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This review of foreign wrenium enrichment capacity and wanium isotope
separation technology is besed scolely on news items and articles in the
public literature. It should not be presumed that the inclusion in this
presentation of any reported information necessarily attests to its
validity.

Foreign Enrichment Capacity

There are currently just four nations, otker than the U.S5., that have
facilities larger than that of a pilet plant for the enrichment of U-235.
These are Great Britein, France, Russia anpd China. All of their existing
plants were built initially for the purpose of fulfilling military cbjec-
tives. Of the four, only Russis has sufficient capacity beyond its own
national needs to sell some toll enrichment services gbroad.

A strong interest has been developing in many nations in recent years to
acgquire their own capacity to enrich uranium to fuel grade levels, or at
least to share ip such an enterprise. The chief motivation for this is
the desire to mcquire an assured supply of fuel for their nuclear power
reactors. In the case of & few nations thet possess large, rich deposits
of uranium ore, the prime motive is to meximize the economic benefits
reelizable from the owmerchip of such a resource by enriching their own
uranium and selling the product. There are a fey countries that are
interested in ecquiring uranium enrichment facilities in order to capitalize
on the fact that they have sites where large quantities of inexpensive
power &re, or can be mede, availsble,

In genersl, commercial scale uranium enrichment imposes such a burden on
a nation's resources thet most of the nations seeking to develop their own
enrichment capability have sought partners to Join them in such zn enter-
prise., Two multi-nstionel European consortlia thad were formed for this
purpese and have become well krown in recent years sre Urenco and Eurodif.
Both of these groups currently have sizeble enrichment facilities under
construction. West Germany and Brazil have formally agreed to e Joint
enriclment venture, the first phase of which is the construction of a
smell demonstration plant in Brazil. Japan and Australia and also France



&nd Cansda have engeged, for = number of yearsg, in intermittent regotie-
tions regarding joint enrichment ventures with no agreements to dete. Omn
the other hend, South Africa has developed independently an isotope sepa-
retion process it calls unique and hes announced plans to spply it in =
commercial scale plant.

World-wide plans, outside of the U.5., for the construction of uranium
enrichment fecilities as they stood at the end of 197€ are summarized in
Table 1. For those plens that are listed as definite in this table, there
may be some slippase in the year of completion of the full cagpacity: for
exemple, there is talk that Urenco might decide, depending on market condi-
tions, to stretch i1ts completion date for 10,000 MISWU/year capacity to
1988, from the original date of 1985. With regard to conditionsl plens,
Coredlf, which is an affiliate of Burodif, intends to expand its capacity
beyond the first 5400 MTSWU/year only if the market outlook in the 1980's
appears favorable. It is expected that Japen's intention to build the
listed facility will be affected by any success it has in lining up a
partner for a joint venture.

In March 1970 Great Britain, West Germany and the Netherlends officially
formed the tripertite Urenco/Centec Group. These three nations, each of
which hed been engaged independently in gas centrifuge research and
develsoment, formelly agreed to pool their technologies and financial
resources for the production of nuclear fuel by the enrichment of uranium
by centrifugation. Three pilot plants, two at Alwelo, each with a capa-
eity of 25 MTSW/year, and one at Capenhurst with a capecity of 1L MTsWuU/
year, have begn built and are now fully cperational. Each of the three
partners I testing their own particular machine designs in one of the
three plancs. Product from these pilot plants has been delivered to
utilities in the member nations. Two demonstration plants, one at each
site, are currently under construction. Each of these, when in full opera-
tion in 1979, will heve a capacity of 200 MISWU/year. It has been reported
that the first cascades at each site, representing gbout one-tenth of the
scheduled capscity, ere now in cperation. Urenco plans call for instal-
lation of 1400 MTSWU/year at Almelo and TQO MTSWU/year at Capenhurst by
1982. Original expectations were that these would be expended to a total
of 10,000 MISWU/year by 1985, but mccording to some reports this may be
atretched out to 1988 because of slower than expected growth in demand.
Very recently, Uranit, which is the FRG member of Urence, announced it
will build a 1,000 MTSWU/year centrifuge pleant in Germany to be ready
about 1985. It is not clear whether this represents an addition to
Urence's capacity plens or & substitutinn in whole or in part for another
installation in its program.

Burodif, the other active multinational ccnsortium, was promoted and
organized in 1972 under the leadership of France. The membership and
apportionment of shares in Eurodif has been changesble. PFPresently it is
constituted by Belgium and Spain 11% each, Italy 25%, France 28% and
Sofidif 25%, which is 40% owned by Iran and 0% by France. By utilizing
the tried and proven French gaseous diffusion technology, Zurodif mini-
mized design and development efforts and was thereby sble to begin

NOTICE
i wat prepased ab as aceount of work
m;ﬁ by the United Siates Govetnment. Nedner
tht United Staps nor e Unlted Siater Energy
Mesarch and Devdlepment Adminhtrstion, nu: ::‘L::f
[ theis  santsaciont,
kel !m\lhvn:l.mﬂu:h any u- ; Pt L:m
fanty. exprexs or implied, or smumes xny
;:\sunyym tespanisdbility for the Accuraty, completeners
1 usefulrem of ahy information, appsratus, product er
disclosed, 01 TepTEEnts that it usc would not
InfAnge privately Lwned rigtt.




‘saeseyoamd aatqoadsoad fq sjzxodsx o4 FurpJiovoe

¢aT8s UFTAaJ0] JOJ STQVLTBAE 2aBY TTTA SUBISSNY 9Y3 YIOM dATIBIBA9S JO L TUBND ¥aad

8y} ATuo sjuasaxdax aaay paysIT LA/NMSIA 000°E UL *A3Toedsd JUaUDTIUIS §)T 9SBIIOUT 0%
sugytd Aus paounouur jou svy *ALLFrrqedED UOTSNIJTY Snooswd JuTaSTXS Us SBY YO TUA YSSN uaa++

*9ZTS S3T U0 994 sw ‘paom ou udaq SBY ax9Y) Ing ‘querd
91BOE TBIDIAIMIOD ® JO UOTFONIFEUOD Y3 £q ParOTToJ 2q 0% pojoadxe sT uorgeasdo [ngssaovng
*qusTd cwdp B SF UOTISFBTTBISUT POYSIT 8YL 'TIzBag DUB DYUJ U3 R£q danjuds qurof 8 s1 mdhnmaoﬂz+

“59J48US JO qUamBIUBIIB
QUSIDFITP B 3nq driyszoquew swes SYq FuraBY SANOLE PelBITTIJB ATSSO0TO SI8 JIPOMT PUB JTPII0Dxy

*918p UOTjaTdmoD pagoafoad
a3 03 Jotad Juronpoad puw uol3EIado UT Sq TTTA 3TqQR3 STHL UT PIISIT SITITTIORI aU} JO S}IRJIx

08L sy TB308,
SQET uoTqBINI T3 USY 000°9 uedsp
6461 UOTISNIJTC SNOISRY oon‘s JTpaI0)
TBUO ¥4 TPUO)
08E‘HE Te303-qug
2Q6T - 14000°€ 4gsn
9961 adngTajue) TreN~4IBUOTIULS 000°¢ BOTIJY UINOg
86T arzzoy uoTimrrdag 04t 4 SeaqeTony
$Q6T uoTsSNIJITC BNO9IEBYH oon‘s #%xJTP3I0)
2R6T UoOTSNIJITQ SnOass) 00g 0T Jpoang
46T UOT9BING TIJUS) 000°0T oouadf
33 Tutzea
T #i31o8d%) S830043 IX/IMSTA dAoIH 40 UOTIBN
peTMPIUDG JO ¢ £3°0ude)
uotyetdmoy jo paTNPaYDg

J83] paloadxy

9L6T 40 QNI THL LY
SNVId ALIOVIVD INEWHOTYNZ NOITHOd TIONNONNY

T Z2TdVL



=

construction of its industrial scale plant in July 1974 at Tricastin in
Fragnce. This plant will have & capacity of 10,800 MISWU/year (increased
from the originally plarned 9000) and is now scheduled to be in full
operation in 1982. In 1975, another consortium celled Coredif with the
same multinational membership a&s Eurodif but a different distribution of
shares (Eurodif 5i%, France 25% and Iran 20%) was organized to assess
future nuclear demand and build a second Eurodif-type piant if the study
results Justified it. Iate lsst year, the decision wes mede by Coredif
to proceed with & 5400 MISWI installation to be fully in production in 1985,
followed by a doubling of the capacity in the late 1380's. A site for the
Coredif plant has not yet been selected.

Ir addition to its efforts in centrifugation, West Germany has been
developing the separation nouzle process for more than a decade. It has
made significant progress in meking the process & vieble one. Reports
were cireculating a few years ago that a demo plant of about 700 MTSWU/yecar
for the Jet nozele was planned, In 1975, the FRG and Brazil sigzped a
bilateral nuclesr accord whereby the FRG will sell its jet nozzle tech-
nology %o Brazil alopg with follow-up technical support for the eventual
construction of a Jointly owned enrichment plant in Brazil., Initigl plans
vy the partnership orgesnized under the neme of Nuclebras call for a
demonstration plant with capacity of 180 MISWU/yeer to be built in Brazil.
This will evidently substitute for the demo plant originally projected to
be built in Germany. There is no word on the capacity of the commercial
scale Jet pozzle plant that Nuclebres envisiocns for the future.

Several years ago the South Africans announced that they had developed a
uranium isotope sepsaration process that is different from all those which
had hitherto been ussd or considered, the nature of which they declined
to diseclose. In 1975, they amnounced that the process is hased on &
separating element vwhich is deseribed as a high performance, stationary-
wall centrifuge operating on a mixture of UFg and H; at higher than
atmospheric pressure. Msny observers, including Becker himself, according
to reported comments, have the opinion that the Scuth African process is
fundamentally a variation of the Decker separation nozzle. The South
Africans have built and ere operating a pilot plant testing their process
and report that it has fully met all theoretical expectations. An officisl
decision has been made to construct a commercial scale enrichment plant,
but its cepacity will be determined in 1978 contingent upon the size of
enrichment service contreaets they can meke by then, Present unofficial
best estimates for the plant size are 5000 MTSWU/year to be fully on
stream in 1986,

Japan has been seeking partnerships, so far unsuccessfully, wherein Japan
will furrpish most of the finaneing and the pertners supply either the feed
urapnium or & proven technology or both. Meenwhile, Japan has been
developing its own centrifuge design. Atter having tested machines in
very smell pilot plants, it is about to egin construction of a large
pilot plent comprised, when completed in aboub 1980, of epproximetely

7000 mechines with & capacity of about S0 MTSWU/year. Successful opera-
tion of this pilot plant will be followed by the construction of a full
sized centrifuge facility of 6000 MTSWU to be ready in 1985, unless

Japan succeeds in meking other arrangements in the interim.
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The USSR, whick hes never revealed the capacity of iis existing vraniuwm
enrichment facilities nor eny plans for expansion, has been in the market
a3 a geller of enrichment services. There heve beern reports, howvever,
from other than official USSR sources, that it is in tihe process of in-
cressing its enrichment capacity in order to take care of its growing
domestic requirements and to expand into the world mavket for toll enrich-
ment services. The capacity quantity shown for Russin in Table 1 merely
represents outsiders' estimates of how much separative work it will have
gvailahle for foreign sale mnnually. What relationzhip this bears to the
actual expansion, if any, of its urapjum isotope separation facilities

‘is unknown.

A number of nations, in addition to those elresdy menticned, are con-
sidering the feeagibility of building commercial scale enrichment facilities.
A current list of these are Australis, Cupade a8 specifically represented

by its province of Quebec, India, Sweden and Zzire. None of these have plans
sufficiently advenced which would warrant their inclusion in the table.

Portions of the projected capacities listed inm Tebls 1 will be in opera-
tion prior to the final project completion date shown. Accordingly, we
have constructed a schedule, shown in Teble 2, of the approximete ex-
pected growth in enrichment capacity outside of the U.S. based on the
various pronouncements we have seen to date. This tabulation omits the
conditional capacity plans listed in Tgble 1. This schedule iz probably
optimistic since there are some reports of possible slippage in on-stream
dates. According to some sources, for example, Urenco's two demo plants
originally expected to be in full operation in 1978 will probsdly be
completed in 1979, the 2100 MTSWU eapacity scheduled for completion in
1982 will probably not be finished until 1983, and the planned attainment
of 8 capacity of 10,000 MISWU scheduled focr 1985 msy be stretched out to
1988. With respect to this table, the recently anncunced Uranit plan
{the TRG member of Urenco) to build a 1000 MPSWU plent in Germany is trested
ag & revallocelion of, rather than an addition to, plammed capacity.

The numbers shown for Russia in Teble 2 do not represent a growth schedule
of separative work cspacity but rather one of seperative work availsble
for foreign sale. The sources of these numbers are evidently prospective
purchasers of future Russian toll enrichment services.

Sales of Separative Work

All of the global demand for current toll enrichment services is being met
by the U.5, and the USSR, with the U.S. being tue larger supplier by far.
Eurodif and Urenco have entered the market by sellirg contrscts for

future delivery of separative work services during the next decade. A
summary of the sales contracts signed by foreign supplierg to date is
presented in Table 3,
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Enricher

Burodif

Urenco

Russia

TABIE 3

SA1ES OF ENRICHMENT SERVICES BY
FOREIGN ENRICHERS TO QUTBSIDERS

Buyer

FRG

Japan

Switzerland
TOTAL

Brazil

Ireland

Switzerland
TOTAL

Auatria

Belglum

Finland

France

FRG

Italy

Spain

Sweden

United Kingdom
TOTAY,

Total SWU, MT

600
10000

920
11520

2000
570

1260
1300
620
3500
6220
3920
5100
600
1000
23520

Delivery
Period

1681-84
1981~-90
1981-90

198L-94
1681-90
1983—90

1978-87
197985
1978-86
1979-83
1976-90
1976-83
1978-86
1979-82
1981-90



The participeting states in the two consortia, Eurodif and Urenco, which
have sizable enrichment facilities either under construection or on the
drawing boarde are expected Lo take the greater part of the produetion of
their consortium. Esch member nation will purchese, on an indefinitely
continuing basis, & fraction of the availeble production roughly in pro-
portion to its fipnancial share in the enterprise. There will bte som€
production, however, in excess of the total requirements of the membelr
states, which will be avallable for saele to cutsiders. Only sales by a
consortium to non-member states are listed in Teble 3.

According to Eurodif, 97% of the rated capmcity of ita Tricestin plant
has been contracted cut through 1990. It hes sold about 11,500 MITSWU to
outsiders, deliverabdle in the 1980's, most all of it to Japan. According
to Urencc the entire campacity of sbout 2,100 MISWU/year it expects tC have
on stream in 1982 or 1983 hae been committed. Sales to non-member states
total about 3,400 MTSWU with more than half of it to Brazil. Russis has
contracted to deliver a total of about 23,500 MTSWU through 1990 to rine
European countries on this side of the "Iron Curtasin", five of them
members of Euredif or Urenco. Russia is known to be seeking a contract
with Australia whereby Australian uranium would be enriched in Russian
plents. It has also been reported that Russia is interested in selling
separative work servicez to utility compsnies in Japen and the U.S.

Price of Separative Work

After some reluctance to disclose its separative work price, Eurodif
declared, toward the end of 1976, that it is about $100/SWU plus a cost
escalation factor to non-member states, with the price somewhat less to
pertner nations. Urenco announced in early 1975 that its current sepd~
rative work contract price is the order of $100/SWU plus an escalation
factor thet is related to the degree of price inflation and teo certain
narket conditions. The South Africans claimed initially that their pro-—
cess will be able to perform separstive work at & price 20% less than that
of U.S. geseous diffusion. Lately, i: has said thet its process eurithment
costs compare favorably with that fur an sdvanced centrifuge plant, that
is, the order of $100/SWU. The Scuth Africans have indicated that theé¥ are
ebout ready to write contracts for the fubure delivery of separative

work. DNome such heve yet been reported. Thus, three prospective com~
mercial enrichers, Eurodif, Urenco and UCOR (South Africa), each with &
different process, have in effect come up with essentielly the same
enrichment costs.

While on the subject of enrichment cost, a compariscn of its major coq{'_*
porents for these processes would be of interest. Such a comparison 1s
made in Tsble 4. Though no plans for a commercial scale plant have bHeen
anmounced or a probable SWU market price copjectured for it, West Gurmeny's
separation nozzle process is ineluded in this table since it may be an
economically vieble process with potential future industrial scale applica-
tion. In this tsbulation each of the processes is compared with regpect
to unit capital investment costs, unit power costs, and other operating
unit coats with those for geseous diffusion, The comparisons are bgsed



TABLE 4
COMPARISON OF PROCESS ECONOMICS

Unit Unit Unit
Capital Power  Operating Costs for
Process Investment Cost Other Than Pover
Centrifuge: Urenco > < >
Stationary-Wall = = NE
Centrifuge: South Africa
Separation Nozzle: FRG < > =

Definition of Syrbols:
= approximetely equal to diffusion
>,< greater than, less than diffusion, respectively

NE no estimate
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on estimates made by the proceas developers. Note should be taken of

the fact that the unit power cost for the centrifuge is less than, and
for the separation nozzle process greater than, that for geseous diffusicn
in reflection of their relative specific power consumption. For the

South African process, the specific power consumption is greater than
thae for diffusion but its unit power cost is given as roughly equal

to that of diffusion because of low cost power asserted 4o be availeble

at the projected plant site.

Foreign Technology

There are meny nations which have active research and development programs
on uranium isotope separation. Some of these nations are seeking to
develop their own version of a technoliogy already developed by others in
order to acquire an uninterruptable and independent means of obtaining
miclear fuel. Other countries, which already have a viable enrichment
technology or even an operasting large scale facility, mre working on im-
proving their present process and are simultaneously investigating other
processes which promise to be econstnically superior. A summary of the
known major R&D activities outside the U.S. is presented in Table 5. This
tebulation does not offer & camplete list of the processes that are being
investigated or necessarily a complete list of countries with an R&D pro-
gram ip uranium enrichment. Other serodynemic processes being investigated
in France and Germsny, and plasma-based processes being researched in
Australis, West Germany and the Netherlands, have been omitted since the
work thus far is either mainly of a preliminary nature or there is some
question whether there will %e a continuing effort.
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