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Introduction

•This US contribution to INFCE Working Group 2 analyzes

the supply of uranium enrichment services from the perspective

of the various institutional arrangements under which enrich-

ment facilities might be developed. These include national,

bilateral, and multinational arrangements. The alternatives

are examined in order to understand the extent to which they

could provide satisfactory assurances of nuclear fuel supply

to countries, while, at the same time, minimizing the pro-

liferation risks associated with this sensitive technology.

Availability of Enrichment Services

The predominant international source for nuclear power

generation, the light water reactor (LWR), uses as fuel

uranium enriched to approximately 3% in the fissionable iso-

tope U-235. Facilities capable of providing commercial

quantities of uranium with this degree of enrichment have

required a lengthy and extensive research and development

program,, •very__largê  capital investments, and high operating

costs. Thus, a commercial-scale facility can be economically

justified only if access to large-scale reactor fuel sales

markets is available. In addition, the technology for en-

riching uranium has, in general, been closely held, either^,

for proprietary considerations or because dispersion of

enrichment technology poses a proliferation threat. As a

consequence, most states have chosen to satisfy their reactor

fuel requirements by purchasing enrichment services from
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foreign sources, ratheT than by constructing their own

national facilities.

In the past, the dominant supplier of LWR enrichment

services has been the United States. The ready availability

of such services, provided by the US gaseous diffusion facili-

ties at Portsmouth, Ohio, Paducah, Kentucky, and Oak Ridge,

Tennessee, under appropriate Agreements for Cooperation, has

contributed a significant measure of stability to the inter-

national fuel supply market.

In recent years, this nuclear fuel supply picture has

changed somewhat. The 1973 :oil embargo intensified desires

for a greater diversification, and thus assurance, of energy

sources and fuel supplies. The complete commitment of the

US gaseous diffusion capacity in 1974, which resulted in

a temporary inability of the US to offer new enrichment

service contracts, also affected the climate surrounding the

development of nuclear energy programs. On the other hand,

the emergence of URENCO, EURODIF, and the USSR as suppliers

of enrichment services helped to diversify future sources of

supply and thereby improve fuel assurances. Nevertheless,

there may still be concerns about the reliability of future

enrichment service supplies.

In the cases of URENCO, EURODIF, and COREDIF, which in-

volve the participation of a number of governments and private
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companies, a shared interest has led to the creation of multi-'^

natidnal endeavors specifically designed for the construction

and operation of enrichment facilities. More recently, other

states, such as South Africa, Japan, and Brazil, have begun

national enrichment programs, in some cases including the

development of enrichment technology.

More recently, the US has undertaken to increase its own

enrichment capacity, and as a result, reopened its order books

for sales of enrichment services to domestic and foreign cus-

tomers. In addition, the US is offering a new adjustable

fixed commitment contract which provides more attractive terms

and conditions to customers than previously available. (Access

to such enrichment services is, of course, subject to com-

pliance with relevant US legal requirements.)

These developments have come at a time when eaTlieT

projections of international nuclear power growth have been

adjusted downward in the light o£ actual experience. As a

consequence, it now appears that if all planned enrichment

capacity were constructed on the indicated schedule, a sub-

stantial surplus could result.

Enrichment Technologies

Gaseous diffusion technology is employed in the existing-

US enrichment plants. In addition to producing power reactor

fuel, these plants have been used to generate highly enriched

uranium for military purposes and for use in various test and
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research reactOTS. Because of the proliferation risks, the

more*sensitive elements of this technology have been kept

highly secret.

In the past, several other nations have used gaseous

diffusion technology to meet both civilian and military needs.

However, economy of scale considerations lead to large capacity

installations, with associated huge capital expenditures and

large electric power requirements; thus, the relative inflexi-

bility to add increments o£ capacity as needed is a significant

deterrent to construction of new diffusion facilities. As a

consequence, there has been increasing interest in the develop-

ment of alternative means of enriching uranium.

Since the 1940's, many different enrichment technologies

have been examined in order to determine their potential for

commercial applicability. The gas centrifuge technique is now

employed by URENCO and will be used by the US Government in

its new increment of capacity being constructed at Portsmouth,

Ohio. As with gaseous diffusion, key elements of the centri-

fuge technology are closely held. The gas nozzle process,

developed in Germany, is planned for use in a small-scale

enrichment facility in Brazil. Other new techniques, such as

laser isotope separation and chemical exchange, may prove to

be commercially feasible in the future and are the subjects of

research and development programs in a number of countries.

Table 1 summarizes estimates of some pertinent characteristics

about these various enrichment technologies.
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Proliferation Concerns

The possibility of widespread dispersal of enrichment

technology and facilities raises serious proliferation concerns.

Ip to the present time, the complexitiy of enrichment technology

and restrictions on the dissemination df information on key elements

of the technology have provided formidable barriers to the const-

ruction of facilities in additional states. However, the presence

of enrichment facilities in many states,' together with associated

complements of scientists and technicians with "hands-on" experience,

would open new paths to weapons proliferation. Conversion of an

existing enrichment facility to produce a stream of uranium

sufficiently enriched in U-235 to be of weapons quality would be

an ever-present possibility. An alternative path would be the

construction of an entirely new facility dedicated to weapons

material production, utilizing the knowledge and experience gained

in operation of an existing enrichment plant producing fuel for

civilian nuclear power programs.

Successful demonstration of the commercial feasibility of

some of the promising technologies now under development may

introduce entirely new proliferation concerns. There is the

possibility of a technical breakthrough in certain of these programs

which might lead to the availability of simpler, less expensive

means for separating uranium isotopes. The successful development

of enrichment technologies having these characteristics would

require the msst stringent controls in order to provide assurance

that they were not being misused. On the
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other hand, the chemical exchange process may pi-ove to be

attractive to the extent that it can be shown to afford

increased inherent proliferation resistance as veil as

commercial competitiveness.

Alternative Institutional Arrangements for Enrichment

It is possible to envision many different means for meeting

a state's enrichment service requirements. A number of such

possibilities are reviewed in the subsections which follow.

For completeness, national ownership and operation of enrich-

ment facilities is listed as one option.

Alternatives to construction of national facilities en-

compass a spectrum of possibilities ranging from the bilateral

supplier-customer arrangements of the past to large multi-

national complexes capable of servicing the fuel needs of

many states. Several of these alternatives are described

below. In all cases considered below, the appropriate appli-

cation of effective IAEA safeguards and physical security

standards is regarded as the sine qua non for acceptability

from the non-proliferation perspective.

1. National Enrichment Facilities

Concerns about reliability of supply, coupled with an v

increased reliance of nuclear power generation to meet critical

domestic electricity demands, has caused some states to under-

take, or intensify efforts toward the development of indigenous

national enrichment capabilities. There are numerous motives
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for undertaking the development of such a national enrichment

program: e.g., ownership of such a facility may be seen as

a means to help assure uninterrupted supplies of nuclear fuel

in the future; potential new reactor fuel markets in other

countries may be seen as presenting promising export sales

opportunities; or nations which are suppliers of natural

uranium may seek to capture the additional market value added

by providing enrichment services as well.

However, widespread deployment of national enrichment

facilities would raise serious proliferation risks, as noted

above. In addition, construction of national enrichment plants

solely as a means of assuring national sufficiency in nuclear

fuel supply is likely to be disadvantageous in many countries

on economic grounds when compared with alternative approaches.

Specifically, it is not clear that the large expenditures

required for construction and operation of an enrichment

facility can be justified in nations with small nuclear power

programs. The legitimate desiTes of such states for fuel assurances

can probably be met more economically and more reliably in other

ways, such as those suggested by the other alternatives con-

sidered below. These alternatives would also provide the

advantage of minimizing the spread of sensitive enrichment

technology.
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2. Reliance on a Single Foreign Supplier

This is the traditional means of securing enrichment services.

Under a bilateral agreement, the customer state depends upon a

supplier state to fulfill its contractual obligations to assure the

continuity of necessary fuel services. The US Government, for

example, has long provided enrichment services at cost under such

bilateral contracts.

Under these conditions, reliability and economy of supply is

supported by the large enrichment capacity and extensive operating

experience found in a typical supplier state. Also, by foregoing

construction of its own enrichment capability, the customer state

is spared very large demands on investment capital and, for the

gaseous diffusion and aerodynamic processes, large demands on

domestic electric power generation resources as well. Finally,

the limited deployment of centralized enrichment installations

has Teadily-apparent non-proliferation advantages over many smaller

and widely-dispersed facilities, including the advantage of placing

less burdensome demands on the existing safeguards system.

Over the years, the bilateral contractual mechanism for

supplying enrichment services has served as a reliable vehicle for

meeting customer state needs. Nonetheless, it could involve a

potential risk, however small, of a unilateral abrogation by the

supplier state as a result of changing, and possibly unpredictable

political, technical OT other circumstances. Such a disruption

vould "be beyond the control of the state purchasing such services.

Its immediate adverse impact on nuclear power generation could be

lessened substantially, however, if the customer state were able

to draw upon s -pre-existing stockpile o.-f enriched uranium fuel, that
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might be available to an international fuel "bank. Such a bank

would be designed to insulate states against interruptions in

fuel' s-upply that were not attributable to a failure by the •

customer state to meet its non-proliferation obligations.

3. Reliance on Several Foreign Sources

The current existence of a number of different enrichment

suppliers may afford customer states an opportunity to obtain

greater assurance of reliable fuel supply beyond that available

from a single supplier state. A simple means for doing this

would be to enter into separate bilateral enrichment contracts

with more than one supplier. In this way enrichment requirements

would be divided among different suppliers, preferably under terms

that would permit some flexibility to increase deliveries of

enriched fuel in the event of a cutoff from any one supplier.

4. Multilateral Approaches

Another possible approach would be contingent supply con-

tracts that would provide for backup enrichment services in the

event of ft unilateral cutoff by a principal supplier. The will-

ingness of additional suppliers to enter into such a contract, as

opposed to the flexible contract described in the preceding sub-

section, would have to be determined. Clearly, such flexibility

would not be possible without either an excess supply of en-

richment capacity, temporary alterations of tails assay, stockpilin,

of enriched uranium by the supplier, or stockpiles held by an

international fuel bank.

5. International Fuel Bank

As mentioned above, an interesting possibility is action by

one or »ore states possessing surplus enrichment capacity to

offer fuel assurances in the event of failure of a supplier ts>
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honor its bilateral contractual commitments. Such action might

take-the form of a fuel bank in which a certain quantity of 1,

enriched uranium from nationally-owned stockpiles is deposited

or pledged for use in the event of a fuel cutoff due to reasons

unrelated to conformance to non-proliferation obligations. This

concept might be expanded to include supplies of natural uranium

as well.

Implementation of the fuel bank concept would probably require

creation of a multinational admininstrative structure, perhaps under

IAEA auspices, that would at a minimum ascertain the validity

of requests for relief, set prices, and allocate calls for materials

and services among the holdings made available by participating

supplier states. This concept is being explored in detail in

INFCE Working Group 3.

6. Multinational Enrichment Centers

Some states may see participation in the ownership and manage-

ment of an enrichment complex as a desirable way to improve

assurance of receiving essential fuel supplies in the future.

Such participation would involve some degree of capital investment

in facility construction and operating costs in exchange for a

voice in determining management policies and guaranteed access to

a specified fraction of the plant capacity. Such multinational

ventures would involve a different form of financial expenditure

from that involved in the purchase of enrichment services from a

foreign-owned facility.

Ihe recent development of new enrichment facilities has,

to a considerable extent, tended to be under multinational auspices.

Two such endeavors, URENCO and EURODIF, are anticipated to have
a, nto.r.. -firm nv\pa.tfc on , . ,

* ; + cm +>«* -international enrich-
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ment supply situation. As such, they provide a starting point

for considering various forms of participation by customer

states in the construction, operation and management of enrich-

ment facilities.

In the first tvo subsections that follow, models incor-

porating the principal features of the URENCO and EURODIF

enterprises are presented and reviewed.. "Particular attention

is given to the applicability of these models in a more

general context. In both cases, the advantages and disadvantages

which are noted are with respect to the general applicability of

the models, and should not be taken as indicative of attitudes

or positions concerning the URENCO and EURODIF ventures them-

selves .

The final subsection, (c), presents a third model in the

form of suggested guidelines for facility management and

operation that might be useful to states interested in the

creation of new multinational ventures.

(a) URENCO Model (Model I)

The tripartite URENCO consortium grew out of the

independent research and development programs of three states,

the UK, the FRG, and the Netherlands, whose technical capa-

bilities in the centrifuge enrichment field were at roughly

camparable levels. The URENCO endeavor is treaty-based and

provides for equal capital commitments by all three participants.

Consortium members, who are all parties to the Non-Proliferation

Treaty, are assured of equal access to developments in centrifuge

technology by any of the members. Member state access to
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necessary enrichment services is stregthened through special "̂

treaty provisions. The execution of contracts requires the

unanimous consent of all three states, and there are

restraints on the centrifuge activities carried on by

members outside of the joint enterprise.

From the more general perspective described above,

successful operation of enrichment facilities patterned

after Model I affords a number of advantages:

— it eliminates the need for development of separate

and more costly national enrichment facilities in the member

states;

— it proves assurances of supply to participants

through special treaty provisions;

— it has the potential to reduce the opportunity for

misuse of sensitive enrichment facilities when use in made

of multinational presence or staffing of management and

operations;

— it restricts the spread of the sensitive enrichment

facilities under national control outside of the joint

enterprise.

On the other hand, certain features of Model I may be

perceived as disadvantegeous:
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-- because attainment of a minimum base level of technological

capability would be prerequisite for membership, many states would

not be able to participatej

-- the unanimity requirement for contractual commitments .

may be percieved as lessening}; the fuel assurance potential for

nonmember states;

-- such a consortium does not attempt to limit the total

number of multinational enrichment facilities by precluding the

location of such facilities in each member state;

-- consortium procedures help assure that member states will

maintain comparable advanced levels of enrichment technology, thus

providing for continuing dissemination among the participants of

sensitive information and experience;

-- creation of such a consortium does not necessarily limit

or regulate the spread of other enrichment technologies.

(b) EIRODIF.tfodel Gftodel II)

The EIRODIF consortium was formed as a consequence of the

shared commercial interests of several states which differed in

their enrichment technology capabilities. Construction of the

gaseous diffusion enrichment complex at Tricastin, France, is being

financed by investments made by these member states, each of which

is entitled to a corresponding percentage share of the enriched

uranium product. Partners may also benefit from a policy of

spreading orders for procurement of some equipment among the

participants. The initial en-
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richment technology to be employed at Tricastin was developed •

by, and will continue to be closely held by, the French. All

member states are either nuclear-weapon states or parties to

the Non-Proliferation Treaty. Nonmember states wishing to purchase

enrichment services from EURODIF must agree to use the product

material for peaceful purposes only and to accept safeguards

under an agreement between that.state and the IAEA.

In providing a general framework for multinational enter-

prises, Model II has a number of desirable features, among

which are:

-- it guarantees specified shares of enrichment

capacity to participants;

-- it provides an alternative to construction of

national enrichment facilities in member states and thus

offers certain non-proliferation advantages;

-- it establishes a means for meeting member state

enrichment requirements through the construction of one

large facility;

-- it restricts the transfer of sensitive technology;

-- as a result of multi-member state participation

in facility management, it may be more difficult to misuse -

the enrichment complex.

On the other hand, certain disadvantages detract from the

general applicability of Model II:
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-- it is anticipated that as a consequence of

participation in such managerial functions as equipment

procurement, technically less-advanced partners will receive

some technical information about the facility;

-- national facilities may not be forbidden as a

condition of participation (in the EURODIF case they are not);

-- the absence of treaty commitments that define

export and non-proliferation controls may leave uncertainties

regarding member states' access to enrichment services.

--it requires participants to supply large amounts

of initial capital to support construction,

(c) Model III

It is clear that the basic features of Models I and

II were tailored to meet the particular needs and capabilities

of the member states of URENCO and EURODIF, respectively. The

applicability of these models in other contexts and at other

points in time has been discussed in the preceding subsections.

Fvom this analysis it is possible to develop some guidelines

for new multinational enrichment enterprises that might be of

value in a more general context. These guidelines, which might

be regarded as recommendations for such ventures, are collected

together here as a separate model (Model III).

-- development of a two-tier organizational scheme

that would permit any state to participate through capital in-

vestment alone and to qualify for a share of the output capacity.
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(Acttrarl operation of the multinational facilities would be

carried out only by states previously possessing the technology.)

This would minimize concerns about technology transfer while

extending opportunities for membership to many states -without

any previous research and development experience in this field;

-- provisions to assure that member states satisfying

agreed non-proliferation criteria will not lose access to en-

richment services to which they are entitled;

-- provisions that preclude participation by member

states in new national enrichment developments outside of the

joint enterprise; so long as the joint enterprise meets their needs;

-- establishment of terms and conditions that will

provide fuel assurances to nonmember states interested

only in contracting for enrichment services;

-- acceptance by members and other customer states

of IAEA full-scope safeguards on national civilian nuclear

energy facilities;

-- development of mutually-acceptable provisions

for disposal of all spent fuel previously enriched in the

consortium's facilities.

These provisions could provide a workable basis for

balancing a perceived need for a new enrichment facility

against the increased risk of nuclear proliferation that would

accompany its construction and operation.

Meeting Future Enrichment Requirements

There appears to be little doubt that nuclear power
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genera-tion utilizing light water reactors will play an ever

increasing role in meeting global energy demands in the next

several decades. This trend will be accompanied by increasing

requirements for the enrichment services necessary to provide

fuel for these reactors. Despite recent concerns by some

states about access to adequate fuel services to meet the

needs of national nuclear power programs, it is now anticipated

that there will be sufficient global enrichment capacity

through at least 1990 and no reason to fear a shortage beyond

that date.

In addition to the anticipated completion of new enrichment

capacity to meet projected needs, other factors can be expected

to provide additional confidence that this enhanced global

capability will be translated into assured enrichment services

for customer states. The existence of stockpiles of enriched

UTanium and the development of a diversification of supply will

greatly decrease the likelihood of unexpected disruptions in

nuclear power generation. The multi-plant character of each

of the principal enrichment ventures will create the potential

for shoTt-term adjustments at one facility to compensate for

any operational difficulties at another. Finally, the long

lead time associated with firm commitments to new reactor

construction means ample time for the principal suppliers to

make new or expanded enrichment capacity available to meet

significant increases in demand.
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These various factors suggest that the enrichment service

requirements of all states can probably be met by reliance on the

present and planned capacity of the large, centralized facilities

described above. The construction of additional new national faciliti

would further increase the risk of nuclear proliferation. Xhis is

especially true for. endeavors entailing the spread of sensitive

enrichment technology.

In this regard, it should be noted that a state already

possessing an enrichment technology may be reluctant for commercial,

non-prolifeTation, or other reasons to make its knowledge available

to other, less technically-advanced states. Such a preference,

if generally held by supplier states, would be expected to be an

important factor in determining how future service requirements are

met, since indigenous development of these technologies is an

expensive and complex undertaking that may be beyond the present

capabilities of many states. One structure for satisfactorily

reconciling these differing concerns (EIR0DII9 is already in place.

Other possibilities, including those described under Alternative

(6) earlier in this paper, might also be considered as particular

needs arise.
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The prospect of surplus global enrichment capacity and

non-proliferation considerations provide a basis for comparing

the alternative enrichment supply arrangements discussed in

this paper. It might be expected that most states would find

that dependence upon one or more suppliers undeT arrangements

like Alternatives (2) - (5) offer the most attractive means of

assuring future access to essential enrichment services.

Similarly, states desiring more direct involvement in the

enrichment area might find it advantageous to seek participation

in a multinational venture (Alternative 6). At least in tho

near-term, these particular alternatives appear to offer the

most promising means for.reconciling expanding fuel service

requirements with the need to minimize the spread of sensitive

enrichment technology.
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Table 1. Estimates of Parameters Characterizing Selected Enrichment Technologies

Gaseous Gas
Diffusion Centrifuge Nozzle

Chemical
Exchange

Power (kwh/Jcg SWU) 2400 100-400 2400 600

Minimum Economic Plant
Size (kg SWU) B-10X106 1-4x10° 2-5x10' 3x10

Practical Increment for
Expansion (kg SWU)

Site Area (kg SWU/m2)

2-5x10*

7-8 0.7 12

R§D Cost to Commercialize
appear to exceed $250 million


