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0. L. Jasshy 
D lss-ia Physics Laborat.ir. , Princeton Universi ty 

Pr inceton, Hew Jersey 08544 

The- Third US/USSR Symposium on Fus ion-f"i :.s ion Reactors was held at 

Princeton Universi ty in January W 3 . Previous •-.vn'i.'O'. ta in th is ser ies 

.wrt held j t the Kurr.hatov I n s t i t u t e of Atomic, fncr' iy in Apr i l 1977 and 

tit the Lawrence l.ivermore Laboratory in July IT'fa. Uich nf the f i r s t 

four days of the Princeton Symposium was devit tvl "> .i • in|k> top ic . I n 

v i ted paper1, on that topic were followed iw .. w^rl-snpp, which included 

contr ibuted papers and extensive d isu iss i -i I n " f i f t h day was devoted 

to summaries of the workshop'-, prepared lr. • »• thairmon. Alt the par

t i c ipants in the symposium have had the oppo> • .•:•• i t;,' to review the w r i t t e n 

summaries, which are compiled in th is repor t . 

An in te res t i nq feature of t h i s symposium introduced by K. Schultz of 

General Atomic Company was a p o l l i n g of the par t i c ipan ts p r io r to the sym

posium on t he i r views concerning blanket development requirements. The 

results o f t h i s po l l ing are presented in K. Schul tz '5 two summaries here in . 

I t was widely agreed that p o l l i n g on various technological issues should 

be continued and perhaps expanded in subsequent symposia on fus ion-F iss ion 

reactors and re la ted top ics . Separate pol ls may be advisable for megnetic 

confinement and inerL ia l confinement spec ia l i s t s . Other workshop chairmen 

asked the i r par t ic ipants to attempt I J a r r i ve a t consenses on various i s 

sues; that technique proved to be e f fec t i ve in s t imu la t ing a great deal of 

debate. 

The theme of most of the Princeton Symposium was the "Near-Term Devel

opment Requirements for Fusion-Fission (Hybrid) Reactors." I t appears 

somewhat too ear l y fo r agreement to be reached on any of the iesign features 

of the f i r s t hybr id tes t reac to r , even i f a p a r t i c u l a r fusion d r iver con

cept were to be spec i f ied . This uncertainty is consistent with the un l i ke 

l ihood of a hybr id tes t reactor being authorized in the very near f u t u r e . 

Nevertheless, i t is expected that the generation o f magnetic confinement 

reactors a f t e r TFTR, MFTF, e t c . , w i l l be equipped w i th a large number o f 

blanket tes t modules, of which several could be i t i l u e d for f i s s i l e breeding. 
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SUMMARY OF WORKSHOP ON EXTERNAL FACTORS 
by 

Noel A. Amherd 
Electric Power Research institute 

1 . Introduction 
How does the concept of fusion-fission hybrid systems interface 
with other olanned or projected elements of the worldwide produc
tion of energy? This session, entitled External Factors, was 
planned to provide an updated discussion of some key relation
ships of hybrids to the external worlO 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 to the following Eour 
categories: the role of fusion-fission Hybrids in electric power 
production, fuel cycle issues associated with both the fission 
and fusion portions of the hybrid concept, the economic 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. 
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Table 1 
P r e s e n t a t i o n T i t l e s and S p e a k e r s for t h e S e s s i o n on E x t e r n a l Fac to r s 

1. Hybr id R e a c t o r s in t h e U.S . Energy Development Program, 
J . C l a r k e . 

2 . Role of Hybrid R e a c t o r s in Nuclear Power P r o d u c t i o n , P a r t 1, 
G. S h a t a l o v ; P a r t 2, I . Ganev. 

3 . The Hybr id R e a c t o r : What i s the t iext f! tep?, W. Wo] ken-hauer, 
B. J e n s e n , and R. Huse . 

4 . F u s i o n - F i s s i o n Hybr ids and N o n p r o l i f e r a t i n g Fuel C y c l e s , 
H. F e i v e s o n . 

5 . C o u p l i n g Between Hybr id s and the Fus ion I n d u s t r y , S. Abde l -
K h a l i k . 

6. F u s i o n : The Ambient for the Rs.D and Commsrc i a l i z a t ion , 
J . S impson. 

7. S t a t u s and P r o s p e c t s of Advanced F i s s i l e Fuel B r e e d e r s , 
R. K o s t o f f . 

8 . Economic I m p l i c a t i o n s of F u s i o n - F i s s i o n Energy Sys t ems , 
D. D e o n i g i . 

9. The E f f e c t s of Fuel C y c l e s on Hybrid Pe r fo rmance , 
G. Woodruff. 
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2. On the Poles of i us ion-i'iss for. Hybrids in Electric power 
i' roiiuct ion 

Fissile fuel production by hybrids : 01 utilization in fission 
reactors continues to be an attractive prospect of fusion-fission 
hybrid concepts. The hybrid concept offers an alternative supply 
of fissile fuel that is bred from abundant resources of uranium 
and thorium., and, hence, can resolve the uncertainties in fuel 
supply due to varying ore grades and distributions of naturally 
occurring fissile material. The fuel produced, which can be 
either piutoniurn or U" > J, can subsequent-1 v be used as 
necessary for the makeup or initial fuel loadings for present 
converter reactors, advanced converters, ar.d fission breeder 
reactors. 
Several attractive features of hybrids de i :•.'•- from the mode of 
operation in which one hybrid renctoi facility hay the capability 
of producing fissile fuel in quantity - : u ! •' icierit to support the 
makeup fuel requirements of 5 to 1(1 cor.'.•••rt. r reactors. One 
important feature resulting from thir ; • 1 production rate is 
that a limited deployment rate of hybrii, o-m have a magnified 
impact ori the energy production capacity of nations. This occurs 
because the nuclear fission reactors, as:-;."nod to be an accepted 
and mature technology some time in the future, 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 Eusion-fission hybrids such as 
Eission 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 required to provide a clearer evaluation of 
the desirable fuel-to-power ratio for fusion-fission hybrids. 
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ajvl ^u^£r;ri_t,or_tioj.-. o: the hybrid 'Concept 

Artdi; toi improve;;.e-nts in the hybrid fuel cycle and hybrid 
impact1; -in the nuci"-.r : i:; :i';n fuel cycle havt been receiving 
detailed analyses. For example-, hybrids offer the potential as 
an abundant supplier of u-2'i'i without the- nor-d for an initial 
f iss ile- inventory. Hence, a large increase in the light wator 
reactor conversion ratio, without s igni f leant redesign or 
development of the converter r. ictor, and e'co:ic.n.i-: u::.e of the 
nrolif era: i < in- c s i :•; tant donatured-uranium fuel cycle- could be 
lcMev-i by the- rle /eiepment of hybrids. 

Direct onr) chment "md re-enr ichment of fission reactor fuel 
bundles in the blanket of the hybrid appear technically feasible 
and proliferation resistant owing to the hirih level of radio
activity induced in the iuel rods. However, without reprocessing 
at some point in the cycle the support ratio is low and the asso
ciated economic penalty is high. 

r>n the fusion r.ide of the l.uel cycle, some or all of the tritium 
might be obtained from other sou ices than the hybrid blanket. If 
so, then the global neutron and energy balances may be improved. 
Moreover, the hybrid cost aid risk may be reduced through simpli
fications in the areas o£ blanket 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 hybrid 
on the P-D cycle in order to eliminate the tritium requirement 
a 1 together. There iuis been con:, i datable controversy on these issuf.. 

The hybrid fuel cycle is an area of work requiring considerably 
more attention in order to clarify the real operational and 
economic potentials of hybrid.*. Estimates of the hybrid cost, 
risk, and operational benefits arising from chanons in the- fuel 
cycle have not been characterized or quantified. Since the fuel 
cycle is the umbilical cord between the hybrid and the nuclear 
fission reactors, 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. 
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4. On t h e Economic P r o s p e c t s fo r f'usj n ; i - F i s s i o n Hybrids 

The f a v o r a b l e economic p r o s p e c t s £"••*- f us i o n - f i s s i o n h y b r i d s c o n 
t i n u e t o be shown from expanded ,)•-.: b r o a d e r s cope s t u d i e s . A n a l y 
s e s of coup led h y b r i d - c o n v e r t e r r e a c t o r models i l l u s t r a t e t h e o p 
p o r t u n i t i e s fo r economic a p e r a t i u n wi th h y b r i d r e a c t o r c o s t s up t o 
t h r e e tunes the c o s t of the c o n v e r t e r r e a c t o r (of t h e same t h e r m a l 
power o u t p u t ) , and wi th uranium p r i c e s c o n s i s t e n t w i t h t u r n - o f - t h e -
c e n t u r y p r o j e c t i o n s . 

.'iewly comple ted s t u d i e s compar ing h y b r i d s b ised on d i f f o r e n L f u s i o n 
conf inement c o n c e p t s a r e showing th. i t more than nr,o concen t has t h e 
p o t e n t i a l for economic o p e r a t i o n , "ind t i n t t h e cos I e s t i m a t e s and 
c o s t i n s e n s i t i vi t i e s of h y b r i d s appeal ;e<\er, . l q c : .u- compared t o a l 
t e r n a t i v e b r e e d e r s . 

S u g g e s t i o n s have a l s o been forwn rii'u: i.it i r - b r i d s p r o d u c i n g c h e m i 
c a l fue l s in a d d i t i o n t o f i s s i l e fuel M.].v enhanced economic p r o s 
p e c t s wh i l e r e t a i n i n g the d e s i r a b l e ny:-. -i •: f e a t u r e of be ing n e i t h e r 
a s i g n i f i c a n t s u p p l i e r nor consumer oi i e . t r i c e n e r g y . 

5 . On the Development of F u s i o n - F i s s i o n !';; b r i d s 

E s t a b l i s h m e n t of a fus n n - f i s s i o n hybr id p l a n was a p rominen t s u g 
g e s t i o n t h r o u g h o u t t h i s s e s s i o n . Without i t , key i s s u e s such a s 
t h e t iming fo r c o m m e r c i a l - s c a l e h y b r i d s y s t e m s , gu idance for energy-
sys tem p l a n n e r s r e g a r d i n g t h e p r o s p e c t s and a s s u r a n c e of h y b r i d s , 
and the s e t t i n g of g o a l s For h y b r i d R&D would a i l be l a c k i n g . Ex
t e r n a l f a c t o r s shou ld p l ay a r o l e in the e s t a b l i s h m e n t of t h i s p l a n . 
P e s s i m i s t i c f o r e c a s t s of e n e r g y supply s h o u l d be used for p l a n n i n g 
purposes in o r d e r t o s t i m u l a t e t h e deve lopment of s e v e r a l p r a c t i c a l 
a l t e r n a t i v e s . fo r example , t h e p l an might be b a s e d on low t o moder
a t e e s t i m a t e s of e c o n o m i c a l l y c o n s t r a i n e d u ran ium r e s o u r c e such a s 
1.8 r 10 5 and 3.0 < 10 6 t onnes U3O8 for t h e US and t h e OECD n a t i o n s 
r e s p e c t i v e l y ; r e s t r i c t i o n s on f o s s i l fuel b u r n i n g due t o t h e r e a l i t y 
of t h e CO2 p rob l em; s e v e r e c o m p e t i t i o n for wor ldwide r e s o u r c e s due 
t o a m b i t i o u s e n e r g y e x p e c t a t i o n s of d e v e l o p i n g c o u n t r i e s ; and l i m i 
t a t i o n s of o i l t o t r a n s p o r t a t i o n pu rposes o n l y . Oj c o u r s e , a com
p r e h e n s i v e l o n g - r a n g e g o v e r n m e n t a l energy p o l i c y i s r e q u i r e d i n 
o r d e r t o a s s e s s t h e r o l e s of v a r i o u s n u c l e a r f i s s i o n and f u s i o n 
o p t i o n s . P o l i t i c a l i s ues such a s p r o l i f e r a t i o n , f i s s i o n w a s t e 
d i s p o s a l , and t h e p u b ' ^ c view o f f i s s i o n r e a c t o r s a f e t y can h a v e 
an impact on t h e t i m i n g and d i r e c t i o n of f u t u r e hyb r id d e v e l o p m e n t s . 

I ndependen t of t h e e x i s t e n c e of t h e h y b r i d deve lopmen t p l a n , s e v 
e r a l key n e a r - t e r m development r e q u i r e m e n t s a s l i s t e d i n T a b l e 2 
were i d e n t i f i e d . The two f a r - r e a c h i n g a s p e c t s of t h e s e r e q u i r e 
ments a r e t h e i n i t i a t i o n of a h y b r i d e x p e r i m e n t a l program and t h e 
s e a r c h for h y b r i d sys tems w i t h improved c o m m e r i c a l - s c a l e p o t e n t i a l . 
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Table 2 
Listing of Specific Recommendations of Near-Tecm 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 of obtaining useful hybrid 
blanket data from upcoming D-T fusion systems such as TFTK, 
Shiva Nova, JET, T-20, - . . 
Assess the economic impacts of fissile inventory charges for 
the hybrid. 
Attain reactor-level plasmas with Q -. 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 R&D stages 

Assess fuel & clad performance, especially for inertial 
confinement fusion blanket concepts. 
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6. Conclusions 
External factors have been shown to impact the choices and direc
tions 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 
of 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. 
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SUMMARY OF WORKSHOP ON PLASMA ENGINEERING 

by 
R. G. Mills 

Plasma Dhysics Laboratory, Princeton University 
Princeton, New Jersey 08544 



I . In t roduct ion 

!-i the ,-torVzho-j on so-ca l led "plasma eng ineer ing , " e i gh t people made 

oresenta t ions : Messrs. Brooks, Gibson, Jasslr/ , M:'ir\ Rose, , ;,li,i t.d lov , 

"•.•MtiL-,", .111rJ T e o f i l c !n a d d i t i o n , we had many curv-enf.". from the audience, 

riii'l ! sha l l t r y to present a d i ' , t i 1 Id t. ion of th ' ' ncctimu l.i fed wisdom of 

'.' '{it 1 ar'jo group. 

I I . joint- i:a.,i(. Quant i t ies of J'lasi;ia I no _!'••"• ''i>>j 

Let 1'ie s t a r t w i t h three basic quant, i t. i < " f Masma ouq ineer ing , 

i i r ^ t there is i j . That is defined a l i t t l e h : i f t e r e n t l y by d i f f e r e n t 

people, but w i th broad brush i t is simply the ; :i..o of the energy out to 

the energy i n . Early magnetic confinement machine could be categor ized 

in two c lasses. There were high-0 dev ices, the closed t o r o i d a l machines, 

and there were low-Q dev ices, the c l a s s i c a l mi r rors w i th end losses. 

Today we are cons ider ing some intermediate-el devices, for example, the 

tandem mirror (the end stoppered mirror) and the i n e r t i a ! confinement sys

tems. As hypothetical reactor designs were developed, the very low-Q 

machines seemed to become more and more marginal, and now we believe we 

would have to be quite lucky to get a rea l ly low-fj system to work. How

ever, the intermediate-ll devices have gained in interest . 

A second basic quantity very important to plasma engineering is our 

old f r iend, m , the reactor parameter introduced by J . D. Lawson. This 

is rea l ly a go or no-go c r i te r ion . The i n e r t i a l confinement people don't 

talk about second: per cubic centimeter the way the magnetic confinement 

people do. They tend to ta lk -n terms of grams per square centimeter, but 

i t a l l comes down to m . From the grams/cm point of view, i t is clear 

that success requires e i ther getting very high pel let compression or very 

large pe l le ts , requiring a great deal of energy. Or perhaps we must have 

both ,iigh 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 l ike a megajoule w i l l be needed, and pel le t gains of about 
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200 are assumed. The experimental r esu l t s to date imply tha t th is i> i n 

deed a d i f f i c u l t assiqnemnt. Much work ^s requi red. 

A t h i r d basic quan t i t y appl ies not to the i n e r t \ a l confinement systems, 

but only to the magnetic confinement systems. This i s the f am i l i a r eynres-

s i on i-, B • I t is a measure of the power densi ty you can produce in the 

system. I I . i s a lso a key to some o f the problems that face us in magnetic 

confinement. The to ro ids have t r a d i t i o n a l l y been, and s t i l l a re , bel ieved 

to be e s s e n t i a l l y low-r. machines. We are ta l k i ng about less than 10 . We 

way yet 10,'. or more on a x i s , but the averaqe <• w i l l probably be less than 

t h a t ; in f ac t i t may be qu i te a b i t l e s s . With the t r a d i t i o n a l mi r ror 

machines where advantage can be taken o f the curvature o f the conf in ing 

f i e l d as wel l as the magnetic pressure, !•, may exceed one in the l o w - f i e l d 

reg ion . On the o ther hand, for the tandem m i r ro r , which has solenoidal con

f inement, <• w i l l drop below one to perhaps one h a l f , but s t i l l y i v i nq a po

t e n t i a l l y subs tan t i a l advantage over the to ro ids . 

The B f a c t o r i s i n t e r e s t i n g from a technological po in t of view be

cause i t has to do w i t h what kinds of magnets we w i l l have to b u i l d . The 

technolog ica l r e s t r i c t i o n , however, usua l l y occurs a t some point on the con

duc to r . The useful magnetic f i e l d ava i l ab le to conf ine the plasma is a d i f 

f e r e n t quest ion. In the t o r o i d s , s ince higher f i e l d e x s i t s a t the conductor 

than in the plasma due to the d i f f e rence in major rad ius , there is a premium 

p r i c e f o r the space between the plasma and the c o i l . In machines wi th th ick 

b lankets and s h i e l d s , there is a ra the r large reduct ion in f i e l d ava i lab le 

f o r plasma confinement i n a torus from that at the c o i l — a factor of at 

l e a s t two, perhaps as high as th ree . The tandem mi r ro r has i> s im i l a r prob

lem because i t must provide h i g h - f i e l d magnetic end p lugs , but i t has a low-

f i e l d solenoid. The ratios are a l i t t l e less advantageous than in toroids, 

perhaps four or f i v e , but the decrease i n t h i s B f ac to r i s compensated by 

the increase in 0; so the overall 0 B in the tandem m i r r o r and in to ro ids 

i s somewhat s imi lar . 

We have problems to solve in technology and knowledge to gain of basic 

plasma physics that apply to these three basic quantities o f importance. 
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M l . "heoretical rju"idai,ce 

/.'ha: guidance do we have frc::. theory for the values of these parameters 
r'•'•!*. tar, be accomplished in various systems? In the old days, the early to 
- i id-60's, we had a dilemma. Theory to ld us that in magnetic confinement as 
the temperature went up, the confinement should improve, whereas the experi-
nent.s did exactly the reverse — the confinement went down as the temperature 
.vnt up. This was \iary discouraging for those attempting to design rea l i s t i c 
apparatus for reaching the necessary quant i t ies. Then the happy i:ays began 
with the results from the T-3 tokamak in Mu<row and the su1 •seguent events of 
the next seven or ei'j'nt years. We seemed to turn the corner. The confine
ment improved as the temperature went up mm-'- or less in accordance with 
theory. I t was predicted, however, by theor fh-it along about the time we 
reached the conditions that we.are now achievi i " in the laboratory, the con
finement would turn around and go down. Well, vow ana in we have reached a 
divergence between theory and experiment. As the- lemperature continues to 
r i se , the confinement seems to go up instead of going down. Now that is a 

x happier si tuat ion than the one we had ea r l i e r . I t is much nicer to have 
theory say - should go down while t continues to increase. On the other 
hand i t doesn't give us a great deal of confidence in the theoretical gui
dance we have been receiving, and i t has led to a certain amount of empiri
cism as demonstrated by D. L. Jassby's ta lk at this meeting. Another example 
of empiricism is the so-called Alcator scaling where m is predicted to 
scale as n . I t can' t rea l ly , but so far the performance of various 
machines conforms to that f a i r l y well . .Jassby suggested another cor
re la t ion of a f igure 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 diff icult ies that face us? Why can't we go ahead and build 

reactors? The fundamental problem is our lack of knowledge of reactor-grade 
plasma transport properties, what nr has been achieved in magnetic systems 
and what we may expect — or the grams/cm one may achieve in the 1CF systems. 
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Assumptions ' i f what M - .-ni l hi- achi '• /eri ' -i ;r a le t of l^vn^r; , . ,,<• w hat t.ne 

p r e d i c t i o n tjf hypothe t ica l reactor s tudies w : l l i.e. Free' v-fi.r..- f ;•,.••.• ,-•••'. 

th i - . in h i ' , t a l k . The s e l l i n g pr ice for e l e c t r i c power- i -, very 'jepc-nde.'it. 

upon wh-it n- is going to he ac.hievi.-d — very dependent on the tra^'-port 

p roper t ies of the plasma, the things wo don ' t yet know, in fa.-.t the economy 

of hypothet ica l successful systens w i l l v. ir/ hy a fac tor •• f two cJeper•] ,-.n on 

whirl t. t.hiit quant i ty a c t u a l l y turns out to he. I t is a l i t t l e h i t awkward to 

take too ' . " r ious ly today's de ta i led uo in t models of the basic • >! a-.tin physics 

f o r p red i c t i ng the economics. We are uncer ta in hy a Factor to i.r/o, at least . 

The n; value is c l ose l y re la ted , nf course, to the value of 0, and V. i.. 

f e o f i l o in his p resen ta t i on , as wel l as several other noeple during this con

ference, has shown the leverage that (J has on the economy o f the f i na l 

r eac to r . 

B. Associated Engineering D i f f i c u l t i e s 

The above are fundamental plasma problems. There are also some asso

c ia ted engineering d i f f i c u l t i e s which r e a l l y can be ca l l ed plasma engineer

i n g . Dr. Shatalov, fo r example, ta lked about thermal c y c l i n g . This is i n 

deed a severe problem. One thinks about thermal cyc l ing when considering 

the fas t theta pinches that we talked about more in the past . Thermal cyc l ing 

c e r t a i n l y ex is ts in the case of the ICF cond i t i ons . But thermal cyc l ing also 

e x i s t s in terms of the quasi-steady s ta te systems such as tokamal.s. It. would 

he much bet ter to have a t r u l y steady s ta te system. The s t e l l a r a t o r versions 

o f the tokamak might be a be t te r way to go i f indeed they work as w e l l . The 

tandem mic iors and c l ass i ca l mir rors as we l l have always been considered to 

be dc systems. The tandem mirror may have to be in te r rup ted , however, the 

way the tokamak docs because i t may requ i re unloading of deb r i s . I t seems 

t h a t i f i t works w e l l , i t may work too w e l l . I t may be so exce l len t a con

f inement system t h a t a slow increase in the e f f ec t i ve Z o f the plasma oc

curs as the fus ion products or impur i t i es bu i l d up. The c l ass i ca l mirror 

was a great ejector of impur i t ies due to the same pos i t i ve po ten t ia l to be 

used as an end plug in the tandem m i r r o r . That was a po in t i n favor of the 

t rad i t iona l mirror, and we shouldn ' t w r i t e i t o f f . I mentioned that the 

t rad i t iona l m i r ro r was a low-Q device, but maybe low-Q devices can be impor

t a n t i n f u s i o n - f i s s i o n systems. I t may come back. The tandem m i r ro r , i f 
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: * .;-,ri •. ,v'.-l !, ••.-./ :<<• -.••• ' :•••••••', : ,' ;• •..:. • ..• " . :»• i n t . ' - r r u p t e d j u s t 

,'.\ • " - V i k i n a t ;."M !. ar i l ,' -V-'-1- . ' v . ' i ' - ' - '•'•. •>•>->•• !••• • - . i l i l i ' i o s f o r ex-

'.•jirfV'i-j rt *r,v.j'-.aV Oi •..odroe. 1* :•.•;. : i •: :•• * • !• i v tut? c u r r e n t by an 

e.- . ternal i-.earij — by r f , f u r ins tan •-. 

The therr id 1 c y c l i n g p rob lem t h a t < u s - " ••••<• t. . , >< uic-r a l t e r n a t i v e 

lOproaeries is a v e r / i m p o r t a n t q l ies ' i o n . ! ' .- i ' a ; - b > .'> I t a mach ine , 

yo:, ha.'e [.•. do -a te i t . P iece i . nil i i>-. i ' . ••!. . i t . i . ; , ; ' ! , , ! . I l i . i v / mach inery 

•,-.!• h •!', Sri i l e r s , t u r b i n e 1 . , . t> -i-1 - ''•• 11- i ' ,' ' • a ' s e e , • • o MI need t.u In.1 

[ " • ' i i i ' ib t up to tempera tun . 1 ove r pe r i ods ••! •.'•<•'> •• .-.••] w.-pt t • r- r- f o r e v e r , i f 

-„nv, i b l e , ..;' we s h o u l d n ' t , take t h a t i i n . l ' l i 1 - t . i . . . ' i . ' . 

Lirs. M i a t a l n v and Pose bo th t"»phas i .•• : •• • .• ('•"..•or' .ant d i ve r to r 

urohlow. We are jus t beginning e/peris.'-n' .:• r 'ors Imt not necessari ly 

on the pumping a r pects of them. We are now < • a, • • i-iii--tJ w i th the impurity 

contro l aspects. Hie question of electrodes w. :•• ''it ioned bv both Drs. 

Shatalov and Rose. Perhaps we cannot col lea L o i . ' ' a e f f l u e n t on elec

trodes. Perhaps i t w i l l be necessary to go to a do ion izat ion f r o n t , for ex

ample. ",'hese tM,,gs need to be examined. The question of the type of d i -

ver'.or is important. Can a bundle d ive r to r work on a large scale or is a 

polo idal d iver to r necessary? This has to do w i th the power densi ty in the 

e f f l u e n t from the plasma core. I t was mentioned in one of the presentations 

that w i th a bundle d i ve r t o r where a l l the e f f l u e n t conies out i n one place, 

there is an e x t r a o r d i n a r i l y high power densi ty in that e f f l u e n t . We may 

have a problem s im i la r to those of the neutra l beam ducts where an exces

sive base pressure can lead to choking as wel l as to mechanical damage to 

the wa l I s . 

in the in te res t of t ime I am not going to summarize a l l the problems 

w i th the f i r : t w a l l . I th ink everyone here understands them very wel l and 

appreciates the problems o f f ue l i ng . These are unsolved problems. Gordon 

Gibson from WestinghouBe emphasized the ro le o f the neutral beam in f u e l i n g . 

An assumption that a neut ra l beam in jec to r could successful ly fue l a toka-

mak i s h igh ly questionable to say the l e a s t , and would probably lead to a 

voltage problem. Neutral beams are a good way of heat ing. They are proba

bly not a good way of f u e l i n q . So f i r s t wal l problems, f u e l i n g , d iver to r 
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problems, and thermal cyc l ing are a l l ar.vx.iated y.-ith engineer it".; tfifficu";-
t ies that r ea l l y must be solved before one (.an ser iously c.un.ider true re-
fici.nr ope ia t ion . 

Wel l , what should be done today'.' One t h i n g , and this was mentioned by 
R. Moir , would be the development of neutral beams that am dependent on 
negative ion sources. This is important i f we are going to be able to pro
vide higher energy neutral beams at a reasonable e f f i c iency . These ocams 
are important for the end plugs of tandem n i r r o r s . The/ my a I so be impor
tant for the suggested machines for the burning of deuterium rather than of 
D-f. As Dr. '.hatalov einphasi/ed, theory is inadequate, and e/.periwotit. is 
required, not jus t for basic plasma physics, but also for study of the f i r s t 
w a l l , the d i v e r t o r , and the technological problems mentioned above. 

What is the ro le of the hybr id and the program i t requires in the De
partment of Energy? ! think the pr inc ipal advantage of the hybrid is that 
i t can s h i f t the bulk of power generation from the plasma into the blanket. 
That is r e a l l y the source of most of i t s advantages from the plasma engineer
ing point of view. In th is sense i t may be able to save a marginal f js ior i 
system and make i t a p rac t i ca l device because i t mul t ip l ies the fusion power 
gain (although systems studies of the past few years indicate that Q . 2 
is des i rab le ) . Secondarily, but almost as important, i t eases some of the 
problems w i th the f i r s t wall and other power density problems, such as the 
d iver to r and other things we have mentioned, since the plasma part is a much 
smaller f r ac t i on of the t o t a l . Another considerat ion is the p o s s i b i l i t y that 
i t might hasten the a v a i l a b i l i t y of pract ica l appl icat ion of the fusion 
program. 

F i n a l l y , however, one should be a l i t t l e b i t cautious about leaping to 
the conclusion that hybrids could hasten fusion application greatly. He are 
s t i l l determining the transport properties of plasma. Whether we go on to 
pure fusion or hybrid fusion, we shall have to understand these things f i r s t . 
We are a l l very hopeful for the tandem mirror, for example, possibly a very 
attract ive fusion core for a hybrid, but we s t i l l do not have a tandem mir
ror operating that demonstrates the basic principles, although perhaps we 
shall la ter this year. 
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Let mt close by saying a l i t t l e b i t about the suggestions f o r the pro-

rjra- that were made in the session. I sha l l make three po in t s . F i r s t of 

. i l l . I think the consensus was that hybrids should be taken se r i ous l y ; they 

appear to be systems tha t can work. We ought not to relegate them to the 

c l a s s i f i c a t i o n of a c u r i o s i t y . Secondly, the large machines that are 

being planned and designed and in some cases constructed today should be 

used for more h /b r id -o r ien ted experiments. I t is up to the community to 

decide which ones make the most sense. T i n a l l y , and on th is one there 

nay he some dissension, I believe that the d e s i r a b i l i t y of incorporat ing 

hybr id-ur iented experiments in the new machines does not imply tha t there 

should be <iny large s h i f t in the major goal<- or d i rec t ion o f the ex i s t i ng 

worldwide fusion energy program. 
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SUMMARY OF WORKSHOP ON ICF HYBRID REACTORS-I 
C. Nedoseev 

Kurchatov Institute (if 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 ICF 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 

Dri ver 
Driver 

E n . e . r 2y. .(.J) 
T i r . i n n 

Energy (J) 
Rep. , 

Rate _(s ' ) 
Blanket 

Gai n 

LLL laser 10 6 10 9 high 
(7-13) 

2-R 

Solase H laser 2 • 10 6 3 - 10Q A 2.5 

LASL laser 10 6 10 8 1-10 1.8 

UBTAH laser 10 6 low high 100 

Bechtel REB 6 - 1 0 6 7 - 1 0 8 high 
(10) 

UAE REB 5 - 1 0 6 10 9 low 
(0.17) 

2.3 

All 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 \iery different driver systems 
are choosen in these projects. There are different lasers, and different 
systems for the electron beam transport and focusing. 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 repetition 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 Ihis in to account, we can say that the blanket designs and ma
t e r i a l s must be s i g n i f i c a n t l y d i f fe ren t fo r ICF reactors wi th d i f f e ren t re-
p e t i t i o n ra tes . 

As the pe l l e t q;.in can be smaller in hybr ids , i t seems to many p a r t i c i 

pants that hybrid ICF reactors are more general ly useful than "clean" ICF 

reactors . I t is obvious that the enerqy mu l t i p l i ca t i on given by the fuel 

production in a hybrid blanket gives us the p o s s i b i l i t y of decreasing the 

enerqy of the microexplosion, or of reducing the repe t i t i on ra te . So in 

hybrids the problem of the l i f e t ime of the d r i ve r and of other systems be

comes easier. 

The resul ts of our discussions al low one to conclude that an important 

fac to r we need to take in to account when choosing blanket concepts is the 

thermal s t ress . In any case, i t w i l l be necessary to do something to de

crease the e f fec t of thermal stress on blanket l i f e t ime and reactor econom

i c s . Perhaps a l i q u i d or so l id moderator of the fast neutron spectrum, l i 

quid fue l elements, or homogeneous mixtures of fuel and graphi te can be 

a t t r a c t i v e from th i s po in t of view. 

I t i s necessary to do some experimental invest igat ions to simulate 

thermal stresses and thermal cycl ing e f fec ts of short intense neutron pulses 

Pulsed fast-neutron reactors may be useful fo r th is purpose. 
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>:i-" , *.hi- r>-! .i/>wj i r . i ' J ' ••••:!•. •:,• •;•! o. ' . ' : *. < - r i j 

e a r l i e r ' ( l r . / i - | r i [ , r n . r i t . i n r l d e ( . I ' ; /"I M l / 

A. I / , I : ' J I |C - ' , I.I, • n i r . i i | i - i : l ' i I!I i ;r-f w i t h p e l | , . ' 

;• ' I f i v i - r w i t h •.'•'. It- ' 

'.•Jli.|i ,11 " ' i !• " . i : ' " IH'iil !'•;. '. •>• *!'• ' in ' i '.hi- ' <•' h n i i 

A. Arc - i n / uf the p n l l i " , •. c in i i ir ,int I / d i l l o n 

wJh.tr . i d ' t in- '!"•. -:»-jt. 1 <• I ' - i l ' i " " . • ' . i i ' I U •.-.• h i h . 

prob lems .,1 -in i l . l hyi.r id'.' 

A. Arc . i n / ' i f t h i ' ( I M I J I I I ' - . s i q r i< i> ant I / i| i i ' i " .,-f 

1 . Wliiit , ne Mil ' l o q i i . i l ' . l . i ' i r . w l i i - h s h u u M \,<- < • ; " " • ; • ' . " ' <••< •• : ' i ! ' - i * I 'M I • w i t h 

I (.1 t iy l i i i 'l t ' l i ' i i n i ' i ' i in') i ' , ' .ui ' ' . ' . ' 

A . (..Il l H I ' ] l ' t '1'KHI I " . I i l ' l . l I I " , «)l | M . ' l ' , l " l I . I ' l i.l • I ' l l . ' : • . • ' l i - . l - . ! - I ' ' , , I . ,,, h , , ' , l - ,1 h i ' j h 

i I ijoni o [MI I , nil r . i i l I -i t i on sour ' o:' i V e I .hi ' / ro.i ' 1 , ' • i -' / 

'<. In compar ison to Mi l , what . no l.hc . i r fv in I .iq<:'. ami ' l i - ; o ' . ,c!"s of ,'CI as .i i . l . i t . l ' i r i ' . f u r 

a h y b r i d ? 

(•>. A r e l i q u i d im.'t.al c o o l e d b l a n k e t t e i . h n o l o q i e s most a t t r a c t i v e f o r i l l s r, I .ers : ' I f s o . 

s h o u l d ICF h y b r i d deve lopmen t tie f ocused on l i q u i d inet . i l t.ricj 1 cr]-'.t.r-r> 1 s y , t e n 1 , ? 

/ . Shou ld t r i t i u m be b r e d i n h y b r i d o r e l s e w h e r e ? 

) i . What m a t e r i a l s p r o b l e m s a r e i i i f . r i id in .ed i n a h y b r i d wli i< h do " " ' '••>-• l o i purr.' f u s i o n ? 

A l t h n u q h t h e t ime a l l o t t e d t o t he ,vurl shop was i n s u f f i ' i "nt . to address each of 

t h e s e i n d i v i d u a l l y , a " s o f t consensus" was' d e v e l o p e d in subsequent d i s c u s s i o n between i n d i 

v i d u a l p a r t i c i p a n t s . The a n s w e r s , posed in t he f o l l o w i n q s e c t i o n s , s h o u l d not he i n t e r p r e t e d 

as a g roup r e s p o n s e , b u t r a t h e r as the i n f o r m e d o p i n i o n o f some members. 

Q u e s t i o n = 1 : The r e l a x e d f u s i o n energy y a i n c r i t e r i a dons have p o t e n t i a l to o f f e r e a r l i e r 

deve lopmen t and dep loymen t o f ICF h y b r i d s r e l a t i v e to pure f u s i o n . The most i m p o r t a n t 

examp le would be a d r i v e r w h i c h was a b l e to p r o d u c e a h i g h p e l l e t , y a i n h u t i s l i m i t e d i n 

e f f i c i e n c y . In t ' l i s c a s e , a d r i v e r t e c h n o l o g y t h a t i s no t a c c e p t a b l e f o r pure f u s i o n can 

be v i a b l e i n a h y b r i d s y s t e m . The example o f l ow q a i n bu t h i g h d r i v e r e f f i c i e n c y i s a l s o 

i m p o r t a n t ( e . g . C0 2 l a s e r s y s t e m s ) . 

9 y s s t i ° ! L A ? . : ^ e m a j o r t e c h n i c a l p rob lems a f f e c t i n g the t e c h n i c a l f e a s i b i l i t y o f an ICF h y b r i d 

a r e b a s i c a l l y t h e same as t h o s e o f pu re f u s i o n d e v i c e s . A p o s s i b l e e x c e p t i o n f a v o r i n g h y b r i d s 

i s d i s c u s s e d i n q u e s t i o n 1 above . The p r o b l e m o f p u l s e d h y b r i d f u e l - c l a d i n t e r a c t i o n s c o u l d 

be s i g n i f i c a n t and r e q u i r e s f u r t h e r a t t e n t i o n . 

question__#_3: An e n g i n e e r i n g t e s t f a c i l i t y (ETF) f o r ICF h y b r i d r e a c t o r s must, be a b l e t o p r o -
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duce 1000 consecutive I J U K C , of 1 H/ tor opera t iona 1 tes t ing of hybr id blanket nodules. A 

mater ia ls test, f a c i l i t y (MTF) requ i r i ng 1(J n/cm to ta l Puence per year must a t ta in an 

average performance of 1U0RJ a t -1 H/. The MIF would l o g i c a l l y fo l low the ETF. Both 

f a r i l i t i n ' winild also he requir»r i h„ purr fusion development. 

cjupstioii " 4 : The logical 'it.e|r, I r - a d i ' i towards a oommerc ia l hybrid dci ionstrat ion are yiven 

U; 1ow. 

C r i t i c a l k&D and Comn.crcial Milestone'. 

M i l e s t o n e 

'..t.ient.i 1' i i ! easibi 1 i ty 

(high gain 0 'HI) 

Comiiierc ia l Pe l l e t 

Development and Reactor 

Component Test ing for 

Single Pulse Ef fects 

(Q 100] 

F a c i l i t y Cost 

«'--3(1(1 V,i i r r a d i - S?0U H 

at ion fac i 1 i ty ( e g . , 

'.hiva Nova, Antares) 

Simile Pulse Target SZSO M 

F a c i l i t y ( e . g . , Shi va 

Nova I I Upgrade) 

Date 

VJ84 

1986 

High Repet i t ion Rate 

I n t eg ra t i on o f Laser -Pe l le t -

Tracking and Other Systems 

Systems In teg ra t ion 

F a c i l i t y (no thermo

nuclear y i e l d requi red ' 

S100 M 1988 

First Hall and Hybrid 
lilanket Module Qualifica
tion in pulsed radiation 
environment 

Engineering Test Faci- $350 M 
lity (must deliver 1000 
consecutive pulses at 1 
Hz) 

1991 

High duty f a c t n r , r e p e t i t i o n 

r a t e , and f luence ( '10 u/cu 

for ma te r ia l s q u a l i f i c a t i o n 

Mater ia ls Test Faci

l i t y ( 10 5 targets /day) 

$350 M 1995 

Low duty factor hybrid plant 
integration (extuding on line 
target fabrication and 
electricity generation) 

Experimental Hybrid 
Reactor (».300 MW,.) 

$800 M 1996 

Commercial Demonstration (d i 

rectly extrapolable to larger 

commercial systems) 

Prototype Hybrid Reac- $1800 M 

tor (%300 MWe) 

2001 

First Commercial System Laser Fusion Breeder $2000*M 
(2300MWf thorium blanket) 

2010 



•• i".n -r .! I i.iu ••• .-'ur i< nholv-.r 

I'.'i; •' .; *>..' ,•.!• car ,(.-t Judd i.'it inates ut pulsed radiation daiuaye effects before rHF 
res-i Its . 1 9 % . however, these might not be required for systems which preceed a proto-
'..'[»-• nyprid ,-jhich accumulates rluence an order of iraynitude faster than the HIT. 
..<'• t.ioi, =t ; n r.iy.jijjrison with MFK the principal advantages of ICF as a hybrid platform 

t '>i. fiivt'i r, decern lei! from t fie cjvi (y- lending fu nmi'e flexible geometry and higher over-
i!! :<-,-'<!'• M I K r 

I M,I. ,:i.-,i.nc.i' of magnetic fields allows the Cutis iderat ion et liquid metal coolants and 
•i-rriM. '.f'-'-l -. t >"n- f iiT-i •. liquid metal svstei-i'. have lim'] reutronic performance and are 
1 11 ' if • 1 >- developed in i fie I Hf lih prugram. Fertile \ieel' are more corrosion resistant 
•he,i;i't', 're nv.ii tahl •, and possibly more resist.ml !:• . ,ei iut ion damage than stainless 
'eels 

I '"••. I'MI'I five v.e ini'i requirements mean that liquii M'bi!', and buffer gases can he used 
''. <• •'.{'.. e '.'< radiation flukes to the first wall 

The principal disadvantages of ICF in comparison with HFf are as follows: 
• the driver technology and pellet physics lag behind tokamak systems by five years or more 
I the combination of cyclic stresses in the fuel d a d and first wall structure presents a 

difficult, instantaneous heating and stress problem that is several orders of magnitude 
mure severe than for HFL systems. This problem is partially alleviated by the reduced 
vacuum requirements 

I difficulties involving the mass production and positioning of targets remain to be resolved 
Question =6: Liquid metal technologies are very attractive for ICF systems (see discussion 
above) and they should he emphasized early in the program. 
Question =7: The question of where to breed tritium has not been resolved. However, because 
liquid lithium is an excellent coolant and thermal poison (i.e., so as not to burn bred 

233 Plutonium and U) it is likely that some, or all, tritium breeding will be done in the hybrid 
Question :/8: The principal materials problem which is unique 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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VSA-L'SSR SYMPOSIUM ON FUblU i . - r iSSIu ; . RLAUURS 

i.YBRU ULAIii.LT JLSIbli ViUUKSl.tii1 

WCliiiLSdAY, l / ^ b / 7 9 

('.. H. Schul tz - Cnai nn.iii 

BLANKET DESIGN WORKSHOP SUMMARY 

1. Int roduct ion 

The Blanket Dpsinn Workshop was divided into two por t ions, Proponents 

of each of the four main i iyhr id blanket techno lo' i ies were inv i ted to discuss 

the advaritanes and disadvantages of that pa r t i cu la r Lechnoluyy. 

L iquid metal-cooled blankets - VI. D. / " l l ^n 

l-later-cooled blankets - R. P. Rose 
Molten sal t-cooled blankets - J . D. Lee 
Gas-cooled blankets - K. R. Scnultz 

As wr i t t en summaries of these presentations are included in tnese proceedings, 
they w i l l not be discussed in any depth here. Following these i nv i t ed pre
sentations the results of the Ulanket design Workshop questionnaire were 
presented and discussed. The questionnaire was sent or given to a l l USSR/USA 
I'ybrid Symposium par t ic ipants p r i o r to the workshop and thus should r e f l e c t 
the opinions of the hybrid development community before any s i g n i f i c a n t 
discussion or in terac t ion on the questionnaire occurred. For fu tu re work-
shops» i t may be valuable to have the questionnaire completeJ a f t e r the 
viorkshop as the discussions may have c l a r i f i e d the in tent of the quest ion
naire, raised issues not previously considered, or even changed minds. 

The in ten t of the workshop on hybrid blanket development was to t ry to 
determine i f the hybrid design community ( inc luding the research funding 
and d i rec t i on agencies DOE and EPRI, the blanket design and development 
groups, and the potent ial u t i l i t y users of hybrids) f e l t that the depth and 

4-1 



h r-r. <r]r k> r , f w , , r | . , | , „ l ( . >_,, ,),,(.,_. ...,,,-, •,. j f f j ;. j , ,, (, (_,•_ ,. ] ] , j W l ( ; - J , , ; i - f f ' j r t - , •.. .,, 

f t i ' . i r . i - ' l . m l d i r e c t e d toward ' , ''.<'ner.il - l i- ' . iei i MJ!H. ' • ; . ' / . , u,d ,v:i .d -.. _ i, i -,-.: l 

de r . i ' i n concep t ' , ' .hould be '.el <•<. ted . 

? . t n . m h ' t Jeehr ie lc j rpe j^ 

' . I . M i e n o f h r i . l i t e l Na t iona I f .n ip . p resen ted .j '..JI 11,117 of I i ' , , • j ; 1 :.,.: 

(.1 JO led b l a n k e t s . Hi.- suggested t t i . i t sod im. or l i L l i i j m cou ld Le c^i.el I eir. 

CO0I.111L'. Ten iuer 'L i . i l f u s i o n sys Lei1:S IJUL t l i . i t 1'id'jiie I. it. o f fee ' . - . i i rooab \j 

i n led Lhi.'i o u t f o r magnet ic f u s i o n , l . i i j i i i i l metd l cool out a 1 lows g e c i 

l i e n t n n i i e pe r f o rmance , good heat L r .n r . f e r iind cdn Lake iiiJv<iin.iji)i- of toe 

Uiri i l- 1 development program. 

K. Kobe o f We' Linqhuube L l o e t r i c Lurp . p resen ted a SiiiNiiiar/ ot wa te r -

coo led b ldn l ' . e t s . He suggested t h d t water c o o l i n g lias tfie g r e a t e s t opera t i m , 

and development exper ience and should he use fu l f u r near - te rm machines. Tno 

per formance o b t a i n e d to da te i n US s t u d i e s has been q u i t e modest. The 

presence o f wa te r appears to degrade the b l a n k e t nuc lea r pcr f i .nuance by 

about 3()!;'. compared to qas -coo led d e s i g n s . The p r e s e n t a t i o n of G. ShaUi iuv 

o f a h o i l i o q wa te r b l a n k e t d e s i g n developed f o r t he tandem n i r r o r l iy l ;r ' i > 

r e a c t o r a t I 'urchatov I n s t i t u t e , however, i n d i c a t e s t h a t performance o f 

water b l a n k e t s may be q u i t e a c c e p t a b l e . A d e g r a d a t i o n o f on ly 10 to lb,, 

compared to gas -coo led b l a n k e t s was observed . These r e s u l t s are expo r ted 

to be q u i t e des ign -dependen t . Fu r the r s tudy appears to be needed to r eso l ve 

the q u e s t i o n s o f nuc lea r per formance i n w a t e r - c o o l e d b l a n k e t s . 

J . D. Lee o f Lawrence L i ve rmore Labo ra to ry p resen ted a d i s c u s s i o n o f 

a f i s s i o n - s u p p r e s s e d mo l ten s a l t b l a n k e t . Us ing Be f o r neut ron m u l t i p l i 

c a t i o n , t h e b reed ing r a t e i s e x c e l l e n t and because o f low m u l t i p l i c a t i o n , 

the s u p p o r t r a t i o i s q u i t e l a r g e . He noted m a t e r i a l s and process development 

needs. 

K. S c h u l t z o f General Atomic presented arguments f o r gas -coo led b l a n k e t s . 

Hel ium i s i n e r t and concerns about c h e m i c a l , n u c l e a r , g r a v i t y , magnet i c and 
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i 1 r_-c t r- i c ?-1 i nu.ra c t i r ais .ere ' i n i ' i^L-.i. The iuv, volur e t r i e iie.it. . .apacity, 

ii'jv.t ;ci , re/.;.Li re,'., desi.'.u . i lUi i i t iuii tu ublain .mod thermal/hydraul ic 

Lehr/ ior . Mciii.tLtiiincL aawuitnues ap; e<ir .iooJ. 

'i. U ."inlet i.'esi'jn Ones t iunnai rc 

Tllu resu l ts i.f t i l t blanket uevelupi eat I|ULS :-: UMII.I i re are S.UJWI in 

Tabic 1. These results were discussed and the resu l ts and umseiisus hum 

these discussions ^n'[j presented lieluw. 

1. should hybrid blanket development • M o r i 1 . In: focused un one (or a 

few) design concepts?: Yes - bo. i;n - 4 J , . 

There was strong po la r i za t i on on t l . . . issue, jume people f e l t Llwt 
we should focus because of a sense of '.'.••geiicy: "Time is running 
out - we have to _do_ something, therefore we should concentrate our 
resources." Others f e l t , equally s t rong ly , that we haven't done 
enounh to choose, that fus ion is d i f f e r e n t from f i ss ion in tha t 
the d r iver could he developed and many blanket options t r ied i n 
one d r i v e r , and that we should not focus fo r fear of missing the 
"optimum" blanket concept. 

2. Are we ready to focus blanket development e f f o r t s at th is time? 
Yes - 43',. No - 5li, . 

Despite the sense of urgency on the part of some pa r t i c i pan ts , the 
sense that we must djo_ something, the consensus of the group was 
tha t we do not ye t agree on the best blankets or operating modes 
f o r hybrids and thus cannot focus e f f o r t s y e t . I t was tne con
sensus of the workshop that several blanket options must be car r ied 
in to the serious blanket development phase before these issues w i l l 
be s u f f i c i e n t l y understood to allow recommendations to be made. 

3. Rank the blanket select ion c r i t e r i a in order of importance: 

Performance: 1.2 

Technical s i m p l i c i t y : 2.5 

Fuel cycle technology: 3.1 
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E/Jst ing reactor experience: 3.3 

Safety arid environmental concerns: 3.7 

P ro l i f e ra t i on /d i ve rs ion concern-.: 6.1 

While the c r i t e r i o n of performance was regarded as having paramount im
portance, there was strong fee l ing that a l l the other c r i t e r i a are im
portant and a l l -.htiuld be given careful considerat ion. Relat ively less 
interest was expressed in the importance of p ro l i f e ra t i on /d i ve rs i on as
pects. I t was f e l t that hybrids could o f fe r unique advantages in th is 
area but that th is was an external factor over which we had l i t t l e con
t r o l . Concern was expressed that the se lect ion c r i t e r i a l i s t suggested 
may not be complete and, in many cases, the sugqested c r i t e r i a were not 
unique. A more detai led l i s t must be developed. 

1 . Which blanket technology should be selected for fu r ther development? 

A. Fuel cyc le : Uranium/Plutonium 805', Thorium/Uranium 66Z 
B. Technology: 

Water-cooled 58% 

Steam-cooled 35% 

Helium-cooied/graphite 35% 

Helium-cooled/metal c lad 757. 

Mol ten-sa l t 28% 

Liquid-metal-cooled 30% 

Other 05! 

There was no consensus f o r 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. C. Nedoseev reported that similar lack of consensus ap
peared to be the case for the USSR hybrid program blanket design efforts 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 at tract ive commercial reactor system. Heated discussion occurred re
garding the current understanding of water-cooling and the relative impor
tance of performance potential versus the current status of development and 
experience. 
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.'*. .-.i •-•>- -.•..'"JC'.'VJ'- i'~ Vie -.'i-fu!1 -.'w 7 tfi I'.'erd! j.eople ••. t. fariql y d i s -

.-•*.;>.•';'! v.a* the proper rule- of the hyb-id hl.iiikt-t n<i- fuel produc t i on . 

F iss i le fuel should not be i n ten t i ona l l y consumed in the hybrid b lanket . 

No such agreement occurred on the question of suppressing fast f i s s i o n of 

the- f e r t i l e ma te r ia l . Advocates for both fast f i s s i o n blankets and f i s s i o n -

'.uteresseel blankets _,tnted the i r opinions hut nn agreement iv.is reached. 

; t was Felt that mure in-depth des ign studies and ""ire general economics 

cons iderat ion would have to be made to try to r e s o l v 1.1»»• suest ion. 

•'.. fiedoseev pointed out , and a l l par t ic ipant ' eirei 'd, that, because of 

the s i g n i f i c a n t l y d i f fe ren t operat ing chara. •> , ; ' s of t.ho various fus ion 

d r i ve r : , the "best" blanket on t ion w i l l Jepen .' .:.t on j l ,• upon ilie dr iver 

cnosen. four general categories were i d e n t i t i i 

Continuous operation ( e . g . , mi r rors) 

Long pulse ( e . g . , tokainak) 

5hort pu lse, . • 1 Hz ( e . g . , small pe l le t i n e r t i a l ) 

Short pulse, , •' 1 Hz ( e . g . , large pellet i n e r t i a l ) 

I t was noted that the re la t ive ly small support for liquid metal-cooled 
blankets was probably due to the small number of ICF representatives compared 
to magnetic fusion representatives. I t appeared to be the consensus that 
liquid metal coolants were not desirable for magnetic confinement fusion hy
brids. Liquid metal cooling has strong support for ICF hybrids. 

In summary, 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 potent ia l . 
And f ina l l y , that serious blanket development efforts on a given concept should 
notbe pursued unt i l serious design studies had been done to show the ultimate 
potential of that concept. I t was the opinion of the group that several tech
nologies did meet that cr i ter ia and that several others had the potential to 
do so. Thus th° opportunities available for development of hybrid fusion 
blankets with excellent design and performance characteristics appear promising. 
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Tfl'.l.l i 

Should hybrid ij i • • 11 tr r.-1. de/e Iijpn.enl c..f f o i l s be foeJied Yes 
mi one or .• few li.', i'jn LOIIU-I L'.Y 

/•re ve re.id/ l.o loci : , blanket ile-i/elojjhenL effort.:, ,1L Yes 4 J 
' . h i J '. iiii.-V 

i'if) JC 

Hank Llii: fol lowing aspects f J f blanket. >.LIIK.C-[J Ls in teres of importance 
U> M;1 act ion fur fur lhe i development, kank each I lu 10; I is ,,uii. 
important, l ' l i'. least important. 

1. [; hint e l performance ( fue l and/or enenjy production) \.e. 
2. Existincj f i ss ion rent tor experience 3.3 

3. Safety and environmental aspects 3.7 
1. P ro l i f e ra t i on /d i ve rs i on aspects G.l 
5. Technoloriical s i m p l i c i t y / f e a s i b i l i t y 2 .S 

6. Fuel cycle and reprocessinq technology 3.1 

Unii.h blanket technologies should be selected for fur ther development? 

A. Fuel cycle 

l.ranium cycle - U0, 
Thorium cycle - b6.. 

B. Technology 
Water-cooled (LWR) - bdx 
Steam-cooled - 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 magnetic and inert ia l confinement) 
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SUMMARY OF WORKSHOP UN M A i l K I A r , Xtt> iRITIUM 

by 

R. A. Krakowski 

Los Alamos Scientific Laboratory 
Los Alamos, New Mexico 



K. A. Krakow.H 

Part ic ipants: D. Bc-rwald (t/./on Research and Eneryy Company) 
A. Dubberley (General E lec t r i c , Sunnyvale) 
R. Krakowski (Los Alamos "Scientif ic Laboratory) 
F. Tenney (Princeton Plasma Physics Laboratory) 
V. Vasi l iev ( Ins t i tu te for Inorganic Materials, Moscow) 

The charter of th is workshop was to examine 'In.- materials problems an
t ic ipated for the hybrid approach that appeared to Or; uni ' iuel/ reln'cr. to or 
exacerbated by the fus ion- f iss ion appl icat ion, hi n! Jt ;",s mq these issues a 
31 bylBmatrix of mater ials-related issues ,•< ••• sented in a systems or func
t ional ordering versus c r i t i c a l materials ;> •••rt.ii , was t.on . t i uctcri. As 
expected, when aux i l iary constraints of hyb. . : opcrs:i.;-irj mode (power versus 
fuel production), c h a r a c t e r i s t i c of the fusioi j i ; t r , and speci f ic candi
dates and combinations of blanket components (st . .: >. i re, coolant, f i s s i l e / 
fer t i le fuel , tritium breeder, e tc . ) were en/'oi-'.:••:, even ,i pa r t i a l attack on 
this 558 element matrix proved impossible on tlr- - i / ? hour time scale al 
lowed for the workshop. This materials matr ix, nevertheless, is included 
for reference and (hopefully) future implementation. 

The workshop group adopted a second approach at this point which simply 
called for all workshop participants to l i s t materials-related issues/ 
questions associated with their perceived hybrid appioach. A l i s t 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 requirement resolved to an extent 
such that: 
a) existing experience could be used? 
b) new blanket concepts should be designed/developed? 

4. Can a self-consistent set of blanket materials be identified 
such that a hybrid blanket can be bui l t with l i t t l e or no new 
materials development? 

5-1 



•«. ft'ill rate- e f fec ts lead to •-. l ' jni f '-..••ntl •/ d i f f e ren t rod i .j t i on 
daiiKirj..- in highly-pulsed ' ; c r ) systems s. coispared V, lor.g-
pulsed MFE system',? 

6. Most near-term hybrids w i l l be pulsed to varying e/tents 
' i d e a l l y , TMR would not j . What are t.he special thermal and 
mechanical problems expected to occur wi th in the f i s s i l e / 
f e r t i l e f ue l ' . , and can sa t i s f ac to r / design solut ions be round? 

7. A serious lack of rad iat ion damage information exists for (1CI) 
systems that propose the use of f e r r i t i c s tee l s . 

ft. corrosion data for l iqu id-meta l systems (other than ' la/St. St. ) 
is sorely lack ing. Liquid l i t h ium at high temperature presents 
a d i f f i c u l t problem (except, perha.os, for TZM). 

st. Molten s a l t system., l i t h i um sa l t systems w i l l probably be 

f i r s t used. Electrochemical/corrosion ef fects in molten sal ts 
forced to f low across magnetic f ie lds must be resolved. Permissible 
voltages of 200 mV may ser iously l i m i t flow v e l o c i t i e s . 

10. The mater ia ls data base for so l id l i th ium breeding compounds 
is <;uite sparse. Data i s needed on thermophysir.al propert ies, 
chemical react ion e f f ec t s , t r i t i u m re ten t ion , and radiat ion 
damage. 

11. Pulsed heat ing , thermal shocks, cycl ic stresses, stress cor
rosion ( p a r t i c u l a r l y as re la ted to f i ss ion-product /c lad i n 
t e r a c t i o n ) , and the cyc l i c mechanical in teract ion between 
cladding and f i s s i l e - f e r t i l e f u e l , to varying degrees (ICF 
most serious, long-pulsed tokamak less serious) w i l l present a 
unique problem to hybr ids, pa r t i cu l a r l y for the refresh cycle. 

12. The trodeling and understanding of both t r i t i u m and f i ss ion 
product transport in most hybrid blanket configurations re
quires further development. 

13. The spatial and time variation of neutron f luxes, dpa, gas 
(T, H, He) production, f i s s i l e fuel generation, f i s s i on power 
and fission product density, as well as associated effects 
(heating, swelling, loss of duct i l i ty , embrittlement, f e r t i l e -
fuel buildup and burnup, e t c . ) can be serious considerations. 
Some of these effects can be ameliorated by clever design and 
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fc< fee IS on b5 

product, t r i ! 

ion ' ' ue l ,h J^ f 11 nn }. Th-j impact of such spat ia l 

an'-et l i f t , fuel renrou'ss in*!, usab i l i t y of f i n a l 

iur recovery, inventory, e t c . , cannot he resolved 

because computations of adequate depth have not been ciade. 

14. The chemistry <,nd e.xreactnr r.anipula t i ""> n:-. associated wi th the 

"ijU/L 'Th fuel cycle arc considerably d i f f e r e n t (and in some 

instances more d i f f i c u l t ) than for the , : 3 Pu/ U fuel cyc le . 
n 7 n 

Considerable work has been done on * ''Tj fuel development, re

processing and r 0 r e desiqn at OKNL and 'jA, much of which would 

be appl icable to other reactor technolc-; i c , . Nevertheless, 
9 T T T T '.J 

the ' U/' Th c/c le ma/, in f a i t , :•.-'. be developed for f i s s i on 
1'33 232 power per se. Acceptance and in l t - ' idu ' l ion of the " 0/" Tli 

hybrid and the associated impetus to u ' i l i . t e th is fuel cycle in 

f i s s i on burners may lead to the unusual resu l t that the hybr id 

concept may drive research needs in a l l . i jpects of the 
233 L ) / 232 T h t e c h n o l D f j i e s 

An attempt was made, vis a v is the fourth point raised above, to i d e n t i f y 
a "most probable" blanket concept according to s t r u c t u r e , coolant, f i s s i l e / 
f e r t i l e f u e l , f u s i l e fuel breeder, claddinq mater ia ls . I t became apperent 
that even th is task was too broad fo r the workshop. The overal l stote o f i g 
norance or lack of consensus did not permit a spec i f i c blanket onto which 
crucia l mater ials issues could be focused and spec i f i c research needs could 
be speci f ied. 

In an e f for t to resolve these issues, at least in a broad sense, i t was 
noted that a materials program was in 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. Consequently, the ma
terials workshop adopted the thesis that: 

"Materials problems for hybrids aini&ar no imtr-i r. eve re than for 
Dure fusion and/or fission (i-'SBP, LW 3, TBR) rower, and materials 
proqr:inv=, are (have been, will be) planned and/or are in place 
for th'.' latter systens." 
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In a " ro l l -back" fashion the hybrid reactor material ' : workshop directed 
a t ten t i on 1.1, the i d e n t i f i c a t i o n of obvious e/cep^ions tc th is overs impl i f ied 
statement in order to i d e n t i f y special requirements of hybr id materials re
quirements. Some of these exceptions and/or caveats are l i s t e d below. 

1 . For the hybr id , pul sed heating of the f e r t i l e / f i s s i l e fuel pins 
is expected f o r a number of cycles that far exceeds that for 
f i ss ion systems. 

\ V.. If niol ton-sal t coolants/ fuel are used, f l u i d flow in the presence 
\ of magnetic f i e l d s w ; l l lead to voltaqes, electrochemical break-

down, and unique corrosion mechanisms. 
3': I f molten sa l t s are used, tiie chemistry of such coolants/ fuels 

'•in the hybr id systems w i l l be s u f f i c i e n t l y unique ( i . e . , l i th ium 
bearing) to warrant d i f fe ren t consideration of chemistry, corro
s ion, s t ress-corros ion crackinq, reprocessing, e tc . 

1 . F i s s i l e / f e r t i l e chemistry w i l l be d i f fe ren t in so far as f i ss ion -
product and ac t i n ide content are concerned, perhaps leading to 
somewhat d i f f e r e n t reprocessing considerat ions, fue l -c ladding 
(chemical) i n t e rac t i ons , f iss ion-product t ranspor t , e tc . 

5. Because the neutron spectrum w i l l be a mixture of fusion and 
f i ss ion spect ra, rad ia t ion damage ef fects and transmutation 
ef fects w i l l be d i f f e ren t from those for e i ther pure fusion 
or pure f i s s i o n . Surh ef fects and the degree to which they 
can be re lated to e i ther l i m i t w i l l vary spa t ia l l y and in time. 

6. If thr hybr id system operates wi th low plasma Q, fusion dr iver 
systems external to the blanket may demand mater ia ls- re la ted 
development t ha t normally would not be required (at least in 
degree) by a pure fusion ign i ted reactor : 

t higher hea t /pa r t i c l e f l ux to d i v e r t o r s , 

• higher hea t /pa r t i c l e f l ux to f i r s t wa l l s , 

• higher neutron fluences in neutral beam i n j e c t o r s , 
i higher average power density a t d i rec t converters. 

7. The .tybn'd reactor appears to exh ib i t more design, construc
t ion and operat ional f l e x i b i l i t y compared with a pure fusion 
device or a pure f i s s i on device: 
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» The hybrid system operates apart from the electrical grid. 
• The hybrid system qenerally 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 hotspots, thermal stresses, cru
cial operating constraints. 

t The hybrid system can afford to make serious, but costly, 
mistakes in blanket design {i.e., materials selection, cool
ant configurations, fissile/fertile fuel arrangement, neu
tron moderation, etc.), simply because retrofitting of dif
ferent blanket systens can be made without affecting a major 
part of the plant (and capital ni'-.t). This advantage is 
unique to driven systems (unlike a fission reactor) 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 trial-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 poorly defined role of 
hybrid systems. The question of hybrid materials needs, nonetheless, must 
be addressed more squarely in the near future, and will play an important 
role in focusing onto a specific hybrid reactor blanket scneme. 
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INTRODUCTION 

The- Nuclear Data arid Codes Working (iroup met lor about twu limits mi Thursday, 
2r> January l'J7'). There was clearly no time lor .in indepth il i scuss imi nl any 
I up ie within the Working Group's purview, so il was dc t uled t<i skim lightly over 
.ill pertinent nucleonics needs. (II the lupus considered, most disiussion 
centered on the appropr i .ileness oi perl ormi IIR blanket experiments i ii the TITK. 

As a starting point, the Working Group used the paper by I). Chapin on 
"Tokamak Blanket Neutronies Requirements." Also, a draft table ot 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 hy the Chairman. 
The discussions were then structured around four main topics: 

1) Methods and Codes 
2) Nuclear Data 
3) Calculational Benchmarks 
4) TFTR Blanket Experimental Possibilities 
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MKTHUlJh and CullKS 

1. I ' - I :RN-II | ' '.•/•..''•\li! I.MY CSINti IKANSI'OH'I 'I li'KoK'i . 

A ( o m e r r i was e x p r e s s e d by s e v e r a l p a r t i i i pari I s l i ial code s y s t e m s a r e 

l e . j u i r e d In i n m p n l e I n t i I >•/ f i s s i I p m a t e r i a l s "l>n r n - n p " in i a s e s where no I v 

I r ."iii!»[>"- r I t h e o r y f a s o p p o s e d In d i l l n s i o n t h o o r y j i s a d e q u a t e In del '• nil i N>' 

neut i mi I lux cl I s i r 1 but inns . W h i l e l i t t l e r> < • w b a s i c m e t h o d s deve I npiniiit i s reipi ' e l . 

s 114 ii i I i ' aril n u l l ' d e v e I npment t* t f o r i i s nei e s s a r y . T h i s i s p a r t i > ul . i i ly t i ue I n 

2-ii inii-ns lu i ia l (2-\)) n e i i t r o i i i t s m o d e l . . I ' r e s e n t l y an ANISN-C[NDKK l i n k i - x i s t : it 

West l t ighuusr- (t-fi.i [> i II J I n r I -d imer i s i rina I a n a l y s i s . A l s o , Itie OKIl.f.N l-urr i -up . . . i i 

i s be inn p l a t e d on t h e NMM-.CC i n n i p u l e r by l.l.l. ( l . r e ) . Hi sc u s s i "lis r e v e a l e d t Ii ii 

I lii' 11' a r e s t i l l s e r i n u s I i mi I a t i i>ns In t h e s e < n d c s | n r ( u s inn appi i < at m u s ; 

I ' . K - I ' ' " ' i " t in i ' I mil" n , tn r ea l t i n n s . 

The n e e d trj p r o v i d e a 2 -D t r a n s p o r t c a p a b i l i t y , p r e f e r a b l y l a s t r u n -

n i n g , t o an a d e q u a t e b u r n - u p r o d e , was s t r e s s e d . 

2. HUN T1MK [''OH 2-\) TRANSPORT CAI.CHI.ATIHN.S . 

A j j e n e r a l c o n c e r n was e x p r e s s e d w i t h t h e 1'HIR riinnitiR l i m e s of »'-I) 

t r a n s p o r t c a l ill I i t i o n s fu r m u l t i p l y i n g s y s t e m s . Numbers i p m l e d were ' ' a b o u t a 

I . K l o t nl V I ' u i g e r r u n n i n g t h a n p u r e f u s i o n c ' , • l a t i o i i . s , which r e q u i r e o n l y 

one o u t e r i t e r a t i o n . No f i r m c o n c l u s i o n s or reeoinmetidal i ons were a r r i v e d a t . 

However , t h e C h a i r m a n t in ted t h a t TWOTKAN-IM, Lu he r e l e a s e d "» Oct ?<>, i s u s u a l l y 

i l . n l n r nl ^ 4 t o 11) t i m e s f a s t e r t h a n o t h e r d-\) t r a n s p o r t c o d e s t o r a v a r i e t y 

of l a s t r e a c t o r c a l c u l a t i o n s " ' , and s h o u l d show p r o m i s e of a l l e v i a t i n g r u n - l i m e 

p r o b l e m s f o r h y b r i d c a l c u l a t i o n s . 

* R e f . r e p o r t t A - U R - 7 9 - 3 8 by W. F . M i l l e r e t a l ( 1 9 7 9 ) . 
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''K! --I'.k.V.I. .nil ; .'. i A MANAukMhNI. 

I tii' V... rk i uv; iircup m u l d il>. l i t t l e mm e lli.iti id t -n l i ly t i n s problem 

.HI'.i .is m-i'iliiin .Ulciil inn in --1) t r anspor t nu l l ' s , as . ipplu'd in hybr id r e a c t o r 

i .111 u i ,ii 1 "»' . . Ill's i K'H' i s .Hi' exper I em "i riK p rub I ems in those a reas .is r e l a t e d In 

both tin' ' . ! /• "I problem .i 1 l i v a b l e .nut tin- i-uiici i n>> l imes . A s ide d i s c u s s i o n 

• m.nr 'I .ii. tn tin- Ir.is i h i I 11 y ill uu-.iii i tij-1 u ] ni'ul run n s c a l c u l a t i o n s t'i compare 

'..illi 11 11< module exper iments . Several p.lit i i ipaiil s vim fit tin' op in ion lh.it the 

i i.ili". k.M in.idri|ii.itc tn l rc . i t the complexity nl :.Ui Ii .1 module, whi le u l l i - i s 

p i . l M l c i i t " t i l l ' nc r ' i l I n t e s t t h e i m i l ' s t i l l s W.I V s i -lllr' t i MM' M i n n . 

MRk.-YIIM, 

' I h i - l ' r v..is a g e n e r a l c o n s e n s u s II •'• i - | l s i l o a m I l ie p r o b l e m s < .III 111' 

h.in.lie.I v i l l i e x i s t i n g Monte Car ID nul l ' s , inrhidi iH' t urn i il.i I -geumel r i r s in Hie 

W.W Hide K h i c h r e s ides mi t he NMrECCi. Spei i I 11 ,t i 1 t i ni l t i fs and /o r needs for 

improvement in the Monte C a n a niilcs were lint d i s c u s s e d . It was tinted in pas 

sing by tin Chairman lliat r e s ea r ch in d e t e r m i n i s t i c s t reaming methods far ii-l) S 

luili'S was ]iist i nmmem i nj> at I.ASI.. 

r i . 1 IMK-DKPKN'UKNT TRANSPORT 

l)i I I i i nl t ies wi th negali .-e s c a l a r f luxes in tile TDA code were 

noted at the Univ. ul Wisconsin (Moses). A q u e s t i o n remained as to t he adnjuaiy 

nt S cudes (no problems have been i d e n t i f i e d w i t h TW1EX as app l i ed t o pure 

ins ion r e a l t o r s ) , and could not he resolved by t h e Working Group. No problems 

were i d e n t i f i e d lor t ime-dependent t r anspor t c a l c u l a t i o n s using Monte Car lo 

methods, which appear adequa te . 

6. SENSITIVITY METHODS & CODES 

A need for c r o s s - s e c t i o n and secondary energy/angle d i s t r i b u t i o n 

s e n s i t i v i t y s t u d i e s was agreed upon. The methods for such s t u d i e s a r e a v a i l 

ab l e , but code development i s needed mainly to implement secondary d i s t r i b u t i o n 

s e n s i t i v i t y t h e o r y . No time was a v a i l a b l e to d i s c u s s cova r i ance -da ta formu

l a t i o n , e v a l u a t i o n , p r o c e s s i n g , e t c . Ca lcu l a t i ona l -me thods s e n s i t i v i t y vas not 

d i scussed a t a l l by the Working Group. 
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KKSilNANI.K SKI.h-SMIhDING 

Methods in (urrent use were reviewed. They include ;* piobain-
lity-table method used successfully with mul t ipgroup Monte Carlo at I.I.I. 
(!.<•«•, Nausntil, hut with a caution regarding sensitivity to group structure 
(Hanson). An alternative method ior S t a b u l a t i o n s , us i iiw I he Honda renko 

n 
ttirnuil ihm, h a s b e e n u sed s m i i - s s f u l l y in t h e i ode s y s t e m - . AHi'X at MMM. and MI .\ V 

anil N KiY a t I.AS1.'''. liood r e s u l t s w e r e I ound by Wes t i r e h o u s e ( C h a p i n ) :n a p p l y , n f 

2y~Kionp Hondare r iko l a c t o r s in a n a l y s i s Ml ' Ih : H O l a t t i c e r x p e r irneni s . 

The NJOY-produced MATXS l i b r a r y i s a t t h e NHFECC. The AMPX-produced l i b r a r y 

VITAMIN-C i s a v a i l a b l e from ORNL. 
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Ah | : \ ! A 

A •.••]"". h i i ' l . l i s m s M i ' i i " t n u c l e a r d .n . i i urn f i l l r . i t ed on n e e d s u n i q u e t o 

t c h i i d s . l . q n v s s i u l i .is a c t i v . i l m n i - p i s s - y i n t u r n s , i o v a r i a i u e d a t a , 

f u s s i l i ' - t iic I p r o d u t l i o i i c r o s s s e c t i n n s , and even t i s s 1 oi)-pn>dni I i r u n s s o r t i o n s 

•..'• i i- n - t < i.nv i d e i e d . 

[In- I'SSK il«-1 t-n-it e- ISha t . i lov I t i n t ed s e v e n ' d e t u i r m i r s in 

.i-i .iiid.ii y - d > s l r i b u t inn d i l . i ; e . R . , lot" I'll, lb and o i l i e r heavy me t a l i . T h r v 

U' r*- .11 M ii-.si'il n ; 111. Sh.it .i l a v ' s p a p e r e a r l i e r . 

I lie s e n s i t i v i t y nl l iy t i r id b l a n k e t ueut rm M p . n a m • i .>> t h e \ ( h ) d a t a l o r 

li i eli-i ie i ny f i s s i o n i>as i i i n s i d e r e d t o he .in " p ' n q u e s t i o n . Spei u 1 ,il i mi by some 

i u t ii ip. n i t s was t h a t t h e e i f e t l i s n e t impui t a s t . e s p i . n i . i l l y t o i n t e g r a l q u a n -

t i t i e s ot i i i r r e n t i n t e r e s t in h y b r i d h l a u k e t s . 

Data fu r '" ' ' i 2 Th gamma p r o d u c t i o n a r e no t in ENDK/IV b u t may he in KNUK/V. 

An imrcvr i ! w d q u e s t von rem. l ined on t h i s m a t t e , b e c a u s e t h e Vienna W o r k i n g Group 

d r a t t t a b l e l i s t s Lhese d a t a a s " S " l o r s a t i s f a c t o r y . " ' Gamma - p r o d i u t i o n d a t a 

Ini- ~ ; 1 l ' a and - ' ' l i a r e in KNDI-'/V and t h e m u l t i R r o u p d a t a t a n be made a v a i l a b l e 

..n t h e MATXS i i Ie a t t h e MKECC. 

* Note a d d e d i n r e p o r t : 2 3 2 T h g a m m a - p r o d u c t i o n d a t a a r e n o t i n t h e 

p j fe j j in inar j r ENDF/V d a t a , b u t a c c o r d i n g t o CSEWG s o u r c e s w i l l h e i n t h e 

f i n a l ENDF/V f i l e . 
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r;Al.ri!L-YI IONS KKNLIlMAkK:; 

'I lie USSh i t a l o v ) u s e s S and Mimic C a r l ' ) m e t h o d s ,\ i ,i 1. u 1 al i nu and [>r 
ti ' 

Sli . i l . i l ' iv f e e l s s t r o n g l y t h a t h e m tujia r k \ , e x p e r i m e n t a l and i .1 1 i n ] ;i I i ori.t I , :,<<• 

i i e c c s x a i y fui h y b r i d r e a l t o r i a l t u laV ion.-.. Sin h hem lima i k \ s h o u l d i n i l u d c •.. urif -

t o r o i d a l -^comet ry f mil i ^n i . t t iun; . , 

Wtiil ii'i t i m e e x i s t e d .it tin- Work ing <lrnii|> m e e t i n g t o • pei i I 11 .. : I v il.-1 i is. • 

, i | i | u ' . | i i - | . i t ' • i .1 I • II I ."it I onn 1 hem lun.it kl. , ll w:i:, a g r e e d t h a t d o i n g sn in tin- uea v 

I n l i n e is e x t r e m e l y iiii|ini I iiut . At i o r d i n g l y , '-he Work ing t '• r t >> i j i u r g e s p . i r l i i i -

p a n l s in ( u t i i i c l!S/l!SSK l l y h i i d K e a i l n r Sympos ia l o h r i n g l u (lit- im-etiro> •' ' "in-

| . l " l c w i i t t i ' i i ili-l I II i t inn (il (.it l i i s l ) :i 1-|] i . i l i ul .it urn.11 |)i-!.i Inn.irk liylir i d - I i -a. I • •! 

m o d e l . I't r l i'i .ill I y sniiic r r s i i l t s f u r t h e d e s i r e d l a l i n l a l e d p.i i .im>-t. »• i :: s h o u l d )n-

u n l a d e d . Spei l I I I . i l l y , l lv. S l l a l . l l i w v o l u n t e e r e d t o dot llineul .1 p r o p o s a l ill one 

s in Ii liein liin.irk l n r I h e n e x t IIS/IJSSH Symposium. 

Tin' t e rm "i a 11 u I a t iona ! b e n c h m a r k s " a s u s e d h e r e i n moans mode l s " i h y b i i d 

l i l a n k e t s y s t e m s , n u t s o - i a l l e d " e l e a n " i n t e g r a l e x p e r i m e n t s . The l a t t e r d a s ' 

n l e x p e r i m e n t s a r e a l s o o | cons i iler.il) 1 e i l i l e r e s l | n r t e s t i n g <i| d a t a and m e t h o d s , 

h u t were not i n n s i ile r e d u n d e r t h i s t o p i c . 

TH'K III.ANKI.T KXHKN IMKNT.M. POSSIBILITIES 

(.'oris i l e r a h l e >l i K< n.ss ion o c c u r r e d i u n r e i n i n g t h e |»>ss i h i I 11 ie.s of pi r l iini.i ng 

b l a n k e t module i n t e g r a l e x p e r i m e n t s i n TFTR. However , mus t p a r t i c i p a n t s w e r e 

n o t f a m i l i a l w i t h t h e s p e c i f i c p r o p o s a l f o r such e x p e r i m e n t s u n t i l t h e day of 

t h e Working Uioup m e e t i n g . T h e r e f o r e , d i f f i c u l t i e s o c c u r r e d in f o c u s i n g d i s c u s 

s i o n on t e c h n i c a l a s p e c t s of p o t e n t i a l s p e c i f i c e x p e r i m e n t s , o r in d r a w i n g 

d e f i n i t i v e c o n c l u s i o n s . However, t h e Working Group a g r e e d upon t h e f o l l o w i n g 

s t a t e m e n t : 

STATEMENT ON TFTR EXPERIMENT POSSIBILITIES 

A v a i l a b i l i t y o f D-T b u r n i n g i n t h e TFTR i n t h e m i d - 1 9 B 0 ' s may p r o v i d e one 

important s e t of opportunit ies in pure fusion and hybrid f u s i o n - f i s s i o n systems 

for integral experiments, for v e r i f i c a t i o n s of benchmarking t h e o r e t i c a l 
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, . ; , ' •, . i l l ! ! . . i . i . | . | . . . ; •; -i i t i i . n . I i r x p i ' l l i-ln i- I) I e.l 1 l s t 1 i p i n b l cms i l l 

' . , ; , f . i '. iin I'l..- .It'-. i>;n, e i , j ; i i . e r r i n g , L i l ' i H .« M I L d I a g u o s i M s , .in.I hand I i UK '. 

;n- ! h.ips .r. .i inn 1t i n.it i i.ii I ' I t u n . 

1 r 11 •; - - . .ppi.Mnii 11 i t ' s w i l t i .in . a t n.i 1 t u r . ' i il.i 1 p lasma, complex g e o m e t r i e s , and 

ii> ! • i nKi-m-in:-. m a t e r i a l s i .in be i-l I i-i t I ve 1 y r e a l i z e d .mil t i l l 1 y e x p l o i t e d o n l y liy 

i' i.m| .in', i in. I'M i ' i i t i i I i ht r i is i ve programs s e i m i n y ; improved i i n t l r n r data by 

• nip :.,yiin i l l • I '. i n i p l i ' i , mure l e a d i l y i n l •• i p i i-t .ib I r exper intent s , by p i " g i e s s ' " 

i h . l I n : . i . i i HI,n In IK' p i o g l ,1111.', , .m i l by i out H i l l i n g d e v e l o p m e n t ,, | v i ' i l I l i .11 1 I'll " I 

I I I . I I V : , i: t ' , i | s f " i pi-r I M nn.ini i' p 1od 11 t I mis ot limit r e . i l i s i i . b lanket modu les , 

I.. I •. uhusi ,i'b-.pi,n y iii.iy I s lab I Ishod v i l l i a d d i t i o n a l • " i i l i .li-in i- by 'I'Fl'H 

• xpr1 i em >•. 

V. 111 i < • i t is p i riu.it urc I n d e i i d r tun. mi 11"- p i n i s , l i .un >.|- p n o t i l y r a n k i n g 

,-l I ' v r i n l p o s s i b l e TI-TK b l -mki ' t module expo' i i i i in t : . '.he T l 1K progiain sponsor 

: ! . " i i l ' l iu i i i .u l i '1 i iuLl ini i / mg and t e s o i v i n g sp.no i m sin li moduli- exp r r imenlu , 

making i i n e s s a t y .» r rangemriit s f u r a broad fus in i i i «'iiiniin i I y involvement in e a r l y 

11 I R iniidnli ' des ign p l a n n i n g find exper iment si hedn I i t 'g , p r o v i d i n g l o r max ininin 

ni ' - 'b i l i ' I'xper linent f l e x i b i l i t y and f o r apprnpr i . l ie system u p g r a d i n g , and s e l l i n g 

up met b.,n I sins by wh ich the e s s e n t i a l concur ren t e f f o r t s no ted above tan be h i l l y 

lit i I i zed . 

An ambi t ious common gna 1 ol these pnr . i l I d lump I omenta ry streams o l l e -

s e . i r i b and i • n u i neer i rig e f f o r t s shou ld be the g a t h e r i n g of s i g n i f i c a n t l y h i g h e r 

i m i l i d e u c e in des ign and performance e n g i n e e r i n g knowledge, s u b s t a n t i a l l y l a c i -

l i t a t i i i g c o n s t r u c t i o n of KTH-srale machines l o r both pure f u s i o n systems and 

h y b r i d system development . 
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: . i i • . . . • ; V . • " • ,'i >• ] : •"!• . . '. . ,; , . In : . ! ' . i l l ' l l - j i . l r . i I l c - 1 

. i - . - . . . •.•• ' . : . . ' '.., :• ! i i " i i i, .• .-1•:i•. : • ' ' i . n i • '. lii i . ' . l ' u i l i i . ' , U c v i j l o p -

' • ' • > . 1 ' , ; > • . : . . ;ii.:iiii i.' i , .iiici IJ 1 rinl (.'-. i .iLi.-i' iii 1 s 

• ;i /I I ' ' i . \ ' i . , . i i ' ' j i t - , i'.:i'i i i(."l ii,' !•:. i i . i t < - i o:' I.ASL. The discussions 

v.'ji' f •. . • . '.'. ''.•. i ,!i :i M.i.r I n : aLj.-euts (if : . , i . . - . • :I_-UL- I i.j)ji.icii L I'unui reuents 

vr~': •!'. '.'."I ','.;-•>. •;i,.i 11 11.-., mechanical de-si1,n, .:.njss analys is , systems 

. i ii.i.-ii ' in mi'! •-.-.. u'_: L iniL ' .T. j t iun Lo avoid overlap w i th the neutronics 

••i,-: ' . i ' 1 ••'•.;•. ;•.. i. Ii ;.i i-i.t i ij |ui riji unts discussions. I t was found that 

1.1..S1. i •••!.• .T' . an. not rea l l y separable and many of the engineering 

i(_-vi_- i ijpi ens requ i re: uiits <yr,., in f ac t , related to neutronics or mater ia ls 

.ij.'i.-l. >jii <_u t s e e b . 

Ti:r_ t i ' i orj Maiikf't. worl shops j o i n t l y discussed the proposal fo r hybrid 

l-lanknt nodule tests in TFTR presented by D. Jassby of PPPL. The three 

nroups then separated and discussions in th is workshop on engineering 

development requirements focused on the blanket engineering quest ionnaire 

sent out p r i o r to the symposium. The questionnaire was returned before 

the workshop discussions and the resu l ts therefore do not necessari ly 

re f l ec t consensus developed dur ing the workshop. 

2. TFTR Hybrid Module Test Proposal 

The TFTrt Hybrid Module Test proposal presented e a r l i e r in the day by 
D. Jassby of PPPL was discussed j o i n t l y w i th the other two blanket develop
ment require ent workshops. There appeared to be considerable enthusiasm 
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; . i i!'_"iil(.i'i'i II'J . ii; •/(_• i (jjji ( iii. l'.'j:i i r i :M ii'.. . 

" i l l " i'(.",u i I.', ' if t in . I i ! . . i . i . ' '. i.'irji neer i l i ' : duvi - i i j j . - i - i i . 

n-i ' ire i i r r 'dinwii ;:• i . i b l u I . !ln.' <\,uyj t i un^ [ us'.". . i n> f i-c.|Hiii 

' . l l i i ' | u ' " ••'. ! ' ! • . - i t i ; . i i i ! . . : !_(.-. I t i l l . ' W i l l i : , i i ! ' ( ' . 

.. ! . in"." 1 |!I|I|MIJML i'.L'ijn i ru i ' . 'ML j . T!n |«)i i .L Wii'. '..mil- !.v 

.'.':>".i'ni ' • . in . l i l.nLi.-, .I 'ui ,)i'iit;i >i I ly u',ii.c'-l !.n 1 / -i i I , :..,:: : . i ! ' i > .! 

or i";i.'ii . 'ID'.I'.; il>lt; lo 'j.pL'L i ty ,c!ii.'riu hiiiukei. d ( ; / i i i , r i e ' • . , . , , > . .,,.•. .; 

Li if.- bl.m! i1!. ' Ic i inns depend s l iumi ly u:i the o r i v o u|":r-jt i i. i; i •• , e an . . i " . 

chosen toil,- nf the hybr id ( i . e . , Fuel vs. enorciy I-I •".!. :<: • i n n j . he -•!.;j> •••'.i >: 

that the Four dr iver regimes discussed in the lilanket M •,i.,i Weei . , i V m 

'.'ednosday i;onl:l he used to further re f ine and separate blanket di-velou-ii-iit 

m|U'i i ewetits as each regime is expected to have unique development concern'-. 

I t apuenrcl tn be the consensus of the workshop that although the ••(ucstiou 

on blanket. (Jevelopinent requirements was wel l intended and a uoci s tar t on 

fcv.ytwi to define and p r i o r i t i . : t development requirements, sirni i f i r . in i . 

improvei.ieit, ca taoo r i i a t i on and expansion of the questionnaire w.rili] be 

t e, , l , 
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'.I.I-I .. i . .-.'I 111:,'. nt ' . 1,1 1 •_, n i:-,__. ;.c-'- !.'!••' - • . . • I.,, i i i i. i i-'j'i i i I-I ('in.'. 

,, . : - - i. • .: i-.r. i . : 1 ; vi ( in. , i.'i-i'_ i -. , '. . : ' . : 11 I.I t in i I i M'I-'I I'I • j .- i r i . i i . 

i . ., : •• ., ;: i • •. .i. I 1 .- i/1 L-i' i -, ; i'_- i-v • • . .-. n . i : m < •.. •< i I i.-n1. t. 

' ; ' , . : 11 i i •!•_ L''.' i i i".i'! i i L i mi '.>. . L . ._..•! .' ; • • > ,,i I»i •; inMnn l i /bi i i 

'.i " i ' . 11_--.i_t.r;i" tu iii.Liirii] ist). / LO.r_._-i. '. j ...:-. •'. ; .it. by the i|i'oup • _ !.<._• 

l'-, noti.-il i 'I Table 1 . 

T | i i - : st.'-t.. i_nt VMS v.iiic by •-. i-.i.ir i_f 1.1.1. ,inil supported by J . Haniscaln 
fif f.-'/oii iirui ' '. Schultz of CiA, t l i . i t n i i te r i i i l s du.iu.nds in hybrids '.il.oii.d be 
if":, th.'iri those of pure fusion or fast, breeder f i s s i o n rent tors because of 
.owur f.in.nco ru(|iiiri_i".eiit*j Lhan fusion -.i.d lower burnup rc.juirei.ients Lh.in 
fast breeders. J . Chi and J . I.elly of Wos timjhouse cautioned that the 
i i / b r i d , however, has extra dei|ru__-i of freedom and the design choices and 
Lr.idc.offs are more d iverse, complex and d i f f i c u l t . J . Maniscalo of Lxxon 
suijije'ited that because the hybrid can po ten t ia l l y provide fuel to a large 
uiii.iber of r e l a t i v e l y inexpensive f i ss ion burner reactors , i t can perhaps 
afford to use blanket desuj.. options that are not pushed to the i r l i m i t s 
to obtain optimum performance. 

There was strong input tha t the best way to proceed wi th hybrid blanket 
design i s to do some power module tests . I t appeared to be the consensus of 
the workshop that we need to choose several blanket options for f u r the r 
development and get on wi th design, construct ion and test ing rather than 
jus t continue to study the problem in an abstract way. 
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i . l l l i i : i . i l l ' , ' . I ' ] l . l i l . . ]) . 11.11 i tF .M' jMl . 
• .' I i . ' . i i i h l i i ' j i i i, i,v;i:i • l u i r j l / i . ( i i / l i i , t | i l t . - ' j i ' J I I ' J 
i •;, .i , . h , " . i i . ' . i . m i ' i i i . i l . K j i i Lh . i t t i n : I!I i v u t v, i I I I T M i 

' - , ' . i _ / L i j i ;« i : l ' i | ' ! - . i_: i i ' . j i . « : | i j . ! i ,<: b l a n k e t <_ i i ' i i i i i : i ; i i I I 'J . i i . w i ' i | j . ' - i n . 

F|iit""; t. i i F i i n . ' i c i : • <j'. i i I L L. SIIF.WH m i T a b l e 1 i m l i c a t e ^ L i ijii'-j ^. . ; ; [ . j i" L f i . f ; . . - - . . . , 

• . ! • • , ! ' ' i . i i i . . i n . i i / . i j (j I v . l i . L ' . ' j d c o n c e p t . - f u i l u W e i i by h / ; • t" i i : i . , : : i h . . . - , . : •-

leu' . ' . . ,riii WFii't'.hijji [.vpri.'ijed '.ant ton in Ui.it L r I '_• giies I. I'.-JII i-, 1 uu .>. i . 
wnT'lf', •nil1 • ioi ' , iint ii'ok fui' p r i o r i t i z a t i o n of tin.' ru.poir.i . Th.' ..r..,-,,.' ,-
nt MM wfn-|---li'i|i, however, supported Llit' result: . '. IKJ.VF. in Table I , '; i t", ' i F.S. 

Thin. vi.I.-, ' . t ioi i ' i • i i | i | ( i r t from t i l l ' 1LT rcnreseutatives for Lin; .in,'•• 

I-',' r . "f-.:.'.;.i.'f'v n!" Kjrr.hn ti;v th i i t experiments in f i s t pulse fir.'-.ini i L"i 

i.'iilld i ' i ii.'it.'' \i".IU f i i .d i i t l y to tin. 'l<;V(-!lti\:,iii:iit of ICf blanlel. di i .ir... 

r|.'i.'ci i ic sutpicr;tinns by indiv iduals in the workshop included t'ir? 

f'ol «i'W i ii'j (random order) : 

Develop a hybrid blanket development plan 
Star t new on lomj lead time a c t i v i t i e s 
A TFTR tes t module 
Liquid l i t h i um test loops 
Shiva/Nova module tests 
A hybr id module test f a c i l i t y to bui ld and tes t modules (ou t -o f -p i l e ) 
Fast, spectrum neutronics benchmark experiments 
A hybrid Engineer imj Test Fac i l i t y (HETF) f o r in-p i lc test ing 
Test hybr id modules in the Large Coil Test. F a c i l i t y or in TFTR to 

observe impact of E&B f i e l ds 
Proceed w i th o u t - o f - p i l e tests to narrow the f i e l d of candidates 
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'>ie weir ksnops on hybird blanket development, appear to have taken the 

i n i t i a l steps towards f o m u l a t i n g a consensus from the energy research 

and development agencies, the hybrid design community, and the e l e c t r i c 

I ' i l i t i e s in some of the steps that, need to be taken as part of a hybr id 

'"'•actor development, program, Although fur ther work, fur ther i n t e r a c t i o n , 

and fur ther discussion w i l l be needed to develop ami c l a r i f y th is consensus, 

t'u:,i- i n i t i a l steps are a necessary and noteworthy event. 

I 
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1. Further scoping and exploratory studies 44* 

Z. here de ta i l ed blanket design and analysis o f 03°. 
selected concepts 
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