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TRITIUM AND PLUTONIUM PRODUCTION AS A STEP TOWARD ICF COMMERCIALIZATION

J. H. Pendergrass and D. J. Dudziak
Los Alamos National Laboratory
P.0. Box 1663, Mail Stop F611
Los Alamos, New Mexico 87545

ABSTRACT

The feasfbility of a combined special nuclear
materials (SNM) production plant/engineering test
faci1ity (EYF) with reduced pellet and driver perfor-
mance reouirements as a step toward commercialization
of 1{nertial confinement fusion (ICF) {s examined.
Blanket design and tritfum production cost studies, the
status of R&D programs, and the ETF role are emphasized.

I.  INTRODUCTION

A. General

Developnent of high-gain, lYow-cost targets and
efficient, affordable, repetetively-pulsed drivers for
(ICF) has been more difficult than originally antici-
pated. Commercialization of ICF for electric power and
process heat will be deiayed by these difficulties.
Nearer-term, sfignificant, credible, and well-defined
goals can justify and focus ICF research and develop-
ment (R&D) programs. An ICF tritium and plutonfum
(SNM) production plant that could also serve as an
engineering test facility (ETF) for the more techni-
cally demanding cormercial applications constitutes
such a goal. We belfeve that this goal can be in the
national {nterest, cost effective, and a logical step
toward ICF commercialization.

Tritiun production 1{s an {mportant national
requirenent. Tritfum s currently produced at high
cost for defense oprograms by transnutation of 1{thium
in fisston reactors. Tritium has a short (12.3 years)
halt-1ife and must be produced continuously to maintain
defense stockpiles. ritium will also eventually be
required in large amounts for fusion R&D programs and
startup of ploneering cormercial applications plants.

Regardless of ultimate ICF goals, near-term RAD
needs are cthe seme--high-gatn, low-cost targets, and
efficient, affordable drivers--but goals will eventu-
ally influence the directions of other ICF R&D efforts,
e.9., pellet and reactor design and f{dentification of
best driver technology.

8. The ETF Role

An ICF SMM production plant could represent a
logical step 1n an RID program for ICF commercializ-
ation for several grogreu toward more technically
demanding commercis applications. The proposed
application would require lTow-cost, efficient, repetet-
fvely-pulsed drivers, rather than the single-pulse
capability that {s adequate for physics experiments.
Also, driver efficiency and low unit capitul cost and
operating and mafntenance cost are not crucial to
achievenent of experinental aims. Mass (ni)ifons/day)
production at low cost of simple, robust targets that
cen survive abrupt finjection 1{nto hositle reactor
cavity environments would b necessary. For single-
shot experiinents, target chanber conditfons can be
adjusted to the wmost favorable, few targets are

required, and they can be mounted on stationary
supports, so that experimental targets can oe complex,
fragile, and expensive. On the other hand, competetive
SNM production costs can apparently be achieved with
Tower peilet gains (< 15) and driver pulse energies
(~1 to 3 M); than are required forl- Sonpetetive electric
power and process heat produstion.'s

The proposed SNM production plant/ETF would be
intermediate in scale ( < 1500 MWth for an energy self-
sufficfent plant to produce -~10 kg/yr of tritium and
~ 500 kg/yr of plutonfum) between proof-of-principle
experiments and ICF commercial electric power plants

(~ 3000 MWth and upl. A demonstration facility of
agproximately the same size as the proposed SNM plant/
ETF would 1ikely be required during scaleup to ICF
comercial electric power. Of course, other intermedi-
ate facilitias might also he required. As an ETF, the
proposed facility could be used to {mprove ICF technol-
ogy, integrate conmplex ICF systems, and quilify
materials for 1lnng-term service under the demanding
conditfons of a realistic ICF enviromnent, while
providing needed experience under cormercial or semi-
cormercial conditions. The knowledge to be gained from
an ETF could be obtained 1n a facility that was self-
supporting, or nesrly so, {1f SNM production were
inclured as part of its function.

C. SNM Production

We believe that ICF offers several advantages
relative to magnetic fusfon (MF) for the proposed SNM
production missfon. ICF is protected to be more econon-
ical than MF for small plant capacities. In an ICF
plant there 1s less neutron {rradiation of complex and
expensive subsystens. ICF reactors are simpler and
Tess closely coupled to other fusfon subsysters, and
accessiblity for maintenance and repair and reprocess-
ing of blanket fertile elements is greater. The tota!
containnent volune for & gpecified plant capacity f1s
less for ICF than for MF. ICF reactor and blanket
desfgns need not accommodate large nagnet systems and
strong magnetic fialds.

Several  facility scenarios are pctentially
interesting--maximum  tritium  production, naxinum
plutonfum production, maximum tritium plus plutonfum
production, nintmum technical risk, and maximum suft-
ability for the dual production/ETF role. As with
fizston reactor SNM production, the first three scenar-
fos are mutually exclusive. Although technical risk
can be reduced through conservative design based on
current practice for conventional plant systems, much
of a ploneering ICF plant would involve new technology.
Therefore, we view the proposed facility as inherently
a high risk enterprise. In addition, a lowest risk
design strategy could significantly {mpact plant
economics fn an unfavorable way. We have elected to
erphasize tritium and plutonfum production with some
technical risk reductton and production costs compete-
tive with naw fission reactor production.



ICF {is not a competitor of the near-term fission
rew production reactor (NPR) for which extensive
eneric desfgn studies are presently being conducted.
he ICF SNM plant/ETF facility horizon 1ies beyond the
year 2000. Full production should not be expected
{mmediately 1n such facilities because part of the ETF
mission would be "bootstrapping" of experimental ICF
technology S0 the reliability and pulse repetition
rates that would permit the production rate desired.

However, we feel that ICF can eventually be an
{mportant option for production of tritium, plutonium,
and other special nuclesr materials. An IZF facility
could be designed for primary production, for swing
production, and/or for production of SNM's with unusual
specifications.

We repurt here on encouraging preliminary SNM
blanket design and production cost studies. Ongoing
studfes will result 1n detailed driver fuel element,
blanket, ICF reactor, and plant designs and more accur-
ate plant capital and produrtion cost estimates.

D. Driver Characteristics and R&D Program Status

Three driver candidates that may satisfy ICF SNM
gmductfon plant requirements are under development.
hese requirements {include few M) pulse energies,
repetetively pulsed operation at 10 Hz, good absorp-
tion of driver pulse energy by targets, and affordabil-
ity. The three caiididates are coz lasers, Krf lasers,

and induction or radfofrequency (rf) linac heavy-ion
accelerators.

002 lasers have been most thoroughly developed.
002 loser technology is relatively mature so that

extrapulation of performance and costs can be performed
with fair confidence. 002 lasers are efficient

(~ 10%), but their long-wavelength (10.6 ) output
couples poorly with current pellet designs. Poor
coupling (absorntion of driver pulse energy to effi-
cifently compress and ignite pellet DT fuel) results in
Tower pellet gains for a specified driver pulse energy.
However, coz Tasers are presently projected to be the

lowest cost driver candidate at low pulse energies.
The c¢irculation of gaseous (Z)z lasing medfum for

waste haost removal permits moderate pulse repetition
rates (few 10's of Hz). 0, lasers are modular in

nature and hence scalable to required pulse energies
through duplication of modules. The Antares facility
at Llos Alsmos National Laboratory 1s operational at
40 kJ; upgrading to 1 MJ by 1990 1s possible.

Shorter wavelength (0.248,) Krf lasers offer the
possibility of better pellet couplinf. and hence higher
tn?ot geins, for a specified driver pulse energy.
Maxinum practfcal Krf lager pulse repetition rates are
similar to those for 002 Yasers and high pulse energ-

ies would be obtained through duplication of modules,
tat efficiences may de low (<5%). Very limited studies
suggest {ntermediate :osts at low pulse energies and
higher costs at hig': pulse energier than for other
driver candidates. More detailed cost/ performance
studies have begun at Los Alamos Natfonal Laboratory
and elsewhere. lew single-pulse glass laser experi-
mantal  facilities ot Lawrence Livermore Nationa)
Laboratories can be ussd to verify the projected short-
wvelength pellet coupling 1n the 1980s. A 20 kJ Krf
rototype should be finished during FYB4 at Los Alamos
atfonal Laboratory and a 100 kJ facility f1s planned
for the late 1980':.

Heavy-fon accelerators appeai: to have the greatest
potentfal. Driver-target coupling 1s better and better
understood than for lasers. Very good driver efficienc
fes (~ 263) may be possfibe with heavy fon acceler-
ators. High pulse repetition rates (1000 Mz and up)

are possible and inherent reliability 1s projected for
heavy 1on drivers. Preliminary cost studfes sugjest
the possibility of lower costs for heavy {fon fusion
drivers than for other driver candidates at high pulse
energifes. The US heavy-ion program 15 in an early
phase, but aggressive R&D would promote parity with
laser technology state of development. The present
programmatic emphasis 1s on 1nduction 1inac technology,
with major experinental facilities proposed for cons-
tructfon in the next few years. The primary induction
Tinac RAD eifort has been concentrated at Lawrence
Berkeley Laboratory, with Los Alamos Mational
Laboratory responsible for program management.

E. Other R&D Requirenents

Other R& requirements for an ICF SNM plant/ETF
wi'tl become more prominent wren required driver and
pellet cost and performance objectives are achicved and
pellet mass production processes are perfected.
Several pronising reactor concepts developed by the ICF
cormunity require more detailed design studies and
feasibility (especially integrated) experiments, with
special attention to cavity clearing, peilet injection
and tracking, driver/reactor interfaces, driver bean
aiming, focusing, propogation, and materiais. Tritium
migration control and recovery methods must be effect-
{ve under extreme conditions of low cnncentrations and
high temperatures 1in the presence of aggressive
chericals. Derated existing pulsed-power technology
can be used, but qualification of less-expensive, more-

reliable pulsed power techuology could significantly
impact ICF costs.

I1. BLANKET STUDIES

A. Reason f~r New Blanket Studies

Part of the mission for the proposed facility--
production of large amounts of tritfum in excess of
that required to fuel! the plant--is significantly
different from the usual commercial-applications goal
with respect to tritium--mere plant tritim self-
sufficiency. Therefore, extensive blanket conceptual

design studies to ensure a good design for the new
mission seemed advisable.

B, Fusion Versus Fission Production of Tritiun

More energetic fusion neutrons offer significant
advantages over figsion neutr%ns for SNM prnduction.
Natural 1ithium 13 about 7% OLi, with the remainder
being /Li. However, the isotopic composition car be
adjusted relatively {nexpensively {f req’h-ed for
optimum tritium and plutcnium production. Li reacts
with high-energy neutons ‘-5 MeV practical threshold)
to produce & &riton and a lower-energy neutron that can
react with L1 to produce another triton. Fusfon

neutrons are born at ~14 MeY and fission neutrons at
~ 2 MeY, although there 1is some spread around thsse
energiesr. Thus, for practical purposes the /Lt
reaction s accessible with fusion neutrons, but not
with fission neutrons. Fusfon neutrons can also be
"muitiplied” by (n, 2n) and (n, 3n) threshold reactions
not acceasible with ﬁu’i n noutroiv e.9., by factors
of 3.03 and 4.12 with ¢ and U respectively fin
the absence of competing reactions.

C. lesign Parameter Space and Figures of Merit

To reduce the blanket design parameter space to
ranageable proportions, several preliminary decisions
were made marly in our blanket design studies,” leav-
ing other ap roaches to be explored a3 resources pemft,
In particular, w are presently concentrating on energy-
multiplying blankets of basically cylindrical geometry
with metallfc-uranfum fertile elements of relatively
conventional fuel pin design and with 11quid 1ithium as

both coolant and trftiun br«dim material.



Prelininary cost studies 1indicated that plant
energy self-sufficiency (or near self-sufficiency) is
important for competitive tritium production with low
pellet gains--the cost of driver and plant auxiliaries

power 1s burdensome otherwise.l»2  Large blanket
neutron energy multiplication can be achieved only i{f
fissionable materials ( 200 MeV/fission versus 14 MeV
fusion neutron kinetic energy) are included in the

blanket. Fissionable 9{sotopes such as 2331.!, 235U.

238y, 23%y, and 232Th muitiple fusion neutrons
by means of (n, 2n) and (n, 3n) reactions and through
fissfon to permit higher tritium breeding ratios.

Metallic uranium was selected as the f{ssionable
material for our reference blanket design. Thoriunm
cycle products would be used if produced, but would not
be preferable to uranfum cycle products. Difficult
1sotope separatfons would be required for some applica-
tions of thorium cycle products. Uranium compounds
fnvolve neutron-absorbing and woderatint diluent
eenents. The design data base for metallic fuel
elenents 1s less extensive than that for oxide fuels
but {s adeguate. Conventional clad fuel-pin designs
are being studied first because they may be the only
acceptable choice for safety, performance, and cost
reasuns and the design data base 1s adequate. Liquid
1ithiun was selected as the blanket tritium-breeding
material and coolant. It is necessary
for the highest tritium BR and, if also used for first

wall protection as in wetted-wall reactors,2 common-
ality of 11quid metal loops is p:comoted.

Realistic reactor/blanket concepts were used in
our neutronics and burnup studies. We began with the
strawman or reference concept depicted in Fig. 1,
derived frorn consideration of preliminary scoping

studies!. As we proceeded with our nucleanics and
burnup celculations, the second strawnan or reference
conceptual blanket design characterized 1n Fig. 2 was
developed. This second conceptual design, although not
completely optimized, offers good performence and {s
simple. It {s also thinner and contains much less
heavy metal (HM) than the first reference design. We

have emphasized wetted-wall reactors? as having
greater potential for achfeving large tritium breeding
ratios with 11quid 1ithiun-fissionable blankets.

Our blanket design studies have involved determin-
ation of the effects of variations of many parameters
on blanket performance, {ncluding blanket structure/
uranfun/11thium ratio, distribution of the mnaterials
throughout the blanket, blanket 1{thifum 1{sotopic

composition, blanket thickness, 235 fraction in
blanket uranium, wetted-wall reactor lithfum first-wall
protection layer thickness and {sotopic composition,
and fissile and fertile materfal burnup. A pellet
neutron output spectrun (Fig. 3) representative of
cormercial applications pellets, was used for al)
nucleonics and Lurnup calculations. The primary
characteristics of the spectrum that was used {n our
studies were doppler broadening about 14 MeY and a peck
at lower energy characteristic of single scattering
events in the conmpressed pellet core. The more
realistic spectrum allows tritfum breeding at a ratio
about 90% of that calculated for pur 14-MeV neutrons.
The bdlanket performance parameters that we have been
most interested in {nclude tritium, Pu, and tritium
plr's Pu breeding retios (BR's--atoms of {sotope(s) bred
ver fusfon neutron), blanket neutron kinetic enargy
multiplication (blanket therma) energy release divided
ty fusion neutron kinetic energy or by total themo-
nuclear energy release as used herein), maximum heating
rate (thermal power density), rate of fissionable
waterial burnup, and Ysotopic composition of bred Pu.

D._ Results

. Lithium/Uranfum  Yolune Rattos. Blanket

performance was expected to depend significantly on the
ratfo of wuranium to lithium. Beginning-of-11fe
neutrnnigiacnculations for oug first stramman blanket
(pure U uranium, 603 --"Li 1ithium, and § v/o

structure indfcated that as the volume pecentage of L1
increased from 20 to 95, the Pu and tritium plus BR's
decreased monotorically and the tritium BR passed
through a fairly flut maximum at ebout 60 tO 70 v/o L9

(Fig. 4). We also found that the blanket energy multi-

plicatfon factor depends strongly on the blanket v,/o L{
(Fig. 5). Because of our emphasis on tritium
production, we selected 60 v/o blanket L{i for our
reference blanket design. The flatness of the tritium
BR curve near its maxiium and the large negative slope
of the Pu BR curve results in 1{ttle loss in tritium BR
and a large increase in tritium plus Pu BR compared to
the maximun tritiumBR v/o L{.

b. Blanket Lithium Isotopic  Composition.
Examination of the efTects of varlation of E% Tsotopic
conposition of blanket Yithium on blanket performance
parametars yielded the very {interesting results shown
in Figs. € and 7. We see that over the entire 0 to
100% SLY range of 1ithium {sotopic composiitocns the
ratio of Pu BR to tritium BR varies f-om about 3.05 to
about 0.16, there is an 6% decrease in tritium plus Pu
BR, and an 27% decrease {in Dblanket thermal power,
Thus, we conclude that our blankets can be tuned over a
wide range of product mixes (Pu versus tritium), with

1i{ttle loss 1in total breeding capacity and thermal
power, by simply changing the blanket l{thium 1sotopic
conposition. This wversatility could permit ready
response to changes in SNM demand patterns. However,
the full blanket product mix flexibility can be
achieved only {f heat transport and ultimate rejection
systons  and eleciric power generation equipment

capacity corresponding to the naxirum blanket thermal
power {s provided. Curruntly, our reference blanket
1ithium {sotopic compositfon Is 60% ©L{, which gives
a near-maxirwn tritium BR and a higher Pu BR and
ggs:tg[ibhnket neutron energy multiplication than does

c. First-Wall Protection Layers. Inportant
blanket parameters ere significantiy affected by first
wall protestion layers in reactor cavities, including
breeding ratios, blanket neutron energy multiplication,
and heatiny rates. The thickness of 11quid meta) first-
wall protection layers in wetted wall reactors® vary
with position. The dry-wall reactor solid sacrifcial
Tayer thickness range is 1 to 5 cm. Different first-
wall protection 1lgyer compositions have different

effects on blanket paraneters.

Some computed effects of first wall protection
layer thickness and composition variations on blanket
performance characteristics are shown 1in Figs. 8
(trittum BR), 9 (Pu BR), and 10 (thermal pomr?. We
see that the influence of protective layer compositior
is generally more significant than layer thickness.

These results sugjest thet {f first-wall
protection 1z to be provided by liquid lithium, _1t
should be <che natural wixture or be enriched in L9
for the ICF SNM production mission. Separate liquid
meta) Yoops would then be recuired for the blanket and
for first-wail protection. However, because of pellet
Jdebris deposition in the first-wall protection loop,
segregation of the two loops 1s desirable 1n any
event. The computed effe s of first-wall protection
lasers on blanket performance are due to a combination
of (n, 2n) neutron multiplying reactions, the /LI
tritiun breeding reaction, and neutron-modersting
(scattering) interactions.

d. 235 Enrichoent of Blanket Urenium. The
!Sgech on InitTal blanket performance of __geveral
U enrichments have been studied. Pure 2 was




r nux in our first scoping studies. In addition, we

considered the use of diffusion plant tails (-0.25%

235y and available for the cost of conversion from
gl-'g to the metal), the natural mixture (-~ 0.71%
3

U), a typical light water reactor enricknent
(~3.2% 2350) and higher enrichments all the way up to

criticaiity (~30% 235U at beginning of 1ife). Large
enrichments may be of interest, but cost effectiveness
and the acceptabiiity of approach to criticality nust
be stablished. Isotopic enrichment is costly for heavy
elenents and 1s not required because the fusion neutron
source s supposed to substitute for the criticality
required for fission reactor operation and because bred
fissile i\.otopes serve the same purpose. One potentinl
cafety advantage for ICF hybrid facility, as opposed to
a pure-fission plant, 1s that criticality and 1ts
irherent risks are avoided. Fertile element fabrica-
tion hecomes more difficult and expensive at high
enriclnents. Certainly higher enrichnent means bettur
blanket performance fnsofar &s fusfon breeding ratios
ana blanket power density are concerned, but the
question “at what point does the fusion neutron source
becone superfluous as enrichnent is increased?” nust be
addressed.

We find at low 2350 concentrations in 236y
that tritium and plutonium breeding ratios increase

roughly 1n proportion to 235U enrichment (11lustrated
in Fig. 11). Significant departures from proportional

1ty occur at large 2350 enrichments (see Fig. 12).
Our burnup studies have necessarily been limited fin
scope because of the compitational effort required.
However, as we discussed below, the principal effects
of burnup of fissionable materfals 1in our blankets
result from Pu bred 1intu them and appear from our
1infted ournup study to roughly parallel the effects of

varfation of blanket d{nitial 2350 enrichment on
blanket performance. Thus, Figs. 11 and 12 give an
indication of the magnitude of the effects of burnups
other thanr those for which calculations were performed.

e. Effects of Blanket Structure and Reactor

l‘.xvigz STze. Uur calculations Indicate that tritium
and Pu s decrease roughly in proportion to increase
in amount of blanket structure for nodest amounts of
steel structure with the uranfum/l1ithium volue percent
ratio held constant. This dependence 1s {1lustrated by
Fig. 13. Az espected, blanket tritium and Pu BR's
{Table) are essentially independent of reactor cavity
size, vhereas power densities (Fig. 14) are approxi-
Ntﬂ{ inversely proportfonal to cavity redius squared.
Fertile material burnup rates, which determine times
betwwen mproccuin?. also will vary
inversely as the cavity radius squared.

approximately

f. Burnups, Production Rates, and Product Spaci-
fications.  Burnup calculations T{ndicate that our
bTankets breed very good plutonfum at a rate of 500
kg/yr in a blanket assigned to breed 10 kg/yr of
tritium. Tha quality of the bred Pu fs indicated by
the computed results in Figs. 15 and 16. We also find
(Fig. 17) that our blankets can be f{rradfated for
severa) years before reprocessing of {inner blanket
elemunts, which are the most intensely irradiated, 1s
required when a conservative naximum permissable burnup
of 5% 13 assumed. Exchange of more highly frradiated
fuel pins with lower-burnup pins could eliminzte any
need for reprucessing for the entire plant lifetime if
desired, provided that other fuel pin service l{fetine
linfting facturs do not become operative.

Our burnup calculations also reveal only modest
tncreases in OR's and blanket thermal! power for long
frradiation periods (Table I1). Heat tranport and ulti-
mate rejoction aystems and power generation eoufpment
must be sized for maximum blanket thermal power; the
nodest Increase 1n heating rate for substantial amounts
of bred Pu means that considerable over design of these

costly plant systems 1s not necessary. Approximate
interchange schedules for fuel elements with different

irradiation histories can reduce even the modest

" thermal power variations 1isted in Table I.

For burnups 5%, fissfon products c¢o not seem to

substantiall{ affect the neutronics of our blanket and
changes in 238U concentration are small. Most of the
changes fn blanket performance are therefore largely
attributable to bred Pu and are approximately propor-
tional to the bred Pu concentration.

§4. Required Gains. Only small gains are required
fer Dlent  enerqy  self-sufficiency with energy-
naltiplying blankets. Energy self-sufficiency gains

for fissioning blankets for several drivers are
cimpared with corres'FonMn? gains required with
pure-fusion systems fn Table II. Fig. 18 1s a compari-

son of gains required to produce 10 kg/yr of tritium as
a function of driver pulse ~nergy and repetion rate.
Tritium production rate and plant fusion power are
related in Fig. 19 with tritium BR as a parameter.

I11. PRELIMINARY TRITIUM PRODUCTION COST STUDIES

Although scarcity of reliable ICF cost data makes
accurate estimation of absolute costs difficult, we

believe that our preliminary tritium production cost
studies clearly delineate trends. We have emphasized

tritium production costs by treating electric power
productfon in excess of that required fo:r plant energy
self-sufficiency, as well as, plutonium as by products,
with all prof . ts derived from their sale credited
against tritiv,y production costs. Standard life-cycle
cost anal,sis methods were employed with representative
econonic paraneters and simpie, but widely used cost

models for major subsystems. The analyses were per-
formed with conservative and optimistic pellet
gain-uriver pulse energy relctionships. We compare our
ICF tritium production cost estimates with recent csti-
mates for new fissfon reactor produrtion costs, with
approximate costs claimed for existing production
reactors, and with estimates prepared for electro-
nuclear breeding.

We note first that production costs decrease
rapidly with d{ncrease in driver pulse energy and
repetition rate at low values of these parameters, with
less rapid decreases for large values of pulse energy
and repetition rate. We find that credits for bred
plutonfum, even without claiming extra value for the
superior quality of ICF plutonfum, ar: substantial (up
¢o $1000's/g of tritium, with exact values depending on
“aprocessing and fuel element fabrication cost assump-
fons). The significance of export power credits
tepends, of course, on the amounts of power available
'or export and the cost of electricity, but 1large
;redits are possible. The cost penalties associated
vith discard of all thermal energy and import of all
electric power for driver and plant auxiliaries opere-
tion are generally substantial. These peralties are
generally larger for less efficient drivers. More
optinfstic pellet gains result in lower production cost
ertimates; the relative effect 1s greater with lcss
efficienc drivers. Plant scale also has a significant
effect on tritfum production cost estime.2s. However,
811 competetive processes exhibit sim{lar cost scaling
with production rate.

Our tritium production cost estimates are less
sensftive to BR for BR2 2. They differ by - 25% for
optintstic and conservative pellet gains for enery
self-sufficfent plants and by -~50% when A1l thermal
nncr?y {s discarded rather than used to generate elec-
tricity to power the plant.

We obtain ICF tritium production cost estimates
‘that 1or many cases ave substantially lower than for
mew fission reactors and for all cases can be con-
nidered competetive with new fission reactors when the
nccuracy of both sets of estimates are considered. The



lover estimated costs for ICF trit{fum production are
competetive with current production reactor costs which
are primarily operating and maintenance costs. The
high driver efficiencies, optimistic pellet gains,
optimistic reprocessing and fuel element cost assuip-
tions, high plutonium and export electric power values,
and so forth. Electronuclear breeding fs not competet-
ive under any circumstances.

IV. SUMMARY

A significant, credible, well-defined, near-term
applicaiior of ICF has been identified--a combined SNM
production plant/ETF that could De a Tlogical step
toward <sommercialization of ICF. This application 1s
Yess demanding of driver and target performance than
comercial electric power generation and process heat,
but would require development of wuch technology
required for commercial applications. The required
driver and target performance {s within the scope of
anticipsted near-term ICF R&D progran achievements.

Our tritium-producing blanket :tudies are yielding
encouraging  results. We have concentrated on
fissfonable blankets for plant energy self-sufficiency
which our cost studies 1{ndicate 1{s 1important for
economical tritinm production. We find that realistic
paxinun tritium and Pu BR's are respectively ~2.0 and
~0.6 in uranfum/1ithfum blankets. The ratio tritium
BR/Pu BR can be adjusted over a wide range, with 1ittle
effect on blanket thermal
power, by simply adjusting blanke: Tithium {sotopic

composition. About 500 kg/yr of ~99% 23%y plutonium,
with reprocessing required only attar several years
irradiation, can be produced in a ."-“nket designed to
produce 10 kg of tritium prr year. The effects of

variation of numerous design paraneters on blanket
performance were {nvestigated.

The results of prelinf iary ICF tritium production
cost studies are encouraging. We find that ICF can
coapete successfully in producing tritium at small
rates with fission reactors producing at larger rates
and vith magnetic fusfon. The effects of various
influences or tritum production costs, including
production rate, plutonium credits, net electric power
production, gain, driver pulse energy and repetition
rate, and choice of driver technology, have been
examined.
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