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enriched uranium supplies. If there is a uranium shortage and
the United States obtains 35S of the foreign market, future
enrichment plants will be needed by the 1990's. The only option
for meeting long-term demand is to build additional plants.
I'commendations: The Secretary of the Department of Energy
siould: document the results of monitoring the impact of
removing or relaxing restrictions on ltilities' use of foreign
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basis for that policy; examine, with the Department of Defense,
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uranium they receive. (Author/SC)
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COMPTROLLER GENERAL OF TH U.rI'TED STATES
WASHINGTON. D.C. ZO14

B-15968?7

To the President of the Senate and the
Speaker of the House of Representatives

Uranium enrichment is a fundamnental step in the nuclear
fuel cycle. Because future enrichment capacity has been a
controversial issue for several years, we reviewed the Energy
Research and Development Administration's current policies
and ftiture plans.

We made our review pursuant to the Budget and Accounting
Act, 1921 (31 U.S.C. 53), the Accounting and Auditing Act of
1950 (31 U.S.C. 66(c)), and the Legislative Reorganization
Act of 1970, as amended (31 U.S.C. 1152).

We are sending copies of this report to the Acting
Director, Office of Management and Budget; the Chairman,
Nuclear Regulatory Commission; and the Secretary of nergy.

Comptroller General
of the United States



COMPTROLLER GENERAL'S URANIUM ENRICHMENT POLICIES
REPORT TO THE CONGRESS AND OPERATIONS: STATUS

AND FUTURE NEEDS

DIGEST

An adequate supply of enriched uranium is essential to the
growth of nuclear power. In recent years, congressional an-
public debate has been intensive on whether and when addi-
tional capacity will be needed to produce enriched uranium
and to what extent the Government should be involved in
developing a uranium enrichment industry.

Uranium enrichment is a process which prepares uranium for
use as a nc-lear reactor fuel. It converts natural uranium
into a mixture richer in the isotope uranium-235.

There are three uranium enrichment plants in the United
States, all owned by the newly created Department of E-nrgy
(until October 1, 1977, the Energy Research and Development
Administration owned the plants). They provide enrichment
services to all U.S. nuclear reactors, all Government
research and weapons programs, and most foreign reactors.

GAO identified and assessed the issues on key questions
facing uranium enrichment decisionmakers:

--When will additional enrichment capacity, beyond existing
and planned facilities, be needed?

-- Are there options for mee:ing short- and long-term excess
enrichment demand?

-- How can additional long-term enrichment capacity be pro.
vided?

-- Is ERDA obtaining adequate compensation for its uranium
sales?

KEY COL!.LUSIONS

There are many uncertainties about the critical factors that
affect the answers to the questions above.

Given these uncertainties, G.O reached the following conclu-
sions:

--When additional enrichment plants beyond current plans will
be needed depends largely on nuclear power growth, the U.S.

UL.Shtl. Upon removal, the report
cover date should be Aoted hereon. EMD-77-64



share of the foreign enrichment services market, and the
use of existing plants and enriched uranium supplies.
(See p. 15.)

-- If there is a uranium shortage and the United States
obtains 35 percent of the foreign market--about what the
Energy agency is forecasting--the United States will need
future enrichment plants by the early 1990s. Because of
the 8-year lead time required to construct enrichment
plants, a decision on future plants would be needed by
1985. If the United States wants to obtain significantly
more than 35 percent of the foreign market--a positioni
many feel will help meet balance-of-payments and nonpro-
liferation objectives--and there is a uranium shortage, a
decision on future plants would need to be mede soon.
(See p. 15.)

--There are several possible ways that the agency could meetshort-term excess enrichment demand, such as (1) using its
enriched uranium stockpile and material from retired
nuclear weapons, (2) increasing the amount of uranium left
in the residual material, and (3) allowing a contract
adjustment period. (See p. 21.)

-- rhe United States has only one option for meeting long-
term demand beyond the capabilities of existing and plan-
ned facilities--.build additional plants. The twc primary
issues affecting decisions on future plants are (1) the
extent that the Government should assist private enrich--
ment groups and (2) the technology that will be used.
(See p. 25.)

--The agency's pricing policy for uranium sold from its
stockpile under long-term arrangements should be changed
to be based on the market price at the time the uranium
is sold. (See p. 34.)

-- The Atomic Energy Act of 1954, as amended, provides that
the agency must charge a reasonable amount in the sale of
Government-owned uranium rather than to reduce the enrichment
charge by giving its customers a credit for uranium obtained
from residual material belonging to the Government. This
policy is also not a good business practice. (See p. 36.)

RECOMMENDATIONS

GAO recommends that the Secretary, Department of Energy:

-- Document the results of monitoring the impact of removing
or relaxing restrictions on utilities' use of foreign
uranium for use by the Congress, industry, and the public.
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-- Promptly publicize the agency's current stockpile policyand the basis for that policy to provide the Congress,
industry, and Government officials a clear and current
view of the stockpile's potential for meeting short-term
customer needs. Any policy changes and their impact
should also be publicized.

--Examine, with the Defense Department, the advantages and
disadvantages of using some retired weapons material inthe civilian nuclear power program rather than using itsolely to produce new weapons. The results of thisexamination should be reported jointly by the agency and
the Defense Department to the President and appropriate
congressional committees for their consideration in deter-mining the best use of this material.

--Prepare and implement a new operating strategy and make itavailable in report form to interested parties, including
the Congress and private industry. This report should
(1) estimate the number of new contracts that can realis-tically be undertaken with existing and planned enrichment
facilities. (2) aiscuss the need for and timing of futurefacilities, and (3) describe and explain the agency's cur-rent position on the expected size and use of the enricheduranium stockpile, the feasibility of reducing or removing
the restrictions on using imported uranium in domestic
reactors, and the availability of enriched uranium fromretired weapons. The report should be made available tothe cognizant congressional committees to help them decideon the need for and timing of future enrichment facilities,
and should also be available to interested parties in pri-vate industry and the general public. In addition, theagency should make the Congress and the public aware ofany changes in its positions.

-- Determine, with the State Department, the portion of the
foreign market necessary to achieve the President's non-proliferation objectives and establish foreign enrichment
goals by which to measure the Nation's progress inachieving those objectives and to facilitate planning forfuture enrichment plants.

-- Gradually increase the price of all uranium sold from itsstockpile, including the uranium obtained from recycled
tails, until it equals the market price at the time theGovernment's uranium is sold. The price should be reevalu-ated periodically to keep it aligned with the market price.

--Discontinue the policy of allowing credits for uranium
obtained from residual material that is being recycled
and charge customers for the uranium they receive.

ISALs~~hw iii



ENRICHMENT UNCERTAINTIES

In the analysis that led to this report's conclusions and
recommendations, GAO identified critical uncertainties
affecting uranium enrichment:

--Electrical demand and the nuclear power growth rate. (See
p. 13.)

-- The future of spent fuel reprocessing, which could reduce
enrichment demand by 20 percent or more. (See p. 11.)

-- The percent of the foreign enrichment services market that
the United States may want or is able to obtain. (See
p. 15.)

-- The amount of electricity available to power existing
enrichment plants. The agency estimates that electricity
supplies will be sufficient to operate the plants at a
90-percent average capacity through 1984. (See p. 6.)

--Uranium shortages. Such shortages may force the agency to
operate its plants in a uranium-conserving manner, which
would increase the plant capacity needed to produce each
unit of enriched uranium. (See p. 8.)

-- The amount of enriched uranium available from the agency's
stockpile and retired weapons. (See p. 21.)

--The extent that the Government should assist private groups
in building future enrichment plants. (See p. 25.)

-- The technology that will be used in these plants. (See
p. 26.)

AGENCY COMMENTS

The Energy Research and Development Administration disagreed
with GAO's recommendations to establish market goals for
foreign enrichment sales, consider using enriched uranium
from retired weapons for the civilian nuclear power program,
and change the agency's uranium-pricing policies.

GAO, in turn, disagrees with the agency's positions and
reemphasizes its belief in the desirability of establishing
foreign market goals as a sound basis for good management
and planning, and, with the Defense Department, examining the
advantages and disadvantages of using material from retired
weapons for the civilian nuclear power program. (See p. 31.)
GAO also reemphasizes that the agency should change its
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uranium-pricing policies to provide a more equitable return
to the Government. (See p. 40.)
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CHAPTER 1

PERSPECTIVE

Nuclear reactors used to generate electricity are fueled
by uranium. Before the uranium can be used as fuel for light-
water reactors, it must undergo a complex process called
enrichment, which converts natural uranium into a mixture
richer in the isotope uranium-235.

Uranium enrichment is but one step in the total prepara-
tion of uranium for use as nuclear fuel. This complete pro-
cedure is called the nuclear fuel cycle and includes

-- mining the uranium ore,

-- milling the ore to produce uranium concentrate,

-- converting the solid uranium to a gas,

-- enriching the uranium,

-- fabricating the enriched uranium into nuclear fuel,

-- removing the spent fuel from the reactor and
reprocessing it to recover usable uranium and
reactor-produced plutonium, and

-- disposing of the highly radioactive wastes.

There are no commercial spent-fuel reptrcessing plants oper-
ating in the United States today. On ' ,ril 7, 1977, the
President announced that commercial reprocessing in the
United States would be indefinitely deferred because of its
proliferation implications, and that the United States will
explore the possibility of international fuel cycle programs
with other nations sharing our nonproliferation objectiv-c.

The future of uranium enrichment in the United States
has been a controversial issue for the past several years.
The debate over whether the next plant should be Government
or privately owned received considerable attention when the
President proposed the Nuclear Fuel Assurance Act (S. 2035
and H.R. 8401) to the Congress in June 1975. Passage of
this bill would have enabled the Administrator of the Energy
Research and Development Adm nistration (ERDA) to enter into
cooperative arrangements wi-hi (subject to congresslolal
review and approval), and provide assistance and assurance
to, as many firms as he believed necessary to develop a com-
petitive private enrichment industry.



Although there was a great deal of controversy over theneed for future domestic enrichment capacity, and when andhow it should be provided, the 94th Coni;ress was unable coreach a final decision before adjourning.

To provide the Congress with mote information to usein making such decisions, we reviewed the status of uraniumenrichment in the United States and the projected need foradditional enrichment capacity in the future. 1/ We also
reviewed ERDA's policies for pricing uranium sold to cus-
tomers and giving credit to customers for uranium obtained
from residual material (tails).

This report recognizes thit pursuant to the Department
of Energy Organization Act (Public Law 95-91), ERDA'S resp-:.-sibilities were transferred to the Department of Energy (DOE)
on October 1, 1977. Therefore, we have addressed our recom-mendations to the new Department.

URANIUM ENRICHMENT IN THE UNITED STATES

Natural uranium contains seven-tenths of one percent ofthe energy-producing uranium-235 isotope. The remainder ofthe natural uranium, uranium-238, cannot be used in nuclearreactors. The enrichment process separates the two uranium
isotopes until the uranium-235 content is increased to thedesired level--up to about 95 percent for weapons purposes.Light-water reactors require uranium enriched to about 3-percent uranium-235.

Uranium enrichment facilities in the United States
consist of three ERDA-owned plants located at Oak Ridge,
Tennessee; near Paducah, Kentucky; and near Portsmouth, Ohio.These plants are operated by private firms under cost-plus-fixed-fee management contracts. Union Carbide Corporation,
Nuclear Division, operates the Oak Ridge and Paducah plants,and Goodyear Atomic Corporation operates the Portsmouth
plant.

These ERDA uranium enrichment plants use a process
called gaseous diffusion to enrich the uranium. ERDA hassuccessfully used this process for the past 30 years.

l/Any reference to "future" enrichment facilities refers tofacilities beyond the Government's three existing gaseous
diffusion plants and planned centrifuge facilities.
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The gaseous diffusion process depends on the small
difference in weight between the uranium-235 and uranium-238
isotopes in the uranium gas or feed material. The feed is
forced through a series of filters that separate it into two
streams. The lighter uranium-235 isotopes pass through the
filters more readily than the other isotopes ;.nd become the
product stream. The heavier isotopes are collected into the
second stream, which is residual material (tails).

There are three other enrichment processes currently
under development by ERDA. In the centrifuge process, the
uranium spins in a tube until the lighter and heavier iso-
topes have separated into two streams. On April 20, 1977,
the President announced that instead of building a gaseous
diffusion addition to its Portsmouth, Ohio, plant, the agency
would build an equivalent-size centrifuge facility because

-- it would require only about 4 percent as much electri-
city as the gaseous diffusion facility, and

-- recent reductions in projected enrichment demand were
sufficient to allow any temporary excess demand to be
covered by the enriched uranium stockpile and to allow
time to fully develop the centrifuge technology.

The laser isotope separation method uses a laser beam
to separate the uranium. This process is still being tested
and, according to ERDA, will not be ready for use in the near
fut re.

The Dawson separation process uses magnetic force to
separate the uranium. This process although promising,
still requires substantial research and development before
it will be ready for commercial use.

OPERATION OF ERDA'S PLANTS

ERDA's plants were originally operated to produce
enriched uranium for nuclear weapons programs. Since the
beginning of the civilian nuclear power program, the plants'
primary product has shifted from weapons material to reactor
materia.L. The plants now produce enriched uranium to ful-
fill contracts with domestic and foreign utilities and for
use in Government research and military programs.

The amount of ehriched uranium that can be produced by
ERDA's three existing plants is influenced primarily by two
factors: (1) plant capacity and (2) plant operating mode
(tails assay).
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Plant capacity

The production capacity of enrichment plaints is defined
in terms of separative work units. Separative work units
(SWU) are not a quantity of material but a measure of the
effort expended to separate a given quantity of uranium feed
into two streams (one having a higher percentage of
uranium-233). ERDA's existing plant capacity is about 19.3
million SWU and is being expanded to about 28 million SWU by
1981. ERDA plans to build gas centrifuge facilities that
will add another 8.8 million SWU, bringing ERDA's total capa-
city to almost 37 million SWU by the late 1980s. The amount
of enriched uranium that can be obtained from these SWU
de3ends on the plants' operating mode.

Operating mode

The operating mode (tails assay) determines the amount
of uranium-235 that remains in the depleted uranium (tails)
after enriching the uranium to the necessary level. The
tails assay determines the amount of feed and separative
work needed to produce a given quantity of enriched uranium.
For example, if the tails assay is increased, less separative
work is required because less uranium-235 is being concentra-
ted in the product and more uranium-235 is left in the tails.
However, additional feed is required to produce the same
amount of enriched product. Conversely, if the tails assay
is decreased, more separative work but less feed is required.
Since electricity is required to operate the plants, any
increase in separative work will also require a corresponding
increase in electricity. The table below illustrates the
effect of various tails assays on the feed and SWU required
to enrich one kilogram of natural uranium to 3 percent
uranium-235.

Feed
Tails assay required SWU Enriched product
(percent) (kiloIranls) required (kilogram)

.20 5.48 4.31 1.0

.25 5.97 3.81 1.0

.30 6.57 3.42 1.0

The following chapters discuss the supply of, and demand
for, enrichment services; compare the supply and demand; and
discuss possible ways to meet short-term excess demand and
decisions needed on future U.S. enrichment capacity. They
also discuss several of ERDA's policies regarding uranium
sales and prices.
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CHAPTER 2

SUrPLY OF AND DEMAND FOR

ENRICHMENT SERVICES

Until recently, the three U.S. plants were the only

major source of enrichment services in the free world. In

the past few years, however, several foreign countries and
consortiums have built, or are building, enrichment facili-

ties. This report primarily addresses the U.S. ability to

meet U.S. and foreign demand.

An adequate supply of enriched uranium is vital to the

continued growth of nuclear power. Before utilities can

proceed with plans for additional nuclear powerplants, they

must be assured of a fuel supply (including enrichment er-

vices). If nuclear power is to provide a major portion of

this Nation's energy needs, actions must eventually be taken

to provide the necessary enrichment plants.

The construction of additional enrichment plants may
also have implications for this Nation's balance of payments

and nuclear nonproliferation objectives. By maintaining its
current share of the market, the United States may be able

to more affectively discourage other countries from building

their own enrichment facilities and may be able to use its

market position as a negotiating tool in implementing its
international safeguard and nonproliferation policies.

The following sections identify and compare the expected

supply of uranium enriching capacity to existing and pro-

jected demand.

SUPPLY

ERDA's overall objective in operating its enrichment
plants is to maximize the production of enriched uranium
to assure that

-- current contract requirements are met,

--Government requirements are satisfied, and

--a stockpile of enriched uranium is established for
emergency use.

In meeting these objectives, ERDA must operate its plants
undc. certain physical constraints, including (1) plant capa-

city, (2) power availability, and (3) uranium availability.
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Current and plannt cpacity

ERDA is currently expanding its enrichment capacity and,
as noted on page 3, plans to 'uild additional capacity. The
expansion effort, however, requires large quantities of elec-
tricity that suppliers may have difficulty providing. Actual
capacity, therefore, could vary--depending on the electrical
power supply.

Current capacity-expansion

ERDA's capacity expansion program was initiated in 1971
and is scheduled for completion in 1981. This expansion
program consists of two subprograms--the Cascade Improvement
Program and the Cascade Uprating Program.

The Cascade Improvement Program will increase the
efficiency of plant operations by modifying the process
equipment to incorporate the most recent technological
improvements. The Cascade Uprating Program will increase
the capacity of existing plants by enlarging the plants'
electrical systems and cooling capability. Because of their
magnitude, these programs are being accomplished in phases.

As of January 1977 ERDA had obtained about 2.1 million
additional SWU annually from completed phases of the expan-
sion program, giving it a current maximum capacity of about
19.3 million SWU. Upon the scheduled completion of these
programs, ERDA expects to have obtained an additional annual
increase of about 8.7 million SWU.

Additional facilities

In fiscal year 1976 ERDA was authorized to build addi-
tional enrichment facilities. ERDA planned to provide this
capacity by adding to its existing gaseous diffusion plant
at Portsmouth, Ohio. This was to be a contingency measure
to assure that domestic enrichment capacity was available
even if the private industry ventures failed. As noted ear-
lier, however, the President announced that ERDA will build
equivalent-size gas centrifuge facilities (to be completed
in the late 1980s) instead of the Portsmouth gaseous diffu-
sion addition. This additional capacity will enable ERDA
to operate at a lower tails assay, thereby conserving natural
uranium resources and, also, service some additional custom-
ers.

Power availability

Currently, there is not enough available electrical power
to operate the gaseous diffusion plants at their maximum
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capacity of 19.3 million SWU. As a result, ERDA's actual
fiscal year 1977 capacity will be about 15.4 million SWU.
Actual capacity will remain below maximum until 1985, when
ERDA expects to have all of its planned power. Because the
plants will have received less than maximum power between
1978 and 1984, ERDA's expected production will be about 19
million fewer SWU--about 10-percent lower than the maximum
capabilities of the expanded plants.

Also, the availability of power in the future is con-
tingent upon several factors that are not certain. ERDA is
presently obtaining electrical power from three suppliers
--Tennessee Valley Authority (TVA), Electric Energy Incorpo-
rated, and Ohio Valley Electric Company (OVEC). TVA has
contracted to provide power to the Paducah and Oak Ridge
plants into 1990, but some power through 1984 is under a
"best-effort" contract that ties delivery to TVA's genera-
ting capacity. As the generating capacity of the TVA system
reaches certain prescribed levels, additional power is con-
tractually made available to the plants. OVEC supplies the
power for ERDA's Portsmouth plant. The present OVEC contract
extends through March 1979. ERDA plans to negotiate a second
contract that will cover deliveries through the 1990s.

Any difficulties encountered by the utilities in
achieving their planned generating capacities could adversely
affect the plants' SWU production. For example, during the
first half of fiscal year 1977 ERDA lost 1,365,000 SWU of its
expected production (about 14-percent) when construction
schedules for two TVA nuclear powerplants were delayed and
TVA was unable to deliver the expected power. ERDA also has
a policy to release power to its suppliers to provide elec-
tricity for residential and industrial customers in an emer-
gency. For example, during the unusually severe winter of
1976-77 ERDA lost an additional 184,000 SWU when TVA was
permitted to direct some of ERDA's power to its other cus-
tomers. Although ERDA officials are reasonably certain that
the plants will have at least the expected power deliveries,
accidents and losses such as those mentioned above cannot
be predicted or prevented. With the United States becoming
increasingly dependent upon electricity, such incidents are
likely to occur again in the future.

The power for the centrifuge facilities is not yet under
contract but, as noted earlier, these new facilities will
need only about 4 percent as much power as would the gaseous
diffusion addition that would have required the construction
of three new powerplants. ERDA does not anticipate any pro-
blems in purchasing the power necessary to operate the cen-
trifuge facilities.
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Uranium availability

ERDA provides only the enriching services; customersmust provide the uranium feed to be enriched. The customerspurchase most of this feed on the open market; however, someof it is purchased from ERDA: (See p. 34.) ERDA's plantoperations are affected by the utilities' ability to obtainan adequate uranium supply. If there is a uranium shortage,the plants must operate at a lower tails assay to enableERDA to meet its contract demand while making the most effi-cient use of available uranium resources. If the demand forenriched uranium grows as projected--or faster--ERDA couldraise the plants' tails assay and thereby release additionalSWU capacity to meet the increased demand. This would be auseless exercise, however, if the customers are unable toobtain the larger quantities of uranium feed required by
operating the plants at a higher tails assay.

Domestic uranium availability is primarily dependentupon (1) the amount of uranium ore that is economicallyrecoverable and (2) the U.S. mining and milling industries'capacity for extracting the ore and processing it intouranium concentrate. ERDA's estimates of economicallyrecoverable domestic uranium resources show that U.S. utili-ties will be heavily dependent upon unproven but expecteduranium deposits. If there deposits are not as productiveas expected, the uranium supply could fall short of demand.

By the early 1980s ERDA expects that the milling indus-try will begin large-scale processing of ore with a loweruranium content. The necessavry mill modifications and expan-sions will depend on many factors--such as capital, labor,and equipment availability--making future production levelsdifficult to predict. Because utilities will become increas-ingly dependent upon low-quality ore, the milling industry'ssuccess in this area is an important factor in determining
the domestic uranium supply.

A comparison of ERDA's most recent uranium productionestimates and projected domestic uranium requirements shows
that supplies should be ample at least through 1990. However,supply estimates are based on assumptions about existing andexpected resources and planned increases in the number ofproduction facilities and are, therefore, subject to revi-sion. If, for example, production facilities are not builtas expected, supply could fall short of demand in the late1980s. Such shortfalls could advance the date by whichfuture enrichment capacity will be needed.

There are other studies, however, that predict a verytight uranium supply and still others that state that there
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is an abundant supply. For example, the National Research
Council in an April 1977 draft report 1/ estimates that ura-
nium production will fall significantly short of ERDA's pro-
jected demand. On the other hand, the Nuclear Energy Policy
Group projects that domestic uranium resources will be more
than adequate through at least the year 2015 or 2020. 2/
These conflicting opinions have made the utilities uncertain
of future fuel supplies, thus contributing to the recent
decline in the nuclear power growth rate.

Because there is some uncertainty about uranium sup-
plies, ERDA plans to operate its enrichment plants at a
tails assay that will allow it to make the most efficient
use of uranium fuel and still meet its contract requirements.

Commercial spent-fuel reprocessing could, according to
a Nuclear Regulatory Commission (NRC) estimate, reduce the
domestic uranium demand by about 22 percent through the year
2000 by capturing some of the energy in spent fuel. There
are a number of unresolved safety and safeguards issues sur-
rounding reprocessing technology, however, and in view of
the President's April 7, 1977, announcement to indefinitely
defer commercial reprocessing, it is unlikely that reproc-
essing will have any impact on the demand for uranium in the
near future.

In addition to domestic uranium supplies, the United
States may also draw on foreign supplies. However, under
provision2, of ERDA's uranium enrichment services criteria
established pursuant to the Atomic Energy Act of 1954, as
amended, U.S. utilities may only import up to 10 percent of
the uranium required during 1977 for their ERDA enriching
contracts. The allowable percentage will increase to 15
percent in 1978, 20 percent in 1979, 30 percent in 1980, 40
percent in 1981, 60 percent in 1982, and 80 percent in 1983.
Starting in 1984 there will be no restrictions. The purpose
of a gradual increase in the use of foreign uranium is to
assure the stability of the domestic uranium industry.

l/"Problems of U.S. Uranium Resources and Supply to the Year
2010," Uranium Resource Subpanel of the Energy Fuel
Resources Group, Committee on Nuclear and Alternative Energy
Systems, National Research Council, April 6, 1977.

2/"Nuclear Power Issues and Choices," the Nuclear Energy
Policy Study Group, sponsored by the Ford Foundation, admin-
istered by the MITRE Corporation, Ballinger Publishing Com-
pany, Cambridge, Massachusetts, 1977.
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If there is a uranium shortage, imported uranium could
help meet domestic uranium requirements, thereby relieving
some of the strain on the domestic mining and milling indus-
tries and preserving some domestic uranium resources for
later use. This option is not without its shortcomings,
however. For example, allowing more uranium to be imported
could adversely affect the domestic uranium industry by
reducing domestic uranium sales and revenues needed to rein-
vest in exploration and development of new deposits.

ERDA officials, in commenting on this report, said that
they have studied this policy on several occasions but could
not provide any formal reports for our review. They said
that removing uranium import restrictions would have little
or no immediate effect on the ability of domestic customers
to purchase foreign uranium because

-- most foreign uranium immediately available is already
committed, and

-- uranium contracts are usually entered into 5 to 10
years in advance of delivery and existing import
restrictions will, for the most part, be lifted by
the time delivery is made under these contracts.

ERDA officials also pointed out that utilities are not
precluded from importing and stockpiling foreign uranium for
use when the import restrictions on using foreign uranium
are relaxed in the future. Also, since several foreian coun-
tries rely more heavily on nuclear power than the United
States, leading uranium-exporting nations may further limit
the uranium available to the United States to assure that
their own needs are met. Canada, for example, will not per-
mit exporting uranium until the uiranium requirements for
its operating and planned reactors for 30 years have been
assured.

We agree that, if there is little or no foreign uranium
available today, changes in import restrictions would not
help relieve a domestic uranium shortage. However, because
foreign uranium supplies are uncertain and estimates are sub-
ject to change--as evidenced by Australia's recent announce-
ment that it has lifted the ban on mining its vast uranium
deposits and that the uranium would be available for export
-- we believe that DOE should continue to periodically study
and should document the advantages and disadvantages of
changing the restrictions to allow increased uranium imports
so that, if a shortage occurs, it will be able to know
whether it is an appropriate action to take.
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In view of all the uncertainties about uranium
availability and its importance to the nuclear industry, we
are conducting a separate review of domestic and foreign ura-
nium supply estimates in an attempt to identify reasonably
acceptable estimates.

DEMAND

There are two categories of enrichment demand--existing
demand and projected future demand. Unfortunately, future
demand for domestic enrichment services is very uncertain,
and thus may vary, depending on assumptions about electrical
consumption growth rates, nuclear power growth rates, the
decision on spent fuel reprocessing, uranium supply, percent-
age of the foreign market that can or will be obtained by
U.S. enrichers, and general economic conditions.

One of the most critical--and controversial--issues
affecting the demand for enrichment services has been spent-
fuel reprocessing. Light water reactors can use only about
2 percent of the energy in uranium fuel before that fuel
must be replaced. Also, in using this fuel, some of the
uranium-238 is converted to plutonium, which is also a usable
nuclear fuel. Thus, a great deal of energy remains in the
spent fuel. Reprocessing spent fuel would recapture much
of this energy. NRC's analysis of reprocssing shows that it
could reduce this Nation's total enrichment requirements by
about 14 percent through the year 2000.

NRC is evaluating the costs and benefits of wide-scale
spent-fuel reprocessing and, at the conclusion of its evalu-
ation, NRC is expected to decide whether it will license
reprocessing facilities in the United States. However, on
April 7, 1977, the President announced that because of asso-
ciated safety and safeguards problems, commercial reproc-
essing in the United States would be deferred indefinitely.
Although it is still feasible for NRC to reach a favorable
decision on reprocessing, it is not likely that it would
take a position directly opposing the President's policy
statement. Therefore, in the following discussion of
existing and projected demand--both domestic and foreign--
enrichment requirements are given assuming no sFent fuel
reprocessing.

Existing demand

Most of the existing demand for U.S. enriching services
is under one of three types of contracts: (1) requirements
contracts, under which ERDA agrees to supply all of the
enrichment services required to fuel a specific nuclear reac-
tor, (2) fixed commitment contracts, under which ERDA agrees
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to provide fixed amounts of enrichment services for a certain
time period, and (3) conditional contracts, under which ERDA
agrees to provide enriching services if spent-fuel reproc-
essing is approved. All conditional contracts are with for-
eign customers and, although technically dependent upon NRC's
approval of spent-fuel reprocessing, former President Nixon
announced on August 6, 1974, that these contracts would be
fulfilled under any circumstances.

As a result of economic conditions and the prolonged
licensing process due to increased concern about nuclear
power environmental and safety questions, nuclear reactor
orders have declined. For example, only three reactors were
ordered by domestic utilities in 1976.

To align its enriching contracts more closely with its
customers' needs, in June 1975 ERDA offered its customers a
one-time option (known as an open season) to defer or cancel
their enrichment services contracts. Many utilities used
this opportunity to terminate or slip their enrichment sched-
ules several months. About 65 percent of the delays were
due to decreases in electricity demand and economic problems;
the other 35 percent were due to construction or other pro-
blems. This option reduced the number of domestic reactors
under ERDA contracts from 233 to 209, the number of foreign
reactors under ERDA contracts from 179 to 152, and reduced
total enrichment requirements by about 20 percent--which
delayed the need for additional plant capacity.

The following table shows the expected SWU required to
fulfill ERDA's existing contracts, assuming the plants
operate at 0.25-percent tails assay as currently planned by
ERDA. The table also shows Government requirements for
research and weapons programs.
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Separative Work Requirements Under ERDA Contracts
Base on 0.25-Percent Tails Assay

L.a1l Utility Government
year contracts requirements Totai

---------------- (in millions of SWU)------------

1977 10.1 1.3 11.4

1980 18.2 1.3 19.5

1983 28.6 1.3 29.9

1985 33.7 1.8 35.5

1990 33.5 1.7 35.2

Projected demand

Many Government, private industry, and research groups
have projected future expected nuclear generating capacity.
Because there are so many uncertainties involved and assump-
tions that must be made, these projections vary greatly
--depending on the combinations and values of assumptions
that are made. Projections of the number of installed
nuclear reactors have consistently been revised downward
since the early 1970s. For example, in 1965 the former
Atomic Energy Commission projected that there would be about
450 nuclear powerplants in 1985; in 1970 it projected 300
plants in 1985; and in 1977 ERDA projected that there will
be only about 127 plants in 1985. Although the Government
has historically encouraged the growth and development of
nuclear power, recent White House policy statements indicate
that the Government will be taking a more critical and cau-
tious approach to nuclear energy that will most likely have
a limiting effect on nuclear power growth. ERDA's 1977
moderate growth projections are shown in the following
table.
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-Projected Nuclear CaPacity(note a)

1980 1985 1990 2000

-----(in thousands of megawatts)-----

Domestic 60.4 127.1 195.1 380.5
Foreign 65.9 143.9 286.0 640.0

Total 126.3 271.0 481.1 1020.5

4/A standard-size nuclear reactor produces about 1,000 mega-
watts of electricity annually.

The computer model that calculates ERDA's nuclear
capacity projections also calculates the amount of enriching
services required to support the projected capacity. ERDA's
projected enriching services requirements are shown in the
following table. Projected enrichment requirements are
presented at a 0.20-percent tails assay because this is the
assay at which most ERDA and industry officials expect future
plants to operate. However, ERDA plans to operate its plants
at about a 0.25-percent tails assay at least through 1990,
which could increase requirements in those years by as much
as 10 percent.

ERDA's Projected SWU Requirements
for Future Nuclear Capacity

Based on 0.20-Percent Tails Assay

Domestic Foreign Total

-----------(in millions of SWU)---------

1980 9.1 8.9 18.0

1983 14.1 13.6 27.7

1985 16.5 18.6 35.1

1987 19.9 24.5 44.4

1990 24.7 34.0 58.7

1995 34.3 50.0 84.3

2000 43.7 66.8 110.5

The following section compares the existing and planned
supply of enriching services to the existing and future demand.
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SUPPLY VERSCS DEMAND

ERDA'S three existing plants represent, at least for the
immediate fucure, the free world's primary supply of enrich-
ment services and the United States only supply. Supply will
increase in the next 5 to 10 years with the addition of domes-
tic and foreign plants now in the planning stages or under
construction.

The Government's requirements for enriching services
represent only about 5 percent of ERDA's annual capacity
through 1990. ERDA's plans have allocated the necessary SWU
for these requirements and, if the plants operate at expected
levels, ERDA officials expect no problems in fulfilling
these requirements.

Because there is a 10-year leadtime needed to plan,
license, and build new nuclear powerplants, utilities must
soon begin planning for plants to be operating in the early
1990s. One factor they must consider in making a decision
is whether enrichment capacity will be available. The uncer-
tainty associated with future U.S. enrichment capacity is
one factor contributing to the recent slowdown in nuclear
power growth. A definite commitment to build future U.S.
capacity could remove some of this uncertainty.

In addition, because many foreign countries plan to rely
heavily on nuclear power and thus create a rapidly growing
enrichment demand, additional U.S. capacity could be justi-
fied before the 1990s if it were used to meet foreign demand.
The current U.S. policy on selling enrichment services to
foreign customers is that it is in the United States best
interests, both politically and economically, to remain a
reliable supplier to its foreign customers. Other countries
are entering the enrichment supply market, however, and ERDA
officials expect the percentage of foreign demand supplied
by the United States to decrease.

ERDA's current contracts represent over 90 percent of
the estimated foreign market. Compared with ERDA's projected
foreign requirements these contracts will represent at least
50 percent of the potential foreign market through 1988.
ERDA projects, for planning purposes, that the United States
should be able to maintain a reasonable share of the market
in the future (30 to 40 percent). For our analysis, we used
a 35-percent share of the foreign market (about the same as
that used by the agency in its planning) as a base case for
projecting future enrichment demand.
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The following graph summarizes the relationship betweenERDA's existing and planned capacity and projected demandfor enrichment services.

ANNUAL PROJECTED DEMAND FOR US. - SUPPLIED ENRICHMENT SERVICES
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a/Domestic and foreign demand are based on ERDA's moderate-growth projections, assuming no reprocessing and a 0.20-percent tails assay.

b/Foreign demand supplied by U.S. capacity is 35 percent ofERDA's estimate of total foreign demand.

c/U.S. capacity includes the three existing plants and theplanned centrifuge facilities.

Total demand for U.S. enrichment capacity will exceedexisting supply in the early 1990s, assuming the UnitedStates has 35 percent of the foreign market. If the uraniumsupply is sufficient to allow operations at a 0.30-percenttails assay, additional capacity beyond what currently existEor is planned may not be needed until the mid-1990s.

The United States has traditionally attempted to be areliable supplier of enrichment services in an effort tolimit the proliferation of nuclear technology and weapons
capability and to improve the Nation's balance of payments.On April 7, 1977, the President expressed a desire to
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maintain this Nation's role as a major and reliable supplier
of reactor fuel. Under this policy, the United States may
want to increase its future market share beyond the 30 to 40
percent used by ERDA in its forecasting, which would advance
the date by which additional capacity would be needed.

A comparison of worldwide supply of and demand for
enrichment services--assuming a 0.20-percent tails assay and
no reprocessing--shows that additional capacity to meet world
demand will be needed sometime around 1995. The following
graph illustrates this point.
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a/ERDA's moderate growth projections, assuming 0.20-percent
tails assay and no reprocessing.

b/Enrichment plants announced, planned, under construction,
and existing.
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Even with significant additions to the world supply of
enriching services by foreign countries, however, national
policies may hinder the natural market actions that would
appropriately di;:tribute the supply. For example, one of
the European consortiunts may restrict their customers to
countries participating in the construction of the plant.

CONCLUSIONS

Because of the many uncertainties abou. the need for
and timing of additional enrichment capacity, the question
of when additional capacity will be needed is also highly
uncertain. It is affected by the anticipated growth in elec-
trical demand and nuclear power, the decision on spent-fuel
reprocessing, the uranium supply, the ability to obtain the
necessary power to operate existing plants, and the percent-
age of the foreign market the United States may want or is
able to obtain.

By not reprocessing spent fuel, operating at a low
tails assay, and favoring a policy of obtaining about 35
percent of the foreign market, future U.S. capacity will
be needed in the early 1990s. Considering the long lead-
times required to construct enrichment plants, the decision
to build future plants could not be delayed beyond 1985.
If the United States wants to obtain significantly more
than 35 percent of the foreign market, a decision needs te
be made soon.

Commenting on this report, ERDA officials said that the
decision to build a new plant beyond the planned centrifuge
facilities could not be delayed until 1985. They believe
that, because of the long leadtimes for congressional deci-
sions, contract awards, and construction, the decision should
be made within 2 or 3 years. We agree that an earlier deci-
sion would be better, but estimates indicate that a 1985
decision would not prohibit the construction of a new plant
by the early 1990s.

If ERDA is able to operate its plants at a 0.30-percent
tails assay, the need for future plants may be delayed until
the mid-1990s. Again, an increase in the share of the for-
eign market would advance this date. However, a 0.30-percent
tails assay requires more uranium and, because uranium sup-
plies are uncertain, operating at a 0.30-percent tails assay
may not be practical.

Uranium availability is one of the major and most con-
troversial factors affecting ERDA's enrichment activities
and the entire nuclear industry. Although ERDA projects an
adequate uranium supply, some experts disagree. This
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uncertainty could hinder the growth of domestic nuclear
power, and the desire to conserve uranium supplies has
become an important factor in ERDA's operating plans. Seve-
ral foreign countries (such as South Africa and Australia)
have large uranium deposits and could supply enough uranium
to U.S. customers to relieve some of the pressure on domestic
mining and milling companies and to extend domestic uranium
resources. The United States faces strong competition for
these supplies from other nations, however, and foreign poli-
cies may further restrict the available quantities. We are
currently reviewing the issues surrounding domestic and for-
eign uranium availability to attempt to identify reasonably
acceptable estimates.
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CHAPTER 3

POSSIBLE WAYS TO MEET

ENRICHMENT DEMAND

Although current projections of the future supply of
and demand for enrichment services cover a wide range of
possibilities, most show an eventual excess of demand over
supply, both domestically and internationally. In the short
term, ERDA has several possible alternatives for using its
existing capacity to temporarily meet excess demand. The
only feasible solution for meeting long-term increased demand
on a permanent basis is to build additional enrichment plants.

The need for and timing of additional domestic capacity,
beyond the new gas centrifuge facilities depends on assump-
tions about uranium availability, the growth rate of nuclear
power, decisions about spent-fuel reprocessing, the percent-
age of the foreign market this country will want and be able
to obtain, and general economic conditions. The following
sections discuss possible ways to meet both short-term and
long-term excess enrichment demand.

SHORT-TERM ACTIONS

There are several possible actions available to ERDA
that could either increase plant production or redistribute
the existing supply (1) to relieve those customers whose
expected nuclear capacity has been revised downward and
(2) to service those that need the enrichment services.
These short-term actions include (1) selling enriched ura-
nium from the ERDA stockpile or from retired weapons systems,
(2) raisi?.g the plants' operating tails assay to allow ERDA
to service additional contracts, and (3) allowing customers
with unwanted enriching contracts to cancel or defer their
contracts to make capacity availaole for new customers.

While some or all of these actions can extend the date
by which additional capacity will be needed, and can provide
the SWU to meet interim excess demand, they must be regarded
as short-term solutions only.

Selling from the enriched uranium
stockpile and_retired weapons systems

One of ERDA's operating objectives is to maximize its
enriched uranium stockpile and use it to (1) meet excess
demand during peak years, (2) provide a working inventory at
the enrichment plants, and/or (3) provide insurance against
unknown or uncertain future needs and production. ERDA may
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use the stockpile to meet the short-term needs of a few
additional customers, but has not yet made any commitments.
Although using the stockpile to meet short-term needs appears
to be a simple solution, the extent to which it could be used
depends on the quantities a,'ailable and the type of sales
contract used. In any event, there will be a limited quan-
tity available, and ERDA must determine how it will be dis-
tributed.

ERDA officials currently estimate that an inventory
equivalent to about 15 million SWU is needed for the three
purposes stated above. According to these officials, how-
ever, this need is subject to change as real-world conditions
change. Depending on future plant operations, the actual
size of the enriched uranium stockpile in 1985 could range
from 25 to 30 million SWU. Thus, unless conditions change,
from 10 to 15 million SWU--or enough to fuel 16 to 25
nuclear piwerplants for 5 years--could be available to meet
additional customers' short-term needs.

The graph on page 23 shows ERDA's anticipated stockpile
levels, assuming the plants operate at about 0.25-percent
tails assay and spent-fuel reprocessing is not permitted.
These estimates are subject to all the factors that affect
ERDA's 2CU production, such as electricity ind uranium
availability.

ERDA has not widely publicized its policy on the
enriched uranium stockpile. Because there seems to be some
public and congressional misconceptions about the size ofthe stockpile and how it could be used, DOE should promptly
publicize its stockpile policy and its basis. This policy
should also be included in an overall report on ERDA's
enrichment plant operating policies and plans.

Another possible source of enriched uranium is the
material contained in retired weapons systems. The uranium
removed from the retired weapons could be blended with the
enriched uranium stockpile and used to meet commercial demand.
In the fiscal year 1977 appropriations hearings, an ERDA offi-
cial stated that the weapons program needed all the uranium
from retired weapons. We reviewed ERDA's current plans and
found that, although significant quantities of enriched ura-
nium will be removed from retired weapons, it is all sched-
uled to be recycled into new weapons, according to ERDA's
plans.

Although the enriched uranium required for the nuclear
weapons program is produced and handled by ERDA, the quanti-
ties needed are determined by the Defense Department. Thus,
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any changes in the use of enriched uranium designated forthe weapons program must be made by the Defense Department.

There is a need to further consider the tradeoffs inusing this potential source of enriched uranium to meetdomestic energy needs. The issue is: What are the trade-offs between using this material in new weapons productionor using it to meet domestic energy needs? According toan ERDA official, such an assessment has not been made.

Increasing the operating
tails assay

As discussed in chapter 1 (see p. 4.), a higher tailsassay requires less SWU per unit of enriched uranium than alower tails assay. Thus, ERDA could service more contractswith its existing and planned capacity by operating at ahigher tails assay. However, a higher tails assay requiresmore feed per unit of enriched uranium and ERDA cannot raisethe tails assay beyond uranium suppliers' ability to meetthe increased demand.

Before ERDA was authorized to increase its enrichmentcapacity, it planned to operate its three existing plants ata 0.37-percent tails assay (assuming no spent-fuel reproc-essing) to meet its existing contract requirements. AfterERDA was authorized to increase its capacity, ERDA plannedto use the additional capacity to supply existing contractsand operate all the facilities at a lower (0.25 percent)tails assay because of uncertain uranium supplies.

On April 20, 1977, the President announced that theorder books for enrichment services contracts would be opento new customers. If the planned centrifuge facilities wereused solely for new business, ERDA could service up to 90additional reactors. However, for the reasons discussedabove, only a portion of the facilities will be availablefor new contracts. ERDA officials currently estimate thatthey will be able to service about 10 additional reactorswhile operating at a 0.2 5-percent tails assay; but this esti-mate is subject to change, depending on such factors asERDA's decision on another contract adjustment period andthe ultimate stockpile size.

The impact of using the new centrifuge facilities tosupply new customers on the plants' total operations mustalso be considered. For example, additional contracts wouldrequire plant capacity that would have otherwise been dedi-cated to increasing the enriched uranium stockpile. Thus,management's flexibility for meeting unforeseen emergenciescould be hampered.
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Allowing another open season

In the first quarter of fiscal year 1977, domestic
utilities announced 32 reactor schedule slippages and one
cancellation. Thirteen of the announced slippage were due
to a decline in the need for power and financial aid econo-
mic reasons. Compared to utility actions about the time of
the 1975 open season--95 slippages and 23 cancellations for
the above reasons in a seven-quarter period--this represents
a significant slip in scheduled nuclear plants.

Also, a comparison of ERDA's contracted domestic SWU
requirements with its projected domestic SWU requirements
shows that the contracted requirements exceed the projected
requirements by 2 to 75 percent through 1990. If ERDA's
projections are accurate, domestic utilities may have over-
contracted for enriching services.

As a result, on April 21, 1977, ERDA announced that it
is considering contract adjustments in those instances where
a customer is facing severe consequences from contractual
obligations in excess of actual needs. The criteria by which
to equitably evaluate each customer's request and to deter-
mine whether contract adjustments are needed are still under
development.

LONG-TERM ISSUES

The United States has only one option to meet long-
term demand beyond the capabilities of ERDA's three enrich-
ment plants and the gas centrifuge facilities--builJ
additional plants. The two primary issues affecting deci-
sions concerning future plants are (1) the extent to which
the Government should assist private enrichment groups and
(2) the technology that will be used.

Government assistance

The Atomic Energy APct of 1954 (Public Law 83-7,'3, as
amended) and the Private C'wnership of Special Nuclear Mate-
rials Act of 1964 (Public Law 88-489, as amended) require
ERDA to encourage civilian nuclear-power industry develop-
ment. Private industry has developed capabilities to prov4 de
all the materials, equipment, and services needed in ger-ra-
ting nuclear power, except uranium enrichment. Because of
the large amount of capital required to construct an enrich-
ment plant, Government assistance may be required.

The proposed Nuclear Fuel Assurance Act was an attempt
to provide for Government assistance to private uranium
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enrichment groups, but differing philosophies produced only
short-term decisions and no resolution of the issue for
future plants. We have discussed the pros and cons of pro-
posals for private ownership in prior reports (RED-76-36,
Oct. 31, 1975, and RED-76-110, May 10, 1976) and concluded
that:

-- Management of the Government enrichment facilities
could be accomplished more effectively by a corpora-
tion having a self-financing authority to borrow funds
from the Treasury or the public. A self-financing
proposal would free the corporation from the budgetary
requirement of seeking congressional appropriations
approval, thereby permitting more business-like oecra-
tion of the plants.

-- ERDA should seek and encourage private industry to
continue efforts in advanced technologies through
explicit programs. We recognize that Government
assistance an' assurances will be required. In
working to this end, however, the Government should
seek an equitable sharing of risk by the private
enrichers and the Government.

We also concluded that the Government should provide
the next increment of domestic enrichment capacity by adding
on to one of the existing Government gaseous diffusion
plants. This conclusion was based on the time frame in which
ERDA estimated the capacity would be needed (i.e., early
1980s) and the status of other technologies at the time. In
support of the President's recent proposal to build centri-
fuge facilities, ERDA officials said that technology devel-
opment has sufficiently progressed and projected enrichment
demand has sufficiently declined to permit the change in
technology and still provide the capacity when needed. If
ERDA's assessments of the technology and demand are correct,
we would agree with its decision. We are currently reviewing
the centrifuge program and the basis for this decision.

Technoloy

The technology used in future facilities could affect
the construction schedule and the amount of initial capital
and electrical power required. The gaseous diffusion process
is a proven method but has several drawbacks. It

-- must be constructed in very large units to be economi-
cal,

-- consumes tremendous amounts of electricity, and
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-- requires about an 8-year leadtime.

The gas centrifuge process is expected to offer many
economic and technoiogical advantages over the diffusion
process, in that it

-- can be built in units that are one-third the cost
of diffusion plants (this reduces the initial capital
required and adds flexibility), and

-- consumes about 4 percent the amount of electricity.

When the proposed Nuclear Fuel Assurance Act was being
considered by the 94th Congress, ERDA received four proposals
for private enrichment plants, three of which were for centri-
fuge plants. Thus, it appears that U.S. private industry is
also confident that the centrifuge process is ready for com-
mercial use.

Another process, called laser isotope separation, is
still in the research stage. If successfully developed, the
process could have considerable impact on the economics of
enriching uranium. Two ERDA research laboratories have esti-
mated that the

-- capital cost would be about one-third the cost of dif-
fusion or centrifuge plants,

--annual electricity required would range from 8 to 100
megawatts compared to almost 2,400 megawatts for a
diffusion plant, and

-- plants would operate eccnomically at a lower tails
assay than would either diffusion or centrifuge.

The process has not yet been determined to be commer-
cially feasible, so its future use in large-scale plants is
uncertain.

Another technology being developed by ERDA is the Dawson
separation process. This process shares all the advantages
of the laser process and, in addition, employs a conventional
technology (i.e., magnetic force). Although this process
looks very promising, substantial development work will be
required before it is ready for commercial use.

CONCLUSIONS

We have discussed several ways that ERDA might assure
adequate short-term supplies of enriched uranium for nuclear
reactors. ERDA hias already decided to use some of these
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options--considering a limited open season and undertaking
additional contracts--but has not yet established specific
policies and criteria for implementing these options. ERDA
has also studied most of these options in the past but,
because of recent changes, DOE should fully review and
reevaluate all these options for their potential value in
meeting short-term enrichment needs.

This evaluation should include an examination, in
cooperation with the Defense Department, of the advantages
and disadvantages of using some material from retired weapons
in the civilian nuclear power program. The results of such
an examination should be reported jointly to the President
and appropriate congressional committees for their considera-
tion in determining the best use of this material.

Based on its detailed reevaluation, DOE should prepare
a report on its operatina strategy. This report should:

-- Include an estimate of the number of new contracts
that can realistically be undertaken with existing
and planned enrichment facilities.

-- Discuss the need for and timing of future facilities.

-- In-lude a description of and the basis for ERDA's
curent position on the expected size and use of
the enriched uranium stockpile, the feasibility of
reducing or removing the restrictions on using
imported uranium in domestic reactors, anc the availa-
bility of enriched uranium from retired weapons. DOE
should continue to monitor changes affecting these
areas and make public any resulting changes in its
positions. In addition, because recent changes to
ERDA's stockpile policy have been made, DOE should
promptly publicize the revised policy rather than
waiting until its report is completed.

-- Be made available to the responsible congressional
committees and to interested parties in private
industry and the general public.

If there is a uranium shortage, imported uranium could
help meet domestic uranium requirements, thereby relieving
some of the strain on the domestic mining and milling indus-
tries and preserving some domestic uranium resources for
later use. Currently, the use of imported uranium is restric-
ted to only a small percentage of total requirements. As
discussed in chapter 2, however, this option is not without
its shortcomings. DOE should continue to periodically study
and document the advantages and disadvantages of changing
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the restrictions to allow increased uranium imports so that,
if a shortage occurs, it would be able to know whether it
would be an appropriate action to take.

Short-term actions cannot be used as a long-term source
of enrichment capacity. Additional enrichment plants must be
built some time in the future under some form of ownership
and using one of the existing technologies.

Questicns about financial and managerial arrangements
and the technology to be used in future enrichment plants
beyond the planned centrifuge facilities should be resolved
in a timely fashion. Early resolution of these questions
will show foreign as well as domestic customers that the
United States is committed to being a reliable supplier of
enrichment services. It would not only help to attain U.S.
nonproliferation goals but would also contribute to better
planning of the role of nuclear power in supplying U.S.
energy needs.

This country's future share of the foreign market is
uncertain and is a major factor in deciding when new capacity
will be needed. There are a number of policy issues involved
that revolve primarily around (1) whether the United States
should continue to be a major supplier of enrichment services
as a means to deter other countries from developing nuclear
weapons and (2) whether foreign enrichment contracts could or
should be encouraged to improve the U.S. balance-of-payments
position.

Several bills have been proposed in the 95th Congress
to provide that the United States should maintain its role
as a reliable worldwide enrichment services supplier. In
addition, on April 20, 1977, the President announced that
he would seek legislation that would assure the supply of
enriched uranium to any country that shares our proliferation
objectives and can accept certain conditions consistent with
those objectives. These proposals, however, do not provide
specific guidance on actions to be taken or policies to be
followed. Without general goals, planning for future enrich-
ment plants is difficult.

To improve planning for future plants DOE, together
with the State Department, should determine the portion of
the foreign market necessary to achieve the President's non-
proliferation objectives and establish foreign enrichment
goals by which to measure the Nation's progress in achieving
those objectives. ERDA officials have forecasted that the
United States should be able to maintain a reasonable share
of the future foreign demand for enrichment services (30 to
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40 percent), that would necessitate additional plant capacityin the early or mid-1990s at the latest.

If the United States wishes to obtain significantlymore than 30 to 40 percent of the foreign market, a decisionto build additional plants should be made soon to discouragethe construction of foreign plants and, possibly, to improvethe U.S. competitive position. On the other hand, a changein the U.S. foreign policy could favor international plantsand/or U.S. involvement in foreign plants and significantlydelay the need for additional U.S. plants.

If the Congress wishes to bring private industry intothe uranium enrichment business, Government assistance maybe required. In 1976, for example, ERDA negotiated withfour private companies to provide various forms of Governmentassistance for constructing uranium enrichment plants. Thesenegotiations were conducted in anticipation of passage of theproposed Nuclear Fuel Assurance Act authorizing such assist-ance. This legislation, however, did not pass the 94th Con-gress. Until such legislation is passed and final agreementreached, the amount or type of Government assistance thatwill be available is uncertain. It may well be that industrywill be unwilling or unable to construct additional piantswithin the time frame required unless substantial Governmentassistance is given. In that event, the Government may needto build and operate new plants--at least for the near future.

RECOMMENDATIONS

GAO recommends that the Secretary, DOE:

-- Document the results of monitoring the impact ofremoving or relaxing restrictions on utilities' useof foreign uranium for use by the Congress, industry,and the public.

-- Promptly publicize the agency's current stockpilepolicy and the basis for that policy to provide theCongrets, industry, and Government officials a clearand curtent view of the stockpile's potential formeeting short-term customer needs. Any changes tothe policy and their impact should also be publicized.

--Examine, in coordination with the Defense Department,
the advantages and disadvantages of using some mate-rial from retired weapons in the civilian nuclearpower program rather than use the material solely toproduce new weapons. The results of this examinationshould be reported jointly by DOE and the DefenseDepartment to the President and appropriate
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congressional committees for their consideration
in determining the best use of this material.

--Prepare and implement a new operating strategy and
make it available in report form to interested par-
ties, including the Congress and private industry.
This report should (1) estimate the number of new
contracts that can realistically be undertaken with
existing and planned enrichment facilities, (2) dis-
cuss the need for and timing of future facilities,
and (3) describe and provide the basis for ERDA's
current position on the expected size and use of the
enriched uranium stockpile, the feasibility of
reducing or removing restrictions on using imported
uranium in domestic reactors, and the availability
of enriched uranium from retired weapons. The report
should be made available to the responsible congres-
sional committees for their use in making decisions
on the need for and timing of future enrichment faci-
lities and to interested parties in private industry
and the general public. In addition, DOE should make
the Congress and the public aware of any changes in
its positions.

-- Determine, in cooperation with the State Department,
the portion of the foreign market necessary to achieve
the President's nonproliferation objectives and estab-
lish foreign enrichment goals by which to measure the
Nation's progress in achieving those objectives and to
facilitate planning for future enrichment plants.

AGENCY COMMENTS

Commenting on this report (see app. I), ERDA agreed
with two of our recommendations concerning ERDA's current
and future operating plans.

Specifically, ERDA agreed to:

-- Continue to monitor the potential effect of removing
or relaxing all restrictions on utilities' use of
foreign uranium and to document the results of these
reviews.

-- Prepare, implement, and make available to interested
parties a comprehensive operating plan covering the
need for and timing of future enrichment facilities,
enriching services market and potential sales, ura-
nium use and availability, and stockpile positions.
Work on this plan is in progress.
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In addition, ERDA agreed to publicize its stockpile
policy at a uranium enrichment conference to be held in Oak
Ridge later this year or early next year. ERDA is con-
sidering other ways of publicizing its stockpile policy tr
reach a broader audience. We believe that, because ERDA i.as
recently completed changes to its stockpile policy, it should
promptly publicize its revised policy and its basis to help
avoid any further misconceptions about its possible use.

Although ERDA would consider the probability of sales
of enrichment services to the foreign market in formulating
its updated operating strategy, it was unclear whether ERDA
plans to set specific goals for foreign enrichment sales.
An ERDA official subsequently said that it would not be par-
ticularly useful at this time to establish specific numerical
goals for the proportion of the foreign market to be served.
He said that the growth rate of the foreign nuclear fuel
needs cannot be predicted very accurately beginning a decade
or so in the future (the great majority of foreign fuel needs
prior to that time appear to be already committed). He also
said that the proportion of the available foreign market that
could actually be supplied by the United States will depend
not upon numerical goals but upon each foreign customer's
perception of the relative attractiveness and surety of U.S.
supply as compared to foreign supply alternatives. This
perception will greatly depend upon the relative success of
various U.S. fuel assurance initiatives now in process and
upon actions of other suppliers.

Although we recognize the uncertainties facing ERDA,
the future always holds uncertainties that cannot be ignored
but must be dealt with as rationally and reasonably as possi-
ble in making decisions. Thus, we still believe that setting
goals is desirable and represents a good management practice
for future planning. In addition, remaining a reliable sup-
supplier of enrichment services is a vital part of the
President's proposal for achieving this Nation's nonprolif-
eration goals. Unless "reliable supplier" is better defined
in terms of the percentage of the foreign market the United
States may want or is able to obtain, it is difficult to
determine whether these objectives are being met.

ERDA did not agree with our recommendation concerning
the use of enriched uranium from retired weapons in the civi-
lian nuclear power program. ERDA said that enriched uranium
requirements for weapons uses are continually studied and
evaluated and that the weapons composition of the stockpile
is approved annually by the President. According to ERDA
officials, enriched uranium requirements for w-apons uses
are established by the Defense Department, and ERDA's role
is to satisfy those requirements, not review them.
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We continue to believe that there is a need to determine
how enriched uranium from retired weapons can best be used
and that DOE, working with the Defense Department, should
examine the advantages and disadvantages of using some of the
material from retired weapons in the civilian nuclear power
program. The results of that effort should be reported to
the President and appropriate congressional committees for
their consideration in determining the best use of this mate-
rial.

Such information is needed now to properly plan for
future enrichment plants. If the study shows that material
from retired weapons could be available for the domestic
nuclear power program, a decision on the timing and type of
future enrichment plants could be affected.
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CHAPTER 4

NEED ,'OR CHANGE IN PRICING

POLICIES FOR URANIUM SALES

ERDA receives considerable revenues from sales of
uranium. In fiscal year 1976 and the transition quarter,
for example, it received revenues of $80 million. Although
we did not analyze all of ERDA's pricing policies in detail,
we noted two areas where immediate changes are warranted.
Specifically, we found that ERDA policies allow

-- sales from ERDA's normal uranium stockpile at a price
substantially below the market price at the time the
uranium is sold, and

-- credits to enrichment customers for uranium feed
obtained from recycled tails material that legally
belongs to the Government.

Sections 161(m) and 63 of the Atomic Energy Act of 1954, as
amended, require that ERDA charge a reasonable amount in the
sale of Government-owned uranium rather than give its cus-
tomers a credit for uranium obtained from recycled tails mate-
rial belonging to the Government. Also, these policies, in
our opinion, represent a subsidy to the nuclear industry, may
adversely affect the market for uranium, and do not represent
the tax-paying public's best interest.

We also found that, at the time of our review, ERDA was
making emergency uranium sales and sales to small-quantity
buyers at prices substantially below the current market price.
ERDA, however, subsequently changed this policy and is now
charging the current market price for these sales.

We plan to begin a detailed review of ERDA's pricing
policies including the basis for, and the possibility of
changing, the enrichment price.

SALES FROM URANIUM STOCKPILE

As of September 30, 1977, ERDA had about 17,000 metric
tons in its natural uranium stockpile. 1/ This uranium is
usually used to produce enriched uranium for ERDA's enriched

1/About 4,800 metric tons of uranium are needed to fuel one
1,000 megawatt nuclear powerplant over a 30-year life.
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uranium stockpile or to meet the requirements of split-tails
operations. In fiscal year 1972 ERDA began split-tails opera-
tions to consume an accumulated Government uranium stockpile
without disrupting the uranium market. Under split-tails
cperations ERDA transacts with its customers on the assump-
tion that tha plant is operating at one tails assay (the
transactional tails assay) while it is actually operating

the plant at another tails assay (the operating tails assay).

The current transactional tails assay is 0.20 percent and the

current operating tails assay is 0.25 percent. This means
that as far as the enrichment customers are concerned, the

plant is operating at a hypothetical mode that would leave

0.20 percent U-235 in the Lails; but really the plant is using
less SWU to produce a given quantity of enriched uranium by

leaving a higher 0.25 percent U-235 in the tails. (See p. 4).

Since the higher (actual) operating tails assay requires
more uranium feed than the lower (contractual) transactional
tails assay to produce a given quantity of enriched uranium,
ERDA's customers are bringing in less feed than is actually
required to produce their enriched uranium. To compensate

for this deficiency, ERDA supplements the customers' feed
deliveries with uranium from its stockpile.

ERDA regards the supplemental feed transaction as the

sale of source material under sections 63 and 161(m) of the
Atomic Energy Act of 1954, as amended, which requires the

selling price for source material such as uranium feed to
(1) provide reasonable compensation to the Government and

(2) not discourage the development of private sources. Or,

the other hand, the sale of the actual enrichment services
is governed by section 161(v) of the Act, which provides that

ERDA may recover only costs for the sale of SWU. When

charging its customers, ERDA adds the price of the supple-
mental feed, as determined under section 161(m), to the

actual SWU charge and makes one billing.

ERDA computes the price of the supplemental uranium feed

by averaging prices paid by ERDA's customers for deliveries
in that year. Because contracts for deliveries in any par-
ticular year are generally signed several years prior to the

delivery date, the price charged for the supplemental uranium

is substantially less than the current uranium market price
or the replacement cost if the uranium were to be replaced in

the future. ERDA's price for this uranium is $16 per pound
while the current market price of uranium is about $41 per

pound.

We have not examined the entire split-tails operation

and its pricing mechanism. In our view, however, ERDA's price

for uranium sold should be based on the market price at the
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time the Government's uranium is sold to provide a reasonablereturn to the Government. This would be especially importantif it became necessary for ERDA to purchase replacement ura-
nium at substantially higher prices in the future. AlthoughERDA does not plan to purchase uranium, long-term split-tails
operations or UInexpected increases in Government requirementscould necessire Government purchases. In addition, substan-
tial ERDA uranium sales at prices well below market prices,in out opinion, do not represent good business practices.

URANIUM FEED CREDIT

As noted in chapter 2, the enrichment process resultsin both enriched uranium and uranium tails. Uranium tails
contain fissionable uranium-235 in a percentage equal tothe operating tails level of the enrichment plant.

Under ERDA's enrichment contracts, title to the uranium
supplied by the customers, and that provided to the customersunder the split-tails arrangement, passes to ERDA when ERDAbegins the enrichment process. The contracts further providethat customers may either claim the uranium tails (at anassay determined by ERDA) and remove them from Government con-trol or leave the material with the Government. If the cus-tomer does not elect to take the tails, the material remains
Government property. Virtually all of ERDA's customers havechosen to leave the uranium tails with the Government. Fromprocessing customer- and ERDA-owned uranium during the period
July 1971 to July 1975, ERDA accumulated more than 68,000metric tons of these uranium tails.

Although this material is carried at no value on theUranium Enrichment Services Activity Financial Statements, itstill contains fissionable urar.um-235 that can be extracted
if the plant lowers its operdting tails level below the per-
centage of uranium contained in the waste material. Such asituation occurred in July 1975, when ERDA lowered the oper-
ating tails assay f:om 0.30 percent to 0.25 percent and wasthus able to recycle The 0.3 0-percent tails, strip the mate-
rial down to 0.2 5-percent tails, and obtain additional
uranium feed. Thus, the uranium tails represent a valuableasset to the Government.

After lowering the tails assay, however, ERDA began tocompute the enrichment price to i:nclude a credit to allcustomers for the feed material ortcained from the recycled
tails. This credit is not apportioned among customers
according to the amount of tails; left by each customer, butrather is divided evenly among ERDA's current customers.
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In computing the price of supplemental feed, ERDA
charges for all the Government-supplied uranium to be sold
under split-tails operations and then deducts the value of

the natural uranium that will be obtained from recycled tails.
Currently, the credit is valued at about $16 per pound of
uranium--the same as the price ERDA charges for supplemental

feed. Therefore the recycled uranium is being provided free
of charge. At $16, the customers' cumulative credit for fis-
cal years 1976-78 would be about $112 million.

We believe that the sale of uranium from recycled tails,

like the uranium from ERDA's natural uranium stockpile, is
governed by sections 63 and 161(m) of the Atomic Energy Act
of 1954, as amended, which cover the sale of source material
such as uranium from recycled tails (see p. 35). Section
161(m) requires the selling price for uranium to (1) provide
reasonable compensation to the Government, and (2) not dis-
courage the development of private sources. Section 63
provides that ERDA must charge its customers who are commer-
cial licensees for source material.

Hence, ERDA should not deduct the value of the uranium
in the recycled tails from the charge for the supplemental
feed sold. Rather, ERDA should charge its customers reasona-
ble compensation as determined under section 161(m).

In a September 26, 1977, letter (see appendix II) hRDA
officials said that they realized that the amount of the
present credit ($16 a pound) would "overstate the credit,"
since the customers' original costs for the uranium feed from

which the tails were derived was far less. To rectify this
for future credits, they proposed for early adoption a change
in the enrichment service charge computation to base the
credit on the uranium delivery price at the time ERDA origi-
nally sold the uranium through split-tails operations. This
would result in a charge to the customers equal to the
difference between the price originally paid for the supple-
mental feed and ERDA's current price. They said that this
methodology would result in cumulative credits of $81 million
for fiscal years 1976-1978.

From a management viewpoint, we still do not believe
that ERDA should give any credit for this material, but
rather should charge its customers full market value for all
feed material obtained from recycled tails.

EMERGENCY AND SMALL-
QUANTITY URANIUM SALES

In July 1976, ERDA initiated an emergency sales policy

whereby customers unable to purchase uranium from commercial
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sources due to extenuating circumstances could purchase
uranium from ERDA's stockpile. This policy also providesthat ERDA may sell quantities of uranium that are so smallthat undue effort would be required to purchase the uraniumthrough commercial sources.

ERDA, in the May 1976 Federal Register, set forth thepolicy under which these sales would be made. That policyprovides that ERDA will become a seller of last resort if thepurchaser requires rapid product delivery to meet an unfore-seen emergency and the seller proves to ERDA's satisfactionthat the uranium cannot be purchased from a private source.

Prior to July 25, 1977, ERDA's price for uranium soldin emergency and small-quantity sales was the same as thatfor supplemental feed. In discussions with ERDA officialswe recommended that ERDA base the price of uranium sold underthese conditions on the spot-market price. 1/ Prior to ourissuing this report, ERDA initiated a two--tier pricing policythat changed the basis for the price of uranium sold in emer-gency and small-quantity sales to the average of (1) theimmediate past year's spot-market price and (2) the pricesin contracts based on the current market price for deliverythe previous year. This price is currently $41 per pound.ERDA's new pricing policy thus satisfies our concern aboutthe price being charged for emergency and small-quantitysales. The basis for the price of uranium sold under split-tails and other long-term arrangements, however, remains the
same.

As of April 1, 1977, ERDA had made several small-quantity sales and no emergency sales since the May 1976Federal Register notice was published. For example, onSeptember 16, 1976, ERDA sold 6.492 kilograms of uraniumenriched to 93.17 percent to General Electric Corporation
for a research reactor. ERDA made this sale because thequantity was so small that it would be cumbersome both forGeneral Electric to purchase the uranium and for ERDA toenrich it. General Electric's cost for the 1300 kilogramsof feed required to produce the enriched uranium was about$38,000 or about $11 per pound of uranium. Had General Elec-tric been required to purchase its uranium on the open mar-ket, it would have paid about $41 a pound (about $142,000).

ERDA does not anticipate many future emergency feedsales because the remainder of ERDA's normal uranium

1/The spot-market price refers to the price of uranium soldfor immediate delivery.
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stockpile is expected to be converted to enriched uranium as
soon as possible. Thereafter, emergency sales can only be
made as enriched uranium from the stockpile. However, the
price of the enriched uranium will include a value for the
uranium feed contained in the enriched product.

In a letter to us dated June 16, 1976, Senator Mike
Gravel expressed concern about ERDA's pricing policies for
sales from its normal uranium stockpile. Specifically, he
raised the possibility, that under its emergency sales policy,
ERDA could sell large quantities of uranium to Westinghouse
Electric Corporation to relieve that company of its current
uranium shortfall. 1/ ERDA officials have stated that they
have not received a request and do not expect one from
Westinghouse because the company's predicament is a result
of a business decision and not a true emergency. However,
if Westinghouse applies for an emergency sale, ERDA officials
have said that they will evaluate the application on the cri-
teria discussed above.

CONCLUSIONS

In July 1977 ERDA initiated a two-tier pricing policy
under which the price for uranium sold in emergency and small-
quantity sales is an average of (1) the spot-market price for
the immediate past year and (2) the prices in contracts based
on the market price for delivery in the past year. The price
of uranium sold under split-tails and other long-term arrange-
ments continues to be based on the average of current delivery
prices. We agree with this policy as it relates to emergency
and small-quantity sales but, in our view, the basis for ura-
nium sold under split-tails and other long-term arrangements
should be changed to the market price. Recognizing the pro-
blems associated with a sudden large increase, however, DOE
should gradually increase the price over a reasonable period
of time until it equals the market price at the time the
Government's uranium is sold.

ERDA's current policies do not represent good business
practices or the tax-paying public's best interest. For
example, the additional revenues that could be obtained from
pricing the uranium at its full commercial value could be

1/Westinghouse Electric Corporation announced in early 1976
that it was canceling its uranium supply contracts because
it did not have sufficient inventories to meet these obli-
gations and the contract prices were far below current mar-
ket prices. Several utilities have settled with Westing-
house, and other cases are )eing deliberated in the courts.
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used to offset the cost of constructing the planned centrifuge
facilities. Also, the Government may have to purchase ura-nium in the future, at substantially higher prices, to meet
its own requirements.

In the case of recycled tails, ERDA's customers aban-doned their rights to tails material associated with past
transactions. Thus ERDA should charge the full market valuefor all the Government-owned uranium sold as supplemental
feed. Also, an overall e.-ichment charge reduction is noteven achieving ERDA's objective of fairly compensating itscustomers for uranium feed they purchased previously, becauseERDA is not distributing the credit according to the amountof uranium tails left by each customer.

In our view, providing uranium to customers at a frac-tion of its market value or at no charge at all represents
an uidesirable subsidy to the nuclear industry. Because
other energy technologies (such as coal and solar energy)
are being developed, and their costs are compared to nuclearenergy to assess their commercial feasibility, such hidden
Government subsidies should be avoided. Otherwise, thesecomparisons may not be valid.

We believe that the Atomic Energy Act gives ERDA thelegal authority to charge the full commercial price for alluranium it sells. DOE officials should revise the uranium
pricing policy to reflect the authority granted in the act.

RECOMMENDATIONS

We recommend that the Secretary, DOE:

-- Gradually increase the price of all uranium sold from
its stockpile including the uranium obtained from
recycled tails, until it equals the market price at
the time the Government's uranium is sold. The priceshould be periodically reevaluated to keep it aligned
with the market price.

--Discontinue the policy of allowing credits for ura-
nium obtained from tails material that is being
recycled and charge customers for the uranium they
receive.

AGENCY COMMENTS

Commenting on this report ERDA disagreed with our recom-mendations to change its uranium pricing policies. (See app.I and II.)
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Regarding the first recommendation, ERDA said that,
because the split-tails concept was designed to dispose of
surplus uranium, and because the customers were forced to
purchase uranium from the Government and were not able to
enter long-term commercial contracts at a lower price, it
would be unfair to base the price of uranium sold under
split-tails on the current market price.

We still believe that the price of uranium sold from
ERDA's stockpile should be based on the current market price
because:

-- It is not in the U.S. taxpayers' best interests for
the Government to sell its property for less than its
commercial value.

-- In the event it becomes necessary for the Government
to replace the material in the stockpile to meet
future military and research needs, there may be a
difference between what ERDA is receiving for its
uranium and what it might have to pay in the future.
Any deficiency would have to be met by public funds.

When ERDA began split-tails operations in 1972, the
basis for establishing the price was Unimportant because
then-current market prices and prices for uranium being deliv-
ered in that year were virtually the same. The market price
has risen significantly since 1972 and the difference in
these two prices is now about $25 a pound. We believe that
a policy of selling uranium significantly below current mar-
ket prices is not a good management practice and should not
be continued. It is unfair to the taxpaying public to sell
Government material at prices substantially below its commer-
cial value.

We recognize, however, that a sudden price increase
might be unfair because the Government originally instituted
split-tails operations for its own benefit. Therefore, we
believe ERDA should gradually increase the price over a rea-
sonable period of time.

ERDA also disagreed with the recommendation that it
charge its customers for material obtained from recycled
tails. It first justified the credit with an argument that
fairness required such an adjustment. In its August 19,
1977 letter (see p. 48), ERDA concludes:

"By giving the customer a credit for this
uranium, ERDA is recognizing that (1) the
customer has paid for the material and
(2) the customer had no practical option to
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take possession cf the tails material sinceit was ERDA's policy to provide only 0.20 %
U-235 depleted uranium."

This approach fails to take into account the fact that(1) the enrichment contract governs the rights of the partiesto the uranium tailings, no matter what percent U-235 in thetails is made available to the customers and (2) under thecontract the uranium from the recycled tails is Government
property, for which no credit may be given.

There can be no argument that the recycled tails areGovernment property. In its August 19, 1977, letter (see p.48), ERDA states that title to the uranium feer; passes toERDA at the time of delivery for enrichment. The enrichment
contract further provides that the customers have no rightsto tle tails material derived from the feed they suppliedunless they elect to take the tails and even then ERDAreserves the right to specify the assay of the tails availa-ble to the customer. In fact, ERDA concedes, in itsSeptember 26, 1977, letter (see p. 50), that it has nevergiven its customers a right to tails at more than 0.20 per-cent assay, thereby acknowledging that it will not, as amatter of policy, freely surrender valuable tails to enrich-ment customers.

Moreover, except when it computes the credit, ERDA con-sistently treats the uranium in the recycled tails as Govern-ment property distinct from the original feed from which thetails are derived. Even the uranium enrichment contractexplicitly provides that ERDA shall give no credIt for tailsmaterial. Therefore, since the tails material is uraniumsource material belonging to ERDA, it must be disposed of pur-suant to sections 63 and 161(m) of the Atomic Energy Act of1954, as amended. These sections require that ERDA make areasonable charge, rather than give a credit, for the tails.

In its September 26, 1977, letter ERDA further respondedto our questions concerning its authority to grant a creditfor uranium from recycled tails. This letter states:

"We acknowledge that ERDA employees told theauditors 'bat it would be unfair to charge
customers a second time for the feed. However,the reason for giving the credit is that givenin * * * this paper and does not rest upon the
fairness or unfairness of charging a second
time." (See p. 55.)

Nonetheless, the new argument, as presented in theSeptember 26 letter, contains the same premise as the old,
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i.e., that ERDA has already received reasonable compensation
for the original supplemental feed and thus is not required
to charge for the recycled feed. Stated simply, the new
argument asserts (1) that the "credit" complies with sections
63 and 161(m) of the Atomic Energy Act, as amended, because
ERDA, in receiving compensation for the original supplemental
feed from which the recycled tails are derived, has already
"sold" the tails material and (2) that section 161(v), pro--
hibiting the recovery of more than cost in the sale of SWU,
requires that the credit be given to avoid an overcharge
because ERDA accounts for the feed from recycled tails as
"resubstituted" SWU.

We have already addressed the first element of this
argument in our response to ERDA's first letter. According
to the agreement of the parties in the enrichment contract,
the feed from recycled tails is Government property, separ-
ate from the original feed from which it is derived. There-
fore, the feed obtained from the recycled tails was not,
under ERDA's own contract, already sold and paid for when
ERDA received compensation for the original supplemental feed.
Rather, as Government-owned source material, the feed from the
recycled tails can be disposed of only in accordance with
sections 63 and 161(m), which require that ERDA receive
reasonable compensation for source material.

Secondly, ERDA argues in its September 26 letter (see
p. 54) that whenever it uses feed from recycled tails, an
additional amount of money equal to the value of the feed
from recycled tails

"1* * * would come from the sale of enrich-
ing services (since ERDA would have been
paid the full amount of reasonable compen-
sation for the source material when first
supplied as SWU equivalent supplemental
feed) and its receipt would clearly be in
violation of the prohibition against recov-
ering more than the Government's costs con-
tained in Section 161v."

This "extra" income would come from the sale of enriching
services only because ERDA's accounting techniques categorize
it in that way. Furthermore, ERDA's characterization of the
feed from the tails stockpile as SWU to be sold under section
161(v) is inconsistent with its charging--as explained in the
September 26 letter, (see pp. 52 and 53)--"reasonable compen-
sation" under sections 63 and 161(m) for the sale of original
supplemental feed from the natural uranium stockpile. We
also regard ERDA's plans in the future to "charge" some price
for the feed from recycled tails (see p. 53) as an admission
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that the recycled feed does, in fact, fall under sections
63 and 161(m) and that charg4ng for this feed does not violate
section 161(v). Therefore, v · see no reason to treat recyc-
led tails' feed differently f,or. the original supplemental
feed. Notwithstanding ERDA's complex accounting procedures,
the fact remains that the feed from recycled tails is Govern-
ment property sold to enrichment customers as part of the
supplemental feed.

Sections 161(m) and 63 provide that ERDA must change a
reasonable amount in the sale of Government-owned source
material rather than give its customers a credit for that
Government-owned source material derived from recycled t;ils.
Furthermore, from a nanagement viewpoint we believe that both
the present and the planned credits are inequitable to the
taxpayer and a bad bisiness practice. These credits are also
inconsistent with the intent of proposed legislation that
would make pricing of the entire enrichment services program
comparable to that of a commercial operation (a concept we
support', and with ERDA's desire to operate the enrichment
plants on a commercial basis.
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CHAPTER 5

SCOPE OF REVIEW

Our review was directed toward evaluating several
specific aspects concerning the problems with and opportuni-
ties for providing an adequate supply of uranium enrichment
services. We obtained the information in this report by
reviewing applicable legislation, policies, program docu-
ments, reports, correspondence, and other records and by
interviewing responsible officials.

Our review was performed primirily at the ERDK head-
quarters in Washington, D.C., and :he ERDA field office in
Oak Ridge, Tennessee.
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APPENDIX I APPENDIX I

bNITED STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

WASHINGTON, D.C. 20545

AUG I S 1977

Mr. Monte Canfield, Jr., Director
Energy and Minerals Division
U.S. General Accounting Office
Washington, DC 21548

Dear Mr. Canfield:

Thank you for the opportunity to review the GAO draft report entitled
"Uranium Enrichment Policies and Operations: Status and Future Needs."
We have reviewed the draft with members of your staff and we understandthat a number of changes and clarifications which we suggested will be
made. Our remaining primary concerns pertain to the GAO recommenda-
tions in the report, and we request that our views and comments be
included in appropriate sections of your final report.

The first recommendation is for ERDA to continue to monitor the potential
impact of removing or relaxing all restrictions on utilities' use of
foreign uranium. ERDA does monitor the potential impact of removing or
relaxing restrictions on the use of foreign uranium and a& this time
we see no advantage in altering the present restrictions. We shall
continue to monitor and review this matter and document the results of
our reviews.

With respect to the recommendation to publicize ERDA's stockpile policy
and the bases for that policy in order to provide the Congress, industry,
and Government officials with a view of the stockpile's potential
for meeting short-term customer needs, ERDA has publicized the agenlcy's
stockpile policy during uranium enrichment conferences held in
Oak Ridge, Tennessee. These conferences were held in February 1975and November 1975. ERDA is planning to again publicize this policy at
another conference to be held in Oak Ridge later this year or early
next year. We are also considering other ways of publicizing our
stockpile policies to reach a broader audience.

We disagree with the recommendation that ERDA "review and evaluate, with
the Department of Defense, the advantages and disadvantages of obtaining
material from the weapons stockpile for the agency's enriched uranium
stockpile." The recommendation appears inappropriate, particularly
in view of GAO's observation on page 32 that "We reviewed ERDA's
current plans and found that although significant quantities of enriched
uranium will be removed from retired weapons, it is all scheduled to
be recycled into new weapons." Enriched uranium requirements for
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weapons uses are continually studied and evaluated. Evaluations and
planning for requirements take into account the retirement of older
weapons as the stockpile is modernized or upgraded, and the weapons
composition of the stockpile is approved annually by the President.

We agree with the fourth recommendation pertaining to preparing and
implementing a new or updated operating strategy and making it available
to interested parties, including the Congress and private industry. We
have commenced work on a comprehensive plan which would include various
components such as the need for and timing of future enrichment
facilities, enriching services market and potential sales, uranium usage
and availability, and stockpile positions. We do, of course, expect to
provide pertinent similar information to the Congress in hearings
tentatively scheduled for September 1977.

An updated planning strategy would, of necessity, consider the probabilityof sales of enrichking services to the foreign market. Our basic primary
interest in providing enrichment services to the foreign market is to
preserve and/or enhance U.S. influence in international matters, thereby
supporting this Nation's non-proliferation goals. ERDA activities in
this area are closely coordinated with other federal agencies as
appropriate. We are mindful of the advantages and disadvantages of a
large foreign market and of the effect perturbations in furnishing
enriching services would have on our policies and goals.

We disagree with the sixth recommendation which states that che pricing
policy for uranium sold from stockpile be changed to require that the
price be based on the current market price. To implement this recommen-
dation ERDA's uranium feed price for sales through "-plit tails"
operations would be based on the current spot market value ($41 per pound)
rather than on the existing market survey ($16 per pound). We do not
agree with this recommendation and believe the report should fairly
present ERDA's rationale for our existing split tails pricing policy.
The split tails concept was designed to dispose of surplus uranium. The
Government's uranium enrichment customers are required to purchase
Government uranium as part of their enrichment transaction. Since the
customer is required to purchase some uranium feec from ERDA rather than
from industry the price of the uranium is set at the average market
price. If ERDA had not required the customer to purchase some feed from
ERDA, these customers would have procured thi3 material on the commercial
market by entering into long-term material contracts, at the then existing
lower market prices. We strongly believe it would be unfair to these

47



APPENDIX 1 APPENDIX I

customers to charge them the higher price when they could have procured
the same material at a lower price. In addition, the existing price of
$16 per pound is twice the price the Government paid for the material.

We also disagree with the recommendation that ERDA discontinue the policy
of allowing credits for uranium obtained from tails material which is
being recycled and charge customers for the uranium they receive. Also,
the draft report does not, in our opinion, adequately reflect ERDA's
rationale for the uranium feed credit. The uranium enrichment contracts
require the customer to deliver a stated amount of uranium feed material
to ERDA. At the time of delivery, the customer passes title to the
uranium to ERDA and ERDA has a liability to return an equivalent amount
of normal uranium to the rastomer in the form of enriched and depleted
uranium. [See GAO note 1, p. 48.]

Under the "split tails" operation the customer is charged for separative
work and furnishes feed material based on a predetermined (transaction)
tails assay which is lower than the actual operating tails assay.
Because of the difference between the "transaction" tails assay and the
operating tails assay the customer has paid for more separative work
units than actually utilized which was offset by his furnishing less
feed than actually needed, thus necessitating ERDA furnishing the
additional feed actually required. The net result is that ERDA, by
virtue of receiving payment for more SWU than required, sold feed material.
[See GAO note 1, p. 48.1
From the beginning of FY 1972 to the end of FY 1975, the operating tailswere 0.30% U-235. Starting at the beginning of FY 1976 the operating
tails were 0.25% U-235. Whereas the cuctomer's transaction tails have
remained constant at 0.20% U-235. ERDA's policy for providing tails
materials to those customers who want them has been and is to give them
uranium having 0.20% U-235 content.[See GAO note 1, p. 48.1

Beginning in FY 1976, ERDA began to feed the 0.30% U-235 depleted uranium
and strip them to 0.25% U-235. The effect of this recycling of tails
material is to increase ERDA's stockpile of enriched uranium. The
additional product is not needed to meet current customer requirements.
The feeding of 0.30% U-235 depleted uranium also recovers some of the
uranium tied up in the previous tails material. This uranium had been
provided previously by the customer or sold to the customer under the
"split tails" operation. By giving the customer a credit for this uranium,
ERDA is recognizing that (1) the customer has paid for the material and
(2) the customer had no practical option to take possession of the
tails material since it was ERDA's policy to provide only 0.20% U-235
depleted uranium. [See GAO note 1, p. 48.]
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[See GAO note 2.]

Sincerely,

M. C. Greer
Controller

GAO note: 1. ERDA's position on this rtmatter has changed.
See appendix II.

2. Material deleted does not substantially relate
to the final report.
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UNITED STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

WASHINGTON, D.C. 2045

SEP 2 w77

Mr. Ralph Carlone
Associate Director
Energy and Minerals Division
U.S. General Acqdunting Office

Dear Mr. Carlone:

We appreciate the opportunity to review a proposed revision" to yourJuly 26, 1977, draft report entitled "Uranium Enrichment Policies
and Operations: Status and Future Needs" pertaining to allowingcredits for recycled tails material. We request that our views andcomments be included in appropriate sections of the report.

The GAO draft report states on pages 35 through 37 tbht ERDA does nothave the authority to, and may not properly, credit 'overnment-owneduranium enrichment tailings to its enrichment customers who arecommercial licensees. We disagree with this statement.

The revised draft contains a few statements which warrant correctionor explanation. The first paragraph on page 36 should be rewrittento read:

Under ERDA's enrichment contracts, customers have the optionto acquire tails material at the time enriched uranium isdelivered to them. The contract provides that the maximumquantity of tails material shall be equal to the difference
between the total quantity of uranium supplied by the customeras feed material and the total quantity of enriched uraniumfurnished to the customer reduced to the extent of processing
losses as determined by ERDA. The contract also providesthat the U-235 assay of the tails material delivered to thecustomer shall be within ERDA's sole discretion. It has been,and continues to be ERDA's practice in fulfilling requests
based upon customer exercise of this option to deliver only
tails material having an 0.2 percent U-235 assay.

This change is important because the paragraph as written by GAO leavesthe impression that the customers had an option to acquire 0.3 percentassay tails material and by failing to exercise this option, abandonedthe 0.3 percent material. In fact, they never had the right to obtainany portion of the 0.3 percent material.
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Aside from the question of whether customers have abandoned tails
material we will demonstrate that the utilization of the tails "credit"
by ERDA under the current "split tails" mode of operation not only
meets the requirements of Section 63 and 161m of the Atomic Energy Act
of 1954, as amended, but is required to be calculated in the manner
utilized by ERDA in order to comply with the provisions of Section
161v of said Act.

Section 161v is the section of the Act which authorizes ERDA to conduct
toll enriching operations. This section mandates that ERDA charge for
enriching services on a basis that will recover not more than the
Government's costs over a reasonable period of time.

Under the "split tails" mode of operation ERDA chooses to operate at a
certain tails assay in order to (1) meet its obligations to supply
enriching services to customers; (2) to reduce stocks of normal uranium
and thereby remove a "market overhang" which could inhibit the develop-
ment of domestic mining and milling industries; and, (3) preproduce
enriched uranium for future use.

ERDA went to the "split tails" mode of operation because the separative
work unit (SWU) capacity of the enrichment plants was insufficient to
meet customer needs while achieving preproduction goals. Under the
original "split tails" mode of operation the customer transacted with
ERDA as if the plants were being operated at 0.2 percent tails assay.
The plants, however, were actually operated at 0.3 percent tails assay
in order to use Government-owned feed to produce a "preproduction
inventory" and reduce stocks of normal uranium.

The enriched product which could be produced at 0.2 percent tails assay
from the customer supplied feed when LRDA plants were operating at
0.3 percent tails assay was not enough to krovtie the enriched product
which ERDA had contracted to deliver. To makse up the deficiency, ERDA
supplied supplemental feed to the plant thereo e substituting feed for
SWU capacity. The feed was charged for as a coimponent of the SWU
price under the. enrichment services contract with the customer.

The rationale for "selling" supplemental feed as a component of the SWU
price is based on the fact that the application of sufficient enrichment
effort (SWU's) to the amount of normal uranium feed supplied by the
customer at the 0.2 ercent transaction tails assay to produce the amount
of enriched uranium desired by the customer would require (while
operating at 0.3 percent tails assay) additional enrichment capacity.
That is additional plant, labor, and electricity would have been required
to provide the additional SWU to enrich the kilograms of normal uranium
supplied by the customer to the enriched uranium in the quantity required
to meet his needs. The limited plant separative work capacity precluded
the application of this additional effort.
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The capacity differential was filled with Government-owned supplemental
feed which was equivalent to the additional enrichment effort (SWU's)which could not be applied because of insufficient plant separative
work capacity. Since the supplemental feed was equivalent to the addedseparative work units required it was permissable for ERDA to charge
for the supplemental feed as if the feed were SWU and include thischarge in the SWU price.

The customer is indifferent to whether the SWU price includes a chargefor feed supplied. The customer is only interested in the amount of feedthat he is required to deliver to ERDA, the dollars he must pay, and theenriched product he receives. When ERDA reduced its operating tails
assay to 0.25 percent, it became possible to recycle the 0.3 percent tailsproduced in the earlier "split tails" operation. Through the recycle aportion of the SWU is now being exerted to enrich the tails, which were
derived from previously "sold" Government SWU equivalent feed. That is,ERDA is now resubstituting SWU for feed. That this resubstitution isoccurring is proved by the fact that ERDA is physically feeding lessnormal uranium to the plant than is required to make up the feedrequirement difference between the 0.25 percent tails uranium enrich-
ment table and the 0.2 percent tails uranium enrichment table for theamount of product actually being produced.

If no adjustment were made at this time ERDA would receive (1) compen-sation for all of the SWU equivalent feed "sold" from the Government
stockpile; (2) reimbursement of the Government cost of providing
separative work units available from existing plant capacity; and, (3)an additional amount of money which would be an overcharge. To adjustits prices to correct for this potential overcharge, ERDA gives a
"credit" associated with the recycled 0.3 percent tails (this credit
is limited to the tails derived from the Government-supplied, SWU-
equivalent, supplemental feed as such tails represent saved or reusable
feed-equivalent SWU's).

GAO has stated in its draft report that ERDA has no authority to grantthis "credit" because it amounts to disposition of Government propertyin a manner which is not an exercise of "power specifically delegated"
by Congress. The following discussion will show that the utilizationof this "credit" is in fact the exercise of such specifically delegated
power.

Section 63 of the Atomic Energy Act of 1954 requires ERDA to "make areasonable charge determined pursuant to Section 161m" for the source
material (supplemental feed) distributed for uses of the type to whichit is put by ERDA's toll enriching customers. Section 161m, in pertiner.tpart, requires that this reasonable charge "provide reasonable compensa-tion to the Government" for the source material. Thus, if ERDA is
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charging a price which provideq reasonable compensation to the Government
for the source material it has complied with Section 63.

The source material "sold" to the enrichment customer when operating at
0.25 percent tails assay contains both "normal" uranium (in this case
uranium hexaflouride or UF6 having a U-235 assay of 0.711 percent)
and UF6 having a U-235 assay of 0.3 percent (0.3 percent tails). To
establish the charge for this source material ERDA does the following:

1. Establishes the base charge as if all of the source material
were "normal" (0.711 percent U-235) uranium. (i.e., by comparing
the enrichment tables for the ope'ating and transaction tails it
computes the amount of normal uranium equivalent to the difference
in feed required to produce the amount at ithe assay of enriched-
uranium required to meet customer demand for each year of the
pricing period. ERDA surveys the uranium market for each year
of the pricing period in order to determine the average market
price of UF6 during the pricing period. The ERDA supplied normal
UF6 is valued at these market prices).

2. It establishes a "credit" against the base charge to recognize
that 0.3 percent tails assay material derived from Government-
supplied supplemental feed is being substituted for some of the
normal uranium feed requirements and that the tails material was
generated at no cost to Government. (The credit is the maiket
value of the normal uranium feed equivalent contained in the
0.3 percent tails material at the time the tails were generated).

The answer derived from this computation (base charge less "credit")
is the charge included in the SWU price for the amount of Government-
owned source material (supplemental SWU equivalent feed) "sold" to toll
enrichment customers.

It should be noted that the method of application of the "credit" does
in fact result in a charge being made for the amount of 0.3 percent tails
applied to the customers product. This result obtains because the base
charge for the supplemental feed is computed at higher market prices
estimated to prevail during the pricing period while the credit is
computed at the lower market prices which prevailed when the tails
material from prior "split tails sales" was generated. Another way of
expressing the computation that ERDA uses to establish the charge for
source material is that it charges the customer the market value
estimated for the future pricing period for the 0.711 percent U-235
assay material actually used in the 0.25 percent tails mode of operation
and adds a charge for 0.3 percent tails computed by deducting from the
current market value of the normal uranium contained in the tails
material, the earlier and lower market value of a similar amount of
normal uranium. Thus, the customer pays for normal uranium actually
used and also pays for the tails actually used.
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ERDA has determined that reasonable compensation for supplemental feed"sold" through the split tails mode of operation is the current marketvalue of uranium with an 0.711 percent U-235 assay. Utilization of the"credit" as described above enables ERDA to recover the weighted averagemarket value of the amount of the reduction of its natural uraniumstocks resulting from the supply of supplemental feed. Therefore, ERDAhas received reasonable compensation for such material and has compliedwith Section 63 and 161m of the Atomic Energy Act of 1954.

The authority to establish reasonable compensation o.F source materialis committed by law to ERDA's discretion. The exercf.se of this discretionimpels ERDA to consider the relevant facts surrounding the sale of thesource material. Such consideration has led ERDA at various times toestablish reasonable compensation ranging from cost to market value.(It is conceivable that given the right set of facts reasonable cnn-pensation could be below cost or above market value).

The most relevant fact associated with the sale of source material(Government-supplied SWU equivalent supplemental feed) as part of the"split tails" mode of operation is that it is accomplished as anintegral part of the sale of enriching services pursuant to Section161v of the Atomic Energy Act of 1954. As noted earlier this sectiondenies ERDA the authority to recover more than the Government's costsover a reasonable period of time. Without the "credit" ERDA would,through its enriching services contract, receive the total of (1)reasonable compensation, as outlined above, for the source materialsold; (2) the Government's costs of supplying enriching services; and,(3) an additional amount of money.

This additional money would come from the sale of enriching services(since ERDA would have been paid the full amount of reasonable compensa-tion for the source material when first supplied as SWU equivalentsupplemental feed) and its receipt would clearly be in violation of theprohibition against recovering more than the Government's costs containedin Section 161v. Application of the "credit" avoids this violation.
Therefore, ERDA not only has the authority to apply the "credit" butis required to do so.

We have the following additional comments concerning the Uranium FeedCredit section of the GAO draft report:

1. Second Paragraph, p. 36. The last sentence, "Thus the uraniumtails abandoned by the customer represent a valuable asset to theGovernment." As shown by the suggested rewrite of the firstparagraph on page 36, the customer never had a right to these 0.3percent tails and therefore could not have abandoned them- Weagree that the 0.3 percent tails are a valuable Government asset.
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2. Third paragraph, p. 36, fourth and fifth sentences. We acknowledge
that ERDA employees tcld the auditors that it would be unfair
to charge customers a second time for the feed. However, the
reason for giving the credit is that given in the first part
of this paper and does not rest upon the fairness or unfairness
of charging a second time.

3. Fourth paragraph on p. 36. This paragraph is no longer accurate.
In prior enrichment service charge calculations ERDA used the
ERDA projected market prices for uranium feed to determine the
tails recycle "credit." ERDA realized this would overstate thecredit, so in an enrichment service charge change proposed for
early adoption, the market price at the time ERDA "sold" the
natural uranium through split tails will be used to compute the
"credit." This would result in cumulative "credits" of $81
million versus the $112 million stated in the draft report for
fiscal years 1976 to 1978.

The comments in the paper to this point should be considered in relation
to the following additional paragraphs of the draft report:

1. First paragraph, p. xi, first sentence. It is ERDA's conclusion
that it does have authority to give its customers "credit" for
the utilization ot tails material.

2. Third recommendation, p. xii, and first recommendation, p. 40.
ERDA disagrees with and questions the basis for the recommenda-
tion that it discontinue the policy of allowing "credits" for
the utilization of tails.

3. Second full paragraph, p. 39. We do not agree that ERDA is
giving "this feed back to the customer at no cost." In addition,
as discussed earlier the tails which were recycled were not
"abandoned" by the customer. Furthermore, ERDA is adjusting
its prices to comply with the Atomic Energy Act of 1954 rather
than "compensating its customers for uranium feed they purchased
previously."

Sincerely,

red . Hiser
Assistant to the Controller
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