould be possible, with the development of tecimiques, tc maks considerable
isprovemrnts <nd to gensrate eleetrical energy from oaclear power at prioces

_lower than thoss which can be achieved by the use of econventiocnal faels. There
"is good reason for belisving that this \dll de achieved. In ecomvertional power

stations, appruaximately two-thirds of the total gemerating eharges are takea wp

by the cost of fuel; the other one~third is talen up by capital and opersting
charges. In our £irst nuclear power stations, thess proparcions are spproximately
reversed: one—thicd of ths gensrating charges are taken up in the cost of fuel
and approximstely two—~thirds are taken up in opersting and eapital charges, ot
which the eapital eharges represent a very considersbls part.

Now, ‘t is mu;nrimcoin:hc enginearing indmetry that eapital

charges decrease as tochnicues of design are developed. . 16 shows the way
in which the capital cost of stesms power stations amd «based 01l engines has
fallen off with time aince they were firat introdu Por example in the '

socond half of the 18th osatury, the cost per HP of a steam power station was
over 42,000 ~ in the middle 1950‘s this cost per borse-power had fallsa te
about &0,

Every technical consideration sugggsts that the umit cost of mmelear power
stations vdll follow a similar trend, a steady fall in capital cost is of
grrater importance when capital charges represent nearly twe-thirds of predustiom
costs than when they represent rather less than one-third, and it seems highly
pr-hable, thereofore, that with the passage of tine the cost of powsr prodused im
nuclear pover stations wdll fall relative to that of power prodused in comven~
tionsl st:tions.

The gis socled reactor is not cajnble of very high ratings snd Liquid ﬂlﬂ

~eactor rust be devoloped becamse in these it will be possdbls to achisve thess [
ideher ratings; in the long run. This will reduce costes and reactors with
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produxct in gas coocled reactors.

mmww

Prom & physicist's point >f vief), heavy mtar is the best woderstor fur a
Mdmﬂclimitgvuﬂnhnmm
posaible, Because of this eocciumy the eritieal aime of
tot.;dnaadvantag-of‘mhwmtgdmbdwnu
The use of & gas osolant is tivrefore no longer possible

Uquid coolant, Ordinary ligit water would bs aa obwicus cholce

the fact that this wuld giw us an inherestly dangercus readter.

fore desirahle tc chooee hoavy wator for use as coalant as well as

We shiould now be ahle to go to ratings in the range between 5 sod 10 W
tonne of urnkium, .

The estimited cost of power generation frem a heawy
d.pmdnvu-yw,.mthnwiontohpddfw
capital item, tht when tne techmologieal ALfri
should be bt about 1.0 pmos per unit. In many
an attractive plece of plant, However, it has the great
limited availability of heavy water.

We ould thus ssve the cost of hegvy water at the pries
ursxima firom & diffusion plant, :

use of light wmter should give greater frewdra in the dexigr af the
rging srrengemonts but the mstallurgienl amd angismsering
esigring water cooled ami modersted reactors for power mredaction
underestimated.

The naxt step in the sequence of possible power rodwaing reactory is to
dispease with the maderstor altogether and to wse a highly emriched fusl. T
core of such & resetor, in which the fission process would be carrisd am Wy
intermediate or fast (as opposed to thermal) neutrens, would camtainm a fuel having
a reistivei: high proportion of coe of the fissile elamentes or iswlepes, U213,
U23% or PuZ3$ together \dth coe of the fertile elsments, i.¢. n clamemt which
oan sheort ne:troms to form a fissile a:trisl such as Th32 ar UDE.

It 18 & reaetor of this type that we are tuilding at Dourreay. he absenss
of moderator results in an aetive ecore of very small volume. This volume e of
ocourse be inerwased by dilution of the fissile elament \dth ‘2" greater quatity of
4 (erwiie elemant or altermatively by the addition of same cther dilmemt %o .
ttw oure. Kither oourse cf action, however, introduces materials whieh abeard |
neutron and therefore inersase the investment of fissile matarial meestssary 8
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a porti aular type of reactor, to phynicists on reactor contrels s to chemists
ori the ancillary ehemieal proocesses. But wien I prepered this lesture, as I

did, half the world may from my mdisnce, ;. understood that today I should be
smmwsmmuumuymmumnamm-nu

spacifie interest. I shall, therefare, try in this paper to indicate the eesps
axd mature of unm:nmpmgra-micamhawmuﬁwmw-{
our atomie energy prograzmes, axi 1 hope that you Wil fimd this ueedl. -

Immmqnmhmm;zwmnmmuw
Britain but I think it wrth while to recapitulate the stages of develspmmt
thatwhanw:edthm@mnowpluhrthomw‘

The Atomic Energy arganisation in Grest Britain was estahlished in 1946
ard our irwwdi-te ebjective wvas the memufacture of plutomiwm fer dafeese pur-
poses. I briefly outlined in x5 first leeture the axtractien presses st he
Springfields fnotory vhere the uranium fuel elaments ave fabricated. The mxt
stage wis ‘o Wild a reastar and at thut time cur mnodedge of resstor techanlegy
vas not sufficient to emabls us to design a dusl purposs pile where we esuld wsw
thx heat generatad in the reactor core as wall ss mmufastwre plstanimm, There-
fore, iu the windeecsle piles, the reactor is essled by a cwrem of adr whish is
thwamwawon.mmmwotmn

In arder to gecsrate power frox hest it is necessary that the hest shamld
¢  be swailahls at a high emough tempursature and research work e the heat tresmsfur
and mstallurgieal problems imwlwed in doing this contizmed whilst epsweting
«aperience was obtained om the Windseals piles. By 1953 our kneledge sush
that construction work osuld cemmenge an the first of cur pswer-predusiag re-
sctors st Calder Hall, oo & site adjsosst to the Windscals piles. Theee Calder
resctors are, lirs their Windseals predecesscrs, grihite-msdereted. Carbem
dioxide zas was ehosen as coelart in view of ite low cost, ease o tm.
neutron abacrption croes section, and lov chemical reactivity wnder pile ew-
. ditions. The gas is circulated from the reactce mw;huum
tne heat is usad to forwm supsr-heated stean to drive convertianal tarbo-aldesr-
nator generating sets,

The Britich prograeme for the development of nuclear power starts with the
eonstrucstion of twn or prebably three gas-cooled griphite-anderated statioms,
similar o ‘he prototype station at Calder, each station having two reasters.
Coartruction of thess should start abouwt azld 1957 and thay should come inte
oparetion in 1960-41. The construction of two further stetieme n.n begin
about 3¢ montl.s lrter, in these the reactors will be of a ddhrtyp“\w
ehouid show an improved parforminoe, prrtisularly in heat reting. By 1945,
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twelve stations Muhuz:nm wd this gresp sheuld sspply betwess
1,500 ad 2,000 megasmtts of ®ri ’
Wdll be of the gas-cealed grephite-asdersted type but

be of the liquid-cceled Wy which pav them have beem dveleped snfficiestly te
bs sconmxielly satisfostory.

‘usags of coal for geamrstiem of elactrielity
without muglenr paver, it is estimsted
tons psr anmm. Ceal i» beoming increasingl - the
price will rise and relisnee on occol alone as a soures of power weuld meen that
ecat uf elsciridiy would {nereass considershly and repidly. -

hmwmndmmm&-aﬂcuy‘“
pleaed our reliance firetly on the gas—eceled grephite-msderuted rescters
whihunuh\wwn,thqnwhm‘cdmm
safe, of being simple in emginsering design ad of wivrg ssterials and tedsmigues -
of corsiruciion whish are well csirhlished — me syey), diffimlitiss are expested
in getting tham inmte epsrstien. They are, mcreever, espable of grest ingweve-
nar ; bt in cur seeond stage of develspmeat thay w1l hawe to b supplemssted,
and jarhaps ultimataly superveded, Ly resctors vhich sre capabls of kigh retings.
These will esrtainly be reesssary to durn the iye proinet plateniwm
the first stage reastors. Totusdamm X
struction in the me=th of Sestland - this of reaster is wry highly reted
of

uses concentrsted omelear fusl aml is
bdndth-nlm
oumari

1
*Lqr
]
3
!
4
t

E
‘i

i

\
i
!
E
)

i‘

than it destroys. ¥We are alse working em
are ecapabls of high ratings.

Our lomg-term mregromm may thearefore b sed Ve
firot of ali at securing a reliabls catput of pewer frem ressters of the
Hall type, we aim mext at improving thess reaeters to male them mere ccsmomien),
and we aim next to develep ssientific knowledge, mtarials, ami techmicues, te
amabls us to ladld the highly rsted reactors of the second stage. :

A progrexme of this mgdtade obvicusly ealls for largs design amd dewaloy-
NWMuWme Ar the muglear physieal re-
search which is necessary the use of expurimsrtal reacters is esesskial and
thosc which are used ean be divided into two gemsral types

(a) reactars built amd opmeted as ressarch tools in vhieh irrediatiss
ammhuamama-mummu
made,

(b) reactors uilt to study problems specific to the demign of & single
fu1l seals project.

In -onstdering the first of thoso cissses, we find that there is & beildering
choder of types., In ordar to earry out irrediation quickly and edtain eardy

resulte, the seisntist demands a reactor with a high neutren Lmtensity ia the
e,
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neutron fixx researdch reastors of which the Hllewing are exasple:-

. and 10 M heat rating.

and Pluto reastors in the U.K. With a naxizsm mewtrem flxx of

Syl
tion amd ccoling.

1.
/

Al

Theoe motou uee W“'-ur-—

These are diffarest in type frem
ro=
mximm soviren fixx of
of 0. It is

ad &
an/see. at a hoat rating

therefore a powerful anx useful ressarch reactor:

 J
sq.con/see. at s power of 1 M. The K.T.R. reactor is modsruted
»q.

and cooled with ordinary water which gives a high fast neutrem flux end a

. K.T.R. amd CP5 reastores in the U,3.A.
one ancther. CPS may be regarded as a2 smnller version of the
h hexv; wvater moderator wd msolant

2.

total nextron flux of 4 X

1.7 x 1

actors «,

wher

N.R.X. wnd X.R.U., msactore are used in Carmda. Both have heavy

3.
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roﬁnudvonrpa!ngiaﬂl'reg%onz
olexurt mwuficture for reactors of the Calder Nall type.

. ?monr:-nii‘wlgnr“vniirsnson!
niterizl, In the Windsculs piles nluminimm eans hawe proved te be 'ﬂ'
.»of!uuwlal.

factory. Por reactors of the Calder Mal) Ype, hovever,

y.
developed is belisved to be ulequate in both theee respects, eves vith the ewm-
Enaowsas.ﬂubc'-grvnuggf-ggi'.

I

&
fidbrieation met.ods required a major effart since stamic eseryy requiremssts damad
3 froodom from defects, sudh as inclusicns, vell beyond that mosmally speetified.

Under the conditions cf the C:lder piles, the acet notadle effeet of irvedi-
aticn or. the fuel arises from ‘he anisotropy of wrwdm -nd ite tapersture
dejpendert deformation mechanimms. Under the intense and highly leeslised
effects of ftasion, tTwmsiwnt stresses occur resulting in plastde i

Unfortunately, it is belisved thit these plastic #~for-atd
ocaling are not entirely reversibls »nd there esn ™ - .c* o
shape of ihe cryst>l., Deperding an thy — 1




petal coolants. 5o Anal choice of eanming mteri:l for sush resstere my be
mace for 3o0e Lioe. rowever, nany 2f the 37t ls of interest, weh as tantalwm,
oalybcenum, uowium nd tungsten are not rea A1y available in exitodle feurwe -d
foridsbie ievelopment froblame mumt be overeoms LT these mteriala are to Mo
utiliced.

le Liemty setnl cooled reactors it is obvious th't novel requirwments i}
be swt tut avwn in reactors employing wairr as asolud or modaretes Sewere
etrrosi n pronless are Lrvolved, portienl rly ae efficiat pover produsere
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: oetals wiich perwit higher tamperstares vithot kigh pressure arw of very grest

iterent,

ite chief disadventage of sodtum &9 comparsd with the euteetis 1s its higher
freesing point of 97%C, tat this ern be offeet o suitable handlisg techmiques,

o oh"“g

pednt 97.6°C, bedling
thay ean be uwoed

.?E

The use of sodiva has same disadwvantages, chiefly associsted with handling
amd eorrosion, which have besn overeome ty thoe use of
&d sodiom {s now hmdled in ton quuntities

Tim corrosion Affimlties are acstly brought sbout hy the pressnss of
axide in the emdiws, and esa be dealt with by enld Mltretics emd eald trepping
Lechnicues. Sodiwm lsope have nov besm rumning for thonsanis of hours ia owr
laborevarise.

Good engimme design i» nweded to ensure the safe relishle reumming of
a sodium pFlot, /A few surprises smait the wninitiated Ia the main ewr
axper inontal wark has confiiwmed pablished theoretioal . Yo are sm-
fident thit considersble use of liquid met:l coolmte vdll be fusad in weelear
onx &y nd ehall contd oaur owm of exparinetal work.

In thase dromstmces you may be surprised to know Lkt w are ekill werking
hard in studies of heat tramsfor in gas coolod systams. We are eolstamtly
of the srfaem ‘o
s
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rgy develop~
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problems in Britain. It wms in
k. 4 or purposes
e of a
tonium r th i e o 5 ']
L] ') ce of ot >
porer generation ¥dll be about C.6 nence per kilowatS.

et during the war, so they bad not vorry
of the war, we have taen svery apportuni
and if you wvill explairn s little further ...
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]
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¥
j
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;
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SACANE: The question of atamic pover goncr-iion cost is

I
- g
2! &

MIKTOR1 There were mo difisult
- h, ate.de eme
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reactor starts workin: to stu.y thesc problams, Tharefare, the aat
poer gmerating breeding-ty  : reactor will mot be complated umtil
1964. I think ve Wl b: - tunate 12 we esn put such & resstor om
an oparating basie by 1965.

1 What are the tecmolegierl ripericritiss vhich Britain feels she hae
over other countriee?

t  Oritain tas only reestly rtarted axsheaglng information with the
United States, and therefore, we imow little mere than you do ae te
technical satters in the U ited States.

3 Why did dritzin start her stamic power g 1
urnnium-graphite reactar “nen it is esrtain that im the future
will be better reactore?

amourt of electricity is
Therefore, it was decided that
uraniom type -nd then procesd to the

1 In ten years time, atocic power generntion
thermo-power gensration. In on-U-pover pensral »
the construction of & new powsr plut is only
totul expanse, with the fusl aeccounting for
in the case of stomic povar geaarstien, it is the
sonstruction expenses wosting sbout twe-thi of the
fuel accourting for ore~third. H . ot

pover plaks are «ving dowm, -
Do you think the prioe of 1tosde fusl will also co ‘does? .
it That depends solaly on the werld prioe of urism., g:l-.un Pries of’

ur-nium i3 determined by the wcunt of urinium the Uaited Nates wyw
up far defense purposes. The aitustion ten.rears from aew will deter= -
I»:-C.nu\»o.chii..a P TEET : Lo

AIKl:  Arc tiiers :y epecial i..&.m.:.u x&.r\‘ o ol .—..omooﬂtw 5:5 are yoer
rlies in this fleld? o R

i Dr. COCK-OFT is the expsrt on this ntier. é imow that
4 nev and eheap way 0f separctiig crviun from tha e ‘s atasdo ash .
lms been devised. Cemium, As you ‘mow, is omming 40 replase cobaXt 60
se 3 gunorotor of tie gawem riy. . : .
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E...Zb !‘ﬂ.gcolﬁu.ngﬁ.ﬁri ugged & misconesptiss. Noreover,
Ay otearvatinn thus far that the enxderst: nting by Japanese sciatists of the
Svﬁkgrgiﬁllﬂ"glnﬂ.:ﬁlbg“

) HINTON,

8?.&?%’35!&3?
Cenerition, but we have benefited by his
dats eartained there's Also through s lectures amd other
.!wg.gg-p&l‘-!on?_.!gg. 35
. u-ﬂﬁb’__

2, E!ggéggv
unohle gEuﬁp‘.él’i riee.

4 Under thy present wtuatisn, the prodotion of wrexiua and graphite is
nvoaaﬁaggfsh‘lsgg. Therefors, Britain esm afford te
gaﬁ'?!onloigﬁfisgil
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Spercritisal) bt om our dlity te remove hest frem
lnitig rating of a reactor systes (provided we megle
eation the efiects of poisening) depanis nct on nmeleer
md engineering, It may be of interest to yum to kmow that
of the UK, ttacic Brwrgy Authority, spproximstely 75

or rarely maks use af {rradiatios factlities

fo tely, it 1s balisved thit theme plastic A~for—:
not entirely reversible snd there een M - :0*
slape of the arystol., Depecding an the
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alloys would be attr.
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T winiag mstarial @y 1180 rea: L wit
1 for
1oe. dowever, nmy 2f the
auotd um ~nd tungsten are not rea a
lopment froblams mst be overcome 1Y these mterila

¢!
N
ruther less restrictive, fortuma » AL
PLAY .
metal coalants, %0 Zinal choioe of oanning
rfor soce

sattr-ctively low tesperature. In these rea
oalybeenum,

o » ¢ o
outoctice with uranium and must be rulsd out ’1Y

e
ditions re
Py

o hie dew
1 .

actnl cooled reactors it is obvious th 't novel requiresssts will
esolut or modevater SOVOTe
protusers

Ie Laemi$

be a4t but aven in reactors eaploying wat~r ae

o rToaL N

pronlens arv involved, pertioul rly an efTiciemt parer
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texparuture, tham womld b

at a
the case far instance with a gasecus coolant or With water,

Campnred Wdth gaseais esolsnts the pamping pover required fer a sedism
n?nnprﬂ...l-twi. the sodiwm requiring about 1/10th of the pewer absorbed
* & gas cireuit.

In these dromstaces ym miy be surprised to imov thet v are oéild
in studies of heat tramfur in gas oocolod systems. We are sohetemtly
\ a to the study of most Aad
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an opareting basis Wy 1965.

3 What are Uw tedmologisal rapericritise v

over other cauntries?

t  Jritain bee only reemtly started exsheaging information with the

:  wWhy did dritoin etart her atamic power g

United Stntes, and therefoie, we knov 1ittle mere than you do as te
v.ni.—»’u|p§»bo~‘ E»E States,

urnniue-griphite reactar “nen it s .g..-orno
will be better reactore?

ITOK: it was bocmuse this type of resctor is the

afficlect. Purtisrmore. this t7ypm of reactor
for the next L &Ry years or so. In saking emriched
» ’

~IKI: What definite aime do you have as to the future of A

ration, not merely As A means of covuring the shortage of
Ppower rescurces but in other aspects?

1 In tem years time, ..on— gganﬁéi

g?nﬁg gul vosting -vﬂpgnﬁu&nv ; e
fuel accounting for orw~third. Hovever, oﬂlpﬂ.un—nl iﬁnin o
power plarts are wing dowm,

1 Do you think the price of rtemte ?lvl»b.-uh 9’» .“.

ITON: #nn%%ggiﬁal n:ﬂ.ll. ?iﬁvﬂ'.ﬁ

Eiirntic!_q.& mount of urinium.the Dbited States Wy
up for defense purposes. f&oio»oa»os;l?'ié!ll.
aine Lhe nries o ni.,l : . .

IKIe  Ane thers sy 7&?._.1.., e.,r a.»-ooa‘.u -Prnll«ll.
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TUKIUEL (Summacy of Article — 3/4 of ) articls)

Sir Christopher HINION and Japmase lea tare o
discuss the progress of and the future of Bitish

Participante:

Sir Christopher HINTOK, Director, Iadustrial Group, British Atamie Ewergy
Authority

Ichiro ISHIKAWA, Nember of the itomic Emargy Comission

Yoshic FUJIDKA, ¥emb'r of the .tamic Buorgy Cawmisdon

> » Pirector of the Atamic drsearch Institute

The Industrisl Group dele;'ns © se rehes to the universities. he

M L]

Industrial Croup slso encour ces “nd ndvises pronising researchere
in the uxiversities. when tir [ndusiril “roup concludes a cartrset
with & university for the suuly of a cort-in froject, the university

will get approprinte remuneration.

WEAASCIFTL




| {04}
1Y¥OIrnd

i g
§ g a.g EEE' E‘;
i Filzeisy ayeicdy o
. . wy E
.E°g: %a = %; .ggi i !§§ %?
Aty il uphit
l -”*g g—sozg E” a 5;0' v
i Bl i o
N A LH T T
353 c3bis agf! i :;E i
;3;:% f259% seecher Sihidd s
HEE | it
Ath fid ABnE gl
T R bl 5
i e e

(o 2 300))







I RN
IfREiEY i i’: £ L4 tis P |£L
Eg?gfﬁg ihi i ;“iagzég,s; il

{HAT i %géiﬂ‘ilé S gﬁu‘ i
~‘:i§.h E:gl‘uﬁlégl ;Msg 'i' ﬂ“} 2
!5555 !ii S Ei
Hate f HEtHe: Gt o
3.4 §F § :

3 E B

{
E
i




e

‘.M» ST
%E 5 E : 2 ¥ ’;gi ;:raié I
HH IR I L R I ; H ;
el “Ei Eigiii i f?’% il
it Eh !E§ s "Ei dhifee o
g? “& 3:! 1 g; fg ‘[Lﬁfg
A0 gl LB e
o i e il
:E '*%Ei ‘g.E £ :EE i’gﬁi it
bl L5 o *f’sli #‘
E!g.{ it‘gég ;tt a
i
i ] i







S o TTP: 9% WY I tI03erepoy |

I
i
'
i §
;

o
8,
3
-0 30 Aen wyopadosdde

A ——
‘OIMOITTY Yo 207 spwmod OST 4 TTTA 1998 &I rpae b X o
& c ve r T : . .

wuw o ayopm

™ ~W“F
Lrrewe

)
b -’ { b 4 hans
30 WMDY=SED 32 ATETY SIYNIVIYY WANLIWE oWy Mo

—_— v |

sl 0w Jo Ve LyTATUneTINr Teey A 1ymvEIRSY
)

o

~atng




' T
BRI
- HE giaiiE b i
Z i i igggi il Eg ,!5%2
oRREHERE B |
BB
L asihing “s Ml
7] =R




S - . »

-
® @nargy

d 3
)
3 Jo alua aatpoedees
30 svamddne ‘(T WY
k)
v
. .




253
253

S PP IO: I

PE4T °5 oWy (OTSTIUIS TR JO OT/6 = TOTIY Pty jo Lrvemmg) mIADOX

—ay
- o g
-y

o

L (ewxgemp)

T .q‘
-—:1:'.



of the
1 won-

. :oo..om»»llv.tn: _ergllliivuﬁl
ritish White Papar B»Enigﬂ.- but we have bemefited by his
oplvation of the date eortained theretn Eogﬂhrglogl
ig.gg-{n.-len?qggg. They are
as follows:

n.z!nnl.ln._lé E‘Ev»gﬂb'ﬁi.sil.
‘wmble to Eno-"é-’a Prise.

rnJ
apart only & few
vith mtorials.




;-. i E . 7 a
i e




A8 3o 8Ty (1)

Ticwlny  {() ‘amIy apny i losed esvm

2) Csemmpul dpmw

! F3
gi
i
i

=37
‘odved @ Ruprg usd Jud

$EPIUT JOo 01ua oy oYY

STUTY ‘mPearg ®o 1117

‘N 0 58
V0P [TTA Rruwp temod Uy

™
wrc TPOoTtuINquUY jo &y

bex Jval-C2 peiwTIse M ITYY Mas

‘g

2d 0y Mo 2ad ¢*) woys Lraval seve.
SIUT JO 982 a4y 3oy waSoxd ey3 uy T
13 N

[Z
L 3
R TR0 &R P MCTT. HICRA

R vpp

P S0 vy peyaodes et 4

ST 6IBy] ° EWINBOUNOUY

3 uwhy,

%y pow

sdved Sz Ax 0O° O\ W
20’ NE’z ‘seuay errel uey Dvue -
TE B2 peTIse 8T
2 ae) pejerdwoc 23
wY HEIs ‘eoun srvel T .
» {3 O T Jo 8

3500 B

L ¥ .
(P27 TOW 2o 1/ ~ sDTIY peutis jo Lrvwmns) Divsy

9641 ‘LT o

i

Lo .. @uxsyom ___|

(v nerei3)

N g
N g
—wy

ne ol
) ¢




Touseholds w1l no doubt oome to use mre alactris lighte, fins, redls swtis,
irons, wizars, refrigerutars, televisia eets, ete.

Atoaic povar generation 1s nar st its
situstions at hame sn¢ abrend, we san see
ocorrrrcially possible in soout 10 ywars.

plwt. of the Calder Hall type is

s A9 thy presant commoreial rate in Jepen.
invest 18 much a9 20 W1lion yen in s 7
old=fashioned, mudy less

in 10 yenre.

The gensrution cost of tim 300,00C iow ganerat
the U.5. is high at thw momant, but Mr. GOCOMAXN
Mx yen in fiw yrs,

Various Aneric.n power campenies ars reportedly plaming te imerease their
atonie poter utp o two million ke in several yewrs. Tirds indieates tmt
the U.3., despite har abindanee in other cheap energy rescurees, is umemally
enthusiaetic to develop .tamic pow~r generwtion.

In ten years it vwdll becam difficult for Jspsn to develap beth
electric > thermal power genarstion, and genenation costs will beesmm
s hydroslectric ud thcranl generation approach thelr limite, it
rcessary to evwitch o atamic power gensration. Therefors,
occtmarcial operation tan years hance, it is necessary to
€ re¢ henos, camnlete its construction five years hamce my start
of 4 commrcial plut six yo:urs henoe. It is imposaible %0 learn techuiques
anless m atonic reactor is imported and actuslly handled.

of
theorics alomm like some scholrs.
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BASIC “MAN KR UEVELOMMER AN UTILIZATION
O ATMIC DGRCY POR DR PICAL YEAR OF 1956

Juse 1, 1956 Atents lnergy Cemmission

(™his ll!gl?.iifus&-{lls—.?ﬂg
wert. and Utilisation of Atom ¢ Energy te te worked out hereafter)

+:
royeinjury and studies of rodiation for medicil purposes, avplan will W estabe
Lighed during the ecuree of tiis year.

(7) Levs and regulations urgently neccssary [or promotish ef resvcrhes
T OMRENTY .
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for ®! nnlol.g-‘l stanis fucls ehall le drafted Guring the

. sourse of this war,
(8) 4 Gstailed agremmt pursarat te to Jopan-iS \tomie Bergy igrosmsmt
"J‘lﬁtfl“i—"nl}'-‘liil'

av Rag/eding an stomic reactor for mot.we power, basie imvestigetion amd
etudie nﬂfégé'ﬂligl&-!

) (10) Regarding molear fusion, basie iz restigation vill be prowsted and
information will be collected.

3. Contents of Flm
(1) Plan for coostruction of Atomdc P

’ heavy wmter inported fremthe US, lsarwing of preesssing
E&?‘ and cxperinsuts on prepwrty of material.

(e) n&!iﬂ!&ﬁﬁl%!&l&li’

type ataxic resctor (vith meutrem fwx demsity

.} of &
nbt.vé'gior-ﬂllé'%:‘u‘i
Encrgy Reveare: Institute. But in visv of tie lorg leagth of tise required fur
ite amnifacture, the seleetion of the maler %o be ordered frem and comslusden of
3 eortrect will be sceslereted so that an order say e put during the firet Malf

pericd of s fiscal year of 195. (It is estimnted thet st lesst 2 yeare Will

elapse between placing the order wx the arrival of the re-ator.)
The objects of estatlisimcnt. of tals reactor shall be as follewet

(a) Rxperimerts oo mtaricis for ataaie ..la@,.c
(b) Rpertmental production of radicactive isotepes

(c) Various types of bamic rosershes -rd l!l'!l; .,
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of tesmieis e

. (c) woﬁuwmu' BAtUr Leur:n lum-hoavy-oll type staxic resster (mewtron
iz density - vé:‘v&ﬁ}lﬁpiiglﬂvf
search Inatitute, Basie researvhes for designing of the resctor and fur the

X ostablishoent of produetive

(a) Eetadlishment of technalegy of designing stcade resstors.
(b) Production o. radiosctive 1eotepes.

() Chamienl disposal of fual wd temtative produstion of
wleteanimm.

(4) Beteblishment cf productive techmalogy of foal, machine
facilities,

(B) With regard to the developwnt cf mclear fusl mterials, with
& viev to establishing refining tedinology, s:ch researches ae have boen cendnsbed
; winoe Jast year shall he ocoetioued, and -t t.e 3'me ii.e the eonstruetion of

B
interis refining experimenmtal facilitios in the .itanie Pual Cerperetion shall be
stosted,

(3) Plan to bring up relevant tacuols:r ~od industries,
With & viev to ostabl:shing production tectmology consersing desigaing .
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For the above-asntionsd purpomss,

Selel e tis
h arohes of ®» R
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riea to undergo neosssary training.




