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Considerations For
Commercializing The
Liquid Metal Fast Breeder Reactor

Energy Research and Development Administration

This report discusses what wil! be needed for
the commercial development of the lquid
metal fast breeder reactor--regarded as an es-
sentially inexhaustible source of energy--in-
cluding *he reactor’s necessary support facil-
ities.

The report addresses the following questions:

--What will be the principal characteristics
of a commercial breeder reactor indus-
try¢

-What supporting facilities and industry
would be required to bring it into being
and thereafter to support it?

-When is a demonstration needed cf the
required_technologies on a scale suffi-
cient to warrant the commitments of
those institutions whose support is es-
sential to breeder reactor commercial-
ization?

-What factors are hikely to influence the
timing and rate of commercial breeder
reactor introduct'on and proliferation?
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 COMPTROLLER GENERAL OF THE UNITED STATES
WASHINGTON, D.C. 20849
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To the President of the Senatz and the
Speaker of the House of Representatives

This report presents a picture of the commitment and
effort necessary if the liquid metal fast breeder reactor
and needed support technologies are ultimately to be com-
mercialized and focuses on the need for cuordination of the
planning and timing of the separate components required to
achieve commercialization.

We made ous review pursuant to the Budget and Account-
ing Act, 1921 (31 U.S.C. 53), and the Accounting and Audit-
ing Act of 1950 (31 U.S.C. 67).

We are sending copies of this report to the Director,
Office of Management and Budget, and to the Administrator,

Energy hesearch and Development_Adfgpistration. l
Zﬂe&o @’

Comptroller General
of the United States
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COMPTROLLER GENERAL'S CONSIDERATIONS FOR COMMERCIALIZING
REPORT TO THE COMNGRESS THE LIQUID METAL FAST BREEDER
REACTOR
Energy Research and Development
Administration

The liguid metal fast- breeder reactor (LMFBR)
has been accorded highest priority among energy
supplv technclogies that hold long-term promise.
This ranking is accompanied by the highest Fed-
eral outlay to date for -any single energy re-
search and development program.

—.---—_-—

--by promising to produce more nuclear fuel
than it consumes the LMFBR is the most likely
vehicle by which nuclear fission may beczcme
an assured energy source into the 21st cen-
tury;

--key uncertainties about the future of
nuclear energy persist with respect to the
need for and the economics and safety of
LMFBRs; and

--research and development to resolve the
uncertainties is an expensive, and often
time coasuming, matter. (See p. 1.)

A report by GAO identifying critical issues sur-~
rounding the LMFBR program .in July 1975 concluded
that the LMFBR program should be pursued on a
scheaule that recognizes that the program is
still in a research and develnpment stage. Not
until some point in the future, GAO concluded--
perhaps in 7 to 10 years--does a firm decision
need to be made about whether the LMFBR should

be a major source of electrical energy in the
United States.

——Subsequent to that report, the Administrator
of the Energy Research and Development Adminis-
tration determined that a continued strong re-
search effort in the LMFBR program would prcvide
sufficient data by 1986 to enable him to make
a determination on the acceptability of widespread
commercial deployment of LMFBRs. (See p. 2.)
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PURPOSE OF THIS REPCFT

In the intervening 7 to 10 vears, decision-
makers need to focus attention on the total
supporting facilities and industry, or in-
frastructure, which would be required for a
commercial LMFBR industry. The present re-
port discusses what will be needed to com-
mercialize the reactor -and necessary sup-
port facilities--that is, to proliferate them
throughout society. GAO addressed the follow-
ing questions:

--What will be the principal characteristics
of a commercial LMFBR industry?

--What suppcrting infrast ucture would be
required to bring it iito heing and there-
after to support it?

--When is a demonstration needed of the re-
guired technologies on a scale sufficient
to warrant the commitments of thuse in-
stitutions whose support is essential to
LMFBR commercialization?

--What factors are likely to influence the
timing ind rate of commercial LMFBR in-
troduction and preliferation?

it is not GAO's intent to either advocate or
oppose the LMFBR, but to-present to the Con-
gress and the Nation an overall pi~ture of
the commitment and effort necessary if the
LMFBR and needed support technologies are
ultimately to be commercialized. (See pp. 2
and 3.)

PRINCIPAL FINDINGS

Successful commercialization of the LMFBR will
require not oniy the develorment of reactor
technology, but three other supporting tech-
nologies that comprise the LMFBR fuel cycle.
These are -
--fuel fabrica:ion,

--plutonium reprocessing, and

--radiocactive waste disposal. (See p. 5.)
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Major private investment commitments are not
likely to be forthcoming until LMFBRs and the
three supporting technologies can be demon-
strated to be licensable and operable routinely
on 2oth the pilot- and prototype-cormercial
scales.

Until recently, the LMFBR program hac plac:Ad
greatest emphasis on reactor development. The
Energy Research and Development Administration
does not have plans at present for the scale-
up and eventual demonstration of routine per--
formance of fuel fabrication facilities beyond
the pilot stage. Only recently have plans been
made for a prototype y.:..l\.uu:.mu reprocessmq
facility. Plans exist for pilot woste dl&pOScl
facilities which can De expanded to full size
=¢ acccermodate the requirements of a commercioci
ingustry. (See p. 34.)

However, more attentior must also be given
to the relationship between reactor develop-~
ment and tlie timing and rate of introduct.on
of the three supporting fuel cycle technolo-
gies. L
Although not directed toward the LMFBR pro-
gram, a recent policy decision by the Presiden.
to delay commercializavion of reprocessing
activities in the United States until uncer-
tainties are resolved casts doubt as to the
future of nuclear fuel reprocessing. This,

in GAO's view, adds more doubt as to whether
the LMFBR will become a viable energy source
because reprocessing is an indispensable
prerequisite for LMFBR commercialization.

(See pp. 27 and 28.)

Five steps are required to bring a nucle-r
facility into operation. These include the
conceptual and preliminary engineering design,
the liicensing process in parallel with detailed
engineering design, construction, nonnuclear

—checkout, and a nuclear checkout and test.

(See p. 11.)

Bringing'a commercial facility into operation
is an extremely long process. Basad on discus-

sions with Energy Research and Development Admin-

tstration and Nuclear Regulatory Commission
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officials and the times suggesiad by the
history of previous experience in building
light water reactors, GAO estimates the times
required to go from conceputal and preliminary
engineering design to operation are

--13 years for a reactor;
--10 years for a fuel fabrication facility;

--12 years for a plutonium reprocessing
facility; and

--11 years for a radioactive waste disposal
facility.

Investors must make major financial commjitments
from 8 to i0 years before each facility becomes
operational. (See pp. 11 and 12.)

GAO developed three different scenarios for
LMFBR commercialization which call for 128
LMFBRs to become operational over different
ll-year introduction periods. The introduc-
tion periods differ based on assumptions
about when major financial commitments by
utilities and other private investors to
actual operation of commercial facilities
may begin. (See pp. 18, 19, and 21.)

In the first scenario, which is based on an
Eneray Research snd Development Administration
March 1975 schedule, the 128 reactors become
operational by 1998. This scenario is clearly
not likely to be met. (See pp. 19 and 24.)

Under GAO's second or Optimistic Scenario, 32
breeder reactors would be operating by year
2001. These findings are not inconsistent with
recent Energy Research and Development Adminis-
tration projections which forecast 30,000 to
60,000 mzgawatts electric of LMFBR capacity by
the vear 2000. With commercial reactors of
2,000 megawatts-électric size, this would amount
to 3u LMFBRs in the year 2000 for the agency's
high forecast. (See pp. 19, 21, and 24.)

Following a decision in the mid- to late-1980s

to commercialize the LMFBR, GAO believes that
its third, or Conservative Scenario, would be
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the scenario most likely tc be met. Bv recog-
n.zing the amount of time required for develop-
ment of fuel cycle technologies, this scernaric
would result in four to six commerczial-size
LMFBRs in operation by the year 2000. (See

PpP. 21 and 25.)

-The capital costs of commercializing the

LMFBR at the level envisioned by the scenarios
would be high. GAO estimates that total capi-
tal costs would be about $150 billion, measured
in 1974 dollars. This includes close to

$141 billion for building a prototype and 128
commercial reactors. (See¢ no. 29 and 30.)

To build the same number and same size plants,
capital c.sts for coal plants and light water
ceactors would be $95 billion and $128 bil-
lion, respectively. The remaining $92 h‘llion
in costs for LMFBR commercialization are for
building fuel fabrication, plutonium reproc-

‘essing, and waste disposal facilities. (See

p. 31.)

Pubiic acceptance and institutional auaptation
may be more difficult than technical consider-
ations. Any degree of LMFBR commercializa-
tion before the end of this century will re-
quire the active support of diverse interest
groups if the long leadtime decisions and
commitments are to be made in time for scale-
ups of the required technologies. (See pp. 8
to 10 and 32.)

CONCLUSIONS

If basic uncertainties of safety, safequards,
and environmental effects are recsolved early
and forthrightly, the start to LMFBR commer-
cialization can be made by the mid-199%0s,
However, this can be achieved only through an
integrated approach of the development of four
required technologies:—-reactor, fuel fabrica-
tion, plutonium reprocessing, and radicactive
waste disposal.

The year 1990 may be the earliest by which

licensability and routine performance can be
demonstrated for all four required technolo-
gies. Major private investment commitments




ave not likely to be forthcoming until both
routine performance and licensability of the
technulogies have been demonstrated.

Additional funding for the LMFBR program is
not likely to hasten the initial availability
¢f LMFBR reactor technology. Early deveiop-
ment of preogram plans and increased commit-
ment of resources could accelerate by 1 or

2 years the research, development, and demon-
stration of the three supporting fuel cvcle
technologies required for LMFBR commerclializa-
tion, with a similar effect on the pace of
irtroducing LMFBRs into the Nation's energy
3ystem. (See p. 35.)

RECOMMENDATIONS

In the time remaining before a firm decaision
needs to be made committing the Nation's
future to the LMFBR, the Administrator of
the Energy .Research and Developmen:t Admin-
istration should act in fovr arees.

1. Fully develop a management and planning
framework which integrates research,
development, and demonstration for the
four key technologies---reactor, fuel
fabrication, plutonium reprocess ng, and
radicactive waste disposal--needed for a
commercial LMFBR industry. Such an approach
should relate the required levels of scale-
up for each demonstration facility to the
same schedule. 1Integrating the research,
development, and demonstration for -these
technologies is essential, since all tech-
nologies must demonstrate routine perfor-
mance and licensability for the LMFBR to
be -ommercially acceptable on a broad
basis.

2. Because of the priority of the LMFBR pro-
gram and its controversial nature, review--
within the integrated management and plan-
ning framework--and report annually to the
Congress on an integrated basis the status
of the development of all technologies
needed fcr an LMFBR industry.

3. In the annualil report to the Congress, dis-
cuss the wmplications of the findings on
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the relationship of these technologies to
other energy research, development, and
demonstration programs, in terms of the
budgetary cost and other priorities.

4. Develop, where applicable, similar in-

.. tegrated management and planning approaches
for other energy research, development, and
demonstration programs which have as their
goal commercial acceptability. These ap-
proaches should consider the total range
of technological development and institu-
tional acceptance required to bring about a
commercial industrial infrastructure. (See
p. 36.) #

AGENCY COMMENTS

The Energy Research and Development Administra-
tion and the Nuclear Regulatory Commission com-
mented on this report. GAO considered these
comments in completing its report and believes
there are no residual differences in fact.

In its commenrts, the Energy Research and De-~ =

velopment Administration noted that the report -
was correct in pointing out that closing th.

LMFBR fuel cycle expeditiously is a critical

determinant to the overall success of the

LMFBR program and that internal program re-

views had come to the same conclusion.

The Energy Research and Davelopment Adminis-
tration stated it is undertaking efforts to
provide a more integrated approach to each
part of the program. The agency further
stated that the current LMFBR program plan
now takes into account more fully the timing
and rate of introduction of commercial fuel
cycle facilities, with the goal of commer-
cializing all parts of the LMFBR fuel cycle.

The £nergy Research and Development Administra-
tion also pointed out that many of the sched- i
ules and plans referenced in the report are

now out of date but that the major recommenda-

tions are still well taken. (See app. III.)
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GAO notes that recent program documentation
does take into account more fully the LMFBK
fuel cycle, in particular fuel fabrication and
fuel reprocessing. GAO believes this is a step
in the right direction and will closely watch
these new planning and implementing activities.
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CHAPTER 1

INTRODGCTION

The liquid metal fast breeder reactor (LMFBR), 1/
regarded as an essential'y inexhzustible energy source,
has been accorded highest priority among energy supply
technologies that hold long-term promise. This ranking is
accompanied by the highest Federal outlay to date for any
single energy research and deveiopment (R&D) program: Total
LMFBR program funding from fiscal year 1948 through fiscal
year 1976 and the transition quarter has been $2.8 billion.
The fiscal year 1977 budget submission of $655 million (bud-
get authority) represents a one-third increase over 1976
budget levels.

Th2 LMFBR program has also become one of thé‘most con-
troversial Federal programs.

In July 1975, the Genecal Accounting Oifice (GAO), in
2 report entitled "The Liquid Metal Fast Breeder Reactor:
Promises and Uncertainties,” (OSP—76 1, July 31, 1375)
pointed out that the LMFBR program is controversial largely
because )

~=it is the likely vehicle by which nuclear fission
may become an assured energy source through the 2lst
century and beyond;

--key uncertainties persist with respect to the need
for anJd the economics and safety of LMFBRs; and

-~research and development to resolve the uncertain-
ties is an expensive, and often time-consuming,
matter.

1/LMFBRs can produce more usable fuel {in the form of pluton-
ium) than they consume and can use 60 percent or more of
the energy content of uranium. This would thereby extend

. the useful life of limited available uvranium supplies suf-
ficiently to provide electric energy for many hundreds of
years.

Ligquid metal refers to the liquid sodium used as the
coolant to carry off the heat of the reactor fuel. A
fast reactor is a reacter in which the chain reaction

is sustained primarily by faster neutrons than found

in present generation commercial nuclear pcwer reactors.
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In this 1975 report we concluded that extreme actions
to either expand and accelerate or abandon the program were
not warranted. We urged that the LMFBR program be pursued
on a schedule that recognizes that the program is still in
an R&D stage. We concluded that a firm decision does not
need to be made until some point in the future, perhaps
in 7 to 10 years, as to the Nation's commitment to the
LMFBR as a basic, central station energy source. At that
time, additional information should have reduced, eliminated,-
or at least clarified many current urcertainties, particularly
if priority efforts are made to resolve then.

In announcing his findings in December 1975 on the
Final Environmental Statement on the LMPBP program, the
Administrator of the Energy Research and Development Ad-
" ministration (ERDA) determined that a continued strong
research effort in the LMFBR program would provide suffi-
cient data by 1986 to enable him to make a determination
on the acceptability of widespread commercial deployment
of LMFBRs. He further determined that, to be meaningful,
this decision must be made before any commitment to wide-
spread deployment becomes irreversible.

Th2 Administrator emphasized that availability of
the necessary decisional information by 1986 requires suc-
cessful-and timely completion of interrelated and parallel
efforts in such arcas as plant operation, fuel cycle per-
formance, reactor safety, safequards, health effects,
waste management, and uranium resource availability. Delays
in any of these efforts will result in delaying the deci-
sion date.

PLRPOSE OF THIS REPORT

Building on our earlier work on LMFBR, thiv reporﬁ
analyzes what will be required to commercialize 1/ the reactor
and necessary support technologies, assuming all current

1/Commercialization is the last stage in the process by which
a technology fully evolves into an industry. A technology
becomes an-industry (enters commercialization)-when ele- -
ments of the society decide that the technology, as it cur-
rently exists, has been demonstrated sufficiently to war-
rant the investment to construct the facilities and the
infrastructure necessary to proliferate them throughout the
society.



uncertainties regarding environmental effects, safety, and
safeguards can be satisfactorily resolved. The current
status of the LMFBR program is reported, along with a dis-
cussion of those technical, financial, scheduling, and
institutional factors which must be adeguately resolved for
successful commercialization.

Our analysis attempts to answer several important
questions:

~-What will be the principal characteristics of a
commercial LMFBR industry? (See ch. 2.)

--What supporting facilities and industry would be
required to bring it into keing and thereafter to
support it? (See ch. 2.)

--%when is a demonstration needed of the required tech-
nologies on a scale sufficient to warrant the com-
mitments of those institutions whose support is
essential to LMFBP commercialization? ' (See chs. 3
and 4.)

--What factors are likeiy to influence the timiné and

rate of commercial LMFBR introduction and pro-
liferation? (See ch. 5.)

It is not our intent to either advocate or oppose the
LMFBR, but to present to the Congress and the Nation an
overall picture of the commitment and effort necessary if
the LMFBR and needed support technologies are ultimately
to be commercialized. This report focuses on the need for
coordination of the planning ard timing of the separate
components required to achieve LMFBR commercialization.
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CHAFTER 2

CHARACTERISTICS OF A COMMERCIAL LMFBR INDUSTRY

As a conditicn of 1ts emergence, any electrical energy
technology must meet a basic set of criteria. First, total
production costs {(capital and operating) must be competi-
tive with other electrical energy sources. Production
processes and other functional components must be integrated
into a smoothly operating system. Finally, the roles of .the
diverse groups of Government and non-Government entities
that will affect commercialization must be clearly defined.
These characteristics, as they would pertain to a commercial
LMFBR industry, are descriked below.

CCONOMIC CHARACTERISTICS

The econcmics cof LMFBR is predicated on the assumption
that the LMFBR can produce more fyél than it consumes,
thereby resulting in lower fuel costs over the life of the
plant compared to other major electrical energy sources.

At present, however, capital costs for LMFBR appear to
be greater than for light water reactors (LWRs) and coal-
fired plants. We estimate the costs of constructing the
first few commercial LMFBRs to be about $1.2 billion (in
1974 dollars) for each 2,000 megawatt-electric (MWe) plant.
(See table 3, p. 30.) Current capital costs for LWRs and
coal-fired plants of the same size are $1 billion (83 per-
cent of LMFBR costs) and $744 million (62 percent or LMFBR
costs), respectively, in 1974 dollars., 1/ This initial cost

1/As we were finalizing this report, ERDA officials told us
that their current thinking is that commercial LMFBR
plants would be 1,200 to 1,300 MWe in size, rather than
2,000 MWe which they had ant1c1pated earlier. This would,
of course, reduce the cost of an individual LMFER plant
but would not affect eituner the ~slative -cost of the dif-
ferent types of generating plants or the overall cost of
a given gquantity of generating capacity.

We do not believe that the size of commercial LMFBRs,

which may be developed in the 1990s and beyond, can be-———-- -

specified with certainty at this time, so we have pre-
sented our analysis still based on the 2,000 MwWe plant
size. 1In any event, a change in the size of the commer-
cial LMFBR plant would not 519n1f1cant1y affect the con-
clusions of our study, which is focused on the need for
coordination of the planning anr timing of the separate
components required to achieve MFBR commercialization.
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differential may decline, however, and could eventually
disappear as a function of experience and standardization.

Even with higher capital costs, the LMFBR would still
retain an economic advantage if its hoped for low fuel costs
are attained. Various estimates indicate that competitive
capital costs for the LMFBR could range from $60 to $300
a kilowatt more than for LWRs., Nevertheless, the future
fuel costs for alternative electrical energy sources are
difficult to predict, and the LMFBR experience in the
United States over the next few years is not expected to
provide firm answers to the cost issue.

FUNCTIONAL COMPONENTS

In addition to the nuclear reactor, a commercial LMFBR
industry would be characterized by the routine operation of
three other supporting technologies. These supporting
technologies which make up the nuclear fuel cycle 1/ are

--fuel fabrication,
--plutonium reprocessing, and
--radioactive waste disposal.

The interrelationship of these far~ilities is depicted in
figure 1 on page 6.

In addition, an LMFBR industry would feature facilities
to transport new and spent fuel between the reactors, fab-
rication plants and reprocessing plants, and to convey waste
products to disposal sites.

Fuel fabrication

Fuel fabrication facilities will be needed to prepare
mixed oxide fuel (10 percent plutonium oxide--90 percent
uranium oxide) for LMFBR cores and to piepare uranium for
the periodic replacement of blanket material surrounding
the reactor core. No commercial-scale capability for fab-
ricating mixed uranium and plutonium oxide fuels is oper-
able today. Low cost mechanized and automated production
methods for producing mixed oxide LNFBR fuel in quantities ——
required to meet projected demands must be demonstrated.
Current total U.S.-production capacity based on a batch-type,

1/ Appendix I provides a detailed discussion of the LMFBR /
fuel cycle. =
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nonautcmated operation is less than 3 metric tons a year
and would not meet future reguirements, which we estimate
may be as high as 800 metric tons a year in the year 2000.
(See p. 43.)

Fuel reprocessing

Plutonium reprocessing facilities would separate
waste products and convert the remaining spent fuel into
useful urarium and plutonium products. Currently no re-
processing facilities are in operation for either LWRs or
LMFBRs. In .act, neither LWR nor LMFBR reprocessing has
been successfully demonstrated on a commercial scale. A
reprocessing fecility for LWRs is currently undergoing
licensing review and analysis and might be granted a license
in 1878 for reprocessing uranium only.

A viable LWR reprocessing industry is needed as an in-
dispensable prerequisite to LMFBR commercialization. While
such an industry would provide technolcgy and experience,
the special characteristics of spent LMFBR fuels are such
that several aspects of the established reprocessing tech-
nology must be significantly modified for LMFBR application.
LW auu LMFBR reprocessing facilities are not interchang-
able. Thus, extensive engineering development and testing
6f rey ocessing technology for LMFBR fuel is required.

It will be critically important to large-scale LMFBR
cperution to have reprocessing facilities operating on a
timely basis. To meet the fuel requirements of the indus-
try, newly bred plutonium must be promptly recycled back into
the reactors. If reprocessing facilities are not readily
available, spent fuel would accumulate and increasing amounts
of plutonium would be captive in unprocessed fuel, possibly
resulting in fuel shortages for new or existing reactors.

Waste disposal

Radioactive waste disposal facilities are needed to
sequester the radioactive waste products of the nuclear fuel
recvcle process. Nuclear wastes in the United States are now
in temporary storage. These wastes and radioactive waste
from LWR and LMFBK recycling facilities will require develop-
ment of a disposal scheme that will isolate them from man and
frcm other living things for very long time periods--centuries
to millenia. These are time scales longer than the lifetime
of existing and previous civilizations,

As a result of two recent court decisions relating to

how the Nuclear Regulatory Commission (NRC) considers the N4
effect of reprocessing and waste disposal in its reactor
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"icensing process, NRC temporarily halted issuing any

.ew full-power operating licenses, construction peimits, or
limited work authorizations pending resolution of the issues
involved. Although this suspension has been lifted, reproc-
essing and waste disposal problems cculd affect the future
licensability of all nuclear reactors.

INSTITUTIONAL CHARACTERISTICS

*. commercial LMEBR industry will also require a smoothly
functioning institutional infrastructure. Many diverse
interest groups—--both public and private--will play a part.
(See fig. 2.)

Although the private sector will be primarily responsi-
ble for production and operation, a number of Government
bodies will participate in ongoing regulation and review.

Chief among these is NRC, which must insure that a
proposed nuclear facility can be constructed and operated
without undue risk to the health and safety of the public,
The nuclear facility licensing process 1/ requires that ap-
plicants submit documentation before permission to construct
and operate a nuclear facility is granted., Applicants must
demonstrate the adequacy of safety measures, the environ- , -
mental acceptability of the project and suitability of the
site, and that the preject does not viclate antitrust laws.
Once an operating license is issued, NRC inspectors continue
to conduct surveillance of personnel, licenses, safety, se-
curity safequards, quality assurance, and other operational
programs for the life of the facility.

Although their participation in a commercial LMFBR in-
dustry will be intermittent, the President's Energy Resources
Council, the Federal Energy Administration, and ERDA can all
affect the industry through the development of national pro-
grams and policies. ERDA's continued role in research, de-
velopment, and demonstration (RD&D) for LWR technologies
serves as an example.

At the State level, public utility commissions are
responsible for protecting consumer, producer, and inves-
tor interests in their oversight of utility rates and serv-

—————icess Also, State and local planningauthorities are often

1/ See appendix II for a detailed description of the licens-
ing process.
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responsible for insuring that construction of new power-
generating facilities conform with land use and other re-
source development plans,

The major private sector participants in an LMFBR in-
dustry will be the electric utility companies, the hardware
manufacturers, tue finaucial investment community, and the
architectural-engineering firms that are ultimately respon-
sible for integrating the site~specific requirements of an
electric utility company with the performance specifications
of the hardware. They are also responsible for developing
licensing ‘ocumentation.

In recent years, citzen/consumer groups have bacome
increasingly better informed and have been activzliy par-
ticipating in public hearings held by NRC, State public
utility commissions,. and local planning authorities.

As evidenced by the rapid spread of the nuclear ini-
tiative movement, citizen groups can also be expected to
exert considerable influence on the future course of nuclear
power in this country. Proposals to impose strict controls
on future nuclear powerplant development were placed on the
ballots in the June 1976 California primary election and in
the N. .ember 1976 general election in Arizona, Colorado,
Montana, Ohio, Oregon, and Washington. Although these
proposals were all rejected by the voters, a significant
segment of the pubiic supported them and it can be assumed
that further attempts of a similar or related nature will
occur.

States are also beginning to increase their role in the
area of nuclear power. Bills have been introduced in numer-
ous State legislatures which would give the States greater
control over the siting of nuclear powerplants and over the
transporting of nuclear material in their States. For
example, in California, legislation was adopted requiring the
State energy commission and legislature to insure that nu-
clear materials can be adequately reprocessed and stored
before nuclear plant siting requests are granted. 1If these
various efforts are successful, State legislatures and
energy agencies could acquire an important role in deter-
mining the future ¢ourse of LMFBR commercialization.

Public acceptance and other institutional issues may
prove to be more important tian technical ones. <The early
support and resolution of differences among many and diverse
interest groups will be esscntial to comrercializing the
LMFBE.
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CHAPTER 3

SCHEDULE REQUIREMENTS FOR COMMERCIALIZATION

Moving a technology from the research, development, and
demonstration stage to a commercial industry is a complex
process. Basic questions of economics, technical performance,
and licensability must be satisfactorily resolved, and there
must be assurances that the reactor and required supperting
fuel cycle technologies will be available when n:eded.
Otherwise, utilities and other private investors will not
~-commit themselves to building the technology.

This section looks at the time required to bring an
LMFBR and its supporting facilities from conceptual design
to initial operation and the status of the ERDA program in
the light of these requirements.

BRINGING A NUCLEAR FACILITY INTO OPERATION

Five steps are required to bring a nuclear facility
into operation. .

--The conceptual and preliminary engineering design.

~--The licensing process, in parallel with detailed
engineering design.

--Facility construction.
--Nonnuclear checkout ("cold run").
--Nuclear checkout and test.

For the LMFBR, this process applies to each level of
facility scale-up for the four required technolecgies, in-
cluding the reactor and the three fuel cycle technologies.

The time required for this process is extensive for
any nuclear facility; for LMFBR facilities, which are
“"first-of-a-kind,” it will probably be longer. We discussed
the time required to bring each principal LMFBR facility
on line with TRDA and NRC officials. Cautioning. that
precise predictions are difficult to make without experience
with LMFRRs, various ERDA and NRC officials presented dif-
fering estimates of required times. The estimates used here
represent a composite of the best estimates of knowledgeable
officials at these two agencies, and times suggested by the
history of previous experience in constructing LWRs. Our
estimates of the amount of time required to bring each of
the four required facilities into operation are

11
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--13 years for a reactor,

-=10 years for a fuel fabrication facility,

--12 years for a plutonium reprocessing facility, and
*==11 years for a radioactivé waste disposal facility. -

Table 1 provides estimates of the time required for each
step i1nvolved in bringing the four types of facilities into
" operation. |

) Investors in nuclear facilities must make their

major financial commitments as the projects move from the
preliminary design stage to the licensing process; that it
is, at step 2 in table 1 on page 13. As indicated by the
estimates in this table, investors will be required to make
major commitments from 8 to 10 years before initial oper-
ation of a facility.

THE LMFBR PROGRAM

The two major lines of efiiart in ERDA's LMFBR program
are the development of the base technologies and the demon-
stration of these technologies in operating plants. At the
heart of the demonstration plant.-program is the successive
scale-up of facilities, from the current develupment stage
to the eventual size required for commercial operation.
Figure 3 on page 14 depicts the four LMFBR technologies and
the probable levels of scale-up required for each.

Reactor development

The first successful demonstration of a fast breeder
reactor was achieved by the Experimental Breeder Reactor I
(EBR-I) in 1951. EBR-I has since been replaced by EBR-II,
which continues to operate at the National Reactor Testing
Station in Idaho. A 60-MWe LMFBR, the Enrico Fermi Fast
Breeder Reactor, stopped operation in 1972,

The step from EBR-II to larger scale plants will be
bridged toc some extent by the Fast Flux Test Facility
(FFTF). This facility is -a-reactor without an associated
electricity generating plant but is equivalent in power
to about a 150-MWe plant. Latest estimates for initial
operation of FFTF are 1979.

12
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TABLE 1

Estimated Times for Each Step Required

- 7 to Build A Nuclear Facility- - -~ -~
Fuel
fabrication
{cores only) Plutonium wWaste
Reactors (note a) reprocessing disposal
~==~{months)-=-~= Seeememm————— -
Step 1:
Conceptual and preliminary
engineering desian 30 30 . 30 30 L
Step 2:

Licensing process in parallel
with detailed engineering

design 36 | . . 35 36 18

Step 3:
Construction- . 63 35 60 36

Step 4:
Nonnuclear checkout (cold runs} 12 12 12 i2

* Step 5:
Checkout and test (nuclear) _12 12 12 _12
Total (months) 153 125 150 128
== = — ===
Years 13 10 12 11

Assumptions in forming schedule estimates:

Step 1: Based on ERDA's estimates of the time reguired fo- conceptual design 2f the
Prototype Large Breeder Reactor (PLBR). the first mear-commercial-size
LMFBR.

Step 2: Based on LWR experience, This estimate also assumes that there will be
no delays arising from intervenors participating in the public hearing
process. :

Step 3: Construction time. for the reactors is based on LWR experience and ERDA's
estimates for the PLBR. For other facilities, estimates are based on
discussion with ERDA and NRC officials.

Steps 4  Based on discussions with ERDA and NRC officials regarding first-of-a-
and 5: kind nuclear facilities.

—-a/Blanket fabrication facilities are very similar td existing facilities and would
be subject to a licensing procedure much less stringent than procedures for other
LMFBR nuclear facilities ané could be completed in less schedule time than the
10 yvyears noted above. Only steps 2, 3, and 4 would appity to blanket fabrication
facilities and with reduced times--a total of 5 yvears should be adeguate for all
three steps.
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Present ERDA plans for testing and demonstrating )
reactor technolcgy are focused on two principal facilities:

~-The Clinch River Breeder Reacior (CRBR) is intended
to serve as the link between the technology develop-
ment phase and large-scale commercial use. The pro-
posed 380-MWe facility, which is to be built in Ten-
nessee, is now in the early design stage ana is
undergoing licensing review by NRC. Its latest
schedules call for initial criticality 1/ in 1983,

--The Prototype Large Breeder Reactor (PLBR) will
represent a near-commercial-size LMFBR. The reactor
is expected to be about 1,000 MWe, consisting of
commercial-size components. ERDA anticipates that
PLBR will be built by a group of utilities with
Federal technical support and a partial subsidy.
Just how utility support will be obtained and the
amount of Federal subsidy required is unclear. The
amount of this support could be as high as $1 bil-
lion. ERDA now estimates that initial operation of
PLBR will be in 1988.

.ERDA also envisages that a large breeder reactor.,
designated "Commercial Breeder Reactor-1" (CBR-1), will
begin operations in 1993. 1Its design would begin in 1983,
about 1 year after the construction permit for PLBR is
issued. According to ERDA, the designation CBR-1 implies
that the plant is the first LMFBR project initiated by re-
actor vendors and utilities. ERDA expects that successive
commercial plants would follow CBR-1, with some possibly re-
ceiving Government assistance, but evolving into a solely
commercial industry. The amount of Government assistance
that might be needed is highly uncertain. ERDA has estimated
that such amounts to bring the construction costs of CBR-I
and early commercial plants to parity with LWRs could be
about $3.6 billion, in 1977 dollars.

Fuel fabrication

The principal test facility for fuel fabrication will be
the High Performance Fuel Laboratory (HPFL), wnich is sched-
uled te-start construction in 1977 with initial operation -
in 1982. The HPFL will be located at the Hanford Engineer-
ing Development Laboratory in Washington. As a test facility

1/The state of a nuclear raactor when it is sustaining a
chain reaction. :

o
A
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on a Federal reservation, it will be exempt from NRC licens-
ing requirements, although ERDA intends to develop licensing
documentation.

The HPFL will not be a major production facility; it is
expected that it will only be able to produce mixed oxide
fuel at a rate of about 3 metric tons per year. Neverthe-
less, no plans exist at present for Government support of
larger size fabrication facilities.

Plutonium reprocessing

Current ERDA plans call for a pilot reprocessing
facility--the Hot Pilot Plant (HPP)--~to become opera-
tional in 1988. This plant will be built at Oak Ridge,
Tennessee, to be near the CRBR. The HPP is expected to
process from 30 to 75 metric tons of heavy metal per year.
ERDA anticipates that HPP could provide services for FFIF,
CRBR, PLBR, and the first commercial plant.

Just recently, ERDA included in its plans the construc-
tion of a large-scale demonstration plant in cooperation
with private industry. With an annual capacity of 1,500
metric tons, this plant is expected to meet the reprocessing
requirements of about the first 40 commercial reactors.
Although the facility is scheduled to begin operation some-
time between 1995 and 2000, no plans have yet been made for
the extent of industry involvement, the level of Federal
support, or the dates by which commitments will be made,

Radioactive waste disposal

Operation of a pilot radiocactive waste disposal facility
is planned for late 1983, probably at a site to be developed
in salt deposits in southeastern New Mexico. These deposits
are sufficiently large and deep to later accommodate mate-
rials from..LWRs, LMFBRs, and all nuclear facilities.

Up to six additional pilot facilities are planned for
operation between 1985 and 1991, Plans exist to expand
some of these pilot facilities to full-scale facilities to
accommodate the requirements of a commercial industry. All
waste disposal facilities will be Government=-owned, :

As part of a comgrehensive statement on nuclear policy,
the President, on October 28, 1976, directed ERDA to take
the necessary actions to speed up the program to demonstrate
all components of waste management technology by 1978, and
to demonstrate a complete repository by 1985. He also di-
rected that plans for the repository be submitted to NRC
for licensing to assure its safety and acceptability.

16



Radicactive waste management is common to both LWRs
and LMFBRs. It is expected that work on disposing LWR waste
will contribute to the LMFBR program. The LWR-oriented
work in waste management includes both waste processing
studies to provide the appropriate form for terminal stor-
age and to provide facilities for such storage. LMFBR
reprocessing development may include some specific waste
processing studies in preparing suitable waste forms, but
the terminal storage function of waste management is expected
to - be piloted and "commercialized" under the LWR program.

LMFBER PROGRAM IMPLICATIONS

Because of the length of time required to bring a facil~
ity into operation, scale-up for each of the four required
technologies should ideally proceed at roughly the same pace.
While fuel fabrication and reprocessing facilities need not
be operating as soon as reactors, they will be required from
1 to 5 years thereafter, respectively. (See app. I.)

Yet as the review of ERDA plans indicates, reactor
develcpment is projected through the prototype scale (1988),
while fuel fabrication is projected just through the pilot
stage (1982)., Only recently has ERDA made plans for develop-
ing a prototype roprocessing facility (1995-2000).

If private industry is to undertake the scale-up of fuel
fabrication facilities, they .will most likely want to wait
until the technology has been demonstrated at the pilot
stage before making investment commitments. Since it takes
approximately 10 years from initial design to plant opera-
tion, with the HPFL now scheduled for 1232, it might be
1992--4 years after the PLBR begins operation--before a
prototype fabrication faciltiy could be licenced, built,
and tested. Thus, demonstration of fuel fakrication
technology could lag behind reactor development several
years. .

By the same token, the planned operation of a demon-
stration reprocessing plant around 1995-2000 places it
nearly a decade behind the operation of PLBR, the compar-
able scale reactor.

Any plans for-commercialization must, therefore;-take

account of the fact that commercial introduction will most
likely be paced by fuel cycle technology availability.

17
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CHAPTER 4

ALTERNATIVE FUTURES FOR

COMMERCIALI:,. ___N OF LMFBR TECHNOLOGIES

Several goals for commercial introduction of LMFBRs
have been put forward in recent years. Recent ERDA plans
have indicated that the LMFBR is regarded as a long-range
technology which is not expected to make any major contri-
butions to national energy supply until the beginning of the
next century. Recent EPDA projections of total installed
LMFBR electric generating capacity in the year 2000 range
from about 30,000 MWe (expected forecast) to about 60,000

MWe (high forecast).

But is it possible to achieve either of these forecasts?
What, in fact, is realistic? To answer these guestions, GAO
developed three alternative scenarios for what commerciali-
zation might look like and what would be required to achieve
it. :

Our scenarios employ two basic assumptions. The first
is that 128 LMFBRs will become operational over an ll-year
introduction period. This is based on the following state-
ment by the Director of ERDA's Division of Reactor Research .
and Development before the Joint Committee on Atomic Energy
on March 11, 1975.

"The first breeder becomes operational in 1987,
and the aggregate capacity doubles annually
until about 1990, and every 2 years thereafter
until 1998."

Although we believe this growth rate may be unrealistic,
it is the only official ERDA statement we found which outlines
the timing and rate of commercial LMFBR introduction. As
such, it is used here merels as a benchmark against which
alternative plans can be assessed. rather than as a reflection
of current ERDA plans.

Our second basic assumption is that 8 to 10 years will
be required from the time of major financial commitment_by _ .
utilities and other private investors to actual operation
of commercial facilities. Although we believe that most
utilities will not make large financial commitments until
the United States has gained 2 or 3 years of operating
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experience in demonstration or prototype plants, we assume
in our scenarios that some utilities would be willing to
make these commitments to the first few commercial U.S.
LMFBRs before this operating experience is achieved: We
believe these commitments might be made based on FFTF and
CRBR construction and operating experience, general ex-
perience gained in the U.S. LMFBR research and development
program, and operating experience gained from foreign LMFBRs.

Figure 4 summarizes our scenarios for commercial LMFBR
introduction.

ERDA MARCH 1975 SCENARIO

According to this scenario, which is based on the ERDA
March 1975 schedule, the first breeder becomes coperational
in 1987 and proliferation continues until 1998, when 128
LMFBRs are in operation. Implicit in this scenario is the
assumption that investors will make commitments on the order
of billions of dollars during the 5- to 6-year period--from
1679-1980 to 1986--before the CRBR has demonstrated its
reliability under routine operating conditions. Meeting
this schedule will also require that 91 LMFBRs be in either
the final design and licensing stage or actually under con-
struction by 1987, even before the first prototype breeder
reactor is scheduled to begin operation.

GAO OPTIMISTIC SCENARIO

This scenario also assumes an introductory phase of
11 years, with the same rate of introduction as in the ERDA
March 1975 scenario. 1t assumes that most financial com-
mitments will not be made until 1986 when the ERDA Adminis-
trator makes his commercialization decision, about 3 years
after initial operation of CRBR. However, the scenaric as-
sumes that some utilities will be willing to make commit-
ments to the first few commercial LMFBRs in 1984. We be-
lieve these commitments might be made based on FFTF operat-
ing experience, CRBR construction experience, general ex-
perience gained in the U.S. LMFBR research and develop-
ment program, and operating experience gained from foreign
LMFBRs. The introductory phase therefore spans 1994 to

2005, resulting in 32 LMFBRS in place by 2001. Only 8 to T

12 LMFBRs would be committed or in various stages of com-
pletion by 1988, when the PLBR is expected to become
operational.

This scenario assumes that, by analogy with LWRs,

utilities may invest early in preliminary plant designs,
site surveys, draft preliminary environmental impact
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statements, and safety analysis reports but that most will
delav making firm commitments for commercial LMFBRs until
about 3 years after the start of CRBR operation. This is
likely to be the minimum demonstration period which most
utilities will require before they will commit to buy the
first commorc1a1 models. .

This scenario is not inconsistent with ERDA's recent
RD&D plans which anticipate that LMFBR's contributicn to
national energy supply will be in the long term, or beyond
the year 2000.

Recent ERDA projections forecast 30,000 WMe to 60,000
MWe of LMFBR capacity in the year 2000. With commercial-
size reactors of 2,000 MWe capacity, the high forecast
would amount to 30 LMFBRs in the year 2000. This is close
to the GAO Optimistic Scenario which reaches 32 LMFBRs in
2001.

GAO CONSERVATIVE SCENARIO .

The rate of introduction is assumed to be the same as
the other two scenarios. However, the ll-year introductory
phase spans 1998 to 2009, resulting in about four to six
LMFBRs in commercial operation by the year 2000.

This estimate for the period of introduction is based
on the assumption that most utilities will wait to make firm
commitments until 1990. This is 2 years after the PLBkK is
expected to begin operation--that is, after routine opera-
tior and licensability on a near-commercial scale have
been clearly demonstrated. However, the schedule assumes
that some utilities will be willing to make commitments to
the first few commercial LMFBRs in 1988. We believe these
commitments might be made based on FFTF and CRBR operating
experience, PLBR construction experience, general experience
gained in the U.S. LMFBR research znd develoupment program,
and cperating experience gained f.om foreign LMFBRs.

This scenario also assumes that most utilities will be
cautiocus about making commitments to the LMFBR until suc-
cessful demonstration of plutonium reprocessing technology
by- HPP, fuel fabrication technolog¥ by HPFL, and waste
disposal technology.

SCHECULES REQUIRED TO MEET
THE THREE SCENARIOS

To meet the target dates for commercialization speci-
fied by each scenario would require the timely development
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of the reactor and fuel cycle technologies. To assess the
likelihood of achieving the goals of each scenario, we
developed a master schedule which ties together the dates
by which each required facility, at each level of scale-up,
must be operating. This schedule is presented in table 2.

The dates listed under each scenario are all related to
that scenario's assumption of when commercial introduction is
likely to begin. For example, according to the ERDA March
1975 Scenario,. the first commercial breeder powerplant be-
comes operational in 1987. This implies the first commercial-
size core fuel fabrication facility must be in operation by
1988, the first commerical-size plutonium reprocessing fa-
cility by 1992, and the first waste disposal facility of
a size needed to accommodate a commercial industry by
1989. 1/ '

The number of required support facilities listed in the
table is based on an introductory group of 128 reactors. While
this number may ultimately be lowered tc conform with ERDA's
revised estimate of anticipated LMPFBR output, the following
sets of relationships will probably always pertain.

--One fuel fabrication plant with an annual capacity of
200 metric tons {MT) can provide relcad fuel for 11
2,000 MWe reactors. This assumes that each reactor
will use 18 MT of fuel a year.

--One 1,500 MT reprocessing facility can provide serv-
ices for approximately 40 reactors. This ratio
anticipated that each reactor will annually release -
38 MT of uranium and plutonium for reprocessing.

Table 2 also contains the dates by which commitments to
construct each facility are needed. This analysis assumes
that tne necessary length of time required from the begin-
ning of the licensing and final design to inicial operation
(steps 2 through 5 from table 1 on p. 13) are: 10 years
for reactors, 8 years for core fuel fabrication facilities,
5 years for blancet material fabrication facilities, 10
years for plutonium reprocessing facilities, and 8 years
for radicactive waste disposal facilities.

—-——

1/This assumptions in fccming the required dates of operation
for support facilities are presented in appendix I.
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TABLE 2
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RESULTS OF SCENARIO ANALYSIS

A review of the schedule suggests that commercialization
could most likely occur on a small scale only by the year
2000.

More specifically, the ERDA March 1975 Scenario is
clearly not likely to be met. With the PLBR now scheduled
for initial operation in 1988, it is difficult to imagine
that commercial reactors will start to come cn-line in
the preceding year.

Several other milestone dates have also passed, and
cthers have no margin for delay. Most notably, development
of fuel fabrication facilities is behind reactor devezlopment.
The HPFL, which is planneé for operation in 1982, would have
had to have been operating in 1974 for the ensuing scale-ups
to be developed in time for operation of the first commercial
fuel fabrication facility by 1988. 1In addition, a demonstra-
tion fuel fabrication facility--for which ERDA currently has
no plans--would also have to be in the final design and
licensing stage now.

Similarly, the HPP would need to be under construction
now for a commercial plutonium reprocessing facility to be
coperational by 1992, But, as shown in table 2, HPP operation
is not even planned until 1988.

As for waste disposal facilities to meet LMFBR needs, a
pilot plant should be operating by 1984 for the first disposal
facility to be vperational by 1989. The first ¢f up to
seven pilot plants is scheduled for operation in late 1983
or 1 year before it would be needed under this scenario.

The GAO Optimistic Scenario, which most closely approxi-
mates current ERDA projections, could only be met if the
RD&D for fuel fabrication and plutonium reprocessing tech-
nologies were accelerated and Government participation ex-
tended into the early stages of commercial operation.

.If utilities are to make large-scale commitments to
LMFBRs scheduled for operation in 1994 and later, they will
have to be assured by the mid-1980s that fuel fabrication
plants will be operating by the dates shown in table 2.
Satisfactory operation of the first demonstration plant by
that time could probably provide that assurance,; but this
appears impossible, since such a plant is not even plannsad
and the HPFL is only planned to begin operation in 1982.
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These considerations suggest that if the fuel fabrication
facilities are to be operating in time for the reactors, a
major part of their financing will have to be assumed by the
Federal Government for the demonstration and first few
commercial-size plants.

Similarly commitments to the construction of the first
commercial reprocessing facility have to be made by the late
1980s to have that plant operating by 1999, when needed. 1If
ERDA and private industry decide to make a commitment to
build a demonstration reprocessing facility by then, the
plant could be in operation on time. But this would leave
no slack time in the RD&D schedule for plutonium reprocess-
ing.

Here ayain, it seems likely that Government participa-
tion would be required in the early stages of commercial re-
processing operation to guarantee the availability of fuel
cycle facilities when they are needed. This prospect is
underscored by the experience of the LWR industry, which
still has no complete reprocessing facilities in operation
after more than 15 years of operation. 1/ By comparison,
this scenario calls for a first full-scale reprocessing
plant afte: only 5 years of LMFBR opegation. '

Regarding waste disposal facilities, operation of the
first of up to seven pilot plants is currently scheduled
for 1983, which ic well before the 1991 date required to
have a disposal facility ready by 1996 when it would be
needed to meet LMFBR reguirements.

The GAO Conservative Scenario, by recognizing the
amount of time required for development of fuel cycle tech-
nologies, represents the most likely degree of commerciali-
zation to occur by the year 2000.

Under this scenario, commitment to constructing the
first demonstration fuel fabrication plant would not have
to be made until 1984, 2 years after the HPFL is scheduled
to begin operation. Commitments to the first commercial-
size reprocessing plant would not have to be made until
the early 1990s, which_allows leeway for. some delays en-
countered in technical and licensing performance. Commit-
ment for the first waste disposal facility needed to meet
LMFBR requirements would not have to be made until 1997.

1/See appendix I for a discussion of plutonium recycling in
LWRs.

25



But even to achieve the level of commercialization
envisioned in this scenario would require that RD&D for
fuel cycle technologies run ¢n a schedule parallel to
reactor development. Thus, if any degree of LMFBR com-

mercialization is to occur before the end of this century,

RDaD for fuel cycle technologies, in particular, fuel
fabrication, and reprocessing, will have to be accelerated.
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CHAPTER 5

CONSTRAINTS ON COMMERCIALIZATION: TECHNICAL,

FINANCIAL, SCHEDULING, AND INSTITUTIONAL

While previous chapters have suggested how one might
plan for the commercialization of LMFBRs, there aevertheless
remains a host of uncertainties which will require resolution
if the results of that planning effort are to be successful.
Assuming that problems of safety, safeguards, and environ-
mental effects can be reduced or eliminated, there still
remain technical, financial, scheduling, and institutional.
problems which have to be identified.

TECHNICAL UNCERTAINTIES

Plutonium reprocessing

Reprocessing plutonium is vital to the success of LMFBR.
According to ERDA, LMFBR will not be viable without it. Yet
reprocessing plutonium generated by an LMFBR is an as-yet
undemonstrated technology; it has not been developed and
demonstrated on even a pilot scale. Although there has been
some experience with LWR plutonium reprocessing facilities,
these are not interchangeable with LMFBR facilities due to
higher concentrations of plutonium in LMFBR fuel.

Furthermore, serious guestions regarding the safety,
environmental, and safequard effects of plutonium recycle
for LWRs are still being considered by NRC. These questions
are expected to be resolved in 1977. Any difficulties experi-
enced in licensing LWR facilities will contribute to a greater
sense of caution by private sector investors.

Of potentially greater importance, however, would be a
finding by NRC that safety, environmental, or safeguard
problems associated with plutonium recycle in LWRs cannot be
resolved. Such a decision probably would preclude plutonium
reprocessing for the LMFBR, since the safety, environmental,
and safeguard problems are essentially the same for both LWRs
and LMFBRs.

Although not specifically directed toward LMFBR, the
Pr2sident's recent actions cast doubts as to the future of
nuclear fuel reprocessing. This, in our view, also creates
doubts as to whether the LMFBR will become a viable energy
source because reprocessing is an indispensable prerequisite
for LMFBR commercialization. 1In an Oclober 28, 1976, state-
ment on nuclear policy, the President concluded that
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"the reprocessing and recycling of plutonium

should not proceed unless there is sound reason

to conclude that the world community can effec- .
tively overcome the associated risks of proli-
feration."”

He further stated that

"the United States should no longer regard

reprocessing of nuclear fuel to produce plutonium

as a necessary and inevitable step in the nuclear

fuel cycle, and that we should pursue reprocessing %
and recycling in the future only if they are found

to be consistent with our international objectives.”

The President directed agencies of the executive branch to
implement his decision to delay commercialization of reprocess-
ing activities in the United States until uncertainties are
resolved. ERDA was directed to (1) change its policies and
programs which were based on the assumption that reprocessing
would proceed and (2) undertake a reprocessing and recycling
evaluation program consistent with meeting our international
objectives of strengthening nonproliferation measures.

Scale-up

Scale-up of LMFBR technologies from the current engi-
neering scale development level with individual components
to the eventual commercial-size facilities entails large un-
certainties, ‘

Design studies, mathematical simulations, and tests of -
parts of the larger system may aid in predicting large-scale
performance, but they cannot be certain of anticipating
changes that arise because of the scale change.

Each scale-up increment subjects materials and designs
to significantly different conditions. Failure at any of
the levels by any of the four types of facilities can poten-
tially jeopardize the development of the entire industry,
since each increment of each facility is vital to commercial
success.

Alternative plant concepts

The development of alternative plant concepts has been
virtually eliminated from the LMFBR program. High technology
RD&D programs have become increasingly costly. To reduce
overall costs, the LMFBR program was substantially revised
in 1974 by eliminating plans for multiple demonstration
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plants. Thus, it will not contain an important aspect which
the LWR program opted for--the provisions of several develop~-
mental models of different types, the pressurized water
reactor, and the boiling water reactor.

The advantage of developing alternative concepts is that
it allows a larger sample of operating experience, as well
as offering some insurance against the possibility that a
single failure in one version of the product will not neces-
sarily disrupt or even terminate the program.
The LMFBR program has only two developmental models:
The CRBR and the PLBR, both of which are loop-type reactors.
Delays for any reason in either of these two facilities can
potentially jeopardize private sector commitments to LMFBR
commercialization until the difficulties are clearly resolved,

Doubling time

In the long run doubling time 1/ is a principal factor
which will determine the economics of widespread LMFBR com-
mercialization. Reliable and precise estimates of doubling
time require actual operating experience of both reactors and
reprocessing facilities. ERDA expects that, by the late
1980s, the experience gained by CRBR and HPP will furnish
fairly reliable estimates of doubling times for initial LMFBR
fuels. In the long run shorter doubling times are expected
to be achieved with advanced fuels, which are to be tested
beginning in the 1980s, with reliable estimates of doubling
time available in the 1990s.

FINANCIAL UNCERTAINTIES

Each of our three scenarios call for 128 2,000 MWe
LMFBRs becoming operational over an ll-year periocd. We esti-
mate that the total capital costs for these plants and sup-
porting facilities would be high--about $150 billion, meas-
sured in 1974 dollars. This includes about $141 billion for
building the PLBR and 128 commercial reactors. Remaining
costs for LMFBR commercialization would include about $3.4
billion for fuel fabrication facilities, about $4.5 billion
for plutonium reprocessing plants, and about $1 billion
for radioactive waste disposal facilities. (See table 3.)

1/The time required for a breeder reactor to produce as
much fissionable material {(plutonium) as the amount
normally -contained in its core, plus the amount tied up
in its fuel cycle, and thus be able to support the opera-
tion of an additional reactor of the same kind.
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N TABLE 3

Costs of Commercializing the LMFBR

- No. of
units Lost per 1lotal
Capacity needed unit cost
{sxllions) (billions) -
REACTORS

PLBR 1,000+Mwe 1 $2,000 $ 2.00

First Commercial 2,000+MWe 1 1.200 1.20

Addn'l Commercial 2,000+MWe. _ 127 At decreas~

iny rate for

13 years when

cest will be

$1 oi1llion 137.60

sT40.80

FULL FABRICATION
Core
" HPFL 3 MT/yr 1 60 S .08

Demo Flant 75 MT/yr 1 75 .08

First Commercial 200 MT/yr - 1 200 .20

Second Commerclal 200 MT/yr 1 200 .20

Agdn'}l Commercial 200 MT/yr 12 060 - 2.40

Blanxet Material
First Jommercial 400 MT/yr 1 10 .01
Addn'l Commercial 400 MT/yr 10 10 .10
Transportation
TTI3 special security 1.664 .20 .33
trailer per -
tractor year:;
one tractor is 416 .045 =02
needed per four 53730
tratlers
REFRUCESSING PLANTS

HPP 30-75 Misyre 1 3uG 5 .30

First Commercial 1,500 MT/yr 1 750 .75

Second Commercial 1.500 MT/yr 1 7506 .35

Third Comrmercial 1,500 MT/yr L %0 .75

Transportation 1 MT of nheavy i.290 1.5 1,92

Shielded Security metal per car; $4.4
10 cars rer
reactors per
year

AIGH-LEVEL RADIVACIIVE
WASTE DISPOSAL FACILI-
TIES
P1lot 152 cubtc teet 1 laud 3 1o
First maste of high level
Disposal Facilaity waste per reac- 3 160 .3
tor per year; ) -

Canisters 6.25 cubic fest o237
of waste per 106,345 L8553 s TG
canister :

Total >149.64
ASSUMFTIONS

1. Costs for PLBR are the same as ERDA's estimate of CRBR costs {Rkelerence statement ot
Thomas A. Nemzek, Dtrector of Reactor Researcnh and Development, LEDA, cetore the Joint
Committee on Atorlc Energy, ERDA Authorization Hearinas for ¥ 1977, Fedruary 4. 1976.)
Z. Costs tor commerclal LMFBR's are hased on capital costs for LwR's;with-an assumed cost - -
differential of S130 per kilowatt in the first year of LMFBik commercial tntroductian,
decreasing linearly to zero over 15 years.
3. All ~ther costs are based on best estimates uf IRDA officials.
~UTES
i. All costs are in 1974 Zollars.

2. The cost for the reactors, fabrication plants and reprocess:izqa plants are capitalization
costs. Some of the costs for waste disposal ray be cons.dered operating expenses., although
the canister costs ara intended to amortize the costs of a waste aisposal facility.

Mwe = Tetawatt electric
MT = metric ton
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. Comparable capital costs for building the same number
and same size coal plants and LWRs would be about $95 bil-
lion and about $128 billion, respectively. 1/ As dis-
cussed on pages 4 and 5, the LMFBR could retain an econo-
‘mic advantage because it promises comparatively lower operat-
ing costs due to its ability to produce more fuel than it
consumes. .

The cost of commercial introduction may pose a formidable
barrier to electric utilities for a number of reasons. In-
vestors are analyzing capital intensiveness more closely as a
measure of risk, returp on investment, and corporate profit in
the larger context of alternative means of providing the same
services to the public, as well as alternative opportunities
for investment,

Furthermore, bond ratings of electric utilities are
. declining. Between 1965 and 1974, 21 utilities were upgraded
while at least 59 were downgraded, in part, because the utili-
ties have not been allowed by their regulatory bodies to in-
clude all their costs in their rate base. Downgrading in-
creases difficulty in attracting investment capital, especially
on favorable terms.

SCHEDULING UNCERTAINTIES

Successful commercialization at the least cost requires
a series of carefully planned activities integrated over at
least 10 and perhaps as many as 25 years. However, scheduling
#gthese activities poses a number of problems because:

--The information on which to base a realistic schedule
is imprecise. For example, while electricity growth
has slowed recently, it may be some time before cur-
rent economic and social indicators can be understood
well enough to serve as reliable bases for estimating
future electricity needs.

--The nuclear facility licensing process requires
planning and cooperation more comprehensive and de-
finitive than has even been required before. For a
“first-of-a-kind" facility, it is difficult to pre-
dict with precision how long this process will take.

1/Total LWR capital cost is $1 billion (1974 dollars) for
each 2,000 MWe plant, including interest during construc-
tion. Capital cost for each 2,000 MWe coal-fired plant
(with SO2 control) is $744 million, alsc including inter-
est during construction.
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Appendix II contains a discussion of the nuclear
facility licensing process.

--Delays in closing the LWR fuel cycle hold significant
implications for the timely commercialization of the
LMFBR., Essentially all the fuel ever used in LWRs
is still in storage at reactor sites. Additional
storage facilities are critically needed. However,
nuclear opponents may use the public hearing mechan’sm
that is a part of the licensing process to challenge
further construction.

--The uncertain availability of uranium supplies has,
in part, been responsible for numerous cancellations,
deferrals, and lack of orders for LWRs in 1975.

As of January 1976, the average price of uranium that
was under contract for 1980 delivery was about $14 per pound.
By mid-1976 the market price had climbed to $40 or more per
pound for 1980 delivery. Increased mining and milling costs.
along with rising demands, could drive future prices even
higher. .

Present enrichment facilities will be limited in capacity
to supplying fuel for LWRs constructed by 1984. Although Fed-
eral legislation to develop a private enrichment industry has
been proposed, LWRs coming on line after 1984 presently have
no assurance of obtaining fuel.

INSTITUTIONAL UNCERTAINTIES

The institutional considerations for commercializing the
LMFBR are essentially the same for commercializing any new
energy technology, with the exception of the licensing re-
quirement. Establishing an ongoing LMFBR industry would re-
quire the adaptation of existing institutional mechanisms and
the creation of some new ones.

To accomplish this, however, a diversity of intercsts
must be reconciled and resolved. Since successful commer-
cialization is contingent upon the establishment of an inte-
grated timetable for all necessary technologies, the timely
support of these diverse interests at all levels of scale-up
is essential,

The difficulties that this will pose may be more
formidable than resolving technical problems. The number
of groups with some responsibility for energy policymaking
at the Federal level alone serves to illustrate:
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--A December 1975 tally of the congressional ccmmittees
with energy policymeking responsibility revealed that
33 committees, 65 subcomittees, and one panel claim
some jurisdication over ERDA. Four committees serve
a legislative, oversight or appropriations role to the
LMFBR program, while 29 other committees and subcom-
mittees share an interest in the development of energy
technologies.

--According to the most recent ERDA plan, 29 different
Federal agencies share responsibility for recommending
comprehensive national energy policy.

Within the private sector, important concerns must be
addressed: .

--Electric utilities will want assurance of a fuel supply
and reliability of operational performance for the life
of the facility, typically 30 to 40 years.

--With increasing competition for capital, the financial
investment community will require confidence that
LMFBR is a demonstraved and licensable technology.

--Hardware manufacturers need assurances that the market
for a new product is sufficient to justify the invest-

ment required to produce it. T T

-=-Citizen groups have let it be known that concerns
about the safety of nuclear powerplants must be
satisfactorily addressed before public confidence
and acceptance can be gained.

~--State public utility commissions will require suf- .
ficient assurance of the need for the LMFBR facility
and for both capital and operating costs to minimize
uncertainties affecting rates charged to consumers
over the life of the facilities,

Clarifying the roles that each must play in effecting
the commercialization of LMFBR--and indeed in determining
whether it is to occur--will be a major aspect of planning
for a commercial LMFBR industry in the United States.
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- CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

A July 1975 GAO report concluded that the LMFBR
program should be recognized as a research and development : )
program that has yet to demonstrate that commercial-size -
LMFBRs can be operated economically, reliably, and safely.
Not until some point in the future, that report continued,
need - firm decision be made about whether LMFBR will be a
major source of electrical energy in the United States.
Subseguent to the repnrt, the ERDA Administrator determined
that a continued strcng research effort would provide suffi-
cient data by 1986 to enable him to make a determination on
the acceptability of widespread commercial deployment of
LMFBRs. T

In the intervening years, however, decisionmakers
need to focus attention on ‘the total infrastructure required
for a commercial LMFBR industry. Management and planning
efforts are needed to bring about an orderly transition
from research and development to commercialization of LMFBR
technology.

Since commercialization implies that the Federal Gov-
ernment will not be the consumer and operator of the: products
of its own RD&D program for LMFBR, private sector support is
essential. Obtaining private sector support will be diffi-
cuit, however, because of current uncertainties centering on
future demand for electricity,- the ultimate cost of power
from commercial LMFBR powerplants, availability of capital,
and the entire future of the nuclear option.

If this support is to be earned, utilities and other
private in‘estors will need assurance that LMFBR and all
necessary support technologies are capable of reliable and
economic performance and are licensable.

"For a routinely functioning LMFBR industry, these
support technolcgies would include fuel fabrication, plutonium
reprocessing, and radioactive waste disposal. Until recently, . -
the LMFBR program, however, has placed greatest emphasis on
reactnr development. No plans currently exist for Govern-
ment participation in the demonstration of fuel fabrica-
tion facilities beyond the pilot stage. Only recently have
plans been made for Government support ot a large-scale re-
processing facility. Plans exist for pilot waste disposal
facilities which can be expanded to full scale to accommodate
the requirements of a commercial industry.
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Because of the long leadtime decisions inherent in
commercialization, investors will also need to know well in
advance of commitments when they can expect all required
technologies to be available -for commercial implementation.

Three different scenarios for commercialization were
developed to provide some perspective to these issues. We
recognize other scenarios are possible., Hcwever, we believe
our analysis provides a reasonable picture of what could be
expected with respect to LMFBR commercialization. On the
basis of this analysis, we believe the following general con-
clusions are warranted.

--I1f basic uncertainties of safety, safeguards, and
environmental effects are resolved early and forth-
rightly, the start of commercialization of LMFBR
by the mid-1990s is feasible. This can be achieved,
however, only through an integrated approach to the
development of four required technologies: reactor,
fuel fabrication, plutonium reprocessing, and radio-
active waste disposal.

--1990 may be the earliest time by which licensability -
- and routine performance can be demonstrated for all.
four required technclogies. Major private investment
commitments are not likely to be forthcoming until
both routine performance and licensability have
been demonstrated.

~-The GAO Conservative Scenario, by recognizing the
amount of time required for development of fuel cycle
technologies, renresents the most likely degree of
commercialization to occur by the year 2000, with
four to six LMFBRs in commercial operation. This
scenario assumes that most utilities will be cautious
about making commitments to LMFBRs until after a near-
commercial scale LMFBR has been operated and licensed
and until successful demonstration of plutonium re-
processing technology, fuel fabrication technology,
and waste disposal technology.

--Additional funding for the LMFBR.program is not likely
to hasten the initial commercial availability of -
LMFBR reactor technology. However, early develop-
ment of program plans and increased commitment of
resources could accelerate by 1 or 2 years the re-
search, development, and demonstration of the three
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supporting fuel cycle technologies requir2d for
LMFBR commercialization, with a similar affect on
the pace of introducing LMFBRs into the Nation's
energy system.

RECOMMENDATIONS

In the decade remaining before a firm decision needs to
be made about the Nation's future commitment to LMFBR as a
central station power source, we recommend that the Admin-
istrator of ERDA take the following actions:

~=Fully develop a management and planning framework
which integrates the RD&D for the four key techno-
logies--reactor, fuel fabrication, plutonium re-
processing, and radioactive waste disposal--needed
for a commercial LMFBR industry. Such an approach
should relate the required levels of scale-up for
each demonstration facility to the same schedule.
Integrating the RD&D for these technologies is es-
sential, since all technologies must demonstrate
routine performance for LMFBR to be commercially
acceptable on a broad basis.

--Because of the priority of the LMFBR program and
its controversial nature, review--within the inte-
grated management and planning framework--and report
annually to the Congress on an integrated basis the
status of the development of all technologies needed
_for an LMFBR industry.

-=-In the annual report toc the Congress, discuss the im-
plications of the findings on the relationship of these
technologies to other energy RD&D programs, in terms
of the budgetary cost and other priorities.

--Develop, where applicable, similar integrated manage-
ment and planning approaches for other energy RD&D pro-
grams which tave as their goal commercial acceptability.
These approaches should consider the total range of
technological development and institutional acceptance
required to bring about a commercial industrial infra-
structure. —

AGENCY COMMENTS

‘ERDA and NRC commented on this report. We considered
their comments in completing this report. W¥e believe there
are no residual differences in fact,
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In its comments, ERDA noted that the report was cocrrect
in pointing out that closing the LMFBR fuel cycle expedi-
tiously is a critical de.erminant to the overall success
of the LMFBR program and that internal program reviews had
come to the same conclusion. ERDA stated it is undertzking
efforts to provide a more integrated approach toc each gart
of the program. ERDA further stated that the current
LMFBR program plan now takes into account .aore fully the
timing and rate of intrcduction of commercial fuel cycle
facilities, with the goal of commercializing all parts of
the LMFBR fuel cycle.

ERDA also pointed out that many of the schedules and
plans referenced in the report are now out of date :tut that
the major recommendations are still well taken. (See
app. III.) o

We note that recent program documentation does take
into account more fully the LMFBR fuel cycle, in particular
fuel fabrication and fuel reprocessing. We believe this is
a step in the right direction and will closely watch these
new planning and implementing activities.
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APPENDIX 1 APPENDIX I

THE LMFBR FUEL CYCLE

BACKGROUND

In Ehe‘ihtfdductory vears of operation, the plutonium to

fuel LMFBRs is expected to come from the recycle of spent -

fuel from light water reactors. The experience of the
LWR industry in plutonium recycle therefore holds important
implications for an LMFBR industry.

Plutonium recycling for light water reactors

Plutonium recycling could reduce the fuel regquirements
of the LWR industry by 25 to 30 percent, thereby decreasing
the need for uranium mining and milling and for uranium
enrichment, a process that consumes extremely large amounts
of electricity. . Since the nuclear electric industry began
in 196C, however, only one civilian LWR fuel reprocessing
plant has been in operation. That plant, Nuclear Fuel Ser-
vices (NFS) of West Valley, New York, was closed for remodel-
ing after only a few years of intermittent operation. A sec-
ond civilian plant, built by General Electric at Morris, Ill-
inois, was never able to start operating p:operly and has
ncw been abandoned, with some of its facilities converted
for storage of unprocessed spent fuel. A third installation
for reprocessing uranium only from LWRs is bzing built by
Allied-General Nuaclear Services (AGNS) in Barnwell, South
Carolina. Another reprocessing plant has also been proposed
by the Exxon Nuclear Company on a site near QOak Ridge, Ten-
nessee. At present, no complete reprocessing installations
are operating in the United States.

The LWR industry did not anticipate this lack of re-
processing facilities and the ensuing need for storage of
large amounts of unprocessed and highly radioactive spent
fuel. In some cases, powerplants.have been faced with shut-
downs because remaining space in storage basins is needed for
emergency removal of fuel from the reactor. Constructing
additional spent fuel storage capacity, which also requires
NRC licensing, results in additional costs for LWR power,
instead of the anticipated credits accruing from the value —
of plutonium in spent fuel.

Government participation in commercial fuel reprocessing
was not thought necessary in the early 1960s, when it was
assumed that industry would successfully develop reprocessing
facilities as they became necessary. Recognizing the current
problems of the industry, ERDA has now established the LWR
Fuel Cycle Branch in the recently reorganized Division of
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APPENDIX I APPENDIX I

Nuclear Fuel Cycle and Production to assist in commercial-
izing of LWR fuel reprocessing.

The diagram below represents the required configuration
of facilities for reprocessing spent fuel.

SPENT FUEL REPROCESSING

URANIUM HEXAFLUORIDE
URANIUM NITRATE CONVERSION = UF, TO ENRICHMENT
SOLUTION PLANT .

— PLUTONIUM OXIDE
SPENT FUEL | SgPARATION |PLUTONIUM NITRATE COMVERSION [~ Pu0, T0 —amf FABRICATION
- - PLANT [ soiuTiow PLANT
1’ LiQuip
SOLID WASTE RADIOACTIVE WASTE SOLIDIFICATION | SOLIDIFIED DISPOSAL
{fuel, cladding etrc.) SOLUTION PLANT WASTE TO

The installation which most closely approximates this is
the AGNS plant. That installation has a fuel separation
plant and a uranium hexaflouride plant ready for licensing.
The design of an LWR plutonium reprocessing facility to be
collocated with the uranium reprocessing facility at Barnwell
is about 30 percent complete.

NRC officials told us that the earliest date by which
existing AGNS facilties could be licensed to operate is
mid-1978. NRC officials also estimate that the NFS install-
ation could be licensed to resume reprocessing operations
by 1979 at the earliest. 1/

But even if LWR fuel reprocessing begins operation at
the earliest date now considered likely, further questions
on safety, safequards, and environmental effects must be re-
solved before the plutonium from that fuel could be recycled.

In August 1974 the Atomic Energy Commission (AEC)(pred-
ecessor to NRC) issued a draft Generic Environmental Statement
on Mixed-Oxide Fuel (GESMO). After receiving extensive com-
ments on the draft, NRC directed its staff to prepare a

L S G p—

1/In September 1976 Nuclear Fuel Services announced it was
no longer reprocessing spent reactor fuel and was abandon-
ing its West Valley reprocessing plant.
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-partial final GESMO on health, safety, and environmental

matters. This document was issued on August 31, 1976. NRC
staff members were also asked to prepare a supplemental en-
vironmental statement and to propose interim reguiations

for safequards to prevent improper plutonium diversion.

This is a very serious matter, since plutonium, unlike the
slightly enriched uranium used as LWR fuel, can be made

into nuclear weapons. A draft environmental statement on
safequard matters, supplementing the final statement on
health, safety, and environmental matters, is scheduled to be
issued for public comment at the end of November 1976.

Proposed regulations authorizing the use of mixed-
oxide fuel in LWRs have been issued. However, a final deci-
sion on whether to implement the rules will not be made until
issuance of the final safeguards supplement to GESMO, currently
scheduled for early 1977. Uncertainty about this decision has
apparently restrained the industry from building or even de-
signing plutenium conversion plants. It would, therefore, be
some years after the GESMO decision before any commercial
plutonium recycling could occur.

MATERIALS AND FACILITIES REQUIRED
FOR THE LMFBR FUEL CYCLE

Plutonium requirements and supply

Each commercial-size (2,000 MWe) LMFBR will have a core
containing 40 metric tons (MT) of heavy metal (uranium and
plutonium), of which 4 MT, or 10 percent, will be plutonium. 1/
This will be surrounded by a blanket of some 80 MT of uranium.

Fabrication of fuel for each new core would begin 2
years in advance of reactor operation, requiring 800 kilo-
grams (0.8 MT) of plutonium in the first year and the remain-
ing 3.2 MT in the year before the reactor begins operation.
In each year of reactor operation, some core fuel and blanket
material will be removed and sent for reprocessing. The re-
placement core fuel each year would amount to 18 MT of heavy
metal, including 1.8 MT of plutonium; 20 MT of uranium blanket
would also be replaced annually.

If one takes as a basis the timing and rate of commer-
cial LMFBR introduction envisioned by the GAO Optimistic
Scenario, the amount of plutonium required each year for

1/ Quantities of material in reactors were derived by
averaging estimates submitted to ERDA by two potential
commercial manufacturers.
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commerical LMIBR operation can readily be determined. (Al-
though three scenarios were developed for this report, the
GAQ Optimistic Scenario is singled out here because it
closely parallels current ERDA projections. O0f course, this
same analysis can be applied to any alternative scenario
simply by substituting the start date for introduction and
making all other necessary time adjustments.)

Table I-1, lines 4 through g, itemizes the quantities
of plutonium ;equlred to fuel the 128 reactors ant1c1pated
over the period of commercial introduction specified in the
GAO Optimistic Scenario. The total amount of plutonium
required each year, adding that in reactors to the amount
proceeding through fabrication plants is shown in line h
of the table. Line i shows the amounts of plutonium expected
to be available from LWR recycle to meet LMFBR requirement.. 1/

Comparing the amounts of plutonium shown in lines h
and i reveals that the LMFBR plutonium requirements in the
introductory years can be met with plutonium recyclied from
LWRs-~-if all required LMFBR fuel cycle facilities are oper-
ating by the time they are needed.

For example, line h shows that, in the year 2000 when
24 LMFBRs will be operating, a total of 175.2 MT of plutonium
will be required, of which 96 MT will be required for reactors
(line d) and 79.2 MT for fuel fabrication. Line i shows
that 370.2 MT of plutonium will be available from LWRs to
meet this requirement.

Fuel fabrication .

LMFBR fuel, a mixed-oxide of about 10 percent plutonium
oxide and 90 percent uranium-oxide, has been manufactured com-
mercially on a small scale for the Fast Flux Test Facility in
two small plants with capacities of a few metric tons of

1/In a February 1975 update of WASH-1139 (74), ERDA projected
the future of the nuclear electric industry to the year
2000 under four different-sets of growth assumptions.

"The "Moderate Growth-Low" projections in that report also
correspond te the rate of overall nuclear electric growth
envisioned 1n ERDA's Intensive Electrification Scenario
(ERDA-48). On the basis of these projections; line i re-
flects the difference between the total amounts of plutonium
to be produced in LWRs, less that to be recycled tc LWRs
and other uses.
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heavy metal each year. These plants have been supplied with
plutonium of relatively low radiocactivity, however, and coulc
not cperate routinely with the more radioactive reactor

grade plutonium. 1/ Even if plutonium recycle facilities
were developed for mixed-oxide LWR fuel, the proportlon of
plutonium in that fuel would be only 5 percent.

The High Performance Fuel Laboratory (HPFL), ERLA's.
proposed pilot fuel fabrication test facility, is expected
to demonstrate nigh-production, mechanized fuel manufacturing
processes which could be used with the more radiocactive re-
actor grade plutonium. The HPFL will not be a majo: test
facility, however, for it is only expected to produce mixed-
oxide fuel at a rate of about 3 MT a year of heavy metal.

Fuel fabrication capacity required

Since LMFBR fuel will be one~tenth plutonium, the amount
of fuel to be fabricatedé annually to meet the GAO Optimistic
Scenario can be calculated simply as 10 times the amount of
pluctonium to be made into fuel. The amounts of plutonium to
be fabricated annually are listed in line g of tuble I-1;
total fuel requirements are illustrated in figure I-1, with
required amounts of plutonium indicated on the left side
of the figure and total amounts of heavy metal on the right
side.

The fuel fabrication capacity required to meet this
scenario is quite substantial, reaching 132 MT a vear in 1995,
792 MT a year in 2000, and over 2,800 MT a year by 2004. By
comparison, the annual capacity of an LWR fuel fabrication
plant is 200 MT.

The dotted line in figure I-1 illustrates the capacity
available to meet these requirements if a fitst demonstra-
tion plant of 75 MT a year capacity were followed by a series
of plants of the current 200 MT a year size, each introduced

—————— .

1/When first produced from U-238, plutonium is in the form

_of Pu-239, an isotope whose radiocactivity is not penetra-
ting. However, when this isotope remains in a reactor
environment for the usual amount of time, it is trans-
formed first to Pu-240 and then to Pu-241 until an
equilibrium is reached. At this equilibrium, some 20
to 25 percent of the plutonium will be present as the
Pu-240 isotope, and about 10 percent as the Pu-241 isotope.
The higher isotopes give off more penetrating radiation,
sc that work with this reactor grade plutonium requires
more shielding and/or more mechanized processes.
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FIGURE 1-1
FUEL FABRICATION CAPACITY REQUIRED TO ACHIEVE
LMFBR COMMERCIALIZATION
GAO OPTIMISTIC SCENARIO
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TIMING AND CAPACITY OF FUEL FABRICATION FACILITIES REQUIRED FOR CO“MER‘-IALIZAT!O“
OF LMFBRs; INTRODUCTORY PERIOD AND BEYOND; GAO OPTIAISTIC SCENARIO

SHOWS THE MINIMUM FUEL FABRICATION THRUPUT WHICH WILL H.\VE TO BE

YEAR TO MEET THE FUEL REQUIREMENTS OF THE INTRODUCTORY
GENERATION OF LMFBRs ENVISIONED IN THE GAOC OPTIMISTIC SCENARIO. BEYOND 2003 THE
TOTAL FUEL FABRICATION THRUPUT REQUIRED WILL DEPEND ON THE RATE OF DEPLOYMENT
OF ADDITIONAL LMFBRs BEYOND THE INTROCUCTORY GENERATICON OF 128 REACTORS OF 2000
MWe EACH, THIS UNCERTAINTY IS SHOWN BY THE DASH CURVES AND *?** MARK,

SHOWS THE THRUPUT WHICH WOULD COME FROM A SERIES OF 14 FUEL

TS GF ABOUT CURRENT SIZE (200 METRIC TONS OF HEAVY METAL (U+Pu)
PER YEAR), EACH INTRODUCED OVER A 2.YEAR PERIOD. THESE PLANTS ARE TIMED TO START
OPERATION AS NEEDED TO MINIMALLY MEET REQUIREMENTS OF THE SOLID CURYE SCENARIO.
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over a 2-year period. Within the decade spanngilig 1995 to
2004, a totzl of 14 such plants would have to be operating
to meet the requirements of this scenario.

Reprocessing spent LMFBR fuel

To realize the advantages of the breeder system, the
spent fuz2l released from reactors will have to be reprocesed
and the newly bred fuel promptly recycled into reactors.

Once reactors begin to generate more plutonium than .
they consume, total plutonium supply will increase. The
spent fuesl released each year from each 2,000-MWe LMFBR--18 MT
from the reactor core and 20 MT from the blanket--will
contain 2.2 MT of plutonium. Since only 1.8 MT is needed
to replace the plutonium removed from the core, each reactor
will generate 0.4 MT (400 kllograms) of excess plutonium
each year. 1/

As this excess plutonium accumulates and is recycled
in the operating LMEBRs, less plutonium will actuvally be
required than the amount previously calculated. For example,
if LMFBRs are introduced according to the GAO Optimistic
Scenario, by 2003 nearly 6( T of excess plutonium will
have been bred, and the to%al plutonium requirements will
be lowered from 487.2 MT to less than 430 MT. The amounts
of excess plutonlum bred annually by the assumed groups of
LMFBRs are listed in line m of table I-1l; the cumulative
total is listed in line n.

An important point to note is that by 20C5, when all
the LMFBRs of the introductory group are operating, they
would annually breed 51.2 MT of excess plutonium. This
excess amount could serve to fuel eight or nine additional
reactors of the same size each vear 2/, allowing the LMFBR
industry to grow at a considerable race with no additional
supplies ¢f plutonium requlred

1/0ur analysis assumes a gain of 0.4 MT a year for each of
the "128 LMFBRS. Although this is somewhat optimistic
for early plants, it is a reasonable average to be reached
with advanced fuels expected to be available after several
years of large-plant experience.

2/Assuming the requirements will be 4 MT of plutonium for
each core and 1.8 MT of plutonium for refueling each reactor.
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Reprocessing facilities required for LMFBRs

Since each operating reactor will annually release 38 MT
of heavy metal, the reproressing capacity tequired for
commercial LMFBR fuel can be easily estimated. 1In 1999,
with 16 reactors operating, a total of 608 MT will be re-
leased for reprocessing; in 2003 the 64 operating reactors
will release 2,432 MT of spent fuel; by 2005, with the full
introductory group of 128 reactors operating, the annual
amount of spent fuel requiring reprocessing will rise to
4,864 MT..

Assuming that the annual reprocessing plant capacity
will be 1,500 MT--the size of LWR reprocessing plants cur-
rently being designed--a first plant would be needed in the
late 1990s to meet the requirements of the GAO Optimistic
Scenario. This plant would reach full capacity by 2002-03,
when a second plant could come into use. By 2004-05, a
third plant would be needed, which would reach capacity by
2005-06. After that, as additional LMFBRs.are built beyond
the introductory group, greater reprocessing capacity would
be necessary. : :

Effect of timing of reprocessing facilities

It will be critically important to an LMFBR industry
to have reprocessing facilities operating on a timely basis.
If newly bred plutonium is promptly recycled back into re-
actors, the available plutonium will be enough to meet
‘the requirements of the industry.

1f, on the other hand, reprocessing facilities are not
available as required, spent fuel would accumulate and in-
creasing amounts of plutonium would be captive in unpro-
cessed fuel, possibly resulting in fuel shortages for new
" or existing reactors. 1/

Operation of the three large reprocessing plants by
1969, 2004, an< 2006, respectively, would leave only relatively

— s e e e

1/ An additional problem arising from unprocessed spent
fuel is that the plutonium will contain akout 8 to 10
percent Pu-241. Although a useful fissionable isotope
of plutonium, Pu-241 decays naturally, with 2 half-life
of 13 yeats, to americium-241. Allowing spent fuel to
stand will result in a buildup of the americium decay
product, which would represent a waste 5f£ the useful
Pu-241 as well as another source of radioactive waste
products with undesirakly long half-lives.

46



APPENDIX 1 ) AFPENDIX I~

small amounts of spent fuel unprocessed for reasonably short
times; therefore, those years have been taken as the target
dates for the required plants. Figure I-2 shows the poten-
tial effecvs on plutonium availability if reprocessing
piants become operational by these target dates or later.

The solid curve in fiqure I-2 shows the supply of
plutonium anticipated from light water reactors. 1If tnree
1,500-MT reprocessing plants start operation in 1999, 2004,
and 2006 (lowest requirements curve), plutonium supply
would amply meet reactor fuel requirements.

The second requirements curve, just skirting the supply
curve for several years, would hold if the three plants were
brought into operation in 2002, 2005, and 2307, representing
delays of 3 years, 1 year, and 1 year, respectively.

The third requirements curve, lying well above the
supply curve from 2003 to 2007, would hold if the three
plants did not begin operation until 2004, 2006, and 2007
--delays of 5 years, 2 years, and 1 vear, respectively.’

. The top requirements curve, crossing the supply curve
in 2002 and steadily diverging from it, would hold if no
reprocessing plants wera operating until 2007, a delay of

8 years. :

The shaded areas show plutonium deficits that would
occur in the event of a 5-, 2-, and 1- year delay in re-
processing plant operation (double shading), or an 8- year
delay (single shading).

As can be seen, only a 3-year delay in starting the
first reprocessing plant would eliminate any margin for error
or breakdowns, while any longer delay would result in re-
quirements exceeding the supply. Unless additional sources of
plutonium were found, such a shortfall could temporarily
halt the growth of the LMFBR industry and put existing re-
actors out of operation.

Radioactive waste disposal

Problems of radioactive waste management are generic
to all nuclear reactors; the commercial introducticn of
LMFBRs would only increase the urgency of finding prompt
solutions to waste disposal needs.

Cne of the advcntages the LMFBR promises to show over

present LWRs is its ability to more efficiently convert
pertions of nuclear waste products into new fuel. Plutonium
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reprocessing essentially separates the fissile isotopes

of Pu-239 and Pu-241--and refabricates them for use as reactor
fuel. Those nonfissionable elements remaining are highly
radioactive and require isolation for about a half million

to a million years.

These high~level wastes are initially dispersed in
chemical solutions but are required tc be reprocessed
into solids for disposal. Current NRC regulations
stipulate that high-level radiocactive waste be stored
as ligquids for no more than 5 years; a solidified product,
stored in high-integrity containers, must be delivered
to CRDA within 10 years after fuel processing. NRC has
also recently proposed a regulation which would require
that radicactive waste, converted to solid form if neces-
sary, be transferred to ERDA no more than 5 years after
generation.

Although the technology for processing these wastes-
into glass or other ceramic forms has been developed, it
has been demonstrated only on a pilot scale with simulated
waste. Methods for dealing with radioactive gaseous
effluents are also being explored in current R&D efforts.

Low-levesl wastes, which include pumps, pipes,
clothing, and other materials exposed to the radioactive
environment, also require disposal. Compaction and subse-
quent burial is one widely used means of disposal. .For
those materials which are combustible, R&D is still needed
to qevelop technology which can screen out plutonium
particles before burning.

Disposal facilities

In 1972 the former Atomic Energy Commission initiated
a program to develop retrievable surface storage of high-
level wastes at a central Federal site. An environmental
impact statement prepared in 1974, which outlined the
design and construction of this facility was, however,
criticized for failing to sufficiently condider the

ultimate disposal of waste. Until a new generic environ- ——- -

mental impact statement is completed, ERDA has deferred
its retrievable surface repository work and has instead
decided to accelerate the development of repositories
in deep, stable geologic formations.

Current ERDA plans call for the investigation of
several potential disposal sites in different types of
geologic formations. A pilot facility is planned for
operation in late 1983, probably at a site to be developed
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in southeastern New Mexico. ERDA plans to develop up to

six otner pilot facilities between 1985 and 1991, from which
one or more will be chosen as disposal repositories. High-
level wastes will be transported and stored in canisters
measuring approximately 1 foot in diameter and 10 feet in
length, with a volume of 6.25 cubic feet. ' These canisters
will be stored in the pilot facilities until disposal sites

- are chosen.

Until disposal sites are identified, only tentative esti-
mates can be made of the capacity that will be available for
storage of wastes gererated by a commercial LMFTR industry.
Since each 2,000-MWe LMFBR is expected to generate 152 cuhkic
feet of high-level radioactive waste a year, we calculate
that 10,385 canisters will be needed to store the cumulative
wastes generated by 128 LMFBRs. Three or more disposal
facilities probably will be necessary to accommodate this
level of waste production.

As one part of a comprehensive statement on nuclear
policy, the President, on October 28, 1976, directed ERDA to
take the necessary actions to speed up the program to dem-
onstrate all. components of waste management technology by
1978 and to demonstrate a complete respository by 1985. He
also directed that plans for the repository by submitted to
NRC for licensing to assure its safety and acceptability.

-
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LICENSING PROCESS

MAJOR ELEMENTS

The Nucleér“Regulat::; ccmmission 1s rescensicle for
licensing a naclear facii:.tv for construction and operation
at the proposed location without undu= risk to the health ard
safety of the public. 7The licensing precess is similar for
all nuclear fzcilities anZ tas:ically divides 1nto two phases:
a PreconstrucTion revizw, .¢adina ko a construction permit,
anca tae contruction proucen: .t3elf, leading up to an operating
ilcense.

The preconscructisn “Lview DrCCess €rcompasses two
Sum Jl*aneCu« RPN VE " “xf2tyv _ana (2} environmental
aceepuibility, 1ncoan .. Zusiobility, For reactor and
~iltonium re0LICe33i0 LS.l ..u v o. an antitrs eview
.3 alsce gonaucted.,

Safkt!_ - - A - ‘

At che outset, Ly z.o..-int 15 r=guired to preparce
a Pre.imin3ry Sat-r An.l 2135 Teport (25AR)} and supporting
OCUMeNnT3ItTIon, w.oaatis 1i. tation with NRC. Wher the
PSAR 13 consiuaarai oo~ ict- 0 o Jdockets the applicatiin
(L.2., places 1t on t.cw: .~ 3schedule) and begins its
review. - L ‘

on the Dusis ot L. 2t _=v.ew, Nk. Dregares a Safety
Evaluation Regort (3:ER . Fcr recrcecessing and reactor
facilities, NRC tforwards <ne avplicaticn to the Advisory
Commitree oOn ~o3Ctor DL . 7 {(ACSR} fcor =xamination.

After Comment .- 1 frow AZSR and othe.-, NRC
arepares a sapolementa. .. ..o incohrporates all additional
tindings. The final _1s.. _: <ne cZrocess 1s a puolic hearing
conguctea Dy tne AtZu.e J.. - and Llca2nsing Board (ASLB).

A finding ot sacfets .3 orled O

——acpqua‘" ana sewndr - -0 st design for uperation under

crmal conmd.t.onnl.
--adequzcy ol ¢t - - 131nst the occurrence ot
iczident:s o
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--adequacy of accommodation of low-probabilit; accident:
with acceptable conseguences.

Environmental acceptability
and site suitability

The applicant must conduct approoriate meteorological,
radiological, water, and other site surveys; collect environ-
mental data; and obtain apprcval from State and local
authorities. O©On the basis of this information, the applicant
prepares an Environmental Report (ER) which should demon-
strate the environmental acceptability of the project and
the suitability of the proposed site. a

NRC prefers that the safety PSAR and environmental
ER documentation be docketed at the same time, but it
has permitted certain site work on light water reactors <%
before the safety review is completed to accelerate -
construction.

After a review of the ER, NRC prepares a Draft Environ-

-. mental Statement (DES). When-all ccmments have been re-

viewed, a Final Environmental Statement (FES) is 1issued.

A generic environmental statement may be prepared
initially to cover considerations common to a number of
nuclear facilities of the same type. Individual environmen-
tal statements are then prepared for specific facilities
and sites. NRC is currently preparing a generic environmen-
tal statement for plutonium reprocessing facilities, which
includes considering the use cof mixed plutonium oxide
in LWRs, the reprocessing of mixed oxide fuel and mixed
oxide fabrication plants. Current ERDA plans also include’
a generic environmental statement for radioactive waste
disposal facilities.

NRC is now encouraging architect-engineer firms, re-
actor manufacturers and electric utilities to develop a
generic safety review of standardized nuclear plants. Such
reviews are now under way on five different reactor designs.
1f these standardized designs are approved, utilities will- ———
ing to buy standardized plants will be able to accelerate
the licensing process by attaching site-specific supplements
to the approved standard documentation.

The ASLB once again conducts any public hearings re-

quired. Safety and environmental issues can be separated
or accommodated in one set of hearings. If all issues have
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been satisfactorily resolved, NRC grants a construction
permit, )

For -2actor facilities only, the applicant mecy submit
the Environmental Report in advance of the PSAR to obtain
a Limited Work Authorization (LWA). Consistence oetween
the environmental and safety reports must be verified before
the public hearings are held on the issuance of an LWA.
Separate public nearings are required on the safety aspects
of the reactor before a construction permit can be issued.

Under an LWA, site preparation and nonnuclear construc-
tion may be accelerated by as much as a year. ERDA is
expecting to proceed with the deveiopment ¢f the Clinch
River Breeder Reactor under an LWA; it anticipates follow-
ing the same procedure for the near-commercial and early
commercial LMFBRs as well.

Antitrust

For reactor and plutonium reprocessing facilities, an
antitrust review is conducted by NRC's Office of Antitrust
and. Indemnity, with advice from the U.S. Attorney General's
Office. 1In July 1975 authorizing legislation was amended
to regquire that antitrust documentation be submitted to
NRC from 9 to 36 months before the safety and environmen-
tal parts of the application.

The objective of the review is to determine "whether
activities under license (permit) would create or maintain
a situation inconsistent with the antitrust laws." Aas part
of this process, the Justice Department conducts public
hearings for about 12 months. ASLB also conducts public
hearings and makes an initial decision. NRC issues the
decision before concluding all public hearings on the
safety and environmental aspects of the proposed facility.

NRC experience indicates that the antitrust review takes
the longest period of time and requires the longest public
hearings.

’

Operating license-review -

The operating license review process deals with -final de
sign and operation of the facility, including the possession
and handling of radicactive materials. The applicant prepare
revised ER and a Final Safety Analysis Report (FSAR), althoug
NRC staff members prepare an FES and an SER.
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For fuel fabrication and plutonium reprocessing facili-
ties, applicants request a materials license for the use of
either natural or depleted uranium for "cold runs" to test
and refine equipment and proce2sses while operating license
review is under way..

Once the operating license is-issued, NRC inspectors
continue to conduct surveillance of operating personnel
licenses, csafety, security, safeguards, quality assurance
and other operational programs for the life of the facility.

LMFBR FACILITY LICENSING

The amount of time required for the llcen51ng process
for each of the four required LMFBR facilities is chown
in the following charts: figure II-1 describes the licensing
process for fuel fabrication facilities; figure I1-2, for
reactors; figure 1I-3, for plutonium reprocessing fac111t1es-
and figure II-4 for. dxsposal faciliti=s for radloact1ve wastes.

These NRC estimates are based on over 15 years' experl-
ence with LWRs and their supporting facilities. Although
the- LMFPR has many features in common with LWRs, NRC has
indicated that any new type of reactor is initially likely
to experience longer licensing reviews than the more estab-
lished LHWRs.

The LMFBR also has some distinct characteristics which
may lengthen these estimates until enough experience has
been acquired by applicants and the NRC. These charac-
teristics include: plutonium as the initial and continuing
fuel, more plutonium-heavy isotopes through its fuel cycle,
sodium as a coolant, higher power densities, higher tempera-
tures, possible sodium-to-water reactions, and different"
safety characteristics which may result in different types .
of accidents.
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APPENDIX III - APPENDIX III

UNITED STATES
ENERGY AESEARCH AND DEVELOPMENT ADMINISTRATION
WASHINGTON, 0.C. 20545

OCT 22 1976

Mr. Monte Canfield, Jr., Director
Pnergy and Minerals Division

U.S. General Accounting Office
Washington, NC 20548

Dear Mr. Canfleld:

We appreciate the opportunity to review the GAO draft report entitled,
"Considerations for Commercializing the Liquid Metal Fast Breeder
Reactor.”" We have reviewed the draft with members of your staff and
ve understand that a number of changes and clarifications which we
suggested will be made.

While the GAC report is correct in pointing out that closing the LMFBR

. fuel cycle on an expeditious basis is a critical determinant to the
overall success of the LMFBR program, it shouald also be noted that
internal ERDA program reviews had already coke to the -same conclusion

and ERDA .s undertaking efforts to provide a more integrated approach

to each separate part of the L'{FBR program. In particular, efforts

are being wade to revise the program to provide for earlier demonstra-
tion of the fuel cycle components of the LMFER, specifically reprocessing
and fabrication. Operational waste management facilities are also
crucial to both the LWR and LMFBP fuel cycles. The current ERPA waste
management schedules are consistent with reactor waste disposal require-
pents. We would also like to emphasize that the current LMFRR program
plan now takes into account more fully the timing and rate of introduc-
tion of commercial. fuel cycle facilities, with the goal of commercializing
all parts of the LMFBR fuel cycle.

We note that the GAD report uses as its main source of information

ERDA 76-1. Given the increased emphasis which has been placed on the

LMFBR fuel cycle since the original data for ERDA 76-1 was prepared,

many of the schedules and plans referenced in the GAO report are now
out-of-date. o attempt has been made to point out all of the changes,

since the major recommendations made by CAO are well taken. Fowever,

we request that the report indicate that the major changes suggested = -

by GAO are already incorporated into the ERDA IMFBR program.

In general, the report explains the need to develop the technology
and scaleup of the fuel cycle processes in close coordination with
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Mr. Monte Canfield, Jx.

the technology and scale-up of electric power plants for LMFBR. A The
question of “commercializing,” implied by the title of the report,
however, 1s a little broader and institutionally more ccmplex than

the question of scale-up. It is a subject which ERDA faces with all
the promising energy technologies and deals with the transition from
Federal suoport to largely private investment risk based on competitive
economics. The transfer of complex IMFER technologies from a Federal
to a commercial status is a far more complex consideration involving
public policy beyond ERDA's charter to scale-up and demonstrate the
technology and economic¢s. As you know, the commercialization of the
LWR fuel cvcle for the current reactor plants has also not been com-
pleted. The report touches on these "institutional constraints' and
understandably makes no recommendaticns concerning these considerations,
but this limitation to scale-up and technology should be clearlvy noted
in the title and scoping of the rerort.

ERDA coes not presently plan to make a final decision as to the
acceptability of full scale deployment of commercial breeders until
about 1986. FKowever, this does not mean that concern at this time
about the commercialization aspects of the breeder is inappropriate.
This is partly hecause the sequencing of the LMFBR program reguires
some commitments and decisions on the part of industry prior to the
Administrator's decision on commercial deployment given the lengthy
lead times involved in get.inpg a plant on line. In particular, the
next ‘step in the reactor part of the LMFBR program is to have signifi-
cant industry involvement in the design and construction of the next
LMFBP.reactor (the Prototvpe Large Breeder Peactor - PLBR) as well as
the purchase of this reactor. ¢Strong involvement of the private sector
at this point in the program will help to provide a real test of the
aconomic viability, or non-viability, of the breeder as part of the
input into the 198€ decision.

Sipncerelv,

- . - .. oo
« .

¢ -+ M. C. Greer
Controller
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APPENDIX IV APPENDIX IV

PRINCIPAL OFFICIALS

RESPONSIBLE FOR ADMINISTERING ACTIVITIES

DISCUSSED IN THIS REPORT

Tenure of office
From To

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

ADMINISTRATOR:
Robert C. Seamans, Jr. Jan. 1975 Present

ASSISTANT ADMINISTRATOR FOR
NUCLEAR ENERGY: -
Richard W. Roberts June 1975 Present

Robert D. Thorne (acting
deputy) Jan. 1975 June 1975

NUCLEAR REGULATORY COMMISSION .

CHAIRMAN: :
Marcus A. Rowden Apr. 1976 Present
William A. Anders Jan. 1975 Apr. 1976

DIRECTOR, OFFICE OF NUCLEAR
REACTOR REGULATION:
Bernard C. Rusche Mar. 1975 Present
Edson G. Case {acting) Jan. 1975 Mar. 1¢75
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