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REPORT TO TH-E CON-GRESS 

BY THE C’OXPTROLLER GENERAL 
OF THE UNITED STATES 

Considerations For 
Corn mercia lizing The 
Liquid Metal Fast Breeder Reactor 
Energy Research arld Development Administration 

This report discusses what wit! be needed for 
the commercial development of. the liquid 
metal fast breeder reactor.--regarded as ari es- 
sentially rnexhaustibfa source of energy--in- 
cluding ~tle reactor’s necessary support fscil- 
ities. 

The report addresses the following questions: 

--What w~fl be the principal characteristics 
of a commercial breeder reactor rndus- 
try? 

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

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

--What factors are lrkely to rnfluence the 
timing and rate of commercial breeder 
reactor rnrroductlon and proliferation? 
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To the President of the Senate and the 
Speaker of the House of Representatives 

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

We made out' review pursuant to the Budget and Account- 
ing Act, 1921 (31 U.S.C. S3), and the Accounting and Audit- 
ing Act of 1950 (31 U.S.C. 67). 

We are sending copies of this report to the Director, 
Office of Management and Budget, and to the Administrator, 
Energy hesearch and Developm&t Adm-snistration. 

Comptroller General 
of the United States 
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COMPTROLiER GENERAL’S 
REPORT TO THE COKGRESS 

CONSIDERATIONS E'OR COMMERCIALIZIKG 
THE LIQUID METAL FAST BREEDER 
REACTOR 
Energy Research and Development 

Administration 
^ 

DIGEST --a--- 

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

As :E well known, the program has generated 
cc ,iderable controversy largely because 

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

. ‘- --key uncertainties about the future of 
nuclear energy persist with respect to the 
need for and the economics and safety of 
LMr’BRs: and 

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

A report by GAO identifying critical issues sur- 
rounding the LMFBR program -in July 1975 concluded 
that the LMFBR prcgram should be pursued on a 
scheatle that recognizes that the program is 
still in a research and development stage. Not 
until some point in the future, GAO concluded-- 
perhaps in 7 to 10 years--does a firm decision 
need to be made about whether the LMFBR should 
be a major source of electrical energy in the 
United States. 

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

, 
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PURP@SE OF THIS REPCPT I. 

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

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

--What supporting infrast ucture would be 
required to bring it il.to he ing and there- 
after to support it? 

-_ 
--When is a demonstration needed of the re- 

quired technologies on a scale sufficient 
to warrant the commitments of those in- 
stitutions whose support is essential to 
LMFBR commercialization? 

--What‘ factors- are likely' to influence the 
timing And rate of csmmercial Lb!FBR in- 
troduction and proliferation? 

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

PRINCIPAL FINDINGS 

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

. 
--fuel fabrication, 

--plutonium reprocessing, and 

. 

--radioactive waste disposal. (See p. 5.1 
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Major private investwnt commitments are not 
likely to be forthcoming until LMFBRs and the 
three supporting technologies can be demon- 
strated to be licensable and operable routinely 
on both the pilot- and prototype-commercial 
scales. 

Until recently, the LMFBR program ha: plac*:fi 
_ greatest emphasis on reactor development. The 

Energy Research and Development Administration 
does not have plans at present for the scale- 
up and eventual demonstration of routine per-- 
formance of fuel fabrication facilities beyond 
the pilot stage. Only recently have plans been 
made for a prototype plutonium reprocessing 
facility. Plans exist for pilot waste disposa’i 
facilities which can be expanded to full size 
tc acccmmodate the requirements of a commerci .:1 
inriustry. (See p. 74.) 

However, more attent ior must also be given 
to the relationship between reactor develop- 
ment and ti;P timing and rate of introduct.on 
of the three supporting fuel cycle technolo- 
g i.5 ,_ c . . . ,. . . . ,. . . . . . .,. . . 

Although not directed toward the LMFBR pro- 
gram, a recent policy decision by the PresidenL 
to delay commerc ial izar ion of reprocessing 
activities in the United States until uncer- 
taint ies are resolved casts doubt as to the 
future of nuclear fuel reprocessing. This, 
in GAO's view, adds more doubt as to whether 
the LMFBR will become a viable energy source 
because reprocessing is an indispensable 
prerequisite for LMFBR commercialization. 
(See pp. 27 and 28.) 

Five steps are required to bring a nucle-tr 
facility into operation. These ir‘clude the 
conceptual and prel iminaty engineer ing design, 
the licensing process in parallel with detailed 
engineering design, construction, nonnuclear 

-. -checkout, and a nuclear checkout and test* ~-~ 
(See p. 11.) 

Bringing-a commercial facility into operation 
is an extremely long process. Based on discus- 
sions with Energy Research and Development Admin- 
istra t ion and Nuclear Regulatory Commission a 



officials and the times sugge ;ied by the 
history of previous experience in building 
light water reactors, GAO estimates the times 
required to go from conceputal and preliminary 
engineering design to operation are 

--13 years for a reactor; 

--lo years for a fuel fabrication facility; 
_ --1.- - 

--12 years for a plutonium reprocessing 
facility; and 

--11 years for a radioactive waste disposal 
facility. 

Investors must make major financial commitments 
from 8 to i0 years before each facility becomes 
operational. (See pp. 11 and 12.) . _ " . . . . 
GAO developed three different scenarios for 
LMFBR commercialization which call for 128 
LMFBRs to become operational over different 
11-year introduction periods. The introduc- 
tion periods differ based on assumptions 
about when major financial commitments by 
utilities and'other private investors to 
actual operation of commercial facilities 
may begin. (See pp. 18, 19, and 21.) 

In the first scenario, which is based on an 
Energy Research And Development Administration 
March 1975 schedule, the 128 reactors become 
operational by 1998. 
not likely to be met. 

This scenario is clearly 
(See pp. 19 and.24.) 

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

Following a decision in the mid- to late-1980s 
to commercialize the LMFBR, GAO believes that 
its third, or Conservative Scenario, would be 
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the scenario most likely tc be met. By recoq- 
nlzing the amount of time required for develop- 
ment of fuel cycle technologies, this scenar io 
would result in four to six commer-ial-s ize 
LMFBRs in operation by the year 2000. ( See 
.pp. 21 and 25.) 

-The capital costs of commercializing the 
LMFBR at the level envisioned by the scenar ios 
would be high. GAO estimates that. total capi- 
tal costs would be about $150 billion, measured 
in 1974 dollars. This includes close to 
$141 billion for building a prototype and 128 
commercial reactors. (Set pp. 24 and 30. ) 

To build the same number and same size plants, 
capital c,sts for coal plants and light water 
reactors would be $95 billion and $128 bil- 
lion, respectively. The remaining $9 b’llion 
in costs for LMFBR commercialization are for 
building fuel fabrication, plutonium reproc- 
‘essing, and ‘waste disposal facilities. (See 
p. 31.) 

Pubi ic acceptance and institutional arJaptat ion 
may be more difficult than technical consider- 
ations. Any degree of LMFt3R commercializa- 
tion before the end of this century will re-- 
quire the active support of diverse interest 
groups if the long leadtime decisions and 
commitments are to be made in time for scale- 
ups of the required technologies. (See pp. 8 
to 10 and 32.) 

_ .- CONCLUSIONS 

If basic uncertainties of safety, safeguards, 
and environmental effects are resolved early 
and forthrightly, the start to LMFBR commer- 
cialization can be made by the mid-1990s. 
However, this can be achieved only through an 
integrated approach of the development of four 
required technologies:--reactor, fuel fabrica- 
tion, plutonium reprocess inq, and radioactive 
waste disposal. 

The year 1990 may be the earliest by ‘which 
licensability and routine performance can be 
demonstrated for all four required technolo- 
gies. Ma jot pr iv= investment commitments 



aYe not likely to be forthcoming ur,til both 
routine performance and licensability of the 
technologies have been demonstrated. 

Additional funding for the LMFBR program is .p 
not likely to hasten the initial availability 
of LMFBR reactor technology. Early deveiop- 
merit of program plans and increased commit- 
ment of resources could accelerate by 1 or 
2 years the research, development, and demon- 
stration of the three supporting fuel cycle 
technologies required for LMFBR commercializa- 
tion, with a similar effect on the pace of 
introducing LMFBRs into the Nation's energy 
system. (See p. 35.) 

RECOMMENDATIONS 

In the time remaining before a firm decL;ion 
needs to be made committing the Nation's 
future to the LMFBR, the Administrator of 
the Energy.Research and Development Admin- 
istration should act in fopr areas. 

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

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

3. In the annual report to the Congress, dis- 
cuss the. implications of the findings on 
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the relationship of these technologies to ~. _ 
other energy research, deveiopment, and 
demonstration programs, in terms of the 
budgetary cost and other priorities. 

4. Develop, where applicable, similar in- 
-.. tegrated management and planning approaches 

for other energy research, development, and 
demonstration programs which have as their 
goal commercial acceptability. These ap- 
proaches should consider the total range 
of technological development and institu- 
tional acceptance required to bring about a 
commercial industrial infrastructure. ( See 
p. 36.1 P 

AGENCY COMMENTS 

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

In its comments,‘ the Energy Research and De- -. 
velopment Administration noted that the report 
was correct in pointing out that closing thti 
LMFBR fuel cycle expeditiously is a critical 
determinant to the overall success of the 
LMFBR program and that internal program re- 
views had come to the same conclusion. 

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

The Energy Research and Development Administra- 
tion also pointed out that many of the sched- - 
ules and plans referenced in the report are 
now out of date but that the major recommenda- 
tions are still well taken. (See app. III.) 
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GAO notes that recent program docwnentation 
does take into account more fully the LMFER 
fuel cycle, in par: iculai fuel fabrication and 
fuel reprocessirig. GAO believes this is a step 
in the right direction and wiL1 closely watch 
these new planning and implementing activities. 
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CHAPTER 1 

INTRODUCTION 

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

The LWFBR program has also become one of the-most con- 
troversial Federal programs. 

In July 1975, the General Accounting Office (GAO), in 
a report entitled "The Liquid Hetal Fast Breeder Reactor: 
Promises and Uncertainties," (CEP-76-1, July 31, 1975) 
pointed out that the LMPBR program is controversial largely 
because 

--it is the likely vehicle by which nuclear fission 
may become an assured energy source through the 21st 
century and-beyond: 

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

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

A/LMFBRs can produce more usable fuel (in the form of pluton- 
iurn).than they consume and can use 60 percent or more of 
the energycontent of uranium. This would thereby extend 
the useful life of limited available uranium supplies suf- / 
ficiently to provide electric energy for many hundreds of 
years. 

Liquid metal refers to the liquid sodium used as the 
coolant to carry off the heat of the reactor fuel, A 
fast reactor is a reactor in which the chain reaction 
is sn;tained primarily by faster neutrons than found 
in present generation commercial nuclear pcwer reactors. 

1 
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In this 1975 report we concluded that extreme actions - 
to either expand and accelerate or abandon the program were 
not warranted. We urged that the LMPBR program be pursued 
on a schedule that recognizes that the program is still in 
an R&D stage. We concluded that a firm decision does not 
need to be made until some point in the future, perhaps 
in 7 to 10 years, as to the Nation’s commitment to the 
LMFBR as a basic, central station energy source. At that 
time, additional information should have reduced, eliminated,- 
or at least clarified many current uncertainties, particularly 
if priority efforts are made to resolve them. 

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

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

PLRPOSE OF THIS REPORT 

. Building on our earlier work on LMFRR, this report 
analyzes what will be required to commercialize 1/ the reactor 
and necessary support technologies, assming all-current 

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



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

Our- ana-lysis attempts to answer several important 
questions: 

- . . 
--What will-be the principal characteristics of a 

commercial LMFBR industry? (See ch. 2.) 

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

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

--What factors are likeiy to influence the timing and - ~; --'..‘ 
rate of commercial LMFBR introduction and pro- . liferation? (See ch. 5.) 

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

3 
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CHAPTER 2 

CHARACTERISTICS OF A COMMERClAL LMFBR INDUSTRY 
-. 

As a conditicn of its emergence, any electrical energy 
technology must meet a-basic set of criteria. First, total 
production costs (capital and operating) must be competi- 
tive with other electricai energy sources. Production 
processes and other functional components must be integrated 
into a smoothly operating system. Finally, the roles of-the 
diverse groups of Government and non-Government entities 
that will affect commercialization must be clearly defined. 

. . These characteristics, as they would pertain to a commercial 
LMFBR industry, are described below. 

CCONOMIC.CHARACTERISTICS 

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

At present, however, capital- costs for LMFBR aspear to 
be greater than for light water reactors (LWRs) and coal- 
fired plants. We estimate the costs of constructing the 
first few commercial LMFBRs to be about $1.2 billion (in 
1974 dollars) for each 2,800 megawatt-electric (MWe) plant. 
(See table 3, p. 30.) Current capital costs for LWRs and 
coal-fired plants of the same size are $1 billion (83 per- 
cent of LMFBR costs) and $744 million (62 percent or LMFBR 
costs), respe.ctively, in 1974 dollars. L/ This initial cost 

A/As we were finalizing this report, ERDA officials told us 
that their current thinking is that commercial LMFBR 
plants would be 1,200 to 1,300 MWe in size, rather than 
2,000 MWe which they had anticipated earlier. This would, 
of course, reduce the cost of an individual LMFBR plant 
but gould not affect r?lr;ler the -elative.cost of the dif- 
ferent types of generating plants or the overall cost of 
a given quantity of generating capacity. 

We do not believe that the size of commercial LMFBRs, 
which may be developed in the 1990s and beyond, can be----m - 
specified with certainty at this time, so we ,have pre- . . 
sentod our analysis still based on the 2,000 MWe plant 
size. In any event, a change in the size of the commer- 
cial LMFBR plant would not significantly affect the con- 
clusions of oL;r study, which is focused on the need for 
coordination of the planning anr 
components required to achieve 

timing of the separate 
qFBR commercialization. 
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differential may decline, however, and could eventually 
disappear as a function of experience and standardization. 

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

FUNCTIONAL COMPONENTS 

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

--fuel fabrication, 

--plutonium reprocessing, and 

--radi.oactive waste disposal. 

The interrelationship of these fa?ilities is depicted in 
figure 1 on page 6. 

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

Fuel fabrication 

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

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

Fuel reprocessing 

Plutonium reprocessing facilities would separate 
waste products and convert the remaining spent fuel into 
useful uranium and plutonium products. Currently no re- 
processing facilities are in operation for either LWRs or 
LMFBRs. In lact, neither LWR nor LMFBR reprocessing has 
been successfully demonstrated on a commercial scale. A 
reprccessing fszility for LWRs is currently undergoing 
licensing review and analysis and might be granted a license 
in 1978 for reprocessing uranium only. 

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

It will be critically important to large-scale LMFBR 
cperotion to have reprocessing facilities operating on a 
timely basis. To-meet the fuel requirements of the indus- 
tr y, newly bred plutonitim must be promptly recycled back into 
the reactors. 
available, 

If reprocessing facilities are not readily 
spent fuel would accumulate and increasing amounts 

of plutonium would be captive in unprocessed fuel, possibly 
resulting in fuel shortages for new or existing reactors. 

Waste disposal 

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

As a result of two recent court decisions relating to 
how the Nuclear Regulatory Commission (NRC) considers the 
effect of reprocessing and waste disposal in its reactor 

. ‘- . “‘I.7 
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'icensing process, NRC temporarily halted issuing any 
.PW full-power operating licenses, construction permits, or 
limited work authorizations pending resolution of the issues 
involved. Although this suspension has been lifted, reproc- 
essing and waste disposal problems could affect the future 
licensability of all nuclear reactors. 

INSTITUTIONAL CHARACTERISTICS 

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

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

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

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

-. 

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

---ices; Also, State and local planning-authorities are often 

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

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

i 

-.@ 

In recent years, citien/consumer groups have become 
increasingly better informed and have been activoiy par- 
ticipating iri.public hearings held by NRC, State public 
utility commissions,.and local planning authorities. 

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

. ._ 

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

Public acceptance and other institutional issues may 
prove to be more important than technical ones. The early 
support and resolution of differences among many and diverse 
interest groups will be e. abcntial to comr.ercializing the 
LMFBE. 
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CHAPTER 3 

SCHEDULE REQtiIREMENTS FOR COMMERCIALIZATION 

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

--commit themselves to building the technology. 
: . 

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

BRINGING A NUCLEAR FACILITY INTO OPERATION 

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

--The conceptual and preliminary ehgineering design. 

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

--Facility COnStKUCtiOn. 

--Nonnuclear checkout ("cold run"). 

--Nuclear checkout and test. 

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

The time required for this process is extensive for 
any nuclear facility; for LMFBR facilities, which are 
"first-of-a-kind," it will probably be longer. We discussed 
the time required to b&g -each principal_LMFBR facility 
on line with ERDA and NRC officials. Cautioning.that 
precise predictions are difficult to make without experience 
with LMFBRs. various ERDA and NRC officials presented dif- 
fering estimates of required times. The estimates used here 
represent a composite of the best estimates of knowledgeable 
officials at these two agencies, and times suggested by the 
history of previous experience in constructing LWRs. Our 
estimates of the amount of time required to bring each of 
the four required facilities into operation are 
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--13 years for a reactor, 

--lo years for a fuel fabrication facility, 

--12 years for a plutonium reprocessing facility, and 

. --11 years for a radioactive waste disposal facility. 

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

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

THE LMFBR PROGRAM . - r __ .:.__._ 
The two major lines of efwt. in ERDA's LMFBR program 

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

Reactor development 

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

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

12 
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TABLE 1 ---- 

. . - 

Step 1: 
Conceptual and preliminary 

engineering design 

Estimated Times for Each Step Required --- 

to Build 5 Nuclear Facilia z ’ 

Fuel 
fabrication 
(cores only) Plutonium haste 

Reactors (note a) sprocessinq --- disposal - 

---------------------(months)------------------------ 

39 30 30 

Step 2: 
Licensing process in parallel 

with detailed engineering 
des iqn 36&. _ 35 36 38 

Step 3: 
Construction- 63 36 

Step4: ..* 
Nonnuclear checkout (cold runs) 12 12 

* Step 5: 
Checkout and test (nuclear) 12 12 -- -- 

Total (months) 153 125 - B 

Years 13 10 

60 36 

12 

2 
150 - 

12 

I2 

Assumptions in forming schedule estimates: 

Step 1: Based on ERDA’s estimates of the time required for conceptual deslqn Jf the c 
Prototype Large Breeder Reactor (PLBR). the first tear-commercial-size 
LUFBR. 

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

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

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

-+/Blanket fabrication facilities are very similHto existing facilities atid would 
be sublect to a licensing procedure much less stringent than procedures for other 
LXFBR nuclear facilities and could be completed in less schedule time than the 
10 years noted above. Only steps 2. 3. and 4 would apply to blanket fabrication 
facrlities and vith reduced times--a total of 5 years should be adequate for all 
three steps. 
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FIGURE 3 
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Present ERDA plans for testing and demonstrating 
reactor techrxlcgy are focused on two principal facilities: 

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

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

ERDA also envisages that a large breeder reactor., 
designated "Commercial Breeder Reactor-l" (CBR-l), will 
begin operations in 1993. Its design would begin in 1983, 
about 1 year after the construction permit for PLBR is 
issued. According to ERDA, the designation CBR-1 implies 
that the plant is the first LMFBR project initiated by re- 
actor vendors and utilities. ERDA expects that successive 
commercial plants would follow CBR-1. with some possibly re- 
ceiving Government assistance, 
commercial industry. 

but evolving into a solely 
The amount of Government assistance 

that might be needed is highly uncertain. ERDA has estimated 
that such amounts to bring the construction costs of CBR-I 
and early commercial plants to parity with LWRs could be 

c about $3.6 billion, in 1977 dollars. 

Fuel fabrication 

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

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

15 



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

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

Plutonium reprocessing 

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

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

Radioactive waste disposal 

Operation-of a pilot radioactive waste disposal facility 
is planned for late 1983, probably at a site to be developed 
in salt deposits in southeastern New Mexico. These de2osrts 
are sufficiently large and deep to later accommodate mate- 
rials from, .LWRs, LMFBRs, and all nuclear facilities. 

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

As part of a comprehensive statement on nuclear policy, 
the President, on October 28, 1976, directed ERDA to take 
the necessary actions to speed up the program to demonstrate 
all components of waste management technology by 1978, and 
to demonstrate a complete repository by 1985. de also di- 
rected that plans for the repository be submitted to NRC 
for licensing to assure its safety and acceptability. 
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Radioactive waste management is common to both LWRs 
and LMFBRs. It is expected that work on disposing LWR waste 
will contribute to the LMFBT. program. The LWR-oriented 
work in waste management includes both waste processing 
studies to provide the appropriate form for terminal stor- 
age and to provide facilities for such storage. LMFBR 
reprocessing development may include some specific waste 
processing studies in preparing suitable waste forms, but 
the terminal storage function of waste management is expected 
to,be piloted and "commercialized" under the LWR program. 

LMFBR PROGRAM IMPLICATIONS 

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

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

If private industry is to undertake the scale-up of fuel 
fabrication facilities, they.will most likely want to wait 
until the technology has been demonstrated at the pilot 
stage before making investment commitments. Since it takes 
approximately 10 years from initial design to plant opera- 
tion, with the HPFL now scheduled for lPS2, it might be 
1992--4 years after the PLBR begins operation--before a 
prototype fabrication faciltiy could be licensed, built, 
and tested. Thus, demonstration of fuel fabrication 
technology could lag behind reactor development several 
years. 

By the same token, the planned operation of a demon- 
stration reprocessing plant around 1995-2090 places it 
nearly a decade behind the operation of PLRR. the compar- 
able scale reactor. 

Any plans for-commercialization must, therefore,-take 
account of the fact that commercial introduction will most 
likely be paced by fuel cycle technology availability. 

17 
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CHAPTER 4 

ALTERNATIVE FUTURES FOR -- ---- 

COMMERCIALI;. ,N OF LMFBR TECHNOLOGIES ----- - ---- 

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

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

._ , .I -- 
Our scenarios employ two basic assumptions. The first 

is that 128 LMFBRs will become operational oler an 11-year 
introduction peribd. This'is based dn the'following state- . - . 
ment by the Director of ERDA's Division of Reactor Research 
and Development before the Joint Committee on Atomic Energy 
on March 11, 1975. 

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

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

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

Figure 4 summarizes our scenarios for commercial LMFBR 
introduction. 

ERDA MARCH 1975 SCENARIC 

According to this scenario , which is based on the ERDA 
March 1975 schedule, the first breeder becomes operational 
in 1987 and proliferation continues until 1998, when 128 
LMFBRs are in operation. Implicit in this scenario is the 
assumption that investors will make commitments on the order 
of billions of dollars during the 5- to 6-year period--from 
1979:1980 to l-986--before the CRBR has demonstrated its 
reliability under routine operating conditions. Meeting 
this schedule will also require that 91 LMFBRs be in either 
the final design and -licensing stage or actually under con- 
struction by 1987, even before the first prototype breeder 
reactor is scheduled to begin operation. 

GAO OPTIMISTIC SCENARIO -- 

-- 

This scenario also assumes an introductory phase of 
11 years,‘ with the same rate of introduction as in the ERDA 
March 1975 scenario. It assumes that most financial com- 
mitments will not be made until 1986 when the ERDA Adminis- 
trator makes his commercialization decision, about 3 years 
after initial operation of CRBR. However, the scenario as- 
sumes that some utilities will be willing to make commit- 
ments to the first few commercial LMFBRs in 1984. We be- 
lieve these commitments might be made based on FFTF operat- 
ing experience, CRBR construction experience, general ex- 
perience gained in the U.S. LMFBR research and develop- 
ment program, and operating experience gained from foreign 
LMFBRs. The introductory phase therefore spans 1994 to 
2005, resulting in 32 LMFBRs-in-place by 2001. Only 8 to 
12 LMFBRs would be committed or in various stages of com- 
pletion by 1988, when the PLBR is expected to become 
operational. . - 

This scenario assumes that, by analogy with LWRs, 
utilities may invest early in preliminary plant designs, 
site surveys, draft preliminary environmental impact 

---. 
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:,tatements, and safety anaiysis reports but that most will 
delay making firm commitments for commercial LMFBRs until 
about 3 years after the start of CRBR operation. This is 
likely- to be the minimum demonstration period which most 
utilities will require before they will commit to buy the 
first commercial models. 

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

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

GAO CONSERVATI\iE SCENARIO ----me 

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

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

This scenario also assumes that most utilities will be 
cautious about making commitments to the LMFBR until SI~C- 
cessful demonstration of plutonium reprocessing technoiogy 

--- by HPP, fuel fabrication technologyby HPFL, and waste 
disposal technology. 

SCHF3ULES REQUIRED TO MEET 
TriE-i% SCENARIOS -- ----- -I--- 

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

The dates listed under each scenario are all related to 
that scenario's assumption of when commercial introduction is 
likely to begin. For example, according to the ERDA March 
1975 Scenario,. the first commercial breeder powerplant be- 
comes operational in 1987. This implies the first commercial- 
size core fuel fabrication facility must be in operation by 
1968, the first commerical-site plutonium reprocessing fa- 
cility by 1992, and the first waste disposal facility of 
a size needed to accommodate a commercial industry by 
1989. L/ 

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

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

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

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

w-- - - - - -  

A/This assumptions in fcrming the required dates of operation 
for support facilities are presented in appendix I. 
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TABLE ;’ ------- 

Three Scenarios for Commerclalirationl __---____-------------------~------- 

&?gl!lred Dates of Operation of LMFBR Technoloqles -__----_------- ------ ----- ----_.--------- --- 

I 

NO. >f 
unit: 

’ ~~PE!!Y needed --- - 

ERDA March 1975 GAO Optlmistlc GAO Conservative 

Scenar 10 Scenar 10 Scenar 10 
kFtiji?ea--&Gired d&jtiiiea--leauiied Required Reyulr~Ll LHIJA 

t:lcrlA I 
plAnned 
comma 1 - 

ment -. .._ 

lY7Y-80 

NP 

IJ I’ 

Oiera- 
Lion ---- 

1986 

1987 
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lYEi 
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1 YYU 

IYYL-Yh 
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lY7Y 

1YY.r 

lYY7 

IYYY 

I ‘4 u 4 

1YUY 

Cdmmbt- Opera- 
ment t 101 --- _-__ 

1916 1986, 

1977 lYY4 

197Y-tltl 19Y5-2005 

cdmm.t- oper d- c omm 1 t - pl Jrllll~ll 

merit tron mcnt -_.- ---_ ---_ 

1978 IYLH 1YlB 

lYt14 IYYd 1Ybd 

1985-95 lYYY-2UOY lYJY-YY 
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lYt18 
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RESULTS OF SCENARIO ANALYSIS -e- - 

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

More specifically, the ERDA March 1975 Scenario is 
clearlynot,likely to be metrWifhthem=w scheduled 
for initial operation in 1988, it is difficult to imagine 
that commercial reactors will start to come on-line in 
the preceding year. 

Several other milestone dates have also passed, and 
others have no margin for delay. Most notably, development 
of fuel fabrication facilities is behind reactor development. 
The HPFL, which is planned for operation in 1982, would have 
had to have been operating in 1974 for the ensuing scale-ups 
to be developed in time for operation of the first commercial 
fuel fabrication facility by 1988. In addition, a demonstra- 
ti0.n fuel fabrication facility-- for which ERDA currently has 
no plans --would also have to be in the final design and 
licensing stage now. 

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

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

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

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

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

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

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

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

Under this scenario, commitment to constructing the 
first demonstration fuel fabrication plant would not have 
to be made until 1984, 2 years after the HPFL is scheduled 
to begin operation. Commitments to the first commercial- 
size reprocessing plant would not have to be made until 
the early 199Os, which-allows leeway for some delays en- 
countered in technical and licensing performance. Commit- 
ment for the first waste disposal facility needed to meet 
LMFBR requirements would not have to be made until 1997. 

---------- 

i/See appendix I for a discussion of plutonium recycling in 
LhiRs. 
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But even to achieve the level of commercialization 
envisioned in this scenario would require that RD&D for 
fuel cycle technologies run cn a schedule parallel to 
reactor development. Thus, if any degree of LMFBR com- 
.mercialization is to occur before the end of this century, 
RDoD for fuel cycle technologies, in particular, fuel 
fabrication, and reprocessing , will have to be accelerated. 

. . 

-- .--. 
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CHAPTER 5 ^ 

CONSTRAINTS 3N COMMERCIALIZATION: TECHNICAL, 

FINANCIAL, SCHEDULING; AND'INSTITUTIONA4 

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

TECHNICAL UNCERTAINTIES 

Plutonium reprocessing 

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

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

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

- -. --__. 
Although not specifically directed toward LMFBR, the 

President's recent actions cast doubts as to the future of 
nuclear fuel reprocessing. This, in our view, also creates 
doubts as to whether the LMFBR will become a viable energy 
source because reprocessing is an indispensable prerequisite 
for LMFBR commercialization. In an Oc?.ober 28, 1976, state- 
ment on nuclear policy, the President concluded that 1 

c -  . 
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.?the reprocessing and recycling of plutonium 
should not proceed unless there is sound reason 
to conclude that the world community can effec- 
tively overcome the associated risks of proli- 
feration." 

He further stated that . 

"the United States should no longer regard 
reprocessing of nuclear fuel to produce plutonium 
as a necessary and inevitable step in the nuclear 
fuel cycle, and that we should purs:re reprocessing 
and recycling in the future only if they are found 
to be consistent with our international.objectives." 

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

Scale-_ur 

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

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

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

---- - - _- -~ 
Alternative plant concepts s 

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

The advantage of developing alternative concepts is that 
it allows a larger sample of operating experience, as well 
as offering some insurance against the possibility that a 
single failure in one version of the product will not neces- 
sarily disrupt or even terminate the program. . 

The LMFBR program has only two developmental models: 
The CRBR and the SLBR, both of which are loop-type reactors. 
Delays for any reason in either of these two facilities can 
potentially jeopardize private sector commitments to LMFBR 
commercialization until the difficulties are clearly resolved. 

Doubl ing time 

In the long run doubling time A/ is a principal factor 
which will determine the economics of widespread LMFBR com- 
mercialization. Reliable and precise estimates of doubling 
time require actual operating experience of both reactors and 
reprocessing facilities. ERDA expects that, by the late 
198Os, the experience gained by CRBR and HPP will furnish 
fairly reliable estimates of doubling times for initial LMr‘BR 
fuels. In the long run shorter doubling times are expected 
to be achieved with advanced fuels, which are to be tested 
beginning in the 198Os, with reliable estimates of doubling 
time available in the 1990s. 

FINANCIAL UNCERTAINTIES . . 

Each of our three scenarios call for 128 2,000 MWe 
LMFBRs becoming operational over an ll-year period. We esti- 
mate that the total‘capital costs for these plants and sup- 
porting facilities would be high--about $150 billion, meas- 
sured in 1974 dollars. This includes about $141 billion for 
building the PLBR and 128 commercial reactors. Rema in ing 
costs for LMFBR commercialization would include about $3.4 
billion for fuel fabrication facilities, about $4.5 billion 
for plutonium reprocessing plants, and about $1 billion 
for-radioactive waste disposal faciliti-e-6, _ (See table 3.) 

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

Costs of Commerclalitrna the W4fBR 

Capacity 

EO. OE 
m1ts 
needed 

cost per 
““lt 

Ir~llionsl 

Total 
cost - 

fbtlllonsl 

REACTORS 
PLBR 
First Commercial 
Addn’; Commercial 

. _ 
5 2.00 

1.20 
1 .ooo+Mke 
2,000+11We 
2.OOO*Mwe. 

52.000 
: liZO0 

127 At decreas- 
ir.9 rate for 
IS years when 
cfst will be 
51 ollllon 137.60 

SniYm 

EULL FAERICATION 
core 
--FL 

Demo Plant 
First fommerclal 
Second iomeerc~al 
Aadn’i iommerclal 

BlanKet ‘later1al 
FiSsr iornmercl.31 

S -06 
.08 
.20 
.2O 

2.40 

.Ol 

.lO 

3 flr/yr 1 
75 UTlyr 1 

2l~O HT/yr -. I 

200 HT/}r 200 RT/yr 1: 

4OU RTlyr 1 
400 MT.‘yr 10 

60 

2:; 
200 
2GO 

ID 
10 Addn’l iommerclal 

-20 1.664 

416 .045 

RtPR~CtS~INC PLANTS 
HPP 
First Commercial 
Second Commercial 
Third Cobmerclal 

s .30 
.75 
.iS 
-75 

I.92 
sa,n 

30-?S n'r/yr 
1.500 RT/yr : 
1.500 wI/yr 1 
1.500 RT’yr 1 

1 XT of heavy 1.290 
metal per car: 
10 cars zer 
reactors per 
year 

Trans~rtatlon ---- --- 
Shielded Secullty 

dIGi,-LEYEL RADIuAcIIU& 
kASTE DlSP@SAL FACILI- 
TIES 

PllOC 
Flrlt iaste 

Disposal Fdc~llty 

152 CUblC feet 1 I”0 3 .ld 
Of n,qr! level 
waste per reac- 3 _ 120 .3u 
tar oer year: 
6.2S‘cub;c feet .57 
Of waste p.=r LO.385 .oss 5 ---x7 

ASSUHPTIONS 

1. Costs for PLBh are the same as ERDA’S estlmato of CRBP costs lkeference Statement Ot 
Thonas A. Nemzek. D,rector of Reactor Resesrc?l and Develop6wt. CEDA, xtore the Joint 
Conmrttee on Atoalc Enersy. ERDA Authoclzatloo Bear~nas for PY 1977. Feoruary 4. 1976.) 

2. Costsmr comnerc~al LMFBR’s are based on caprtal costs for LhR’s;utM-an assumed cost 
dlfferentral of Sl30 per kIlOwatt in the flr.st year of LMFBP cocmcrclal IntroductIJn. 
decreaslnq Itnearly to zero o”er 15 years. 

3. Al: LchPr costs are based on best estlmdtes uf ERDA OffacIals. 

WTES 

i. All costs are in 1974 tiollars. 

2. T?le :ost for the reactors. fabrrcatlon plants 2nd reprocessz~ plants are CapltallZatlOn 
costs. Some of the costs for waste d’lsposal *a, be considered opcratln? expenses. althouqh 
tnr zanrscer costs are Intended to amortlre the costs of 3 waste disposal faclllty. 
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Comparable capital costs for building the same number 
and"same size coal plants and LWRs would be about $95 bil- 
lion and about $128 billion, respectively. l/ As dis- 
cussed on pages 4 and 5, the LMFBR could rezain an econo- 

'mic advantage because it promises comparatively lower operat- 
ing costs due to its ability to produce more fuel than it 
consumes. 

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

Furthermore, bond ratings of electric utilities are 
declining. Between 1965 and 1974, 21 utilities were upgraded 
while at least 59 were downgraded, in part, because the utili- 
ties have not been allowed by their regulatory bodies to in- 
clude a31 their costs in their rate base. Downgrading in- 
creases difficulty in attracting investment capital, especially 
on favorable terms. 

SCEEDULI&G UNCERTAINTIES 

Successful commercialization" at the least cost requires 
a series of carefully planned activities integrated over at 
&east 10 and perhaps as many as 25 years. However, scheduling 

-Tsthese activities poses a number of problems because: 

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

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

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

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

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

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

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

INSTITUTIONAL UNCERTAINTIES 

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

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

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

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

Within the private sector, important concerns must be 
addressed: 

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

--With increasing competition for capital, the financial 
investment community will require confidence that 
LMPBR is a demonstrau?d and licensable technology. 

--Hardware manufacturers need assurances that the market 
for a new product is sufficient to justify the invest- 
ment required to produce it. 

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

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

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

1 
. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

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

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

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

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

~For a routinely functioning LMFBR industry, these 
support technologies would include fuel fabrication, plutonium 
reprocessing, and radioactive waste disposal. Until recently, 
the LMFBR program, however, has place-f greatest emphasis- on 
reactor development. No plans currently exist for Govern- 
ment participation in the demonstration of fuel fabrica- 
tion facilities beyond the pilot stage. Only recently have 
plans been made for Government support ot a large-scale re- 
processing facility. Plans exist for pilot waste disposal 
facilities which can be expanded to full scale to accommodate 
the requirements of a commercial industry, 

. . 
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Because of the long leadtime decisions inherent in 
commercialization, investors will also need to know well in 
advance of commitments when they can expect all required 
technologies to be available .-for commercial implementation. 

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

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

--1996 may be the earliest time by which licensability 
and routine performance can be demonstrated for all. 
four required technologies. Major private investment 
commitments are not likely to be forthcoming until 
both routine performance and licensability have 
been demonstrated. 

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

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

RECOMMENDATIONS 

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

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

. 

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

-for an LMFBR industry. 

--In the annual report to the Congress, discuss the im- 
pl icat ions of the findings on the relationship of these 
technologies to other energy RDSD programs, in terms 
of the budgetary cost and other priorities. 

--- 

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

AGENCY COMMENTS 

-ERDA and NRC commented on this report. We considered 
their comments in completing this report. We believe there 
are no residual differences in iact. 

36 



In its comments, ERDA noted that the report was ccrrect 
in pointing out that closing the LMFBR fuel cycle expedi- 
tiously is a critical de,erminant to the overall success 
of the LMFBR program and that internal program reviews had 
come to the same conclusion. ERDA stated it is undertaking 
efforts to provide a more integrated approach to each ;zrt 
of the program. ERDA further stated that the current 
LMFBR program plan now takes into account .Aore fully tte 
timing and rate of introduction of commercial fuel cycle 
facilities, with the goal of commercializing all parts of 
the CMFBR fuel cycle. 

ERDA also pointed out that many of the schedtiles and 
plans referenced in the report are now out of date Zut that 
the major recommendations are still well taken. ( See 
am III.) 

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

--- 

- . .- 
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THE LMFBR FUEL CYCLE ------ --- 

BACKGROUND 
. _ 

In thc'~intrcductory years of operation, the plutonium to 
fuel LMFBRs is expected to come from the recycle of spent - 
fuel from light water reactors. The experience of the 
LWR industry in plutonium recycle therefore holds important 
implications for an LMFBR industry. 

Plutonium recycling for Qht water reactors e---a --- 

Plutonium recycling could reduce the fuel requirements 
of the LWR industry by ?5 to 30 percent, thereby decreasing 
the need for uranium mining and milling and for uranium 
enrichment, a process that consumes extremely large amounts 
of electricity. Since the nuclear electric industry began 
in 196C, however, only one civilian LWR fuel reprocessing 
plant has been in operation. That plant, Nuclear Fuel Ser- 
vices (NFS) of West Valley, New York, was closed for remodelz 
ing after only a few years of intermittent operation. A sec- 
ond civilian plant, built by General Electric at Morris, Ill- 
inois, was never able to start operating properly and has 
now been abandoned, with some of its facilities converted 
for storage of unprocessed spent fuel. A third installation 
for reprocessing uranium only from LWRs is being built by 
Allied-General N&clear Services (AGNS) in Barnwell, South 
Carolina. Another reprocessing plant has also been proposed 
by the Exxon Nuclear Company on a site near Oak Ridge, Ten- 
nessee. At present, no complete reprocessing installations 
are operating in the United States. 

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

of plutonium in spent fuel. 

Government participation in commercial fuel reprocessing 
was not thought necessary in the early 196Os, when it was 
assumed that industry would successfully develop reprocessing 
facilities as they became necessary. Recognizing the curient 
problems of the industry, ERDA has now established the LWR 
Fuel Cycle Branch in the recently reorganized Division of 
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Nuclear Fuel Cycle and Production to assist in commercial- 
izing of LWR fuel reprocessing. 

The diagram below represents the required configuration 
,-e.,. of facilities;for reprocessing spent fuel. 

SPENT FUEL REPROCESSING 
. . 

I 
SPENT FUEL _ sRP*R*T[DN PLUTONIUY NITRATE 

PLUTONIUM’OXIDE 
CONVERSION 

PLANT SOLUTION PLANT 

I 

SOL!D WASTE 
(fwl. cladding MC.) 

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

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

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

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

------------ 

&/In September 1976 Nuclear Fuel Services announced it was 
no longer reprocessing sgent reactor fuel and was abandon- 
ing its West Valley reprocessing plant. 

. . .~. 
.- 

-- 
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partial final GESMO on health, safety, and environmental 
m&tters, This document was issued on August 31, 1976. NRC 
al-,aff members were also asked to prepare a supplemental en- 
vironmental statement and to propose interim regulations 
for-safeguards to prevent improper plutonium diversion. 
This is a very serious matter, since plutonium, unlike the 
slightly enriched uranium used as LWR fuel, can be made 
into nuclear weapons. A draft environmental statement on 
safeguard matters, supplementing the final statement on 
health, safety, and environmental matters, is scheduled to be 
issued for public comment at the end of November 1976. 

Proposed regulations authorizing the use of mixed- 
oxide fuel in LWRs have been issued. However, a final deci- 
sion on whether to implement the rules will not be made until 
issuance of the final safeguards supplement to GESMO, currently 
scheduled for early 1977. Uncertainty about this decision has 
apparently restrained the industry from building or even de- 

- signing plutonium conversion plants. It would, therefore, be 
some years after the GESMO decision before any commercial 
plutonium recycling could occur. 

MATERIALS AND FACILITIES REQUIRED --_L--- 
FOR THE LMFBR FUEL CYCLE 

Plutonium requirements and supply 

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

Fabrication of fuel for each new core would begin 2 
years in advance of reactor operation, requiring 800 kilo- 
grams (0.8 MT) of plutonium in the first year and the remain- 
ing 3.2 MT in the year before the reactor begins.operation. 
In each year of reactor operation, some core fuel and blanket 

., material will be removed and sent for reprocessing. The re- 
placement core fuel each year would amount to 18 MT of heavy 
metal, including 1.8 MT of plutonium; 20 MT of uranium blanket 
would also be replaced annually. 

-__ _ -_ 
If one takes as a basis the timing-aid rate of commer- 

cial LMFBR introduction envisioned by the GAO Optimistic 
Scenario, the amount of plutonium required each year for 

------_I_ 

_. -. 

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

Table I-l,. lines 2 through 9, itemizes the quantities 
of plutonium required to fuel the 128 reactors anticipated 
over the period of commercial introduction specified in the 
GAO Optimistic Scenario. The total amount of plutonium 
required each year, adding that in reactors to the amount 
proceeding through fabrication plants is shown in line h 
of the table. Line i shows the amounts of plutonium expected 
to be available from LWR recycle to meet LMFBR requirement,. L/ 

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

,. . . 
For example, line h shows that, in the year 2000 when 

24 LMFBRs will be operazing, a to.tal of 175.2 MT of plutonium 
will be required, of which 96 MT will be required for reactors 
(line a,) and 79.2 MI for fuel fabrication. Line i shows 
that 370.2 MT of plutonium will be available from-LWRs to 
meet this requirement. 

_- 

Fuel fabrication .- 1 

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

A/In a February 1975 update of WASH-1139 (74), ERDA projected 
the future of the nuclear electric industry to the year 

-.. -~ 2000 under four different--sets of growth assumptions. 
-The "Moderate Growth-Low" projections in that report also 
correspond tcr the rate of overall nuclear electric growth 
envisioned in ERDA's Intensive Electrification Scenario 
(ERDA-48). On the basis of these projections, line i re- 
flects the difference between the total amounts of plutonium 
to be produced in LWRs, less that to be recycled to LWRs 
and other uses. 

d 
. . 
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heavy metal each year. These plants have been supplied with 
plutonium of relatively low radioactivity, however, and coulc 
not operate routinely with the more radioactive reactor 
grade plutonium. i/ Even if plutonium recycle facilities. 
were developed for mixed-oxide LWR fuel, the proportion of 
plutonium in that fuel would be only 5 percent. 

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

Fuel fabrication capacity required we- 

Since LMFBR fuel will be one-tenth plutonium, the amount - 
of fuel to be fabricated annually to meet the GAO Optimistic 
Scenario can be calculated simply as 10 times the amount of 
plutonium to be made into fuel. The amounts of plutonium to 
be fabricated annually are listed in line 9 of ttible I-l; 
total fuel requirements are illustrated in figure I-l, with 
required amounts of plutonium indicated on the left side 
of the figure and total amounts of heavy metal on the right 
side. 

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

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

---- 

L/When first produced from U-238, plutonium is in the form 
--.-of Pu-239, an isotope whose radioactivity is not penetra- 

ting. However, when this isotope remains in a reactor 
environment for the usual amount of time, it is trans- 
formed first to Pu-240 and then to Pu-241 until an 
equilibrium is reached. At this equilibrium, some 20 
to 25 percent of the plutonium will be present as the 
Pu-240 isotope, and about 10 percent as the Pu-241 isotope. 
The higher isotopes give off more penetrating radiation, 
so that work with this reactor grade plutonium requires 
more shielding and/or more mechanized processes. 
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FIGURE l-l 
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over a 2-year period. Within the decade spann&#& 1995 to 
2004, a tote2 of 14 such plants would have to be operating 
to meet the requirements of this scenario. 

Reprocessing spent LMFBR fuel 

To realize the advantages of the breeder system, the 
spent fL1 released from reactors will have to be reprocesed 
and the newly bred fuel promptly recycled into reactors. 

Gnce reactors begin to generate more plutonium than 
they consume, total plutonium supply will increase. The 
spent fuel released each year from each 2,000-MWe LMFB9--18 MT 
from the reactor core and 20 MT from the blanket--will 
contain 2.2 MT of plutonium. Since only 1.8 MT is needed 
to replace the plutonium removed from the core, each reactor 
will generate 0.4 MT (400 kilograms) of excess plutonium 
each year. L/ 

As this excess plutonium accumulates and is recycled 
in the operating LME'BRs, less plutonium will actually be 
required than the amount previously calculated. For example, 
if LMFBRs are introduced according to the GAO Optimistic 
Scenarro, by 2003 neariv 6C '!T of excess plutonium will 
have been bred, and the‘to'lal plutonium requirements-wiil 
be lowered from 487.2 MT to less than 430 MT. The amounts 
of excess plutonium bred annually by the assumed groups of 
LMFBRs are listed in line 2 of table I-l; the cumulative 
total is listed in line fi. 

An important point to note is that by 2OC5, when all 
the LMFBRs of the introductory group are operating, they 
would annually breed 51.2 MT of excess plutonium. This 
excess amount could serve to fuel eight or nine additional 
reactors of the same size each year 2/, allowing the LMFBR 
industry to grow at a considerable rate with no additional 
supplies of plutonium required. 

. 

&/Our analysis assumes a gain of 0.4 MT a year for each of _ 
the-B-LXFBRs. 

-__. - 
Although this is somewhat optimistic 

for early plants, it is a reasonable average to be reached 
with advanced fuels expected to be available after several 
years of large-plant experience. 

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

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

.d- 
Assuming that the annual reprocessing plant capacity 

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

Effect of timing of reprocessing facilities ----------- ------------ 

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

.the requirements of the industry. 

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

Operation of the three large reprocessing plants by 
1959, 2004, and 2006; respectively, would leave only relatively 

--we-- - - - .  

i/ An additional problem arising from unprocessed spent 
fuel is that the plutonium will contain atout 8 to 10 
percent Pu-241. Although a useful fissionable isotope 
of plutonium, Pu-241 decays naturally, with a half-life 
of 13 yearsI to americium-241. Allowing spent fuel to 
s&and will result in a buildup of the americium decay 
product, which would represent a waste of the useful 
Pu-241 as well as another source of radioactive waste 
products with undesirably long half-lives. 
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small amounts of spent fuel unprocessed for reasonably short 
times; therefore, those years have been taken as the target 
dates for the required plants. Figure I-2 shows the poten- 
tial effects on plutonium availability if reprocessing 
plants become operational by-.these target dates or later. 

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

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

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

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

The shaded areas show plutonium deficits that would 
occur in the event of a 5-, 2-, and l- year delay in re- 
processing. plant operation (double shading), 0' an 8- year 
delay (single shading). 

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

Radioactive waste disposal _ --.~ _--_ 
Problems of radioactive waste management are generic 

to all nuclear reactors: the commercial introducticn of 
LMFBRs would only increase the urgency of finding prompt 
solutions to waste disposal needs. 

One of the advantages the LMFBR promises to show over 
present LWRs is its ability to more efficiently convert 
portions of nuclear waste products into new fuel. Plutonium 
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reprocessing essentially separates the fissile isotopes 
of Pu-239 and Pu-241--and refabricates them for use as reactor 
fuel. Those nonfissionable elements remaining are highly 
radioactive and require isolation for about a half million 
to a million years. 

These high-level wastes are initially dispersed in 
chemical solutions but are required tc be reprocessed 

_ into solids for disposal. Current NRC regulations 
stipulate that high-level radioactive waste be stored 
as liquids for no more than 5 years: a solidified product, 
stored in high-integrity containers, must be delivered 
to ERDA within 10 years after fuel processing. NRC has 
also recently proposed a regulation which would require 
that radioactive waste, converted to solid form if neces- 
sary, be transferred to ERDA no more than 5 years after 
generation. 

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

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

Disposal facilities - -- -------- 

-- 

In 1972 the former Atomic Energy Commission initiated 
a program to develop retrievable surface storage of high- 
level wastes at a central Federal site. An environmental 
impact statement prepared in 1974, which outlined the 
design and construction of this facility was, however, 
criticized for failing to sufficiently consider the 
ultimate disposal of waste, -Until a new generic environ- ----- - 
mental impact statement is completed, ERDA has deferred 
its retrievable surface repository work and Sao instead 
decided to accelerate the development of repositories 
in deep, stable geologic formations. 

Current ERDA plans call for the investigation of 
several potential disposal sites in different types of 
geologic formations. A pilot facility is planned for 
operation in late 1483, probably at a site to be developed 
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in southeastern New Mexico. ERDA plans to develop up to -- 
six other pilot facilities between 1985 and 1991, from which 
one or more will be chosen as disposal repositories. High- 
level wastes will be transported and stored in canisters 

. _. measuring approximately 1 foot in diameter and 10 feet in 
iength, with a volume of 6.25 cubic feet; .These canisters 
will be stored in the pilot facilities until disposal sites _. . . are chosen. 

Until disposal sites are identified, only tentative esti- 
mates can be made of the capacity that will be available for 
storage of wastes generated by a commercial LMF5R industry. 
Since each 2,000-MWe LMFBR is expected to generate 152 cubic 
feet of high-level radioactive waste a year, we calculate 
that 10,385 canisters will be needed to store the cumulative 
wastes generated by 128 LMFBRs. Three or more disposal 
facilities probably will be necessary to accommodate this 
level of waste production. 

As one part of a comprehensive statement on nuclear 
policy, the President, on October 28, 1976, directed ERDA to 
take the necessary actions to speed up the program to dem: 

* onstrate all.components of waste-management technology by 
1978 and to demonstrate a complete respository by 1985. He 
also directed that plans for the repository by submitted to 
NRC for licensing to assure its safety and acceptability. 

. 
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TbiE SLCLG.3. F.L.ITLIT’s’ a- *- TTfFNSING ?ROCESS __-- --_---.------- . __---- -- 

The Nuclear Resul3tzr) ,cmmiasion is respcnsisle for 
licensing a nuclear faci;:ty for construction and operat-ion 
at the proposed location without undue risk TV the health and 
safety of the public. The licensing prccess is similar for 
all nuclear cd_ f=cl:itles 3r.i tazrcally divides into two phases: 
a p r e c 3 ,n s t r u c : 1 3 n : E ‘J 1 2 i. , ,-2Sdi!lS +.o a construction permrt, 
an; tnc contraction ;~r;ct:.: : irseif, leading up to an operating 
incense. 

3 a f,? t; . .. . . -. . * . . . - . 
__- -i 

dn khe D~SAS ,d,t t. I! -2’iLeh, Nh. prepares a Safety 
Evaluation Re+)rt (SZR . ?sr recr;cesslnq and reactor 
facilities, &?.i torx.3r.j; ‘_Y+ zgplication to the Advisory 
committee on -zz<it: 1.:. _ :z (.?.CSR) for examination. 

Jif tee 1^c):1izWnnt ---. ’ ‘_ * I1 : r :J.., -. >.CSR Jnd others, NRC 
?:‘zpares a 3L!3?1Ciiivfti _ __ . .- ‘I:.-c i :ncJtporates all additional 
t1nci1r?gs. Ths E~ndl -t;... -: -7.i process 1s a puolic hearing 
c,Jnou;teJ oy ~:IL‘ .‘~rzxL~: 3-- .- _. ind Licsnslnq Board :ASLB). 
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--adequacy of accommodation of low-probability accident: 
with acceptable consequences. 

Environmental acceptability 
andsite-Gi~iiT~ -- 
------------- 
The applicant must conduct appropriate meteorological, 

radiological, water, and other site surveys: collect environ- 
mental data: and obtain approval from State and local 
authorities. On the basis of this information, the applicant 
prepares an Environmental Report (ER) which should demon- 
strate the environmental acceptability of the project and 
the suitability of the propos.ed site. 

. 

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

After a review of the ER, NRC prepares a Draft Environ- 
. . mental Statement (DES). When--all ccmments have been re- . . 

viewed, a Final Environmental Statement (FES) is rssued. 
. . 

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

. 

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

The ASLB once again conducts any public hearings re- 
quired. Safety and environmental issues can be separated 
or accommodated in one set of hearings. If all issues have 
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been satisfactorily resolved, NRC grants a construction 
permit. 

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

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

Antitrust . .I 

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

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

NRC experience indicates that the antitrust review takes 
the longest period of time and requires the longest public 
hearings. , 
Operating license-review -_ - 

Q e 

--- 

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

Once the operating license is-issued, NRC inspectors 1 
continue to conduct surveillance of operating personnel 
licenses, safety, security, safeguards, quality assurance 
and other operational programs for the life of the facility. 

LMFBR FACILITY LICENSING --------- 

The amount of time required for the licensing process 
for each of the four required LMFBR facilities is shown 
in the foliowing charts: figure II-1 describes the licensing ' 
process for fuel fabrication facilities: figure 11-2, for 
reactors: figure 11-3, for plutonium reprocessing facilities: 
and figure II-4 for-disposal facilities for radioactive wastes; 

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

The LMFBR also has some distinct characteristics which 
may lengthen these estimates until enough experience has 

- been acquired by applicants and the NRC. These charac- 
teristics include: plutonium as the initial and continuing 
fuel, more plutonium-heavy isotopes through its fuel cycle, 
sodium as a coolant, higher power densities, higher tempera- 
tures, possible sodium-to-water reactions, and different. 
safety characteristics whiLh may result in different types 
of accidents. 

. . 

54 

i. 
-- --- 



FUEL FABRICATION FACI 
IJtlOER lo.COOL Of fE0 

II 31 D n a a1 1b 25 a4 a1 12 a 

rv uxtdsiwe PROCESSES 



REACTORFAClLlTY LICENSING PROCESSES 



S! 

GJ 

--I 

--.” 

.--- 



RADIOACTIVE WASTE OlSPOSALFAClLlfY LICEHSIHG PROCESS , FIGIJRL II-1 

CllO” 



APPENDIX I I I 
. ‘3s 

APPENDIX III 

UNITED STATES 
ENERGY RESEARCH AND DEVELOPMENT ADMINIGTRATION 

WEHIWGTON. O.C. 20646 

. 

l 

OCT 22 1976 

Mr. Monte Csafield, Jr., Director 
Fhergy sad Minerals Division 
U.S. General Accouating Office 
Uashingtoa, DC 20548 

Dear Mr. CMfield: 

Ue epprecfate the opportunity to review the- GAG draft report entitled, 
“Considerations for ComercialIsing the Liquid ?fetal Fast Breeder 
Reactor. n We have reviewed the draft vith umber8 of your staff and 
we understaad that a number of chsnges and clarifications which we 

. I.. suggested till be lade. 

while the GAC report is correct ia pointing out that closing the LMFBR 
fuel cycle on au expeditious basis is a critical determinant to the 
overall success of the LEFBR program, it should also be noted that 
internal ERDA program reviews had already coke to the-same conclu.sion 
aad BRDA ;s uade‘rtaking efforts to provide a more integrated approach 
to each separate part of the LYFRl? program. In particular, efforts 
are being mde to revise the pr0gr.m to provide for earlier demonstra- 
tion of the fuel cycle components of the LV’FRRm specifically reprocessing 
eed fabrfcatioo. Gperetional waste management facilities are also 
crucial to both the LGR and LXFBR fuel cycles. The current ERDA waste 
msnageaent schedules are consistent with reactor waste disposal require- 
mts. WC would also like to emphasize that the current LWRR program 
plan nw takes Into account more fully the timing and rate of iutroduc- 
tion of.aoordal.fuel cycle facilities, with the goal of covetercialising 
all parts of the LKFBB fuel cycle. 

-. 
ik note tkat the GM report uses es its maio source of information 
ERDA 76-l. Given the increased emphasis which haa been placed on the 
WFBR fuel cycle since the original data for EKDA 76-1 was prepared, 
mm9 of the schedules and plans referenced in the GAO report are nw 
out-of-dete. 2x0 attempt has been made to point out all of the changes, 
since the major recmmsndations made by CACJ are well taken. Ewever, 
we request that the report indicate that the mawchauges suggested ; 
by GAO arc already incorporated into the RRIIA lMFBR program. 

Ia general. the report explains the need to develop the technology 
aud scaleup of the fuel cycle processes in close coordination with 
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Mr. Ymnte Canfield, Jr. 

the technology and scale-up of eiectrfc power plants for LMFBR. ‘L’he 
question of “commercialiaing,” implied by the title of the report, 
however, is a little broader and institutionally more ccmplex than 
the question of scale-up. It is a subject vhich ERDA faces vfth all 
the promising energy technologies and deals vith the transition from 
Federal suuport to largely private investment risk based on competitive 
economics . The transfer of complex L?fFBR technolo8ies from a Federal 
to a cowercial status is a far more complex consideration involving 
public policy beyond EPDA’s charter to scale-up and demonstrate the 
technology and economics. As you knov, the commercialization of the 
LTJl7 fuel cycle for the curxat reactor plants has also not been com- 
pleted. The report touches on these “institutional constraints” and 
understandably ma!ces no reconveendations concerning these considerations, 
but this limitation to scale-up snd technology should be clearly noted 
in the title and scoping of the report. 

EPW. does not presently plan to make a final decision as to the 
acceptability of full scale deployment of commercial breeders until 
about 1986. Eowever, this does not mean that concern at this time 
about the commercialization aspects of the breeder is inappropriate. 
This is partly because the sequencing of the LYFBR program requires 
some commitments and decisions on the part of industry prior to the 
Administrator’s decision on commercial deployment given the lengthy 
lead times involved in get,ln8 a plant on line. In particular, the 
next-step in the reactor part of the LIGBR program is to have sieifi- 
cant industry involvement in the design and construction of the next 
LHFBP.reactor (the Prototvpe Large Breeder Peactor - PLBR) as well as 
the purchase of this reactor. Strong involvement of the private sector 
at thfs point in the program vi11 help to provide a real test of the 
econotic vkabili ty , or non-viability , of the breeder as part of the 
input into the 1986 decision. 

Siocerelv, 

, .. M. C. Greer 
Cant roller 

---_ - 

60 



,APPENDIX IV APPENDIX IV 

PRINCIPAL OFFICIALS 

RESPONSIBLE FOR ADMINISTERING ACTIVITIES 

DISCUSSED IN THIS REPORT 

Tenure of office 
From To 

ENERGY RESEARCB AND DEVELOPMENT ADMINISTRATION 

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

ASSISTANT ADMINISTRATOR FOR 
NUCLEAR ENERGY: 

Richard W. Roberts 
Robert D. Thorne (acting 

deputy 1 -. 

June 1975 Present 

Jan. 1975 June 1975 
._ 

,. NUCLEAR REG!&ATORY COMMISSION ___ _^. 

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

DIRECTOR, OFFICE OF NUCLEAR 
REACTOR REGULATION: 

Bernard C. Rusche Mar. 1976 Present 
EdsJn G. Case (acting) Jan. 1975 War. 1975 

. 

-_- _ - . 

. . 
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