The Economic Issues of the
Fast Breeder Reactor Program

The economic benefits of the fast breeder reactor

may not be as definite as its proponents claim.

The fast breeder reactor (FBR) pro-
gram in the United States can be traced
back to at least 1945, when a project to
develop the plutonium-fueled FBR was
initiated in the Argonne National Labora-
tory, Division of the Manhattan District
Metallurgical Laboratory. However, ma-
jor efforts in national and industrial labo-
ratories were focused on light water reac-
tors (LWR’s) where the prospect of
large-scale commercial application was
much nearer at hand. In the mid-1960’s,
the utility industry began to make heavy
commitments to LWR’s, and the Atomic
Energy Commission (AEC) (/) scaled
down its involvement in the research and
development (R & D) of LWR’s and
shifted its efforts to FBR’s.

Among several types of breeder reac-
tors, the liquid metal fast breeder reactor
(LMFBR) program has been receiving a
major portion of the financial and person-
nel support from the government and the
industries. Other nations with significant
breeder reactor programs, such as the
Soviet Union, Great Britain, France,
Germany, Italy, and Japan, have made
the same choice. The annual budget for
the LMFBR program in the United
States soared from $0.9 million in 1947
to $34.1 million in 1965 (2) and $912.8
million in 1976 (3). The Energy Re-
search and Development Administration
(ERDA) is requesting $1.23 billion (3)
for fiscal year 1977, which is 35 per-
cent over the current allotment, 84 per-
cent of the total fission reactor develop-
ment budget, and approximately twice
the total fusion R & D budget, and con-
sistently the largest share of the total
energy R & D budget. The support of
LMFBR’s as the top-priority program
can only be justified if their economic
and environmental benefits are definite
and substantial.

In the past few years, many important
environmental and social issues, in case
of a mass LMFBR deployment, have
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been brought to the attention of the pub-
lic, but only a few remarks about these
issues will be made in this article. A
substantial amount of research on the
safety of reactors, the containment and
safeguard of plutonium, and the assess-
ment of accident risks remains to be
done. The central concern is the threat
posed by plutonium against the lives and
health of human beings and other living
systems for thousands of years. The core
of a typical 1000-Mwe (million watt elec-
tric) LMFBR contains roughly 2500 kilo-
grams or 2.5 tons (metric) of plutonium
4). With a projected LMFBR capacity
of 1000 to 2000 gigawatts by year 2020
%), 2500 to 5000 tons of plutonium will
be present in the cores at any given
time. Ten to 20 kg of plutonium is suf-
ficient to make a nuclear bomb in the
kiloton range, and it is much easier to
extract bomb materials from the
LMFBR fuel assemblies than from those
of currently available converter-type nu-
clear reactors. In addition, plutonium is
one of the few most toxic elements ever
known, is completely man-made, and
has a half-life of 24,000 years. Some
studies indicate that inhalation of a mere
milligram of plutonium can cause death
from fibrosis of the lungs within a few
weeks and even a microgram may be
sufficient to eventually cause lung can-
cer.

These figures may be debatable, but if
they were raised by one or two orders of
magnitude, few would doubt the con-
sequences. The maximum permissible
dose over a lifetime has been established
by medical authorities to be 0.6 micro-
gram. Thus, only a small quantity of
plutonium is sufficient in the construc-
tion of a bomb or a dispersal device
capable of mass destruction. The unset-
tling question is: How effectively can
thousands of tons of plutonium be prop-
erly confined in thousands of reactors
and other sectors of the fuel cycle, and

be safeguarded against reactor acci-
dents, sabotage, and theft? The impact
of LMFBR’s on nuclear weapon prolifer-
ation is also a serious issue. However,
we should realize that alternative electric
generating systems, such as coal-fired,
converter-type nuclear, and the still un-
proved solar and fusion power plants are
not without environmental and health
hazards. Future debates should be cen-
tered around the probability and magni-
tude of risk associated with LMFBR’s
and their risk-benefit trade-off in com-
parison with those of natural phenomena
and other man-made systems, particular-
ly the alternative electric generating sys-
tems. Based on present information, we
have no reason to believe that LMFBR’s
are and will be better than any of the
aforementioned alternative electric sys-
tems on environmental grounds. Conse-
quently, breeder advocates have been
emphasizing the economic benefits of
LMFBR’s, which I will review in this
article.

Cost-Benefit Analyses

The major advantage of FBR’s is their
ability to unlock more than 60 percent of
the energy in uranium in contrast to only
about 1to 2 percent by LWR’s and 4to 5
percent by high-temperature gas reactors
(HTGR’s). Even such an efficient utiliza-
tion of uranium does not guarantee a
lower electric generation cost because
the savings in fuel cost may or may not
outweigh the expected higher plant capi-
tal cost of LMFBR’s, at least during the
introductory years, and the R & D costs
of the program. For an LWR in opera-
tion by 1982 and producing 1000 Mwe,
the fuel cost is estimated at 25 percent,
the capital cost at 69 percent, and the
operating and maintenance cost at 6 per-
cent of the electric generation cost of
22.6 mills per kilowatt-hour (6).

The proponents’ claim of an economic
benefit for LMFBR’s is based on the
cost-benefit analyses of the U.S. breeder
reactor program by the AEC over the
past decade. The first cost-benefit analy-
sis was available in 1968 and was pub-
lished in 1969 (CB-68) (7). It was updated
in 1970 and published in 1972 (CB-70)
8). Another updated draft appeared in
the Draft Environmental Statement, Lig-
uid Metal Fast Breeder Reactor Pro-
gram, in March 1974 (CB-74D) (9). In
December 1974, the draft was slightly
modified and expanded and appeared in
the Proposed Final Environmental State-
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ment (CB-74P) (10). In December 1975,
the report was published as the Final
Environmental Statement (CB-74F) (11).
The assumptions in these analyses
changed quite substantially but the meth-
odology and the conclusions were essen-
tially unchanged. Both ERDA and the
former AEC claim that the LMFBR pro-
gram will produce substantial economic
benefit to the nation. The benefits for the
reference cases (most-probable cases)
are summarized in Table 1.

All of the cost-benefit analyses start
with a projection of electrical energy de-
mand. Costs and benefits are measured
in constant dollars which are corrected
for general inflation. The costs of elec-
tricity with and without the integration of
LMFBR’s into the national electric gener-
ating system are ‘then calculated by em-
ploying the linear programming tech-
nique to minimize the total electric cost
over a planning horizon of 50 years. The
difference between the two energy costs,
with cost of the LMFBR program sub-
tracted, is called the net gross benefit.
The net discounted benefit is the present
worth of the net gross benefit. If the net
discounted benefit is positive, it means
that the program will produce an eco-
nomic benefit subject to the validity of
the input projections and data.

In addition to the most-probable case,
ERDA presented more than 60 cases
based on different combinations and vari-
ations of major projections. The cases
are neither equally probable nor weight-
ed. The economic benefit or loss of the
LMFBR program thus depends on the
selection of a subset of cases and on
which cases are considered to be more
important than others. I suggest that, in
addition to what was done in the cost-
benefit analyses, ERDA should estimate
and assign a probability coefficient to
each variation of the major projections,
and perform a risk analysis similar to
those frequently used for capital invest-
ments (I2). The results could be repre-
sented by a curve showing the probabili-
ty of any rate of return as well as the
variances, and could be compared with
curves for alternative and competing pro-
grams. With such an approach, the de-
bate over economic issues would be
transferred from the selection of favor-
able cases to that of probability co-
efficients. I recognize the difficulty and
arbitrariness in the determination of
these coefficients, especially when they
are for projections that extend 50 years
into the future. But, quantification can
narrow and focus the issues in debate
and in their resolution. It is better to
make rough estimates of these co-
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efficients and to adjust them according to
new information than not to attempt any
estimate. The major assumptions and
projections in the cost-benefit analyses
that are under the strongest dispute are
the discount rate, uranium supply, elec-
trical energy demand, plant capital costs,
and program costs. I review them indi-
vidually below.

Discount Rate

The costs and benefits of a program
are often incurred in different time and
quantity streams. They must be dis-
counted to the present at a rate to reflect
time-preference and time-productivity.
The AEC considered a discount rate of 7
percent to be most appropriate in the
early cost-benefit analyses, CB-68 and
CB-70 (7, 8). The rate was raised to 7.5
percent in CB-74D (9). In CB-74P and
CB-74F, a rate of 10 percent was reluc-
tantly chosen, but a 7.5 percent or lower
rate was still considered to be more ap-

“propriate (10, 11). The net discounted

benefit is highly sensitive to the discount
rate, which is apparent from Table 1.
The net discounted benefit drops from
$46 billion to $14 billion when the rate is
changed from 7.5 percent to 10 percent.
In recent economic analyses supportive
of the LMFBR program, a low rate was
generally used. A 6 percent rate was
adopted in the study of Stauffer er al.
(I13) and a 5 percent rate was favored in
that of Auer et al. (14), though the results
of the latter authors were also given for
7.5 and 10 percent. Contrarily, breeder
critics consider that the rate should be at
least 10 percent. In other economic stud-
ies (15, 16) a 10 percent rate has been
used. Discount rates favored by the AEC
were derived from the after-tax return of
utilities. Such a philosophy remained un-
changed in all the cost-benefit analyses
and was clearly stated in the earliest
analysis, CB-68 (7, p. 38):

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 evalu-
ation of public investments in this area. The
discount rates applicable to the electric utility
industry would most nearly comply with this
criterion.

This argument is invalid because the
government should invest in programs
which best benefit society, not any par-
ticular industry. The AEC’s philosophy
would lead the government to favor the
less efficient industries which tend to
have a lower rate of return. Society
would, hence, suffer from the reduction

of overall rate of return of all govern-
ment projects. Also, the rate of return of
the electric utility industry is a regulated
rate which tends to be lower than unregu-
lated rates. The use of an after-tax figure
is inappropriate because taxes paid by
the utilities represent a portion of the
benefit returned to society. Discount
rates should be based on the opportunity
cost of utilized resources, which would
otherwise be provided for in the private
sector (17), or on the opportunity cost of
public borrowing (/8). Calculations
based on these theories led to a discount
rate of around 10 percent or higher (16,
pp. 22-26). However, the debate on dis-
count rate will probably subside. In
March 1972, George P. Shultz, then di-
rector of the Office of Management and
Budget, instructed all agencies of the
Executive Branch of the federal govern-
ment (except the U.S. Postal Service) to
adopt a 10 percent discount rate before
tax and after inflation for the analysis of
program proposals submitted to his of-
fice. While other government projects
are being evaluated at a 10 percent rate,
it is unlikely that ERDA will be able to
justify a lower rate.

Uranium Supply

The economic benefit of LMFBR’s de-
pends to a large degree on the uranium
supply and price schedules. It is the most
debated issue related to breeder econom-
ics. Relatively speaking, it is easier to
settle the debate on discount rate than on
uranium supply because the former deals
with the choice of economic theories
while the latter with an uncertain future
of at least 50 years. Breeder advocates
use lower supply curves which lead to
larger benefits for the breeder. For urani-
um ores (U;0g) available at a cutoff price
of $60 per pound (/19), ERDA assumed
3.6 million tons in CB-74F (I1), Manne
and Yu, 4 million tons (20), and Stauffer
et al., 2.2 million tons (13). By contrast,
breeder critics favored a figure between
7 to 10 million tons. In CB-74P (10), the
net discounted benefit for the reference
case would be lowered from $14.7 billion
to $7.3 billion (in 1974 dollars) if the
uranium supply at a $60 cutoff price was
increased from 4 to 7 million tons.

The uranium supply schedules used in
the AEC’s cost-benefit analyses are
shown in Table 2. Comparing the figures
used in the recent analyses with those in
the earlier ones, one can .see that the
projected uranium prices for the first 3
million tons have been reduced while the
prices for uranium beyond the first 3
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million tons have been drastically in-
creased. The 3 million figure happens to
be the amount of uranium ore needed to
sustain an electric generating system
with LMFBR participation (//, p. IIIF-
24). In other words, higher prices for the
first 3 million tons would not materially
strengthen the case for LMFBR’s as
people generally perceive, but would
tend to reduce the nuclear installed ca-
pacity and share in the electric gener-
ating system, and thus may even weaken
the case for LMFBR’s. It is because 3
million tons will be needed regardless of
whether or not LMFBR’s are introduced
into the electric generating system (//, p.
IITF-24). Rather than claiming to ‘‘in-
duce conservatism into the LMFBR anal-
ysis’ (11, p. IIIF-50), ERDA would not
underestimate the benefit by using lower
prices for the first 3 million tons. How-
ever, as the prices for uranium beyond
the first 3 million tons are adjusted up-
ward substantially over the years, as
shown in Table 2, the competitiveness of
LWR’s and HTGR’s against LMFBR’s
is significantly reduced, and this has a
substantial positive effect on the
LMFBR benefit. Are these price revi-
sions justified?

Reasonably assured and potential ura-
nium resources in the United States,
which were estimated when the <ost-
benefit analyses were performed, are
shown in Table 3. The meaning of for-
ward cost used by ERDA for uranium
resource estimation should be clarified.
Forward costs (21)

represent the calculated maximum
amount of uranium that could be produced
from a deposit at specific cost. Sunk costs,
such as property acquisition, exploration, and
other past capital costs and return on invest-
ment, are not included.

One should not equate forward cost with
price, which is determined in the market
by supply and demand. The method and
theory of price determination are never
explicit in any of the AEC’s cost-benefit
analyses. Past prospecting activities
have been concentrated on ore with a
forward cost at less than $15 per pound.
But the uranium resources most relevant
to the cost-benefit analysis of the
LMFBR program are at a cost higher
than $15 because low cost uranium will
have been consumed before LMFBR’s
can contribute significantly to the reduc-
tion of uranium demand. The national
uranium resource evaluation (NURE)
program, initiated by the AEC in 1973, is
the first comprehensive project to esti-
mate the uranium resources in the entire
United States, including Alaska. Unfor-
tunately, the first comprehensive NURE
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Table 1. LMFBR benefits according to the
AEC analyses (7-11). Benefits are expressed
as billions of current dollars.

Net discounted benefits

Analysis Discount rate  Discount rate
at7.5 percent at 10 percent
CB-68 6.6* 0.0
CB-70 19.1* 4.3
CB-74D 55.5 18.2
CB-74P 48.6 14.7
CB-74F 46.0 14.0

*At 7 percent discount rate.

report will not be available until early
1980. Evaluations of such importance to
the choice and timing of our future ener-
gy systems should have been started a
decade ago. The preliminary results of
NURE indicate U.S. uranium supplies to
be reasonably assured and potential ura-
nium resources to be 3.52 million tons at
a forward cost of $30 per pound. These
estimates are based on the projected
areas for which surveys were completed
as of the end of 1975. It was stated by
ERDA that (/1, p. IITE-40):

. . . these areas constitute the most favorable
known areas in the United States. However, a
number of areas in the West and most of the
East remain to be assessed.

As shown in Table 3, total uranium re-
sources at a forward cost of $30 per
pound have more than doubled since
1968. Yet, as shown in Table 2, ERDA
did not assume a corresponding rise in
uranium supply at a price of $60 per
pound (22). In addition, uranium avail-
able at the cutoff price of $75 per pound
has been reduced from 10 million tons in
CB-68 and CB-70 (7, 8) to 4 million tons
in CB-74F (I/1), while uranium resources,
shown in Table 3, are either revised up-
ward or are still under evaluation by
NURE. An explanation by ERDA is
warranted.

As well as ERDA, many other observ-
ers have pointed out the surge in urani-
um market price from $10 to $40 or $50
per pound in the past 3 years. Uranium
production has a long lead time of ap-
proximately 8 years. The short-run price
does not reflect the long-run price, which
is the only relevant one in a cost-benefit
analysis covering 50 years. The recent
soaring price of uranium has already led
to intensive exploration for this metal.
The previous record for drilling was 29.9
million feet (19) in 1969 23, p. 14). Urani-
um drilling in 1975 showed a 34 percent
increase over the previous year, and drill-
ing in 1976 was expected to be 30.8 mil-
lion feet, which would have been even

Table 2. Uranium supply versus price schedules in the AEC’s cost-benefit analyses (7-11).
Prices are expressed in dollars (1975) per pound of UyO4.

Uranium supply (million tons of U;O5)

Price
®) CB-68 CB-70 CB-74D and CB-74P CB-74F
30 1.3 2.1 2.8 2.3
50 1.8 2.7 3.6 3.3
60 2.5 5.2 3.8 3.6
75 9.7 >10.0 4.5 4.1
100 5.6 5.1

Table 3. Reasonably assured (RA), potential (P), and total [T (the sum of RA and P)] uranium
resources in the United States (7, 10, 11, 30). Forward costs are expressed in dollars (1975) per

pound of U;Og.

Uranium (cumulative million tons of U05)

Forward Resource
cost ($) CB-68 1971 CBJband  cpar
30 RA 0.53 0.67 0.67 0.60
P 0.97 1.37 1.59 2.92
T 1.50 2.04 2.26 3.52
50 RA 1.44 2.42
P 1.74 2.50
T 3.18 4.92
75 RA 5.59 5.35
P 4.23 4.41
T 9.82 9.76
100 RA 7.63 6.89
P 7.23 6.33
T 14.86 13.22
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higher were there not a shortage of drill-
ing equipment. The producers were to
spend $157 million on uranium explora-
tion in 1976, while the average was
around $54 million a year in the past
decade.

As mentioned earlier, the uranium
prices relevant to the LMFBR cost-ben-
efit analyses are not those of the first 3
million tons but those beyond the first 3
million tons. In other words, the cumula-
tive uranium consumption for an electric
generating system even without the par-
ticipation of LMFBR’s will not reach the
3-million-ton mark until around year
2014, or 37 years from now. Therefore,
the projection of the uranium prices rele-
vant to the analyses must be based on
long-run instead of on short-run demand
and supply.

In 1972, a National Petroleum Council
Task Force with representation from
both industry and the AEC reported that
24):

Substantially all of the present proved re-
serves and approximately 85 percent of the
potential reserves as determined by AEC are
located in the presently producing areas, yet
these areas make up less than 10 percent of
the total region in which uranium occurrences
are found—and even the producing areas in
many cases are not completely explored.

Uranium is by no means a rare metal. Its
exploration history extends back to only
1950, while oil exploration in the United
States can be dated back to at least 1859.
From our experiences with the explora-
tion of other energy resources and miner-
als, early estimates of uranium resources
are likely to be well below actual re-
sources. We realize the danger of gener-
alization and the danger to a nation
should it run out of energy resources.
But ERDA seems to be more interested
in making very conservative estimates of
our uranium resources than in estimating
the most probable amount. The most
probable figures should be used for the
most probable case in the cost-benefit
analysis. If the economic benefit turns
out to be negative and we still want to
pursue the program, we know, at least,
what the insurance premium will be for
what kind of risk protection. Again, a
risk analysis as recommended earlier, in
addition to the cost-benefit analysis,
would be very valuable.

Electrical Energy Demand

The AEC projected the electric energy
demand in the year 2000 to be 8 x 102
kwh in CB-68 (7), 10.0 x 102 kwh in
CB-70 (8), 10.6 x 102 kwh in CB-74P
(10), and 8.1 x 10" kwh in CB-74F (11).
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The total installed nuclear capacity by
year 2000 was projected at 645 to 823
Gwe (gigawatt electric) in CB-68 (7),
1380 Gwe in CB-70 (8), 1200 Gwe in CB-
74P (10), and 900 Gwe in CB-74F (11). In
the last 3 years, there have been about
ten studies on future electric energy de-
mand. In CB-74F, ERDA mentioned sev-
en major studies which were sponsored
or authored by the Ford Foundation,
Federal Energy Administration, U.S. De-
partment of the Interior, Oak Ridge Na-
tional Laboratory (ORNL), Hudson-Jor-
genson, Cornell Workshops, and Han-
ford Engineering Development Laborato-
ry. Their projections of electrical energy
demand in 2000 ranged from a low of 2
X 102 kwh to a high of 10 x 10'2 kwh,
with an average of 6.6 x 102 kwh (/1,
p. IIIF-46). If this average can be con-
sidered to be from an unbiased sam-
ple and a better estimate than ERDA’s,
then the consequence is very signifi-
cant. If ERDA were to use a consump-
tion rate of 7.0 X 102 kwh instead of
8.1 x 10?2 kwh, the LMFBR net dis-
counted benefit would drop to only $3
billion from $14 billion (/1, pp. IIIF-44
and 57). Thus, at 6.6 x 102 kwh, this
factor alone would wipe out all the
LMFBR benefit. One can now see that
the LMFBR benefit claimed by ERDA is
very sensitive to some projections.

It was projected by ERDA that there
would be an average annual growth rate
in electrical energy consumption of 5.9
percent in the first decade (1975 to 1985),
4.6 percent in the fifth decade (2015 to
2025), and 5.2 percent over the five-dec-
ade interval (1975 to 2025) (/1, p. IIIF-
43). Its figure of 8.1 x 10> kwh by the
year 2000 is about four times the 1975
consumption rate of 1.9 x 10> kwh.
Growth rate for the last 60 years has
been 7.0 percent. But, with the excep-
tion of the last few years, electricity has
been inexpensive.

The electricity consumption in 1974
was 0.56 percent below the 1973 level.
The consumption during 1975 was only
2.0 percent above that of 1974 (25). One
major cause of the lower growth rate of
consumption was, no doubt, the higher
prices of electric energy as well as other
forms of energy in the past 3 years.
However, one should not forget that the
economic decline which lasted until
March or April of 1975 also contributed
to the slower growth rate. Future con-
sumption will depend to a large degree
on future prices of energy; thus, debates
on electrical energy demand will be fo-
cused on these prices and on elasticity of
demand, energy efficiency improvement,
and the desirability, feasibility, and sig-
nificance of energy conservation.

Cost Projections and Program Slippages

In CB-74F (11), it was assumed that
the LMFBR would be introduced com-
mercially in 1993 at a cost of $560 per
kwe or at a capital-cost differential of
$155 per kwe above the LWR’s. It was
dssumed that the differential would van-
ish in 13 years because there would be a
change in reactor size (about $55/kwe)
and because of the learning effect (about
$100/kwe). The value of the learning ef-
fect is much larger than that recommend-
ed by the capital cost evaluation group at
ORNL, which has studied nuclear and
fossil power plant costs extensively for a
number of years. The AEC relied princi-
pally on ORNL staff to provide cost
data, but took exception to following
their recommended 95 percent learning
curve (5 percent improvement per dec-
ade) commencing 10 years after com-
mercial introduction (26). If this were
followed, it would take about 50 years
instead of 13 years to eliminate the cost
differential with LWR’s.

The AEC’s overoptimism is also re-
flected in its estimate of the most prob-
able date of the commercial introduction
of LMFBR’s. The date has been slipping
consistently from the year 1984 in CB-
68, to the year 1986 in CB-70, 1987 in
CB-74D and P, and 1993 in CB-74F (7-
11). On the other hand, cost overruns
have plagued various projects and the
program as a whole. The two projects
that account for the largest share of the
LMFBR program costs are the fast flux
test facility (FFTF) and the Clinch River
breeder reactor (CRBR). The FFTF con-
struction is about two-thirds complete
and is scheduled for completion in Au-
gust 1978 (27, p. 24). The construction
cost was initially estimated at $87.5 mil-
lion (1968 dollars) in 1968; the estimate
increased to about $200 million (1973
dollars) in 1973, and was estimated at
$206 million (1974 dollars) in CB-74P
(10). The CRBR is now scheduled to
become critical in October 1983, even
though groundbreaking would not occur
in 1976 (23). The cost of the CRBR has
also soared alarmingly. The first official
estimate of its total cost was about $400
million. In 1972, the cost was predicted
to be $699 million, but it was raised to
$1.736 billion last March (28). Inflation
can only account for a small fraction of
the rise.

With regard to the LMFBR’s total pro-
gram costs, I chose a common reference
date for comparison and eliminated the
inflationary effects by discounting all
costs to that reference date. As a result,
the discounted LMFBR program costs
from fiscal year 1970 till completion were
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estimated at $2.96 billion in CB-68, $3.59
billion in CB-70, and $7.20 billion in CB-
74D, P, and F (7-11). The AEC, how-
ever, does not lack experience in cost
overruns. MacAvoy (29) studied the fore-
cast and the realized costs for the 1958
10-year program of civilian nuclear pow-
er R & D, and reported that all projects
failed to stay within the estimated costs,
and that the average ratio of realized to
forecast costs was above 1.5 for all proj-
ects. The AEC defended itself in CB-74P
10, p. 11.2):

Cost overruns and schedule slippages are, by
their nature, impossible to predict accurately.
Part of good program planning is to establish
reasonable cost and schedule goals and to
attempt to meet them.

But, in a cost-benefit analysis, unlike a
pep talk, one should make and use realis-
tic estimates based on past experience
and future expectation. It is possible to
keep a program alive by continually un-
derestimating it and revising its costs
upward, because past costs are ignored
in a cost-benefit analysis. For example, a
discounted past cost of $3.3 billion prior
to fiscal year 1975 was never shown or
included in the CB-74 analyses (/6, p.
68).

A Cost-Benefit Analysis Based on
Equally Reasonable Projections

In 1975 and based on CB-74P (10), I
studied the net discounted benefit of the
LMFBR program under some equally, if
not more, reasonable projections. For
example, the program produces no bene-
fit with the following set of projections
(16, p. 19): (i) a discount rate of 10 per-
cent; (ii) availability of 7 million tons of
U304 at a cutoff price of $60 per pound,
instead of the 4 million tons assumed by
ERDA; (iii) restriction of the initial ca-
pacities of both HTGR’s and LMFBR’s
for 13 years instead of indefinite restric-
tion of only the HTGR capacity; (iv) an
electrical energy demand of 10.6 x 102
kwh by the year 2000; (v) imposition of a
constant capital-cost differential of $50/
kwe 13 years after the commercial in-
troduction of LMFBR’s, instead of a
zero differential; and (vi) a future dis-
counted LMFBR program cost of $4.7
billion.

After completion of my study, ERDA
published the final cost-benefit results
in CB-74F (I1), with some changes.
The electrical energy demand by the
year 2000 dropped from 10.6 x 10 to
8.1 x10'* kwh, but the enrichment cost
was raised from $36 to $75 per separative
work unit. The aforementioned changes
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together would not materially change the
results of the study. With recent break-
throughs in laser enrichment, the risk of
obsolescence of gas diffusion and centri-
fuge plants should not be ignored. Laser
enrichment could save as much as half
the cost and 10 to 40 percent of natural
uranium demand. However, it should be
emphasized that I have considered only
a small number of cases. Many cases
based on more pessimistic and optimistic
projections have not been quantified.
But, it is apparent to me that the benefit
of LMFBR’s under the most probable
projections can be either positive or neg-
ative. A risk analysis as recommended
earlier would be very valuable in quan-
tifying and focusing attention on the dis-
putable issues.

Recommendations and Closing Remarks

Within a year or two, there will be
several studies on nuclear energy that
will include recommendations on the fu-
ture of the LMFBR program. Three ma-
jor ones are being independently con-
ducted by the National Academy of Sci-
ences, the Mitre Corporation, and the
Center for Environmental Studies of
Princeton University. The economic ben-
efit of the LMFBR program claimed by
the AEC cannot be accepted at face val-
ue. Doubts raised here and elsewhere
should be examined in detail.

By honestly disclosing the benefits as
well as the risks and losses of its pro-
grams, ERDA could gain the public’s
faith and trust. For example, rather than
following the AEC’s tradition of select-
ing projections to assure a positive eco-
nomic benefit in the reference case of the
cost-benefit analysis, ERDA could use
the most probable projections, even at
the risk of producing an economic loss
for the LMFBR program. Weights could
be estimated and listed for all cases in its
sensitivity analysis, and a risk analysis
performed. The debate would then be in
quantitative terms. If, after such an anal-
ysis, the decision was made to support
the LMFBR program at a certain level,
the insurance premium that we would be
paying in terms of the type of risk in-
volved and its magnitude would be
known. Political, social, and other con-
siderations should also play significant
roles in the adoption and the level of
support of a particular program. In the
case of LMFBR’s, their development
and mass deployment will have far-
reaching implications in international pol-
itics and the future of mankind in the
whole world.

I suggest that ERDA should inter-

nalize (include) the environmental and
social costs of the LMFBR program in
their cost-benefit analyses and to com-
pare the results with those of alternative
energy options. Otherwise, advocates
and critics will continue their dialogue on
different grounds and, frequently, in a
subjective, ambiguous, and qualitative
manner. [ also recommend that ERDA
support some studies that are critical of
the LMFBR program. Such support
should not only be financial, but should
include ERDA’s making accessible its
computer programs, personnel, and facil-
ities, so that the costs and benefits of
various energy scenarios under the crit-
ics’ investigations can be examined.

More serious consideration should be
given to the possibility of optimizing the
benefit or minimizing the cost of the
LMFBR program by varying its timing
and funding. Also, the optimal mix of
energy programs should be determined
under a capital rationing situation. In
attempting to promote and support as
many programs at as high a level as
possible, ERDA may generate waste,
suboptimization, and public distrust.

The ERDA is urged to assess seriously
a strategy in which more emphasis is put
on energy conservation and efficiency
improvement, on the improvement of
safety and performance of LWR’s and
HTGR’s, and on the pollution abatement
of coal-fired power plants. More support
should also be given to fusion and solar
power programs and less to the fast
breeder program. We should adopt a se-
quential approach to the LMFBR pro-
gram based on future developments in
uranium resource assessment, laser en-
richment, fusion feasibility, plutonium
risk assessment, and other relevant fac-
tors.

The development of an economically,
environmentally, and socially acceptable
energy generating system is vital not
only to our nation but to the rest of the
world, and not only to our generation but
to many future generations.
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Senator Edward M. Kennedy (D-
Mass.) has landed a haymaker on ‘a
George Washington University profeé-
sor and bloodied the nose of the National
Science Foundation (NSF) in an unusual
case of senatorial second-guessing of the
foundation’s grant-awarding process.
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lenged the propriety of two NSF grants
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by William A. Johnson, a research pro-
fessor at George Washington who had
previously served in senior posts with
the RAND Corporation, the Council of
Economic Advisers, the Treasury De-
partment, and the Federal Energy Office
(Science, 10 September 1976). He was
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handling of the grants; Kennedy issued a
strong statement criticizing the founda-
tion for failing to require policy papers
‘‘to meet even the most basic test of
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with Kennedy’s. And he accused NSF of
rejecting his proposal in an effort to ap-
pease Kennedy, who exerts tremendous
power over NSF’s fortunes because he
chairs the Senate subcommittee that con-
siders the NSF budget authorization.
“It’s very clear what happened,” John-
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son told Science. *“The NSF has to live
with Senator Kennedy as chairman of
the subcommittee that reviews the bud-
get. They don’t have to live with John-
son. It’s as simple as that.”

Johnson had sought an additional
$35,000 to support preparation of a book
that would consolidate the work he had
done under his first two grants and would
include substantial amounts of new mate-
rial as well. His proposal was rejected on
the grounds that the old material was
already available and that the proposal
lacked ‘‘specificity’’ concerning the na-
ture of the new material. Johnson ac-
knowledges that the foundation might
conceivably have rejected his applica-
tion, even if Kennedy had never raised
any questions. But he finds this hard to
believe because supporters within the
foundation have told him that the book
project got ‘‘highly favorable’” marks
from six of seven reviewers and was
strongly endorsed by NSF’s own pro-
gram manager for the project as well.
Foundation officials declined to discuss
the results of the review process other
than to note that such reviews are purely
advisory to those agency officials who
make the granting decisions.

The struggle over Johnson’s grants
first reached public attention late last
summer when Kennedy asked the GAO,
the investigative arm of Congress, to
review NSF’s handling of two awards to
Johnson, who was both a research pro-
fessor at George Washington and head of
the university’s Energy Policy Research
Project. The two grants—which totaled a
hefty $130,000 for a 2-year period—were
made by the Office of Energy R & D
Policy, a unit of NSF that no longer
exists. That office was created in 1973 to
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