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The widespread and mccnttat&!' efforts being devoted on a national
and international basis to dc%ciop a breeder reactor clearly evidences
man's intense desire to free himself from limited and costly energy
sources. The introduction of the breeder reactor into the utility
market will provide virtually unlimited energy which can de used to
elevate the standard of livin;g and, with proper atteantion, improve

man's enviromment.

The basic importance of major sustained commitments of managerial and
financial resources by covorq:nnt_. private irdustry and the utilities
to the overall success of tho;bruder program cannot be over-emphasized.
Experience {n the devolomnt;nnd application of civilian nuclear power
reactors has estadlished that such commitments are essential to bring
into deing the technologies, it'uurch and development facilities,
trained personnel, components, systems, and production facilities
necessary to assure the mccufl!ul introduction of the dreeder into

the commercial market. In vﬁw of the sudbstantial invastment of the
nation's resources that the c!‘volopunt of the dreeder entails, {t
seems highly appropriate that in uhiu the decision to proceed vwith
this program, estimated costs’ bo msut«l asgainst the denefits expected

to derive from the invesstment.

In recognition of the desirability of detter defining the commitments
and benefits implicit in the dreeder development program, the 1. §.

nt and Technology

Atomic En‘arw Coumission, mvt;aion of Reactor Developme

itd
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undertook the task q!' conducting the otudy descrided in this “Cost-
Benefit Analysis o! thm 8. liudcr lmi:tor Programn.” The optinie-
zation of the V. 8. nhct:lc emm QOOW over a 50-year period
serves as .mu !o:th.stmly A ;imr programming model of the
United States oloctrical .mm ccm developed by Pacific NMorth-
west Ladoratory, and prtmi:pol nabm of other sectors of the nuclear
community was used in the qmlysta. 1t 18 isportant to note that the
model utilized in this mxfﬁu is {n an early stage of development

and is deing continually hlprmd to better simulate the ehnnctoiut;u
of the nation's power cconofw. |

The benefits considered in ftho calculations are those that are clearly
quantifiadle and take the !Eoru of lowe-cost electrical energy, reductions
in uranium ore uquitmnta: and in separative work demand, {ncrease in
plutonium production, and tijlt of ursanium teilings. Also, the report
wmakes reference to other bc:m!m of major importance which are not
quantifiadle, at least not at the present time. Such benefits include
those associated with rodm;:tm of air pollution and with new uses for |
low cost electricity and N}t such as large scale desalting of sea water.
Weighed against the quantifiadle denefits are the costas expected to de
incurred by the Covernment in the dovilmt of the dreeder. This
spproach appears uaomhlg in view of the fact that the coatinnin;
program of systems mlyau'.. vhich provides input for studies of this
nature, has as its major o&jecttu the determination of the Covernmeat's

future role in advanced n@ctor development.
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The funds and other resources which the Government, the large industrial
couplex, and the utilities !uvo ulrucy»=mntd to the breeder pmtﬁ
and to m&m mu-budu:' vmtm coupled to the uranius-plutonium
cycle, hzve not m umud dimtly, nor have future expenditures dy
the utilities and mufutuun bm factored into the study. Use charges
for plutonius used in the %D program anounting to about $40 million
discounted to 1970 were not:included, These represent sbout 1% of the
RSD discounted mcaamms:wl would not effect numerical vesults to
any noticesble degree. TFurthermore, no weight has been given to the
quite evident priority and si3adle commitments which have also been

made to breeder programs by the other countries with strong progreme

for the exploitation of miur pover,

Cost-benefit analysis ahoulil be considered as oculy one of the many
elements of input pertinent to doéhtou-uhing. Exsaination of results
of cost-benefits analyses conducted in the past, when coupared to sctusl
program progrese and .tatua; Muﬂ!lu well thoee limitations inherent
in any such analyses and the continuing need to insure compatidilicty of
assumptions in the mlyauévtth tﬁo asswptions in the program plan.

The degree of sophistication of the model developed, the validity of

the assumptions made, the quality of the analysis involved, and the |
sature of the analysls tnvoived, and the nature of the subject studied
all vill affect the use of such an analysis in declsfon making. Particuler
care must bde taken to avoid the tendency to regard cost-benefit analysis
as an end unto itself; it will de a useful tool only {f it is properly
applied with full realization of the inherent limitations of such studies.



sssunptiocns mtn h dmloyﬁ m’ &m o! -mmu informatioca and
fndicated trends in the mlur mm progran. As & logicsl consequence,

therefore, the actual ,mltg -»tn the future will de predicated on which
values of the parsmeters bocm valid. Ve delieve that the acticas to de
taken over the next fev years vill significently affect the cutcome.
Such actions include the dagm of MD support given to the breeder pro-
gram by bdoth the Government M mtq. a9 it will affect the date of
introduction of the bdreeder; gcmcu promulgated ia fossil fuel costs; and
changes affecting capital cu;u and fuel cjeh costs, including uranium
co.ti. A parsmeter over vhich there {s littlg coatrol at the present,

electrical energy demand, vilil aleo have an .ims on the future outcome.

0f particular importance {» th. degree to vhich associated programs are
given high priority cnd are ﬁmiM vith the resources previocusly identi.
f1ed as essential to thetr success. In this vegard, the recently pudlish-
ed detailed LMFBR progran ph:n provided & losiul base for projecting costs
and schedules for the LMFBR portion of the analyeis.

1t should be recognized that the rapidly expanding electric power industry
may encounter problems, appliicablo to nuclear and/or fossil-fired power




1® is mmmto t&nt this nvtm m« mury -ohuu on mstmu
of benefits to changes ta ntntoﬂ. end it {s this sensitivity which

should be of primery l'uton_‘.t;to the resder. Of particular note 1s the
significent reduction in denefits that will develop 1f (1) the nuclear
industry is not capadle of -S.ua. present and projected nuclear pover
commitments, (2) the intmuoa date for the Dreeder reactor is delayed
significently due to tum_jmh a8 & reduction {n research and development
support or failure of the research and development progrea to meet program-
matic goals, (3) discount rates higher than 8 to 9T are applied, Mlot
such larger than o&tlntod q';uauuu of low cost uranium decome availadle.

1t {s of paramount tmtunczo that timely results bde achieved vith respect
to strengthening the execution of the civilian nuclear power prograzs in
this country, ineluding those capadilities sssocisted with the breeder
development. The resulls of this study assume success in these necessary

strengthening actions; delays will jecpardize the success of thess programs
and could seriously affect their cost and sudstantiaslly affect benefits.

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

engineering and quality assurence programs.



e an.

Milton Shaw, Director
Division of Reactor Development
‘and Technology
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uzmtt!y. -mu mlﬂ sccrve to our economy based upom mly

sompletion of m mtly pumd b:udu- mu-.

In this snalysis, the Liquid )hnl-«ohd Yast Breeder Reactor (LNFIR)

ls assumed to be the initial dreeder type commercislly fntroduced into

the U. S. electric power ccou:uy. The denefits which have deen

salculated in this arvelysis t‘:unltias from the introduction of the

IMFBR sre representative of t_,ho benefits to de achieved from the

successful introduction of s dreeder or even two breeder types. ,

tho results of the costebenofit analysis dopend upon assumptiocns which

:an subatentially affect the future cost of electrical ensrgy. Since

the prospective value of nany of these variables is uncertain, the
sensitivities of undiscounted and discounted denefits to changes in the
following key varisbles have been examined: timing of the introduction date
>f the breeder; uranium costs; fossil fusl costs; electrical energy demands;
mexgy costs, vhich include plant capital and fuel cycle costs; and discount

tates.







plus adnuced cumu tvmcton (m) plu m.m mctm (Wu) .
plus fossil tul«l olcctricn gcncrauu phnn. These ulculauono
vere based ¢ o unur progruldu; nodel o! the United States

electrical energy ezoncmy dm!opod by Pacific Mortlwest Laboratory.
The model has been prepared in conjunction with the activities of the
Systems Analyses Task Forcq vhich has been working on civilisn nuclesr
pover evaluations with the AEC Division of Reactor Development and
Technology.

The quantifiable benefits discussed herein have been recognized since
the inception of nuclear pc:nnr a8 the dasis of support for dreeder
programs in the United suh: and in every major highly industrialized
country in the world, 'th.:othor important benefits, many less tangidle
and wove difficult to quantify than those quantifiadle in terms of
lower electrical energy cog:t. are of sudstantial 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.
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It has mmmﬁ mg‘mlm ewp‘c reu ‘promise for

Mm a mmxlyv:\itha& W source for future genarations
could 4 ouly be muuatm@f_m developsent end spplicaticn of the
hiomc iu lmﬁu mtm datu Mk ta

“The country w!uah !int "MImv(Mvmtw vill dave & mg
competitive mtauu iu ctme mm." To cbtain this o,

the U. 8. nuclesr cmny m been vorking for over 20 years on the
breeder reactor. In 1943 tho developmént of the plutonium fueled fast
breeder was estadlished as & major gosl by the Argonne Natiomsl !.nfbcutoty
Division of the Manhattan District Metallurgical Laborstory. The program
has been continuous since that time, and the momentum now has duilt up

to the point vhere the lnr:q- scale introduction and commercial scceptance
of the bdreeder will de !outph in the near future. Appendix A presents
sone of the more amutcant:; revievs and statemsnts that have been made
over ths years on the mtt@l importance and potential of the dreeder

progran,

Mach of the essential effort’ on the breeder was conducted in the ARC
national ladoratories. The Clementine resctor was constructed at

Los Alasos and used from lhrgh 1949 to December 1952 to demonstrate the

T SN, P s £ 4o e [

feasidility of operating with fast neutrons, plutonium fuel and 8 liquid
metal coolant. The Experimental Breeder Resctor 1 (EER-1) was duilt
and operated by Argonne National Laboratory from August 1951 through



mmm:ommwzuwmam in & fsst flux vesctox
svd to umma m nginsering fessidility of using 1iquid waetal

mm; uutul to the muum in enviromments of fast flux and
high unwntm wma nnl were tuitut«l. These developments lod
to demcustrating the mom and safaty of a fast nu ssutron
spectrum Teactor, «mwm 1 the construction of two fast resctors
in the mid 1930%s, the 63..3 ¥oit EBR-1I1 and the 200 Mt Yermi resctor.

Seversl factors mitigated mmt {mmediate success in terms of the
commercial exploitation o!;tho bdreeder veactor: the development effort was
focused largaly on technological goals: the industrial avolvement was min-
imal; and the breeder dmlémt participation was essentially confined

to the national laboratori‘t. with the exception of the Fermi development
effort. The industrial m concentrated on the light water reactors
and the nuolear Mmu:m«u vas nearer at hand. The ‘pwm

uranium resources appundlm!ﬁcua\t to meet predicted requirements.
Though a relatively large gaeholosiul base, including test facilities,
vas being developed in the laboratories, the breeder effort was diffuse

in texrms of an engineering type of undertaking. In genersl, until the
uid-1960's, there appeared to be no urgent requirement to concentrate

the industrial resources on the breeder program.
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In 1962, the AXC issued its iﬁpOtt to the President on Civilisn Nuclear
Power. This report clearly ;0¢¢thnliltd that the use of dreeders
could solve the prodlea of an adequate inﬁ economic energy supply for
the future. The report ceaainded that nuclear energy can and should
aske an importsnt and mutufau»a vital contridution toward meseting
our long term energy rtqntraatate. and that economic dreeders were
essential to the long range major hoc of nucleac energy. The report
included & detailed discussion of the place to dbe occupied by the

breeders in the mrﬂl program.

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

by the U, $. advanced roacto} development progrsms, the AEC, in early
1965, initiated » series of ?v.rall technical reviews. These reviews

of the reactor program tndic?tcd 8 lack of important engineering
information, and an inadoquac} of facilities and other resources necessary
to obtsin that information There vas clear evidence of the need to
build up the engineering capibllitics in the ladoretories and {n industry
and to asmemdle necessary an¢ adequate resources to develop and produce

safe, reliadle and oeoaanxcni breeder pover plants for operation in the

vtility environment. These early overall reviews further indicated a
requirement for in-depth reviews of each of the technical elements of
the bdreeder program. Concurrently, it wvas necesssry to initiate detailed

plans for each of the elements of the dreeder prograa.



wm:mmoa remarkadle sdvances were taking place in the
develojment e!_i_:_gu;h: water resctor pover plants. As & result,
nuclesr mm tovards ﬂd«p:ud SCCOPLance 88 & VAW sOurce
of qloet:tmfm The resultant unprecedented demand for light
vator power mm plants, mauolod by grestly increased ursnium

demands snd Yy projected large-scale plutonium production, provided
sdditional incentives for & move direct and concentrated effort on a

uaified bresder development progreu than hitherto schisved. It vas
recognized that the plutonium produced in light water veactors

could de most efficiently used in the fast dreeder resctora and that
the breeder would measursdly reduce ursnium ore requirements. The
breeder developmont ptoéu was thus invested with a sense of urgency
wvhich had deen lacking up to then.

In early 1967, the Mo_-ie Energy Comnission fssued the 1967 Supplement
to the 1962 Report to the President on Civilisa Wuclesr Pover. The
Supplement set forth the changes that had occurred since 1962, and
considered the ongoing AIC reactor programs im velation to the
recommendations of the 1962 veport. The Supplement reaffirmed the
promise of the bdreeder for meeting our long terw energy needs and
estadlished the LMFBR program as the highest priority civilian resctor
development effort vhich would lesd to full commercisl scceptance of
the bdreeder. The continuing AEC role of leadership was reviewed
relative to the development of nuclesr techmology required to sssure

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




for the groving Mi. The steps tsken to strengthen the industrisl
and utility capability requisite to the succeasful introduction of
the LM and the timely development and commercial utilization of the
fast dreeders, in wrtfcuhﬂy the LMFER, vere discussed.

In view of the ummm'um priority, tha level of activity on
the LMFER was cmidtn;bty {ncreased in Piscal Years 1967, 1968 and
1969. The buildup to bring together the required rescurces, including
manpover, fscilities, and funds has continued within the AIC, the AEC
laboratories, snd in other sectors of the nuclear commmity. New
major test facilities ért under construction snd other existing
facilities are dDeing upgraded. Encoursged by the increased attention
and efforts of the Covernment, substentisl commitments have been made
by the major resctor ménufscturers and the utilities with & view to
neking large-scale comitments to the first LMFIR demconstration plants
ta the 1970%s. Thn;o inénltntﬁti are in addition to the heavy LWR

commitnents.

In recognition of the importance of the fast bdreeder, the Edison
Electric Institute (ui). sn associaticn of the private utilities,
conducted a detailed study of tho status of fast dreeder reactor
development. Their report was pudlished in April 1969. In the
Foreword of this report, the situation was stated as follows:
“The Subcommittee (EL1l) on Fast Breeder Reactor Development
urges that all EEl members give the most careful consideration

to this report and to wvays and means of {mplementing the

emendotions set forth. In the entire industrial history

7



tine vhen coe famtly of
‘vesctors 1is jut, alu into comarcial « m. 1t u clt!ﬂeclt |
~ immedistely to shoulder th“woblm 'otvtutuiu u cauroly

lut.

- m ccu«pc. :_‘o tluhx"opott Imnn out, ttnu are
puomin mcm. doth {n terms of ononmty snd :upout-

uu:y. to do o ml strong incentives to do so promptly.”

The LMFBR Program Office at the Argonne Natiomal Ladoratory has prepared
L3R Program Plans+, under the direction of the AEC, which have recently
deen released. The Program Plans are natiocnsl in scope and represent
the results of many mtu:: of discussions, revievs, and assessments
vithia the nuclear comunity, The Plans represeat a major sdvance in
the LMFER program by setting forth in a comprebensive mamner those
coursss of action m«urj for schieving the ob}ocum of the LMFBR
program. The Joint Mtiu oa Atomic Energy of the Congress of

the Congress of the United States has odserved that the LMFER Program
Plans represent one of the most carefully thought-out long range
developmental efforts ever pursued by the U. S. Covernment.

*Report Numbers WASH 1101 through 1110.




sis tm!wl - umwa systems analysis effort -
mnv for the' !i.!ty ym period 1970 - 2020.
Eight mo ot ulcuhtm,wu por!otud tc imumu the effects

of varying assumptions upoa mlun acorued from an econocuy with a i
breeder reactor as cmlud wtth an economy without s breeder, The

najor umum relate to nmtun c«u. !onn fuel costs, q!atﬂ.«l }»
energy demands, electrical mro coata. and m {ntreduction date of o
the breeder.

Three major quantifisble conclusions from the snalysis are:

1. The breeder can produce mot caly large direct money benefits from
the low cost of electrical energy, but also other tangidle quantitative
beneiits, such as those a,aociatod vith reduced urasnium requirements,
reduced uranium uparauﬁ work requirements, and the large production

of plutonium.

2. The benefit/cost rvatio is significantly greater than cne for most of
the cases having a discount rate of 7% or less. The denefit to cost ratios

fall delow 1, for & Mr of cases based on discount rates above 7X.

3. Deferring the presently planned LMFIR RAD progrsn vith consequent
delays in the introduction date does mot substantially reduce the
present worth of the RSD expenditures. In all cases, deferring the

LMFBR R&D prograa increases the undiscounted RAD costs.



ntum ad mnmmmtm. M & 30-year time period during
wvhich many industrial and tochaologun sdvances may bo anticipated,

Yolloving are omr upo:tmt cmmm:

1.

2.

3.

&.

The increased dollar denefits from reduced costs of electrical energy
alone, resulting from the early introduction of the breeder, provide
a major incentive for a timely and strong research and development

program, and even make c strong point for its scceleratioan.

Although an increase {n uranium ore costs is highly prodable, even &
constant Uy0g cost ($8/1b), with constant fossil fuel costs, and vith
an early introduction of the LMFBR,provides mbcnntm benefits for
discount rates delow 7%, and substantial danefits for a 1980 introduction

at 7% discount rate.

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

Barly introduction of the breeder substantially reduces future uraniun

separative vork dewsand.

10




7.

9.

10.

11,

The benefits accruing from t!m.tnttoducu.oa of the breeder are affected
by changes in fossil fuel costs. These benefits would be increased

significantly if increases in fossil fuel costs are experienced.

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

In all cases considered with bdreedir introduction, the nuclear
generating capacity by year 2020 represents an extremely large
percentage of the total electrical generating capacity availsdble

for competition between fossil fusled and nuclear fueled power plants.

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

vith the high present worth in 1970 of RSD sxpenditures in the

early part of the 50 year pericd.

Other benefits not as readily susceptible to quantitative analysis

I



£.

plaats, :

Assurance that low coat uranium ore reserves will be most

officlently used. :

A preaiun market for plutoajum produced by 11ght vater

v

The efficient and Me utilization of the depleted uranium
stockpile.

The efficient use of the resources committed to ths breeder
progrem in the AEC natiomal lsdoratories, in the U. S. industry
and in the U. 8. utilities.

12
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oloc::ical anergy dcundo. oloctﬂcal energy cuto. and timing
of the introduction of the breeder. The characteristics of the

eight groups are summarized in Table 1. Bach group consists

of a base case without a breeder compared with cases wvith a breeder
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 determined by covparison with the
base cases vwithout a dreeder. The four parameters studied included
the intreduction date of the breeder, the cost of uranium, the

cost of fossil fuel, and the energy demand. Groups 1, 3, §,

and 6, provide & messure of how varying energy demands affect
benefits for assumed rising uranium costs and constant iossil

fuel costs. Similarly, groups 2, 7, and 8 provide a measure of how
varying energy demands sffect benefits for assumed constant $8 per
pound uranium costs and constant fossil fuel costs. Croup 5 examines

14
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- Parallel breeder progrem. The parallel breeder {s introduced {n 1992
** Current dreeder prograam with delay of two years in demoustration plants.

15



The S0-year energy cost of & system vith & breeder compared with

the 50-year energy 208t of a system vhich does not include a dreeder
provides an estimate of the principal incremental dollar dDenefits
expected from tnnotnat in 8 breeder progran. Tha dollar value of
other benefite which have or could be quintitatively cbtained are
not included {n the sumnary or in the derived benefit/cost ratios.
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Plan A,
Plan B.

B-1
B2
B-3

itiliey M o «m umc u mu 2
un tun d.uuiu‘ lw th touam casest

Light Vater (L) + Advenced Coaverter (WIGR) »A
IMR + HTCR + LMFER with 6 altersatives 1isted delow,
including & perellel Sreeder progrem:

LUK Introduced in
Currently planned breeder prograa 1984 |
Accelerated dreeder program 1980
Current Dreedar program with s delsy 1986

{a dencnstration plaats cf 2 yesrs

LMFIR technology program at $40 millica 1990
per somm 1971-77

LMFBR technology progrem at §13 millica 1994
per suwm 197177

Parallel breeder program - Parsllel breeder 1984
{ntroduced 1992

All plans include competitive fossil fuel systems.

The results of the RAD cost anslysis indicate that undiscounted RAD

coats for the dreedsr program vary from $3.5 dillica for an sccelerated

program introducing sn LMFER in 1980 to $3.6 dillion for a parsllel

17
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brecder program. Dased e@n 7R discount xate, the discounted
treeder RED costs vary m-'jt;a'.‘z billion to $2.2 billica.
Sigaificantly, discounted R&D costs actuslly imresse for delays
to 1986 and 1990, Costs of $2.3 billfon for the current progrea
M«u to $2.6 dillion for 1986 and 1990 fntroduction.

R T S R A TN R

Basic resson for the increase, or relatively small changs {n discounted
RAD costs for delayed fntroduction of the breeder, is the additiomsl
RS&D costs incurred in the stretchout of a program. The stretchout
involves expenditures {n phutu-m or phasing-out progrems; and
expenditures in re-starting & program, {including those costs associated
vith the difficulc task of reassembdling resources, replaciag lost

personnel, retraining of personnel, and the updating of deteriorated

facilities and equipment.

1ed

The results of the cost-denefit analysis which include costs,
benefits, benefit/cost retios, uranium demand, separstive work

b

demand and nuclesr capacities are summariszsed in Tables J and 4.

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

3.3.2 Qurent Progrem
The undiscounted groes benefits (Madle 3) directly resulting

from dollar savings in cost of electric energy associated with the
currently planned breeder program (198% iantroduction) range from
$53 to $288 dillion (Case 8.2 to Case 5.3) {n the 50 year period

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

!9'
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m.z mu«.””‘"ﬁmm Mgheot value 1s assoctatsd with rising fosstl
M and urentum costs (Case 35.3), while the lowest is associated
with constant fossil fuel and uranium costs and an intermediate
energy demand (Case 8.2). Other major tangidle benefits are
veduction in air pollution, the production of & large supply of
energy producing plutonium, the large reduction in sepsrative
work demand, and efficient and economic use of the depleted
uranium stockpile.

Of the cases studied, the most prodabdle case is assooiated

with rising uranium costs, constant fcssil fuel costs,

a base energy demsnd, and with the curreatly planned introduction of
the breeder in 1984 (Case 1.3, Tadles 3 and 4). The results of this
case show undiscounted gross benefits of $207 dillion, gross discounted
benafits of $9.1 billion, net benefits sccruing to the breeder program
of $6.6 dillion, and a Denefit/cost ratio of 3.6. This case would also
result in a reductioca in U,0 requirements of 1430 kilotons, and &
reduction in maximum separative work demand oz'ss kilotonnes per year.

9




3.3.3 Early Introduction ot the Breeder
mtulmt mm nnstn; from 7.9 to 0.7 result from those

cases vith an introdnction °', tho br«dar 1:: 198& or earlier, for
all 8 mc mlym. as thwn in Table 3. The higher values are
umutd with ruing fouu fuel costs,

3.3.4 Parallel Breeder Program
Based on assumptions delineated bdelow, a tentative case can de

made to improve the industrial breeder base by establishing a parallel
breeder program. The b&noﬂta 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 of the technical status and other factors, the decision
cu vhether to establish 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 gas-
cooled fast breeder. Such analyses would lead to eo@nidontim for
possibly selecting one of these as a basis for initiating a full scale
parallel breeder dovelopment program.

If justified by further analysis, a parallel dreeder 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 base of nuclear technology. The cost-benefit analysis has
assumed the possibility of such a parallel breeder program in each of

23
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'the decuion m suumcd to ba that: 6ther alternatu and/or backupo

; would not: be puuuod aft:er tho PBR deciuon dato. '

The following 1ist summarizes and expands the assumptions stated:
Assumptions for Parallel Breeder
(1) It 1s assumed that the PBR would benefit from the LMFBR
‘program :':aﬁs”’{";"iridiéil‘:'ed in Table 2. The total costs of the
'R&D for Other Bre;;!eto, ahown 1n Table 2, are lower than '
for the LMFBR: $2.0 billion LMFBR mdmounced direct
costs va, $1.6 billion Other Breeder undi.acounted direct

costs,.

(2) The LMFBR R&D progif:am would be the same as fo: Plan B-1
with a 1984 IMFBR introduction,

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

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

M




RS

(5) The PBR program would ,,,,, ‘be’conducted with: essontially the
7 game dinciplined engineering approach: and with development of

Y viable:and compatltivo‘induscrial capnbility as for the'"

Yo mg;pgogrm.

Bk oy .)(J';’J

] emonatrat n plants would be authorized two years o

.....

(8)‘j0ross benefits would be “the same as for R&D Plan B-1, with the

" LMFBR 1 repranenting breeder benefits, Thia“may or may not be

WY es L
AU A

valid,

Dtscussion of Parallel Breeder Results

Table 2 indicates that a parallel fqll_scalg development program will cost
$5.6 billion undiscounted, or an Qddition31‘$1.6 billion above the current
breeder program, assuming introduction of the LHFBR 1n 198& and the parallel
breeder in 1992, Discounted at 72 the additional Present wotth in 1970

will be $0.7 billion.

The benefit/cost ratios rahge from 4.8 to 0.6 for a parallel breeder program
for all 8 groups, aaauming.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.

925
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paumters such h:ceder introduction date, :'unnitn cost structwo,

fossil fuel con:o. elcctt:lcal enargy demnd, and electr:lcal energy

costs (1ncludin3 plant capiul aud £ue1 cycle). .

ge e ¢ vy
g.,i AR 0 [

The aensi:ivity of bepefi_!:s to ghanges_}:lp a,lpagqmg‘l,:ev_: provides an indication

of the extent tgul_:ich uncertainty plays a part in the perturbations
associated with this change, The following summarizes the sensitivity

of the parametexrs noted.

1. Bfeedef Int:roduci:ion Date

‘l‘hoﬁgh, for mosl:‘ v'cases, benefits result from savings in
energy costs ‘regardleu of 1ts date of introduction into the commercial
market, these benefits are substantially affected by the date of
breeder introduction, For :exa:ﬁple, examination of "i‘ablea 3 and 4
shows, for Groups 1 and 2, that a ten year delay in the current
date of breeder 1ntroductio;1 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
uranivm costs (Group 2). Figures 1 and 2 show LMFBR program un-
discounted and discounted benefits for different LMFBR introduction
dates assuming congtant fossil fuel costs,and a base energy demand

for both rising and constant uranium costs (Groups 1 and 2). The
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Cases 1.3b, 2.3b, and 5.3b (R&D Plan B-3) involving a two year delay
in the introduction of the breeder were extrapolated from computer
results for Cases 1.3-1.4; 2, 3-2"4; an& 5.3-5, 4; i.e., years 1984

and 1990. Discounted grosa beneﬁts for Group 1 Case 1.3b will be

reduced to §7.4.bill4or ompared to $9.1 billion for 1984 intro-
~ ducté,on caaeml 3.wor a net reduvc}tion of $1.7 billion; net benefits are
reduced from $6 6 billion to 34.8 billion and benefit/cost ratio is
reduced from 3.6 to 2,8. Of interest is the fact that the preaent
worth of the R&D costs is actually increased by»éb.l billion, {.e.,
R&D costs are $2.6 billion for 1986 1ntroduc£i§n vs., $2.5 billion for

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

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

Cases 1.1 and 2.1 with Cases 1.3 and 2.3 in Table 3 for LMFBR
introduction in 1984, The only parameter changed from Group 1 to
Group 2vwes the uranium cost. The discounted cumulative energy cost
‘increases by $10.3 billion over 50 years, forlan economy without an
LMFBR (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 U;0g.

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?S'éﬂdaae 5.3 in Tabla 3);?53'comparﬁdfwith-conatanc fossil .

fuel costs and rising uranium costs (Group 1 - Cala 1.3 in Table 3).

The reaulting aenuitivity in about a 7% change 1nfﬁiscounted gross -

bene£1t>{f‘” oach 0.1% p#r earﬁincreaao in foalilrluel costs. ! The -
‘e ot of :‘}v“ ‘ | : iby noting ‘that! < -
0.5 cent’ per ton per year incraaﬁa in the cos:'o£?§031 ($5 per ton: An'
1970 as baae)’could reaultliniincreased diacounted benefits of about:
$600 million accruing over theZSO-yeat period to‘hn economy with a
breeder, The converse with decreasing fossil fue1 costs would hold to

a lesser extent.

4, Electrical Energy Demand

The following table shows the projections used in the analysis for

the total electrical energy demand growth rate perceﬁtaaes 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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Based vmk*int\:odwton and using the base 4mn<!s§9ub1;nsf-zs "

IR S Y
5. Energy Cost (Capital and Fuel Cycle)

The total discounted energy costs are quite a»ens;i'.tr:tv; to
changes in the IMFBR energy costs. The following IMFBR ‘energy cost
breakdown is provided as an-hpproximate reference for a 1990 IMFBR:

-~ Mills/KWhr -
~ Capital S 3.2
Operation and Maintenance : - 0.3
‘Fuel Cycle T , 0.6 . -
TOTAL 4.i

Figure 5 shows the diacountfé 'bgnefita for an economy with an IMFBR
with rising uranium costs and constant fossil fuel costs as a
function of the change in IMFBR energy cost., Over the range
investigated, che benefits j.ncréue 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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fniscomt:ed Benefiga, $ Binim

‘COST-BENEPIT ANALYSIS -

ENSITIVITY. OF DISCOUNTED GROSS BENEPITS
o"'xcmcnfm..m’g m?cosrs o
(Discount Rate of 7%) -

+(RISING URANIUM COST) -
(CONSTANT FOSSIL FUEL COST)

&

3 .

Change in Benefits, $ Billions

—
! !
+H.1 40,2 +0.3

Change in IMFBR Energy Cost, Mills/Kwhr.
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6. Uranium Requirements

Table 4 provides an indication of the substantial savings
in uranium tojbe}kaiﬁdd from the early development of the breeder.
Assuming Croup 1 parameters of rising 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 breedexn as ¢omp§feé tégan économy without an IMFBR
(Casi‘l.s ve. Case 1.1)s A 10-year delay or a 1994 introduction
of tﬂh breeder results in a reduction of only 750 kilotons of
U30g, ‘aa compared to an economy with no IMFBR (Case 1.5 vs. Case 1.1).
Assuming Group 2 constant uranium costs, constant fossil costs,
and base electrical demands, the results show a reduction in uranium
requirements of 3211 kilotons for the 1984 breeder introduction
date as compared to no LMFBR (Case 2,3 vs, Case 2.1). A 10«ear
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 numbers for the separative work demand

for each of the cases listed, Considerable reductions in 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):-;‘,‘2'Mdncreuoin uranium costs. urven"'«twreducerthezuparative gl
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%‘,ogk demand for 311» casea of. LMFBR 1ntroduct£on becaune

outt 36 mb'taaa‘e.
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arative work demand would be 123 kiIotonnes per year (Case 2,4),

and for a 1984 introduction of the IMFBR--47 kilotonnes pcx . .

year (Case 2.3). AL A
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8. The Use of Varying Discount Rates and Sensitivity of’: ‘'
Benefits to Varying Discount Rates” '~ '

The Use of Varying Discount Rates ..

T . St g

'Ihe basic purpoee underlying the vast and complex engineering
task inherent :ln succeesfully 1mp1ement:lng the LHFBR progra; 1la to |

A
Nl

develop a power source that can confer eubetentialhbenefits. upon the, .

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

2

SE

community which forms the base for this well-beins.

Ty oer i iy L o P
C A .o . ol 4 RSN oo P 5 e vt

Factors tovbe_}'codsi".dered.iju rde:eopio;ng the peed gotlgfvement ‘sponsorship
are many and varied. They inolude the magnitude of the program which

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

far off in time, and wide diepereion of program benefite throughout
society. Other factors have been discussed in the Introduction,

the Summary, and under Other Considerations,
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. The: lnteroepartmental ‘Enexgy Study report, prepared by the Energy

“’Study Group in 1964, "Enersy R&D and National Progress," states that
»g@the whole topic of choice of an appropriate Government discount rate,
‘particulerli'in reference to R&D, is an unreaolved problem, involving
fumny‘viewpointe, eubtle and controvereiel issues, and differing value
:judgmente. ‘The report ‘adds that the. determination (both qualitiative
and quantitative) of the discount rate that the Government might use
ie a matter of continuing controverey among profeeaional economiete.

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

on Economy in Government of the Joint Economic Committee brought out

a wide range of judgmente applicable to this problem, and indicated that
much work 1lies ahead before reasonable objective criteria can be
established to serve as guidelines in the selection of discount rates
for application to Government programe.A A common understanding and
agreement on the conceptual basis for discounting must be achieved,
following which agreement must be reached on the method or methods for
calculating discount rates to be ueeo.‘

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. If one

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

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

U. 8. 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 1s doubtful, as stated, that the electric utility industry would
undertake a program of this magnitude, it i{s 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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Proceeding on th i8: that & ducounturet

of 77& io compet:ible wi.th and direccly relatee to: the aft:er tax cost:

o£ money :o the uttlit:l.es, reflecti.ngtboth_: debt: and. equity. financ:lng ba:

eF s = dpyow il s RSV

Fraction of capit:al 1n equity 0.48
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Interest rate on bonde
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Earnins rate on eQ“’-tY ... o.00%
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The actual average rate-of return for ‘all electric utilities privately

owned in the U. S. was 6.7% in 1964, 6,9% {in 1965, and waa
estimated to be 6.9% for 1966. The actual average fraction of

capital in bonds for all electric utilities privately owned was

0.523 in 1966 and 0,515 in 1965 with fraction in equity = 0,477 and

0.485 respectively.

It 1a recognized that the cost of money haa :I.ncteased since 1967,

when the aseumpt:ione noted above were made for a systm anslysis |
study. Assuming a 10% return on equi.ty and an :lncreaee to 6% on
corporate bonds, and maintaining the same equity-to-bond ratio,

the cost of money would 1nc1:eaee to 7 92% versus 7, 0% used 1n the
analysis, Since the aeeumptions for the linear programing 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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to Vhrxingzniacount Rate Cebiis e

he ‘omputo modei»minimiuuiithe sum of all cashr B TP

:expenditures‘presant-worthed_at a rat{;of 7zipet year, ' The - 't

" model 'as*alao programmed to ‘provide, from the 7% optimized solution,

’»?the’p :sent worth of the totaiienergy cost51970-2020 for discount |
o : . ) ;}n;;x g b R-év;I »_é. _,, e .

rates o£‘5, 10, and 12 Sz.iLThe results of the computationa with the

B Voo 5s e x BrY

5, 7, 10 and 12.5% are giuon in Thbles 5 through 8. Table 6 18 a

RN T TR O

repeat of Table 3. waeuer, before discusaing the results given in
these tables, it is wzttgwhile to considotithdfoffoct the choice
»:~of*diaoount\rate'can have over the SO-yea:'period.considered in this
study. Figure 6, Present Worth of $100 Spent Ten and Fifty Years in the
Future Versus the Discount Rate, indicates that an increase from

5 to 12.5% in the discount rate results in a reduction of the present
worth by about a factor of 30 for expenditures 50 years in the future.
This large sensitivity of benefits from events in the distant future
as a funotion of discount rate becomes readily apparent in the results,
The effect of expenditures 10 years in the future on present wotth,as
compared to 50 years in the future.ia clearly shown in F!gure 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 rate cases,
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TABLE 3
COST-BENEVIT ANALYSIS

COSTS, BENEPIIS, AND ﬂmzrxr/ggsr RATIO FOR BREEDER PROGRAM

UNDISCOUNTED
ASSUMPTIONS $ BILLIONS DISCOUNTED TO 1970 @ 3%, § BILLIONS
(1) 2 { (3
. NET BENEFIT T0
4 yossiL RIERGY |ENERGY | GROSS| ENERGY [oROss | RsD BENEFIT COST RATIO
No. FUBL DEMAND | COST [BZNRFIF COST poigrit cosr| (2) - (3) [(2)4+ (B
CO8T
1 1.1 sing | Constant| Base 1539 | - 143.4 -- e we -
1.2 1980 " " " 1300 | 229 | 315.8 27.6 | 2.6 25,0 10,6
1.3 |1984 " : 1332 { 207 | 321.4 | 22,0} 2.8 19,2 7.8
*1,3a]198% " " : 1332 { 207 | 321.4 | 22.0] 3.6 18,4 6.1
1.3b]1986 " " . 1361 | 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 .51 2,7 2,8 2.0
2 2.1 [wone | $8/1b, | Constant] 333. 1359 | e 320.9 . . .- e
2.2 j1980 L " " 1274 8s |[a11.4 9.5 | 2.6 6.9 3.6
2.3 1988 " " 1296 | 63 | 315.0 3.9 1] 2.8 3.1 2.1
#2.32]1984 " " " 1296 | 63 | 31s.0 5.9 | 3.6 2.3 1.6
2.3b|1988 " " : 1311 | 48 | 316.6 4,31 3,0 1.3 1.4
2.4 |1990 " " . 1341 § 18 |319.8 1.1} 3.0 {-1.9) 0.3
2,3 {1994 " " 1350 9 |320.8 0.11 2.7 (-2.6) 0.4
Toter~
3 | 3.1 |mooe | Rising | constant| mediate | 1295 | .. [290.3 | -- | -- . -
3.2 {1988 " " " 1128 2731 17,2 ] 2.8 14.4 6.1
*3,2a11984 " " " 1128 }ﬂ 273.1 17,2 | 3.6 13.6 4,7
4 4.1 {¥one | Rising | Constant] Low 930 | .. 219.3 .- - - -
4.2 {1984 " " " 832 209,2 10,1 | 2,8 7.3 3.6
§.22}1984 " " " 832 33 209.2 10,1 | 3.6 6.5 2.8
3 | 5.1 [Moce | Ristng | Rising | Base 1627 | == |360.9 - | .. .-
5.2 {1980 " " " 1303 | 324 |319,8 | 41.1 1 2,6 3.5 15.8
5.3 1984 " " " 1339 | 288 |[326.6 3.3 ) 2.8 31,8 12,2
*s,3a] 1984 " " " 1339 | 288 |326.6 |[34.3 1 3.6 30.7 9.8
5,30} 1986 " " " 1372 | 255 |331.4 | 29.5 ] 3.0 26.5 9.8
5.4 {1990 " " " 1438 | 189 13311 19.8 | 3.0 16.8 6.6
5.5 1994 " " " 1494 | 133 |349.2 11.7 | 2.7 9.0 4.3
6 6.1 [Mone | Rising | Constant] High 1979 | -- 430,3 - .. - .-
6.2 11984 " " " 1693 | 286 ]399.3 | 31.0] 2.8 28.2 11.0
6,28} 1984 i " " 1693 | 286 1399.3 11,0 | 3.6 27.4 8.6
7 7.1 IMone | 48/1b. | Constent] High 1724 ] -- 397.9 - - . -
7.2 | 1984 " " " 1640 § 84 [390.2 7.7 | 2.8 4.9 2,7
"02' 19“ b " " 1640 “ 390‘2 1‘1 306 bol 2ol
. & 3
8 8.1 [done | $8/1b. | Constant| mediate 11ss | -~ 273.1 - . .. .-
8.2 11984 " " " 1102 | 53 }268.1 5.0 | 2.8 2.2 1.7
. | s.20f1086 ] v " " 102 | 53 f26s.1 | 5.0 )36 14 13
Example: Colum 2 derivation for Case 1,27[Column (1) Case 1.1 - Column (1) Case 1.2} =(343.4 - 315.8]) = 27.6

* Parallel bracder cases.
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TABLE 6
COST-BENEVIT ANALYSIS
COSTS, BENEFPITS, AMD BINEFIT/COST RATIO FOR BREEDER PROGRAM

ASSUMPTIONS Yty DIBCOUNTED 70 1970 @ 7%, § BILLIONS
1y 1 @ ]
NET BENEFIT 1O
LROUH CASE IMPBR | uraNt | vossiy ENERGY [ENXRGY| oROSS| ENEROY |GROSS | RaD BENEFIT | COST RATIO
No.] Mo, INTRO.| coOST FUEL DEMAND | COST BENEFIY COST [stWEFI} COST | (2) - (3) )+ (3
DATE cosT
1 1.1 [Mone | Risting ] Constant] Base 1339 | -- 214,7 - - - .o
1.2 j1980 " " " 1300 | 239 | 202,7 12.0] 2.4 9.6 5.0
1.3 1984 " " " 1332 ] 207 | 208,6 9.1] 2.5 6.6 3.6
*1.3e]1984 " " " 1332 | 207 | 208.6 9.1| 3.2 3.9 2,8
1.3b]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 1.9.
1.5 {1994 " " ' 1463 76 | 212,9 1.81 2.2 (-0.5) 0.8
2 2.1 jMone | $8/1b. | Constant| Bass 1359 | -- 204.4 -- - - -
2.2 1980 " " "o 12764 85]200.2 | 42 | 2.4 1.8 1.3
2.3 |198s " " " 1296 | 63 ] 202,1 | 2.3 | 2.5 (-0.2) 0.9
+2.38}1984 » " " 1296 6) 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 11994 " " " 1350 91 204,6 K-0.2)} 2.2 (-2.4) -0.1
ey
3 3.1 {Nons | Rising | Constant| mediate 1295 | -- 181.9 -~ .- .= .-
3.2 |1984 " " " 1128 | 167 1 175,0 | 6.9 | 2.5 4.4 2.8
*3.2a}1984 " " " 1128 | 167 ] 1158,0 69 | 3.2 3.7 2.2
4 4.1 |None | Rising | Constant| Low 930 | -- 140.3 .- .- - -
4.2 [1984 " " " 8321 98 | 136.3 | 4.0 ] 5 1.5 1.6
*4,2a[1984 " " " 832 § 98 | 136.3 4,0 3.2 0.8 1.3
5 5.1 [None | Rising Rising Base 1627 | =- 224,.8 .- - .- --
5.2 j1980 " " " 1303 | 324 | 205.9 18.91 2.4 16.5 7.9.
5.3 {1984 " " " 1339 | 288 | 209.6 13.2} 2.5 12.7 6.1°
*5,3a] 1984 " " " 1339 | 288 | 209.6 15.2| 3.2 12.0 4.8
$.3b11986 " " " 1372 § 255 | 211.9 12.9} 2.6 10.3 5.0
5.4 [1990 " " " 1438 1 189 | 216.6 8.2] 2.6 5.6 3.2
5.5 [1994 " " " 1494 | 133 © 220.% 4,31 2.2 2.1 2,0
6 6.1 [None | Rising | Constant] High 1479 - 265.9 - .. - .-
6.2 {1984 " " " 1693 1 286 | 253.0 12.9] 2.5 10.4 5.2
*6,2a] 1984 " " " 1693 1 286 | 253.0 12,9 | 3.2 9.7 4,0
7 7.1 [None } $8/1b. | Constant] High 1724 | -~ 251.0 .- - - ——
7.2 [1984 " " " 1640 84 | 248.0 3.0} 2.5 0.5 1.2
*7.28] 1984 " " " 16450 | 84 | 248.0 3,0} 32 (-0.2) 0.9
TRYET-
8 8.1 [None | $8/1b. | Constant| mediate | 1155 | -- 174,0 - - - --
8.2 {1984 " " " 1102 s3 | 172.2 1.8 2.3 (-0.7) 0.7
»8,2a01984 |. » " " 1102 53 j172,2 1.8 3.2 (-1.4) 0.6

Exewple: Coluan 2 derivation for Case 1.2 [Column (1) Case 1.1 - Column (1) Case 1.2) =[214.7 - 202.7} = 12,0
* Parallel breeder cases
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TABLE 7 -
COST-BENEFIT ANALYSIS
COSTS, BENEFITS, AND BENEFIT/COST RATIO FOR BREEDER PROCRAM

ASSUMPTIONS , ",“’;:",,2,",,.."’,‘” DYSCOUNTED TO 1970 @ 10%, § BILLIONS
(1) (@ |
1 17 BENEFIT TO
rOUH cutt:: URANIUM | POSS1L DIERCY |ENERGY | OROSS| ENERGY [GROSS | R&D BNEFIT COST RATID
No.| Mo. ] cost JUEL poHAND | cosT [pmwzriy cost lfﬂtﬂ" cost| (2) - (3) (2) 4+ (3)
DATE COST
1 | 1.1 [mone | Rising | Constant| Base 1339 | -- |120.3 . .- - -
1.2 |1980 " " " 1300 | 239 [|1t6.9 3.4 2.1 1.3 1.6
1.3 J1984 " " " 1332 | 207 HSl 2.2 2.2 0.0 1.0
*1.3s]|198% " " " 1332 | 207 . 2,2 2.6 (-0.54) 0.8
1.3b{1986 " " " 1361 } 178 §118.6 1.7 2.2 (-0.%) 0.7
1.4 {1990 » " " 1419 1120 l119.6 | 0.7 | 2.1 (-1.4) 0.3
1.5 J199% " » " 1463 | 76 |120.2 0.1 | 1.6 (-0.%) 0.1
z 2.1 Bone ”Ilbo Constant Bass xss’ - 111. 1 - - -— -
2.2 {1980 " " " 1276 | 8s [115.9 1.2 | 241 (-0.9) 0.5
203 ‘9“ b " " 1296 63 116.6 0.5 2.2 ('107) 0.2
#2.3a[1984 " " " 1296 | 63 [116.6 0.5 | 2.6 (-2.1) 0.2
2.3b{1986 " " " 1311 | 48 [116.8 0.3 | 2.2 (-1.9) 0.1
zo‘ 1990 " " " 13‘1 10 117.3 ‘-o.z) 201 ("2.3) ('0.1)
2.5 198 | » " " 1350 | o [117.5 lvo.ay| 1.6 |  (-2.0) (-0.2)
~THteT-
3 3.1 [None uliﬂ' Constant “‘}.td 129’ - 102.3 . b bdd .= -
3.2 |1984 " » ' 1128 | 167 |[100.8 1.5 | 2.2 (-0.7) 0.6
*3,28]1984 " " " 1128 | 167 [100.8 1.5 | 2.6 (-1.1) 0.5
‘ ‘.l m u.m mtm w 930 - 31.3 - - -a -
4.2 j1984 " " " 832 | 98 | 80.4 0.9 | 2.2 (-1.3) 0.4
*4,20]1984 "o " " 832 | 98 | 80.4 0.9 | 2.6 (-1.7) 0.3
s 5.1 [dNcne | Rising Rising Base 1627 | -- 125.2 o . - e
5.2 1980 " " " 1303 [a328 |119.2 6,0 | 2.1 3.9 2.8
s.3 [1984 " " " 1339 ]288 |120,8 54 | 2.2 2,2 2.0
*5.3a}1985 " " com 1339 [288 1{120,8 4,46 2.6 1.8 1.6
5.3b| 1986 " " " 1372 | 255 |121.6 3,6 | 2.2 1.4 1.6
s.4 1390 |f " " " 1438 | 189 [123.2 | 2.0 | 2.1 (-0.1) 0.9
5.5 (1994 " " " 1494 | 133 [124.4 0.8 | 1.6 (-0.8) 0.5
6 | 6.1 |none | Rising | Constant| High 1979 | .- |146.6 - | - . -
6.2 |1984 " " " 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. | Constaat! High 1724 | .. 141.8 - - — -
7.2 19“ " " " 1040 & 141.3 0.5 2,2 (4.” 0.2
*7.2a] 1984 " " " 1640 141.3 0.5 | 2.6 (2.1) 0.2
Inter.
8.1 fdone | 48/1b. | Constant 1188 | == 99.9 - — .- --
8 8.2 1984 H " .'4“ 't; 1102 53 99.5 0.4 2,2 (-1.8) 0.1
#8,2a} 1984 " " L 1102 33 9.5 0.4 2.6 (-2.2) 0.1

Pxsasle: Column 2 dexivation for Cass 1.2 {Colvam (1) Cass 1.1 - Column (1) Case 1.2) = [120.3 - 116.9} = 3.4

# Parallel bresder cases.
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TABLE 8
COST-BENEPIT ANALYSIS

COSTS, BENEYITS, AND BENEPIT/COST RATIO FUR BREEDER PROGRAM
UXDISCOUNTED
ASSUMPTIONS 8 BILLIONS DISCOUNTED TO 1970 @ 12,5%, § BILLIONS
[§3) () I (M

NET BYNEFIT TO

ROUH CASE RMYB.. | URANIUM | ross1L DIKRGY |ENERGY | GRogs] EwemoY joross | Rrap BENEYIT COST RATIO
No.{ Ro, Inmto. cosT FUEL DEMAND | COST [sENEZPIF cCOST Hanmx" cosr| (2) - (J) = (»

DATE CO8T

1 1.1 |Nene | Risin Constant| Base 1539 { -- 8L.9 - - . —e
1.2 |1980 wos " " 1300 | 239 80.9 1.0 2.0 (-1.0) 0.3
1.3 {1984 " " " 1332 | 207 81.5 3'2 1.9 (-1.5 0,2
*1.3a)1984 " " " 1332 { 207 81.5 » 2.3 (~1.9 0,2
1.3b]1986 " " " 1361 {178 81.6 0.31 1,9 (-1.6) 0.1
1.4 {1990 " " " 1419 | 120 81.9 0.0} 1.8 (-1.8) 0.0
1.5 |1994 " " " 1463 | 76 82,8 |¢-0.9) 1.3 (-2.2) (-0.7)

2 2.1 [Kone | $8/1b, | Constant] Base 1359 | -- 80.7 - - - -
2.2 |1980 " " " 1274 | &8s 80.3 0.6] 2.0 (-1,6) 0.2
2.3 {1984 " " " 1296 33 80.7 0.0 1.9 (-1.9) 0.0
*2.3a]1984 " " " 1296 80,7 o.o] 2.3 (-2.3) 0.0
2.3b[1986 " " " 1311 | 48 80.8 ¢.0.1)} 1.9 (-2.0) (-0.1)
2.4 |1990 " " " 1361 | 18 8.1 [(.0.4)] 1.8 (-2.2) (-0.2)
2.3 1996 | » " " 13501 9 | 8L1 {c.04) 13| (s1.7) (-0.3)

Intex,

k} J.1 {None | Rising | Constant ,,.3;.“ 1298 { .. §9.8 . - e -e
3.2 {1984 " " " 1128 m 69.7 0.1 1.9 (-1.8) 0.1
«3,2a]|1984 " " " 1128 69.7 0.1 | 2.3 (-2.2) 0.0

4 4.1 [None | Rising | Constant| Low 930 | .. $6.7 - .- e -
4.2 11984 | ¢ " N 8321 98 | 36,6 | o] 19| (-1.9) 0,
«4,2a]1984 " " 832 98 $6.6 0.1} 2.3 {(-2.2) .0

5 3.1 {None | Rising Rising | Base 1627 | -- 84,8 .o - .- --
5.2 |1980 " " " 1303 | 324 82.5 2.3 2.0 0.3 1.2
5.3 {1984 " " ” 1339 | 288 83.4 .6 1.9 (-0.5} 0.7
+5,38{1984 " " " 1339 | 208 83.4 1.4} 2.3 (-0.9) 0.6
5.3b} 1986 " " " 1372 {235 83.6 1.2 1.9 (-0.7) 0.6
5.4 1990 | " " 1438 1189 | g4.4 0.4 1.8 (-1.4) 0.2
5.5 [1994 " " " 1494 § 133 84.8 0.0 1.3 (~1.3) 0.0

6 6.1 [None | Rising | Conatant] High 1979 | -- 98,7 — .- e .-
6.2 {1984 " " " 1693 | 286 97.9 0.8 1.9 (-1.1) 0.4
*6.2a[19846 | " “ " 1693 | 286 97.9 6.81 2.3 (-1,9% 0,3

7 7.1 fNone | $8/1b, | Constant| High 1726 { -~ 96.9 .- .- . o
7.2 |1984 " " " 1640 | 84 96,8 0.1] 1.9 (-1.8) 0.1
*7.2a| 1984 " " " 1640 ] 84 96.8 0.1 2.3 (-2.2) 0.0

Inter~

8 | 8.1 [nous | 88/1b, | constant| mediite 1155 |-- | 9.0 — . .- -
8.2 11984 " " " 1102 | 5 68.9 o.1] L9 (-1.8) 0.1
» 8,24 1984 " " " 1102 | 53 68.9 0.1{ 2.3 (-2.2) 0.0

Example: Colusn 2 derivation for Case 1.2:[Column (1) Case 1.1 - Colimmn (1) Case 1.2} = (81,9 - 80.9] « 1.0

* Parallel bresder cases,
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hows a net benefit obtained

Table 5, for tho .Sznld'i,qqpuni: ra

| beuﬂ.u ato 319.2 bnnon and banouelcost ratio is 7.8. For

f1:1..1:13 £ouil coﬂ:o,E beneﬁ.tlcost ratioa are as high as 13.8.

. ,f-’ L
i 2

' Tabld 6 for' tba 7% d:locount rate, which rate is the reference rato
uud for discussion . 1n thh report, bcgm to show com degradation
in tlu benefit/cost ratio. but for urly introduction of. the breeder
(1984 or 1980), still shows ratios substantially above One for 9 out
of the 11 cases studied,

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

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

to 1.2 for these cases. Group 1 net dismunted benefit of $1.3

billion 1is obtained' for the 1980 breeder introduction lnd,» 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 1l.4.
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'rablc 8,!or the 12.»5‘_ ducount: rate,contains no instances where
.thara 18 a net bmﬂ.tr m Group l,cnu 1.3,benefit/cost ratio for
tho cumnt progran (’1984 umn) falh to. 0.2,

‘.‘.m tba reaulto of varyins the discount rates are:

1) Adincmt utw of 52 romlu in -larp bmut/cou
rat:loc 1n 26 ol 28 cuu uaaimd

(2) Even with dmmc rates of 10%. bmﬂtlcou ratios of 1. 6
are obtaingd for a 1980 introduction of the breeder and
reuénablo 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 S), 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 ratice below

one for all but one case.

3.3.6 Blectrical Geverating Capacity
Tables 9 and 10 are indicative of the electrical generating

capacity allocations between fossil, LWR, HICR, and LMFBR systems
determined in this analysis for two of the base reference cases,
Case 1.3 and Case 1.4, 1n 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

COST-BENEFIT ANALYSIS

GENERATING CAPACITY BUILT {gmzn OF_1000 MWE PLANTS)
CASES 1,1 AND 1,3 HTGR IN 1980, RISING URANIUM PRICES
m—-ﬂm.l-m

CONSTANT FOSSIL FUEL COSTS, BASE ENERGY DEMAND
%

YEAR Case 1.1 (w/o LMFBR) Case 1.3 (w/LMFBR Intro. 1984) TOTAL
Fossil | IR | HTIGR | Fossil | wR |[mrerR| rrer
1970-79] 120 [ 8| 8 | o1 l1aa | .| . 212
1980-89 190 | 3] 159 136 | 64 | 136| 49 385
1990-99 260 | 15| 343 165 - . 453 618
2000-09] 428 | 12| 515 168 % | - 733 955
2010-19 | 687 1| 706 . - 25 11,369 1,394
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 IMFBR INTROUDCED IN 1990, HTGR IN 1980, RISING URANIUM PRICES,
CONSTANT FOSSIL FUEL COSTS, BASE ENERGY DEMAND

_Year | Fosail | INR 1 HIGR 1 LMFBR %
1970-79 1 117 95 - - 212
1980-89 ] 142 72 171 | - 385
1990-99} 207 98 63 250 618
2000-09} 328 - 54 573 953
2010-19| 110 231 75 ] 1136 | 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 cycle costs asaociatad»wtth.tho LMFBR are probably
consexrvative since they wexe 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 be‘ng;ﬂtl. G

Uranium co.c-

A uraniun cost lchedulc 1ntermodt¢to between the constant
$8/1b uranium cost and the uranium cost schedule based on the AEC
cost projections (half-way betwsen $8/1b and Table 13 Schedule)
vas studied to further determine the sensitivity of benefits to -
uranium cost, One group included cases with constant fossil fuel
costs, a base energy demand, a non-breeder base case with LWR and
HIGR, and cases with 1980, 1984, 1990 and 1994 LMFBR introduction,

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

Table 13 uranium costs.
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LMFBR 1980
LMFBR 1984
IMFBR 1990
LMFER 1994 -




4.0 OTHER CONSIDERATIONS .

Although the results of the cost-bcnafﬁt analyoi. cloarly support the
development of the brcedcr in uccoxdanco wtth tho currtnt planning
schedule, it is evident that tho relultl of quantitiable oconantc
analysis are only one olenant to bo contidored 1n d.termdntng thn
values of mh devolopmntal. cf!ortl. An ducribed m thc 1962 chore
to the President and its 1967 Supplemnnt. nuclear powor. 1n addition
to the benefits resulting from lower cost power, has a number of ‘other
advantages of tremendous importance and pocentigl from a near term

and long term standpoint, both here in the United Staceg and throughout
the rest of the world, Numbers cannot be assigned to intangibles,

and judgment values in many cases have to predominate. Major benefits
in many cases are not readily susceptible to measurement, but

{in terms of national objectives are of substantial consequence.

For example, the success of the breeder program would, in the n6£ 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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4.1

11 These considerations. have long been recognized as the basis

leetanee~that, he lqa:cggtﬁatagignge:egresetvaa will be

afo:fsupbott of the breeder program, - Appendix A provides a

- gelection of significant statement which have been made over

the years highlighting the national importance of developing

the breeder reactor.:.

! [ -‘ L d
Need fbr Electricai tnergz

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

holds the key to obtainins significant improvements iu the
standard of living in developing areas and to euatainiug the
plaaaed 3fowth of the more highly industrialized areas. With

the paeaage of time, the demand for electricity, a most useful

| and veraatile form of energy, hae been 3rowiug rapidly. The

total U. s. electric generating capacity, which amounted to
267, 000 Mie at the end of 1967, ia expected to grow to 523,000 MWe
in 1980.and to about 1,600,000 MWe in 2000, based on the base

projection of electrical energy demand used in this analysis.
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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 has .bccu made
in laréc ‘measure as c.ruult: of substantial Government encourage-
ment ati;l«%oupport. The. present comi.tmnt to nucleaxr power 1is:
based almosr exclusively on thc use of ught vater reactor

i ¥
tmich now utilize lau than 17. of t:hc cuergy potcntial of natural

1

urani.tm. 'l’hc lsrge dcmand for uranium which wﬂ.l rcsult fm

‘tho largc-ccalo use o£ the ltght wctcr reactor makca nccesury

s 4 ;*’: T

the devolopmnt of. thc advanced reactora, particularly tbe breedcr

reactors, and thair timcly 1ntroduction :lnto the utility enviromncnt.

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 =fucls.

The nuclear comunity is actively involved in conducting the R&D
for the brecder program. A’ number of major facilities are in i
operation, baing 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 IMFBR 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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and th. uttutiu in ‘this R&D program.

The nuclear community,

ndus!:rial and é;ﬁilil_:z Lomitmonts

PO YR T fTr bp s Tyl

In addition to tho AEc-funded and-directed program, the reactor

rxr flacey [Dio 0

mufacturers snd nuclear oriented utiliues have pubucly announced
e e e

that they sre procudiug with pri.va:ely financed studies and

broad technological dovelopment program 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 Ehe apring of 1968, the annual level of utility effort was
eitim#ted to be about 36 million, excluding the continuing commit-
ments ﬁo Feﬁiﬁi and SEFOR., Utility commitments are summarized in

Appendix C.

Experience has ahown' 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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period.  The u’ltimdo objective 1s the ostablishment, at an early
date, of a self-sufficient and competitive LMFBR nuclear power
Mu»ttryvyhivohvc‘m provide the commercial breeder needed in our
economy, - Steps to achhvg this objectivo have been taken, and
cmidoublo ;progran hu_bun achieved,

4.4 Co__ugv li_gg " of Brcedar to LWR Comimnts

The oarly introduction oz tha breodor wnl provide significant
zoduction :I.n tho lons ransa raquirmnt for cnr!.ched uranium

and, in the case of tho tut breederc, ptovide optimm utilization
of the plutonium that will be produced in the 1light water reactors.
(The AEC estimate of the plutonium contained in irradiated 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 industrisl coupling characteristic
of the light water and fast breeder reactors employing the uranium -
238-p1ut¢rﬂ.tnn fﬁel cyclewis irmportant to veatablishing 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 Kg.

5%



4.6

"‘;urani.ﬁm: ore réﬁuitanents and separati.ve work requ:lred by the

phey

m's and other uranium-consuming reactora, 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

ugse in the LMFBR. This capability over the next ten years

can be increasgd by providing fuel for plutonium recycle in the
LWR, for the Ff‘l‘?, 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
1ight water reactor fuel cycle will be of great importance in

establishing an LMFBR fuel cycle industry.

58



4.8

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

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. Each of these countries has committed
substantial resources toward achieving this goal. It is
estimated that these countries, excluding the USSR, are spending
over $150 million per year on fast breeder R&D programs.

Appendix D summarizes the major foreign fast breeder 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
position from the standpoint of initially capitalizing on the
available worldwide market for breeder reactors, the domination

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

are planning to introduce a fast breeder reactor into the commercial
enviromment in the late 1970's and early 1980's. The U. S. is
planning to oommence 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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'rechnolggical Leadetshig

ﬁ. 8. effottl“ mtut be conttnuod in order to maintain the technolosical
mi’”mdmup which the u. 8. hu achieved in the development of

| foreign countri.el have been l?ue(!"on tbis leadetoh:lp, and the

'}-‘f f‘ reputation of tho U, S. 1in many o£ the natim is in no m11

4,10

L3 LTy

measure due to 1ta comand:lng pos:ltion :ln advancing tho uses of

the atom for peacefui purpoaeo. 'rhe u. 8. resolva to apply nuclear

energy to paaceful applicatioml was ﬁtat emmc:lated by President

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

There is 1little question that the USSR would exploit any failure

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

To appreciate this, one need only have witnessed the aggressive

program presented by the USSR at the World Power Conference held

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

of peaceful application of the atom to nuclear power.

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 rate;l could cause
the Goverrnment 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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:ﬁforvthe third two years, end economics dicteting thereafter.
The ratee eeeumed are competible with the capability of 3 to §

$*reector‘mnnu£acturere to initially achieve these rates.

"{4;.!:"—‘::“ SRR TRy [EEANS 1R TN ERT 3 S I

5.3 Cegitel COste of Plant

The capital coeta utilized in the model for the IMWBR.coet benefite
study are ehown in Figure 8. Theae are estimated 1970 costs,
averaged for the U. s. and they reflect, to the extent possible,
the gciloqingfgactore: o

a. idcreaeed cost ofimoney. .

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

c.‘ Experience with plante constructed to date and on order,
d, ;he;effectsvof prgjected;coet reductione.

cbe

e, Effects of mode of construction (shop versus field, improve-
" ‘ments in engineering and utilization of £ecilitiea), and
releted 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 is expected that

complete factual data would increase the estimated costs,
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5.4

5.5

Mass Balance and Reactor Performance

The mass balance of each reactor was based on reactor performance
numbexrs shown in Table 11. Two sets of values were assumed for
§§°;£HYBR’ one for thg initial introduction of the LMFBR and a
i;cénd for advanced Eﬂ?BR'e. The reactors intdroduced in

thefi fi:st; 6 years weré assumed to maintain low specific power and
i?gh opeéific inventory for the 30 years of 1ife. In practice,

advanced cores would replace the earlier cores.

!p;eg of the several types of light water reactors used in the
;nalyaia 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,
éhemical preparation, conversion, and chemicallreprocesaing which
have been computed based on fuel mass flows for tﬁe entire life of
each reactor considered. The code used is applicable to reactor
syatemsvin 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 mtl. Costs

3.7

Gmup 5 £or uhic‘mcost mcrauu of 1% per year were assumed,

RO N 4
EATR BRI S o S P PO

Uranfum Costs™ "
Uranium costs were assumed to be rising for 5 of the 8 groups
considered (see Table 1) in accordance with a mMulo 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 assunmed to

be constant .at $8 per pound U30g. FPuture 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 intemdiatc costs, as discussed
in this report. The analysis further gnmd that there was no
import or export of fissile or fertile material.
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0.3 = 0,

0.75- 1,0

1.0 - 1.2
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. COST-BENRFIT AVALYSIS

{Cost per 1b,

“of U305 > {430 to 50 [$50 to 100
Reasonably® | . . . T
Assured - 6,000 11,660

5.8 Base Date fm.i Analysis and Cut-off Dates } g -
Nuclear power plants will not go into commercial operation in

sizeable mmbers until 1970, which was selected as the initial

year of this analysis and, also, as the base year for which all
present worth costs of all future egtpendi.turu were detamine@.
The period from 1970 to 2020 was selected as the period over
which the cost benefits are obtained.

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

*  before 1970,

* Defined as the quantity of uranium, expressed as !130 » in all known ore deposits
for which the uranium content and other factors, aucﬁ as size, depth, and
metallurgical characteristics, are sufficiently well defined that the cost of
production can be estimated on the basis of presently known mining and processing
technology.

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

. L‘z SO;K .

1980% 1,372 ©o0a257004 ) 2,000 0 | 2,330 |-

ey

2000 : ¥ 5”‘070 e g .,6’800 Ji 8,000 . 10’000 o

o

2020

C o

10,870 | ‘15,725 ] 18,500 | 24,210

r

*Output of plants operating prior to 1970 are not'ircluded.

5.10 Generating Capacity Load Factor

The United States yearly load factor was assumed .to range from .
65% in 1970 to 68% in 2020, The load factors are based on
nuclear power in competition for all estimated electrical
demand shown in Tablé 15, which as stated, excludes the demand
associated with peaking u;u.ts and all hydro.
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| B-l LHFBR iut:roduced m 1984 | Present:ly planned program .-
: for breedero.

K B-Z 'LMFBR. introduced in 1980 - Accelerated program for
" breeders.

B-3 I.MI’BR mtroduced in 1986 Delay in present program demon-
: stration by 2 years.

B-4 IMFBR introduced in 1990 - A $40 million per annum LMFBR
technology program 1971-77.

B-5 LIMFBR introduced in 1994 - A $15 million per annum LMFBR
technology program 1971-77.

B-7 IMFBR introduced in 1984 - 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 IMFBR introduction., Plan B-7

supports a level of effort for alternate breeders through 1971-

1972, at which time it was assumed that a decision is made to
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s:a:t in FY 1971 to allow‘for a programmed teduction.

Additional tota for the delayed programs, above and beyond
the total’ expeaditure. fbr tha preaently planned program'would be made
as a result of the phaae-down and phase-up during the delaying period.
In any case the plans assume that some benefits from R&D would result

during such delsying period.

In Plan B-4, ILMFBR 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 LMFBR to be introduced in 1994,

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

to date,

To establish the validity of safety criteria used in reactor design,
congtruction, 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 Commisaion,

"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:

1. Th !!'!-‘ < L € ¢ B8 W € I" 888 .
construction Og glnnta incorgorating t!lg 2!888!‘!:!! E!Qﬂt

competitive reactor types;

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

3. The development of improved converter and, later, breeder

react c er e fert t nab
oneg, thus making available the full potential of the
nuclear fuels.

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

* 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 Govermnment must take the lead
in this regard."

% K Kk
"Thug, 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 maior
use 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 undertaken 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 participstion by the nuclear industry as nuclear
power becomes economic, " 3 ' -

. L kR ok ‘ .
"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: Findings and Conclusions, An
Interdepartmental Study, September 1966,

"While private industry will probably concentrate on improving
existing commercial reactors, the Govermment should play a key
role in developing more advanced reactors with better fuel
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
nucleer 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."
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5.

Speeches

b.

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

"1f 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
uranfum - 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, Fast Breeder
Power Conference, Detroit, Michigan, December 3, 1963.

"To this end, the objective of the Commission's nuclear power
program for the long-range future is clearly identified: it
is to guide the program in such direction as to make possible
the exploitation of the vast energy resources latent in the
fertile materials, 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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c¢. Remarks by Milton Shaw, Diracgorsotﬁnivision ofzneactorlnavelopmeht
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on Fast breeder Reactors, May 17-19, 1966,  «i i o

M"In its program to achieve systems that will extend.the U, 8.'s
enexgy 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 |
extensive R&D program are obvious.. The successful demonstration
of this vital reactor -concept in. a timely, effective and economic
manner depends upon verification of the technological and
engineering prerequisites through-a planned and disciplined
research and development program..." Do =

d. Remarks by AEC coﬁbiisioner Dr. Gerald P. Tape, Third
Intérnational Conferenée on tﬁe Phaéeful Uses of Atomic
Energy, Geneva, Switzerland, August 31,A1964.

YThe 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, chgcago, Illinois,
April 25, 1967.

"In speaking to the British Nuclear Energy Society last October,
1 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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- Mpg ib& well ‘know, fbrcﬁoie”thén toh'yearl the ﬁttlity and
" reactor manufacturing industries have been deeply involved

in the predecessor AEC program - namely, the 1ight water

‘reactor 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'cdﬁmiloioner ﬁilfrid B, Johnson, U, 3. Atomic
Energy Commianion, ANS Topical Meeting, San Francisco, California,
April 10, 1967,

"The ultimate step in extending fuel supplies is in getting
many times the present 1 to 2% of energy latent in uranium
transformed into economically useable form. Our ability to
make more than a few percent of this latent energy available
at all, requires the breeder-type of reactor, and to get this
energy into the economy requires that 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 times. If

we successfully tackle and accomplish the much more difficult

goal of high yield breeder reactors we will have achieved
unlimited supplies of energy."
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i. Remarks by Congressman Wayne Aspinall, Twelfth Annual
Meeting of the American Nuclear Society, Denver, Colorado,
June 21, 1966, |

"If the breeder reactor can be successfully developed-~ snd
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,"

J. 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 substantial government
partic.i'pacion in these areas mandatory for another 15 years
or 80,

k. S8tatement by Philip Sporn, President of American Rlectric
Power Service Corporation, before the Joint Committee on
Atomic Energy, July 17, 1964.

"This program (reactor development program) should be simed 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. 1In 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 resources nor our manpower and other
resources all of which are integrated in the final figure of
economic performance,"

1, 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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b.

c.

6. Letter to.t

;;."Bxpendiﬁérei{in;1964»for¢£ﬁa'Jééelopménchfgéconomdc civilian

nuclear power are estimated at $244 million, 'an increase of

$34 million over 1963, In line with the Commission's recent
Report to the President on Civilian Nuclear Power, increasing
emphasis will be placed on reactors which produce more fuel than:
they consume ("breeders"). Breeders will be necessary if
nuclear energy is to make a significant contribution to the
national power supply in the long runm.”

FY 1965 Budget.

"Increaked 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‘patticular emphasis will bb given to 'breeder" power
reactors, which would produce more fissionable material than
they consume, and to the area of nuclear safety."

FY 1966 Budget.

"The Commission is also working toward the long-range objective
of high-gain breeder reactors which produce significantly more
fuel than they consume, These breeders would insure a 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 1s the
effort to develop an economic fast breeder reactor, which
promiges 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,

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
fissionable 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. Its
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
11quid metal-cooled fast breeder reactors (IMFBR)."
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9. Excerpts from Reports of the JCAE on AEC Authorizing

Appropriations for the AEC.

FY 1965 Budaet. 

 "This &ear’s request for the civilian ﬁower reactor

'w¢¢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 is only nuclear energy which
holds the promise of meeting the Nation's long-term
energy requirements and in this connection, only those
reactors which permit more efficient utilization of fuel,
or contribute to the ultimate goal of breeding, should

be pursued. In this report, the AEC indicated that the
fast reactor concept would be the main approach to
developing breeders. However, since that time, technolog-
ical developments have occurred which indicate that
breeding may also be feasible in certain types of thermal
reactors using the thorfum 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
endoree 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 lTimitless supply of energy for
this country. However, the committee believes that
developments, particularly those in the past year,
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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 Pacility (FFIF), for which the committee

has recommended authorization of $80 million in construction
funds beyond the previously authorized $7.5 million for
architect-engineering, 18 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. Beyond 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 Me 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 A1/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-GPU 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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GCeneral 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, - B T v .

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

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

- target output of approximately 300 MJ, 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 LMFBER
programs), it is also clear that such an undertaking with some
of General Electric's major customers represents a serious
statement of intent,” '
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Westinghouse Electric Corporation

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

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

“To support this approach, Westinghouse has committed 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
undervay, 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&-utility IMFBR 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," -

Combusgtion 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. We 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 a number of other utilities we plan to contact
about this program which would ultimately place us in a position to
work on a firm design for a demonstration plant,”
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_ Jerse Central Power & Light Company

' Metropolitan' Edison Company :
New Jersey Power & Light: Company

5 Pennaylvan:la Electric Company

Pannsylvania Electric bas aelected a aite in northeastern
Pennsylvania on the Susquehanna River near Tonawanda that
could be used for an LMFBR.
b. General Electr:lc
(1) Wi.th the SAEA gtoup and four other utilities - a $750,000
| design study of a 200 HWa prototype sod:lum-cooled plant.
Construction decision :ln 1969.

SAEA - Southweat Atomic Energy Asaociates (SEFOR)

Arkansas - msaouri Powar Company

Arkansas Power & Light Company

Central Louisiana Electric Company
+.The Central Kansas Power Company*

" The Empire District Electric Company
Gulf States Utilities Company
Kansas Gas and Electric Company
‘Louisiana - Power & Light Company
Mississippi Power and Light Company
Missouri Puyblic Service Company
Missouri Utilities Company*

* Not included in initial list of fifteen.
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Nlagara Mbhaw P erfCOrporation
-« Lu:Central:Hudson!Gas & Electric Corporation

Consolidated Edison Company of New York, Inec,
« ru-Long:Island: Lighting Company

Rochester Gas & Electric Corporation

: Orange: and ‘Rockland .Utilities, Inc, - :

New York State Electric and Gas Corporation

Westinghouae . A |

With 21 utﬂities and an A/; fim- fbur-yéar proéram 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 millfon 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, Dasign Studies -

.

With ESADA $100.000 for duisn'otudy of a"‘ sodiun-cooled systen,

which wﬂ.l draw on lodi.un handung technology developed under
earlier AI/BSADA contracu'

'rechnology and economics of a

1,000 Mle plant t:o be cmidered.

ESADA - See listing on page 94 of Appendix c. ’

T
[VE Tl

y Allegheny Power Systemi. .- : .o
2/ Texas Utilities Company .- .= {0 ©
3/ Ohio Edison System
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and wue comny and $12.7 mnuon fron tbc Am aro couing figures.

SAEA - See umng on plgom’_ '93 .nd 9 of Appcndix c.

C. Power Reactor Dwalopmnt complny B
ast brudor
PRIC - Power Reactor Dcvelopunc_.'cqnpany (Permi)

Allia-chalmo Manufacturing Company

The Babcock & Wilcox Company

Burroughs Corporation

Central Hudson Gas & Electric Corporation
_The Cincinnati Cas & Electric Company
~.Columbus and Southern Ohio Electric Company

,zombustion Engimrins. Inc,

Fermi: 60 Mie sodium coolcd”"
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.-activities, .. -

Other Activities

All:lc-Chalmra mnufacturins Company
‘- Babcock'& Wilcox Company :
Baltimore Gas and Electric Ccmpany
Central Hudson Gas & Electric Corporation
Cincinnati Cas & Electric Company '
Cleveland Electric nluminating Company .
Commonwealth Associates
_.Consolidated Edison Company of New York, Inc.
COnsolidation Coal Company =~

& c

on, Company,
Indianap 11s Power & I.iﬁu: Company
Leeds,'v ”Nortbrup Cmpany'w
Lighting Company
Naw York State Blectric & Gas Corporation
Niagara, Mohawk ‘Power Corporation
'Philadelphia Electric Company
Potomac Electric Power Company
Public Service Electric and Gas Company
Rochester Gas snd Klectric Corporation
Toledo Edison Company
Wisconsin Power and Light Company

Edison Electric Institute, Detroit Edison, and APDA

$0.8 million to demonstrate Pu0,
in an operating reactor.

= UO2 fuel performance
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APPENDIX D

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

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

i8 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. S. reactor programs. ' !

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

a foreign market will depend on many other factors, These include
price structure, simplicity of plant operation and maintenance, and
reactor characteristics. Several West European countries are
planning to introduce a fast breeder reactor into the commercial
environment in the late 1970's and early 1980's., The U. S. is planning
to commence LMFBR operation in the early 1980's. Substantial sales
of both IWR's and breeders will be gained by the U. 8., both for the
near and far term, 1if 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 LMFBR demand for the
free world in the 1984-1995 period would equal 640,000 MWe, representing
about $100 billion dollars in investment.

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

in the position of competing in an overseas market of equal size. Each
percent of the overseas market represents about $500 million.
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*EE1 Fast Breeder Report, April 1968
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BR-60 (BOR) | 0.0

BN-350 | wsse 1000.0

PFR | GREAT BRITAWN 600,0

PEC 1 roa 140,0

JEFR | JAPAN 100.0

PHENIX FRANCE 600.0

NA-2 W, GERMANY3 750.0

FFIF |  uwzED sTaTes 400,0

JPFR | osaew | 900.0

DEMO ;1 "] * ‘UNITED STATES »900,0 Na 1976
BN-600 USSR 1400,0 - Na 1976
DEMO: 2  UNITED STATES »900,0 Na 1978
CFR UKAEA 2500,0 Na 1979
1000 Mle FRANCE 2500,0 Na 1980
1000 MWe - GERMANY 2500,0 Na 1980
DEMO 3 UNITED STATES »900,0 Na 1980
1000 Mie UNITED STATES 2500, 0 Na 1984
1 Estimated beyond 1969 |

2 Being increased to over 40 MWt in 1969,

Z With Belgium and Netherlands.

With Germany and Euratom.
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