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FOREWORD

The United States has consistently maintained that the development
of peaceful nuclear power should proceed only under the protection of a
reliable system of safeguards to prevent the spread of nuclear weapons.
Immediately after World War II the United States took the initiative
in the United Nations to establish international control of atomic engrgy
under the Baruch Plan.. After a decade of unsuccessful effort to achieve
international control through the United Nations, the United States in
1955 began negotiating with individual countries bilateral agreements
with incorporated safeguards against diversion of nucledm materials to
weapon uses while assisting these nations in civilian nuclear power pro-
grams. The United States also took the lead in establishing the Inter-
national Atomic*ﬂhergy Agency.

In January 1961, the United States supported the principle that the
IAEA should have the right to inspect and control the uses of the nuclear
fuel and technical assistance provided by the agency. During the same
year the creation of the Arms Control and Disarmament Agency as an inde-
pendent unit in the Executive Branch demonstrated the growing concern of
the President and the Congress over the potential spread of nuclear

weapons.

In an effort to discourage other nations from acquiring nuclear
weapons -- and to allow time for acceptance of internaticnal safeguards --
the United States has attempted to limit the dissemination of sensitive
tecimical information which could assist other nations in building a
nuclear weapons capability. The most sensitive information of “this type
relates to the design and fabrication of weapons and to the production of
uranium 235. For many years, when gaseous diffusion appeared to be the
only practical method of separating the uranium isotopes, the Commission's -
efforts could be concentrated on protecting the technology of gaseous
diffusion plants. Today, U. S. gaseous diffusion technology is still
considered more advanced than that possessed by other nuclear powers,
thus attesting to the apparent success of protecting the technology for

24 years.

In 1960 technical advancements in materials research and in compo-
nent design suggested that another method of isotope separation, the gas
centrifuge proceds might someday be economically feasible and meanwhile
could offer an "n™" power an alternative - albeit an expensive one -
to gaseous diffusion. The Commission took steps in 1960 to prevent the
dissemination of gas centrifuge information by determining that all ad-
vances beyond those published as of August 1, 1960, were Restricted
Data. On December 13, 1960, then AEC Chairman John A. McCone issued a
public statement and report on the status of gas centrifuge technology.
(A copy of Chairman McCone's statement is included as Appendix H.)

DOE ARCHIVES
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About the same time the Scate Nepartment and ALC began negotiating
an agreement with three Western Furopean nations to adopt similar ciassi-
fication policies to protect $as centrifuge "information heing developed
in those countries. The result was a formal agreement with the linited
Kingdom, and informal arrangements with The,Netherlands and the Federal
Republic of Germany, under which the parties agreed to limit access to
gas centrifuge information in accordance with a common classification
guide prepared by.the [I.S. Atomic Energy Commission.

\

Work on gés centrifuge technology has continued in these countries,
In addition, other nations, such as Japan, now have emharked upon what
appears to be modest efforts in gas centrifuge research and development,
ostensibly aimed at low-enrichment fuel for their power teactor programs.
In this country, classified work has continued under AEC auspices and,
commencing in 1961 certain privately-funded classified research and de-
velopment has béen permitted in a limited number of 11.S. industrial concerns,

- There have been other significant developments since 1960, the most
sobering of which has been the testing of nuclear devices by Red China.
This development -- coupled with Red China's bellicosity, the unrest
within her borders, and the weight which must be given to her influence
in the Viet Nam escalation equation -- has added new urgency to the need
for anti-proliferation measures. : '

Still another development, hopeful and encouraging in and of itseif,
has been the upsurge in the demand for muclear electrical power and a
concurrent evaluation of the requirements for and availability of future
enriching services for the nuclear fuel cycle. Abroad, and especially
in Europe, nations are assessing their future national requirements for
fuel and enriching services. -

The United States is seeking to assure those nations dedicated to
a peaceful-uses program -- and wha are willing to accept international
safeguards -- of a long-term, low-cost, guaranteed supply of fuel from
the United States. The Atomic Energy Commission has made clear in its
testimony before the Congress and in other public issuances that U.S,
gaseous diffusion capacity is ample to meet all foreseeable free world
demands through 1976, and through 1981 with some modernization. In
August, 1966, the Joint Congressional Committee on Atomic Energy held
extensive hearings on a proposed plan whereby the Atomic Energy Commission
would "toll-enrich" foreign ore in its diffusion plants, as a means of
further dissuadirdg nations from building indigenous uranium separations
plants.

It is possible that these assurances from the United States, no
matter how sincerely offered, may not be sufficient tn dissuade nations

with strong nationalistic tendencies from seriously considering their
independent need for an indigenous enriching capability, even though

DOE ARCHIVES

k FOREWORD
L

*




: RO\

—-

it might mean a higher cost for product. Because the gas centrifuge
appears to offer a relatively low initial capital investment and low
electrical power demands for modest production requircments, its poten-
tial application to these estimated needs apparcntly is being considered.
In this connection it should be observed that 50% of the work of producing
weapons grade (93%) uranium takes place in enriching the pProduct to about
2% or 3% (fuel grade U-235). "No significant additional technology is
involved in the higher enrichment steps once a workable process for
enriching praﬂucttﬂp to 2% or 3% has been achieved. It may well océur
to a potential "n” "' power that a respectable approach to an ultimate
separations capability for weapons would be a modest, low-cost, gas
centrifuge plant justified as part of an indigenous nuglear electric
power program. The credibility of the latter approach may be somewhat
enhanced by the potential application of the centrifuge process to the
separation of pen-fissionable isotopes or other substances of commercial
interest. '

During the past year the pleas of world leaders to halt the spread
of nuclear weapons have intensified. "Nuclear proliferation" appropriately
has been the subject of extensive discussion in the public press and on
the floor of the Congress, and it has continued to be a matter of grave
concern to the President. A number of studies have been undertaken to
analyze and to reduce to formula the combination of political, military,
economic and scientific-technical factors which must be present as pre-
conditions to the acquisition of a nuclear weapons capability. While
these studies have recognized that a source of fissionable material
either in the form of man-made plutonium derived from the operation of
reactors (whether designed for the purpose or produced incidental to
electric power generation) or from the fissionable isotope U-235 is
central to such a capability, relatively little attention has been de-
voted specifically to the proliferation potential of the gas centrifuge
process per se. Accordingly, at the suggestion of AEC Commissioner,
James T. Ramey, in November 1965, the Atomic Energy Commission directed
the AEC staff to update the technical potential of the gas centrifuge
and to reassess its potential contribution to the proliferation of nuclear
weapons. On January 18, 1966, AEC General Manager Robert E. Hollingsworth
appointed a Task Force to carry out the Commission's directive, =

The study has been timely. It has coincided with the renewed efforts
on the part of President Johnson and leaders in the Congress to check the
proliferation trend. On May 17, 1966, the United States Senate adopted a
resolution introduced by Senator John 0. Pastore, Vice Chairman -of the
Joint Congressional Committee on Atomic Energy, which urged every effort
be taken to prevent nuclear proliferation. President Johnson wrote
Senator Pastore on June 13, 1966, commenting on the Senate's unanimous
adoption of the resolution, observing that: ...This overwvhelming ex-
pression of sentiment is more than an indication of the support of the
American people for our unremitting efforts to stop further prolifera-

tion of nuclear weapons."

' | | DOE ARCHIVES
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The Task Force Report which
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SUMMARY

I. THE TECHNICAL POTENTIAL

»

As a result of advances made in the AEC gas centrifuge development
PTOgram over the past six years, in particular the successful operation
of the experimental centrifuge cascade, the technical feasibility o{ the
5as centrifuge process for the Separation of uranium isotopes has been
established * s of today, gas centrifuge units Gperating In an experi- |
‘mental cascade with up to 35 units for over two years have demonstrated x
1
|

a separative dépacity;- \whereas in 1961, only 12 machines \
having a separative ¢ L ‘

in the cascade. DataM inoE
units) of machipes of unit Capacities rangin ;“ Do

cd On_gToups,
vidual machinef having separative capacities DELETE } ) b ok
: eriods ranging from several ’

* competitiveness of the gas centrifuge process with the gaseous diffy-

sion process, and based on the successful trend of the current develop-
ment program, indicate that in the mid 1970's the gas centrifuge process
could become competitive with new gaseous diffusion plants at total plant
Separative capacities of about 500,000 kg/yr. However, this estimate
Treépresents a considerable extrapolation from currently available gas cen-
trifuge performance and, therefore, there is considerable uncertainty
associated with its realization. In general, however, the economic
characteristics of the two pProcesses are such that as smaller-plant :
capacities are considered, the gas centrifuge process appears progressively
more favorable relative to gaseous diffusion, Therefore, the pProcess

could be ec ical ¢ tQ nations having low I_Sgparative work .
requirements, /” ) \
OBLETED y

The gas centrifuge process theoretically offers the potential for
considerable further improvement in performance beyond that Projected
for the mid 1970's. Achievement of such further extrapolations of
machine separative Capacity is, however, considerably more uncertain.
Assuming significant advances would continue to be made in both machine
size and speed, examples of possible centrifuge models for the 1980's
have been postulated, These increases in Capacity are dependent on de-
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[I. THE PROLIFERATION RISK

Chapter IT of the TEport recognizes that a mumber of technicai,
2conomic, and political factors must be present to bring about a situation
‘avorable to nuclear weapons proliferation, Jt also recognizes that :
here are inlgfrent features in the gas centrifuge that lend themselves to

'n""" power situation: relatively low capital investment,
low electrical POwer requirements and easy concealment. Assuming that
these eléments of the proliferation syndrome are present, the .prolifera-
tion potential of the gas centrifuge may be sumed-up as follows:

For the nation willing to pay a high price for a fey weapons, it is
)elieved that there are encugh technical data ip the published unclassi-
Sied literature, patents, and patent applications, to enable a competent
iroup to begin an effective development program toward the building of a
vorkable gas centrifuge. The availability of information on more ad-
‘anced machines, i.e., information which is now classified, would improve
he economics.

_‘-

itruct gas centrifuge machines .suitable for separating’ weapons grade
Iranium. Depending ugan their industrial capability and assuming access
‘0 technology comparable to ARC 'S, it is.estimated that this could take
‘hem anywhere between 5 and 9 years. Without such access, it is believed
-t would, then take at least 7 to 12 years,




Chapter II also discusses t

he current inte
with the U.K., the Netherlands and West Germa

fuge development as well as other known foreign activities in this
field,

mational arrangements
ny to classify gas centri-

Appendix A contains an éxtensive discussion of classification con-
siderations, apd patent and export controls, :

Appendices D, E, F, and g contain specific information relating
to the proliferation issue .
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CHAPTER 1

TECHNICAL STATUS AND POTENTIAL OF GAS CENTRIFUGE

1
\].D=

The AEC, by contracts, has supported work on the gas centrifuge siri&
1953, Until 1960 this effort ranged between approximately $60,000 ax
$300,000 per year. The present AEC program, which is under the dlrect Sn
of the Oak Ridge Operations Office, is being conducted by the University
of Virginia, the du Pont Company, Union Carbide, AiResearch and Yale
University. Thgge contractors, working as a team, hilye substantially ad-
vanced all phases of the gas centrifuge technology. L,

A. STATUS OF TECHNOLOGY AEC SUPPORTED

The obJectlves of the AEC's gas centrifuge program are:

1. To significantly reduce the uncertainties and the predictions
of the ultimate potential of the process for the separation of
uranium isotopes in an attempt to determine if the process can

o\ become economically competitive.

25/ DELETED

3. To investigate the applicability of the process to separate
isotopes of other materials such as tungsten, sulfur, etc.

4. To evaluate the Nth power capability based On our progress in
the centrifuge field.

5. To maintain United States leadershlp in the isotope separations
field.

E.xpendltures on the program since November 1960 have been approximately
$2.3 million per year. The current dollar expenditure for the AEC con-
tractors and the private industrial firms together with a breakdown a?f

the personnel cleared for gas centrifuge work is shown in Table .l
Their work has been divided roughly as described below.

a. University of Virginia - Basic research and development studies
in the areas of internal flow, separation, applied mechanics, and materials,
with special emphasis on separation efficiency, materials and the aero-
dynamics of scoops.

1/ . Appendix C shows the major factors generally considered in evaluating

progress in gas centrifuge development.
la/ Throughout the report, Tables and Figures follow immediately tlie page

on which they dre first referenced.
| “ : DOE ARCHWEQ
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TARLE: |
AEC CONTRACTOR AND._PRIVATE' INDUSTRIAL PERSONNEL
WITH CURRENT ACCESS TO GAS CENTRIFUGE INFORMATION
"__-._--—_-—.—__—-__—_
AN
! _ CATEGORIES
CURRENT =~ ADMINISTRATIVE, PLANT TECHNICAL,
ANNUAL  CLERICAL & PROTEC- MAINTENANCE
NAME LEVEL  SUPPORT TION & INSPECTION TOT.
1. Union Carbide $ 835,000 18 0o 51 69
2. AiResearch o 700,000 17 2 28 47
3. University of Virginia 325,000 9 4 32 45
4. du Pont 525,000 26 0o . 6 32
TOTAL $2,385,000 _72 _§_ 117 193
Private Industry
l, W. R. Grace s / 6 0 10 16
Electro- 750,000 _ :

Nucleonics ’ / 5 0 9 . 14
SUBTOTAL $.750,000 11 0 19 30
2. GE ' 112,500 7 0 22 29

Allied 112,500 2 0 5 7
SUBTOTAL $ 225,000 9 0 27 36
TOTAL . $ 975,000 66 3/

€/ ‘fhe number of personnel in this Table does not reflect the current technical
effort. The figures are for personnel with full access, either continuously or
periodically, to gas centrifuge data. Personnel with only limited access, such
as part-time consultants, etc., are not shown. The numbers of such additional
personnel would be as high as 75% of the above number or a total of approximatel

340 individuals.

3/ This Figure includes all individuals that have access to some degree including

lawyers, secretaries, etc. DOE ARCHIVES
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- of the separation process within the rotor.

Dot
;,,‘L(ﬂ

" ‘ratio greater than 4.

~ capacitie

A

h. Flow Theory Study Grou (Yale University) -\Basic internal flow
theory stwlies in collaboration with the Tiversity of Virginia. These
include (1) studies on wider classes of houndary conditions; (2) findin,
significant parameters affecting scoop chamber flow; and (3) studies of -
radiation heat transfer, wave-1ike phenomena, . feed flow, higher order
separation, and other important areas as they develop. Several newly
proposed methods will he developed for verification of internal flow :
theory as moke experimental data hecome available; these will he use a

to refine the understanding of the gas hydrodynamics and the W 2 4
; -
c. Union Carhide Corporation - Development of versatile machiney-
i cade operatipn for use in a n different se :
erimental data on the cascade performance
[ ; Pleitrifuges are analyzed as they become. avail-
able and applied to the evaluation of the potential of the process: - ---
Emphasis will continue to be directed taward improving reliability, re-
ducing prof?ss gas losses, reducing costs s and increaSing the separative
ies”/ and separation efficiencies 3/of ‘the machines. The cascade
will continue to be operated for life tests to determine machine reli-
ability and to perform requested small-scale isotopic separations.

d. AiResearch Division of the Garrett Corporation - Concentrates its
efforts on the development of supercritical E';macﬁine‘s of sufficient
reliability for testing in the experimental multi-unit test facilities,

The effort includes analytical and experimental programs in the areas of
applied mechanics, bearing development, aerodynamics, corrosion, rotor
dynamics, and electric motor development, . ' DoF % f)

DELETED

47 S_eg?ative cafacii_:xtj 1s the ability of a device to separate isotopes.,
Tt is proporti to the product of the flow rate and the square of
the enrichment factor minus one (a factor of one indicates no separation).

5/ Separation efficie is the ratio of the actual (or expected) -
Eeparatxive capacity of a device to the maximm theoretically obtainable.

9] A sg rcritical machine is one that passes through one or more flexural
critical frequencies during acceleration or deceleration.- .A subcritical -
machine is one that does not pass through a flexural critical Tequency.

In genera], subcritical centrifuges have an L/D (length to diameter) ratio
equal to or Tess 4, vhile the supercritical centrifuges have an L/D

-1 -  DOR ailgHrVEa CHAPTER T




has been developed and demonstrated on UF6 (uranium hexafluoride) at
other sites. ' =

A summary of the significant progress made during the past five apd
- one-half years in machine development is given in Table II. A summary of
the PuF, separation experiments is given in Table IIT, N

T
T example, the subcritical cerntyy
d work on ines of 3, 6, 10,

in

L

— —— ..—.-—'—'_-/
A 35 unit gas centyifuge Cﬁ&ﬂ%&m_inﬁamtimﬁr_mmﬁmssbx
LETED '

Supercritical machine development effort has been directed toward (1)
learning to negotiate flexural criticals, (2) applying development experience
on machines of one diameter and length .to design and development of machines
of larger di;‘u:\e er and length, and (3) jmprove:pent of. iahili :

g gl d > | —it“_ LA ' -
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Alternative release

Of Page 17

has becn developed and demonstrated on UF6 (uranium hexafluoride) at
other sites.

A summary of the significant progress made during the past five and

- one-half years in machine development is given in Table II. A summary of

the PuF6 separation experiments is given in Table III.

It is clear that since the inception of the AEC's expanded experimental
gas centrifuge development program in November 1960, significant advances

- have been made in several areas of .centrifuge and cascade design and opera-

tion. / bof-

(2%

DELETED

A 35 unit gas centrifuge cascade has been in operation for approximately
three years with fiberglass overwrapped aluminum bowls, 6" diameter x 23"
length, filling most of the spaces: Fiberglass epoxy composite bowls, lined
and unlined, have also been tested in the cascade for extended periods.

The cascade has provided machine reliability data as well as valuable in-
formation in establishing the practicability of arranging and operating the
centrifuge units in various cascade configurations. Such information has
been extremely useful in the preparation of economic studies on enriched
uranium separation and Nth power evaluation.

Supercritical machine development effort has been directed toward (1)
learning to negotiate flexural criticals, (2) applying development experience
on machines of one diameter and length .to design and development of machines
of larger diameter and length, and (3) improvement of reliability and 6.2(s)
general cascadeability of the development machines../ ~

DELETED
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" CENTRIFUGE UNITS DEVELOPED.

IN GAS CENTRIPUGE PROGRAM :
M
1360 - 1966 BN

TABLE: 11

!
iy M Maxim
: = Opera:
Rotor Rotor Perioheral Separative Separation Time
Diameter Length Speed Capacity Efficienc (one u
j Type (#hches) (Inches) (m/s) . (kg/yr.) 7 - :
Subcritical Units . . : : ’
Originaly Zippe . 3.0 13.0 50 . 0.30 28.0 1 yr
(Base) . “
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B. STATUS OF TECHNOLOGY - U. S. INDUSTRY SUPPORTED

Following the removal of AEC classified gas centrifuge information from
the Access Pemit Program, the work of only two of the private industrial
firms which had had access under this Program was contimued on a limited
basis in this field. The status of that work and of the work of two firms
which had not been given access to ARC classified gas centrifuge data is

reviewed below. -

General Electricyand Allied Chemical - The General Electric Company and
the Allied Chemical eorporati on had access to Category C-24 data through
June 1964 and have been working together in the gas centrifuge field ona -
cost sharing basis for a two year period which expires at the end of 1966.
At that time, the relationship and the course of the future program will
be evaluated. Their major effort is at the General Electric Plant, San
Jose, California, on both mechanical and theoretical development, with
specialized development work being done at the General Electric Missile
and Space Division, Valley Forge, Pennsylvania ; the General Electric
Specialty Motor Division, Fort Wayne, Indiana; and the General Electric
Research and Development Center, Schenectady, New York.

——— - L ————

- GE made ard Tested their first almimym-bou) machines in 1963..
DELETED : Y/ mmmmwd

MENt with results dptained by Carbide e University of Virginia on
similar machines.

Since late 1964, the GE and Allied effort has been dil@&%lﬂmﬂb-ﬂ-
texmining the feasibility of operating a gas centrifuge| ETD ‘

and verifying exnerimentally that the nostulated theoretical efFiciency cifve-
is accuratef DELETfBEileg“ the feasibility of
mechanically operating a centrifuge - - :
ond additional empirical points w 'mmmgﬁmtmmq‘
the theorgtical effici B - -
% NELETED The mamifacturing process 07 @ Hew doUGle
T e . oi - VOB ARCHIVES
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tapered end high speed epoxy-fiberglass rotor 4.5" in dlameter and 13.5"
long, has been developed and a nunber of cormplete rotors manufactured.

- Development work has progressed on a promising new rotor liner made of
Aclar 22A, an Allied Chemical Corporation polymerized fluorohalocarbon
film. High speed drive disc development has been completed and a new
high speed, high torque motor is being mdnufactured. .

W. R. Grace and Electro-Nucleonics - The W. R. Grace Company at
Pompton Plains, N. J., and Clarksv e, Maryland, and Electro-Nucleonics,
Inc., at Caldwell, N. Y., also are working as a team. These companies,
working under an AEC no-fund contract, have not been given access to AEC
classified developnent information.

&

Electro

D(f: gas_centrifiige mac and t : umi gtors withf A
B,um UELETED ~The stated goar Or THiS company 1s uce

., = - . - -
2 wWorkable centrifuge machine that.can be mass-produced at an economic price.

The W. .R. Grace Company is installing, operating arid testing, at their 3

Pompton Plains facility, multiple-unit assemblies of 4.25" x 13" aluminum \
%’_QLQI__S which are fabricated by EIQWJ(
are installed and operatin 5‘ Ja _cascade arrange-
ting

25 uni
Dﬁ-e ~ment,/ The company is evalua .and interpreting, throtgh the use of com-
1(0'\ puter analysis at Clarksville, Maryland, the data generated at Pompton Plains,
G Technical and administrative direction of the experimental program is :

handled at Clarksville.

W Westinghouse Corporation - The Westinghouse Electric Corporation,
Atomic Power Division, has requested access to Category C-24 classified-
technology pertaining to isotope separation - gas centrifuge method,
through June 30, 1964. "he reported purpose’ of this Tequest is to assist
the company in its consideration of possible further active development of
the process and to alleviate what it regards as a possible competitive ad-
vantage afforded: General Electric and Allied Chemical Companies through -7
their access to such information. Al

L 'TE"WEstinghouse Corporation describes Phase I of its program as \ﬁ
S Y

1

m——k ey

encompassing resdarch and development studies in three main areas:

) 8
ol ~
p 2le 5 DELETED
3.
5 In addition, by c}arrespondence dated May 5, the company-stated that
it believes the following techniques have possible application to uramium
enrichmeént: o e :
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1. Electrochemical Diffusion - he eff tciency of systems snvolving
aqueous solutions of U0, (N, ), or K1, appears high. Secparation
factors' are being calcufatea and will be measured experimentally.

2. Gas Chromatography - Experimental data on separation of other
isotopes (Ne and Ar) suggest that good efficiencies cap be obtained
using uranium isotopes. Appropriate chemical systems are being
evaluated in order that separation factors may be predicted more
precisely for uranium. o

3. Electromagnetic Separation - Reductions in separative cost
appear possi Eﬁe if a ge\m:e designed specifically to produce large
quantities of fuel having 5% enrichment is developed.

The ¢ indicates it'may also wish to explore other more "esoteric'
separatio%s, including molten salt distillation and laser excitation.

- CAUTION

It must be observed that, whereas, Electro-Micleonics, Inc., and
W. R. Grace Company, as one team, and the General Electric Company and
Allied Chemical Company, as another team, are duthorized to develop and
b commmicate their own privately developed classified gas centrifuge
information to authorized individuals within their own group, they are
specifically prohibited from transmitting classified information between
groups. That is, the General Electric-Allied team is not entitled to the
W. R. Grace-ENI team's classified gas centrifuge data and vice versa, .

W. R. Grace-ENI is not authorized access to any AEC classified data
on gas centrifuge. . _

GE-Allied is authorized access to ARC classified information only
up through June 30, 1964.

In addition to the different levels of private and government classi-
fied information contained in this report, the report also contains pro-
prietary information belonging to the private companies working in the

' two teams. p

Therefore, readers of this report must exercise particular care not
only to protert the sensitive classified information contained herein,
tui to recognize and protect the various levels of classified and pro-

prietary information.
————— e i
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D. FUIURE ADVQEBS
As a resuit of advances made in the AE gas Centrifuge development
program over. the past six years, in particular, the successful operation
of the cxperimentaj centrifuge cascade, the technical f&qsibility of the
83as centrifuge process for the separation of uranium isotopes has been
established, A remaining major question is its economic feasibility,
of particular interest, its competiti i ' | i i
for enriched traniug produ:!:_ion.
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G _}(6‘\ %ﬁé‘!’m’ macnine reliabIITEy since te

Ixperimental results to date from ABC'S classified program tend tg
confirm the theoretical predictions of separative Capacity (Figure 1)
and separative efficiencies (Figure 2) as a function of the peripheral |
specd of the centrifuge bowl. Figure 3 shows the machine improvementss,. |
in temns of separative work, which have i since-the bepinnin
of ! nded program in 1960. From Figure 3 on page 32, ax ' the--
photograph on jpage 2T, it can be Seen that considerable progress ha, fisei
made since 1961, when the modified Zippe 3" x 13" units were ing 2§}

370 m/3_with a mrﬂﬂammSih/nduq_t g nresent of et
DELETED "

S C d el Ter 1l A
various centrifuge models shown
have operated o¥er different time Spans, ranging from a few hours to

several years,

On the basis of past work, the promise of ‘better materials, the .
availability of many good alternative design approaches, and not yet
having reached theoretical limits on performance, the prospects for con-
tinued progress in Centrifuge technology are very - The primary
purpose of the ARC program is to devélop centrifuge units with high sepa-
rative work capacity at low Separative work cost. While increases in
Separative capacity may be significantly enhanced by increasing the peri-
pheral speed, increases may be obtained alsg by increasing the length of
the centrifuge unit. :

Short-term tests in the ARC program, such as thgse already made at
impressively high speeds, have added confidence to projections involving
high-performance units. However, much more development work and advance
of technology is required to determine whether the long-term performance
and reliability, essential for the economic operation of projected high
performance units, can be achieved. '

r

The performance estimates of gas centrifuges for the early 1970's,
shown in Figure 4, represent significant extrapolations from currently
available performance, and as such there is considerable uncertainty
associated with realization of these ‘estimates. The estimates indicated
for the 1980's in Figure 4 represent, of Course, further extrapolations
and are correspondingly more uncertain. It is not presently known whether

the performance of the centrifuge types projected for the 1980's can be =
realized; e.g., it is mot possible to predict at which point operating J
levels will be limited by mechanical performa i

strengthp,: The ability G operat ! , L

Tang nds upon improvements ip existing ma

new high strength materials and in the application of these materials 1}5

centrj onfigurations, € program i) elop.
or other purpose erials such as high strength fiberglass; the rate of

progress in materials technology, therefore, will be affected by nmationail

efforts independent of centrifuge program needs. Also, it is expected .
thet the success of efforts to fabricate rotors with near-perfect balance
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FIGURE 4 - 6: 7

SEPARATIVE CAPACITIES OF GAS CENTRIFUGES
PAST AND PRGJECTED FUTURE
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\ UNIT COST OF SEPARATIVE WORK VS
. TOTAL PLANT SEPARATIVE CAPACITY

FOR PERIOD TO MID 1570°s

|
L1l

— CASCADE SEPARATIVE GASEOQUS DIFFUSION o— — — ™~ —
CAPACITY ~ GAS CENTRIFUG ———
8U/cantrifuge
— ka/yr —
= 5.0 —

100

UNIT COST OF SCPARATIVE WORK, $/kg
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or the 198('s represent, of course, further extrapolations and are, as
nated earlier, correspondihgly more uncertain. - Achievement of the machine
Performances postulated for the 1980's would make the centrifuge process.
economically competitive with diffusion for large scaile Production plants.
Figure 4c provides estimates of the uncertainty range on unit costs of

military or nuclear POWer programs, the comparison:.; between U,S. gaseous

diffusion and gas centrifuge economics cannot b lated to
situations abroad, i
OELETED ' -

'ﬂg:xperimental cascade Thryme=—

gsten hexafluoride, Research quanti-

um
ties of tungsten isotopes produced in the experimental cascade werey Biflied
to NASA and to %he_ Lawrence Radiation Laboratory,

ties from the electromagnetic facilities. and ton quantities from gaseous
diffusion plants. A Semi-quantitative comparison of the Centrifuge process
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!E] 'I'IE 'l'iEIes are taken from the Gas Centrifuge App

pald

o

with. other isotope separation prucesses is presented in Table IV~ 16/
centrifuge cascade would have $mall gus inventorics and the explhhrium
time would bé short. Tius a single ccntrifuge facility could be used for
the production of a wide variety of isotopés since the cascade can be.
evacuated, récharged with a new gas, and reach equilibrium operat i:on-
ditions agqn within a. short time. Table V1 _ mrizes several isotom

sep tions- for w trifuge would be we o Llheunit
gstx el H"':m:{n I ces tr;]_fulq :‘:":.'i ty x :li TED
|' - = Yy N i °r :_'_‘__| it EVe. on '11. l___|'|

TS TRty Tstalling Tulire improved centr ige mode;
-”“f" .’ w1

d have the ¢ fect of re:hcim the unit cost of

anmmm Amr%gn

ialized and. upique capabilities ‘of the gns cmtufuge has

' ms ta. thsﬁ elopriant of a neutron velocity selector for tlie NASA

Lewis ’B"ummnf. m ndxtrcm vqlocity sole:tor. which is classiﬂei.
iy a hiahswpd seier ) nles. -

¥ Earmatl MMIM'MMM ; ‘aa:lﬁreactor’mut:h
wmpﬁenm&mmmm _ _

.'l-
f . ;

a T

g;td 2/4/64. The Task Force has made no Independent ve dor
ﬂ'l‘ iﬂiblutionn . R s e _
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THE MOST PROMISING METIIODS OF ISOTOPE SEPARATION

FROM THE POINT OF VIEW OF ECONOMICS
FOR VARIQUS SEPARATION TASKS

Small Scale
Production Rates,
mg/day

Intermediate Scale
Production Rates,

g/day

Large Scale
. Production Rateas,
Y kg/day

Lighc Isotopes

Intermediate Welght

Heavy Isgtopes

! (M < 40) Isotopes (40< M< 150) (M > 150)

1. electromagneti%gj 1. electromagneti%ﬁf_ 1. electromagnet
2, discillation, 2, thermal diffusion? 2. thermal diffu:
chemical 3. moleculsr distilla~ 3. centrifuge

exchange . tiom 17/ 4, molecular dis-
¥ thermal diffusion 4. electromigration-— tillation

4. molecular distil~
lation

5. electromigra:io%I/

l. distillation, 1. centrifuge l. centrifuge
chemical 2. thermal diffusiiz/ 2. sweep diffusio
exchange 3. sweep diffusion 3. molecular dis-

2. thermal diffusii . molecular digtilla- tillation

3. sweep diffusion tion 4, electromagneti

4. molecular distil- 5. electromagnetic
lation

5. centrifuge

1. distillation, 1. gaseous diffusion 1. gaseous diffus
chemical 2, centrifuge 2. centrifuge
exchange 3. sweep diffusion

2. molecular distil-

11/
18/ |

lation

! rated to each aﬁparauion Job,

Processes requiring appreciable development effort.

For small scale production the electromagnetic process is most econcmical due
the fact that a separation facility is already in existence and costs can be [
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CENTRIFUGE SEPARATION OF ISQTOV

= |

e

TALE V

500 Centrifuges

pLNTEREST L4/

Product Eatimated ,Interest
Isotope Concentration Unit Cost,='Expressed \
Desired Desired, % $/gram By Statement of Use
Molybdenum-92 90-99 8-25 LRL . Structural material im nuclear
-94 ORNL ram jet engine and as membrane
: in a moltkn salt reactor,
Nickel-64 10 10 Westing- Obtain estimates of depletion
o house Corp, ratesd of boron-10 in reactors.
Silicon-29 9.4 12 ‘ Rice Univ. .R;aearch experiments related t
-30. 6.4 2.50 ORNL .. neutron energy measurements,
Feed foir”calutrons.
Tungsten-182 90 30 NASA Development of advanced nuclea
-184 90 45 rocket engines.
=186 90 10
Vanadium-50 2.5 100-150 ORNL Neutron cross section measurem
and mass spectrometer standard:
Feed for calutrons, ;
. Sulfur-36 1.6 250 Biology Div, For use in biological researct
S - ORNL
Uranium-234 3;7 5 Isotope Div. Pre-enriched feed for caluéror
ORNL and basic research studies.
1 barn 1.00 Isotopically altered xencn.

Xenon-134

19/ Partial listing of materizls is shown. .

LASL

In general, calutron cperating personne

are interested in pre-enriched materials such as Te-120, Se-74, aetc, LASL is

]

tration,

8lso interested ip mercury-201 and osmium-187, 189, all enriched to 80% concen-

20/ Costs include full cost recovery on labor, overhead, material, and plant write-

off based on 10-year straight line depreciation,
No allowance is made for AEC charges or feed materisl cost.

&ggumed,

o 36

M TR i

75% utilization factor is
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Proliferation of mucieay weagons has been. the subject’ of wideSpriad
interest in recent months. A mmber of Studies have been lndertaken2l/
most of which have sought irt some manner to ide'ntiﬁv_ the factors which
TuSt be present tq, bring: shout g condition of okitical ,"crit@cality.'{_
The present-smdyf'_hcngver; 18 theonly: otig o vhich o are aware whic
deals primarily with the prolifeia‘tioﬁ-._pqtentiél of the gas cenitrifuge,

A w T Tey

. It is recognized this th pPossession of gag centrifiige technoio
and capa ility %:ld not alone he. su_ffic-ieql: to cause or ermit an Ng -

er td embark up nuel 2apy . Ltic
3’33 technological factors must alsq be present, This ter explores
tHe elements of prolife‘r:atiiqn, the technicai i .
U-235, and the extent ta-w?i_ch gas centrifuge technology and itg special
features might tip. the politicai scales in certain Countries in favor of
a modest nuclear weapons program, ‘ : ' )

Yy A. Prospects and Motivations _

. The late.President Kennedy ig réported to have said, ".,.T see the
possibility in the 19701 of the President of the United States having
M\ to face g world in which 15 or 20 or Z5 nations may have these mclear
- Weapons, I regard that as the greategt possible danger ang hazard, "3/
i : « At that time, 4 nations Possessed miclear
weapons. Today, 3 years later, 5 nations possess miclear weapons,

21/ The Rand Corporation is currently making g broad study on pProliferation
for the U.S. Air Force and the Assistant Secretaries of Defense --
Internationai Security Affairs (ISA) and Systems Analysis, '

|ﬂ or the Depa t of the Army DN 1
L ety " L
7,5 DELETED A
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The natural consequence of expanding nuclear p&wcr production is increased
Eliutonium availability. With increased productitn of ‘plutonium, expanded

owldege of its characterisgics, and broadened capability

.’ ] ) A L]
.Lnventory of Potential Nth Powers23/- There are a number of countries
not possessing miclear weapons which do have the technical and indus-

trial capability to make miiclehr weapons. Even more could

o it with

varying amounts of outside help. The time that would be required to
produce the first weapon varies, and the incentives or motivations for or
against a decisiongto embark on a nucleat weapons program also vary.

The passage of time can only reduce the relative economic burden of a
nuclear weapons program, Changes in motivations and incentives that will

occur in the future are more difficult to predict.

Of the nations not now possessing nuclear weapons, Canada probably
could do so in the shortest time. Within a few months to a year, Canada
could, without outside assistance, test a first device, and could produce
weapons relatively shortly thereafter. Incentives to do so are considered
to be relatively weak because of the special relationship between the USA

and Canada.

The following countries are examples of those which could produce a
few weapons in the next 10 years, either alcne or with some outside assist-

ance; but whose balance of motivations and restraints make
that they would decide to do so: Belgium, Denmark, Italy,
Norway, Portugal, Spain, Argentina, Brazil,_ Czechoslovakia,

[

it appear unlikely
The Netherlands,
and East Germany.

| DELETED
ot
’3-5\ Motivations - The factors which determine whether or not a nation will
Uﬁ . Seek to acquire nuclear weapons differ widely from country-to-country
L‘\ and may not be fully apparent to observers cutside the country since they
can be based rather heavily on personal jugﬁmmts or feelings of individual
government officials. What may appear to the U.S. as critical deficiencies
in the basis for a projected nuclear weapons program may not appear as such
to the govermment considering the Program; the latter may feel, for a
LI LETED |
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mixture of political, military, and other reasons, that a given program
would be a good investment even though by our standards it would be
costly relative to other economic needs of the country.

The rationale for seeking independent nuclear weapons capability
generally can be expected to include arguments relative to national
security which, in turn involve judgments of long term reliability of \
alliances and psycological arguments on the importance of national
indigenous independence from outside sources. Underlying motivations
behind published rationale may be even more varied and wore difficult
to identify. ; e

B. Elements of Proliferation .

1. Economic Base - Even a modest weapons program (say, one weapon
the first year of production with an objective of stockpiling 25 weapons
in a 5-7 year period) would require an initial investment for the first
weapon of approximately $140-180,000,000 through the first detonation,
and $20 million to $30 million a year thereafter. However, the cost
increases markedly for more than a minimm program. For example, a
program to produce about 20 plutonium fission weapons per year would
probably cost about $500 million to $600 million through the first test
in order to develop the production base to support the larger quantity,
with subsequent amnnual operating expenses of about $75-$100 million.

All Figures in this paragraph are exclusive of delivery systems. India,
Sweden, Japan, West Germany, Israel, and Australia would appear to be
able to meet this level of expenditure. :

2, Industrial Base - The industrial base required for a nuclear
weapons program depends to some extent upon the specific course chosen
for supplying materials for that program; for example, plutonium from
reactors as a by-product of power generation suggests emphasis on
chemical processing technology with needs in metal fabrication and
large power equipment dependent upon choice of domestic manufacture
or import. Extensive imports presumably require foreign exchange to
be available from other industrial, agricultural or mining activities.
Isotope separation, whether by gaseous diffusion, gas centrifuge, or
electromagnetic separation, suggests the need for a industrial base of
advanced materials technology, mechanical engineering, and chemical
processing, ' . :

Industrial skills required for developing and producing nuclear
weapons, having the fissionable material in hand, also are scmewhat
dependent upon the material chosen but, in general require abilities in
metals fabrication electronics and instnumentation, and explosives.

Whatever the choice in weapons material, the industrial base must
offer not only the particular skills in persomnel and capabilities in
equipment_needed but also must be of sufficient total capacity that the
diversion to this end is acceptable in terms of total national economy.

- 39 - DOE ARCHIVES
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The acceptable level of diversion, of vourse, depends upon political
decisions, the urgency of the motivation, and upon other resources
available to the country. .

3. Scientific Base - Scientific and engineering skills in fields
such as physics, meta urgy, chemistry, and mechanics must be available,
at least in part, in connection with the industrial complex of a natisn,
if industry Tts reasonably extensive research and development
activities. These skills, however, could be supplied from one or more
educational or research institutions of high quality. While physical.
sciences and advanced engineering are vital » medical scidnces play an
important supporting role. It is unlikely that a successful program
could be carried out, even with the current' general availability of
much of the needtd technology,_ without the participation of at least

and technology supported in turn by a’larger group of technically trained
personnel, preferably with experience in the nuclear field.

4. Materials Base - Finally, there would need to be availéble
sufficient Taw materials, including source or special nuclear material
legitimately acquired or diverted from peaceful uses to support the

If all of the foregoing general elements are present at a given
time, together with Strong political motivations, and if strong external
military or international political restraints are absent, another Nth
power may well be conceived, _

C. Sources of Special Nuclear Materials

Only three nuclear materials (U-233, U-235 and Pu-239) have all the
characteristics which make them useful in Producing an explosive fission
reaction. Other fissile materials have such short half-lives and are 1)
strongly radicactive that they have little or no practical value in weapons,
and in addition, they are more costly to produce. No basic processes,
isotope enriclment and transmitation of materials, offer alternate routes
to production of materials for nuclear weapons. Each process has several
variations with attendant Tisks in costs, time, and assurdnce of success.
The degree of assurance of success is determined largely by the extent
t> which a country uses technology which has proven to be successful,

plants. Both reactors and processing plants can be and, in fact, are

be used for the production of nuclear weapons material. Plutonium can be
produced in reactors fueled with natural uranium, which require no isotope
enrichment facility. In fact, all central station nuclear power plants,
whether fiieTed with natural uranium or slightly enriched uranium, auto-
matically make plutonium as a by-product of their operation. If thorium
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is oresent in the reactor U-235 is automaticaily pro;Eced. There are
technical difficutties in using U-233 in a Weapons program, but they
are surmountahje. . .

Some appreciation of the extent to which special rnuclear, material
will be produced in connection with central station powgp plants is
pertinent. AEC Chairman Glenn T. Seaborg has project
estimates for free world nuclear power generation by 1980 are correct
(about 100,000 M¥ electrical in the U.S. by 1980 and a comparable
amount in other countries, exclusive of the Soviet Bloc ,and Commmist
China) the plutonium produced will be at the rate of mope than 100
kilograms per day. . -

Isotopic sgparation is required o produce uranium enriched in the
isotope U-235.. There are several processes by which this may be accom-
plished, including gaseous diffusion, gas centrifuge, electramagnetic,
and thermal diffusion processes. Electromagnetic and thermal diffusion
processes were declassified years ago based on judgments that neither
held promise of econamical production of weapon grade U-235 in quantities
large enough to be of military significance. Gaseous diffusion technology
has been most widely used for separation of U-235 and has been controlled
very restrictively by each nation which has developed the technology ahd
applied it to production plants. _

The non-nuclear countries which ml;}glgt initiate a weapons program in
the next decade.would prolgably regard gaseous d_iffusion process as

DELE RO

D. Proliferation Potential 'of the Gas Centrifuge

* Note: (In discussing the proliferation potential, certain assumptions
are made that need to be explained. First, it is initially assumed that

2/’ Speech before the National Association of Manufacturers' Conference

On"Industrial Science § Technology, Washington, D. C., June 7, 1966.
. . OOE ArcHIVES
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the potential Nth power is a nation seeking only a modest weapons
program, say, one weapon the first yeat of production with an objec-
tive of stoc Piling about 25 weapops in five tc BYeN_Years econdl

b. 3

The proliferation. of nuclear weapons has .occurred indePe'ndently of .
the ga;- Cpnﬁiflixge; and it appqar? a,f‘t wi;shgut strong military or in-
temational political restraints (safegua nuclear weapons c ability
will almost certainly\cbnt:!mg to spread. . = )

| 1he gas centrifuge, especially with ABE's current advanced technology
could serve both to increase the numbey .of Nth powers. and to accelerate

50 kg & year of weapons ‘a the cost per weapon is less than
for a weapon fabricated ro plutonitﬁ produced in a production reactor.
. Theest of fissile material per. weapon_ for a’device fabricated
! from weapons grade memmmcagcade based
1965 sachnology woul DELETED e COMPared wi

-—

o E ] N t r. y ‘e !
7. Using 1966 AR gas.cantrifuge technology and based.on bowl spads %

DOE as ¢

ter
b ¢ ?(:6»\ reacc:h

Fi7 Plﬁtonium production reactors referred tg have and generally
~ throughout the report are envisioned to- relatively small and
of the type an Nth power mi%m;é and not the large production

h
facilities found within the - |
QOB srcHIVES
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TABLE V1

ESTIMATED COSTS OF FISSILE MATERIALS TO; PRODUCE ONE NUCLEAR WEAPON#*
.M—

Enriched Uranium FOR AN ADVANCED NTH POMER

Produced Using \

Gas Centrifuge/ :

Technology Level ' y 2

' As Measured by Total Estimated Fissile

beripheral Speed PLUTONIUM PRODUCTION Matgrial Cost, $/Weapon

{ R T R S L, e . . o, 1 11 . s e ey ' ‘
| 6.9%)
’ Pu Via Production §6.5 MM ($650/g Pu). -

Reactor Route

, ' PuVia Esrly Dischargs $1.0 M4 ($100/g Pu)
wer Reactor Fuel e S ———
/__——-'—"-_""—"_‘——-_._ —_—

D / | |

DELETED
k e 2 ey e '
Note: It is emphasized as pointed out in the text that these estimates o
A not include the total resource requirements needed to produce a
nuclear weapon. . ' ' oor ARCHIWPA
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\ DELETED | would

~
firm drawing only upon infarmation in thé,,qng_la_ggjjied 1it 26/ \x
L £ds _centrifuge technology heyond 1966 with Béiiﬂlf% '
reduce the costs per weapon still further— .

Table VI also makes it apparent that from the standpoint of economics
an Nth power might find it advantageous to embark on the more respectable
course of ac&uiring plutonium incidental to the production of nuclear
electric power. Under this: choice the: cost would drop to about $200 thou-
sand per weapon. This is because the civiliam. nuclear, power program could
be charged with: the capitak investment and. the. operating and chemical sepa-
ration costs, wheréas the weapons program would be charged only for fabri-
Cation costs and flel value. of: the Pu.2L Tt should be noted, however. .
that. this. prespgoses: an; ability on: the pars: of: a-particular Neh power to

_dirtyl? plutohiyi:" (Sed’ Fo5thdts ort page. 44-)" /NEITE ther ph7stey
e o o Vot e ety sl SO materiat are by,
e use of. "dirty’" plutonium requites s igher' degred of sophistication
in. hapding and. fabrication, techniques; &n&h limits thé we'a;gns designer
in’ achieying desired: goals. It would require considerable experience in
the handling. of plutonius dnd. it would be desirzble to actually test at °

-

' least one to assure a reliable weapons design. (An Nth power would

probably want to test at least one weapon regardless of the design to
amounce entry. intg tfie "club.'") In addition, more "dirty'* plutonium
would bé required per weapan over that containing a higher ratio of Pu-23
(weapons grade plutonium)’, - Therefore, the apparently Iower dollar costs
for plutonium produced incidental to a nuclear elgctric power reactor
program may not be as attractive as at first blush. :

26/ A review of the published unclassified literature, patepts and patent
applications by AEC and contractor personriel knowledgeable in the gas
centrifuge field has led to the conclusion that enough technical data
is contai in those documents tg enable a competent individual or.
group to begin an effectiva development program toward the building
of a workable gas centrifuge machine. e success of the program
would, however, depend on the quality of the individual or group,
and on the direction selected for the thrust of their development.

In regard to the direction takén it has been noted that Electro-
Nucleonics, Inc. chose a direction which yielded good results in a
reasonable"'period_of time. There is no.guarantee that a country
beginning work in the gas centrifuge field might not mike comparable
progress starting with information in ‘the unclassified litersture.

27/ . A number of countries' finds have been spent for research and for
development of facilities not directly related to weapons production.
The additional amount which each of these countries would have to spend

program desired. With the exception of weapons fabrication and test
facilities, all facilities essential to weapons production can be .
justified as necessary for a peaceful nuclear research and power program.
By deferring a decision to manufacture weapons until after completion

of all facilities required for production of fissionable materials, a _
Coumtry-can—1imit- the-incremental- cost of undertaking weapons--production

to the expense incurred for research, development; fabrication, and

testing of actual weapons. -~ 44 - : y
O0R ARcrrivme gl A ek 11
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ore, on technical progress, gas centrifuge technology
appears to offer the following advantages to a potential nuclear power:

1. Small production rates of U-235 - equivalent to a few weapons
per year - could be provided with gas centrifuges-at both a
lower capital investment and a lower unit cost than with a
relatively small gaseous diffusion plant.

2. Physical concealment of plants using gas centrifuges should
present no problems because of their relatively small size
(even including feed and metal processing and wastezgyorage)
and because of relatively small power requirements .=/

3. Gas centrifuge technology appears to have considerable develop-
ment potential which should result in technology which will
further reduce.resource requirements for production of weapons

material

p————

DELETED

Rk XX

Some of the emphasis on relatively low production rates - 50 to
500 kg of U-235 per year - in discussing gas centrifuge derives from
the substantially greater efficiency of the gaseous diffusion process
for production rates in the thousands of kg per year, and the high

28/ Photographs on pages 46 through 50 show the -25 gaseous diffusion
complex and the small building requirement of the gas centrifuge work
-2t Oak Ridge (including a photograph of the 35-upit cascade) and at

Electro-Nucleonics, Inc., Qaldwpll, N.

J. .

. DO .~ CHAPTER II
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Rear view of Electro-Nucleonics
E Building, Caldwell, New Jersey
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research and development and 35 unit
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degree to which the process has been perfected in the United States,
However, the reader's attention is invited to Figures 4a and 4b, on
pages 33a and 33b, on which foresesable advances in gas centrifuge
technology have been projected and compared with gaseous diffusion for

comparable amounts of Production. f‘

DELETED

In sumary, it can bBe postulated that: °

1. Proliferation of nuclear weapons can and has occurred without
gas centrifuge technology. ]

2. Gas centrifuge technology could accelerate or increase pro_l.ifera-
tion. In addition, the gas centrifuge offers special features for a small
weapons program, especially when coupled with the ease of concealment.

3. There is no guarantee that a country beginning work in the gas
centrifuge field might not make significant progress starting with infor-
mation in the unclassified literature. -

4. Advanced gas centrifuge technology if available to the potential
Nth powers could greatly influence a decision to embark on a nuclear
weapons program; and would be of great interest to some of the present
nuclear powers in improving their weapons materials production processes.

E. Controls and Safggg_ngds Against Proliferation

It is apparent from the preceding discussion that the proliferation
of nuclear weapons has occurred independently of gas centrifuge technology
and that there is no absolute assurance, taking into account the suscepti-
bility of the gas centrifuge to clandestine development, that proliferation
of nuclear weapons throu_gh this technology might not continue.despite such

No occasion has yet arisen requiring the application of international
safeguards to any signi icagt‘ isotope separation facility. The technique °

viding acceptable assurance. that al]. the-product of. facility may be
accounted for. This problem has not been studied in detail for the case
of an isotope separation facility, either of gaseous diffusion or the
8as centrifuge type, in a non-nuclear weapon country, where ane must be
concerned with the possiblé diversion of clandestine production of small
gmounts of highly eariched uraniwm, s

: N A - y CHAPTER IX
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Meanwhile, therd appears to be little choice hut to contimie the
policy of classifying and controlling gas centrifuge technology. Ap-
pendiz A contains an extensive discussion of classification, patent and
éxport controls and formal and informal arrangements with the l.K., the
Netherlands, and West Germany to protect 8as centrifuge at the level of
Secvet, using the AEC classification guide OC DOC-73. Appendix B descrihes
the history, pyrpose, and legal distinctions in relation to the gas centri-
fuge of the Acess Permit Program and the no-fund contract.
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APPENDIX A

CLASSIFICATION AND CONTROLS

1. Domestic Cont'rol

(a) Classification Policy - Classification and associated xestrictions,
including penalties, offer the only practical method for control of infor-
mation. Information covering the gas centrifuge process for separating
isotopes was classified by the U, S. effective August 1, 1960, Current
centrifuge classiffcation policy as expressed in OC Doc-73, and in €G-PGC-2,
provides that credible technical information in the public domain as of
August 1, 1960, is unclassified, Developments and improvements developed

since that time are classified,

(b) Limitation on Mumber of Paople Having Access to Centrifu Technology -
In a genera sense, the possibility of inadvertan Sclosure in any control
system is in part a function of the number of people - and Particularly the

number of organizations - who have access to the information being con-
trolled: In dealing with this aspect of controlling £3as centrifuge infor-
mation, it is perhaps helpful to perspective to recognize the size of the
access groups in alternative or supplemental areas of the chain of essential

information,

Below is a table reflecting the number of U, §, nationals that presently have
and those that have had access to classified technology in the gas centri-
fuge, gaseous diffusion, and weapons fields,

Nusber Presently Number Who Have Had

Having Access Access to Date
Gas Centrifuge - AEC 340 495
Industry 60 105
- . Total 400 600
Gaseous Di€fusion 4,800 20,000
Weapons 200,000 " 500,000

Although the number of individuals in private industry that have and have
had access to gas centrifuga technology (including AEC technology) can be
determined with a fair dogree of accuracy, it is more difficult to determine

the number of AEC (including contractor employees), DOD and others that have
and have had access to g3s centrifuge, gaseous diffusion and wespons tech-

nelogy. '
O0E ARCHIVES
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It should also be pointed out that not all of the individuals nqted above
had access to the more sensitive information. For example, in gaseous
diffusion only approximately 3,000 individuals had access to information
related to seals, barrier, converter assembly and conditioning of convert-
ers. Access to this type of sensitive information is controlled through
physical or administrative means,

With respect’to gas centrifuge classification it can best be described as
a "tricky" informaticnal situation in the U, S. programs: there are

three "compartments' of classified information: (1) privately-generated
classified information without access to AEC classified data; (2) partial .
access to AEC classified data up to June 1964 in addition to privately-
generated classified dataj and (3) the classified, advanced AEC data, some
of which may b8 patentable., The requirement that one be ever conscious

of the several boundaries and to avoid breach of containment is burdensome
and risky. - .

(c) Patents - When a pavent application is filed in a specific field or
National Defense interest, e.g., atomic energy, the U, S. Patent Office
refers the application for review to the AEC pursuant to the Secrecy

Order Act (35 USC 181), If a patent application is in other Naticnal
Defense interest, it is referred to areas of the Defense Department or
NASA for similar secrecy review, If any of the agencies to which an ap-
plication in a specific field is referred deem secrecy necessary, a
recommendation is made by the agency and the Commissioner of Patents
automatically issues a Secrecy Order as to the application under 35 USC 181,
The Secrecy Order prohibits the dissemination of any information pertaining
to the subject matter of the patent application under penalties (35 USC
184-186 inclusive) and requires the Applicant and his counsel to notify any
recipients of the information of the U, S. Patent Office Secrecy Order,
This Secrecy Order is not rescinded without the approval of the agency

that requested the imposition of the Order, and no U, S. patents are issued
until the Secrecy Order is rescinded.

An inventor whose patent dpplication is placed under secrecy may recover
damages and compensation resulting from the imposition of the Secrecy
Order (35 USC 184). In determining the amount of such compensation, the
inability to promote domestically or promote in foreign countries are
factors, among’others, that are taken into consideration.

It should be recognized that even though no Secrecy Order is issued on a
U. S. patent application, all U, S. panding patent applications are
deemed confidential bty the U, S, Patent Office and not examinable without
the consent of the Applicant, his assignee, or his attomney, except by
patent examiners and other Government representatives as provided for by

special law, :
DOE ARCHIVES



2. Intemational Controls -

(a) Classification Arrangements - In 1959 it was leammed that at least
two countries, West Germany and the Netheriands » Were vigorously pursuing
studies in the gas centrifuge field and were freely publishing their
information, From their publications, it seemed that there technology
was at least equal to that developed in the United States. Because any
classification action taken by the Commission could be vitiated if the
German and Dutch activities were to proceed on an unclassified basis, the
Commission consulted with the Department of State early in 1960 with
respect to the feasibility of discussing with the Germam, Dutch and U, K,
governments, the possibility of inducing them to classify their work on
the gas centrif;‘xge. \

At AEC's request, arrangements were mads by the Department of State to
discuss the matter with representatives of the Federal Republic of
Germany (FRG), the Netherlands and the U, K. during the period of July 13
through 20, 1960. A United States' team consisting of representatives of
the Department of State and of the AEC participated in these discussions,

These nations agreed with the U. S, assessment that the gas centrifuge
process offered the possibility for additional nations to acquire nuclear
weapons material, In the interest of minimizing the proliferation of gas
centrifuge information and recognizing the desirability of achieving.
uniform classification policies and practices within the four countries
on gas centrifuge research and development programs,-the countries agreed
to classify their work in accordance with guidance to be provided by

the U. S. Accordingly, the United States prepared and furnistied to the
West German, Netherlands and U, K, governments copies of a ""Classification
Guide for the Gas Centrifuge Program", dated August 1, 1960 (OC Doc-73).,
This guide is now used in these countries in classifying gas centrifuge
data, A more detailed guide, CG-PGC-2, using the same principles of

CC Doc-73 is used in the U. S.

It is important to note that the German and Dutch agreement to classify
their programs is an informal one; neithetr government has formally agreed
to classify their research and development work to date because, as they
have both advised us, formal classification of German and Dutch work
might raise serious psychological and political problems with respect to
their Euratom partners if these countries formally classify their work
and this action became known., Howaver, they advised that although
classification of their programs might present difficuit internal prcblems
because of limitations which might be placed upon industrial participation
in or commercial exploitation of the gas centrifuge program, they felt
that classification ought to be applied. To date the informal arrange-
ment with the FRG and the Netherlands has worked well, The U, K, through
the common use of the Commission approved "Classification Policy Guide"
{CG-C-1} follows classification criteria identical to those of the U, S.

DOE ARCEIVES
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Since 1960, two additiona meetings have been held, The first took place
during March 1962. The classification guide was reviewed and reaffimmed,
Also discussed was the matter of the filing of classified patents in other
countries. In line with the U, . suggestion, the Germans agreed that
where time permits cach of the four would notify the others in advance of

pemitting the filing of foreign patent applications by their nationals,
The Dutch agreed to consider the U, S, suggestion, \
4

The second meeting was held on March 2, 1964, In summary, the meeting
resulted in the preservation of the current status under which the four
governments are classifying gas centrifuge information sccording in the
common classification guide. The United States again urged the position
that filing of classified patent applications should be limited to the

four countriess* However, the Netherfands and German governments again

made clear their intention to remain’ free to file such applications in
countries with which they had arrangements enabling the filing of patent ap-
plications on a classified basis, The Netherlands government indicated that
it would not file such applications outside the NATO mémbership if any of
the four countries represented at the meeting were to object to such

filings,

At the March 1964 meeting there were indications that, because of the-
internal pressures previously referred to the German and Netherlands
governments are becoming reluctant partners to the classification arrange-
ments, For example, a U, S, Embassy official in Bonn was informed that
the Gemman Ministry for Scientific Affairs had intended to propose a
termination of the classification understanding, but that this step was
overruled by the German Foreign Ministry. The Netherlands representative
at the meeting attempted to Secure a termination of the arrangements by
proposing that all classified information in the field be automatically
declassified after two or three years,

If it is desired to maintain the security of gas centrifuge technology, it
would seem to be important that the U, S, take no action which would give
indications of a weakening of U, S, position since this could be the de-

ciding factor in losing the cooperation of the Germans and Dutch,

(b) Patents - International - Most of the industrialized countries of
the world have a system o maintaining patent applications in secrecy
for reasons of national defense and in the field of atomic energy, In
those countries with which there have been classified Agreemants of
Cooperation, the secrecy arrangemsnts and provisions of the Patent Office
of such countries have been reviewed and where deemed adequate, patent
applications have been filed by the U, S, Atomic Energy Commission in
secrecy in such countries, e.g,, in the United Kingdom and Canada under
certain classified Bilateral Agreements,

The NATO Agreement as respects technical exchange provides for the filing
of patent applications where the classified defense information is the
subject of the NATO Agreement. Atomic Edergy patent applications have

QOE ARCHIVES -
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been deemed outside the scope of the NATO Agreements 5'procedures.
Under NATO the member countries have set up procedures for the issuance
of Secrecy or Prohibition Orders at the request of the initiating
country, Any claims for damages and compensation resulting from the
Secrecy request are usually borne by the originating country,

As noted earlier an informal classification arrangement was initiated |
with the Netherlands, Germany, and the United Kingdom. The participants
at the last Conference in Marchk 1964 agreed that each would consider the
comnon Classification Guide in maintaining classification, including
the classiTication of Inventions and patent applications; This infommal
arrangement included an understanding as to the imposition of Secrecy
Orders by the four respective countries on applications filed from one

of the countries mhere secrecy was deemed necessary,

that classified filings should be Permitted in NATO countries. The
delegation of the Netherlands felt that it could not reasonably deny an
inventor the possibility of applying for protective patent rights in

any country of the free world, but that as to filing in countries outside
of NATO, they would consult with the other three and be prepared to con-
sider withholding of filings if any of the three objected. The U, X,

The Netherlands delegation noted that they believed they would have to
disclose the information of a Dutch application to any member of Euratom,

16 of the Euratom Treaty. The U, K, delegation observed that under

paragraph S of Article 16 of said Treaty, the referenced provisions were
not necessarily applicable if an agreement were consummated with a third
party or with an international organization that preciuded commmication,

The Office of the Assistant General Counsel for Patents has, with the
Division of International Affairs and the Dopartment of Defense, requested
the inposition of Secrecy Orders on U, S. patent applications that have
been filed by the other participants where classification was in accordance
with the Guide,

Annex I shows the Patents and Patent Applicaticns filed in the U, S, by
the Dutch, Germans, and British in the gas centrifuge field. The notation
"S.0." indicates that the applications are under secrecy in the United
States Patent Office and ths '"No S.0," indicates those cases where
Secrecy was not necessary according tc the Division of Classification, In

: DOR ARCHIVES
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\ H GAS _CENTRIFUGE APPLICATIONS
M
NETHERLANDS

Dutch Filing ' 5.0. U.S. Filing ; Other Filings

Date & No, inventor Title- Status Date & No. ! if known
G=lT=57 J. Los Gas Tight Seals for High Speed Rotary No 8,0, 6-17-58 i
218,181 " H. W. Baron Shafts T42,607(48) (aby
12-27.57 J. Wind . Ultra~Centrifuges for the Separation of No 8.0. 12.22-58
' a Gas Mixture in Two Components 782,004(L8)(an)
- (e=iep) No B.0. 2-13-81
- _ N, 88,862(60)
12=2T=57_ J. Wind Continuously Operating Ultracentrifuges No 8.0, 2-13-61 ER, 12-19-58
_ | J. Los U.S. Pat. 3,216,655 88,862(60) IR 2u637111/820
_ _ | ~ Ger. Pat. 1,080,931
3=1T=60 J. Los Centrifuges, E.G. Ultracentrifuges for the Ko §.0.  3-14-61 French
249,508 F. Kelling Separation of Gases U.S. Pat, 3,219,265 ) : 95,683(60) '
Fr. Pat. 1,298,342
t:.\ 3=17=60 J. Wind Damping Devices for the Support or the 8.0, 3-15-61
? 2119,’;_'_0_6 Suspension of a High-Speed Rotatable Rotor ASPAB - 96,036(60)
3=21-50 J. Los Centrifuges, E,G. Centrifuges for the 5.0. 3-15-61 2
249,633 J. Wind Continuous Sdparation of Gaseous Mixtures  ASPAB . 96,037(60)(ab),
(c=1-p) S.0. . . 1-25-63 ]
ASPAB 254 ,821(60)
3-19-60 J. Wind Centrifuges for the Separation of Gaseous S.0. 3-15-61
249,611 - Mixtures ASPAB 96,038(60)
- 1 “
3=19-60 J. Los Devices for Supporting a Body Rotating 8.0. 3-15-61

. 2k9 B12 with Buper-Critical Speed ASPAB 96,039(60)

; 18 be20-60 J. Kistemaker Apparatus for the Separation of a Mixture 8.0. 3-15-61
& 250,654 E.J.J. Veldhuyzen of Gases or Gaseous Isotopes : ASPAB 96,040(60)
g g (e=i-p) 5.0. Q=5-63
§ : " . _ASPAB 308,92k 60)

) ANKEX I
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Metherlands cont, =

-

6-14-61 J. Wind . Suspension System for Centrifuge Rotor
a65,924 H. W, Baroen
| . G. B. Beeftink _

9=2T=b1 G. B. Beeftink Ultracentrifuges for the Separating
26?.598 ' of Gaseous Mixtures .
9=14m61 J. Los Ultracentrifuges & Methods for the
269,268 Separation of Gas Mixtures
9=8-61 J. Los . Ultracentrifuge

. 269,111 -
11-28-61 i J. Kistemaker Apparatnhes for Centrifugation and
271.927 ' . Sublimation of Gages

 3m31-60 J. Los Centrifugeés for the Separation of Gaseous
_ 9.§33 J. Wind Mixtures ;

¥

'lg
2~28-62 G. B. Beeftink Ulpracentrituges fop Continuous Operation
275,355 and the Separation of Gag Mixtures or

. Gaseous Isotopes
5=11-62 H. W. Baron Ultracentrifuges for Separating in Contig.-
. 278,330 H. C. Wentzel uous Operation Gas Mixtures op Mixtures
of Gaseous Isotopes
'5-2Q;60 J. Kiatemaker Separation Apparatus for Gas and the Like
& 250,654 E.J.J.Veldhuyzen |

1%211362 J. Van den Brink Ultracentrifuges for the Continuous’
286,545

SHLAIHD

Separation of Gases or Gaseous Igotopes

S5.0.
ASPAB

5.0,
ASPAB

LR

s.ol
ASPAB

3;0.

ASPAB

SiOQ
ASPAB

s. ol
ASPAB

5.0,
ASPAB

8.0,
ASPAB

8,0,
ASPAR

6=13-62
202,336(60)

T=19-62
211,135(60)

9-12-62
223,586(60)

11-6-62
235,887(60) 2

11-15-62 1
238,828(60)

1-25-63  Can. 3-21-61
25&,821(60] Eng, 3=17-61,

Ger, 3-21-61'
Fr. 5=5-61
Belg. S=12-.81

2-28-63

262,298(60) -

5=9-63

. 279,635(60) -

9-5-63

308,924

12-5-63

328,429(60)

.
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 Netherlands cont. e ~

12-38-62 G. B. Beeftink Ultracentrifuges for the Continuous S.0. 12-11-63 (5
286_,'861 H. C. Wentzel . Beparation of Gages or Gaseous Isotopes ASPAB 329,922(60) @
3/29/63 . m, w, Baron - Ultracentrifuges 8.0. 3-25-64 3 4
290,861 J. Los : : ASPAB 34,799(80) |’
9=30~63 . K. Dakkers Wtra~Centrifuge Bowls 8.0. « 5=2Tebl
293,396 " . , ASPAR 370,729(60)
8=T63 _ J. Los oLtracentrifuges for the Separation of rato; 8-5-6k
296,355 " Gas Mixtures S ASPAB 387,810(60)
9164 © J. Los Ultracentrifuges for the Continuous B.0. ' 5566 Balg. Bok-6s
64.30182 ; Separation of a Gas Mixture Consisting PAB 548,36 17090
4 i o k . ; Ger. 8-20-65 i
/R 41368 III/82b
1 Fr, B-23-65
. - 29173
. ' 3 It, 8-65
- - R : , 20133
_6-2;.-56 J. Y, Wiards High-Speed 'Ce;tx-_irugu Machines and Methogs Bo 8,0. 6-18-57 v
2°8f223 of lhnuracturinf Such Machines 666,356(148) -
Dutch Pat, 87,740 -.U.8. Cage Abandoned i .
V.8, Translation 1g AEC-TR-U822™ .
317-60 3, Wina Point Bearings for the Support of s Rotor Mo 5.0,  3-14-6)
S | Rotating with High Speeqa . «+95,742(60)
. (U.8. Pat. 3,052,504
O 3-22-60 Jd+ Bchutten Rotary-Field Motors for Driving a No 5.0, 3-14-61
8 2&9},680 - PuJ. Van Deeneen Rapidly Rotating Body Abandoned - 95,T43(60)

-~
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German Filing
Date & No, ngggggg
2=20-5T (
4359k I1T/821p (
1-23-58 ( X, Beyerle
47553 111/82b ¢
3-27=5T7 K. Beyerle
B hhoT2 XII/47r
X K. Beyerle
112457 (c. zippe _
D 26831 (R. Schefrel,
1la28.57 (M. Steenbeck
, & T728/57 (
=D 27109 {
11-28-57 (6. zippe

A T726/57 (R. Bcheffel

11-28-57 (M, Steenbeck
A TT729/57 {

8-28-59 K. Beyerle
sk&sos II1/82b
+ 11e10-59 Scherfrel

R,
—D 31855 I11/821

HIYV H0G¢
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GAS CENTRIFUGE APPLICATIONS
GERMANY

Title

Damping Bearing for the Shafts of a Gas
Centrifuge U.S. Pat, 3,097,167

Shaft~Seal for Gas-Centrifuges
Abandoned

Gas Centrifuge
Abandoned

Centrifugal Separators

Vacuun Pump
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those instances where patents have been issued.in the United States, the
application either was not classified at any time, or, if one time
classified, had been declassified in accordance with established procedures,
and the Secrecy Order was rescinded prior to the issuance of the patent.

The Dutch have made four (4) filings in the United States since March 1964
but three (3) of these applications were filed in the Netherlands in 1963
and only one (1), which was filed in the Netherlands on Seﬁ:ember 1, 1964,
was filed in the United States on May 5, 1966, Although the Dutch advised
on February 9, 1965, that they were going to file in the U. S. two (2)
other applications that had been filed July 1964 in the Netherlands, no
such filings have yet been made, so far as the U, S. Patent Office records
indicate, .

’
The British have made only one (1) filing in the United States since
March 1, 1964, on an application filed in Great Britain in April 1963.

The Germans have made three (3) filings in the United Statés since March
1964, Two (2) were on applications filed in 1959 and 1960 in Germany and
one (1) in April 1964 in Germany.

It might well be that in the light of the United States positien on :
classification and appreciating that the U, S. was not filing abroad, the
three participants have deemed it inadvisable to file in the United States,

(c) rt Controls - Gas centrifuges are subject to both international
embargo control to Sino-Soviet bloc and U, S. unilateral export control
to all destinations except Canada, -

U. S. Department of Commerce export regulations require a specific validated
export license for any shipment of centrifuges "capable of the enrich-
ment or separation of isotopes", and specifically designed parts, to any
destination of the world except Canada, if the value of the shipment is

in excess of (a) $500 to consignees in North and South America, and (b)

$100 to consignees in the rest of the world except the Sino-Soviet bloc.
Identical licensing coverage is also provided by Commerce regulations for
the following commodities which could include liquid as well as gas
centrifuges; :

Other centrifufes - power-driven, bowl type, with all product

surfaces of alumimum, nickel, or alloy containing 60% or more
nickel; and parts.

Centrifuge bowls - wholly made of or lined with aluminum, nickel,
or alloy containing 60% nickel; and parts.

In addition to Commerce export controls, the Office of Mmitions Control

(QMC), U. S. Department of State requires specific licenses for tie rt
of any arms, ammmition, implements of war and miscellaneous and auxiliary

! % - 65 - DOE A.R.CHIVEB
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equipment. Although gas centrifuges are not specifically identified in
their regulations, two categories set forth in the OMC statute would
appear to extend export controls to this equipment and its technology,

.. Category XIX states that OMC licensing controls extend to "any article
not enumerated herein having significant military applicability,..": and
Category XVII controls the export of "zll articles including technical

data, not enumerated herein, containing information which is classifieg
as requiring pretection in the interests of national defense,"

Internationally, gas centrifuges 'capable of the enrichment or separation
of isotopes" are embargoed to the Sino-Soviet bloc by QOOM. Any tech-
nology relating to an item on the COCOM embargo list is also automatically
embargoed to the bloc pursuant to the administrative procedures of COOOM,
If a government g% its own discretion determines that the gas centrifuge
to be exported i specifically designed for industrial use and not suit-
able for atomic emergy production use, a note to the COCOM embargo
definition permits such governments of COCOM to export gas centrifuges

to the bloc without prior authorization from COCOM. During the recent
COOOM 1ist review, the U, S. proposed that this Note to the definition

be deleted since we believed any gas centrifuge, regardless of the fact
that it might be specially designed for industrial use, is suitable for
atomic energy production use, or its technology could be used in the .
fabrication of gas centrifuges for atomic energy applications. The purpose
of the U, S, proposal was to further tighten the embargo on this type of
equipment, proposal was defeated because of French and British
insistence that gas centrifuges had potentially wide applications in the
civil sector (biological and medical research; industrial uses) and should
not be totally embargoed., The French Delegate to COCOM indicated that a
French company was at present completing the development of a gas centri-
fuge system intended for the extraction of solid particles from gases,

and that this system, which was more economically sound than the cyclone-
type device used at present, wouid be marketed shortly. As a result of
British and French objections to the U, S, proposal, the embarge definition

and note will remain unchanged, ,
' DOR ARCHIVES
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APPENDIX B
- HISTORY AND PURPOSE OF INCLUSION OF GAS GENTRIFUGE TECHNOLOGY IN
ACCESS PERMIT PROC RVATTCNG NG DISTINC

applications.

~

Private work in the gas centrifuge area on an unclassified basis became
impermissible after the Commission's detemmination in August 1960 that future
gas centrifuge developments would be Restricted Data. Prior. to 1961,
several U.S. industrial firms had expressed interest in exploring, with
private funds, the possible commercial potential of the gas centrifuge
process to provide fuels for nuclear reactors, AEC amended its regulations,
10 CFR Part 25, on April 20, 1961, to include in its Access Pemmit Program .
Category C-24, Isotope Separation -- Gas Centrifuge Method. This amendment
permitted industry, through investment of private funds, to work in the gas
centrifuge field on a classified basis provided certain qualifying criteria
were met. These included the following:

] §25.15(b)(1) "An application for an access permit authorizing access to
Secret Restricted Data will be approved only if the application demonstrates
that the applicant has a need for such data in his business, trade or pro-
fession and has filed a complete application form."

2. In addition, §25.15(b)(3) "An application for an access permit authoriz-
ing access to Secret Restricted Data in Categgry C-24, Igotope Separation --

(i) Possesses qualifications-demonstrating that he is capable of making

a contribution to research and development in the gas centrifuge method
'of isotope separatign and is directly engaged in or Proposes to engage

in a substantial regbarch and development program in the centrifuge field

or a substantial effort to develop, design, build or operate a gas centrifuge
plant; or

(ii) Is furnishing to a permittee having access to Category C-24 under
the subdivision (i) of this subparagraph substantial scientific, engine-



Giyr.

In order to determine whether an applicant-qualified for access to C-24
data, the stalf developed the following guidelines: '

a. “Capable of making a contribution' shall i:_ae._ assumed if a group or
Company cmployes in its centrifuge activities one or more professional
level sclentists or engineers who wil] devote the equivalent of full time

b.  “Proposes to engage' shall be accepted of an applicant if he certifies
that he daes so propose, gives acceptable evidence that het has reason to
be in the lield, that is, he owns or has available ore deposits, produces
or processes UF., processes enriched materials, or otherwise has a direct
and identifiabi8 Jterest in the commercial utilization of the centrifuge,
and affirms that he will mount a "'substantial research and development
program'’ or 'substantial effort to develop, design, build or operate' a
plant, providing the facts he ascertains during his tem of access warrant

such a program.

€. "Substantial” research and development Program in the centrifuge field
or "substantial™ effort to develop, design, build or operate a plant shall
be construed as involving an annual expenditure for ersonnel, plant,
cquipment, operations or contract work in excess of 550,000 per year.

The inclusion of gas centrifuge technology in the Access Permit Program
was predicatedonthe Commission's conclusion that in the interest of the
common defense and security no dissemination of classified gas Centrifuge
information for private pmi:_poses would be permitted except under tRe Access
Permit Program. The quali ying companies who were pemmitted to disseminate
private classified gas centrifuge information were alsg given access to
AEC's information in this field.

The AEC announcement of the inclusion of the gas centrifuge category
in the Access Permit Program emphasized "that the granting of an access
permit under the following amendment will impose no obligation on the
Comnission to grant any license for a production facility or otherwise
facilitate the commercial use or sale of any invention or development which
may result therefrom."

1 .
Each gas contritge access permittee was required by the conditions
of the Al regulation, among other things, to:

1. submit réports to the AEC covering the results of its work in the
845 centrifuge field during the term of the Permit and for one
year after expiration of the Permit; :

2. make available for AEC inspection ali technjcal data and experimental
equipment developed during the tem of the Pemmit and for one year

thereafter;
DOE ARCHIVES
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', grant to the Government upon request, for reascnable Compensation,
a non-exclusive, irrevocable license to use for Government purposes,
any patent on any invention or discovery made or conceived during
the term of the Pemmit or one year thereafter in the course of

the pemittee's work in the gas centrifuge field; and

4. grant torthe AEC, upon request, for reasonable compensation, the
right to use for AEC programs, any of the Permittee's proprietary
data developed in the course of its work in the gas centrifuge
field during the term of the Permit Or one year thpreafter.

The following five firms were given access to AEC's classified gas
centrifuge infopmation: '

Date Permit G
Company Issued Status
Dow Chemical Co. 8/18/61 Expired 9/26/62
Allied Chemical Corp. 4/11/62 *
General Electric Co. 5/2/62 *
Bendix Corp. 8/15/62 Expired 3/5/64
United Nuclear Corp. 5/28/62 Expired 5/28/63

* These Companies have been permitted to continue to work in the gas
centrifuge field with no access to AEC classified technology beyond
June 30, 1964.

On June 30, 1964, AEC announced that access to its own Restricted
Data in the Gas Centrifuge field would no longer be made available under
the Access Pemit Program. This was indicated to be an interim measure,
pending the Commission's consideration and decision as to whether a new
regulation, Part 26, should be issued to specify the conditions under
which privately developed Restricted Data, including such data in the
gas centrifuge field, could be disseminated and received for private
purposes. GE's and Allied's access to AEC data theretofore made available
was not withdrawn, but GE and Allied were no longer provided access to
subsequently generated AEC Classified information in this field., GE
and Allied were permitted to have access to their own information subsequent
to the withdrawal,of AEC's information from the Access Permit Program.

On January 3, 1964, AEC enterad into a no-fund contract with Electro-
Nucleonics, Inc., of Caldwell, New Jersey, which would permit that c
to perform research and development work in the gas centrifuge field. The
contract stated that no access to AEC classified information, or that of
access pemittees, in this category would be provided.  The period of the
contract was, initially, two months » but the contract has been continuously
extended and, presently, its stated expiration date is November 30, 1966,
subject to AEC's option to accelerate the date by written notice to that

effect to the company. In December, 1964, W. R. Grace § Co. was added as
a co-contractor, '
- 69 - DOE ARCHIVES
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The terms of the Electro-Nucleonics-Grace contra!t are similar in

substance to the regulatory requirements of gas centrifuge permittees in
effect under the Access Permit Program. The essential differences are the
contract feature stating that AEC would arrange for processing up to 10
individuals for security clearances at Government expense and the use in
the contract of '"boilerplate" (covenant against contingent fees, nondis-
crimination in employment, officials not to benefit, assignment and
subcontracting prohibitions, convict labor, and Work Hours Act of 1962).
Common in all contracts but not included in the Access Permit Program.

[ ]

The Access Permit Program was developed to implement the provisions
of the Atomic Energy Act of 1954 favoring the participation of private
industry in the dévelopment and use of atomic energy for peaceful
purposes and the general welfare.

The Access Permit Program was affirmative and encouraging in tone,
although it clearly specified conditions and terms predicated on considera-
tions of the common defense and security and it related to private needs
for purposes other than AEC's own nuclear programs.

AEC contracts are, of course, principally related to AEC's nuclear’
programs and AEC's needs. The no-fund contract that could be employed as
the mechanism for permitting and controlling access to private Restricted .
Data in the gas centrifuge field, however, would not be an arrangement
to advance AEC's scientific or technical needs but, rather, one to
advance the private aims and purposes of the contractor. For this reason,
a covering regulation explaining that no access to Restricted Data in the
gas centrifuge field for private purposes will be pemitted except under a
special no-fund AEC contract will hgfgfully label this type of arrangement
as one different from AEC's usual contracts. Also, to minimize any
appearance of bias or special treatment not based on considerations of
the common defense and security, and to assist in establishing a legally
sturdy platform in support of AEC's control of access to private Restricted
Data, the regulation should specify the general criteria for eligibility
to become an AEC contractor under the special no-fund contract System.

If the foregoing measures are taken, the differences between access
under the no-fund contract and access under “the Access Permit Program would,
in one sense, not be very significant in substance; the only difference might
well be the inclusion in current contract ''boilerplate’ which,of course,
wasn't used in the Access Pemmit Program. In another sense, and as alluded
to above, the use of the no-fund contract would not convey an attitude of
encouragement by AEC for private utilization of gas centrifuge technology.
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APPENDIX G : %

MAJOR FACTORS GENERALLY CONSIDERED IN EVALUATING
PROGRESS IN GAS CENTRIFUGB DEVELOPMENT \

General areas of technical information used to note progress in the gas
centrifuge development program are as follows:

A,

D,

+

Machine Designs?

Data on rotor dimensions, end cap design, baffle design and placement,
materials of construction, types of bearing and damping systems, feed
and product removal systems, power drive systems,

Mechanical Tests

Number of test stands, general results of test rns, dimensions of
rotors tested, peripheral speeds obtained, duration of test nms,
duration of 1ife tests, causes for failures if known, and results
of individual tests on components,

\

Separation Tests P

Items covered in B as they specifically relate to actual tesfs with
additional data on the process gas used, feed and product rates and
assays, separative capacities obtained, machine efficiencies, and
loss rates.

Cascade Data

The number, type, and general operating characteristics of machines,
general layout of units, and general experimental results similar to
those in item B and C above. _

1. DOE ARCHIVES
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The significance of some of these major factors is given below:

ITEM
Machine
Separative

Capacity

Separative
Efficiency

Rotor
Dimensions

Peripheral
Speed

Reliability

SIGNIFICANCE

High separative capacity per'machine is desired to reduce
unit cost of product; fewer machines would be required to
perform given separation task. \

Since the unit cost of separative work will vary inversely
with the overall centrifuge and cascade efficiencies, it is
desirable to have both of these efficiencies as high as
possible. The centrifuge efficiency is dependent upon
the flow pattern within the centrifuge bowl; the magnitude

~"of the countercurrent flow, the design and placement of

the feed and scoop system; the departure of the centrifuge
from an ideal cascade; and on other phenomena such as
turbulence and end effects. The cascade efficiency is
dependent upon the losses due to the fact that the
machines in the cascade in practice will not perform
precisely identical; and the time that individual units
are actually on stream and operating, _
Separative work available from a centrifuge is directly
proportional to the rotor length, other factors being un-
changed, The rotor diameter affects the enrichment factor,
the process gas inventory and throughput, the decay of
countercurrent flow and the equilibrium time, _ The length-
to-diameter (L/D) ratio of the rotor gives an indication
whether the unit is subcritical or supercritical., (A
subcritical machine operates at speeds less than that at
which the first flexural critical occurs while a super-
critical unit operates at speeds equal to or greater than
that of the first flexural critical., In general, super-
critical machines have an L/D greater than 4,)

The separgtive capacity of a centrifuge machine varies
theoretically as the fourth power of the peripheral
velocity, Even though the overall separation efficiency
decreases with increasing peripheral velocity, the
Separative capacity increases sharply,

Centrifuges should be capable of operating trouble-free

for extended periods (2-3 years) in order to achieve low
operating and maintenance costs, and to assure high cascade
effideﬂ.cy. '
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I SIGNIFI RS

Process Gas Low process gas loss rates are necessary to permit
Loss Rate attainment of high enrichments in a cascade, and are
desirable for economic and Contamination reasons,

Capital Costs +Impertant from an economic viewpoint, but not necessarhy
from an Nth power regard. A low centrifuge wnit manu-
facturing cost may be essentially worthless unless the
unit perfomms efficiently and reliably. -

erating Costs Important from an economic viewpoint, but not necessarily
i
fyom an Nth power regard, '

Bearings and The suspension system is important if the machines are

Damping Systems to have a low power consumption, Long life bearings with
associated damping mechanisms which will support the rotor
as woll as damp the system critical modes, assist in i
proving machine operation,

Feed and Product A major objective of feed insertion is to find an arrange-

Removal System  ment that will minimize interference with established flow
pattemns. Violent mixing or reduction of the gas rotating
speed will cause a loss of Separative work. With pyoduct
and tails removal Scoops, the mumber, the diametendf the
tubing, the length, and the tip design are of paramount
importance in determining the magnitude of the disturbance
"of internal circulation, and consequently the sepdrative
work of the ma . !

Feed and Feed rates and product and tails removal rates affect the
Product Rates overall machine efficiency; assays of preduct and tails
and Assays indicate the separation factor of the centrifuge, i.e.,

the degree of enrichment attained, and depend on the _
operating mode of the machines, '
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APPENDIX E ﬁ

. PROJECTED WORLD NUCLEAR POWER GROWTH & SEPARATIVE WORK REQUIREMENTS

The projected free world growth of nuclear’ power for plants to be
fueled with enriched uranium from the U.S., together with the associated
separative work requirements, are as follows:

\

———
Domestic Foreign* _ Total World
Separative Separative : Separative
3 Work z Work 3. Work
Mie 10™ kg/Yr Mie 10" kg/Yr MWe 10™ kg/yr
1970 10,000 » 2,800 4,500 1,500 14,500 4,300
1975 40,000 8,300 26,000 5,700 66,000 14,000
1980 95,000 16,200 84,000 12,700 179,000 28,900
1985 212,000 21,000 190,600 15,500 402,600 36,500

Additional estimates were also projected (Tables 2,3,§ 4) out to the
year 2010 for U.S. requirements using three different mixes of reactor

types. :

- The maximum U.S. separative capacity of the existing plants (not
improved} is about 17,000,000 kg/Year at full power. The separative’
Capacities of other existinmgand potentially competitive plants are:

USSR M 6,000,000 kg/vr.
France - 525,000 kg/Yr,
United Kingdom ** - 150,000 kg/Yr.

From the above it is apparent that existing U.S. capacity would be
adequate to supply estimated domestic reqghirements until about 1981 on
the assumption of very little preproduction. If the U.S, were to supply
the potential domestic and free world requirements, our existing’ Capacity
would be exhausted in the 1975-1981 time period depending upon the percent

of the free market that the U.S. captures:
’ Year U.S. Capacity

$ Foreign Market is Exhausted
5 20 1979
. 40 . 1978
60 _ 1977
80 1976
100 . 1975

It is difficult at this point in time to determine with any degree of
confidence the amoumnt of additional separative capacity that will be needed.

+ However, improvement of the gaseous diffusion plants in the late 1970's, to
incorporate the latest technolo » would add approximately 10,000,000 kg/yr
(for a total of 27,000;000 It“g/y%" - of separative work, and extend the above

"ExcIusive of U.K.

** Current unimproved capacity. Announced modification program indicat
' " -capacity may ivicrease to a total of“ggo,ooo kKg/Yr. - Cha ﬁﬁﬂ—ﬁ%ﬁ[&

any
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times before U.S. capacity would be exhausted by about § years. Pre-
production of material prior to 1972 would extend the period that the U.S,
could satisfy all requirements (domestic and foreign) to approximatecly 1983.
It may also be that the gas centrifuge process will reach a state of de-
velopment by 1980 that would make it economically competative with the
gaseous diffusion process, and added separative capacity could be attained
by the construction of a gas centrifuge plant. The following Figures‘and
Tables portray various aspects of the projected nuclear power growth and
separative work requirement tc meet the future demands.

Figure 1 shows the predicted "most likely" annual Separative work
requirements (both foreign and domestic) of the gaseous diffusion plants
through 1980. 1 feed and a tails assay of 0.2% were assumed.

The '"'total" curve shows that the present, unimproved, diffusion plants
would run out of capacity by 1976; but with improvements instalied {1975
technology), the plant could meet demands through about 1980 (assuming no
preproduction) at which time new plant would be required. Maximum and
minimum separative work requirements for foreign and domestic reactors
were estimated + 20% of the 'most likely" curve, respectively.

Figure 2 shows that with preproduction in the early years, prior to
1972, improved gaseous diffusion plant would be able to satisfy demands
to about 1983, at which time a new plant might be required. This curve
represents one of the U-235 cases presently under consideration in the
long-range preliminary studies. It is not' considered to be the optimm

plan of operation.

Figure 3 shows the marginal cost of separative work due to power from
the existing 3-plant complex, with 1965 improvements installed, as a
function of plant separative capacity, with power costing 4 mills/KwH,
(Solid 1line} The dotted curve shows the marginal cost of separative
work for an unimproved plant. It can be seen that new plant construction
would be advisable when the saturation value reached $24.58/kg U. This
would be at approximately 6080 megawatts at which the separative work
would be 21,200 MI/Yr. for the improved plant with 1965 technology.

Table 1 shows the effects of installing the proven 1965 technciogy in
the three gaseous diffusion plants under several power schedules. The
major cascade improvement program is estimated to cost $280 million ex-
pended over a 5-year period starting about 1972 or 1973. The capital costs
are the sole additional costs which would be incurred and are based on a
10-year amotrtization period. Rates of return are shown for 2 cases, a 5%
and -a 7.5% discount. The separative work gain is in addition to the sepa-
rative work from the existing plants. The anticipated gain from the use
of FY 1965 technology as measured in the power utilization index (kg U/MWD)
is assumed to be at one half the rate that was realized during the period
CY 1956 through CY 1964 (i.e., 0.18 kg/MWD/Yr).

Tables 2, 3, and 4 reflect projected separative work requirements
beyond 1980 for the I.S. only (based on a somewhat different projected
near term nuclear power growth in the U.S., than used in Figure 1)
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TABLE 1 - A

EFFECTS OF INSTALLING FY65 TECHNOLOGY IN THE 3 GDP'S

POWER LEVEL SEP, WORK UNIT COST OF ADDED

MW INCRFASE SEP, WORK, $/kg
; MT/YR 5% DISC, 7% DIsc,
2000 1607 23,29 26.20
3
3000 2326 16.09 18.10
4000 e 2975 ' 12,58 14.15
5000 . 3544 . 10.56 11.88
6000 . 3984 : 9.39 © 10.57
1.
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I g
SEPARATIVE WORK REQUIREMENTS FOR

ONE_SPECIFIC NUCLFAR ELECTRIC GROWTH PATTERN

J

Year Installed Nuclear Separative Work

Ending Electric Capacity qunired
LWR FBR  fTotal 103kg/yr.
- US only

~a10¥ DM,
1990 252 k3 295 : 38,000
1995 372 118 490 51,000
2000 k79 251 730 59,000
2005 569 k61 1,030 68,000 (peak)
2010 610 770 1,380 66,000

32/ % = 0.,253% U235, For X, = 0.2, the annual

separation work requirements are 15% greater.

- 86 ~ -
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LVR ———) HWR ———> FBR

(See Figure 3B of Advanced Converter
Analysis for Growth Data)

Year » Installed Nuclear Separative Work
Ending Elactric Capacity Required

LWR HWR FBR Total

maun10? eMiomoowwee US only - 10% kg/¥r,
1990 63 186. 46 295 13,800
1995 63 299 128 k90 16,600
2000 63 39k 273 730 18,500
2005 63 k69 498 1030 | 20,300
2010 . 63 ko2 826 1380 19,700
HWOCR  Inv, requirement 0.70 kg &/eMw

Makeup requirement 0,40 kg A/full power eMWYr.
f.
' - 87 -
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1980
1985
1990
1995
2000

2005 -

2010

TABLE 4

SEPARATIVE WORK RE UIREMENTS .
e SQUIREMENTS R

'LWR HWR FER
(Like Figure 3B of Advanced “onvertar '
Analysis for Growth Data except that
transition from LWR to HWR staged over
~ 20 Year Interval)

Installed Huelear ) Separative Work

Electrie Capacity Required
LWR HWR FER Total 153 kg/Yr,

US only
103 ey
64 1 0 5 12,400

109 - 46 5 160 17,600
136 13 7 295 21,000
142 220 128 - kgo 23,200
142 5 273 730 25,600
142 390 k98 1030 26,800
k2 hoo 826 . 1380 25,200
AWOCH: 1nv, 0.07 MI A/ eMW

Makeug 0.04 M A/ ru11 pover eMWyr,
LWR; Inv, 0,40 MT A/ eMy

Makeup 0.15 MT A/ full Fower eMWYr,
X, = 0.253%

- 88 -
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iy

through the ‘period when it is expected light water reactors will he phased
out of new construction and replaced by heavy water and fast breeder
reactors. The actual transition will, of course, depend on many factors

of feed to fuel then.

Table 2 is based on a reactor replacement schedule which represents® -
the highest estimated requirement for separative capacity and reflects a
peak in the year 2005 of 68,000,000 kg/Yr:" ‘(for U.° S, only).

Tables 3 and 4 also peak at about 2005 but use reactor -'replacement
schedules which have significantly lower requirements for separative work.

-~

¥
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NOTES:

1. For information regarding the development of the growth data, see

part 3 of JCAE FY 66 Authorization Hearings, March and April 1965.
\

2, LWR pluton{um production for FBR growth = 0,32 fissile -Pu per
full power eMWYr. Pu not recycled, except for 1980 point.

3. FBR plutonium production for FBR growth = 0,43 kg fidsile Pu per
full power e s

4. FBR inventor¥ requirement of 4.2 kg fissile Pu per EMW.

5. Four year lag between production of Pu in LAR and availability
to FBR; three year lag for FBR/FBK, .

6. FBR growth begins 1985, rate thereafter limited only by on
availability of plutonium.

7. Separative work requirements for LWR's, excluding "pipeline"
requirements are:

» 3 U238 0.2 0.25
FOr inventory, kg/eMW 460 400
For Makeup, kg/full power eMWYr 170, 150

(non-Pu recycle)

8. One year lead provided for in specifying separative work requirements
(re - figures entered for year 1980 correspond with requirements in 1981).

9. Separative work requirements are for nﬁclear electric capacity only.
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APPENDIX F
RELATIVE MERITS OF U-235 AND PLUTONIUM AS WEAPONS MATERIAL

Only three nuclear species (U-233, U-235 and Pu-239) have all the
characteristics which make them useful in producing an explosive fission
reaction. Other fissile materials have such short half-lives and are
so strongly radioactive that they have little or no practical value in
weapons. In addition, they are more costly to produce, in terms of reactor
effort required, than plutonium.

Of the three useful species, only U-235 is a naturally occurring
isotope. Since it occurs in nature as only 0.7 percent of natural
uranium, it must be separated by an isotopic separation process. In
general, the U.S. considers 'weapons grade' uranium to be material
enriched to 90 percent or more in U-235.

Uranium-233 can be made by neutron irradiation of thorium in a reactor.
It has never been used in a practical weapon because the strong radio-
activity of associated impurities introduces serious fabrication and
handling problems and because its production in a materials production
reactor is somewhat less efficient than the production of plutonium.

Plutonium can be made by neutron irridiation of natural uranium in a
reactor. When U-238 is irradiated in a reactor to produce Pu-239, some
of the resulting Pu-239 is converted by further neutron capture to Pu-240,
which in turn is converted by still further neutron capture’to Pu-241. In
fuel elements at the end of the irradiation period, the fraction of the
plutonium which is in the form of higher isotopes (Pu-240 and Pu-241) is
approximately proportional to: (1) the length of time irradiated, and
(2) the neutron flux present (or the power level at which the reactor was
operated).  'Weapons grade' plutonium from AEC production reactors in
recent years has contained about 93 percent Pu-239, six percent Pu-240
and less than one percent Pu-241.

Since the prime cbjective in power reactor operation is the economical
production of power, economics require the fuel elements to be left in
the reactor as long as possible. The result is higher irradiation levels
and larger fractions of Pu-240 and Pu-241 in the plutonium extracted at
the end of the fuel cycle. Plutonium extracted from currently operating and
advanced power reactors can be expected to contain 15 to 35 percent Pu-240
and 3 to 5 percent Pu-241.

CHARACTERISTICS OF FISSILE MATERIALS AS THEY AFFECT WEAPONS DESIGN

Fabrication and Handling

In general, U-235 is easier to work with than plutonium. It can be -
machined in the open and handled without remote handling equipment. Be-
cause of the health hazards associated with it, plutonium requires special

precautions in fabrication. DOE ARCHIN

g
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Because of its greater reactivity (the required critical mass in a
weapon configuration is three to five times-less than for U-235),
plutonium is of greater interest to a weapon designer who has relatively
saphisticated design goals » such as lightweight, small-diameter, high,
effici.eng s:j.ngle-stage weapons or primaries for thermonuclear weapbns.

On the other-hand, there are two categories of weapons, both of zalastiyely
unsgphisticated design, for which only U-235 is us : :

Weapons Design

DELETED .

r —_"'_’

Detailed Design Considerﬁttions

a. Uranium

In order to achieve maximum nuclear efficiency in a weapon every
effort is made to prevent loss of neutrons, either by escape or )

by nonfission capture (absorption). U-235 is the reactive material
of value to the weapon designer; while U-238 in the uranium acts as
an inert diluent absorbing neutrons by nonfission capture that might
otherwise be used to cause fissions. Up to a point, the effect of
this dilution can be overcome by assembling a larger mass of material
(or increasing its density by implosion of the material) to reduce
the chance of neutrons escaping before causing fission. Thus the
amount of material that must be assembled to initiate a fission chain
reaction ("critical mass™) increases as the proportion of U-238

in the material increases.

In order to make a uranium weapen as small, light and efficient as
possible, the weapon designer needs uranium enriched to the highest
percentage of U-235 possible. This need mist be balanced against
the effort required to obtain such highly-enriched uranium.

b. Plutonium
(1) Effect 'of High Plutonium-240 Content in Weapons

Plutonium-240 acts as a diluent in plutonium, much as U-238- :
dilutes U-235. Its presence requires a proporticnately lgrﬁl'e'r"%
i ;

amount of plutonium to achieve an losive fissi .
“Thirs, presence ﬂw ‘

fission weapon,/
Mg | DELETED erimgaition, Pu-zw'ﬁ%
6—3(“) TELE OT SPOMCENSoUS fission, resulting in a large neutron S (?

Do |

ground which could in turn cause initiation of the fissiom chain e
reaction before the fissile material has _baen assembled to its - - Y~
' 6

.' Gll(&} | i
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b"}( (2) Effect of High Plutonium-24] Content in Weapons : '

Plutonium-241, while it is a good fissile material, complicatey
fabrication, handling and storage because of its short half.
life and the strong radioactivity of it and its daughter isotope,
Americium-24], 1

Possible Uses of Low-Grade I-‘isSile Materials in Weapons

3

lJoV“"oTne by meaj

2. Uranium s

— “z;f

—— -—

All
. ““factors conside » 1T would seem ving the
" technical Capability to develop a nuclear weapon would concentrate

on production of Plutonium or highly enriched uranium in preference
to direct use of -low-enrichment uranium,

Y b. Plutomium
(1) - Dirty Plutonium ang Types of Weapons

In view of the characteristics of the various grades of Plutonium,
Certain observations can be made as to types of weapons in which
dirty plutonium might be used, : -
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(2) Nth Power Use of Dirty Piutonium :

It is technically feasible for an Nth Power to use dirty plutonium
in a wWeapons program,. but the effectiveness of its use will
depend upon: (1) the nation's weapons development ebjectives,

and

(2) the availabilitv.af echnology t
to the pation.!} /

DELETED .
i

- altermarrve-suc, . e on ﬂﬁ_dﬂﬂgp-ﬁ

ment of an 1sotopic Separation plant for uranium. ;

On balance it

DELETED

Xk h A

dppears there "is no clear cut advantage from the Standpoint

of weapon design to using enriched uranium in preference to plutonium or

vice versa to

tions on size

produce a simple weapon if one considers no serious limita-
Or Wigllt Of.- ewam_ I e i g GRS L - mems
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EVALUATION OF NTH POWER® CAPABILITIES

It is believed feasible for some countries which do not have a nuclear
weapons program to produce enriched uranium by means of a small gas centri-
fuge plant. Here an attempt is made to correlate the probability that an
Nth power, with a certain industrial capability, will produce nuclear weapons
by means of a gas centrifuge plant. For this purpose, countries are divided
into three groups; X, Y, and Z. Group X countries are those with a rela-
tively high degree of technical competence and a high level of industrial
activity. Some of the group X countries are West Germany, 'Sweden, Japan,

U. K., and the Netherlands. Group Z countries are ‘those which possess
relatively little in technical skills and have relatively little industrial
activity. Egypt, Peru, and Pakistan are a few in this category, Group Y
countries are those which lie between and which have limited internal jn- -
dustrizl activity. Brazil, Israel, India, and Yugoslavia are some of the
countries considered to be in group Y. -

" A group X country would need no outside assistance, while a group Y
country would probably have to import some of the hardware and auxiliary
equipment necessary to fabricate the centrifuge plant. A country in grou
Z would probably have to import fabricated centrifuges and almost all of the
auxiliary equipment for the centrifuge plant. In addition, a group 2 country
would need technical advisors from outside to aid in the construction and
operation of the plant. '

ture and the centrifuge at the present time would entail a higher risk of
failure than would a reactor project. A group X country will have the ex-
perienced scientists and engineers necessary to bring a centrifuge facility
into successful operation; therefore, group X countries have the greatest
opportunity to choose the centrifuge route for attainment of their first
nuclear weapon.

In a group Y country, if the goal is primarily the achievement of a°
'clandestine, very limited nuclear capability, the reactor-plutonium route
M2y Seem more attractive from the low risk of failure ‘standpoint at the
present time because of the availability of reactor data in the open literature.

centrifuge or plutonium facility a difficult task. These countries would need
much help from a group X or Y country. Due to the nonindustrial nature of
a group Z country, a completely clandestine facility could probably not be
built. The choice of whethe i ili
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Estimates of time and cCosts for countries of these groups to obtain cer-
tain quantities of nuclear weapons materials are given in Tables I through

IV. For the purpose of comparison, estimates are also presented for the

production of weapons grade plutonium from reactors specifically designed

for such production.

The following section contains an evaluation and further analysis\of
the gas centrifiige capabilities of a country representative of each group.
Tables I, II and III compare the costs of producing special nuclear material

for a weapons program by an Nth power in each of the X, Y?‘ and Z groups.
! ]

Group X (Japan) - Japan's technological competence and industrial capacity
are well established characteristics of this country. Also it is widely
known that Japan “Stands among the most .advanced countries in mathematical
competence and in basic science generally. Consequently it is not sur-

" prising that Japan was able to develop a gas centrifuge program without

recourse to outside help.

The fact that Japan has purposely chosen to pursue a relatively modest
program in terms of money spent and people employed, in no way detracts
from her ability to attack the gas centrifuge problem more aggressively. -

The progress of Japan's gas centrifuge program is commensurate with the
effort expended, and there is little reason to doubt that, if Japan elects
to undertake a larger gas centrifuge development program, a corresponding
level of attaimment will be achieved.

GME Y (Brazil) - Brazil qualifies as a class Y country on the basis of

er limitations in the area of industrial skill and level of activity.
Although Brazil may have a mmber of experts in fields pertinent to gas
centrifuge development and a fairly modern industrial "plant,' her overall
scientific and engineering capability is such that any attempt at developing
a native gas centrifuge program would be at least g risky affair. There are
just too many technical problems arising during such a program for Brazil to
be able to handle along with her limited means. i

The Brazilians may have_recognized this when they decided to buy their
machines from Germamy-— “-ID

Although the Brazilians have been operating the German centrifuges and
plan to run UF, earlier obtained from the U.S. through them soon, the
future plans age not known. . .




Grog Z ngt) = Except for largely imported industrial plant apd equip-
ment, Egypt's native capacity is very low, ‘Also Egypt lacks trained

Egypt also meeth requirements of g group Z country in that nearly all

*

The Egyptians théfselves are probably aware of their limitations since
their one known attempt at a gas centrifuge "prograp" consisted of
offering to have all the work done outside of their country,

All Egypt was prepared to do was pay for the work and receive an occasional
progress report,

-97 -
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TABLE 1 '
Cog_garison of Plutonium and gh_ichog Urén'iun Routes by an Nth Power
Gm at B

Smal) 513¢ Complex -
- Production Rates

10 kg Pu.
x4 ( DELETED
oY )
Capital Cost, &y 31,7 55.1 . 12,5 8,1
Operating Cost, $My 3.3 8.6 2,3 . L.6
al. 320 620 166 118
Technical 108 35 16 15
Time to Produce® Material .
$ Wespon, years 7,5 5 5 5 i
OELETED W7

e Large 8ize Complex

Annual Production Rates -
i e e

b.}(ﬂ  DELETED

Capital Cost, $M 964k SZxvo- —yTTE— T
Operating Cost, MM Te5 b7,2 1.5 7.5
Pover Requirements (MW) - 84,0 15.8 . 5.9
Operating Work Force ' :

Total 552 3,00 - 798 516
, . Tachnical - 169 -80 . -
Time to Produce® Material | - :

for First Weapon, yesars 6,5 3. - 5 S W

DELEVED ’ ]

"For esch case it 1s assumed that the Nth country has knowledge (blue-prin s, ete,)
of the reactor and relsteq facilities, and of the model of centrifuge involved,

Time refesrreda to, therefore, is sol

concurrently with the const
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TABLE 2

Comparison of Plutonium and Enriched Uranium Routesg by an Nth Pover
_ Gm Y Hng‘ion

Small Size C&nﬂ X
m Product_i_on_lj_ﬁerg
) 1 A kﬂ U Z \

. 0
Tjo(f( &) DELETED
Capital Cost, M R TRy
Operating Cost, $MM - 3.5 9.0 2.5 1. \2
Power Rﬂquirmt’ M) e A ' B.h 1.6 0.9
meut:lng Work Force . ' ;
Total ' 386 750 200 142
Technical 129 : ko 20 20
Time to Produce® Material ' J
= for First Weapon, years 10 T I 4 ' 4
i N T \54
(,,716&’ OELETED '
I Large Size lex

Il . ‘% L
' . Annﬂ Production Rates
' M T TTTe— 500 u__ e

\ EbJ("‘) . Y
Capital Cost, $MM - 116.3 Wﬁ;&.u N
Opersting Cost, My 7.8 19,5 12,3 8.0 \%
Fover Requirements (Mw) - a4 15.8 8.9
Qperating Work Force .
Total 667 ko130 960 620
37

Technicel 20 100 48
. Time to Produce® Material

' (.Y
6l OELETED

“FWee Praceding page. '

for First Weapon, years - 8,5 7 7 7
Doe - : W\
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TABLE 3 ﬁ .
Comparison of Plutonium and Eiched Uranium Routes g an Nth Power
G;o_un Z Nation

Small Size Complex
10 . e m b —

! DELETED
| ‘D‘Ea(ﬂ \
Capital Cost, $MM W.s < TT<prp— M 1LY
Operating Cost, $MM 3.6 9.3- ‘2,6 1.8 °
: y
Power Requirements dglil) - ' 8.4 1.6 0.9
gzegat%g; Work Force _ | S ' '
o * bs5) ars 230 - 165

Technical 152 45 L 20 . -o23

Time to Produce® Material .
for Firlt _Weapon, years 13 9 9 .. M9

DELETED

Uﬁ,( Dﬂ!mn‘

b ).(ﬁ

c.pitll Cost. $MH 13603 : . * .
Operating Cost, $MM 8.1 51.0 12,9 8.4
; .
Pover Requirements (M) " - 8k 15.8 8.9
gzeratgg IH'ork Force ' :
al 780 4,800 1,100 T20

Technical : 239 110 25 . 43
Time to Produce® Material

for First Wespon, years 11,5 S -9~ 9

e - A —— .

- oK
hew precedlng page | /<)
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APPINDIX H
December 13, 1960

STATEMENT BY JOIN A, McCONE, CHAIRMAN
_ U.S. ATOMIC ENERGY COMMISSION .
PN STATUS AND PROSPECTS OF GAS CENTRIFUGE TEGQHNOLOGY

After careful Study and discussions with many qualified scientists
about the gas centrifuge process, it is my conclusion that practical use of
this methed by any nation for producing weapons material is several years away,
There is an enormous amount of development work stil] to be done. We foresee
that the gas cent ge ultimately car be used to Separate uranium-235 from

- uranium-238 to produce weapons-grade materjals, But this. cannot be done ~
satisfactorily with present téchnology. We: do not think that the problems P
that remain are insoluble, but they certainly will take time to solve.

This process will not be simple nor cheap. Apparently, as we see the
trend of future development it will take thousands of Bas centrifuge machines
to produce material for weapons. With auxiliaries, these machines might cost
several thousand dollars each.

A country that is advanced scientifically and industrially would
require a number of years - - perhaps as many- as eight - - to Perfect the gas
centrifuge to the point where it could produce enough material for g nuclear
weapon, Less industrialized countries will take much longer; the period of time
depends upon how much outside assistance they receive.

ch
350 |

[\)(b\ The _a.lttéché'd camprehensive report by the Commission gn the gas
centrifuge process has been prepared to elaborate further on this matter and
fuge p ep
to place it in better. perspective, :

DELETED
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ATTACHMENT

ATOMIC ENERGY COMMISSION REPORT
ON STATUS OF GAS CENTRIFUGE TECHNOLOGY

-

use in the production of weapons material. The report alsd outlines the devel-
opment work done by the United States and other countries and lists some of
the problems which still must be solved., -

~
I. PRINCIPLE OF THE GAS CENTRIFUGE

high speeds. There is a Slight difference in the weight of the uranium-238 ang
uranium-235 isotopes. Consequently, it is theoretically possible to separate
these isotopes just as one can Separate. cream from milk by centrifugation. It
must be emphasized, however, that although the same principle is involved, the
gas centrifuge is a good deal more complex than the "cream separator" or other
types of industrial centrifuges, ,

Only the uranium-235 portion of natural uranium (U-238) is fissionable
and can be used for weapons purposes. Uranium-235 constitutes only .7 of a per-
centage point of natural uranium, The other 99.3 percent of uranium-238 is of ng
use for weapons. Therefore, it is necessary to separate the uranium-235 from

uranium-238.
II. POSSIBLE ADVANTAGES

the desired enrichment of uranium-235. Further, it appears to be particularly
vell suited for low-capacity installations,
f.

The centrifuge process has the interesting theoretical property that
the separative work performed varies with the fourth power of the speed, all other
factors being equal. This means that doubling the speed would, in theory, increase
the separative work performed by the unit by a factor of sixteen, With this
potential, as progress is made in materials of construction and equipment design,
enthusiasm rises for the application of this process to the separation of uranium
isotopes. In at least one respect this is a desirable situation since promising
processes should be developed for uranium-235 separation as a step toward possible
improvement in the economics of nuclear power. '

'
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IIT. USE FOR WEAPONS MATERIAL

A review by the Commission of available information on the gpas
centrifuge machines built both here and abroad’ indicates that these machines
cannot now be used in a production plant without further development work,

So far, centrifuge units have been operated only as single laboratory fodels
for isotope separation. These machines are complex and expensive.

Even after substantial improvements have been made, thousands of
gas centrifuges probably would be required to produce enolgh enriched uranium
for one crude weapon per year. Including auxiliaries, a plant of this type
might cost several thousand dollars per centrifuge. Campared with development
by the United Sta s, the time period would be much longer for a country not
presently engaged in centrifuge research and development and not having access
to advanced technical and industrial capability. ;

IV. DEVELOPMENT PROBLEMS -

General areas in which problems still must be solved before a

satisfactory process is possible with the current centrifuges include:

(1) Reliability of the present experimental machines for
continuous, long-term service with uranium hexafluoride

must be proved out.

(2) A model of the machine satisfactory for mass production
of identical units must be developed. :

(3) A method must be developed to provide for the intro-
duction and removal of gas when the machines are grouped
as would be necessary in a production plant.

(4) The auxiliary processes, services and instrumentation
necessary for plant operations have to be determined.

None of these problems is simple to solve. Excellent technical and
industrial talent are required. - ;

V. DEVELOPMENT WORK BY UNITED STATES

The United States has followed development of this process for some
time. The gas centrifuge was one of the methods investigated during World
War II. Development work on the centrifuge method had not progressed so far

in production plants. The United States temporarily discontinued work on the
centrifuge and went ahead with gasecus diffusion, thermal diffusion and the
electromagnetic methods for production of uranium-23S.

Although- the United. States.. ultimately continued to employ the gaseous
diffusion method as the most economical process available, the Commission has
not lost sight of the gas centrifuge's possibilities. The AEC resumed research on

. the centrifuge method in 1953 and expanded this work gradually as the technology
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advanced. Most of the Commission's research work has been carried out at the
University of Virginia,

As the technology advances, it will be possible to make more realist
appraisals of the economic attractiveness of this method for the separation
of uranium-235. The Commission has recently increased the United States effor
on the developmént of the centrifuge program. It is now expected that the tot;
effort will be at a level of roughly $2 to $3 millions per year. Because of i-
potential significance to production of weapons materials, however, the prograr
is classified. “a

The technology of centrifuge separation is not now developed to a
point where this process can produce uranium-235 at a cost competitive with the
product from AEC's current gaseous diffusion plants. On the other hand, pro-
jections of possible gains in the gas centrifuge.process indicate the possibili
that the process may become attractive from the economic standpoint in the futu
However, this would require very substantial further advances in the technology
In this country, the gaseous diffusion method remains the most economical proce
for large-scale production of uranium-235 at this time.

Since there has been considerable commercial interest expressed in
possible industrial application of the gas centrifuge process to the developmen:
of economic nuclear powexr, the Commission has approved a program under which
private industry in the United States will be permitted to work on the centrifug
process with private funds, under appropriate conditions and security.

VI. WORK IN OTHER COUNTRIES

Scientists in West Germany and the Netherlands also have worked to
develop the potential of the gas centrifuge process for its interesting scientif
and commercial possibilities. They have been particularly interested in the
potential of the centrifuge for the production of low enriched uranium for
civilian research and power reactors.

In July of 1960 representatives of the Department of State and of
the Atomic Energy Commission discussed centrifuge technology with the West Germa
and Netherlands Governments and the United States asked that Germany and the
Netherlands give consideration to the control of gas centrifuge technology. The
two countries shared the concern of the United States over the possible applica-
tion of the centrifuge process for weapons production.

The West German Government recently announced that it has taken
steps to control the dissemination of information on the gas centrifuge process.
The United States understands that the Netherlands Government is actively studyin
the question of applying controls to its work.

The United States also discussed the gas centrifuge question with the
United Kingdom. The United Kingdom follows classification criteria similar to -
those of the United Sta'tes on the gas centrifuge process.
OOE ARCHIVES
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