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EXECUTIVE SUMMARY 

The purpose of this paper is an analysis of th~ important technical 

and economic parameters related to the timing and future deployment-of 

nuclear power in the.U.S. The analysis is used first to form the basis 

of a set of alternative nuclear strategies and then to assist in a critical 

evaluation of these strategies. The strategies involve major decisions on 

breeder commercialization, fuel cycle development, and strengthening the 

nuGloar option in the U.S. 

DOE energy projections indicate that nuclear power must play a.substan

tial role in meeting future U.S. energy needs, even under assumptions that 

are optimistic with respect to energy cpnservation and the increased use 

of coal-fired generating plants. Also, estimates indicate that nuclear 

power can have a substantial cost advantage in certain areas of the U.S. 

Ho.wever, these estimates involve significant uncertainties, such as the 

relative environmental impact of the nuclear and coal ~cycles and the costs 

of meeting new envi_ronmental performance standards. 

There are three main elements in the fission portfolio: 

·o ·programs which ex.tend the uran1um resource base or which 

add to the. efficiency of its use; 

o breeder programs; and 

o enabling programs. 
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The key to analyzing this portfolio is the breeder reactor. The 

principal questions are whether a transition to breeder reactors becomes 

necessary, and if so, at what date. The breeder reactor represents a 

technology that expands nuclear fission from an exhaustible to an inexhaust-

.. 
·ible energy source. 

Two different models form the basis of the analysis: 

o The Finite Ore M:odel which assumes a fixed u·ranium ore 
) 

base and analyzes when.the r~source base has been 

committed to light water reactors (LWRs) and advanced 

converter reactors (ACRs). 

o The Economics Model which analyzes time frames in which 

no further uranium 1s available at a price below 

that :which makes breeder reactors economically competi-

tive with LWRs and ACRs. 

For these models, the date of transition is a function of th~ amount 

of uranium ore available, the growth of nuclear generating capacity, the 

relative costs of competing systems and the effi~iency with which the 

uranium is used in thermal reactors. These variables are treated para-, 

metrically in the analysis. 

The analysis considers four different cases made up of five different 

reactorsystems: the standard light water reactor, an improved LWR 

(15 percent savings in: fuel use), an optiwizt!d LWR (25 percent savings 

in fuel use), an advanced converter reactor, ·and a breeder. In the 

four cases, th~ first four types of reactors are introduced in varying 

combinations, based on technical judgments as to when these systems will 

be ready for deployment~ The .breeder reactor introduction date is then 
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determined as an output of the analysis, based on total commitment of the 

uran1um resource base in the Finite Ore Model and on achievement of economic 

competitiveness _in the case of the Economics Model. 

The lifetime ore requirements in the four cases are based on the 

- current tails assay of 0.2% from the uranium enrichment facilities. This 

tails assay could be reduced to as low as 0.05% .at existing or planned . 
• 

facilities, or through advanced isotope separation techniques. The lower 

tails assay would reduce LWR or ACR ore requirements_by approximately 20%. 

Each of the four cases was also analyzed on the basis of the 0.05% tails 

assay~being employed in the mid-1990's. 

The projected growth in nuclear power is the single most important 

parameter in· the development of a sound strategy. Recognizing the uncer-

tainties in such project ions, a wide range of growth pa_tterns were 

incorporated 1n the analysis. The installed capacity by the year 2000, 

' spanning DOE high and low estimates, was assumed at levels of 200 GWe, 300 

GWe, and 40.0 GWe·, with subsequent annual additions m the 21st century of 

10 GWe, .. 15 CWe, and 20 GWe. 

A range in the size of the uranium resource base was also employed. 

For the Finite Ore Model, values of 1.8, 1.6, and 4.5 million tons were 

chosen, the higher value being approximately equal to the current NURE 

estimate of resources available in the U.S. below $50/lb. forward GOst. 

In the Economics Model price-quantity supply curves are used, reflecting 

greater quantities of ore availability. at higher costs. 

Finally, for the ·Economifs .Model_, it was necessary, to make use of 

·the relative costs of the variou·s- reactor systems. Initial indications 

are that the capital cost of the improved and optimized LWR will not 
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differ substant.ially from the standard LWR. The capital cost of the 

breeder was assumed to be from 25% to 75% higher than that of the reference 

LWR. The fuel cost was assumed to follow the uranium cost/supply curves 

mentioned above. 

The major observations derived from the results of the Finite Ore 

Model calculations are: 

o If the ore base l.S only 1,8 million tnns; breedQr reactors 

must be introduced :'lrn11nrl the year 2000. 

o If the ore base l.S 3.6 million tons, the introduction of 

the breeder can be delayed until t~e period 2010-2050. 

The earlier date is associated with the highest nuclear 

growth rate and the deployment of only the stand~rd LWR. 

The later date results ftom the use of the l_owest nuclear 

growth rate, the introduction of LWR improvements, 

introductiori of an ACR, .and achievement of a 0.05% tails 

assay. 

o With the large ore base, t~e breeder is not required until 

earlier than 2015 and possible as late as second half of 

the centur.y (under assumptions parallel·to those in the 

medium ore base case). 

o The introduction of both the improved and optimized LWR 

showv marlc:ecl P.f:f~ct s (rive to cigh t years ot aclcli. Liorial 
I 

·generating capacity) in all but the low ore base case. 

The introduction of an ACR around 1995 would stretch the 

ore exhaustion date by an additional three to seven yea~s. 
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The major obs·ervations to be drawn from the calculations performed 

using the Economics Model are:. 

o For. a breeder with capital costs 1.25 times an LWR, an 

economic transition date would occur as early as 1997 for 

the highest assumed uran1um costs and the highest nuclear . . . 

growth rat·e, and as late a's 2025 for the case using inter-

mediate uranium costs and the lowest nuclear growth rate. 

o For a breeder with capital costs 1.50 times an LWR, 

the economic t~ansition date would occur in 2007 for ihe 

highest uranium costs and highest·nuclear·growth rate, 

and later than 2025 for the intermediate uranium cost 

and lowest growth rate. 

o For a breeder with ci~ital costs 1.75 times the 

reference- LWR, there is virtually no set of. assumptions 

about uranium supply or nuclear growth that would lead 

to a~.economic transition to the breeder before 2025. 

o For all the above combinations, application of the 

lower tail~ assay extends the economic transition date 

betwe~n three to •eien years.• 

o Introduction of the improved LWR can delay the economic 

transition from five to ten years. The subsequent 

introdu.ction of the optimized LWR can delay the transi-

tion an additional three to ten years. 
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Alternative strategies have been examined that are consistent with a 

range of proposed approaches for developing the nuclear option and meeting 

the nuclear energy demand. The strategies are based on types of nuclear 

reactors as the main thrust. The supporting fuel cycle work is a derivative 

of the. mainli.ne reactor program. 

In every strategy, priority l.S given to waste management because the 

achieveweol of progress in this area is considered essential to resolving 

a large element of uncertainty in the nuclear program. The strategies 

are as fo llnws: 

Strategy 1: Early Breeder. This strategy is based on the v1.ew that 

the uranium nrP. hAse i~ limited; that the llUl;lear growth rate will be 

high, and/or that breeder.economics will be very favorable. The strategy 

calls for an ea·rly commitment to the breeder, with completion of a 

conceptual design study by 1981, commitment to a demonstration facility 

by 1982, and initial commercial deployment in ZO years thereafter. Repro-

cessing development would be given hieh priority through commerci<il.ization. 

and the programs for LWR improvement, ACR development, Advanced Isotope 

' 
Separation Technology (AIST), and the National Uranium Resource Evaluation 

(NURE) program would be deemphasi~P.rl. Thi~ strategy wottld cr~~L~ a relatively 

high cost program that would also have modera·tely high risks 1.n being 

successful with breeder. dP.pl oyment. 

Strategy 2: Late Breeder. This strategy is based on the v1.ew that 

the resource base is adequate for a long period of LWR once-through 

operation, that .the nuclear growth rate will be low, and/or Lhat .breeder 

economics will be unfavorable. Consequently, commercialization of the 
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breeder is deferred as long as possible. Breeder development is pursued 

' at a· low level. A decision on a demonstration plant is deferred until the 

1990 1s. Reproc~ssing development is deferred. LWR improvements, ACR 

development, AIST, NQRE, and centrifuge facility deployment and develop-

ment are emphasized. 

Strategy 3: Hedged Breeder. This strategy i's consistent with a 

view that the resource base, nuclear growth, and breeder economics can be 

reasonably judged to have values that do not require rapid progression to 

the breeder. However, recognizing that there is a substantial uncertainty 

about this judgment, the strategy maintains sufficient flexibility and 

options so that pr.ogram shifts can be made easily and effectively whenever 

information or events dictate •. The programs for LWR improvement, ACRs, 

AIST, NURE, and centrifuge facilities are emphasized, but are less 

strongly supported than in Strategy 2. Breeder _development continues at 

a moderate level with emphasis on engineering and component development. 

A decision on a demonstration plant could be taken in 1981; but also could 

be deferred ·until 1986-1990. Plans for both a 20-year a~d a 30-year 

commercialization program could be developed. Reproc~ssing technology is 

developed but commercialization 1s deferred. This is a balanced program 

that attempts to 1 mi,nimize risk at a moderate cost. 

Strategy 4: Expanded Nuclear. In this view, nuclear power will play 

a predominant role in our energy future, with installed capacities at least 

equal to the highesl value·a aoeumed in thP. analysis. Aggressive programs 

would be pursued for LWRs, ACRs, and breeders with commitments to 
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commercialize at the earliest possible dates. For the breeder, this would 

call for a decision on a demonstration plant in 1981 and planning for both 
' 

' 
a 20-year and -a 30-year deployment schedule. Reprocessing, through the 

commercialization stage, would be accelerated. The program would be very 

costly but would provide the greatest assurance of maintaining and deploying 

the nuclear option. 

Evaluation of the results of the analysis and the above strategies 

leads Lo the following main conclusions: 

o Both the Finite Ore Model and the Economics Model results 

show that the achievement of assumed LWR improvements, 

ACR deployment, or lower tails assay can make worthwhile 

contributions to the nuclear economy. When all or _part 

o.f these achievements are combined in various ways, the 

contribution becomes quite significant. 

o The transition to the breeder reactor can be delayed 

for a number of years. Only when hieh nuclear growth, 

low uranium resources, and low breeder capital costs occur 

simultaneously is there justification for early breeder 

introduction. 

o Based on the probable ranges of the key variables and 

likely technological development_paths, the analysis 

shows that thP. la1:g1:1 majority ot Lhe 54 cases treated 

by the Economic Model project an economic transition 

to the breeder after the year 2025. However, there_are 
\ -
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a number of significant situations in which the br~ede~ 

would be needed between 2010 and 2025. There are few 

situations which indicate a transition before 2010. 

o A strategy to delay. the decision to build a breeder 

demonstration reactor is the most consi~tent with the 

largest space of future events analyzed in this study. 

However, because of the number of situations wherein a 

breeder would be needed between 201U and 2025, it is 

prudent to pursue a strategy that continues.•extensive 

development of breeder design and components. Strategies 

to move forward rapidly with breeder development are not 

supported by the analysis. 

' 

' 



I. INTRODUCTION AND PURPOSE 

, .. 

Civilian use.of nuclea~ energy continues to be a matter of great con-

cern for the public, for Congress, and for both,domestic and international 

bodies. These concerns span a range from a serious national need for 

expandable energy sources to just as serious concerns for non-proliferation, 

radioactive waste management, and the environment. A comb~nation of 

such concerns, along with reduced ne~ds for electric power and plant 

construe tion de lays, ha,s resul te~ in a st.eadily decreasing projected 

deployment of nuclear power (by a factor of three in the last six years 1n 

the U.S.) both in the u.s. and abroad. 

Notwi thstand.l.ng the concerns over nuclear power, serious constraints· 

on the use of oil and gas for electrical power generation, coupled 

with the environmental problems of coal power plants, render riuclear an 

attractive alt·ernative for electrical generation in this Nation's future. 

However, as a result of the· reduced nuclear power demand and the growing 

concerns over the potential spread of sensitive nuclear materials, 

there has not been a necessity to make immediate decisions regarding 

near-term reprocessing and breeder commercialization, from either an 

economic or resource perspective. 

Programs which formed the basic thrust of nuclear development in the 

early 1970's have to some extent already been adjusted in view of present 

realities. To date, this adjustment process has taken the form of: 
I 
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o Increased emphasis on problems of radioactive waste 

management, especially provisions for away-from-reactor 

storage and developing technology options for ultimate 

disposal of radioactive wastes. 

o Increased attention to the non-proliferation 6bjectivei 

and reorientation of the reprocessing, fuel cycle, and 

breeder prugrams. 

o Increased emphasis on once-through light water reactor 

technology. 

o Increase9 concern for more detailed knowledge of the 

uranium r~Rnurce baec. 

o Reorientation of the uran1um enrichment programs to 

coincide with the pace and scope compatible with 

anticipated demand for enrichment services. 

I 

o Exploration of fuel cycles (such as thorium) which 

minimize the use of P,lutonium. 

N~verthelesR, major strategic decisions still loom over breeder com-

mercialization, the breeders' requisite demand for reprocessine, ·and the 

future role of more proliferation-rPsistant nuclP.Rr t~dmulogies. These 

decisions require long lead-times for deployment and must be planned 

decades in advance. 

In consequence, one of the major objectives of DOE is to assure that 

the transition continues in· an intelligent and orderly manner, preserving 
t 

those options needed for the necesoary decisions of the future. The prin-

cipal focus of this paper is an analysis of the important technical and 
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economic parameters related to the future of nuclear power in the U.S. 

The 'analysis is used first to form the basis of a set of alternative 

nuclear strategies suitable for the United States and then to assist 

in a critical evaluation of these strategies. The strategies offer a set 

. of different ·nuclear futures approached from differing assumptions and 

differing viewpoints. They should be useful for a wide range of policy 

makers. 

The nuclear strategies presented and discussed here are not fixed for 

all time nor are they designed to cover all future contingencies. Rather, 

any selected strategy must be continually examined, reevaluated, and built 

upon over time. Of necessity, the strategy must have the flexibility to 

anticipate and accommodate potential shifts in our knowledge about future 

events (a narrowing·of uncertainties) as well as the capability to adapt to 

emerging technology. 

II. THE NEED FOR NUCLEAR POWER 

It is apparent that nuclear energy must play a part 1n meeting 

our· future energy needs under any plausible set of assumptions. QOE's 

best estimates of Ute total el~~trical generation capacity by energy 

source that ~ill be installed between now and the ·year 2000 are given 1n 

Table 1. Even under assumptions that are optimistic with respect to 

both energy conaervation in the United States and the increased use of 

coal-fired electrical generation plants, it appears ~hat nuclear power 

will be a major contributor in our Nation's energy future. It should be 

emphasized that these projections are based on reasonable assumptions 

I . 



1977 

1980 

1985 

1990 

2000 

TABLE 1 

INSTALL_ED u.s. GENERATING CAPACITY (GWe) .. !J 

2/ Coal Gas on Nucl-"'aX: - . 1 
High]/ Lo~' High lC·\o,; High Low High Low 

49 213.6 78.8 140.3 

66 62 258 245 80 80 151 151 

122 100 296 2?7 83 79 178 171 

192 157 395 328 87 76 185 175 

395 255 585 435 85 70 190 175 

1_/ The proposed National E:1ergy Ac:t is not entirely reflected in these 
projections. The Act encour.:.t.;;es and/or mandates the shift away trom 
oil and gas to coal. 

]j Preliminary data frmr. EIA indicate that these numbers will b~ revised. 
do~mmrd in t::te 1979 projections. 

]I Based on EL<\ Series F through 1990 which assumes medicm demand, 
medium sup~ ly' and increasing world oil ~:>rices . 

,. 

.!!_/ Based on EIA Series E through 1990 which assumes low supply, .. low . 
demand, and constant world oil pr~ce. 

Hydro Other 
High Low High Low 

68.5 11.2 

78 78 12 12 

92 92 19 19 

105 105 25 25 

115 115 50 50 
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concerning the continued acceptance of nucle~r power and the rate of 

expansion of coal generating capacity. 

In addition, our estimates indicate that nuclear power will have a 

substantial cost advantage over coal in providing electricity, particularly 

in New England and the Mid-West. A comparis-on· o·f. ·the relative costs of 

coal and riuclear in these regions is given in Table 2. 

The table contains the capital costs and generation costs of producing 

power from a 1000 MWe coal~fired plarit in comparison to a 1000· MWe nuclear 

plant. The costs 1n the table are not average costs of existing capa~ity but 

reflect the marginal costs to the consumer of···these plants in three 

diff~rent time periods: 1975, 1985, and the year 2000. 

The figures in Table 2 are based on a ser1es of economic assumptions. 

There is uncertainty in these assumptions, for example, about the future 

costs of waste disposal or the costs of meeting new source performance stand-

ards. In addition to these economic uncertainties, there exists even 

greater uncertainties on the relative overall environmental impact of the 
. ' I 

nuclear. cycle in comparison to coal cycle. The uncertainties concerning 

the relative environmental effects of these two technologies become progres-

sively more severe as ~me assesses the overall global impact: of having the 

technology in operation over many decades on a substantial scale. 

IlL ' CONCEPTUAL FRAMEWORK FOR THE ANALYSIS 

The framework developed for the analysis in this paper is intended 

to facil1tate decisions on investment in each element of DOE's fission 

portfolio for FY 1980 and on the investment trend in subsequent ~ears. 



TABLE 2 

COS'i'S OF TYPICAL 1000 MWe PLANT 
(Constant 1975 Dollars) 

1985b 2000c 

Coal 

Capital Cost: 
$/kW 
mills/kWh 

Fuel Cycle - mills/kWh 

O&M - mills/kWh 

Total - mills/k-Nh 

Nuclear (LWR) 

Capital Cost 
- $/kW 

:nills /kl-.11 
Fuel Cycle - mills/kwb 

O&M. mills /kWh 

Total - mills/k~~ 

311.0 
.., -
I • I 

8.5 

1.6· 

17.8 

"3:'4.0 
9.2 
2.6 

2.0 

13.8 
"-I 

With l\ithout 
Scrubbers Scrubbers 

; 

55~.0 !465.0 
l . 7 10.3 
12.0 15.3 

2.8 1.6 

:;:8.5 27.2 

667.0 
16.5 
5.4 

2.0 

2::.9 

a.. Steam Electric. Plant Construcc:::.on Cost and Annual Production E::pe:r:ses, 1975, 
Twenty-Eight Ann:.:al Supplerr.ent ,. January 197 8 (DOE/EIA-00·33/1) (Assumptions: 

·Fixed Charge of 13%, Capacity F~ctor of 60%). 

b. Nuclear Power Issues and Cb::>ices, Fo·rd FoundationiMitre Corporation, January 11~ 
1977 (p. 3-31). 

c. Study P:mel Inexhaustible E::tergy Resources Study, U.S. ERDA, September 1977 
(p. 3-C:, average ·=>f 1990 and 2010 data). 

44 

31 
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There are three ma1n elements 1n the fission portfolio: 

1. programs which extend the uranium resource base (National 

Uranium Resource Evaluation (NURE·)', Advanced Isotope Separa-

tion Techn'ology (AIST), and enrichment) or which add to the 

efficiency of its use (Light Water Reactor (LWR) improvement 

and Advanced Converter Re.ac tor (ACR) development); 

2. breeder progr·ams; and 

3. enabling programs (waste management, transportation, 

environment, nonproliferation, health, and safety). 

The key to analyzing this portfolio is the breeder. The principal 

questions are whether a transition to breeder. reactors becomes necessary, 

and i'f so, at. what date. The breeder reactor repre~ents a technology that 

expands nuclear fission from an exhaustible to an inexhaustible energy 

technolpgy. It is the largest item in the fission energy budget. As 1s 

well known, it is the center of heated political controversy both 1n 

the U.S. and internationally. 

A. Analysis concepts 

The analysis centers around two different mode~s--a Finite Ore Model 

and an Economics Model. The Finite Ore Model assumes a fixed uranium ore 

base and analyzes the results of various reactor development scenarios 

on the depletion of the ore base.- The key datum in the analysis is the 

date at which all uranium ore is "committed." At the date of total ore 

comwltmcnt, there exists enough uranium to meet the need for all operating 

reactors through their 30-year lifetimes. In the Finite ure Modelt 

commitment means that no further converter reactors can be built. 
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The Economics Model analyzes time frames in which no further uran1um 

1s available at a price below that which makes breeder reactors economical• 

In this mod~l, the transition!/ date is dete"rmined as the time when breeder 

reactors will b~ economically competitive with other nuclear power. 

systems. 

For these models, the date of transition is a.function of the amount 

of uranium or~ available, the growth of nucleargenerating capacity, the 

relative costs of competing systems, and the efficiency with which uranium 

1s used by thermal reactors. These va·riables are treatt!d parametrically. 

in the analysis. The ·efficiency of uran1um utilization of thermal reactor 

systems forms tne basis of the rea~tor development scenarios which, in 

turn, helps define the strategies formulated. 

1/ 

Accordingly, the approach taken in the analy.sis 1s as follows: 

o a broad set of alternative future installPd nuclear ~apacities 

is postnlated! 

o a·range of nranium resvurt.P estimate::; is assumed (fixPrl quantity 

~uncept) based on the best information available today (for the 

Finite Ore Model); 

o a price-quantity uranium wupply function i::; fonm,lated (for 

the Economics Model); and 

o manageable variables are introduced which'relate the consumption 

of or~n1um ore to the development of alternative reactor types and 

enrichment tails assay, including:" 

In Lhis paper, the breeder trans1t1on date (or breeder introduction 
date) is defined as the date of operation of- the first commercial 
breeder reactor. 
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present day_ LWRs,. 

LWRs with improved fuel utilization, 

advanced converter reactors, and 

·- enrichment tails assay from 0.2% to 0.05% 

uranium-235. 

B. Breeder Development Schedule 

Two breeder development schedules are considered. An accelerated 

schedule is based on a 20-year time period· between a demonstration 

. breeder reactor deployment decision·and the placing of commercial breeder 

orders which would generate 1/2 quad (energy input) of electricity. A,more 

deliberate 30-year schedule less subject to technological risks is also 

considered. (Thes~ schedules become 26 years and 36 ye•rs, respectively, to 

date of first breeder operation.) The major difference between the 20-year 

·and the 30-year schedule is the addition of a commercial prototype plant of 

a scale similar to that which utilities would be expected to purchase. 

C. Strategies 

A set of four nuclear strategies are developed consistent with the 

r.<~nge of future circumstances as forecasted and achievable .with the tech

nologies available. These strategies are designated as: 

1. Early Breeder 

2. Late Breeder 

3. Hedged Breeder 

4. Expanded Nuclear 
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Early Breeder. This strategy calls for an early commitment to the 

breeder. It is based on pessimistic assumptions about the uranium resource base, 

an expectation that the nuclear growth rate will be 1n the high end of ·the 

projection range and/or that breeder economics will be competitively favor-

able. It is a high cost and high proliferation risk program. 

Late Breeder. This strategy calls for deferral for as long as possible 

of the breeder and places heavy emphasis on improvements 1n fuel utiliza

tion of LWR9. It assumes an adequate resource base for many years of 

once-through reactor operation as .well as a lower -r:ate of gtuwth of nuclear 

power and/or unfavorable breeder economics. This strategy has the greatest 

apparent non-proliferation.advantagPS and reptesents the lowest cost program. 

Hedged Breeder. This strategy is consistent with the assumption that rapid 

progression toward the breeder is not required but that there is sufficient 

uncertainty about this judgment to warrant maintaining some nptionu anJ 

flexibility for program shifts in the event they become desirable. It is 

a moderate-cost program that attempts tQ b~lance inve~tments in LWR i~prove

ment with advancing breeder technology while maintaining a strong non

proliferation stance. 

Expanded Nuclear. Tl1is strategy calls for ~ggresaive programs and 

commitments for commercialization at the earliest realistic dates for 

LWRs, ACRs, and breeders. It is based on the view that nuclear will play 

the primary role i.n uur energy future and that the U.S. must move ahead in 

all technological areas. It 1s a very costly program with moderate proiifera

tion risks. 
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Following·the development of the four,strategies, the paper discusses 

them in terms of conformity to our national energy goals. The discussion 1S 

·formulated around the prospects of a strategy covering the largest future 

space of potential events. While this discussion is aimed at identifying 

the strategy that best conforms to satisfying our future nuclear needs, 

it should be emphasized that the analysis permits the interested policy-

maker to examine· alternative strategies as desired. The analytical models 

are easily used for such explor~tion of plternatives. 

IV. ANALYSIS 

· A. Description of the Analytical Cases 

Five different reactor systems were employed to form four analytical 

cases designed to span the range of future viable nuclear power systems 

for the U.S. .These reactor systems include today's standard LWR, two 

improved versions of the LWR, an ACR, and a breeder reactor. The dates of 

introduction-for the first four systems were based on technical judgments 

as to when the reactors would be ready for deployment. The breeder 

reactor introduction date was determined through the analysis based on 

exhaustion ·ot. committed uranium in the Finite Ore Model and based on 

equality of electricity production costs in the Economics Model. 

The four analytical cases are:];_/ 

. Case 1: Continued installation of the current LWRs only untiLa 
-····-

2/ 

transition to a breeder reactor is required. These LWRs have 

a 30-year lifetime requirement of 550,0 tons of u
3
o8 • 

Other combinations of these reactor concepts were analyzed. The 
cases are not presented because their results showed no signifi
cant differences from those considered here. All lifetime fuel 

" requirements are based on the once through fuel cycle~ 
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Case 3: 

Case 4: 
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An improved LWR is introduced in 1985 and existing reactors 

are retrofitted. The improved LWR has a 15% smaller lifetime 

ore requirement (4675 tons u
3
o

8
). The increased fuel efficien-

cies are primarily due to increased burn-up and improved fuel 

' management. These improved LWRs are installed until the transi-

tion to a breeder reactor is required. 

An 9ptimizcd LWR is introduced beginning in 2000, but reactors 

installed before 2000 are not retrofitted. The new LWR wo~ld 

have a, lifetime requirement of 4200 tone u3o8 , approximr.itely 

25% better than today's reactors. Between 1985 and 2000, 
I 

improved LWRs arP introduced. A transition to a breeder 

reactor is made when required. 

The improved LWR is introduced 1n 1985 (Case 2). In addition 

a~ ACR with lifetime requirements of 3300 tnns u
3
o

8 
is in~roduced 

in 1995. This ACR ~ay b~ any one of several advanced design 

nuclear systems. Again, a transition to a breeder reactor is 

made when required. 

B. Uranium Enrichment Tails. Assay 

The lifetime ore requirements specified iu these cases are consis-

tent with a plant capacity fActor of 70% and the uranium enrichment 

facilities being operated with a 0.2% tail~ assay. It 1s quite feasible. 

th~t the ~~ils assay can be reduced to as low as 0.05% at existing 

or planned enrichment facilities or through advanced isotope separation 

techniques that are currently urider developmenl. ·This reduced tails 

assay, which .can reasonably be expected to occur--if the uranium price 
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- rises significantly relative to the enrichment costs, lowers the life-

time ore requirements for an LWR or ACR by almost 20%. Each of the four 

cases were also analyzed on t:he basis of the 0.05% tails assay being 

employed in the mid-1990's (stockpiled depleted uranium would also be 

"stripped" to the lower tails assay). 

C. Range of Nuclear Power Growth 

The projected growth in nuclear energy demand is crucial to the devel-

opment of a sound strategy. The historical uncertainties in such projec-

tions warn us that a sound strategy must be flexible and maintain reasonable 

options to maximize chances of success. In order to. incorporate this u~cer

' 
tainty, the analysis includes nuclear projections of 200 GWe, 300 GWe, and 

400 GWe installed capacity by the year 2000. Because the nuclear growth 

pattern beyond 2000 is even more speculative, the analysis includes annual 

r~actor additions of 10 GWe, 15 GWe, and 20 GWe, for an indefinite number 
,· 

of ye9rs so that resource exhaustion and economic competition can be 

examined. 

p. Uranium Resource Estimates 

The best current official estimates of the amount of uran1um resources 

available at cost of $50/lb. classified according to the pres~nt means of 

reporting these resources are shown in Table 3. Because of the variations 

in opinion that exist today about the a;,ailahle resources, a range of 

estimates.has been used in this analyois~ · 

For the Finite Ore Model, values of 1.8, 3.~, and 4.5 million tons 

of u
3

?.8 have been chosen. The lower value is representative of the CONAES 

findings and is approximately equal to pre-NURE estimates of reserves plus 
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TABLE 3 

BEST CURRENT NURE ESTIMATE 
OF THOUSANnS OF TO_NS YET.T.OW r.4.Kli: (U .:PH) 

'· Forward Cost 

Less Than $50/lb. 

Reserves 890 

Probable Resources. 1,395 

Possible Resources 1,515 

Speculative Resources 565 

Total 4!365 

•' 

• 

"·' 
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probable resources. The higher value is approximately equal to the current 

NURE estimates of uranium resources in the U.S. below $50/lb. forward 

cost. 

Uranium resources are more likely to be available in a manner similar 

to oil, gas, or other mineral resources. In those situations, larger 

quantities are available at higher coits thus generating a price-quantity 

supply curve of resources. 

In the Economics Model, a u
3
o8 supply curve, estimated by the DOE 

Division of Uranium Resources and Enrichment and used in the Non-P.rolifera-

tion Alternative Systems Assessment Program (NASAP) study, has.been adopted 

for this analysis (Figure 1). This figure shows the marginal cost of u3o8 

as a function of cumulative supply for two supply assumptions, identified 

as intermediate-cost and high-cost. The price of u3o8 in any year in this 

analysis, for computing the economic crossover to a new reactor system, 

1s determined by the marginal cost of the next uncommitted pound of u3o8 

1n that year (based on t~acking up the supply·curve for previous ore 

commitments). The effect of using an advanced enrichment process to 

re-enrich the uran1um tails is shown with broken lines. The advanced 

process 1s assumed to supply feed to enrichment plants ("mining"• the .tails 

stockpile) at an equivalent price of $43/lb. of u3o8 • 

E. Cost C~~parisons of Alternative Reactors and Fuel Cycles 

The Finite Ore Model does not make use of the relative costs of an 

alternative reactor system. However, the Economics Model is sensitive to 

relative cost assumptions. For this analysis, the NASAP data base on 

relative. costs has been ~sed (Table 4). 
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TABLE 4 

ECONOMIC DATA(*) 

Capital Costs (including owner's cost and IDC) 

Reactor T e $/kWe 

LWR 770 

FBR 962 - 1348 
(1. 25x770 - 1. 75x770) 

Operation. and M-aintenance Costs 

Reactor T e Fixed ($/kWe- r) Variable ($/kWe- r) 

LWR 11.2 

FBR 11.7 

Fabric;ation Costs 

Reactor/Fuel T e 

LWR 
FllR -Pu/U Oxide 

Th02 Radial Blanket 

Reprocessing Costs 

LWR - Throwaway 

FBR- (U,PU)0 2 

(u, Th)o2 ' 

Enrichment Cost 

100 $/SWU 

* Extracted from NASAP data base. 

0.5 

0.9 

$/k HM 

115 
1500** 
160 

HM 

150 

560 
.. 
570 

** Fabrication cost of assembly divided by number .. of kilogra!_lls in 
active core region for that assembly. 

/ 
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The most important cost element is the capital costs of different 

nuclear units (in 1977, the capital costs were 77% of the total generat-

ing costs of nuclear plants). Initial cost evaluations indicate that the 
' ·, 

improved LWR and optimized LWR would not significantly differ from costs of 

a standard LWR. However, two independent studies are in progress to give 

better estimates on potential cost differentials. The breede1:" reactor 

capital costs range from 25% to 75% greater than the reference LWR. 

The second most important cost element is thP. uranium fuel cost. 

The rising fuel co~ts for LWRs and ACRs are based on the uran1um .. 
s.upply curves in Figure 1. When these costf? r1se suffir.iently .to offset 

the capital cost advantage held over hreeder reactors, Lhen the model 

chooses the breeder.reactor for the next year's nuclear installations. 

These rising uranium costs also affect the indifference vilue (implicit 
. 

cosr) ot plutonium or thorium. 

F. Results of the Finite P!e Mqdel Calr.ulations 

The Finite o~.; Mr.,dd oalculatiuus were des1gned to show the last 

year that a standard LWR could be installed and to show the extensions 

of thal date that could be achieved through introduction of an improved 

LWR, an optimized LWR, or an ACR. These cl~tes reprc~ent the l.lsr year 

that an LWR or ACR could be installed and still have suffir.ient uran1um 

to fuel the reactorR for their lifetime (30 fears), assu~ing no 

additional uranium ore is discovered and no recycle of uranium. Thes~ 

results are given in Tables 5 and 6. 

The dates shown 1n these Tables are not precisely the dates 1n 

which the first breeder reactor must become operational if the breeder 

is to replace converter reactors in a gradually phased-in manner. How-



TABLE 5 

DATE OF TOTAL u 3o~ COMMITMENT 

(0.2 Tails - Once Through) 

Uranium Ore Base {Millions Of Short Tons of U 303) 
1.8 3.6 4.5 

Growth Rate(GWe/yr): 10 15 20 10 15 20 10 15 20 
CASE 

1 2008 .2006 2005 2028 2021 2017 2035 2029 2023 

2 2011 2009 2007 2033 2026 2021 2040 2034 2029 0 
0 ,...._ N 

<l) 3 2012 2010 2008 2035 2030 '2024 2043 2036 2031 
~ 
c.? ........ 

4 2015 2011 2009 2041 2034 2030 2052 2042 2036 0 
0 
0 
N 

/ 

1 ~ 2002 2002 2001 2020 2016 2013 2027 2022 2019 •r-1 

:>.. 2 +J 0 2005 2004 2004 2024 2020 2017 2033 2027 2023 or-f 0 
(.) C""l 
ctl 3 0. 2006 2005 2004 2027 2022 2019 2035 2030 2025 
ctl 
u 
"0 4 2007 2005 2004 2033 2027 2022 2042 2035 2031 <ll· 
...-i 
...-i 
ctl 
+J 

1 rJJ 1997 1997 1997 2015 2012 2010 2021 2018 2016 
~ 

H, 

0 2 1999 1999 1999 2019 2016 2014 2026 2022 2019 . 
0 
..::t 

3 1999 1999 1999 2020 2018 2015 2028 ?..024 2021 

4 2000 2000 2000 2024 2020 2018 2034 2028 2025 

-
Case 1: LWR (5500 tons). only 
Case 2: T:WR (5500 tons) to 1985 - Then ~11 .~on'!ert_ :to JrnP.~.ov_e~ _ . 

LWR ( 46 7.5 tons) 
Case 3: Case 2 and optimized LWR (4200 tons) for all after Year 2000 
Case 4: Case 2 and ACR (3300 tons) introduction in 1995 



_TABLE 6 

DATE OF TOTAL U 3o8 COMMITHENT 

(.05% Tails - Once Through) 

Uranium Ore Base (Millions Of Short Tons nf u_1oo) 
l.A 3.-6 4.5 

Grov-,th Rate (GWe/yr): 10 15 20 10 15 20 10 15 20 
CASE 

11 
I 2012 2010 2008 203.1 2029 2023 2042 2035 2031 

2 2016 201.3 L010 2040 2033 2028 2048 2039 2034 0 
0 
N 

3 CJ - 2018 2014 2012 20.43 2035 2031 2052 2042 2037 ;:;;: 
c.; 

--- 4 2020 2015 2012 2046 2038 2033 2058 20~6 2039 c 
c 
0 
N 

t= 1 2007 2005 2004 2026 2022 2018 2035 .2029 2025 ·1"'1 

:>-, 
2 ~ 0 2010 2008 2007 2032 2027 2023 2041 2014 2030 ~ 0 

u C"') 

nj 

13 c. 2011 2009 2008 2035 2029 2025 2044 2037 2032 r: 

I u 

·-· I /1 L013 2010 2008 2038 2032 2027 2048 2040- 2035 a; 
r-< 
.-; 

C1l 
~ 

1 rt; 2001 2001 2001 2020 2018 - 2015 2027 2023 2021 t= 
H 

o2 :wos 2001., 2003 2023 2022 2019 2031, 2029 202.'3 0 
--; 

3 200.') 2004 2003 2027 2023 2021 2037 2031 2027 

4 2006 2004 2003 2030 2025 2022 2041 2034 ·2030 

Case 1: LWR (4450 tons) only , _ 
Case 2: LWR (4450 tons) to 1985 - Then all convert to improved 

LWR (3795 tuns) 
Case 3: Case 2 and optimized LWR (3400 tons) for all after year 2000 
Ca!?e 4: Case 2 and ACR (1030 tons) introducllon in 1995 
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ever, the dates in these Tables are extremely clo~e (within one to three 

years) to the dates of a first breeder ·operation and, th~refore; can be 

used as a very good approximation of breeder introduction dates. 

The adjustment~ to the dates 1n Tables 5 and 6 that are necessary 

·to show the date of first breeder operation. are given 1n Appendix A.· 

' The adjustments include: 1) the recycle of U-235 in the converter 

reactors resul~ing from fuel reprocessing facilities that would have 

to be constructed if breeder introduction were imminent; and 2) the 

phasing-in o,f breeder reactors and phasing-out· of converter reactors so 

that a normal penetration rate is established for the breeder reactors 

which would permit'breeder react?rs to satisfy all market demand for 

new and replacement nuclear power by the last year that a converter 

reactor can be installed. 

The tables may be summarized as follows: 

o Low Ore Base. If the ore base is only 1.8 million tons, 

breeder reactors must be introduced around the year 2000. 

o Medium Ore Base. If the ore base is 3.6 million tons, 

· several choices are available. 

with only deployment of standard LWR, breeder 

reactor introduction can be delayed until some 

time between 2010-2030, the variation depending 

principally upon the post-2000 nuclear installa

tion rate; 

LWR improvements would, inter a'lia, der'ay ,breeder 

introduction a further 5 to 7 y~ars; 
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initial improvements ~n LWR fuel utilization (15%) 

followed by introduction of an ACR in 1995 would 

delay breeder introduction an additional 3 to 5 

years beyond that achieved by LWR improvements 

only. 

For the situations above, tails stripping ·to 0.05% U-235 would effec

tively add another 6 to 8 years on non-breeder nuclear capacity to the ore . 

base. With an improved once-through fuel cycle and ~-~anium tails strippin_g_1 .. 

the m~dium ore base would not be exhausted until around 2025-2050, the 

range depending on assume~ nuclear power growth !'a~. 

o Large Ore Base. For an ore base of 4.1 million tons, the 

following choices are available: 

- .breeder introduction between 2015 and 2035· if only 

curreul LWRs ~re deployed; 

LWR .i.mprOVP.mP11t \'lould delciy breeder introduction 

by Rn ~nditional ~ Lu 8 years; 

significant improvements in LWRs or introduction 

of ACRs,would qot r~>qnirli breeder .i.uLroduction 

before 2030 and, perhaps, later than ?050. 

Tails ·stripping to 0.05% u~235 for the large ore base would ~lso add 6 to 8 

years to .the ayailable Qre hr~~e ..•. __ With .-!In_ .i.mpr.:ov_ed __ once.":'.th.ro.ugh_ fueL cycle __ 

and uranium tails stripping, the high ore base would not be exhausted until 

around 2030, even assuming high demand projections. For lower dP.m~nd pro-

~-Jections, .. breeders would ~noL.be neces.sary .until a.ft.er .2.05.0_ • 

• 
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From the tables and summary, several important conclusions can be 

drawn: 

o Under the assumptions of high installed nuclear capacity 

(400 GWe), a low ore base (1.8 million tons), and little 

or no LWR improvements, the date of)ore exhaustion is no 

earlier that 1997. The intermediate ore base adds from 

I 
13 to 17 years to the exhaustion date and the higher ore 

base would not exhaust supplies until around 2020. Tails 

stripping adds another 4 to 6 years of effective supp~y. 

o Not surprisingly, the low ore base shows that improvements 

in LWRs or a transition to ACRs does not prolong the 

breeder introduction date. Under this case, the ore re-
I 

sources are exhausted before significant non-breeder improve-

ments can be effected. 

o . The intr.oduction of both the _improved and optimized LWR 

shows marked effects for all but the low ore base case. 

LWR improvements for the intermediate and high ore re-

sour·ce casco add from 5 to 8 years of additional generat-

ing capacity. 

o Modest improveme_nts in the LWR f_ollowed by the introduc-

tion of ACRs around 1995 would stretch the committed 

ore exhaustion date for intermediate and high resource 

bases from 8 years to more than 15 years when compared 

to the use of unimproved LWRs. 
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o The earlier the improved LWR or the ACR is introduced, and the 

·larger the ore base, the greater the contribution in extending. the 

lifetime of the once-through LWR system. Additional advantages 

accrue for low reactor ore requirements such as reduced mining, 

reduced environmental problems from mill tailings, reduced 

spent fuel and storage requirements. 

·G. Results of the Economics Model Calculations 

The results of the Economics Model ·calculationsl/ are given in 

-~ppendix A. A repre!iQntative sample of these calculations 1.s given 1.n 

Table .. 7. .The years in the .tables represent the year 1.n which 

the breeder reactor would .become economically competitive with the LWR in 

an operational mode. Therefore, orders for breeder reactors presumably 

would be placed several years earlier. Following the transition date, 

breeder reactors would be phAaed-in on a normal penetration pattern until 

they could account for all new plus replacement plants. During this 

phaAA-in period, couverter reactors would rnntinuc tn he iu~tQlled in·a 

phasing-out manner. The following observations can be made from the analysis: 

3/ 

o For a breeder reactor with capital costs 1.75 times an LWR, 

there is virtually no set of assumptions about uranium supply 

or nuclear growth tnaf would Teaa· to an economic transition 

t.o !=he 'breeder- be fo:re-_2025. 

Due to- the -cur-rent-struc-ture·- of the· Economics Model, ·it w.:rs not possib'le 
tq analyze the ACR introduction (Case 4) in the manner prescribed for the 
case. Although these results have been omitted from Lhis paper, it is 
suspected--that they ·would Took "simil-ar·: to· the ·re.sTilts::. from- the -Finite 
Ore Model. 
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o For a breeder reactor with capital costs 1.50 times an LWR: 

there would be no economic transition to a breeder 

before 2025 with the intermediate uranium price and 

most any nuclear growth pattern; 

with the high uranium price, an economic transition 

r 

to the breeder between 2000 ~nd 2025 would occur 

when compared tQ an unimproved LWR, between 2010 and 

post-2025 when compared to a 15% improved fuel 

n~ilizatiun LWR, and post-2025 when an additional 

10% fuel utilization is incorpoiated in LWRs iu 

2000. 

o For a breeder reactor with capital costs 1.25 times an LWR, 

an economic tran~ition would occu~ before 2025 for most 

comt>i,n~ti,Qnn eof uosUiup tions concern,ine 1.1ran1um supply and 

nuclear growth for both thP. .unimproved. LWI{ and the .15% 

improved fuel utilization um. However, if the full 25% 

improvements in LWRs occur, the economic transition is 

beyond 2020 for all cases with an int:~t:Ulediate urani11m 

pri;.e, 

o The iS% imprqvement 'in uranium utilization of the stand-

ard LWR can delaf the e~nnomic ttanoition to the breeder 

between five and ten years. 

o The additional 10% ·improvement. in optimized LWRs in.troduced ln 

2000 adds an additional three to ten years to the transition. 
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o Compared to the analysis which used presently available 

enrl.chment with o·. 2% tails, an improved enrichment process 

with 0.05% tails should extend the economic transition date 

to the breeder by three to seven years for any type of LWR. 

Use ~f a 15%-improved, high-burnup LWR·adds some five to 

eight years to the transition date and use of a 25%-improved 

optimized LWR adds an additional three to four years. 

o The use of _lower tails assay for uran1um enrichment leads to the 

following observations: 

For a high capital cost br~eder with any nuclear 

growth or u
3
o

8 
supply or an. intermediate cost 

breeder with an ~ntermediate price u
3
o

8 
supply, 

trans\tion from any type of LWR to the breeder is not 

economical prior to 2025. ; 

For an intermediate capital cost breeder with 

a high pr1ce u3o8 supply or a low cost breeder with an 

intermediate price 0308 supply, transition to the 

breede~ before ?025 would probably occur only if standard 

LWRs were still the predominant type in use. In this case, 

the economic transition date is strongly dependent on the 

assumed nuclear energy demand. 

For a low capital cost breeder with a high pr1ce 

u
3
o

8 
supply, transition to the breeder frnm all 

types of LWRs considered is generally economical 

-between 2000 and 2025 with the exact year dependent 

on the nuclear energy demand assumP.d. 
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H. Analysis of Other Factors 

Other factors which are to be considered are: 

. o Environmental 

o Safety 

o Non-Proliferation 

o Thorium Fuels . 

Environmental 

The deployment of nuclear reactors of any type, much like a.ny 

energy technology, results in some form of insults to the environment. 

All of the reactor and fuel cycle development programs are rlesigned Lo 

·reduce the~;;e impacts to meet current and future environmental standards. 

In this strategy paper, the focus ~s toward the significant differences 

in environmental impact resulting from the deployment of alternative 

types of reactors rather than a discussion of impacts common to the use 

. of any type of nuclear power •. 

A major rliffcrenl:t>. among the depl nymcnr ·~·f difteienr types of 

reactors is the total re4uirem~nts for uranium mining and milling, a 

segment of the fuel cycle industry that typically hao the largest 

environmPn'tal· :impact. 'rhe mining and milling requirements per uniL of 

energy are reduced the most with a breeder. • I The ACR and the \mproved 

LWRs Also redul:e rhes~ requirements rPlativP tu the continued use of 

the standard LWR. 

The major increased environmental impact of either the breener or 
\ 

the ACR fuel cycle is the need for Purex and/or Thorex reprocessing. 

In addition, if Thorex is employed, there will be an impact fro~ the 

required thorium mining and. milling industry. 
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The thermal impact and cooling water requirements. are significantly 

lessened by either a breeder or ACR. Thi& change is based on the 

projected higher thermal efficiency characteristics for these types of 

reactors relative to the LWR. 

The impacts of low-level radiation from plant operations and 

impacts resulting from nuclear waste management activities'are probably 

small differences among all types of reactors. 

Safety 

The introduction of any new system will require additional confirma

tory safety R&D and regulatory action. before licensing. In general, 

ACRs, being fairly similar in many aspects to present operating 

systems, may introduce less problems of a safety assessment nature 

than breeders. The introduction of Heavy Water Reactors (HWR) of the 

CANDU type into the U.S. would, however, require considerable safety 

. study based on U.S. regulations and criteria. 

Non-Proliferation 

The current operational fuel cycle in. the U.S. and most of the 

world is the LWR once~through cycle (and, to a much smaller degree, 

the HWR). The once-thro,ugh fuel cycle consists of reactors using 

natural or low-enriched fuel only once (no reprocessing), with a 

limited number of enrichment facilities contained within the 

context of nuclear weapons states or in the institutional context 

of bil-ateral ·agreements; the· Non-Pr:olifcratinri ':l're-aty and International 

Atomic Energy_Agency safeguards. The most significant characteristic 

of the once-through nuclear power system is that no material exists 
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that is directly ~eapons-usable in any part of the fuel cycle. 

Further, the materials are relatively difficult to convert to such 

form~, and facilities for plutonium recovery and conversion are not 

necessary. The once-through fuel cy_cle is today generally referred- to 

as the reference, or benchmark case, from a proliferation resistance 

point ~f view, since its inherent resistance to proliferation pathways 

1s greater th~n other envisioned systems. 

The breeder and (thermal) recycle fuel cycles include facilities 

for plutonium recovery, st:or;:~ee, fabrication, and shipment. Plutonium 

inventories would be very high: tho~sands of kilograms at reprocessing 

plants and hundreds of thousands of kilograms in national or international 

commerce. Proliferation resistance of breeders or plutonium recycle 

would be very low compared to once-through fuel cycles. Even if 

processes were developed which could kePp the fu~l cycle material 

in a form that is not directly usable in nuclear explosives, the 

presenc.e of the f9cili.tiev woulu provide a base for national conversion 

of these materials, a source of train~ng and experience for personnel, 

and an excellent cover for undeclared facilities. 

During the past &evcrl'll y~::~ars, there has been increasing atten

tion 1n the international community to the potential for spread to 

additionaLstAtQs of a uuclear"weapons capability. The u.~.-.initiated 

-International Nuclear Fuel Cycle Evaluation (INFCE) has played an 

important role in this activity. With a large body of international 

attention focused on non-prol.iferati?n, the u.s. nuclear RD&D program 

and strategy for the f_ut~r.e must be sensitive to this 1ssue. 



31 

Thorium Fuels 

Thorium fuels for nuclear power have not been considered in 

this analysis. Thorium fuels offer an entirely_ new resource base for 

nuclear .power ~ith a potential fully as great as that of uranium. 

However, a substantial amount of development work is needed before 

thorium can begin to fulfill this potential. 

Thorium, as a substitute fertile nuclear material f~r U-238, 

has interesting advantages, both from a resource efficiency and-a 

nonproliferation perspective. Thorium can only be utilized if it 

1s incorporated in breeders or converters since thorium itself 1s 

not fissile. The U-233 produced from thorium is a far more efficient 

fuel in a thermal spectrum that either U-235 or Pu. This fact 

manifests itself most clearly in strategies that consider a "closed 

system" of fast breeders supJ>lying fuel for thermal converters. 

Thorium fuel has desirable non-proliferation advantages. The 

most significant is that it permits the deployment of the so-called 

denatured thorium-uranium fuel cycle wherein the U-233 can be isotopic

ally diluted with U-238 to be used a. safe "expo·rtable. fuel" for 

co~verter reactors. 

The DOE NASAP progr.am is considering application of thorium 

fuels. These rP.snlts are being factored in to the INFCE proceedings. 

These sturlies should be encouraged and the results carefully analyzed 

for program direction. 
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I. Breeder Development Schedule 

Prototypical breeder deployment schedules of 20 and 30 years are 

represented in Figures 2 and 3. These schedules begin with a decision to 

seek the necessary commitment to construct a demonstration plant. This 

decision date is after the completion of a conceptual design study which 

establishes the actual size and technical configuration of the reactor. 

The time schedules continue through the construction and operation of 

a demonstration reactor in the 20-year strategy or a demonstration reactor 

and comru~rcial prototype in the 30-y~ar scrategy. 

Assuming that breeder economics and technology continue to be favorable, 

the end uf the process would be a .technology that is fully deployable l.n 

the sense that an electric utility could order a breeder reactor with the 

same confidence that it would have in selecting alternative· generating 

plants. For these timP. srh~du.lP.n; it u; u~Jsum~ct lhat rhis point is reached 

when breeder plants sufficient to produce 1/2 quad of P.lPr.tric energy 

(approximately eight plants) have been ordered. Usine ~ nominal lO·y~dL 

lead time from date of order to date of operation of the reactor, the 

20-year or 30-year time schedule is completed four years after thP i,nitinl 

breeder order or six years before the initial breeder operation. If one 

usetl the date of first breeder operation as the end vulut for these schedules, 

then these deployment schedules would be 26 years nr 36 year::J in ltwgth of 

time •.. 

The 20-year schedule represents an accelerated deployment strategy. 

It assumes thaL utilities .. w.ill be prepared to order large (1000-1400 MWe) 

breeder plants at a time in which only limited op~rating experience is 



Figure 2 

20 Year Case FBR Strategy 

Authorization (Fed. Budget Cycle) 
Demonstration Plant 

650-900 MWe-

I , DOE 
+ 

I UTIL 

I 
! ' 
t 

-I 

-I 

I• 
. Commit IOC~-

20 yr. 
78 11342 3-2 



I 
I 
I 

Figure 3 

30 Year Case FBR Strategy/ 

Authorization (Fed. Budget .Cycle) 
Demonstration Plant 
Des./Lic./Const 

650-900 MWe 

DOE 
:+ 

UTIL 

II Commit IOC ...... ~-~~~_...,_~ 
~~~------------30yr------------~~ 

78-11342 3-3 



35 

available from a smaller (600-900 MWe) demonstration plant. For this to 

be true, the construction and early operation of the demonstration plant 

must proceed more smoothly than has been'the case with previous 

nuclear enterprises. 
/ 

The 30-y~ar schedule represents a more de liberate pace which 1s less 

stibject to technological risks. The principal diff~rence from the 20-year 

schedule is the addition of a commercial prototype plant of a scale 

similar 'to that which.utilities would be expected to purchase. Thus, the 

utility decision-maker would be able to order a breeder on the basis of. 

exten~ive operating experienc~ with * small demonstration plant and 

limited operating experience with a full~scale plant. 

J. How the Policy~Maker Uses the Analysis 

The analysis has been prepared to capture a range of views and 

uncertainties relating to the most sensitive parameters affecting future 

nuclear power development. The policy:..maker may '\JSe the analysis to 

select the combination of values that he deems most appropriate. By this 

process, one can make judgements on the timing for decisions on moving 

to the 11ext s tagP.s of RD&D ·for various nuclear programs. 

Either the Finite Ore Model or the Economics Model is ch6sen. Value& 

for the uran1um enrichment tails assay, the uranium ore supply, the 

nuclear power projections for the year 2000, the nuclear growth rate in 

the post-2000 period, and the relative capital costs of reactors (if the 

Econo~ics Model is chosen) .are selected. A selectiori of an LWR or ACR 

development and deployment scheme is made. From these choices, one can 

find the year of breeder transition from the data tahles. Using one of 
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the two deployment schedules for breeder development, one can then determine 

at what date the commitment to a breeder demonstration plant would be 

advisable .• 

As an example of this process, the following choices are illustra-

tive parameter selections: 

Model: Economics Model 

Tails Assay 0.2% U-235 

Uranium Supply: Intermediate.Cost Curve 

Relative Capita] Cost: Breeder is l.L) times LWR 

Nuclear Frojection (2000): 300 GWe 

Nuclear Growth (post-2000): 20 GWe/year 

LWR/ACR Deployment: Optimized LWR ~n 2000 (Case 3) 

Breeder Deployment Schedule: 30-year strategy 

·Using Table 7, which displays the results for Case 3 ~n the-Economics 

Model, the year 2026 is the economic transition point for the first 

breeder. Using Figure 3, the first operational breeder is 6 year~ ueyond 

the .:umplet~on of the 30-year breeder development scheme. _Thus,· the date 

of commitment t.o a breeder demonstration facility would uut have'to take 

place until 1990. If commitment took place in 1990, a 30-year development 
I 

schedule to commP.rr.ialiEatiun could be pursued, and the breeder reactor 

could be deployed in su,_fficient time ro meet the projected P.ronomic 

tT"!nsition date. 

An important point should be made about the consequences of not 
I 

precisely meeting the breed~r transition dates. If the breeder is available 

later than the projected transition date, the result is not a collapse of 
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t~e nuclear system. Several types of adjustments could be made during the 

period required to rebalance the system. For example, there could be a 

pause in.the assu~ed constant addition rat~ to nuclear capacity. Also, 

one couJ..d "borrow" from the ore base committed to the LWR inventory to 

build additional LWRs and pay back with mixed oxide fuel iater when breeder 

production has come on line. 

V. ALTERNATIVE NUCLEAR STRATEGIES 

A set of alternative nuclear strategies has been examined that is con

sistent ·with a range of futures. representative of differing views on how 

nuclear energy demands may be met. These alternative strategies set fo~th 

statements about Federal actions for each generic technology within the 

fission progr~. The strategies are_oriented towards bringing the tech

nology to a defined market or state of technical readiness at some defined 

future date in a manner that satisfies the criteria of economics, resource 

use, proliferation and environmental concerns. 

The strategies are based on types of nuclear reactors·as the ma1n 

thrust. The supporting fuel cycle work is a derivative-of the mainline 

reactor program. The nuclP.ar waste .management component of the strategy 

1S independent of the reactor strategy because it is absolutely essential 

that progress be made 1n this area in order to remove a large element 

of uncertainty 1n the nuclear energy program. The R&D funding strategies 

are expressed in terms of the Research, Deve~opment, and Commerci.aligation 

(RD&C) classification adopted for the DOE Program and Project Management 

System (P·PMS). A summary of the relative program emphasis for each strategy 

is presented at the end of this section in Table 8. 
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A. Strategies 

Strategy 1: Early Breeder 

_This strategy is consistent with the vtew that the urantum resource 

base is limited, that the nuclear growth rate will be in the high end 

of the projection range, and/or that breeder economics will be competi

tively favorable. This vtew would argue that an early commitment must 

be made to the breeder reactor; 

A proposed DOE strategy for this nuclear future ts: 

Breeder Technology 

LMFBR: · Commit to funding LMFBR through the 

Commercialization stage. Complete the 

Conceptual Design Study by 1981 and 

commit to a Demonstration facility by 

1982. Initiate planning to hring the 

breeder to a stage of comme·rcial 

deployment .. in :.w years. 

Alternative Breeders: Provide some increase in GCBR programs 

Reprocessing: 

to serve as·a hedge against LMFRR . 

problems. 

Funit R&D on reprocessing for breeder 

fuel, as an accelerated program, 

through the Commercialization stage. 

Alternative Reacto~ Technologies 

LWR Improvements: Provide some market incentives and ana

lytical support to Improved LWR to 

stretch urantum resources until breeder 
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ACR Development: 

Resour~es and Enrichment 

AIST: 

NURE: 

.commercialization. As a hedge, ·fund 

R&D on Optimized LWR through'the 

Engineering Development stage. 

Initiate planning for an ACR program 

that can· be complementary to a breeder 

world 1n post-200Q, with a decision 

point on a·serious funding effort to 

be made within 5 years. 

Reduce AIST program to one process, 

funded through the Exploratory 

Development stage, but with no near

te.rm decision date on proceeding to 

Technology Develgpment· stage._ 

Reduce emphasis on NURE program, 

allowing for a stretchout of currently 

planned program. 

Centrifuge Facility: Construct Centrifuge Facility on present 

schedule (because thl~ view of the future 

Waste Management 

Commercial Wastes: 

has potentially high nuclear growth). 

Initiate planning on new enrichment 

facilities, with some hedge planning to~ 

wards tails s~rippin~. 

Proceed at rapid pace to carry out IRG 

recommendations on Waste Management. 
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Strategy 2: Late Breeder 

This strategy is consistent with the,view that the urantum resource 

base.is sufficient for many years of once-through reactor operatibn~ 

that the nuclear growth rate wi 11 be towards the lower end of the . pro

jections, and/or th.at breeder econo•olics will remain unfavorable.. This 

view would argue that the breeder should be deferred for as long as 

possible and that heavy emphasis should be placed on improvements 1n fuel 

utilization of LWRs and introduction of ACRs. 

A propos~d DOE strategy for this nu~lear fuLure ts: 

Breeder Technology 

LMFBR: Reuuce funding for LMFBR to Technology 

and Engineering Development on a stretched

out program. Delay decision point for 

Demonstration corowiLment until the 1990's. 

Alternative Breedet"s: Terni'inate the GCBR program. 

Reprocessing: Terminate pr.ograms on Ci"llr\•no:re; al rept:uces

ing or engage only 1n international colla

borative programs for nun-proliferation 

objective~. Fund Applied Research R&D on 

adVanced methods. 

Alternative Reac~r Technologies 

LWR I~provements: Provide market incentives and supporting 

R&D for Improved LWR to obtain retrofit 

of cxisLing reactors by 1985. Fund R&D 

on Optimized LWR through the Commercial

ization stage, to be achieved by 1988. 
• 
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ACR Development: 

Resources and Enrichment 

AIST: 

NURE: 

Fund R&D on ACR to complete Technology 

Development stage. Initiate early plan

n1ng to establish basis for strategy deci

S1on on nwc~ aggressive development program. 

Fund R&D in the·Exploratory Development 

stage for three proc~sses. Decision 

point in 1982 on proceeding to Tech

nology Development stage. 

Continue high emphasis on NURE program 

with more emphasis on drilling to im-

prove resource estimates. 
' 

Centrifuge Facility: Initiate planning for methods and cost 

evaluations of tails stripping from 

existing and planned facilities. Alter 

pace of Centrifuge Facility to match 

projected market demands. 

Waste Management 

Commercial Wastes: __ 

Strat~gy 3: Hedged Breeder 

Proceed at rapid pace co c.;arry· out thP. 

IRG recommendations on Waste Manage~ent. 

This strat.egy i::; consistent with a v1ew that the resource base, 

nuclear growth, and breeder P.conomi~s can be reasonably judged to have 

values that do not require rapid progression to the breeder. However, 

the strategy recognizes that there is substantial uncertainty about this 
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judgement. I~ maintains some options and flexibility at a reasonable 

'level of activity so that shifts in programs are relatively easy to make 

if future information· changes that judgement. 

A proposed DbE strategy for this nuclear future 1s: 

Breeder Technology 

LMFBR: Fund LMFBR component testing, safety 

evaluation and fuel evaluation programs 

th~ough Engineering Development stage. 

Complete Conceptual. Design Gtutly by 1981. 

Decision point for Breeder Demonstration 

to be considered in 1981 but could be 

deferred to 1986-1990. Initiate planning 

for both a 20-year and 30-year deploy

ment program. 

Alternative Breeders: Continue modest R&D funding program for 

Reprocessing: 

the GCSR with work focused in the 

Technology Development stage. 

Continue to gelay action on commercial 

reprocessing. P~uvide funtling for 

Tedmulogy Development stage. 

Alternative R~?ct~~ Technologies. 

LWR Improvements·: ~rovide market incentives and supporting 

R&D for Improved LWR to obtain retrofit 

of existing reactors by 1985. Fund R&fi 

on Optimi'zed LWR through the Commercial

ization stage, to be achieved by 1988. 
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ACR Development: 

Resources a~d Enrichment 

AIST: 

Fund R&D on ACR to complete Technology 

Development stage with more focus on 

common technology to all ACRs. Decision 

point to move to Engineering Development 

stage to be reevaluated 1n about five 

years. 

Fund R&~ in Exploratory Development 

stage for three processes. Decision point 

in 1982 on whether to proceed to Tech

nology Dev,elopment stage. 

NURE: Continue high emphasis on NURE program 

to ensure completion by 1985. · 

Centrifuge Facility: Initiate planning for meth~ds and cost 

evaluations of tails stripping from 

existing and planned facilities. Alter 

pace of Centrifuge Facility to match 

projected market demands. 

Waste Management 

Commercial Wastes: 

Strategy 4: Expanded Nuclear 

Proceed at rapid pace to carry out 

the IRG recommendations on Waste 

Managem,ent. 

This strategy is consistent with the view that nuclear will play 

the primary role in our energy future, ~ith installe~ capacity 

possibly greater than the high projection used in this analysis, and·· 
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that the U.S. must move ahead rapidly in all technological areas. 

This view would argue for aggressive programs iri LWRs, ACRs, and 

breeders with commitments to commercialize at the earliest .r~alistic 

dates. 

A proposed DOE strategy for this nuclear future 1s: 

Breeder Technology 

LMFBR: Fund the LMFRR thr011gh tht? Commercial

ization stage. Complete the Conceptual 

Design Study by 1981 and commit to a 

Demonstration facility by 1982. Initiate 

planning for both a 20-year and 30-year 

deployment schedule. 

Alternative Breeders: Provide some inc·rease 1n GCBR programs 

Reprocessing: 

to serve as hedge against LMFBR 

problems. 

Fund R&D on reprocPss~ng for bre~de~ 

fuel, as- an accelerated program, 

through the Commercialization stage. 

Alternative Reactor Technologies 

LWR Improve~e~ts: Provide supportirig R~D· for the ImproVed 

~W.R.!-· _E.und the .O.p.t.im.i-ze-d·-+.W-~ ~ough Lhe 

Eneine~ring Uevelopmen~ stage with a 

decision point on Demonstration stage 

to occur in about five years. 



ACR Development: 

'. 

Resources and Enrichment 

AIST: 

NURE: 

Fund R&D on ACRs through the Engineering 

Development stage with decision point on 

a Demonstration facility to b~ made in a 

few -years.\ 

Fund R&D in the Exploratory Development 

stage for three processes with a decision 

point in 1982 on proceeding to Technology 

Development stage. 

Moderate emphasis on NURE program, with 

som~ stretch-ou·t of program, to give 

better resource estimates. 

Centrifuge Facility: Construct Centrifuge Facility on present 

Waste Management 

Commercial Wastes: 

schedule. Initiate planning on new facili

ties and initiate planning for tails 

stripping. 

Proceed at rapid pace to carry out the 

IRG recommendations on Waste Management • 

•• 
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Table 8 

SUMMARY OF STRATEGIES ILLUSTRATING RELATIVE 
LEVELS OF EMPHASIS FOR EACH PROGRAM ELEMENT 

STRATEGY 

PROGRAM 

Breeder Technology 

LMFBR 
Alternative Breeders 
Reprocessing 

Alternative Technology 

LWR Improvement$ 
ACR Development 

Resources & Enrichment 

AIST 
NURE 

/ 

Centr.ifugP. Facility 

Waste Management 

Ear~y Late 
Breeder Breeder 

H 
M 

H 

L 
L 

L 
L 
H 

H 

L 
0 
(l 

H 

M 

H 
H 

l1 

H 

H = high effort (emphasis) 
M = medium effort (emphasis) 
L = low ef.fort (emphasis) 
0 = terminate program 

, 

Hedged 
Breeder 

M 
L 

L 

H 
M 

M 
H 
M. 

H 

Expanded 
Nuclear 

H 
M 

H 

M 

H 

H 
N 
H 

H 
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B. Evaluation of the Strategies 

Both the Finite Ore Model and·Economics Model results show the same 

basic conclusions. The achievement of assumed LWR improvements, or an 

ACR with characteristics similar to those used in the analysis or reduced 

enrichment tails assay each indiv.idually make a considerable contribution 

to the nuclear economy.. When these achievements are combined in various 

fashions, the contribution becomes quite significant. 

The analysis indicates that the transition to the·breeder reactor 

can be delayed by a number of years.. Only when high nuclear growth, low 

ore resources, and low breeder capital costs occur simultaneously 1s 

there justification for early breeder introduction. 

The key factors for evaluating the strategies are Government development 

costs, resistance to proliferation, the. risks of having electric power 

supply available at the appropri,ate time, relative comparisons of additional 

environmental impact, and costs ·of electricity supply to the country. 

Although a formal analysis of costs and· benefits arising from consideration 

of each of these factors has not been undertaken, it is possible to make 

some judgmental evaluation of the strategies based on this analysis and 

knowledge gained from many other studies u11 thio sub jer.t. All evaluations 

are relative only to the four alternative strategies. 

The Early Breeder ·strategy repres.ents a relatively high cost program 

with technical .<~nd economic risks attendant with moving rapidly to an 

early deployment. Proliferation risk is high because of the necessarily 

high emphasis on reprocessing and correspondingly low emphasis on alternative 

technologies. The strategy is favorable towards having another energy 
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supply technology available soon but this aspect is somewhat offset by the 

potential risk of unfavorable de~elopment problems that could arise. The 

strategy has relatively good environmental advantage due tc:> the reduction 

in mining and milling activities and improved thermal efficiency, although 

the impacts arising from reprocessing activities tend to lessen this 

advantage. 

The Late Breeder strategy is a low-coat development program because 

the· converter programs are based on well-developed, existing tech

nologies. This strategy has'the greatest apparent non~proliferatiuu 

advaulages in that reprocessing is indefinitely deferred. Relative to the 

other strategies,· it is the lea~t favorable, basPd on today 1 s uncertain 

knowiedge about demand and resources, 1n terms of the risk of having 

the electric energy available at the appropriate time. The strategy has 

some disadvantages in environmental impact because of the relatively higher 

mining and willing requirements but does avoid new i~pacts from reprocessing. 

The Hedged Breeder strategy is a relati.vely moderale cost p"rogram 

requiring more development of alternative technologies in the next two 

decades than the Late Breeder Strategy but less development than the Early 

Breeder Strategy. It is a- balanced option that would maintain a strong 

U.S. position on non-proliferation and at the samP time ha! a. muderate 

amount of risk towards having the energy ·supply. availab lc wheu needed. The 

strategy has som~ additi nnal envir·onruental ·impact which is bala~nced by the 

ability to have some flexibility in choices to reduce those impacts. 

The Expanded Nuclear Strategy is easily the highest cost develupmeni 

program in that it requires demonstration and commercialization activities 

for three alternative reactor concepts. The proliferation risk relative 
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to the other strategies 1s moderate. Even though there 1s a high emphasis 

on reprocessing, the high probability of success of the ACR programs could 

balance this risk. It does provide the lowest risk approach to maintaining 

a long-term nuclear option and adequate electric energy supply, although 

the demand for electricity and nuclear energy may not be sufficient to 

justify such an expanded program.· The strategy would have an environmental 

impact advantage over the .other strategies due .to the flexibility of choice 

of ap.prop.y;i.ate-t-ee-hnology~fo·r-mee·ti:ng· 1:-c·oa-1-·enviro·nmennlt'-requirenie'iits. 

With respect to the costs of electricity supply, at this time all 

::~trategies are"judged 'relatively equal because the transition to alternative 

reactors or alternative supporting technologies, in this analysis, is made 

only when the technologies become economically competitive. More assessment 

on the effects of reducing costs of technology as a function of the level 

of development effort is needed before sharper distinctions can be made on 

the relative electricity costs of each strategy. 

A summary of these evaluations is given in Taple 9. 

Table 9 

SUMMARY OF RELATIVE EVALUATION OF STRATEGIES 

STRATEGY 

Factor 

Government Development Cost 
Proliferation Resistance 
Risk of Electric Supply 
Environmental. Impact 

.Electricity Costs 

H high 
M.= medium 
L = low 

Early 
Breeder 

H 
L 
M 
L· 
M 

Late Hedged 
Br,eeder Breeder 

L t1 
H M 
II M 
H M 
M M 

Expanded 
Nuclear 

H+ 
M 
L 
L 
M 
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A good strategy should be one that covers the most potential future 

outcomes. The Hedged Breeder strategy seems to be the strategy that 

achieves this feature. The following simple analysis (simple because it 

treats all future'events as equally probable) illustrates why the Hedged 

Breed~r strategy gives the fullest coverage ?f potential futures. 

The Economic Model analysis includes combinations of three breeder 

capital tosts, two uranium price schedules, thre& nuclear projections for 

the year 2000, and three post-2000 nuclear gr·owth patterns. These combina-

tions yield 54 varjAtions fur each alternative reactor future. In addition, 

two assumptions_ about uran1.um enrichment tails assays are examined for each 

case. 

The number of these 54 variations that show the breeder economic transi-

tion as post-2025, 2010-2025, and pre-2010 are summarized below for eac.h 

reactor future and tails ~ssay assumption. 

Years of Economic IrAniitinn ---- --=-~~-----

~rn~,tivP RQ<lCt"•:O.L Futures post-2025 ·2010-2025 pre-2010 

Standard LWR 24 19· ll 

Standard LWR, tail.s stripping .10 17 7 

LWR, 15% fuel improvement 32 17 5 

LWR, 15% improvement, tails 
strippi.ng ·42 9 3 

LWR, 25% improvement 43 7 4 

LWR, 25% improvement, tails 
stripping 46 7 ; 1 

'. 
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Based on the potential ranges of the key variables and likely tech-

nological development .paths, the analysis shows that the large majority 

of the cases project an economic transition to the breeder. in post-2025 •. 

Thus, a strategy to delay the decision to build a breeder demonstration 

reactor is most consist~nt with the large~t space of future events analyzed 

1n this study. 

However, there are a significant number of situations wherein the 

breeder would be needed between 2010-2025. It is prudent to pursue a 

strategy that continues extensive development of breeder design and com-
. . 

ponents. This would readily permit a decision to move the program at a 

more rapid pace if future knowledge gives indications that an early breeder 

· 1s needed. 

There are very few situations that indicate an economic transition 

to the breeder before 2010. Thus, a strategy to move forward·rapidly 

with breeder development is not,supported by the analysis. 

VI. :PROGRAM IMPLEMENTATION OF THE STRATEGY 

'fhe DOE nuclP.ar program is designed to continue the development of 

technology and information in three main areas: 

1. programs capable of moderate extension of the uran1um 

resource base through enhanced utilization of uranium. 

in light water reactors, advancements in isotope . . 

separation techniques, and increased knowledge of our 

·domestic uranium resources; 

2. · programs capable of major ·ex tens ion of the uran1um 

resource base through the development of breeder 
• . I 

reactors; and 
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3. ·enabling programs, such as waste management, non

proliferation, and health and safety, required in 

s~pport of the nuclear option. 

A. Programs for Moderate Near-Term Resource Extension 

o Light Water Reactor (LWR) Improvements 

The inotalled capacity of LWRs in the u.s. is expected to 

1ncrease from 55,000 MW, which-accounted for 13% o·f the u.s. 

electric:-al energy production in 19/B, to approximately 110,000 MW 

in 1985. The predictions· for the year 2000 are from a low of 

255,000 MW to a high of 395,000 MW~ although· new projections may 

reduce these values. DOE efforts to strengthen the pe.rformance of 

LWRs will thus impact a very significant segment of the U.S. 

electrical energy genP-rating cupatily. 

The 111ajor effort in the area of LWR technology is the 

improvement of fuel ~tilitation. The 'objective is a reduction 1n 

uranium consumption by as much as 15% by 1988, and by a further 

15% by the year 2000. Initial emphasis 1s being placed on bie;her 

fuel burn-up, which ill the most straightforward, near-term means 

for improving fuel utilization. The technical issues whi.ch will 

be addrP.RsQd are pellet-clad inte~action, fts!lion gas release, 

corrosion and hydriding of fuel clad6ing, and fuel assembly 

dimensional and ·structural changes. Work will also be done on 

other methods for improving uranium utilization, including: fuel 

lattice changes, spectrum changes, enrichment zoning, cycle 

stretchout, and more frequent refuelings. 
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Significant work is also being undertaken to increase the LWR 

plant capacity .fac~or,· to reduce .occupational radiation exposure, 

and to develop improved safet~ concepts and systems. The main 

effort 1n the area of increased LWR energy production 1s concen

trated on the steam generator tube "denting" problem. Reduction 

1n radiation exposure is being addressed through the development 

of chemical decontamination processes and advanced surveillance and 

diagnostic techniques. The LWR safety work includes the study of 

advanced concepts, investigation of the man-machine interface, 

evaluation of system sensitivity, and t~e acquisition of safety 

data on higher burn-up fuels._._ 

o Advanced Isotope Separation Technology 

Another approach to the extension of uran1um resources for 

use 1n LWRs 1s development .9f advanced isotope separation 

technology (AIST) methods that could be applied to the existing 

large stockpile of tailings, as well as future tailings, from 

uranium enrichment plants. These tailings still contain 0.2-0.3% 

(issile U-235. Extraction and utilization of this fissile material 

to 0.05% tails assay could increase the efficiency of total uranium 

resource use by about 20%. The program calls for development of 

three AIST techniques through the preprototype phase. This will be 

followed by thorough evaluation of scaleability, economic potential, 

proliferation resis.tance, and environmental effects. A decision 

to proceed with engineering development of the best of the three 

technologies will be based on the evaluation. 
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o National Uranium Resource Evaluation 

The National Uranium Resource Evaluation Program (NURE) is 

the major program activity that provides a systematic appraisal 

of domestic uranium resources. For program management purposes, 

the United States and Alaska are divided into over 6b0 quadrangles 

of which about 270 are clasfiified "A" qandrangles because they con

tain uran1um resources or are geologically favorable for uranium. 

A preliminary report assessing priority arPas 1s s~heduled to be 

published by the end of 1982,. to be followed by a final report at 

the end of 1983. A final NlJRE rcpoit embraci~g both the United 

States and Alaska should be com~leted by the end of 1985. When the 

program is completed in 1985, all "A" and "B" category quandrangles 

will have been subjected to surface evaluatioqs, Rerial ~urveys, 

hydrodtt:!mical investigations, and appropriate SllbSurfal:t:! eenlogic 

invcstigatinnlil. 

ln addition to the NURE program, the uran1um resource 

assessment program sponsors technology development associated 

t.rith uranjnm elcp.location,, mining, and production. The program 

partj c ipates in the International Uraui.utn Resources Evah1ation 

Project (IUREP), which is an international collaborative effort 

to rev1ew and evaluate world-wide uranium resources. 

B •. Programs for Major.Extension of the RP.source Base 

Through breeding, the energy latent in our thorium resources and in 

the U-238 present in our natural uranium resources can be made available 

to provide a practically inexhaustible source of· electricial or high 
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quality heat energy •. The breeder development program currently includes 

work on three breeder systems: the Liquid Metal Fast Breeder Reactor 

(LMFBR)·, ·the Light Water Breede~Reactor (LWBR), and the Gas Cooled Fast 

Reactor (GCFR). 

o LMFBR Program 

· The continuing development of .the LMFBR is focused on an 1n-

depth conceptual design study (CDS) that will result in a design 

for a demonstration plant. A parallel base technology program 

complements the conceptual study and is capable of, supporting the 

expeditious pursuit of detailed design and construction should the 

decision by made to proceed. 

The CDS is planned to ~e completed in two phases. The first 

phase, which will be completed in FY 1980, will consist primarily 

of evaluation and trade-off studies to select key".tec~nical 

parameters for a developmental LMFBR plant. The second phase 

will be 'started in FY 1980 and completed by March 31, 1981, with 

th'e ·submission of a conceptual design report to the Congress. 

The conceptual design report, together with the nonproliferation 

studies (NASAP, INFCE)', the uraniu~/thorium resource assessment 

.program (NURE), and continued achievements in the base R&D 

., 
program will provide the basis for a possible decision in 1981 

~s to the future fast breeder reactor role and development 

~trategy, including the scope and pa~e of the LMFBR program. 

The Fast Flux Test Facility (FFTF) is a 400 MW liquid metal 

(sodium) cooled fast-neutron-flux reactor designed specifically 

'for irradiation testing of nue:lear fuels and materials for liquid 

' . 
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metal fast breeder reactors. It will play a key role in develop-

ment and.testing activities. It will provide a test bed for 
\ 

demonstrating and evaluating the performance of future LMFBR plant 

fuel assemblies and core designs at reference conditions. 

The breeder technology program will provide engineering infor:-

mation and technology support needed to increal?P. the s~fet:y and 

reliabilily, reduce the cost, and facilitate licensing of future 

LMFBR plants and facilities. Effort will continue on safPty, 

engineerine syotems a.nd compont!nt:s, physics, fuels- and core design, 

and materials and chemistry. This will include studies of alternative 

fuel technologies to investigate their nonproliferation characteristics. 

~he Transient Reactor Test Facility (TREAT) is being upgraded 

to provide advanced in-reactor capability for fast transierit 

testing of reactor fuel nec~oea~y for safety evaluations. TREAT is 

part of the Safety Research F.xperimt!llt ~·acilit.i.es (~AREF). Realign-

menl of t-he bret!dEI!r. reactor safety program has ~stablished the 

prioritiy for construction of the SAREF Project so that it will be 

accomplished in phases and .hA$ elil_!!iuat:ed the requirement for. modi-

£ication of the ExperimP-nLctl llrt!eder. Reactor to a safety reactor 

facility. Phase I is the TREAT Upgrade (TU). Phase II will provide 

the addition~! facilities required to support the spe~trum of 

in-reactor safety experiments. 

The Administration has proposed that the Clinch River ~roject be 

terminated. exc~pt for sel'ected design,- component and generic Jicens-

ing activities of value to the overall LMFBR program. It is the 
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Administrations objective tnat appropriate legislatio!-1 for termina

tion be enacted as early as possib~e. 

o LWBR Program 

The objective of the LWBR program is to develop the technology 

for making available the energy in the Nation's thorium reserves 

through the use of_existing pressurized .light water re~ctor technology. 

The program consists of the Shippingport Atomic Power Station 

program, the Light \-later Breeder Reactor (LWBR) base program, a-qd 

the Advanced Water Breeder Applications (AWBA) program. 

An LWBR core fueled with U-233 and thorium, and cooled and 

moderated with ordinary light water, has been operating successfully. 

in the Shippingport Atomic Power Station since August 1977. The 

current plan is to operate this core for three to four years before 

its removal for detailed examination and ve.rification of breeding 

performance. Under the LWBR program, periodi~ tests of an LWBR 

core will be conducted, evaluated, and compared to performance 

predictions. The AWBA program will develop and disseminate tech

nical information a~ a'guide to the industry in the application of 

the technology. 

o GCFR Program 

The GCFR program is a cooperative effort among a group of 

.electric utilities, the Helium Breeder Asso~iatec, ann DOE to 

develop the potential of this system as a long-term nuclear power 

option. Work on the progra~_~efinition·and licensing phase is now 

underway and is expected to continue. through 1985, when a decision 
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will be made as 'to the future role of the GCFR. in the U.S. energy 

program. An international cooperative effort on the GCFR has also 

been established. 

C. Enabling Program 

o Nuclear Waste Management 

The program for nuclear waste management is riesigned lo protect 

the public health and safety, ~nd the environment., from radioactive , 

materials that result from National defense·programs, R&D, and 

commercial ::~ctivities. Reecognizing the numerous Federal· agencies, 

·as well as State and local interests in~olved in t~is program~ the 

rr~sident established an Interagency R~view Group (IRG) in March '1978. 

He charged it with developing a strategy for dealing with the waste 

management problem. The IRG will soon publish .its. final report and 

will shortly pr~wQnt it6 findings and recommendations t~ the 

President in the form of a decision paper. It is PXpectcd that 

t:h~s p.:1per will result in thP. ~pproval uf interim strategic planning 

·bases for the various kinds of waste and in decisions· to seek the 

legislative authorizations.~equired to proceed with the var1ous 

phasco of Lhe program. ln the interim, the DOE proeram for. nuclear 

waste is being further expanded to develop the broad hasP. of 

technology needed 1n s~pport of this cffo~t. 
• D 

With respect to DOE's Defense Waste Management Program, steps 

are being taken to continue to store these wastes safely on an 

interim basis, while providing the technologies· for the selection 

and imp_lementa.tion of alternative·s for their _long-term disposal. 
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This prin<riple applies to high-level, transur·anic, and low-

level wastes in the Defense category. It also expected that a 

suitable site will be found, from both a regulatory and institutional 

viewpoint, for the construction of a Was.te Isolation Pilot P-lant, 

to be operational by 1986, for the permanent d{sposal of transuranic 
I 

defense wastes. In addition, consideration is being given to 

utilizing such a faciilty for the purposes of RD&D on high-level. 

defense wastes, as well as for the disposal, initially on a retriev-

able basis, of up to 1,000 commercial spent fuel assemblies. 

In the area of Commercial Waste Management, the DOE program 

is similarly directed toward providing the technology and facilities 

necessary to meet applicable safety and environmental requirements for 

the long-term management of. these wastes. ·Present efforts center 

upon the identification of candidate sites from several alternative 

geologic media for the·first repository, the development of waste 

treatment technology, and terminal storage of RD&D. It is expected 

-
that such activities will be accelerated within the fo.reseeable 

future. 
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Appendix A 

MODEL RESULTS 

A. Finite Ore Model 

This section presents the results· from the Finite Ore Model calcula-

tions, including both the dates of the ~ast year an LWl or ACR could be 

installed assuming no additional uranium discoveries and no recycle of 

uranium and the adjustment to those dat1~s to show the year of first brc.eder 

commercial operation. The analysis used assumptiono of three nuclear 

capacity values in 2000, three nuclear growth rate schedules for post-2000, 

th~ee values of the finite si~e of uranium resour~es, and four alternative 

reactor deployment schemes. Each of these combinations was analyzed using 

two different uranium enrichment tails assay values. 

. . 
In Table A-1 (identical to Table 5 in the text), the dates ~how the 

last year that LWRs or 'ACRs could be installed and still have sufficient 

uranium to fuel reactors for a 30-year lifetime, based on a 0.2% tails 

assay, 

Certain adjustments must be made to this table to reflec.t the date 

of breeder introduGtion. These adjustments are presented in Tables A-2 

through A-4. If breeder introduction were imminent, then fuel reprocessing 

facilities would be constructed and operated. These reprocessing facilitieo 

would return U-··235 for recycle in LWRs or ACRs. The availability of this 

additional fissile material would extend the dates for last installation of 

an LWR or ACR while still having a 30-year supply of fuel. These extensions 

of dates for each of the cases' is shown 1n Table A-2. 
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The Breeder reactor must have a phasing-in period and LWRs or ACRs, 

must have a phasing-out period to achieve an orderly substitution of 

technology. The phasing-out of LWRs or ACRs results in another extension 

of about two years to the dates of last installation. This adjustment to 

the dates is shown in Table A-3. 

Finally, the phasing-in of breeder reactors, using a normal penetra

tion rate, requires that the first commercial breeder reactor must be 

installed several years before the last installation of a converter reactor. 

This phasing-in schedule would permit breeder reactors to satisfy all 

marke~ demand for new and 'replacement nuclear power by the last year that a 

converter reactor can be installed. The dates of breeder introduction for 

each of the cases is given in Table A-4. 

An example, in graphiclil form, of these adjustments is shown in 

Figure A-1. Using one of the cases from the Finite Ore Model, the LWR 

additions through date of last installation are shown for the once-through 

fuel cycle, the_extension due 'to uranium recycle, and the extension due to 

phasing-out. The chart also shows the phasing~in for breeder reactors, 

thus providing the date of first commercial breeder. 

The same sequence of dates, u~;;l11g the 0. 05% uranium tails assay, is 

presented in Tables A-5 through A-8. 
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Figure A-1 

ANALYSIS OF COMMERCIAL BREEDER INTRODUCTION BASED ON FINITE ORE MODEL 
(3.6 MU.LiqN ST u3o8, 300 MWe INSTALLED NUCLEAR CAPACITY IN YEAR 2000, 15 GWe NET ADDITIONS PER YEAR AFTER 2000 

0.2% ENRICHMENT PLANT TAILS ASSAY, LWR URANIUM UTILIZATION IMPROVED 15% IN 1985 AND 25% IN 2000) 

INSTALLED NUCLEAR ·cAPACITY, GWe I I 
3001 . 3751 450 525 600 

I 
750 - 825 675 

NUCLEAi PLANTS TO BE BUILT (NET ADDITIONS & REPLACEMENTS), GWe 
24 23 7 28 27 28 27 35 38 38 38 

ADDITIONS OF FBR AND LWR PLAtHS ASSUMING GIVEN FBR INTRODUCTION RATE AND URANIUM RECYCLE IN LWRs • 

2005 2010 2015 

A - COMMITMENT DATE FOR LAST LWR 
B - OPERATION DATE FOR FIRST COMMERCIAL FBR 
C - COMMITMENT DATE FOR FIRST COMMERCIAL FBR 

2020 

D - DEMONSTRATION DECISION DATE FOR FBR (26 YEARS PRIOR TO 
OPERATION OF FIRST COMMERCIAL. FBR) . 

E - DEMONSTRATION DECISION DATE FOR FBR (36 YEARS PRIOR TO 
OPERATION OF FIRST COMMERCIAL FBR) 

·FIGURE A-1 

2025 2030 . 2035 2040 
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DATE OF TOTAL U 3o8 COMMITMENT 

(0.2 Tails - Once Through) 

u·ranium Ore Base (Millions Of Short Tons of U308) 
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Growth Rate (GWe/yr): 
CASE 

1 

2 o· 
0 - N 

3 C1l ::s 
t.!l - 4 
0 
0 
0 
N 

~ 1 ..... 
>- 2 ""' 0 

"1"'4 . 0 
tJ l""l 
Ill 3 0. 
10 
u 

."'j 4 
C1l 

P""l 
P""l 
ca 

""' 1 II) 
c:: 

1-1 

o2 
0 
~ 

3 

4 

Case 1: 
Case 2: 

Case 3: 

Case 4: 

TABLE A-2 

DATE OF TOTAL U 3o 8 COMMITMENT 
(0.2 Tails - U Recycle) 

Uranium Ore Base ~Millions Of Short 
1.8 3.6 
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LWR (5500 tone: no r~cycle; 4430 tons with recyrle) ·only. 
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to improved ~WR (4675 tons no recycle; 3765 tons with 
recycle). 
Case 2 and optimized LWR (4200 tons no recycle; 3390 
tons with recycle) for all after year 2000. 
Case 2 and ACR (3300 tons no recycle; 3300 tons with 
recycle) introduction in 1995 

'• 
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DATE OF TOTAL U 3o8 . COMMITMENT 

Uranium Recycle in LWRs and Commercial FBR Introduction 
(0.2% enrichment plant tails assay) 

Uranium Supply:. Uranium Ore Base (Millions Of Short Tons of U30B) 
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recyde) 
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tons with recycle) for all after'Year 2000. 
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recycle) introduction in 1995 I 



TABLE A-4 

DATE OF OPERATION FOR FIRST COMMERCIAL BREEDER 

Uranium Recycle 
(0.2% enrichment plant tails assay) 
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DATE OF TOTAL U 3o8 COMHITI1ENT 
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TABLE A-6 

DATE OF TOTAL u3o\ COMMITMENT 
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TOTAL U308 COMMITMENT DATES 

URANIUM RECYCLE IN LWRs AND COMMERCIAL FBR INTRODUCTION 
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B. Economics Model 

This section presents the results frq~ the Economics Model calcula

tions. The analysis used assumptions of three nuclear capacity values in 

2000, three nuclear growth rate schedules for post-2000, two alternative 

uranium price-quantity supply schedules, three values of relative capital 

costs of breeders to LWRs, and thre.e ·alternative reactor deployment s.chemes. 

(The Economics Model is not currently structured· to analyze the ACR introduc

tion, Case 4, but is being modified to analyze this case 1n the prescribed 

manner.) Each of these ·combinations. was analyzed using two different 

uranium enrichment tails assay values. 

The results for the three reactor deployment schemes using a 0.2% tails 

assay are given 1n Table A-9 through A-11. The cases using the 0.05% tail~ 

assay are shown 1n Table A-12 through A-14. 
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Installed Capacity In 2000 (GWe): 
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TABLE A-10 

Installed Capacity In 2000 (GW~): 

200 300 
(Gtv i ) eryr : 10 15 20 10 15 20 10 

U308 Price >2025 >L025 >2025 > 2025 >2025 >2025 >2025 
-. 

Inter:mediate:: 

Hi'gh >2025 >2J25 >2025 > 2025 >2025 >2025 >2025 

Intermediate I 
>2025 >2025 >20.25 > 2025 >2025 >2025 >2025 -

High >2025 >2025 2022 2023 2021 2017 2017 

Interttediate ""1 >2025 >2025 .2024 > 2025 2o23 1 2020 2021 ! 
I ' 

Hig~ 2017 2013 2011 2010' 2008 2007 2004 

Date of Economic 'I'ransition to the: .. FBR from the LWR with 15% Improvement 
in 'U308 Utili~ation on the Once-Through Cycle with 0.2% Tails 
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TABLE A-ll 

Installed Capacity In 2000 (GWe): 

300 400 
G TrO\vth Rate (G ,'.,Te/y-:: ) : 10 ' 15 ' 20 10 15 20 15 20 

' i ' ,, ' 
FBR Capital U308 Price >2025 :>.2025 >2025 >2025 >2025 . >2025 >2025 . ;>2025 > 2025 

Cost ~ 

...... 
1. 7,5 Intermediate 

. High >2025 >2025 >2025 >2025 >2025 >2025 >2025 >2025 > 2025 

1. 50 Intermediate I >2025 ·>2025 >2025 >2025 >2025 >2025 >2025 >2tl25 > 2025 
-

High >2025 >2025 >2025 >2025 >20-25 >2025 . >202.5 >2025 > 2025 

.. 
-

1. 25 Intermedia~e >2025 >202"5 >2025 >2025 .. >2025 2026 >2025 2024 2021 
; 

' : 

I 
High 2022 2017 2014 2014 2011 2010 2008 2007 2006 

-

/ 

Date oi Economic Transition to the FBR from the LWR with 25% Improvement 
in u3o8 Utilization on the Once-Through Cycle with 0.2% Tails 



TABLE A-12 

Installed Capacity In 2000 · (GWe) :. 

200 300 400 
Growth Rate (GWe/yr): 10 15 20 10 15 20 10 15 

Capital Cost 

1. 75 

1.50 

1.25 

U308 Fric~ 
>2025 >2025 >2025 >2025 >2025 >2025 >2025 >2025 

Intermediate 

High >2025 >2025 >2025 >.2025 >2025 >2025 >2025 >2025 
I • 

I 
I 

>2025 Intermediate >2025 >2025 >2025 >2025 >2025 >2025 >2025 

High >2025 2024 2019 2021 2017 2016 2016 2014 

Intermediate >2025 >2025 2022 2024 2020 2018 2019 2016 

High 2016 2013 2010 2008 2007 .2006 2001 2001 

Date of Economic Transition to the FBR from the. Standard Light Water Reactor 
on the Once-Through Cycle with 0.05% Tails 
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TABLE A-13 

Installed Capacity In 2000 (GWe): 

200 - 300 400 
Growth Rate (GWe/yr): 10 15 20 10 15 20 10 15 

Cepita1 Cost 

1. 75 

1.50 

' 

1.25 

u3o8 Price 
>2025 >2025 ~202.5 >2025 >2025 >2025 . >2025 >2025 

' 

Intermediate 

High >2025 >2025 >2025 >2025 >2025 >2025 >2025 >2025 
. -

Intermediate >2025 >2025 >.2025 >2025 >2025 >2025 >2025. >2025 
l 

High >2025 >2025 >2025 >2025 >2025 >2025 >2025 >2025 -

Intermediate >2025 >2025 >2025 >2025 >2025 - 2026 >2025 2023 

' 

High 2023 2019 2016 2016 2013 ·201-1 2009 2008 -
I 

Date of Economic Transition to the FBR from the LWR with 25% Improvement in U308 
Utilization on tne Once-Through Cycle and with 0.05% Tails. -
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TABLE A-14 

Insta::.led Capacity In 2000 (GWe): 

200 300 '400 
Growth Rate (GWe/yr): 10 15 20 10 15 20 10 15 

Capital Cost 

1. 75 

1.50 

-
1.25 

.,. 

u 0 Price 3 8 >2025 >2025 >2025 >2025 >2025 >2025 >2025 >2025 
In termed ia t:e 

-.. 

High >2025 >20.25 >2025 >2025 >2025 >2025 >2025 >2025 
I 

Intermediate >202:5 
i 

>2025 >2025 >2025 >2025 >2025 >2025 >2025 

' 

High >2025 >2025 >2025 >2025 >2025 >2025 >2025 >2025 
i 

I 

Intermediate >202~ >2025 >2025 >2025, >2025 >2025 >2025 >2025 
I 

High I 
>2025 2023 2019 2020. 2017 2014 2013 2012 

I 
~. 

' 

I:ate of Eccn·Jnic Transition teo the FBR from the LWR with 25~ Improvement in U10~ 
Utili'zation en the Once-Through Cycle and with 0.05% Tails 
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