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March 24, 1978 

National Delegates to Working Group 3 

Gentlemen: 

The United States Government has the honor to transmit herewith a 
paper titled Uranium Enrichment - Present Position prepared in 
response to a request from the Working Group 3 Co-Chairmen. The 
paper describes the present world situation in the uranium enrich
ment market and provides an evaluation of the market, especially 
in terms of existing assurance of supply. 

In preparing the paper in a short time period it has been necessary 
for the United States to represent the position or practices of other 
suppliers based upon information that is available to the U.S. but 
which may not be complete or fully accurate in all cases. If an 
inaccuracy has occurred we regret it very much and request that 
corrections be provided. Furthermore, responses from your govern
ment on the following points would permit the substantive report to 
be more complete and more useful as a background document for Working 
Group 3 activities: 

A. (for supplier countries) Enrichment Supply Policies (both 
governmental and commercial), including: 

1. Customer access restrictions to enrichment contracts 

2. Retransfer restrictions for excess enriched fuel 

3. General operating policies, constraints and flexibilities* 
if incorrectly described 

4. Policies to curb excess enrichment supply 

B. (for supplier countries) Current Estimated Actual Production 
through 1990, including: 

1. New capacity additions - timing, capacity, if incorrectly 
described 

2. Uranium feed availability and operating plans if feed 
availability is restricted 



- 2 -

3. Power availability and operating plans if power is restricted 

4. Delivery commitments in relation to production 

C. (for all nuclear power countries) Enriched Uranium Inventory 
Position through 1990, including: 

1. Estimate of utility and national inventories 

2. Inventory managemert strategies, i.e., need for working 
inventory, emergency or national stockpiles, etc. 

3. Manner in which inventories will be financed 

We recognize that a detailed questionnaire being circulated by Working 
Group 2 also raises questions related to some of the above items. 
Responses being requested herein for Group 3 use could be described 
in more summarized fashion and eventually be incorporated as appendices 
to this report. 

Sincerely, 

Lawrence Scheinoan 
U.S. Delegate 
Working Group 3 
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Introduction 

A* Purpose 

Thia papar aeeka to provide a factual statua report'of the existing 

uranium enrichment market situation and pertinent policies and 

practices of enrichaant suppliers and cuatomera* Its objective is 

to provide a foundation for evaluating tha effectiveness of exlatlng 

Bechanisaa for assuring supplies of enrichment and to serve as a 

background document for future identification and evaluation of 

additional or alternative mechanisms for improving assurances of 

enrichment supply* 

B. Scope 

The paper summarizes national import, export and nonprollferation 

policies, enrichaant supply arrangements, contracting policies and 

practices and available guarantaea, recognizing both governmental 

(bilateral and multilateral) and commercial measures, for the 

existing worldwide enrichment market* Direct input from other 

suppliers has not yet been received and therefore information 

representing the position or practicaa of thoaa suppliers must be 

considered tentative* 

Description and Evaluation of tha Existing; Enrichment Market 

A* Available Enrichaant Supply 

Existing enrichment capacity, and additional capacity now under 

construction or committed to construction, which is available 
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for enrichment for nuclear power reactor fuel is tabulated in Table 

1* A brief description of the organizations involved in the 

enrlchaent supply industry and the status of their facilities 

follows the Table. 

Table 2 shows the ownership of enrlchaent facilities and displays 

a pattern of parent firms (or holding companies) each of which 

enconpasses a group of individual companies. It Is clear that an 

international enrichment industry characterized by aultinational 

investment and mixed public and private ownership is emerging. 

B. Supply Arrangements. Long-Term Contracts and Guarantees in 
the Context of National Import/Export and Non-Prollferation 
Policies 

1* Rational Policies 

a* «m"ti»H—nt Suppliers 

In general, the enrichment exports of individual suppliers 

are not subject to any restrictions other than those 

related to capacity limitation or nonproliferation 

conditions* 

In general, individual supplier states also share common 

and comparable nonprollferatlon policies with some Important 

differences which will be noted in the discussion which 

follows* 
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Coamagnln Da Ecolteatloo D'Ualnoo Da Olffualon Catenae (COEBOIF) - Franca continued -

Manager of Coradlf, •enounced that the flrat stage of production of two to four nillion SWU'a la planned for 19ie and that by 1990 thla 
Mould raach tan million separative work unlta. Thla la subject to change, however, depending on reactor demand and conacrela1 
conaldaratlone. 

Eiwrnann Mnclearao PraaUarlaT 8.*. (MUCIEEEAS) - brail 1 - The Iraslitan organisation, Nuclebraa, la planning a 230,000 SWU capacity 
enrichment plant for the mtd-1940'a utilising a Jet nossle process. Expansion of plant la dependent upon the operational success of 
currant plana. 

Power Enactor and Huetear Fuel Development Corporation (PNC) - Japan - In hla paper entitled, "Present Situation and Flans Eegardlng 
Uranium Enrichment/*Mr. Shlgefunl Tamlya mentioned that Japan's planned centrifuge demonstration plant should be completed by 19S4. 
Na alao announced that capacity la expected to reach one million SWU'a In 19SS, and reach four nilHon SWU'a annually by the early 1990's. 

Vaenojuanolo Exnortno-lmnortnoe Ohtodlnentjc (TECHSNASEXrOET) - USSR - Techanabsxport'a ability to aupply enrichment services la 
unknown. The quantItlee for Tachanabenport flrat ahown are baaed on Ita nominal commitments to Weatarn countries. If the estimated 
renutrenuntu for all tta easterners are Included, Techanabesport'a ability to aupply enrichment services may approach 10 million SWU 
annually. Thla eatlmate is shown on the second line under Techsnabexport. 

Uranium Enrichment Corporation of South Africa, ltd. (UCOE) - South Africa - South Africa*Juat completed a pilot plant at Vallndaba 
eutlmuted to ha about 6,000 S W capacity. On February 16, 197S the minister for labor and mines announced that South Africa Intends to 
expand thla pilot facility to guarantee tta electricity Industry Independent from foreign suppltee. It la understood that, although 
the else of thu plant wan not announced. It la probably planned tn bo 2-100,000 SWU annually. Tills would be enough to support 
Ita planned Eoeborg nuclear atatlon (two 900 MWe reactore). South Africa lias indicated that It may expend tta capacity for the export 
market In the future. 

Uranium Enrichment Company. Ltd. (UEENCO) - UK, FEC, Netherlands - In his paper to the AIF conference on enrichment tn New Orleans, 
Dr. J. .'.ayee. Cnnmurclal Director for Urenco, Ltd., announced that both Almoin and Capenhurat plants would reach 200,000 SWU per year 
capacity each by 1979. He alao aatd that they are expected to reach a combined production capacity of 2 million SWU annually by 
I9E3/S4, or later If reactor delaya so dictate. 

Mrenco's planned capacity additions generally will be related to contractual commitments. Nevertheless there Is sn unknown minimum 
capacity addition needed annually In order to ouatatn machine manufacturing. However, If justified by demand, Urenco la currently 
capable of expanding at the rate of MM,000 SWU per year, and could Increase this rate to l.S million SWU without major capital 
Investmente. 

Dnltad Statea Department of Energy (DOE) - United Statea - The Hat combined annual capacity for the Oak Eidge, Faducah, and 
Portumouth plantn la based on existing factlltlee plua two programs currently in progrees to Improve and upgrade these exlsttng plants. 
Theae programa are now over IS percent complete. The quantities shown In the Table do not Include U.S. government requirements. The 
additional centrifuge capacity is under construction st Portsmouth, Ohio. The design and construction contracts for t̂ his project srs 
being awarded on ucuedula. 



PARENT FIRM 

EURODIF 

Table 2 

OWNERSHIP OF MAJOR ENRICHMENT FACILITIES 

PERCENT OWNERSHIP 

Agip Nucleare 
(through Bnte Naxlonale Idrocarblur) 

Cnen 
(Coatltato National* Per l'Energla Nucleare) 

Co& 
(100Z Subsidiary of CEA) 

Enusa 

Soben - Soclete Beige Pour L'Enrlchlssement 
de L'Uranium 

Sofldlf 
(Soclete Franco-Iranlenne Pour L'Enrlchissement 
de L'Uranium Par Diffusion Gazeuse 

12 .52 

12, .5X 

27, .778Z 

11. 111Z 

11.111% 

2SZ 

OWNERSHIP COMPOSITION 

Italian Government 

Italian Government 

French Government 

60Z Spanish Government * 
40Z Private Utility (Estimate) 

50Z CEN (Belgium Govt.) 
50Z Synatom utilities 

60Z Cogema 
40Z Iranian AEC 

* The 60Z Government share Is represented by the National Institute of Industry and the 
40Z share represents ownership by the seven largest Spanish utilities. It is currently 
being discussed to increase the Spanish Government share to 100X ownership of Equsa. S 

COREDIF 

Cogema 

Aeoi (Iranian Atomic Energy Commission) 

29Z 

20Z 

French Gt sernment 

Iranian Government 

Eurodlf SIX According to percentage 
split as in Eurodlf abovs 



Table 2 

OWNERSHIP OF MAJOR ENRICHMENT FACILITIES 
(continued) 

PARENT FIRM 

URENCO 

British Nuclear Fuele, Ltd. 

Uranlt (Uran~Ieotopentrennunge 
Geaellachaft ndH) 

PERCENT OWNERSHIP 

33. JX 

33.31 

UCN {Ultra-Centrifuge 
Nederland N.V.) 33.31 

OWNERSHIP COMPOSITION 

1001 United Kingdom Atomic Energy 
Authority 

20Z Farbwerke Woechat AG (Private) 
AOZ Gelsenberg AG (Private) 
40Z Mukms GmbH * (Private) 

55Z Staat der Nederlanden Reactor 
Centrum Nederland (Government 
of the Netherlands) 

10Z Philips Gloeilampenfebrleken N.V. 
(Private) 

7.5Z Rljn-8chelde N.V. (Private) 
10Z Shell Kernergie N.V. (Private) 
10Z Steatemijen (Private-Government) 
7.5Z Verenigde Machlnefabrleken N.V. 

(Private) 

* Nukem GMbH consists of Degusaa - 35Z, Metallgeaellschaft AG - 10Z, Imperial Smelting 
Corp. (London) - 10Z, Rhelniach-veetfalleches Blektrlsltatswerk AG - 45Z. All 
are private companies. 

U.S. DOE 

(U.S. Department of Energy) 

USSR 

Techenabexport 

100Z 

100Z 

U.S. Government 

USSR Government 

^ 



The U.S., the tripartite countries constituting Urenco 

(the UK, FRG, and Netherlands) and the USSR are parties to 

the HPT and as such undertake not to assist non-nuclear 

weapons states in the manufacture or development of nuclear 

weapons or nuclear explosive devices* (The policy of the 

U.S. has the additional requirement that recipients provide 

a guarantee that U S . supplied material will not be used 

for any military purposes.) The HPT also obligates these 

countries to require, as a condition of export, the applica

tion rf IAEA safeguards on the supply c£ enriched material 

and facilities to non-nuclear weapons states. Such safeguards 

might be implemented by, among other things, (a) the 

recipient nation being a party to the HPT and having an 

IAEA safeguards agreement under INFCIRC/153; (b) a bilateral 

safeguards agreement between the IAEA and the recipient 

nation pursuant to INPCIRC/66-Rev. 2 covering the supplied 

material; or (c) a multilateral agreement among the IAEA, 

the recipient nation and the supplying nation(s). In 

situations (b) and (c), the IAEA safeguards agreements 

might be preceded by an agreement between the supplying 

nation<s) and the recipient nation calling for the entry 

into force of an appropriate IAEA safeguards agreement 

prior to initial delivery of the enriched uranium. 

In the case of the USA, new non-proliferation legislation 

provides that new agreements are to be negotiated between 
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the U.S. and the customer states which, among other things, 

will require the application of IAEA safeguards on all 

peaceful nuclear activities as a condition of continued 

U.S. supply* 

France, which is an exporter of enrichment services 

through the multinational enterprise, Eurodif, is not 

a party to the NFT but has stated that it would act 

as if it were a party* 

South Africa nay offer enrichment services in the interna

tional market at some future time* South Africa is not a 

party to the NFT but does require the application of IAEA 

safeguards on its export of nuclear raw materials. If 

current policy continues, IAEA safeguards would be applied 

to any enriched materials that South Africa tight supply in 

the future* 

b. Enrichment Importers 

Customers of enrichment services, equipment or technology 

do not, in general, place limitations on Imports of these 

items; however, several states seek, as a matter of national 

policy, to diversify their sources of supply and/or to 

develop their own enrichment facilities. (A list of 

enrichment customers categorized by enrichment supplier is 

shown in Table 4.) 
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Most customer states are parties to the NPT. Non-

nuclear weapons states undertake not to manufacture 

or otherwise acquire nuclear weapons or nuclear explosive 

devices* In addition they have agreed to place all their 

peaceful nuclear activities under IAEA safeguards. Countries 

that are not parties to the HPT have agreed to accept the 

safeguards and other non-proliferation controls required by 

suppliers on imported material, facilities and technology. 

In addition, certain states have accepted non-proliferation 

undertakings in connection with regional treaties or 

arrangements. For example, the European Community members 

have accepted EURATOM safeguards, and parties to the Treaty 

of Tlatelolco have pledged not to acquire nuclear weapons 

and have agreed to accept IAEA safeguards. 

c. Related International Arrangements 

In addition to the NPT and other national policies described 

above, the U.S., France, FRG, UK, Netherlands and the USSR 

have notified the IAEA that after discussions among themselves 

and the number of other governments they will coordinate 

their export policies with respect to non-nuclear weapons 

states in accordance with certain principles. These 

principles as they apply to the export of enrichment 

services, facilities, equipment and technology are summarized 

below* (The full text of these principles may be found in 

INFCIRC/254.) 
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(1) Prohibition on Nuclear Explosives 

Exports should require a formal governmental assurance 

from recipients explicitly excluding uses which would 

result in any nuclear explosive device. 

(2) Physical Protection 

Nuclear materials and facilities should be placed under 

effective physical protection. Physical protection is the 

responsibility of the government in the recipient country 

but the levels of protection should be the subject of an 

agreement between suppliers and recipient. 

(3) Safeguards 

Exports should require application of IAEA safeguards 

with duration and coverage provision in conformance 

with GOV/1621 guidelines. 

(4) Safeguards Triggered by the Transfer of Enrichment 
Technology 

The above requirements also apply to enrichment facilities 

utilizing technology directly transferred by the supplier 

or derived from transferred facilities or major critical 

components thereof. 

The transfer of enrichnent facilities* major critical 

components or related technology should require an under

taking that (1) IAEA safeguards apply to any facility of 
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the same type (i.e., if the design, construction or operating 

processes are based on the same or similar facility or 

chemical processes) constructed during an agreed period in 

the recipient country and (2) there should be at all 

times in effect a safeguards agreement permitting the 

IAEA, to apply Agency safeguards with respect to such 

facilities. 

(5) Special Control on Sensitive Exports 

Restraint should be exercised in the transfer of enrichment 

facilities, technologies or weapons-usable materials. If 

enrichment facilities, equipment or technology are to be 

transferred, the recipient should be encouraged to accept, 

as an alternative to national plants, supplier involvement 

and/or other appropriate multinational involvement in 

resulting facilities* 

(6) Special Controls on Export of Enrichment Facilities. 
Equipment and Technology 

For a transfer of an enrichment facility or technology the 

recipient nation should agree that neither the transferred 

facility nor any facility based on such technology will be 

designed or operated for the production of greater than 20 

percent enriched uranium without the consent of the supplier 

nation, of which the IAEA should be advised* 
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Controls on Supplied or Derived Weapons-Usable 
Materials 

The suppliers recognize the Importance of Including In the 

supply of nuclear materials or facilities which produce 

weapons-usable materials, provisions calling for mutual 

agreement between the supplier and the recipient on 

proposed arrangements for reprocessing, storage, alteration, 

use, transfer or retransfer of any weapons-usable material 

involved. 

Controls on Retransfer 

Weapons-usable materials, enrichment equipment and technology 

should be transferred only upon the assurance of the 

recipient that in the case of (a) retransfer of such items 

or (b) retransfer of items derived from facilities originally 

transferred by the supplier, or with the help of equipment 

or technology originally transferred by the supplier, the 

recipient of the transfer or the retransfer will have to 

provide the same assurances as those required by the 

supplier for the original transfer* In addition, supplier 

consent should be required for both (1) any retransfer of 

the enrichment facilities, major critical components or 

technology, (2) any retransfer of facilities or major 

critical components derived from those items, and (3) any 

retransfer of weapons-usable materials* 
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2. Supply Arrangements 

This section considers specific governmental enrichment 

supply arrangements and policies—as distinct from pertinent 

underlying national policies (as discussed In Section 1 above) 

and apart from essentially commercial contracts (as discussed 

In Section 3 below)—which may affect enrichment availability, 

terms and conditions. The only nations which are considered as 

near-term suppliers of enrichment services to others are the 

U.S., the USSR, and the nations participating in Urenco (FRG, 

UK and the Netherlands) and in Eurodif (France, Italy, Belgium, 

Spain and Iran). 

a. Intergovernmental Supply Arrangements 

U.S. law requires that any supply of enriched uranium 

or enrichment services abroad take place pursuant to 

an Intergovernmental agreement for cooperation. As 

a general rule, these agreements do not create a U.S. 

commitment to such supply, but provide the necessary U.S. 

statutory basis. The supply of enrichment services is 

conditioned on the availability of capacity In Department 

of Energy facilities asi generally is limited to a maximum 

amount ("ceiling") related to the number of megawatts of 

the other nation's nuclear power program which it has been 

mutually agreed is reasonable for the U.S. to antici

pate fueling. Within these limitations, the agreement 

provides that when the non-U.S. party has a requirement 



for enrichment services and Is prepared to enter Into firm 

contracts that party will have access on an "equitable 

basis'* with other purchasers of such services (Including 

U.S.) to available U.S. enrichment services not already 

allocated. While not an absolute commitment to supply, the 

agreement commits the U.S. to enter Into good-faith contract 

negotiations for the supply of enrichment services under 

these conditions. The supply of enriched uranium, if 

requested by the other party In lieu of enrichment services, 

is at U.S. discretion. Generally, U.S. agreements for 

cooperation have a term of 40 years. 

Other supplier nations do not enter into similar Intergovern

mental agreements (although there may be a need for agreements 

covering safeguards on the supply of the enriched uranium 

product as noted in Section 1 above)• 

A possible exception to this appears tc be the Urenco 

(FRG)/Brazilian arrangement covering supply for Angra 

2 and 3, which has involved the tripartite governments 

and the government of Brazil in more active roles than is 

normal for Urenco supply. 

b. Governmental Arrangements Relating to Terms and 
Conditions (including pricing) 

Under the U.S. Atomic Energy Act, the price of enrichment 

services provided to non-U.S. customers may not be lower 
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than that for U.S. customers* As a natter of policy, the 

U.S. has offered enrichment services to foreign customers 

under substantively the same conditions (including price) 

as to U.S. domestic customers. 

0 

Currently, U.S. prices for enrichment services are required 

by law to be on the basis of recovery of the Government's 

costs over a reasonable period of tine. The detailed bases 

for establishing such costs are periodically published and 

available to the public. 

We are not aware of any comparable government-level 

assurances as to contract prices, terms and conditions 

provided by the other suppliers. However, it is of 

interest to note that charges by the USSR under its 

enrichment services contracts are related to those made by 

the U.S. and, thus, are indirectly affected by the foregoing 

U.S. Government assurances. 

c Governmental Arrangements Related to Enrichment 
Plant Investment 

Any analysis of this subject is complicated by the fact 

that, with the exception of the U.S. and the USSR, the 

other enrichment service suppliers are composed of a mix of 

governmental, quasi-governmental and private entities. 
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In the case of Eurodif, the ownership (as described 

in more detail in Table 2) is 27.78 percent by Cogema, 

which Is, in turn, a 100 percent subsidiary of the CEA. (the 

CEA operates in certain capacities as a representative of 

the Government of France and in others as a quasi-commercial 

entity); Sofidif, which owns 25 percent of Eurodif is in 

turn 60 percent owned by Cogema and 40 percent by Iran; 

Italy owns 25 percent of Eurodif; Belgium 11.11 percent; 

and Spain 11.11 percent. (In the case of Iran and Italy, 

ownership is exclusively by the government—including 

government-owned industry; for Belgium and Spain, it 

is a combination of government and private utilities.) 

As a result of its equity participation, each participant 

is entitled to receive a quantity of separative work 

equivalent to its share of such participation (e.g., 

France 42.78 percent, Iran 10 percent, etc.). 

In addition, Iran has loaned a billion dollars to CEA for 

the construction of Eurodif and supports costs of the 

Coredlf studies on«a second enrichment plant. The Iranian 

loan apparently was related to its equity participation but 

does not entitle Iran to additional separative work. 

It is understood that this separative work may be used 

either in power reactors located in the Investor nation or 

resold to others. Insofar as an equity participant may 



wish to sell to a non-participant, Eurodif has narketing 

responsibility for such sales. (Apparently there also are 

restrictions on the terns and conditions under which these 

sales may be made*) Also, it is understood- that any equity 

participant has the equivalent of a "right of first refusal" 

for enrichment services which are surplus to the needs of 

another investor* 

In the case of Urenco, the project is conducted under 

governmental-level agreements and much of the initial 

financing was provided by the three governments involved* 

However, at least insofar as the FRG and Netherlands 

participation is concerned, both Urenco and its technology 

development counterpart, Centec, now involve a high degree 

of private industrial— participation. 

If • More explicitly, the tripartite arrangement grew out of the individual 
national research and development programs of the UK, and the FRG and the 
Netherlands* It is understood that these programs were government 
financed, although there may have been some Landern financing in the FRG 
and some private in the Netherlands. The first pilot plants (25 tonne 
SVU per year) at Capenhurst and Almelo were largely, if not completely, 
government funded. The expansion of these plants to 200 tonnes SWU/yr 
also is understood to have been largely government funded, although there 
may be some commitment for Urenco ultimately to repay at least a part of 
this financing* It is our understanding that further capacity expansions 
are essentially to be commercially financed* Current composition to the 
Urenco/Centec organizations Is shown below (see also Table 2): 
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Urenco reportedly vas seeking, In 1976, a formal arrangement 

with one or nore European banks to offer medium to long-term, 

non-recourse financing to assist customers in financing 

supplies of enrichment services* This financing presumably 

would cover both the necessary prepayment (4 years before 

the initial delivery) and continuing payment as deliveries 

were received* 

In any event, all Urenco arrangements for the supply 

of enrichment services—with the previously mentioned 

possible exception of Brazil—are carried out exclusively 

under commercial, rather than governmental, auspices* 

3. Commercial Contracts 

Contracts for the supply of enrichment services are very 

complex* Table 3 presents a highly summarized compilation 

of key contract terms and conditions as now offered by existing 

and emerging suppliers. A listing of customers who have 

contracted for enrichment services is shown in Table 4. 

4* Existing Guarantees for Assuring Supply and Demand 

This section summarizes the current status of supplier and 

customer commitments and describes existing methods by which 

contractual obligations could be met in the event of production 

or demand breakdown* In this context the analysis covers 

obligations of both suppliers and customers, the contractual 
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TABLE 4 

SEPARATIVE WORK SUPPLY ARRANGEMENTS THROUGH 1990±-< 1/ 

1990 2i 
Country /Utility MWe 

Austria 
GKT 692 
K. K. Stein 1240 

Belglua 
EBES 1925 
Indlvlslon 780 
Intercoa 1925 
SEMO 870 
Belglua alao receives bulk 

Brazil 
FURNAS 5680 

Egypt 
Egypt Govt. 600 

Finland 
IVO 840 
TVO 1320 

France 
EdeF 41,545 
SENA 309 

Germany 
Bayernwerk 
GKN 

3,399 
1,565 

Brokdork 1300 
Brunsbuettel 770 
Grohnde 1294 
Krumel 1260 

BNFL CEA DOE 

X 

X 
X 

X 

X 
X 

X 
X 

X 
X 

Suppliers 
Eurodlf Techsnab 

X 
X 

X 
X 
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TABLE 4 (continued) 

1990 2/ 
Country/Utility MHe 

Geraany (continued) 
Obrlghein 328 
K.K. Phllllpp. 2147 
Stade 630 
Sued 1283 
Unterveser 1230 
Uuergasaen 640 
RWE 13,736 
VEW 3036 
K.K. Borken •1300 

Greece • 
Public Pow of fir. 600 

India 
Indian llept. At.En. 380 

Iran 
Govt, of Iran 9290 

Ireland 
Elect. S.B. of Ire. 600 

Israel 
Israel Electric 1800 

Italy 
ENEL 5100 

BNFL CEA 
Suppliers 

OE Eurodlf Techsnab 

X X 
X 
X 

No Contract 
X 
X 
X X X 
X 

No Contract * 
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TABLE 4(continued) 

1990 2/ 
Country/Utility MMe 

Japan 
Chubu SS99 
Chugoku . 2307 
Hokkaido 1050 
JAPC 2SA2 
Kansal 12,109 
Kyushu 2129 
Shlkoku 3322 
Tohoku 3620 
TEPCO 14.1A9 
llokurlko 2110 
EPUC 740 

UNFL CEA 

Korea 

DOE 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Suppliers 
Eurodlf 

Japan also receives bulk supply from Eurodlf 

KEGO 2969 

Luxemburg 
Luxe*. 1215 No Contract 

Mexico 
COMB. Fed. de 

Netherland 

Elect 1290 

GKN-N 

Elect 

1012 
TZEM 445 

Phlllipines 
PNPC 600 

Portugal 
P. Electric 1000 

X 

x 
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TAUI.E 4 (continued) 

1990 2/ 
Country/Utility HHe 

South Africa 
ESCOM 1844 

Spain 
Alaara* 180A 
Enher 2790 
Fecsa 1804 
Iberduero 3800 
Nuclenor 440 
Union Elect. 1138 
Valdeca. 1874 
Viesgo 930 
Hldro ESP 930 

Sweden 
Oakar. 2070 
Sydavenska 1160 
Vattenfall 7208 

Switzerland 
BKW 1462 
Goesgen 920 
Kalseraugat 925 
Lelbstadt 942 
NOK 1700 

Taiwan 
TEPCO 4922 

Thailand 
EGAT 600 

1/ 
United Kingdom 5653 

BNFL CEA DOE 
Suppliers 

Eurodlf 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 



TABLE A (continued) 

1990 2/ Suppliers 
Country/Utility MHa BNFL CEA DOE Eurodlf 

Alabama Power 1658 X 
APS 3810 X 
Ark. P4L 1757 X 
Bait. G&E 1690 X 
Boston Ed. 18SQ X 
Cinn. G&E 1935 X 
Clev. Elect. 2410 X 
COMB. Ed. 15,480 X 
Con. Ed. 1138 X 
CGCo 2466 X 
Conn. Yank. 570. X 
CP&L 5949 X 
Det. Ed. 3493 X 
Duke 14,959 X 
Duquesne 1704 X 
FP&L 4242 X 
FPC 825 X 
Ga. Power 3823 X 
Gulf States 1900 X 
1IL&P 2200 X 
111. Power Co. 1900 X 
AEP 2147 X 
Iowa EL&P 538 X 
JCP&L 1720 X 
Kansas Utll. 1158 X 
Lou. P4L 1113 X 
L1LCO 3128 X 
Met. Ed. 1725 X 
Me. Yank. 790 X 
Mlas. P&L 2500 X 
NPPD 778 X 
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TABLE 4 (continued) 

Country/Utility BNFL CEA DOE 
Suppliers 
Eurodlf Techsnab Urenco 

US (continued) 
UPS 
YAEC 
LADNAP 

530 
172 
2600 

X 
X 
X 

Yugoslavia 
KRSKO 632 

TOTAL 416,600 

1/ 

i/ 
1/ 

Information unavailable tor countries wltn centrally planned economics. 

Firmly planned capacity, as specifUd by utilities, scheduled to be in operation by 12/31/90. 
SGHWR and AGR. 
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flexibility available to accommodate problems, the availability 

of backup stockpiles and other safety net arrangements* In 

general, the discussion deals with the current ability of the 

enrichment supply industry collectively to support the collective 

current needs of customers* 

a* Commitments of Suppliers and Customers 

Figure 1 presents a global picture of the way in which the 

current enrichment demand and supply situation may be 

viewed* (Data from countries having centrally planned 

economics are not included; however, it is assumed that 

enrichment supply is equivalent to demand in those countries 

with the exception of that amount of USSR supply currently 

committed under contract to Western countries*) Figure 1 

specifically compares total potential supplier capacity 

(assuming that natural uranium will be available to operate 

the facilities as projected) with the total firm demands 

(at a tails assay of 0.25Z U-235) upon that capacity as 

known currently* Key definitions associated with Figure 

• 1 axe as follows: 

Estimated Supplier Capacity ~ Annual plant capacity 

available for commercial enrichment as shown in Table 

1, Section II.A* Does not Include any current stockpile 

and Includes only Ttchsnabexport capacity available to 

Western countries* 
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Figure 1 

Annual Worldwide Separative Work 
Supply/Demand 

'ESTIMATED SUPPLIER / 
CAPACITY / 

/ 

TOTAL CUSTOMER 
(UTILITY & AGENT) 
PURCHASE COMMITMENTS 

..••"••. 

UTILITY PURCHASE 
COMMITMENTS 

CURRENT REACTOR 
REQUIREMENTS 

I I I I I I I I I I I 
80 82 84 86 

YEAR 
'Not including txiAing tuppiwr noekpiltt 

90 
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- Current Reactor Requirements - Annual enrichment 

requirements at 0.25Z tails assay for reactors which 

are currently operating, under construction, firmly 

committed by letter of Intent, contract, or option to 

a specific vendor, or for which the utility has 

designated a type, MW rating, anticipated commercial 

operation date, and site* Requirements for future 

reactors are not included* The schedule for reactors 

(and thus for enrichment requirements) is based upon 

utility announced plans through the end of 1977 and no 

allowance is included for possible future delays* 

- Utility Purchase Commitments - Utility contractual 

commitment for enrichment (not including options) 

either directly to suppliers or to agents* 

• Total Customer Purchase Commitments - Includes both 

Utility Purchase Commitments and purchase commitment 

by agents (non-utility buyers such as ENUSA, Eurodif 

partners, reactor vendors, etc*) which are not in 

turn committed to utilities* 

It is worth stressing that the analysis considers only 

reactor projects which have some degree of current utility 

commitment (Table 4) and is not directly related to 
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nuclear power growth forecasts. Thus, new reactor projects 

which might be projected to come into operation by 1990, 

but not yet Identified by utilities* are not included* 

The reactor requirements estimates are based upon Individual 

utility estimates of their reactor operating conditions on 

a reactor-by-reactor basis. It should be noted that 

utility estimates of demand tend, necessarily, to be 

optimistic and actual enrichment need for committed projects 

may reasonably be expected to be lower. (One measure of 

this effect is reflected in the difference, prior to 

about 1986, between utility purchase commitments and 

actual reactor requirements as shown in Figure 1.) While 

no attempt has been made to predict further reductions, 

any that do occur would tend to reduce demand from enrichment 

suppliers to the extent that this may be permitted contractually. 

Figure 2 describes the potential buildup of customer and 

supplier inventories* Customer inventories are the cumulative 

excess of firm purchase commitments by customers (including 

"agents") over current requirements for each utility. 

(However, certain utilities have not yet committed to 

purchase approximately 20 million SWO which they forecast 

to be needed for their projects by 1990. If this need 

actually materializes, customer and/or supplier inventories 

would be reduced to this extent.) 
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Figure 2 

Cumulative Customer Inventory & Supplier Unsold Capacity 
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Supplier inventories represent the cumulative excess of 

potential production over the firm purchase commitments of 

customers (both utilities and agents). Utilities have 

contractual options, chiefly with the USA, to purchase 

additional material which may be needed for a particular 

reactor project beyond the period of firm purchase commitment 

for that project. Individual customers might view this 

option differently but, to the extent that all customers of 

the U.S. used it, the 1990 USA "Unsold Supply Capacity" 

would be reduced by about 15 million SWU. (See Figure 2.) 

It should be stressed that the categories "Unsold Supply 

Capacity" in Figure 2 do not consider how much, if anything, 

individual suppliers desire to maintain as an inventory for 

backup support for production commitments or to meet 

national purposes, and, thus, which is unavailable for 

additional sales. 

Figures 1 and 2 indicate that on a global basis; 

If all planned SWU supply capacity is added and 

operated as currently planned, supply will likely 

substantially exceed requirements through 1990 on 

a worldwide basis unless there is a substantial 

near-term increase in commitments to new nuclear 

power projects. 
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Utility purchase commitments are estimated to exceed 

actual reactor requirements for each year through 

1986, and substantial inventories will likely accumulate 

in the hands of customers. 

The apparent surplus of supply over demand by 1990, as 

projected currently, could be reduced or eliminated by: 

(1) the purchase of enrichment services for additional 

reactor projects which may be committed for 

pre-1990 operation, 

(2) the uncontracted 20 million SWU noted above as 

estimated to be needed by current reactor 

projects, 

(3) the reduction of enrichment plant tails assay, 

(4) the building of national stockpiles, 

(5) the reduction of rate of capacity additions, or 

(6) the reduction of production from existing facilities. 

b. Arrangements for Assuring Enrichment Supply and 
Demand 

While quite oubjective, Table 5 notes the project status of 

each supplier* In conjunction with Table 4 showing utility 

contract commitments, it Indicates that: 
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Table J. 
Status of Enrichment Ventures 

Venture 

History 
of 

Oellvery 

Commercial 
Size 

Production 
Plant Under 
Construction 
or Operating 

Financing 
Arrangement 
Completed 
or Near 

Completion 

. Technology 
Proven 

Commercially 

OOE Diffusion • • • • 

DOE Centrifuge • • 

Techsnabexport / • • • 

Eurodif • / • 

Urenco • • • 

Coredif • 

Nuclebras 

UCQR 

N.A. - Not Applicable 
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Those suppliers with the firmest project status 

are, In general, the highest contractually committed, 

and 

Those suppliers with the most available capacity 

are, in general, those whose projects are in the 

earliest stages. 

Contractual Obligations 

Many arrangements for assuring supply and demand 

are incorporated in the contract between producers 

and their customers* While terms and conditions 

vary, as described earlier, in general, key contract 

features relating to assurances are as follows: 

- Contracts are executed 5 to 10 years prior 

to iaitial delivery and commit the supplier 

to provide certain enrichment services* These 

contracts provide the enrlcher with a firm 

foundation for financing construction. 

- Separative work deliveries are scheduled 4 to 10 

years in advance and are subject to adjustments 

on the order of u? to ±20 percent. This allows 

the enrlcher to do production planning and gives 

the customer a degree of flexibility in adjusting 

SWU deliveries to match reactor requirements. 
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- Commitment periods are for 10 years, with options 

to extend. This enables the enricher to run the 

facility as near optimum as possible with a 

committed output and binds the buyer to take the 

output* 

- Advance payments are on the order of 15 percent 

or less of the base contract value* This provision 

more firmly commits the buyer to the supply 

. source since failure to take delivery under the 

contract would mean forfeiture of the advance 

payment* 

- Termination charges are dependent on how long in 

advance the customer gives notice* Generally, 

these charges are significant if given less than 

4 to 5 years in advance of scheduled delivery* 

These further bind the buyer to take delivery and 

protect the enricher's investment. 

- Tails levels are generally firmly referenced, 

although some customer flexibility In setting the 

tails level is becoming the trend* It is necessary 

for both the supplier and customer to firm tails 

assay level in advance since feed delivery, SWU 

production, power consumption, cash flow, and 

general optimal operation are determined by this 

parameter* 



40 

- Contracts generally contain force majeure, assign

ment, and dispute settlement provisions* These 

provisions are necessary to define'the obligations 

and rights of each party in the event unexpected 

or extraordinary events occur* Without these, 

such events would prove to be more chaotic and 

disruptive than need be. 

Other Assurances 

There are a number of additional factors which 

contribute to supply or demand assurance. 

Stockpiles 

In the aggregate, sellers and buyers of enrichment 

services are Involved in building stockpiles of 

enriched uranium which serve to provide Insurance 

against supply failures* Producers require a working 

inventory probably usually amounting to the equivalent 

of several months of production* A producer may also 

have a preproductlon stockpile which is built prior to 
* 

a period when there is an anticipated high rate of 

deliveries which would exceed the plant's capacity in 

that period* For the customer, there could be stock

piles which are built because the enrichment contract 

supplies more separative work than required by the 

reactor over time* A customer may also accumulate a 
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stockpile which is built purposely because the customer 

has a policy of holding a reserve of enriched product 

as insurance against supply failures• Another type 

of stockpile would be excess separative work contracted 

by agents (see Figure 2 above) almost all of which is 

held by government-controlled partners of Eurodif• 

Tails Assay Policy 

The supply/demand projections presented earlier 

were based on the level of tails assay in existing 

enrichment contracts, generally about 0.25Z U-235. 

The indicated trend in the future for non-U.S. 

suppliers seems to be to allow customers some flexibil

ity in determining the tails level in a range between 

0.20 and 0.30Z. If it were assumed that enrichment 

customers prefer tails at the 0.20Z level instead of 

0.25Z to meet a given enriched fuel demand, this would 

require about 13Z more SWU than estimated earlier in 

this report. Feed requirements would decrease by 

approximately 9Z. In addition to possible pressures 

from customers for a reduction in tails assays, it is 

also possible that some enrichment suppliers could 

choose to reduce tails assay to maintain SWU output in 

the face of failing demand. In the U.S., a variable 

tails assay option is planned to be offered, allowing 

customers to vary feed and product while holding SWU 

constant. 
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Diversity of Supply 

All customers in the U.S. and about half of customers 

outside the U.S. rely on a single supplier* The other 

customers are not dependent solely upon one source of 

supply for the near term (although one source is 

usually dominant)* The trend towards multiple suppliers 

is likely to improve supply assurance in the future* 

The combination of inventories and multiple sources 

of supply becoming available suggests that, even 

if one supplier failed to deliver, customers generally 

could have short and long-term alternatives for 

supply although, in specific instance?, such might not 

be available* 

Financial Involvement in Supply 

The Eurodif and Urenco projects are examples of multi

national ventures in which customer investors cooperate 

in funding the enrichment project* This is intended 

to provide more control over the supply source and 

thereby more assurance of supply* 

Feed Deliveries 

Contracts, in general, are rather Inflexible concerning 

the customer's responsibility in delivering uranium 

feed. Although delivery of feed slightly in advance 

of contract-specified performance of enrichment 
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services could be expensive for the customer depending 

upon the degree to which his actual needs slip, the 

enrichment plant operator, in a sense, is assuring 

supply by obtaining adequate feed levels for smooth 

and efficient operation* Furthermore allowing slippage 

of feed deliveries could perturb the near-term uranium 

supply market. 

Multiple Plant Facilities 

The U.S. diffusion complex, Urence, USSR, and the 

Eurodif-Coredif ventures are examples of multiplant 

facilities which contribute to assurance of supply 

since, if one of the facilities encounters operational 

difficulties, the operation of other facilities 

could be adjusted to shoulder the burden in the short 

run* 

Trading Services, Brokerage Services, Contract 
Assignments, and Transfers 

A number of services are available in the international 

Industry to smooth excesses or shortages in separative 

work or enriched uranium. These services are offered 

for short or long-term trading. The contract assignment 

market has been operable since 1974 and a number of 

30-year U.S. fixed contracts have been transferred 

through such assignments. There have been attempts to 
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pool enrichment customer SWO's to match supply contracts 

more closely with reactor operations* 

New or Expanded Enrichment Capacity 

Because new nuclear power reactors are expected to 

require a longer time to complete than new enrichment 

capacity, such new or expanded capacity can be made 

available in time to meet the new demand, and on a 

schedule which closely tracks new demand, thus helping 

assure adequate enrichment capacity* 

Power Availability 

Since 95 percent of the world SWO's through 1990 will 

have been produced by the gaseous diffusion process, 

the availability of power to run the diffusion plants 

is critical* The U.S. plants are powered from 

dedicated power plants and from commercial power 

grids* The Eurodif complex is constructing four 

nuclear reactors whose primary function is to power 

the Eurodif plants, and in addition Eurodif has 

priority call upon the national electricity grid* 

Lease of Feed 

The U.S. may agree to lease feed to its customers 

if a customer cannot obtain the feed in the time 

frame it is needed to meet an emergency requirement* 

The customer must agree to pay a lease charge and 

agree to replace the feed as soon as possible* 



Emergency Sale of Enriched Product 

In those situations where a customer can demonstrate 

that he has an emergency need, the U.S. may agree 

to sell the customer enriched uranium. Prior to 

such a transaction, he must demonstrate to U.S. 

satisfaction that neither feed nor SWJ are available 

on the open market. 

5. Factors Affecting Current Enrichment Market Stability 

a. Overall Supply/Demand Relationships 

Additional capacity increments associated with the supply 

of electricity from nuclear power plants, and the supply 

of enrichment services to such plants, require long lead 

times. On the other hand, changes in the demand for 

electricity and, indirectly, for enriched fuel, generally 

occur as a result of changes in short-term variables, 

such as economic activity. Thus, from an economic or 

commercial standpoint, the enrichment market is one in 

which it is extremely difficult to reach an equilibrium. 

Also, governmental policies and social pressures which 

affect nuclear power supply and demand Influence market 

stability. 

An over-supply of enrichment capacity currently exists 

and is expected to continue through the 1980's if all 

currently planned capacity additions are maintained. 

If the projected excess supply actually occurs, the 
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result will be large Inventories for both supplier and 

customer due to contractual commitments made by the 

customer and subsequent reactor project delays. Almost 

80 percent of the projected supply has been committed to 

customers, and this could result In very large customer 

Inventories If deliveries are made as scheduled by contract. 

Customer inventories that are not too burdensome could, of 

course, contribute to customer assurance of supply. A 

change to a lover tails assay and the exercising of 

contractually available flexibility could reduce estimated 

customer Inventories worldwide somewhat and, together with 

reductions in SWU production, would reduce supplier uncommitted 

capacity. Suppliers and customers are also encouraging 

governmental and contingency stockpiles. 

The large amount of projected customer inventories could 

have a significant destabilizing effect on the market. 

This is likely since inventories would not be evenly 

distributed, and may lie with entities that cannot afford 

the SWU or the uranium feed carrying costs. Where customers 

have a. participation in capacity, termination of competing 

contracts is possible. Contract abrogations are conceivable. 

Every producer must be concerned about the firmness of his 

contractual commitments, and producers and customers 

alike with the possibility of the disposal of enriched 

uranium at distress prices and with less material control* 



Suppliers appear to be aware of this situation and many 

appear to be taking appropriate actions* Some capacity 

additions (not contracted to specific reactors) have been 

delayed and may continue to be delayed as the time to make 

investments in capacity draws closer* However, some 

capacity may not be further delayed economically due to 

the need tc maintain minimum capacity addition rates or to 

operate at minimum levels* Also, most enrichment capacity 

is either operating or is very far along in construction* It is 

difficult to forecast how much excess capacity can or will 

be eliminated, but it seems reasonable to conclude that 

some excess will exist during the period until about 

1990 unless there is a surge in new demand and/or, as 

noted earlier, enrichment plants operate at lower tails 

assays* 

b* Apportionment of Risks Between Suppliers and 
Customers 

The virtual Impossibility of achieving equilibrium in 

the enrichment market discussed above makes it very 
# 

difficult to determine, even in theory, a reasonable 

apportionment of risks between suppliers and customers. 

Suppliers have to bear enormous burdens and risks in 

terms of vast capital investments involving long lead 

times before sales can be realized. Since demand is 

difficult to forecast, suppliers have a tendency to over-
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build* Customers are asked to bear some of the risk by 

such measures as advance payments and commitments several 

years in advance to essentially fixed deliveries on a "take 

or pay" basis despite some uncertainties in actual needed 

fuel demand* 

Customers also have large capital investments in nuclear 

power facilities and bear the risks of power interruptions 

if nuclear fuel supplies are not delivered in a timely 

fashion. 

The emergence of a market with several enrichment suppliers 

may tend to mitigate customer concerns over the risks 

relating to enrichment supply that they are asked to 

bear* 

With respect to market stability, the real concern at 

present is risk of customer default. Customer default, 

particularly if accompanied by non-delivery of feed, 

could have serious consequences. Large-scale default 

could damage certain suppliers, depending upon the percen

tage of capacity involved. Mitigating this risk for some 

suppliers is the fact that large portions of their sales 

are to entitles within their, or their partners', countries. 

Often these entities are governmental agencies which may 

have the option of accumulating stockpile inventories. 
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A modest supplier default, on the other hand, would 

likely not be overly serious from the point of view of 

overall fuel supply through about 1990 due to projected 

generally high levels of customer inventory and potential 

supplier excess capacity* However, individual customers 

might be hurt and default could cost the supplier monetary 

damage, loss of credibility, and possibly international 

repercussions in other trade* 

c. Probabilities of Production System Failures 

The probability of significant production system failure 

must be considered low. Proven technology of the larger 

suppliers, multiple facilities, government backing (in most 

cases), dedicated power supplies or low power requirement 

(centrifuge) all mitigate against failure* For example, 

U.S. historical experience with diffusion plants indicates 

that process equipment has been available in excess of 99Z 

of the time and that power supplies generally have been 

dependable* 

d. Probabilities of Demand Failures 

The probability of demand slippage must be considered 

moderate to high* During the past year, just over SOZ of 

the world's firm and planned reactors have announced 

schedule delays. Considering all reactors (firm and 

planned, delayed and not delayed), the delays have averaged 
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just over nine months. Considering just those reactors 

which have announced delays, the delays average almost 17 

months. Almost 40 of these delayed reactors' have delays 

averaging over 50 months. The rate of future slippages, If 

any, Is not predictable, but if delays were to continue, 

the cumulative effect would provide pressure for enrichment 

contract delivery slippages or terminations. 

e. Separative Work and Natural Uranium Trade-Offs 

At current world prices for separative work (about $100/SWU), 

and natural uranium (about $100/kg of U_0o), nuclear fuel 

costs are not greatly different between 0.3Z and 0.2Z U-235 

or somewhat lower. If economics alone were the criterion, 

higher uranium feed prices would favor lower tails assays; 

higher SWU prices would favor higher tails assays. 

To date there has been little opportunity for the enrich

ment customer to select the quantities of SWU and natural 

uranium contained in his enriched product. The U.S. DOE, 

the historically dominant supplier, has fixed its tails 

assay unilaterally and customers have delivered feed 

material and purchased separative work based on the assay 

in effect at the time of delivery. Now, however, both 

Techsnabexport and Eurodif offer customers tails assay 

flexibility and the U.S. DOE plans to offer somewhat 

similar provisions in conjunction with its new Adjustable 
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Fixed—Commitment contract currently under review. It is 

not known whether other suppliers may offer tails assay 

flexibility In their contracts. 

The exact optimum tails assay for a particular customer 

will depend upon each customer's supply arrangements 

but for most customers is now probably very near 0.2Z 

0-235. The economic incentive for a customer to have 

optimum tails is meaningful, but not overwhelming. Being 

off-optimum results in an Increased enriched uranium 

cost of about 3-8Z (depending upon the customer's point of 

optimum) if actual tails assay is a full 0.1Z U-235 

off-optimum. From a customer's standpoint, tails assay 

flexibility is probably equally valuable in balancing 

fixed quantities of natural uranium and separative work 

for which he has already contracted in order to produce 

his actual reactor requirement. In this way, tails assay 

flexibility tends to be a sterilizing market factor for 

the enrichment customer—a means to make minor adjustments 

to match short-term supply and demand* 

Projected enrichment supply exceeds current demand in most 

years of the 1978-1990 period. Inventories of separative 

work contained in enriched uranium would, therefore, 

continue to grow and become large* To the extent that 
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uranium demand is, thus, now artifically stimulated, 

this could represent a destabilizing factor in the 

natural uranium market today* 

Finally, enrichment suppliers' contracting policies 

can themselves affect natural uranium market stability* 

Specifically, certain changes in supplier contracting 

policies (changes in tails assay, for example) could 

have immediate and profound effects upon the uranium 

market stability* If mining and milling expansion had 

been based on a firmly announced policy of 0.25Z tails 

assay, for example, a shift by suppliers to 0.2% which 

would decrease uranium demand by 9Z would have a signifi

cant destabilizing effect* 

f. Customer Investment in Production Facilities 

Market stability depends fundamentally on a balance of 

supply and demand* Customer investment In enrichment 

facilities increases assurance of supply for the investor 

in such projects to the extent that no delivery restrictions 

exist, though the effect on market stability is less clear* 

While one might expect that customer/investors would be 

best able to predict their own requirements, historically 

the customer group has proved as fallible as governments or 

private experts* 
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Customer investment in proposed new enrichment facilities 

removes these customers in part (to the extent that their 

requirements are supplied by the facilities In which they 

invest) from the existing competitive market. At the same 

time, such investment may provide capital to facilitate 

entry of another enrichment supplier* This nay be beneficial 

from the standpoint that increasing the number of participants 

in the market enhances competition; however, it may be harmful 

in a situation of excess capacity and burgeoning inventories* 

C. Effectiveness of Existing Supply Arrangements, Contracts and 
Guarantees 

1. Past Experience 

There have been instances of both enrichment supply and demand 

failures or delays in the past; however, it appears that such 

circumstances have not had a serious effect upon the operation 

of either enrichment production systems or the nuclear power 

reactors that they serve. 

a* Enrichment Supply Failures or Delays 

(1) The U.S. Government, in recent years, has had at least 

three experiences in which significant separative work 

production was lost due to unavailability of power* 

However, the U.S. maintains a significant enriched 

product inventory which serves to bridge such a 

production deficiency* Of the approximately 4,000 



deliveries to date from the U.S. enrichment plants 

which have been destined for nuclear power reactor 

projects only two have been delayed (each for less 

than 3 weeks for reassay of product)* Similarly, we 

are not aware of significant enrichment plant shipment 

delays by other suppliers* 

Exports of enriched uranium for nuclear power reactors 

have, in a few cases, been delayed'because of strengthened 

supplier nonproliferation policies caused by heightened 

concern over the risks of nuclear explosives proliferation* 

However, it appears that in no cases have there been 

serious consequences with respect to the scheduled 

production of nuclear power* One reason for this is that 

there is usually a considerable amount of delivered 

enriched uranium in the inventory pipeline* At the 

same time it must be recognized chat fears of future 

delays or supply cut-off (whether related to nonprolif-

eration policies or for other political reasons) can 

have a profoundly unsettling effect on customer 

perception of the effectiveness of existing supply 

arrangements* 



b. Enrichment Demand Failures or Delays 

(1) In 1974, because of economic and other conditions, 

utilities throughout the world began to"experience 

reduced power demands and delays in meeting the 

projected schedules for their power plants. As a 

result of these factors, the enriching service 

orders in many of their contracts were greatly in 

advance or in excess of their actual needs. The 

U.S. in 1975, offered a one-time "open season" 

which allowed the customers to cancel commitments 

or adjust desired delivery schedules to more closely 

reflect their actual needs. Since this one-time offer 

in 1975, nuclear power plants have experienced additional 

delays resulting in customers still being significantly 

overcommitted for enriching services. The U.S. is 

currently considering means by which contracts could 

be further adjusted. As a result of demand delays, 

the U.S. delayed the planned construction schedule for 

the Portsmouth, Ohio enrichment plant expansion by 

several years. 

(2) The originally planned rate of expansion of the 

Urenco project, based upon a philosophy of matching 

demand, has been substantially reduced due to demand 

delays. This may have placed additional economic 

pressures upon the project. 
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(3) Demand failures and delays do not appear to have 

substantially impaired the plans of Eurodif construc

tion* Coredif has been delayed from earlier estimates. 

(4) The nature of USSR contracts appears to be that the 

consequence of demand failure or slippage will result 

in significant financial penalty to the customer. 

2. Analysis of Existing System 

a* Strengths 

(1) The existing and committed enrichment supply system 

is fundamentally strong and capable of providing 

customer needs at least through 1990. Additional 

capacity increments can be made available when needed. 

Suppliers with the most advanced projects generally 

appear to have a sufficient committed demand base to 

support the amortization of their large investments. 

Customers can have confidence that contracted enrichment 

will be produced. The enrichment supply system has an 

inherent resilience, associated with pipeline inventories, 

that provides significant protection in the event of 

supply Interruptions. 

(2) New enrichment customers will have several 

choices as to the supplier with whom they wish to 

contract. 
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(3) While existing and committed enrichment capacity 

could have the potential for producing an oversupply 

_of enrichment prior to about 1990 (depending, for 

each supplier, upon commitments to that supplier) 

there is the potential for dealing with this 

possibility in ways which do not ultimately 

penalize the customer. These Include possible 

delay in the rate of new capacity additions and 

operation in a resource conservation mode which 

requires more enrichment services but less natural 

uranium for a given amount of fuel (lower tails assay) 

at probably no economic penalty to the customer (and 

possibly even a slight benefit)* 

(4) Contracting practices of supplier states generally 

appear to provide flexibility in accommodating to 

changing requirements of customer nuclear power 

projects while maintaining sufficient protection for 

supplier investment* 

(5) Specialized brokerage organizations have appeared 

with the capability of arranging assignments of 

fuel or separative work among customers to better 

natch short or long-term customer needs and smooth 

the overall supply/demand relationship. 
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(6) In some cases, customer nations have the option 

of investment in supplier enrichment production 

facilities thus presumably securing a proportion 

of plant production for an indefinite period* In 

the case of the U.S., study of this possibility 

has recently been mandated by the Nuclear Non-

proliferation Act of 1978. 

b. Weaknesses 

(1) While there can be high confidence that contracted 

enrichment can be produced, increasing concerns 

about the risk of proliferation have, in some cases, 

caused uncertainty about the timely delivery of 

contracted fuel supplies. Therefore, there appears to 

be a need to develop improved mechanisms to define the 

responsibilities of suppliers and customers in accommodat

ing enrichment supply arrangements to such changing 

circumstances. 

(2) Additions to world power reactor fuel enrichment 

capacity are essentially uncoordinated except by 

each supplier's perception of the demand that he 

will or may be obliged to meet. This might lead 

to an oversupply situation depending upon the degree 

to which corrective actions (Section a.(3) above) are 

taken. In the near term an oversupply situation 



situation could be handled by accumulation of 

national stockpiles of low enriched uranium* 

However, if continued as projected to the late 

1980's, this situation could become a problem 

even for some governments• Oversupply could have 

economic penalties and increase proliferation 

risks. 

(3) As for any system, the uranium enrichment supply 

process could have fragilities* However, these do not 

appear to represent any greater risks than for many 

other types of fuel supply* Nevertheless, it might be 

desirable to have additional safety net arrangements 

beyond those In current, purely bilateral supplier-customer 

relationships* For example, no mechanism exists 

whereby power reactor fuel suppliers could effectively 

back-up each others production systems* Such backup 

mechanisms could be reassuring to customers and to 

suppliers as well* 

III* Multilateral or International Mechanisms Guaranteeing Timely Deliveries 
in Case of Delay or Cut-Off of Supplies 

A* Existing Systems 

In examining current supply arrangements, we have not found, nor 

are we aware of any multilateral or international mechanisms which 

are specifically designed to provide guaranteed timely delivery In 

the event of supply delays or cut-offs due either to technical 
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failures or political actions. Existing arrangements, such as 

those discussed In Section II.B.4. above could be further adapted 

to respond to such situations* It is also possible that special 

guarantee arrangements exist on a confidential level in current 

supplier/consumer contracts. None of these possibilities, however, 

function at present as multilateral or international mechanisms for 

guaranteeing deliveries in supply delay or cut-off situations. 

B. Effectiveness of Existing Mechanisms 

As noted in A. above, this type of mechanism does not appear to 

exist currently. 



United Kingdom Corrtri'sution CO-CHAIRMEN/WG.3/23 Add 1 
IKFCE GROUP 3 4 July 1978 

Paper Co-Chairman/WG3/2 t̂ Uranium Enrichment, present position 

Factual comments by the United Kingdom 

1. This paper seems to be incomplete in that though in several places 

i t describes, and points out the benefits of, the terms of the terms 

of the enrichment contracts available from the US i t does not mention 

their disadvantages. These seem to us to be that: 

i . they involveunilateral decisions by the US on the t a i l s assay, 

i i . they allow the US to make unilateral changes in prices, 

l i i . they are also subject to unilateral changes in other conditions 

of supply. 

We would suggest that these considerations should be mentioned in the 

definitive version of the paper. 

2. On page 44.the paper states that new enrichment capacity can be built 

more quickly then new nuclear power plants. There i s a sense in which 

this i s not correct: insofar as diffusion plant i s involved^there may 

be a need to construct a nuclear power station to provide the large 

quantities of electric power requrfed. It i s possible thnt a diffusion plant 

oould not in practice be commercial until the linked nuclear stations were 

onstream. 

3. The paragraph in the middle of the page refers to US plants as fed 

from dedicated power plants and the national grid. This seems to be 

inconsistent with a statement by the 0A0 to Congress EMD-77-Q4 

(18 November 1977), page 7, to the effect that "ERDA lost about 14?C 

of i t s expected separative work production when construction schedules 

for two TV A nuclear power plants were delayed and TVA was unable to deliver 

the expected power". 

4. The compansion of contract terms includes the terms of the US Dol 

"requirements'' contract; this i s no longer available, we understand, and 

this might be stated. In terms of diversification of supply, the paper also 

seems not to mention the restraints imposed by the US DoEondual contracting 

for enrichment. 
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INFCE WORKING GROUP 3 

MATERIAL PREPARED BY THE U.S. 
FOR USE BY RAPPORTEURS FOR CHAPTERS 2 AND 3 

The changes or additions described subsequently should be applied t 
the report entitled, 'Uranium Enrichment-Present Position." Marci: 24, 
1978, prepared by the U.S. for INFCE Working Group 3 and circulated 
as INFCE WG 3/23. 

Since the publication of the above report, there have been some change; 
in U.S. enrichment policy, namely: (1) on May 26, 1978, Secretary of 
Energy James R. Schlesinger announced the reopeniny of the order books 
for providing uranium enrichment services, and (2) on July 12, 1978, 
DOE sent out to U.S. and foreign customers copies of a new contract 
form called the Adjustable Fixed-Commitment (AFC) contract; which can 
now be provided. A number of terms and conditions now offered ]v the 
AFC contract are more attractive to customers than v/as previously the 
case with the old Long-Term, Fixed-Commitment contract. Principe;" 
changes in contract policy are the following: 

i. Pricing. The contract, in effect, sets a price ceiliny In
stating that if the DOE SWU price exceeds 130 percont of 
the Government's cost of producing SWU's, the customer ray 
terminate the contract at no cost to the customer. The 
contract also specifies those items to be included when 
calculating the cost of providing enrichment services. 

z- Tails Assay. The contract states that the transaction tails 
assay will be no higher than 0.?5 percent U-235. If DOF 
should announce 3 tails assay greater than 0.25 percent U-235, 
the customer may terminate his contract at no cost to the 
customer. 

3. Lead Time for Contract Execution. Contracts may be signed 
6 to 10 years prior to initial scheduled delivery. In a.'-'-
cases, the SWU delivery schedule is established 6 years 
prior to first delivery. 

4. Firm Commitment Period. Only 5 years of scheduled deliveries 
are firm, and the fourth and fifth years of this period can 
be varied by + 10 percent (fourth year) and +_ 20 percent 
(fifth year). 

5. Changes in Fixed Schedule. SWU delivery dates can be 
postponed upon payment of a schedule adjustment charge 

6. Variable Tails Assay Option. A customer may select his 
transaction tails assay within the'range 0.20 to 0.30 
percent U-235. 
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7. Fractional Contracting. A customer may choose to contract 
with DOE for a portion of a given nuclear plant's SWU 
requirements and obtain additional requirements from another 
supplier. 

8. Conversion from LTFC to AFC. A customer holding a Long-Tern, 
Fixed-Commitment contract may convert to a new AFC contract 
with no termination charge. The only contract available to 
new customers is the AFC contract. 

The following specific changes should be made in the report, 'Ursniu-i 
Enrichment-Position Position": 

In Table 1, PNC Capacity should also show .05 million SWU for- 198'\ 
1981, 1982 and 1983. 

In Table 1, URENCO capacity in 1978 should be 0.45 millions of :•!;•.. 

In Table 1, U.S. DOE, Centrifuge Capacity should read: zero in 1986; 
1.1 in 1987; 2.2 in 1988; after 1988, capacity will be added ds needed. 

On page 9, first new paragraph add "by adopting principles in INC 2[>4" 
at end of sentence; in second new paragraph add "or equivalent" fiftc--
"IAEA". 

On page 10, lines 7 and 9 from bottom, change "coordinate1' to 'e:,tab'is!;"; 
"in accordance' to "consistent". 

On page 11 under "(3) Safeguards", delete section beginning "... 
with duration " and replace with "So long as the nuclear materials, 
equipment or facilities involved remain under the jurisdiction of the 
recipient State or under its control anywhere, or until such time as the 
IAEA and the other parties involved agree that such materials, equipment 
or facilities are no longer useable for any nuclear activity relevant 
from the point of view of safeguards." 

In Table 3, page 20, add a note that U.S. DOE Requirement an*-] l.oncj-u-iri,, 
Fixed-Commitment contracts continue to be in force for existing customers, 
but are no longer available to new customers. 

In Table 3, last column heading should read: "Adjustable Fixed-Commitment" 
(delete "Proposed"). 
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On page 21, Table 3, under U.S. DOE Adjustable Fixed-Commitrrent, make 
changes as noted below: 

Adj:-stable Fixed-Con^itment 

0.20-0.30 percent 
15 months 
130 percent of full cost 
SO.6 million per thousand 

MWe at contract signing; 
an additional $3.7 to 4 
million, 6 years prior tu 
first scheduled delivery 

Delete the last six lines 

On page 29, Footnote 2 of Table 4, add the phrase ... "based upon 
announced utility plans as of the end of 1977." 

On page 33$ line 8 delete "optimistic" and insert "protective". 

On page 39, third and fourth lines from bottom, delete "SWU production* 
power consumption" and insert "SWU delivery". 

On page 37, Table 5, add check under "Power Available" for PNC. 

On page 41, fifth line from bottom, delete "output" and insert "sales"i 
fourth line from bottom, delete "failing" and insert "falling"; third 
line from bottom, delete "is planned to be" and insert "has been". 

On page 54, line 11, insert "up to now" after "cases". 

On page 55, next to last sentence in b.(l) delete the entire sentence 
which begins, "The U.S. is currently ", and replace with, "The U.S. 
is now permitting its customers to convert their existing Long-Term, • 
Fixed-Commitment contracts to the new Adjustable Fixed-Commitment 
contract, which will allow SWU deliveries which are now firmly scheduled 
to be delayed or adjusted." 

Variable Tails Range 
Variable Tails Notice 
Ceiling Price 
Advance Payments 

Unexcused Termination 
by Customer 
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Experience of. Switzerland i.e.garding security 

of fuel supply and access to fuel cycle services 

1. Introduction 

This study covers the period starting with the commercial operation 

of the first nuclear power plant (1969) and extending to the end 

of 1977. It represents an analysis of the situation frorri the point 

of view of the utilities and the governmental offices dealing with 

nuclear matters. The following steps of the fuel cycle will be 

examined: uranium - enrichment - storage of spent fuel and re

processing. 

The first part will be a description of events or facts arisen 

during these eight years. In the second part some comments and 

.recommendations for the future will be made. 

2. Description of the situation 

2.1 The sunolv of uranium 
^ 1 1 — — — — •••! m i * ^ mil — — — i ^ • 1 

The nuclear power plants now in operation (3 units totaling 

1000 KW) were fed with uranium obtained by long term contracts. 

The supply of this uranium was very reliable. 

The supply of the uranium for the units now under construction, 

or having signed long term enriching contracts, was not so easy. 

It happened during the period of a big price increase, unbalanced 

market and political actions from some governments. Two utilities 

are still under embargo and were forced to provide for emergency 

solutions. 



2 .2 Enrichnori i 

The utilities owning the units in operation signed long terr. require

ment contracts and are pleased with the flexibility offered and the 

timely supply of the enriched uranium. 

For units being under construction or in an advanced project phase, 

the utilities signed long terra fixed commitment contracts. The lack 

of flexibility of these new contracts has put some utilities in 

difficult situations, especially in relation with big delays in the 

issuance of construction permits. 

2.3 The storage of spent fuel 

The units in operation designed.in the sixties have, storage pools . 

with a modest capacity (1V3 core). In view of the temporary shortage 

of reprocessing services during the next years, the Swiss utilities . 

have decided some years ago to follow three parallel paths: 

- to increase urgently the capacity for spent fuel storage in the 

power plants 

- to be ready to build a central facility for intermediate storage 

of the spent fuel from several power plants 

- to participate to the construction of new reprocessing plants 

and related receiving ponds. 

The extension of storage capacity for plants under construction was 

decided in good time so that no major problems are expected. 

For plants in operation the extension is more complicated, needs 

more time and is limited in size. 

2.4 The reprocessing 

The two utilities owning the power plants in operation have signed 

reprocessing contracts assuring this service until the end of the 

•70 . In the beginning, the retransfers of spent fuel to the re

processing plants took place without difficulties, but after October 

1976, the formalities to get the export licenses became much mere 

complicated, because the retransfer approval was connected with a 

permission to reprocess. 
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i-'cr the perice after 15S0 the .negociations ccncernirc long tern; 

contracts for the units in operation or under construction are ir, 

an advanced stage. 

3. Comments and recommendations 

The description of the situation in chapter 2 shows clearly that 

the security of fuel supply and access to fuel cycle services 

evolved in a very unsatisfactory manner. The following facts con

tributed mainly to create this situation: 

a) Uranium embargo from big supply countries 

b) National safeguards requirements in addition to those defined 

in a general way for instance in the Treaty of Non-Proliferation 

(e.g. double labelling) 

c) Uncertainties raised by different non-proliferation policies 

on the issues of final waste disposal 

d} Interference of some governments in pricing matters related to 

private contracts. The generalisation of such actions would dis

courage foreign investments in exploration and prospection, as 

well, as long-term contracts. 

Tuese i'acts result mainly from sudden changes in nuclear pol4'., 

made by political leaders, in contradiction with the spirit of 

existing treaties and agreements and without taking account of the 

consequences in contracting States. 

The present situation is characterized by a lack of confidence 

which is very prejudicial for the harmonious development of the 

nuclear energy for peaceful purposes. The consequences of this 

situation are two fold: 

1. In governmental offices dealing with this matter and in the 

utilities/ the planning of.operations is seriously disturbed 

and the work load Is increased significantly. 
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2. In the nuclear debate all those actions have a negative ir.i"lucr.c-: 

on the public acceptance of the peaceful use cf nuclear energy. 

In conclusion, as Switzerland, as many other countries, has no 

significant alternatives for the future production of electricity, 

it is of utmost urgency to develop on a non discriminatory basis 

clear, universal and sound conditions to restore -the credibility . 

of the peaceful application of the nuclear energy, regarding both 

the aspects of non-proliferation and security of supply. 
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WORLD OUTSIDE OF CENTRALLY PLANNED ECOWOHY AREAS (WOCA) 

At present there are five UFg conversion facilities in operation world-wide 

with an annual present capacity of about 43,700 metric tons of uranium (MTU). 

Two of the firms Allied Chemical Corporation and Kerr-McGee Corporation are 

located in the United States; while the other three, The British Nuclear Fuels, 

Ltd., Comurhex, and Eldorado Nuclear, Ltd., are located in the UK, France, 

and Canada, respectively. Three of these firms, British Nuclear Fuels, Ltd, UK, 

Comurhex, France, and Eldorado Nuclear, Ltd., Canada, are planning further 

expansion that will bring world-wide UF^ conversion capability to 52,700 MTU 

by 1980 and 62,700 MTU by 1984. These production capacities, by supplier, 

along with their expansion plans are shown in the table below: 

UFfi Conversion Capacity MTU 
Company 

Allied Chemical Corporation, USA 
Kerr-McGee Corporation', USA 
British Nuclear Fuels, Ltd., UK 
Comurhex, France 
Eldorado Nuclear, Ltd., Canada 

Adequacy of UF^ Conversion Capacity 

The requirements for UFg conversion capacity are directly related tc enriching 

requirement and the enrichment plant operating tails assay. At the present the 

installed UFg conversion capacity is substantially in excess of enrichment needs 

and it appears that this situation will prevail for a number of years. As a 

result of this over capacity UFg conversion service charges have been very 

competitive world-wide. The estimated conversion charges for the period 1970 

through 1977, in terms of 1977 dollars are shown below. 

UFfi Conversion Costs $/KP,IF-' 

1970 1971 1972 1973 1974 1975 1976 1977 

2.56 2.61 2.70 2.96 3.39 3.60 3.74 4.15 

U OrxNL/TM-5703. "A Survey of Nuclear Fuel Cycle Economics: 1970-1985" 
March 1977 

1978 1980 1984 

12,700 12,700 12,700 
9,000 9,000 9,000 
8,000 10,000 10,000 
9,000 11,000 11,000 
5,000 10,000 20,000 

43,700 52,700 62,700 
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In 1978 the average conversion charge in the United States was abbut 

$A.75/KgU and due to the competitive situation it would be expected that 

this price would be representative of all UF, converters. 
o 

Expansion of UF, conversion capacity could be managed with relatively 

short notice. It is estimated that a two year lead time would be required 

at a cost of about $15 per kilogram-year of uranium, based on 1975 dollars. 



WOCA UFC CONVERSION CAPACITY VS CONVERSION DEMAND 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

I. World Present & 
Planned Capacity 
MTU/YR XIO3 43.70 43.70 52.70 52.70 52.70 52.70 62.70 62.70 62.70 62.70 62.70 62.70 62.70 

* 
1/ . • 

II.— a. Power Capacity 
High Case: 
Gigawatt (GW) 112.27 129.67 159.07 180.87 201.06 226.42 255.77 273.58 304.13 335.94 374.74 415.69 464.06 

b. Maximum Con
version Demand 
MTU/YR XIO3 23.105 22.143 26.568 29.364 34.029 32.356 39.487 43.520 48.508 51.103 58.389 61.838 67.868 

III.— a. Power Capacity 
Low Case: 
Gigawatt (GW) 105.41 121.90 144.00 162.70 176.90 200.45 220.91 244.52 266.07 290.18 315.46 343.83 374.00 

b. Maximum Con
version 'Demand 
MTU/*. X103 18.924 19.725 21.721 25.254 27.416 30.120 31.363 35.733 37.932 40.333 43.534 44.933 47.877 

1/ Based on bounding strategies for high/low case - light water reactors once-through (no recycle); 0.20Z U-235 tails assay. Other reactor 
strategies have lesser requirements in the time period covered by this Table. 

REF: IAEA SG-1A/2A "Bounding" Fuel Cycle Strategies, Draft dated November 24, 1978. L. L. Bennett. 


