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U. 5. requirements into the requirements of forelgn netione. The limita-
tion of time precluded a thorough Investigation of the problem. HNevertihe.
1es3, the correiation which was Jeveloped in the report appesre reasopable,
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PRODUCTION OF ENRICEED URANIUM FOR MUCEEAR WEAFONE
BY NATIONS X, ¥, AMD Z BY MEANS OP
THE GAS CENTRIFUGE PROCESE{ o)

I. INTRODUETION

T™we netions of the Westerm AlYisnce have been epgaged ino & serdes of sporadic
negutlations with the Soviel bloe on the subject of nuslear disarvawent
spanning the lagt seversl years. In order to provide wiushle background
waterdal for future dlsarmmment conferences 1t wes deeswmed depirable to conduct
a atudy for the purpose of asseselng the feasibllity of producing & emsll
mmbar of miclgar wesadens, elther overtly or covertly, in a country corrently
not kmown € have s miclsar weapona program.

Two spproaches Lo the problem of prodoclig npclesr Weapons on & suell scale
have alresdy been studied: &) the maturel ursnlvm resctor for the production
of plutonium and b} the high speed gas centrifuge process for the production

of laotopleally enrlched uramium,* It wme concluded, se & result of this study,
that the gag centrifuge plant waz the shorter and probebly the more acotitvical
reth to a onelegr wespon. It slso become spparent that, in general, it would
not. be oo difficudt to balld 8 relatively emell clandesting gee centrifuze
Plant eapable of producing suffleleant anriched uwraniom for 2 small onoher of

ouclesr weapons.

The gaa ceobtrliuge process lends iteelf to clandestine operation for the
following reasonts. Most lmportant ds the fact thet the power regquirement for
the centrifuge Plent under eohgiderstion 1e relatively swell: only about I
megawetts ere pequired for I1ts operstion. Sacondly, one can obtain & rela-
tively large seperation in a single centzrifuge: +thous, the number of centri-
fuges required fur the plent, particularly 1Ff they are of an advanced deslgm,
iz leas thap the mmber of geseouns diffasion stages which wonld be redqulred
for thls Amel) produoction gosl. Sloce centrifmges sare wounted vertlieslly end
are legs then one foot in dlameter, they take liitle flcor space and a small
centrifoge plapt cen be contalined in a building of aodest dimensione. Ine o
oth of thess propertles of centerifuge plents, such a plant wonld be difficyls
to detest, sspeclally in an ipdustrial country.

* The results of this centrifuge study are presented in Report KB-789, "Smsll
Centrifuge Plent for Producing J-235 WEapons," L. B, Balet, Unico Carbide
Tuclear Company, Osk Ridge, Tennegasee, December L, 1959,
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In thia report an attenpt 1e made to correlate the probablllity of some countoy

{an nth power) suceessfully produclng a Suclesr weapon by mesna of a clandestioe
program involving the construction and coperstion of a hidden gas cenirifuze
plant with the imdwsirisl capebility of thet coumtry. For this purpose the
countries of Interest bave been divided into three groupe deslgnated by X, ¥,
apd Z. Uroup X couniries ere those which possess a relatlvely high degree of
techoologieal competence and which have a high level of indusirlel sctivity.
West Garmezy and Iweden sre two countries vhich would coma under this claasi-
fleation. Croup Z conntries are those which poesess relatively 1ittle techno-
logirnl Bk111 and which heve relatively little indwatrial activity. Egypt and
Cubg are two of the countries io this category. Group ¥ countries are those
which lie between Bnd which heve llmited Interrnal lndustrial activity. ©Drazil
aod lsrael are both copsidered as group ¥ countries,

The production facllity which will be coneidered 1s one capeble of produclng
50 kilograme per year of highly enriched II-2735 which should be a sufficiect
awcunt of Figelonable matarisl for tha febrication of at lesst ornas mslesr
vegion per year. The prodoction faellity may be congidersd sz consisting of
theg epparate processas. Thesse are;

1. Tha feed plant in whlch the ore concentrate 1z converded to
pI'GOEEH .
2. The ipotope 2eparotion plant itself 1o whlich the concentration

of U-255% iz ralsed from that of the feed (0.71 welghi percent)
to thet requiTed for & muelear weapon {> 30 percsnt).

3. The metel redupction plant 1o which Lhe enriched UFE from the

isotope geparation plant fe converted to uranimm metel and then
machinad to make finiehed metal parte for the nuelsar weapon.

Two differsnt lsotope separation plants are considered. Both are gzas centrifuge
Flante., Cng pleod 13 speumed to utllise centrifuges which experiment bas shown
should he cperable withoul the nesczealty of furiher developmant wark., These
centrifogzes ar¢ 3 weters 1o length end rotate with & perirherml velocity of

300 metera par second. The other plant 14 apemmed to utilize centrifuges of

an advanced machanical design which sre 1.1 metera in length and which rotate
with a peripherzl velocity of LSO meters per second. It is postulated that
camtrifuges of this type can be developed within three yesrs. The sizes of the
feed plant and of the metal reduostion plant are not effected by the type of
centrifuge In use s0d are the same for both cases.

Estlmates are wade of the total length of time necesenry to construct and place
in operation each of the two types of centrifuge plante in those countriss
categorized by X, ¥, and Z. Eetimates of the variations in manpower reguire-
mentE and oaver-all costs of bullding n soEplete plant in ths various countries
ere alad preseanted. The speclal problems which are pecniiar to esoh cless of
countries sre discossed separetely.
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IT. GSUMMARY

It is felt that 1t is Ffeasible thsat the countries described in this report
which do pot now have a puclear wegpons program couzld prodace enriched uranium
by means of s fmall gea cenirifuge plant. A ¢lmss X country would need no
owtside assistance, A class ¥ country woold probksbly heve to import some of
the herdwsre Decassary to fabricate the centrifuges and also some of the
geuxilisry aquipnent. A class Z country would probably heve to purchase pre-
febriceted centrifuges snd almost all of the euxiliary equipment from ferelgm
vendors. In sddition a class Z country would need technical advisors from the
outeide to &ld in the construction and cperation of the centrifuge plant.

A sumnery of the over-all time, investmeot, and work foree required for con-
struction of the nvelear weapon facillty and the coft end manpower reguired
for its cperation is presented 1o Teble I for the X, ¥, and Z matione. A de-
talled cost, tlos, and manpower bregkdown of the nuclear weapon facility into
It three separate processes - isobtops separaticn plant, feed plant, apd metala
plant - is presented 1n Tables IL through IV based on U, 8. experisnce. Hsabti-
mates ere given both for centrifuge plantas containing 300 meter-per-second aod
L80 meter-per-sscond machinea., A correlation which lg used to obtain factors
for converting U. 5. regquirements inte requirements of other nations i pre.-

gentad 1n Figore 5.

It can be sean that the time required to produce the first stomic weapon in
sl X, ¥, or & netion 18 about 5, 6.5, apd 8 years respoctively. These times
may te compared with 4 years in the case of the United States. The constroes
tlcm of the 450 metereper-second centrifuge plent, however, can not be under-
taken prior to 1963 #ince 1t has been assumed that this advanced desigo will
ot be developed belore that date,

The total capital inveatment which amourmts to sbout $62,000,000 and the opernt-
ing cost of sbout $7,000,000 per year for A 300 meter-per-segond centrifuge
plant 1p the pase of a class Z country would be a burden on the econcmy of the
comntry. A class 2 country would heve o be highly motlveted to undertake such
a project. Hovever the lower coostructicn cost of about $12,000,000 and
opersting cost of $2,500,000 per year in the case.of a 450 meter-per-gecond
centyifiuge plant For the clasza T country woold make the project more fessible,

In converting the U. 5. requirements for manpower into raquirsments for claes

X, ¥, end 7 natlions the manpower conversion fector was applied ts5 both techni-
cal apd totel mappower. Howewver the proportiocn of technical manpower to totel
manpower actuslly may very well be different, especially for a clacs 2 matisn.

The phyaical concealm=nt of the centrifuge plant should present no problems
becgude of the relutively small slze of the plsnt. The ground ares of the
300 peter-per-second gentrifuge plant 1 about ong.balf acre and the ground
area of the 450 meter-per-second plant is about ope-fourth acre, While the
centrifuge pisot might be about three ztorles high for conventlonsl construc-
tion, this would not he especilally noticesble in industrisl grece of X aed ¥
oations. The building height conld he lowersd by ueing & less coovenient
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layout of the plant equipment. Thip pay be degirsble in the case of class Z
couptries in which g large three-story building could st he ensily comou-
flagad. The feed apd metsl processing sre relatively small opergtions which
conld he parformed wvilthin the cenirifuge epeparetion plant.

The poweT Teguirement For the plemts 1 very amsll, about 3 megawetts for the
%0 meter-per-second centrifuge plant sng 1 megawatt for the 450 meter-per-
second ceantrlifuge plapt. The power could e easlly supplled either throusgh
convenktlonal power lines or 1f deslrad Yy diesel englos-generator sefis whilch
wonld he melf-gontaiced.

The efflusnts from the plant conld be handled essily. The wasts atréesm from
the plant ovar a perlod of one year, vhich is essentlaily the ot amount as
the feed, conid be atored in three 10-ton UFg cylinders. These cylinders are
1¢ feet long and 4 feet in diameter and sre of standard steel construction.
Thue they conld be stored convenlently anywhere wlthin the plant. The off-

gasee from the feed and wetal plants are neutralized with ceauetic apd easily
disposed of.




TAPLE I

GAS CENTRIFUGE PLANT SIMMARY FOR CLASS X, ¥, AND Z NATIONE

.

Capltal Iovestment, Dollare:

Centrifuge plsot
Feed plagt
Metale plant

Totel

Pesk Constructicm Work Force:

Totael no. of oen
Techolcal

Conatruction Manpower, Man-Months
Over~all Coustructicn Time, Years

Uperating Cost, Dollars Fer Year:

Centyifyge plant
Fead plant
Metals plant

Total

Operating Work Force:

Centrifugs plant
Feed plant
Mztsls piant

Total

Time t0 FProduce First Waspon, Years

gl

by Y- S———
—

o
=

Class X Class Y Class % )
0 m/Eec. W50 mjisec, w Bec. Lo0 mjEec. 300 mjeed. W50 mjsec.
M,m;ﬂm T,mﬂ,ﬂﬂﬂ 50,00'3,000 E,W,OU@ SIJ,QQO,GW 91‘99{3}&30
1,300,000 1,300,000 1,500,000 1,500,000 1,800,000 1,800,000
alo, 000 240,000 200, 000 200,000 340,000 340,000
43,540,000 8,540,000 51,790,000 10,290,000 62,140,000 13,040,000
1,300 Loo 1,500 500 1,860 600
86 30 36 93 L3
25,000 4,000 L2, 000 10,000 65,000 15,000
3.9 3.9 ok 5.4 ToB T.2
5,500,000 1,900,000 6,200,000 2,000,000 6,400,000 2,100,000
m,mﬂ m,mﬂ 3133,000 ﬁﬂ;ﬂm 550}4:"30 .ﬁjﬂ;ﬂﬂﬁ
115,000 115,000 120,000 120,000 125, 000 125,000
6,315,000 2,315,000 6,640,000 2,440,000 6,855,000 2,535,000
— e — ] e el — Fo s — =]
Tech. Totl 'Tech. Totl Tech, Totl Tech. Totl Tech. Totl Tech. Tobl
o kmg 28 1k 2 50 31 170 3 600 3T 200
=} 1h a 14 3 ik d 3 17 3 20 3 290
2 & 2 6 3 T 3 7 3 8 3 8
5 450 30 160 8 52k 37 19k 76 626 45 228
4.9 4.9 6.k 6.5 8.2 -

~y-
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IIT. PLANT DESCRIPTIONS

Botimetes of the capital investment, cperating cost, time schedule, and man-
power regquirements for each of the processes of the producticon faellity are

precented in Tablee XTI through V.

A.

Gas CentriquE_Plani

In our pravioua atudy, KB-7899, in making the estimates For the gas omntrd-
Fuge plant 1t was sssumed that a“protutrpe of the centriruﬁa wee gveilable,
gimilar to the one described as  Presently Fropoeed German in Report
K-1368.% This centrifuge 1& 300 cm. in length, 20 cm. in diameter, snd

has a peripheral velocity of 300 meters per second. The separative capacity
of the centrifuge st an assumed &0 percent efficlency is 3.6 klliogrems U

per year. This mechine has been developed uoder the dlrecticon of Dr. Groth
of the University of Born- Thia pachine ie jliuvatrated in Figure 1.

Recently a new centrifuge design, develaped by Dr. Zippe, en Austrian, at
the University of Virginle hae recolvad conslderebla mtteztion. The work
wag done under en AEC contract and iz based on pravioas work vhich Ir. Rippe
performed while sssociated with the Ruseian ceotrifuge project. This new
high-gpeed saberitioal centrifuge 15 relatively very sinple in desigh amd
has, to a Zreet extent, removed the problems esspociated with the bearings
and procesa gas handiing, At present this mechine hes attained cnly eo
efficiency of approximtely 20 to 3} percent. For the purpose of thils
report It iz assumed that development work would take place over a three-
yesr perlod which would result ip an improved Zippe type centrifuge
operating at a higher efficlency snd alas st a higher speed due to pewly
developed materiale of construetion.” The centrifuge vould be 110 cm. in
iength, 20 em. in Adfemeter, and have a pariphersl velocity of L50 metars

rar gecond. The zaparative capacity of the centrifuge pt &n assumed &2
percent efficlency 18 7.2 kllograms U per year. This machine ig illustrated

in Figores 2.

Therafore in this report two centrifuge plants have been consldered: one
plant contaiving 300 meter-per-pecond centrifuges which could be started
in & relatively short time and the other plant contefning 450 meter.per-
secend centrifuges which could he started three years hence. The centri-
fuge plant description glven balow 1s egsentially the same as that previ-
ongly presented for the 700 meter-par-sacond centrifnge plant in KB-789.
In the case of the LS50 meter-per-secand centrifuge plant baced on the
iippe type centrifuge, some of the process coatrol and auxiliary-items may
not be necessary depending oo future developments.,

% D. A. Hayford and S. A. Levin, Tdompetitive Beononlc Status of the (as
Centrifuge, nlon Carbide Rueclear Compeny, Uak Ridge, Tennsasee, December

12, 1957 (K-1368).
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Figure 1
The Broesant Germon 300 Meter-Par-Second Gaa Centrifugs
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Figwe 2
The 450 Mater-Par-Second Gas Centrifuge
[to bo doveloped within thrae years)
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The separation 1n the centrifuge depends on the gountercurrent flow of gas
relatively pesr the core to gea relatively near the periphery. The centri-
fuges ere comnected in serles to attain the deplred enrichment and in
parall=l to g=t the desired throughput. The 300 mster-per-second centrifuge
plant would require D00 centrifuges and the 450 meter.per-second centrifuge
plant wonld require 1200 centrifuges. Tdesl plant tapers for these planta
are shown iIn Figurez % and &,

The ceotrifuge 1teelf consists of the following components:

{1) a drive motor

{2} = bowl apd end caps

{3} bearings and shafts

{4) process gas peals

{5) wvaruam Jacket, blast shield, Fitiings, and frame.

Io gddition to tha eentrifuge itzalf a cartsin amount of mexiliery equip-
ment, instruments, piping, and other items must be installed. These items
may be divided ipto the following groups:

1. Electricel Equipment

Even though the opermting power regulirement of the process 15 small,
about % megaweatts for the 300 peter-per-second centrifuge plant and

1 megzawett for the 450 meter-per-second plant, the following equipment
is nacesanry:

a. Step-4down eguipment, maln switchgear, awitchyard and ewlteh house.

b. High frequency motorsgenerator sets for oormm]l operatlon with the
requiired freguency control egquipment.

@. Vardable freqouency motoregenerator sets for sceeleration of the
centrifogea, instrumentation for controlilng the frequency, and
startup cootrel egquipment.

d. Direct current motor-gererstor sets for braking of the centrifuges.

2., Dstributlen system to individusl centrifuges inclwding antoratlc
eontrols for sterting, operating, and stopping of each unit.

f. Distribution system for procese smuxlliaries,

2. Process Contrinle

The controls peedsd for the operation of the centrifuge piant are thoae
required to maintnin steady process gas Flowe gnd pressures apdl thosge
reguired to insure rellable mechanical operation of the ceontrlfuges as

follownm:

‘ “SRMNTT-
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8. FProcess gad flow and preasure controllers.
b. Bemring oll pressure and temperature monlicrs with cell shutdown

contirols.
¢. Vibratioo level monltor with cell sbutdowm controls.
d. Process gap mass spectrometer leak deteators.

Urenium Haxegfluoride Haﬂdling eod Process Auvxilimaries

A. Deal gpBE systen

b. Ceslng gas system

c. Iube oll system

d. Qooling water amd coolant system

€. Vacuum eystem

. Process pas feed, vaste and product aysienm

g. Befrigeratilon syztem

h. Inptrument alr epd building auxllliary systems
1. Process g26 purge system

Frocess Gas Plping

The process gag piping for ihe centrifuge pilant consaiste of the proceps
gis headers and control valves, the procesa ges header compressor, the
intarbesder transfer linss, the centyifyge unit-process gas lirnes and
control valves, the by-pess headers snd velves, aml the hestied header
Juckete.

Process Bullding

The centrifuge process building would be of o Lype sinilay to the
gaseons diffusion plenta. The building wonuld heve o floor for auxlli-
arieg, a floor for an cperaticnoal ares, & flcor &s B pipe gallery,

a maln ceotrifuge floor and an overhead gallery for resching the cen-
trifugss. The J0O metar-per=gecobd centrifoge plant would be In a
four-story bullding with about 24,000 squere feet of gronnd area. The
450 mater-per-second centrifuge plant would be in & three-ptory build-
Ing with ghont 12,000 sguare feet of ground ares.

Jutaide Auxiliary Systems

The outslde suxiliary aystems include such itens az the recirculating
water ayatem end coollng tower, stéam plant, meintenavce shops, lalora-
tory, ete.

-Se 1T
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Centrifuge Qperating Coat. The principle items that make up the cperating
cost for s centrifuge plant are as follows:

{1) centrifuge end auxiliary systems direct operating labor
{2) maintensnce labor and materiale

{3] plant utilities cost

{k} plant overhead -

Faed Plant

A rough optimizetion of the combination of plant and feed reguired for

the 300 meter-per-second cenirlfuge plant resuited in a feed rmte of 25
tons U per year., Sinpe s relptively smell facility is required to process
thie feed apd Since the cost of the ore conesntrate (s unkoown, the samnc
feed rete was used for the 450 meter-per-second centrifuge plaant.

Briefly, the process can be described as follows:

The ore concentrate, assaying approximetely 60 pareent urenium, is

tractsd with HI'IO} and the uvranlum 18 dizscived. The following chemleal

regaciione ocours

U§DB +8 EHEII} -+ 3 Uﬂetﬂﬂjla + 2 I!iI’EII2 + 3 H2G

5“0&1‘2’&33‘0

3 3 S'UGE(HD

5]E+EI‘TD+J.UH2{)

The wraolum is purifled by solvent extraction using TBP in kerosene as the
golvent. Extrzction spnd stripping arc accomplished in two 4-inch diemater
glags columne, esch approximetely 20 feed la hedghi; either agltated or
pulse type colmans will sult. Tenkags, plping, velves, pumps, and the
intezrml liquid contacting mechanlsma of the colimns are of stainleas ateel.
The relavted agueous nitric acid streams (reffinste) are nentralized with
caustic potach and digcerded. The purified uwranyl nitrate solution is
evaporated to rewmove ull free wvater end the hexshydrate of the uranyl nitrete
12 crleined in 5o egiteted vesse]l to produce uranium trioxide, Stainless
ates]l equipment snd process plping are required for all pheses of thie step.
The off'-gases from the calciners, whick cootein prismrily nitrogen dicxide,
oxygen, and water are piped to the waste handling srea apd tresied with
cauatic potash.
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The uraninm tricxids 1s fluerimated directly %o urapium hexafiuoride +ith
elemental fluoripe using a flame reactor similsr to dezign to the enrished
aasay processlng unit in E-1h420:

2 U0 +61='2 - EUFE+5UE

3 .
- [ITE

r-E.L

ELETED
.o ___.,.P L {lnreacted material {ﬁ'ﬁgrﬂ'}
ip caidgnt 1o an ash receiver bolbed to the botbom of the tower.

The ureniom hexafluoyide 13 separated from the preduct gas stream by batch
cold traps mpunted vertlecally ia trichlorethylans batha. The bathk liquid
1a canled by coila ig which Freon-22 15 eymporating, The refrigeration
syetem 13 a 5-tom, 2-stage (Freon 12-Fracn 22) refrigeration unit. The
araniom hexsflucride is tranafzarred out of the traps as a vapor.

AllL items of equipment and piping in contsct with vranfym hexgfluoride ars
constirmcted of Monel. The oxids hopper and the rotary dispersers are mads
of shesl.

Pluorine ie produced from two 6,000-ampere Monel flucrine cells and hydrogen
fluoride ig removed from the fluorine stream by zodiuvm fluoride. The
fluorine 15 compressed to 40 pelg. by a Worthington pistoem oconpresscr. The
compressed gasz is stored in a 200-¢ubic foot Monel tapk gnd withdrawm as
required. fFluorine piping cen be of gteel. Hydrogen from the generstor is
umped to the waete disposel syetem by a rotary lobe compresacr. Fluorine
dlaspotal 1 sccomplished by means of e potassium hydroxide spray tower.
Provieion 18 also made iun the flvoripatlon system for evescuation. General
decontanination facilities are =lsc avallable,

Matal Gnmg-nmnt F&::Ilij‘\'_‘

DELETED LIE
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Coagting skunlls wlll ba bturned to oxlde, leached, extracted, and returned
to wet chemistry for preciplitation. Machining chips will be brigunetied
and recyeled to rednotion. All massive metsl will be returned to czeting.
The wat chemistry end reduction salvage wilt be dlezcarpdad.
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TABLE II

30 MEIER- PER-SECOND GAS CENTRIFUGE PLAKT

{U. &. Experience)

Capltal Copata

Centrifuges, installed $1%, 304,000
Fiplng EJllm!
Instrumentation and controls 5,400,000
Flectrical system 816,000
Frocess auxiliaries b, 200,000
Utilitles 480,000
Bullding 1,200,000
Direct construction eosts 428,800,000
Engin=ering, deslgn snd

inspection 2,200,000
Iodirect constructicon costs S 000,060
Total $36,000,000

Qr_peratigg Mappower and Coste, Dollars Per Year

Dlrect cperating labor {96)
Meintenance labor {200}
Auxillary systems lebor {12)

at §$3/hr.

Birect lebor

Crerhesad

Works laboratory technicisn, B at $3/br.
Technical supervislon, 2k at $&/hr.
Technical and seientific staff, 20 st $6/ar.
Totel lahor

Malntenance material

Ptllities apd suxilisry syeitem materisl
Power, 2400 kw at § niils/uw

Total material

Total

~SIOREY-...

KOA~862
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Conatruction Menpower

and Echeduling

Fegk Mappowsr:

Engineering
Hoo wmenoal
Menne,

Totel Manpower:
Englioeering

Non mapusl
Menual

Time Reguired:

$ 576,000
1,200,000
72,000

41,848,000

1,848,000
45,000 ,

288,000

240,000

$h,272,000

1,200,000
120,000
105,120

$1,425,120

$5,697,120

Man




TAELE III

450 METER-PER-SECORD GAS CENTRIFUGE PLANT

(U. 5. Experience)

Capital Costs

Centrifuges, installed $2,200,000
Piping 500,000
Instrumentatlion and controls 530,000
Electric system 110,000
Process auxiliaries 230,000
Utilities 70,000
Building7# 430,000
Direct construction costs $k, 530,000
Engloeering, design and
inepection 400,000 &

Indirect construction costs 960,000
Total $5,970,000

Opereting Merpower and Costs, Dollars Per Year

Direct operdting labor (32)
Meintenance labor (60)
Auxillery eystems labor (4)

at $3/hr.

Direct labor

Overbead

Worke laboratory technician, 4 at $3/hr.
Technical supervision, 12 at $6/hr.
Technical and scientific staff, 10 at $6/hr,
Total labor

Meintenance materisl

Ttilities and auxilisry sy=tem material
Power, 1200 kw at 5 mills/kw

Total material

Total

~ T
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Construction Manpower

and Scheduling

Peak Manpower:

Engineering
Non menual
Manmal

Totel Manpower:

Engineering
Fon manual
Manusl

Time Reguired:

$ 192,000

60,000

$ 576,000

576,000

2k, 000
14k, 000
120,000

$1,440,000

300,000
Lo,000
53,000

393,000

$1,833,000

Man=-Monthe

koo
8,000

3 yegrs
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TABLE IV

FEED PLART
(U. §. Experlence)

Capital Costs

Installed Equipment:

Bispolver 3 5,600
Bxtraction columms 56,500
Bvaporator aod cadlciner 28,000
Finorinstar k2,000
Fluorine system 112,600
Auxiliary chemlstry aystems 51,800

$ 277,300

Fiping 126, 500
Instrumentation Ls, 300
Utilitles 30, 000
Mrintenance feasillty 20,000
Adpindatrative, laborstory 25,000
Building 250, 000

IMrect congtruetion coetis

Engineering, design

gnd inspeciion 100,000
Indirect soopetructlon costa 215,30
Total 41,050,600

£ 775,000

COonstruction Manpower
and Scheduling

Peok Manpower:
Engineering &
Hon manual 8
Maruel 45
Man-Moniha
Total Manpower:
Epglncering 108
Hon manoal 144
Menual 360
Time Reguired: 15 mowmths

Cperating Manpower and Caosts, Dollers Fer Ysar (40-Hour Week Operation)

Labor:

6 chemicel opearators

2 mmintenance

1 laborgtory tachtdcian
1l zlerk

2 gsupervicors at $&/hr.

st $3/hr.

% 60,000

2k, 000

$ 84,000
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TABLE IV (CONTINUED)

Dperating Menpower and Costs, Dollars Per Year (hkO-Hour Week Operation) (ocontilnued)

Overhesad % 64,000
Chemleala 90,520
Maintenanes naterials 17,520
{ther materials '

Ttilities 9,430
Total $282,910

—————— e — e e e
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TABLE ¥
METAL COMPONENT FACTLITY
{U. 8. Experience)
Constructicn Menpower
Caplital Cogts ani Scheduling
. Instailed Equipment: ¥en
Wet chemlatry procese $ 33,000 .
Reduction bombe 3,000 Peak Manpower:
. Casting equipment 26,000 Engineering 2
Mazchining sand testing Hon msnual 1
facility 28,000 Merual b
- $ 90,000 Man-Montha
Fiping 16,000 Total Menpower:
Instrunentatlon 2,000 Enginsering 18
Utijitiea 22,000 Nor marmial 18
Building 2,000
— ? Menoal g
Mreet sonekruetion costs $1L5 000 Time Required: 12 mopths
Epgineering, deslgn
apd ingpection 20, 000
Irdirect constiyuction 3,000
Total $202,000
gperating Mesnpower and Coets, Dollers Per Year {4O-Hour Week Operation)
Labor:
2 operzators
1 mintemnn;} at $3/hr. $ 18,000
1 englneer
1 supervisor at $6/nr. 2l, 000
$ 42,000
trverhead h2,000
Materials 25,000
"r_"\.
Total $109,000

~AEGRET—




A.

—SEOReT-- "

-0
I¥. DISCUSSION

Poaeibility of Clandestine Opermilon

28 indiceted showve, oy nation in groops X, ¥, and 7 could, 1 sufficlently
mwotiveted, btnuild a gaz centrifnge plant which wounld produce sufficlent
fiseipnahie materisl for the conestruction of a melear weAapor.

A class X country could build & clandeatine cascade conlalning elther the
presently developed 3 meter-per-second centrifuge or conbalning centri-
Tfugea of the sdvanced design with no outaide aseletance and with ILittle
drain on ite economy. A class ¥ country may be seen to have saveral lzrge
wnlversities. In gepersl, all have oondunted rezeproh of verying deserip-
tion perteining to problems in 1sotope separstion. It appears guite

evident thet any type X country has the experienced ecientiste and engineers
necegeary to hring a centrifuge plant inta succesgrful operaticn. Similarly
& olage X country would bave no problem in obtelning the services of gkilled
mchiniste for constructing the cepntrifugss nor ln recrulting trained
cperators and malobtenance wen for running the plant. The ppeclal materials
required for the construction of the lsotope sepmrsilion plant asd related
fecilities would most llkely be reasdlly avalleble in 8 class X country cor,
if not, could be purchapad without arenaing any suspleion, due to the high
level of domestic irduatrisl activity. ¥For evsmple, mass spartropeters,

if needed, pould be purcheced by a clege X eountry, eay, through a univereslty,
or ites research departments without inviting sttention. FPurthermore, the
countrles In thise cetegory slresdy have, o #ay be expectad 1n the very tesr
future to haye, muclear power programs. Thus these counbtrles will, fhere=
fora, heve & valld requirement for arenium ore. JL would pot he possible

to detect the swall diversion of wranlum nscessary o provide fesed to B
emell isotope aeparetlon cascade under these clrecumstantes

& elass ¥ conntry may be characterized se s country which pocsasems tech-
nologice]l compatence, but which hes limited Iindustrisl] sctivity. A class T
country could oot bulld a centrlfuge plant without some outeide sesietance;
however, 1t could probebly adeguately disgnise the nstore of its activitlies
from the putside world. A close T country mey b= soasumed 4o have 2 suff-
clent murber of aclentlsts and sngireerg 40 bring a centrifuge to succe=ss-
ol completion. Since these men may lack specific sxperlence of this
eture, it may be assumsd that 1t would teke apprecizbly longer for a

cless Y country to schieve sueecessiul operation than a cless X country
would require. A elage ¥ country would have some ddffionlty in recralting
the skilled machlnizsta, operztors, spd maiptenance men necesesry to con-
atroct asd operate the leotope sepmrotion plant. A elass ¥ countiy would
in sll likelihood have o import @uch of the hardware necesagry to fabri-
cate the centrifuges snd also some of the auxiliary equipment required for
the plant. The meterial of consiruction of the centrifuge bowl would
prohably bave 1o be lmported. However, sipee furiber machining could be
done after delivery, the use to which thies waterlal is to be put mey not

be evident. 4 c¢lass ¥ couniry would probebly also bave to lmport seals

and bearinga; motor-gensrator sets for high frequency cwrrent, process

~ TR —
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control eqnipment, maps spectrometers, and perhiaps other items of speciale
ized patnre. These orders could be diptributed sampong s large number of
vendors, in onder to prevent detectlon of the construction effort. Cless ¥
countries may well have access to uranlum ore either by virtue of s domestle
nnclesr power program or thelr oim natural resources. I not, they would
have to procure it elaevhere and this my provide a meibod of detection.
There sre, however, meny counntriea sble {o export wranlvm ore and one ghould
repegber that 25 tons 1e 8 relatively soell quantity of ore.

A rclegs Z country would find the agnetruetion and operntiom of a esptrifuge
plant s difficult task. Such a plant would be a burden on the economy of
& ¢lasa 2 pountry, but mot 80 mmch 8 to prevent the country from undar.
taking ithe project. A class 2 couniry would need a great denl of qutslde
gsEistence both in manpower 2nd in meterisl in order to bring a centrifuge
plant to succesaful completion. Countries in this category wowld probably
aead technleal advizsors from abroad, competent scleplists and engincers,

to aid in the development of an opersble separsblon cascade. Operators

and maintenahce mep Would have to be traiped for thelir particulsr jobs. A
eloes & country wonld probably not have sufficient akilled machiniate to
Tebricate the ceptrifuges. It would be expectad, thersfore, that a type Z
country would porebase prefabrieated ceptrifigesn, Thelr slternative would
be toc train the necesaary mmchlvofsts apd to purchase the lathes, drill
presees, and other shop equipment wvhich would be required for centrifuge
meonfecture. In additdon to the ceptrifugez, simost all of the saelliary
equiprent reguired for the plant would hewe ©o be purchased from forsign
veapdora. The power requiremant of the centrifuge plept which was of Little
importancs 1n the suee of class ¥ amd ¥ conntrlez woold be on appreeishle
percentage (2 to 5 percent) of the electrical pover nsage in a typical
class & counbry. Forthermore, the plent 1taelf, which would ocoupy sbont
cne~half scre of ground would probably be sopawhat more difficolt to hide
in s nopiodustrial ecuntry. In short, 14 appears that a claas Z country
could oot bulld s complebely clendestlne ouclear weppons faclility. It conld,
however, with the collaborstion of & claes X country, bnlld sach a plsnt
but even then it would have much more difficulty in bBiding it then would apn

X or Y country.

Development Tioe

Although It hes besn assumed In this report thai a 300 metar-per-second
centrifuge has pedsed throogh the develcpment stage and ls currently
cparable, it 1s important to peint cut thet this sssumption shouwld oot be
interpreted to mean that o cascede of such centrifuges Lz currepmtly opeérable.
Up to the present time there hae bean no indication that snyone hma sqperass-
Tl ly run even two interconnected ceatrifuges, much less snything approach.
tog & nseful isctops separation cascede. It has bHeen assumed that apy
country deplring to bulld a ceotrifuge caszcade wonld, if necesaary, first
purchase a prototype centrifuge. The class X and Y countries could then
duplicate thiz prototype and only & minimmg of development effort on the
centrifuge itzalf would be required. The time required for the dsvelopment
of the centrifuge plant refare therefore to the time reguired to solve the

—SECIRE_.
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problems encountersd when one atiempts Lo conpect lerge numbers of cantri-
fugesr together apd run then in the serigs.parellel srrangement which cone
gtitutes the separation cascede. These probleme are primarily those of
plant deslen and procesa control.

The development of s successiul 450 meter-per-second centrifuge depends

to & large extent on the development of a sulfsable materlal of constiuc-
tion for the centxrlifage howl capeble of wilthstemiing the higher peripheral
gpeed. It ig {felt that a development program of thia nature would be
earried out only in a clees X country. If has heen poatulsted thet three
yaors wonld ba reguired for a clezs X pcountry to schieve this goel. Those
Y and Z countries will achisve 450 meter-per-sscond centrifuges only efter
they heve bean developed by a ¢iass X oountry and thep oniy L they ocmn
obtain e&lither the centrifoges or the materisl for their conmetruction from

& class ¥ country.

Process Conirols

At the presgent flme therp 18 po reliable informeiion abont what 5 centrifnge
separatlion plant control eysten should he like. There is no dats from an
erperizentsl cascade and no perticular theoretical studies on thiz proble:.
A centriinge plant can e made hydrodynamically stabls (o the seac senas

a2 a gagecus diffusion plant. For instance a s5light change in gpeed of sll
the septrifuges would result in & Iarge sorge of procsas gas that womld bhave

o be remoyed by proper controls on groups of cenbtrifuges in parellsl. Fu-
ture developmante will heve to detarmine whether the verlstione in the flows
and inventoriss betwesn individusl centrifuges 4re harmin]l enongh to make

it desirable to add additionsl controls., Thees variations betwsen fndivi-
doual eentrifugss would resolt in 8 losg 1n the piant zeparstive capacity.

The smount of control that showld be included in a cenbtrifuge plant would
be determined, ideally, by an economic belance between the cost of addi-

tiopal controla and the wvalue of the lost production. A centrifuge plaatk
tc produce weapone shonld be eomservetively desfigned because of the high

velue of production {that iz, bombs).

Operstion and Malntenance

Because of the lack of konowledge regarding the reliability of the centrifuge
cvar extended pericds of operation s reslly meaningful eatimate of operating
and maintenance requirements 12 impossikla. The operating labor 1lg dedsr-
mined more by the necegslty of the avallahle gteff being able to handle
“sbnormal” periode of trouble rather than normal pericda of gulet operstion.
Untll relisbie operating data ig availshle 1t wonld be adyisable to ellow
for an adequate staff of cperators and perhaps later it may b= reduced.
fimllar conslderations apply te maintenancs,

- SECRET
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Centrifuge Manvfacturing Plant

It has heen agsumed that the development progrem resulting in the econstrme-
tion and teating of & prototyps centrifuge 1s essentially complete et
present in the cage of a 300 meter.per.second cantrifuge and will be come
plete three years hence in the case of & 450 meter-per second cantrifuge.
After the prototype design is accapted, memfacinring and inspecting proe
cedurse wonld have to be determined. A few machines may be made ms Draa.
production medele at a higher-than-production undt cost 1o order o test
mrnufacturing procedures.

Construction of & centrifuge mamufacturing plant would heve to be staried
concurrent with that of the centrifyuge seperation plant. Deajirably, the
centrlfuge menufacturing plant wouid be Pinlphed 1o time to coordizste the
manufecture of the first produetion centrifmges with the installation of
centrlifuges which would start about midwey in the conatruction peried of
the centrifuge esparation plant. The rether axtonzive mannfactoring
facllitiag reguiyed would, in gensrgl, hawve little Dutwre aronomlce value
and would bsve to be changsd egalnst the centrlfuge. Thlzs additlonsl cost
jncreases the basdc ceptrifuge cost by 25 percent. '
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V. CQRRELATIOR OF INDUSTRIAL CAPABILITY OF NATICNS

To ectimate the grder in which the various natlong can be expected to achleve
an lootope separatlon process and the time required for this acecmpllshment,
1t g neceseary to choose some feature or features of a mation's ecomomy which
are indieative of that nation's industrial competance.

The two euch Features which reflect all areas of modern Industrial activity

are the coosumpticn of electricel energy and the copsumption of eteel. Further-
more the per capite velue of these guantlities provldes a measure of the lavel
or relative effectiveness of spplication of a nation's iodustry, since per
cepite consumpbion 18 1tself an smpirical statement of demonstrated sffective-

neBE .

Accopdingly, the following quantities were definsd:

Relptive Industrial = Steel Consumption , Electricel Energy Co tloo
Size, S U, 5. Steel Consumption ¥, 8. Elec. Energy Consumption

Per Capita Steel Con- FPer Capitg Electric Eneregy
Relative Induatrial sumption . Consumption _
Lavel, L ﬂ—r‘?m . !Flir Taplta Steel U. B. Per Capita Elec, Energy
Conammption Consumpticn

Relative Industrisl Capabllity = ‘HE « L .

The Relstive Industrial Capabiiity (RIC) wae then relsted to actual time, cost,
snd manpower requirements by correlating the industyisl exparisnce of natlions
for which such date wmre svailable with the computed RIC'e of those nations,

The results of the correlstions are shown in Flgure 5, in which fretoers for
coovertlog U. 8. requlrements into the requlrements of other peilons are shown
for man-monthe required for buwilding s planty the tlme which will sliapse hes
tween inception eand end of construction, the pumber of men engaged 1o construcs
tion or operation of the plamt [applicable to pesk work foree in the case of
congtruetion), the construction or capital cost, and the annual operating cost.
in ®ach cese an sstimate made for the U. 8. may be muTtiplied by the appropriate
factor of Flgure 5 ta cbtelin the corresponding estimete For & nation for which
the BIC hes been compuibed.

The RIC was computed for a varlety of pations and these are located on Figupre 5.
Also shown are the zones which define the X, ¥, and Z categories of nations re=

ferred te in thi= repart.
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Stetistical data vsed in computing the RIC was obtained from ~Statlatical
Abstrsct of the United States™* which contalpe intermationsl statistical deta
drawm chiefiy from the United Batlops Stetlstlesl GIffice. This sgency's

apnngl publication, "Stetistical Yesrbook" provides s wide varlety of detailed
gtatistical dats.
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