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Repcyts Mumber: K-CA-12%7 Titis: Nth POWER EVALUATION
ABRSTRACT

In this report, an attenpt is made %o correlate the probebllity of some
eountry {an Nth power) succesefully produring a ouclear weapon or
wazpons by mesns of an overt or clawndestine prograp lnvolving the pro-
dustion apd cparation of & gas centrifuge plaot with the industyrial
papobility of that countyy. For this purpoee the ecountries of interest
beve besn divided into three grouns desicnated by ¥, Y, And 7. &eomp X
countries are thope possessing 2 relatively high degree of techplosel
ermpetence 2od whlch have a high degree of ipdustrial activity. Group Z
coyntries Bre those which possess relatively little technlesl skills and
which have relatively Little industrial activity. Oroup Y counotries are
those which 1ie beiveen and have limited intermal industriazl activity.

The over-gll time, invesiment, mand work foree required for the construc-
tion of a centrifugze weapons facility and the c¢odst and mangower required
for its coperation for variouws centrifoge modele is presented for X, I,
gnd 7 gations. It is felt that it Ie feasible for the countriss
deseribed 1o this report which do not have & muclear weapons Irogram to
produce eorliched uranium by mesns of a small gas ceotrifuge plant.

Ime current status of g@s cepotrifuge development programs in foreign non-
Communist countries iz reviewed on the basis of information obbained
from hoth the open and classified scelentific litersturs, the press, and

intellisance reports.

This report supersedes reperts KOA-862 and ¥GA-916 prepared at Oak Ridge
in 1950 and 18962,
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' Nth Power Evaluation

INTROTUCTIOoN

: fhe patlons af the Westernm Alliance have beex engaged 1o & serieg of
sporadic negotistions with the Soviet Bloe on the subject of nuclear
, dicarmament since the mid 1950's. This study wes ertaken in order
“  to mssess the potentlsl of the gos centrifuge as a means of attaioing
T a muelear weapons potentisl in varicus slze forelgn countries end to i
provide vaivekle, up-to-date, ba:kgrou.nd material for fufure disarmament

: -7 zoaferences. . -

. In & previous repﬁar"t }, 3 prelimipary evaluatioo was mades of the gee
* centrifage a5 & means of producing = small mumber of nuelear weapona,
githar overtly cr covertiy, in a country currently pot known to bave &
nualear wespons program. This atody is an extewcion of the earlisr work,
covaring & wider range of production ratee and incorporstirg tha present
gra centrifuze technology developed over the past three yasrs in tha
USART gas centrliiugze developrent program. The effects of sivancad models

anticipated as a result of fubturs development =fforTis are slso presented.

Two of the most promiszimg routes a country mipght follow im cprder to pro-
duze & emall sumber of nuclear waapons are the gas eentrifuse for the
producetion of U-235 and the natural uranium rezetor for the produetion of
nlutonimm. At the time of the previdls rentrifuge svalustion mentioned

¢ ahave, an evaluation of the natural weanlum-grapbite resctor roote for
the production of plutcniuw was made by the Richland Operations Office.

{ The present report is limited to the evalustion of the potentiel of the

gas centrifuee rouve.

In the report an aitempt 1s made to eorrelete the probability of atme
& country (an Mth power) auccessfully prodncing & nuclear weapon T weapons
- . by maanz of an overt or clandestine program imvalving tha production end
- oreration of 4 ges ceptrifuge plamt with the industrial cepebility of
that country., For this puposs the ocountries of interest have been
Zivided fnte three groups designated as X, Y, and Z. Group X countries D & E
1l ara those which pozsesa & relatively high d.egree of technical competencs

233 whizh have s high ievel of industrisl activiwc 1 DE LETEG ' f ?‘(‘9
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o Grour & cwantries are iose wooon poscest raraTinely £ “
aeThus tennp..onl sgi’le :pd which have relatisely lattle lndustrial 195?
aptIivity. e f fd")
. Group Y ceuntries are those whieh 12 botwesn amd which czws
limited iptertal Sodusirial seblvity.” 7 B - ﬁﬂﬁé ’
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For this evalaation, twa sizes of production faeilitiasz are considered:

1, Capmsble of produging 50 kg per year of highly enriashed U.2355
which should be a sufficient ampupt of fissicoabhle neterial
for the fabrication of at least one guelesp weaapan per yearl.

2. Capable of producing 500 kg per year of highly eurich=d U-235,
This productico rate should be about the upper lirit {or which
the centrifuge procegss would he used.

Tz profduction facilitles may ba someidered am comsiziing of thras
separate processes.  These are:

1. The feed plant in which the ore econicehtrats 15 converted to
Prosess gas.

2. The isctope separation plzot iteslf, in which the concentra-
tion of ¥-235 is raised “rom that of the feed (0,71 weight
per cent) to that required for a puclear weapen {greater

than 904},

Z. The metal reduction plant, io which the maferdal iz converted
to urapivm metal and then machlned to Tinighed metal partis
for the nuclssr WeATOR.

Sfr cantrifuge models are considared for the itwe producticon-rate plants
5tulled. The centrifuge models comsidered can be brcken Inoto three
categories based oom the progress mede Ia ths AEC gag cenbrifage develop-

oznt program:

1. Thess ceptrifuges whicsh eould be operated without the necessity
of other developrmenst work.

2. Those centrifuges which are presently being worked on and which
may he cperable withip 2 year or two.

3. Those cenbrifuges which require coneidsiahle advances 1o
caterials and operaficnal techoology. Thsse centrifuzes
might be svailable in about § to 10 years.

Table 1 presents & suwmary of the mors impoertsot charneteristics of tha
various centrifuge models. To Teble 1, sach of the cenirifugs models is
sssigned a code letier which will be uszed to refer to the models 1la all
af the fallowiag cost and summary tebiss. Model 4, the orfginal Zippe
meckine, 1s lofluded only for comperison purpases and is not cousidarad
g feasitle machine aven for the smallar prodneticn rata,

-
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SUMMARY

It ig feltl that it 15 feassitle for the rountries descrited in this repocrt
whish do not b have 3 muclessar weapons program w0 phodace enriched
uraniur by zeans of & snall gas centrifuge plant. The centrifuge process
leads itself to clandestine operation; howaver, io & country met having
its ov¥n wranivm ore suppdy, safezuerde requiring adequate inspectlon

. would probably prohibit clandeestine opersticn., 4 eclass ¥ sountry weuld

peed no outside assistanecs, while a 2lags Y country would probably have
to import scme of the hardware and suxlliary squipment assessary to
fabrieats the centrifuge plent. A class Z country would probebly hava
to purchase prefabricated centrifuges and almnst all of the suxiliary
eguipment for the ceatrlfuge plant from forelgzn vendors. Io eddition,
a class I country would peed techoicad &dvisors Lram the oulslde to id
in the copatructicn and operation of the cempbrifuge plact.

& summary of the over-all time, investment, and work foresz required for
construction of a centrifuge weapong faeility and the ooct and manpower
regquired for its operation for each of the coentrifuge models desoribed in
TFabia 1 is precented in Tables & through 4 Tor the X, ¥, amd 7
nations for the 50 kg U-23% per ¥esr production rate an? in Tahles 5
through 7  for the 500 kg U-83% per year production rate. 4 detailed
coEh, time, and manpover breskdown of the centrifuge wenpons facillty
for its three separats preocesses -- lsotope separation plant, feed plant,
and metals plent bazed oo estimated Unlted States requirements is alas
prasented in the report. A correletion, which is used to obtaln fastors
Tor converting United Stetes requiremants lnto regquirements of other

nations 18 presented in Figure 135.

DELETED
v —dhe times praganted, which

assume knowledze of the detaills of = particulsr centrifuge model, reflect
the time required by a claza X, ¥. or Z country to develop she centrifuge
Febricating, operating, and cascading techaoiques to the polnt where
datailed plant designs could be lodtiated plus the sstlmated tir+ to
caild the plant and produce the firsi weapon. If no kpowledge o the
detalls of a centrifuge model 13 available from the United Btates or from
gome ather highly advanced eowmbry, addiiicnal develomment time would be
reguired which iz reflazted In the higher times pressnted ip Iable 8

Tor thece caseg.

The total capital investment which amounts to sbout $432.5 nillien for the
model © cantrifuge fac11ity {for the iow production rate] coupled with
cparating costs of about $4.5 millicn per year, will in the case of a
clags Z counmtry be quite & burdsa on the escnomy. A class 2 gountry
would have 4o be highly motiveted to undertake sueh an expenaive projeck.
hﬂﬂever, it is estimated that these costs may be reduced Yy as much ae

79% with the mcre advanced rentrifuge podels; these push lower costs would
cersailnly rake the project more feasitie for a class & country.

DoE
1.7&)
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The physical concealmsnt of the szall centrifuze plant should present na
rrotlems becauce of the relasively smell size of the plant. The ground
area would range from s small fraction of an acre, maybe up %o ﬁfh atre,
derending upon whick peatrifuge model wag uged, While the centrifuge
plant might be abolt thres stories high for esaventicnal conatraction

fthis would not be noticeable in industrial areas of ¥ apd ¥ nations),

the buflding height could b= lowered wlthout sacrificing much in sddivicnal
cost. This would, however, ipcrease the ground area reguired. The lower
mmilding heleght might be desirable din the caze of clase T countries in
which three-atory bulldings could act be easily camouflaged without weing
costly underground construction. The feed and mefals provessing facilities
ore relatively email operations, which could be parformed within the

cartrifuge seperation plant.

The power requirements for the cenfrifuge plant will he relatively small,
ranging rom 0.5 to 8.% megawetis for the small planbt and 2.9 to 21 megs-
watis for the large plant, depending upon which ceririfuge medel ig
apgumed. e efflusots from the certrifuge plant could be handled essily.
The waste streama from the plent over a perled of & year, which 1s essen-
tially the gems amount as the feed, coulld be contained in s relatively
few 10-ton UF. oylinmders whiech fsould be atored conveniently amywhers
within the plAnt. The off-gades from the feed and metals plant ecould
probably be neutrallized with ceustflc and the product deposited in seepags

pita.

Faztors Influencing the Choice of the Cegirifuge Roube Lo Jountries X,

Y, and &

In a alacss ¥ ocountry the chojee of whether to produce a limited amount of
muclaar weapons by the centrifuge or the reactor route Iz not elear cut at
present.  The pentrifuge has the potential for low capital end operating
sagta but the technology is unavailable in the unclassified 1iteratura
and the centrifuge at the present time wiil present & higher risk of
fallure, It 1s C2li, howeyer, that a cless X couptry will have the
experienced scientists and enginecrs nscessary to hring a centrifuge
facility inoto suceesafuw] aperation. Therefore, thogse clase i countries
having en sdyvapnced centrifuge program of thelr own or sccesg to the
results of ancther country's program mey 20082 the centrifuge roube

for attaioment of their firet nuclear weapons, if they plan on modesd
expansion of their nuclear capablillty in the fubure andjnr forssee 2 use
foy elther slightly or highly =nriched uranivm in their foture nuelesr
enarfgy programs. Those countries having no centrifuge program of their
own and no access to the results of programs in other countrles would

oot be likely to choges the seatriluge routs. A5 more advanced centrifugze
nodels are developed and the ralisbility of the centrifuge 13 established,
the choice mey well be overwhelmingly in favor of the centrifuge process
in those countries having access 10 the results of the develomment effort.

in a nlaes Y country, 1f tha goal 12 primarily the achisvament of &
clandestine, vary limited auvclear capabilify, the resctor-plutonitm raute
would undoudiedly he mare attractive Irom the stendpoint of certainiy at
the preseat tics hecauss of the evailability of information in the open

’1‘..'F_—'* -_-_—h*%?—“/
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literatuve. Again, however, if the counmfivy tag secese %0 the resulis of
advanced centrifuge devellpment Work and thay plan a modest expansion of
thelr {ipitial puslezar capabllity in the future a.rﬂ,.r"ur foresee the need
for epriched uranium in their Mture ouclear energy prograns, bhey cay
risk following the centrifuge route for thelr indtiel) nuclesr capebility.
A5 the more advenced certrifuges are developed and the ¢lass ¥ country
obtains detailed infoymeticon abowut these advanced mechines, their choice
between ithe resctor-plutondium route or the centrifuge route couwld Ffaver

the centrifuge route.

A olases T eountry will find the comstruction and operation of either a
centrifvge or plotonivm faclliity a difficudt task. These countrles would
need much help from & class X or ¥ coumbry. Ime to the nonindustrlal
tATure of a clzgy & counbry, e cvwwpletely Clauwdesting fawilliiy woold
probably not oe built. The choi¢s of whether to build a cenmtrifuge or
plutonium facllity in a clasz & coumfry would provebly depend upon which
appearad most stiractive to the class X or ¥ country with which Cthey were
collavorating. It probebly wounld be easier o Justify a power reactor
than an unspecified ecentrifuge facility; epd i the primery chjective 1g
ah attempt at 2 clandestine operation, the plutondum route woudd probably
be followed, Agzin, sz the more sdvaneed centrifuges are developed, the
sentrifuge site will probably become smaller and esarier to hide and the
sholce may swing to the use of the centrifuge mathod.

Security Copnsldersticna

The continued clagsiflcation of ceptrifuge technoleogy snd the sxerclse of
axport ccatrol over advanced reptrifuges gr oritical componsnts by the
Urited Stetes and her allizs iz bhighly desirsbils. The deslaesification
ol the aentrifuge development efforta by the Undted States or her alilies,
espacrially the work done in the past three years, will incrsase the

mmber of countries which might obtain s guclear capebility through the
centrifuge rowte and reducte the tims reguired for the attalnmeat of a
nuslesy capabllity by those couniries presently considering the use aof
the ceatrifuge. The release of the results of future development work
%ill baye an even more prodounced effeet, since it is expected that futare
work wiis make the centrifuge route more attractive from the standpoict F

Both t1i  and money.

Key Ttems

There are ¢ortaln key items which indicate the possibility that am fith
power may be construsting 4 centrifuge Faaility for enriched uranivm produc-
tion. The more impsrteant of thege itews are listed in the report.

Swean DIiffusion Process

Although onldy the ceatrifuse process has been considered in thic yoport
for the slandestine produstion of enriched uranlvm, thers ere other pro-
fcesees which might be btetter macched with the lower technological capa-
Bili‘ies of ¥ &nd 2 forelgn powers. Such & process, for example, wunld
we swesp diffusicn. In the sweep diffusion processz, o goseous wfstoce

Iﬁ - -
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of isctopes is confined in & column across which flows a current of &

third component called the sweep gas or swesp vapor. As the sweep wvapor

flows through the process gas mixture, 1t tends toc aweep along the heavy,

or lesas diffueible, component. A sweep diffusion plant requires process

equipment such as nickel plated pipe and screen, rotary lobe blovers to )
move the process gas between columms, centrifugal pumps to pump the con-

densed sveep vEpor to the svaporators, and the evaporators themselves.

A prelimipery Investigatlon .of the sweep diffusion process for the separs-
tico of other isctopes Ls belng considered; this investigation would also
determine its potential for urenium isotope sepsrstion. COne of ths more
serious problems which would have to be overcoms is the solubility of
process gas in the condensed sweep vapor.

Evaluation of Fnreign_[}entrif‘uge Programs

The current status of gas ceptrifuge development programs in forsign non-
Communlst countries is reviewed and an evaluation of the program in each
country is made with respect to its scope apd direction, ultimate goals,
and chances for success, The information used in the preperstion of this
repart was obtained from the oven and classified sclentific literature,
the press, apd from intelligence documents which wers lﬁﬂ.e available for
this purpose. This work supersedes a previous repnrtia .

From the information aveilable, it appears that only four foreign countries
outside the Comminist Bloe are still making any ssrious effort to develod
a gZas czatrifuge process for the eorichzent of the aranium izotores. Thess
ere West Germany, Doglend, the Hetherlands, and Japau. In addition, Brazil
is maintaining its small interest in the centrifuge orocese, and France has
vapently besn reported sngaged in centrifiuze davelommernt,

In genmeral, dus, in large part, to the fact that ths European sations agreed
at the =pd of 1960 to impose security restrictions on a1l future {nforma-
tion arising From their development programs, little new informatics hLas
beecme avallabla sizee the preparmiisn of thz reucct tvo yeers ago.  Lxzap-
ticze to this are Epgland, with which the United Srates k=g an Inforsaticn
exchangs program, and Japss whars probably for no''5408) peagons the woxk

4g smtiraly muelasyifiad, Desspits The szarsisy o 2ldizhle informaticn,

it is most preopable thet-as a result of the furor which centrifuge develop-
ments evoked in the press in 1960, slmost every class X country has under-

ki entrifuge development effort of some sort; even if gquite

' DELETED i
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i the five counbries menftloned sbove, West Germany is probably carrylog ? r'c‘)
on the most sxtensive program, It is5 comprissd both of the development /. B
work headed by Dr. W. Groth at Boon and of the develomment program being

sergued by DEQUSSL at Freokfurt under the directdon of Dr. 0. Zippe.

The progress uade oy the Germans prior to the wcuw of 1960 whern the West




Germen fovirscemt rlacsifiod £l Carther develipments CHN e 83003l roo
panronanl sall from the avallable Litersture. o
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It is plannsd to conzolidate all of the Gentan
CESIT .5 wo A Lnoa aew facility at Julich pear Aachen where ths work

will bte copducted directly for the West German Sover-ment.

The Japanese in 1958 initieted a modest centrifuge development program
apparently aimed at the development of an economlcal Groth-type machioe.
It has recently Heen reporbed that the Japanese are also laveatigating

a Zirpe-type machine. Although the progress in their £irst two years of
vork on the centrifuse process was nosl Impressive, the zccomplishments
made during the second two years of their progrem appear to be quite
timited. Thedr work Is nolt ms yet ¢lasslfled,

Altaowpgh it iz kacwn that centrifuge work hae been gologz on ip the
Hetharlends for zome tdme, very little aboit their work has been made

publie. The Dutsh, aleng with the Germanz, have snecuraged the uze of
aznirifuges Tor a proposed Burstom isctcps sepermpilng facllity. In May
aff thig year, the Keitherlands announced that they sre embarking en a
three-year centrifige developmant program which, 1f sucesssiul, will lead
to 2 pilod plandt for wranium isotope separziicm.

' s
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A1l five of ' ese counkries have the gtated sr implied goal of feveloning
an econonical process for the productica of U-235 for peacefiy] uses.
Howaver, as has ajready heen polnted out in thls report, a workable cantri-
fuge procsgs, regardless of the murpese for which it was devsloped,
provides & eapablllty for the producilon of muelear weapons. HWhile many

of the seicnlists working on centrifuges are probably interested in
gaparatisg weanivg for power reactars &z they cla’m, the naticnal lemders
gupporting ihese progrems may well be interscted in evensually using tha
Centrifigs prodess to ootalin nuclesar weanons.
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TARLE 1

BRSCRIPTICN OF CEXTHIFIXIE WODFIA

Leagth, TDimneter, Spead, Fabricatlqa
Mool beacription in, iy, B/ nex Materlal Twechnd quo
i Origiral Tippe 12 5 550 Al TOTS Betraded
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* Mhoay figures repreccul Bebw: swatdursd geparstive capacitiey for theas centrifuge godela,
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LanLE 2

0AJ CEKTRIFLLE FLANT SLMMARY FoH CLASO X HATION,
50 kg U PER YEAR AT 0% U-235
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A8 PENTRIFCE PLANT SRRy PR CTAES T NATELN,
“1 kg U PER YEAR AT 0% U-235
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UAS CEMPRIFUGE BIAMD SOMHARY Fopt CLASS 2 HATICN,
50 Kg U FER TEAR AT 90F U-255

Mechipe Type
A C 0 I i t
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500 kg U BRR YRAH AT 906 Be235

UAtt GENTRIFULIE [TANT SEMHARY FOR CLAS3 Y HATICH,
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MIHDMUM YIME HEGQUERED TO FROWCE FIRET NUCLEAR WEAPCH

{1}
{2}
(3

¥ Withoul detnils or considerable assistance {iom another country having details of the centrifupe

Asgumptions

nowledge of model O deteils
Mo knowledge of model © details

Xnowledge of models K and I details after
they are developedX*

Time Bequired, years

Clasa Country

b Z
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médel, this clase cowntry would probably not develop the model on fts own.

4

i
Y




FLANT CHEZRISTICH

CENTRIFUTE FACTIITY

Estimates of the papital ipvestment, cperating costs, constructica
schedula, cometruction manpover, end operating menpowsr requirements Ior
asch of the thres prosesses of the cestrifuge production facility are
presentel <o Tahles 9 through 25, based on estimeted US ccsta.

Plants raving production retes of 50 and 500 kg uranium pex year af
highly entiched U-23% were investigated. The 50 kg uramlum per yaar
produzt rate was chossn to reflect the production of at least one nuzlear
waapon per year. Tha 500 kg of vranlum par yesr preduct rate ls approxi-
mataly the largest production rate for vhich the centrifuges plant might
pregent ettractive sdvantases over a gaseous diffusion plant. Six banie
centrifoge nodels were studied for each of the abovre produstion rates.

centrifuge Models

The dateils of the sir centrifuge nmedels atudied ere precentsd in Table
1; the centrifuges can be grouped into the folleswing thres categorises:

Fresent Machineg., Thege are centrifges which heve plresdy been built
gnd tested. Althowzh, in all cages, thare dosg not exlst as guch axperi-
mental amil cpersticnal data as wowld be desirable for the design and
sonstruction of 2 cenirifuge plaot wslog thesze mechines, the separstion
perforpance of the machines is essentlally known., Febrleation of & large
number of mashines of the typee Ln this group could be startad almast
immediataly by the Unitsd Statss. Tro machines are included {n this

group. These are:

LIFFE CENTRIFUEE

aip I-in., 350 o sec subcriticel centrifuge with a seperative work of
0.5 kg Ufyr. This centrifuge model is included in the study singe con- .
siderable informgtion and refereance is madse to this czentrifuge in the
unclazsifield literature. It iz not felt that anyens would actusliy
attempt to bulld a facility to produce highly epriched vrarium using
this centrifuge because o ths high ceplggl and gperating coste and 9 ﬂE
the large number of ceotrivuges requirsd..
© g

DELETED
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Tha original Zippe centrifuge, as constructed at the Unlveraity of ¥irginia
ecnsleted of a J-ipn.-diz axtrudsd rotor which was rotated st & reripheral ’
speed of 230 mfasse. A schematie of the Zippe centrifuge is shovn in Figure
1. The rotor vas prepared from axtruded 7075-T6, 0.040=in,-thick slumfwm
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SCHEMATIC REFRESENTATION OF TYPICAL ZIPPE CEKTRIFUGE
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s1llay, won wiresded ub the enls asd eduipped with thretdoed Sideingm erd
taps., The bottom hearing sad resdile sace—bly agd Tor hogretic bearicg
were similar dp princizel to those used inm ke ~urrert auboritisal
machine. The top =od botton derpirg systers ware oot 25 refined as i
ciurreant —odels, but opersted with similar objectives. The rotor vwas
driven with ao axial sir g2p mobar whera the armatuwre was a simple steel
disk attached to the bottom of the ceftrifuge rotor, A statiomary scoop
system was lnserted in the center of the rotor for ges “=ed and s
removal purpdses. wWhile models of this machine were suceessfully produced
at ORGUP, and s mumher of wmits were operatad in the experimaatal cortvi-
lMuge cascade over & considerable period of time, the charscterlstics of
thlie ceptrifogs never ware considersd to be wholly atirschive for pme-
2ading purposes, owing to sueh factors as high ieventory loss and oon-
reproducible separative performeace. For purvoses of comperiscn, howewer,
the Zippe centrifuge will be considered here ms 3 base polnt in the ewml-
waslion of the centrifuge process. The Zippe ceptrifuges produced for
experibertal testing at CBGDP apd those tested by Zippe and persconel at
the UﬂiFersitY of Virginis bad separative cavecities Iv the range of G.3b

kg Ufyzt
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Pro.zs2i Machines, These axe sosatrifuges for which ihe separatlon per-
formance has oot yot besn extensively messured experimenta’ly. Tn both
cagas same meckanical ftests on the medel have already been made. Thessz
zantrifuges are the logieal descendants of the group I machines. It is
f2lt that there are oo major obstacles ipn the path of the developrtent oF
these nmachines, and that sufficient Informetilon hes been obtainad on
their forerunners to permibt the prediciion of thair performancs with
reascnable zccuracy. The development apd testing of these machines
rajuired to brirg them to & production capabrlitv 1m the United States
would be apficipated fto be in the neighborhood of opse to thrse years.

FROPOSED SUBCRITICAY. CENIRIFUZE

MU

P
DELETED
|
e J
2o6ling may
be achieved elther witn & circuicting coolant system of an evapcrative
conling sysuem using the atmosphere as & heat sink.
_ . ’II p,
A
DELETED S
I|II
ATSchefidt it of this. -
TroTosed subnritiral semtrifuge 1s shown in Figurs 2, - 1 -
. & “f
4

DROPOSED SITPERCRITICAL CENIRIFUTR

DELETED 0 2l

s A5chemele of Bhis rooo-s?

supercritical cemtrifuge iz shown i3 Plgure 3 . Tme unit wli) be driven
trom the closed end of the towl by & direct coupling with a conventionsl ﬁﬁ E
3zalrrel-c2ge industion motomy s
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A
magnetic pearing 15 employed Bt the open end of the rotor. A gervo-gysiem
whialk will automatisally caintsin the approp-iate gep between the rotating
and nanrstating magnetic portions of the bearing will bte used to regulate
the megnet gap specing. A conventional Zippe-tyra gas extractlon system
will be lpsorporated in this zachine, belog sugported from an ass=mbly . jaon
located at the open ead of the rotar.” P

=

DELETED

twing fo the grester length of the
rotor and higher paripberal speeds, greater separative wapacities will be
aveilebls through the use of this unit.f ) :

DELETED PP

Future Cegtrifugess, The development of these machines {8 dependent upon
epprecisble sdvances in technology and it would be expected to require

5 to 10 ywnars befors these machines would Be ready for plant Installsatico.
Tvo machines sre ineluded in thiz group. They are:

A ER L I TR T eeeee— = —
# - .-

h._ |

At this time there sppoars to be oo bosgic limitation on the dismeter of
gubheritical mashine 3; the optitwe Bfze wlil be ssteblished by econcmic
conciderations relating 1o the cost of bullding euch machines, their opar-
ating cogia, end their separative copacitiesa. Fesesrch currently being
conducted by the various glass fllepent manufacturers gseems likely of da-
veloping higher strength glasses. Moraover, winding techniques undoubtedly
#will be developed to utilize higher fractions_of whr avsilshle strength of
the glase filements in the cantrifuge rotor.) ’ s

AT
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FUTURE STPERCEITICAT. SENTRIFUGE
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not appear umreascuable that such a muh__i_r._emfa‘h be available with five

to ten years of development effort)
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CENTRFANE PLARNT CHARACTERISTIOS

The centrifugs is chsracterized as = high-enrichment, lew-throughput
devica., In a plant design the centrlfuges are copnected io parmllel to
cootain the desired throughput, amd these persllel coonscted bapes of
centrifuges are then connected in ceries to obiain the desired cover-all
sarichment. The kaills concentration, that is tha degres of atripping,
wauld depend upen many facters such az the zost of feed, equipment costs,
operating costa, ste. An estimats Was made of the amoent of stripping
which would probably be attrackive with the various ceobrifuse models,
godl the teils coocentratiom associated with thls stripplong is lodicated
in the Tablas of Ceatrifuge Costa, 9 through 19. The amount of slripping
varied from vary little (tails concentration 0.0065) for the Zippe model
te a comsiderable amount {tails concentration O.00%1) for the future
supareriticesnl centrifuges cpsrating in the larger plants, IJasl plant
tapers for thoss plants stodied here are chown in Figurss 9 through 14
Thege figures show the mmhber of centrifuges ilp parallel for <ach gtage
of the plapt along with the numher of stages {length) required.

In describing a centrifuge cascade [for the productlon of U-235, it is
probably best to discuss st length the dodividuwal factors which are
invelved In the layout apd design of the plant. The following paragraphs
will describe the main items of ifaterest.

DPIANT LATYCYMT

Io order to reduce capital, operatiog, abnd mainteoance charges, the
centrifuges 1n a producticn plant will bs pipsd ;| -1 wired soc that
vacuum, electrical, instrumentsatlion, apd comtrel wguipment caa be
cshaprad by a number of machines, The awallest greuping of machines wilt
he referred to as g "e2ll." A description of & typical centrifugs cell
follows.

Centrifuge Csll

There= will probably be fwo types of cells in the centrifuge plant, ooe
w#1ll be the "paraliel c=ll," the other the “series cell," The two c=ld
types are described below.




Parallel cell. 4 group of centrifugss cpereting in pemllel® valvod,

wiraed, apd instrumented zo that the zotire call of mechinsg muest he

guarted, operated, 2nd storped as a unit. The cell would be the smelilest
grouping of machines wiich could be fsolsted from the caseads. &

srhematlc o coe-balf of a ten-mmchine pamallel cell is shown inm Figure 4.

4 complete tec-mechine paraliel csll layout is showno in Figure 5. As

shown Lo Pigures L mpgd 5, the ten mechines share cosmofy vacuum and procsss
piping. The cel)l vacwm pipitg can bz igoleted Ffoor the largsr vasusr Lo
gystam by the autormatic block welves shown, .
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“the parallel esells is esstimsted to hé suffielenfly aize trst faillure oS
a sing?e machine wWill not relesse sulficient gaseons lnveatory Lo cause
damage to adjarent cperativg centrifuges, TE 45 ageimad that the supoeo
critical mmebine will elzo ke cepable of tolemting modest pressurs
excurshons. After & ¢2ll has been initially ewovated and is veady to be
placad on str-esm, the wmovum talve s elosed, thus {solatines the cell
fren the main vaoaum system. The process valves are openad in appropriats
saquense amd the machinss placsd on streawm. The pmping actien of the
rotating cerntriluge bowl will tend %o Dreserve the initizl weoum cepdi-
tions. Showld one of the machinee in thie cell develop trouble, the
appropriate slarm would be glven 1o the comtrol room and the process
block valves would close, isclatlng the cell from the czscads and mini-
mizlog the loae of process invenmbory. If this particular cell wme bvelog
userd as 8 purge statiem, the veoumm block walve would retdaln open dopring
normal operation and would be sutomatiezlly clesed in the event of

trouble.

Saries Cell., A group of centrifuges cperating in serfes, mived, wirsed,
amd instrumented so that the entire cell must be started, cpernted, and
stopped a5 & unit, The differcoce between the parallel and series cells
iz that the yarallel cells contain cenirifuges a2l) cperating in the szme
cascads siags &% tie sakme gas cobcettimtion while the zeriesz 2elle con-
tain stages#% of ragtrifuges sach handling a higher oconcentration thap
the cenftrifuge =tage below. A schemmtic of A tep-machirs series

* Caatrifuges cpersting 1o the same casgade stags, each belng fed aus
of the sams corcentraticm and each producing upflow snd dowefiow
gtremmz of the zams concentration.

¥ 4 gtags in a centrifage rlant would annsist of ceagriliges all
cparating s+ the ai=s conzentration level. At the feed point of &
large ceatrifuge plact the feed stege cowld ocnslst of humdreds ol
centrifuges operai.ng in parsllel, while st the profduct polint aof &
swall plant the rprolect stese might ceomslzt of = slpgle centrifuge.
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Figure
ONE-HALF DF A 10-CENTRIFUGE FARALLEL CELL
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coll ez-tain ng orr oetrifvpoe oer Zhagc 1o Jhown IR Fipuae B. The 1en
miikipne chgre 4 cormon vacuwm plring, but esch mackins has f-diividusl
prIcess pilfng in thaw it recsives ieed from both ie machines above and
taTew it in ihe cell ant seids a prodict stresm Lo She certrifusss above
2nd B weaste ssreEt Yo the centrifuges beleow. T nay e neceszsary to have
n=ll, astomanic black valives In the procsss lines cornecting stages in the
sries col's to aveld & bulliup of light gases in the top steges when ths
sarzes petl is fzclated from the csscale. Mie bulllup of light gases cagli
cause excessive gressures which might Jead o the deatruetion of the ceatri-
fuge. Fer the sconomic sevaluatiop presented in this report, thesa blosk
valveg wers nel ilneluded, ot should they be readed the effect on the unit
cost of sepsrative work would be very small. Each stage of machines has a
flow matering devies on one of the exit process stresws. The machines
share g cammon process comtrcl walve at the top awd hattom of the sell,
which ectablichas the fesfired flows into and oot of the pell. The vacuum
syeten can be isolated from ihe puaping system by use of the automtic
tlock valve shown. The process Bysienm <ah be Izolatsd Irow the cascade

by the sutomatic block wvalves at the top ard botton of the zell, When a
series el is isolated Irom the cascads the cascade ls elthar split at
that point or the oell 1s by-passsd, henes, the valves snd piplng necaessary
for both of thess sperations are requirad,

I o

In order 45 obtilp sdditional econdmies, groups of parellel cells will
prebably ke piped and dnstromented to charse a ccomen vaeuum, instruzentea-
ticn, and procass control system vheresver possible. Such a groveping of
varallal ealles will be called a sub-group. Geries cells, bacause of the
concentration range spanned in t$he eell, gnd the nefessity to minimize
mixing of szeay when troabls arises, protably will not be groupad into sube
groups. A description of a typical subs=group follous.

Sub-groaps. Groups ol parsllel cells operating in parallel, vhich shers a
eommonr vacucm and proeess comirel system. TFigure 7 shows g schematic of
g sub-group whizh cortains ten parallel celles. The sub-groap has a comen
vastaum system nopeisting of an eppropriaste size diffusion powmp, cald trap
end e rough pump, vwecuam velves, and a properly zized vacuun header, The
gub=graap also has a comop flow eontrasl system wkich regulates the fasd,
rnct and weate Tlow out of the sub=group process headers. Eso? cell, ug
3% 1 earlier, can b Isoleted from the vacuum and procese piplr  of the
re bt of the subegioup. Ezch subsgtroud in turp cen be isglated from the
Eroszess system of the rest of the cascade stage and The flov by-peased by
thkree process blosk velves shown BT the end of the sub-grour in Flgure

Lre

i

T

The numbesr of asntrifuges connacted in a cell 2nd the nugber of cells coa-
azeted in a sub-group will depend Gpen meny factors such as rachine relia-
zility, cost of vatuum pumps, 2o0st of vacrum and protess hardwmire, separa-
tim Tzetor of the individusl centrifuge, ete. The lorger the osll and
Sua-group the greater the carital esavings, tut the larger the losses in
zeparative work will te when & captrifitgs or an auxiliagi gystem gives
trouble requiring the zhut 3own of a cell or subagrcugf =
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eourlsd with frellrizary cost estimzTeE for varisus cell an? sobegroup lay-
puss b arrive at g reascmable eccocmic cell and sub-group size. A resson-
arle firec astipeta of Iell sige winild be abogt Ten rackines for fe parzl-
8% palie apnd apywhere from 2 few Lp to ian staces T2y the gepisg pells .
depend’ng upon the rmber cf cerntrlfugzs per slage =ad the zeparation

Tactor =f the Individual centrifuges. 4t the reed point of very large

Llants whers any hundreds of certrifuges st be operatad In parallel to

supply the large interstage flow requirements cf *he feed giage, subegrours

in th= range of ten parallsl cells (i.e., 100 centrifuges) seem reascnabla.

Tor smaller plants end for stages far remcved from the feed point where the

interstage low rates are lower, spallsr sub-group sizes witrl be d=sirable.

The ugs of series c2lls will be desirabls as the product or waste polnt is

aprroeched einge, in thees losations, few mochines o perallsl ar: requiied

SEC. —-

to supply the mececsary lntersiage {low raters.
ITEOTRICAYL EQUPENT

Precess Electrical Equipment

Motor Drive System. Ths centrifuges will be driven from a high frequensy

powar systenm supplied by aliernators. The machines must be started and

brought to cperafting spesd from & lover freguency start-up system to minie- .
tizg overtestlog during start-up. In the plant, the slactrical dzive Bys-

tems w11} be Jdivided into appropriats sise wkits where each wait will con-

tain the necessary drive alternators {including speras) and the necessary i}
start-up equirment for a block of ceatrifuges. The magher of sub-groups -
Included in the block w1l depend upon the plant size, power required,

number of machinss operating in parallel, ete. The slze and nugber of

alternators required for en eleotrizal 1wm@mit will vary with plant size and

stage =lze. A tiplesl high freguenoy electrical diztridbution systew le

illugtrated in Fioirs 4, Figure 3 8l30 shows the mlectripal gistyi-

tution systen ror The auxiljary eguimmert, lightine, ateo.

Centrifuge Motors. EBach centrifuege will be Iriven oy its oom indivies]
woar which, in th: 2ess af the subcritical mackin=;, will probably 2a a
Lysteresiz-synchroncas axlal alr gap ootor with ti rotor consisting of &
gteel disk attachked to ths bottom of the centrifuye oowl. Yo the caze of
the supercritiez) machinzs, the motors presently ovisizoped will be a cone
ventisnal sguirrel esge ‘nduction mutor couplsad So the 2antrifage bowl by

mezns of 8 drdve shaff.

platribution Sigtem. The alternators will be counected to buszes to equal-

e loading wish fpars altzraators being avallsble 4o take up the load

ehonld one £ the alterpaters fail. The power busess will be csnnected ts

“he iniividoal sub-group contrel pensls which will serve as feeder sta*fsns -
ior the ipdividoal certrifygzes. ZTach centrifugze will be supplied wi®hk an

emmeter and fusins proteciion for the motor.

Switchyard. Above certain sige elsctriczal 1osds, it will besome nececsary
1o provide switchyerds to step down the woltzgs from the power distributios
aetworlk, Lo crder to kawve g relia%ie piver surrly, *he switchyerds rhemld

b2 doable =nded.
5 4l e
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Protective System. The high freguency pawer supply will probably have the
Tollowang pTobective equipment. A4 light to indicate that a wotor fuse bhas
purned out, an cverloasd proteciicn Zor the alternator whiech will cut cut
the alterastor if the current gete too high, a power fallure alarm.

Auriliary Power Junply

Tt v1ill be necsssary o suprply power and distributlon netwerks for the
vacuum pumps, lnstrumentstion, isclaticn velves, lighting, crane opsra-
tions, welding machipes, power tools, ebc, The cogts of the over-all
electricel syeten will depend upon the size of the plant, the piwer re-
quizenerte of the individual centrifuges, and the arrangement of centri-
fugms 1n the cascade. Por supsroritical meachines a positive source of
power must be available to actuate the drive bearing eonstraint and to
vary tha masmet gap santyellsr, cines mesne arc gooded o permid gofs
deceleration in the event of B general powar fellure. A source of DC
provided from storege batteries sppears satisfactory for this purpoce.

FROCEZS PIPTIC

The process piplng to each centrifuge will copsist of & feed lipe, & prodact
line, and a waste lige. The line esizes 4o the lndividual wachines will be
guite small and will prebably not axeesd about 1-im.-dda. The lines from
individual machines in the parallel cells will tiz2 imbto headar lines for

the oell wvhieh will in turn tie into headers for the sub-groups vhich will
tisz into lmadars for the ctage. The process llnes in gersral will be fairly
small, probably not exceeding 12-in.-dis for the largest piping inter-connect-
ing sub-groups or stages. By-pass plplng and valving, iscleticon velving,
2nd contrel valving will be reguirsd for each cell and sub-group. While

the pipz sizes will, in genesral, be quilte small, the vacuunm reguirems=nts
will be stringent and careful sszembly and extensive lesk testing will be
reguired. 4 flexible coupling to tie the actusl centrifuge accop aystem

to the procase piping will probably be reqguirad ts allow esasy installation
and removal of the centrifuges. The process piping will probebly e Ri-
plated steel to assure lov consmmption and fresdom from corrosion products
waich gouwld plug scoop lines and cauee other troubles with the centrdfuge
operation. The plping mist be sized 2o a3 $0 keep the preszure drops very
low, since the available pressure from the scoop systems iz ™ -v apd it is
ascessery to keep the feed pregsure guite uniform on all the entrifuges

in a stage to assuwre uaiforn feeding to the Individual centrifuses.

FROCELS CONTROLE

It will ke necmszary to contral the process flow rates in order fto assure
cptimm and stable plant operation. It also will be nasessary to monitor
the speed and tewpsrature of the centrifuge bowl and the vasuum jackst
pressure in order to assure safe, conatant performence from the eentrifuge.
In & large centrifuge plant, dus to the very large number of cantrifuges
required, the design criteris which must be adopted for the control and
insirupentation systems are these of minimizing the actual operating infor-
metion cbtained and yecorded for individual machinas which are perfoming
catiafactordly. Sipce the temparatuwre and specd of the eentrifuge bowl and
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the prassure of the vacuum jacket sre not controlled in the usual sense,

it 75 aesirable Lo adopt a supervisory type of control for these variables.
Thiz superviscry centrol would in’tiaste protective or cvorrective artion
ocniy 1F certain safe iimjis ars excesded. Thus, the veriables of speed and
tegperaturs need only be scanned routinely and if the walues are within
control Limits, thers is no need to record the sctual values. When devia-
ticns from acceptable limits do cccur, it is only necesgary that suitable
slarms be achivated. AR ijnerease in vacunn jackst pressure above a given
l=vel will be interpreted as & machipne fallure and the necsssary instrumen-
tation, alarms, and recording egquipment mist be available o immediately
datect trouble, Eound slarms, and isciste eguipment. Egquipmwent must also
e available to measure and reccrd the centrifuge bowl speed and tewmperaturs
for trouble shooting individua® machines when they exhibit troubles or when
a call of vachibes is belng started or stopped and it 45 necassary to ab-
garya carefully the machine operatlng comditione. This use of suparviscry
control will permit important savings in lostrument costs and also in
operating ccets since it results In & central ecmtzol room equipped with
slaple alarm instrupents which require little maintemance, are rellable,

arnd saay to ionterpret.

Progess Jas Controls

Tha ceptrifuges will he fod by 2 single feed tube at the approximate centar
of ths bowl., A sooop gisten will remove the product and waste stream from
the bowl through individual lines. The frdividuel centrifuge feed, produect,
and waste fubes pust be d=sligned and mapulfactured =so that they preseot uni-
form flow restrictions to the process gas and thereby zct as flow regulzat-
ing devices sssurdng unifeorm and predictabls flow ioto and sut of each
machipne in g given cell. A control valve will he necded between the product
headsr of 5 sub-group and the moduct header for the stage to control the
Fore pressure of a eriticnl meiering orifiece. The control valve will be
sperated and controlled meumstically to regulate the produect flow from the
sub-group. This will goatral the out of the sub-grouvp and provide 2 msans
of denping pressure disturbances in the cascade., A mammsl valve will be
nezded in the weste header of & sub-group to maintain loventory levels in
the sub-group at desired levels. Onee thie velve 1= set for a particular
steady stafte cperation, 1.ttle additional adjustment is anticipsted. Auto-
matle block valves will = avellable in the feed, waste, snd product heeders
Tor sach cgll. In the event a pachine fails In the cell, these valves will
immediately cloge and dsulate the ecell from the cascade. No difficulty is
anticipated for the remajning cells as the feed rate will simply be in-
erenzed typically by 10 - 25% per machine. Thls, of conrse, will result in
nop-opfimun mashine performance for the peried that the cell 18 off strean
bt assures costimmous plapt oparatien. For the parallel calls snd sub-
groups, eontrol valvee wiil bs used betweern the wapte header of one otage
apnd the Tesd header of the stape below; and also betwean the product headsr
of one stage and the feed header of the stage above. For those portions of
tke plant {i.e., nesr the product and waste) whers *he series type cells

are used, control valves and weteriog orifices will be used At both ends af
the cell to maintain the deaired upflow throuzh the cell. Timited tests
perforasd in the CROCT 35-machine certrifuge facility bave 1lpdiceted that
this typs of control system should perform setisfactorily.
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Speed. The speed of the centrifuge will e comtrolled in principle by the
mltermatsr frequency. The alssrhators are driven by industicn metars which
gre slip oontrolled wdth load and mator size sn that the alternator fre-
quenty i #sasonably constant. Each machine will have a gpasd pisk-up
rroba and the speed will be sutcmailically momitared on each of the machines
of 8 sub=group evary few winutes. The spesd will noi, however, norwmzlly be
mecorded or Imdiceted, but will be avtomatically checked agsinst the design
speed. IT the speed is wore than a set amount from deslen, an 3l=rm will
sound in the central control room epd indjester 1ights will Le turned on st
the cell to indicats the offending cell, The process operator will then
check the eguipment, locate the offending machine and teke the necsssary
corrective action. The pecessary switching apd recording ecuimment wil1l hae
aveilable to allow switching to any machine in a sub~grovp end monitoring
and recording its speed to locate troublas and o follow the speed Juring

gtart-up operations.

Jentrafuge Controls

Bowl Temperature. A thermocouple wlll be installed on the scoop gyatenm to
provide an esfimate of the bowl tempesrature. As with the speed, the temper-
ature will be monitored auwtomaticslly on each machine of a sub-group |or
ane lpstrument might handlq amveral Euh-gruups} agrery few mdnutes, The
tamperature will not be ipdicated or recorded, but showld the temperature

of a centrifuge indicate gbove a pre-s=t upper limit, epn alsrm will scund
in the ecortrol room. The pecessery switching end recording equipment wiil
ba availshles to check the femperatiure of the machines in the offending c=11
and to permit trouble sheoting in order to decide what action to take.

Vasuun Pressure. A censltive Firani-typs gaage will monitor the precsure
in the vasutm bheader of esch cell. Sheuld this presmure sxoecsd s pre-sot
limit, indicating inleakage or machins fallure, sn mlatm will sound 1in the
contrel roow a2nd the process and vaguum lsclation walves will cloge, 1so-
leting the cell from the sub-group proosss and Vecuum syshem. The cell can
then be checked to determine the causs of troubles end aporopriate =otion

talren ,

rthar Cogtrols

Ir zddition to the abowve instrumentation, coptrols and alarms will we nesded
to famndls the failupe of power, coolant pumps, vacouum pupps, centrlfags
ootors, and Tor dsolation and by-pazs of sub-groups during periods of

troubles.

FROCESS AUXILIARIES

There are dany s&uxiliary systems needed in the centrifuge plonk. IThe mcre
important are listed and beiefly described below,

Vaouum System

In aopder for the cepntrifuge bovwls to rotete at the high spasd dagirakle for
good ceparatlicn performance, it is necessary that 2 good vaouum bs meintained

e 7
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in the welams susrounding the eentrifups bow) {i.2. 0.1 to 1.0 u derending
upen cpeed, size, etc.). Froperly sized iiffusiecn and rough pumps must oe
eupplicd o evagaate the eomtriluge Jackets go that zéerit.up cperatiocns can
nommence, Cpce She cuckines are at opsrating speed, the eeniriifugal action

of the centrifoge iiself fends to maintain the necsszary vacuum environmsnt.

Mhe veouuam gyshem must be large enough to allow for fairly rapid pupp-down
¢ the aystem to reiuce the start-up ilme, end the system oust be tight
emsugh to eliminate problens due ta in-leskepe of stmospheric gas to the
syaten. The diffusica pumps must be proteetad by cold trape to remove any
process gas which may be in the vacuum system. all vacuum piping will
be nirkel plated to oinimize ccrresion and improve the pumping charecteris-

tics of the systemn.

Cooling System

The nermal hegbing dus te the Inefliciency of the centrifuge mobor, and the
heeting produced by the drag of the scoops and of the oolecular pumps
necessitate the removal of heat from the cemtrifuge. Sibee Fhe cantrifuge
operesses in vaeowum, wEIT hea® Is rather hard o0 remove

DELETED

A eiroulating oil
system which will cool the cezirifuge woiar, bowl, and damping system {and
also supply oil for damping in the supsroritical wachine) iz prasently be-
ing used. The oil is pumped through & websr cooler snd then returned to
the centrifuge, <he use of a self contained, svaporative coolant system
for the suboritical units iz presently in the sarly design stage. In the
evaporative system, the heat at the metor end bowl would be remaved by
evapcrating a lov boiling liguid such asz ethyl ether. The vapers would be
ooolad by radistion to the cuier cemtrifuge sasing, be sondsnsed, arnd re-
turn to be sveporated apgain. Such a2 system would elivimate the extermal
Fiping, proping, end water cooling system and as suck shomld be & eimpler,
more aconomlcoal eyetem.

Lubricating Gi1 System

Suberiticsl Centrifuge. I the . Jleritical centrifuge the bowl rotates on
3 very smali diemeter nsedle {shaft} vhich rotates in & hemiapherical oup
in 5 hard metel aupport plat:. This simpls bseripg system 1s Filled with

oil &t startup, snd indicaticas are that 1t can operate for eatended periods

{yoars) with nc ofl addition or meinterance. Therefors, thape 13 no lubri-
mation systesm as such for the zuberdticm! mackinss,

Supereritics] Centrifuces. LThe more elaborate bearisg sand damping system
of the presestly proposed cuge-erditical cenirifuge requires the wse of &
nigh pressure 01l cystex for damplng and the remaval of & sizesble emount
of keet from the denping and drive syetems. It 1s expected that im a plant,
tha lubricatiog oll syztem ed the oooling eystem would be symhired 4 a

single systen.
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Frocess Gug Furge Syvstenm

Irperienc® with cperasicr of the present CH3DF 35-mach’ne cascade hes shown

that lights will be qaszsd through the cascades by she scoop dystem.  FPro-

vigions mist be made to remove any In-leakege 8t varicus steges in an cper-

ating plant to prevent wndssirable presswee buildup. The vacsuam systec, i
whick 1s installed fov start-up of the cencrifuges, w1il also ach gg the

parge system. The valupe surymeding the centrifuge bowl belew the melacu-

lar pump {wkizh will keep nmost of the beavy UF, out of this volume} cay be

rumped when needed with the existing vartum gzquipment during cperation fo

remave the lights from the system. The volume of the vacutm system of gach

gub-group 1o suffleiently lerge that the rizs in presgure dus to the fedlupe .
of B single rechkine will not cavse damagz: to the other machines In purge

cells connected to a common vECUUm s¥stem; nor would the resultani vreacsure

girrge over.ay the wvacuum eculpaent.

Frocegs Gas Faed, Waste, end Product Systen

These could be similar to the prasent facilitizs instalied in the TUF
gaseous diffasion plant. Coobrols, metering eogulpmsnt, heating faciéiti&ﬁ,
end refrigsration equipment would be required.

Bite Auxilispies _

Thess items would irelude roads, parking lets, serurity provisionz, fire
protectisn, meirtensmee and aszexbly shops, edminiscration uildings,
laboretories, safeteriss, dispensaries, ete. The Size, Type, and cost of
thege facllities will depend upcn the size and lozaticn of the perticulsr
plant belng designed.

Procesa Zullding

ihe proesss sulldinge would probably be constructad of eonereds bloek. The
Ioad levels +will be guite amall so that a minimum of reinforcing and heavy
gtractiral stesl will be requirsd. The contrituges and Thelr utilities
would probably be Iinstalled io one Ilewvel, with 8 gallery sbove for machine
installazion rod removal operationa. The wachine cesings could be support-o
by stesl Trz. -works as shown in the partial cell schemetic, Figure A-5.
gufficient owverhead clearance will be availaple to a3llow =sasy remcval of
the captrifuges from and installation into thelr casingz. The process
btuildings wlll includs central control cooms, offices, rest roowms, storage
areas, some maintengnes facilities, in addition to the centrifige cascade
arzes. For ihe large plants, o total Dloor ares per cenbrifuse is =sti-
meted =T approxdimately 20 squere feet. The process buildings would he
heated and Ventilataed ss5 requirad for the health and cocfort of the
cperatarse end maintenanoe foveoe. N




CremaTIli CCOsTE
Fower Cozis

Tas anpual power charges for a cesotrilfuge will comeiat of centrifuge drive
power, lightizng and meinternszocs povwer, and cantrifugs suxiliary pover.

The censrifuge drive power will comsist of the power pscessary to deiwve and
eortrol the mantrifuge bowl at design speed (power needed to svercame the
gas drag friction, bearing lead, damping lo=d, ete.). Thls pover will be
dstermined mostly by the centrifuge model {i.e., size, speed, danping
suzpactaristies, vacuur systam, etc,).

The lighting and malniepence power Will represect power aescessary to assure
sdeguate lighting for the proecess building, maiolen=oce arsas, 2asechly
areas, and administrative areas, This power will alse Llnclude the vower
neceszary to carry out the plant maintemance requiremenis {i.s., welding
power, power for cranss end lifts, power toels, =%e.). Thie lighting and
nairteranse power will depend upcs the plant size and the mumber of centri-
fuges in the plant cells and sub.groups.

The auxiliary power Includes the power required to operate the necessary
auwxlliary eguipment such as vacuvum punps, oalapt purmoe, refrigeratlon, =tc.
The auxiliary powsr will depend uypon the plapt size apd the aumber of
cenbrifuges in a2 cell and sub-grous.

fperating and Malotenaace Iabor Coste

AL thisz particular sfage of the cembrifuge development, estimating the
reguired mraintenance and mumber of cperators peeded for the salfe, efficient
cperatiorn of a gas cegtriluge plant iz extremsly difficult., FEstimetes
obtained row muat be taken 32 very preliminary and subject to change. Tk
iz felt that the cosvs presegted here reflect cptindstic thinking and
fuslre cests are ol sipected To he lower.

Material Cost

The oot of worked maferials was based o1 .he assgned failure mate, over-
haul requirements, and routine maintemance regquirements. The eshimated
cost is oot conszidered very reliable due to the lack of actual cpersiing
expariencs with the ceptrifuges. This cost Jor any precticel ceptrifugs
plant will probably te low comparsd to otker coste and, sherefore, should
net have mach sffeet upon the unit nosts. .. cost of $40 per Techine per
vesr was acssumed for the suhoritiszl segtr.fuges and $100 per year for the
supereritical eentrifuges ae a4 mirimmm cost for a large installation {41,e.,
10,020 ssntrifuges). Per smaller installatione the o03ts wers scaled hazed
on ORGUP ewperinenizl cenlrilfuge cascade experience.
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FEED PLANT

The amount of stripping performed in the planot will affset the amount of
normal assay feed requirad for a given product rate and zonceniraticn.
The varicou: centrifuge models and plaot sizes considered hers reguire an
astimated range in desired feed rate from 17.9 tons per yesr to TOO tons
per year. Because of this wlde rangs in desired feed rate, the costs of
cogstructicn and apsretion of feed planiz with cepacitiss of 25, 50, 100,
and 500 tons per year were oitlmated and are presepted Lo Tables 20
through 23, Tha coste For feed plants within thia range vers obteined by
inrarpolating batween the estimated casts, snd theosa slightly outsids
thic range were obtalined by extrapoiating these esgtimated coats.

Briefly, the process which wowld probably be used can be descrited as
[ollowa: The gre copcenurate, assaylog approximstely 0% ursnium, 1s
treated with nitric acid, and the wrsaium is disasived.

UGB+BHI'I0

3 -+ 3 UC&E{HD;}E + 280, +k%E0 (1)

3

3 UsOg + 20 HNO; — 9 UOL(NO,), + 2 FO + 10 E,0 {2)

i 3
The wanlun 13 purified by solveat extrsction usiag tributyl phosphabe
in Y¥ercsene a3 the solvent. Bxtraction, scrubbing, and product strlpplog
are accomplisbed ln glass and atalnless stesl columns. Stalplesss stesl
mixer~settler equipment 15 employed to clean used selvent and Lo remaove
trages of solvent dmpuritiss from the product urany] nitrate hexahydrate
solnticn. Product concsntration to about 10 pounds of wanimm per gallon
iz carried out in vertical tube swporstors and bolidowm tanks heatad by
sbteam coila. Solvent extractlion reffipates are nentrailzed and dispozed
of In secmage plts. Nitric oxide fumes from the depitration step are
piped to the weste bepdling area snd ars ssutralized wilth caustic in a
serub hower; however, for the 500 tous Ufyr case, approximately 50% of
the nitric aeid moy be recovered by contmcting with watsar in s vertical

fowar.

For the 25, 50, apd " W) tons/yr casas, The uranivm trioxide iz fluperioated
Qireotly to uranfum Dexafiuveride with elemental fluorine using a £lame

raactor.

_eucnj+55-2-.2w5+3ﬂ2 {3)

- T et v T — —r—r T T e —
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high 1z beta radicaciivify, ls caught in an ash receiver bolted %o the
tottom of the reactor. When an ash reseiver is filled, it 1z replacsd and
aeld for abous three months %0 permmit decay of the urapiim deughter prod-
“ots of short balf life, Khe ash Is subseguently grownd and refed fo tha
Tlusrineter, A small amount of ash is slso esellected in the flucrinstor
off-gas Pilter system; this materisl contalns the largest pars of the non-
volatile impurities and iz accordingly raprocessed through the ore concen-
trate solvent exirasztion system.

The ursnizym hexaflucride is separated from the praduoct gas stresm by
bateh eold trape, and the urasimm hexafluoride thatv 1s colleaged is

drained as 8 liguid fto cylinders.

A1l itemz of eguimment and piping in contact with urenimm hevaifluowidae
gre constructed of Mcnel., The oxide hopper asd the rotery dispersers ere

nade of stzel.

For the 500 tons Ufyr cese, it 1s probably sxpesdient to reluce the uranim
tricwide fto uranivm dioxide with hydrogen spd fo comvert fthe urantum
dioxide to wrarniuwm tatraflucride with hydrogesa Iflvaride prior to treats
ment with flucrine. To accompllsh the reduction and hydvofluorimation,
two-ztage fluid bed reaciors &re Used lor each step with hydrofiuorinsmtion
reactors being of The stirred {ludd bed varisty.

UD§ +H, - U0, 4 Héﬂ {l)
W, + 4 KF - U, 2 H (5)
U, +F, " U {6)

Fluyorination iz cavried out in & flape resctor, and a3% bandling iIs as
deseribed above for the other cases.

Frcept for the mild steel feed horpers, redustion eguipment -- piping,
valving, et2 -= Is constricted of stainlese etesd. Hrrofluorinoticn
reactlon equipment is made of Inconel; all hopper . serews, Filter tubes,
piping, valves, 2uc are Monel,

Fluorics may be prodeced from &,000-ampere Monel cells, and hydrogen
vluordde s removed from the fluerige stream by cold traps Tollowed by
sotiun flueride. Hydrogen IS generated from cracked apmonda, Hrdrogen
finoride 2ould be bought in §,000-zallon tani =ar lote for the 500 Lons
U-yr caza; Z00-pound cylinders should suffice for the otber three cases.

HETATS PLANT

Two AiTfsrent slze metals plants Were astimated kere, one to handle 50 kg
of metel per yrear, the other 00 kg per year. The plant, capital, oper-
aving, and maintensnce co3ts are precented {n Tehies 2L and 25

Bri=fly the process which probelly wewld be used capn be dsscribed =3

followrs:




Castling skulls will be burned to oxide, lsached, extracted, and raturned
to wabt chemistry for precinitation. Machining chips will be recysled o
reduction. All massive metal will be returnsd to cesting., The wvei
chemigtry and reduction salvege will probably be discarded.
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TARLE §

[EFEIMAEER WANFOMEA ARD CAPTTAL FuR CONTRIFIGE PLage CONSTRUCTION ANE OFERATICH IN U.5.

Machine Tdankifiomtion:

A, original Tipre, 350 mfesc

Tenoduct Rater 50 kg U per yesr

Dapital ook Dollovs IallAre Congtrie? 1on Menpower nad Boinddl [
Cérrk r1 g 1o, a0 Pk HENPOWET @ Hen
Electrical 6,851,000 Erglomer ing ™
Coaing 20,230, poo %on Mamuel 140
Inatritosntntlon T, 061, G0 “anual B
Mzchenirsl o hGk, Do Tatal Menpowtr:  Man-Months
Budlddng 8, w5 e Ingiteering 1,Td

Toral, Airect Conalru=bisn Soel 52,585, 000 oo Manwal 2,510

Tndirset Congtruction Jaetb =, 186, 0k sl 14,050

Tesk apd Sterk-up 1,763, am

Totrl Caplbal Cosk 88 iy, Gl Miolsus Tiwe Reqtd, monlle: Wi

Upeseting Peappuer and Cogle Hen _Blrenr Bfienr
Digwrt Operating Labor 3an IR LY
Dlrect Malnbonanca Labor 335 &, T, OO
Totel Divect Lobor b, ok, 00
Gverhend at 1O [T W
Horke Laborabory Techolelsna [ ik, 00
Terchalcal Sapecy iadon 11 . 38,000
Ievnulendt sl Folenclitle Stafi’ il 120, MY
Telal Laboz &5 g, kB0, 00D
Haterlala JH0, 000
fuwer H5l, DO
fotel Mekerlels J, ph0 0
Totnl} fprrating Cost Lo, Aird, 0

F

Bo, of Pmubtsifuses

Feed [mhe, tonsyr Tadla Concentration, $ U335
19,6 Tu &, Lpdr5




e

TOMLAEL f AT 0b F us Lue TSRO GHVT WOSENINTD NO4 ..:._..:mw.-.uﬂ% RN W TTYHT I

o7 ATl




ST THA LKL

TaEID 11

_._.I.Et_ mf__ﬂﬂ.l‘_l;l'ﬁ[- FOE; CENTRIFIRE PEANT COHSTRICTICN AND DPERADNIN TN VLS.

[

L) 1

-

- fu—-‘-ln-—-—.

(0)€2

200



—— —— -

@..
u
-
8

L ——————




THELE L}

Z5TIMATEL M3 STE ANT CARPITAL POR CEIMATFIGE PLAMNT COMBTRTTON b AFFRAEICH +1 1.5
— - ——

—— . _



FANLE 1%

1 _FLEHALT B [EWATO.ET AT SA0LMAT, [OR CTIIM o L PULANT CORIIFINTTSN A GECRATIN G TH VLS,

T e

_——
—_—



" CAGLE L3

e LEPTMATCE MAH< ~ it AT CAPETAL FOR CPNTRIFUDL PLARP CORSTRUCTTON AMD OFERATL @ 1A 1 __,»-"/F'

9
e
e
o

-

ey mEme g, am -

Rate
=R



-:‘-}'T; :r.ni

———

T WL HILIVESI0 AN INTEOLERE SVT4 Snaridia WO i ¥ vom BT =~

aT FTITwL

— e




G fi\@j

————

BH HL NOTINEII0 OHY NOTCONEISNOD dNYld FnsTuRTEn Ut TITAY Y LLACWEVH OSTYHEZIST

IT 95V



T

e,

w-& JW- S

Tinid; 18
* WD CAFITAL Ful W AND OCERATTHE D_il__l.l__:z_...-r--"ﬁ-f

)" 9
S



TABLE 19
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PETTMATE S MARTCWER ARD CAFCTAL FOR FISD PLAYT CONETRAITION AT SITRATION IT .8,

Fe=d Rate: 55 F per yoar

Capizal Loars, Dellars Jamstpuction MHeprowver sgd Seoeluling

Tpazalled Zguipment: Pepy Mammolor:

Man
Eclvent Fcirarticn 13z, oo
Flusrigatar and O5ld Trap T2 ,C00 Enginecring 7
Fluorine Syshom L, 00 Fow Manael 3
Auxiilary Chemlstry Syatems 14,00y Manual TE
Spare Douipmens G5, 000
FHplng 216,000 Totgl MERDSVED:
Toet rumentatisn 58, 000 Mem-Moaths
Utilities 33,000
Maint4pance Fasility 32,000 Pngineering &G
fdmicigtmative, IabICatasy 56,006 Nan Manpel ]
Bulldtng 206,000 Matdial "]
Tireq<t Copstructlon Costa 973, GO0 Tiae Fequired: 11 Mooths
Start-lip = s
Eozineering, Desfgn sod Taspectioa  1RG,000
Indirest Comstruction Costs 182, 000
Coatingency 154, oo
Total 1,531, 0o

Opecatioe Manpwer aod I'.‘aEtE_L Iollere Pe=r Year {j ﬂa‘_.rsf"u-:_e_h, 2L hnw.-s!-"aax

Labar; Meterials:
3 Chemical (mermiors 59,060 Clrest Matsriola 2L, nnc
9 Maimtepn-s pc e Meintsmance Moterfola Lo, oo
1 Zopar- 2,000 Other Materiale 16,005
1 Zilerk £, Total Materiale T DG
Crrerhoad at 100% 1IE 00
2 Laboretarr Pechnicimns 32,5058 . .
[ipeiuding overhmed) 4 Toie], Operating Coet 385,000
1 Zngigear 18 ooc
(lozludimg cverhesd)
oAl Cebas 316, S0
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R 2

DEPMATED MAWSONTR AND CATCTEL PCR PEED FoaleT 20KSTRUCDICR ART JFERATCOM ZN 1oz,
Fead Fete:r &2 T per yoar

Carital Coste, Dallers Coastrictiin Mannower ard Sohsdullng
Tp=talled Equipmert: Tenk Menpower:
Hen
Splvent Extractico 1h%, D
Flucrinetsr acd Told Trep o7, DO Engincering a
Flugrine Syetsm 3,000 Noo Manual 12
Aurdliary Chemistry Systems 26,000 beram) 20
Boare Eguipment G, o0
Pipiog ESI,CIDD Totel Moopower:
Imegtrumentation Fh, 000 Men-Mruths
Ftilities 4l 000
Matrtenanse Farility b2, oo Fngineeriog Ao
fdmlpletyative, laboratopry L5 000 Mok Manual 120
Buildine 2l o0 MaTa ], 560
vect Conetrustion Cosis | R Tloe Feguired: 11 Months
Ftart-Up 155,000
Euginerring, Deaign snd Thepestion 154,000
Icdirect Copetructlon Coota 200,000
Cegtinsaney 238, 000
Tosal 1,539,000

Cpermsing Manoowar and Jooba, Dellars Per Year (5 dogs/week, 2h hours/dey)

iahor: teripls:
22 Cherical Operatore 79,000 fect Materiels Lk o0
11 Meintepance 75,000 Maintersnre Materisle S1,000
1 Sypervisar Q030 Chher Materials 20,000
1.5 Olerke 8,000 Tptal Materiels ils,ooe
Crerhead st 100G L7100
3 Isborgtory Terhpis fras 45, 0aa Total (perating Cost 38,000
(ineiuding swerhesd)
1,5 Enginecrs 27 200

fineluding averpegd)

Total labar 117,800
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Cerltel Carte, Dillacas

Dozatructiion Me power and Sekedalisg

Installel Mguijment: Feak Mampower:
¥en
Solvent Extractlon 188,000 e
Fluorine vor and Cold Trep 18a, 00 Enginger 12 1c
Fluseine Zystem ROE , 000 Mok Mesu - 5
Juwildavry Chemigtry Cystess 15,000 Manng 1le
Epare Pquipment 108,000
Flpiog 3hdy, o0 Total Nampowi ¢
Instrismen tatlion a8, b0 Mam-Mooths
Ttillties L8, o0
Meinteoance Feaility S, 000 Buginee Ing 100
Adminigtrative, leburetary T, 000 ¥en Mer .al Lig
Buflding 308,000 Manykl 1,10
Timect Cpowgtrwuction Coe=a LE7F, D Mme Ragury~i; 1T Monthe
Start~thp 73,000
Engineering, Degign apd Taspection 210,000
Ipdiract Comgtruction Coets 316,000
Oontingensy 15,000
Tokel 2,591,000
Opercning Mompewer end Cocds, Dollers Fer Yome (5 dava/woal, 24 e fday)
Talne Material=:
Bl Chemlcal Operetors 92, 000 Dirwct Materiale 83,000
T8 Majlptenance 8,000 Mailntenmacs 1aterials R
L., Supervisors 1h,Goo Other Mater.sls 2, L0
2 Clerks 21,000 Trtal Mater.mle 173,000
frerbend ot LML LA, 000
*.5 Iaboratory Techniciaps P Trtal Operetiog Cost FE L]
(including owsrhead]
2 Engineecrs 38,000
finaluding cverhead}
Total labor Sl o
i .
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TETTLATED MANDOWES AXD CAETTAL FOR FECL FLANT IRESTRTTON SN0 OFERATICN DA 0.5,
Feet Fase] 5B TJ per yeer

Caplisl CoES6, JMileErs Foostrucilon Mespower apd Scheduling

Tneteli=d Bquimmead: Feek Meopower:

Bolwenl Ixtractlon 295 0 Hen

Myocingtion and fold Trep 213,000

Tluorine System 204 O Engfneering 19

Auxilisry Chemiztry Sysotome lCIG:DDG Fon Msnual bl

Spmre Eguipmest 251 00 Hemial 215
Piping Lo, 000 Tatal Meanower:
fnstrumentation 139,000
Ptilitles 115,000 Mam-Monthe
Maiptenance Facility 08 000 -
Adpinistrative, Laborstory T, 00 Pugiveering 13
Euilding 426,000 oo Marmel 2h0

Mepand 2,060
Direct Coonetruction Catis 2,505, H0
Time Heguired: 1l Hoatha

Start-Up 290,000
Tagineerlng, Dasign apd [espestion  LOF,000
Imdireqt Comstruction CTusts 2,00
Coptingency LT, 000
Total L TR0

Spereting Mevrmower aed Corts, Doliacs Ser Yeer (7 days,/ weak, 24 houreddev)

Labow : Matcordals:

27 Chermfcal fpargtons 112,000 Direst Matarials a5k oo
25 Malaienapce iE, - Malntenance Bateriala 24, D00
2 Supervisors 18430 fithor Motarials BE 000
2 Clerks 11,000 Totel Materiale by, 000

{rverhead ar 100% ek
I [gbocrasory Techiieisns &4, 000 Tatal Opeveting Oasl 1,163,000

[toclwdiog overhesd)
2.5 Engihwars b, o

{includiag cwerhead}

tal lLabor TET, T
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Tamne 2t

TECIMATES MANFWER AD CAFTTAL. FOR METAE OEPLHECNT FACTLITY
CONSTRUSTION AND SFESATION TH U, 2.
Trodusc Mate: 50 Hg U pox yeer

Cepital Costa, Lollers foogtrustlon Mangowor and Schedptine

etelied Equimmsnt: reak Magpower;

%et Cheristry Frocess B, 000 en
Reductien Bowbs 8,000
Cesting Egunipment il 0D Engin=ering )
Mechining snd Iesting Facdlify 50, O3 Hap Manual 2
Fecycle Egulpment 20,000 Mumusal 5
Pilpiog 1L, ey Toixl MAnpower :
Ina+mmentation 5,000
VEilitice B, O Map-Moptbs
Building 2k, 000 ) "
Engineering 20
Heon Mapoald 20
Mirect foostractiom Coste 221, 000 Meoual a0
Enginesring, Dezign and Tnspestion 25,000 Time Regquiced: D Moprths
Intirect Couefruction &b, 00
Tatal 310, DO

fperating Mannower and Qoate, Tollars Fer Year [U0-Heur Weak dperetion)

T WEirsen s 3,000
i ?Eﬁiﬂﬁiﬂr 30,000
rrechead 60, 00
Metariala 28 000
Toial TLB, oo
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TARLF 2

wh

ZETIMATED BARTIATCR ANC: TATITAY P03 METAT, COMPOIENT rACTLITEY
CONETRUSTION AND CrERATTON IR O, E.

F—aduct Rate:

G0C Kg U pes wyeal

Caepieg] Ocete Dollar-e

Ipsizlied Equipment:

Wet Chemisiry Froceaa kg e
Redurtien Bowbe 16,000
Casting Egulpoeot Llr-,WG
Marpirdog eod Testing Faeility O, 000
Rerymle Faodpmead Jo, 00
Biping 13,000
Instrimentation &,000
itilitiea L2000
Tedilding 40,000
Itrect Conetruction Costs g, oo

Enxginescing, Dezign apd Iogpectian 30,000
Indirert Comstructlom £, 000

Tekal 433, 000

CroEtructiqge Mepsower &0l Schefulllg

Peghk Mempower:

Engineering
Him Manusl
HasEal

Total MAnpeawer :

Epginesring
Nom Maque)

Mamual

Tlue Pagulved:

Lperatioy Magpover and Costs, Dallere Pey Year fllcl-ﬂcu.r Weoek trosrabicon)

Lohor:

& Cperators
% Malotegance 2,000

2 fogiomers

I Euperviscr AT 000
! Chesist
verhwad 1h7, 000
Materials 250, 00
Tzl £ih_a0o

=1 WH I i::?
H

Man-Morthe
20

1
TG

11 Hooths




HUMBER OF PARALLEL BAMNKS {STAGES) IN SERIES

230

150

103

Product Rate, 50 kg rr

Famd Concentration, 0, 007]

Product Concenbafion, {90

Wote Concantration, 0. 0045

Torl Centrifuges, 1%, 800

Totmt Cankbrifuge Bonks in Sacies, 219
Cenkvifugm o Parallet of Feed, 618

100 200 00 4050 ) &0
NUMBER OF CENTRIFUGES iN PARALLEL

Figure 9
LAYOUT OF IDEAL PLAHTE CONTAINIMG
SUBCRITICAL CEHTRIFUGES, MODEL A,
3in., 350 mScee
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xm_ﬁthﬁefmare , the pIERE ITSEIT would 1robably be pors difficult
&) &1n a ponindustriel aounty. In short, it sppears that s class Z

kT

73

machinists, ozperators, mnd maintenance men necesgary to construet and
operate the isctops ssparation plant. A elass ¥ counfry would im eIl
1ik1likood have to Import wush of the hardwars necessary te fabriczta the
rentrifuges and 8lso zage of the suxilfary eguipment required for the
plamt. The material of construcilon for the cenirlfuge bowl would probably
have to be imported; however, since further machining and assembly could
be done after delivery, the use to which this materiel 13 to be put mey
net be evident. A class Y country would also have to import other mate-
rials guch as mobtor generator ssts for high Prequency currents, process
control gguipmant, masgs spectrometsrs, end other items of = cpeeimlized
pature. These ordare could, hovever, be distributed among a large oumber
of veodors, in order to prevent detection of the eonstrustion sffort for
the small produstion rate plentsz; 1t would however ba moch mare AIfficwlt
to provent detestisn with the lavgsr plants, Clsas T counbries may well
have zcress to wranivm ore either by virtve of thelr domastic nuelsar
power progream or their own natural res¢urces. If not, they would have

to procure Lt elsewhers and this may provide a method of detectlicon.

Thera are, however, many countriss &ble to export weniuwm ore, 2pd cne
should remember that the 25 tong per year or fo reguired for the emall
produstion rate plent iz & relaiively coall quentlty of ore. The high
production rates requirimg hundreds of tong per ye=ar of ore vowld probably
present a problem of detection 1o & olass ¥ country net haviog lts own

cre supply.

A cless & eguntry would find the construition and oparatics of 2 peptri-
fuge facility a Alffisul: <ash. ihe votal capital lovesimesl wiicen
ameunts to about 343.5 ziliion for the model C centrifuges facility (for
tha low producticn rate}, coupled with the cpermting costs of about $4.5
nillion per yesz: would be in the cass of 8 ¢lass Z comiry quite 2 berlizn
o7l Ehe s2onomy, A ciggs & counbry vould heve ©o te highly motl-zzed o:
witderteie such an expensive prodect. However, the lower construction snd
operating costa eotlmated with the more advanced centrifuge models would
aerteinly make the project more feagible for a class 2 cowtry. A class
Z pountry would need a grast desl of outside apsistance Loth in ganpower
add 1o materisal in ovder to bring & centrifuge plant inte successful
cimpletion. Countriez in thie category would probably need techniesl
advieers Irom abroed, compeient scientistes and engineers to afd in dev “op-
megh of .l operable facility. Operstors and maintenancsa men would hav. oo
be trained for thelr particulsr johs., & class & couwntry would probebiy
not have sufflsient skilled machiniets to fabricate the cemtrifuges. It
would be expested, therefors, that & iype 2 cownbry would purchaee fabri-
cated ceptrifuges. Thelr alternative would be to traln the necessary
machipizts and to purehase the lathes, drill presses, snd other shop
equipment which would he requiraed for the menufacture of centrifugss.

In addition {o the centrifugss, almest all of the suxiliary sguipment

reguir zentrifuge pleat vould have teo be purchassd from foreign pﬂf_’}
vendors - T/ - .
DELETED [ 7
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pountry could not tuild e cocpletely clandestine noolear weapons fac.liuy.

It could, however, with the collutoration of a class X or ¥ ecuntry build .

such & facility, Suwt even then it would have much more 4ifflculzty hiling
1t than would & ¢lass X or ¥ ooounkry.

MM TIVE FEQUIRED TO FRODUCE THE FRST IUCLEAR WEAFCH

The minirmum times estimated for the production of the first nueclear weapon
with the centrifuge process in countries X, Y, 2nd I are presanted in

Table & for both the presept senkrifugs, model O, and fhe very advanzed . i 7
uodels K and I P )
DELETED s
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Trega Times can be oimpdrdd #YE 55 Years
for the Unitsed Statés,  [he cintmun time egtimated for tha developpent of -
thehighly advanced centrifuges, models K and L, 1s Tive years( EnF T

DELETED [ 7E)
f

. Tf the results of the denf¥ifuge development efforts were
not available frem the United States or from some other highly advanzed
country and the countries have to develop the centrifuge on thelr owm,

it i estimated that a class X cowntry without an already wall-developed
cantrifuge progranm wolld reguire an s#dditlonsal 2 to 3 years over the .
times presenced for the present centrifuge, model C. A class ¥ ecountry

would regulre an additionsl 4 to 9 years for model € aad would probably

not attemnpt to develop & more sdvanced centrifvge, and a class & couatry

could probably never develop the centrifuge on its owa,

T

OITRATTING AND MATNTENANCE

At this particular time In the centrifuge developmant, sstimating thae
requirad maintenznce and the newhber of operators nesded for the safs and
efficlent operdaiicn of & gas ceptrifuge plant is -xiremely difficult.

It iz felt that the costs pressnted bers refiew  himistic thinking,
and the futurs costs apd estimates are not expecsed to be lawer, The
actual atalfs required for the operatioan of the zentrifuge plants in the
eerly stages, unti] the problems and wicertaintiss are resolved, could
b2 larger than those presented here,

CAPITAL AWD CFERATING COST Z2TIMATES

DELETED ) o)
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Witk fhe mira advnrsad saptrifage, thees operating 2csiz say bz redocsl e
$33<, 007, $1,052,00C, and $1,065,000 for the class X, ¥, #nd 7 courtrizs,
porparad Witk $:«~,T,CLC Ter the Uaited States.

¥ET AFSAS TCICLTING PCTZUTTIAL FUR WIAXCHS PROTUCTITICH

A elass X coumsry, die bo its large ilndustrial capacity, could probably
gonstract ol pusce 1o cperetlon & gertrifuse fTacillty withoub any outside
aszlstoacs, apd withous arousins undme suspleion., Beth & clasa Y and I
conetbry would require outside assiztanse and the purchase of mapy items
cuteide their owm countrv. Tie ke¥ items. whose mammfa~tuws opr puwchazs
in gmntity would serve 22 én alarm that a scentrifuge plant oy be in
cpexmticn or usder corwtruction, are listad in Takle 26. Any one of
thege items may mear nothing, dut 8 combination of tiem should Indizate
the pessinility of a peniriluge Taellity.

Sre 2 3IE ::5 —
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CUARETATTION CF INDUSTRIAL S4FASTLITY OF NATICNS

To astimate the crder ip whicha the varicus ostions can be expectad to
achieve an isutcp& sepzration process apd thetlne required for thisg
accamplishmeat, 14 15 necesszry 4o choosze scme Seature or features of
4 waticn's woonomy which ®sre Indicative of that nation's industrial

orrpatence.

The twa sueh fatuies which reflect 21l avrcas of medern Indusirisl
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netivity are the soncunpiion of eleetricil enerss and the consumpilco of
gteel. Murthemors, the per capits valus of these quancitiez provides o
ceasure of the level or relstive offgctiveness of spplicaticon of 8 naclon’s
industyy, sinee par capiia conswopiicn ls itself an esmirizal statesm=gb

0f damonstrated effectivensss.

Leeordingly, the following cuantlties were defined:

Reéﬁtiv? f o Steel Consupption | Elsctrical Imercy GConsuspeion
EEZSStE‘a - 1S Steel Conmmption U2 Electric Energy Consunption
= *
. Ter Captts Stesl Per Caplts Electric
?f;i;i?? 1 = Ot winpl Lon \ Brerpe Contaspiion
- 1 TEE = US Per Capita S Per Capita Eleetric
LEVES s Sreel Consumption Energy Concumption
Relative
Industrial = g - L.
Capabllity

The Relative Industrizl Capebilizy (RI0) was then related to actus?l tine,
cozt, and manpawer requirements by correlatiag the industrizl experlence
of pations for which such data were evailleble with the eomputed BEIC's of

those netions.

The pezults af the correlations are hown in Ficure 15 in which Szctors
for aonrertibg Onited S3ftates reguiremscts inte the requirsmenis= ol other
nations are showm 7or man-rcnths requlred for btuilding a zlant, the tipe
which will =lapse befwe=n incepfiion and ernd of construction, the number

of men engagzd in comstruciion or operation of the plant (&ppli:able T
geek work foree In Lhe zase of coastrustion), the comstruciion or cspltal
soat, and the onoval ¢pereating cost. In eech case an e2stimate made for

the United Ststes ray be multiplied by the appropriate factor of Plgure

1% to oktaia the corrszponding sstimets foar a nation for chich +the BID Las
been compuoed.

The RIC was ocomputed for o variety of nations and these 2 lasated on
Figunre ¢,  Altso shown are the zomes which define the ¥, £, and § oate-
gories of matwiogs r2ferred to in thils report.

Stavistical Jdata used in computing the RIC were obeelnei from 'Statvisticel
Atstrast of the United States” which contains international statistical
data drawn chlelly from the Unlted Hations Statisticel Office. This
fgency's amaual puklicaticn, "Statistinzl Yesrtook," nrorides a wife
variecy of deftailed sitatiztics] dato.
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CLASDESTINE FRTUCTLIH G ENRICHED UniNITld
BY To= SWZEP CTFFUSICH PROCDSS

Although the previcus secticms of tals report have lealf exclusively with
<he zossible produstizo of enricied urssius by the certrifuge praosess,
there are sther pracesses whieh might be betler mat:had with the _ouer
teckmologieal capabilities of Y and 7 Toreign powars. 8uch 3 procesa, fov
ema....j[:le, would he aw=ep diffus’on,. “In the gweer difTusicn prozess; a
LI oL
TEAsecus mixture ¢f lsitopes is coufined in & separation umit through which
flows & current ol 2 third component called the sweep zas ovr swesp vapor.
Ac the sueen vaper flesws through the procss: gas mi:-:ture . it tends to
sweser A onfig $he haevy, or legs diffusible, componess. In common applica-
ticns of this process, the sweep vapor 1a c¢bisen so that it can be easily
condensed oo & cold wvertical wall. The falliwg Film of condersed Sweed
vepcr then Sragz the process s downward with it, setting up an zxial
cirenlatisa or comntercwrrent flow, as'Shown io-Figure.3d, which
cuttipillies the slmple process separation fectcr. It l1g envisicned thet a
gweep diffasion column could be built in the forn of two cooceotrie tubes,
the inner oo belpg porous end servipg to distribute the ewesp vapor whish
is introduced into the cenbral region. The separaticn regleon would then
be in the aponluz, apd the entire column would be imoersed in & coclant
bath B0 that the outer tube wowld et &5 2 coodenssr Jor the sWesp wvapor.
Such columnz would be relatively essy to construet, and a number of ths p.«:?a’:
colwrms aould be put in & common coolart Jacket to reduze coste and male ek

the rlazt more caspact. e

-
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The
conts estimated for the swedp diffusfon prodsdes Wnit Be F8sards¥ 23 of a
mast pralimibary nature sinte the process has not baen proved sxperi-
meataliy. The costs are bhesad on an efficiency factor of 50% for the
swasn diTfusion plant based on the meximom separetive cepazity of the
cclyms. The powsr requirsment fopr sweep diffualon will be the grder of
Lrai Jor gaseons diffusion and will thus be mucl greatser than for a
2ert s fuge paaot of sinflar size.

The solubllity of the rrecess gas in the condensed sweep wapar 13 obe of
whe problems which must be cvarcome 1P the sweep diffusion process iz bo
reazh its cShegretical petertisl, If the process gas is apprecisbly
scleble, apd thls mixtuwre Iz fhen waporized and peintrodused into the
wwlumms, a serlcus loss in s=parative work vould be locirred beczuzz the
sracess 23 1o The sWesp wepor stream I1s &8t the &verage pisat consectra-
tlzoa lo the desired dsciope aod it ls belng remixed with rrocess sas utb
<he point rcozentratien in She concewtration gradieat. 4 study of this
samd¥ing aZTest shows thot zeparctive work losses greatsr than 0% are
ErFsable with sweep vaApcrs o the Fraon famiiy.

If the solubilizy problem ccold be solved By proper cholce of the sweep
aper, or 1T 3he effact could he mitigeted by careful progess design, the
cweep diffusicn process migh? pe & very atiractivwe means of sorizning
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urentan in & ozouatry that lacka ihe tecknolepical cophisticsnvizn we Boisd
gas certrifuges. A fweep diiTesion plent requires progess egquipeant such -
a5 nickal plated pipe and scresa, rotary lobo blawers o nmove Lhe Trosess
gas Srcw cascade to caszsds, caniriiuvgel pumps to purp the eondensed swaep
Tapor 2 the evaporators, apd the evapoarstors themselves,

& preliminary Imvestigation =of the sweep diffusisn progess for the separa-
ticn of other isotopes is belng considered, which would sled determine

v its patential for voaniuw 1socope seperation. . Jne oF the more seriong
ProETans wnleh winild- have tor he—meffomE 318 the solability of process gas

in the condepnsed sweel VETDOr.

REVTFW ATT) FATOATTON OF PORETON NMENTRTLITITE PROIRAMS

LITFRODCT L O

The surrent ztetus of gas centrifuge devalspment progreme Iw foreism noo-
Communiet sountries is reviewed in thls section of the repart, and an
evdluation ¢f the progran in each country is made with respect to its
scope, dlrecilon, wWtimste gosls, End chences for suceess. The axparience
acguired 1n carrying oub the censrifuge developnent program In the United
Jrates has been utllized in the preparation of these evaluetlons. The
infomation on the current status of the centrifuge project in each coun-
try Leza bzen compiled from the following agurces:

Th: open soizntific literature
The press

Ioterview and trip reports prepared by AEC persaonnsl vhich
&re svailahle in the classified selentific 1iterature

Clessifisd intellig=nce documenis.

Thiz work supersedes a previous repurzia}, Frem the information avall-
able, it apoeers thet only four forelign cowniries outside the Compunist
Blae are moiling any serious effort to develop a gam cenbrifuge orocese
for the za.  hoent of the wranium isoiopss, Thess are:

HEngland
Japan

The Hatherlands
Wzt Termany

in addition, Eraeszil bas maintained an interest In 1ts rather modest ceasri-
Zuge program, aad Framnce hes recantly beem reporced esgaged in centrifaze
devzlopment.

In general, little new infermstion has become avajlable sirss the rranzra-
ioh of the garlisr report. This is due in large part to the fact that .
Eurcpaanr naticns agreed at the erd of 1960 to apsads to the reguest of
the Maited States that sseurity restrictlons be impozed regarding develep-
mants in the centrifuge process. Exceptions to this sre England, with
which the United States has an information exchange program, and Japan
wnere probably for politics] resacons the work is eptirely unclassified,

~—SEAE——
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avrriheiren, it o7 raoe ji16 alle Thad TLITLan L ofee VLreT el Loo Zonuri
Jame lpvaiopments ovoacd Jnothe poess in L30T “hoi . nush £JoT¥ 2120
coLmtry bds wplertacss - toatvluge rLrogrean D SImo Lo, Lven oLF quitse
gmall, The O-orunlst Elococlaoimiss bove Loon oernlalsl fros this evnlos-
tizn for ihe sipple rewson “hoet praecleally oo indsrmasiie s avallacle.

It sesms reazcoable to presure that the centrifuse program whilzh Fassla
sirsaad In trs vesrs folicowizs dorid War IT freo 19-3 oo 1%%- was aban-
Ioned when tha ferman @ fenhiszms workiilg on the projstt wers repatrizted.
Zr. Dippe, cne of the sti=miists who worked oo the Razslzn project, Laz
recently reported that the Busslans bave rescused werk o sentrifuge
developmant. It is rocscnacle Lo Bueziet thaet thos roport is correst;
howerer, no specifiz infermatics has tesn medse availatle to the West.
Similaxiy it is raazoncbls iy ballfewe 4net the East German zcieptiste,

game 25 whom also worked cn tre Buesian oroiect, ars seessnhly pigrandng
their fnvest gatlons for the Last German Govermrs=nt. PBaf zgain, ao dstajls

oL

ara avallable,

Az compleie 8 dercripiien 28 15 poEsible mpd en oveluetlon of the procran
in each af the various countrides Ls glyven i the following sections

SRLITL

Jegeripticon of the fentrifuge Prozrap, It 1s well kaown tha Brazil hes

thres coentrifuges built in West Germany which are located =t the Institute

af Yechnologisal Aesearch av the University of Sao Paunls ia Sao Pauls,

Brazil. Aspording <o infermetion ressived, Dr. Macael ig the diractor

¥ the Institute, and Prolessor Ivo Jordan 18 in chargs ©of the centrifuze

project. A statesezt oy Jordan verified that the thres centrlfuzes cwned

oy the Institube were imported from Germany in 1350 azd placed in gperas I Qﬁé

tizn in Marak, 1759,
e

DELETED

The v-n_'l.,r puollshed erticle 2ontain ﬂeruental serdrs-icn nate ootainsd
with t‘he brazilian machines deals w**h the seperation of the :satopas =T
BEIEOT 5 . Aderording 42 tals poper «rlitenm by Sroth et all in 2397, <he

Rt —
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BEea_fi.i1 cancrifisor oo of toe vyse whizh Srrth has aesisgeten 27 e

L. The 43% has & oretzr lengtn of 6.0 sentimeterr and o ilmretsr of

II.7 emitireters, =aol ¢ desimme & peripheral speoed of 3@ f;i=e,
s A

Seztler Anforzatlien on o the 533 1 ven in the zestlow oa the West Jeines
centriiuge TTooram.

M i
ny

4= 40
o

fdxiral Cinhe, presiden™ of Eraza’l's muclzar suersy ackinission, -asz 2tmted
r B '

that Sra243 hes az fatenticy of prodaeing a hoelear wespan, i3 incerest

ovly in pesseful szplisatizns of purleer epergy, =znd that Brazil'e entr_-

fuzes are intendad cnly for research and traiming purpeses.

Zwgluaticn of Prozram.  The surrent Eragllisn espurituge progrsnm 15 relas-
tively =mall] lnovelvong, &8 far as5 46 knowvn, ondy the D;eratign af the

three ragtins: A1k thay mnvekerad Trom West Qavme =1 7

EZLATND

Jezoriveicn of Prosrem. The currant stafus of the British centrifugs pro-
gram igs presuratly well known io “he USBAEC 3y virtue ¢f an agreersct
tetwesn the two povermsents effective in 1960 to exckangs ianforwation oo
ges pantrifuse Sechnnleyr.  Kepbers of the Tnited States spd the United
Kngdom cemiriZoce teans met in aocordance with this agresment {9 1967,
1961, 1992, and tes3. t iz apticipsted thot the next meeting betwssn

the two grours will tace place in March, 1364, The 1aformation obtained
during thise Teetinzgs regariing the nacure of the 2ritizh crogram Is cco-
teined in ithe US clascified reports of ihe mestings (4, 5, €, T, 2nd &)
ond is sorerized below.
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The Paited FHingdem development progrem hes been in progress for about
three years, having heen initiated in October, 1960, Phe first two-year
program for which 300,000 pourds sterling (or ebout $8i0,000) was tudgetad
was aimed at developing "a respscstable mechine with a good efficiency and
an extraction system whleoh can be uged 3y englnzers fto make 2 sagpade.™

In Ootoher, 1992, 5 second two-year program was authorized et e budget
level of 350,000 pounds sterling {or about $580,000). The stated goal

of the presemt program 1s the sucesssful cperation of s casgade of qentri- w&"’
fages.

- i [ 8
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The fuilre planme orf e oo -at UK centrifige program innlunded
Operatisn of an ‘mpriced reletlively low spesd suberiiical machine,
The cp=ration o a high gpesd suszriticel rachine,

relatively low speed supercritizal machine, and

The cperation of =

Cperatlion ¢ a caocadse.

pE.LETED
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JATAN

Dagcription of the Program. Japan has been condusting resesarch on the
enrichment of the lsotopes of uranium by mesns of the gea sentrifuge
process on & relatively small acale at the Institute of Physliczl and
Chemical Regearah in Tokyo. The program wasz initiated im FY 1958. All
of the basic gas cemtrifuge work at the Imstituts on uranium snrickmsnt
has Been dirested Wy Dr. Yoshitashi Ovama of the Tolgo Instltute of
Techpology. The current staff workling on the projest at the Instifute
incipdes about 10 sclentists and englneers plus three tschniciens. The
Japanede prograg 15 financed by the Science and Techpins Agency of fthe
Japan Atomic Energy Bureau. A mmber of research contracts wholly
finaneed by the Goverment have been eptered lato with varicus research
and maaufacturine groups lncluwding the Instituts of Physical and Chemical
Research, the Oseka Metal Industry Compeny, Lid., Nippen Atomic Industry
Group, and the Chemleal Eogineering Associatlaon.

The first Japanese axperimental ceptrifuge was cogplefed durinz FY 1959 E’jﬁb
at a reported cost of $36,000, / A
DELETED L

The 1mif wed panuiactured by the Ishikaws )ims
“Turban Meoutacturing Uom , now a subaidiary of the Toshiba Coopany.
The machine was patternsd after the ceptrifuges designed by Zroth in West
Germany. Couvmtercurreat flow is presumably cbiained by peans of a tepper-
ature difference betwaen the two end caps. Most of the test efforts on
this machine were dlirected toward working out the bugs in the system and
daalt with balancing motor performance, effectivensss and durabllity of
the seals, and determipation of operating temperaturss of the various
components. Separatlon teats were attenpted with neon, argon, =nd UF..
However, the oson separationm fests fziled because lubricatlnog oll lasFed
into the rotor, and the UP, separaticn experiment falled due to the
reacvion of JF- with the o11; onty it: srgen separation tests were at all
_encoessful ) Ty pﬁﬁﬂ
II
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Althcugh most of the waniun sprfohment research work hes bEeai nnder the
irection of the Insuitute of FPhysical and Cherilal Redearch, bDzzinning

in FY 1963 the Japan Atcmic Fuel Sorporation was to take over “oiz functisg
ircluding the srperimental work =t its Tokal-Mure Isboratories, Laboratory
Pazilities are now being Ieastrusted to ascocomodate the worn, aad Sha tuws gas
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cenvrofa.s warl b oTomecsetnd Dromothe Inetituze to the Uoirsl
- - . : [ e o T L B e S i It
Zeboranzaloo. Finopolsmg wIIl 2entivuv threach the Sclonte LD LR3THoSE
A-woey. e Durcher Llosto are plammed oo The Iastlints 2n zhe undt whizl
i tow .=ing dizmawtlac oy lnotallazica In The Japsw Atzelc Tael
Jrrposation LAcoratsoy et Tomal-Mura where resunpiiin of Cestling was
szeduled for Saptambter, 1363, The wiiimae cbieezive of the AFZ work
i L7 deszlip om opreetioel ultrazenirifize Jor 2ge in a rilot-tlant opera-
tizp.,  ALL 37 ke sapporilng research wvork on maverialr, bearinzs, sesls,
to iz aimed ax azhlievins this objerilve. The technizal protlers and

1]

asts anrzaanered Lo date are of grester macnitule then what was at

Forot griizipatz].
DELETED

e L2- onan expericenial teals
iz scheluled S0 swest Lo P L3ie. IR0 1s oo meking placs To mpUrchagse
ETE producticn equisment incliuding s meds speltromever.

Tue work seing done by the Mippea Atomic Infustry Group (MATE) of which
che Toghibe Manufastusing Company iz 4 rreiminsnd mewmber ineludes baszie
meseareh work on the develoosent and lesting of key items such as the
rovors, beeringz, sesals, eto a‘med ot the evaniuel) dsaimm and osonstrus-
ticn of a practicse) gas centrifuce (unit 3) zapable 2% cperating on UF..
In this work M43 18 experimernting with different high-strength 1ight
welphs UF. and EF corrosion resistent meterials such 25 various crades
27 dureluminug end fiberglass., The group hepes o be able o dereleop a
crachtical gas centrifuge by 1306, capesbkle of operstion io & small nilot
lent. The pew it would lpsorporate any pprovetssts regultiss fronm
tne testing of the two exisiting mechiras at AFC with the best snsineer-
iag leslgn doveloped at MAIG. NALS 1s confident thet 2 machine car be
develozed within this pericd shick can be usesd o separate the isotopes
of upzni-om eesnswically.

T

-
Ca e

XaD% is currently samaced in diszant lag and transferring vnits 1 and =
w0 Toral-Wura. They will zuprply three beclricians fo help operate tle
snits. Thie work at MATE ia8 unoder the direst on of Mr, Eunio Yoshizurs
who has h=lped with the desiga of the two uwnits az the Iascitute, Ps
has travelsd exveaslively In Burope in soons o 'sx with the study ol the
gaz senfrifuze and appzars to be well acgus 2d with the program ender
wey itl in Bursps apnd 1n the Upit=d Statee.

Tha Dres8 Metal Iadastries Coopany, the eei g fDasrlas prodacer in
Japan, M=5 performed research work sine. FY 1550 aimed at the produsticn
of UF.. Jevalopment wark on UF--hanlllrg spparatus is also ig progsreass,
An grdr-gll stuly of plant cesifn for .reniu: Lsoftope separsilon wes
naze oy the Soclety of Chemical Engineess wnder direst contreei Witk
the Japzn Atcnle Eaergn Suresu.  Theoze studies Znelude = feas.vilizy
rralysis of the gasecse diflaslon, pra cerfrifuge, and seoparetico noogle
rethads to d3terpise the most prastical route For Japan to foliow, aad
%o oolline the tethnical problans ilovrlived with each of these methcols.
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In addition to the sxperimental work described ebove, two papers of &
theoretical osture by Jeogewa and Jyams appesred in the Joupnal of the
vomic Fnergy Socieiy of Jepen in late 1961. The firat of thece deslt
with the effest 38 tha flow pattera ok the ssperacive capacify of a
ceatrifuge, and the ssecond with the expectad variation of the over-sll
separeslon factor and separative 2apacity of the centriige with the
feed rate to the zsnirifuge. These papers are comperabie with those
writien bty the U3 investlgators at the start of the WBARC centrifuge
progras 2ol Iodicete a4 femillarlty witp the isstope separation theory
Jeraloped hy Harl Coben ani & taslc snderstanding of the isotopse separa-
tien processes in the zas centrifuge. However, in oooe of the putlished
apanese work do thery rake amy comporison between the thecry and thelir
experimental razilis.

Ivgluaticn of the Frogran. Despite the suapicions etsrt made by the
Jepanese csptriftge program 46 measured by the progress schisved durieg
the First vear, the progrem seems Lo bave foundered. Thelr second
zachine, w. *h was to te essentially the eguivalent of Groth's 204, fall
erpreciatly short of this zoal from g mechanical polot of wiew, and
furthermore vn the basis of 1%s separative capgeity is ouch infericr o
thelr orizinal méchine. This lack of success tan be sbirdibated 1o zrrs
o Cha faot that there appsars to be oo grest urgency imposed upon boe
surient iragrem w0 dsvelcp 2 gis cenlrifuze of kigh zeparatlve sificisu-y,
This attituie Zz2 probably influenssd oot only by the hisgh sost and un-
aypariel tachnical diffisuliies invelved in develeping the mackine, “ut
2130 tezause 1% 1s generally felt in Jspan that a gupply of enziched
fu=l for Its =eeound nuelear power plsnt {237-300 mw elestrical) and
probazly for other future piwer reagtors will e aveilakls from the
Uni%ed Saves gr the Undtel Eingiom or Zror ovher scurces. Yevrsrthalozz,
reraguse 1t may Secans desicelle soonar or later for Japasn €0 produse

her own enrdched wandlum supply, Jacen has undertoken o centrifuge
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THE NETHERLANDS

Hiatorieal Background. A review of the information swvailable con the
Dutch eentrifuge devaloment progrem makes gqulte apparent the facst that
the Duteh hawve divglged very little informaticn resardiog the scops of
tHair work nor have they given any ifndication of the progress which they

may have mads.

Sopording to I{olstadw} the Duteh centrliugs project is aboub six years
old and ip 1555, employed about 30 people. Tn spite of this there have
beeg only two genersl papers plus a fow patent applicatipms from the
Netherlands dezling w%th fen'fjrifuges and none of these is at 21l imperes-
sive. The ftwo papers o1 origlnated 4t the laboratory for Mass
Stectrography, F.O.M.. Amsterdam, whers Dr. J. Kistemaker heads the
group workiog on the centrifuge projsct. In 1958 it was reported that
thiz group had oo centrifuvges ic opzratlion, hut were actlvely studying
the compopent parts. It was reported by Kolstad, however, that the
Sermans belleve that the best Dubch ceatrifuge work is heing dop=s a2, tha
Warkspoor N. V. Cﬁ_ﬁmﬁr Liftle is kaowe ahout the work therz., Onhe of
tas Emmch patents » 48T2d Fabrusvy 1558, describsas 2 ruisrglass ceotri-
fuge bowl., Ancording to this patent, fibsrglass iz prefarable to metal
hecnuce of the page of fabricating centrlfuges from this materizl.

Zinge no meotion is made of vays Lo combat the problema of corresion and
of low teosile strength of the rotors in the axial direction, it is
guite trobable that oo [iberglass materisls hed even heen tested =t that

T dime

Thers bad heen some so-operation between the Duteh and Wast Cormans up
through 106D regarding centvifuze davelopment. In a joint report to =
mesting of the Executive Cormittes of the Beaearch Symdicate for the
Coenztruction of a Eurcpsap Uranium Isotope Separation Plant, the Datch
and West German groups proposed t. : constructicn of a plant containing
h,000 to 60,000 centrifuges, which would produce annually 200 toms of
uranium coataiving l.4% U-235 aod 7.7 tobs anmaelly of ursnivm containioe
20% 1-235 from 1000 teoms of matural wanjum ore and would require from

30 to 42 megpwmtts of power. Ho meption was made of the type of esntri-
fuzes to be used in the prepossd plant.

The Dutch clain that che cestrifuge wvhich they sre developing ip different
from the West German mechine and requivss less power for gperation. Tn
the paper which Kistemaker presstted at Geneva in 1948 10) he ment {oned
four centrifuge models which may be Indicative of the immediate goals of
the Datch program. The models =re 11ited bhelow.

o —— — —_—
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ool of Lhe sepdoslive cwpaclTies i3 The chove tacle 13 %6 of the

mayite theorstical sarirA~ive ozpacity of the mechine, The maximum

2llgwzhle 2entrifuge cost 1= the crise that obe could efford to pay ror

g centrifuge and still produce eariched wranlum at a zrice competitive

with that given by 8 price list In circuwlstion af that tins. Klstemaker

=2rrived at these figures by assuniecg that the power reguirement would be

sboit 100 watts per mazhine and that the iotal capital coat of a ceotris

g plant would be twice the cosw of the ceplrifuges sloue, Kisbtersnsr

concludas by expressing the ospinion that i1 apoears doubtful thet mndel A

could be produced for $85 per machine; it iz poszible that model B zould .
ke rraduzed for $200 per —achins; and 4hat there is a very good chence of

rredusing modsls € and D for less than 3750 per mechine., It e4od be

pointed sut that C 2nd I are supercritical machinez. Concerning this,

Figtemaker s3idd “in the 1958 parer, "We 1o Ams<scrdam Xave high hopes of

saupzrsing AifTiculvies with the gas extraction anl those of passing the .

criticals, " PG =
DELETED ”}) )

_ The ™atch ceptrifuge prosan wis
classifizd late in 1960 by the Covermment of the Metherlsniz 2t Lhe moquest
o7 the Undited States,
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i g
Tt obac hetkoodopde wos guite s2clvely latesc.tsd in the ecntrifuge
crEEATI tarly IM L8tS ven vTdewced By their wosuest shaioub Zrited
Strtor helz them pat oeozics ol oﬂrtﬂin EaztT Germen sanirilugpe fehent
ahidd owere In b Leowieojion of The wast Sermap Zovernment,  In day e:
TOET the [e-Ranlands cnpsunted The Foot that they yers stharking onoa
viree rosr ceninifuce levelipomant progran whick, 17 guessezsIul, woutd
“e1l 40 & piles plast for 235-Uw233 ssparet ian. A zpecial remearch
fazisity fGr g2z zextiriiuge work is beling zorsiructed an Dudvendreobt, a

subtrt of frsterdam for this purpose.

malustise of Frogrsm, It should be evident from the foregoing deseription

of 4na centrifupe dsvalspasnt work fn the Netherlands that so litile in-

formotion L5 omileRle that it is pra*ticale _myﬁssLble to make any f;

:'::.."...‘..‘..‘;f*_:ﬂ =8 4hr Dutch progral.  Ode ls rvaueld, then, mepely 2o specuiate ga

sencerning tbe nature of “heir program and the directifon it is taking. i ?L@
1

DELETEG

Tt would be presuned from distemtker's presentacion that the Dutch zropram
vas coucarnsd primarily with the development of a supereriticel mashire,
Tre lack of any subsequent Infortetion oo the Duich rropram is indicztiva
oply ¢f the Jact thet they bave malnteine? an affeciive socurity prograc
ip this sven,

WEST GERMANT

Historizal Background, Tha German ceat:s®  Ze program has, up to the
present time, eorsisved oif two separate -.1 1istinet development effnrts,
foe part of the program hes been the ceporifuge rrojsct lovzted at the
Vadversity of Boon, directed Ty Ir, W. Groth., This work 15 a contipustion
of the Jerman vartine work and %as bean guite active since 1954, Dr.
Martin's work &t the Univeraity of Klel iz considered &5 be a part of this
Frogram,  The other part of the O=tv-n progrem was sarrisd op at the
laborataries of [EGUSSA in Frarkfurs wiare 2w, G, Zivps supervis:d :os
development eflorte.  This work was a contipustion of the Pussizn post-war
centrifuge werk in that 14 wes lasel on the cenirifuge which win Jowalaged
uy the Eussiwsn centrifare groupn of which D, Tiprps was A member. This
rrojecs tas teea under way for aboat four years,

D, fireth'o work ai Boon was ueclassified until the end of 1967 when the
West Gerrapn Covermmeats followed the resommendation of the USAERD =2nd
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olagzifiad ail furthsr developmenis In centrifuge 4ochmolezy, Huch of

the gignificant <pen Litsrature oo the g2z esntrifuee has Lzsn con-ribof-i ;}Gf.; -

Teyoshds geun oF Swvestnizators. Thls program Bos always sad s ostoong .

sbginsasing eozhesis. Tae work hes been diracted toward the develorment ff;éffd

of mechapically relizble centrifuges. DELETED “—_‘—"’7 ) .
4

) 3 . Taeir program caa be swmmariced most
aonwvenLently by congidsring the varicus centrifuges they have either con-
structad or plan to constact, The characteristles of these cemirifuges

gre lizted below,

Length-to- Paripheral deparetive

Y LA T rmdiue, Triaumeter j=1=1 118 Cepacity,

Cantrifuge ar om Ratis m/ssc kg U/yr

JE-T ho.o 6.0 3.33 302 0.562

J-1IT B 45.5 5.7 b7k 302 0.335

EG-:} 5‘515 9|25 51&3 j‘cl'?, 'D!gr

I6-5 113.0 g9.22 .03 oz 1.5h Lo .

J #5)
GELETED

= fl

Model UZ-I was comstructed during World War 11 and was successfully
separating +he laotopes of uranium early in 1952, TIm 1943 a donbls
centrifuge unit, the UZ-TIIT A, waz built. This mechine, which consisted
of two rotors spimning in oppesite directlons with & eyelicel Fluetustion
io spwad In ordex To provide the gas Flow between them, was o he the
baszle processing unilt of the German wvraniwm isotops sepapration plant.
Although completed, o UZ-III A vas damaged by the war before any [,JF6
teste oould ke mads, After the vwar an Improved machine, the UZ-1II E,
vas built vhich had 4he =ams dimeopaions as the UZ-TIT 4 but it, as well
as all subsequent modals, employed heated end caps <o provide the intsrnal
countarturrent flow. The ctructmal details of, 2nd the experimental
resulis from, the UZ-IIT B heve been published ip several places, A zood
reviey of this work wasz prezented by Groth end Beyerletlﬁ} in 1355,

The Z0-3 centrifuge was described by Groth{l#] gt Geneva I 1958 amd .
some data were vrazcated pn the separaiion of the isotopes of argon and
¥enen, Althougs Oroth stated that the Z0-5 vas alrveady in operstion I
1958, no dats on the 20-5 experiments were reperted vmtil a 19860 paper 3)
vhick d2alt with the saparation of the izotopes of sigos,




The separative officienciss have been cozputed for several of Groth's
machines from his sxperlmental deta and are presented below,

Paricheral Zenarative
Velocity, Efficlancy,
Centrifuge Process Gas m/sec %
Uz~-IIT B UFE gca T
UFg 280 Th
7n-3 armon 265 30
argon 30z 23
xenon 268 1S
KEQOD 302 30
73-9 argon 298 38

Groth wasg apparently diseppointed by the lew sepsrative efficienclas
o'bt&ine? with the £5-3 and 26-5. The last paper puoblished by the group
at Bennl153} deals with the poasibility of Inecrzacing the separative
effiviency of his cantrifuges by impressing a radial temperature gradisnt
arross the end cans, The nmespger dzta presepted io thiz articls dndico-e
44t 3 prmpasdalie zals In Wi cissoy meyr ba mttalyed v this manner, B
13 doupethd teot theres will be any ivrihar pblicaticzs oy thils growge -a
the open llteraturs= until such time a5 the German Govermment changes its
clasgification policy regardiog the centrifuge process,

Saveral mislesr pezsarch institutes have beem emtablished by the Goarman
Faderal Republic, OGroth ls now supported 1o his ressarch work by +the
Soeiaty for the Support Huclasar Scisnce and Resc ch of the state of Nord
Rhein-Westphalin, Part of thic researeh organlczcion is the Tnetituie for
Seilentific Apparatus, Messuring and Control Engineering, Aachen, of which
Ir. ¥oorad Beyerls 1s director, Several members of the starf were frans-
ferred fromw the Imstitute of Instrunent Desigo of the Max Planck Society,
Gottingen, which under Beyerls's direction designed the sarlier ceatri-

Fugesa used by Groth, - s B ————
Ao e
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Aaother Jayerle=deciqped centrifupe was nut Io creration in the summe=r 2
1%5c at Kiel Insvitutes for Physical Chex’stry, Klel, which i3 headeld by
son

Tr. Hans Martin, The unit iz sizilar to those 2s2d by Grotxh in Baon,
Martin's cestrifuzs is mounted vertically and Is eboat 4-2/2 rest loac,

o S Lo
i

Ma~tin Lo oomtinuing his theoretfes] =indiez oq the thager of o Mo

insids the centrdlfues bowl,
()0
DELETED 1. 4¢)

The centrifuge de=velinped by 2r, Croth at Denn s a relatively complex
machine coppared with the cestrifuze moadfel which was daveloned in Bussia
aefter ths lest war (12W5-125%) by e group headed By Dr, Max Stesgbeck,
L, 3. Biprs, an Austrian who was ichterned By the Russlang 2nd who was 2
werber of Stesubeck's group, czme o the United Siztes aliler his zelzase
bty the Fussisms and in the period from July 1935 Lo Juns 1960 Fuplicatsd
at the Univergity of Virginis the wmechine whilzh had been developsd in
Puesia. This =2epirifuge, which differa from the Groch-<Yoe centrifage
rrigarily in that it elinminatss the peed for coppliceted szels and
bearipgs, has been terwad the Zipse-type machipe througshout this cepcrt.
At approwimately the zame tims tha- Zippe was dupliceting the Ruzsizn
osohine at the University of Wirginie, oo sssocizaite of his on the Basslsa
project, Rudold Schelfel, was doing the same work to Frenkfurt for DBIISSA,
These twe mex had 2n agren- -1t with sne znother pegarding <helr work, aod
vhean 2ippe's cosmiract 2t ¥V Linla wes temiinated he jained Bcheffel =2t

JESUSEA,
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To cosneccion with “he German decisizn in 1960 to nlassify the cendrifuge
srogrem, it wes thedr stated intentlom Lo 2omsolidate all of <he centipi-
fuze development work in & new fociliy st Swlish, nesr Aochen, Nelther

of* the ghours concernsd ¥as at all kappy with This areengsmert: navarihe-
less Zippe sald they are plaping to move 211 off the DECIZESA centr!fuze
werk to Julloh whare 1t w12l be conducted Sirsctly for ihe West Serman
Sovernisot, Cimilarly, Groth, although he hes cn severs © ooeesions satd
that be wae goline to teminate hls reesarch on ceotrifugzes because of
govermment intserference and bacause he haa baen soverely hampersd by his
Government's ceturlty regulatlons, apparently ezried in mii-l?ﬁi o move
hiz leboratory €2 Julich and ¢cotinus his work thers, It has fuzd recestly
bheen reported that Ur. Boettiker, directsr ol the Ltom-ic FRaseerch Center

g% Julieh, k=5 arpiisd +o fhe Nord Hhein-Weatplalis spthoritiss and g

“he Mndgtry for Atomic Bnerey for aprroval of & propossl Lo estanlisn =2
maptrifugal separation Jostitobs at Juldeh. Suffizient funis wWeme re-
gucoved ta employ & svall of aboul 100 sclentlsiz &% the ceptrifugzl
Inztitute, Fifty ceocent of the toital expenditure would be wet by the
stnte of Nord Rhein-Weestrhalis snd Sﬂi b Fermen “ederal Soveranset, The
HEGUSSA proun, under Ir, Zipoe and Zr. Scheffel, would form the auzle:s

ol the sontpifugal resaerch oiaff,  The total murbkesr =F Serpsp czientis

e 4L

euxrreatly eagamed on the prolect iz less fhap 25, However, v, Soatich

3
- F
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Ipterest which Groth, a praxfeszor at the Unlverzliy o5 =Zonn, haz in

ha
the cantodfags process 1s probszly primardly sclentiffs snd arsessionz].,

Hiz nams has besn assteizted wiih centzifuges Tor a lorg time, anl tle
devzlopmeat of 4 successTil sansvifugse pracess wowld be & singular personsl

gohdeyament,
Do

Gte inteare2t thown by che Cormin Givernment evidenced by 1ts cuppors of
the rentrlifule frdjest Is math noro diffieult to asress. It 12 grasted {35)
that tha Gerpmen Goverireent iz futerestasd in gupparsinzs z-i o gptifie #. ﬁf
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=rtivifileg an I-e InEtitates and cedwverzitlies,
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The =uipcrs Wwich to cgimewiadpe the aggistunne gZiven thes In the
Frevgration of thls report by the Flaot Euginesr’ng and Technical
Divigices of GREDE, the Tachaloal Divisioe of Yel2, and the cantrifuge

rwips at Ailesearch e2d wie miversicy cof Vipgimia.
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