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ATOMIC ENERGY CONNISSION

GAS CENTRIFUGE METHOD OP ISOTOPE SEPARATION

Report to the General Manager by the Dlreetora of Clas61flcation,
International Affairs. and Roaearch

THB PROBLEM

1. To determine the method and scale or' proceeding with the

development or' the gas centrifuge mathod of isotope aoparation,

including possible oontrol and oollaboration With The Netherlands,

West Germany and the United Kingdom.

SUMMARY

2. On November 5. 1954, an Ad Hoc Committee appointed by the

General Manager to study tho Gas Centrifuge P r o ~ e s s reoommended

an orderly development program be oarried forward to resolve

oartain key technical problems. The Ad HQc Committee recommenda­

tions were never implemented and the Commission has hitherto not

acted to establish policy on the development or' the gas centrifuge

p r o o ~ s s . Recent developments in this program are reported in

ABC 610/5 - 610/13.

3. The lack of foreseeable U. S. produotion need for a gas

centrifuge plant, estimates that this procsss was economically

non-competitive With gaseous diffusion, and bUdgetary limitations

have combined to limit the U. S. e f f o r ~ 1n this process during

1954 - 1960 to a modest experimental program at the University ot

Virginia, Where, however, some significant advances in the

technology have been made. Part of a captive German group which

HSS'fMCCMl BUA:
~ nt contains restricted d
defined in 1954.
Its transmittal 0 osure
oonte oy manner to an unauthorized
pe is prohibited.
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deva10ped a short tube contrifuge in the USSR during 1946·1954

has duplicated the USSR work at the University of Virginia sinco

1958. Tho simplicity of their presently developed unit, along

with materials improvements developed in missile programs, indi·

cates the feasibility of design of a short tube unit showing

considerable potential for isotope separation. Information on

toreign work in the USSR, Germany, and The Netherlands has becoma

available. The German program is considered to be the most

extensive and moat complete gas centrifuge program in the world

at this time.

4. Intormal discussions have been held With Dr. Boettcher,

Director ot Research, DEOUSSA, Germany (see ABC 610110), Protessor

Groth, University ot Bonn, Gernlany, and Professor Kistemacher,

Direotor, Laboratory voor Mass Spectrographic, Netherlands (see

ABC 610/7, 610/9) concerning their teohnical programa and. the

desirability of collaboration. As yet, oftioial proposals to

collaborate on a development program have not been reoeived from

the German and The Netherlands governments.!! The United Kingdom

has shown renewed interest in the gas oentrifuge isotope separa­

tion procass, and olassitied disoussions permitted under the

present bilateral agreement were held with representatives ot the
.

UKAEA, Risley, at the University of V1rginia in November. The

prooess. appears attraotive to thom in view ot the notable advances

aohievod since they disoontinued work on this process in 1948.

Other reasons Whioh arouse their interest in the process is s

U.K. decision to base their next round (1;63·1965) of power

reactors on enriched (1.5 - ~) U-235, plu3 the fact that gaseous

diffusion is a more expensive process With them than With us.

!/The Seorotary of State recontly called Chcncellor Adenauer's
attention to the implioations of Germany'e work in this field.
The Cha~oollor indioated that he would look into the mattor.

DOE ARCIHV£:'
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5. A technical and eoonomic evaluation of the ahort bowl gaa

centrifuge proooBs haa recently been completed by the General

Electrio Company under a contract with the ABC. Their study

reveals that, following a three-year development program, the

U. S. could then build a gse centrifuge plant which would produce

separated U-235 at a price competitive With the present AEC price

Bchedule. Thoir study elao revsale that auch a plant requiring

primarily mechanical engineering skills could be built at a coat

of about $17 million, folloWing a 2-3 year devolopment program,

which could produce 500 kge/year of ~ U-235 and have a power

reQulremnt of approximately onG cegawatt. Except for the pre­

paration of feed materials, the skills needed to design and con­

struot such a plant are available to some 20-30 oountries.

6. The potential or the g a ~ centriruge process 1n contributing

to the Nth power problem has also been evaluated in a study by

Union Carbide Nuclear Company. It i8 believed that the centrifuge

route, 8S compared with the reactor route, etudied by Hanford

Operations Orrico, would be the easier to pursua both covertly and

overtly.

7. In order to prevent gaa centrifuge information and equip­

ment from becoming available to other countries and permit them

to use the gas centrifuge process 1n the produotion of wespons

grade ~ t e r i a l s , agreements for class1fication, export controls,

and oollaboration should be explored with the United Kingdom,

Germany, and The Netherlands. Collaboration would be technically

and strategicallY desirable. Although sov1ous procedural diff1·

cult1es are recogniZed 1n establishing tl:e agreements w1th O~rmany

and The Netherlands, the ~ r o b l e m s are under exploration w1th the

Departmont of State, (aee Append1x D). In the m e ~ ~ t 1 m e ,

-3- DOE ARCHrvES
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informat1on daveloped as a result of U. S. work in this area is

no longer being deolassified.

8. An expanded U. S. development program oosting about $6

million over three years should proceed expeditiously and inde­

pendent of the negotiation, implementation, or rejection ot an

agreement with Germany and The Netherlands. A program, oosting

about $2 million a year over a three year period, is outlined

which the starr believes would place the U. S. back into a

position of technological leadership in this area of isotope

separation, a subJeot or considerable military and commercial

ooncern. The incentives tor such an expanded program are:

a. Impact on eoonomy or economio commeroial power.

b. Military soourity through plant dispersion.

C. Reduced power oon3umption.

d. Cheaper increment.l production.

e. Separation of commeroial and military aoonemy.

t. Maintain knowledgo of sources and capabilitios or
foreign production or fissionable materials.

g. Retain U. S. leadership in forefront of isotope s e p a r a ~

tion technology.

The recent work Which has been done on the centrituge method of

isotope separation and its relevance 1n connection with the Nth

power problem was brought to the attention of the White House,

Departments ot Derense and State, and the Central Intelligence

Agency at 8 meeting on Pebruary 6, 1960 (ABC 610/13). On Pebruary

l l ~ 1960, the Joint Chiefa or Stafr were also briefed. The General

Advisory Committee at its last two meoting6~ Pebruary 1-3, and

March 17-19~ 1960, considered the c e n t r i r ~ o process. The1r

cc:mnente and reooomendationa are included in Appendix ugn. The

JCAE was notifiod ot the Implioations of this prooess to the Nth

DOE ARCHIVES
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power problem 1n a letter dated 2/12/60 from the Chairman to

Senator Anderson (Appendix lip").

STAPP JUDGMlllII'S

9. The Divisions or Pinance, Intelligence, Military Applioa­

tion, Orrice of Operations Analysis and Forecasting, orrice or the

General Counsel and Production, concur 1n the recommendation of

thU paper.

10. The Division ot Reactor Development notes that successful

demonstrat1.on or loW' capital cost isotope separatloh plants can

have major impact on tho growth and development ot industrial

atomic energy. To the extent that low prices r o ~ enriched uranium

may reSUlt, it would have an obvious erreot upon achievement of

economic nuolear power, both 1n this oountry and throughout the

world. It would make possible real simplification ot ABC problems

euch 88 those disoussed by the Commission at meeting 1596 on

february 26, 1960, on the subJeot of sale of special nuolear

material. toll processing In Government diffusion plants and

related matters. Lastly, the beneficial effeot of makIng possible

a completely private chain from are through the entire fuel cyole,

with the possible exoeption of ultimate waste disposal, cannot

be ovoremphasized. The introduotion of private induetry at eaoh

phase of the cyole will bring into being cost-outting incentives

not otherwise available in the program and should significantly

advanco the dete ot low cost nuclear energy.

11. The Division of Production agrees that additional effort,

over and above the ourrant level, on gas centrifuge development is

desirable but believes that such additional effort should be

directed primarily to the rosolution of the current technioal

-5- DOE ARCHIVE:>
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and eoonomic uncertainties as to performance of a group of cen­

trifuges operating a8 a casoade. The Divi~ion of Produotion

believes that this ['eature of the proposed program should be

emphasized in ['avor of aooelerating the development of more

efficient or advanced oentrtfuge units. Emphasis in the direc­

tion suggeated above would permit proper evaluation of the Nth

power problem at the earliest praotioable date and would provide

a realistic basis tor anticipating the effects of further

teohnological advances in individual centrifuge units.

12. Tho Division of International Affairs oonours in the

recommendatlon that prompt disouseions should be held With the

Europeans on the feasibility of oontrolling gas centrifuge

process technology, but notes that the serious policy problom3

associated with class1fied cooperation in this area referred to

in paragraph 40 of Appendix nAil may be difficult to overcome. The

Department of State has boen asked to furnish its views on the

international aspects of this problem.

13. Tho Office of General Counsel notos that the provisions of

Seotion 144a of the Atomio Energy Act would be applioable to the

proposed international exchanges of olassified information. Thus,

any international cooperation involving the exchange of classified

information would require authorization by the Preaident and the

existence of an agreement for cooperation Within Section 123 of

the Aot.

CONCLUSION

14. a. The U. S. onol1".tl proceed with r.n extJf_ndad research
and doveloDment pr~g~~m on the oentvifuge p ~ o c e 8 s at an
estimated cost of ap?roxlmately $2,000,000 per year ['or three
years. as described 1n dotall in Appc!lf:\1x nEil.

DOE ARCHIV&
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and

b. Suitable agreements concerning the control of gas
oentrifuge information, materials and equipment should be
sought promptly, it the Department ot State agrees, with
Germany, The Netherlands, and the U. K.

c. Classifiod cooperation With Germany and The
Netherlands would appear to bG desirable from a technioal
standpoint but may be politically impractical.

d. Classitied cooperation with the U. K. should continue.

RECOMMENDATION

15. The General Managor reoommends that the Atomic Energy

Commission:

a. Approve an expanded U. S. research and ~evelopmant

program on the gas centrifuge process a8 set rorth in
Appendix "B II

;

b. Note that total runds eatimated to aocomplish this
program-ire six million dollars tor an approximate three
year period.

c. Note that runds to initiate and conduot this program
througn-vr 1961 will be obtained by reprocessing runds
now budgeted tor the DiVision or Researoh and the Division
ot Produotion.

d. Afrae that the prompt initiation ot exploratory
discuss ons With the German, Dutoh, and U. K. governments
to seek control ot all gaa oentrituge information, eqUiP­
ment, and materials in light ot the Nth power problem is
deeirable;

e. A g ~ ~ that olassified oooperation with the Germans
Dutch wou be desirable trom 8 technical standpointj

t. Note that the Department ot state has been intormed
or the!POfentlal ot the gas centrituge process in the
context ot the Nth power problem, that it will be intormed
ot this action, and that the Department1s views have been
requested on (a) the desirability ot our seeking agreed
controls smong the states where gas centrituge research
and development is being oarried out and (b) desirability
and tessibility ot classitied collaboration With these
oountries;

g. Note that the Commission will be promptly informad as
soon a ~ e views of the Department ot State are received.

h. Note that olassitied collaboration in this area, whioh
has been-fnitiated with the United Kingdom, will be con­
tinued within the limits prOVided by the U.S.-U.K. Civil
Uses Agreement tor Cooperation;

DOE ARCHIVE:>
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i. Note that the expanded U. S. development program
should proceed independent or the negotiation, implementa­
tion, or rejection or any proposed agreemenia with Germany
and The Netherlands that may develop;

J. Note that sucoessful operation with gas Gentrifuges
have far-reaching implications in development ot a privately­
owned atomio energy industry in the united States, which
subject will be oovered in other papers under preparation;

k. Note that the JCAB haa been informad of the potential
ot the gaa centrifuge process to the Nth power problem by
the letter in Appendix "F't, and will be adVised by appro­
priate letter of the planned expansion or the ABC'a research
and development program on the gas oentrifuge prooess.
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APPENDIX "A II

BACKGROUND AND DISCUSSION

FRESENT POLICY

1. The C~ission has hitherto not acted to establish

policy, either domestically or abroad, in connection with the gas

centrifuge process except in the area of classification. The

present Classification Policy Guide (AEC 27/136) provides that the

gaa centrifuge program be a classified program but that experiment­

al work on ttle detailed mechanical design tor the l.<entri!'uge

method of isotope separation may be decla~sifi~d. There is,

however, a restrictive paragraph attached to r.he topic which

requires that auch information be held classified when it

becomes apparent that it could reasonably be u ~ e d for the pro­

duction of large quantities of U-235.

HISTORY OP THE PROBIEM

!!. S. PROGRAM

2. The history of the ABC p05ture relative to the

centrifuge process is outlined in the AEC 610 serios. Pursuant

to recOlrJTlendations in a November 5, 1954 re~rt by Ad Hoc

Committee appointed by the General ~ ~ n a g e r to evaluate the

gas centrifUge process, the Division or Research solicited

bids from tour companies to manufacture a prototype unit based

upon as realistic an extrapolation of the war-time Westinghouse

experience as possible. However, contract negotiation5 were haltpd

and it was dete~ined that the Research Division support should

at that t ~ e be limited to the basic problem of spinning long thin

tubes at the University of Virginia.

- 9 - Appendix "A"
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3. This classified p r o g ~ at the University ot Virginia,

now supported at a level at $300,000 per lear, has had &s a 100g­

range goal the development or a high-speed, long-tube centrituge

and the application ot such a centrifuge to the separation ot

isotopes. Emphasis 1n the early phases at the program was

devoted to attacking basia mechanical problems associated with

bearings, seals, drive systems, etc. In 1957. the Virginia

group solved a major problem 1n successfully spinning a long

tube through a aeries or critical vibrationa, a problem inherent

1n high speed rotation.

4. Since that time emphasis has been placed on the problems

ot providing tubes of higher strength materials tor higher

rotational speeds

ot gases. r and the problems or introduction and extraction

DELETED

DELETED

5. An unclassified program has also been supported at the

University of Virginia since the ~ e r or 1958. The work is

being carried out by Dr. Gernot Zlppe, an Austrian scientist who

assisted Steenbeck in the development or a short tube (subcritical)

- 10 - AppendiX "An
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centrituge while a prisoner in Russia following World War II.

Dr. Zippe haa completed the construction of several of the units,

has subjected them to lifetime tests, and is currentlY conducting

isotope separation tests with UF6' The simplicity of these

units is impressive. Total ABC tunds provided to this project

are $108,000.

6. A contract with the General Electric Company was executed

in June, 1959, to proVide the Coll:mission with a technical and.

economic analysiS of both the long and short tube methods and

to d.erine the over-all problems. The study of the short tUbe method

(GEL 0708)1 has now been completed, and indicates that the United

States could build in two years (preceded by a three year

development p r o g ~ ) a gas centrifuge plant. 2 This plant would be

based on a short tube design and could produce enriched uranium

at a price competitive with the present AEC price schedule.

7. The AEC has licensed Thor-Westcliffe Development, Inc.,

of Banta Pe, New MeXico, to import seven gas centrituges from

Germany for use in that Companyls studies to determine the

commercial feaSibility ot this process for the production of

enriched uranium. The ABC 1s considering an application to per.m1t

construction of an experimental cascade. This activity is currentlY

unclassified, but future work may have to be conducted on a

classified basis. Discussions with Mr. Lohbeck of Thor-Westcliffe

are reported in ABC 610/8.

FOREIGN PROGRAMS

8. Since World War II, the German, and later the D..ltch,

effort in this field has been greater than that in the U.S.; and

1/ On file In the DivisIon or Research
y 75,000 Kg Uj,r at 21>, 500 Kg Uj,r at 95:li

- 11 - Appendix "A"
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in recent years, the rate of growth of the Oerman·Dutch effort has

been substantial. On the grounds that (1) they should not

blindly adopt a U-235 separation process chosen by the U.S. in

1943 under the pressures ot war; (2) that they should carefully

study all competing processes from the point of view ot

technical merits, flexibility and economy; (3) that they are

seriously considering plants considerably smaller than those

in the U.S. (tor which the centrifuge has a greater chance of

being tully competitive) and that they consider it advantageous

to be able to divide the operation into several smaller plants

at diverse locations, the Germans and the Dutch have parted

ways with the French who have chosen the path ot gaseous diftusion.

9. During World War II, the gas centrifuge was the method

selected tor study by the Germans tor separation ot uranium

isotopes. The group or scientists who led the war·ttme program

(Croth, experimental; Beyerle, instrument development; and

Martin, theory) are now working on a program carried on by the

OPKF' (Society for Nuclear Research). This non·profit corporation

is supported by the state of North Rhine·westphalia, the

Pederal Government. and private industry. The gas centrifuge

units are designed and constructed by Professor Beyerle in a

GF'KP laboratory in Aachen. The mechanical parts are manufactured

by SARTORIUS Instrument Company, Goettingen, and the electrical

drive and control equipment is prOVided by the AEO (German General

Electric) Frankfurt. At the University ot Bonn. Groth leads

the experimental group which 18 now located in the Institute

for Physical Chemistry; he is aided by col~boration with

Professor Martin of the University of Kiel who has been provided

with a centrifUge unit in order to test his theoretical predic­

tions. The characteristics ot the centrifuge units developed

_ 12 _ AppendiX nAu
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by this group are given 1n the follow1ng table, which was

publ1shed 1n Chemle-Ingenlur Technlk, 31,

Peripheral Separative Specific
Year I.e tb Re.dlua r.. Sneed Work Power
Clrcn. ra ra Dle.::eter Q. sec U JCvh U

UZ I 1946 40 6.0 3·33 302 0.502 12,050 ',200

U2. IIIB 1952 63.5 6.7 ".74 302 0.935 8,380 2,860

"'3 1957 66.5 9·25 3.60 302 0.97 6,300 2,460

"'5 1959 113·0 9.25 6.11 302 1.6lo 3,710 1,460

"'6 2bO.0 20.0 6.0 302 3.5 1,750 6a5
340 5.32 1,15'} '50

"'7 1960 316.0 22.5 7.03 302 '.77 1,285 500
340 7.25 845 330

10. The Bonn/Aachen group plans to assemble 50'0 100 cen-

trifuges at JUl1ch. This cascade would have three stages or

centrifuges and enrich uranium to about ~ U-235, and the type

of centrifuge to be used will be determined aa

I
testing of the various centrifuges at Bonn.

DELETED

a result of the

11. The program supported at Frankfurt by DEGUSSA-AEG was

reported on by Dr. Boettcher, Director of Research, DEOUSSA, at a

meeting held at the AEC (see 610/10) to discues DEQUSSA

activities 1n the field of the gas Ultracentrifuge method of

isotope separation and the question of U.S. - west G e ~ n

oooperation in this field. Boettcher reported that DEGUSSA and

ABO are "cooperating w:1thout contractU to develop the gae

centrifUge for isotope separation. Their project is under the

direction of Scheffel, who 1s reproducing the device which he
r,--~,

together With Steenbeck and Zlppe had developed 1n the USSR.

DELETED

- 13 -
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12. The Netherlanda centriruge program 1s several years

old, although &8 of this tlme, only two publications have been

issued. They have perforced an economic analYsis of the centrifuge

proce38, but their est1.mate does not appear to be soundly baaed.

It 18 not known whether they have separated any isotopes by this

method.

13. An extensive review ot the German and Dutch activities

1s contained 1n a report, K-1425,1 by G. A. Garrect and S. A. Levin.

These authors conolude that the West German pl'o3ram h the most

extenSive and most complete gas centrifUge program 1n the world

and that the work 1s competent, relativelY far advanced, and or auch

a nature as to lead to centrifugel3 that can be d!r!'ccly incorporated

into a production plant. The coats to be expected from this

production plant would be 1n the range or about $2000 to somewhat

leu than $1000 per kilogram u or separative work. Their develop­

ment program probably costs or the order of one m111ion dollars

per year including the industrial participation. This level

cannot be considered a crash program. Manpower and<bl1ar levels,

and the technical status of the European gas centrifuge activities

Cor the period, 1941-1958, which substantiate the above, are on

file 1n the Division ot Research.

DOE ARCHIV&>
AppendiX "A"- l~ -

14. The Prench have d e t e ~ n e d to go the route ot gaseous

diffUsion for U isotope separation. A report on the evaluation of

their program is given 1n the report K-14og by Dr. G. A. Oarrett. 2

However, Dr. Boettcher reported that the Prench were interested in

the gas oentrifUge and offered to assist in its financial 8upport,

y On tIle In the DiVidon or Research
y Ibld
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and he believes that they will consider using it to replace

the top stages of their gaseous diffusion plant.

15. Brazil has purchased th.ree Z G ~ 3 units from the West

Germans (Sartorius). It is reported that they are planning to

purchase more units and are haVing two of their people trained

in the operation of these units 1n Groth's laboratory.

16. At the meeting on Novecber~, 1959, Dr. Boettcher of

DEGUSSA reported that he had learned that the USSR had reinitiated

their activities on the g ~ s centrlruge process. 3 o ~ t t ~ h e r

thinks tbat they are attracted to it by the p o B s i b ~ ) i t y oC

decentralization for r e a ~ o n of military security or that they are

interested in the separation of plutonium isotopes.

DISCUSSIONS WITH FOREIGN GROU?S

17. Informal discussions have been held wi ttl Dr. Boettcher,

Director ot Research, DEOUSSA, Ge~ny (ABC 610/10). ProCessor

Groth, University ot Bonn, Germany (FVR-SO)l, and ProCessor

Kistemacher, Director, Laboratory voor Mass Spectrographie,

N e t h e r l a n ~ s (ABC 6l017)-(AEC 610/9) concerning their technical

programs and the desirability of collaboration. As yet, formal

proposals to collaborate on a development program have not been

received from the German and Netherlands governments. However,

the Division ot Research has been advised by Dr. Boettcher that

the question ot collaboration is under consideration in several

departments ot the German ministry. These discussions were held

prior to the evaluation ot the centrifuge process by General

Electric and prior to the safeguards studies in light of the Nth

power problem.

18. Classitied discussions permitted under the present

bilateral a reement with the U.K were held with re resentative:s
1 n e n e v s on 0 esearc
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ot the UKAEA, Risley, at the University ot Virginia in November,

1959. The process appears very attractive to them in view ot the

notable advances achieved aince they discontinued work on this

process in 1948. Other reasons which arouse their interest in

this process are a decision by them to base their next round

(1963-1965) of power reactors on enriched (1.5 - ~) U-235,

plus the fact that gaseous diffusion is a more expensive process

with them than with us. They believe ~ h a t they DOW have a

unique opportunity to study another method ot isotope separation

before proceeding to the design of a plant.

ECONOMICS AND POTENTIAL

19. The economics of the gas centrifuge process in comparison

with that of gaseous diffusion were evaluated in 1957 by three

different groups; AEC start (610/3), Dr. Manson Benedict (610/4),

and Union Carbide Nuclear Company (K-1368). These studies,

based on the technology available at that time, concluded that the

gae centrifuge proces8 did not compete economically with our

gaseous diffusion process in the large scale separation ot U-235.

20. The General Electric Company, under contract with the

ABC, has taken a fresh look at the over-all centrifuge program

(both domestic and foreign) and has again examined the economics

of the process. Their Phase I Report (GEL-070B) presents a

detailed study of the short tube unit. Their study ie

continuing with an examination of the long tube unit. Results

of their study indicate that, due to significant advances in the

centrifuge technology and with a 2-3 year period to develop

foreseeable improvements in the technology, it is likely that the

United States could construct a small gas centrifuge plant which

would produce enriched uranium at a price competitive with the

present publiShed AEC price list.

- 16 -
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General Electric study would cost approximately 17 mill10n dollars,

would be capable ot an annual production ot SOC kilograms ot

U-235 at 95_ enrichment, and would have a power requirement ot

approximately one megawatt ot electricity. SUch a plant could.

with minor deeign changes, be so arranged as to produce larger

quantities ot U-235 at corresponding lower enrichment. Por example,

the $17,000,000 plant referred to above could be 80 arranged

as to produce 75,000 Kg ~ U-235.

21. The gas centrifuge method of isotope aeparation has been

considered by the General AdVisory Committee at the February 1-3.

1960 and March 17-19, 1960 meetings. Their coltl:Cents and

recom:.endatlone are contained io Appendix "B".

SAFEGUARDS STUDIBS

22. Sir William Penney, U.K., 1n conversation with Chairman

McCone, expressed great concern over the development in Germany

or. the separation of U-235 by gas centrifuges. The Chairman

requested a study of the possibilities ot using the centrituge

process for the production of a small number of atomic weapons,

either overtly or covertly, by nations not now having a major

weapons program. For comparison, two approaches to the matter ot

the production of atomic weapons on a small scale Nere studied; the

natural uranium reactor rouh for plutonium production. by Hanford

Operations Office; and the high speed centrifuge route tor U-235

production. by Union Carbide NUclear Company (UCNC).l

23·r

The cs abilities
1 epor s on

DELETED

of various t e countries for bu1ldin
e n e v s on 0 ro uc on

eentritu e

'-
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plants have been analyzed for three c1egrees of capability ­

classed as X, Y, or Z where: a class X country would need no

outside assistance; a ClaS8 Y country would probably have to

import also some of the auxiliary e q u l ~ m e n t ; a class Z country

would probably have to purchase pre-fabrIcated oentrifuges and

almost all the auxiliary equipment trom foreign vendors and, in

addition, would need teohnical advisors from the outside to aid

in the construction and operation or the centritu.ge plant.

DELETED

24. The results of the Hanrord and UCNC studies are further

summarized and analyzed in a sateguards report (Appendix lie") which

also takes into a c c ~ u n t the GE study. This sateguards s t u ~

c o n c ~ u d e s that the centrifuge route would be the easier to pursue

both covertly and overtly, and that it would require les8

- 18 -
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speoialized personnel, of fewer disoiplines, than the reactor

route. The principal liability or the eentrifUge route as

against the plutonium route lies 1n the fact that centrifuge

technology is yet to be proven and the designs of the more

advanced centrifuge units have not as yet been published nor have

the units been tested.

DISCUSSION

25. The U.S. can ill-afford to lose technological leadership

in this area of isotope separation. The gas centrifuge process

as indicated in the GE study already shows the potential of

producing U-235 at a cost which is competitive With the costs as

reflected in the AEC price schedule. Moreover, there are other

long standing arguments in favor of an expanded U.S. program.

Separations for which the gae centrifuge method has particular

advantages and for which the process ie 1 1 k e ~ to find application

include:

a) Separation of plutonium isotopes e s p e c i a l ~
in view ot the utilization of high exposure plutonium
generated by the growing nuclear power industry.

b) Topping of the gaseous diffusion planta.

c) Separation of U-236 from U-235 (reactor fuel
nClean-up") •

d) Separation of partieular stable isotopes when
reqUired in large quantities.

26. The Division of Production sees little incentive for

developing a highly efficient gas centrifuge plant on an

accelerated schedule from the standpoint of U.S. needs. They

feel that there is only a very slim possibility that centrifuges

could ever be competitive with the current or anticipated coat

of separative capacity 1n our large d1ttu31on plant:!. There is,

further, no need for additional separation capacity tor at least

ten, and more likely, fifteen years.

- 19 -
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27. Should the U.S. determine not to move forward on the

development program and merely to continue the limited work at

the University of Virginia, it 1s likely that it would become

increasingly difficult for the U.S. to hold together t h 1 ~ group

and its research return can be expected to diminish. Such a courae

would also weaken the present and fUture U.S. position 1n seeking

internationally agreed controls over the process 1n light of the

Nth power problem.

28. In AEC 27/135, as reVised. the Commission adopted a new

Clasl31flcatlon Policy under bha terms of which gas centrifuge work

would be conducted aa a classified program with the information

produced being declassified until such time as a breakthrough might

occur. One tactor that influenced the detero1nation to c l a S S i ~

the program in this Nay was the fact that at least two other

countries (Germany and The Netherlands) were (aod still are)

vlgorously pursuing studies in this field. that they have ad­

vanced their technology to the point where it was equal to or

better than ours. and that. moreoever, they were publishing the

results of their work. This situation still prevails.

29. The research project at the University of Virginia

concerning the spinning of long tubes has been conducted in a

physical security area on a classified basis. The other research

project there, under Dr. Gernet Zippe. an Austrian scientist.

on the reproduction or the short tube unit developed for the USSR.

has been conducted on an unclassified basis in an open area.

Progress reports prepared by Zlppe and issued under the AEC

contract have been given 1tstributlon by TISE at Oak Ridge.

30. Since the drafting of the gas centrituge classification

policy adopted in ABC 27/135. not only the German and Dutch work.
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but the U.S. work, as well, haa progressed considerably. The

Germans have now already so tar progressed in their development

of the gae centrifuge method that it appears that they could,

without any rurther advancement in their technology, build a

working plant for the mass production of U-235. The table of

the Groth-Beyerle centrifuge in paragraph 9, Appendix llAn,

showing steps in the development of their p r o g ~ , indicates very

clearly that in a period of approximately 14 years they have been

able to increase the separative potential of their machines by

better than an order of magnitude, while at the eame time reducing

total plant costa also by more than an order of magnitude.

The U.S. work has aleo progressed to the point where it would

appear that in the very near future, uSing the long thin tubes

developed by the University at Virginia, a plant could be built

for the mass production ot U-235.

31. There are other important advantages at the gae

centrifuge method ot separating isotopes. One of these is its

very low power consumption, as compared with the gaseous

diffusion method. One might say that for an approximately

equal total outlay in dollars (that is, power plus plant), one

could build equally productive plants. However, to a nation

short on power, the low power-consumption for the gas centrifuge

method could make possible a production plant at 8 t1J:le when a

gaseous difrusion plant would still remain a desirable but

impossible goal. Another advantage is the relatively small size

of the gas centrifuge plant as compared with gaseous diffusion

1n producing 9 5 ~ U-235. This factor would enhance the pOSition

of miUtBry security by means of plant dispersion as well as

permit an operation in a clandestine manner. DOR ARCHfVF.....
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32. Because the "breakthrough" mentioned in topic 2-741 ot

the Classification Policy Guide (OC Doc-68) has taken place, the

importance to the national defense of the gas centrituge method

of isotope separation 1s now considered great enough to warrant

claSSifying existing and future U.S. work and to rsqu89t the

Department of State to explore the possibility ot entering into

discussions With the West Ge~n and Dutch governments 1n an

attempt to obtain the cooperation and the agreement of these

governments to keep the results of their ~ ~ r k in th1a field

classified.

33. Clearly, however, the purpose to be served by any

classification action the COr::llll1ssion might take could be vitiated

if the German activities were to proceed on an unclassified basis.

It appears, therefore, that it 1s important to d e t e ~ i n e whether

the Gennan government could and would claSSify their work in gas

centrifuge technology.

34. The alternatives that present themselves in this matter

are, of course, dependent on the views expressed by the Department

of State and negotiations ~ i t h the several states involved.

35. There are several problecs Which could make a c14s8iti-

cation action difficult. The German development to date has been

undertaken almost exclusively by private parties interested in

ultimate commercial exploitation. The German Atomic Ministry has

no classified programs due in part at least to Germanyls commitments

under the Brusaels Treaties. Any modification of this pOSition

could perhaps have serious political repercussions in G e ~ n y .

It Is unclear both from the standpoint of Treaty provisions and

policy as to whether Germany could or would take a classification

action in this area that would prevent dissemination ot the

technology to her EURATQM partners, although limitation of the
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technology to the EURATOM cembers would obviouslY constitute a

degree of information control substantially greater than a

completely unclassified development. The problem as regards

The Netherlands. is not treated separately, but the EURATOM

aapects would be similar.

36. The Office of General Coucsel believes that the subject

matter of the proposed cooperation would probablY be considered

by EURATOM as outside the purview of its treaty. In any event,

they suggest that this is a matter which should be determined

in the first instance by the EURATOM member nations involved.

37. NotWithstanding these problems, the safeguarding of

ultracentrifuge technology by agreed procedures for the control

or this information among the several states in which centrituge

work 1s being carried out is important and should be explored.

It would further appear that such exploration should take place

with the German and Dutch governments.

38. Moreover, regardless ot whether these goverrments or

EURATOM could classif¥ their present and future gas centrifUge

work, agreement should be sought to control the export of gas

centrifuges and related equipment and to SUbject such export to

safeguards. Agreement on such controls taken together with the

controls the U.S. is seeking among uranium supplier nations,

would citigate to some extent at least the likelihood ot an Nth

power exploiting the process.

39. As a related matter, it is recognized that technical

cooperation in centrifuge research and d e v e l o p ~ ~ n t with the G e ~ a n s

and Dutch may be desirable. While such cooperation is not

essential to achieving the stated objectives of the proposed U.S.

developmental program, it 13 reasonable to assume that it would
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eontribute to the rate and probability of their aehievement. In

addition, it would pe~t an immediacy of association with

European development. The Europeans also may have a strong

interest in pursuing such cooperation from their standpoint.

~ o . If it proves feasible, therefore, for the Dutch and

Gerrnans to establish control over existing and future gas

centrifuge information, the posSibility of cooperating with these

two eountries on a classified baaia should be examined. However,

it is important to note that there are a number of ~ e r i o u s

policy problems associated with pursuing classified cooperation

with the Germans and DJtch in this area. These include: (1)

whether it would be politically feasible for the U.S. to enter

into new classified agreements with two member states of EURATOM

without also agreeing to transmit the Restricted Data involved to

EURATOM and the other ~ e m b e r states, including Prance; (2) the

need to define the role of EURATOM in any agreement that might

ensue; (3) whether any such cooperation would directlY or

indirectly assist the French military program; and (4) the

pOssible inconsistency between our willingness to cooperate. on

a classified basis. with the Dutch and Germans on the centrifUge

process (if separate agreements with these countries are

feaSible) and our refusal to tranamit Restricted Data on the

gaseous diffusion process to Prance and the U.K.

In. Pinally. if agreement cannot be reached with the Germans

and the Dutch to control gas centrifuge information. then there

may be serious question as to whether a real I ~ J r p o 8 e would be

served in classifying our own work. Should we, therefore, as a

result of our inability to secure Gennan and Dutch agreement to

control centrifuge information, decide to declassify our own work;
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it would appear possible to work out an arrangement for unclassified

technical exchange with the Germans and Dutch under the ambit

of EURATOM if this should prove desirable; and, probably without

modification of our existing agreements for Cooperation either

with EURATOM or the member states.
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APPENDIX II B"

U.S. EXPANDED DEVELOPMENT PROGRAM

1. A three year U.S. development program ie proposed at a

total estimated cost ot $6 million. The program Mould include

simultaneous undertakings ot experimental and theoretiosl studies

ot basic oentrituge problems, the design, manufaoture, and

testing ot a prototype, and the design, construction, and operation

or an experimental oasoade.

2. These areas ot development are delineated ~ l c w and

are presented on a tollowing time-scale chart:

a. Superorltloal centrifuges

(I) Mechanical development
Bearings, g8S seals, drives

(2) Hydrodynamio development
Internal oiroulation

(3) Procesa testing ot 1JF'6

[ DELETED \---
(1) Alternate means tor internal circulation

(2) Process teating on UP6

o. Cascade development

\ ~ DELETED

(2) Analogue computer studT ot large casoade

d. Hydrodynamic studies

(I) Combined theory ot thermal plus Coriolis
effeots

(2) Olass centrifuge experiments

(3) Phenomena of turbulence, sooop design, and
etfects
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(1) o..1gn

(2) Fabricate two units

(3) Mechanical and process testing

t. Advanced mechanical studies ot higher speed machines

(1) Bearing characteristics

(2) Material fabrication

3. The development program as outlined should serve to

" DoE
(,. z(o)

acoomplish the rollo"1ng objectives:

DELETED

b. Demonstrate an operating experimental cascade.

o. Establish a sounder basis tor theoretical proJeo­
tions ot the centrifuge prooess, including cascade
behavior.

d. Determine potential tor r u ~ t h e r improvement ot the
centrifuge _prooess.

e. Improve the accuracy or the economic projections
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APPENDIX "e"

CONTRIBUTION OF THE GAS CENTRIFUGE PROCESS TO THE
Nth cOUNTRY pROBLEM

SUMMARY

1. In an attempt to delineate the potential contribution

or the gas centrifuge process to the Nth ~ountry problem, spec1s1

studies have been undertaken by Hantord and Oak Ridge, (graphite

reactors - gas centrituges). In addition, the General Electrio

Corporation has recently completed a broad technologieal review

on the eubJect or gas centrituges tor the AEC.

2. These studies indicate that the reaotor approach has

the advantage ot a proven operability and readily available tech­

nologioal data. On the other hand, the gas oentrifuge route has

the advantage of smaller manpower requirements and a lesser degree

of speoialization required in the manpower for construction and

operation; more readily ava11able materials, equipment and

components; a lower inventory ot uranium; an eaae of fission

weapona fabrication trom the product material; and the potential

for the construotion ot thermonuolear weapons. Finally, in terms

of coats, electrical requirements, and time, the gas centrifuge

route based on present technology is comparable to the production

reactor route. It is therefore concluded that at present the gas

centr1fuge route is the ~ o r e attractive and perhaps easier route

for an Nth country,

3. Controls and safeguards therefore need to be exercised

over the gas centrifuge process. The torma or control which

should be sought are not substantially different from those

already enoountered in conneotion with the eftorts to establish

similar controls over other types of nuolear production facilities
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and materials. strategio technological intormation should be

oontrolled on a classitication basia. Gas centrituge plants

or important components and oaterials ot such plants, it not

classitied, should only be exported ~ h e n committed to peacetul

uses and subject to sateguards. Pinally, controls should continue

to be exercised over the supply ot teed materials (natural

uranium) •

INTRODUCTION

4. Recent advanoes in the teohnology ot isotope separation

via the ga8 centrifuge route warrant an evaluatior. or this proceas

in terms or its potential contribution to ~ h e p ~ o d u e t i o n ot atomio

weapons by nations not now having a major w ' 8 ~ ~ n ~ 9rogram. In

analysis ot thia problem special studies have been u . ~ e r t a k e n by

Hanford and Oak Ridge. (Reports KB-789 and K J . ~ - 6 6 2 ) . Swr.maries

or this ~ o r k are attached 88 Annex I. 'l'ha Hanro)·" atl.:.dy treated

the present produotion potential ot plutonium via the natural

uranium-graphite reactor route, while the Oak Ridge studies

examined the g3ft oentrifuge method baaed on technology known to

date as well 8a commenting on the gaseous ditfuaion prooess. In

addition, the Division of Research reoently oompleted ita

comprehensive reView of the gaa centrifuge field to determine the

potential of the method baaed on foraeeable technological

advances (Report GEL 0708).

5. Basic to the eona1deration at hand is the realization that

the deCision b1 any oountry to acquire a military oapability will

be a political decision taken at a time when the country bel1eves

it has the meana to do so. Theae meane include the ut1lization ot

any type of production tacilities and the acquiaition or any neces­

sary materials or eqUipment by any procedures, providing that the

objective i8 obtainable through the combination ot resources ot

money. manpo~er, and materials.
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6. Three product1on methods might be considered, (8) plu­

ton1wm via the reactor route, (b) Uran1um-235 by the gaseoua

dittusion method, and (0) Uranlum-235 by the gae centrifUge p r o c e a ~

The example ot Prance would aeem to indicate that the tirst

choice might be the plutonium reactor route. Further, the lack

ot availability ot complete technlcal intormat1on on the

gaseous difrusion method, and the lack or the ready availability

Or components together with the magnitude ot effort and

investment required, represent serious obatacles to the purSUit

ot this course. In present c i r c ~ t a n c e s it would 8eem that the

initial choice by the Nth country might be nurowed 1 ~ w n to the

reactor and centrifuge methods. Por the p u r ~ o s ~ s of this study

the comparison is so limited.

7. The specifio pointe which would be :ike~' to be examined

by a nation 1n reaching a decision between the t ~ o rOdtes are

as tollow8:

a. The potential and proven capabilities of the
method.

b. Skills and numbers of peraonnel reqUired tor the
design, construction, and operation of the necessary
planta and processes.

c. The availability or the neoessary teohnioal
information.

d. The availability ot the necessary components
and materials without restrictions on their use, it
the country 18 largely dependent upon the import ot
such equipment and materials.

e. The time reqUired to achieve a military nuclear
capability.

f. Capital costs and operating costs.

g. Electrical power reqUirements.

h. AvaIlability ot the feed materials and inventorie.
ot these materials in the proceS8.

1. WillIngness to demonstrate overtly the milItary
intentions ot the program.

- 32 - Appendix "C"

DOE ARCHIVEll

Wilson Center Digital Archive Original Scan



J. The relative ease of using the tinal produot,
whether Uranium.235 or plutonium. Conalderatlona here
are toward (a> the effectiveness of the materials 1n
tlss10n or thermonuclear weapons, (hi the quantities
required to aehieve the objectives, c) the skills and
equipment required for fabrication ot the weapona,
(dj the ready availability ot necessary teohnology, and
(e the hazards involved in fabrication.

EVAWATION

8. The studies presented 1n Annex I compare the production

of 10 kga of plutonium per year by reactor with the production ot

50 kgs of U-235 per year by centrifuge. These two methods are

evaluated 1n terms of theae foregoing factors 1n the following

sections. In addition, attention w1l1 be given to the Division

or Research review of the gaa centrifuge problec.

9. The potential and proven capabilities of the two methods

difter widely. Reactor production of military quantities of spe­

cial nuclear material has existed tor many years. The technology

associated not only with the reactor portion of the complex but

also with the feed material preparation and chemical separation

aspects of the sYstem have received wide unclassified dissemination.

On the other hand the gaseous oentrifuge process 18 yet untested.

To date experimentation and development has been limited to the

evaluation of single centrifuges, and no multiple cascade

arrangement has been examined.

10. Evaluation of the t ~ o methods in Annex I 1ndicates

that the manpower requirements for the deaign, construction, and

operation of both kinds of facilities, differ with fewer personnel

reqUired if a Nth country were to pursue the gas centrifuge route

(reactor 3,411 - gas centrifuge 1,653). These numbers might still

be further reduced by having personnel serve dually 1n the

construction and operation phases. In addition, the skills re­

quired to proceed with these processes differ oonsiderably. If
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the nation desired to pursue its military objective through a

reactor complex, a specialized series ot skills in teed material

preparation, reactor technology, and ohemical separation techniques

are necessary. Por the most part, these skills ditter trom

normal mechanical, chemical, and civil engineering praotices. The

gas centrituge method, on the ether hand, otters a nation the

pOlsibiLity or prooeeding on a military nuolear program relying

predominately on meohanioal skills with the exception or the

feed material portion ot the complex. Por example, it appears

that a nation skilled in maohine tool manufaoture or large scale

) appliance production oould readily proceed to fabricate and

aseomble a gas centrifuge plant. This point was e~hasized in

the General Eleotric study where it was pointed cut that a

possible prospeotive supplier of gas centrifuges Is their Hot

Point Appliance Division. Further, the gAS oentrifuge method does

not present safety problems of the magnitude aseociated with the

reactor route, where specialized skills would be required in

handling and treating highly radioactive oateriala.

11. There exists a wide differenoe in availability of the

neceeear,y teohnical information required to construct 4nd cperate

the two types or facilities. The nuclear teohnology for civilian

power reactors and chemical separaticns has been given wide

d1nem.1nation not only by the U.S. but by the nuclear powers.

There is little differenoe between this teohnology and that

involved in produoing plutonium for military uses. The informa­

tion on centrifuges, however, is still relatively closely held

in the Western world, i.e. llm1ted, it is believed, to the U . S . ~

Germany, U.K. and the Netherlands. In these cases only a emall

number of individuals are intimately sasociated w1th the projects.

However, the teohnologioal information to date is limited to the

oentrifuge per se, and little or no work haa been devoted towards
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the plant control and caecadlng problema associated with the

operation of many centrifuges in unison. Commercial sales of

gas centrifuges, which it is understood are contemplated by the

German group, would make present technology readily available.

12. A study of the important component parts and materials

reqUired in construction and operation of reaotors shows them to

have many eepeclally designed or prepared features, 1.e., nuclear

grade graphite, nuolear instrumentation, and oontrol rod drives.

The reaotor route also requires speoialized eqUipment to fabri­

cate and prooess the fuel material before and after ~ e a c t o r

irradiation. The gae centrifuge method, on the other hand, pro­

vides potentially lese difficult f a b r i c a t i o ~ t a c h r ~ q u e s . This

route would permit a nation to concentrate a ~ajor portion of the

total effort on the construction of a centrifuge p l ~ a t rather than

on a variety ot plants from rue! fabrication through reactors to

chemical separation.

13. Purchase of a plant or the prinoipal components WOUld,

in the case of some countries, make the problem sUbatantially

easier. At present, by law, U,S. exports of reactors and other

production and utilization facilities require an export lioense

issued by the Atomic Energy CommisB1on in oonneotion w1th an

appropriate agreement for cooperation. This control could also

apply to gas centrifuges if they are designated as a production

facility or as important components of euch a faoility. The U.K.

has in being its mechanics for a similar oontrol. Germany doee

not.

14. The results of the special safeguards studies indicate

that the time required for nations to independently achieve a

nuclear capability by either route is approximately the same

(reactor 51 months - gas centrifuge 49 months). It would seem
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trom this that a nation has little choice on this basis here In

determination of the route to be followed.

15. Examination ot Annex I 1n the terma ot the capital and

operating cost of comparable production facilities indicates a

further similarity (capital costs, reactors 38.7 million - gas

centrifuge 38.8 million; operating costs, reactor 7.6 million ­

gae centrifuge 6.7 million). There are two additional ractors

that should be noted 1n this oonnection. The tirst or these 1s

that tor an additional million dollars the assumed reactor complex

could increase production by a factor or 4 or 5. The Hanford

study e h o ~ 8 this to be aohievable by addition or more. heat

exchanger facilities to the reactors, thus allowing an increase 1n

the reactor power output. The second point is that gae centrifuge

costs could be sharply reduced it the General Electric conclusions

concerning the short range potential ot the centrituge process are

correct. On the basis of these oonclusions, the oosts of the gas

centrifuge route could be reduoed by perhaps as much as a factor

of four. It may then be conoluded that these two further

points tend to cancel and no further distinotion between the two

approaches can presently be developed on a oost basis.

16. One factor that has been to the disadvantage of the

gaseous diftusion route for the separation of uranium ieotopes

for many of the less industrialized countries is ita large

requirements for electrical power. The General Electrio study on

the gaseous centrifuge route, hONever, i~catea that the power

reqUirements tor this method are nominal (a tew megawatts) and

comparable to those of the reactor route. This factor would then

permit ready consideration of this method of isotope separation b,y

a power-poor country.
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11. In considering the availability or teed materials tor

either process, it is important to examine the inventory ot m a t e r ~

neoessary to produce either 10 Kgs, or plutonium or SO Kgs. ot

Uranium-235. The special studies conducted, indioated that tor

the reaotor route 100 tons a year of natural uranium were

required, while in the gas centrifuge method onlY 25 tons a year or

natural uranium were required. This may be a very important

difference for a nation without indigenous natural uranium or

possessing only a small quantity,

18. In considering whether a nation would be willing to

demonstrate overtly its intention, l1ttle cheice eXists between

the routes. Clearly a reactor ostensibly for t h ~ civil purpose

or producing power could be used to produce plutonium and a gas

centrifuge plant eight be constructed ostensibly ter the purpose

or producing very slightly enriched uraniuo for power purposes or

very small amounts of highly enriched uranium tor research and

teet reactors. °It the military production program is carried

out covertly a 88eeoua centrifuge plant might be more easily hidden

than a reactor complex, simply because of the s ~ l l e r size, the

lack of associated radioactivity, and the possibility of breaking

up the tacility into sub units.

19. In analysis of the tinal weapons fabrication and

assembly of the produced material, consideration must certainly

be given to the radioact1vity hazard associated with plutonium

and the limited amount or unclassitied technology presentl1

avallableon plutonium metallurgy, Further, 1t might be simpler to

fabricate the uranium weapon since a gun barrel approach might be

utilized, in contrast to the lcplosion techniques required Cor

plutonium. On the other hand, plutonium has the advantage or

reqUiring substantially less material tor a given tission weapon

size, as presently reflected in the ground rules of the study,
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equating 10 kilogram8 ot plutonium and 50 kilograms ot uranium.

Another tactor that needs be considered in this light, is that it

it is desired to maximize the weapona etfect ot the special n u c l e a ~

material on hand, the thermonuclear weapons route may be ohosen.

In this instance, Uraniuc-235 would be necessary since the u t i l i z a ~

tion of plutonium would require ap extremely advanced degree ot

..espons technology. In ,·an over all sense, tholJgh it wOIJ14 seem

reasonable to conclude that, it a nation possessed either pluton­

iuo or Uranium-235, a weapon could be construote4, although the

Uranium-235 "ould eeem to be tavored in terms of simplicity ot

weapons design and oonstruction, together ~ i t h a ~ax1Qum potential

ot weapon yields,

CONCLUSIONS

20. In summary, then, ot the factors l t ~ l u e n c t n g a nation

in a choice of the two methods it can be seen that in terms of coat,

electrical power reqlJirements and time there 1s probably little

to be gained by either methOd. The reactor route has in 1ts

favor proven o p e r a ~ 1 l i t y and readily available technological data.

On the other hand, the gas centrifuge plant 1s attractive beCaIJ8S

it needs smaller manpower requirements and s somewhat lesser degree

of speoialization in the manpower reqUired for construction and

operation; requires more readily available mater1als, equipment,

and components; and reqIJ1res a lower inventory of uranium. The

reactor route has to 1ta disadvantage the tact that the equipment,

component, and mater1als reqUired are at lesst in part specialized,

and it a nation is dependent upon icport ot such items safeguards

would normally be attached. .In a s1m1lar manner, the gas centrituge

route suffers from the unproven aspects of this meana ot isotope

separation, although this disadvantage should be removed within

the next tew years it the projected programs proceed.
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21. It might, therefore, be conoluded that a nation desiring

a military nuclear capability might ohoose the gas centrifuge

method in preference to the reactor route. The method is at

present the more attractive of the tMO tor reasons noted above,

and if its potential is fully realized, probably the easier route

to pursue.

22. It is, therefore, urgent that attention be given at this

time to the means of control and safeguards applicable to gaa

centrifuge utilization by other countries. It appears that the

problems involved are not substantially different from those

already encountered in connection with efforts to establish

similar controls over other types of nuclear production facilities

and oaterlals required for their use. An important question is

whether any potential Nth country could manufacture all the

equipment and components required to oonstruct and operate a gaa

oentrifuge complex. It appears that this question cannot With

assurance be answered in the negative, since oountries having

highly developed capabilities for the engineering and manufacture

of industrial equipment, could proceed with such a plant in the

near future. The estimates of the Oak Ridge study groupp (KOA-662)

a8 to the representative nations possessing the potential

capability for such a production plant are given in Annex II.

23. Two forma or control may be imposed over gas centrifuges

and their related technology. These are seourity control and

safeguards. In a manner s1m1lar to that adopted for the gaseous

diffusion method of isotope oeparation, the centrifuge teohnology

and important components ofoentrifuges utilized in the process may

be classified and subjected to rigid security controls. This form

of control for gas centrifuges cannot be complete since considerable

detailed information on the process has already been divulged
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through normal commercial channels by the German and Dutch groups.

H o ~ e v e r J it may potentially be possible with the cooperation of

GermanyJ The Netherlands, and the United Kingdom to restrict,

through classification, the dissemination of any further tech­

nological advances in the gas centrifuge process.

24. The second form of oontrol that might be exercised over

gas centrifuges and their related technology is sateguards. This

sort of control would only be applicable to the unclassified

exports of gas centrifuges. This system of control should

involve agreements among the countries having the present

capabilities to manufacture isotope separation centrifuges and

their components to export such devices only when committed to

peaceful uses and subject to the application of safeguards, Since

such centrifuges come within the defin1tion of a production fac!Uty

1n the meaning of the Atomic Energy Act and AEC regulations they

would be exported only by the U.S. under an agreement for cooper­

ation. The U,K. and Canada in accordance with their practices

concerning other nuclear production faoilities could be relied

upon to acquire safeguards for the export of centrifuges in

similar circumstances. The Federal RepubliC of Germany does

not have the mechanics for controlling the exports of reactors

or isotopes separation centrifuges except when these devioes

might be destined for SOviet bloc countries. There are indlcatiolB,

however, that West Geroany would institute export control mechanics

and require safeguarde J if the U.S. so requested, and there could

be achieved a sic1lar agreement by other potential exporters and

production devices.

25. While no specific studies have been made of the safe­

guards techniques which would be required tor application to the

centrifuge isotope separation plant snd complexJ it appears that
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the problems would not be substantially different trom those

,.hlch would be encountered In a gaseous cUtrusion complex. 'lbe

techniques and effort required ·ot this latter type or complex

have been the subJeot ot a study. It appears on the baals ot this

work that effective safeguards could be devised.

26. In addition to direct controls applied to gas centrifuge

information and compononts and devices assooiated with the gas

centrifuge method, controls on natural uranium needed for

operation of the plant would aleo prove important to an effective

control system. Controls on natural uranium w o u l ~ r . o ~ only ssstst

In deterring the utilization of centrifuges as weI! as other

production methods for ~ l l t a r y purposes, but at present appear

to be essential to the appl1cat1en or any meaningful international

sareguards.
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AtniEX I TO APPENDIX "c"

SUMMARY RESULTS - COI'PARISON OP COSTaTlME SCHEDUIB AND «ANPOWER

REQU~t~Gf~tri~ MgrrTr FAt

(Reactor or Cascade
thru Weap. Peb.)

Item

Capital Cost ( $ ~ 1 )

Operating Cost ($/yr)

Time Schedule (Monthe)

Design and Construotion

Operation

10 Kg Pu
(and 10 Kg Pu/yr)

38.7

7.6

44

21

50 Kg Oy
(.and 50 Kg Oyjyr)

38.8

6.7

36

13

51Over-all

Jrolanpower Requirecente:

Design and Construction

Professional and Scientific 355

Skilled 515

Other 1940

Total 2850

68

179

969

1216

Operations

Professional and Scient:L- 55 57
fie

Skilled 309 225

Other 197 155

Total 561 437

Grand Total Manpower- 3411 1653

• uncorrected tor personnel ~ h o conceivably could serve
e e q u e n t l a l ~ 1n construction and/or operations, if only one
year of production
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ANNEX II TO APPENDIX lie"

REPRESENTATIVE NATIONS POTENTIALLY
CAPABIE OF UTILIZING THE GAS ctNI'RIP'UaE METHOD

United States

Union Soviet Socialist Republics

Un!ted Kingdom

Austria

Belgium

France

Japan

Netherlands

Sweden

Swl tzerland

West Germany
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APPENDIX "0"

UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON 25, D. C.

February 19, 1960

MEMORANDUM PORI Mr. Philip J. Farley
Department of state

SUBJECTl CONTROL OF AND COOPERATION IN GAS CENTRIFUGE
RESEARCH AND DEVELOPMENr TECHNOLOGY

The attached baokground paper summarizes the current state
of t h ~ art both domestically and abroad in the gas centriruge
method or U-235 isotope separation. It notes that ss a result
or reoent developments here and 1n Germany, the prooess now shoWs
significant promise or producing U-235 at a cost bracketing the
ABC pUblished price schedule. The capital ooste, power require­
ments, and technioal skills neceesary to build and operate a
produotion soale plant may shortly be Within the capabilities or
as many &s 20 to 30 foreign countries it development maets ex­
peotations and the technology remains unolassified. The impli­
cations ot this on the Nth power problem are obvious. The statt
is now preparing reoommendations for Commission oonsideration as
to (1) tho future soope of our own gas centrifuge program; (2)
control of the gas oentrifuge process including information in
the light of the Nth power problem; and (3) cooperation with the
Germane. Dutch, and possibly others in this area.

Because of the complexity and interdependence or tha foreign
and domestio aspects ot this problem, we would appreciate the
views of the Department as to the several Questions raised in the
attached paper.

Members of my starf are l of oourse l available to discuss
th1s matter in further detail and prov1de such add1tional technioal
background 1nformation 8S may be of assistance to you.

A. A. Wells I Direotor
Division ot International Affairs
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ENCWSURE TO APPENDIX liD"

COllI'ROL OF AND COOPERATION IN GAS CENl'RIPUGE
RESSARCH AND DtVEWPMENl' TECHNOLOOY

The Commission has for a number or years 8 u ~ ~ o r t e d a modest
e x ~ e r 1 m e n t a l program at the University or Virginia in the s e p a r a ~

tion of U-235 isotopes by the gas centrifuge process. Most of
this work has been done on a classified basis and has not been
pursued as a matter of priority due prinoipally to the lack of a
foreseeable need for o x ~ a n d o ~ United States U-235 produotion and
the relatively high efticiency of our present diffusion plant,

Within Germany a gas centrifuge research and development
program has gone rorward with groupe work1ng at the Universitiea
of Bonn and Kiel, the Max Planck Institute at Aaohen} and at
DEGUSSA and AEO. All of the German work has been 1 ~ l e on an un­
olase1tied basis and aimed primarily at de',elopillB ' ~ : l e process for
oommeroial exploitation. In addition} e Dutch group has been
working under the POM (SOCiety for Pundamontal S ~ u d i e s on Matter)
at several different sitos on a basis which appeurs to be partially
classified. Although the Dutch interest is u n ~ ~ ~ b t e d l y partly
commercial, the p08sibility of using the procass for developing
a native U ~ 2 3 5 capability for national purposes such as naval
propulsion was noted in our recent discussions With ~ h e Dutoh
Naval Group.

Until recently, the state or the art both domestically and
abroad did not suggest that the economics or the gas centrifuge
process were sufficiently attractive to justify consideration or
bUilding a oentrifuge plant. As a result of developments in
Germany and in the United States} it now appears possible that a
gas centriruge plant could be designed} bUilt, and put into
operation Within the next rive years in the United States that
would produce U-235 at a coat roughly equivalent to our published
pricee. The basis for this assumption is a detailad study that
has already been prepared for the Commission by the General
Eleotric Company. It should also be notad that the building of
suoh a plant in Germany is judged by the General Eleotrio stUdy
group to be Within the capability of the Germans. It does not
appear, moreover, that successful conclusion or such a project
either in the United States or Germany i8 dependent u ~ o n coopera­
tion since the state of technological advancement is roughly equal
in both oountt'1es, With the Germans" it' anything, enjoying a
slight lead.

At the present time, the intorcation which has been pUblished
on tha German centrifuge effort (the ZG-III model developed by
Professor Beyerle of the Aachen Group) it usod as the basis of a
separations plant, would reSUlt" according to our estimates} in
the production ot U-235 at a cost approximately ten times that ot
our published price schedule. A refined model of this centrifuge
(the ZG-VII) is also unclassified and is currently an artiole of
commerce. {The Commission has issued a license to T h o r ~ e s t o l i f f e
to import seven or the ZO-VII oentriruges into the United States.
We understand Thor-Westoliffe plans to construct an exPerimental
cascade for purposes of studying the economio potential of the
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process.) Complete information, however, hae not yet been
published on the ZO-VII. According to our estimates, a plant
designed around this unit if built could produce U-235 at a coat
or two to tour times our pUblished price.

The General Electric study rererred to above would require
a $6 million research and development program to advance present
technology to the point where a plant could be built to produce
U-235 at a ooopetitive prioe.

We have reviewed these developments in light of the
potential of the gas centrifuge process for contributing to the
Nth power problem. OUr preliminary conclueion is that this
potential is significant and that the process now may, in some
circumstances, be equal to or slightly more attractive than the
plutonium reactor route. Some of the mora significant factors
underlYing this conclusion as useful to an appreoiation or the
problem. The hypothetical plant desoribed in the General Eleotrio
study would cost trom 17 to 24 million dollars, would be capable
ot producing 500 kgs at u-235 at ~ enrichment annually, and
would have a total annual power requirement ot apprOXimately one
mogawatt of electriCity. Except for the preparation at feed
materials, the skille needed to design and oonstruot such a plant
are primarily 1n the area of meohanical engineering and are
available to perhaps some 20-30 countries.

The principal liability of the centrifuge route as against
the plutonium reactor route today 11es in the fact that oentrituge
technology ie yet to be proven and the designs ot the more advanced
centrifuge units have not as yot been pUblished, nor have these
unite been tested. Eocause of our concern with the attractiveness
of the process to a potential Nth power we are studying What stepa
might be taken to control centrifuge technology both in this
country and abroad. It should be noted that independent or this
stUdy, the starf has under consideration a rec~ended research
and develop~~nt program designed to advance gas oentrifuge tech­
nology within the United States to e point where it could produoe
U-235 at a cost competitive with our published price schedule.
The principal Justification tor adopting such a program would be
to caintsin U.S. leadership in isotope separation technology
rather than to fulfill anr currently forecast requirement for
expanded U.S. production capacity.

In view of the potential of this process tor contributing
to the Nth power problem, our current intention would bo to carry
out such a program on a olassified basis in order moat effectively
to safoguard the technology.

Clearly, however, any classification action the Commisaion
might take could be vitiated if the German aotivities were to
proceed on an unclassified basia. It appears to us, thorefore,
that it is important to determine Whether the German Government
could and would classify its work in gas centrifuge teohnology.

We arc mindful or several problems in this regard which
could make such an action difricult. The G e ~ development to
date has been undertaken almost exolusively by private parties
interested in ultimate commeroial explOitation. To the best of
our knOWledge, the German Atomio Ministry has no olasB1tied
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programs due in part at least to Germany's oommitments under the
Brussels Treaties. Any moditlcation ot thls position could per­
haps have serious political repercussions ln Germany. It ls
unolear both tram the standpoint ot Treaty provlslons and pollcy
as to whether Germany could or would take a classltlcatlon action
ln thls area that would prevent dissemination ot the technology
to her EURATOM partners" although limitation or the technology to
the EURATCM members would obvlously constitute a degree ot in­
toncatlon oontrol substantially greater than a oanpletely un­
classitled development. The problem as regards the Netherlands
ls not treated separately here but we would assume that the
EURATOM aspects would be s1m1lar.

Notwlthstanding these problems .. we believe that the sate­
guarding or ultra-centrifuge technology by agreed procedures tor
the control of this intormation among the asveral states in which
centrifuge work i. being carried out 115 important and. should be
explored. It would turther appear to us that such exoloration
should in the first insta.'lce be With the Garman mod Dutch Govern­
ments.

We believe .. moreover.. that regardles8 ot ".ether these
governments or EURATOM could control their p r e 8 e l ~ and future
gas centrifuge information by classification or otherwise agree­
ment should be sought to control the export of gaD centrifuges
and related eQuipment and to subject such ex?ort to sateguards.
It is our impression that agreement on such centrols could probably
be suocelSGtully negotiated, and taken toe;<lt;her \f!..t:t. the agreed
controls we are seeking among uranium supplier n a ~ i o n s would
mitigate to aome extent at least the likelihood o ~ an Nth power
exploiting the process.

As a related matter.. the Commission staff recognized the
technical desirability ot cooperating in centrifuge researoh
and d e v e l o p m o ~ t ~ i t h the Germans and the Dutoh. While such
cooperation is not essential to achieving the stated objectives
ot the proposed U.S. developmental program, it i8 reasonable to
assume that it would oontribute to the rate and probability ot
their aohievement. In addition it would pormit an immediaoy of
assooiation With the European development whioh in itself oould
enhanoe oontrol. It it proves feasible .. there tore" for the Dutch
and Germans to establish control over existing and future gas
oentrifuge information" the pOSsibility of cooperating With thoso
two countriee on e classified basilS should be examined. We
reoognize that olalSsiried oooperation with the Germans and the
Dutch raises oertain problems with respect to EURATOM, including
the concurrence of the Community in the negotiation of new bi­
lateral instrument IS and the feasibility or the G e ~ and Dutoh
governmental segregating their work trom their EURATOM partners.
In thls regard the possibility or considering a olassified agree­
ment With EURATOM to permit exchange or gaa centrifuge information
deserves examination as a means for cooperating with the Germana
and the Dutch even though we recognize the policy problema that
such an Agreement would present to both the Buropeans and ourselves.

Pinally, it agreement cannot be reached with the Germans and
the Dutch to control gas centrifuga information, then there may be
serious Question a8 to Whether 8 real purpose would be served in
clss81fylng any of our own work. Should we, theretore" as a
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result or our inability to secure German and Dutch agreement to
control ccntriruge information, decide to declassify our own work,
it would appear possible to work out an arrangement for unolassi­
fied technioal exchange With the Germans and Dutoh under the
ambit of EURATOM if this should prove desirable, and, probablY
without modifioation of our existing Agreements for Cooperation
either with EURATOM or the member statea.

The staff 18 now preparing reoommendations for Cama181!11on
consideration as to (l) the future soope or our own gas centri­
fuge program; (2) control of the gas oontrifugo prooose inoluding
information in light of the Nth power problem; and (3) cooperation
with the Germans, Dutch, and possibly others in this area. Because
of the complexity and interdependence of the foreign and domestic
aspeots of thia problem, we would appreoiate the views of the
Department as to:

a. Whether an approach to the German or Dutch Governments
to seek thoir agreement on Classifying or otherwise control­
ling pNsent and future work is feasible and deB1rable from
an over-all U.S. foreign policy standpoint; and

b. Whether the German Government to your knowledge, could
or WOUld, 1n view of its Treaty and foreign policy oommit­
ments, be likely to agree to such an action.

On the basis of your consideration of these questions we
would apprec1ate your views regarding the general desirability of
cooperation in this field including your specifio comments as to:

a. Whether, if the German and Dutoh Governments could
agree to the oontrol of gas centrifuge information it would
be desirable from a U.S. foreign policy standpoint to
cooperate with them bilaterally on a classified basis in a
research and development program; and, if not, whether it
would be possible or desirable to seek to do so With EURATOM
under a olassified agreement.

b. Whether, if 1t is not possible for the Dutch and
Germans to agree to control sas centrifuge information it
would be desirable from a foreign policy standpoint to
cooperate with the Dutch and Germans either bilaterally or
through and with EURATOM.
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APPENDIX liE"

GENERAL ADVISORY CCM!"ITI'EE COMMENrS AND RECOMMENDATIONS

1. The General Advisory Committee at ita February 1 ~ 3 , 1960

meeting was brleted on the gas centrlf'uge method. Their comments

and recommendations as contained 1n their report, dated Pebruary 29,

1960, to C h a l ~ McCone are presented below:

!lOr. MoDania1 or the Division of Researoh and Dr. Jesse
Beams of the COlmnlttee described reoent developments 1n tho
gas centrifuge separation studies, both at the University
of Virginia and abroad, particularly 1n Garmany and Holland.
Although the Committed has followed this program rather
olosely during the past rew years, through Dr. Beams, it 1s
now felt that it has reached the point where it demands
serious and careful oonsideration. Recent experlmenta and
achievements are not only exoiting but promising for the gas
centrifuge separation process.

"It 18 recounended that we co-operate with the united
Kingdom, the Netherlands, and West German programs so that
we may be fully informed of the progress that is being made
in this enGeavor. At the same time, we should establish in
the United States a SUbstantial program that would lead to
the development or a pilot plant. The program should be
carried out in co-operation With industry, particularly in
those phases that demand engineering skills necessary for
the development of the pilot plant. Purthermore, it was
suggested that 8 detailed study of the program and its
potentialities might be made by the K.25 group at Oak Ridge. n

2. The General Advisory Committee was further briefed by

G. E. Garrett and his assooiates at oak Ridge at the March 17-19,

1960 meeting. Dr. Garrett presented the Oak Ridge paper studies

ot the potential possibilities of the oentrifuge mothod for the

separation or uranium and other isotopes. Alao, he coopared the

Oak Ridge e 8 t i ~ ~ t e s with those made by the General Electric Company.

3. The General Advisory C o a ~ i t t e e oomments and recommendations

on the cantriruge procGss as expressed at the March 17-19, 1960

meeting are given below:
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"It is believed that the centrifuge method haa certain
characteristics that may make it attractive especially
where small separation plants are required or where power
is scarce as is the case in many foreign countries.

"In order to &88U8 these potentialities .. we wish to
reaffirm our reoommendation at the last meeting to the effect
that a research and development program be oarried on With
the view of exploring further the possibilities or the
method. A180.. we wish to reoommend that the rollowlng
epeolrio programs be undertaken.

\

DELETED I D~~6r)
L-.-,- _

b. "Th1e 8uborltloal maohine ehould be ¢parated 811 a
aingla unit with u r a n l u m ~ e x a f l u o r i d e until an efficienoy
of at least 60 per cent of theoretioal is ~ ~ t a i n e d .

o. "A emaIl cascade shoUld then be oonstructed of 8
sufficient number of these c e n t r 1 f u g e ~ t ~ determine the
characteristics of their operation in a c3~~ada.

d. "The 8uperoritical centrifuge ,188 greater potential
Possibilities than the 8ubcrltlcal t y ~ e .. b~t the art 1s
not 8S far advanced. In view of this .. ~a :acomcend that
laboratory researoh be oontinued on the 8'lpercr1tioal
centrifuge. "
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UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON 25, D. C.

Pebruary 12, 1960

Dear Senator A n ~ e r s o n :

The first phase of a technical and economic evaluation ot
the gas centrifuge method of isotope separation being performed
undor contract to the Atomic Energy Commission by the General
Electric Company has now been completed. The attached study
(GEL 0708) reveals that, following a three yoar development program
including tho operation of an experimental cascade, the U. S. could
build a gas centrlfug9 plant which would produoe U-235 at a price
which might be oompetitive with the published AEe price schedule.
This stUdy was baaed on the ahort bowl (subcrltlcal) unite and 1s
being cont:'llued to factor 1n the long boWl developments being
carried out at the univorsity ot Virginia.

The plant desoribed 1n the General Electrio atudy would cost
about 17 million dollars, would be capable ot an annual production
ot about 75,000 KgB ot U-235 at ~ enrichment or about 500 Kgs ot
U-235 at 9 5 ~ enrichment. It appears that only about one megawatt
ot electrioity would be reqUired to operate suoh a plant. Except
tor the preparation of feed materials, the skills needed to design
and oonstruct such a plant are primarily in the area or meohanical
engineering and are available to many smaller oountries which h e r e ~

totors have not been considered 8S being capable ot producing
weapons materials. Much of tha basio intormation underlying this
process has been developed outside the United States and can be
oonsidered to be generally available to all countries.

The Commission is currently oonsidering this problem and
has begun disousaions with the Department of State and Department
of Defense on those aspects of the problem of ooncern to those
agenoies. We shall, of oourse, keep you fully informed on this
matter.

Sincerely yours,

/s/ John A. McCone

Chairman

Honorable Clinton p. Anderson
Chairman, Joint Committee on

Atomio Energy
Congress of the United States
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APPENDIX "011

UNITED STATES
ATOMIC ENERGY C<XOO:SSION

WASHINGTON 25, D. c.

December 7, 1959

TO A. A. Wells, Dirl)ctor
Division of International Affairs

PROM C. L. Marshall, Director
Division of Classification

SUBJECT: COOPERATION IN THE FIELD OF OAS CEm'RIFUGE

SYMBOL: C:CU1

ha ~ u u know, a topic of the new ABC Policy Guide provides
that e 7 . p e ~ ~ m e n t a l work on the detailed mechanical design for the
oentrifuge method of isotope separation may be oonsidered dl)­
clas8ifiable to date. There is, however, a restrictive paragraph
attached to the topio which requires that We OlS8Sify that work
when it b e ~ ~ " s p p ~ r e n t that it could reaaonably be used for the
p r o d u c t i o ~ ~ f large Q u e n ~ ~ t i e s of U-235.

One (If the factors that influenced the detennination to
olassify tr.is program in this way was the fact that at least two
othl)r oountries (West Ge~3ny and The Netherlands) are vigorously
purSUing studie8 in this f ~ ~ l d and that they have, moreovar,
advanced t ~ ~ i r technology ~ ~ ~ h e point where it is equal to or
better t h ~ r . C ~ ~ .

In considoring the proper classifioations to be assigned to
this ~ r o g r a f : l . not only now but in the foreseeable future. a number
or facta inevitbbly made thl)maelves felt. Important among them is
the fact that the Gercana have now already so far progressed in
their developoent or ~he &~s centrifuge method that they COUld,
Without any further 8avancement in their technology, build a
working plant for the mass produotion of U-235. The attached
table. which represents steps in the development of their program,
indicates very c l e a ~ l y that 1n a period of approximately 14 years
they have been able to increase the separative potential of their
maohines by better than an order of magnitude. while at the same
time redUCing their costs alao by more than an order or magnitude.

Another of the important aspocts of this method or separating
isotopes ~ a its very low power consumption. as compared with the
gaseous d l t f ~ s l o n method. One might Bay that for an approximately
equal total outlay in dollars (that ia, power plus plant), one
could build equally productive plants. However, to a nation short
on power. the loW power.consumption for the gas centrifuge method
could make possible a productive plant at a time when a gaseoua
diffusion Plant would still remain a desirable but impossible goal.
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We all, I know, rea11ze that a large-soale plant tor the
separat10n of heavy 1sotopes is an tmportant part of a weapons
program. Therefore, a method of separating isotopes, whioh would
make such a program possible tor an unfriendly nation, is olearly
one which should be classified.

The presence at China among the nations 1n1m1cal to the
United States gives that view both point and substance. This re­
awakening nation of several hundreds ot millions ot people 1s
already aignifioantly inoreasing its industrial potential, with
the help or the Soviet Union. It should be expected that as aoon
as Possible China Will atteapt to embark upon a weapons program
that. significantly, may be Without Soviet help. When one oonsid­
ers that the Chinese bUilt an advanoed oivilization many ysars
before our so-oalled Western oivilization eXiated, the probability
of their suooeeding in auch 8 venture must not be under-estimated.
China la, however, still power-poor and probably w111 be fOr#' scme
time to come. The gaseous dittusion process tor separating neavy
isotopes is not, there tore, Within their grasp tor many years to
oome. The gas oentrituge method, however, with its low power con­
Bumption, is not nearly that tar in the future, it one remembers,
as I pointed out earlier, that present technology would already
permit the construction of a working plant. It is not impossible,
therefore, that 1n a relatively short time China COUld, unless
steps ere taken to prevent it, purehsse on the open market a pro­
duoing isotope-separation plant for heavy isotopes.

In imposing classification on information and material in
the field of the oentrifuge separation process, it is not sutfi­
cient to think only in terms ot U. S. work 8inoe, ae I have said
before, both Germany and the Netherlands are known to eQual or
excel our own state of the art in this tle1d. In order to insurs
that such nations as China would not b ~ allowed to accelerate
their weapons programs by the use of this isotope separatlon
method, it would be necessary also to prevent them trom obtaining
the Information or the material frca other knowledgeable nations.

I theretore recommend that immediate oonsideration be given
to amending the olassified bl·1aterals With West Germany and the
Netherlands to include full cooperation in this field with both
nations on a olassifled basis. Because, I am aure, full coopera­
tion With both these countries will depend, at least in part, on
economic considerations which might involve the purchase of the
~ r u i t s of Oerman snd Dutch labor, snd beoause ot other powerful
considerations involving our relations with the British, o ~ which
I am sure you are well aware, I would also strons1y recommend that
the bi·1atera1 existing with the United Kingdom land possibly that
with Canada In the ~ u t u r e ) also be amended to permit the same full
cooperation. This would not only help to maintain our friendly
relations with t h ~ U. K. and incresse substantiallY the potential
market for Dutch and German products, but, by helping to obtain
the cooperation of the West Germans and the Dutch, would enhance
the security o ~ the nation by denying to unfrlendly nations, such
as China, information and materials Which would enable or assist
them to establish a nuo1ear weapon program.

Enclosure:
Table, as stated
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Peripbcral Scparetivc 8pecU'ie

Year R<>41ua L Poteotial Investment
Circa em em ••ec !1M' U

UZ1 19'>6 '"' 6.0 3·33 )02 0.582 12,050 17,200

UZ; 38 63.5 6.1 ~ . 1 ~ )02 0·935 S,3&> ll,950

Z03 66.5 9·25 3.60 302 0·91 6,300 10.300

Z05 113·0 9·25 7.03 )02 1 . ~ 3,110 6,1.00
U>

"" zo6 240.0 20.0 6.0 302 3·5 1,150 2,860

3'"' 5·32 1,150 1,680

Z01 '960 316.0 22·5 7·03 302 ~.11 1,265 2,100
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