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Preface

The widespread and concentrate efforts being devoted on a national and international basis to
develop a breeder reactor clearly evidences man’s intense desire to free himself from limited and
costly energy sources. The introduction of the breeder reactor into the utility market will provide
virtually unlimited energy which can be used to elevate the standard of living and, with proper
attention, improve man’s environment.

The basic importance of major sustained commitments of managerial and financial resources by
Government, private industry and the utilities to the overall success of the breeder program can-
not be over-emphasized. Experience in the development and application of civilian nuclear power
reactors has established that such commitments are essential to bring into being the technologies,
research and development facilities, trained personnel, components, systems, and production fa-
cilities necessary to assure the successful introduction of the breeder into the commercial market.
In view of the substantial investment of the nation’s resources that the development of the broader
entails, it seems highly appropriate that in making the decision to proceed with this program, esti-
mated costs be measured against the benefits expected to derive from the investment.

In recognition of the desirability of better defining the commitments and benefits implicit in the
breeder development program, the U. S. Atomic Energy Commission, Division of Reactor Devel-
opment and Technology undertook the task of conducting the study described in this "Cost-Benefit
Analysis of the U.S. Breeder Reactor Program." The optimization of the U.S. electric energy econ-
omy over a 50-year period serves as a basis for the study. A linear programming model of the
United States electrical energy economy developed by Pacific Northwest Laboratory, and principal
members of other sectors of the nuclear community was used in the analysis. It is important to note
that the model utilized in this analysis is in an early stage of development and is being continually
improved to better simulate the characteristics of the nation’s power economy.

The benefits considered in the calculations are those that are clearly quantifiable and take the
form of low-cost electrical energy, reductions in uranium ore requirements and in separative work
demand, increase in plutonium production, and use of uranium tailings. Also, the report makes
reference to other benefits of major importance which are not quantifiable, at least not at the present
time. Such benefits include those associated with reductions of air pollution and with new uses
for low cost electricity and heat such as large scale desalting of sea water. Weighed against the
quantifiable benefits are the costs expected to be incurred by the Government in the development
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of the breeder. This approach appears reasonable in view of the fact that the continuing program
of systems analysis, which provides input for studies of this nature, has as its major objective the
determination of the Government’s future role in advanced reactor development.

The funds and other resources which the Government, the large industrial complex, and the utilities
have already committed to the breeder program and to companion non-breeder programs coupled
to the uranium-plutonium cycle, have not been examined directly nor have future expenditures by
the utilities and manufacturers been factored into the study. Use charges for plutonium used in
the R&D program amounting to about $40 million discounted to 1970 were not included. These
represent about 1% of the R&D discounted expenditures and would not effect numerical results
to any noticeable degree. Furthermore, no weight has been given to the quite evident priority and
sizable commitments which have also been made to breeder progress by the other countries with
strong programs for the exploitation of nuclear powers.

Cost-benefit analysts should be considered as only one of the many elements of input pertinent
to decision-asking. Examination of results of cost-benefits analyses conducted in the past, when
compared to actual program progress and status, identifies too well those limitations inherent in
any such analyses and the continuing need to insure compatibility of assumptions in the analyses
with the assumptions in the program plan. The degree of sophistication of the model developed,
the validity of the assumptions made, the quality of the analysis involved, and the nature of the
analysis involved, and the nature of the subject studied all will affect the use of such an analysis in
decision making. Particular care must be taken to avoid the tendency to regard cost-benefit analysis
as an end unto itself; it will be a useful tool only if it is properly applied with full realization of the
inherent limitations of such studies.

Considering the uncertainty in choosing any parameter used in this analysis, the overall conclu-
sions and trends developed to the analysis are to be reasonably valid indicators which can serve as
a guide for further analyses and assessments. It is particularly important to recognize that in under-
taking such an analysis, a number of basic assumptions must be developed on the basis of available
information and indicated trends in the nuclear energy program. As a logical consequence, there-
fore, the actual results in the future will be predicated on which values of the parameters become
valid. We believe that the actions to be taken over the next few years will significantly affect the
outcome. Such actions include the degree of R&D support given to the breeder program by both
the Government and industry, as it will affect the date of introduction of the breeder; changes
promulgated in fossil fuel costs; and changes affecting capital costs and fuel cycle costs, includ-
ing uranium costs. A parameter over which there is little control at the present, electrical energy
demand, will also have an effect on the future outcome.

Of particular importance is the degree to which associated programs are given high priority and
are provided with the resources previously identified as essential to their success, to this regard,
the recently published detailed LMFBR program plan provided a logical base for projecting costs
and schedules for the LMFBR portion of the analysis.

It should be recognized that the rapidly expanding electric power industry may encounter problems,
applicable to nuclear and/or fossil-fired power plants the resolution of which could conceivably af-
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fect the validity of the assumptions made in this study. Many of these are of the type that heretofore
have not been of serious concern to the electric power industry, such as skilled labor availability
and the environmental aspects of siting very large nuclear or fossil-fired power plants.

It is appropriate that this report place primary emphasis on sensitivity of benefits to changes in
parameters, and it is this sensitivity which should be of primary interest to the reader. Of particular
note is the significant reduction in benefits that will develop if (1) the nuclear industry is not capa-
ble of meeting present and projected nuclear power commitments, (2) the introduction date for the
breeder reactor is delayed significantly due to reasons such as a reduction in research and develop-
ment support or failure of the research and development program to meet programmatic goals, (3)
discount rates higher than 8 to 9% are applied, and/or such larger than estimated quantities of low
coat uranium became available.

It is of paramount importance that timely results be achieved with respect to strengthening the
execution of the civilian nuclear power programs is this country, including those capabilities asso-
ciated with the breeder development. The results of this study assume success in these necessary
strengthening actions; delays will jeopardize the success of these programs and could seriously
affect their cost and substantially affect benefits. Accordingly, it is necessary that we proceed with
the strongest possible engineering and quality assurance programs.

Because of the overall importance of nuclear power the capabilities and resources required for
such a major undertaking as the breeder program must be continually evaluated and strengthened
in context with the experience from the experience from the existing and planned commitments for
nuclear power plants by the utilities. The high national priority afforded to the breeder program
clearly recognizes not only the benefits identified in this report, but even more importantly the
vital implications of the tremendous growth of electric power in this country, our increasing de-
pendence on electricity for defense, public safety, and general welfare, and the increasing emphasis
on preserving and improving our environment.

Milton Shaw, Director
Division of Reactor Development and Technology
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Chapter 1

Introduction

This analysis consists of an examination of the cost-benefit and other relationships for a number
of postulated cases that include the currently planned breeder development program. Included is
a discussion of the assumptions which provide the basic framework for the postulated cases. The
analysis also includes consideration of many other tangible and intangible benefits, more difficult
to quantify, which would accrue to our economy based upon early completion of the currently
planned breeder program.

In this analysis, the Liquid Metal-Cooled Fast Breeder Reactor (LMFBR) is assumed to be the
initial breeder type commercially introduced into the U.S. electric power economy. The benefits
which have been calculated to this analysis resulting from the introduction of the LMFBR are
representative of the benefits to be achieved from the successful introduction of a breeder or even
two breeder types.

The results of the cost-benefit analysis depend upon assumptions which can substantially affect the
future cost of electrical energy. Since the prospective value of many of these variables is uncertain,
the sensitivities of undiscounted and discounted benefits to changes in the following key variables
have been examined: timing of the introduction date of the breeder; uranium costs; fossil fuel
costs; electrical energy demands; energy costs, which include plant capital and fuel cycle costs;
and discount rates.

To determine the most tangible benefit of introducing the breeder, namely the reduction in cost
of electrical power, calculations were made of the differences to power costs between competitive
economies based on (1) converter reactors (Light Water Reactors - LWR) plus advanced converter
reactors (High Temperature Gas Reactors - HTGR), plus fossil-fueled electrical generating plants,
and (2) converter reactors (LWR), plus advanced converter reactors (HTGR), plus breeder reactors
(LMFBR), plus fossil-fueled electrical generating plants. These calculations were based on a linear
programming model of the United States electrical energy economy developed by Pacific North-
west Laboratory. The model has been prepared in conjunction with the activities of the Systems
Analyses Task Force which has been working on civilian nuclear power evaluations with the ARC
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Division of Reactor Development and Technology.

The quantifiable benefits discussed herein have been recognized since the inception of nuclear
power as the basis of support for breeder programs in the United States and in every major highly
industrialized country in the world. The other important benefits, many less tangible and more dif-
ficult to quantify than those quantifiable in terms of lower electrical energy cost, are of substantial
consequence in any meaningful review of the role which nuclear power and fossil fuel plants can
play to the future to met the energy of the United States.

It has long been recognized that nuclear energy’s full promise for providing a virtually unlimited
energy source for future generations could only be realized through the development and appli-
cation of the breeder reactor. The U.S. interest in breeder reactors dates back to the Manhattan
Project days, when the possibility was first recognized by pioneers in the nuclear field. In 1945
Enrico Fermi observed that "the country which first develops a breeder reactor will have a great
competitive advantage in atomic energy." To obtain this advantage, the U.S. nuclear community has
been working for over 20 years on the breeder reactor. In 1945 the development of the plutonium-
fueled fast breeder was established as a major goal by the Argonne National Laboratory Division
of the Manhattan District Metallurgical Laboratory. The program has been continuous since that
time, and the momentum has built up to the point where the large-scale introduction and commer-
cial acceptance of the breeder will be feasible in the near future. Appendix A presents some of
the more significant reviews and statements that have been made over the years on the national
importance and potential of the breeder program.

Much of the essential effort on the breeder was conducted in the AEC national laboratories. The
Clementine reactor was constructed at Los Alamos and used from March 1949 to December 1952
to demonstrate the feasibility of operating with fast neutrons, plutonium fuel and a liquid metal
coolant. The Experimental Breeder Reactor I (EBR-1) was built and operated by Argonne National
Laboratory from August 1951 through December 1963 to prove the breeding principle in a fast flue
reactor, and to establish the engineering feasibility of using liquid metal coolant.

Developments related to the operation in environments of fast flux and high temperature liquid
metal were initiated. These developments led to demonstrating the physics and safety of a fast flux
neutron spectrum reactor, culminating in the construction of two fast reactors to the mid 1950’s,
the 62.5 MWt EBR-II and the 200 MWt Fermi reactor.

Several factors mitigated against immediate success in terms of the commercial exploitation of the
breeder reactor: the development effort was focused largely on technological goals; the industrial
involvement was minimal; and the breeder development participation was essentially confined
to the national laboratories, with the exception of the Fermi development effort. The industrial
groups concentrated on the light water reactors and the nuclear Navy, where success was nearer at
hand. The proven uranium resources appeared sufficient to meet predicted requirements. Though a
relatively large technological base, including test facilities, was being developed in the laboratories,
the breeder effort was diffuse in terms of a engineering type of undertaking. In general, until the
mid-1960’s, there appeared to be no urgent requirement to concentrate industrial resources on the
breeder program.
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In 1962, the AEC issued its Report to the President on Civilian Nuclear Power. This report clearly
re-emphasized that the use of breeders could solve the problem of an adequate and economic
energy supply for the future. The report concluded that nuclear energy can and should make an
important and eventually a vital contribution toward meeting our long term energy requirements,
and that economic breeders were essential to the long range major use of nuclear energy. The
report included a detailed discussion of the place to be occupied by the breeders in the overall
program.

Faced with the question of determining the future course to be taken by the U.S. advanced reac-
tor development programs, the AEC, in early 1965, initiated a series of overall technical reviews.
These review of the reactor program indicated a lack of important engineering information and
an inadequacy of facilities and other resources necessary to obtain that information. There was
clear evidence of the need to build up the engineering capabilities in the laboratories and in indus-
try and to assemble necessary and adequate resources to develop and produce safe, reliable and
economical breeder power plants for operation in the utility environment. These early overall re-
views further indicated a requirement for in-depth reviews of each of the technical elements of the
breeder programs. Concurrently, it was necessary to initiate detailed plans for each of the elements
of the breeder program.

During this period, remarkable advances were taking place in the development of light water re-
actor power plants. As a result, nuclear power moved towards widespread acceptance as a new
source of electrical energy. The resultant unprecedented demand for light water power reactor
plants, paralleled by greatly increased uranium demands and by projected large-scale plutonium
production, provided additional incentives for a more direct and concentrated effort on a unified
breeder development program than hitherto achieved. It was recognized that the plutonium pro-
duced is light water reactors could be most efficiently used in the fast breeder reactors and that the
breeder would measurably reduce uranium ore requirements. The breeder development program
was thus invested with a sense of urgency which had been lacking up to then.

In early 1967, the Atomic Energy Commission issued the 1967 Supplement to the 1962 Report to
the President as Civilian Nuclear Power. The Supplement set forth the changes that had occurred
since 1962, and considered the ongoing AEC reactor program is relation to the recommendations
of the 1962 report. The Supplement reaffirmed the promise of the breeder for meeting our long
term energy needs and established the LMFBR program as the highest priority civilian reactor de-
velopment effort which would lead to full commercial acceptance of the breeder. The continuing
AEC role of leadership was reviewed relative to the development of nuclear technology rewired
to assure the nation that large amounts of low cost energy would be available for the growing
demands. The steps taken to strengthen the industrial and utility capability requisite to the suc-
cessful introduction of the LWR and the timely development and commercial utilization of the fast
breeders, in particularly the LMFBR, were discussed.

In view of the established first priority, the level of activity on the LMFBR was considerably in-
creased to Fiscal Years 1967, 1968 and 1969. The buildup to bring together the required resources,
including manpower, facilities, and funds has continued within the AEC, the AEC laboratories,
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and in other sectors of the nuclear community. New major test facilities are under construction
and other existing facilities are being upgraded. Encouraged by the increased attention and efforts
of the Government, substantial commitments have been made by the major reactor manufacturers
and the utilities with a view to making large-scale commitments to the first LMFBR demonstration
plants to the 1970’s. These investments are in addition to the heavy LWR commitments.

In recognition of the importance of the fast breeder, the Edison Electric institute (EEI), an as-
sociation of the private utilities, conducted a detailed study of the status of fast breeder reactor
development. Their report was published in April 1969. In the Foreword of this report, the situa-
tion was stated as follows:

"The Subcommittee (EEI) on Fast Breeder Reactor Development urges that all EEI
members give the most careful consideration to this report and to ways and means of
implementing the recommendations set forth. In the entire industrial history of the
United States, no major technology has advanced to commercial practice as rapidly
or on such massive scale as has nuclear power. Many of EEI’s members are preoc-
cupied today with the problems of a first nuclear power project, with the transition
from government to private ownership of nuclear fuel, and with collateral matters. At
a time when one family of reactors is just coming into commercial use, it to difficult
immediately to shoulder the problem of fostering an entirely new concept. But as
the report brings out, there are persuasive reasons, both in terms of opportunity and
responsibility, to do so and strong incentives to do so promptly."

The LMFBR Program Office at the Argonne National Laboratory has prepared LMFBR Program
Plans1, under the direction of the AEC, which have recently been released. The Program Plans are
national in scope and represent the results of many months of discussions, reviews and assessments
within the nuclear community. The Plans represent a major advance in the LMFBR program
by setting forth in a comprehensive manner those courses of action necessary for achieving the
objectives of the LMFBR program. The Joint Committee on Atomic Energy of the Congress of
the United States has observed that the LMFBR Program Plans represent one of the most carefully
thought-out long range developmental efforts ever pursued by the U.S. Government.

1Report numbers WASH 1101 through 1110.
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Chapter 2

Summary of Cost-Benefit Analysis

This cost-benefit analysis involved an extensive systems analysis effort and the development of
R&D costs for the fifty year period 1970 - 2020. Eight groups of calculations were performed
to investigate the effects of varying assumptions upon benefits accrued from an economy with a
breeder reactor as compared with an economy without a breeder. The major assumptions relate
to uranium costs, fossil fuel costs, electrical energy demands, electrical energy costs, and the
introduction date of the breeder.

Three major quantifiable conclusions from the analysis are:

1. The breeder can produce not only large direct money benefits from the low cost of electrical
energy, but also other tangible quantitative benefits, such as those associated with reduced
uranium requirements, reduced uranium separative work requirements, and the large pro-
duction of plutonium.

2. The benefit/cost ratio is significantly greater than one for most of the cases having a discount
rate of 7% or less. The benefit to cost ratios fall below one for a number of cases based on
discount rates above 7%.

3. Deferring the presently planned LMFBR R&D program with consequent delays in the intro-
duction date does not substantially reduce the present worth of the R&D expenditures. In all
cases, deferring the LMFBR R&D program increases the undiscounted R&D costs.

The extent of the benefits determined in this analysts depend upon many assumptions, which in
many cases have been simplified. The assumptions used in this analysis are believed to be conser-
vative and as realistic as possible considering that the analysis covers very complex research and
development programs, ever-changing energy patterns and industrial situations, and a 50-year time
period during which industrial and technological advances may be anticipated.

Following are other important conclusions:

1. The increased dollar benefits from reduced costs of electrical energy alone, resulting from the
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early introduction of the breeder, provide a major incentive for a timely and strong research
and development program, and even make a strong point for its acceleration.

2. Although an increase in uranium ore costs is highly probable, even a constant U3O8 cost
($8/lb), with constant fossil fuel costs, and with an early introduction of the LMFBR, pro-
vides substantial benefits for discount rates below 7%, and substantial benefits for a 1980
introduction at 7% discount rate.

3. Early introduction of the breeder substantially reduces future uranium ore demands.

4. Early introduction of the breeder substantially reduces future uranium separative work de-
mand.

5. Using a discount rate of 7% or less and assuming 1984 or earlier introduction of the LMFBR,
the LMFBR program would, in most cases, generate sufficient benefits to support the cost of
a parallel development program for another type of breeder, and still maintain a benefit/cost
ratio in excess of l.

6. The analysis shows a significant increase in benefits with a higher energy demand projec-
tions.

7. The benefits accruing from the introduction of the breeder are affected by changes in fossil
fuel costs. These benefits would be increased significantly if increases in fossil fuel costs are
experienced.

8. Small changes in the cost of electrical energy from the breeder cause significant changes in
the benefits, with capital costs being more important in this regard than fuel cycle costs.

9. In all cases considered with breeder introduction, the nuclear generating capacity by year
2020 represents an extremely large percentage of the total electrical generating capacity
available for competition between fossil fueled and nuclear fueled power plants.

10. Discount rates substantially above 7% seriously affect dollar benefits because of low present
worth in 1970 of large undiscounted gross benefits for the latter part of the 50 year period
as compared with the high present worth in 1970 of expenditures in the early part of the 50
year period.

11. Other benefits not as readily susceptible to quantitative analysis but substantial consequence
in terms of national objectives would accrue from the early introduction of the breeder. A
number of these relate to the significant economic, technological and industrial coupling
between light water reactor industry and the fast breeder reactors. These benefits include:

(a) Access to virtually unlimited sources of low cost electricity, and the potential impact
of this low cost energy on desalting, mining, manufacturing, and other processes.

(b) An ample supply of low cost electricity to areas which have been denied low cost
energy.

(c) Virtual elimination of air pollution from electrical power plants.
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(d) Assurance that low cost uranium ore reserves will be most efficiently used.

(e) A premium market for plutonium produced by light water reactors.

(f) The efficient and economic utilization of the depleted uranium stockpile.

(g) The efficient use of the resources committed to the breeder program in the AEC national
laboratories, in the U.S. industry and in the U.S. utilities.

(h) Stimulation of improvements in other energy producing industries, including those as-
sociated with the production, transportation and utilization of fossil fuels.

(i) Increased use of the technical and economic ties as a principal vehicle for international
cooperation and a means for promoting peace and for assisting industrial developments
in other countries.

(j) The continued preeminence of the U.S. in its leadership role in nuclear power.
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Chapter 3

Discussion of Cost-Benefit Analysis

3.1 Method of Cost-Benefit Analysis

Eight groups of calculations with a total of 36 cases were performed to investigate the effects of
varying parameters, within the assumptions made, on benefits accrued from an economy with a
breeder reactor as compared with an economy without a breeder. These assumptions relate to
uranium fuel costs, fossil fuel costs, electrical energy demands, electrical energy costs, and timing
of the introduction of the breeder. The characteristics of the eight groups are summarized in Table
1. Each group consists of a base case without a breeder compared with cases with a breeder
represented by the LMFBR. Case 1.3a and other "a" cases cover a parallel breeder program. The
benefits of introducing the breeder to different years were determined by comparison with the base
cases without a breeder. The four parameters studied included the introduction date of the breeder,
the cost of uranium, the cost of fossil fuel, and the energy demand. Groups 1, 3, 4, and 6, provide
a measure of how varying energy demands affect benefits for assumed rising uranium costs and
constant fossil fuel costs. Similarly, groups 2, 7, and 8 provide a measure of how varying energy
demands affect benefits for assumed constant $8/lb uranium costs and constant fossil fuel costs.
Group 5 examines a set of cases for rising uranium and rising fossil fuel costs with a base energy
demand. This group can be compared with Group 1 to determine the sensitivity of benefits to rising
fossil fuel costs. Similar comparisons can be made between Group 1 and 2 to determine sensitivity
of benefits to rising uranium costs.

This analysis centered around a linear programming model used to calculate the minimum cost of
supplying U.S. electrical energy needs for the next 50 years (1970-2020) for a series of possible
electricity growth patterns. Each calculation simulated the growth of the system as influenced by
a set of postulated parameters identified above.

The 50-year energy cost of a system with a breeder compared with the 50-year energy cost of a
system which does not include a breeder provides an estimate of the principal incremental dol-
lar benefits expected from investment in a breeder program. The dollar value of other benefits
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which have or could be quantitatively obtained are not included in the summary or in the derived
benefit/cost ratios.

3.2 R&D Costs

Table 2 summarized the results of a detailed R&D cost analysis made for the period 1970-2020
with and without the introduction of the breeder. Discussion of the assumptions used for R&D
costs is covered in section 5.0 on Major Assumptions Used In the Cost-Benefit Analysis.

The analysis assumed successful R&D programs and further assumed a viable and competitive
nuclear industry for each concept introduced into the utility market. The R&D costs listed in Table
2 have been determined for the following cases:

Plan A. Light Water (LWR) + Advanced Converter (HTGR) Plan B. LWR + HTGR + LMFBR
with 6 alternatives listed below, including a parallel breeder program.

LMFBR Introduced in

B-1 Currently planned breeder program 1984 B-2 Accelerated breeder program 1980 B-3 Current
breeder program with a delay in demonstration plants of 2 years 1984 B-4 LMFBR technology
program at $40M per annum 1971-77 1990 B-5 LMFBR technology program at $15M per annum
1971-77 1994 B-7 Parallel breeder program - parallel breeder introduced 1992 1984

All plans include competitive fossil fuel systems.

The results of the R&D cost analysis indicate that undiscounted R&D costs for the breeder program
vary from $3.5 billion for an accelerated program introducing an LMFBR in 1980 to $5.6 billion
for a parallel breeder program. Based on a 7% discount rate, the discounted breeder R&D costs
vary from $3.2 billion to $2.2 billion. Significantly, discounted R&D costs actually increase for
delays to 1986 and 1990. Costs of $2.5 billion for the current program increase to $2.6 billion for
1986 and 1990 introduction.

Basic reason for the increase, or relatively small change in discounted R&D costs for delayed
introduction of the breeder, is the additional R&D costs incurred to the stretchout of a program.
The stretchout involves expenditures in phasing-down or phasing-out programs; and expenditures
in restarting a program, including those costs associated with the difficult task of reassembling re-
sources, replacing lost personnel, retraining of personnel, and the updating of deteriorated facilities
and equipment.
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3.3 Results of Analysis

3.3.1 Benefits and Benefit/Cost Ratios

The results of the cost-benefit analysts which include costs, benefits, benefit/cost ratios, uranium
demand, separative work demand and nuclear capacities are summarized to Tables 3 and 4. Dis-
counted present values are based on a discount rate of 7%.

3.3.2 Current Program

The undiscounted gross benefits (Table 3) directly resulting from dollar savings in cost of electric
energy associated with the currently planned breeder program (1984 introduction) range from $53
to $288 billion (Case 8.2 to Case 5.3) in the 50 year period 1970-2020, depending on the assump-
tions assigned to uranium costs, fossil fuel costs, and electrical energy demand. During this period,
there would be a reduction in U3O8 requirements ranging from 1046 to 4127 kilotons, as well as
a reduction of maximum domestic separative work demand ranging from 44 to 200 kilotonnes per
year.

Discounted to 1970 at 7%, the present worth gross benefits for the current program from lower
energy costs alone range from $1.8 to $15.2 billion. The highest value is associated with rising
fossil fuel and uranium costs (Case 5.3), while the lowest is associated with constant fossil fuel
and uranium costs and an intermediate energy demand (Case 8.2). Other major tangible benefits
are reduction in air pollution, the production of a large supply of energy producing plutonium, the
large reduction in separative work demand, and efficient and economic use of the depleted uranium
stockpile.

Of the cases studied, the most probable case is associated with rising uranium costs, constant
fossil fuel costs, a base energy demand, and with the currently planned introduction of the breeder
in 1984 (Case 1.3, Tables 3 and 4). The results of this case show undiscounted gross benefits
of $207 billion, gross discounted benefits of $9.1 billion, net benefits accruing to the breeder
program of $6.6 billion, and a benefit/cost ratio of 3.6. This case would also result in a reduction
is U3O8 requirements of 1450 kilotons, and reduction in maximum separative work demand of 85
kilotonnes per year.

3.3.3 Early Introduction of the Breeder

Benefit/cost ratios ranging from 7.9 to 0.7 result from those cases with an introduction of the
breeder in 1984 or earlier, for all 8 groups analyzed, as shown in Table 3. The higher values are
associated with rising fossil fuel costs.
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3.3.4 Parallel Breeder Program

Based on assumptions delineated below, a tentative case can be aside to improve the industrial
breeder base by establishing a parallel breeder program. The benefits of the LMFBR program
would be sufficient to maintain benefit/cost ratios in excess of one for a 1984, or earlier introduction
of the LMFBR and a 1992 introduction of the parallel breeder for 8 of the 11 cases considered, and
using discount rates of 7% or less. Because of the technical status and other factors, the decision on
whether to establish a parallel breeder program would have to await further analyses of alternative
breeder concepts, such as the light water breeder reactor, the molten salt breeder reactor, or the
gas-cooled fast breeder. Such analyses would lead to considerations for possibly selecting one of
these as a basis for initiating a full scale parallel breeder development program.

If justified by further analysis, a parallel breeder program could strengthen the nuclear posture of
the U.S. by providing for increasing industrial competition, by broadening the industrial nuclear
manufacturing base, by broadening the base of other associated sectors, and by strengthening the
industrial base of nuclear technology. The cost-benefit analysis has assumed the possibility of
such a parallel breeder program in each of the groups analyzed. On the basis of a 1984 LMFBR
introduction, the parallel breeder reactor (PBR) would be introduced in 1992. Earlier introduction
of the LMFBR would probably result in an earlier introduction’ of the PBR.

For the purpose of this analysis, it was assumed that a decision on whether to establish a PBR
would be made in Fiscal Year 1972. Also, a decision would then be reached as to whether to
continue further pursuit of alternates and/or backups. For purposes of this analysis, the decision
was assumed to be that other alternates and/or backups would not be pursued after the PBR decision
date.

The following list summarizes and expands the assumptions stated:

Assumptions for Parallel Breeder

(1) It is assumed that the PBR would benefit from the LMFBR program as indicated in Table 2.
The total costs of the R&D for Other Breeders, shown in Table 2, are lower than for the LMFBR:
$2.0 billion LMFBR undiscounted direct costs vs. $1.6 billion Other Breeder undiscounted direct
costs.

(2) The LMFBR R&D program would be the same as for Plan B-1 with a 1984 LMFBR introduc-
tion.

(3) Decision to proceed with PBR to be made in FY 1972.

(4) No support for alternates or backups after FY 1972.

(5) The PBR program would be conducted with essentially the same disciplined engineering ap-
proach and with development of a viable and competitive industrial capability as for the LMFBR
program.

(6) The PBR demonstration plants would be authorized two years apart, beginning in FY 1978.
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(7) PBR introduced in 1992.

(8) Gross benefits would be the same as for R&D Plan B-1, with the LMFBR representing breeder
benefits. This may or may not be valid.

Discussion of Parallel Breeder Results

Table 2 indicates that a parallel full scale development program will cost $5.6 billion undiscounted,
or an additional $1.6 billion above the current breeder program, assuming introduction of the
LMFBR in 1984 and the parallel breeder in 1992. Discounted at 7%, the additional present worth
in 1970 will be $0.7 billion.

The benefit/cost ratios range from 4.8 to 0.6 for a parallel breeder program for all 8 groups, assum-
ing a 1984 introduction of the LMFBR and a 1992 introduction of the PBR as contrasted to a range
from 6.1 to 0.7 for the current breeder program for all 8 groups (Table 3). The results indicate that
the early introduction of the LMFBR provides tangible, quantifiable benefits sufficiently large to
adequately support the cost of a parallel breeder program for most of the cases studies at discount
rates of 7% or less, and at discount rates up to 10% with both rising fossil and rising uranium costs
and with a base energy demand.

3.3.5 Sensitivity of Results to Changes in Parameters

Factors influencing the benefits of the breeder which are not subject to administrative decision (for
example: level of R&D support), but are dependent on the prevailing total economic structure,
include parameters such as breeder introduction date, uranium cost structure, fossil fuel costs,
electrical energy demand, and electrical energy costs (including plant capital and fuel cycle).

The sensitivity of benefits to changes in a parameter provides an indication of the extent to which
uncertainty plays a part in the perturbations associated with this change. The following summarizes
the sensitivity of the parameters noted.

1. Breeder Introduction Date

Though, for most cases, benefits result from savings in energy costs regardless of its date of intro-
duction into the commercial market, these benefits are substantially affected by the date of breeder
introduction. For example, examination of Tables 3 and 4 shows, for Groups 1 and 2, that a ten
year delay in the current date of breeder introduction will result in an increased 50-year energy
cost of $131 billion dollars (undiscounted) with rising uranium costs (Group 1) and $54 billion
(undiscounted) with constant uranium costs (Group 2). Figures 1 and 2 show LMFBR program
undiscounted and discounted benefits for different LMFBR introduction dates assuming constant
fossil fuel costs, and a base energy demand for both rising and constant uranium costs (Groups
1 and 2). The figures present a definitive picture of the decrease in benefits in energy cost alone
resulting from the delay in the introduction of the breeder. The sensitivity of benefits to schedule
delay as such that for each year of delay in the introduction date of the breeder, the undiscounted
benefits decrease by about $6 to $13 billion in Groups l and 2 covered by Figures 1 and 2. It is clear
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that these results, covering only reductions in energy cost resulting from delay, provide a strong
incentive for the timely development of the breeder reactor.

Cases 1.3b, 2.3b, and 5.3b (R&D Plan B-3) involving a two year delay in the introduction of
the breeder were extrapolated from computer results for Cases 1.3 - 1.4; 2.3 - 2.4; and 5.3 - 5.4;
i.e., years 1984 and 1990. Discounted gross benefits for Group 1 Case 1.3b will be reduced to
$7.4 billion as compared to $9.1 billion for 1984 introduction Case 1.3 or a net reduction of $1.7
billion; net benefits are reduced from $6.6 billion to $4.8 billion, and benefit/cost ratio is reduced
from 3.6 to 2.8. Of interest is the fact that the present worth of the R&D costs is actually increased
by $0.1 billion, i.e., R&D costs are $2.6 billion for 1986 introduction vs. $2.5 billion for 1984
introduction. Results of Cases 2.3b and 5.3b are shown in Table 3.

2. Uranium Cost

The effect of uranium cost is indicated by comparing Cases 1.1 and 2.1 with Cases 1.3 and 2.3 in
Table 3 for LMFBR introduction in 1984. The only parameter changed from Group 1 to Group
2 was the uranium cost. The discounted cumulative energy cost increases by $10.3 billion over
50 years for an economy without an LMFBR (Case 2.1 to Case 1.1) with an average increase of
$12.60 per pound of U3O8, compared with a $3.5 billion increase for an economy with an LMFBR
(Case 2.3 to Case 1.3) and an average increase of $2.50 per pound of U3O8.

3. Fossil Fuel Costs

Increased discounted gross benefits for the breeder of $6.1 billion ($15.2 billion less $9.1 billion)
accrue with a 1984 LMFBR introduction, assuming rising fossil fuel and uranium costs (Group
5 - Case 5.3 in Table 3); as compared, with constant fossil fuel costs and rising uranium costs
(Group 1 - Case 1.3 in Table 3) The resulting sensitivity is about a 7% change in discounted gross
benefits for each 0.1% per year increase in fossil fuel costs. The striking effect of this sensitivity is
illustrated by noting that 0.5 cent per ton per year increase in the cost of coal ($5 per ton in 1970 as
base) could result in increased discounted benefits of about $600 million accruing over the 50-year
period to an economy with a breeder. The converse with decreasing fossil fuel costs would hold to
a lesser extent.

4. Electrical Energy Demand

The following table shows the projections used in the analysis for the total electrical energy demand
growth rate percentages and associated doubling times for the demand. These projections were
averaged for 1970-2020 and in great measure do not reflect the decelerated rate growth which
occurs for the intermediate and low energy demands in the later years.

Projection & Growth Rate % per Year & Doubling Time Years
High energy demand & 6.5 & 10.9
Base energy demand & 6.3 & 11.4
Intermediate energy demand & 5.8 & 12.6
Low energy demand & 4.8 & 15.1
Historical Growth & 7.0 & 10.0
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Based on 1984 LMFBR introduction, and using the base demand doubling time as the index, the
sensitivity of gross benefits (1970-2020) to a change in the doubling time of electrical energy
demand is, undiscounted, about $18 billion for each 1% decrease in doubling time, and about $3.5
billion for each 1% increase in doubling time. Discounted, these become $870 million and $175
million, respectively. Figures 3 and 4 show the benefits in $ billions compared with the introduction
date.

5. Energy Cost (Capital and Fuel Cycle)

The total discounted energy costs are quite sensitive to changes in the LMFBR energy costs. The
following LMFBR energy cost breakdown is provided as an approximate reference for a 1990
LMFBR:

Mills/kW-hr Capital 3.2 Operation and Maintenance 0.3 Fuel Cycle 0.6 TOTAL 4.1

Figure 5 shows the discounted benefits for an economy with an LMFBR with rising uranium costs
and constant fossil fuel costs as a function of the change in LMFBR energy cost. Over the range
investigated, the benefits increase about $1.6 billion for each 0.1 mill/kW-hr decrease in energy
cost. The sensitivity of capital costs is such that a 1% decrease in capital cost will cause about
4% increase in discounted benefits. Because the fuel cycle cost is a smaller absolute number, a
5% reduction in fuel cycle cost is required to provide an equivalent 4% increase in discounted
benefits.

6. Uranium Requirements

Table 4 provides an indication of the substantial savings in uranium to be gained from the early
development of the breeder. Assuming Group 1 parameters of rising uranium costs, constant fossil
costs, and base electrical demands, the results shows a reduction in 50-year U3O8 requirements of
1449 kilotons of U3O8 for an economy with a 1984 breeder as compared to an economy without an
LMFBR (Case 1.3 vs. Case 1.1). A 10-year delay or a 1994 introduction of the breeder results in
a reduction of only 750 kilotons of U3O8 as compared to an economy with no LMFBR (Case 1.5
vs. Case 1.1). Assuming Group 2 constant uranium costs, constant fossil costs, and base electrical
demands, the results show a reduction in uranium requirements of 3211 kilotons for the 1984
breeder introduction dates as compared to no LMFBR (Case 2.3 vs. Case 2.1). A 10-year delay or
a 1994 introduction of the breeder in this situation results in a reduction in uranium requirements
of only 136 kilotons of U3O8 as compared to no LMFBR (Case 2.5 vs. Case 2.1).

7. Separative Work Demand

The cost-benefit analysis provides no treatment of the effect of the breeder on uranium separation
capacity. Table 4 does provide a quantitative set of numbers for the separative work demand
for each of the cases listed. Considerable reductions in separative work demand can be affected
by introducing the breeder. Separative work demands are subject to changes in uranium cost as
discussed below:
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(1) An increase in uranium costs serves to reduce the separative work demand for all cases of
LMFBR introduction because demand decreases for reactors using enriched uranium. For the cur-
rently planned breeder program (1984 LMFBR), rising uranium costs, and base energy demand, the
maximum separative work demand would peak at about 36 kilotonnes per year (Case 1.3).

(2) Assuming constant uranium costs, base energy demand, and a delay to 1990 in the introduction
of the LMFBR, maximum separative work demand would be 123 kilotonnes per year (Case 2.4),
and for a 1984 introduction of the LMFBR—47 kilotonnes per year (Case 2.3).

8. The Use of Varying Discount Rates and Sensitivity of Benefits to Varying Discount Rates

The Use of Varying Discount Rates

The basic purpose underlying the vast and complex engineering task inherent in successfully im-
plementing the LMFBR program is to develop a power source that can confer substantial benefits
upon the general well-being of the American public as well as the industrial community which
forms the base for this well-being.

Factors to be considered in determining the need for Government sponsorship are many and varied.
They include the magnitude of the program which may exceed industry’s capability and resources,
prospects for returns far off in time, and wide dispersion of program benefits throughout society.
Other factors have been discussed in the Introduction, the Summary, and under Other Considera-
tions.

The 1nterdepartmental Energy Study report, prepared by the Energy Study Group in 1964, "Energy
R&D and National Progress," states that the whole topic of choice of an appropriate Government
discount rate, particularly in reference to R&D, is an unresolved problem, involving many view-
points, subtle and controversial issues, and differing value judgments. The report adds that the
determination (both qualitative and quantitative) of the discount rate that the Government might
use is a matter of continuing controversy among professional economists.

Testimony given in 1967 and 1968 at hearings before the Subcommittee on Economy in Govern-
ment of the Joint Economic Committee brought out a wide range of judgments applicable to this
problem, and indicated that much work lies ahead before reasonable objective criteria can be es-
tablished to serve as guidelines in the selection of discount rates for application to Government
programs. A common understanding and agreement on the conceptual basis for discounting must
be achieved, following which agreement must be reached on the method or methods for calculating
discount rates to be used.

In the Cost-Benefit-Analysis, benefits were calculated after taxes, R&D costs were enumerated
without reference to taxes and a discount rate representing the after-tax return for utilities was used.
If one were performing the analysis on a social account basis, as favored by some economists, one
would calculate benefits and costs on a pre-tax basis and use a discount rate representing the pre-tax
rate of return of the relevant portion of the private sector.

The LMFBR program can be identified with the utility sector of the U.S. economy, and the rate
of return applicable to that sector has been considered as the criterion rate for evaluation of public
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investments in this area.. The discount rates applicable to the electric utility industry would most
nearly comply with this criterion. While it is doubtful, as stated, that the electric utility industry
would undertake a program of this magnitude, it is this sector of the economy which will be in the
money market to obtain funds with which to finance capital investments, and it is in this sector in
which benefits accruing to the public good will be obtained.

Proceeding on this basis, our analysis shows that a discount rate of 7% is compatible with and
directly relates to the after tax cost of money to the utilities reflecting both debt and equity financing
based on the following:

Fraction of capital in bonds 0.52 Fraction of capital in equity 0.48 Interest rate on bonds 4.23%
Earning rate on equity 10.00%

The actual average rate of return for all electric utilities privately owned in the U.S. was 6.7% in
1964, 6.9% in 1965, and was estimated to be 6.9% for 1966. The actual average fraction of capital
in bonds for all electric utilities privately owned was 0.523 in 1966 and 0.515 in 1965, with fraction
in equity - 0.477 and 0.485 respectively.

It is recognized that the cost of money has increased since 1967, when the assumptions noted above
were made for a systems analysis study. Assuming a 10% return on equity and an increase to 6% on
corporate bonds, and maintaining the same equity-to-bond ratio, the cost of money would increase
to 7.92% versus 7.0% used in the analysis. Since the assumptions for the linear programming
analysis were made in 1967 and, to maintain the time schedule for this analysis, the 7% cost of
money has been retained. Further, the 7% cost was based on private investment. A mixture of
private plus local, state, regional, and Federal investments would more closely approximate the
7%, even today.

Sensitivity of Benefits to Varying Discount Rate

The computer model minimized the sum of all cash expenditures present-worthed at a rate of 7%
per year. The model was also programmed to provide, from the 7% optimized solution, the present
worth of the total energy cost 1970-2020 for discount rates of 5, 10, and 12.5%. The results of the
computations with the 5, 7, 10 and 12.5% are given in Tables 5 through 8. Table 6 is a repeat of
Table 3. However, before discussing the results given in these tables, it is worthwhile to consider
the effect the choice of discount rate can have over the 50-year period considered in this study.
Figure 6, Present Worth of $100 Spent Ten and Fifty Years in the Future Versus the Discount Rate,
indicates that an increase from 5 to 12.5% in the discount rate results in a reduction of the present
worth by about a factor of 30 for expenditures 50 years in the future. This large sensitivity of
benefits from events in the distant future as a function of discount rate becomes readily apparent
in the results. The effect of expenditures 10 years in the future on present worth, as compared to
50 years in the future, is clearly shown in Figure 6. Tables 5 through 8 show that the maximum net
discounted benefits range from $38.7 billion for the 5% discount rate to net dollar losses for most
of the 10 and 12.5% discount rate cases.

Table 5, for the 5% discount rate, shows a net benefit obtained in all instances. In Group 1, the
net benefits range from $25.0 billion for the 1980 breeder introduction to $2.8 billion for the 1994
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breeder introduction. The benefit/cost ratios exceed one for all but two of the 28 5% discount
cases. For the current program with a 1984 LMFBR introduction, the net benefits are $19.2 billion
and benefit/cost ratio is 7.8. For rising fossil costs benefit/cost ratios are as high as 15.8.

Table 6 for the 7% discount rate, which rate is the reference rate used for discussion in this report,
begins to show some degradation in the benefit/cost ratio, but for early introduction of the breeder
(1984 or 1980), still shows ratios substantially above one for 9 out of the 11 cases studied.

Table 7, for the 10% discount rate shows seven cases where there is a net discounted benefit,
with benefit/cost ratios varying from 2.8 to 1.2 for these cases. Group 1 net discounted benefit of
$1.3 billion is obtained for the 1980 breeder introduction and, for Group 5, net benefits of $3.9
billion and $2.2 billion are obtained for the 1980 and 1984 breeder introduction, respectively with
benefit/cost ratios of 2.8 and 2.0, respectively. Group 6, Case 6.2, for 1984 introduction, shows a
net discounted benefit of $1.0 billion and a benefit/cost ratio of 1.4.

Table 8, for the 12.5% discount rate, contains no instances where there is a net benefit. The Group
l, Case 1.3, benefit/cost ratio for the current program (1984 LMFBR) falls to 0.2.

Conclusions reached from the results of varying the discount rates are:

(1) A discount rate of 5% results in large benefit/cost ratios in 26 of 28 cases examined.

(2) Even with discount rates of 10%, benefit/cost ratios of 1.6 are obtained for a 1980 introduction
of the breeder and reasonable assumptions of rising uranium costs, constant fossil fuel costs, and
base energy demand. Benefit ratios greater than 1.0 are obtained for assumptions of early introduc-
tion of the breeder, rising uranium costs, rising fossil fuel costs, and base energy demand (Group
5) and for early introduction of the breeder, rising uranium costs, constant fossil fuel costs, and
high energy demand (Group 6).

(3) Discount rates of 12.5% result in benefit/cost ratios below one for all but one case.

3.3.6 Electrical Generating Capacity

Tables 9 and 10 are indicative of the electrical generating capacity allocations between fossil, LWR,
HTGR, and LMFBR systems determined in this analysis for two of the base reference cases, Case
1.3 and Case 1.4, in Tables 3 and 4. Also, they are indicative of (1) the trend for HTGR penetration,
(2) the trend for the LWR which provides plutonium necessary for the LMFBR, and (3) the trend in
LMFBR penetration. Tables 9 and 10 indicate numbers of plants built. The actual U. S. generating
capacity in operation in the year 2020 (the cutoff year in this analysis) for fossil plus nuclear, is
about 3000 GWe (excluding peaking units and hydro), as compared to the January 1, 1968 total
capacity (hydro + fossil + nuclear) of 267 GWe.
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3.3.7 Discussion of Assumptions

Fuel cycle Costs

The fuel cycle costs associated with the LMFBR are probably conservative since they were based
on present technology modified for an increase in scale of plants. Improvements in technology in
the next 50 years should markedly reduce these costs and measurably increase benefits.

Energy Demand

Though the validity of any of the electrical demand projections may be at issue, there is little
question that electricity penetration of the energy market is increasing at the expense of other
forms of direct energy use. The differential cost of producing energy which has been displaced
should appropriately be credited if the additional penetration is due to decreased costs of a new
form of energy such as that from an LMFBR. This was not done in this analysis.

Termination of Analysis

The arbitrary termination of the analysis at the point of high slope in kilowatt-hour additions has
been too conservative. Further, benefits from plants operating in year 2020 which have continuing
lives of up to 30 years are not adequately accounted for. A more realistic model needs to be
developed.

Advanced Converter

The assumption of advanced converter development program success, followed by a large scale
introduction of the advanced converter, leads to large scale installations of the advanced converter,
and substantially affects LMFBR benefits.

Tax Benefits

Large nuclear penetrations are—for the present and the foreseeable future—more capital intensive
and lead to larger tax flows to the governments. Considerations of such flows should be accounted
for in future analyses.

Uranium Costs

A uranium cost schedule intermediate between the constant $8/lb uranium cost and the uranium
cost schedule, based on the AEC cost projections (half-way between $8/lb and Table 13 Schedule)
was studied to further determine the sensitivity of benefits to uranium cost. One group included
cases with constant fossil fuel costs, a base energy demand, a non-breeder base case with LWR
and HTGR, and cases with 1980, 1984, 1990 and 1994 LMFBR introduction.

The intermediate uranium cost schedule (with advanced converters) results in small changes in
benefits as compared to cases using Table 13 uranium costs.

The slight increase in discounted gross benefits for the economy with a breeder and intermediate
uranium costs, about 6% for early introduction of the breeder, indicates that the maximum gross
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benefits for an LMFBR economy would be obtained for a intermediate uranium price schedule, not
necessarily then one used in this report. The uranium requirements for Constant Uranium Costs,
Intermediate Uranium Costs, and Rising Uranium Costs (Fossil Fuel Costs Constant, and Base
Electrical Demand) are shown in the following table.

Table 3.1: Kilotons U3O8 Cumulative 1970-2020
Constant U Intermediate U Rising U

LMFBR 1980 1192 1034 892
LMFBR 1984 1767 1249 1053
LMFBR 1990 4535 1888 1498
LMFBR 1994 4845 2323 1752
No LMFBR 4978 2923 2502
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Chapter 4

Other Considerations

Although the results of the cost-benefit analysis clearly support the development of the breeder
in accordance with the current planning schedule, it is evident that the results of quantifiable
economic analysis are only one element to be considered in determining the values of such de-
velopmental efforts. As described in the 1962 Report to the President and its 1967 Supplement,
nuclear power, in addition to the benefits resulting from lower cost power, has a number of other
advantages of tremendous importance and potential from a near-term and long term standpoint,
both here in the United States and throughout the rest of the world. Numbers cannot be assigned to
intangibles, and judgment values in many cases have to predominate. Major benefits in many cases
are not readily susceptible to measurement, but in terms of national objectives are of substantial
consequence. For example, the success of the breeder program would, in the not-too-distant future,
provide:

(1) access to virtually limitless sources of electricity at a low cost;

(2) an ample supply of electricity to areas which have been denied low cost power because of
distance from fossil fuel sources or hydro resources;

(3) virtual elimination of air pollution from nuclear-fueled electrical power plants;

(4) assurance that the low-cost uranium ore reserves will be most efficiently used;

(5) a premium market for LWR-produced plutonium in the time period before an equilibrium fast-
breeder economy is achieved; and

(6) the utilization of the stockpile of depleted uranium which is presently of little economic
value.

These considerations have long been recognized as the basis for support of the breeder program.
Appendix A provides a selection of significant statements which have been made over the years
highlighting the national importance of developing the breeder reactor.
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4.1 Need for Electrical Energy

The availability of energy and, in particular, low cost energy, holds the key to obtaining significant
improvements in the standard of living in developing areas and to sustaining the planned growth of
the more highly industrialized areas. With the passage of time, the demand for electricity, a most
useful and versatile form of energy, has been growing rapidly. The total U.S. electric generating
capacity, which amounted to 267,000 MWe at the end of 1967, is expected to grow to 523,000
MWe in 1980, and to about 1,600,000 MWe in 2000, based on the base projection of electrical
energy demand used in this analysis.

The electric utility industry of this country is increasingly using large-scale nuclear power plants
to meet the demands for electricity. This decision to rely on nuclear power has been made in large
measure as a result of substantial Government encouragement and support. The present commit-
ment to nuclear power is based almost exclusively on the use of light-water reactors which now
utilize less than 1% of the energy potential of natural uranium. The large demand for uranium
which will result from the large-scale use of the light-water reactor makes necessary the develop-
ment of the advanced reactors, particularly the breeder reactors, and their timely introduction into
the utility environment.

4.2 Large-Scale Commitments to R&D Program

The role of the Government is to establish an advanced reactor nuclear power program which has
as its objective the development of breeders, which can make available the full potential of nuclear
fuels.

The nuclear community is actively involved in conducting the R&D for the breeder program. A
number of major facilities are in operation, being built, or are in the planning stage. in addition to
the AEC sponsored work, substantial investments have been committed to the LMFBR program
by the nuclear industry and utilities in terms of funds, manpower, and facilities. The determination
of the AEC to carry the LMFBR forward on a national basis, along with the strong economic
incentives, have been key factors in obtaining commitments and participation by industry and the
utilities in this R&D program. The nuclear community, including the laboratories, industry and
the utilities, have actively participated in the development and preparation of the LMFBR Program
Plans WASH 1101 through 1110. These plans set forth the course of action for achieving the
LMFBR objective.
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4.3 Industrial and Utility Commitments

In addition to the AEC-funded and-directed program, the reactor manufacturers and nuclear-oriented
utilities have publicly announced that they are proceeding with privately-financed studies and broad
technological development programs complementary to the AEC-sponsored efforts. The reactor
manufacturers are annually investing a total of more than $20 million. Statements regarding the
corporate commitments of major reactor manufacturers to fast-breeder reactor development are
presented in Appendix B. In addition to this, approximately 50 of the leading electrical utility
companies are participating financially and technically in one or more of the reactor manufacturer-
sponsored programs. In the spring of 1968, the annual level of utility effort was estimated to be
about $6 million, excluding the continuing commitments to Fermi and SEFOR. Utility commit-
ments are summarized in Appendix C.

Experience has shown that the successful power reactor concepts are those in which there has
been strong industrial participation and utility involvement during the developmental period. The
ultimate objective is the establishment, at an early date, of a self-sufficient and competitive LMFBR
nuclear power industry which can provide the commercial breeder needed in our economy. Steps
to achieve this objective have been taken, and considerable progress has been achieved.

4.4 Coupling of Breeder to LWR Commitments

The early introduction of the breeder will provide significant reduction in the long range require-
ment for enriched uranium and, in the case of the fast breeders, provide optimum utilization of the
plutonium that will be produced in the light-water reactors. (The AEC estimate of the plutonium
contained in irradiated fuel after final discharge from light water reactors in the U.S. through 1980
is more than 100,000 kg*.)

*Reference, USAEC "Forecast of Growth of Nuclear Power", WASH-1084 December 1967, where
the estimate was approximately 127,000 kg.

The strong economic, technical, and industrial coupling characteristic of the light-water and fast-
breeder reactors employing the uranium 238-plutonium fuel cycle is important to establishing the
flexible transition to a fast-breeder dominant complex. The industrial and utility support for the
LMFBR reinforces this conclusion.

4.5 Plutonium Availability and Demand

Though plutonium from the light-water reactor can be recycled in light-water reactors, reducing
uranium requirements to a degree, somewhat lowering energy costs, and reducing the need to invest
in added diffusion plant capacity, its ultimate use in large amounts is to fuel the fast breeder. The
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high-performance fast-breeder will produce an excess of plutonium, thereby reducing uranium ore
requirements and separative work required by the LWR’s and other uranium-consuming reactors,
to a minimal amount.

4.6 Fuel Cycle

Substantial private investments have been made and industrial competence developed with respect
to the fabrication of mixed-oxide plutonium-bearing fuel elements in this country for recycle of
this fuel in the LWR, as well as for eventual use in the LMFBR. This capability over the next ten
years can be increased by providing fuel for plutonium recycle in the LWR, for the FFTF, and for
LMFBR demonstration plants. Thus, the required fuel cycle capabilities should be well established
when the LMFBR is introduced on a commercial basis in the 1980’s. There is little question that
the industrial experience with the light water reactor fuel cycle will be of great importance in
establishing an LMFBR fuel cycle industry.

A number of countries, including France, Germany, Italy, Japan, the USSR, and the United King-
dom, have established a high priority for the development of the fast breeder reactor as a matter of
national policy. Each of these countries has committed substantial resources toward achieving this
goal. It is estimated that these countries, excluding the USSR, are spending over $150 million per
year on fast breeder R&D programs. Appendix D summarizes the major foreign fast breeder reac-
tor programs and considers the implications of these programs on the economy and technological
posture of the U.S.

4.7 World Market

The development of a commercial LMFBR by United States industry can have a beneficial impact
on the United States balance-of-payments position. Though the country which is first able to
produce an economic and reliable fast-breeder reactor may occupy a strong position from the
standpoint of initially capitalizing on the available worldwide market for breeder reactors, the
domination of a foreign market will depend on many other factors. These include price structure,
simplicity of plant operation and maintenance, and reactor characteristics. Several West European
countries are planning to introduce a fast breeder reactor into the commercial environment in the
late 1970’s and early 1980’s. The U.S. is planning to commence LMFBR operation in the early
1980’s. Substantial sales of both LWR’s and breeders will be gained by the U. S.—both for the
near and far term—if the current programs are successfully achieved. See Appendix D for further
details.
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4.8 Technological Leadership

U.S. efforts must be continued in order to maintain the. technological world leadership which
the U.S. has achieved in the development of nuclear power. The U.S. achieved this leadership
role in the 1940’s and 1950’s as the result of an aggressive policy in pursuing nuclear technology.
Strong cooperative exchange agreements with a number of foreign countries have been based on
this leadership, and the reputation of the U.S. in many of the nations is in no small measure due to
its commanding position in advancing the uses of the atom for peaceful purposes. The U.S. resolve
to apply nuclear energy to peaceful applications was first enunciated by President Truman and has
been reiterated by each succeeding President. Strengthening of the LMFBR program will enhance
the posture of the United States. There is little question that the USSR would exploit any failure on
the part of the U.S. to maintain its leadership in this field. To appreciate this, one need only have
witnessed the aggressive program presented by the USSR at the World Power Conference held in
Moscow in August 1968 with regard to its position in the area of peaceful application of the atom
to nuclear power.

4.9 Electricity and Other Processes

Whereas the most readily quantifiable benefit from the breeder program will be the reduction in
cost of electricity in mills per kilowatt hour and of heat in cents per million Btu, the indirect
benefits of cheaper energy are extremely far reaching. A small incremental savings in the cost
of energy will open up new horizons. Studies have shown the important economic potential of
large industrial and agro-industrial complexes using nuclear energy. Such "energy centers" would
produce large quantities of low-cost energy in the form of both electricity and process heat. They
could be used for manufacturing products using processes which are not feasible at today’s energy
costs. In addition, large quantities of fresh water could be produced by such energy centers, making
possible irrigation for adjacent agricultural production.
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Chapter 5

Major Assumptions Used in the
Cost-Benefit Analysis

The following assumptions used in this analysis are based on presently available information.
The results of the analysis are only as accurate as the numbers associated with the assumptions.
However, as noted elsewhere, the sensitivity of the benefits to changes in the parameters associated
with these assumptions are fairly valid and of direct interest.

5.1 Discount Rates

Decisions on appropriate discount rates should be made on a case-by-case basis. The application
of high discount rates could cause the Government to ignore investments of great potential benefit
to the country which only the Government can undertake in favor of continued investments by the
private sector. For most of the cases examined in this analysis, a 7% discount rate has been used.
The 7% discount rate was adopted by the AEC Systems Analyses Task Force in 1967 and used in
the projection of the nuclear power economy that served as a basis for this study. For purposes of
comparison and discussion, the model also discounted the objective function, which has already
been minimized with the 7% value, for discount rates of 5, 10, and 12.5 percent. In no event was
the internal cost of money, 7%, changed in the analysis.

5.2 Restraint on Number of Reactors Introduced

Restraints were used in introducing new types of reactors into the market place simulated by this
analysis. The limitations are: (1) none for the Light Water Reactors other than economics; (2) for
the HTGR and LMFBR, the equivalent of four 1000 MWe plants per year for the first two years,
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eight 1000 MWe plants per year for the next two years, 16 - 1000 MWe plants per year for the
third two years, and economics dictating thereafter. The rates assumed are compatible with the
capability of 3 to 5 reactor manufacturers to initially achieve these rates.

5.3 Capital Costs of Plants

The capital costs utilized in the model for the LMFBR cost-benefits study are shown in Figure 8.
These are estimated 1970 costs, averaged for the U.S. and they reflect, to the extent possible, the
following factors:

a. Increased coat of money.

b. Inflation in cost of materials and labor to 1970.

c. Experience with plants constructed to date and on order.

d. The effects of projected cost reductions.

e. Effects of mode of construction (shop versus field, improvements in engineering and utilization
of facilities), and related quality assurance practices.

f. Contingency allowance.

These costs represent data available in the fall of 1968. All of the data had, as yet, not reflected
Items a, b, and f. It is expected that complete factual data would increase the estimated costs.

5.4 Mass Balance and Reactor Performance

The mass balance of each reactor was based on reactor performance numbers shown in Table 11.
Two sets of values were assumed for the LMFBR, one for the initial introduction of the LMFBR
and a second for advanced LMFBR’s. The reactors introduced in the first 6 years were assumed
to maintain low specific power and high specific inventory for the 30 years of life. In practice,
advanced cores would replace the earlier cores.

Three of the several types of light water reactors used in the analysis are shown in Table 11,
representing (1) LWR with only enriched uranium feed, (2) LWR enriched with only plutonium
feed for first 4 years, then enriched with uranium-235, and (3) LWR enriched with only plutonium
feed for first 10 years, uranium-235 thereafter. This simplified method was used in the computer
runs to represent non-recycle and recycle LWR’s.
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5.5 Fuel Cycle Costs

The systems analysis model utilized unit costs of fuel fabrication, chemical preparation, conver-
sion, and chemical reprocessing which have been computed based on fuel mass flows for the entire
life of each reactor considered. The code used is applicable to reactor systems in which the number
of reactors installed is changing with time and in which several different kinds of reactors are used.
Based on assumptions developed by the AEC Fuel Recycle and Systems Analyses Task Forces,
representative results are shown in Table 12.

5.6 Fossil Fuel Costs

Ten geographical regions of the U.S. were selected in which fossil fuel costs range from 16.3 to
31.8 cents per million BTU as burned, or about 1.64 to 3.46 mills per kWhr. These costs were
assumed to be constant in all groups considered except for Group 5 for which cost increases of 1%
per year were assumed.

5.7 Uranium Costs

Uranium costs were assumed to be rising for 5 of the 8 groups considered (see Table 1) in accor-
dance with a schedule shown in Table 13. This table was developed, for computer purposes, from
the AEC Uranium Reserve estimates shown in Table 14. For Groups 2, 7, and 8 (Table 1), the
uranium cost was assumed to be constant at $8 per pound U3O8. Future uranium discoveries will
probably result in an intermediate cost, more closely approximating the rising than the constant
cost assumption. The analysis did include some consideration of intermediate costs, as discussed
in this report. The analysis further assumed that there was no import or export of fissile or fertile
material.

TABLE 13 COST-BENEFIT ANALYSIS U3O8 RESOURCE VS. AVERAGE U3O8 COST USED
AS A STEP FUNCTION IN COMPUTER RUNS

Quantity Available Millions of Short Tons of U3O8 Average Cost $ Per Lb. U3O8

0.0-0.3 7.25 0.3 - 0.5 9.00 0.S -’0.75 11.25 t: 0.75- 1.0 13.73 1,0- 1.2 f 17.50 1.2 - 1.4 22.5 1.4 -
1.6 21.50 " 1.6 - 1.8 32.50 1.8 - 2.0 37.50 2.0 - 3.0 ’42.50 3.0 -10,0 50.00

TABLE 14 COST-BENEFIT ANALYSIS U.S. AEC URANIUM RESOURCES (BASIS FOR TA-
BLE 13) JANUARY 1, 1968 (U3O8 in 1000 tons)

Cost per lb. of U3O8 $8 or less $8 to 10 $10 to 15 $15 to 30 $30 to 50 $50 to 100 Total
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Reasonably* Assured 148 .162 150 200, 5,000 6,000 11,660 Estimated Additional 280 350 200
440..,. 3,000,.... 9,000,- 13,270

5.8 Base Date for Analysis and Cut-off Dates

Nuclear power plants will not go into commercial operation in sizeable numbers until 1970, which
was selected as the initial year of this analysis and, also, as the base year for which all present worth
costs of all future expenditures were determined. The period from 1970 to 2020 was selected as
the period over which the cost benefits are obtained.

5.9 Electrical Demand

The electrical energy demand used in the analysis is in accordance with Table 15. This table
excludes the demand. associated with peaking units and all hydro. It further assumes that nuclear
and fossil start at a 1970 base which excludes those plants in operation before 1970.

* Defined as the quantity of uranium, expressed as U30 , in all known ore deposits for which
the uranium content ’and other factors, sucf as size, depth, and metallurgical characteristics, are
sufficiently well defined that the cost of production can be estimated on the basis of presently
known mining and processing technology. ** Defined as that quantity of uranium presumed to
occur in unexplored extensions of known deposits and in known uranium-producing areas, or in
areas of similar geologic favorability, which it is expected can be exploited at the costs specified in
each price range.

TABLE COST-BENEFIT ANALYSIS . ESTIMATES OF ELECTRICAL ENERGYÂřDEMAND
1970.2020 USED IN ANALYSIS ‘V’(BILLIONS1 OF K PER; YEAR) , . Year Low Intermediate
,-Base High s g7ok, 250:9 250. :âĂćZ50 25om..,rc 1980 1,9377 1-;700 2;000 -’ :2,330 2000 5-
1070 6,800” 8 000 ‘10,000 s 2020 10,870 15,725 18,500 24,210 *output of plants operating prior
to 1970 are not’included.

5.10 Generating Capacity Load Factor

The United States yearly load factor was assumed to range from 65% in 1970 to 68% in 2020.
The load factors are based on nuclear power in competition for all estimated electrical demand
shown in Table 15, which as stated, excludes the demand associated with peaking units and all
hydro.
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5.11 Research and Development

The costs for Research and Development listed in Table 2 have been determined for the following
cases

Plan A. Light Water (LWR) + Advanced Converter (HTGR) Plan B. LWR + HTGR + LMFBR

Plan B has 6 alternatives:

B-1 LMFBR introduced in 1984 - Presently planned program for breeders. B-2 LMFBR intro-
duced in 1980 - Accelerated program for breeders. B-3 LMFBR introduced in 1986 - Delay in
present program demonstration by 2 years. B-4 LMFBR introduced in 1990 - A $40 million per
annum LMFBR technology program 1971-77. B-5 LMFBR introduced in 1994 - A $15 million per
annum LMFBR technology program 1971-77. B-7 LMFBR introduced in 1984 - Parallel Breeder
introduced in 1992 - Parallel Breeder program.

In Plan B-l through B-5, the alternate breeders (MSBR and alternate FBR’s) are phased out sub-
sequent to LMFBR introduction. Plan B-7 supports a level of effort for alternate breeders through
1971-1972, at which time it was assumed that a decision is made to fully develop one of these
alternate breeders on the same priority basis as the LMFBR as part of a parallel breeder program
and to introduce it into the economy in 1992, after introducing the LMFBR in 1984.

Since this cost-benefit study was initiated late in the FY 1970 budget cycle, plans B-3 through
B-5 which delay the LMFBR, assumed funding to start in FY 1971 to allow for a programmed
reduction.

Additional total expenditures for the delayed programs, above and beyond the total expenditures
for the presently planned program would be made as a result of the phase-down and phase-up
during the delaying period. In any case the plans assume that some benefits from R&D would
result during such delaying period.

In Plan B-4, LMFBR R&D facilities are maintained to the extent necessary for introducing the
LMFBR in 1990, with the LMFBR technology effort maintained at $40 million per year for Fiscal
Years 1971-77.

Plan B-5 reduces the LMFBR technology effort to $15.0 million in the FY 1971-77 time period,
but maintains existing LMFBR R&D facilities in this period in a manner which would allow the
LMFBR to be introduced in 1994.

Supporting reactor technology programs include support of the industrial, university and AEC
laboratories. Light Water Breeder costs are not included, since full scale designs of 1000 MWe
LWBR’s are not available to date.

To establish the validity of safety criteria used in reactor design, construction, operation and related
accident analysis, it is necessary for the AEC to continue to support safety R&D to the extent nec-
essary. In addition, it is necessary to continue to conduct general safety research and development
common to all nuclear reactors. It was assumed that a minimal safety effort is extended to the year
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2020. The level of effort to support this activity would appear to be relatively insensitive to the
type of reactors being introduced.

Except for safety, all concept-related R&D support is phased out no later than four years after
introduction of commercial reactors.
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Appendix A

Selected Statements and Reviews in Support
of the Breeder Program

A.1 1962 Report to the President on Civilian Nuclear Power,
USAEC

"Clearly: The overall objective of the Commission’s nuclear power program should
be to foster and support the growing use of nuclear energy and, importantly, to guide
the program in such directions as to make possible the exploitation of the vast energy
resources latent in the fertile materials, uranium-238 and thorium.

"More specific objectives may be summarized as follows:

1. The demonstration of economic nuclear power by assuring the construction of
plants incorporating the presently most competitive reactor types;

2. The early establishment of a self-sufficient and growing nuclear power industry
that will assume an increasing share of the development costs;

3. The development of improved converter and, later, breeder reactors to convert
the fertile isotopes to fissionable ones, thus making available the full potential of
the nuclear fuels.

4. The maintenance of U. S. technological leadership in the world by means of
a vigorous domestic nuclear power program, and appropriate cooperation with,
and assistance to, our friends abroad."

"Hence, it is essential that, within a reasonably short time, the goal should be attained
of making breeder reactors technologically and economically attractive. The Govern-
ment must take the lead in this regard."
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"Thus, the future program should include the vigorous development and timely in-
troduction of improved converters and especially of economic breeders; the latter are
essential to long-range major use of nuclear energy."

A.2 1967 Supplement to the 1962 Report to the President on
Civilian Nuclear Power, USAEC

"...Intensive development of the high-gain breeder over the long term has been under-
taken as recommended by the 1962 Report.

"The objectives expressed in the 1962 Report are still regarded as valid. The Com-
mission intends to continue to exercise positive and vigorous leadership in achieving
the technical goals and in assuring growing participation by the nuclear industry as
nuclear power becomes economic."

"The fast breeder, with a potential for a doubling time of 8 to 10 years, can most
efficiently use the fertile uranium-238 in depleted and natural uranium.

"The fast breeders of major interest are divided into three categories - sodium-cooled,
gas-cooled and steam-cooled. The sodium-cooled fast breeder has been established as
the priority program on the basis of potential economy, reactor manufacturer interest,
and technological experience gained in the U.S. and abroad. Worldwide interest is
concentrated on the sodium cooled breeder...."

A.3 Energy R&D and National Progress: Findings and Con-
clusions, An Interdepartmental Study, September 1966.

"While private industry will probably concentrate on improving existing commercial
reactors, the Government should play a key role in developing more advanced reactors
with better fuel utilization. Present development schedules should be maintained so
as to accomplish development and final commercial application within the normally
expected 15 year time period. Concurrently, the Government should encourage devel-
opment of more than one breeder or near breeder concept as a hedge against possible
failure of any one approach."
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A.4 Fast Breeder Reactor Report, Edison Electric Institute, April
1968.

"The long range benefits from the use of fast breeder reactors in nuclear power gen-
eration have been recognized for two decades; however only recently has widespread
interest in the expeditious development of breeders for commercial application become
manifest.

"There are strong economic incentives for the electric utility industry to participate in
the development of the fast breeder reactor."

A.5 Speeches

A.5.1 W. Kenneth Davis

Remarks by W. Kenneth Davis, Director, Division of Reactor Development, U.S. Atomic Energy
Commission, Fast Reactor Information Meeting, Chicago, Illinois, November 20, 1957.

"If we ask ourselves why there should be a substantial effort on fast reactors, I think
a major reason to be given is the promise of nuclear breeding. Fast reactors offer a
proven means of utilizing to the maximum the energy stored in uranium - not just that
in the U-235 (0.71 percent of natural uranium) or even that which can be obtained by
a plutonium recycle in thermal reactors which is only two or three times the natural
U-235 content.

"The fast reactor systems offer, in addition to the advantages of high temperature and
long fuel life, the attractive possibility of breeding, and thus are probably the most
important systems which we have under study when looked at from the long-range
viewpoint. The idea of conservation of nuclear fuel, which can best be realized by
development of breeder concepts, is of such importance to our program that we have
made it the subject of a separate objective of our long range program."

A.5.2 Frank K. Pittman

Remarks by Dr. Frank K. Pittman, Director, Division of Reactor Development, U.S. Atomic En-
ergy Commission, Fast Breeder Power Conference, Detroit, Michigan, December 3, 1963.

"To this end, the objective of the Commission’s nuclear power program for the long-
range future is clearly identified: it is to guide the program in such direction as to make
possible the exploitation of the vast energy resources latent in the fertile materials,
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thorium and uranium-238. We are still involved in some of the first steps toward the
realization of this long-term objective. Successfully attaining this objective will assure
that we can obtain maximum benefit from our low cost uranium reserves and render
relatively unimportant the cost of nuclear raw materials so that even very low-grade
sources will become economically acceptable."

A.5.3 Milton Shaw

Remarks by Milton Shaw, Director of Division of Reactor Development and Technology, U.S.
Atomic Energy Commission, at BNES Conference on Fast Breeder Reactors, May 17-19, 1966.

"In its program to achieve systems that will extend the U.S.’s energy resources while
reducing further the cost of electrical power, the AEC has given the highest priority
to the Liquid Metal-Cooled Fast Breeder Reactor. The potential economic advantages
far outweigh the difficult development problems and the expenditures currently pro-
posed; the cost-benefits of the extensive R&D program are obvious. The successful
demonstration of this vital reactor concept in a timely, effective, and economic manner
depends upon verification of the technological and engineering prerequisites through
a planned and disciplined research and development program..."

A.5.4 Gerald Tape

Remarks by AEC Commissioner Dr. Gerald F. Tape, Third International Conference on the Peace-
ful Uses of Atomic Energy, Geneva, Switzerland, August 31, 1964.

"The basic purpose of nuclear power research and development in the United States
is to provide an additional and alternate energy source to meet present and future de-
mands thereby providing timely protection for the nation against rising power costs
and eventual fuel shortages. The long term objective will be met through the devel-
opment of commercial breeder reactors capable of utilizing the vast potential of the
world’s nuclear resources."

A.5.5 Glenn Seaborg

Remarks by Dr. Glenn T. Seaborg, Chairman, U.S. Atomic Energy Commission, American Power
Conference, Chicago, Illinois, April 25, 1967.

"In speaking to the British Nuclear Energy Society last October, I outlined the reasons
why I believe we must move ahead rapidly to the development of more efficient means
of using our basic nuclear energy resources—the world’s vast, but not unlimited, sup-
ply of uranium and thorium. Projections of the world’s increasing population, its rising
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rate of consumption of energy, and its even proportionally greater increase in the use
of electricity, combine to show an urgent need for developing economically compet-
itive nuclear reactors which will burn, not less than one percent of the uranium used
in today’s light-water reactors, but a much larger fraction, and eventually almost all
of the uranium in our nuclear fuel resources, as might be done by the most advanced
breeder systems of the future."

A.5.6 James T. Ramey

Remarks by Commissioner James T. Ramey, U.S. Atomic Energy Commission, American Power
Conference, Chicago, Illinois, April 23, 1968.

"As you well know, for more than ten years the utility and reactor manufacturing indus-
tries have been deeply involved in the predecessor AEC program—namely, the light
water reactor program for electric power plants. Embarkation into the breeder gen-
eration is another important indication of the growing maturity of our nuclear power
industry."

A.5.7 Wilfrid E. Johnson

Remarks by Commissioner Wilfrid E. Johnson, U.S. Atomic Energy Commission, ANS Topical
Meeting, San Francisco, California, April 10, 1967.

"The ultimate step in extending fuel supplies is in getting many times the present 1
to 2% of energy latent in uranium transformed into economically useable form. Our
ability to make more than a few percent of this latent energy available at all, requires
the breeder-type of reactor, and to get this energy into the economy requires that nu-
clear breeding plants be economic. To achieve this goal will require that Government
and industry each pursue complementary roles."

A.5.8 Chet Holifield

Remarks by Congressman Chet Holifield, Chairman of JCAE, American Public Power Associa-
tion’s 1965 Annual Convention Los Angeles, California, May 4, 1965.

"If we are successful in developing advanced converters and near-term breeders utiliz-
ing thorium we will succeed in multiplying our energy resources as much as 50 times.
If we successfully tackle and accomplish the much more difficult goal of high yield
breeder reactors we will have achieved unlimited supplies of energy."
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A.5.9 Wayne Aspinall

Remarks by Congressman Wayne Aspinall, Twelfth Annual Meeting of the American Nuclear
Society, Denver, Colorado, June 21, 1966.

"If the breeder reactor can be successfully developed—and we are confident that it
can—it will meet the world’s energy needs for the indefinite future. I can think of no
finer bequest to succeeding generations than that."

A.5.10 Craig Hosmer

Remarks by Representative Craig Hosmer (R-Calif), ANS Meeting, San Diego, California, June
13, 1967.

"Continued large research and development costs to round out the national nuclear
power capability in the form of advanced converters and breeders makes continued
substantial government participation in these areas mandatory for another 15 years or
so."

A.5.11 Philip Sporn

Statement by Philip Sporn, President of American Electric Power Service Corporation, before the
Joint Committee on Atomic Energy, July 17, 1964.

"This program (reactor development program) should be aimed at the development of
advanced reactors which make more efficient use of nuclear fuels than do our present
light water reactors. Selection of specific concepts and the setting up of development
schedules in this program must be determined so as to be consistent with the overall
and developing energy needs and policies of this country. In particular, it is my judg-
ment that we need to focus both on reactors which can utilize thorium efficiently and
on fast breeders. Moreover, I believe that the potential economic performance of each
of these reactors must be considered every bit as seriously as their ability to extend
our nuclear fuel resources, for we can afford neither the waste of our fuel resources
nor our manpower and other resources all of which are integrated in the final figure of
economic performance."

A.5.12 Richard M. Nixon

Statement by President-Elect Nixon, October 5, 1968: Acceleration of the Atomic Energy Com-
mission’s breeder reactor project could provide virtually inexhaustible energy at low cost.—Reported
by New York Times, October 6, 1968.
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A.6 Letter to the Atomic Energy Commission from President
Johnson, April 18, 1965

"I look for the continuation of the important progress that is being made in the peaceful
uses of nuclear energy. For example, in the field of civilian nuclear power, I look
forward to the development of the advanced converter and breeder reactors, which
will be required for the more efficient and economical use of our Nation’s nuclear fuel
resources."

A.7 Excerpts from the Budget of the United States Govern-
ment

A.7.1 FY 1964 Budget

"Expenditures in 1964 for the development of economic civilian nuclear power are estimated at
$244 million, an increase of $34 million over 1963. In line with the Commission’s recent Report
to the President on Civilian Nuclear Power, increasing emphasis will be placed on reactors which
produce more fuel than they consume ("breeders"). Breeders will be necessary if nuclear energy is
to make a significant contribution to the national power supply in the long run."

A.7.2 FY 1965 Budget

"Increased emphasis will be placed on reactors which produce more fuel than they consume
("breeders") and efforts will be continued to develop certain other advanced reactors.

"In 1965 particular emphasis will be given to "breeder" power reactors, which would produce more
fissionable material than they consume, and to the area of nuclear safety."

A.7.3 FY 1966 Budget

"The Commission is also working toward the long-range objective of high-gain breeder reactors
which produce significantly more fuel than they consume. These breeders would insure a tremen-
dous energy source for centuries to come."

"Continued emphasis will be given to the development of reactors which produce significantly
more fuel than they consume ("high-gain breeders") as the long-range objective for civilian power
reactors."
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A.7.4 FY 1967 Budget

"With the increasingly widespread acceptance and use of nuclear power reactors, the efforts of the
Federal Government are focused upon development of improved designs which will use nuclear fu-
els more efficiently and produce electric power at lower cost. Work on the so-called "fast breeder"
reactors–which would produce more fuel than they consume–will be intensified, with design in
1967 of a special test reactor, expected to cost about $75 million."

A.7.5 FY 1969 Budget

"The principal element of AEC’s program in this area is the effort to develop an economic fast
breeder reactor, which promises to produce more fissionable nuclear material than is consumed in
the process of producing power. This long-term program will be intensified further in 1969."

A.8 Excerpts from AEC Annual Reports to Congress

A.8.1 CY 1958 AEC Annual Report

"Fast reactors occupy an important place in nuclear power programs because their ability to pro-
duce more fuel than they consume is potentially important to conservation of fissionable material
resources."

A.8.2 CY 1963 AEC Annual Report

"The third implementing phase of the AEC’s civilian nuclear reactor power program is the conduct
of an intensive, long-range effort to develop breeder reactors which will make possible the use of
the full potential energy available in nuclear fuels."

"Good technical progress has been made on the breeder concept which has been under study for
a number of years. Its technology, however, is extremely complex and much research and devel-
opment remains to be done before breeder reactors approach an economically attractive stage of
development."

A.8.3 CY 1967 AEC Annual Report

"With industry’s acceptance of the light water reactors, the AEC has now given the highest priority
to the development of liquid metal-cooled fast breeder reactors (LMFBR)."
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A.9 Excerpts from Reports of the JCAE on AEC Authorizing
Appropriations for the AEC

A.9.1 FY 1965 Budget

"This year’s request for the civilian power reactor program reflects a shift in emphasis from the
first generation of light or ordinary water-type reactors to the next phase which has as its objective
the development of reactors which utilize nuclear fuel more efficiently. As the AEC indicated in
its November 1962 report to the President, it is only nuclear energy which holds the promise of
meeting the Nation’s long-term energy requirements and in this connection, only those reactors
which permit more efficient utilization of fuel, or contribute to the ultimate goal of breeding,
should be pursued. In this report, the AEC indicated that the fast reactor concept would be the
main approach to developing breeders. However, since that time, technological developments have
occurred which indicate that breeding may also be feasible in certain types of thermal reactors
using the thorium fuel cycle. This would represent a major advance in our reactor technology, since
it provides an alternate approach to the fast breeder reactor. It would be an important milestone in
the national objective of conserving our fuel resources."

A.9.2 FY 1966 Budget

"The AEC’s civilian power reactor program represents a planned research and development effort
designed to introduce a new energy source into the national economy. The ultimate objective
of this program-is the development of high-gain breeder reactors to meet the Nation’s long-term
energy needs. The basic guidelines to be followed in this development effort were stated in the
AEC’s November 1962 report to the President, the basic conclusions and recommendations of
which the committee continues to endorse as a national policy for the development of civilian
nuclear power."

A.9.3 FY 1967 Budget

"The civilian nuclear power program is presently proceeding in accordance with guidelines ex-
pressed in the Atomic Energy Commission’s November 1962 report to the President. This report
has provided the program with sound objectives for attainment of a virtually limitless supply of
energy for this country. However, the committee believes that developments, particularly those in
the past year, warrant a general updating of the program presented in this report. The committee
urges this review because of the sharply increased rate of addition of nuclear generating capacity,
changes in estimates of future growth of nuclear power, the more recent technical developments
which have taken place in certain of the advanced reactor fields, and the latest information which
has been developed concerning our uranium resources."
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A.9.4 FY 1968 Budget

"A very significant point has been reached concerning test facilities for the fast breeder program.
The proposed Fast Flux Test Facility (FFTF), for which the committee has recommended autho-
rization of $80 million in construction funds beyond the previously authorized $7.5 million for
architect-engineering, is aimed at providing critically needed test facilities for the sodium-cooled
fast breeder program. In light of the complexity of this facility, test results from it are not ex-
pected until about 1975. The next major decision in the fast breeder program concerns the plan for
construction of demonstration fast-breeder reactor power-plants. The Commission in its testimony
stated a belief that such plants could be started as early as 1970. The committee intends to follow
the planning and scheduling of this important phase of the program closely."

A.9.5 FY 1969 Budget

"As the Commission’s highest priority civilian nuclear reactor program, the liquid metal fast
breeder reactor (LMFBR) program is rapidly becoming a model for coordinated, long-range plan-
ning. The Commission is to be commended for its efforts to obtain the maximum industrial con-
tribution toward solving the technical problems and in broadening the base of industrial capability
in both technical and management aspects."
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Appendix B

Statements Regarding Corporate
Commitments of Major Reactor
Manufacturers to LMFBR

These are excerpts from submissions in reply to AEC invitation for expressions of interest in cost-
reimbursement, task-type contracts for LMFBR plant design R&D work.

B.1 North American Rockwell Corporation

"North American Rockwell is committed as a matter of corporate policy to becoming
a supplier of fast breeder reactor power plants to the utility industry. Beyond the inte-
grated investment in facilities and equipment at Atomics International, the corporation
has invested to date $7 million in conceptual design and $1.9 million in capital facil-
ities and equipment to support the design of a 500 MWe fast breeder plant intended
for construction on the Penelec system under the AEC demonstration plant program.
The demonstration plant is a key objective in the corporation’s plan to supply FBR’s
to the utility industry. The company investment during this fiscal year (October 1967
- September 1968) will be 4.3 million dollars for design and development and $1.1
million for capital facilities and equipment."

The interest and commitment of North American Rockwell was also stated by Mr.
J.L. Atwood, President and Chief Executive Officer of North American Rockwell,
in remarks before the Commission on January 8, 1968 during a presentation on the
AI/GPU program. A portion of that statement is quoted here.

"North American Rockwell is prepared to commit the management and financial re-
sources required over the next ten years to demonstrate the technical and economic

49



feasibility of the liquid-metal-cooled fast breeder reactor concept. Our commitment is
predicated on anticipated progress in the AEC Liquid Metal Fast Breeder Reactor Pro-
gram, successful development and test in the current NR-GPU program and appropri-
ate support from the AEC for our demonstration plant program leading to commercial
operation in 1976."

B.2 General Electric Company

"It is a matter of record that General Electric Company is committed as a point of
corporate policy to develop and demonstrate the successful operation of the LMFBR in
the electric utility industry on a true scale, consistent with the commercial availability
of plutonium from the thermal reactor systems.

"With the door thus effectively closed on early development of a steam cooled fast
reactor, General Electric has taken the position that it will concentrate its technical
resources on meeting the date of 1980 with the liquid-metal fast breeder reactor.

"On September 5, 1967 General Electric entered into a contract with the Empire State
Atomic Development Associates for a $5 million research and development program,
whose stated objective is to develop information which will significantly strengthen
the basis for a demonstration plant commitment in 1969-1970. General Electric has
undertaken to submit to ESADA not later than September 30, 1969, provided that it
is technically feasible and safe to proceed, an offer to supply a sodium-cooled fast-
breeder nuclear power plant with a design target output of approximately 300 MW.
Although it is clear that implementation of this agreement depends on the prior suc-
cessful operation of the SEFOR reactor, and on General Electric’s assessment of the
state of development of the sodium-cooled fast-breeder technology generally (which
obviously depends in large part on he results from current AEC LMFBR programs), it
is also clear that such an undertaking with some of General Electric’s major customers
represents a serious statement of intent."

B.3 Westinghouse Electric Corporation

Westinghouse "has committed $50 million for facilities and development" in the fast
reactor area. "In addition, more than $10 million in facilities are in place and more
under construction."

"We have also joined 22 utilities and one consultant engineer to participate in our work
to lead toward a demonstration plant.
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"To support this approach, Westinghouse has committed more of its resources, includ-
ing capital, to breeder development than to any other single technological develop-
ment. The Westinghouse approach is a three-phase program leading to construction of
a sodium-cooled fast breeder reactor. This demonstration plant, with a rating of 200
to 400 megawatts, will be the prototype design for a full-scale 1000-MW plant. The
program’s first phase, which will continue until 1970, encompasses the study and re-
search needed to commit the demonstration plant to detailed design; the second phase
is plant construction, expected to take about five years; in the final phase, the plant
will be operated to optimize the design and determine the technological and economic
feasibility of the full-scale fast breeder plant.

"This development program can be successful only if it receives the active support of
both the utility industry and the Atomic Energy Commission. The first phase of the
program, already underway, is receiving financial support from several utilities, some
of which may also provide manpower. A number of other utility companies, along
with the Atomic Energy Commission, have been invited to join the first phase. Similar
cooperation will be required to complete the second and third phases.

"As a part of the Westinghouse commitment, the facilities of the Advanced Reactors
Division are undergoing a five million dollar expansion program. The building expan-
sion, due for completion in early 1969, will provide administration and engineering
offices, high and low bay testing and analytical laboratories, machine and instrument
shops, and other miscellaneous support facilities for design, experimentation and test-
ing in the areas of:

Plant Systems and Components Development
Reactor Mechanical Development
Fuels and Materials Development
Sodium Technology"

B.4 Babcock & Wilcox Company

"A recent comprehensive evaluation by corporate management confirmed that sub-
stantial amounts of money, personnel and facilities will continue to be invested in the
LMFBR and other advanced R&D to secure a place in the breeder market when it de-
velops. The Company has spent millions of dollars to date in nuclear R&D of which a
large portion is directly and indirectly related to breeder reactor development. Planned
expenditures approximate $36 million in the next ten years on breeder reactors alone.

"At this time, the Company is preparing the groundwork for a joint BW-utility LMFBR
engineering program. Over thirty electrical utilities have been presented with back-
ground information as to B&W performance and capability in the fast breeder field.
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Discussions are now being held with certain of these utilities for the purpose of laying
the foundation for the referenced joint venture.

"The proposed association with the utility industry will provide for active and objec-
tive communication between B&W and the electrical utilities. The information and
analysis developed by this joint venture will provide a sound basis for the decisions
required relative to the construction of a demonstrator plant."

B.5 Combustion Engineering, Inc.

"The ultimate importance of the fast breeder for the generation of economic electrical
power was recognized some years ago by Combustion Engineering, and the Company
has consistently prompted this concept as a means to decrease dependence upon the
limited source of low cost uranium ore.

"We are, consequently, pursuing the development of a sodium-cooled fast breeder with
a core geometry optimized for economics using sodium-bonded carbide fuel. We ex-
pect that this development will take several years, that it will require substantial sup-
port from the USAEC and from the utility industry and that it will involve the con-
struction of a demonstration plant at an appropriate time.

"Combustion Engineering is actively engaged in obtaining utility support for its re-
search and development program.

"One utility has given us a letter of intent to support this program. Several other
utilities have expressed considerable interest in the program, and we expect to receive
several more favorable responses. In addition, there are a number of other utilities we
plan to contact about this program which would ultimately place us in a position to
work on a firm design for a demonstration plant."
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Appendix C

Utility Involvement in the LMFBR Program
(November 1968)

C.1 Directed Toward Prototype

1. Atomics International (North American Rockwell)

With GPU: an estimated $5,000,000 three-year R&D study expected to lead to a decision in
1970 on construction of a 350 to 500 MWe prototype sodium-cooled breeder reactor power
plant.

GPU - General Public Utilities

• Jersey Central Power & Light Company
• Metropolitan Edison Company
• New Jersey Power & Light Company
• Pennsylvania Electric Company

Pennsylvania Electric has selected a site in northeastern Pennsylvania on the Susquehanna
River near Tonawanda that could be used for an LMFBR.

2. General Electric

(1) With the SAEA group and four other utilities - a $750,000 design study of a 200 MWe
prototype sodium-cooled plant. Construction decision in 1969.

SAEA - Southwest Atomic Energy Associates (SEFOR)

• Arkansas-Missouri Power Company
• Arkansas Power & Light Company
• Central Louisiana Electric Company
• The Central Kansas Power Company1
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• The Empire District Electric Company
• Gulf States Utilities Company
• Kansas Gas and Electric Company
• Louisiana Power & Light Company
• Mississippi Power and Light Company
• Missouri Public Service Company
• Missouri Utilities Company1

• New Orleans Public Service, Inc.
• Oklahoma Gas & Electric Company
• Public Service Company of Oklahoma
• Southwestern Electric Power Company
• The Kansas Power & Light Company
• Western Light and Telephone Company, Inc.

Others -

• Pacific Gas & Electric
• Commmonwealth Edison
• Duke Power
• Detroit Edison

(2) With ESADA: $5 million for development of key components. To reach a joint decision
on constructing a 300 MWe prototype, sodium-cooled plant.

ESADA - Empire State Atomic Development Associates

• Niagara Mohawk Power Corporation
• Central Hudson Gas & Electric Corporation
• Consolidated Edison Company of New York, Inc.
• Long Island Lighting Company
• Rochester Gas & Electric Corporation
• Orange and Rockland Utilities, Inc.
• New York State Electric and Gas Corporation

3. Westinghouse

With 21 utilities and an A/E firm: four-year program for development of sodium-cooled
plant. Looking toward construction decision on 200 to 400 MWe prototype unit in 1970.
This has been reported in the trade press as a $100 million program. First phase from April
1967 to April 1970 is a $1,000,000 demonstration plant study to help establish the technical
basis.

Westinghouse Group

• Baltimore Gas & Electric
1Not included in initial list of fifteen.
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• Boston Edison
• Cleveland Electric Illuminating
• Commonwealth Associates, Inc.
• Commonwealth Edison
• Detroit Edison
• Duke Power
• Monongahela Power
• Northeast Utilities
• Potomac Edison
• South Carolina Electric & Gas
• West Penn Power
• Consumers Power Company
• Dallas Power & Light
• Duquesne Light Company
• Houston Lighting & Power
• Pennsylvania Power Company
• Ohio Edison Company
• Public Service of Indiana
• Texas Electric Service
• Texas Power & Light Company
• Wisconsin Electric Power Company

C.2 Design Studies

1. Atomics International (North American Rockwell)

With ESADA, $100,000 for design study of a sodium-cooled system, which will draw on
sodium handling technology developed under earlier AI/ESADA contracts. Technology and
economics of a 1,000 MWe plant to be considered. ESADA - See listing on page 94 of
Appendix C.

2. General Electric

With Southwest Atomic Energy Associates (SAEA): project includes construction and op-
eration of Southwest Experimental Fast Oxide Reactor (SEFOR) scheduled for start-up by
the end of 1968. This is a ceramic-fueled, sodium-cooled, 20 MWt (no electricity) project.
The Karlsruhe Research Center in West Germany is participating. Three years of testing
will follow start-up. Financing: Construction - SAEA $6.9 million and West Germany with
Euratom, $5.0 million; R&D plus operating costs - AEC supplies $12.7 million plus other
support valued at $4 million, including fuel use waiver and use of ZPR-3.1. The $11.9 mil-
lion from utilities and West Germany and $12.7 million from the AEC are ceiling figures.
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SAEA - See listing on pages 93 and 94 of Appendix C.

3. Power Reactor Development Company

Fermi: 60 MWe sodium cooled fast breeder

PRDC - Power Reactor Development Company (Fermi)

• Allis-Chalmers Manufacturing Company
• The Babcock & Wilcox Company
• Burroughs Corporation
• Central Hudson Gas & Electric Corporation
• The Cincinnati Gas & Electric Company
• Columbus and Southern Ohio Electric Company
• Combustion Engineering, Inc.
• Consumers Power Company
• Delmarva Power & Light Company
• The Detroit Edison Company
• Holley Carburetor Company
• Iowa-Illinois Gas & Electric Company
• Long Island Lighting Company
• Philadelphia Electric Company
• Potomac Electric Power Company
• Rochester Gas & Electric Corporation
• Southern Services, Inc., as representatives of:

– The Southern Company
– Alabama Power Company
– Georgia Power Company
– Gulf Power Company
– Mississippi Power Company

• The Toledo Edison Company
• Westinghouse Electric Corporation
• Wisconsin Electric Power Company

4. Atomic Power Development Associates

Performs R&D for Fermi. Performs R&D for other LMFBR activities.

• Allis-Chalmers Manufacturing Company
• Babcock & Wilcox Company
• Baltimore Gas and Electric Company
• Central Hudson Gas & Electric Corporation
• Cincinnati Gas & Electric Company
• Cleveland Electric Illuminating Company
• Commonwealth Associates
• Consolidated Edison Company of New York, Inc.
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• Consolidation Coal Company
• Delmarva Power & Light Company
• Detroit Edison Company
• Indianapolis Power & Light Company
• Leeds & Northrup Company
• Long Island Lighting Company
• New York State Electric & Gas Corporation
• Niagara Mohawk Power Corporation
• Philadelphia Electric Company
• Potomac Electric Power Company
• Public Service Electric and Gas Company
• Rochester Gas and Electric Corporation
• Toledo Edison Company
• Wisconsin Power and Light Company

5. Other Activities

Edison Electric Institute, Detroit Edison, and APDA

$0.8 million to demonstrate PuO2-UO2 fuel performance in an operating reactor.
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Appendix D

International Fast Breeder Programs and
Implications

In this study the expenditures on the different foreign programs have not been placed on a com-
parable basis with those of the U.S. since accessibility to information on foreign expenditures and
budgets is limited. However, as the attached table. (Table D-1) from the EEI Fast Breeder Reactor
Report1 shows, it is estimated that other countries, excluding the USSR, are spending over $150
million per year on fast breeder R&D programs.

The French have spent about $160 million through 1967 on their LMFBR program, and expect
to spend over $100 million more for the Phoenix Reactor and critical experiments through 1972.
Germany has spent $100 million on R&D and, in cooperation with Belgium and the Netherlands,
plans to spend $300 million additional on R&D and prototype design, $100 million on prototype
construction, and $500 million on development and construction of commercial plant. Most of
these expenditures are on the LMFBR.

It is estimated that the Euratom members (German, France, Netherlands, Belgium, Italy) will have
spent at least $2 billion by 1978 on the LMFBR, including two prototype- and two commercial-
scale LMFBR plants. Attempts are being made by Euratom to consolidate R&D activities of
member countries, and to construct two prototype and only one commercial plant, thereby reducing
their expenditures.

The United Kingdom has spent about $130 million over the last five years specifically on the
LMFBR, and another $55 million on general reactor technology, a major share of which is ori-
ented toward the fast breeder. These expenditures represent about 45% of their reactor R&D bud-
get. Construction of the LMFBR Prototype Fast Reactor (PFR) is underway, and the total cost is
estimated to be $70 million.

The attached table (Table D-2) shows the operational dates of fast reactors, past and future, in

1Fast Breeder Reactor Report, Edison Electric Institute, April 1968.
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various interested countries. The U.S. program has been on an extended time scale when compared
with other countries. This approach has been taken for a number of reasons. However, at this time,
continued emphasis and strengthening of the U. S. efforts are required to permit this country to
establish an advantageous position in a competitive market.

Substantial sales of light water and breeder reactors will be obtained, both for the near and far term,
with the successful achievement of the objectives of the U. S. reactor programs.

The development of a commercial LMFBR by United Stated industry can have a beneficial impact
on the United States balance-of-payments position. Though the country which is first able to
produce an economic and reliable fast breeder reactor may occupy a strong position from the
standpoint of initially capitalizing on the available worldwide market for breeder reactors, the
domination of a foreign market will depend on many other factors. These include price structure,
simplicity of plant operation and maintenance, and reactor characteristics. Several West European
countries are planning to introduce a fast breeder reactor into the commercial environment in the
late-1970’s and early 1980’s. The U.S. is planning to commence LMFBR operation in the early
1980’s. Substantial sales of both LWR’s and breeders will be gained by the U.S., both for the near
and far term, if the current programs are successfully achieved.

The following simplified calculation provides an indication of the financial implications of a world-
wide free market for nuclear reactors. Assuming a parallel introduction of the breeder by the vari-
ous competing free world countries in 1984 and electricity demands of the U.S. equal to the rest of
the free world, the total LMFBR demand for the free world in the 1984-1995 period would equal
640,000 MWe, representing about $100 billion dollars in investment.

On the basis of the above assumptions, the U.S. industry has the potential of competing not only
for the $50 billion domestic market, but also is in the position of competing in an overseas market
of equal size. Each percent of the overseas market represents about $500 million.

59



Table D.1: Liquid Metal Cooled Fast Reactor Projects

Name Country Power (MWt) Coolant Initial Operation*
Clementine United States 0.025 Hg 1946
EBR-1 United States 1.0 NaK 1951
BR-2 Soviet Union 0.1 Hg 1956
BR 5 Soviet Union 5.0 Na 1959
Dounreay Great Britain 60.0 NaK 1959
LAMPRE United States 1.0 Na 1961
EBR-2 United States 60.0 Na 1963
Fermi-1 United States 200.0 Na 1963
Rapsodie France 20.0** Na 1967
SEFOR United States**** 20.0 Na 1969
BR-60 (BOR) Soviet Union 60.0 Na 1968
BN-350 Soviet Union 1000.0 Na 1970
PFR Great Britain 600.0 Na 1971
PEC Italy 140.0 Na 1973
JEFR Japan 100.0 Na 1973
Phenix France 600.0 Na 1973
NA-2 West Germany*** 750.0 Na 1975
FFTF United States 400.0 Na 1974
JPFR Japan 900.0 Na 1976
DEMO 1 United States >900.0 Na 1976
BN-600 Soviet Union 1400.0 Na 1976
DEMO 2 United States >900.0 Na 1978
CFR UKAEA 2500.0 Na 1979
1000 MWe France 2500.0 Na 1980
1000 MWe Germany 2500.0 Na 1980
DEMO 3 United States >900.0 Na 1980
1000 MWe United States 2500.0 Na 1984
* Estimated beyond 1969.
** Being increased to over 40 MWt in 1969.
*** With Belgium and Netherlands.
**** With Germany and Euratom.
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