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UNITED STATES GENERAL ACCOUNTING OFFICE
WASHINGTON, D.C. 20548
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RELEASED

The Honorable Richard L. Ottinger

Chairman, Subcommittee on Energy
Conservation and Power
Committee on Energy and Commerce
House of Representatives 123308

Dear Mr. Chairman:

Subject: DOE Needs to Evaluate Fully the Waste Management
Effects of Extending the Useful Life of Nuclear
Fuel (GAO/RCED-84-111)

- In your letter of September 22, 1983, you expressed concern
that the Department of Energy (DOE) may be overlooking or, at
least, not fully wutilizing opportunities available under its
Light Water Reactor Extended Burnup program to help fulfill the
Department's responsibilities under the Nuclear Waste Policy Act
of - 1982.1 This 1letter summarizes our efforts to determine
whether DOE needs to do more to evaluate the potential impact of
"extended fuel burnup” on its planning efforts to carry out the
act.

The Nuclear Waste Policy Act of 1982 established a compre-~
hensive national program for the interim storage, and permanent
disposal, of spent fuel? discharged from commercial nuclear
power reactors. Although comprehensive in stipulating how spent
fuel will be managed, the act does not contain provisions design-
ed to encouragé reduction in the amount of spent fuel generated
by reactors. However, a relatively small DOE effort ($4.5 mil-
lion in fiscal year 1984) has the objective of reducing substan-
tially the generation rate of spent fuel. This DOE effort--
referred to as the extended burnup pro¢gram--supports research and
development projects to extend the "durnup"” or useful life of

1public Law 97-425, 96 Stat. 2201, 42 U.S.C. 10101 et. seq.
2gpent fuel is fuel that has been "burned" in a nuclear reactor

to the point where it no longer contributes efficiently to the
nuclear chain reaction and must be replaced.
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nuclear fuel in the predominant type of commercial nuclear power-
plants, called light water reactors. As you know, the administra-
tion in recent years has been trying to phase out the extended
burnup program, but the Congress has continued to fund the pro-
gram at a level to prevent termination of existing contracts and
provide the continued involvement of all five U.S. fuel manufac-
turers. Por the last 2 fiscal years the administration has view-
ed the extended burnup program as one that should be left to the
private sector under the administration's policy of minimizing
federal expenditures in research and development activities with
near-term benefits.

Extended burnup of nuclear fuel provides a potential oppor-
tunity to reduce future spent fuel inventories and the require-
ments for government facilities and services to accommodate the
spent fuel. While the magnitude and timing of the reductions are
uncertain, DOE has found that up to a 40 percent annual reduction
in the rate of spent fuel generation is possible. Accordingly,
we are making recommendations to the Secretary, DOE to complete a
full evaluation of the potential to extend fuel burnup and the
effects on DOE's program for accepting commercial spent fuel for
safe management, storage, and disposal.

A related issue which we addressed in a. November 1981
report,3 concerned the future role the government should play in
further research and development to extend the use of nuclear
fuel. We stated that

*Any future decisionz on phasing out or continuing the
program--and if so, at what 1level of funding--should
carefully consider (1) the potential budgetary costs,
(2) the potential benefits and beneficiaries, and (3)
the probability that the nuclear industry will not be
able to continue the program at a pace consistent with
the Department's current schedule."

We further stated that

"Certainly, the potential benefits of the program raise
a question about whether the program should be dismissed
simply because it may not fall among the high-risk,
long-term research programs being given priority under
the new administration's energy policy."

In that report we focused on the potential economic benefits
to utility rate payers and found them substantially greater than
the cost of continuing the program. Although we did not discuss
the possible implications, we noted several potential benefits of

3The Costs and Benefits of Alternative Funding Levels for the
Department of Energy's Light Water Reactor Improvement Program
(EMD-82-16, Nov, 18, 1981).
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the extended burnup program, including that, if successful, the
program could lead to "less spent fuel to store and eventually
dispose of as spent fuel or reprocessed high-level wastes."
Given the subsequent passage of the Nuclear Waste Policy Act and
the responsibilities of DOE to provide disposal and possibly
spent fuel storage services to utilities under now clearly
defined circumstances, the significance of the rate and extent
higher burnup fuels are used by utilities, in our opinion, takes
on added importance from a ©possible government support
standpoint.

OBJECTIVE, SCOPE, AND METHODOLOGY

The objective of our work was to determine whether DOE needs
to do more to evaluate the potential impact of extended nuclear
fuel burnup on its program for accepting commercial spent nuclear
fuel under the Nuclear Waste Policy Act. To determine the
relationship between extended burnup and waste management, we
reviewed studies by DOE and independent analysts which discuss
the implications of extended burnup for waste management. To
ensure that we identified as complete a list of existing studies
as possible, in addition to our own research efforts, we con-
tacted representatives of DOE, the Nuclear Regulatory Commission,
the five principal U.S. fuel manufacturers,4 utilities,> and
utility and nuclear industry organizations.6

For specific information regarding DOE's extended burnup
program and waste management activities, we reviewed DOE program
documents and congressional hearing records. We also interviewed
DOE's Director of Light Water Reactor Projects and several offi-
ciale within the Office of Civilian Radioactive Waste Management,
including the Office's Acting Deputy Director. 1In addition, we
relied on information obtained from two of our previous reports
on the extended burnup program7 and during our ongoing annual

4pabcock and Wilcox; Combustion Engineering, Inc.; Exxon Nuclear
Company, Inc.; General Electric Company; and Westinghouse
Electric Corporation.

S5puke Power Company, Florida Power and Light Company, and
Virginia Electric Power Company.

6atomic Industrial Forum, American Nuclear Energy Council,
American Nuclear Society, Edison Electric 1Institute, and
Electric Power Research Institute.

Tpepartment of Energy Light Water Reactor Fuel Utilization
Improvement Program (EMD-81-51, Mar. 23, 1981), and The Costs
ans Benefits of Alternative Funding Levels for the Department of
Energy's Light Water Reactor Improvement Program (EMD-82-16,
Nov. 18, 1981).
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audit of DOE's Office of Civilian Radiocactive Waste Management
mandated under the Nuclear Waste Policy Act of 1982. We con-
ducted this work during October and November 1983,

Tn asrle Tam nyary 1004 wa -nwl awvad Ay wanavl 4~ 1l.~ha— ~nf
ALl CHRAY UWLIUWLY 1J0%, We Trevieweg Our wOorxX in LdYle. Vi

DOE's releasing on December 23, 1983, the first volume of a work-
ing draft of a "Mission Plan". This plan was being prepared to
define how DOE plans to carry out the requirements of the Nuclear
Waste Policy Act. The draft was provided to representatives of

other federal agencies, Congress, state governments, Indian
tribes, and utility and nuclear industries for review and comment
in advance of the time required by the act for formal draft com-
ment (April 7, 1984) and formal submission to the Congress
(June 7, 1984). To meet the time frame for information requested
by your office, we limited our review of this plan to determining
whether it considered the potential effect of utilities extending
fuel burnup on DOE's commitment to begin accepting commercial
spent nuclear fuel for eventual permanent disposal in 1998.

At the request of your office, we did not obtain official
agency comments on this report. We did, however, discuss with
DOE officials their plans for gathering further information to
evaluate the waste management effects of extended burnup. Except
for not obtaining agency comments, this review was performed in
accordance with generally accepted government auditing standard-=.

LINK BETWEEN EXTENDED BURNUP OF
NUCLEAR FUEL AND WASTE MANAGEMENT

.l DOE's extended fuel burnup program focuses on improving the
fuel use of commercial nuclear powerplants. Historically,
light-water reactors have used only 1 to 2 percent of the energy
potential in nuclear fuel before it is removed. To male more
efficient use of this fuel, DOE has been conducting various
research and development activities. One effort has been a pro-
gram to extend the time fuel is used in the reactor. The longer
the fuel remains in a reactor before removal, the higher the
"burnup® or cumulative amount of energy produced by that fuel.
The process of using the fuel more efficiently by leaving it in a
reactor longer is referred to as "extended burnup" or "high
burnup.®

From a waste management perspective, extended burnup is
important because the amount of spent fuel discharged from a

8The length of use or "burnup"” of fuel in a reactor is measured
in terms of megawatt days per metric ton of uranium (Mwd/mtu), a
measurement of the amount of energy generated over time by
uranium fuel. FPor typical commercial power generation, fuel is
removed from reactors after 3 to 5 years with cumulative burnup
levels of 28,000 to 34,000 Mwd/mtu.
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nuclear powerplant is generally inversely proportional to fuel
burnup. Accordingly, extended burnup has the potential for
reducing the rate spent fuel is discharged from nuclear power-
plants. This potential reduction is important in view of the
anticipated growth in spent fuel inventories. Based on the
latest available information,® DOE estimated that under current
typical fuel burnup levels the total amount of spent fuel dis-
charged from nuclear powerplants up to the end of calendar year
1982 will double by 1989, triple by 1992, and gquadruple by 1996.
By 2020, DOE projected that almost 15 times more spent fuel could
be discharged than was in 1982,

Most spent fuel is currently stored in water-filled pools at
the sites of nuclear power reactors. This was intended to be a
temporary measure until commercial facilities became available to
chemically reprocess the spent fuel to recover reusable materi-
als, However, past efforts to develop commercial reprocessing
have not been successful and there are no firm industry plans to
do so. Because spent fuel contains highly radioactive materials
which remain potentially dangerous for thousands of years, DOE is
preparing to permanently dispose of spent fuel in the form in
which it comes from a reactor in stable rock formations--called
geologic repositories--about half a mile beneath the surface.
Under contracts entered into with the nation's utilities follow-
ing passage of the Nuclear Waste Policy Act, DOE must begin
accepting title to commercial spent fuel (or "high-level wastes"”
from a reprocessing facility) after the start of repository
operations but not later than January 31, 1998. As an option for
meeting this commitment, DOE is also preparing plans for con-
struction of a storage facility, referred to as monitored re-
trievable storage, in the event there is a significant delay in
the start of repository operations.

In the meantime, utilities are responsible for their own
interim storage of spent fuel. The Nuclear Waste Policy Act, as
a matter of policy, requires the government to "encourage and
expedite the effective use of existing storage facilities." It
specifically establishes a cost-sharing program with utilities to
demonstrate advanced spent fuel storage technologies to help ex-
pand existing utility storage capacity. Moreover, the act re-
quires DOE to provide limited federal storage capacity in the
event that a utility lacks sufficient storage space after the
Nuclear Regulatory Commission first determines all "reasonable"
attempts by the utility have been made to provide for its own
needs,

9Mid-case spent fuel generation projection contained in Energy
Information Administration (EIA) memorandum on EIA Projections
of Nuclear Power Capacity through 2020 and Associlated
Electricity Generation and Spent Fuel Arisings, Sept. 19, 1983.
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The extended burnup and commercial radioactive waste manage-
ment programs are managed by separate offices within DOE. Under
the Assistant Secretary for Nuclear Energy, the Division of Light
Water Reactor Projects in the Office of Converter Reactor Deploy-
ment is responsible for developing and demonstrating extended
burnup. The Office of Civilian Radioactive Waste Management is
responsible for carrying out the Nuclear Waste Policy Act under a
direct organizational and reporting relationship to the Secretary
of Energy as required by the act. The commercial radioactive
waste management program has been a high priority DOE effort
since the act's enactment in January 1983. 1In contrast, DOE is
planning on phasing out the extended burnup program and is not
expected to request any further funding from the Congress.

EVOLUTION OF DOE'S LIGHT WATER
REACTOR EXTENDED BURNUP PROGRAM

Pederal activities to develop and demonstrate extended
burnup were initiated in fiscal year 1976 as a program with
emphasis on uranium conservation. The original focus of the pro-
gram was to demonstrate certain technologies that could lower the
uranium fuel requirements of light water reactors. The Light
Water Reactor Improvement program--consisting primarily of activ-
ities to promote extended burnup--was a major .feature of the
Carter administration's nuclear energy policy.

As noted in our November 1981 report on the program, the
current administration adopted a policy of funding only 1long-
term, high-risk research programs and began phasing out programs
it -believed should be supported by the private =sector. As a
result, executive branch support for extended burnup activities
decreased. In fiscal year 1981 phase-out implementation began
with the administration direction that no new contracts and no
added financial commitments to then existing contracts for
extended burnup activities would be allowed.

Subsequently, the Department narrowed the focus of 1its
program by eliminating the development of fuel improvement tech-
nologies other than extended burnup and closely related fuel
management activities. The program as refocused would demon-
strate only those technologies that could be used in existing
nuclear powerplants, are more likely to be implemented by the
nuclear industry, and would reduce the volume of spent fuel
generated by utilities, Program activities were designed to
obtain data needed for licensing successively higher burnups of
the nuclear fuel currently offered by all five domestic
manufacturers as required by the Nuclear Regulatory Commission
and for testing new advanced design fuel.

Through fiscal year 1983 DOE had spent about $73 million on
its extended burnup program. Funding for the program peaked in
fiscal year 1980 at about $18 million and subsequently declined
to $11.5 million in fiscal year 1982 and $5 million in fiscal
year 1983.
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pation in the program March 1983 DOE provided you informa-
tion stating that the Fivp U.S. fuel suppliers are offering burn-
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up extensions in the range of 10 to 20 percent and that DOE
anticipates all U.S. operating nuclear powerplants would take

advantage of 20 percent burnup extensions during future refuel-
ings within about 10 years. Further burnup extensions, DOE

stated, are clearly within the capability of thedsriv;te—sector.
In addition DOE noted that the prospects of lower utility storage

requirements and disposal costs provide additional incentives to
them to purchase higher burnup fuel.
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However, it 1is uncertain whether industry will continue
pursuing extended burnup. For example, the thrust of several
different testimonies of nuclear industry representatives before
congressional committees is that without continued DOE support,
the schedule for realizing the potential benefits of extended
burnup is likely to be slowed. Therefore, the extent and pace of
progress beyond the burnup 1levels demonstrated by DOE are
uncertain,

NEED FOR A FULL EVALUATION
OF THE WASTE MANAGEMENT

EFFECTS OF EXTENDED BURNUP

DOE has not conducted a full evaluation of the effects of
otilities extending fuel burnup on national efforts to subse-
quently manage the higher burnup spent fuel that would be gener-
ated, Because of the relationship between increasing burnup--in
terms of reducing the rate spent fuel is discharged from power
reactors--and DOE's waste management activities under the Nuclear
Wwaste Policy Act, we believe that DOE needs to conduct such an
evaluation This evaluation is needed regardless of whether

DOE's extended burnup program is terminated because of the con-
tinuing trend of utilities extending fuel burnup levels.

DOE 8 reséarch and development _program has established that

r.ne Durnup OI ngﬂt water reactor Iue.L ].n exxsn.l.ng powerp;ancs
can be extended by at least 50 percent. This would result in an
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industry-wide basis, of 40 percent according to DOE's 1983 budget
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because of the time it takes to test, evaluate, and license fuels
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DOE's Director of Light Water
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safety risk in the reactor.
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tions, widespread utility implementation of at least 50 percent

Aarasbkar hiarmaan  Asnd ﬂ ha = b 4 Atvad

had 1mndasr Fawvnrahlhla A -
Ciladwy UnGer Lavoraoac CUNGs

ariae aAf v A Fiva

e

- AL R LA R T ) 4 \-UUJ. Uwildaw Ve s-::. b N D N b Ao W AR A - L A
steps by 2000. One of the conditions identified was an aggres-
ive research, development, and demonstration program.
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Although this timing coincides with the 1998 date when DOE
is obligated to begin accepting title to commercial spent fuel
for eventual permanent disposal in a geologic repository, DOE has
not yet factored even the 20 percent burnup extensions it antici-
pates within the next 10 years into its waste management plan-
ning. On December 23, 1983, DOE released for preliminary comment
a proposed spent fuel acceptance schedule as part of a working
draft of a Mission Plan on how DOE intends to carry out the
Nuclear Waste Policy Act. The schedule specifies the total
quantities of commercial spent fuel that DOE will accept on a
yearly basis over a 29-year period beginning in 1998. DOE
intends to update this aggregate schedule annually in response to
the latest projections of nuclear power growth, and beginning in
1987 will include a priority acceptance ranking of spent fuel by
individual utilities.

Because DOE's proposed spent fuel acceptance schedule does
not consider the potential effect of utilities extending fuel
burnups on reducing the generation rate of spent fuel, DOE may be
overestimating the amounts of spent fuel it will be obligated to
accept for permanent disposal at any given point in time and the
requirements for needed government facilities and services to
accommodate the spent fuel. According to the Acting Director of
the Operations Division of DOE's Office of Civilian Radioactive
Waste Manacement the data on individual utilities' actual and/or
planned implementation of higher burnups is not -yet available,.
He indicated this information, once it becomes available from the
Department'’s Energy Information Administration (EIA), will then
be evaluated tc determine whether changes are needed in the
acceptance schedule.

The working draft of the Mission Plan states that DOE does
not intend to delay or postpone acceptance of commercial spent
fuel even if a permanent geologic repository is not completed by
1998. As needed, DOE proposes making available by 1998 an
acceptable storage facility to allow it to meet a firm acceptance
schedule. This approach is designed to ensure that all utilities
will be able to firmly plan for onsite interim storage needs
until their spent fuel is accepted by DOE. The acceptance sched-
ule will be designed so that the rate of acceptance in the first
5 years would be such that no utility will have to provide addi-
tional storage capacity after January 31, 1998. Subsequently,
the acceptance rate would be set at a level equal to or greater
than the actual generation rate of spent fuel each year.

It is likely that the Congress and others will use DOE's
Mission Plan, when completed, as a major source of information on
what will be done to solve the nation's problem of accumulating
commercial spent fuel, The act requires DOE to complete a formal
draft of the plan by April 7, 1984, and by June 7, 1984, to sub-
mit it to the Congress, Given that the spent fuel acceptance
rate is such a key component of DOE's planning base for providing
necessary storage and disposal facilities, as well as transporta-
tion and handling services, we believe DOE needs to specifically

8
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quantify the potential effects of utilities extending fuel burnup
in reducing the future size of spent fuel inventories. Other-
wise, DOE may be planning on providing more facility capacity and
services sooner than necessary. While extended burnup would not
affect the size or timing of the first repository--since this is
designated by the Nuclear Waste Policy Act--it could affect the
size and timing of subsequent repositories.

In our opinion, identifying the specific waste management
effects of extended fuel burnup will require DOE to develop (1)
revised spent fuel generation projections and (2) an evaluation
of the implications of extended burnup spent fuel on repository
design. The spent fuel generation projections in the Mission
Plan working draft do not consider continuing improvements in
fuel burnup. The Office of Civilian Radiocactive Waste Management
has arranged for the EIA to develop scenarios of utility imple-
mentation of extended burnup and its effects in reducing the gen-
eration rate of spent fuel over more than a 4-decade period (1984
to 2026). This task will require EIA to modify the econometric
model it uses to project spent fuel generation. EIA expects to
complete this task in fiscal year 1984.

In addition, the impact of extended burnup spent fuel on the
design of a permanent geological repository ‘is not known.
Because the fuel remains exposed within the reactor longer,
extended burnup fuel is hotter than typical spent fuel and will
remain so for thousands of years after discharge from the reac-
tor, according to an October 1983 analysis by a DOE contractor.
Initially, this effect might require a 1longer cooling period
before the spent fuel 1is shipped offsite, thereby offsetting
somewhat the lower storage requirements associated with a reduced
amount of spent fuel. In the longer term, this effect might
require the spent fuel to be emplaced in the repository at wider
intervals and/or undergo further treatment or packaging which
would add to disposal requirements., During our review, DOE offi-
cials informed us of preliminary discussions that were underway
with a DOE contractor to conduct an evaluation of these potential
effects of extended burnup on a waste repository. However, DOE,
officials were unable to make firm estimates as to when this work
would be completed.

RECOMMENDATIONS

We recommend that the Secretary of Energy complete a full
evaluation of the potential to extend fuel burnup and the effects
on DOE efforts to subsequently manage the higher burnup fuel.

==DOE should consider the merits of continued government
funding of the DOE extended fuel burnup program in terms
of (1) the potential budgetary costs, (2) the potential
benefits and beneficiaries, and (3) the likelihood that
the nuclear industry would continue extending fuel
burnup.
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--DOE should quantify, to the extent possible, the effect of
increases in fuel burnup on its spent fuel acceptance
schedule, and clearly identify the potential impact on
its requirements for providing the necessary facilities
and services to carry out the Nuclear Waste Policy Act.

Furthermore, the Secretary should report the results of this
evaluation to cognizant congressional committees (1) for their
consideration of DOE's Mission Plan for carrying out the Nuclear
Waste Policy Act and (2) as another factor for their fiscal year
1985 budget deliberations on whether to continue funding for
DOE's extended burnup program.

As arranged with your office, unless you publicly announce
its contents earlier, we plan no further distribution of this
letter until 7 days from the date it is issued. At that time we
will send copiles to the Secretary of Energy and make copies
available to others upon request.

Sincerely yours,

[}
J. Dexter Peach
Director

10





