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At a time of soaring power costﬁ, federal energy officials are
giving prime attention to the development of a new nuclear power
source which for the next thirty years or longer will not be
able to proauce electricity as cheaply as ekisting sources.

At a time when the wisdom of a national commitment to nuclear
fission power is increasingly doubted, federal energy policy is
according highest priority to the development of a new type of
fission reactor which promises to beveven more hazardous and
problematic than today's reactors.

At a time when~new non-fission energy alternatives, including
solar, geothermal and fusion energy, are poised for major break-
throughs, federal energy funding is heavily weighted towards a
nuclear development program which is experieﬁcing cost overrﬁns
of such magnitude that they will severely restrict the fundin§

available for these alternatives.

Such disquieting ironies are the trademark of the fedéfél
government's program to develop the Ligquid Metal Fast Breeder
Reactor (LMFBR). Raised to preeminence by a President who later
confessed that "all this business about breeder reactors and
nuclear energy is over my head,“1 the LMFBR has been oversold by
its proponents to the point that it is now one of the great white
elephants of the day.

The LMFBR's dominance of the energy research and development
scene stands out clearly in recent budget estimates. During fhe

coming fiscal year the néw.Energy Research and Development Agency

s
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(ERDA) pléns to spend $1.66 billion on direct energy R&D. Of this
amount, over $490 million is to be spent on the LMFBR program. This
is rouéhly a third of ERDA's budget for eneragy R&D and more than
the combined allocations to fossil energy development ($311 million),
solar energy development ($57 million), geothermal energy development
($28 million), advanced energy research ($23 million) and energy
conservation ($32 million).2

The total cost of developing the LMFBR is now estimated to be
$10 billion,3 and this estimate, made by proponents of the program,
must be judged as conservative. Already the LMFBR program has
experienced tremendous cost overruns. Two years ago total program
costs were put at less than half of today's estimate.4 The principal
. test facility of the program, the Fast Flux Test Facility (FFTF)
was originally planned to cost $87 miliion, but the latest estimate
is $933 million, more than a tenfold incfease.5 Congress was told
in 1973 that the proposed Clinch River Breeder Reactor Plant (CRERP),
the first LMFBR demonstration plant if one oVérlooks Fermi-I,*
would cost $700 million. Today, the estimate is oQérﬁélpémgiiiion.G
There is no sound reaéon to believe these trends will not continue.

These figures indicate at a minimum that the. LMFBR program
coﬁld cost the American taxpayer a very substantial sum. It would
be reassuring if such expenditures could be justified, but they
cannot. Unfortunately, the LMFBR program is neither needed nor

desirable, for several reasons.

*/ Fermi-I, the first commercial LMFBR plant, experienced a partial
core meltdown and has subsequently been shut down.
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First, economic analysis of the potential of the LMFBR' indi-

cates thap, contrary to Atomic Energy Commission expectations, the
new reactor cannot be commercially competitive with existing energy
sources until after the year 2010. Yet the current LMFBR effort
is aimed at having the new reactor developed by 1990, more than
two decades before it could be economically attractive. The
LMFBR program is thus quite premature and could be delayed sub-
stantially without incurring any risks relative to meeting future
U.S. energy needs. The sense of urgency and crisis that program
supporters have promotéd to garner support for the LMFBR has no
foundation in fact. |
On simple economic grounds, then, the push to develop the
LMFBR should be postponed. Moreover, such é delay would provide
the time needed to show what many experts now believe to be the
case -- that environmentally preferable, non-fission energy options
can be made available in time to eliminate the need for the LMFBR
altogether. Recent estimates of the potentiél contribution of
solar, geothermal and fusion energy together with energy conservation
measures indicate that these sources alone can more than account for
the energy expected from the LMFBR in the year 2020, when the reactor
is projected to have maximum impact. Indeed, they can account for
the energy expected from all fission reactors at that time. |
These considerations indicate that a major LMFBR effort is,
not needed now and perhaps never will be. And the risks of con-
tinuing the present drive to commercialize the LMFBR are great.
The most serious danger.is that the LMFBR program will proceed as
now planned, consuming the $10 billion presently estimated and plenty
more besides, cutting deeply into energy R&D fdnds, and holding back

the development of the preferable non-fission technologies. Then,
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having speﬁt enormous sums the country will find itself with a
reactor which must eventually be used only because of the great
public and private investments in it and our failure to have de-
veloped appropriate alternatives. Our error will be compounded
.because any attempt to deploy the LMFBR widely would raise the
energy-environment confrontation to an unprecedented intensity.
Our recommendation in light of these conclusions is that ERDA
take the opportunity it now has to break with the mistakes of the
past, that it postpone for a decade or so any push to commercialize
the LMFBR, cancelling the CRBRP and relegating the overall program
to a relatively low-priority effort, and that it accelerate the
development of attractive non-fission alternatives such as solar,
geothermal, fusion and energy conservation. Much can be learned
during the coming decade -- most likely weHWill learn that the
breeder can be bypassed -- and the delay would impose no penalty

on the nation.

Breeder Impacts: Unprecedented Risks

The LMFBR program has proceeded in the face of mounting appre-
hension within the scientific community concerning the human and
societal hazards of nuclear fission reactors, apprehension which
would only be increased by the LMFBR. As evidence of this appre-
hension, scientists from many nations at the 23rd Pugwash Conference
on Science and World Affairs in September, 1973, concluded:

"l. Owing to potentially grave and as yet unresolved
problems related to waste management, diversion of
fissionable material, and major radioactivity releases
arising from accidents, natural disasters, sabotage,
or acts of war, the wisdom of a commitment to nuclear

fission as a principal energy source for mankind must
be seriously questioned at the present time.



-5-

“2. Accordingly, research and development of alter-

native energy sources -- particularly solar, geother-
mal and fusion energy, and cleaner technologies for
fossil fuels -- should be greatly accelerated.

"3. Broadly based studies aimed at the assessment of
the relation between genuine and sustainable energy
needs, as opposed to projected demands, are reguired."
Addressing the risks of the LMFBR specifically, the Pugwash scien-
tists concluded that the LMFBR would not eliminate any of the hazards
we now associate with nuclear power but in critical respects would
actually heighten them. The principal advantage of the LMFBR is its
ability to pfoduce or "breed" unpreﬁedented quantities of plutonium.
Today's nuclear reactors also produce plutonium, but the LMFBR is de~-
signed to produce more of this nuclear fuel than it consumes. By the
year 2020, the AEC projected total plutonium generation to exceed
30,000 tons, principally from the LMFBR. 2
Unfortunately, as events are‘making us painfully aware, plu-
tonium is probably the most dangerous substance known.1l0 It is
fiendishly toxic: a millionth of a gram has been shown capable of
producing cancer in experimental animals. Plutonium-239, the prin-
cipal isotopé of the element, has a half-life of 24,000 years, so
that its radioactivity is undiminished within human time scales.
-Plutonium is also the substance from which nuclear weapoﬁs are
made. An amount the size of a softball is enough for the production
of a nuclear explosive capable of mass destruction. Scientists
-widely recognize that the design and manufacture of a crude atomic

11 a fact dramatized

bomb is not a technically difficult task,
recently when a Massachusetts Institute of Technology undergraduate

successfully designed a nuclear weapon for an educational television
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program. 12

The only real obstacle to the building of homemade atomic
bombs is the évailability of plutonium itself, and now, first with
the proposed use of plutonium in today's reactors and even more with
the introduction of the LMFBR, this final obétacle would be removed.
In the "plutonium economy" envisioned by the Aﬁc, a plutonium black
market and nuclear theft and terrorism become high probability‘events
-- threats real enough to have spurred nuclear proponents to urge
the creation of a federal security system that wouid meddle with
our civil liberties on a vast scale.l3

In addition, the LMFBR itself is considered even'less safe than
today's light water reactors. The LMFBR core, where the heat is l
generated, is far more compact than a light water reactor core, and
instead of water the LMFBR uses liguid sodium -- an opaque and highly
reactive element -- as coolant. Partial loss of coolant -- "voiding"
-- in a breeder increases the nuclear reaction in the core rather
than reducing it. The LMFBR's operation is extremely sensitive to
fuel motion and loss of coolant from the core in accident situations,
leading to the possibility of an explosive nuclearvfuhEWAY:“"in the
event of a meltdown, the breeder's highly enriéhed fuel canrrearfange
itself into a more compact configuration with the possibility of small
nuclear explosions of sufficient force to breach the reactor contain-
ment. There are major uncertainties in defining the explosive poten-
tial of the breeder, which are all the more worrisome considering the
several tons of plutonium in it.14 ’ .

For these reasons, a decision to commit this nation to the
LMFBR may prove to be the most significant technological decision

since the Manhattan Project. The breeder reactor decision is literally

-



-7 -

a decision for all people and all time. Any action which actually
increases the likelihood that the breeder and the plutonium economy
will become realities should be taken only with the most compelling

justification.

Breeder Economics: Missing Benefitg

The stated justifiéation for the LMFBR runs along the following
lines. As the nuclear power industry expands the U.S. is slowly
depleting its low-cost uranium reserves, with the result that the
price of uranium is rising and is expected to continﬁe to do so.
The principal substitute for uranium is plutonium, a man-made element
produced in nuclear reactors. Since the LMFBR generates about twice
as much plutonium as today's reactors, its use would tend to expand
greatly the supply of nuclear fuel, perhaps 50-fold, and accordingly
hold down its price.

Because of the LMFBR's advantage as a plutonium producer, the
AEC in the mid-1960's made achieving its early commercialization the
agency's highest priérity objective. The current program is geared
to achieving commercial introduction in abou? 12 years, i.e. in~
about 1987. |

How sopqd is the economic case for‘the early commercialization
of the LMFBR? Not very, wé believe. The most useful methodology
for pulling together the many variables which determine whether the
current LMFBR program can be justified economically is cost-benefit
analysis. The AEC performed three cost-benefit analyses of the LMFBR
program, the latest appearing first in the Draft and theﬁ withvree/
visions in the Proposed Final Envirohmental Statement for the program.

Not surprisingly, constrained to justify its own project, the AEC

-
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consistently found that program benefits outweigh the costs. Sig-
nificantly, the Environmental Protection Agency ruled that the AEC's
Draft Environmental Impact Statement was inadeqﬁate largely because
of deficiencies in the AEC's cost-benefit analysis.

When cost-benefit methodology is applied to the LMFBR program,
the reéults are very sensitive to the assumptions made regarding
(1) the capital cost difference between the breeder and conventional
reactors; (2) the anticipated supply of uranium; (3) future electri-
cal energy demand; (4) the rate at which conventional reactors pene-
trate the utility market; (5) the discount rate; (6) the Rs&D cost of
the breeder program; and (7) the reactor rerformance data for the
breeder. The first three of these are extremely important.

The AEC succeeded in making the LMFBR appear attractive by
making very favorable, but very unrealistic, assumptions in each of
the seven areas listed.* In the Appendix to this report, we have
evaluated the economic merits of the LMFBR program using the AEC's
cost-benefit methodology but looking outside the AEC to independent
opinion as to what assumptions should be made in each critical area.
Taking this approach, we demonstrate that the expected economic bene—(
fits of the breeder are only a small fraction of the R&D co6sts. For

every $10 spent on developing the breeder, the public will get back

*/ In the introduction to its recent proposed final impact statement
for the LMFBR program, but not in the cost-benefit analysis itself,

the AEC was apparently forced by the press of events, including the
recent deferrals and cancellations of planned reactors, to abandon its
. unrealistic assumptions regarding future energy demand and LMFBR intro-
duction date. Using what the AEC now considers more reasonable assump-
tions in these two areas, but without changing any of the other AEC
assumptions, the net benefits of the LMFBR program drop to zero. In
other words, by the AEC's own reckoning the present breeder program

can no longer be justified economically. See Appendix, pp. 44-48.

-
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only $1 or less in lower energy costs. In sum, when assumptions
based on the work of expert authorities outside the AEC are used,
the present LMFBR program simply cannot be justified economically.
Only when a series of highly ﬁnrealistic assumptions are made does
the analysis suggest that the LMFBR program will produce net econo-
mic benefits.l®

These results indicate that the commercial introduction date
of the breeder can be delayed substantially, probably two decades
or more, without economic penalﬁy. The boor performance of the
LMFBR in cost-benefit analysis stems from the fact that during much

of the period of the analysis (1987-2020) the LMFBR cannot compete

economically with alternative sources largely because of its high

capital costs, so that only a limited number of LMFBR's are constructed.

For example, until the price of uranium rises sufficiently to offset
the high capital costs of the LMFBR, utilities will continue to
prefer today's reactors. Using the data éet out in the Appendix,
we have estimated that not until after the year 2010 can it be
expected that the LMFBR would gain a competitive edge over present-
day reactors.:16 This_date is approximately two decades beyond the

LMFBR commercial introduction in the current program schedule.

Similar conclusions have been reached by others. David Rose, writing

in Science, stated recently:

"I estimate that the breeder will almost surely be
attractive when U308 reaches $50 a pound in 1974
dollars. That will not happen in the first few
decades of the 21st century. In the meantime, nu-
clear power is in no danger of losing out to other
fuels, and there does not need to be a crash breeder
program. Economic introduction at A.D. 2000 would
be a sign of technological good fortune, not of
resolving an energy crisis with a time limit."17
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In sum, the current rush to introduce the breeder is hardly
justified. Postponement would impose no penalty, and it would focus
attention and effort on the promising non-fission alternatives to the

LMFBR.

Alternatives to the Breeder: New Possibilities

A fission-free option to fhe LMFBR which can proviae reasonably
priced and environmentally acceptable energy almost certainly exists
and can be made available within a suitable timeframe.‘ The claim
that the LMFBR or other breeder reactor is in any sense necessary
must be rejected -- the breeder is no more necessary than we make it
by refraining from developing other technologies. What is proposed
here is an energy program which should be able to provide an adeguate
supply of fuels and electric power without the commercial utilization
of breeder reactors. Moreover, as we shall show, heavier reliance
upon the various aspects of this program would facilitate phasing-out
all fission reactors, leading to a fission-free energy economy.

In brief outline, there are several major effo;ts Ehevegggeion
of which is central to an alternative energy program:18

- An intensive effort to develop the various forms of
solar energy should be undertaken following the recommendations of
the expert panels convened under National Science Foundation’auspices,

An Assessment of Solar Energy as a National Energy Resource (19722

and Solar and other Energy Sources: Subpanel IX Report (1973).193

In estimates which it believed were not the highest possible, the
first of these studies concluded that its recommended R&D program
could result by the year 2020 in solar energy providing 35% of the
nation's total buildina heating and cooling load, 30% of the nation's

gaseous fuel, 10% of its liguid fuel, and -- most important for
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present purposes =-- 20% of the electrical energy requirements.20

- A major R&D effort devoted to exploitation of geothermal
_resources for electric generation should be launched.‘ The Cornell
Workshop on Energy and the Environment (1972) concluded that "[i]t
appears that geothermal energy alone is capéble of meetindg all
American power reguirements for several centuries if the hot'dry-
rocks resource proves to be practical."21 The Cornell Workshop,
the National Science Foundation, and othe;s have recomﬁended that a
program to-establish the feasibility of hot rock geothermal in the
next few years be given highest priority. Projections of the elec-
tric power available from geothermal resources range from 80 to 400
GWe in the year ZOQO, depending on assumptions made about the hot
rock potential.22 The AEC recently estimated that geothermal heat
could supply 6% of our electricity in the year 2020,23 but it is
clear that the percentage could be much higher if hot rock geothermal
develops as expected.

- The current effort to develop fusion power should be ex-
panded. —The AEC recently stated that "a successful, vigorously sup-
ported fusion program'would be expected to lead to construction of a
demonstration power reactor that would begin operatibn in the mid-
1990's."24  The agency anticipated "commercial introduction of fusion
power plants on a significant scale beginning in the early 2lst
century."25 Thus, it now appears that the demonstration fusion
power plant is not far behind the LMFBR‘demonstration plant and that
fusion plants can be available commercially for much of the period
during which it was assumed the LMFBR would be critically ﬁeeded.

The AEC's overall estimate is that by-the'year 2020 about 8% of our
26

’
I

electricity could come from fusion.
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- . Organic wastes provide another source of fission-free energy
that should be developed. Here the AEC estimates that organic wastes
could account for 5% of the demand for electricity in the year 2000
but only 2% in 2020 due to more efficient practices in the solid .
wastes area.27

- All of the above year 2020 percentage contributions, e.g.
20% for solar, 6% for géothermal, etc., are based upon a year 2020
energy demand that assumes a continuation of extremely rapid growth

in electricity demand. Such projections can yield an electricity

consumption in the year 2020 that is over fifteen times today's, a

result widely regarded as completely unrealistic. For illustration,
the electricity growth projection used by the AEC to justify the

LMFBR program is seF out on the following page. The steepness of

" the curve staggers the imagination. Several studies of the future
demand for electricity have been carried out using more sophisticated
forecasting techniques and taking into acéount the effects of the
increasing price of electricity and other market factors. These
studies suggest that actual future demand will be less than half of
that projected by the AEC.28 Moreover, as a supplement to market
influences, it is apparent that the U.S. is moving towards a national
energy conservation policy along the lines recently suggested by the
House Committee on Science and Astronautics, the Council on Environ-
mental Quality, the Ford Foundation Energy Policy Project and others.?2?
These groups all suggest that U.S. energy growth can be réughly halved
without serious adverse repercussions on the American econémy or
lifestyle. When both market and poliéy influences are taken into

account, we believe it is reasonable, in fact, conservative, to assume

rd
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that electricity demand in the year 2020 will not exceed 50% of
the AEC's astronomical projection.

Table 1 summarizés some of the data presented in thé preceding
paragraphs. It shows that it is not unreasonable to expect that
over 80% of the électricity demand projected by the AEC for the
year 2020 can be accounted for principally by a combination of solar,
geothermal, and fusion energy together with more accurate forecasting
of energy demand. This percéntage is larger by a substantial margin
than the contribution expected of the LMFBR by the AEC in 2020 (50%)
and, indeed, is larger than the contribution the AEC expected from
nuclear fission generally (70%). Accordingly, an energy program
designed to achieve these objectives could wholly eliminate the
need for the LMFBR even if it failed in major respects.

Table 1 indicates that other sources, principally fossil‘fuels,
could be called upon to provide the remaining portion of U.S.
electricity needs in 2020. It is likely that our abundant supplies
of coal will be relied upon for several decades as a significant
power plant fuel. Thus, quite apart from the question of whether
the LMFBR is introduced, the development of environmentally respon-
sible means of mining and utilizing coal must be an essential and
high priority national objective. The contents of an R&D effort
aimed at achieving this obﬁective have been discussed by numerous
authors.39 Elements include strict regulation of surface‘mining,
more efficient and safer technologies-for mining deep coal, stack
gas cleanup, new combustion technologies and coal gasification and

liquification.
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Table I

Energy Sources for Electricity Production

in the Year 2020 Without the Breeder

Trillions of Percent of
Kilowatt Hours AEC Projection Source
AEC Projection 27.6 - 100 (1)
New Energy Sources
Solar 5.5 20 (2)
Geothermal 1.7 6 (3)
Fusion 2.2 8 14)
Organic Wastes .6 2 (5)
10.0 36
Correction for Market
Factors and Energy
Conservation ‘ 13.8 - 50
Total Accounted For 23.8 86 . o
Remainder for Other
Sources (principally
fossil fuels) 3.8 14
Sources:
1. Proposed Final EIS for LMFBR Program, Vol. IV, p. 11.1-25
2. NSF/NASA, Solar Energy as a National Resource (1972), p. 3..
Proposed Final EIS for LMFBR Program, vVol. 1V, p. 11.1-19
3. Proposed Final EIS for LMFBR Program, Vol. IV, p. 11.1-20
4, Proposed Final EIS for LMFBR Program, Vol. IV, p. 11;1-22

5. Proposed Final EIS for LMFBR Program, Vol. IV, p. 11.1-21

-~
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The funding needed for this alternative energy strategy would
not be unacceptably high. It is significant that the last of the
AEC's official projections of future LMFBR expenditures, $8 billion
to program completion, exceeds a recent Federal Power Commission
estimate of the total R&D costs of developing all non~ﬁuclear tech-
nologies, including coal gasification, solar (direct and indirect)
and geothermal technologies, advanced steam cycles, MHD, fossil fuel
effluent controls, and a variety of energy storage systems.31 The
FPC estimate of $6 billion, however, does not include the cost of
developing fusion syétems, which is expected to be comparable to
that of the LMFBR.32

The last refuge of the breeder proponent is the argument that
the LMFBR is needed as an "insurance policy." The above considera-
tions indicate that this is simply not the case. Ample insurance
exists partly in pursuing a variety of non-conventional energy sources
and energy conservation and partly in realizing that the AEC would
insure us against a non—existent risk -- the risk that our electrical
generating capacity will actually grow as that agency projeéted.
Moreover, relegating the LMFBR program to a low-priority status and
foregoing any expensive push towards demonstration and commercial
reactors for from one to two decades does not permanently eliminate
the LMFBR option. If within about a decade it becomes clear that
possible non-fission optigng are not going to be available, con-
sideration can be given at that time to reinitiating the program.
The idea that there is a penalty for such a postponement, is, as we

have seen, wholly spurious.
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What Should Be Done With the LMFBR Program?

Almost everyone, we believe, would prefer to bypass reliance
upon the breeder reactor and move directly into using solar, geo-
thermal and fusion energy and energy conservation. The real LMFBR
debate centers around whether it is possible to make this leap. We
join many experts in believing that it is. .Yet, unfortunately, no
one will ever know the answer to this question if the present LMFBR
program is permitted to continue. By swelling the bureaucratic and
industrial forces committed to the LMFBR and by draining away R&D
funds that are essential to the timely development of the alternatives
that could replace the reactor, the ILMFBR program is ité own self-
fulfilling prophesy.

As a way out of this quandary, we suggest an option to the
present program which meets the objections of both optimists and
pessimists and therefore should command general support. First,
federal energy officials should delay the‘LMFBR program a decade.

We have seen that the prog:am'is premature and that there isuib”
penalty in such delay. During this period, the IMFBR effort should
be recast as a low-priority program centered on the FFTF, and current
plans for going ahead with the costly Clinch River demonstration
plant should be cancelled. By greatly reducing the overall costs

of the program, funds will be freed for the accelerated development
of solar, geothermal, fossii, fusion and conservation technologies,
and the tremendous public and private investments which could fore-
close the option of ever stopping the LMFBR will be avoided. The
10-year postponement would also provide a period Auring which several

types of data which bear critically unon the desirability of the -
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LMFBR program could be gathered and assessed. First, more accurate
information on uranium availability and future energy demand could
be obtained. Second, during the coming decade knéwledge'regarding
the potential ofvsolar, geothermal, and fusion energy should increase
dramatically with appropriate funding. And, third, this grace
period could also be used to answer critical health and safety
questions raised by the LMFBR with far more certainty than now present.
The problems associated with the present reactor program
strongly suggest that we are only perpetuating and compounding a
bureaucratic blunder by pursuing the current LMFBR program. The
alternative strategy suggeéted here would provide an opportunity
to correct that mistake--before it is too late. Construction is
scheduled to commence on the Clinch River demonstration plant towards
the end of this year, with the necessary approvals coming much
sooner. Once these hurdles are éleared, it will be far Aore

difficult to reorient this increasingly massive program.



11.

12.

13.

FOOTNOTES

Office of the White House Press Secretary, Remarks of President
Nixon at the AEC Reservation, Hanford Works, Hanford,
Washington, September 26, 1971.

U.S. Energy Research and Development Agehcy, Summary of Budget
Estimates, Fiscal Year 1976, February, 1975.

The Atomic Energy Commission's Proposed Final Environmental
Impact Statement for Liquid Metal Fast Breeder Reactor

Program, WASH-1535 (December, 1974), Vol. IV, p. 11.2-33

(cited herein as "PFEIS, LMFBR"), estimates that an additional
$8.1 billion must be spent to develop the LMFBR. Approximately
$2 billion has already been spent.

In July , 1973, the AEC estimated total program costs at
between $4 and $5 billion. AEC, Determination Pending
Preparation of NEPA Impact Statement, 38 Fed. Reg. 19855
(July 24, 1973).

U.S. General Accounting Office, "Staff Study, Fast Flux Test
Facility Program," January, 1975, p. 7.

The cost overruns associated with the proposed Clinch River
demonstration plant are discussed in detail in the Appendix
to this report, at page 9.

This economic analysis is contained in the Appendix to this
report.

The non-fission alternatives to the LMFBR are discussed at
pages 10-16 of this report.

PFEIS, LMFBR, Vol. IV, p. 9.1-47.

J. Gustave Speth, Arthur R. Tamplin and Thomas B. Cochran,
"Plutonium Recycle: The Fateful Step," The Bulletin of the
Atomic Scientists (November; 1974), p. 15, addresses plutonlum
related hazards.

Mason Willrich and Theodore B. Taylor, Nuclear Theft: Risks
and Safeguards (1974); AEC, "The Threat of Nuclear Theft and
Sabotage"”" (Rosenbaum Report), Congressional Record, April 30,
1974, p. S6621.

New York Times, February 27, 1975 ("Bill Asks Curb on Plutonlum
Use To Prevent Building of Homemade Bomb") .

AEC proposals for a federal security system are dlscussed in
"Plutonium Recycle: The Fateful Step," op. c1t., and the
sources cited there.



14. Thomas B. Cochran, The Liquid Metal Fast Breeder Reactor: An
Environmental and Economic Critique (1974), Chapter 7.

15. Abpendix, PP. 39-44.

16. Appendix, pp. 48-49.

17. David J. Rose, "Nuclear Eclectic Power," Science (April, 1974),
p. 357. —

18. This program is elaborated and more extensively referenced in
Natural Resources Defense Council, Comments on the Draft
Environmental Impact Statement for the Liquid Metal Fast
Breeder Reactor Program: Alternative Technology Options,
printed in PFEIS, LMFBR Vol. VI.

19. NSF/NASA Solar Energy Panel, An Assessment of Solar Energy
as a National Energy Resource, National Science Foundation,
Washington, D.C., December 1972; Alfred J. Eggers, et al.,
Subpanel IX Report: Solar and Other Energy Resources,
National Science Foundation, October 27, 1973.

20. An Assessment of Solar Energy, op. cit.

21. Cornell Workshop on Energy and the Environment, Summary
Report, Committee on Interior and Insular Affairs, U.S.
Senate, May, 1972, pp. 114-15.

22. See, e.g., Walter J. Hickel, et al., Geothermal Enerqgy,
NSF/RANN-73-003, University of Alaska, 1973, p. 7; Dixy Lee
Ray, Chairman, AEC, The Nation's Energy Future: A Report
Submitted to President Richard M. Nixon (1973).

23. PFEIS, LMFBR, Vol. IV, p. 11.1-20.
24. PFEIS, LMFBR, Vol. III, P. 6A.1-191.
25. PFEIS, LMFBR, Vol. III, p. 6A.1-179
26. PFEIS, LMFBR, Vol. IV, p. 11.1-22.
27. PFEIS, LMFBR, Vol. IV, p. 11.1-21.

28. The electricity demand issue is discussed in detail in the
Appendix, pp. 21-28, and in NRDC Comments on Draft LMFBR EIS,
Alternative Technology Options, op. cit. :

29. Conservation and Efficient Use of Energy, Report of the
Committee on Science and Astronautics, U.S. House of Repre-
sentatives, December 18, 1974; Council on Environmental
Quality, "The Half and Half Plan For Energy Conservation,"
printed in Fifth Annual Report of the Council on Environmental
Quality (1974), p. 475; Energy Policy Project of the Ford
Foundation, A Time to Choose (1974), Chapters 3-6. _ -




30.

31.

32.

F-3

See, e.g., PFEIS, LMFBR, Vol. III, pp. 6A.2-1 through 6A.2-51,
and the references cited there; The Nation's Energy Future,
op. cit.; Hammond, et al., Energy and the Future (1973),

Part I. .

Federal Power Ccmmiésion, Report of the Task Force on
Energy Conversion Research to the Technical Advisory Committee
on Research and Development, November, 1973, DRAFT.

PFEIS, LMFBR, Vol. III, p. 5A71-189.



The Authors

Thomas B. Cochran is a nuclear physicist on the staff of NRDC.
Before joining NRDC, Dr. Cochran was a Senior Research Associate at
Resources for the Future. He is the author of The Liquid Metal
Fast Breeder Reactor: An Environmental and Economic Critique (1974),
which was published by Resources for the Future. He 1s a member
of the Federal Power Commission's Task Force on Energy Conversion
Research and Development, part of the National Power Survey. '

Dr. Cochran holds a Ph.D. degree in physics from Vanderbilt Univer-
sity and is a former AEC Health Physics Fellow.

J. Gustave Speth has been an attorney on the staff of NRDC
since 1970, specializing in nuclear power problems. He was the
attorney for the Scientists' Institute for Public Information in
Scientists' Institute v. AEC, 481 F.2d 1079 (D.C. Cir. 1973),
which required the AEC to prepare an environmental impact statement
for its fast breeder reactor development program. He is a former
Rhodes Scholar and law clerk to Supreme Court Justice Hugo L. Black
and is the author of "The Federal Role in Technology Assessment"
in Federal Environmental Law (Environmental Law Institute: 1974).

Arthur R. Tamplin was a biophysicist at the Lawrence Radiation
Laboratory in Livermore, California, from 1963 to 1974 and is now on
the staff of NRDC. During the period June 1967 to January 1969 he was
a member of the AEC's Division of Biology and Medicine Committee on
Space Nuclear Systems Radiological Safety. The primary interest
of this committee was the hazard of plutonium. Dr. Tamplin holds a
Ph.D. degree in biophysics from the University of California at
Berkeley. He has published and lectured extensively on the problems
of nuclear power. His books include Poisoned Power: The Case Against
Nuclear Power Plants (with Gofman).




Natural Resources Defense Council, Inc.

917 15TH STREET, N.W.
WASHINGTON, D.C. 20005

202 737-5000

New York Office
15 WEST 44TH STREET
NEW YORK, N.Y. 10036
212 869~-0150

Western Office
664 HAMILTON AVENUE
PALO ALTO, CALIF. 94301
415 327~-1080

APPENDIX
Bypassing the Breeder

A Report on Misplaced Federal Energy Priorities

By
Thomas B. Cochran

J. Gustave Speth
Arthur R. Tamplin

March, 1975



APPENDIX

Economic Analysis of the LMFBR Program

I. Introduction

The Atomic Energy Commission has now written and

released three cost-benefit analyses of the U.S. Ligquid Metal
1/
Fast Breeder Reactor (LMFBR) Program. Operating under the

1/ The first, written in 1968, was released in 1969;*/ an
updated (1970) analysis was released in May, 1972;**/  and

the latest (1973) analysis appeared first in the AEC's Draft***/
and then with revisions in the Proposed Final Environmental
Impact Statement on the LMFBR Program.****/ The basic arguments
have not changed in this progression of cost-benefit analyses
and the principal differences are in the updating of numbers.

*/ U.S. Atomic Energy Commission, Division of

Reactor Development and Technology, Cost-Benefit
Analysis of the U.S. Breeder Reactor Program, WASH-1126
(April, 1969).

**/ U.S. Atomic Energy Commission, Division of
Reactor Development and Technology, Updated (1970)
Cost-Benefit Analysis of the U.S. Breeder Reactor
Program, WASH-1184 (January, 1972). This analysis

was reviewed in detail by Thomas B. Cochran in The
Ligquid Metal Fast Breeder Reactor: An Environmental
and Economic Critique. Resources for the Future, Inc.,
Washington, D. C. (March, 1974).

***/ U.S. Atomic Energy Commission, LMFBR Environmental
Impact Statement, DRAFT, WASH-1535 (March, 1974). Vol.I,
pp.1.11-1 to 1.11-3; Vol.III, pp.l1ll.1-1 to 11.2-21;
Vol.III, Appendix III-B, pp.B-1 to 4-41 and Vol.III,
Appendix III-B, Annex A, pp.A-1l to A-7.

****/ U.S. Atomic Energy Commission, Proposed Final
Environmental Impact Statement [PFEIS], LMFBR, WASH-1535
(December, 1974), Vol.IV, pp.ll.2-1 to 11.3-3, Appendix
Iv- B, C, and D. .
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familiér with the subject can quickly grasp the key

issues that account for the differences of opinion about
the breeder's economic merit and more easily form their
own opinions. (3) The analysis on our part is greatly
simplified since we do not have to construct our own

model or research the many less relevaﬁt~input assumptions.
The dgawback of this approach is that we are constrained
in our choice of input assumption since we are forced

to rely on values considered by the AEC.

In each of the AEC's cost-benefit analyses, the
gross benefit of the LMFBR program is measured by the
difference between the cost of meeting a prescribed demand
for electricity between now and 2020 with and without the
LMFBR -- the gross benefit being positive when the LMFBR
is able to produce electricity more cheaply than other sources.
The costs of providing electricity, with and without the
breeder, are calculated by means of a computer program which
schedules the introduction of power stations to meet the
demand in the least cosfly way. The yearly differences in
cost, with and without the breeder, are discounted back to
the present and added together to form the AEC measure of
gross benefit of the breeder program. In the cost-benefit

balance this measure of gross benefit is compared with the



include an analysis of the sensitivity of NRDC's base case
results to changes in the key assumptions. Our analysis
here is extremely limited because we are restricted to

sets of assumptions actually considered by the AEC.

II. Basic Assumptions

A) Discount Rate: ' We use 10 percent/vyear.

The basis for using a discount rate of at least

ten percent per year is presented in NRDC Comments on
3/
WASH-1535. The issue of the appropriate discount rate

has largely been laid to rest, as the AEC now uses the 10

percent/year value, "based on the preferences of OMB and
4/
other organizations and individuals." This rate is also
5/

consistent with the recommendation of EPA.

3/ "NRDC's Comments on the DRAFT Environmental Impact
Statement of the LMFBR Program." Reproduced in PFEIS,

LMFBR, Vol.VI, December, 1974. U.S. Atomic Energy Commission,
pp.38-162 to 38-164. See also, Cochran, Thomas B., Op. Cit.,
pPp.23-29.

4/ U.S. Atomic Energy Commission, Proposed Final Environmental
Impact Statement [PFEIS], LMFBR, WASH-1535 (December, 1974),
Vol.1V, p.1l1.2-47.

5/ EPA Comments on DRAFT EIS, LMFBR Program. Reproduced in
PFEIS, LMFBR Program, Vol.VII, pp.53-35 to 53-38.



Table 1

Estimates of the Undiscounted Breeder Program
Expenditures from AEC Cost-Benefit Analyses

19682 1970P 1ate-1973%late-19749

Estimate Estimate  Estimate Estimate

Breeders
'LMFBR 2.2 2.5 4.0 6.5
Other Breeders .0.8 - 0.1 0.2 1.4
Support Technology 1.4 1.2 2.6 1.6
Total Breeders 4.4 . 3.8 6.8 9.5
Non-Breeders 0.7 0.5 0.5 0.7
General Support 2.6 : 2.5 (not giveni(not given)

a)

b)

c)

d)

U.S.AEC, WASH-1126, Op. Cit., 1970 dollars, assumes 1986
LMFBR commercial introduction.

U.S.AEC, WASH-1184, Op. Cit., mid-1971 dollars, assumes
1986 LMFBR commercial introduction.

U.S.AEC, WASH-1535, DRAFT EIS, LMFBR Program, Op. Cit., mid-
1974 dollars, assumes 1987 LMFBR commercial introduction.

U.S.AEC, WASH-1535, PFEIS, LMFBR Program, Op. Cit., mid-1974
dollars, assumes 1987 LMFBR commercial introduction.



The second most significant component of the LMFBR
Program is the Clinch River Breeder Reactor (CRBR), the ‘
firét LMFBR demonstration plant if one overlooks Fermi-I.lg/
The first official estimate of its cbst was about.$40d million.
In a 1972 Memorandum of Understanding its cost was estimated
at $700 million, two-thirds coming from the AEC and with
the AEC (now ERDA) assuming an open-ended risk (i.e., all the
cost overruns). This estimaté was $150 ao $200 million
higher than an AEC estimate only six months previous. 1In
March 1974, it was reported that CRBR project officials are
"focusing on some major steps that they hope will hold the
total cost éf the plant under $1.0 billion.ll/ In July,
it was reported that the CRBR project would cost $1.6 -
$2.0 billion,lg/and in September it was pegged at’$l.736
billion.lé/ Unfortunately, the demonstration plant of

the federal government's priority energy program has a cost

doubling time of one year and a fuel doubling time of 30 to

60 years, instead of the reverse (See Figure 1).

10/ Fermi-I, the first commercial LMFBR plant, experienced
a partial core meltdown and has subseguently been shut down.

11/ Nucleonics Week 15, March 21, 1974, p.l.

12/ Weekly Energy Report 30, July 29, 1974, p.l.

13/ Weekly Energy Report, 38, September 23, 1974, p.5. Given
the cost trend the last three significant digits are a joke.
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C) Capital Cost Differential: TLTMFBR

Curves of reactor capital costs versus time are
presented in Figure 2. The upper dotted line in the figure
labeled $100/Kw DIFFERENTIAL," represents most nearly our
base case assumption for LMFBR capitai costs. In reality,
we believe the cost differential Will be even higher. The
solid LMFBR line represents the AEC's base case assumption.
The AEC assumes that the LMFBR will cost no more than
conventional reactors after 2000 -- a zero cost differ-
ential.

All costs are in mid-1974 dollars. Other ground
rules for the capital cost estimates are given in the PFEIS

14/
of the LMFBR Program. It is important to noterﬁﬁét
(a) since all costs in the cost~benefit study are in
con;tant dollars, these costs do not include allowances fof
escalaction during construction, and (b) no first-of-a-kind
or prototype costs associated with demonstration reactors or

what the AEC refers to as "near-commercial" plants are in-

cluded.

14/ PFEIS, LMFBR Program, Vol.IV, pp.1l1.2-78 to 11.2-81l.
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The central issue here is whether it is appro-
priate to apply a learning curve to the LMFBR capital
costs in addition to the learning associated with the
reduction/elimination of first-of-a-kind or prototype costs.
We do not apply a learning curve to the LMFBR capital
costs. If anything such an effect should be negative
(i.e., increasing costs). The AEC, on the other hand,
has assumed a sharp positive learning curve with respect
to the LMFBR that reduces the present value of LMFBR
costs by 21.5% in the short 13 year period between 1987
and 2000. This corresponds to 16 percent per decade.
Furthermore, this period of learning is assumed to start
immediately upon commercial introduction of the LMFER.
There are four significant points we wish to make
with respect to this difference of opinion. The first
concerns the appropriate industry against which the LMFBR
learning curve should be compared. The AEC concludeé that
15/
when examined on a classical basis their assumed LMFBR
learning rate l"is extremely conservative in comparison
with typical values of 80 to 90% learning curves applicable
16/

to many industries.™ But the appropriate industry for

15/ It has been established by a number of empirical studies
that as a general rule, the logarithm of the cost of a product
is a decreasing linear function of the logarithm of the number
of units that have been produced.

16/ PFEIS, LMFBR Proaram, Vol.IV,. p.11.2-84. December, 1974. -~
We calculate a lower learning rate than does the AEC, but that

is not the point here.
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LMFBR program the capital cost differential was estimated
at $85/Kw in mid-1974 dollars, and $100/Kw was actually
assumed in the cost-benefit analysis. Thus, we see the
LMFBR capital cost differential has been increasing at a
rate even faster than 10 percent per year ih constant
dollars. There is little reason to believe this trend will
not continue at this rapid pace.

What makes the AEC's LMFBR learning curve even
more unbelievable is that in the same short pe;iod, 1987-
2000, when LMFBR capital costs are rapidly falling due
to learning there is a shift to an advanced LMFBR design in
1991 and again in 1995. Furthermore, in 1990 plant unit
sizes increase from 1300 MW to 2000 MW with an additional
12 percent decrease in price. |

Due to the difficulty of incorporating into the
AEC's model a iearning effect as a function of the number
of units sold the AEC has arbitrarily assumed bpth the
learning rate and the rate of commercial infroduction'of the
LMFBR. With more logic one could assume no learning and
no LMFBR's purchased, arguing that no learning is anticipated,
therefore, LMFBR will not be competitive, hence no one will
purchase them. The AEC must argue that in their collective
wisdom, the ut%lities will anticipate a learning effect,

and then purchase some 220 LMFBRs to generate it. The AEC
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The third point concerns the inconsistency of the
AEC's approach. The AEC does not apply a similar learning
curve to the HTGR, even though no commercial size HTGR's
are expected in operation before about 1980 to 1983. The
AEC argues that since the HTGR is subject to the same
environmental and safety regulations as the conventional

light water reactor (LWR),

. . . a reasonable assumption would
be to hold the HTGR and LWR capital costs
equal throughout the time span considered.
This assumption still gives the HTGR a
competitive advantage in power costs, since
it is projected to have lower fuel costs
than LWRs. Because of this, it might be
concluded that there exists no great market-
place incentive for HTGR capital costs to
ever become substantially lower than LWR
capital costs." 22/

The AEC's position is inconsistant in that it does not

apply this same argument to the LMFBR even though a) the
LMFBR is subject to the same environmental and séféﬁ§ﬁfe§u—iw
lations and b) the LMFBR is projected to have a competitive

advantage in power costs before its capital cost differential

is reduced to zero.

could be $4 billion which they add to the LMFBR R&D cost
(FY75-79). Adding this learning cost to the R&D cost has
the effect of subtracting from the R&D advantage. It
appears from their estimate of R&D expenditures alone that
Manne and Yu have understated the undiscounted cost of

the breeder program. :

ZE/ PFEIS, LMFBR Program, Vol.IV, p.l1l.2-84.
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every example here, however, there is a counter example
which could lead to higher costs. The LMFBR, unlike the
LWR, requires an extensive sodium component and piping
system heating system required for preheat, wetting and
maintaining sodium in a molten state during shutdown.
Remote automatic refueling is required undervcontrolled
environmental conditions. Reactor manual and automatic
control systems in an LMFBR are more complex due to less
inherent control features in the reactor nucleonics. The
intermediate coolant loop introduces further complexities.
We know from experience with light water reactors that
these complex systems of large scale development projects
such as LMFBRs can easily encounter subtle and unforeseen
interactions that result in costly solutions in terms of
coﬁmercial designs. Primary sodium pumps for the FFTF,

for example, were estimated to cost $1.8 million in 1970
26/

and $10.5 million in 1974. During the same period the
cost of the intermediate heat exchanger for the FFTF doubled.gl/
The more we learn about these complex s&stems, the more we
learn they will cost.
The AEC proposes as one cost savings concept, the

elimination of the intermediate heat exchanger. However,

"the intermediate loop serves as an important safety feature.

26/ GAO, "staff study, Fast Flux Test Facility Program,"”
U.S. Atomic Energy Commission, January 1975,p.9.

27/ 1Ibid., p.9.
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D) Electric Energy Demand: We use

Before justifjing our choice of the energy demand
forecast, it is useful to explain how the energy demand
projections (Curves A and B in Figure 3) were derived. We
begin with the AEC's base case (Curve A).

The AEC's base case is said to be projected with

29/
the assistance of an econometric model. The model is
not described in detail and there is insufficient discussion
of the model assumptions in the PFEIS or referenced
documents to make a detailed critique of the methodology.
The AEC's base case electric energy demand projection is
thought to be developed albng the following lines, or at
least ié said to be consistent with the following:

1) Real GNP growth is projected on the basis of
population and per capita income considerations. Real GNP
is assumed to grow at 4%/year between 1970 and 1980; 3.5%/year

30/
between 1980 and 2000; and 3.2%/year between 2000 and 2020.

29/ PFEIS, LMFBR Program, Vol.IV, p.11l.2-53.

30/ 1Ibid., p.1ll1l.2-54.
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2) Total energy growth is projected assuming
energy consumption growth follows real GNP growth for the
next 50 years. Total energy is projectéd to grow from
67 guadrillion Btu in 1970 to 99 quadfillion Btu in
1980; 117 in 1985; 195 in 2000; and 359 ip 2020.§l/

This total energy growth rate is comparable to (actually)

silghtly higher than the Ford Foundation Energy Policy

Project's (Ford-EPP) "Historical Growth" scenario -- 3.5%/year
32/

to 2000.

3) The electric energy demand fraction of the total
energy demand is projected assuming the "economy will continue
to require a rising share of its energy as electricity
because it is a clean and convenient form . . . While the
model does not explicitly include electricity prices,
implicitly it assumes that at worst the total cost of
electricity will not increasé faster than the generaimrw B

33/ .

price level." The electric energy fraction is assumed

to grow from 25 percent in 1970 to 50 percent in 2000,

31/ PFEIS, LMFBR Program, p.l1.2-53.

32/ Ford Foundation's Energy Policy Project, Exploring Energy
Choices, A preliminary report, Washington, D.C. (1974), p.41i.

33/ DRAFT, EIS, LMFBR Program, Vol.III, Appendix III-B, p.4-33.
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Figure 4
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with 7.1 trillion Kwh, NRDC's base case estimate (Curve B)
for the same year, and 10.6 trillion Kwh, the AEC's base
case estimate (Curve A).
38/

Chapman, Tyrrell and Mount examined the forecast
of the FPC's 1970 National éower Survey on which the AEC
has relied, as well as several other similar forecasts,
and concluded that these are generally incorrect since
their methodologies did not provide quantitative links
between energy demand and price and income.

39/ .

Chapman, et gi., in a report for the 1973
National Power Survey, have updated the electric energy
demand forecast using the same model reported by Chapman,
Tyrrell and Mountég/ Their projected demand for 1980 is
2.2 trillion Kwh, or roughly one-third less than the
projected demand using the base case of either NRDC or the
AEC. The total electric energy generation in 1973 wés
1.85 trillion Kwh. Hence, Chapman, et al."s forecast
of 2.2 trillion Kwh in 1980 represents an average growth
rate of about 2.5% compared to the AEC assumption of an
average growth rate of about 7.5% over the same period.

41/
The projections of Chapman, Tyrrell and Mount

38/ Duane Chapman, Timothy Tyrrell, and Timothy Mount;

"Energy Demand Growth, the Energy CrlSlS, and R&D," Science,
178 (November 17, 1972)

39/ Chapman, et al., "Power Generation, Conservation, Health
and Fuel Supply," Revised Draft. o

40/ 1Ibid.

41/ Ibid.
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it is still too early to tell whether this very low growth
rate will persist.

‘We include Searl's forecast because it is a pro-
jection of electrical energy demand versus real GNP directly
and does not include the arbitrary assumption that energy
consumption will grow to 50% of total energy by 2000 and 65%
by 2020. Furthermore, the hiétorical correlation between
electric energy demand and real GNP is better than the
historical correlation between total energy and real GNP.

Using Searl's expression for electrical energy
demand versus GNP and extrapolating it to the year 2000
results in an estimated electric enerqgy demand of 6.5
trillion Kwh for 4% growth rate in GNP and 5.5 trillion
Kwhr for a 3.5% érowth rate. Searl's best estimate is 6.1

. , 43a/
trillion Kwh in 2000 and 10.6 trillion Kwh in 2020.
This latter number is to be compared with 7.1 triilion %&ﬂf,
thé NRDC base case estimate and 10.6 Kwh, the AEC's base
estimate.

Clearly, NRDC's base case estimate is not "vefy low"
as the AEC would suggest. Rather it is higher than current
projections, including those which are based on the most
important economic factors influencing energy demand, namely,
price of electricity, growth of the population and growth of

income. We would, in fact, prefer a lower electrical energy

43a/ Op. Cit., p.12.
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109,000 MW of previously ordered
capacity (both fossil and nuclear)
by about 2 years in most cases." 44/

According to the AEC this slippage has not been specifically
factored into the various cases examined in the latest
cost-benefit study. The AEC concludes:

"The range of variables explored
in the cost-benefit analysis as it now
appears in this Statement (e.g. cases
which assume a 50% reduction in the base
case projection of electrical demand in
the year 2020) appear to provide adequate
insight into the possible effects of
major uncertainties in the assumptions
used, including the possibility of a few
years' slippage in breeder introduction
date." '

Here, the AEC is agreeing that our selection of NRDC's
base case energy demand (Curve B in Figure 3) is the

more appropriate choice of this parameter.

F) Uranium Supply:- We use the curve

labeled "B" in Figure 5.

This is the supply curve which the AEC considers
"optimistic." The AEC base case is Curve A. We choose

Curve B as our base case for several reasons.

44/ PFEIS, LMFBR Program, Vol.I, p.l1l.1-7.
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First, it most nearly corregponds to the estimate
by the staff of the Energy Supply Studies Program, Electric
Power Research. Institute (EPRI) under the direction of

45/
Milton Searl. Searl estimated the domestic U30g resources
in conventional déposits that could be recovered at less
than $100 per pound. His estimates were presented as
a function of his subjective probability that uranium
resources will exceed a given value. Searl's best
estimate (13.2 million tons at less than $100/1b) is
clotted in Figure 5. The horizontal error bar represents
his subjective probability at 68% confidence limits.
(The high end of this error bar is off the graph to
the right at 21 million tons). Searl believes his best
estimate is actually conservative because it does not
include additional lower grade (down to 0.1 percent) but
still conventional ores. Time did not permit calculaéiég
of the lowér grade resources which could be recovered for
less than $100/1b and therefore these material's were not

46/

included in Searl's estimate above. Searl, however,

estimates there are 3.8 million tons (at 90% confidence) of

these lower grade ores in known producing areas and 14 million

45/ Electric Power Research Institute, "Uranium Resources
to Meet Long Term Uranium Requirements,” EPRI SR-5, Special
Report (November, 1974), p.1l2. :

46/ Ibid., p.6.
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suppiy and price projections used in thé AEC's cost-benefit
study, the AEC apparently has identified an additional

1.2 million tons of domestic uranium resources in
conventional deposits at less than $30/1b. The new

total, 3.45 million tons, is a result of the Preliminary
Mational Uranium Resources Evaluation Program (PNURE),

49/
started about 2 years ago. There is no mention of

these data in the PFEIS of the LMFBR Program.ég/ The
new total, in fact, is larger than the AEC's base case
estimate (Curve A) of the cumulative supply at less than
the same $30/1b price. It is almost 50 percent greater
than the AEC's estimate of the domestic uranium resources
made in January 1974, just over a year ago -- the older
estimate forming the basis for the uranium supply projections
in the PFEIS. o
Third, there appears to be general agreement with
the view held by the National Petroleum Council, that
"Substantially all of the present
proved reserves and approximately 85

percent of the potential reserves as
determined by AEC are located in the

49/ U.S. Atomic Energy Commission, "Report of LMFBR
Program Review Group," (1974), Fn.5, p.l6.

50/. See, for example, Sections 6A.11.2, 6A.1.1.8, 6A.1.1.9,
11.2.1.2, 11.2.3.7., at the PFEIS, LMFBR, U.S. Atomic Energy
Commission. December, 1974 (Vols.I through IV).
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have been somewhat fortuitous if
the nation's best deposits were
so conveniently placed that they
were relatively easy to discover
- early in the history of uranium
exploration." 53/
The AEC cites as supporting evidence for its
uranium resources estimates the result of an evaluation
of the uranium in the San Juan Basin of New Mexico using
the Delphi technique. The problem with this analytical
technique is that companies wishing to discourage exploration
by competitors submit low estimates of the resources in
those locations. Where companies are trying to attract
developers, high estimates are submitted. A geologist
and manager for exploration of one of the largest uranium
companies in the San Juan Basin pooh-poohed the whole idea
and refused to participate in the AEC's Delphi survey.
The AEC correctly notes, that in the matter of U308
sales prices versus supply, their base case estimate of price

"errs on the low side of reality," and "does not reflect
54/

the more recent rapid escalation in prices in the U.S. market."

53/ Electric Power Research Institute, "Uranium Resources
to Meet Long Term Uranium Requirements," EPRI SR-5, Special
Report (November, 1974), p.28.

54/ PFEIS, LMFBR Program, U.S. Atomic Energy Commission.
December, 1974, Vol.Iv, p.11.2-75.
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expanded production to meet increased commitments, and
the'fequirement of long-term enrichment contracts appears
to have paniced the utility industry. Sales in 1973

shot up 300 percent in a seller's market,. increasing
commercial uranium deliveries and commitments 45,000 tons
over the previous year. This is three times the commercial
requirements in 1974 of about 14 thousand tons. Reluctance
of uranium producers to overcommit themselves forced

sales down to 15,900 tons in 1974, but strong bidding

has kept the price up. While prices may not return in

1975 we do not believe recent prices reflect a long-term
trend, but rather a shorter term response as the uranium
market shifted from the buyer's market of the past several
years when prices were deflated, to the seller's market

of today. There is little reason to believe that prices _
will not return, although not to the same low values,
as we return to more stable market conditions and a

normal profit margin.

III. Results of NRDC's Cost-Benefit Analysis

Table 2 below summarizes the preceeding key input
assumptions selected as NRDC's base case and presents
for comparison the AEC's base case-assumptions. The

assumptions selected as NRDC's base case correspond to
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Table 3

sumary of Cost-Benefit Study Results Discounted at 102/Yr. Tc Mid-1974

IMFBR Flectrical Billions of Dollars

Constraints IMFBR Capital Energy Uranium Comparison

Imposed Until Introduction Cost Demand GCﬁHM With i Trergy Gross P&D Net Eenefit/Cost
Case® (HIGR) (LMFBR) Date Uwhmmﬂmsﬁwmwc Curve® Case Costs Benefits Costs Benefits Ratic
5 2020 A B 201.4
48 2020 B B 148.1
58 2000 2000 1987 $100/Kw B B 48 147.7 0.4 4.7 -4.3 0.08
55 2000 2000 1987 $100/Kw A B 5 196.6 4.8 4.7 c.1l 1.0
52 2000 2000 1987 $ O/Kw B B 48 144.2 3.9 4.7 -0.6 0.8
62 2020 $100/Kw B C 157.3
72 200C 2000 1987 $100/Kw B C 62 150.6 6.7 4.7 2.0 . 1.4
Notes:

a) Numbers refer to AEC identity of cases in the PFELIS.

b) Capital Cost differential after 2000, corresponding to the curves in Pigure 2.

c) Letters correspond to curves Hs Figure 3. Curve B correspends to NRDC "base case," Curve A
corresponds to AEC "base case."'

d) Letters correspond to curves Hs Figure 5. Curve B corresponds to NRDC "base case,
corresponds to AEC "base case."

Curve A

Source: PFEIS, Appendix IV.D
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examplé, assumed to be available in
a design that optimizes performance
safety considerations, could not be
has been shown to be infeasible due

swelling of the fuel cladding.

1991, are based on
at the expense of
licensed today and

to stainless steel

We are now in a position to examine the

sensitivity of our base case assumptions to changes in

some of the key input assumptions. As noted previously,

we are severely constrained in this part of our analysis

because we are limited by the cases tested by the AEC.

Turning first to energy demand, it can be seen by

comparing the results of Case 55 to Case 58 in Table 3,

that the electric energy demand would have to grow at

the "historical" rate assumed by the AEC to get a break-

even benefit/cost ratio of 1.0. Similarly, corresponding

to Case 72, one would have to assume a very unrealistic

uranium supply curve (Curve C in Figure 5), before the

benefits begin to exceed the cost.

This unrealistic

uranium supply curve was termed "pessimistic" even by

the AEC. The AEC's report made this judgment before

jdentification of the additional 1.2 million tons of

low cost uranium, at less than $30/1b which was not



-45-

provide adequate insight into possible effects of major
uncertainties in the assumptions used." The AEC has
also abandoned the 1987 date of commercial introduction
as evidenced by the AEC's statement:
"Recent evaluations of the LMFBR

development program by the AEC taking

into consideration cancellations and

deferrals of generating capacity by

electric utilities that had occurred

by the end of September suggest that

. the commercial LMFBR introduction

would probably occur in the early

1990's." 57/
i date of commercial introduction in the 1990's, as
coposed to 1987 is also more consistent with the
history of slippages in the LMFBR R&D schedule.
The effect of these changes on the AEC's results is
extremely significant. Figure 6 shows the effect on
+the gross benefit for‘changes-in the electric energy
demand where the energy demand is plotted as a function
of the rate of consumption in the year 2020. The two
curves are for different assumed dates of commercial
introduction of the LMFBR, namely, 1987 and 1991, and

have been extrapolated to the electric energy demand

corresponding to Curve B (50% reduction in the AEC's

57/ PFEIS, LMFBR Program. U.S. Atomic Energy Commission,

December, 1974. Vol.IV, p.11.2-134.
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base case projection -- Curve A). All other assumptions
correspond to AEC base case assumptions in Table 2.

As can be seen from Figure 6, the gross benefit
for 1991 commercial entry is roughly equivalent to the
R&D costs, in other words, a breakeven benefit/cost‘ratio
of 1.0. -Similar results can be obtained by a slightly
different procedure. For most of the cases considered
in the benefit-cost analysis the AEC used projections
of nuclear capacity by plant type given in the report
WASH—1139(72),§§/a 1972 projection by the AEC's Office

59/
of Planning and Analysis. WASH-1139(74) contains the
most recent projections by this Office. Case A eﬁergy
projection from WASH-1139(74) more nearly corresponds
to the current status of the nuclear industry today.
Case A assumes that delays in bringing nuclear plants
on line continues to plague the indﬁstry and forecast;
85,000 MWe of nuclear generating capacity to be on line

at the end of 1980. This is slightly higher than current

estimates in the range 60,000 - 70,000 MWe. Using

58/ Forecasting Branch, Office of Planning and Analysis,
U.S. Atomic Energy Commission,"Nuclear Power 1973-2000," -
WASH-1139(72) . (December 1, 1972).

59/ Office of Planning and Analysis, U.S. Atomic Energy’
Egmmission, "Nuclear Power Growth 1974-2000," WASH-1139(74).

February, 1974. , ‘
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to offset a $100/Kw capital cost differential the price

| 60/
of uranium would have to increase to about $35/Kw. But
according to our base case uranium supply curve (Curve B
in Figure 5}, this price will not be realized until
the uranium commitment reaches about 4.5 million tons
of U50g. This commitment will not be reached until
about 2020 assuming no LMFBRs are built and NRDC base case
assumptions. Since it is the levelizéd cost of pq@er over
the lifetime of the plant and not the cost in the year
of commercial introduction that determines when a plant is
economically competitive, it is reasonable to expect the
breeder to be competitive with conventional plants several
years prior to 2020. Assuming it is competitive 10 years
priorvto this date, i.e., in about 2010, it follows that
the appropriate LMFBR date is some two decaées beYon@d

the date established by the current LMFBR research and

61/
development schedule. A better estimate of the

commercial entry date is available from the AEC's cost-benefit

60/ "NRDC Comments on WASH-1535, Re Cost-Benefit Analysis,"
PFEIS, LMFBR Program. U.S. Atomic Energy Commission (December,
1974) , Vol.VI, p.38-192.

61/ Others have reached a similar conclusion. See, e.g.,
David J. Rose, "Nuclear Eclectic Power," Science (April, 1974),
p-357.



