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The Third US/USSR Symposium on Fusion-Fission Reactors was held at
Princetgn University in January 1979, Previous symponia in this series
sere held at the Kurchatov Institute of Atomic neray in April 1977 and

at the Lawrence lLivermare laboratory in July 19760 Lach nf the first

four days ©f the Princelon Symposium was devatef oo ~ingle topic.  In-
vited papers on that topic were followed b o worksnep, which included
contributed papers and extensive discussie o lne fifth day was devoted
to sumelaries of the warkshape, prepared by o cqaireen, MY Lhe par-
ticipants in the symposiunt have had the oppor ity to review the written

summaries, which ave cowmpiled in thiv report.

An interesting feature of this symposiwm introduced by K. Schultz of
Gereral Atomic Company was a polling of the participants prior to the sym-
posium on their views concerning blanket development requirements. The
results of this palling are presented in K. Schultz's two summaries herein.
It was widely agreed that polling on various technojogica] issues should
be continued and perhaps expanded in subsequent symposia on fusion-Ffission
reactors and related topics. Separate polls may be advisable for mcgnetic
confinement and inercial confinement specialists. Other workshop chafimen
asked their participants to attempt (. arrive at consenses on various is-

sues; that technique proved to be effective in stimulating a great deal of
debate,

The theme of most of the Princetan Symposium was the "Near-Term Devel-
opment Requirements far Fusion-Fission (Hybrid) Reactors." It appears
somewhat too early for agreement to be reached on any of the jesign features
of the first hybrid test reactor, even if a particular fusion driver con-
cept were to be specified. This uncertainty is consistent with the unlike-
Yihaod of a hybrid test reactor being authorized in the very near future.
Nevertheless, it is expected that the generat:icn of megnetic confinement
reactars after TFTR, MFTF, etc., will be equipped with a large number of
blanket test modules, of which several could be ytilized for fissile breeding.
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SUMMARY OF WORKSHOP 0OnN EXTERNAL FACTORS
by

Noel A. Amherd
Electric Power Research Institute

1. Introduction

How does tte concept of fusion-fission hybrid systems interface
with other nlanned or projected elements of the worldwide produc-
tion of enewgy? This session, entitled External Factors, was
planned to prcvide an updated discussion of some key relation-
ships of hybrids to the external worlid and, in particular, to
explore some suggestions about external impacts on fusion-fission
hybrid development. For the purposes of this summary the
session's presentations, whose titles and speakers are listed in
Table 1, will be classified according te the following [our
categories: the role of fusion-fission nybrids in electric power
production, fuel cycle issues associated with both the fission
and fusion portions of -the hybrid concept, the econoumic prospects
for hybrids, and issues important in the development of hybrids.
Brief descriptions for each of these categories will be given in
the form of a synthesis of the major ideas presented by the
speakers.



Presentation

Taule 1

Hybrid Reactors in the U.S. Energy Develupment Program,
J. Clarke.

Role of Hybrid Reactors in Nuclear Power Praoduction, Part 1,
G. Shatalov; Part 2, I. Ganev.

The Hybrid Reactor: What is the lext 5Step?, W. Wolkenhauer,
B. Jensen, and R. Huse.

Fusion-Fission Hybrids and Nonproliferating Fuel Cycles,
H. Feiveson.

Coupling Between Hybrids and the Fusion Industry, S. Abdel-
Khalik.

Fusion: The Ambient for the R&D and Commercialization,
J. Simpson.

Status and Prospects of Advanced Fissile Fuel Breeders,
R. Kostoff.

Economic Implications of Fusion-Fission Energy Systems,
D. Deonigi.

The Effects of Fuel Cycles on Hybrid Performance,
G. Woodruff.

Titles and Specakers for the Session on Lxternal Factors



2. On the #cles 0f Tusion-!'ission jiybrids in Electric power
Productlion

Fissile fuel productien by hybrids {or utilization in fission
reactors continues to be an attractive prospect of fusion-fission
hytrid concepts. The hybrid concept olfers an alternative supply
of fissile ftuel that is bred f{rom abundant reasources of uranium
and thorium, and, hence, can resolve the uncertainties in fuel
supply due to varying ore grades and distributions of naturally
occurring rissile material. The fuel produced, which can be

either plutonium or U¢?2, can subsequently bhe used as
necessary for the makeup or 1nitial fuel loadings {or present
converter reactors, advanced converters, and Plission breeder

reactors.

Several attractive teatures ob hvbrids der o fron the mode of
operation 1n which one hybrid reactor taciliry has the capability
of producing fissile fuel in quantitic - :at¥icicnt to support the
makeup fuel requirements of S to 18 conwvvrtotv reactors.  One
important feature resulting from this [ 1 production rate is
that a limited deployment rate of hybri« can have a magnilied
impact on the energy production capacity -3t nations. This occurs
because the nuclear [ission reactors, as=zcned to be an accepted

and mature technology some time in the fut.are, can be deployed at
nearly unlimited rates to meet the existing energy demands.
Hence, the fusion~fission hybrids can be expected to complement
and support existing technology rather than replacing it. Other
features of fuel producing hybrids include having a weakly felt
effect on the cost of power due to uncertainties in cost or
performance estimation and the potential for proliferation resis-
tant operation through the use of the denatured U-233 fuel cycle,
direct enrichment and re-enrichment of fission reactor fuel rod
bundles, and the requirement for only a very small number of fuel
producing sites to support a large fission power capacity. More
will be described about proliferation in the fuel cycle section
of the summary.

Other modes of operation of fusion-fission hybrids such as
fission waste transmutation or placing an emphasis on electricity
production bring a different set of hybrid system attributes.
These may become important hybrid applications in the future but
to date they do not appear to offer the advantageous deployment
prospects of fissile fuel production. Electricity production
from the hybrid improves the economics of the single device but
may adversely affect its relationship with the other technical
and financial elements of the energy producing sector. Further
investigations are redquired to provide a clearer evaluation of
the desirable fuel-to-power ratio for fusion-fission hybrids.



3.

Cycle Issuca Anonciated with boelh the Fission
: Gt _the dybrid Goncept

ACedar Lor amprovewents in the hybrid fuel cycle and hybrid
impacts —n the nucleny fimiaien fael cyele have

been recociving
Jetaried analyses.

ample, hybrids offer the potential as
an abundant supplier of G-%33 without the necd for an initial
fissile-inventory. Henae, a large increase in the light water
reactor converslion ratin, without significant redesiqn or
development of the converter rveactor, and eosacads ase of thi
proliferar ion-vesistant denaturcd-uraniom funl cycle could be
yohideved Ly the deselopment of hybeids

.

plrect enrichment and re-enrichment ol fission reactor fuel
bundlecs 1n the btlarnket of the hvbhrid appear technically (easibie
and proliferation resistant owing to the hiah level of radio-
activity induced 1n the fucl rods. However, without reprocessing
at some point in the cycle the support ratio i1s low and the asso-
ciated eccoonomic penalty is high.

on the fusion side ol the luel cycele, some or all of the tritium
miyht be obtained from other sources than the hybrid blanketl. If
su, then the global neutron and encrgy balances may boe improved.
Mareover, the hybrid cost aid risk may be reduced through simpli-
{ications in the areas of bhlanket design, fabrication, and opera-
tion, and by increases in the fissile production rate of up to 2
to 3 times that when all the tritium is bred in situ. One source
of tritium is the fission reactors served by the hybrid, but
there arise potentially severe but unevaluated safety and
licensing issues. Another possibility is operation of the hyvhrid
on the D-D cycle 1n order to 2liminate the tritium regquirement

altogether. There has been conasiderable controversy on these assur:

The hybrid fuel cyele I3 an arca of work reguiring considerably
more attention in order to clarvify the real operational and
economic portentials of hybrids. pctimates of the hyhkrid cost,
visk, and vpurational benefits arising from chanars in the tuel
cycle have not been charactevized or quantified. Since the fuel
cvele is the umbilical cord between the hybrid and the nuclear
fission reaciors, its characteristics will have a major role in
determining the development goals for hybrids and possible modi-
fications in the nuclear reactors to best utilize the charac-—
teristics of the fusion-fission hybrid.

‘,.w.,w:*'"



4. On_the Economic Prospects for Fusirn-Fission Hybrids

The favorable economic prospects f+r fusion-fission hybrids con-

tinue to be shown from cxpanded ana broader scope studies. Analy-
ses of coupled hybrid-converter rcactor models illustrate the op-

partunities for cconcmic operation with hybrid reactor costs up to
throc times the cost of the converter rreactor (of the same thermal
: outut), and with uranium prices consistent with turn-of-the~
century projections,

tlewly completed studies comparing hybrids hased on different fusion
confinement concepts are showing that more than one concent has the
potential for ecoromic operation, mmd that the cost cotimates and

cost insensitivities of hrbrids appear wivaatageois compared to al-

ternative hreeders.

sujgestions have also been forwardou Wt hvbrids producing chemi-
cal fuels in addition to fissile tuel have cnhanced cconomic pros-
pecks while retaining the desirable nyoia

caturc of being neither
v

-
H
a significant supplier nor consuwer of inclric energy.

5. 0On the Development of Fusion-Fission ! Lrids

Estabplishment of a fus nn~fission bhybrid plan was a prominent sug-
gestion throughout this session. Without it, key issues such as

the timing for commercial-scale hybrid systems, guidance for energy
system planners regarding the prospects and assurance of hybrids,
and the setting of goals for hybrid R&D would all be lacking. Ex-
ternal factors should play a role in the establishment of this plan.
Pessimistic forecasts of energyy supply should be used for planning
purposes in order to stimulatc the development of several practical
alternatives. For example, the plan might be based on low to moder-
ate estimates of economically constrained uranium resource such as
1.8 » 106 and 3.0 < 10® tonnes U30g for the US and the OECD nations
respectively; restrictions on fossil fuel burning due to the reality
of the CO; problem; severe compctition for worldwide resources due
to ambitious energy expectations of developing countries; and limi-~
tations of o0il to transportation purposes only. O course, a com=
prehensive long-range governmental energy policy is required in
order to assess the roles of various huclear fission and fusion
aptions. Political is ues such as proliferation, fission waste
disposal, and the pub:.c view of Fission reactor safety can have

an impact on the timing and direction of future hybrid developments.

Independent of the existence of the hybrid development plan, sev-
eral key near-term development requirements as listed in Table 2
were identified. The two far-reaching aspects of these require-
ments are the initiation of a hybrid experimental program and the
search for hybrid systems with improved commerical-scale potential.
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Tahbhle 2

Listing of Specific Recommendatinns of Near-Term Development

Requirements for Fusion-Fission Hybrid Systems

.

Initiate experimental activities to reduce uncertainties ard

to evaluate the performance of practical hybrid blanket
concepts.

Investigate the feasibility ¢f obtaining useful hybrid
bianket data Erom upcoming D-T fusion systems such as TFTR,
Shiva Nova, JET, T-20, .

Assess the economic impacts of fissile inventory charges for
the hybrid.

Attain reactor-level plasmas with ¢ ~ 1.

Initiate studies to identify systems that can be optimized
for commercial-scale use through potential

- cost reductions

- labor nonintensiveness

- manufacturing compatibility

- reliability

- development with the least number of RaD stages

Assess fuel & clad performance, especially for inertial
confinement Fusion blanket concepts.

e



6. Conclusions

External factors have been shown to impact the choices and direc-
ticns available with fusion-fission hybrid concepts, primarily in
terms of targets for potential commercial-scale hybrid systems
but also in defining specific aspects of the near~term develop-
ment programs. Fusion-fission hybrids, being but one choice of
fusion energy system and having a dependence upon the character
cf nuclear fission developments, can benefit from the establish-
ment of an energy plan and a hybrid R&D plan in order to
identify, quantify, and test the hybrid's advantages and
disadvantages compared to complementary and competing energy
technologies. However, even without such plans, areas of work
can be identified that improve the hybrid R&D program balance and
offer significant extensions in the hybrid data base.



2. SUMMARY OF WOPXSHOP ON PLASMA FNGINEERING

by

R. G. Mills

Plasma Physics Laboratory, Princeton University
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1. Introduction

Tq the workchoo on so-called "plasmo engineeriug,” eight people made
uresentations:  Messres. Brooks, Gibson, Jawsbhy, Muir, Rowe( “hatalav,
Tonncyy and Teofilo.s Inoaddition, we had wmany cortents from the audience,
and I chall try to presesnt a ¢istillation of the accumulated wisdom of

shat large group.

. Come Basio Quantities of Plasta fngines e

Let me wtart with three basic quantatis  of tlasma enaineering,
cirst there is ). That 19 defined ¢ 1ittle b Hifterently by different
prople, but with broad brush it is simply the 00y of the energy out to

the ¢nerqy in,  Early magnetic conTinement machine «could be categorized
in two classes. There were high-0Q devices, the closed toroidal machines,
and there were low-0 devices, the classical mirrars with end losses.
Today we dre considering some intermediate-f) devices, for example, the
tandem mirror (the end stoppered mirror) and the inertial confinement sys-
tems. As hypothetical reactor desiqns were developed, the very low-Q
machines seemed ta become mare and more marginal, and now we believe we
would have to be quite Tucky to get a really low-) system to work. How-
ever, the intermediate-U devices have gained in interest.

A second basic yuantity very important tou plasma engineering is our
old friend, ni, the reactor parameter introduced by J. D. Lawson. This
is really & go or no-go criterion. The inertial confinement people don't
talk about seconds per cubic centimeter the way the magnetic confinement
people do. They tend to talk in terms of grams per square centimeter, but
it all comes down to nt. From the grams/cm2 point of view, it is clear
that success requires either getting very high pellet compression or very
large pellets, requiring a great deal of energy. Or perhaps we must have
both 1igh compression and a large quantity of energy. The preference
among the people who spoke on ICF was to assume that energies on target
of something like a megajoule will be needed, and pellet gains of about

2-1



200 ave aswumed. The experimental results to date imply that this i, in-
deed a difficult assignemnt. Much work i required,

A third basic quantity applies nat ta the inertial confinement SYLLEmG,
but only te the magnetic confincment systems. This is the familiar eypres-
sion 3284. It is a measure of the power density you can produce in the
system. i is also a key to some of the problems that face us in magnetic
confinement..  The toroids have traditionally been, and <till are, belicved
to be esventially low-1 machines. We are talking about les. than 107, He
may get 10/ or more on axis, but the average ¢ will probably be less than
that; in fact it may be quite a bit te,s. With the traditional mirror
muchines where advantage can be taken of the curvature of the confining
field as well as the majnetic pressure, i may exceed ane in the Tow-field
region. On the other hand, for the Landem mirror, which has solenoidal con-
finement, + will drop helow one to perhapsonehalf, but still giving a po-
tentially substantial advantage over the toroids.

The B factor is interesting from a technological point of view be-
cause it has to do with what kinds of magnets we will have to build. The
technological restriction, however, usually occurs at some point on the con-
ductor. The useful magn:tic field availtable to confine the plasms is a dif-
ferent question. In the toroids, since higher field exsits at the condurtor
than in the plasma due to the difference in major radius, there is a premium
price for the space between the plasma and the coil. In machines with thick
blankets and shields, there is a rather large reduction in field available
for plasma confinement in a torus from that at the coil — a factor of at
least two, perhaps as high as three. The tandem mirror has & similar prob-
lem because it must provide high-field magnetic end plugs, but it has a low-
field solenoid. The ratios are a 1ittle less advantageous than in toroids,
perhaps four or five, but the decrease in this B factor is compensated by
the increase in @) so the overall 6284
is somewhat similar.

in the tandem mirror and in toroids

We have problems to solve in technology and knowledge to gain of basic
plasma physics that apply to these three basic quantities of importance.

2-2



asied,

wrhat quidarce 4o we have frou theory for the values of these parameters
Tvgt Lan be accomplished in various systems?  In the old days, the early to
mid-60"'s, we had a ditemma. Theory told us that in magnetic confinement as
the temperature went up, the confinement should improve, whereas the experi-
rents did eractly the reverse — the confinement went down as the temperature
wiontoup.  This was very discouraqing for those attempting to design realistic

apbaratus tor reaching the necessary quantities.  Then the happy c*ys baegan

with the results from the T-3 tokamak in Motcow and the <o'v.equent events of
the next seven or eiyht years., We seemed to turn the corner. The confine-
ment fiproved as the temperature went up mor- or fess in gccordance with
theory. It was predicted, however, by thceor that along about the time we
reached the conditions that we . are now achievine in the laboratory, the con-

finement would turn around and go down. Well, =ow waain we have reached a
divergence between theory and expeviment. As the temperature continues tao

rise, the confinement seems to go up instead of going down. Now that is a

 happier situation than the one we had earlier. It is much nicer to have

theory say - should go down while <1 continues to increase. On the other
hand it doesn't give us a great deal of confidence in the theoretical qui-
dance we have been receiving, and it has led to a certain amount of empiri-
cism as denmonstrated by D. L. Jassby's talk at this meeting. Another example
of empiricism is the so-called Alcator scaling where nt 1is prcodicted to
scale as n2. It can't really, but so far the performance of various
machines conforms to that fairly well. .asshy suggested another cor-
relation of a figure of merit for neutron production that would scale with
about the 3/2 power of the input energy. The empirical extrapolations are
encouraging so far, and I suppose we should be grateful.

IV. Difficulties

A, Fundamental Problems

What are the d:fficulties that face us? Why can't we qo ahead and build
reactors? The fundamental problem is our lack of knowledge of reactor-grade
plasma transport properties, what nt has been achieved in magnetic systems

and what we may expect — or the grams/cm2 one may achieve in the ICF systems.
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Avnumption, of what o w11 he arhiczed oo It of Teynrges e oynat tne

prodiction of hypothetical reactor wtudies w1l Lo Fred Teine: e

Lhi- in his talk.  The selling price for clectriz power i+ very desendent,
upon what 0o is aning to be achieved — very dependent on the trar-ogrt
properties of the plasma, the thing, we don't yet know. In fa 1 the econgmy
of hypothetical successful systems will var, by a factor < f tun dopeed s oan
what that quantity actually turns cut to heo Tt is a little tab awkward o
take tuo weriously today's detailed point models of the banie plassa phyice
for predicting the economics. He are uncertain by a factor fo tac, at least.
The n: value is closely related, of cource, to the value of 1), and V. L.
Teofilo in hiv presentation, a5 well as scveral other poeple during thin con-
ference, has shown the leverane that §  has on the economy of Lhe final
reactor.

B. Associated Engineering Difficulties

The above are fundamental plasma problems. Thore are alwo some asso-
ciated engineering difficulties which veally can be called plasma engineer-
ing. Dr. Shatalov, for example, talked about thermal cycling. This is in-
deed a severe problem. One thinks about thermal cycling when considering
the fast theta pinches that we ta]ked about more in the past. Thermal zycling
certainly exists in the case of the ICF conditions. Bult thermal cycling alsn
exists in terms of the guasi-steady state systems such as tokamats. It would
he much better to have a truly steady state system. The stellarator versions
of the tokamak might be a better way to go if indeed they work as well. The
tandem miriors and classical mirrors as well have 2lways heen considered to
be dc systems. The tandem mirror may have to be interrupted. however, the
way the tokamak does because it may require unloading of debris. It seems
that if it works well, it may work too well. It may be so excellent a con-
finement system that a slow increase in the effective 7 of the plasma oc-
curs as the fusion products or impurities build up. The classical mirror
was a great ejector of impurities due to the same positive potential to be
used as an end plug in the tandem mirror. That was a point in favor of the
traditional mirror, and we shouldn't write it off. 1 mentioned that the
traditional mirror was a low-Q device, but maybe low-Q devices can be impor-
tant in fusion-fission systems. It may come back. The tandem mirror, if

2-4
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Teoanrhn Wk bl e Do et 0t 0 s e T e nberrupted Just

wotre tab et prntabiy e o D e e e it Yites for ex-
tonntuy o Tokatad A ounarae. DYoo, L “Ueotaabraye tne current by an
esternd) reans — by »f for instan .

Thee thermal cycling problem that o ggoe e oo dder alterndative
VLPrOEcnes 15 g very tmportant question. oty taye oo te o machine,
Jon beive booderate Tt There bono ges Ui ataat “1hars Heavy machinery
Sachoas wmylers, turbines, teslerabany tgengie s vped to he

breogaht ap to temperature over pertod, of awcebs o bept thers foreyver, if

sonsable, o owe shouldn't take that probles o 0 Y,

Dreo. Shatalav and Bose both cwepbg i o - 0 0 ieunrtant divertor
pratilam,  We dare just beqinning esperine Soortars but not necessarily
nno the punging dopacts of them, deoare oow s o cvned with the Tmpurity
control aspects.  The question of electrodes wo comtioned by both Des.
Shataloy and Rose.  Ferhaps we wannot eoller Ui v effluent on elec-

trodes. Perhaps it will be necessary to an to a duzionization front, for ex-
ample. “hese thi.gs need to be examined. The juestion of the type of di-
vertor is dmportant, Can a bundle divertor work on a large scale or is a
poloidal divertor necessary? This has to do with the power density in the
afflyent from the plasma core. It was mentioned in one of the presentations
that with a bundle divertor where all the effluent comes out in one place.
theve is an extraordinarily high power density in that effluent. We may
have a problem similar to those of the neutral beam ducts where an exces-
sive base pressure can lead to choking as well as to mechanical damage to
the walls.

in the interest of time 1 am not going to summarize all the problems
with the firzt wall., 1 think everyone here understands them very well and
appreciates the problems of fueling. These are unsolved problems, Gordon
Gibson from Westinghouse emphasized the role of the neutral beam in fueling.
An assumption that a neutral beam injectar could successfully fuel a toka-
mak is highly questionable to say the least, and would probably lead to a
voltage problem. Neutra) beams are a good way of heating. They are proba-
bly not a good way of fueling. So first wall problems, fueling, divertor

2-5
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problems, and thermal cyuling are all an.ociated with enginesring diffieg’-
ties that really mutt be wolved beface one can seriousty cunsider Lrue re-
aclior operaliun.

Well, what should be done today?  One thing, and this we. wentioned by
f. Moir, would be the development of neutra) beam: that are dependent on
negative iun sources. This i< important f we are going to be able to nro-
vide higher energy neutral beaws al a reavonable cfficiency. These toams
are impurtant for the ond plugs of tandoem mireors. They way alun be impor-
tant for the sugqested machines for the burning of deuteriun rather than of
0-T. A~ Or. Shatalov emphacized, theory i+ inadequate, and egperiwent is
required, not just for basic plasma physics, but also for study of the first
vall, tha divertor, and the technalogical problems wentioned abnve.

What is the cale of the hyhbrid and the program it requires in the De-
partment ot tnergy? { think the principal advantage of the hybrid i+ that
it can shift the bulk of power generation from the plasma inta the blanket.
That is really the source of most of its advantages from the plasma engineer-
ing point of view. In this sense it may be abie to save a marginal fusion
system and make it a practical device because it myltiplies the fusion power
gain (althaugh systems studies of the past few years indicate that 0 . 2
is desirable). Secondarily, but alwost as important, it eases nome of the
problems with the first wall and ather power density problems. such as the
divertor and other things we have wentioned, since the plasma parl is a much
smaller fraction of the total. Another consideration is the possibility that
it might hasten the availabilitv of practica) application of the fusion
program.

Finally, however, one should be a Tittle bit cautious about leaping to
the conclusion that hybrids could hasten fusion application greatly. We are
still determining the transport properties of plasma. Whether we go an to
pure fusion or hybrid fusion, we shall have to understand these things first.
We are all very hopeful for the tandem mirror, for example, possibly a very
attractive fusion core for a hybrid, but we still do not have a tandem mir-
ror operating that demonstrates the basic principles, although perhaps we
shall later this year.

2-6



Let e close by Saying a little bit about the suggestions for the pro-
gra~ that were made in the session. [ shall make three points. First of
atl, I think the consensus was that hybrids should be taken seriously; they
appear to be systems that can work. We ought not to relegate them to the
classification of a curiosity. Secondly, the large machines that are
beirg planned and designed and in some cases constructed today should bhe
used for more hybrid-oriented experiments. It is up to the community to
decide which gnes make the most sense. Tinally, and on this one there
may be some dissension, 1 believe that the desirability of incorporating
hybrid-oriented experiments in the new machines does not imply that there
should be any large shift in the major goals ov direction of the existing

worldwide fusion energy program, ,
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SUMMARY OF WORKSHOP ON ICF HYBRID REACTORS -1

C. Nedoseev
Furchatov Institute of Atomic Energy, Moscow, USSR

In comparison with the 1977 Symposium on Fission-Fusion Reactors in
Moscow, we can see a significant increase in reports devoted to IUF hybrids.
Five groups — three from the US and two from the USSR — have presented
here the results of their work. Three groups use a laser as a driver and
two use relativistic electron beams.

Main Parameters of ICF Hybrids

Uriver Fusinn Rep. . Blanket
Driver  Emergy (J)  Enery: (J) Rate (5 ) (Gain_
LLL laser 10° 10 high 2-8
(7-13)
Solase H Jaser 2. 100 3.108 4 2.5
LASL laser 10? 108 1-10 1.8
UBTAH laser 108 low high 100
Bechtel REB 6 - 10° 7 108 high
(10)
6 9
UAE REB 5.10 10 Tow 2.3
(0.17)

A1l projects use approximately equal values of total delivered energy,
but the values of repetition rate and blanket gain are very different. The
principal reason for this difference is that very different driver systems
are choosen in these projects. There are different lasers, and different
systems for the electron beam transport and forusing. The main features of
the drivers must be tested experimentally on large devices, which should be
built in the near future.

When the total thermal energy of the system is fixed, the degradation
of some reactor elements, and in particular in the hybrid blanket, depends
essentially on repatition rate. For blankets the lowest value of the repe-
tition rate is limited by the allowed temperature variations, which cause
stresses in the cladding and fuel elements.
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Taking Lhis into account, we can say that the blanket designs and ma-
teriais must be significantly different for ICF reactors with different re-
petition rates.

As the pellet giin can be smaller in hyhrids, it seems to many partici-
pants that hybrid ICF reactors are more qenerally useful than "clean" ICF
reactors. [t i4 obvious that the enerqy multiplication given by the fual
production in a hybrid blanket qgives us the possibility of decreasing the
enerqy of the microexplosion, or of reducing the repetition rate. So in

hybrids the problem of the lifetime of the driver and of other systems be-
comes casier,

The results of our discussions allow one to conclude that an important
factor we need to take into account when choosing blankei concepts is the
thermal stress. In any case, it will be necessary to do something lo de-
crease the effect of thermal stress on blanket lifetime and reactor econom-
ics. Perhaps a liquid or solid moderator of the fast neutron spectrum, 1i-
quid fuel elements, or homogeneous mixtures of fuel and graphite can be
attractive from this point of view.

[t is necessary to do some experimental investigations to simulate
thermal stresses and thermal cycling effects of short intense neutron pulses.
Pulsed fast-neutron reactors may be useful for this purpose.
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A, Are any of the featuyron dgeiticant by diffe ot reagivest Do e Ty ian
1. What aie the Ingical shepe which ahonald Lo taver 0 ons o0 Foe o DTty dea b wity
T by bl enrpinieer iy inanen?
A Lanwe et goad ot isaten ot puloed cadiation ' ot tec s bt e e o Rk
fluence pul ed vatbiation cource? fee Lhey veall, v o ey
Yoo dn comparinan to ML, what ave the advantages and i tagrees of 0 a0 plattaer. foe

a hybrid?
6. Are liquid wetal cooled blanket technologies most attractive for L7 Lot T oy
should ICH hybrid developnent be focused on 1igquid metal cooled-otoel gyoten,?

/. Should tritium be bred in hybrid or elqewhere?

8. What wmaterials problems are iutroduced in a hybrid which do nat ecio oy pure fusinn?
Although the time allotted to the workohop wes inaulfio vt to addres cach of

these individually. a "soft conuensus” way developed in subcoquent dincusaion betwesn indi-

vidual participants. The onswers, posed in the following sections, vhould not Le interpreted

as a group respanse, but rather as the infarmed cpinion of some wenbers.

Question =1: The relaxed fusion energy yain criteria does have potential to offer earlier

development and deptoyment of [CF hybrids relative to pure fusion.  The nost important

example would be a driver which was able tg produce a high pellet gain bul is limited in

efficiency. In this case, a driver technolagy that is not acceptable for pure fusion can

be viable in a hybrid system. The example of low gain but high driver efficiency is also

important {e.g. €0, laser systeins ).

Question #2: The major technical problems affecting the technical feasibility of an ICF hyhrid

are basically the same as those of pure fusion devices. A possible exception favoring hybrids

is discussed in question 1 above. The problem of pulsed hybrid fuel-clad interactions could

be significant and requires further attention.

Question #3: An engineering test facility (ETF) for ICF hybrid reactors must be able to pro-
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duce 10D0 coruncutive pulse, of

1 Mz

-4

faciticion wonld aioo he required for pure fyion development

Question =4: The lagical oteps Ieadicg towards a conmercial hybrid demonstration are given

beTow,

Critical R&D and Commercial Milestones

Milastone

Leientific feasibitily

Chigh gain G 40)

Commercial Pellet
Development. and Reactor
Component Testing for
Single Pulse Effects

©  100)

High Repetition Rate
Integration of Laser-Pellet-

Tracking and Qther Systems

First Hall and Hybrid
Blanket Module Qualitica~
tion in pulsed radiation

environment

High duty factarv, repetition
rate, and fluence (w-]O22 u/cmz)
for materials qualification

Low duty factor hybrid plant
integration {exluding an line
target fabrication and
electricity generation)

Commercial Demonstration (di-
rectly extrapolable to larger
comuercial systems}

First Commercial System

Facility Cont.

BL-300 Tw irradi- 5200 W
ation facility (c.qg.,

“hiva Nova, Antares)

Single Pulse Tdarget 5250 M
Facility (e.g.. Shiva
Nova 11 Upgrade)

Systems Integration S1IN0 M
Facility (no thermo-
nuclear yield reguired)

tngineering Test Faci- $350 M
Tity (must deliver 1000
consecutive pulses at 1

Hz)

Materials Test Faci- 350 M
Tity ( 10° targets/day)

Experimental Hybrid 1800 M
Reactor (~300 th)

Prototype Hybrid Reac- $1800 M
tor (1300 Mwe)

taser Fusion Breeder $2000*M
(2300MW, thorium blanket)

The MIF would Jogically follow the ETF.

1 Hz tor operational testing of hybrid blanket modyles.
materials teot facility (MTF) requiring 1077 n/(,mZ total fluence per year must attain an

averaye perfurnance nt 100MJ at Buth

_Date

1484

1986

1988

199

1995

1996

2001

2010

[P




iiteh s bing o onis i anales s

st Lt wn can get good estivates of puloed radiation damage etfects before MIF
reqlte | T996 . However, these mivht not be required for systems which preceed a proto-
tepk bybrid ghton accurulates fluence an arder of wagnitude faster than the NI,
etticn =Ht n vosparison with MFE the principal adventaqges of 10V as o hybrid platform
e gt ‘11’»‘;."&
& cre hrive o detourled feom the cavity-leading ty more Ploxible geometry ond higher over-
|11 a4

DhosErtor atee g

$ e slecnce of raynetie Plelds allows the cunsidervation ot Viguid wmetal conlants and

heed ctrvae bures Liguid metal systese hawe ood neatronic performance and ave
Pavaely doveloped in vhe [MEBR program,  Fervitis ieely are wore corrosion resistant
Chenyer, oo avaitabl o, and possibly sore resictant oo cadiation damage than <tainless
teped

O e cetrictive vacuun requirements mean that Tiguof wetaly and buffer gases can be used
froreely ¢-‘}x‘ vadiation fluses to the first wall

The princindl disadventages of [CF in cowparison with MFE are as follows:

¢ the Jriver technology and pellet physics lag behind tokamak systews by five years or more

@ the conbination ot cyclic stresses in the fuel clad and first wall struclure precents a
difficult instantencous heating and stress problem that is several orders of magnitude
sore severt than for ML systems.  This problem is partially alleviated by the reduced
vacuun requirements

¢ ditficulties involving the mass production and positioning of targets remain to be resolved

Question =6: Liquid metal technalagies are very attractive for ICF systems {see discussion

above} and they should be emphasized early in the program.

Question =7: The question of where to breed tritium has not been resolved. However, because

Viquid 1ithijum is an excellent coolant and thermel poison {i.e., s0 as not to burn bred

plutonium and 233U) it is Vikely that some, or all, tritium breeding will be done in the hybrid

Question £8: The principal materials problew which is unigue to the hybrid concerns pulsed

fuel clad interactions. Presently the actual magnitude of this problem has not been determined.

Other problems associated with fission product contamination are also unique,
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A. SUMMARY OF WNRKSHOP ON BLANKLT DESIGN

by
K. R. Schultz
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U55=USSROSYMPOSIUM ON FLSTU=TiZ5 Tt FLALTURS
FYBRLID GLARELT JLSTGh MuRbShuy
VEUTLSDAY, 1749779

. R. Schultz - (naicdi

BLANKET DESIGN WORESHOP SUMMARY

i. Introduction

The Blanket Desian Workshop was divided inte twa portions. Praponeuts
of each of the four main aybrid blanket tecimolonies were invited to discuss
the advantanes and disadvantages of that particular technoloyy.

Liquid metal-cooled blankets - ¥W. D. ~Allen
Water-cooled blankets - R. P. Kuse
Molten salt~cocled blankets - J. D. Lee
Gas-cooled blankets - K. R. Schultz

As written summaries of these presentations are included in tnese proceedings,
they will not be discussed in any depth here. Following these invited pre-
sentations the results of the Blanket Uesign Workshop questioniaire were
presented and discussed. The questionnaire was sent or giveu to all USSR/USA
Yybrid Symposium participants prior to the workshop aund thus should reflect
the opinions of the hybrid development community before any significant
discussion or interaction on the questionnaire occurred. For future work-
shops, it may be valuable to have the questionnaire completed after tne
vworkshop as the discussions may have clarified the intent of the question-
naire, raised issues not previously concidered, or even changed minds.

The jntent of the workshop on hybrid blanket Jevelopment was to iry to
determine if the hybrid design community (including the research funding
and direction agencies DOE and EPRI, the blanket design and developnent
groups, and the potential utility users of hybrids) felt that the depth and
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fpotera

decian concepls shoald Lo welected.,

2. Blanket Technologics

Pbla

oo en of Bochtel Hational Carp, presented o cawary ot Lig.
cooled blaonkety, Do osuggested Lhat sodiuee o Lithiam could e oo ene
coglanty for inertial fusion systems bub Lhet magoetic otfect, grobalbily
vuled thee out for maquetic fusion. Liquid wcetal coolont allows qoon
nentronic pecfurmance, qood htat troncfer sl tan take advancage of Lo

LHPEE development, progra,

K. Ruse of Wertinghouse Liectric Corp. presented o samnary ot vater-
cooled blankets. He suggested that water cooling has the greatust operating
and development experience and should be useful fur near-term machines. Tue
performance obtained to date in US studies has been quite modest. The
presence of water appears to degrade the blankcet nuclear performance Ly
about 30% compared to gas-cooled designs, The presentation ov G. Shataiov
of a boiling water hlanket design developed for the tandewm wirror hybrii
reactor at Vurchatov Instilute, however, indicates that perforvance of
water Llankets may be quite acceptable. A degradation of only 10 te 14
compared ko gas-cooled blankets was observed., These resulls are expeoted
to be quite design-dependent. Further study appears to be needed o vesolve
the questions of nuclear performance in water-cooled biankets,

J. D. Lee of Lawrence Livermore Laboratory presented a discussion of
a fission-suppressed molten salt Llanket. Using Be for neutron multipli-
cation, the breeding rate is excellent and because of low multiplication,
the support ratio is quite large. He noted materials and process Jdevelopment
needs.

K. Schultz of General Atomic presented arguments for gas-cooled blankets.

Helium is inert and concerns about chemical, nuclear, gravity, magnetic and
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tlectrical interactings are sinivized, The Tuw volureiric heat capacity,
Fowe oty regaives desion atiention o ublain quod thernal/ hydvraulic

Lehsyior,  Matntonance advantaces dappedr dood,

3.0 Llanbebt Lesinn fuestionnaire
The resalls of the blanket developent guusiionmoive are saowe in
Table 1. These results were discussed and the results and consensus fran

these discussiuny are presented bhelow.

1. Should hybrid blanket develgpueat » ffove. be focuned on ene {or d
Few) desian concepts?s Yoes = b fo = dL,

There was strong pularization on thes issue. Suwe people fell chat

we should focus because of a sense of wigency: "Tine is running
out - we have to do something, therefore we should concentrate our
resources.” 0Others felt, equally strongly, that we haven't dJone
enounh to choose, that fusion is different from fission in that
the driver could be developed and many blanket options iried in
onc driver, and that we should not focus for fear of missing the
"optimum” blanket concept,

2. Are we ready to focus blanket development efforts at this thwe?
Yes - 43 o - 5U..
Despite the sense of urgency on the part of some participancs, che
sense that we wust do something, the consensus of the group was
that we do not yet agree on the best blankets or operating modes
for hybrids and thus cannot focus efforts yet. It was tne con-
sensus of the workshop that several blanket options must be carried
into the serious blanket development phase before these issues will
be sufficiently understood to allow recommendations to be nade.

3. Rank the blanket selection criteria in order of iwportance:
Performance: 1.2
Technical simplicity: 2.5
Fuel cycle technology: 3.1
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Esisting reactor experience: 7.3

Safety dand enviranmental concerns: 3.7

Proliferation/diver<ion concerns: 6.1

While the criterion of performance was regarded as having paramount im-
portance, there was strong feeling that all the other criteria are im-

partant. and all <hould be given careful consideration. Relatively less
interest was expressed in the importance of proliferation/diversion aw-
pects. It was felt that hybrids could offer unique advantayes in this

area but that this was an external Factor nver which we had little con.
tral. Concern was expressed that the selection criteria 1ist suggested
may nol be complete and, in many cases, the suggested criteria were not
unigue. A more detailed 1ist must be developed.

4. VWhich blanket technoloqy should be selected for further development?
A. Fuel cycle: Uranium/Plutonium 80%, Thorium/Uranium B&%
B, Technology:
Water-cooled 58%
Steam-cooled 35%
Helium-cooied/graphite 357
Helium-cooled/metal clad 75%
Molten-salt 28%
Liquid-metal-cooled 30%
Other 0%

There was no consensus for selection of one or a few concepts, although
the helium-cooled/metal clad blanket seemed most popular. Each of the tech-
nologies had strong supporters and no widespread adamant opposition to any
concept emerged. €. Nedoseev reported that similar lack of consensus ap-

peared to be the case for the USSR hybrid program blanket design effarts too.

There was strong opposition to proceeding with serious development work
on any design concept until further studies had shown that the concept led
to an attractive commercial reactor system. Heated discussion occurred re-
garding the current understanding nf water-cooling and the relative impor-
tance of performance potential versus the current status of development and
experience.
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Toad tne _raet,un af e moun Gwith o pveral Leaple strongly dic-
crtingt viar the ceoper rale of the hybeid Blenket was fuel production.
Fissile fue) should not be intentionally consumed in the hybrid blanket.
No such agreement occurred on the question of suppressiug fast fission of
the fertile material. Advocates for both fast fission blankets and fission-
Lubpressed blankebs stated their gpinions but nn agreerment wos reached.
Ctowas Felt that more in-depth design studies and »are general economics

consideration wauld have to be made to try to vesolve thiv quention.

. Nedoseey pointed out, and all participant wmreed, that because of
the significantly different gperating chara ~o 0 o of the variaous fusion
drivert, the "best” blanket antion will Jdeper ! oongls upun the driver

chosen,  Four general cateqgories were identiti

tontinuous operation (e.q., mirrors)

Long pulse {e.g., tokamak)

Shart pulse, ~ - 1 Hz {e.q.. small pellet inertial)
Short pulse. . = 1 Hz {e.g., large pellet inertial)

It wau noted that the relatively small support for Tiquid metal-cooled
blankets was probably due to the small number of ICF representatives compared
to magnetic fusSion representatives. [t appeared to be the consensus that
tiquid metal coolants were not desirable for magnetic confinement fusion hy-
brids. Liguid metal cooling has strong support for ICF hybrids.

In symmary, the Blanket Design Workshop concluded that further scoping
studies were needed to identify promising blanket concepts. Further, that
more in-depth analysis was needed of concepts that appeared to be interesting
in order to verify their performance and design characteristics and potential.
And finally, that serious blanket development efforts on a given concept should
not be pursued until serigus design studies had been done to show the ultimate
potential of that concept. It was the opinion of the group that several tech-
nologies did meet that criteria and that several others had the potential to
do s0. Thus the opportunities available for development of hybrid fusion
blankets with excellent design and performance characteristics appear promising.
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Should nybrid LiankeU development eftarts be focused fes P
on one or o Fessodesinn concep by ,
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Fank the following aspecty of blanket concepts in terrs of itportanc:
Lo selection for furiher developwent.  Renk eoch | oto 103 1 s cost
fmpartant, 10 is least foporlant.

i, Clanbet perfornance (fuel and/or enceryy production) i.e
2. Existing fission reactor experience 3.3
3. Safety and environmental aspects 3.7
1. Proliferation/diversion aspects 6.1
5. Technolonical simplicity/feasibility 2.5
6. Fuel cycle and reprocessing Lechnology i

HWnich blanket technologies should be selected for further develupuent?

A, Fuel cycle
Lranium vycle ~ 50
Thorium cycle - 66.

B. Technology
Water-cooled (LWR) - 53.
Steam-cnoled - 35%
Helium-cooled, graphite (HTGR) - 35%
Helium-cooled, metal clad (GCFR) - 75%
Molten-salt - 28%
Liquid metal-cooled (LMFBR) - 30%
Other - 0%

{Consider blankets for both wagnetic and inertial confinement)
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Participants: . Brrwald (Esson Rewearch and Eneryy Company)

R. Dubberley (General Electric, Sunnyvale) _
R. Krakowski {Los Alamns Scientific Laborataory)
F. Tenney (Princeton Placma Physics Laboratory)
V. vasiliev (Institute for Inorganic Materials, Mo.oow)

The charter of this workshop was to esamine the paterials probloms an-
ticipated for the hybrid approach that appeared Lo be unvquely relotod Lo g
exacerbated by the fusian-fissian application. in addrogoing these 3nsuen a
31 by 18matrix of materials-related ivoues cromtos inoa syctem. or fune-
tinnal ordering versus criiical materialy ;v ortic. wi, contrycted, A
axpected, when auxiliary constraints of hyb- 0 operating mode (power versus
fuel production), characteristirs of the fusior s1Jer, and specific candi-
dates and combinations of blanket components (v.t+ ez, coolant, fissile/
fertile fuel, tritium breeder, etc ) were cnfore., wyen o sartial attack nn
this 558 element matrix proved impossibile on the “-i/2 howr tine wealo al-
lowed for the workshop. This materials matrix, nevertheless, is included
for reference and (hopefully) future implementation.

The warkshop group adopted a second approach at this point which simply
called for all workshop participants to list materials-related issues/
questions associated with their perceived hybrid appiosch, A 1ist of such
issues/questions follows.

1. Is the existing/developing (materials) data base adequate for

purposes of a DEMO design?

2. Is the existing/developing {materials) data base adequate for

purposes of licensing?

3. Is the perceived materials requirenent resolved to an extent

such that:
a) existing experience could be used?
b) new blanket concepts shauld be designed/develaped?

4. Can a self-consistent set of blanket materials be identified

such that a hybrid blanket can be built with 1ittle or no new
materials development?
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10.

11.

12.

13.

alll ratie effecty lead to Lignifi-antly differcat radistion
dagarge: in Dighly-puloed P10 wystems oo corpared o long-
pulsed MFE wystens?

Most near-term hybrids will be pulsed to varying estents
fideally, TMR would not). What are the opecial theeral and
mechanical problems espected to ocour within the fisaile/
fortile fuely, and ran watinfactory design <olutions be TLund?
A erious lack of radiation damage information existy for (1CH)
systems that propose the use of ferritic steels.

Lorronion data for liquid-metal systems {other than Ha/St.St.,
1 qarely Tacking, Liquid Tithium at high temperature presents
a difficult problem (except, perhaps, for TZM).

Molten salt system., lithium <all systems will probably bhe

first used. E[lectrochemical/corrosion effects in molten salts

forced to flow across magnetic fields must be resnlved. Prrmissible

voltages of 200 mV may seriously limit flow velocities.

The materials data base for solid Tithium breeding compounds
is quite sparse. Data is needed on thermophysical properties,
chemical reaction effects, tritium retention, and radiation
damage.

Plsed heating, thermal shocks, cyclic stresses, stress car-
rosion (particularly as related to fission-product/clad in-
teraction), and the cyclic mechanical interaction between
cladding and fissile-fertile Fuel, 'to varying degrees (ICF
most serious, long-pulsed tokamak less serious) will present a
unique problem to hybrids, particularly for the refresh cycle.
The nodeling and understanding of both tritium and fission
product transport in most hybrid blanket configurations re-
quires further developnent.

The spatial and time variation of neutron fluxes, dpa. gas

(T, H, He) production, fissile fuel generation, fission power
and fission product density, as well as associated effects
(heating, swelling, loss of ductility, embrittlement, fertile-
fuel buildup and burnup, etc.) can be serious considerations.
some of these effects can be ameliorated by clever design and
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A

e Gueration Cfuel whafflinal. The drpact of such spatial
effects on blantet 1ife, fuel revrocessing, usability of final
sraduct, tritiuar recnvervsinventory, etc., cannot he resolved
hecause computations of adequate depth have not been made.

4. The chewistry and exreactor ranipulatinns associated with the
233,43,
U/ ih

fuel cycle are considerahly different {and in some
instances more difficult) than for the ?33Pu/233U fuel cycle.
Considerable work has been done on ?13U fuel development, re-
processing and core design at ORNL and GA, much of wnich would
be applicable to other reactor technglcgic.. Hevertheless,

?233,,,03¢ . . . c
the 1/ Th cycle may, in fact, +.-0 be developed for fission

{.’33U/232TH

hybrid and the associated impetus to urilize this fuel cycle in

power per e, Acceptance and introade tion of the

fission burners may lead to the unusua: result that the hybrid
concept may drive research needs in all aipects of the

233U/232Th technolngies.

An attempt was made, vis a vis the fourth point raised above, to identify
a "most probable" blanket concept according to Structure, coolant, fissile/
fertile fuel, fusile fuel breeder, cladding materials. It became apperent
that even this task was too broad for the workshop. The overall stcte cf ig-
norance or lack of consensus did not permit a specific blanket onto which
crucial materials issues could be focused and specific research needs could
be specified.

In an effort to resolve these issues, at least in a broad Ssense, it was
noted that a materials program was iwm place for both the LWR and the FBR, as
well as a strong materials data base associated with these fission systems.
Furthermore, a programmed but very low-level materials plan exists for the
development of pure fusion, and a comprehensive assessment of materials needs
for pure fusion has been made over the past decade. Conseguently, the ma-
terials workshop adopted the thesis that:

"Materials problems for hybridge appear no mors severe than for

oure fusion and/or fission (MSBP, LW2, TBR) rower, and materials

programs are (have been, will be) planned and/or are in place

for tha latter systems,”
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In a "roll-back" fashion the hyLrid reactor wmateriais workshon directed
attention 1ty the identificataon of abvioys ercepfions te this aversimrlified

statement in order to identify special requirements of hiybrid materials re-

ot

quirements. Some of these exceptions and/or caveats are ijisted below.

For the hybrid, pulsed heating of the fertile/fissile fuel pins
is expected for a number nf cycles that far exceeds that for
fissinn wystems.

If moltzn-salt coolants/fuel are used, fluid flow in the presence

of magnetic fields will lead to voltaqes, electrochemical hreak-
down, and unique corrosion mechanisms.

[f molten salts are used, the chemistiy of such conlants/fuels

’\jn the hybrid systems will be sufficiently unique (i.¢ Tithiym

EN

béaring) to warrant different consideration aof chemistry, corro-

sion, stress-corrosion cracking, reprocessing, etc.

Fissile/fertile chemistry will be different in so far as fission-

product and actinide content are concerned, perhaps leading fo
somewhat different reprocessinn considerations, fuel-cladding
(chemical) interactions, fission-product transport, etc.
Because the neutron spectrum will be a mixture of fusion and
fission spectra, radiation damage effects and transmutation
effects will be different from those for either pure fusion

or oure fission. Such effects and the degree to which they
can be related to either Timit will vary spatially and in time.
[f the hybrid system operates with Tow plasma @, fusion driver
syitems external to the blanket may demand materials-related
devclopment that normally would not be required (at least in
degree) by a pure fusion ignited reactor:

e higher heat/particle flux to divertors,

e higher heat/particle flux to first walls,

® higher neutron fluences in neutral beam injectors,

s higher averade power density at direct convertors.

The hybrid reactor appears to exhibit more design. construc-
tion and operational flexibility compared with a pure fusion
device ov a pura fission device:
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» The nybrid system operates apart from the electrical grid.

@ The hybrid system generally has and can afford a lower
thermal power density within the blanket, as compared to
fission systems. This situation leads to a more open sys~
tem that is less prone to hotspats, thermal stresses, cru-
cial operating constraints,

9 The hybrid system can afford to make serious, but costly,
mistakes in blanket design {i.e., materials selection, cool-
ant. configqurations, fissile/fertile furl arrangement, neu-
tron maderation, etc.}, simply because retrofitting of dif-
ferent blanket systems can be made without affecting a major
part of the plant (and capital rost). This advantage is
unique to driven systems {unlike a fission reactar) where
the neutron source is separated distinctly from the breed-
ing and cooling system. This characteristic, when coupled
with an off-grid operation, may permit a triail-and-error,
but educated selection of materials for the hybrid with-
out a profound and separate materials testing program; the
hybrid itself could serve as a materials testing facility.

In conclusion, a number of issues prevented a comprehensive assessment
of the materials problems anticipated for hybrid reactors, not the least of
which were the limited time available and the still pooriy defined role of
hybrid systems. The guestion of hybrid materials needs, nonetheless, must
be addressed more squarely in the near future, and will play an important
role in focusing onto & specific hybrid reactor blanket scheme.



, '{Hj

5. Fertile/Fi~sile Fuel Clad

-~

MATERTALS [9A9UFY

. Plaspa/Siructure

. Plauma Heaters

.« Feetilefbissile fuels

CRETICAL
PROPERTIES
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1.7 Divertors {
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1. D. Lee, LLL
INTRODUCT [N

The Nuclear Data and Codes Working Group met far ahout two howrs on Thursday,
25 January 1979, There was clearly no time for an indepth discussion of any
topic within the Workiug Group's purview, so it was decided Lo skim Lbightly wver
all pertinent nucleonics needs.  Of the topres considered, most discussion

centered on the appropriateness of periorming blanket cxperiments in the TFTR.

As a starting point, the Working Group used the paper by D. Chapin on
"Tokamak Blanket Neutronics Requirements.” Also, a draft tahle of nuclear data
needs as devised by a working group at the IAEA Advisory Group on Nuclear Data
for Fusion Reactor Technology (18-22 DEC 78), was distributed by the Chaitman.
The discussions were then structured around four main topics:

1) Methods and Codes

2)  Nuclear Data

3) Calculational Benchmarks

4)  TFTR Blanket Experimental Possibilities




METHODS il CobES
l. PURN=UP CARABTLITY USING TRANSFORT THEORT .

A concern was expressed by several participants that code systems ape

required to compule fertile/fissile materials "burn-up’ in cases where unlv
Lranspert theary (as opposcd Lo ditfusion theory) is adequate o detremine
neut e lux distributions. While Tittle new basic methods development g
stenibrcant cotde development effort s necessary, This is particularly true (o
dedimensional (2-D) neatronics modets. Presently an ANISN-CINDER [ink existr gt
Westinghonue (Chapin) tar t-dimensional analysis.  Also, the GRIGEN Larn-up oo
15 begng placed on the NMFECC computer by LLL (Lee). Discussions revealed that
there gre still serous Timtations to these cades lor fusion appiications,

voge, do not rnclude oy I oreactions.

The need to provide a 2-D transport capability, preferably fast run-

ning, Lo an adegquate burn-up code, was stressed.

2. RUN TIME FOR 2-D TRANSPORT CALCULATIUNS.
A peneral concern was expressed with the long running timen of 2-D
transport calculations for multiplying systems.  Numbers quoted were Mabouat o
tactor ot 17" longer running than pure fusion e o lations, which requice only
one outer iteration. No firm conclusions or recommendations wore arrived at.
However, the Chairman noted that TWOTRAN-UA, Lo he released ~ et 749, is usually
a tactor ol v 4 to 10 times faster than other 2-D transport codes tor o variely
of tast rearior calculations®, and should show promise ot alleviating run-time

problems for hybrid calculations.

*Ref. report LA-UR-79%-38 by W. F. Miller et al (1979).
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kP SToRAGE an b PATA MANAGEMEN] .

The working Greup cosbd do Littie more than vdentrly this problem
area as needing attention o 2= transport codes, as applied to hyhreed reactor
talutiatyens . Desiphiers dare experiencing problems tn these arvas as related to
eth the wize ot problem gllowable and the running times. A side discussion
il an to the feasthility ol meaningtiul neutyanes caleniations to compare
with THIR module experiments.  Several participants vorced the opinion that the
crades were dnadequate Lo treat the complexity of wacte w medule, whole atders

prointed to the peed Lo test the codes this way somet jie soon,
. SITREAMING

There was o general consensys o 5-10 strraminy problems can he
fandled with existing Monte Carlo vodes, ancludinye tarordat-geoametries in the
MENE code (whieh vesiles on the NMFECCY.  Specitic difticulties and/or needs for
improvement in the Monte Uario codes were not discassed. {1t was noted in pas-
siug hy the Chairman that rescarch in deterministic streaming methods for 2-D Sn

vodes wan Just commencaing at LASL.
5. TIME~DEPERNDENT TRANSPORT

Ditficulties with negatice scalar flukes in the TDA code were
noted gt the Univ. ol Wisconsin (Moses). A question remained as Lo the adeguacy
of H“ codes (no problems have been identified with TIMEX as applied to pure
tusion reactors), and could not he resolved by the Working Group. No problems
were jdentified for time-dependent transport calculations using Monte Carlo

methods, which appear adequate.
6.  SENSITIVITY METHODS & CODES

A need for cross-section and secondary cnergy/angle distribution
sensitivity studies was agreed upon. The methods for such studies are avail-
able, but code development is needed mainly to implement secondary distribution
sensitivity theory. No time was available to discuss covariance-data formu-

lation, evaluation, processing, etc. Calculational-methnds sensitivity was not
discussed at all by the Working Group.
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. RESONANCE SELP-SHIEDING

Methods in current une were reviewed.  They include & probabs-
lity-tahle method used successfully with multipgroup Monte Carlo at LLL

(lere, Hanson), but with o caution vegarding sensitivily to group struclure
(Hanson)., Ao alternative method for S“ taltulations, usiny the Bondarenku
tormatism, hat been used suctesstully o the code systems AMPX at nkNL o and MINY

and NIOY at LASLEY . Good results were Tound by Westinghouse (Chapin) o

Zi=pronp Bondarenko tactars in analysis ol 'l‘h:llz() lattice experiments.

The NJOY-produced MATKS library is at the NMFECC. The AMPX-produced library
VITAMIN-C is available from ORNL.

Poappitang

it



A wery braet discussion ot nuclear data concentrated on needs unique Lo
bt dn. dopius suth as aclivaliop cross-reclions, covariance data,
tussile-toel produttion cross sections, and even fisston=product cross sections

ere et contopdeved,

The USSR delegate (Shatalov] poted severe detiosencies o
cvombaoy=distribution datas eog. o for Phy Th and other heavy metale. These

were dincansed n Beo Shatatov’s paper earvlier,

The sensrtavity of hvbrid blanket neatrorae pavas 0 oo the ((R) data for
reh=ener gy frssoon was constdered to be an cpen question. Speculation by some
carbiorpants way that the effect os not mportast, espeoially Lo antegrat guan-

tities ot current tuterest in hybrid blankets.

Data for 232Th gamma production are not in ENDF/IV but may be in ENDE/V,
\nunresslved question remained on Lhis matter, because the Vienna Working Graup
dratt tah)e lists these data as "S§" for satisfactory.® Gamma-production data
tor 230 and 2994 4re in ENDE/V and the multigroup data can be made available
ot the MATXS fite at the MFECC.

* Note added im report: 252Th gamma-production data are not in the

preliminary ENDF/V data, but according to CSEWG sources will be in the
final ENDF/V file.
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NYVEESS ot

CALCULATIONS BENCHMARKS

The USSK italov) uses S“ apd Monte Cardo methods S5t caloulation, and Dr. :

Shataloy feels strougly that benchmarks, exprrimental sud calenlateana!, are :

necessary tor hybrerd readtar calonlationa. Sueh benchmarks <bhoald inacTade o ome

turaedat~geomet vy configurat tany,

Whi !

i
i
:

na time exinbed ot the workang Group meetang Yo cpecibical by de e

appaepriate caloubational benchmarks, U was apreed Lhat doing so oo the pear

tature on estremely amportant . Accoedingly, the Working Group urges particr-

pantys s future GS/USSR Hyby id Reactor Symposia teo bring Lo the meeting o con-

plete wiintten detinition of (at tiest) a 1=l calaulational bewshmark hybrid-rea tog
woded . Preterably some resalts for the desived caloulated pavameters shionbd e

fuc hudeds Specdtically, Bro Shatalov volunteered Lo document a proposal ot one

suth benclmiark tor the next HS/USSR Sympos jum.

The term "calculational benchmarks” as used herein means models of hybr i

blanket systems, not so-called "clean"” integral experiments.  The latter ciane

of experiments are also ol eonsiderable inlerest tor testiog of dala and metliods
hut were not considered under this Lopic,

THIR BLANKET EXPERIMENTAL POSSIBILITIES

Consi terable discussion occarred concerning the possibilities of perlorning

. . N ey PR 1
hianket moadule integrat experiments in TETR.  However, mustl participants weve

not Ffamiliar with the specific proposal for such experiments until the day of

the Working Gioup meeting. Therefore, difficulties occurved in focusing discus-

sion on technical aspects of potential specific experiments, or in drawing
definilive vonclusions. However, the Working Group agreed npon the following
statement:

STATEMENT ON TFTR EXPERIMENT POSSIBILITIES

Availability of D-T burning in the TFTR in the mid-19£0's may provide one
important set of opportunities in pure fusion and hybrid fusion-fission systems

for integral experiments, for verifications of benchmarking theoretical
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st o ot b aes o rationad o expeitence b realistic problems of
Soanket ot bae clenipniy ehpntteering, tabrication, drapnesties, oand bhamdbings
perhaps an g omultinat oo ettare,

[here cpportuntties with an actual torevdal plasma, complex geometries, and
e openeons materndls can be etfectively realized and tully explorted onty by
cmpans oy additrenad rntensive programs secnnng amproved o lear data by
cmpooyie ntor sampler s omore veadi by anterpretable experiment s by progress oan
Ahetr tunae o mathine programs, amd by continueng Jevelopment or o veritioat ton ol
v Loods tor pertarmance predictions of more reatrst oo hlanket modules,

e b whose adequacy may be entablished with additional s ontidence by TFTR
PR e

While 1t s premature to decrde now ane the prec e tarm o pryority vranking

cboceveral possaibie TETR bhanket module exper conent e, the TEIR program sponlisar

Pewald connrder authorizing and reserving space 1o sinch module experiments,
Wkl necessary arrangements tor a broad fusion cemmunity anvolvement in carly
THIK module design planning and experiment scheduirng, providing for maximum
wodule cxpermment flexibitity and for appropriate syvstem upgrading, awd setting
up mechanisms by which the exsential concurrent etfforts noted above can be fully
utrbized,

An amhitious common goal of Lhese parallel complementary streams of ro-
search and engineering etforts should be the galhering of significantly higher
confudence in design and performance engineering knowledge, substantiatly faci-
Litating conustruction of ETR-scale machines far both pure fusion systems and

hyhreod system development .


http://riu.it
http://li.un
http://sp.no
http://pnr.il

7o SUMMARY OF WoRYDHGE ON BUANYEY THLINEERING DEVELOPRE S P LMLNTS

by
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T GLOPRUT U VTR WRLSHOP
S S S R T MRV 1Y SEN AN DIFR RTINS o YU
v ' R i ote s i paratied
R e e etne onnerno oo onk s oatvonies develop-
I c e I R i, oot Blanbes cateriaels
G e v o oty nnivedd by By Prabor o1 o7 LASLL The discussions
parre Pl o e dinesr e aLpects of L developuent vegairenents
Gttt et e -] b echanival desion, Laoress analysis, systes

L intecration Lo aveld overlap with the neotromics

v S o) et

Sy Dokt et regquire ents discussions. Tt was found that
W L v coare noh veally separable and many uf the engineering
ieviopr Lt repiireenly darey o fact, related to neustronics or materials

el ant el

The Lirer blanket workshops jointly discussed the proposal for hybrid
Planknt rwudule tests in TFTR presented by D. Jassby of PPPL. The three
areups then separated and discussions in this workshop on engineering
Jevelopment requirements focused on the hlanket engineering guestionnaire
sent out priov to the symposium.  The questionnaire was returned before
the workshop discussions and the vesults therefore 4o not necessarily

reflact consensus developed during the workshop.

2. TFTR Hybrid Module Test Prnpasal

The TFTR Hybrid Module Test proposal presented earlier in tine day by
D. Jassby of PPPL was discussed jointly with the other two blanket develop-
went requive ent workshops, There appeared to be considerable enthusi{asi

7-1


http://ii.it

.
. } , . e
i . i .o N .,
f o Lo v v TR ree, .
' I ! (AR R N PR . Ot i i ¢ B \
¢ o r, 1
[ (I
N . ' . I A
) ! oo !
iy PN PR IN JIS [T Jeb At e ! , f
i N S . [ N B T T Tt IR
; [ I B T I N A N :
oo lnineeetng scvelopn oot bouinoiint
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oroeven s oawesiblo to o cpucity eneric bianket deveiop cnr e a0
the bianted desingns depond stognaly on Lhe arives opevating re, o gue e,
chosen raig of Lthe hylvid (e, fuel vs. energy prodaciion) . he cugpoaneod
that tie Towr deiver regimes discussed in the Dlanket cooign Wori e vn
Vednesdoy cond:l be used to further refine and separate blonkei dovelopacot
requit eents as cach regime is expected to have unigque developwent concerie .
It apeeared ta be the consensus of the workshop that althourh iLhe -uestion
on blanket development requirenents was well intended and a uoosd start on
trying to define and priovitize developuent vequivemenls, significant

improvauert, cataqorization and expansion of the guestionneire weld Le
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AT ST SV ROV B AR 12 VI H LTI R AP o n e tac LT LTes reqaived.
L Y B BTITY B SRR PIVE A O N T LR BT : et Co et Lean
£l oo deradislion Lost sl i seaire s ton bl i
Lent reschor Lo acoorplish. 7 ocobnencgn e Dat by the group and

in nobedd i Tablde 1.

The state ent was vade by FooVeir of LLL and supported by J. HManiscalo
of Treon and V. Schultz of G, that raterials demands in hybrids shouid be
Trns than those of pure fusion or fast breeder fission reactors bocause of
v fluence reguirementys Lhan fosioe 2and lTower burnup requirewents than
fast brocders.  J. Chi and J. Felly of Westinghouse cautioned that the
fiebrid, however, has extra degrecs of freedow and the design choices and
tradeeffs are wore diverse, complew ond difficult. J. Maniscalo of Lxxon
sauyented that because the hybrid can potentially provide fuel to a large
nwsber of relatively inexpensive fission burner reactors, it can perhaps
afford to use blanket design options that are not pushed to their liuits
to obtain optimum performgnce.

There was strong input that the best way to proceed with hybrid Llanket
design is to do Some power wodule tests. [t appeared to be the consensus of
the workshop that we need to choose several blanket options for further
development and get on with design, construction and testing rather than
just continue to study the problem in an abstract way.
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s boaevelnprent Steps. The blankel cnginees fwg degeiog et
questiohne ive vesnlty shovn an Table T oiwlicate strong sopport for

et e anod o il Gf nelected concepis tol Towed by hyorio swerabe, o -

e The worknbop eepressed caution in that e quoestion i Do,

wardeo and vdoes noloask for o prioritization of Lhe vooponce. The

[ PRI

nt the warl-hop, however, supparted the results shown i Table 1) qaen i,

Thev vae sbrong cupport from Lhe 1P cepresentatives for the uge

b ® e

Py ©0 Uedoseeyv of Parchatev thal experiments in fast pulse fission voao o,

canted o g itate st ficanidy o the developaent of ICF {laniet

[ R

Spectiic suggestions by iwdividuals in the workshop included tne
Fultowing Crandom order):

v

Duvelop @ hybrid blanket development plan

Start nuw on lTony lead time activities

A TETR test module

Liguid 1ithium test Toops

Shiva/llova module tests

A hybrid module test facility to build and test modules (out-of-pile)

Fasi spectrum neutronics benchmark experiments

A hybrid Engineering Test Facility (HETF) for in-pile testing

Test hybrid moduies in the Large Coil Test Facility o in TFTR to
ohserye impact of E&B fields

Proceed with out-of-pile tests to narrow the fieid of candidates

7-4

i e e v


http://Vlll.il
http://Lh.it
http://Ui.it

o whoLnoLurrenty

e worksnops on hybird blanket development appear to have taken the
initial steps towards formulating a consensus from the energy research
and development dgencies, the hybrid design community, and the electric
imilities on some of the steps that need to be taken as part of a hyhrid
reactor development program,  Although further work, further interaction,
and further diccusuvion will he needed to develap and clarify this cansensus,

these anitial steps are a necessary and noteworthy event,
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*] = (ut~of=Pife, £ = Fission veactor, B = Hybrid reactor.

-

2. What are the logical next steps for hybrid veactor blankel doevelopr.onl?

1. Further scoping and exploratory studies 44;,
2. More detailed blanket design and analysis of 33n
selected concepts
3. Irradiation experiments in fission reactors 50%
4, llyhrid modules in T20 or TFTR 6l
5. Hybrid wodules in ETF Bl
6. A hvbrid [TF 44’
7-6

T

s



