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FREFACK

The widespread and coucntut:od' efforts being devoted on a national
and international basis to dcfyelop a breeder reactor clearly evidences
wan's intense desire to free himself from limited and costly energy
sources. The introduction of the breeder reactor into the utilicy
market will provide virtually unlimited energy which can be used to
elevate the standard of livin? and, with proper attention, improve

man's enviromment.

The basic importance of major sustained commitments of managerial and
financial resources by covornp;nnt, private industry and the utilities
to the overall success of tho;bucdcr program cannot be over-emphasired.
Experience in the dcvclopncnt;md application of civilian nuclear power
reactors has established that such coomitments are essential to bring
into being the technologles, xf-uuneh and development facilities,
trained perscunel, components, systems, and production facilities
necessary to assure the mceoélful introduction of the bdreeder into

the commercial markst. In vlﬁ of the substantial invastment of the
nation's resources that the dﬁlmt of the dreeder entails, it
seems highly appropriate that in nua. the dacision to proceed with
this program, estimated costs’ bo uuured sgainst the denefits expected

to derive from the i{nvsstment.

In recognition of the dasirability of better dafining the commitments
and benefits implicit in the dreeder development program, the 1. §.

Atomic En'erm' Commisaion, Div@nion of Reactor Development and Technology
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undertook the task of conducting the study described in this “Cost-
Benefit Analysis of t&;ﬂ. :‘.I. Br«dar_ Reactor Program.” The optimi-
sation of the U. 8. chct:lc cumocmm:r & 50-year period
serves as a buu;;;ﬁd;__; ;l_zp,.sﬁmdy. .:;.?'A. nmr programming model of the
United States elﬁfﬁul anergy ecm developed by Pacific NMorth-
vest Laboratory, and princijpal masders of other sectors of the nuclear
commnity vas used in the l_‘allylu. 1t is important to note that the
wodel utilized in this iul':ytta is in aa early stage of development

and is deing continually improved to better simulate the characteristics
of the nation's power ccoaoi‘ny.

The benefits considered in ftho calculations are those that are clearly
quantifiadle and take the !!lom of low-cost electrical energy, reductions
in uranium ore nquirmntl: and in separative work demand, {ncrease in
plutonium production, and ufn of uranium tailinge. Also, the report
wakes reference to other hcju!ttl of major importance which are not
quantifiadle, at least not at the present time. Such benefits include
those associated with rodun;um of air pollution and vith new uses for
low cost electricity and hqat such as large scale desalting of sea water.
Weighed against the quantifiadle bdenefits are the costas expected to de
incurred by the Covernment in the development of the breeder. This
approach appears unoublo_ in view of the fact that the continuing
program of systems mlyﬂ‘. vhich provides input for studies of this
nature, has as {ts major objcetlvc the determination of the Govern=eat's

future role in advanced ru}etor development.
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The funds and other resources vhich the Govermment, the large industrial
coeplex, and the utilities !un already comsitted to the breeder pm
and to coupanion m—brud.r programs coupled to the urenius-plutonivm
cycle, heve not been uaiud _dtmt__ly,; nor have future expenditures by
the utilities m_mfnmﬁonb@._!utom 1ato the study. Use charges
for plutonium used in the MD progrem smounting to about $40 millton
discounted to 1970 were not;included. These cepresent sbout 1% of the
MDD discounted mudmmo:ml would oot effect numerical vesults to
any noticesble degres. Turthersore, no weight has been given to the
quite evident priority and sisadle commitments which have also been

made to breeder programs by the other countries with strong progreme

for the exploitation of nuelear pover,

Cost-benefit analysis should de considered as culy one of the many
elements of input pertinent to doéuton-uuq. Exsmination of results
of cost-benefits analyses conducted in the past, when compared to sctusl
program progress and nntuo?, Monti!tu well those limitations inherent
in any such analyses and the continuing need to insure compatidility of
assumptiona in the mlyau%v{th tﬁo assuwmptions in the program plan.
The degree of sophistication of the model developed, the validity of

the assumptions made, the quality of the analysis izvolved, and the
nature of the analysis lmim. and the nature of the sudject studied
all will affect the use of ﬁeh an analysis in decision making. Particulsr
care must be taken to avoid the tendency to regard cost-banefit analysis
as an end unto itself; it will de a useful tool only {f it {s properly

applied with full realization of the inherent limitations of such studies.



mmm m mctuintr lu*'ehnootu any. pomtct used {u this -
mxnu. the overall mt&mzfa trends daveloped {n the asalysts -

> _:nd indicators Mh can serve ss &
gutde for- mm:@mlym -t sssessnents. 1t 13 particularly tapor-
tant to mon!n mz tnau!uuﬁa.: such an mlynu. & mmber of daste .
assusptions mt h dmlowl oa m buu of Mmlo informatiocn snd
indicated tvends in the mlur.'mm progran. As a logical cousequence,
therefore, the sctual results in the future will be predicated oa vhich
valuss of the paremeters Nm valid. Ve Delieve that the actiocns to de
taken over the next few years will l!.auuutly affect the cutcome.

Such actions include the dogm of MD support given to the breeder pro-
graa by bdoth the Government and lndultry. a9 it will affect the date of
introduction of the dreeder; pmgu promulgated i{n fossil fuel costs; and
changes affecting capital coo;u and fuel cjch costs, including uranium
costs. A parsmeter over vhich there s little control at the present,

electrical energy demand, vtlil also have an offut on the future outcome.

0f particular importance {s tho degres to which sssocisted programs ave
given high priority md are imuod vith the resources previocusly identi-
fied as essential to thoir success. In this vegard, the recently publish-
ed Jdetailed LMFBR progran pl‘n provided s logical base for projecting costs
and schedules for the LMFBR portion of the anslyeis.

1t should de recognized that the rapidly expanding electric power tndustry
may encounter problems, spplicable to nuclear and/or fossil-fired power




hm mlm ot' tmn-nnd power p&nu.

Tt s mmm (mt cucmmpu« m-m espbasis o sensitivity
of denefits to changes in ui:'qtorp. and 1t {s this sensitivity vhich
should be of primery {ntorgntito the resder. Of particular sote is the
significant reduction in denefits that will develop 1f (1) the nuclear
fadustry is not capadle of -;ctlu present and projected nuclear power
commitaents, (2) the lntroduiuou date for the Dreeder vesctor is delayed
sigaificantly dus to rum_tmh a8 & veduction in research and development
support or failure of the research and development program to meet program-
natic gosls, (3) discount rates higher than 8 to 9% are spplied, and/or
wuch larger than estimated Mtlt&u of low coat uranium decome availadle.

1t {s of paramount t-pornac:c that timely results be achieved vith respect
to strengthening the execution of the civilian nuclear power prograzs in
this country, including those cepadilities sssociated with the breeder
devalopment. The results of this study assume success in these necessary

strengthening actions; dalays will jecpardize the success of these programs
and could seriously affect their cost and substantially affect benefits.

Accordingly, it is necessary that we proceed with the strongest possible

engineering and quality sssurence progrems.
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envirommant.

Milton Shaw, Director
: Division of Reactor Development
‘ ‘and Technology
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tusntify, meu mu accm tc m umwmum mly

sompletion of tho emwtly phmd :"mmc vrmn. |

In this snsalyeis, the Liquid )hul-t:oohd Yast Breedsr Reactor (LMFER)
{s assumed to be the initial dreeder type coumarcislly introduced into
the U, 8. electric power ccdu-y. The denafits which have dDeen
selculated in this arvelysis fﬁault!u from the introduction of the
LMFER are representative of gho benefits to be achieved from the
succassful introduction of a dreeder or even two breeder types.

Tho results of the costebenofit snalysis depend upon sssumpticas which
:an subatentially affect the future cost of electrical energy. Since
the prospective value of many of theose variables is uncertain, the
sensitivities of undiscounted and discounted denefits to changes in the

follcuwing key varisbles have been examined: timing of the introduction date

»f the breeder; uranium costes; fossil fusl costs; electrical energy demands;

mexgy costs, vhich include plant capital and fuel cycle costs; and discouat

tates.
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mm mm el generating plantq m (2) cmtu- t«cm an).
plus ulvauced cmttt mcl;oro (m) plu m.m mctm (uma) ,'
plus fossil fueled olutﬂcat morauu phnn. These ulculauaac
vere based ¢a o l!nur progum::; nodel of the United States

electrical energy esoncmy dmlopod by Pacific Mortlwest Laboratory.
The modal has been prepared in conjunction with the activitiss of the
Systems Analyses Task Forcq vhich has deen working on civilian nuclesr
pover evaluations with the AEC Division of Resctor Development and
Technology.

The quantifiadle benefits discussed herein have been recognized since
the inception of nuclear p&nt as the bdasis of support for breeder
programs in the United suﬁ:. and in every major highly industrialized
country in the world, m:othr important bevefits, many less tangibdle
and wore difficult to quantify than those quantifisdle in terms of
lover electrical energy eoa;t, are of substantial consequence in any
maaningful review of the role which nuclear power and fossil fuel plants
can play in the future to mee: the erergy demands of the United States.




It has lmmmod thatm!m m't full promise for

providing a um.uy uuniud energy source for future genarstiocns e
could only de mn,“ .;mﬂ' gh “"!Wt and application of the -
bradu tmt«. ‘lh X ummt tn bxadu mtm dnu Nnk to__ i
the M“m "‘J‘“ days, & bhon th‘ poouuuty ves tm: mophd _':
by ploosers 1n the muuhou. 1n 1943 Furico Fernd odserved that, e
"Ihe country u!mh ﬁnt donlm e bnﬁu- rmtw will bave & grest o
competitive mnup h umc mm. ‘ To odtain this advantage,

the U. 8. nuclesr cmtty m been vocuu for over 20 years on the
dreeder rescter. In 1943 th developmént of the plutonium fueled fast
breeder was estadlished as & msjor gosl by the Argonne Nstionsl h&ontm
Division of the Manhattan District Matallurgical Ladorstory. The program
has deen continuous since that time, and the momentum now has duilt up

to the point vhere the large-scale introduction and commercial scceptance
of the bdreeder will be !oasl}lo io the near future. Appendix A presents
some of the more significant reviews and statements that have been mede
over tha years on the mtto@l isportance and potentisl of the dreeder

progras.

Mach of the essential effort’ on the breeder was conducted in the ARC

nationsl ladboratories. The Clementine resctor wes constructed at

T e RN, BN e e

Los Alawos and used from March 1949 to December 1932 to demonstrate the
feasidility of operating \dth fast neutrons, plutonium fuel and & liquid
metal coolant. The Experimental Breeder Resctor 1 (EER~1) was duilt
and cperated by Argonne llatﬁual Ladoratory from August 1951 through



Decenber MMM the dreeding principle in a fsst flux resctox
and to establish the engineering fessidility of using 1iquid watal
mwa nutul to the muuoa {in environments of fast flux and
high matm u«u unl were initiated. These developments led
to demonatrating the muu and safaty of & fast nu neutron

spectrum rveactor, mwuun 1ia the comnstruction of two fast resctors
in the uid 1930%s, the 62.5 Mait EBR-I1 end the 200 Mit Yermi resctor.

Seversl factors mitigated mmt famediate success in terme of the
cosmercial exploitation ot':th. breeder reactor: the development effort was
focused largely on tochml;mal goals: the industrial involvement was min-
imal; and tha breeder dmlbmt participation was essentially confined

to the national laboratories, vith the excepticn of the Perni development
effoxt. The industrial m concentrated on the light water veactors
and the nuclear mmu:m«u vas nearer at hand. ‘nn.prom

uranium resources mundlwuum: to meet predicted requirements.
Though a relatively large goe!nolo;ical base, including test factlities,
vas being developed in the laboratoriss, the breeder effort was diffuse

in terms of an engineering type of undertaking. In general, until the
uid-1960's, thare appeared to be no urgent requirement to concentrate

the industrial resources oa the bdreeder program.




.

In 1962, the AIC issued its i‘pott to the President on Civilisn Nuclesr
Power. This report clearly ;o-e-phautted that the use of dreeders
could solve the problea of an adequate and economic energy supply for
the future. The report coucindod that nuclear energy can and should
aake sn important and mutufnlly. & vital contridution toward meeting
our loag term energy rtqutrc;.uto. and that economic breeders were
essential to the long range major hlo of nuclear energy. The report
included & detailed discussion of the place to be occupied by the

breeders in the overall program.

Faced with the question of d;tnruxning the future course to be taken

by ths U, S. advanced roacto; development programs, the AEC, {n early
1965, initiated » series of §vcr¢ll technical reviews. These reviews

of the reactor program indicated a lack of important engineering
informstion, and an lnadoquaci of facilities snd other resources necesssry
to obtsin that {nformstion - There vas clear evidence of the need to
build up the engineering eap;btltttoo in the ladoratories and in industry
and to aspemble necessary and adequate resocurces to develop and produce

safe, raliadle and aeono-dcai breeder power plants for operation in the

veility envirorment. These early overall reviews further indicated a
requirement for in-depth reviews of esch of the technical elements of
the bdreeder program. Concurrently, it was necessary to initiate detailed

plans for each of the elements of the dreeder prograam,



mrmuumoa renarkable advances were taking place in the
developmsat e! u;ht water resctor power plants. As 8 result,
mlurwmd towards widespread scceptance 88 & Daw Source
of electricsl m- The ﬁulnu unprecedented demand for light
wator pover resctor plants, parslleled by grestly incressed urenium
demsnds snd Yy projected large-scale plutonium production, provided
additiocnal incentives for a move direct and concentrated effort cn &
uaified dresder development prograia than hitherto achieved. It was
recognised that the plutonium produced ia light water reactors

could De most efficiently used fin the fast dDreeder reactora and that
the breeder would measuredly reduce ursnium ore requirements. The
breedar davelopmont pm&n was thus invested with a senses of urgency
which had deen lacking up to then.

In esrly 1967, the Atomic Energy Commission fssued the 1967 Supplemsnt
to the 1962 Report to the President om Civilisn WMuclear Power. The
Supplement set forth the changes that had occurred since 1962, and
considered the ongoing AIC reactor programs ia velation to the
recommendations of the 1962 veport. The Supplensnt reaffirmed the
promise of the dreeder for meeting our long terw energy needs and
established the LMFBR program as the highwst priority civilian resctor
developmant effort vhich would lead to full commercial scceptance of
the breeder. The continuing AEC vole of leadership was reviewed
relative to the development of nuclear technology required to sssure

the nation that large amounts of low cost energy would be available




for the growing Mndl-. The steps taken to strengthen the industrisl
and utility capability requisite to ths successful introductica of
the LER and the timely development snd comsercial utilisaticn of the
fast breeders, in ptt!_feularly the IMFER, were discussed.

In view of the ummm'mn priority, tha level of activity oa
the LMVER was emldora;bty incressed in Piscal Years 1967, 1968 and
1969. The bduildup to dring together the vequired resources, including
manpower, facilities, and funds has continued within the ADC, the AKC
laboratories, snd in other sectors of the nuclesr commumity. MNew
major test facilities Q:tt under construction and other existing
facilities are dDeing upgraded. Encoursged by the increased attention
and efforts of the Covernment, substantisl commitments have been mede
by the major resctor nénuncturcro and the utilities with s view to
making large-scale comeitments to the first LMFER demonstratioca plente
tn the 1970%. 'nn:u hﬁuman arve in addition to the heavy LWNR

commitments.

In vecognition of the importance of the fast dreeder, the Edison
Electric Institute (ni). an association of the private utilities,
conducted a detailed study of the status of fast breeder reactor
development. Their report vas pudlished in April 1969. In the
Foreword of this report, the situation wvas stated as follows:
“The Subcommittee (EE1) on Fast Breeder Reactor Development
urges that all EEI members give the most careful consideration

to this report and to wvays and means of implementing the

recommendationa get forth., In the entire industrial history

7



e ““‘,,‘ g;'.mmr' th. ﬂ*l‘” o! !ﬂttuu an tnuuly

(_ m ccnape. .,..‘“. u th. report hrw out, tlaro are
mcmin mnm. both in terms of opportunity and ulpoui-
binty. to do 80 ml strong incentives to do so prosptly.™

The LMFBR Program Office at the Argoune Matiomal laboratory has prepared
LR Program Plans®, under the directicn of the AEC, which have recently
been relessed. The Program Plans ave nationsl in scope and represent
the results of many mthn;' of discussions, reviews, and assessuents
within the nuclear community. The Plans represent & major sdvance in
the LMFER prograa by nttﬁa forth in a cosprebensive manner those
coursus of action necessary for schieving the objectives of the LFBR
program. The Joint Mti« on Atomic Energy of the Congress of

the Congress of the United States has odserved that the LXFER Program
Plans represent one of the most carefully thought-out long range
davelopmental efforts ever pursusd dy the U. S. Covernment.

sReport Mumbers WASH 1101 through 1110,




This mt-bcunt mlylu 'imlwd a;m utmtva syetems analysis effort

and the development o! m mu for the! u!ty ym period 1970 - 2020.

Eight groups o! ulcuhum \nn por!ond to mutmto the effects

of varying assumptions --uaoa-bcunu sccrued from an econowy with a ot

breeder reactor as compared with an economy without & breeder, The

major mttm relute to umtm cocu. !oun fuel costs, oloutucal
energy demands, slectrical mrc cosu. ml t!n {ntreduction date of |

the breeder.

Three major quantifisble conclusions from the analysis are:

1. The breeder can produce mot caly large direct money benefits from
the low cost of electrical energy, dut als0 other tangible quantitative
benefits, such as those ugooezatod vith reduced uranium requirements,
reduced uranium separative work requirements, and the large production

of plutonium.

2. The benefit/cost vatio is significantly greater than coe for most of
the cases having a discount rate of 7% or less. The Denefit to coast ratios

fall delow 1, for o Mt of cases based on discount ratss adbove TX.

3. Deferring the presently planned LMFER RAD progran with conssquent
delays in the introduction date does mot substantially reduce the
present worth of the RSD expenditures. In all cases, deferring the

LMFBR RAD prograa increases the undfiscounted R5D costs.



putml and mnm umum. a0d & 30-year time period during
which many industrial and tnhnolcucn sdvances may be anticipated,

Yollowing are othdé tlpottmt conclusions:

1.

2.

3.

&.

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

Although an increase in uranium ore costs is highly prodable, even a
constant Uy0g cost (48/1db), with constant fossil fuel costs, and with
an early introduction of the LMFBR,provides substantial denefits for
discount rates delow 72, and substantial bsnefits for a 1980 lntroduction

at 7% discount rate.

Early introduction of the dreeder substantislly reduces future uranium
ore demands.

Barly introduction of the breeder substantially reduces future uranium

separative vork dewand.

10




3.

6.

7.

9.

10.

11,

imtxrcuriucl:tou o! tlu_ umn. he nmn program mld. in =08t cases,

The benefits sccruing from the introduction of the breeder are affected
by changes in fossil fuel costs. These benefits would de increased
significantly if increases in foseil fuel costs are experienced.

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

In all cases considered with dreednr introduction, the nuclear
generating capacity by year 2020 represents an extremsly large
percentage of the total electrical generating capacity available

for conpetition between fossil fueled and nuclear fusled power plants.

Discount rates substantially above 7% seriocusly affect dollar benefits
because of low present worth in 1970 of large undiscounted gross
benefits for the latter part of the 50 year period as compared

vith the high present worth in 1970 of R&D sxpenditures in the

early part of the 50 year pericd.

Other benefits not as readily susceptible to quantitative analysis

I



b,

d.

@

£.

An aple mly of low mtolutmiu toum mm
bova deaied 1w Sout Souti.

Virtual elimination of air pollution from electrical power
plants. f

M that low cost uranium ore reserves will de most
efficiently used,

®

A prenius market for plu@cuu produced by light water

Teantore. :

The efficieat and economic utilisation of the depleted ursaiumm
stockplile,

The efficiesnt use of the resources committed to the breeder
program in the AEC national ledoratories, in the U. S. induatry
and {n the U. 8. utilities.

12
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lec:rical anergy 'dmndl. .lntriul enaTgy mto. and timing
of the introduction of the breeder. The characteristics of the

eight groups are summarized in Table 1. Each group consists

of a base case without a breeder compared with cases vwith a dreeder
represented by the LMFBR., Case 1.3a and other “a" cases cover

a parsllel breeder program. The benefits of introducing the
breedsr in different years were datermined by cooparison with the
dase cases without a dreeder. The four parameters studied included
the intreduction date of the breeder, the cost of uranium, the

cost of fossil fuel, snd the energy demsnd. Groups 1, 3, &,

and 6, provide a messure of how varying energy demands affect
benefits for sssumed rising uranium costs snd constant iossil

fuel coste. Similarly, groups 2, 7, and 8 provide a measure of how
varying energy demands affect bensfits for sssumed constant $8 per
pound uranius coste snd constant fossil fuel costs. Group 5 exsmines

14
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8.2 | 1984
*8.24] 1984

* Farallel breeder progrsm. The parallel dreeder is {ntroduced {a 1992,
** Current dreeder program with delay of two years i{n demonstration plaats.

18



olectricity grmh meiziln. Bk ummm etmalatel the grevth
of the mmu Mmdbyauto!mnhtdmmtm
{dentified adove.

he 50-year energy cu:t'o! & systen with & Dreeder compared with

the 50-yesr energy 208t of a system vhich does wot include a breeder
provides an estimate of the principal incremental dollar bDenefits
axpected from lnvutunt in a breeder progras. Tha dollar value of
other benefits vhich have or could be quintitatively cbtained arve
not included in the sumary or in tha derived benefit/cost ratics.
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umama'zm:_”u ‘ty.-lrht. The 14D coute umu-mu:

mm«wmmmmm: ,

Plen A, Light Vater (L) + Advanced Coaverter (KIGR) |

Plen B. LUR + NIGR + LMFER with § slterastives listed bdelow,
including & parsilel dreeder program:

LR Iatroduced i3
B-1  Currently planned dreeder progrem 1984 |
B2  Accelerated dreeder program 1980
B=3  Currvent dreeder program with a delsy 1986

ia demonstration plaats cf 2 years

B-4 LMFIR technology progrem at $40 milliom 1990
per saovm 1971-77

B3  LMFBR technology progrem at §13 millica 1994
per snwm 1971+77

Parallel breedar program =« Parallel bresder 1984
{ntroduced 1992

All plans dnclude competitive fossil fual systems.

The results of the RAD cost snalyeis indicate that undiscounted RAD
costs for the dDreeder program vary from $3.5 dillica for sn sccelerated
program introducing sn LMFER in 1980 to $3.6 billion for a parallel

17
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breeder program. Dased cﬁn 7% discount vate, the discounted
beeeder RAD costs very from $3.2 bll1oa to §2.2 billion.
Significantly, dimm' m 'mu actually imresse for delaye
to 1986 and 1990, Costs of $2,3 dilifon for the current program
incresse 0o §2.6 bdillton for 1988 and 1990 fntroduction.

Basic veason for the incredse or relatively small change ia discounted
RAD costs for delayed introdustion of the bdweeder, is the additiomal
R&D costs incurred in the stretchout of & program. The atretchout
involves expenditures in phesing-down or phasimg-out progrems; and
expenditures in re-starting & program, {including those coets associated
with the difficulc task of resssemdling resources, replacing lost

personnel, retraining of personnel, and the updating of deteriorated
facilities and equipment.

'3 Resulte of Anelysig
3.%1

The results of the cost-benefit amalysis wvhich include costs,
bdenefits, bdenefit/cost ratics, uranium demand, separative work

T

demand and nuclesr capacities are summrised in Tables ) and 4,

Discounted present values are based on a discount rate of 7X.

3.3.2 Qxyent Progren
The undiscounted groes denefits (Madle J) directly resulting

from dollar savings in cost of electric energy assoclated with the
currently planned bdreeder program (1984 introductioan) range from
$53 o $288 dillion (Case 8.2 to Case 5.3) in the 50 year period

1970-2020, depending on the assumptions assigned to uraniun costs,

2
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zmn fuel eccu. m_s ommt m'u-aa. nmu :m

mmm to mo a7, un"'pmm uuthmu mzm for the
mmtmn t:o- m omgy costs alone uaa from 01.0 to
315.2 buuom 'nn Mghuc value 1is associated with rising fossil
fuel and uranium costs (Case 5.3), vhile the lowest 1s associated
with constant fossil fuel and ursanium costs and an intsrmediate
enaxgy demand (Cace 8.2), Other major tangidle denefits are
veduction in air pollution, the production of a large supply of
energy producing plutonium, the large veduction inm seperative

worhk demand, and efficient and economic use of the depleted
uranium stockpile,

Of the cases studied, the most probdable case is asscoiated

with rising uranium costs, constant fossil fuel costs,

a base energy desand, and with the currently plasned fntroduction of
the dreeder in 1984 (Case 1.3, Tables 3 and 4). The results of this
case show undiscounted gross denefits of $207 dllioa, gross discounted
denefits of $9.1 billion, net Denefits sccruing to the breeder program
of $6.6 dillion, and a benefit/cost ratio of 3.6. This case would also
result in a reductioa in u,o, requirements of 1450 kilotona, and a
reduction in maximum separative work demand ot'ss kilotonnes per year,

9




3.3.3 Rarly Iatroduction of the Breeder
Benefit/cost ratics ranging from 7.9 to 0.7 result from those

cases m:ﬁ an mtroduc_t{op_ 'o:_!.“gh. breeder in 1984 or earlier, for
all 8 mo asalyzed, u shown in Table 3. The higher values are
associated vith rising fossil fuel costs.

3.3.4 Parallel Breedsr Progrem
Based on assusptions delineated below, a tentative case can de

made to improve the industrial dreeder base by establishing a parallel
breeder program. The b@o!tto of the LMFBR program would be sufficient
to maintain benefit/cost ratios in excess of one for a 1984, or earlier
introduction of the LMFER and & 1992 introduction of the parallel breeder
for 8 of the 11 cases considered, and using discount rates of 7% or
less. Because 0f the technical status and other factors, the decision
cn whether to sstablish a parallel breeder program would have to await
further analyses of alternative breeder concepts, such as the light
vater breeder reactor, the molten salt breeder resctor, or the gss-
cooled fast breeder. Such analyses would lead to eoﬁnu‘uum for
possibly selecting one of these as a basis for initiating a full scale
parallel bdreeder dovelopment program.

If justified Dy further analysis, a parallel breeder program could
strengthen the nuclear posture of the U. S. by providing for increasing
industrial competition, by broadening the industrisl nuclear manufacturing

base, by broadening the base of other associated sectors, and by strengthening

the industrial dase of nuclear technology. The cost-benefit analysis has
assuned the possibility of such a parallel breeder program in each of

23



1984 LMFBR 1ntroduction, '

' ':-_f_ : 55 ;ﬁg ;}fﬁ* e ; ?ﬁ.é. g? G b
a decuion mld then be reached as to uhether to cont:lnuo further
& .‘-a ;‘I 'f ; 3 ;}Ef .;' ; s ‘ ié’ w

purauit of altem ea andlor backupa. Por.purpoua '(;f th:ls Janalyaio,

' .
RS ?{ A R

.....

‘the dec:laion m ulumed to be that other alternatu and/or backups

4would not. ba pursued after the PBR deciuon date. ‘

The following list summarizes and expands the assumptions stated:
Assumptions for Parallel Breeder ' |

(1) It is assumed that the PBR would benefit from the LMFBR
‘program ‘ais"”"ixidiéét‘:ed in Table 2. The total costs of tha
R&D for Other Bre;;iera, nhown 1n Table 2, are lower than '

| for the LMFBR. $2 0 billion LHFBR undiscounted direct |
costs va, $31.6 billion Other Breeder undiscounted direct

costs..

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

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

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

M




(5) The PBR program would beiconducted with: essentially the -
4 game: dinciplined engineering approach: and with development of
8 viable-and competitivo industtinl capnbility as for the'’

' P;foE“ fona e gnabiens ai vk 5o

o LH@BR ptogram.eiww”

Fubhoyi;

;v(6) The PBR demonstration plants would be authorized two yeara e

'IM GrE oy Fancamesiy L atunrn g0 g it

) apart, beginning FY 1978.

{,_,_;.‘.-,-‘,_'ar- jr*-w-ﬁ%’ oo Tnd o

(7) PBR 1ntroduccd ;n 1992,

(8) 'Gross ‘benefits would be ‘the same as for R&D Plan B-1, with the
LMFBR féﬁrébehting breeder benefits, Thié"may or may not be

RO
R

‘valid,

Discussion of Parallel Breeder Results

Table 2 indicates that a parallel full scale development program will cost
$5.6 billion undiscounted, or an QdditionaI'SI.G bill;on ébova the current
breeder program, ansumingﬁ;ntrodpction gf thg LMFBR ;gﬁ;984 and the_para11e1
breeder in 1992. Discounted at 7%, the additional prgsen£ yorth‘;n_1970

will be $0.7 billion,

The benefit/cost ratios ra#ge from 4.8 to 0.6 for a parallel breeder program
for all 8 groups, aasuming.a 1984 introductionof the LMFBR and a 1992 intro-
duction of the PBR as cont?asted to a range from 6.1 to 0.7 for the current
breeder program for all 8 groupa (Table 3). The results indicate that the
early introduction of the LMFBR provides tangible, quantifiable benefits
sufficiently large to adequately support the cost of a parallel breeder
program for most of the cases studies at discount rates of 7% or less, and
at discount rates up to 10% with both rising fossil and rising uranium

costs and with a base energy demand.
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but: are dependent.‘_‘on the prevcil:l.na toul economtc otructm:e, includo |

parnmteu auchz'u_% h:eeder 1ntroduccion date, uran:lun cost. ltruct:ure,

M

fossil fuel costo. electr:lcal enefrgy demand, and electrica]. ‘energy

costs (1nc1ud1n3 plant capi.ul and £uel cycle). _

T [ i ot
z-,i‘—'-w-ﬂ‘x' H

The sensitivity. of benefits 'I‘:o> changes in a parameter provides an indication

of the exteat to which uncertainty plays a part in the perturbations
associated with this change, The following summarizes the sensitivity

of the parameters noted.

1. Breedef Introduciion Date

Thoﬁgh, for most‘Caaea, benefits result from savings in
energy costé.regardleaa of 1ts date of introduction into the commercial
market, these benefits are substantially affected by the date of
breeder introduction. For ;xample, examination of'Tablea 3 and 4
showa, for Groups 1 and 2, that a ten year delay in the current
date of breeder 1ntroductioﬁ will result in an increased 50-year
energy cost of $131 billion dollars (undiscounted) with rising
uranium costs (Group 1) and $54 billion (undiscounted) with constant
uranium costs (Group 2). Figures 1 and 2 show IMFER program un-
discounted and discounted benefits for differenmt LMFBR introduction
dates assuming constant fossil fuel costs,and a base energy demand

for both rising and constant uranium costs (Groups 1 and 2). The
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'Cesea 1.3b, 2.3b, and 5.3b (R&D Plan B.3) involving a two year delay
in the introduction of the breeder were extrapolated from computer
results for Cases 1.3-1.4; 2.3-2.4; ;ﬁd 5,3-5, 4; 1.e., years 1984
and 1990, Discounted groaa benefita for Group 1 Case 1.3b will be |
reduced to $7 4 billion aa compared to $9.1 billion for 1984 intro-
| duct&cm. Caee 1 3,or a net reduction of 81.7 billion, net benefits are
reduced from $6.6 billion to $4.8 billion and benefit/cost ratio is
reduced from 3.6 to 2,8. Of interest isrthe fact that the present
worth of the R&D costs is actually increased by 56.1 billion, {i.e.,
R&D costs are $2.6 billion for 1986 {ntroduction vs. $2.5 billion for

1984 introduction. Results of Cases 2.3b and 5.3b are shown in Table 3.

2, Uranium Cost
The effect of uranium cost 1s indicated by comparing

Cases 1.1 and 2.1 with Cases 1.3 and 2.3 in Table 3 for IMFBR
introduction in 1984, The only parameter changed from Group 1 to
Group 2wes the uranium cost. The discounted cumulative energy cost
‘increases by $10,3 billion over 50 years forlan economy without an
ILMFBR (Case 2.1 to Case 1.1) with an average increase of $12.60 per
pound of U30g, compared with a $3.5 billion increase for an economy
with an LMFBR (Case 2.3 to Case 1.3) and an average increase of

$2.50 per pound of U30g.

3. Fossil Fuel Costs

Increased discounted gross benefits for the breeder of
$6.1 billion ($15,2 billion less $9.1 billion) accrue with a 1984

LMFBR introduction, assuming rising fossil fuel and uranium costs

30




(Group 5 =.Case 5.3 in Table 3);!551compar§d-w£th constant foseil .-
fuel costa and rising uranium coats (Group 1 - Cana 1.3 in Table 3).:
The reauleing sanaitivity iu about a 7% chsnge 1n discounted gross
benefita for aach 0.1% per year 1ncreale in. foauil £uel costs, ! The -
atrikiug effacc of this sensitivity 1n 111ultra:ed by noting -that'
0.5 cent’ per ton per year 1ncraaae in the cqst~o£,coa1 (85 per-ton—1n¢
1970 as base) could resulé]infiﬂcreaaed dihéoﬁnt§6 benefits of about.
$600 million accruing over tha'SO-year period to.hn economy with a
breeder. The converse with decreasing fossil fuel costs would hold to

a lesser extent.

4., Electrical Energy Demand

The following table shows the projections used in the analysis for
the total electrical energy demand grewth rate perceﬁtagea and associated
doubling times for the demand, These projections were averaged for 1970-
2020 and in great measure do not reflect the decelerated rate growth

which occurs for the intermediate and low energy demands in the later

years,

Growth Rate Doubling Time
Projection % Per Year . = Years
High energy demand 6.5 . 10.9
Base energy demand 6.3 : 11.4 . . .
Intermediate energy demand 5.8 12.6
Low energy demand 4.8 - . 15.1
Historical Growth 7.0 10.0

31
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Baaed on. 984 H{FBR :I.ntroduct:lon and us:lng tho bau damnd doublins

Ly rg i SRR T TOREE St JH R e fr _.;’ 3% eaf’?':f@*f}:‘;,.t i A A

| 5. Energ COst (Capital and Fuel Cycla)

The total discounted energy costs are quite a(ena.'i".t;:lv.é f:o
changes in the IMFBR energy costs. The following IMFBR energy cost
breakdowm is provided as an *ﬁpproximate reference for a 1990 LMFBR:

- Mills/KWhr -
- Capital S e 3.2
Operation and Maintenance - : - 0,3
‘Fuel Cycle % : _ 0.6 . -
ToTAL 41

Figure 5 shows the diacounl;;ois 4b.ena££ts for an economy with an IMFBR
with rising uranium costs a;ld constant fossil fuel costs as a
function of the change in IMFBR energy cost. Over the range
investigated, ‘the benefits j.ncreﬁu about $1,6 billion for each

0.1 mill/kwhr decrease in energy cost, The sensitivity of capital
costs 1s such that a 1% decrease in capital cost will cause about
4% increase in discounted benefits. Because the fuel cycle cost

is a smaller absolute number, a 5% reduction in fuel cycle cost

is required to provide an equivalent 4% increase in discounted benefits.
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6. Uranium Requirements
Table 4 provides an indication of the substantial savings

in uranium to be gained from the early development of the breeder.
Assuning Group 1 parameters of vrising uranium costs, constant fossil
costs, and base electrical demands, the results shows a reduction

in 50-year U30g requivements of 1449 kilotons of U30g for an economy
‘with a 1984 breedey as compafed to an economy without an LMFBR

(Case 1.3 vs, Case 1.1), A 10.year delay or a 1994 introduction
of tﬁo breeder results in a reduction of only 750 kilotons of

0303 as compared to an economy with no LMFBR (Casé 1.5 vs. Case 1.1),
Assuming Group 2 constant uranium costs, constant fossil costs,

and base electrical demands, the results show a reduction in uranium
requirements of 3211 kilotons for the 1984 breeder introduction
date as compared to no LMFBR (Case 2,3 vs, Case 2.1). A 1l0wear
delay or a 1994 introduction of the breeder in this situation
results in a reduction in uranium requirements of only 136 kilotons

of Uy0g, as compared to no LMFBR (Case 2.5 vs. Case 2,1).

7. Separative Work Demand

The cost-benefit analysis provides no treatment of the
effect of the breeder on uranium separation capacity. Table 4 does
provide a quantitative set of mumbers for the separative work demand

for each of the cases listed. Considerable reductions {n separative
work demand can be effected by introducing the breeder. Separative

work demands are subject to changes in uranium cost as discussed

below:
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:(1)»*Aﬁﬁ£ncreaue in uranium=coata servec*to<reduce‘the-loparativeﬁi

work demand for' all caaes of LMFBR introduction.becauna i
Y R ey Bifes : slest gloagi L

o demand_decreasqa for.raactora using enriched u:gpium.

f g ll e {”,! i.“

_geparative work demand would peak ai: af)out 36 kllOtOBMS

VA Oy }pﬁ Srey o Too it a5 %l

- per year (Caae i 3).

(2) Aaauming conatant uranium coata, 'base enargy demand aﬁd’?’gﬂy

HE 3 iii(i ;"‘ ey §;$a¢ vptve ¢ Foige s I’"ﬁ [ L0
‘ delay to 1990 in tha 1atroduction of the LHEBR, ma imum a;p-

i . -.:.l‘ rftf?;f IS IR R GRS oS W
arative work demand ubuld be 123 kilotonnea per year (Case 2,4),
and for a 1984 introduction of the LMFBR--47 kilotonnes pcr': .

year (Case 2,3), . ono g

. .
st £ gy A R e T N | SRR

8. The Use of Varying Discount Rates and Sensitivity of "'’ '’

Benefits to Varying Discount Rates’ '+~

The Use of Varying Discount Rates .

o C - TR T

The basic purpoae underlying the vast and complex engineering
task 1nherent in succeasfully 1mp1ement1ng the LHTBR progr;ﬁ 13 to

i

1 .

develop a power source that can confer substgntial;pgngfits.upon,;hg,,

general well-being of the American public as well as the industrial -

.

et

community which forms the base for this well-being.

Yy el LI SR e [ L
P B i 1 TN .o s : PR

Factors to_bgncoﬁs#dere§ £nYQth%miﬁ;nglthagnged gprngfvgrnment“gponuorahip
are many and varied. They 1n§1ude the magnitude of the program which

may exceed industry's capability and resources, prospects for returns

far off in time, and wide‘disﬁafsionlbf prdgramlﬁeﬁefifs thrbugﬁout
society. Other factors have beén discussed in fhe Introduction,

the Summary, and under Other Considerations.
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- The: Incerdepar:mentel ‘Enexgy Study report, prepared by the Energy
'Study Group 1n 1964, "Energy R&D and National Progress," states that
,athe whole topic of choice of an appropriate Government discount rate,
particularlﬁ in reference to R&D, 18 an unresolved problem, involving
many viewpointe, aubtle ‘and controveraial issucs, and differing value
judgmente. ‘The report: .adds that the. determination (both qualitiative
end quantitative) of the dieoount rate that the Government might uge
18 a matter of continuing controverey emong profeeeionel economiete.

Testimony given in. 1967 and 1968 at hearings before the Subcommittee

on Economy 1n Government of the Joint Economic Committee brought out

a wide range of judgmente appliceble to this problem, and indicated that
much work lies ahead before reasonable objective criteria can be
established to serve as guidelines in the selection of discount rates
for application to Government programo.' A common understanding and
agreement on the conceptual basis for discounting must be achieved,
following which agreement must be reached on the method or methods for
calculating discount retee to be ueee..

In the Cost-Benefit-Analysis, benefits were calculated after taxes, R&D
costs were enumerated without reference to taxes and a discount rate
repreeenting the after-tax return for utilities was used. I1f one

- were performing the analyeis on a social account basis, as favored by
gome economists, one would calculate benefits and costs on a pre-tax
bagis and use a discount rate representing the pre-tax rate of return
of the relevant portion of the private sector.

The LMFBR program can be identified with the utility sector of the

U. S. economy, and the rate of return applicable to that sector has
been considered as the criterion rate for evaluation of public
investments in this area. The discount rates applicable to the electric
utility industry would most nearly comply with this criterion. While

it is doubtful, as stated, that the electric utility industry would
undertake a program of this magnitude, it is this sector of the economy
which will be in the money market to obtain funds with which to finance
capital investments, and it is in this sector in which benefits accruing
to the public good will be obtained.
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Proceedins on. thiefbaeie 5 our ena!.yeie ehom» that a discount:rate.

of 7% :le compatible wi.th and directly relatee to:the after l:ex coer. "
of money l:o the utilit:les, reflecting both debt: and. equity ftnenc:l.ng“beee

on the.following: Tt {,

. i o ."-<«,c- :" -
3 F‘ ;.!';

I’raetion of capital m bonda ',“0.52

LAY P I R3S P LPH b "” if @ TS Ay %,f%'é 3 B i: r‘.'li boet ‘.HM{, ,,{?.. ’“’2
Fraction of cepital in equity " 0,48 o

S ) PO T ST LT et BTN SR T NN N P TR )

Interest rate on bonde ' 4.23%

.- ; P i
! sty if fy ifl
1 FE R SN AT B RN (BN H

Earning rate on equity ' 10.00%

i' DA CELAGE G ' I ey ;

The actual average rate-of return for all electric utilities privately

owned in the U. 8. was 6,7% in 1964, 6,9% {n 1965, and was
estimated to be 6,9% for 1966. The actual average fraction of
capital in bonds for all electric utilities privately owned was
0.523 in 1966 and 0,515 in 1965 with fraction 1o equity « 0,477 and

0.485 respectively.

It 19 recognized that the coet of money hae 1ncreased since 1967,
when the eeeumptione noted above were made for a eystema analyeie .
study, Aeeuming a 10% return on equity and an increeae to 6% on
corporate bonds, and maintaining the same equity- to-bond ret:lo,

H
the cost of money would 1ncrease to 7 922 versus 7, 0% used in the

analysia. Since the aesumptione for the linear progreming analysis
were made in 1967 and, to maintain the time schedule for this analysis,
the 7% cost of money has been retained. Further, the 7% cost was

based on private investment, A mixture of private plus local, state,

regional, and Federal investments would more closely approximate the

7%, even today.,
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‘ onsitivify oﬂ'Bonefith to Vhrxing‘niacount Rate *ﬁwsﬁrf

Tha computoerodel minimizul tho ‘sum of all cash T,

‘5?:ompondituresjprosont-worthed at a rata of 7%}por year, 'The -t =
j'model was alao programmed to provide, from the 7% optimized solution,

‘the present worth of the botal energy cost 1970-2020 for discount
G e xz BB GHG U oL

ratea of 5, 10, and 12 5%.45The reaults of the computatlona with the

B0 v oprt s Dy A S

5, 7, 10 and 12.5% are gﬁen in Tables 5 through 8. Table 6 1s a

repeat of Table 3, ﬁow;oar, before diao;o;d;;\foa resultn given in

these tables, it is wz;tiwhile to consid;;itho;offect tho choice
:'ofidiocount~rate'can have over the 50-year period .consdered in this

study. Figure 6, Present Worth of $100 Spent Ten and Fifty Years in the

Future Versus the Discount Rate, indicates that an increase -from

5 to 12,5% in the discount rate results in a reduction of the present
worth by about a factor of 30 for expenditures 50 years in the future.
This large sensitivity of benefits from events in the distant future
as a function of discount rate becomes readily apparent in the results,
The effect of expenditures 10 yeara in the future on present worth,as
compared to 50 years in the future,ia clearly shown in Figure 6.

Tables 5 through 8 show that the maximum net discounted benefits range
from $38.7 billion for the 5% discount rate to net dollar lossea for

most of the 10 and 12,5% discount rota oasos.

40




e T TN

Q
B s+ i

13

o~
[ ]
-
-
Bl o
M —
-2
-
bae o
- 00
— P
haun \D
)
L | ]
S— o
) i i | '
o o o .
a g a & a ©

(sxel10d) Y3xoM udamaum‘

Discount Rate - %

41



TABLE 3
COST-BENEFIT ANALYSIS

COSTS, BENEFITS, AND PENEFIT/COST RATIO FOR BREEDER PROGRAM

UNDISCOUNTED
ASSUMPTIONS 8 BILLIONS DISCOUNTED TO 1970 @ 5%, § BILLIONS
(1) 2 { ()
_ NET BENEFIT TO
4 mzm: URANIUM | FOSSIL RMIRGY |ENERGY | oross| Eweroy [omoss | maD BENEFIT COST RATIV
No.| wo. ] CO3T yUEL DEMAND | COST [DZNEFIF COST [PENEFIT COST (2) = (3) (224 (D)
DATE COST
1 1.1 [None | Rising | Constant| Base 1539 | == 343.4 - “e e -
1.2 |1980 " " 1300 [ 239 |31s.8 | 27.6] 2.6 25,0 10.6
1.3 |198% " " " 1332 { 207 ] 321,64 { 22,0} 2,8 19.2 7.8
*1.3a]1984 " " " 1332 { 207 | 321.4 | 22.0] 3.6 18,4 6.1
1.3b]1986 " " " 1361 1 178 | 325.1 | 18.3 ] 3.0 15.3 6.1
1.4 1990 " " " 1419 | 120 | 332.6 | 10.8] 3.0 7.8 3.6
1.5 {1994 " " " 1463 | 76 |337.9 5.5 2.7 2.8 2.0
2 2.1 [Mone | $8/1b. | Constant n:u 1359 [ -- 320,9 .- - - .o
2.2 1980 LI " 1276 | 85 |31l.4 9.5 2.6 6.9 3.6
2.3 1984 " " " 1296 | 83 |318.0 5.9 | 2.8 2.1 2.1
*2,3a]1984 " " " 1296 | 63 | 315.0 5.9 | 36 2.3 1.6
2.3b{1986 " " : 111 | 48 | 316.6 4.3 1130 1.3 1.4
2.4 (1990 " " . 1341 } 18 |219.8 1.1} 3.0 (-1.9) 0.3
2.5 11994 » " 1350 9 |320,8 0.1 2.7 (-2.6) 0.4
Thtar-
3 | 3.1 |wone | Rising | constant] mediate | 1295 | .. l290.3 | -- | -- . .
3.2 {1984 " # " 1128 273.1 17,2 | 2.8 18.4 5.1
*3, 2211984 " " " 1128 iﬂ 273.1 l17.2 | 3.6 13,6 4,7
4 §.1 |None | Rising | Constant] Low 930 | .. 219,3 - - - -
4.2 11984 " " " 832 209.2 10,1 | 2.8 7.3 3.6
4,2a]1984 " " " 832 33 209.2 10,1 3.6 6.3 2.8
s | 5.1 |nooa | Ristng | isting | Base 1627 | == |360.9 - | . .
5.2 1980 " " " 1303 | 326 319,38 | 4111 2.6 3.5 15.8
J3-3 |1984 " " " 1339 | 288 |326.6 3.3 1 2.8 3.5 12,2
s.3a} 1984 " " " 1339 | 288 [326,6 [ 34.3 | 3.6 30.7 9.5
s.3b] 1986 " " " 1372 {255 {31.4 [29.5 13,0 6.5 9.8
5.5 [1990 " " " 1438 | 189 ]341.1 19.8 { 3.0 16.8 6.6
5.5 11594 " " " 1494 | 133 |3s9.2 11,7 | 2,7 9.0 4.3
6 6.1 [Mone | Rising | Constant]| High 1979 | -- 430,)3 - . - e -
6.2 1985 " " n 1693 | 286 |399.3 n.0| 2.8 28,2 11.0
#6,2a] 1984 " " " 1693 | 286 {399.3 31,0 3.6 21.4 8,6
7 7.1 {Mone | 48/1b. | Constant] High 1728 | -- 397.9% - “u - .
7.2 198 " " " 1640 | 84 |390.2 7.7 | 2.8 4.9 2.7
7,28 1984 " " " 1650 | 84 |390.2 7.7 ] 3.6 5,1 2.;
n pa:14 ) O3
8 8.1 jMone | $8/1b. | Constant| madiate | 1145 | -~ 273.1 - e .- -
8.2 {1984 " " " 1102 53 J263.1 5.0 | 2.8 2.2 i.7
| +s.2ef1088 ] » " " 1102 | 53 J268.1 | 3.0 ] 36 1.4 1.3

o

Example: Coluwm 2 derivation for Case 1,2’[Column (1) Case 1.1 - Column (1) Case 1.2] =[343.4 - 3135.8) = 27.6
* Parallel bracder cases.
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TABLE &
COST-BENEVIT ANALYS1S
COSTS, BENEFITS, AID BENEFIT/COST RATIO FOR BREEDER PROGRAH

ASSUMPTIONS ‘?;";f."u"z”m"‘g" DISCOUNTED TO 1970 @ 7%, 8 BILLIONS
M | @1 m
NET BENEFIT TO
EROUH CASE EMPBR | URANIUM | voss1L ENERGY |ENXRGY| GROSS| EnemoY |oross | rab BENEFIT | COST RATIO
No.l Mo, fNTRO| COsT FUEL DEMAND | COST [BENEFIY COST [sewErFI? COST | (2) - (3) )+
DATE cost
1 1.1 [Mona | Rising | Constant]| Base 1339 | -- 214.7 - “e- - -
1.2 {1980 " " " 1300 | 239 | 202.7 12,0 2.4 9,6 5.9
1.3 [1984 " " " 1332 ] 207 | 208,68 9.1 2.5 6.6 3.6
*1.3a{1984 " " " 1332 | 207 | 205.6 9. 1| 3.2 5.9 2.8
1,36]1986 " " " 1361 ] 178 | 207.3 7.4 2.6 4.8 2.8
1.4 |1990 " " :' 1419 | 120 ] 210.,7 4,0] 2.6 1.4 1.5,
1.5 {1994 " " ' 1463 76 | 212.9 1.8} 2.2 (-0.4) 0.8
2 2.1 fMone | 38/1b. | Constant| Base 1359 | =-- 204,4 -- - - -
2.2 |1980 " " v ] 1276 851 200,2 | %2 | 2,4 1.8 1.8
2.3 |1985 " " " 1296 63| 202,1 | 2.3 | 2.5 (-0.2) 0.9
*2,38[1984 " " " 1296 631 202,1 | 2.3 3.2 (-0.9) 0.7
2.35{1936 " " " 1311 48 | 202.8 1.6 2,6 (-1.0) 0.6
2.4 1990 " " " 1341 18 | 204.2 | 0.2 2.6 (+2.4, 0.t
2.5 |1994 " " " 1150 9| 204.6 K-0.2)f 2.2 (-2.4) -0.1
mtér-
3 3.1 |Nons Rising | Constant{ mediate 12958 - 181.9 - - - -
3.2 |1984 " " " 1128 167 { 175.0 6.9 2.5 A 2.8
+3.2a|1984 " " " 128 67§ 1350 | 69 | 3.2 3.7 2.2
4 4.1 INone | Rieing | Constant| Low 930 | == 140.3 - .- - -
4.2 1984 " " " 832 98 136.3 4,0 2.5 t.s 1.6
*5,2a11984 " b " 832 98 136.3 4,0 3.2 0.8 1.3
5 5.1 [None | Rising Rising Base 1627 - 224,8 .- - - --
5.2 |1980 " " " 1303 | 324 | 205.9 18.91 2.4 16.5 7.9.
5.3 {1984 " " " 1339 { 288 | 209.6 13.2] 2.3 12,7 6.1°
*5,.3a] 1984 " " # 1339 | 288 | 209.6 15.2 | 3.2 12.0 4.8
5.3611936 " " " 1372 ¢ 255 | 211,9 12.9] 2.6 10.3 5,0
$.4 [1990 " " " 1438 | 189 | 216.6 8.21 2.6 5.6 3.2
5.5 [1994 " " " 1494 | 133 © 220.5% 4,31 2,2 2.1 2,6
6 6.1 [None | Rising | Constant| High 1979 | .. 265.9 .- .. - -
6.2 {1984 " " " 1693 | 286 | 293.0 12,91 2.5 10.4 5.2
*6,2a] 1984 " " " 1693 1 286 1 2%3.0 12,9 3.2 9.7 4,0
7 7.1 [None | $8/1b. | Constant| High 1726 | -- | 251.0 - - -- .
7.2 | 1984 " " " 1640 84 | 248.0 .ol 2.5 0.5 1.2
»7.2ef1984 | " " 1640 | 84 | 248.0 | 5 41 3.2 (-0.2) 0.9
nier-
8 8.1 [None | 38/1b, | Constaot] mediste ] 1155 | -- 174.0 .- -- . .-
8.2 | 1984 " " " 1102 53 { 172.2 1.8 2.3 (-0.7) 0.
%8,2a019846 |. " " 1102 53 {172,2 1.8 ] 3.2 (-1.4) 0.6

Example: Coluem 2 derivation for Case 1,2 [Column' (1) Case 1.1 - Column (1) Case 1,2) =[214.7 - 202,7) = 12.0
* Parsllel breeder cases
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TABLE 7

COST-BENEFIT ANALYS1S
COSTS, BENEFITS, AND BENEPIT/COST RATIO FOR BREEDER PROGRAM

ASSUHPTIONS “;"’:ﬁg,"“m‘:” DYSCOUNTED TO 1970 @ 10%, § BILLIONS
[§Y) (2 | (3)

171 BDNRYIT TO
rOUH w:tr‘: URANIUM| FOSSIL INERCY |ENERGY ] GROSS| ENERGY [GROSS | RSD BENEFIT COST RATTD
No.| Mo. | cost UL pmHAND | cosT pmwzrip cosr "mm-- cosr| (2) - (3 (2) + (3

DATE COST

1 1.1 Rising ] Constsnt] Base 1339 | = 120,3 -e .- == --
1.2 [1980 " " " 1300 | 239 |116.9 3.4 | 2.1 1.3 1.6
1.3 1984 " " " 1332 | 207 Hs* 2.2 2.2 0.0 1.0
*1,3a]1984 " " " 1332 | 207 . 2.2 1 2.6 (-0,5) 0.8
1.35]1986 " " " 1361 1178 j118.6 1.7 2.2 (-0.3) 0.7
1.4 [19950 " " " 1419 {120 [119,6 0.7 | 2.1 (-1.4) 0.3
1.5 1994 " " " 1463 | 76 |120.2 0.1 | 1.6 (-0.5) 0.1

2 2.1 isone | $8/1b. | Constant| Bass 1359 | .. 17.1 - - - -
2.2 {1980 " " » 1276 | 8s |115.9 1.2 | 21 (-0.9) 0.5
2.3 1984 " " " 1296 | 63 |116.6 0.5 | 2.2 (-1.7) 0.2
#2.3a[1984 » " " 1296 | 63 [116.6 0.5 | 2.6 (-2.1) 0.2
2.35]1986 " » " 1311 | 48 [116.8 0.3 | 2.2 (-1.9) 0.1
2.4 1990 " " " 1341 | 18 j117.3 [e0.2) ]| 242 (-2.3) {-0.1)
2.5 |1994 " " " 1330 9 Juns je0.8)| 1.6 (-2.9) (-0.2)

=~ Tatex-

3 2.1 [noae | Rieing | Constant ..d‘g.u! 1293 | -~ 102.3° | -~ .= - .
3.2 (1984 " » ' 1128 | 167 ]100.8 1.5 | 2.2 (-0.7) 0.6
*3,.2s] 1984 " " " 1128 | 167 [100.8 1,3 2.6 (-1.1) )

4 4.1 [wona | Rteing | Constant} Low 930 | == 81,3 we . e e
4,2 1984 " " " 832 98 80.4 0.9 2,2 -1.% 0.4
*4,2a|1984 "o " " 832 | 98 | 80.4 0.9 | 2.6 (-1.7) 0.3

s | 5.1 Incne | misteg | Rising | Dase | 1627 | .- ]123.2 e | - - o
s.2 |1980 " " " 1303 | 324 |119.2 6.0 | 2.1 3.9 2.8
5.3 [1984 " ® " 1339 }288 [120,8 5.4 | 2.2 2.2 2.0
*3.3a]1984 " " " 1339 (288 }120,8 4.4 1 2.6 1.8 1.6
3.3b| 1986 " " " 1372 | 255 [121.6 3,6 | 2.2 1.4 1.6
5.4 (1990 " " " 15638 | 189 [123.2 2,0 | 2.1 (-0.1) 0.9
5.8 {1994 » " * 1496 | 133 {124.4 0.8 | 1.6 (-0.8) 0.5

6 6.1 |None | Rising | Conetant| High 1579 | -- 146.6 - -e - .
6.2 11984 " " " 1693 | 286 [143.4 3.2 2.2 1.0 1.4
#6,2a] 1984 " " " 1693 | 286 [143.4 3,2 | 2.6 0.6 1,2

7 7.1 [Mone | $8/1b. | Constant] High 1724 {.. 141,8 - - - -
7.2 [ 1984 " " " 1040 32 141.3 0.5 | 2.2 (1.» 0.2
*9.2a] 1584 " " " 1640 151.3 0.5 2,6 {-2.1) 0.2

Inter

s | 8.1 [None | $8/15, | Constant s 11188 | -- 99.9 - - - -
g.2 |08 ¥ o medpatd | | s |esis o | 2.2 (-1.8) 0.1
»8,2al 1984 " " » 1102 33 99.3 0.4 2.6 (-2.2) 0.1

Exaasle: Column 2 dexivation for Cass 1.2% {Column (1) Cass 1.1 - Column (1) Case 1.2] = [120.3 - 116.9] = 3.4

* Parallel bresder cases.
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TABLE 8
COIT-UENEFIT ANALYSIS

COSTS, BENEFITS, AND BENEPIT/COST RATIO FUR BREEDER PROGRAM
UNDISCOUNTED DISCOUNTED TO 1970 @ 12.5%, § BILLIONS

ASSUNPTIONS § BILLIONS
(1) () I (»
NET BEMEFIT TO
FROUH CASE LHYFB.. | URANIUM| FoSS1L DIERGY [EINERGY | orogs] Ewemoy {oross | map BENEYIT COBT RMATIO
No.{ Wo. rwrno. COoST FUEL DEMAND | COST IDENEPIF COBT hmum" cosT| (2) - (I) () = (B
DATE COST

| 1.1 [Nona | Rising | Constant| Base 1539 | -- 8L.9 - - .- .o
1.2 1980 " " " 1300 | 239 80.9 1.0 2,0 (-1.0) 0.5
1.3 [1984 " " " 1332 | 207 81.8 3'2 1.9 (-1.5 0,2
*lo;‘ 19“ e " " 1332 201 al's * 2-3 ("109 002
1.3b|1986 " " " 1361 {178 81,6 0.31 1,9 {-1.6) 0.1
1.4 {1990 4 " " 1419 | 120 81.9 0.0] 1.8 (-1.8) 0.0
1.5 1994 " " " 14631 76 82.8 |¢-0.9)] 1.3 (2.2 (-0.7)

2 2.1 [Rone ”,lb. Constant Baase 1359 - 80.7 - - - —
2.2 |1980 " " " 1276 | s 80,3 0.6] 2.0 (+1.6) 0.2
2.3 {1984 " " " 1296 23 80,7 o0l 1.9 (-1.9) 0.0
*2.3s|1984 " " " 1296 80,7 0.0] 2.3 (-2.3) 0.0
2,3b}1986 " " " 1311 ] 48 80.8 j(-0.1)} 1.9 {-2.0) {-0.1)
2.4 |1990 " " . 1341 | 18 8.1 |¢-0,4)] 1.8 (-2.2) (-0.2)
2.3 {1994 " " ! 1350 9 8l.1 1¢.0,4)] 1.3 (-1,7) (-0.3)

Tnter,

3 1.1 [None | Rising | Constant ,,.31:“ 1298 1 .. 9.8 - - e -
3.2 {1984 " " " 1128 m 69.7 0.1 1.9 (-1.8) 0.1
«3,2a| 1985 " " " 1128 69.7 0.1] 2.3 (-2.2) 0.0

4 4.1 f[None | Riefng | Constant L?w 910 | .. 6,7 o .- e -
4.2 11984 " i’ ,: 832 | g8 56.6 0.1 1.9 (-1.8) 0.1
«4.2a]1984 " " 832 98 56.6 o.1} 2.3 {-2.2) 0.0

5 3.1 {None ]| Rising Rising Base 1627 | -- 84.8 e - .- --
5.2 f1980 " " " 1303 | 324 82,5 2.3] 2.0 0.3 1.2
5.3 [1984 " " " 1339 | 288 8.4 1.6 1.9 (-0.5} 0,7
*5%,3411984 1] " L] 1339 288 8l.4 1.4 2.3 (.0.9) 0.6
5.3b}1586 " " “ 1372 {255 83.6 .2 s (-0.7) 0.6
5.4 11990 " " " 1438 | 189 84.4 0.4] 1.8 (-1.4) 0.2
5.5 [1994 " " " 1494 | 133 8.8 0.0] 1.3 (-1.3) 0.0

6 6.1 [None | Rising | Constant] High 1979 | -~ 98.7 . e o .
6.2 11984 " " " 1693 | 286 97.9 0.8 1.9 (-1.1) 0.4
*6,2a] 1984 " " " 1693 | 286 97.9 0.8] 2.3 (-1,5) 0.3

7 7.1 |Nona | 38/1b, | Constant| High 1724 | -- 96.9 -- -- . --
7.2 11984 " " " 1640 | 84 96,8 0.1 1.9 (-1.8) 0.1
*7.2s{ 1984 " " " 1640 ] 84 96.8 0.1 2.3 -2,2) 0.0

Iﬂiw—

8 | 8.1 |Nous | $8/1b. | Constant| mediate | 1945 |-- £5.0 - - . -
8.2 {1984 " " " 1102 { 5 68.9 0.1 1.9 {-1.8) 0.1
»B.2af 1984 " " " 1102 | 53 68.9 0.1 2.3 (-2,2) 0.0

Example: Column 2 derivation for Case 1.2![Column (1) Cave 1.1 « Column (1) Case 1.2] = [81,9 - BO.9] = 1.0

* Parallel bresder cases,
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5 ;f.-;_:__"rabla 5, for tho 5% ducount ra hbi‘u'__‘n net benefit obt:incd

i

q Wtho current: prosrmi'wi.th? a 1984 'LHFBR 1ntroduction. tha mt
bcnoﬁ.u are 319.2 bnnon and baneﬂtlcou ratio is 7.8. For

ﬂ'rilins fouil ccltn,5 beneﬁ.tlcoat ratioa are as high as 15.8.

& L
i' ’

mz.' 6 for the 7% d:lucount rate, which rate 1s the reference rate
used for discussion . :I.n thu rcport, begins to show some degradation
in tho benefit/cost ratio, but for urly introduction ot the breeder
(1984 or 1980), still shows ratios substantially above one for 9 out
of the 11 cases studied,

Table 7, for the 10% discount rate shows seven cases where there is

a net discounted benefit, with benefit/cost ratios varying from 2.8

to 1,2 for these cases. GCroup 1 net discmunted benefit of $1.3

billion is obtaimd‘ for the 1980 breeder introduction and, for

Group 5 net benefits of $3.9 billion and $2.” billion are obtained

for the 1980 and 1984 breeder introduction,respectively,with benefit/cost
ratios of 2.8 and 2,0, respectively. Group 6, Case 6.2, for 1984
introduction, shows a net discounted benefit of $1.0 billion and a

benefit/cost ratio of 1.4,
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hbhl 8 for the lz.si'dhcmt rate,contains no instances whers
.thon 1s:a net bmut". ~The Group l,cau 1.3,benefit/cost ratio for
tho curnnt pmgrm (1984 mmn) falls to. 0.2,

COncluuons ruclud fron tho retultl o! varyins the discount rates are:

(1) Adiucmt uta ot 52 ruulu t.n hr;o bmﬂt/cou
rat:l.oo 1n26 of 28 cuu unimd

(2) Even with ducount rates of 101. benefit/cost ratios of 1.6
are obtained for a 1980 introduction of the breeder and

reasonable assumptions of rising uranium costs, constant

fossil fuel costs, and base energy demand., Benefit ratios
greater than 1.0 are obtained for assunptions of early
introduction of the breeder, rising uranium costs, rising
fossil fusl costs, and base energy demand (Croup 3), and
for early introduction of the breeder, rising uranium
costs, constant fossil fuel costs, and high energy demand
(Group 6).

(3) Discount rates of 12.5% result in benefit/cost ratios below

one for all but one case.

3.3.6 Electrical Geuerating Capacity
Tables 9 and 10 are indicative of the electrical generating

capacity allocations between foessil, LWR, HIGR, and LMFBR systems
determined in this analysis for two of the base reference cases,
Case 1.3 and Case 1.4, in Tables 3 and 4, Also, they are indicative
of (1) the trend for HTGR penetration, (2) the trend for the LWR
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TABLE 9

L Y

COST-BENEPIT ANALYSIS

GENERATING CAPACITY BUILT gmzn OF 1000 MWE PLANTS)
CASES 1.1 AND 1.3 HTGR IN 1980, RISING ORANIUM PRICES
m—m—l_—--h-—.—.m—_“

CONSTANT FOSSIL FUEL COSTS, BASE ENERGY DEMAND
W

YEAR .'Cau 1.1 (w/o LMFBR) Case 1,3 (W/IMFBR Intro. 1984) ’ TOTAL
Fossil | ILWR | HTGR Fossil | IWR | HTGR | LMPBR
1970-79 120 | 84 8 91 | 121 - - 212
1980-89 190 | 36}] 159 136 64 | 136 49 385
1990-99 260 | 15| 343 165 - - 453 618
2000-09 428 | 12| s15 168 54 - 733 955
2010-19 687 1| 706 - - 25 | 1,369 1,3%
Total 1,685 | 148 | 1,731 560 | 239 | 161)2,606 | 3,564%

* The total of 3564 should be reduced by the initial plants whose
30 year 1life has expired before 2020, to obtain operating capacity
in 2020 of about 3000 GW(e).

TABLE 10
COST-BENEFIT ANALYSIS
GENERATING CAPACITY BUILT (NUMBER OF 1000 MWE PLANTS) -~ CASE 1.4

JASE _CASE FOR LMFBR INTROUDCED IN 1990, HTGR IN 1980, RISING URANIUM PRICES,
CONSTANT FOSSIL FUEL COSTS, BASE ENERGY DEMAND

Year I Fosafl | IWR I HIGR | LMFBR TOTAL I
1970-79 | 117 95 - - 212
1980-891 142 72 m § - 385
1990-99}] 207 98 63 250 618
2000-09] 328 - 54 573 953
2010-19| 110 13 25 ) 1,136 | 1,394
Total 904 338 363 | 1,959 | 3,564*

*See note for Table 9.
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3.3.7 Discussion of Assumptions

Fuel Cycle Costs

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

measurably increase benefits,

Energy Demand
Though the validity of any of the electrical demand projections may

be at issue, there is little question that electricity penetration of the
energy market is increasing at the expense of other forms of direct energy
use. The differential cost of producing energy which has been displaced
should appropriately be credited if the additional penetration is due

to decreased costs of a new form of energy such as that from an LMFBR.

This was not done in this analysis.

Termination of Analysis
The arbitrary termination of the analysis at the point of high

slope in kilowatt-hour additions has been too conservative. Further,
benefits from plante operating in year 2020 which have continuing
lives of up to 30 years are not adequately accounted for. A more

realistic model needs to be developed.

Advanced Converter

The assumption of advanced converter development program success,
followed by a large scale introduction of the advanced converter, leads

to large scale installations of the advanced converter, and substantially
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affects LMFBR b‘_n‘.:f’-tio SR Eoe AP S T EAP S
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;‘_;tn 'flows to tho sovemninta. Conudarat:lons ot auch £lows. should
 be accounted for 1n futuro analya.\_

Uranium COItl e

A uranium cost schedule Antermediate between the constant
$8/1b uranium coﬂ:‘ and .thc uraniu:_n‘c‘ou schedule based on the AEC
cost projections (half-way between $8/1b and Table 13 8chedule)
vas studied to further determine the sensitivity of benefits to -
uranium cogt, One group included cases with constant fossil fuel
costs, a base energy demand, a non-breeder base case with LWR and

HIGR, and cases with 1980, 1984, 1990 and 1994 IMFBR introduction,

The intermediate Uranium cost schadule (wvith advanced converters)
results in small changes in benefits as compared to cases using

Table 13 uranium costs.
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LMFBR 1994
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4.0 OTHER CONSIDERATIONS .

Although the results of the cont-bonaﬁ.t mlyou clearly support the
development of the breodor in accordanco with thn currcnt planning
schedule, it is ¢v£dent that the ranultl of qunntifinblc cconunic
analysis are only one olenant to bo conlidered 1n d.tcrnining ths
values of such devalomnnl effortn. An ducribed 1n tho 1962 Roport
to the President and its 1967 Supplemant, nuclear powor, in addition
to the benefits resulting from lower cost power, has a number of other
advantages of tremendous importance and potentia_l from a near term
and long term standpoint, both here in the United suteq and throughout
the rest of the world, Numbers camnot be assigned to intangibles,
and judgment values in many cases have to predominate. Major benefits
in many cases are not readily susceptible to measurement, but
in terms of national objectives are of substantial consequence.
For example, the success of the breeder program would, in the nﬁt too
distant future, provide:

(1) access to virtually limitless sources of slectricity at a low

cost; |
(2) an emple supply of electricity to areas which have been denied
low cost power because of distance from fossil fuel sources or
hydro resources;
(3) virtual elimination of air pollution from nuclear fueled electrical

power plants;
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t@@a@Tﬁésagcdhn1derations;haye-long bean.re663n1zed as the basis

,fo:'aupﬁo:t of the breeder program. - Appendix A provides a
.. .galection of significant statement which have been made over
the years highlighting the national importance of developing

the breeder reactor..

! § .‘ o
4,1 Need fbr Electricat Energz

The availability of energyand, in particulat;low cost energy,

| holds the key to obtaining aignificant jmprovements in the
standard of living in developing areas ani to auataining the
pléﬁﬁed growth of the more highly‘industrialized areas. With
the pasaaga of tima, the demand for electricity, a most useful

| and veraatile form of energy, has been srowing rapidly. The
total U. S. electric generating capacity, which amounted to
267,000 Mie at the end of 1967, is expected to grow to 523,000 Mdie
iﬁ 1§86,and to about.1,600,000 MWQ in 2000, based on the base

projection of electrical energy demand used in this analysis.
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The electric utility industry of this country is increasingly
using large-scale nuclear power plants to meet the demands for
electricity. - This decision to rely on nuclear power,hea-been made
in large measure as e-reeult of substantial: Government encourage~
ment endécuppcrt.-fTbefprelent comnitment to nuclear power is.
based almosr exclusively on the use of ught water reactor

3 v
whicb now utilize leu than 1% of the energy potentiel of mturel

¢

urani.tnn. 'l'he large demand £or urenium wbich will reeult from

‘t:he lerge-ecele use of the ught: water reactor mekeo neceuary

.'mc ) H T

the development cf. the advanced reactora » particularly the breeder

reactors, and thei.r timely 1ntroduction 1nto the utility enviromnent.

Large-Scale Commitments to R&D Program

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

nuclear fuels.

The nuclear community is actively involved in conducting the R&D
for the breeder progrem. A number of major fecilities are in i
operation, being built, or are in the planning stage. In addition
to the AEC sponsored work substantial investments have been
comnitted to the LMFBR program by the nuclear industry and
utilities in terms of funds, manpower, and facilities. The.
determination of the AEC to ‘carry the LMFBR forward on a national
basis, along with the strong economic incentives, have been key

factors in obtaining commitments and participation by industry
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endf@tlie?-utilitiee -in this R&D program, : Ths nuclear community,
including the laboratories;industry andithe utilities, have

it r:;?*ectively participated in the: development and preparation of

5 the' umn Prosrmfl’hne, WASH 1101 through 1110, These plans

4.3

‘set forth the‘ course of action for achieving the IMFBR objective.

FEEnY rf p

‘ nduetriel end Utiligz Lommitmente

?;f L S

In eddition to the AEc-funded and-directed program, the reactor

rwr i.‘{; L2 f.; :-i B

nanufacturere end nuclear oriented utilities have publicly amwunced
t;:atthe; ;~“ proceeding with privetely financed studies and
broad technologicel development programs complementary to the
AEC-sponsored efforts. ' The reactor manufacturers are annually
investing a total of more than $20 million., Statements regarding
the corporate commitments of major reactor manufacturers to

fast breeder reactor development are presented in Appendix B.

In addition to this, approximately 50 of the leading electrical
utility companies are participating financially and technically
in one or more of the reactor manufacturer-sponsored programs.

In the spring of 1968, the annual level of utility effort was
eetimeted to be about $6 million, excluding the continuing commit-

ments to Fermi and SEFOR, Utility commitments are summarized in

Appendix C.

Experience has ehomi that the successful power reactor
concepts are those in which there has been strong industrial

participation and utility involvement during the developmental
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pericd,  The ultimate objective 1s the ostablishment, at an early
date, of a self-sufficient and competitive IMFBR nuclear power
industry which can provide the commercial breeder needed in our
economy, - Steps to achieve this objectivo have been taken, and
conudorablo .prograu has been achisved.

4.4 Co_ng. lgg o!.' Brudar t:o I.HR cOmitmnto

The oarly mtroduction o! tho breodor w:lll provide significant
reduction :l.n tho :lons ransa raquiremnt for enriched uranium

and, in the case of the fast breeders, provide optimm utilization
of the plutonium that will be produced 1n the light water reactors.
(The AEC estimate of the plutonium contained in irradisteéd fuel
after final discharge from 1ight water reactors in the U. 8.
through 1980 1s more than 100,000 Kg*.)

The strong economic, technical, and industrial coupling charactaeristic
of the light water and fast breeder reactors employing the uranium .
238-p1utorﬂ.um fuel cycle' is important to establishing the flexible
transition to a fast breeder dominant complex. The industrial

and utility support for the LMFBR reinforces this conclusion.

*Reference, U.S.A.E.C. "Forecast of Growth of Nuclear Power', WASH-1084
December 1967, where the estimate was approximately 127,000 Xg,
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__,.added diffueion plant cepecity, :u:e ultimate use in large

_:amounte is to fuel the faat breeder. m high per.omance faet

"breeder will produce an exceee of plutonium, thereby reducins

4.6

"* sin h Yign o

'uranium ore requiranents and separeti.ve work required by the

m'e end other uranim-consuming reectore, to a minimal amount,

Fuel Cycle

Substantial private investments have been made and industrial
competence developed with respect to the fabrication of mixed
oxide plutonium bearing fuel elements in this country for
recycle of this fuel in the LWR,as well as for eventual

use in the LMFBR., This capability over the next ten years

can be increased by providing fuel for plutonium recycle in the
LWR, for the Fﬂ?, and for LMFBR demonstration plants. Thus,
the required fuel cycle capabilities should be well established
when the LMFBR is introduced on a commercial basis in the 1980's.
There is little question that the industrial experience with the
1light water reactor fuel cycle will be of great importance in

establishing an LMFBR fuel cycle industry.
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4.8

A number of countries, including France, Germany, ltaly,

Japan, the USSR, and the United Kingdom, have established a high
priority for the development of the fast breeder reactor as a
matter of national policy. FEach of these countries has committed
substantial resources toward achieving this goal. 1t is
estimated that these countries, excluding the USSR, are spending
over $150 million per year on fast breeder R&D programs,

Appendix D summarizes the major foreign fast breeder reactor
programs and considers the implications of these programs on

the economy and technological posture of the U. S.

World Market

The development of a commercial LMFBR by United States industry can
have a beneficial impact on the United States balance of payments
position. Though the country which is first able to produce an
economic and reliable fast breeder reactor may occupy a strong
pogition from the standpoint of initially capitalizing on the
available worldwide market for breeder reactors, the domination

of a foreign market will depend on many other factors. These
include price structure, simplicity of plant operation and maintenance,
and reactor characteristics. Several West European countries

are planning to introduce a fast breeder reactor into the commercial
enviromment in the late 1970's and early 1980's. The U. S. is
planning to ocommence LMFBR operation in the early 1980's,
Substantial sales of both LWR's and breeders will be gained

by the U, S. - both for the near and far term - if the current

programs are guccessfully achieved. See Appendix D for further details.
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technolosy.ﬁ- :

9. 'rcclmolggical Leaderahig _ L
hx" U, 8. offortl mm: be continued in order to maintain the technological

_:,_-..worlcl leaderlhip which the . U. 8. hu achieved in the development of

' "I‘ha U, 8. achievad this leadership role in the 1940's
thq" ruul.e of. an agsrouive poli.cy 1n purluing nucloar )

kP

Strons cooparativo mhange agremnta with a nunber of

foreign countries hm been buod on this leadersh:lp, and the

reputation of. tho U. 8. | 1n many of the nations 1a 1n no mll

4,10

IR

measure dua 59 1ta comanding posit:lon :l.n advancing t.he uses of

the atom for peacafdl purposeo. 'I‘he U. s. reaolva to apply nuclear

energy to peaceful applications was ﬁrot emmciated by President

Truman and. has been reitarated by each succeedins President, Strengthening
of the IMFBR program will enhance the posture of the United States.

There is little question that the USSR would exploit any failure

on the part of the U, 8., to maintain its leadership in this fiaeld.

To appreciate this, one need only have witnessed the aggressive

program prasented by the USSR at the World Power Conference held

in Moscow in August 1968 with regard to its position in the area

of peaceful application of the atom to nuclear power,

Electricity and Other Processes

Whereas the most readily quantifiable benefit from the breeder
program will be the reduction in cost of electricity in mills per
kilowatt hour and of heat in cents per million Btu, the indirect
benefits of cheaper energy are extremely far reaching. A small

incremental savings in the cost of energy will open up new horizons
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5.0 MAJOR ASSUMPTIONS USED IN THE COST-BENEFIT ANALYSIS

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

interest.

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

internal cost of money, 7%, changed in the analysis.
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_f per year £or .the next two yeare, | 16 - 1000 HWe plants per yeer .

ffor the third two years, and economice dictating thereafter.
The ratee‘aeeumed are compatible with the capability of 3 to §'

)“fehctoi’meﬁﬁfaétﬁfefe'td’initielly“dehieve‘thede"rates{

et b e g el i b,

5.3 Cagital Coste of Plant

The capital coste utilized in the model for the LMFBR cost benefite
study are shown in Figure 8. These are estimated 1970 costs,
averaged for the U. s. and they reflect, to the extent possible,
the fellowingffactore: N

8. iefgeeéed cost oi;meney. |
b. Inflation in ceet;ofkpaterials and labor to 1970,
e.__Experiente:with pla;te constructed to)dete and on order,
d. ?hejefgects of p:pjected’cost reductions,

AR P

e, Effects of mode of construction (shop versus field, improve-
s ‘ments’ in engineering and utilization of facilitiea), and
related quality agsurance practices,

£. Contingency allowance,

These costs represent data available in the fall of 1968, All of the
data had,as yet, not reflected Items a, b, and f. It 1s expected that

complete factual data would increase the estimated costs,
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3.4

5.5

Mass Balance and Reactor Performance

The mass balance of each reactor was based on reactor performance
numbers shown in Table 11. Two sets of values were assumed for
the nmg, one for the initial introduction of the LMFBR and a
second for advanced IMFBR's. The reactors inbroduced in

tlm‘i first 6 years woré assumed to maintain low specific power and
iégh apedific inventory for the 30 years of 1ife. In practice,

advanced cores would replace the earlier cores.

'{h;'ep of the several types of light water reactors used in the
#nalysis are shown in Table 11, representing (1) LWR with only
enriched uranium feed, (2) LWR enriched with only plutonium
feed for first 4 years, then enriched with uranium-235, and

(3) LWR enriched with only plutonium feed for first 10 years,
uranium-235 thereafter, This simplified method was used in the

computer runs to represent non-recycle and recycle LWR's.

Fuel Cycle Costs

The systems analysis model utilized unit costs of fuel fabrication,
chemical preparation, conversion, and chemicallreprocessing which
have been computed based on fuel mass flows for tﬁe entire life of
each reactor considered. The code used is applicable to reactor
systemsrin which the number of reactors installed is changing

with time, and in which several different kinds of reactors are
used, Based on assumptions developed by the AEC Fuel Recycle

and Systems Analyses Task Forces, representative results are shown

in Table 12.
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5.6 Fossil Fuel Costs f1oagar
o 'ron yographical :osionn of the v. 8. ‘wexe selected in which

3.7

e fon:ll fuel colu nnzo tron 16 3 to_ ‘31 8 cents per million BTU
l bmed,or .bou 1.6 to 3.46 aillah'pcr Khr. These costs

ttn 311 sroupa conli.dorod except for

| G:oup 3 for. ldu.ch*’coat i.ncrouu o! 1% per year were assumed,

Uranium Costs™ ' % SRR PR A

Uranium costs were assumed to be rising for 5 of the 8 groups
considered (ses Table 1) in accordance with a uMulo shown in
Table 13. This table was developed, for computer purposes,

from the AEC Uranium Reserve estimates shown in Table 14. For
Groups 2, 7, and 8 (Table 1), the uranium cost was assumed to

be constant at $8 per pound U30g. Future uranium discoveries
will probably result in an intermediate cost, more closely approxi-
mating the rising than the constant cost assumption, The analysis
did include some consideration of intomduto costs, as discussed
in this report, The analysis further gumd that there was no
import or export of fissile or fertile material.
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s TABLE 14 14
osr-nm'r Y518

.
?

;i"ﬁ 8, AEC URANT %iSOUﬁcBS
o | (BAs1s POR _mm 13)

{Cost per 1b,

_of U30g | 48 or less | 8 to 1 $50 t0 100 [ Total |’
Assured 162 - 5,000 6,000 | 11,660
Estimated #* | | _ f- T 275! %,
Additional 280jff‘ 350 3,000 9,000 | 13,270

5.8 Basi Date foé Analysis and Cut-off Dates EZ” g g L 5
Nuclear pouai plants will not go into com;arcial operaéidn in f
sizeable mmbers until 1970, which was aalected as the initial ’

year of this anatysis and,alao,as tha base year fbr which all

present worth costs of all future expenditures were datermined.

The period from 1970 to 2020 was selected as the period over

which the cost benefits are obtained,

5.9 Electrical Demand

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

*  before 1970,

* Defined as the quantity of uranium, expressed as U404, in all known ore deposits
for which the uranium content and other factors, sucR as size, depth, and
metallurgical characteristics, are sufficiently well defined that the cost of

production can be estimated on the basis of presently known mining and processing
technology.

%4 Defined as that quantity of uranium presumed to occur in unexplored extensions of
known deposits and in known uranium-producing areas, or in areas of similar
geologic favorability, which it is expected can be exploited at the coats specified
in each price range.
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4} Year c Low G Intermiedi.a_ta"

|

N
an
i£d P
i

}

i

50 .. |2 so.. | 1

1980* 1,377 ERAU0 By 1 IR .2 ;000 412,330

oty

2000 | 5070 | V6,800 7" | 78,000 " | 10,000

2000 | 10,870 | ‘15,725 | 18,500 | 24,210|

*output of plants operating prior to 1970 are not  included.

r

5.10 Generating Capacity Load Pactor

The United States yearly load factor was assumed .to range from .
65% in 1970 to 68% in 2020, The load factors are based on
nuclear power in competition for all estimated electrical
demand shown in Table 15, which as stated, excludes the demand
associated with peaking u;aits and all hydro.
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| Plan B has 6 alternativea.
‘ i w* Fif

B-l LHFBR introduced 1n 1984

3 1 z_'._\ LT . "
. »I:‘;.."»'-.-,'.‘ i ,--sm

. Be2 mlltzintroduced in 1980 -

gf:

B-3 LMFER {ntroduced in 1986 = I
B-4 IMFBR introduced in 1990 -
B-5 IMFBR introduced in 1994 -

B-7 IMFBR introduced in 1984 -

£

e Ht “I it

Presently planned program |
:o:,breedqrs.

Accelerated program for

breeders.

Delay in present program demon-

: stration by 2 years.

A $40 million per annum LMFBR
technology program 1971-77.

A $15 million per annum IMFBR
technology program 1971-77.

Parallel Breeder introduced in
1992 - Parallel Breeder program.

In Plan B-1 through B-5, the alternate breeders (MSBR and alternate

FBR's) are phased out subsequent to LMFBR introductien.

Plan B-7

supports a level of effort for alternate breeders through 1971-

1972, at which time it was assumed that a decision is made to
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-ful.ly develop onak o!'theee eltemete breedere on the same: priority
‘a8 the IMFBR as ' 'e‘perellel breeder program and to

n_ 1992, :_efget_ft.;_._i,ntroduq ing .the LMFBR

-Since' thie oet-beneﬁt _udy wee ini.t:leted lete in the FY-1970 ‘budget
cycle, plane 8-3 thronah B-S which deley the !MFBR, assumed funding to

atart 1n mr 1971 to allow for e programed reduction.

Additionel total expendituree for the dalayed programs, above and beyond
the total’ expendituree for the presently planned program would be made
as a reault: of tha phase-down and phagse-up during the delaying period.
In any case the plane assume that some benefits from R&D would result

during such delaying period.

In Plan B-4, IMFBR R&D facilities are maintained to the extent necessary
for introducing the LMFBR in 1990, with the LMFBR technology effort

maintained at $40 million per year for Fiscal Years 1971-77.

Plan B-5 reduces the IMFBR technology effort to $15.0 million in the

FY 1971-77 time period, but maintains existing LMFBR R&D facilities in this

period in a manner which would allow the IMFBR to be introduced in 1994.

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

to date.

To establish the validity of safety criteria used in reactor design,
construction, operation and related accident analysis,

it is necessary for the AEC to continue to support safety R&D
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APPENDIX A

Selected Statements and Reviews in Support of the Breeder Program

1.

1962 Report to the President on Civilian Nuclear Power, U. S.

Atomic Energy Commission,

"Clearly: The overall obiect 's
power program should be to foster and support the growing use

of nuclear energy and, importantly, to guide the program in
such directions as to make possible the exploitation of the

vast energy regources latent in the fertile materials,
uranium=-238 and thorium,

"More specific objectives may be summarized as follows:

10 Th !!'!_-' : - ! 23 Al 1‘\ Ags 0
construction of gLants incorporating the presently most

competitive reactor types;

2, The early establishment of a self-sufficient and gfgging
nuclear power industry that will agsume an increasing

gshare of the development costs;

3. The_development of improved converter and, later, breeder
react [ er e fert t nab
ones, thus making available the full potential of the
nuclear fuelg.

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

* &k %

"Hence, it is essential that, within a reasonably short time, the
goal should be attained of making breeder reactors technologically
and economically attractive, The Government must take the lead
in this regard."

* Kk Kk
"Thus, the future program should include the vigorous development
and timely introduction of improved converters and especially of
economic breeders; the latter are essential to long-range major
uge of nuclear energy,"
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2, 1967 Supplement to the 1962 Report to the President on Civilian
Nuclear Power, U, S, Atomic Energy Commission.

"...Intensive development of the high gain breeder ovér the long te:
has been undercaken as recommended by the 1962 Report.,

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

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

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

3. Energy R&D and National Progress: FPindings and Conclusions, An
Interdepartmental Study, September 1966.

"While private industry will probably concentrate on improving
existing commercial reactors, the Government should play a key
role in developing more advanced reactors with better fual
utilization. Present development schedules should be maintained
80 as to accomplish development and final commercial application
within the normally expected 15 year time period. Concurrently,
the Government should encourage development of more than one
breeder or near breeder concept as a hedge against possible
failure of any one approach."

4, Fast Breeder Reactor Report, Edison Electric Ingtitute, April 1968,

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

"There are strong economic incentives for the electric utility

industry to participate in the development of the fast breeder
reactor."

77




5.

Speeches

b.

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

"If we ask ourselves why there should be a substantial effort
on fast reactors, 1 think a major reason to be given is the
promise of nuclear breeding. Fast reactors offer a proven
means of utilizing to the maximum the energy stored in
uranium -~ not just that in the U-235 (0.71 percent of natural
uranium) or even that which can be obtained by a plutonium
recycle in thermal reactors which is only two or three times
the natural U=-235 content,

"The fast reactor systems offer, in addition to the advantagrs
of high temperature and long fuel life, the attractive possi-
bili.y of breeding, and thus are probably the most important
systems which we have under study when looked at from the

long range viewpoint. The idea of conservation of nuclear
fuel, which can best be realized by development of breeder
concepts, is of such importance to our program that we have
made it the subject of a separate objective of our long range
program, "

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

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

g
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ic.Enqrgy-COmmiision,‘&f ENES Conference

T U O L O R ATY! B 5 B il
on Fast kreeder Reactors, May 17-19;.1966.: R L R AT

"In its program to achieve systems that will extend .the.U, 8.'s
energy resources while reducing further the cost of electrical
power, the AEC has:given the highest:priority to.the:Liquid
Metal-Cooled Fast Breeder Reactor, ' The potential economic
advantages far outweigh the difficult development problems and
the expenditures currently proposed; the cost-benefits of the
extengive R&D program are obvious... The successful demonstration
of this vital reactor concept in a timely, effective and economic
manner depandsfupon~ver1£1cationao£ the technological and
engineering prerequisites through a planned and disciplined
research and development program..." = Do =

d. Remarks by AEC Commibsioner Dr. Gerald P. Tape, Third
International Confhrenée on tﬁe Paaéeful Uses of Atomic
Energy, Geneva, Switzerland, August 31,'1964.

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

e. Remarks by Dr. Glemn T, Seaborg, Chairman, U, S. Atomic Energy
Commission, American Power Conference, Ch%cago, Illinois,
April 25, 1967.

"In speaking to the British Nuclear Energy Society last October,
I outlined the reasons why I believe we must move ahead rapidly
to the development of more efficient means of using our basic
nuclear energy resources - the world's vast, but not unlimited,
supply of uranium and thorium., Projections of the world's
increasing population, its rising rate of consumption of energy,
and its evea proportionally greater increase in the use of
electricity, combine to show an urgent need for developing
economically competitive nuclear reactors which will burn,
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Aprns, 1968, - r

s not louthln one 'percent of .the uranium used in today's

“1ight water reactors, but a much larger fraction, and

+'ieventually almost ‘all of the uranium in our nuclesr fuel

£, Remarks by Comiissioner Jame
o RsnIasua b ROl e e s

‘Commdssion; ‘American Powe

b

" resources, as might be done by the most advanced breeder
©o systems of the future, ' (! Vi v el

s T, Ramey, U, 8, Atomic Energy

¢

'!.'eronce,' Chicago, Illinois,

I ! o e
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i "Al you well know, for more than ten years the utility and
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g.

h.

reactor manufacturing industries have been deeply involved
in the:'predecessor AEC program - namely, the 1ight water
‘Teactor program for electric power plants. Embarkation
into the breeder generation is another important indication
of the growing maturity of our nuclear power industry,"

Remarks by Commissioner Wilfrid E. Johnson, U. 3. Atomic
Energy Commission, ANS Topical Meeting, San Francisco, California,
April 10, 1967.

“The ultimate step in extending fuel supplies is in getting
many times the present 1 to 7% of energy latent in uranium
tranaformed into economically useable form., Our ability to
make more than a few percent of this latent energy available
at all, requires the breeder~-type of reactor, and to get this
energy into the economy requires that nuclear breeding plants
be economic. To achieve this goal will require that Government
and industry each pursue complementary roles,"

Remarks by Congressman Chet Holifield, Chairman of JCAE,
American Public Power Association's 1965 Annual Convention
Los Angeles, California, May 4, 1965.

"If we are successful in developing advanced converters and
near term breeders utilizing thorium we will succeed in
multiplying our energy resources as much as 50 timas, If

we successfully tackle and accomplish the much more difficult

goal of high yield breeder reactors we will have achieved
unlimited supplies of energy."
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1.

k.

1.

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

‘hiiﬂtha breadcr.raactor can be successfully developed-~ and
we are confident that it can~= it will meet the world's

 energy needs for the indefinite future. I can think of no

finer bequest to succeeding generations than that,”
Remarks by Representative Craig Hosmer (R-Calif), ANS Meeting,
San Diego, California, June 13, 1967.

"Continued large reserch and development costs to round out
the national nuclear power capability in the form of advanced
converters and breeders makes continued substsntial government
partic%pation in these areas mandatory for another 15 years

or 80,

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

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

Statement by President.-Elect Nixon, October 5, 1968: Acceleration
of the Atomic Energy Commission's breeder reactor project could
provide virtually inexhaustible energy at low cost.-- Reported
by New York Times, October 6, 1968,
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6....:. .

f§ be1ng made in the peaceful uses of nuclear: energy. -
~ 1in the. fioldkoz civilian nuclenr powe:,l

7.

a.

b.

. For examplé;
élookefo;ward to. thc :

FY 1964 Budget.

'Expenditumes 4in 1964 for the developmanc of ‘economic civilian
nuclear power are estimated at $244 million, ‘an increase of

$34 million over 1963, In 1line with the Commission's recent
Report to- the President on Civilian Nuclear Power, increasiag
emphasis will be placed on reactors which produce more fuel than
they consume ("breeders'). Breeders will be necessary 1f
nuclear energy is to make a lignificant contribution to the
national power supply in the long run.’

FY 1965 Budget.

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

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

FY 1966 Budseto

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

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

"With the increasingly widespread acceptance and use of
nuclear power reactors, the efforts of the Federal
Government are focused upon development of improved

designs which will use nuclear fuels more efficiently and
produce electric power at lower cost, Work on the so~called
"fast breeder” reactors--which would produce more fuel than
they consume--will be intensified, with design in 1967 of a
special test reactor, expected to cost about $75 million."

FY 1969 Budget.

“"The principal element of AEC's program in this area 18 the
effort to develop an economic fast breeder reactor, which
promigses to produce more fissionable nuclear material than
is consumed in the process of producing power. This long-
term program will be intensified further in 1969."

Excerpts from AEC Annual Reports to Congress,

a,

b,

C.

CY 1958 AEC Annual Report,

"Fast reactors occupy an important place in nuclear power
programs because their ability to produce more fuel than
they consume is potentially important to conservation of
fisaionable material resources,"

CY 1963 AEC Annual Report.

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

"Good technical progress has been made on the breeder concept
which has been under study for a number of years. 1Its
technology, however, is extremely complex and much research
and development remains to be done before breeder reactors
approach an economically attractive stage of development."

CY 1967 AEC Annual Report.
"With industry’s acceptance of the light water reactors, the

AEC has now given the higheat priority to the development of
1iquid metal-cooled fast breeder reactors (LMPBR)."
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9. Excerpts from Reports of the JCAE on AEC Authorizing

Appropriations for the AEC.

FY 1965 Budget.

-~ "This }ear's request for the civilian #owar reactor
‘program reflects a shift in emphasis from the first

generation of light or ordinary water-type reactors

- to the next phase which has as its objective the

b.

c.

development of reactors which utilize nuclear fuel more
efficiently., As the AEC indicated in its November 1962
report to the President, it 1is only nuclear energy which
holds the promise of meeting the Nation's long-term
energy requirements and in this connection, only those
reactors which permit more efficient utilization of fuel,
or contribute to the ultimate goal of breeding, should

be pursued. 1In this report, the AEC indicated that the
fast reactor concept would be the main approach to
developing breeders, However, since that time, technolog-
ical developments have occurred which indicate that
breeding may also be feasible in certain types of thermal
reactors using the thorium fuel cycle. This would
represent a major advance in our reactor technology, since
it provides an alternate approach to the fast breeder
reactor, It would be an important milestone in the
national objective of conserving our fuel resources."

FY 1966 Budget,

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

FY 1967 Budget.

"The civilian nuclear power program is presently proceeding
in accordance with guidelines expressed in the Atomic Energy
Commission's November 1962 report to the President. This
report has provided the program with sound objectives for
attainment of a virtually 1imitless supply of energy for
this country. However, the committee believes that
developments, particularly those in the past year,
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d.

warrant a general updating of the program presented in this
report., The committee urges this review because of the
sharply increased rate of addition of nuclear generating
capacity, changes in estimates of future growth of nuclear
power, the more recent technical developments which have
taken place in certain of the advanced reactor fields,

and the latest information which has been developed
concerning our uranium resources," -

FY 1968 Budget,

YA very significant point has been reached concerning test
facilities for the fast breeder program. The proposed

Fast Flux Test Facility (FFIF), for which the committee

has recommended authorization of $80 million in construction
funds beyond the previously authorized $7.5 million for
architect-engineering, is aimed at providing critically
needed test facilities for the sodium cooled fast breeder
program. In light of the complexity of this facility, test
results from it are not expected until about 1975. The
next major decision in the fast breeder program concerns the
plan for construction of demonstration fast breeder reactor
power-plants. The Commission in its testimony stated a
belief that such plants could be started as early as 1970,
The committee intends to follow the planning and scheduling
of this important phase of the program closely.,"

FY 1969 Budget.

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

Statements* Regarding Corporate Commitments

of Major Reactor Manufacturers to LMFBR

North American Rockwell Corporation

"North American Rockwell is committed as a matter of corporate
policy to becoming a supplier of fast breeder reactor power
plants to the utility industry. Bayond the integrated invest-
ment in facilities and equipment at Atomics International, the
corporation has invested to date $7 million in conceptual
design and $1.9 million in capital facilities and equipment

to support the design of a 500 Mie fast breeder plant intended
for construction on the Penelec system under the AEC demonstra-
tion plant program. The demonstration plant is a key objective
in the corporation's plan to supply FBR's to the utility
industry. The company investment during this fiscal year
(October 1967 - September 1968) will be 4.3 million dollars

for design and development and $1.1 million for capital
facilities and equipment.”

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

North American Rockwell is prepared to commit the management
and financial resources required over the next ten years to
demonstrate the technical and economic feasibility of the
1iquid metal cooled fast breeder reactor concept. Our
commitment is predicated on anticipated progress in the AEC
Liquid Metal Fast Breeder Reactor Program, successful
development and test in the current NR-CPU program and
appropriate support from the AEC for our demonstration plant
program leading to commercial operation in 1976."

* Excerpts from submissions in reply to AEC invitation for
expressions of interest in cost-reimbursement, task-type
contracts for LMFBR plant design R&D work.
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Ceneral Electric Company

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

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

"On September 5, 1967 General Electric entered into a contract
with the Empire State Atomic Development Associates for a $5
million research and development program, whose stated
objective 18 to develop information which will significantly
strengthen the basis for a demonstration plant commitment in
1969-1970. General Electric has undertaken to submit to
ESADA not later than September 30, 1969, provided that it is
technically feasible and safe to proceed, an offer to supply a
sodium cooled fast breeder nuclear power plant with a design

- target output of approximately 300 M4, Although it is claar
that implementation of this agreement depends on the prior
successful operation of the SEFOR reactor, and on General
Electric's assessment of the state of development of the sodium
cooled fast breeder technology generally (which obviously
depends in large part on :he results from current AEC LMFER
programs), it is also clear that such an undertaking with soma
of General Electric's major customers represents a serious
statement of intent," '
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Westinghouse Electric Corporation

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

""We have also joined 22 utilities and one consultant engineer
to participate in our work to lead toward a demonstration plant.

“To support this approach, Westinghouse has comnitted more of
its resources, including capital, to breeder development than
to any other single technological development. The Westinghouse
approach is a three-phase program leading to construction of

a sodium=-cooled fast breeder reactor. This demonstration
plant, with a rating of 200 to 400 megawatts, will be the
prototype design for a full-scale 1000-MW plant. The program's
first phase, which will continue until 1970, encompasses the
study and research needed to commit the demonstration plant to
detailed design; the second phase is plant construction,
expected to take about five years; in the final phase, the
plant will be operated to optimize the design and determine the
technological and economic feasibility of the full-scale fast
breeder plant,

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

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

Plant Systems and Components Development
Reactor Mechanical Development

Fuels and Materials Development

Sodium Technology"
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Babcock & Wilcox Company

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

ten years on breeder reactors alone.

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

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

Combustion Engineering, Inc.

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

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

""Combustion Engineering is actively engaged in obtaining utilit
support for its research and development program, .

"One utility has given us a letter of intent to support this program,
Several other utilities have expressed considerable interest in the
program, and we expect to receive several more favorable responses.
In addition, there are 2 number of other utilities we plan to contact
about this program which would ultimately place us in a position to
work on a firm design for a demonstration plant,"
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'_GPU : Gcncral Public Utilitie

. Jersey Central Power & Light Company
fv2 Metropolitan' Edison Company: - : ;
- New ‘Jersey Power & Light: Company
Pennoylvcnia Electric Company

Pennsylvania Electric‘has aelected a oite in northeastern
Pennsylvania on the Susquehaana River near Tonawanda that
could he used for an LMFBR.
b. Ceneral Electric
(1) Wlth tho SAEA group and four other utilities - a $750,000
design study of a 200 HMH prototype oodium-cooled plant.
Construction decision in 1969.

g SAEA - Southwoot Atomic Energy Aocociates (SEFOR)
Arkansas‘- Hissouri Powor Company
Arkansas Power & Light Company
Central Louisiana Electric Company

..The Central Kansas Power Company*
‘The Empire District Electric Company
Culf States Utilities Company
Kansas Gas and Electric Company
‘Louisiana-Power & Light Company
Mississippl Power and Light Company
Missouri Pyblic Service Company
Missouri Utilities Company¥*

* Not included in initial 1ist of fifteen.
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ESADA Empirc Stata Atomil Development Associates

{'!, miu ffs”";:"?:t.,a. Fmeri [ en

Niagara Mohawk Power: COrporation
-4 Central: Hudson!Gas & Electric Corporation
Consolidated Edison Company of New York, Inec,
- % -Long Island: Lighting: Company '
Rochester Gas & Electric COrporation
. Orange: and ‘Rockland . Utilities, Inec. - \
New York State Electric and Gas Corporation
Hhstinghouse ) _ - : o
With 21 utilities and an A/B firm- fbur-yéar program for
development of sodium-cooled plant., Looking toward
construction decision on 200 to 400 MWe prototype unit
in 1970. This has been reported in the trade press as
a $100 million program. First phase from April 1967 to
April 1970 1s a $1,000,000 demonstration plant study to
help establish the technical basis.
Westinghouse Group
Baltimore Gas & Electric
Boston Edison

Cleveland Electric Illuminating
Commonwealth Associates, Inc.
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2. Desi.gn Stud:lel | | “
a. Atomics Intemtimlu_ CNorth-Americaﬁ Rochnu)

With ESADA,$100 000 for du:lsn_ tudy o£ a lodium-coolsd system,

which will draw on aodi.um &;diing 'tecbnology developed under
earlier AI/ESADA contractl. Tachnology and economics of a
1,000 Mle plant to be considered. :

ESADA - See liating on page 94 of Appendix c.

; :

},/ Allegheny Power System:.
2/ Texas Utilities Company -7 it
_-1/ Ohio Edison System
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million plus othcr uuppor' valuod atj'ﬂ n:l.lnon, 1ncludins luol
.1 ‘rho 811.9 -uuon fro- utilities
and West comny and $12.7 milli.on fron tho m aro ceiling figures.

use wnivor and uu o! zm:

SAEA - See 1_1,.:1::3 on ﬁg@ __93 and 94 of Appendix C.
Power Reactor Development Company ~

Fermi: 60 e sodium c‘oolcd ’fuc ‘breeder

PRDC = Power Reactor Dcvelopunt: ‘Company (Permi)

Allia-Chllms Manufacturing Company
The Babcock & Wilcox Company
Burroughs Corporation
Central Hudson Gas & Electric Corporation

_ The Cincinnati Gas & Electric Cowpany
.Columbus and Southern Ohio Electric Company
Eombustion Engineering, Inc.
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a

Phrformg R&D forﬁrbrmi;;J’”
+activities, - ety

Ania-Chalmero Manufacturing Company

i1~ Babcock: & Wilcox Company:: . !

Baltimore Gas and Electric Company
Central Hudson Gas & Electric Corporation
Cincinnati Cas & Electric Company
Cleveland Electric Illumlnqeing Company .
Commonwealth ‘Associates '~

,...Consolidated Edison Company of New York, Inc. -
" Consolidation Coal Company =~
. Delmarva Power & Light Company

o Detroit Edison Company.

Other Activities

”Ind:lanapolis Power & I.:lght Company
Leeds. & Rorthrup Company
| Long Island Lighting. Company
. New.York State Blectric & Gas Corporation
'Niagara Mohawk Power Corporation

,,,,,

Philadelphia Electric Company

Potomac Electric Power Company

Public Service Electric and Gas Company
Rochester Gas &nd Electric Corporation
Toledo Edison Company

Wisconsin Power and Light Company

Edison Electric Institute, Detroit Edison, and APDA

$0.8 million to demonstrate Pu0,~ vo, fuel performance
in an operating reactor.
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APPENDIX D

International Past Breeder Programs and Implications

In this study the expenditures on the different foreign programs have
not been placed on a comparable basis with those of the U, S. since
accessibility to information on foreign expenditures and budgets is
limited. However, as the attached table. (Table D-1) from the EEI

Fast Breeder Reactor Report* shows, it is estimated that other countries,
excluding the USSR, are spending over $150 million per year on fast
breeder R&D programs, =

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

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

The United Kingdom has spent about $130 million over the last five
years specifically on the LMFBR,and another $55 million on general
reactor technology, a major share of which is oriented toward the
fast breeder. These expenditures represent about 45% of their reactor
R&D budget. Construction of the LMFBR Prototype Fast Reactor (PFR)

is underway, and the total cost is estimated to be $70 million,

The attached table (Table D-2) shows the operational dates of fast
reactors, past and future,in various interested countries., The U,S,
program has been on an extended time scale when compared with other
countries. This approach has been taken for a number of reasons.
However, at this time, continued emphasis and strengthening of the
U. 8. efforts are required to permit this country to establish an
advantageous position in a competitive market,

*Fast Breeder Reactor Report, Edison Electric Institute, April 1968,
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Substantial sales of light water and breeder reactors will be obtained,
both for the near and far term . with the successful achievement of
the objectives of the U. 8. reactor programs. ' ;

The development of a commercial IMFBR by United Stated industry can
have a beneficial impact on the United States balance of payments
position. Though the country which is first able to produce an
economic and reliable fast breeder reactor may occupy a strong
position from the standpoint of initially capitalizipg on the
available worldwide market for breeder reactors, the domination of

a foreign market will depend on many other factors, These include
price structure, simplicity of plant operation and maintenance, and
reactor characteristics. Several West European countries are
planning to introduce a fast breeder reactor into the commercial
environment in the late 1970's and early 1980's., The U. S. is planning
to commence LMFBR operation in the early 1980's. Substantial sales
of both LWR's and breeders will be gained by the U. 8., both for the
near and far term, if the current programs are successfully achieved.

The following simplified calculation provides an indication of the
financial implications of a worldwide free market for nuclear reactors.
Assuming a parallel introduction of the breeder by the various competing
free world countries in 1984 and electricity demands of the U. 8.

equal to the rest of the free world, the total IMFBR demand for the
free world in the 1984-1995 period would equal 640,000 Mle, representing
about $100-billion dollars in investment.

On the basis of the above assumptions, the U, 8. industry has' the potential
of competing not only for the $50 billion domestic market, but also is

in the position of competing in an overseas market of equal size. Each
percent of the overseas market represents about $500 million.
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*EE1 Fast Breeder Report, April 1968
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"""*-TABLE? D=2

;COST%BENE?IT ANABYSIS |

: IQUID'HEIA COOLED PAST RBAOTOR PROJECTS

‘EBR-IT =~ i | UNITED STATES! | ,'L_‘i.60.0‘,'_’3j’f_',,f.“‘._' 1 " Na
rerMt . | .vwrtep smmes| | .. 2000, |, wNa
RAPSODIE | PRANCE | 20.02 | Na
seroR | uNirED smms‘r “ 20007 |1 wa
BR-60 (BOR) ,| USSR I 60,0 || Na
BN-350 | vsse | 10000 | Na
PFR. |  GREAT BRITAIN 600,0 | xa
PEC ] a0 ] w00 | Na
JEFR - Jaeay 100.0 Na
PHENIX FRANCE | 600.0 | Na
NA-2 1w cemawy3 750.0 Na
PFTF . .| UNITED STATES |. 400.0 Na
JEFR | aaesw - | 900.0 Na
DEMO ;1 | -un1TED STATES »900,0 | Na
BN-600 .| UssR - 1400,0 - | Na
DEMO - 2 UNITED STATES »900,0 Na
CFR : | uxaea ‘ 2500,0 Na
1000 Me FRANCE | 2500,0 | Na
1000 Mie - - GERMANY 2500,0 Na
DEMO 3 UNITED STATES »900.0 Na
1000 e UNITED STATES 2500.0 Na
! gatimated beyond 1969

2 Being increased to over 40 MWt in 1969,

z With Belgium and Netherlands,

With Germany and Euratom.
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