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The Liquid Metal Fast Breeder Reactor:- 
Options For Deciding Future Pace 
And Direction 

The Liquid Metal Fast Breeder Reactor 
(LMFBR) program is a research and devel- 
opment program intended to develop 
breeder reactor technology as a long-term 
electricity supply option. Controversy sur- 
rounding the program--and the Clinch River 
Breeder Reactor demonstration project-- 
over the last several years has led to shifts 
in program direction, delays in constructing 
the Clinch River project, and a lack of focus 
for the LMFBR program. 

This report (1) summarizes GAO’s work in 
recent years on both the LMFBR program 
and the Clinch River project, (2) provides a 
current perspective on nuclear power from 
which to guide the current breeder pro- 
gram, and (3) presents information on op- 
tions available to congressional. decision- 
makers for their use in deciding on the 
program’s future pace and direction. 
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‘CCMFTPCLLER CENEEAL’S 
FEFCRT TC TFE CFPIRPiAE, 
EUECCMi!ITTEE Cl+1 FFEWGY 

RESEARCH Ah'C PEC~UCTIOF, 
CCETEfI!C:ZEE CP SCIENCE AN 

TFCKN2LCGY, 
PCUEE OF FEFEBSENTETIVES 

TEE LICUIC METAL FAST 
EREECEFi PEACTCF--CFTIWS 
F’CR CECICING FUTURE FACE 
AGC ~IRECTICN 

I! I G E E ? ---a-- 

The &iquid Metal Fast Ereeder Reactor (LKFEF) 
offer’s.,the promise of providing this country 
with a lone;-term energy source. Since the mid- 
1970~~ however, the LPFEE prcgram in cjeneral 
and the Clinch River Ereeder Feactor--a Flant 
designed to demonstrate breeder technology--has 
t.een controversial. This controversy tegan with 
concern over nuclear Froliferation. Since the 
fuel of the LMFFF contains Flutonium, which can 
be used to make nuclear weapons, there was the 
concern that constructing the Clinch River 
Freeder Reactor would hinder efforts to Frevent 
other Countries from develo&ing breeder reactors 
and other nuclear technologies which could be 
used to make nuclear weapons. The Carter Admin- 
istration atteqted to cancel the Clinch River 
Froject while maintaining a strong breeder Frc- 
gram aimed at studying other Fotentially more 
proliferation-Froof breeder concepts. 

Wring the Carter years, the Congress ccntinued 
to fund the Froject and an impasse developed. 
Along with the Froliferation issue, the debate 
included safety, timins of breeder reactor de- 
Floyment, and cornFaring the breeder against other 
energy technologies. 

“. 
While the Reagan Administration now suy.Forts the 
LMFER Frogram and the Clinch River Ereeder l?e- 
actor-- it is one of the highest Friority programs 
in the energy tudget-- the controversy has not 
subsided. Rather, increased interest in control- 
ling Federal Spending and reducing the Federal 
deficit has resulted in coqarison of the Grogrem 
and the project not only against other energy 
technologies but also against non-energy Frc5rams 
and Folicies. 

The LeFartment of Energy expects to spend about 
$584 rrillicn during fiscal year 1982 and is 
requestin $523 million in fiscal year 19&?3 
for the b.reeder Frcgram. This request includes 
$253 trillion fcr the Clinch Kiver Froject. In 
total, about $6 billion has been spent on the 
LKFER Frogram from 1966 through fiscal year 
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1981, including abaut $1 billisn on the Clinch 
River project. 

The following sections (1) summarize past GAC 
Il”Ul 4,l L d’h UI~; Lhc LMFER &.rogram and the Clinch River 
Froject, (2) present a current GersFective on 
nuclear power from which to judge the &ace 
and direction of the LMFPR F~GCJ~EIX, and (3) 
discuss the fundamental oFtions oFen to the 
Congress in deciding on the future pace and 
direction of the grogram,. 

FAST GAO WCRK 

GAC has re&orted on numerous a.ssects of the 
LEFER Frogram and the Clinch River Froject over 
the Fast 7 years. The three most comprehensive 
rey;orts on the frogram and/or Groject were issued 
in 1975, 1979, and 1980. In. those reports GAC 
generally suggorted the view that a strong LEFER 
program is needed if nuclear fission is to be a 
long- term energ source. Some of GAC’s major 
findings included: 

--The LMFER Grogram should be clearly identified 
and recognized for what it is--a research and 
development Frogram. 

--The Clinch River ;Froject is the next logical 
ste& in the research and development process 
to obtain valuable information on the rerfor- 
mance, reliability, maintainability, safety, 
environmental acce&tability, licensatility, 
and economic feasibility of the breeder con- 
cept in a utility-type environment. 

--The Clinch River Groject is not an irrevocable 
step toward cormercial deployment of an LNFER- 
type breeder reactor. 

--Terminating the Clinch River Froject would not 
reduce proliferation risks. 

--There hi.11 albays be some uncertainty associated 
with Fredicting future conditions and/or events, 
thus making projections difficult. These un- 
certainties include such things as availability 
of uranium, breeder reactor economics, and con- 
straints on domestic coal suFElies. 

GAC’s 1980 report also discussed the Froklexils Fro- 
gram managers were facing in maintaining a focus 
for the program in the face of the continuing 
controversy over the Clinch River Ereeder Reactor. 
GAD continues to hold to these earlier findings. 
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?here has been a continual erosion in the go&n- 
merit’s estimates of anticipated growth of nuclear 
FOWer. In 1972 the Atomic Energy Commission 
Frojected therirlt anywhere from 800 to 1,500 nuclear 
Fewer Flants would be on line by the year 2000. 
The Ceprtment of Energy now Frojects a&Froxi- 
mately 145 to 185 nuclear p;ower Flants by that 
year. The decline is further evidenced by 
both nuclear rower Flant cancellations and 
deferrals and lack of orders for new nuclear 
I;lants. This situation is primarily due to ) 
low electric rower demand growth rates, the 
utility industry’s generally Foor financial 
condition, and the capital-intensive nature 
of nuclear Fewer. It also stems from a lack 
of agreement on the best way to dispose of 
highly radioactive waste. 

When these conditions and problems are collec- 
t ively examined, it becomes a&Farent that the 
outlook for nuclear rower in this country is. 
unlikely to improve until conditions change 
and the Froblems are resolved. Nevertheless, 
nuclear power still remains an important energy 
source. Cver the years the use of nuclear Fewer 
has increased as an energy source and currently 
comprises apFroxfmately 13 Fercent of the Na- 
tion’s electrical generating capacity. The 
CeFartment expects that nuclear energy will 
soon be second only to coal as an energy source 
for generating electricity. Fur thermore, it 
is a domestic energy source that can Frovide 
additional electrical capacity should the FO- 
tential environmental Froblems with coal limit 
the use of that domestic energy source. 
(See F. 13.) 

Against this backdrop, GAG examined its Fre- 
vious positions on the DeFartment’s breeder 
reactor program and the Clinch Eiver Freeder 
Reactor in terms of answering three questions 
which affect the pace and direction of the 
Frogram and the continuing need for the Clinch 
River demonstration Flant. In considering 
answers to these questions, it is important 

tuh,e 

to recognize that (1) there is much uncertainty 
inherent in Frojecting trends and/or events ” 
such as electricity and nuclear Fewer growth 
far into tbe future, and (2) the LIVFER is still 
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a research and development grogram, not a . 
C1~om,mercially deployable energy technology. 
The three questions, and (a summary of the 
answers to them are: 

--Now long can dolnestic uranium sqqlies 
fuel conventio’nal nuclear reactors? Easkb 
on the Eep’srtment”s latest Frojections on 
the growth of nuclear power and available 
domestic uranium suFF:lies, uranium suF&lies 
a&Fear adequate to fuel conventional re- 
actors Well Fast the year 2020. ?hese Fro- 
jections do not take into account possible 
advances that may occur in mining and using 
uranium, or the effect of im&orts and ex&orts 
of uran&um over this time FeriOd. (See F. 15.) c 

--Nhen will breeder reactors be economical? I’.,,, 
The Degartment’s most recent study shows that 
a commercial breeder reactor would most likely 
be economical in the 2025 to 2035 time frame. 
Over the yeais Frojections of breeder reactor 
costs as well as Frojections of nuclear Fewer 
use have been changing and extending further 
into the future the time a breeder reactor 

. will likely be economical. (See f. 21.) 

--Is the Clinch River project still an important 
and necessary step in developing the breeder 
0Ft ion? As it has in the Fast, GAO continues 
to believe that a Clinch River-ty&e demonstra- 
tion project is a neces’sary step in developing 
the breeder oFtion. If the LIFER is to be 
developed to the Faint where industry can 
use it, an intermediate-sized Iplant such as 
the Clinch River Froject is a logical and 
prudent step to gain important oFerationa1 
ex&erience on breeder reactor Eerformance, 
reliability, maintainability, safety, environ- 
mental acce&tability, licensability, and 
economic feasibility. (See F. 23.) 

LM,FBR PRCGRAM GFTIONS 

The above FersFective &resents. several develop 
ment courses to LMFER decisionmakers. To assist 
the Congress in its decision, GAO. discusses 
the tradeoffs of three fundamental oy;tions. 

1. Continue the Frogram as sgelled out in the 
Degartment’s May 1982 LMFER Erogram environ- 
men4331 impact statement. This includes 
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constructing the Clinch River Ereeder Reactor 
as morn a# ~ossfMe and a large devel~&ment 
slant with substantial industry financial 
su~~crrt by the mid-1990s, thus Fermitting a 
possible commercial decision to build a _ 
breeder 8 few years thereafter. 

Continuing the &resent grogram Frovides the 
beat assurance that breeders will be available 
when needed and Frovides the focus lacking in 
the LNFER plrogram over the Fast several years. 
In addition F CeFartment officials believe the 
present Frogram would kee& the Ration competitive 
with foreign LMFEF Frograms and would represent 
a qmbol to the nuclear industry that the Nation 
is making a commitment to the long-term future 
of nuclear power. 
E;rosch has 

Cn the other hand, this aE- 
substantial budgetary costs in the 

short term, Further* if the Eekartment’s cur- 
rent ]~lan’s are followed, a breeder reactor 
could be developed well before it is needed or 
economically co,mRetitive--that is, well before 
there is enough incentive for utilities to order 
breeder Flants. (See F. 26.) 

2. Restructure the Frog,,r,amV This oE;tion centers aroB”#‘d ““” tc”;““““‘~“~,;;;,,~,~~,,,,,,, For building and oFerat ing 

both the Clinch River Ereeder Reactor and 
the follow-on large development Elan-t. The 
tradeoffs associated with this. oFtion vary 
deEending on how and to what extent the Fro- 
gram is restructured. Several examples include:, 

--Comglete the Clinch River groject as currently 
Elanned by DC2 while delaying the large develop- 
ment Klant. Such an aFFroach would (1) allow 
more time for making a decision on when to build 
the larger pla.nt as well ‘as its aF&roFriate size 
and design, and (2) enable the Department and 
industry to better incor&orate Clinch River 
o&erating ex]Ferience into the final design 
of the large development Flant. This oFera- 
tional experience could be critical in look- 
ing at ways of reducing the caFita1 costs 
associated with breeders. Finally, this 
approach would allow more time to fully 
develop a sound commercial breeder reactor 
industry. In this regard, a number of indus- 
try qokesmen told GAG that the GeFartment’s 
current #an could result in too rapid de- 
veloFment of breeder reactors--a situation 
which they believe occurred with the light 
water’ reactor technology nob in use. Cn 
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the other hcnd, budget savings would not 
accrue imxdiatel~ urder this a&&rcech. ItI 
additior,, acccsrding to ti-x TE:gdrtT[:E;rAtc it 
could lead to the erosion of the infrastru,c- 
ture that will be needed for future LI&FER 
commercialization. (See k. 28.) 

--Cefer lzoth the Clinch River Ereeder Reactor and 
large develcpent Elant fcr an indefinite Eerioo, 
Adosting this ZiFfrOach would (1) result in 
short-term budgeter1 savings but might increase 
total L!-!FER girogrirm ccsts; (2) Frcvice an 
o&&ortunitl to reassess funding Eriorities; 
(3) allow decisionmakers time to assess whether 
utilities are like11 to resume ordering new 
nuclear Rower Flants and at what rate, and 
reconsider the structure and pace of the entire 
LMFER Rrcgram. Acccrding to Ce&artment 
officials--and 2s generaJ1) suJ&orted by industry 
officialc ,--this a&&roach could result in breeder 
technology not being available when needed 
if there is a change in the demand for nucleer 
Fowfr. The1 alsc view demonstration Elants 
as essential to an1 ser ious cams. i tment to 
developing LEEFER technolcgies and Eoint out 
that without opzrating giants there is no 
signif icant involvement of industrial subFliers 
in the LIFER Cevelcyment I;.rogrea. In addition, 
they note that construction, startq, operating, 
and licensing ex&erience will be comRletel> 
lacking until a des,onstration &.roject is built. 
(See E. 29.) 

--Stretch out or tem&orarily delay construction 
of the Clinch River Ereeder heactcr and/‘or 
large develoFn;ent Elarit. The benefits of 
this o&tion are similar to the Erevious op 
tion --reduced Federal funding in the short 
term, and more time to assess the general 
role of nuclear Lower and the s&ecific role 
of breeder reactors in the Katicn’s energy 
future. In addition, following this a&&roach 
would allow more time to test key com&onents 
for the Clinch River demonstration Flant, 
thereby lobering the developent risks as- 
sociated F;ith building the Froject. It would 
also provide time for an immediate technical 
reassessment of the LE”;FEb Frogram thereby allow- 
ing the CeEertmcnt to examine new concepts, 
designs, and components that might, fcr exam&le, 
lower the ca&ital costs of an LKFER--the key 
economic uncert+intL affecting the Eotential 
de&lokment of commercial LkFEEis. 
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In additlm to the risks discussed earlier es- 
sociatc?d with Gther restructuring sFFroaches, 
the h;@prt;ndent end isiwe industry officials be- 
lieve, thnrt (1) ~ermnnel engaged in slant and 
compncslnt design and fabrication will be’lost 
by even a few years d:elay and that their re- 
trieval will be difficult and exlzensive; (2) 
total Frogram costs would increase and, (3) 
while ~osl;sibly reducing risks in the near 
term I this approach ma& increase risks in 
the long term by delaying the time when 
meaningful operational data on breeder re- 
actors could ble obtained and squeezing the 
plant demonstration and technology transfer 
timetable. (See p;. 30.) 

3. Terminate the entire LIFER grogram. This oFtion 
would free Government funds for other energy 
and ncn-energy programs or for reducing Federal 
expenditures. Cn the other hand, choosing 
this o&lion implies a willingness to &ossiblp 
foreclose on the long-term future of a major 
energy oFtion-- nuclear fission--thereby relying 
heavily on other alternative energy technologies 
such as fusion and solar energy, together with 
coal, to meet future electrical demand. .Al- 
ternat ively , it implies a willingness to im- 
h;o’rt breeder technology from foreign countries 
if these other technologies are not developed 
in time or if environmental Froblems Fre- 
elude an expanded use of coal. (Se-e F. 31.) 

OBSERVATICNS ANC HATTERS 
FOR CONSICERATICN BY 
THE COMGR.ESS 

Cecisions about the future pace and direction 
of the LECIFBR Frogram and, within that Frogram, 
the Clinch River Breeder Reactor require Golicl 
judgments about many factors which are not 
quantifiable --the future growth of nuclear 
sower, budget priorities, and Fossible reliance 
on foreign technologies and energy sources. 
In the final analysis, the Congress must make 
these judgments. 

For some years now the LMFER Frogram in general 
and the Clinch River Kroject in Earticular have 
been surrounded by controversp. This controversy 
has led to shifts in Frogram direction and efforts 
to defer or cancel the CRBR demonstration Flant. 
In this environment, it has been difficult for 
Frogram officials to manage the program and 
to maintain a focused research, development, 
and demonstration effort. FroFonents and 
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opponents alike have used the same basic in- 
formation to arcple both sides of the issue. 
GAO believes current decisions regarding the 
LMFBR program s’howld revolve around two points. 
The first point is whether this country wants 
to maintain a nuclear option and wants to commit 
to nuclear power as a long-term energy source. 
Clearly, in the past several years, nuclear 
power’s momentum has slowed substantially and 
the time horizon for when commercial LMFBR may 
be needed has been pushed further into the future. 
Nevertheless I” nuclear power still remains an 
important domestic electrical energy option 
and, depending on future events, could become 
even more important. The second point is that 
the LMFBR pro’gram should be- clearly identified 
and recognized for what it is--a research and 
development program --and construction of a Clinch 
River-type project is the next logical step 
in the research and development process. 

Therefore, although the Congress has three funde- 
mental options available to it--continuing, re- 
structuring, or terminating the LMFBR program-- 
in GAO’s opinion the uncertainty inherent in 
projecting far into the future persuasively argues 
against the termination option. Thus, GAO 
believes the prudent choices available to the 
Congress lie between continuing the LMFBR program 
along the lines proposed by DOE or restructuring 
the program with clearly defined and agreed upon 
objectives. (See p. 33.) 

Should the Congress decide to restructure the 
programr it should request from the Department 
and others information onr among other things: 

--The various options available for restructuring 
the LMFBR program and the tradeoffs associated 
with each option. 

--Required spending levels for each option. 

--The extent to which additional testing of 
critical dlemonstration plant components 
can reduc’e developmental problems. 

--Ways to refocus research efforts to emphasize 
reducing LMFBR capital costs. 

In addition, any decision to refocus the program 
should include establishing clear goals and objec- 
tives on which to focus program efforts. 
(See p. 36.) 
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AGENCY CCMM;EEJTS 

The Department provided official comments-on 
a draft of the report. GAO made changes in 
the report to reflect the Department's com- 
ments and also the views GAO obtained from 
utility and nuclear industry representatives 
and nuclear energy experts. The Department 
stated that it is imperative to proceed with 
the LMFBR program and the Clinch River project 
on the current schedule. In the Department's 
view, a decision to slow the program, if ul- 
timately proven incorrect, would have serious 
national security implications. The Department 
said that industrial disruptions, constrained 
economic growth, and increased reliance on 
foreign supply can be expected if adequate 
economic supplies of energy are not available. 
The full text of the Department's comments is 
in appendix III beginning on page 40. 

GAO performed this review at the request of the 
Chairman, Subcommittee on Energy Research and 
Production, House Committee on Science and 
Technology. In addition, GAO received letters 
from the Chairman, House Committee on Interior 
and Insular Affairs and the Chairman, Subcommittee 
on Oversight and Investigations, House Committee 
on Energy and Commerce, expressing interest in 
the matters discussed in this report. Other 
committees and members of Congress have ex- 
pressed similar interest on an informal basis. 
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CEIIAPTER 1 

lNTRODUCTION 

Today, 72 commercially owned nuclear power plants account for 
about 13 percent of this Nation’s electrical generating capacity. 
Another 86 nuclear power plants are either under construction or 
planned. Virtually all of these plants are conventional water- 
cooled reactors, usually referred to as light water reactors and 
fueled with enriched natural uranium. Current generation light water 
reactors, however, use less than 1 percent of the potentially usable 
energy in natural uranium. This is because natural uranium contains 
only a small percentage of fissionable material. 

From the nuclear power industry’s beginning in the 195Os, 
both the Federal Government and nuclear industry recognized that, 
because uranium resources are limited, a long-term nuclear power 
program would require more efficient use of domestic uranium re- 
sources. A number of technological ways to extend uranium re- 
sources are available. For example, additional energy can be 
obtained from spent fuel &/ through a chemical process called * 
reprocessing. In reprocessing, the residual fissionable uranium 
and plutonium --which is created during the nuclear fission reaction-- 
is extracted from the spent fuel. Both the fissionable uranium 
and plutonium can then be used as fresh fuel in reactors. Addition- 
ally I more efficient reactors can theoretically be’developed to ex- 
tend domestic uranium reserves. Further, advanced techniques for 
extracting higher percentages of fissionable material from natural 
uranium can also be utilized. All these technologies, however, 
only extend the use of the very small percentage of fissionable 
material found in natural uranium. 

In contrast, breeder reactors have the potential to stretch 
domestic uranium supplies for hundreds of years. Most of the en- 
ergy potential in natural uranium remains in the non-fissionable 
portion (99.3 percent) of the uranium. To tap this energy source! 
this uranium must first be converted to fissionable material. 
This can be done in breeder reactors. By surrounding plutonium 
fuel with a “blanket” of natural uranium, a breeder reactor can 
both produce electricity and convert the blanket material into 
plutonium. The fresh plutonium can then be extracted, reprocessed, 
and used to begin the breeding cycle again. Furthermore, more fresh 
plutonium fuel is created in the process than is burned--thus the 
breeder reactor can refuel itself and provide fuel for other breeder 

lJ8pent fuel is the used uranium fuel that has been removed from 
a nuclear reactor. 



or conventional reactors. Because of this vast potential of breeder 
reactors, 
of breeder 

the Federal Government has, for many years, made one type' 
reactor-- the Liquid Netal Fast Breeder Reactor (LMFBR)-- 

one of its highest priority energy research and development programs. 

THE U.S. LMFBR PROGRAM 

Since the mid-1960s the development of the breeder reactor 
has been a major objective of the Federal nuclear power program. 
In 1967, after several years of study, the Atomic Energy Commis- 
sion (AEC) l./ selected the LMFBR concept for development and 
declared it to have the highest reactor development priority. 
The LMFBR was selected over other breeder types because of its 
(1) more efficient use of the energy potential in uranium, (2) 
industrial support, (3) technological experience, and (4) proven 
feasibility-- six small LMFBRs had been constructed and operated 
in this country between 1946 and 1963. As currently envisioned, 
a broadbased LMFBR research and development program would support 
the cooperative Federal Government/industry construction of a 
limited number of LMFBR demonstration plants leading to develop- 
ment of the technology to the point where utilities could decide 
to deploy breeder reactors. Many foreign countries such as 
France and the United Kingdom have similarly made the development 
of breeder reactors a high priority program (see app. I). 

The overall goal of the breeder program is to ensure that 
this long-term electricity supply option is available on a 
prudent time scale. To accomplish this goal, the LMFBR pro- 
gram is designed to develop the technical, engineering, safety, 
environmental, economic, licensing, and industrial data base re- 
quired to transfer design, construction, and operation capabilities 
of future LMFBR power plants to the private sector. 

The LMFBR program currently contains three broad elements 
to ensure that a proven long-term electricity supply option 
is available: (1) a supporting base technology program in- 
cluding test facilities, (2) supporting fuel cycle programs, 
and (3) construction and operation of development plants. The 
base technology program provides the basic data, processes, 
methods, components, and systems that are used in the LMFBR 
program to design, construct, fabricate, test, license, and 
operate LMFBR power plants. The second element includes the 
development of the LMFBR fuel cycle including fuel reprocessing, 
fuel fabrication, and waste management. 

&/The Atomic Energy Commission and the Energy Research and Devel- 
opment Administration were both predecessors of what is now the 
Department of Energy. Both of the predecessor agencies were 
responsible for conducting nuclear energy research and development. 
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The third element-- construct and operate development plants-- 
has become the current focal point of the LMFBR program. Specif- 
ically, it currently cansfsts of the construction and operation 
cf the 375 megawatt-electric I./ Clinch River Breeder Reactor 
(CRER) demonstration project. This project is intended to help 
demonstrate the technical performance, licensability, reliability, 
maintainability, safety, environmental acceptability, and economic 
feasibility of an LMFBR central station electric power plant in a 
utility environment, According to the Department of Energy's (DOE) 
current plans, the next important step in completing the LMFBR pro- 
gram is to follow the CRBR with the construction and operation of 
a large development plant by the mid-1990s. Although DOE's latest 
plans do not specify any demonstration plants beyond the mid-1990s, 
DGE officials said more demonstration plants may be necessary before 
utilities will decide to deploy breeder reactors. 

Based on information supplied by DOE, about $6 billion has 
been spent on the LMFBR program from 1966 through fiscal year 1981. 
DGE expects to spend about $584 million during fiscal year 1982 
and is requesting $523 million in fiscal year 1983 for the breeder 
program. This request includes $253 million for the CRBR project. 
About $1 billion has been spent on the CRBR project. (See app. II 
for the detailed cost information on the CRER project). We have 
recently received Congressional requests concerning, among other 
things, the cost of both the CRBR and LMFBR programs. The Chair- 
man, Subcommittee on Oversight and Investigations, House Committee 
on Energy and Commerce, asked us to analyze the estimated costs of 
CRBR. The Chairman, Subcommittee on Energy Research and Production, 
House Committee on Science and Technology, asked us to undertake an 
inventory of information relating to manpower facilities, construction 
costs, capital equipment costs and other related statistics associated 
with the DOE's program in breeder reactor systems. 

THE CCNTROVERSY 

Since the mid-1970s, the LMFBR program, and particularly 
the CRBR project, has been the subject of controversy. The 
program and the project had strong support from the Nixon Admin- 
istration in the early 1970s. By the mid-197Os, however, a num- 
ber of questions and uncertainties about the program began surfac- 
ing. In 1976, the Ford Administration expressed concern over 
safeguarding plutonium-- the fuel of the LMFBR--because the plu- 
tonium in the fuel could be used to make nuclear weapons. The 
Carter Administration shared this concern and attempted to cancel 
the CRBR and redirect the funds for the LKFBR program to study 
other potentially more proliferation-proof breeder concepts. 

------. --------_ - 

l.-/Gne megawatt-electric is equal to 1 million watts. 
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Several studies L/ concluded, however, that no single path 
among known nuclear fuel cycles involving reprocessing is 
substantially less proliferation-prone than another. In addition, 
studies done by the Nonproliferation Alternative System Assess- 
ment Program and the International Nuclear Fuel Cycle Evaluation-- 
two groups established to study the non-proliferation issue--con- 
cluded that no technical solution exists to the non-proliferation 
dilemma because all nuclear fuel cycles entail some proliferation 
risks. Further, these reports pointed out that with the exception 
of the conventional light water reactors without fuel reprocessing, 
other fuel cycles do not offer inherent non-proliferation advantages 
over the LMFBR. 

The Congress funded the program and the project throughout 
the Carter Administration. The Reagan Administration reversed 
the Carter position on the CRBR project and the LMFBR program 
and has again made it one of the highest priority energy research 
and development projects. Although the Congress has kept funding 
the CRBR project, it continues to be controversial as evidenced 
by debates over and close votes on its continuation. During the 
Carter Administration, the congressional debates centered on 
proliferation concerns, safety, timing of when a breeder is 
needed, and comparing the pros and cons of the breeder against 
other energy technologies. While these are still concerns today, 
concerns over the size of the Federal deficit have added a new 
element to the debate on the LMFBR program and the CRBR project. 
In this regard, the program and the project are now being com- 
pared more carefully not only against other technologies but 
also against non-energy programs and policies. 

CEJECTIVE, SCOPE, AND METHODOLOGY 

This report responds to a November 5, 1981, request from 
the Chairman, Subcommittee on Energy Research and Production, 
House Committee on Science and Technology, that GAO reassess 
its past positions on the CRBR project. Because the CRBR project 
is an integral part of the LMFBR program, we examined both the 
program and the project in the context of three important questions 
which affect the pace and direction of the LMFBR program: 

--How long can domestic uranium supplies fuel the light 
water reactor nuclear industry? 

--When will breeders be economical? 

&‘“Alternative Ereeding Cycles for Nuclear Power: An Analysis,” 
Congressional Research Service, Library of Congress, Cct. 
1978; “Nuclear Proliferation and Safeguards,” Office of Tech- 
nology Assessment, June 30, 1977: “Nuclear Reactor Cptions 
to Reduce the Risk of Proliferation and to Succeed Current 
Light Water Reactor Technology,“ U.S. General Accounting Office, 
May 23, 1979. 
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--Is the CR&R project still an important and necessary step 
in developing the LMFBR option? 

Our work focused on the demonstration projects within the context 
of the overall program because of the importance of these projects 
in developing breeder technology. We only examined the LMFBR base 
technology program as it relates directly to the construction and 
operation of demonstration plants. We then examined the key trade- 
offs involved in analyzing the basic options available to LMFBR 
decisionmakers--continuing, restructuring, or terminating the 
present program. 

In answering these three questions and examining the trade- 
offs among various options, we interviewed knowledgeable officials 
from DOE and national laboratories. We also collected, examined, 
and analyzed a broad array of DOE internal reports, studies, and 
other pertinent correspondence on the key issues identified. We 
used DOE data and computers to project uranium requirements for 
various nuclear growth scenarios and developed examples of the 
economic viability of breeders versus light water reactors. We 
independently checked DOE’s data and computer projections with our 
own calculations and other non-government studies to judge the 
reasonableness of the DOE data.. In addition, we reviewed a wide 
range of studies and professional papers that have been done over 
the last several years on the economics and timing,of breeders. 
As a result, this report relies heavily on the latest available 
DOE data regarding the future use of nuclear power, uranium esti- 
mates , and the economic viability of breeder reactors versus light 
water reactors. 

In developing options, we relied on our previous work. We 
also used information that has been recently gathered in conducting 
audits related directly or indirectly to the LMFBR program in- 
cluding a technical review of selected CRBR components and an as- 
sessment of the need for DOE's gas centrifuge enrichment plant. 
The first audit, which resulted in a report entitled "Revising 
the Clinch River Breeder Reactor Steam Generator Testing Program 
Can Reduce Risk" (GAO/EMC-82-75, May 25, 1982), discusses the pos- 
sible need for more complete and thorough testing of a major CRBR 
component. The second review, which resulted in a report entitled 
"Issues Concerning the Department of Energy's Justification For 
Building The Gas Centrifuge Enrichment Plant" (GAO/EMD-82-88, 
May 25, 1982) includes a detailed discussion of nuclear energy 
growth estimates and uranium supply and demand estimates. 

Finally, in finalizing this report we solicited utility and 
nuclear industry views regarding the importance of the CRBR pro- 
ject and the LMFBR program, as well as the views of nuclear energy 
experts who were formerly involved in the LMFBR program in some 
capacity. The individuals and the organization we contacted 
included: 

--C. F. Lute, Chairman of the Board, Consolidated Edison 
Company of New York, Inc.; 
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0-W. S. Lee, President and Chief Operating Officer, Duke 
Power Company; 

--W. B. Behnke, Vice Chairman, Commonwealth Edison, and 
Chairman, Breeder Reactor Corporation: 

--Dr. John Dewtch, Dean of Science, MIT and former 
Undersecretary of Energy; 

--Marc Messing, Environmental Consultant; 

--Dr. Robert C. Seamans Jr., MIT, and former Administrator, 
Energy Research and Development Administration; 

--Dr. Joseph M. Hendrie, Brookhaven National Laboratory, 
and former Chairman, Nuclear Regulatory Commission: and 

--Atomic Industrial Forum, a membership organization intended 
to foster development and utilization of atomic energy for 
peaceful purposes. 

We performed our work in accordance with GAO's "Standards 
for Audit of Government Organizations, Programs, Activities, and 
Functions." 

-w-w 

Our previous work, major positions, and DOE's comments on 
those positions are discussed in detail in chapter 2. Chapter 3 
provides a current perspective on nuclear power from which to 
judge the pace and direction of the LMFER program. Chapter 4 pre- 
sents our discussion of various options for consideration by the 
Congress in view of the latest data, and chapter 5 discusses our 
observations and presents matters for consideration by the Con- 
gress. DOE's overall comments on the issues addressed in this 
report are discussed at the end of chapter 5, and are included in 
their entirety in appendix III, beginning on page 40. 



CHAPTER 2 

PAST GAO REtPORTS AND POSITIONS 

During the past 7 years I we have reported on numerous aspects 
of the LMFBR program as well as other breeder reactor programs. 
Our work has ranged from Vary specific reports, such as contracting 
arrangements for the CRBR components, to comprehensive reviews of 
the breeder program and/or CRBR project. Our three most comprehen- 
sive reports discussing the need for and timing of the LMFBR pro- 
gram and CRBR project were 

--"The Liquid Metal Fast Breeder Reactor: Promises and 
Uncertainties" (OSP-76-1, July 31, 1975); 

--"The Clinch River Breeder Reactor--Should the Congress 
Continue to Fund It?" (EMD-79-62, May 7, 1979); and 

--"U.S. Fast Breeder Reactor Program Needs Direction" 
(EMD-80-81, Sept. 22, 1980). 

In general, these reports have been supportive of both the LMFBR 
program and the CRBR project, assuming that Congress wanted to 
commit to nuclear power as a long-term energy source. The follow- 
ing sections summarize the conclusions reached in the three re- 
ports in the context of the important issues that were facing 
the program and the project at the time of each review. 

"THE LIQUID METAL FAST BREEDER 
REACTOR: PROMISES AND UNCERTAINTIES" 
(OSP-76-1, July 31, 1975) 

At the time this report was issued, the Government's forecast 
of nuclear power generating capacity was, in comparison to current 
estimates, extremely high. In this report, we pointed out that 
forecasts for nuclear generating capacity by the year 2000 ranged 
from 625 to 1,250 gigawatts. v The Energy Research and Develop- 
ment Administration (ERDA) 2/ was using a 1,000 gigawatt figure 
by the year 2000 for planning purposes. Because the lifetime 
uranium requirements to meet this capacity exceeded ERDA's pre- 
liminary estimates of uranium resources, ERDA expected that com- 
mercial breeder reactors would be deployed prior to the year 2000. 
The CRBR project was to play a key role in this development plan 

&/One gigawatt is equal to 1,000 megawatts. Since commercial 
power plants are typically sized at about 1,000 megawatts, 
625 to 1,250 gigawatts of nuclear power are roughly equivalent 
to 625 to 1,250 nuclear power plants. 

z/The predecessor agency to the Department of Energy. 
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by demonstrating the reliability, safety, licensability, and 
environmental acceptability of the LMFBR concept. Also, the CRBR 
project would provide a major input to the component development 
programs for future larger plants. 

This report examined in detail the uncertainties that sur- 
rounded the program. These included, among other things, the 
rate of growth in the use of electricity in the years ahead, the 
extent to which nuclear fission would be required to meet ERDA 
projections, the amount of recoverable uranium, and the eventual 
economic feasibility of breeders. 

In the face of these uncertainties, we reached the following 
general conclusions: 

--The United States clearly should not abandon the nuclear 
fission option at this time, nor should it abandon the 
LMFBR research and development effort. 

--The LMFBR program should be clearly identified and 
recognized for what it is --a research and development 
program. 

--Whatever action is taken by the United States on nuclear 
power and the LMFBR, the problems of nuclear safety and 
safeguards will not go away. 

--The most logical course of action is to pursue the LMFBR 
program on a schedule which recognizes that the program 
still is in the research and development stage. 

In commenting on this report, ERDA and the former Federal 
Energy Administration were in general agreement with the above 
conclusions. ERDA believed, however, that parts of the report 
presented information that would tend to decrease the urgency of 
the breeder program without presenting other available information 
that would be helpful for a more balanced understanding of the need 
for the LMFBR. 

"THE CLINCH RIVER BREEDER REACTOR-- 
SHOULD THE CONGRESS CONTINUE TO 
FUND IT?" (EMD-79-62, May 7, 1979) 

When this report was issued in 1979, the situation surrounding 
the future use of nuclear power had changed significantly since 
our 1975 report. Most importantly, significant drops in the pro- 
jected use of nuclear power raised questions about when the bree- 
der would be needed. In addition, the Carter Administration was 
attempting to terminate the CRBR project not only because of 
questions related to when a breeder would be needed but also 
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becduse of nuclear ps~o~lfferation concerns and concerns about the 
project’s size and technical value. This report focused on 
whether the Congress should fund the CRBR project., 

In this report wi@ noted that one of the Carter Administra- 
tion’s reasons for wanting to terminate the CRBR project was its 
belief that cer~mlmuetci~l breeder reactors would not be needed until 
about the year 2025, We recognized that commercial breeder 
reactors might not be needed as soon as had been projected earlier 
but also pointed out that when they could he needed depended on 8, 
variables such as electricity growth rates, domestic uranium 
reserves, and successful research, development, and demonstration 
of other nuclear and non-nuclear technologies. The uncertainties ’ 
surrounding these variables as well as the uncertainties of the 
breeder programVs content and pace for the next 45 yearsr we con- 
cluded, argued for continuing the effort to demonstrate breeder 
reactor technalogy. 

We also noted that both the administration and the Congress 
wanted to continue a strong LMPBR program. Therefore, this 
report focused on the importance ‘of continuing the CRBR project’ 
in the context of continuing a strong LMFBR program. We found 
that 

--the project was not an irrevocable step towa,rd commercial 
deployment of the LMFBR-type breeder reactor; 

--the project was a logical extension of the LMFBR research 
and development program and could provide valuable informa- 
tion; 

w-terminating the project would not reduce proliferation 
risks; and 

--the project was not technically obsolete and its inter- 
mediate size was a logical and prudent step in developing 
the breeder option. 

As a result of these findings, we concluded that if a strong 
LMFBR program continues to be a national goal, the information 
we gathered clearly supported the view that the CRBR project 
should be completed as originally planned. 

DOE’s overall comment on this report was that GAO had not done 
an adequate analysis and presented a view advocating the early com- 
mercialization of the LMFBR technology. In rebutting this comment 
we pointed out that the purpose of this report was to analyze the 
Carter administration’s basis for wanting to terminate the CRBR 
project. We emphasized in this report the following issue: “In 
light of the administration’s and Congress’ intention to continue 
a strong LMFBR program, should the Clinch River Project he built?” 
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"U.S. FAST BREEDER REACTOR 
PROGRAM NEEDS DIRECTION" 
(EMD-80-81, Sept. 22, 1980) 

This 1980 report addressed the Carter Administration's 
decision to extend the proposed breeder reactor cxmmercialization 
date to about 2020: and its efforts to (1) terminate the CR&R 
project, (2) refocus the LMFBR program on basic research and 
development, 
large breeder 

and (3) complete a conceptual design study for a 
facility but defer a decision to build that facility. 

The repolrt examined the management and focus of the entire 
fast breeder program as modified. In general, we found that: 

--The Carter administration's strategy would not neces'sarily 
enable this country to achieve its non-proliferation yoals. 

--The projections of the availability of uranium were 
uncertain. 

--Unanticipated events, such as the loss of Persian Gulf oil 
or future constraints on domestic coal supply, could 
increase the future demand for nuclear energy and the 
need for an early commercialization of breeder reactors. 

--The ultimate economics of the LMFBR are difficult to 
accurately project. 

--Without a demonstration plant, the breeder program as a 
whole lacked direction. 

Accordingly, we recommended that if the Congress wished to maintain 
a nuclear option or if it wished to commit to nuclear power as a 
long-term energy source0 the Congress should require DOE to demon- 
strate the viability of the LMFBR technology by mandating the con- 
struction of a breeder reactor facility. In making this recommen- 
dation, however, we emphasized that we were not necessarily ad- 
vocating the completion of the CRBR project as the only means of 
moving the program forward. 

We concluded that the imposition of a plant commitment on DOE 
would help foster a more appropriate U.S. breeder reactor research, 
development, and demonstration posture. We also suggested that, 
as part of this mandate, the Congress may wish to make it clear 
that it is not adopting a policy that would encourage premature 
commercial breeder deployment in this Country. 

On the other hand, we also concluded that if the Congress 
cannot reach a resolution on whether to preserve the breeder 
option, or if it does not wish to do so, the Congress should con- 
sider terminating the breeder program. 
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In general ME agreed that for effective management and rc- 
source utilizatkon, a central organizing principle and a schedule 

,were desirable for the program. Moreover, DOE recognized that, 
at that time@ Mere ~+ae n9b national policy guidNancz! on whether or 
when breeder reactolr’s woluld need to be deployed. DOE stated that 
it had developed a ratioaal approach for the development of the 
technology, should a national policy dictate that deployment of 
breeders was reqbairrd. 

In su’;hnmary , our paat work has generally supported the view 
that a strong LJMFER program is needed if nuclear fission is to 
be a long-term energy @ource. Further, these reports supported 
the need to build a demonstration plant such as the CRBR project 
as the next logical step in the research and development process 
to obtain bas’ic information on the performance# reliability, 
maintainability, and licensability of the breeder concept in a 
utility environment. 
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CHAPTER 3 

A CURRENT PERSPECTIVE.ON NUCLEAR POWER"' 
2 

FRW WHICH TO ,?ulDGB~THE PACE AND 

DIRECTION OF THE LMFBR PRGGRAM 'j 

Since our previous work on the LMFBR progr&n"&nd the CRBR 
project, DOE projections of the use of nuclear power as an energy 
source in the Nation have continued to decline. For example, 
DOE's projections on nuclear power growth have dropped by about 
25 percent since our 1986 report. The decline in the,expected 
use of nuclear power,is further evidenced by nue'lear power plant 
cancellations and delays and by lack of orders for new plants. 

Many utility and industry offiCials believe this declining 
trend will turn around and fhat'ultimately the Nation will again 
turn to nuclear power. 'They point out, for example, that an energy 
crisis- such as those experienced in the 1970s--could reverse the 
fortunes of the nuclear industry. While a sharp reversal in nuclear 
power's fortunes could occur, we believe it unlikely to occur 
soon or with great speed. First, it is possible that additional 
cancellations of plants now on order will exceed new orders in 
the 1980s. Second, if and when utilities begin to order new nuclear 
power plants, current experience indicates that it will likely 
take from 12 to 14 years to bring these plants on line. 

On the other hand, we recognize that there will always be an 
element of uncertainty associated with making projections far into 
the future. In'addition, as we have pointed out in previous reports, 
the LMFBR program is a research and development program designed to 
provide information essential to determining whether or not the 
Federal Government should permit commercial deployment of breeder 
reactors and related fuel cycle technologies. Viewed from this 
perspective, decisions on the pace and direction of the program 
need not be based solely on estimates of future commercial de- 
ployment time frames. 

Against this backdrop we examined our previous positions on 
the LMFBR program and the CRBR project in terms of three questions 
which affect the appropriate pace and direction of the LMFBR 
research and development program and the role of the CRBR project 
in the program. These questions and their answers, based on the 
latest available data, are: 

--How long can domestic uranium supplies fuel the light water 
reactor nuclear industry? Available domestic uranium supplies 
appear adequate to fuel conventional light water reactors 
well past the year 2020, which is as far as DOE makes such 
projections. 
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--When will breeder reactors be econamically coimpotitive with 
light uatsr. re?actors? The latest DOE data shrbwa that breed- 
ers may no~t be? economical until after the ye’&” 20125, 

--Is the CRBR project still an important and ne~c~egls~ary step 
in developi,ng the breeder option? A CRBR*t p@ project is 
still sn, i,mportant step in developing the ,C %%Ipr op’tion. E 

The following sections discuss these matters in detail. 

A CURRENT PRRSPECTI~E, OR NUCLEAR POWER 
AS AN ENERGY $OURCE IN THIS COUNTRY 

Since the mid-1970s, 61 domestic nuclear power plant projects ’ 
have been canceled and still others have been stretched out for 
several years. Furthermore, only 6 plants have been ordered 
since 1974 and none since 1978. Low electric power demand growth 
rates and a generally poor utility industry financial posture 
has largely contributed to this condition. It is unlikely, we 
believe, that the present outlook for the Nation’s nuclear power 
industry, as reflected by cancellations’and delays, will be re- 
versed unless and until conditions affecting the electric utility 
industry change, key problems facing nuclear power are successfully 
resolved, or unforeseen events.otherwise necessitate a rapid return 
to nuclear power. 

In December 1980, we reported that utilities were canceling 
and/or delaying completion of both nuclear and other types of 
electrical generating plants primarily because’of lower rates 
of increases in electricity demand, financial difficulties, and 
to a lesser extent, regulatory problems at both the Federal and 
State levels. L/ These problems, we found, were particularly, 
impacting nuclear power plants because of the large capital in- 
vestments required to construct these plants. 

Despite these cancellations and deferrals, however, nuclear 
power continues to grow in terms of its share of U.S. electrical 
energy production. In April 1979, nuclear power plants repre- 
sented about 9 percent of installed generating capacity. Subse- 
quent completion of additional plants has increased nuclear 
power’s share of U.S. electrical energy capacity to about 13 
percent, according to the National Electric Reliability Council. 

&/“Electric Powerplant Cancellations and Delays,” EMD-81-25, 
Dec. 8, 1980. 
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The Council also expects that by 1990 nuclear power will 
provide about 25 percent of all U.S. electricity, second only to 
the approximate 53 percent contribution of coal. 

Problems more peculiar to the nuclear industry have also 
contributed to nuclear power plant cancellations, the absence of 
new plant orders, and to declining public confidence in this 
energy technology. Major problem areas, some of which are long- 
standing and others which are relatively new, include 

--disposal of nuclear wastes and decommissioning of nuclear 
power plants which have reached the end of their useful 
lives, 

--the capabilities of utilities to properly construct 
and safely operate nuclear power plants, and 

--the financial impacts of major accidents or equipment 
failures on utilities and their ratepayers. 

The safe and environmentally sound disposal of radioactive 
wastes produced by nuclear power plants , particularly the spent 
nuclear fuel, has been a longstanding problem with nuclear 
power. While there has been progress in this area--for example, 
the Senate recently passed a comprehensive nuclear waste manage- 
ment bill which is now under consideration in the House--much more 
is yet to be accomplished. It is still. unclear whether spent fuel 
from light water reactors will be disposed of as waste, or if the 
fuel will be reprocessed to extract the unused fissionable uranium 
and the plutonium for future use with disposal of the waste from 
reprocessing. Where, in what chemical form, and at what cost spent 
fuel or reprocessed waste will be disposed of is also a highly 
volatile issue and is thus still uncertain. 

Similarly, the technical steps and related costs of decom- 
missioning nuclear power plants once they reach the end of their 
useful lives are uncertain. To date, only a few small nuclear 
power plants constructed in the early years of the Nation’s 
nuclear power program have been decommissioned. We recently 
addressed this issue in a report recommending an aggressive 
and unified Federal decommissioning program, including the 
establishment of a national decommissioning strategy. lJ 

Regarding nuclear safety, the accident at the Three Mile 
Island unit 2 nuclear power plant in March,1979 focused atten- 
tion on the safety of nuclear power plants in general, and more 
specifically, on the technical and management capabilities of 
utilities to properly construct and safely operate these plants. 

l.J”Cleaning up Nuclear Facilities --An Aggressive and Unified Federal 
Program is Needed,’ GAO/END-82-40, May 25, 1982. 
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Since then, problems have continued at Three Mile Island and major 
construction quality control problems have been identified at a 
number of nuclear power plants, such as the Diablo Canyon nuclear 
plant in California. 

Utility difficulties8 in managing the construction of their 
nuclear power plants have affected costs as well as confidence 
in the quality of plant construction. The price tag on many 
individual nuclear power plants recently completed and under 
construction is over $2 billion. 

Finally, in the aftermath of the Three Hile Island accident, 
and nuclear power plant steam generator technical problems surfacing 
in recent years, major questions have been raised concerning the 
financial impacts of major accidents or equipment failures. These 
questions are of concern not only to utilities, their rate con- 
missions, and their ratepayers, but also the financial community 
which must underwrite construction of new power plants. 

Utility and industry officials involved in nuclear power whom 
we contacted ge~narally felt the problems facing the nuclear in- 
dustry can b'e sloXved. They point out that other sources of elec- 
trical generation also have significant problems. In particular, 
they point to thw actual and potential environmental hazards 
associated with burning coal-- in contrast with coal, nuclear power 
does not produce carbon dioxide. These officials also stressed 
that nuclear power is a domestic energy source which can help alle- 
viate our reliance on foreign oil. Thus, they believe nuclear power 
will continue to grow in this Nation's energy future. 

SUFFICIENT URAEIUM IS APPARENTLY AVAILABLE 
TO SUPPbY DOE PROJECTIONS OF NUCLEAR 
POWER GROWTH WELL PAST THE YEAR 2020 

How long natural uranium will be available at reasonable 
prices to meet the needs of the current light water reactor in- 
dustry is one of the key factors determining the timing and need 
for breeders to extend the use of nuclear power. Answers to this 
question will largely depend upon how much one believes nuclear 
power will grow, and the amount of uranium supplies available. 
Over the past years there has been considerable debate over the 
future and/or uncertain growth of nuclear power as well as uranium 
supplies that are available. Relying heavily on DOE data, our 
review showed that projections of nuclear power growth have dropped 
dramatically since the beginning of the LMFBR program and CRBR 
project. As a result, our domestic supplies are apparently 
sufficient to fuel conventional light water reactors well past 
2020. 
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Projections of nuclear power 
growth have dropped dramatically 

Government projections of the use of nuclear power have been 
dropping-over the years. In the early 197Os, after the LMFBR 
progr,am had been designated one of the Nation's highest priority 
energy research and development programs, electrical growth rate 
was high, and nuclear power was seen as a major energy source 
to meet this increased demand. For example, in 1972 AEC pro- 
jected that 885 to 1,500 gigawatts of nuclear power generating 
capacity would be commercially deployed by the year 2000. How- 
ever, over the past 10 years the projected growth of nuclear 
power has diminished gr.eatly. The chart on page 17 highlights 
these changes in Government estimates from 1972 to 1980. 

Overall, the chart shows over an 80 percent decline in DOE's 
projections of nuclear power use from 1972 to 1.980. DOE's 1982 
projections show an even further decline in the growth of nuclear 
power than highlighted on the chart. Estimates by DOE's Energy 
Information Administration show that it expects 145 to 185 giga- 
watts of nuclear power to be commercially deployed by the year 
2000 l-/--a drop from the 160 to 200 gigawatts cited in DOE's 1980 
estimate. Next year's projections may even be lower due to 
cancellations in the planned deployments of nuclear power plants. 
In this regard, testimony by the Assistant Secretary for Nuclear 
Energy before the Subcommittee on Energy and Water Development, 
House Committee on Appropriations, on May 26, 1982, indicates that 
DOE projections on nuclear power deployment have further eroded. 

As discussed previously, a number of factors have been re- 
sponsible for this change. The primary reason has been the drop 
in the growth of electric power demand over the years and generally 
poor utility industry financial posture. Other important reasons 
include the utilities' financial condition, questions about nuclear 
safety, uncertainty over the economics of nuclear power, and the 
controversy over how best to dispose of nuclear waste. Utility and 
nuclear industry officials, while acknowledging that the nuclear 
industry's fortunes have been declining, believe it will reverse 
and nuclear power will again be expected to play a major role in 
supplying the Nation's energy. These officials point out that 
nuclear power continues to grow as a percentage of total electric 
power, and they expect this growth rate to accele'rate in future 
years. 

l-/The low nuclear projection, as cited in DOE's Annual Report to 
the Congress, dated Feb. 1982, assumes a Gross National Product 
(GNP) growth rate of 1.5 percent per year while the high nuclear 
projection assumes a GNP growth rate of 2.5 percent per year. 
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Domestic uranium, resources now appear 
able to fuel the nuclear .industry 
well past 2020 

Since the beginning of the nuclear power industry there has 
been concern about the amount of uranium available to meet the needs 
of the industry. The Federal Government, in particular, has 
always been interested in using this resource more efficiently. 
To better assess the extent of the U.S. resource base, the United 
States initiated the National Uranium Resource Evaluation program 
in 1974. The goals of this program have been to assess and expand 
the nuclear fuel resource base of the United States, reduce un- 
certainties about the extent, availability, and economics of 
domestic nuclear fuel resources, and make such information avail- 
able to industry. Over the years, the overall dimensions of do- 
mestic uranium supplies and the Nation's production capabilities 
have become better quantified. The following table shows the 
program's estimates of natural uranium reserves and potential 
resources as of October 1980. As of April 1982, DOE officials 
were in the process of revising this data. lJ 

Amount of natural uranium by forward 
cost (note a) category (note b) 
$30/pound $50/pound $lOO/pound 

-----------(thousands of tons)------------ 

Reserves 
Potential Resources 

Probable 
Possible 
Speculative 

645 936 1,122 

885 1,426 2,080 
346 641 1,005 
311 482 696 

Total 2,187 3,485 4,903 

a-/Forward cost includes costs of power, labor, materials, royal- 
ties, payroll and production taxes, insurance, and applicable 
general and administrative cost in developing and operating a 
mine and building and operating a uranium mill in order to 
extract uranium. It does not include profit. 

&/Higher cost category includes all lower cost material. 

Additional uranium resources not included in the previous 
table,include over 150,000 tons of natural uranium stockpiled by the 

l-/On Hay 27, 1982, DOE released its revised uranium reserves 
estimate. This data shows domestic reserves to be 894,000 
tons in the $lOO/pound or less forward cost category. DOE 
has not yet released revised estimates for the potential re- 
sources c& tegor ies. 
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Government or private industry. In addition, there are estimated 
to be millions of tons of low-grade uranium ore. 
ore, however, 

This low-grade 
is generally believed to have a forward cost much 

greater than $100 per pound and, according to DOE officials, may 
not be economically recoverable. 

There has always been some debate as to what extent these 
various cost figures and potential resource categories should be 
used in planning the scope and pace of the U.S. nuclear energy 
development program. We pointed out in a previous report how 
different research groups have interpreted the data differently 
depending on which costs and reserve categories they felt were 
reasonable. DOE, in its May 1982 Final Environmental Impact 
Statement on the LMFBR program, stated that a uranium K@souKce 
estimate in the 2 to 3 million ton range was a prudent assumption 
for planning purposes. 

Although we did not attempt to verify DOE's estimate, the 
use of a 2 to 3 million ton uranium resource estimate is probably 
conservative. There should be at least that much available in 
view of the total amount (3.5 to 4.9 million tons in the $50 to 
$100 per pound range} cited in the table, the amount inventoried, 
and the amount of low-grade ore available. l/ Furthermore, the 2 
to 3 million ton resource estimate does not-consider international 
uranium reserves which could be imported from major uranium producing 
countries, such as Australia or Canada, over the ndxt few decades. 
On the other hand, the estimate does not consider potential exports 
of U.S. produced uranium. 

How long domestic uranium will be available to fuel the cur- 
rent nuclear industry is, from strictly a resource standpoint, the 
key to when breeders are needed. In January 1975, ERDA issued a 
report which examined the need for and timing of breeders. This 
study found that uranium reserves and potential uranium resources 
would permit building conventional reactors until around the end 
of the century. Thus, the study concluded that having a commercial 
breeder available prior to the year 2000 would be prudent. The 
slowdown in the growth of commercial nuclear power, however, has 
changed this assessment and, thus, has pushed further into future 
when a breeder is likely to be needed from a resource standpoint. 
DOE's latest projections, for example, are that 220 to 355 giga- 
watts of nuclear power will be commercially deployed by the year 
2020. 2/ The previous ERDA study projected deployment of this 
magnitude prior to 1990. 

L/DOE information also indicates a 95 percent confidence in the 
existence of at least 3.8 million tons of uranium at a forward 
cost of $100 or less. 

Z/These are DOE's Energy Information Administration's figures 
which also estimate 145 to 185 gigawatts nuclear being deployed 
in the year 2000. DOE does not project commercial deployment 
of nuclear power plants beyond 2020. 
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This dramatic downturn in nuclear power grolwth projections * 
extends the availability of domestic uranium resources. To deter- 
mine the date that these resources are likely to be depleted, we 
asked DOE’s enrichment operation to estimate the amount of natural 
uranium required to meet DOE’s latest projected demand. Accord- 
ingly, DOE projected that 1.3 to 1.7 million tons of natural 
uranium will be needed through 2020. Ill When comparing this data 
with DOE’s prudent planning estimate of 2 to 3 million tons of 
uranium resourcesc it appears that there are sufficient uranium 
supplies to fuel light water reactors well past 2020. 

This analysis does not take into account the possibility of 
adopting technological processes for more efficiently utilizing 
uranium fuel which could further extend domestic uranium resources. 
These processes include using more sophisticated uranium mills to 
recover more natural uranium, reprocessing, advanced enrichment 
processes to extract a higher percentage of fissionable material 
from natural uranium, and developing more efficient reactors. The 
adoption of some or all of these technological processes could 
possibly extend uranium resources by decades. For example, DOE 
data shows reprocessing could reduce uranium requirements for light 
water reactors by about 30 percent. 2/ Thus, with reprocessing, 
DOE’s estimate of the amount of natural uranium to meet demand in 
2020 could be reduced to .9 to 1.2 million tons and could delay 
the date by which commercial LMFBRs will be needed by as much as 
10 years. 

Officials of DOE’s breeder program agree that the slowdown 
in nuclear energy growth has extended the estimated date when 
domestic uranium resources will be depleted. They point out, 
however, that because of numerous uncertainties surrounding the 
future use of nuclear power and uranium resource utilization-- 
for example, how much uranium we export or import in the next 20 
to 30 years --domestic uranium resources could be depleted much 
sooner . We recognize that a number of possible events could result 
in using domestic uranium resources sooner than expected. Still, 
DOE’s own latest estimates on uranium availability and nuclear power 
growth show sufficient domestic uranium supplies to fuel the nuclear 
industry well beyond the year 2020. 

IJDOE officials, in commenting on this report, told us that this 
would translate into 1.3 to 2.1 million tons of natural uranium 
that would have to be committed to light water reactors by 2020 
to fuel them over their lifetime. 

z/This includes using both plutonium and residual uranium as fuel 
for light water reactors. 
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DOE DATA SNOWS BREEDERS MAY 
NGT BE ECCNCMICAL UNTIL AFTER 2025 

The economic promise of the LMFBR is that it,could supply 
the Nation with electricity-- at a competitive economical cost-- 
some time in the future. Since the LMFBR is generally considered 
the next generation of nuclear powerplants, most studies compare 
the LMFBR against conventional light water reactors. These 
studies generally con$ider LMFBRs to be more expensive to build 
(capital costs) than light water reactors, but LMFBR fuel cycle 
costs are expected to be lower. 

The LMFBR capital cost has been the subject of considerable 
controversy. DOE and non-government studies examining this 
question have estimated that a commercial LMFBR could cost any- 
where from 1.1 to 1.75 times more than light water reactors. 
The latest DOE estimate as of January 1981, shows an LMFBR to be 
1.38 times more expensive than a light water reactor. DOE offi- 
cials point out, however, that this cost differential would be 
associated with the first few commercial LMFBR plants. Even- 
tually, DOE officials expect that LMFBR capital cost would drop 
to no more than 1.2 times more expensive than a light water re- 
actor. DOE officials also point out that there are no inherent 
technical reasons why the breeders should cost more to build than 
a light water reactor. 

Assumptions about capital costs have a significant impact on 
the relative economic position of LMFBRs. To.illustrate capital 
cost impacts, we used a DOE computer program to price out the cost 
of generating electricity from an LMFBR versus light water reactor 
under different capital cost assumptions. l/ The purpose of this 
table is to show the relative difference bgtween the cost of 
electricity generated from each. 

Capital cost 
differential 

1981 cost of electricity 
generated (mills/kilowatt hour) 

(note a) 
LMFBR LWR 

1.10 31.0 31.7 
1.20 32.5 31.7 
1.38 35.3 31.7 
1.75 41.0 31.7 

a/One mill is a tenth of a cent. 

As the previous table shows, the capital cost of the LMFBR can 
greatly influence the economic competitiveness of the LMFBR with 
light water reactors. 

l-/In this analysis, we kept the selling price of uranium constant 
at $125 Fer pound. 
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Fuel cycle cost is the next most significant cost factor. 
The light water reactor fuel cycle cost includes such itema as" ' 
mining and milling uranium, converting, enriching, and fabricating 
uranium into fuel rods, and disposing of this fuel. The LMFBR 
fuel cycle is generally considered more economical. While it 
includes some of the same steps, such as fabricating fuel rods, 
it does not require the mining and milling of uranium or enriching 
uranium. Furthermore, the breeder can produce more than enough 
plutonium to refuel itself. If the LMFBR is to be economically 
competitive with a light water reactor, the LMFBR fuel cycle cost 
must be sufficiently more economical than a light water reactor 
to offset the expected higher LMFBR capital cost. 

According to DOE officials, the most critical cost factor 
in a fuel cycle cost analysis is the selling price of uranium. 
In this regard, DOE officials stated that when natural uranium 
becomes scarce and the price is driven up, a light water reactor 
will become more expensive to operate and thus make breeders more 
competitive. However, DOE data on how the cost of electricity from 
a light water reactor is affected by the selling price of natural 
uranium shows that electricity costs are not as sensitive to in- 
creases in the price of uranium for light water reactors as they 
are to higher capital costs of breeder reactors. For example, in- 
creasing the relative capital cost of a breeder reactor to a light 
water reactor from 1.20 to 1.75--a relative increase of about 46 
percent --would increase the 1981 estimated cost of electricity gen- 
erated by a breeder reactor from 32.5 to 41--an increase of 8.5-- 
mills per kilowatt-hour. On the other hand, DOE data shows that 
the price of natural uranium would have to at least triple--from 
$50 to $150 per pound l/, or a 200 percent increase--in order to 
get the same 8.5 mills-increase. Thus, while the price of uranium 
is an important cost factor, it does not appear to be as sensitive 
a factor as capital cost in comparing the economics of the LMFBR 
and a light water reactor. 

Nevertheless, projections on the time when commercial LMFBRs 
may become economically competitive with light water reactors vary 
greatly depending on the assumptions that are made about how much 
uranium resources will be available, how much uranium will cost, 
how efficiently it is utilized, how much LMFBR construction costs 
prove to be, and the growth rate of nuclear power. Although there 
is always uncertainty associated with such assumptions, over the 
years these assumptions have been changing and delaying the time 
an LMFBR will likely be economical. In the early and mid-1970s, 
many Government studies showed LMFBRs would be competitive around 
the year 2000. Later DOE studies have pushed this date back con- 
siderably. For example, in September 1978, DOE prepared a nuclear 
strategy paper to support its upcoming annual budget. In this paper, 
DOE prepared a wide variety of estimates (in the form of tables) of 

L/1981 spot market prices for uranium less than $40 per pound. 
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when an LMFBR would be economically competitive depending on such 
key factors as capital cost for an LMFBR, selling price of natural 
uranium, and installed nuclear generating capacity in the year 
2000. Using the latest available DOE data and applying it to 
these tables shows an LMFBR to be competitive with light water 
reactors some time after 2025. The most recent DOE study we could 
identify was dated December 1981 and titled "Analysis of Alternative 
FBR Development Strategies." It shows that a commercial breeder 
would most likely be economical if it came on-line some time 
between 2025 to 2035. 

Utility and nuclear industry officials we contacted, as well 
as some DOE breeder program officials, stressed the uncertainties 
associated with making any projections on the economic time frame 
of breeders. They pointed out, for example, that uranium prices 
could rise much faster than anticipated and thus make breeder re- 
actors economical sooner than 2025. They also generally believe 
that without construction experience, LMFBR capital costs are 
highly speculative. Some nuclear industry and government officials 
believe only after "hands on" construction experience with breeder 
reactors will industry and DOE get a good picture of what a coin- 
mercial-size plant will likely cost. Before such time as actual 
construction costs are available, these officials tend to view 
economic studies as merely academic exercises. 

A CRER-TYPE PROJECT IS STILL AN 
IMPORTANT STEP IN DEVELOPING 
THE LMFBR OPTION 

In 1970 the Congress authorized AEC to enter into a coopera- 
tive arrangement with private industry to build and operate the 
CRBR. The project's size-- about 375 megawatts-electric--was 
selected as a prudent step toward the eventual development of a 
commercial-size (1,000 megawatts or greater) LMFBR power plant. 
Because the CRBR is the next logical step in the LMFBR program, 
and because of its cost and size, it is the present focal point 
of DOE's LMFBR program. The CRBR's primary objectives are to 

--demonstrate the safe, clean, and reliable operation of 
an LMFBR resembling a commercial-size plant while show- 
ing a high availability factor for power production in 
a utility environment; 

--serve as the focal point for the development of systems 
and components; 

--develop industrial and utility capabilities to design, 
construct, and operate LMFBRs; and 

--demonstrate the licensability of LMFBRs. 

According to DOE, constructing and operating an LMFBR demon- 
stration plant is the best means by which these objectives can be 
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realized. AEC originally considered other approaches to achfev- Y 
ing these same objectives, including trying to encourage industry 
to undertake the demonstration of LMFBR technology on its own, 
relying on foreign experience to demonstrate the concept, and 
purchasing foreign LMFBR technology and adapting it to the pre- 
vailing U.S. regulatory requirements. According to AEC, however, 
none of the alternatives met the objectives satisfactorily. 

In prior reports, we have examined in depth the technical 
importance of the CRBR project. In these reportsp after interview- 
ing a wide range of knowledgeable industry, Government, and pri- 
vate individuals on this subject, we found that the intermediate 
size of the CRBR project is a prudent step in making the LMFBR 
technology a viable and timely option for future nuclear energy 
supply* The size represents a logical step in the scaleup of 
LMFBR reactor facilities. Furthermore, we learned from industry 
officials and technicians involved in the fabrication and testing 
of LMFBR components that there is no reasonable substitute for 
testing components in an operating reactor environment. These 
same people also informed us that the most reliable way to fabri- 
cate and test these components was in progressively larger steps. 
The scaleup to a CRBR project size facility, in their judgment, 
represented the most reasonable step in this process. The April 
1977 majority report of the LMFBR Steering Committee of ERCA also 
reflected these views. This was again reinforced in March 1979 
in a report prepared by a DOE-sponsored study group headed by 
the Westinghouse Corporation. Finally, utilities and industry 
officials we contacted in the course of this review strongly 
supported building the CRBR as a critical step in developing the 
breeder option. In this regard, a March 1979 reassessment of U.S. 
breeder reactor policy by the Atomic Industrial Forum stated: 

"Completing the Clinch River as quickly as possible is the 
right choice, for many reasons. It will cost less and will 
involve less technical, economical, and political risk than 
any proposed alternative." 

Building an intermediate size CRBR-type demonstration proj- 
ect is basically the same approach as that followed in developing 
foreign breeder programs. The LMFBR programs of the Soviet 
Union, France, the United Kingdom, and Japan all include inter- 
mediate size demonstration plants similar to the CRBR project. 
(See app. I.) This does not mean, however, that the CRBR 
project is the only means to demonstrate the technology. The 
important fact is that a demonstration plant along the size 
and scale of the CRBR project is an important research and de- 
velopment step. Once this step is completed the next logical 
step would be to follow it at some future time by a commercial 
size breeder reactor such as the proposed large development plant. 
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CHAPTER 4 

WEER FRCGRAM OFTIONS 

Information irv.portant to decisions concerning the LMFBR pro- 
gram has changed substantially since the LHFBR program was first 
designated as one of this Nation’s highest Friority research and 
development Frograms in the early 1970s. As discussed in chapter 
3, expectations of nuclear power as an energy source have been 
declining and CCE data now shcw that commercial LMFBRs may not be 
needed or economically competitive until well into the 21st century. 
These changed circumstances-- in a time of budgetary restraint--have 
intensified the debate over the pace and direction of the LMFBR 
Frogram in general and the CRBR project in particular. 

There are many development courses open to LKFBR decision- 
makers. Determining which is best is a dynamic process requiring 
judgments about the future course of nuclear power and continual 
reassessments of Frogram goals against available information on 
such factors as uranium availability, LMFBR economics, and LE”FBW 
technology risks. Obviously, there is much uncertainty inherent 
in projecting trends and/or events, such as future electricity 
and nuclear power growth, far into the future. Never theless, 
decisions must be made now based on the latest information and 
estimates of future events . 

In this context there 
to LMFBR decisionmakers: 

are three fundamental options open 

--continue the present program along the lines proposed by 
CCE in its May 1982 Final Environmental Impact Statement 
on the LPZFBR Frogram. This includes constructing the CRER 
by about 1990, constructing a large development plant with 
substantial industry financial participation by the mid-1990s, 
thus permitting the first commercial plant decision a few 
years thereafter; or 

--restructure the program to provide more time for develop- 
ing the technology and/or s&reading the construction 
and operation of demonstration plants over a longer 
Feriod of time; or 

--terminate the LMFBR program in its entirety. 

This reh;ort does not consider the option pursued by the Carter 
Administration-- canceling the CRBR project and building a larger 
demonstration plant sometime in the future. As discussed in 
chagter 3, we believe a CRBR-size demonstration project to be 
the next logical step in developing the LMFER option. 

The following sections discuss the aforementioned fundamental 
oFtions, their tradeoffs, and some alternatives within them. This 
discussion centers primarily on the timing for constructing and 
operating LMFBR demonstration plants because of their importance 
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to developing LMFBR technology. It does not FurFort to list or- ,, 
present all tradeoffs among them. Rather, the discussion of 
alternatives is intended to prcvide a perspective on the range 
of key options ogen to the Nation regardinq the LIFER Frogram 
and the timing of demonstration projects within the program. 

CONTINUE THE LMFBR PRGCRAM 
CN DOE’S CURRENT SCHEDULE 

Continuing DOE’s present LMFBR program plan as set forth 
in its May 1982 Final Environmental Impact Statement on the 
LMFBR program would include (1) constructing the CRBR as soon as 
possible and operating it by about 1990, (2) constructing a large 
develoFment plant with substantial industry financial FarticiFation 
and orerating it by the mid-1990s, and (3) continuing the base tech- 
nology program through 2000. Under this plan, the first utility de- 
cision to order a commercial plant could be made a few years after 
construction of the large development plant is completed. It should 
be noted that DOE’s Flan is contingent upon private sector financing 
of the major portion of the large development plant capital funding, 
and details of these financial arrangements are yet to be worked out. 

As discussed in chaFter 2, a number of our past reForts have 
emphasized that, if the Nation wants to commit to nuclear power as 
a long-term energy option, it rriakes sense to move forward by build- 
ing a demonstration plant. Building a CRER-type demonstration 
plant now, followed by a larger Flant, is probably the quickest way 
to gather essential inform:ation on the safety, environmental, and 
economic issues surrounding breeders. Continuing the present pro- 
gram provides the best assurance that breeders will be available 
when needed and provides the focus lacking in the LMFBR program 
over the past several years. In addition, DGE officials believe 
the present program would keeF the Nation competitive with foreign 
LKFBR proqrams. They also believe it would represent a symbol to 
the nuclear industry that the Nation is making a commitment to the 
long-term future of nuclear power and would avoid losing the 
technical expertise industry has acquired since the program began. 
Utilities and industry officials involved in nuclear power echoed 
similar views in support of continuing the present develolzment 
program on schedule. These officials stressed the importance of 
getting operational experience from a breeder reactor so that the 
future role of breeders could be better assured. 

Gn the other hand, a decision to continue the present program 
must be measured against two tradeoffs. First, the breeder could 
be developed well before it is needed or economically competitive-- 
that is, well before there is enough incentive for utilities to 
order breeder plants. Although there are always uncertainties 
associated with projections of future events, the steadily declin- 
ing growth rate in deploying nuclear Fewer plants has extended 
further into the future the time when commercial breeders are 
likely tc be deployed by utilities. Some industry officials 
acknowledged that in view of the current situation surrounding 
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1 nuclear power, it appears unlikely tha't any utility will order 
a breeder reactor as early as around the year 2000. 

DOE officials recognize the present program could demonstrate 
the LMFBR technolagy sooner than needed by industry. 
tain, however, 

They main- 
that the detrimental consequences of being too 

early are far outweighed by the consequences of being too late. 
While this may be sor it is also important to recognize that under 
DOE's present program timetable, DOE could develop a commercial 
size plant decades before it is economically competitive or is 
needed on the basis of uranium availability. In the interim be- 
tween the -time when an LMFBR plant is developed and when it is 
needed or becomes economical, it is unclear what the LMFBR program 
would focus on OK how the industry infrastructure and expertise 
would be maintained. 

The second tradeoff that must be considered in continuing 
the present course is the program's budgetary cost, particularly 
in the short tern. In the fiscal year 1983 budget, DOE is re- 
questing $523 million for the breeder programr including $253 
million for the CRBR project. This is one of the highest priority 
energy research and development programs in DOE's budget. There 
is concern that this high priority might be misplaced, especially 
at a time of fiscal restraint. Debate on funding'for CRBR in 
DOE's fiscal year 1982 budget centered on this issue and is ex- 
pected to surface again during deliberations on the 1983 budget. 
Questions about this high priority were also raised by DOE's 
Energy Research Advisory Board in its November. 1981 report on 
Federal energy research and development priorities. The Board 
stated that construction of a breeder reactor demonstration plant-- 
specifically the CRBR--at this time is not an urgent priority and 
recommended that under current budget constraints, such a demon- 
stration could be delayed until a future time. 

DOE officials recognize that short-term budget savings could 
be achieved by delaying demonstration projects but point out that 
the total cost of the project could increase in future years due 
to inflation and other factors such as storing components. 

RESTRUCTURE THE LMFBR PROGRAM 
ON THE PREMISE THAT BREEDERS MAY 
NOT BE COMMERCIALLY DEPLOYED 
UNTIL AT LEAST 2025 

Restructuring the LMFBR program would recognize the continuing 
decline in the expected growth of nuclear power that has occurred 
over the last 10 years and continuing problems facing the nuclear 
industry. Basically, this option would center around timing demon- 
stration projects on the premise that breeder reactors may not be 
commercially deployed until at least 2025. The tradeoffs associated 
with this option vary depending on how and to what extent the 
program is restructured. Moreover, in any consideration of re- 
structuring the LMFBR program it important to focus on the specific 

27 



objectives and purpose of a restructured Frogram. Several 4 
illustrative ways to restructure the LMFBR program include: 

--Complete the CRBR, delay the large development plant, 
and continue the base technology program. 

--Defer both the CRBR and large development plant, but 
continue the base technology program. 

--Stretch out or delay construction of the CRBR and/or 
large development plant and continue the base 
technology program. 

Choosing any of these suboptions would, to a certain extent, 
slow the overall pace of the program and run the risks that (1) 
the LMFBR option may not be ready when the Nation needs it if 
circumstances change and demand for nuclear power grows faster 
than is currently anticipated, (2) foreign manufacturers will 
have the advantage of reaching the marketplace first, and (3) 
total research and development costs will be higher. Also, a 
slowed LMFBR program could be interpreted symbolically by the 
nuclear industry and utilities that the Federal Government is 
no longer committing to nuclear fission as a long-term energy 
source. As a result, industry may be reluctant to continue to 
commit its expertise and resources to a slowed down program. 
In this regard, a number of industry officials told us that if 
the Government restructured the program, they would probably 
rethink their role in the program. 

DOE believes slowing the program will retard progress, dif- 
fuse and disperse the highly-trained manpower, cause the Nation 
to settle for an international status that is second best, and 
pose the threat of foreclosing the use of nuclear power in the 
United States. Finally, in commenting on our report DOE stated 
it is imperative to proceed with the LMFBR program and CRBR 
project on the current schedule. In DOE's view, slowing the 
programr if ultimately proven incorrect, would have serious 
national security implications. Industrial disruptions, con- 
strained economic growth, and increased reliance on foreign 
supply can be expected, DOE said, if adequate economic supplies 
of energy are not available. 

Complete the CRBR project and 
delay the large development plant 

Under this suboption the program would not proceed directly 
to the construction of a large development plant beyond the CRBR. 
Such an option would allow more time for making decisions on 
when to build the larger plant, the most appropriate size and 
design for the plant, and financing arrangements. Furthermore, 
the timing of a large development plant could be more in line 
with current estimates of when breeder reactors are likely to be 
deployed. Choosing this option would also make maximum use of 
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the fynds that heave been invested to date in the CRBR project. 
Some nuclear industry and government officials told us that there 
are advantages to deferring construction of the large development 
plant to a later time than planned by DOE. Specifically, they 
pointed out t?iat if the large development plant is delayed and 
the CRBR is built on schedule, the operating experience gained 
from the CRBR ccould be better applied to the final detailed design 
of the large development plant. This could help to avoid possible 
problems of too rapid development of breeder technology. For ex- 
ample, some industry officials speculate that too rapid technol- 
ogy development and commercialization underlie the current prob- 
lems in the light water reactor nuclear industry. They further 
point out that this operational experience could be critical in 
seriously looking at ways of reducing the capital cost associated 
with breeders-- the key 'economic uncertainty affecting the Fotential 
deployment of commercial LMFBRs. According to these officials, 
meaningful research could be accomplished in the interim, especially 
in regard to reducing capital costs. 

Budget savings would not accrue immediately under this . 
approach. Additionally, this option, EtcCOKding to DOE, could 
lead to the erosion of the industry/utility/national laboratory 
infrastructure that will be needed for future LMFBR commercializa- 
tion. In this respect, DOE officials believe that in the interim 
between the CRBR and the construction of a larger plant it may be 
difficult to focus the base technology program only on component 
development and testing. 

Defer both demonstration projects 

The major benefit of the second suboption--deferring both 
demonstration projects but keeping the base program going--would 
probably be budgetary savings, at least in the short-term, and 
an opportunity to reassess funding priorities. It would also 
allow decisionmakers time to assess whether utilities are likely 
to resume ordering new nuclear power plants and at what rate, and 
to reconsider the structure and pace of the entire LMFBR program 
based on this assessment. On the other hand, this option might in- 
crease total LMFBR program costs. 

According to DOE officials, the disadvantages of this option 
would be significant. They maintain that, if circumstances currently 
affecting the growth of nuclear power change and demand increases, 
a commercial LMFBR might not be available when needed. In addition, 
DOE officials view demonstration plants as essential to any serious 
commitment to developing LMFBR technologies. They also point out 
that without operating plants there is no significant involvement 
of industrial suppliers in the LMFBR development program; and 
construction, start-up, operating, and licensing experience will 
be completely lacking. This could seriously disrupt the continuity 
of the current base program which would otherwise be looking to 
resolve problems in building a follow-on large development plant. 
Nuclear industry officials strongly emphasized the importance 
of demonstration projects in carrying out a meaningful research 
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and development program. These concerns raise serious questions 
as to whether a base technology program could be technically and) 
cost effective without the focus provided by one or more development 
plants. 

Our 1980' report tended to support DOE's position on the need 
for focusing the LMFBR efforts. We said that the program at that 
time was in a state of disalcray and lacked focus. We also said 
that, within the current program and assuming a long-term commit- 
ment to nuclear power, a demonstration plant was the best way to 
provide that focus. We recommended that, if the Congress wished 
to maintain a nuclear option or if it wished to commit to nuclear 
power as a long-term energy sourcer it should require DOE to con- 
struct a breeder reactor demonstration facility. We also rec- 
ommended that the Congress consider terminating the breeder pro- 
gram if it cannot reach a resolution on whether to preserve the 
breeder option or it do'es not wish to preserve the option. 

Stretch out or temporarily delay 
construction of the CRBR and 
large development plant 

under the third suboption, the schedule for constructing 
the CRBR project followed by the large development plant would 
be either stretched out or temporarily delayed in recognition of 
the current projections of the need for a commercial LMFBR. If 
delayed, the CR&R plant design --which is about 90 percent com- 
plete --would be completed but construction would not begin imme- 
diately. Several benefits of this option are similar to the pre- 
vious option. Specifically, some of the immediate gains include 
reducing Federal funding for the LMFBR program in the earlier 
years, and more time to assess the general role of nuclear power 
and the specific role of breeder reactors in the Nation's energy 
future. Similar benefits would accrue if construction of the 
CRBR was stretched out. That is, construction could begin 
immediately but the CRBR would be built over a longer period of 
time. 

In addition, choosing this suboption, whether the construc- 
tion of the CRBR project was stretched out or temporarily delayed, 
would allow moKe time to test key components for the CRBR demon- 
stration plant, thereby lowering the development risks associated 
with building the project. For example, steam generators are 
critical plant components which have caused problems in smaller 
breeders in this country as well as comparable units in foreign 
countries. In this respect, GAO recently issued a report "Revis- 
ing the Clinch River Breeder Reactor Steam Generator Testing Pro- 
gram Can Reduce Risks" (GAO/EMD-82-75, May 25, 1982) which raised 
questions about DOE's testing program for steam generators and 
the possible need for additional development testing before these 
components are used in a demonstration plant. In this report we 
recommended that the Secretary of Energy evaluate the information 
presented in the report, as well as the risks assumed in not conduct- 
ing more complete and thorough tests of the steam generator design, 
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in deciding on how to proceed with the procurement of the CRBR 
steam generators. A/ 

This option would alsa allow time for an immediate technical 
reassessment of the LMFBR program. Such a reassessment would allow 
DCE to examine new concepts, designs, and components that might, 
for example, lower the capital costs of an LMFBR--the key economic 
uncertainty affecting the potential deployment of commercial LMFBRs. 

In addition to the risks discussed earlier associated with 
any slower approach, DOE officials believe that if the CRBR 
project is delayed, personnel and facilities engaged in plant 
and component design and fabrication will be lost by even a few 
years delay and that their retrieval will be difficult and expen- 
sive. DOE officials also point out that if construction of the 
CRBR is stretched out or deferred, total program costs due to 
inflation, storage of CRBR components, and other factors would 
increase. Finally, this suboption-- while possibly reducing 
risks in the near term-- may increase risks in the long term by 
squeezing the commercial deployment timetable and delaying the 
time meaningful operational data on breeder reactors could be 
obtained. According to industry and some government officials, 
the operating experience from an intermediate-size plant should 
be the firm basis for designing future plants--especially lower 
cost breeder plants. Hence, some industry as well as government 
officials agree that if the program must be slowed, it should 
be slowed after construction of an intermediate-size plant. 

TERMINATE THE LMFBR PROGRAM 

The most obvious benefit of abandoning the LMFBR program 
is that it would free limited Government funds for other energy 
and non-energy programs or for reducing Federal expenditures. 
The major tradeoff is that, by abandoning the LMFBR program and 
the CRBR project, the Nation might be foreclosing on the long-term 
future of one of its major domestic energy options--nuclear fis- 
sion. As a consequence, the country might have to depend more 
heavily on foreign oil, coal, or yet undeveloped alternative 
energy technologies, such as fusion or solar energy, to meet 
the country's electric demand. 

Oil, whether it is domestic or foreign, is not a long-term 
source of energy. Further, relying on foreign oil has obvious 
economic and political costs which should be avoided. Coal, 
on the other hand, is a long-term source of energy which is in 
abundant supply in this country. However, unlike nuclear power-- 
where the hazards and environmental consequences have been recog- 
nized and regulated from the beginning--some of the environmental 

l$Wbsequently, on July 2, 1982, DOE awarded a $34 million fixed 
price contract to a division of Westinghouse Corporation for 
fabrication of 10 CRBR steam generators. 
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hazards associated with coal use have only recently been identil- 
fied and controlled, while other potential hazards, such as 
acid rain and the possible buildup of carbon dioxide in the 
atmosphere, are still the subject of a great deal of controversy 
and have not been studied in great depth. If these hazards are 
found to be unacceptably harmful to the environment, the use of 
coal as a long-term fuel source for generating electricity would 
be greatly curtailed. 

In that event, foreclosing the long-term nuclear fission 
option would place increased pressure on developing other alter- 
native long-term energy technologies such as fusion or solar 
energy. Most of these technologies currently are only in the 
basic research stage or are not now economically competitive. 
To rely heavily that research efforts in these areas will be suc- 
cessful would assume a substantial risk. Utilities and nuclear 
officials we contacted generally echoed these views. 

When one considers both the electricity needs of the future 
and the alternatives for producing this electricity, at the present 
time it appears that coal and nuclear power are the only supply 
sources which are adequate to satisfy the potential need. As noted 
earlier, although nuclear plant orders have stopped and many plants 
have been canceled, nuclear power continues to grow in terms of 
its contribution to total U.S. electrical energy production. 
Furthermore, there is uncertainty on the potential for heavy re- 
liance on coal to satisfy the potential need for electricity be- 
cause of growing concern over its environmental effects. 

A final tradeoff to be considered in terminating the LMFBR 
program is the funds that have already been spent on the program. 
About $6 billion has been spent and, if the program is terminated, 
it seems reasonable that much of this cost would be wasted. 
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CHAPTER 5 

OBSERVATICNS,, HATTERS FCR CCNSICERATIQN EY 

THE COJWXIEL26, AECI AGENCY COMMENTS 

For some years now the LMFBR research and development pro- 
gram in general and the CRBR demonstration project in particular 
have been surrounded by controversy. This controversy has led 
to shifts in program direction and efforts to defer or cancel 
the CRBR demonstration plant. In this environment, it has been 
difficult for program officials to manage the program and to main- 
tain a focused development effort. Proponents and opponents alike 
have used the same basic information to argue both sides of the 
issue. Chapter 4 of the report describes the tradeoffs involved 
in choosing among the fundamental options now available to con- 
gressional LMFBR decisionmakers. Choosing any of these options 
will require judgments regarding future events 20 years and more 
away. Thus there will always be an element of uncertainty inherent 
in making any of these decisions. Furthermore, decisions on the 
future course of the LMFBR program require policy judgments by 
the Congress on such things as 

--what role nuclear power should play in meeting this 
Nation's electrical energy needs, 

--the extent to which this Country may wan,t to rely on 
foreign technology, and 

--the relative budget priority of the LMFBR program 
versus other energy and non-energy programs. 

In the final analysis, decisions must be made amid the 
inherent uncertainties associated with predicting future events 
as well as unquantifiable policy judgments. At this point 
in time, we believe several points concerning the LMFBR program 
should be carefully weighed in deciding the future pace and direc- 
tion of the program. 

First, the LMFBR program should be recognized for what it 
is-- a research and development program intended to provide infor- 
mation essential to determining if the Federal Government should 
permit commercial deployment of the LMFBR technology. 

Second, there has been a continual erosion in the anticipated 
growth of nuclear power over the last 10 years. In this regard, 
DOE's projections have dropped over 80 percent since the Atomic 
Energy Commission’s projections of the early 1970s. Even since 
our last major report on the LMFBR program in 1980, DOE's pro- 
jections have dropped 25 percent. Furthermore, there are in- 
dications that this downward trend has not bottomed out and 
future projections may be even lower. At this point in time 
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DOE’s latest projections on nuclear power deployments and qela- 
tively conservative estimates of domestic uranium supplies show 
that an LMFBR will probably not be needed until well past the 
year 2020 --the furthest that DOE now makes nuclear power pro- 
jections. These projections do not consider possible advances 
that may occur in mining and using uranium, or the effect of 
imports and exports of uranium over this time period. 

Third, the most recent DOE study shows that LMEBRs may not 
be economically competitive with light water reactors until some- 
time after the year 2025. To be competitive before that time, 
the research and development program must bring projected LMFBR 
capital costs down or the price of uranium must increase sub- 
stantially. 

Fourth , a CRBR-type demonstration plant is the next logical 
step in the present LMFBR research and development program. If 
the LMFBR is to be commercialized, such a plant will eventually 
be needed to gain information on breeder reactor licensability, 
maintainability, economics, and safety. In addition, our past 
work has shown that an intermediate-size demonstration plant such 
as CRBR represents a prudent extrapolation in size of breeder re- 
actor technology. 

Fifth, terminating the LMFBR program or the CRBR project in 
favor of other long-term nuclear fission oFtions will not reduce 
proliferation risks. Numerous studies have shown that all long- 
term nuclear fission options present proliferation problems and 
that no one option has any particular non-proliferation advantages 
over the other. 

Finally, the Nation has already made a considerable invest- 
ment in developing LMFBR technology. About $6 billion has been 
spent on the LMFBR program, including a little over $1 billion 
on the CRBR project. If the LMFBR program were terminated, much 
of this “sunk” cost probably would be wasted even if the program 
was restarted at some future date. 

In view of these facts, there are three fundamental options 
for the Congress to consider in making decisions on the LMFBR 
program and the CRBR project --continuing the program at its 
current pace and direction, restructuring the programr and ter- 
minating the program. 

In our view, continuing the program along the lines proposed 
by DOE implies a commitment to nuclear fission as a long-term 
energy source. In addition, it may imply (1) a judgment that the 
current state of nuclear power is temporary and will be re- 
versed and (2) an unwillingness to accept the risk that the 
technology will not be available if and when needed. 
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Conversely, restructuring the program implies a willingness 
to slow the program in light af current trends in nuclear,power 
use while still maintaining a commitment to nuclear power as a 
long-term energy source. In other words, it keeps the LMFBR option 
open. The extent to which that option is kept open depends upon 
the approach followed in restructuring the program. Illustrative 
ways to restructure the program include (1) completing the CRBR 
project as DOE plans but delaying construction of a larger devel 
opment plant, (2) deferring both the CRBR project and the large 
development plant, and (3) stretching out or temporarily delaying 
construction of the CRBR project and/or the large development 
plant. If this option is chosen, however, the Congress should 
assure itself that the program is redesigned and restructured 
in a way that maintains a focused effort. Exactly what short-term 
budget savings may be available will depend on the approach used 
in restructuring the program. 

Finally, terminating the program implies a willing,ness to 
foreclose on the long-term future of a major energy option-- 
nuclear fission--thereby relying on other alternative energy 
technologies such as fusion and solar energyr together with coal, 
to meet future electrical demand. It also implies a possible 
willingness to import breeder technology from foreign countries 
if these alternative technologies are not developed in time and/or 
if environmental problems with coal necessitate curtailing its 
use as a fuel for generating electric power. 

We still believe, as we have in the past, that decisions 
regarding the LMPBR program revolve around the question of 
whether this country wants to maintain a nuclear option and wants 
to commit to nuclear power as a long-term energy source. Clearly, 
in the past several years, nuclear power’s momentum has slowed 
substantially and the time horizon for when commercial LMFBRs will 
be needed has been pushed further into the future. Nevertheless, 
nuclear power still remains an important domestic electrical 
energy option and, depending on future events, could become even 
more important. 

Therefore, while the Congress has three fundamental options 
available to it---continuing, restructuring, or terminating the 
LMFBR program-- in our opinion the uncertainty inherent in pro- 
jecting far into the future argues against the termination option. 
Thus, we believe the prudent choices available to the Congress 
lie between continuing the LMFBR program on DOE's present course 
or restructuring the program with clearly defined and agreed upon 
program goals and objectives. 

MATTERS FOR CONSIDERATION 
BY THE CONGRESS 

Decisions about the future pace and direction of the overall 
LMF6R program and the CRBR project must take into consideration 
many factors which are not quantifiable. Furthermore, there is 
always an element of uncertainty in predicting future conditions 
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and events. The decision requires judgments about such impc&lrtant 
things as the future growth of nuclear power and the role it should 
play in this Ration’s long-term energy future, the relative budget 
priority this program should receive, and the extent to which 
we want to risk relying on foreign technology. In the final analysis, 
the Congress must make these judgments. 

In making its judgments, however, the Congress should con- 
sider the information presented in this report together with other 
sources both within and outside of the Federal Government. Should 
the Congress decide to consider restructuring the program# it 
should request from DOE and others information onr among other 
things, 

--the various options available for restructuring the LMFBR 
program and the tradeoffs associated with each option; 

--required spending levels for each option; 

--the extent to which additional testing of critical 
demonstration plant components can reduce developmental 
problems; and 

--ways to refocus research efforts to emphasize reducing 
LMFBR capital costs. 

DOE COMMENTS 

DOE provided official comments on a draft of this report. 
We made changes in the report to reflect DOE’s comments and also 
the views we obtained from utility and nuclear industry repre- 
sentatives and nuclear energy experts. 

DOE stressed the importance of proceeding with the LMFBR 
program and the CRBR project on DOE’s current schedule. Anything 
less, according to DOE, could have serious national security im- 
plications. DOE said that industrial disruptions, constrained 
economic growth, and increased reliance on foreign supply can 
be expected if adequate economic supplies of energy are not 
available. DOE also stated that failure to pursue the LMFBR 
program as it plans would have the effect of diverting and dis- 
persing the program’s highly trained manpower, thus making it 
difficult if not impossible to redevelop a high level of expertise 
should a decision be made to again expedite LMFBR development 
and commercialization. 

The full text of DOE’s comments is in appendix III beginning 
on page 40. 
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AFPENDIX I APPENDIX I 

BIGBLIGHTS OF FOREIGN BREEDER PROGRAMS 

The United States is only one of several countries actively 
engaged in LMFBR programs. The following table summarizes foreign 
LMFBR programs. 

As can be noted, there are currently six experimental LMFBRs 
and three demonstration LMFBRs operating outside the United States. 
Country Name Power Operating date 

France 
France 
France 
Germany 
Germany 
Germany 
Italy 
Japan 
Japan 
United 

Kingdom 
United 

Kingdom 
United 

Kingdom 
U.S.S.R. 
U.S.S.R. 
U.S.S.R. 
U.S.S.R. 
U.S.S.R. 

Rapsodie 40 Mwt 
Phenix 250 MWe 
Super-phenix 1,200 HWe 
KNK II 21 MWe 
SNR-300 300 MWe 
SNR-2 1,300 MWe 
PEC 118 MWt 
Joyo 100 MWe 
Monju 300 MWe 

1967 
1973 
1983 
1977 
1986 
1990s 
1983 
1977 
1987. 

Dounreay (DER) 15 MWe 1963 

PFR 250 MWe 

Type 

E 
D 
C 
E 
D 
C 
E 
E 
D 

E 

D 

C 
E 
E 
D 
D 
C 

1974 

CDFR 1,300 MWe 
BR-10 10 MWt 
BOR-60 12 MWe 
BN-350 350 MWe 
BN-600 600 MWe 
BN-800 800 MWe 

1990s 
1956 
1963 
1973 
1980 
1990 

MWt - megawatts thermal (heat). 
MWe - megawatts electric (power). 
Approximately 3 MWt are required for each MWe produced. 

E- Experimental. 
D- Cemonstration. 
C- Commercial or near-commercial. 

Source: Extracted from Congressional Research Service issue 
brief #IB 77088 dated January 4, 1982. 
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CURRENT STATUS AND CCST OF THE CRBR PROJECT 

In 1972, the CRBR project was expected to be completed and 
to begin operating in 1980 at a cost of $700 million. In the 
early 197Os, however, a number of environmental, technical, and 
economic issues surfaced which necessitated a reappraisal of the 
cost and schedule estimates. As a result, by 1974 the scheduled 
plant operational date had slipped to 1982 and the cost estimate 
had risen to $1.7 billion. The demise of AEC and the creation of 
ERDA brought increased competition for research and development 
funds, and in a 1976 revised LMFBR program plan, ERDA further 
slipped the project's operating date to 1983 and revised the cost 
estimate to $1.9 billion. The CRBR project continued under ERDA's 
revised LMFBR program plan of April 1977. 

From April 1977, until the present, the construction of 
the CRBR project has been delayed. The Carter Administration, 
which tried unsuccessfully to stop funding for the project, was 
able to get the Nuclear Regulatory Commission (NRC) to stop all 
licensing activities related to the project in 1977 before con- 
struction work started. L/ Nevertheless, the Congress continued 
to fund the project. As a result, work on the final design of the 
CRBR project as well as its associated research and development 
is almost complete. Hardware manufacturing is continuing from its 
present level of about 60 percent delivered or ordered. 

At the Reagan Administration's request, the NRC resumed its 
licensing activities in September 1981 and currently projects 
that consideration of a limited work authorization will be com- 
pleted by mid-1983. If DOE does not start construction until 1983, 
DOE officials told us that the plant could be operational by 1990. 
The project would then begin its 5-year operation period. Because 
of the numerous delays over the past few years8 DOE is completely 
reworking its construction schedule for the CRBR. 

Since the project's inception, there has been continuing 
cost increases resulting from, among other things, added safety 
provisions, transfer of certain base technology programs to the 
project, schedule changes and general escalation. According to 
information we obtained from DOE, total estimated cost for the 
CRBR project is now about $3.2 billion. Included in this figure 

L/Before any work can begin at the site, DOE must obtain appro- 
priate authorization from NRC. 
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is a net revenue of about $166.7 million lJ that DPE expects to 
earn during the 5-year demonstration period from generating 
electricity to a power grid. The following table provides a 
cost breakdown of the project. 

Estimated Cost of CRBR Project 
(millions of expenditure year dollars} 

Year 

Thru fiscal 
year 1981 

Total costs 

$1,148.2 

Private sector 
contribution 

$118.0 

Federal 
budget 
outlays 

$1,030.2 

1982 218.6 23.7 194.9 

Thru 
completion 1,829.7 221.0 lr608.7 

Total $3,196.5 $362.7 $2,833.8 

The figures in the table include an allowance for contingen- 
cies to cover uncertainties in the scope of the project, all 
engineering, construction and support activities, 5 years of 
demonstration, and an assumed 8 percent annual inflation rate. 
DOE is in the process of recasting the entire project. DOE offi- 
cials told us that these figures should be available by the sum- 
mer of 1982. 

&/Total revenue generated less operating expenses. 
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Department of Energy 
Washington, D.C. 20585 

MIIY 1 2 1982 

Mr. J. Dexter Peach 
Energy and Minerals Division 
U.S. General Accounting Office 
Washington, D,C. 20548 

Dear Mr. Peach: 

The Department of Energy appreciates the opportunity to review and comment 
on the General Accounting Office (GAO) draft report entitled "The Liquid 
Metal Fast Breeder Reactor--Options for Deciding Future Pace and Direction." 

We take strong exception to the fundamental premise underlying this report, 
that a commercial breeder will not be needed or economically competitive 
for 40 to 50 years, and as a result, we believe the report should not be 
issued without major revision! At this critical time of economic uncertainty 
and transition in energy use patterns, this report could precipitate a 
series of events that could ultimately threaten our national security 
through the unavailability of a critically needed, abundant, domestic 
energy resource. 

The overall deficiency of the draft report cannot be overcome by simply 
correcting factual errors or addressing our comments in a separate section. 
The entire thrust of the report should be redirected. The fundamental error 
is that the report assumes that the key benchmark for development of a 
breeder strategy is the quantitative determination of the precise date for 
introduction of the Liquid Metal Fast Breeder Reactor (LMFBR). This 
introduction is based on estimates of the future number of light water 
reactors in operation and the presumed endowment of uranium. This approach 
to LMFBR decisionmaking was appropriate in the early 1970's when the 
anticipated tremendous growth in nuclear capacity indicated a near-term 
depletion of uranium. The question then was "When do we have to have the 
breeder?", and the answer was used to formulate a detailed program plan to 
meet that need. 

Today, this simplistic approach is not appropriate. Today's environment 
is highly complex, driven by changing economic conditions, major shifts in 
energy use patterns, and the emergence of energy as a political issue in 
the United States as well as abroad. Recognizing this complex environment 
for decisionmaking, the breeder must be considered on its merits, not as a 
technology of "last resort." It should be evaluated as a renewable energy 
resource much like solar and fusion, with due consideration given to the 
broad range of technical, national security, economic, institutional, and 
political issues, including its state of development and potential contribu- 
tion. The question that should be asked today is, "Is it in the national 
interest to continue development of the LMFBR at the present pace?H 
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The risk to the Nation of nat having the breeder option available is 
much greater than the cost of the research and development program. 
This program is structured to develop the breeder to a point such that 
it can be introduced into the energy supply system at the time and to the 
extent deemed appropriate by the private sector. ' 

2 

We believe that a cammerclj~~l breeder option must be available to this 
country to meet future Hatfonal energy needs. It is true that changes have 
occurred in the Nation’s energy supply-demand picture that suggest new 
technologies, like the breeder, can be gradually phased into the Nation's 
energy mix over longer periods of time than previously expected. However, 
the process of commarcial acceptance can start early, as soon as the 
marketplace perceives advantages compared to other options. 

The validity of the assumptions on which the report depends is based heavily 
on the recently experienced downturn in the growth of electric power demand 
and the current dormant status of new nuclear plant orders. Planning for 
the future on this basis would be a more grievous error than past planning 
based on the generally accepted estimates of high electric growth made 
before 1973, which were based on decades of historical trends. It is our 
view that a much better approach to an assessment would be to recognize 
the strong relationship between the economy and the availability of 
energy, particularly electric power, and focus on those actions necessary 
to restore healthy growth to the fiation's economy. High inflation, low 
economic growth, and high unemployment are with us today, at least 
partly as a result of the energy crises of the 1970's. The report accepts 
these current economic conditions as the framework for weighing options 
of critical importance to the Nation's economic future and growth. Future 
planning should not be based on a stagnant or shrinking economy, but rather 
on the realistic expectation of economic growth which experience shows 
will correlate closely with growth in electric demand. 

Current U.S. electric generating capacity is about 640,000 megawatts. 
Since the oil embargo of 1973, demand for electric energy has followed 
the downward trend of the economy but has continued to grow at a slightly 
higher average rate (about 1.1 times) than the gross national product. 
Assuming a very modest 2 to 3 percent real growth in the Nation's economy, 
this generating capacity will double in the next 20 to 30 years. In 
addition, during that period, much of the current installed generating 
capacity will have to be replaced as it reaches the end of its useful 
service life. A significant fraction of today's capacity is made up of 
either very old and sometimes inoperable fossil units kept on the books for 
ratemaking purposes, or oil fired plants. It is unrealistic to assume that 
all of the needed new and replacement capacity will be met by coal and 
alternative undemonstrated renewables. Indeed, the same logic used in 
the report (cost, financing, public perception, environmental impact, 
potential, etc.) could be used to say that these alternatives will not be 
available to meet the demand.. 
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In discussing the options, the report places decisfve reliance tin previous and 
recent projections, analyses, and studies involving estimates of eletitricity 
demand, uranium endowment and depletion, and price increases to offset presumed 
higher breeder costs. We have discussed the broader perspective described 
herein on several occasions with your staff as well as many detailed comments 
not addressed herein and pointed out the drawbacks of the historic approach. 

It should be recognized that nuclear power, including the breeder, has 
considerable momentum worldwide. Other countries such as France and the USSR 
are currently proceeding with ambitious commercialization plans. In contrast, 
the GAO report appears to recommend continuing the U.S. breeder program on a 
stretched-out schedule of research and development. 

Finally,, the report as tendered does not deal with the implications to the 
Nation if the implied recommendation --namely, slowing the pace of the program-- 
is ultimately proven incorrect. Industrial disruptions, constrained economic 
growth, and increased reliance on foreign supply can be expected if adequate 
economic supplies of energy are not available. This is a future clearly 
unconscionable to impose on future generations. Slowing the program will 
retard progress, diffuse and disperse the highly-trained manpower, and cause 
this Nation to settle for an international status that is second best and pose 
a very real threat of foreclosing the use of nuclear power in the United 
States. 

Because nuclear power, and the breeder in particular, has become so highly 
politicized, the-most lfkely outcome of the report as currently drafted is 
that it will be seized upon by the opponents of nuclear power to suggest 
termination of the program. A careful analysis of all factors bearing on 
the scope, pace, and timing of the LMFBR program will support its continuation 
and the expeditious completion of the Clinch River Breeder Reactor, a course 
of action which is now and has been clearly in the national interest. 

Sincerely, 

F& 9. 
William S. Hef 
Assistant Secretary 
Management and Adminfstration 
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