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ABSTRACT 

The major  Research, Development, and Demonstrat ion (R, 0, 8 D) needs f o r  EPR are developed from the  
t e c h n i c a l  e v a l u a t i o n  o f  the  September 1975 ORNL EPR Reference Design (ORNL/TM-5042) a i d  a re  presented i n  
a comnon format.  E v a l u a t i o n  was concent ra ted  on t h e  key tokamak f e a t u r e s ,  and on ly  s l i g h t  c o n s i d e r a t i o n  
was g i v e n  t o  p e r i p h e r a l  i t e m s .  A l though t h e  l i s t  was developed s p e c i f i c a l l y  f o r  E P R ,  i t  would apply t o  

and be r e f i n e d  d u r i n g  the  des ign  o f  an i n t e r m e d i a t e  system. 
Each of t he  R, D, & D needs has been c a t e g o r i z e d  by i t s  program s t a t u s l p r i o r i t y  assignment and 

f rom t h i s  process, a number o f  observa t ions  can be made. 

- There a r e  mdny ques t ions  y e t  t o  be answered. 
The m a j o r i t y  o f  those needs deemed e i t h e r  c r i t i c a l  or i m p o r t a n t  a r e  the  s u b j e c t  o f  ongoing 
programs. 
There are  n ine teen c r i t i c a l  o r  i m p o r t a n t  needs t h a t  c o u l d  be addressed i n  programs f o r  which 
adequate i n  f o r m a t i o n  e x i  s t s  . 
There are  two c r i t i c a l  areas - f u e l i n g  and OH system enerqy hand l ing ,  f o r  which an inadequate 
t e c h n i c a l  base e x i s t s  f o r  p rudent  development o f  8 ,  D, & D programs. Increased emphasis upon 
these two areas i s  s o r e l y  needed. 

. 
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INTRO5UCTPON 

One of the principal objectives of the EPR Conceptual Studies i s  t o  provide a comprehensive l i s t  

o f  major research, development, and demonstration needs to the fusion program planners. 

the major R ,  0, & D needs i s  based upon the technical evaluation o f  the September 1975 ORNI. EPR Refer- 

ence Design. 

given to  peripheral items. Table 6.1 presents a l i s t  of those topics covered in the context o f  the 

total  systems identification for  EPR. 

ta i led R ,  0, & 0 needs will be defined. 

npply t o  and be refined d u r i n g  the design of an intermediate system. 

Format 

This l i s t inq  o f  

Evaluation was concentrated on the key tokamak features,  and only s l igh t  consideration was 

As the design progresses, i t  i s  expected that  other,  more de- 

Although the l i s t  was developed expl ic i t ly  for  EPR,  i t  would 

Brief statement o f  basic need 

Mare detdiled stdtement o f  technical problem 

Classification by type of program development needed: 

A - applied research and development required before program can be laid out 

5 - existing information suff ic ient  to  permit the development of the relevant program 

C - a program exis t s  now although not necessarily adequately supported to  match the EPH 

Pr ior i ty:  

1 - a c r i t i ca l  "go or  no-go" issue for  EPR 

2 - an important cost-schedule determinant 

3 - a necessary, though postponable task 

schedule 

The general references for  the en t i re  study are  the following: 

1. 
2. 

3 .  

4. 

5.  

W .  M. Stacey e t  a l . ,  Tokamak Experimental Power Reactor Studies, ANL/CTR-75-2, June 1975. 

GAC Fusion Engineering Staff.  Experimental Power Reactor Conceptual Design S t u d y ,  GA-A13534, July 

1975. 

M. Roberts and E .  5 .  Bett is ,  Oak Ridge Tokamak Experimental Power Reactor Study Reference Design, 

ORNL/TM-5042, November 1975. 

M. Roberts, Oak Ridge Tokamak Experimental Power Reactor Study Scoping Report, ORNL/TM-5038, August 

1975. 

M .  Murphy and J. Neff, Sunmary of the Proceedings of the Workshop on Conceptual Design Studies of 

Experimental Power Reactor-1, ERDA-89, November 1975. 

SUMMARY OF THE R ,  5, & 5 NEEDS IDENTIFICATIMN 

An overview of the identification work can be produced by categorizing each of the needs by i t s  

program s ta tus lpr ior i ty  assignment, 

the table ,  there are  a number o f  observations that  can be made. 

e 

T h i s  categorizing has been done and i s  shown i n  Table 6 2 .  From 

There are many questians yet to  be answered. 
The majority of those needs deemed ei ther  c r i t i ca l  or  important are the subject of ongoing 
program 

There a re  nineteen c r i t i ca l  o r  important needs that  could be addressed r'n programs for which 
adequate information ex is t s .  

There a re  two cr i t icd l  areas handling for  which an inddequate 
technical base e x i s t s  for  prudent d e v e ? a p m e n t - ~ o ~ ; ~ p r ~ g ~ ~ m 5  a 

these two areas i s  sorely needed. 

fueling and OH s stmi ener 
Increased emphasis upon 

i x  



Table 6.1. Index t o  t h e  l i s t i n g  o f  ma jor  R, 0, & D Needsa 

A. 

B. 

C.  

D. 

E .  

F. 

G. 

H. 

PLASMA PHYSICS AND FYGINEERING 
1 .  Macroscopic E q u i l i b r i u i i i  
2 .  Macroscopic S t a b i l i t y  
3 .  P l a s m  Transpor t  
4 .  Plasma Heat ing  
5 .  I m p u r i t y  Cont ro l  

6. Plasma Edge 
7. F u e l i n g  
8. Plasma Dynamics 

9. D i a g n o s t i c s  
10. Atomic, and Molecu la r  Cross Sec t ions  

OVERALL PLANT (1  .O)b 
1 .  Long-Pulse High-Duty-Factor  System 2. System Model ing 

I n t e g r a t i o n  

BLANKET AND SHIELD SYSTEM ( i I .0)  

1. Nuc lear  Data Base 
2. Neut ron ics  Methods 

6. L i q u i d  L i t h i u m  C i r c u l a t i o n  
7 .  Coolant/Containment C o m p a t i b i l i t y  

3 .  Thermal H y d r a u l i c  and Heat Trans- 8. Q u a l i f i c a t i o n  o f  Design 
f e r  A n a l y s i s  

4. P o l o i d a l  F i e l d  E f f e c t s  
5.  E l e c t r i c a l  I n s u l a t i o n  

9. S t r u c t u r a l  M a t e r i a l s  
10. T r i t i u m  Recovery 

(See a l s o  I and M f o r  t r i t i u m - r e l a t e d  areas.) 

TOROIDAL MAGNETS SYSTEM (2 .1  ) 
1 .  H i g h - F i e l d  Conductor 6. S t r e s s  A n a l y s i s  

2. High-Current  Cable 
3. C r y o s t a b i l i z i n g  Coo l ing  
4 .  Conductor J o i n t  Technique 

7. R a d i a t i o n  Damage 
8. P r o t e c t i o n  
9.  Large-Coi l  System Test  

5.  

POLOIDAL FIELD SYSTEM (2 .2)  
1 .  Mechanism o f  C a r r y i n g  H igh  Cur ren t  5.  Pulsed Conductor F a b r i c a t i o n  

2. C r y o s t a b i l i z i n g  Coo l ing  7 .  P o l o i d a l  F i e l d  System Ana lys is  
3. Pulsed C o i l  P r o t e c t i o n  
4.  High-Vol tage C a p a b i l i t y  

AC Loss A n a l y s i s  and Measurements 

i n  R a p i d l y  Changing F i e l d s  6. S t r u c t u r a l  M a t e r i a l s  

8. Remotely M a i n t a i n a b l e  S h i e l d i n g  C o i l  J o i n t s  

STRUCTURAL SYSTEM (2.3) 
1 .  S t r u c t u r a l  Design C r i t e r i a  2. Thermal I n s u l a t i o n  

IMPURITY CONTROL  SYSTEM^ (2.4) 
ELECTRIC L ENERGY STORAGE AND DISTRIBUTION 

ELECTRICAL ENERGY STORAGE AND PULSE SYSTEMS (3.1 ) 
1 .  Ohmic Heat ing  Energy Storage and 2. N e u t r a l  I n j e c t i o n  Power Supp l ies  and 

INSTRUMENTATION AND CONTHOL SYSTEMSd (4 .0 )  

SYSTEM a (3.0) 

T r a n s f e r  Components 

DIAGNOSTIC  SYSTEM^ (4.1) 

PLASMA HEATING SYSTEM (5.a)  
1 .  I n - ~ i f i L  System A p p l i c a t i o n  3. Mechanical Components 
2. High-Performance High-Energy N e u t r a l  4. High-Power High-Frequency Microwave Tubes 

Beam 

X 



Tab le  6.1 ( c o n t i n u e d )  

-l_ll - ____.-----____._I__ __ 
1. TRITIUM PROCESSING SYSTEM (6.0) 

1. T r i t i u m  Process ing 
T R I T I U M  S l O R A t i E  SYSTEM- see M . l d  (6.1) 
PLASMA FUELING SYSTEM‘ (6.2) 

J. VACUUM PUMPING SYSTEM (6 .3 )  
1. Vacuum Systems/Cryosorpt ion Pumps 2. Large Valves 
LITHIUM PROCESSING SYSTEM-see C.6, C.10 ( 6 . 4 )  
PRIMARY COOLANT SYSTEMd (7.0) 
SECONDARY COOLANT  SYSTEM^ (7.1 
HEAT CONVERSJON/ELECTRICAL GENERATOR  SYSTEM^ (7 .2 )  
WASTE HEAT PROCESSING SYSTEMd (7.3)  

K .  CRYOGENIC COOLING SYSTEM (7.4) 
1. Large 4 K Hardware 
REACTOR BUILDING COMPLEXd (8.0) 

MAINTENANCE AND ASSEMBLY SYSTEM (8.1) 

1 .  

LIQUID AND GAS STORAGE SYSTEMd (8.3) 

SITE CRITERIA/IMPROVEMENTd (8.5) 

M. TRITIUM CONTAINMENT SYSTEM (9.0) 

L. 
Adapta t ion  o f  Remote Hand l ing  Techniques 

SAFETY AND FIRE PROTECTION  SYSTEM^ (8.2) 

BALANCE OF PLANT  SYSTEM^ (8.4) 

1. T r i t i u m  Containment i n  Meta ls  2. T r i t i u m  Behavior  i n  the  Environment 
RADIATION WASTE HANDLING SYSTEM (9.1 

‘In each area  1 i s t e d ,  c o n s i d e r a b l e  a d d i t i o n a l  conceptual  des ign  e f f o r t  i s  r e q u i r e d  t o  develop c r i t e r i a  
and, f rom them, t o  determine t h e  f u l l  e x t e n t  o f  research  and development necessary t o  suppor t  advanced 
design. T h i s  l i s t  r e p r e s e n t s  only t h e  major  needs perce ived a t  t h i s  e a r l y  s tage o f  t he  design process 
and w i l l  be updated as the  des ign  proceeds. 

by ORNL EPR Program O f f i c e .  
bNumbers i n  parentheses r e f e r  t o  the  hardware-or ien ted  Systems Design Breakdown dated 10/31/75 issued 

% a s i c  i n f o r m a t i o n  inadequate f o r  d e t e r m i n a t i o n  o f  hardware- re la ted  R & D needs. 
%esign i n s u f f i c i e n t  t o  determine any hardware- re la ted  R & D needs, 

WORK YET TO BE DONE 

Three p r i n c i p a l  t a s k s  remain u n f i n i s h e d .  These tasks,  which should be c a r r i e d  on d u r i n g  the  f u r -  

Ex tens ion  o f  t h e  e v a l u a t i o n  o f  t h e  Reference Design t o  a l l  t h e  p e r i p h e r a l  systems and the  
concomi tan t  i d e n t i f i c a t i o n  o f  R, D, & D needs t h e r e i n .  
The c o n t i n u i n g  process o f  examin ing t h e  f i n d i n g s  o f  t h e  des ign  work as i t  becomes more and more 
s p e c i f i c  f o r  a d d i t i o n s  or m o d i f i c a t i o n s  t o  t h e  R, D, & 0 l i s t .  
Oevelopment o f  s p e c i f i c  recormiendations concern ing b o t h  t h e  a p p l i c a b i l i t y  o f  ongoing R, 0, & D 
programs, and t h e  s t r u c t u r e  o f  new R ,  5, & D programs t h a t  shou ld  and c o u l d  now be under taken.  
These recommendations shou ld  i n c l u d e  b a s i c  d i r e c t i o n ,  s p e c i f i c  tasks  and i i i i l es tones ,  and neces- 
s a r y  a u x i l i a r y  f a c i l i t i e s .  

t h e r  s tages o f  t h e  advanced des ign  work, a r e  t h e  f o l l o w i n g :  - 
- 

x i  



Table 6.2. Sumnary t a b l e  o f  R, 0, & D needs 

Program S t a t u s  

A B C 

Could be developed Ongoi ng Requi res more fundamental 
problem d e f i n i t i o n  

... . . ..._. I.--. 

* 
A- 7 A-4 A- 1 D-3 
G-1 A-5 A-2 0-6 

A- 6 A-3 D-8 
A- 8 A-4 E-1 
A- 9 A-5 E-2  
B-1 C-7 E-3 
C-8 C-9 E-6 
D-9 c-10 E - 7  
J-1 D-1 H-1 
M- 2 1-1 

M- 1 

1 

C r i t i c a l  

2 

Impor t  a n t  
c-4 
c-5 
0-7 
E-8 
F-1 
F-2 
6-2 
H -3 
L-1 

A-10 0-5 
9-2 E-4 
c- 1 E-5 
C-2 H-2 
C-3 H-4 
C-6 
D-2 
D-4 

3 

Necessary 
5-2 
K- 1 

* 
These symbols i d e n t i f y  s u b d i v i s i o n s  o f  each R, D, & D t o p i c  as l i s t e d  i n  t h e  Table 
o f  Contents .  

x i  i 



a. INTRODUCTION TO THE PLASMA PHYSICS AND PLASMA ENGINEERING TOPICS 

The v a l i d i t y  o f  des ign  c r i t e r i a  f o r  every  EPR system i s  dependent upon an a b i l i t y  t o  u n d e r s t a d  
and p r e d i c t  t h e  behav io r  o f  plasmas. 
vances i n  achievement d u r i n g  p a s t  years  and a r e  b e t t e r  Understood than p r e v i o u s l y ,  t he  need For r e -  
search steins s i m p l y  f rom t h e  f a c t  t h a t  i n f o r m a t i o n  o f  t h e  q u a l i t y  necessary t o  des ign  an EPR i s  n o t  a t  
Rand. 
exper iment ,  and i t  i s  t h e  a p p l i c a b i l i t y  and e x t r a p o l a t i o n  o f  r e s u l t s  t o  l a r g e r ,  h o t t e r  long-pu lse  sys-  

tems t h a t  i s  i n  ques t ion .  
p l e t e l y  fo rmula ted  n o r  adequate ly  c o n f r o n t e d  th rough exper iment .  
q u i r e d  t o  l a y  a b a s i s  f o r  Understanding o f  t h e  known as w e l l  as t h e  d i m l y  perce ived problems. Continued 
e f f o r t  i n  plasma e n g i n e e r i n g  i s  r e q u i r e d  t o  coup le  plasma p h y s i c s  unders tand ing  w i t h  the  des ign  o f  hard- 

Even though p r e s e n t l y  o p e r a t i n g  plasmas represent  s i g n i f i c a n t  ad- 

I n  some cases the  problem under s tudy  (e.g., h e a t i n g )  has been fo rmula ted  and conf ron ted  through 

I n  o t h e r  cases, t h e  problem under s tudy  (e .g . -  f u e l i n g )  has n o t  been com- 
Research i n  plasma phys ics  i s  r e -  

ware f o r  EPR. 
I n v e s t i g a t i o n  o f  these t o p i c s  i s  e s s e n t i a l  

and r e f i n e m e n t  o f  t h e  s c i e n t i f i c ,  t e c h n o l o g i c a l  
p roduc t .  O f  t h e  c l a s s  o f  s c i e n t i f i c  " s o l u t i o n s  
c a t i o n  t o  t h e  economica l l y  a t t r a c t i v e  " p r a c t i c a  
v i g o r o u s l y  pursued. An e f f o r t  has been made i n  

f o r  t he  suppor t  o f  t h e  cont inuous process o f  d e f i n i t i o n  

and e n g i n e e r i n g  c o n t r i b u t i o n s  t o  t h e  eventual  f u s i o n  
t h a t  a p p l y  t o  f u s i o n ,  those t h a t  have perce ived a p p l i -  

I' end p o i n t s  (e.g., h i g h  power dens i ty : '  shou ld  be most 
t h i s  s e c t i o n  t o  r e f l e c t  t he  major  exper iments which 

p e r t a i n  t o  each s p e c i f i c  area, r a t h e r  than t o  i n c l u d e  every  exper iment  which w i l l  c o n t r  
f a c t ,  most dev ices  s t a r t i n g  wi th and beyond PLT w i l l  y i e l d  da ta  which should p r o v i d e  vi1 
i n t o  most o f  t h e  t e n  t o p i c s  descr ibed i n  t h i s  s e c t i o n .  

Bas ic  References f o r  S e c t i o n  A: 

1. 
2 .  

The PLT Vcuic,e, P r i n c e t o n  U n i v e r s i t y  Spec ia l  Report 71/5 (September 1971) .  
S t z i k h  and 0bje.c.t.Lva a4 Tukamczh s y b b m  40% F u 6 - h  Reheo-ch, WASH-1295 ( J u l y  1974) 

bu te  da ta  
uab le  ins 

3 .  Turo Compment T a w  J o M  Conceptuae Ue6,Lgign Study, PPPL and Mestinghouse E l e c t r i c  Co. (June 1974). 

A-1. Macroscopic E q u i l i b r i u m  
Program: C 
P r j o r i t y :  1 

s i t i v i t y  o f  these e q u i l i b r i a  t o  changes i n  system parameters such as R c o i l  l o c a t i o n s ,  n e u t r a l  beam 
i n p u t s ,  and feedback c o n t r o l  c h a r a c t e r i s t i c s  must be understood. T h i s  i n f o r m a t i o n  w i l l  p r o v i d e  a b a s i s  
f o r  t h e  u l t i m a t e  plasma shape. 

C o i l  systems r a t h e r  than conduct ing  s h e l l s  w i l l  p r o v i d e  t h e  e q u i l i b r i a  i n  l a r g e  devices.  Develop- 
ments i n  t h i s  a rea  must be advanced adequate ly  t o  determine t h e  f e a s i b i l i t y  o f  p roduc ing  and o p e r a t i n g  
h i g h  p o l o i d a l  be ta ,  n o n c i r c u l a r  plasmas, d i v e r t o r  systems, and magnet ic  l i m i t e r s ,  w i t h  the  o v e r a l l  aim 
o f  a c h i e v i n g  c o n f i g u r a t i o n a l  o p t i m i z a t i o n .  

T h i s  i s  a requ i rement  f o r  fundamental exper imenta l  and t h e o r e t i c a l  plasma phys ics  i n v e s t i g a t i o n s .  
The work must be accomplished on a t i m e  s c a l e  which suppor ts  t h e  EPR conceptual  design. 

Devices i n c l u d i n g  Doub le t  I I a ,  Doub le t  111, POX, and ORMAK Upgrade w i l l  c o n t r i b u t e  i n  t h i s  regard.  
Necessary t h e o r e t i c a l  dnd numer ica l  techniques compat ib le  w i t h  t h e  planned exper imenta l  program a r e  
be ing  developed w i t h i n  the  f u s i o n  community. 

and long-pu lse  o p e r a t i o n  o f  a f u s i o n  r e a c t o r  plasma core.  The p r e s e n t  Confinement Systems and A p p l i e d  
Plasma Physics Programs a r e  address ing t h i s  problem. Experi!nental r e s u l t s  o r  t h e o r e t i c a l  f i n d i n g s  niay 
suggest t h e  need f o r  o t h e r  exper iments.  

E q u i l i b r i u m  c o n f i g u r a t i o n s  t h a t  a r e  compat ib le  w i t h  l a r g e  plasma s i z e  must be determined. The sen- 

P' 

An e q u i l i b r i u m  c o n d i t i o n  must be found which i s  compat ib le  w i t h  the  r e q u i r e d  be ta ,  energy d e n s i t y ,  

A t  p resent  t h e  p lanned exper iments appear adequate. 

1 



2 

A-2. Macroscopi$-Stabil i t y  

Program: C 

Priority:  1 

Conventional requirements include "stable" plasma operation in the optimized equilibrium configura- 

t ion selected. The operational range of plasma parameters consistent with th i s  requirement must be 

established t o  determine the l imits  of design. 

operation, and what must be done t o  avoid the disruptive ins tab i l i ty  or  t o  reduce i t s  adverse effects ,  

i s  basic t o  the design process. Various parameters have a strong impact on plasma s t a b i l i t y  or  on the 

turbulence level.  

creased, i t  becomes possible t o  achieve higher values of 8.  Theoretical and experimental e f for t s  a re  

required t o  determine and verify the practical l imits  on 6 and q ,  their  relationship, and how they de- 

pend on the shape of the plasma cross section. The spatial  distribution of q and i t s  relationship to  

macroscopic s t a b i l i t y  and convection are n o t  completely understood. 

definit ion i s  needed of the performance l imits o f  the reactor; these l imits  will dominate the cost  of 

the nuclear island and related components. 

are required. 

mation. 

Determination of what level of stable or unstable act ivi ty  i s  acceptable for  the most e f f ic ien t  EPR 

For example, high power density in a reactor plasma implies high B .  As q i s  de- 

Conventional requirements require long-pulse stable plasma operation for  fusion feas ib i l i ty .  Clear 

To answer these questions, fundamental experimental and theoretical plasma physics investigations 

Doublet I Ia ,  PLT,  Doublet I11 and P D X ,  and the ORMAK Upgrade will provide relevant infor- 

The Confinement Systems and Applied Plasma Physics Programs are  addressing th i s  problem. 

A-3. P1 asma Transport 

Program: C 

Pr ior i ty:  1 

and system parameters i s  essential  in determining machine s ize  and assessing plasma performance. 

facing the developnent of fusion power. 

neoclassical, pseudoclassical, and  anomalous diffusion and transport .  The anomalous processes are  due 

to  ins tab i l i t i es  such as the internal disruption or  "sawtooth" which, in turn, leads to  anomalously 

f a s t  transport within the q = 1 mode rational surface. This area i s  of major concern, since i t  re la tes  

direct ly  to  the present inabi l i ty  to  calculate the plasma s ize  required t o  achieve a particular operat- 

ing objective. 

jection or  other iiieans, could provide control over some of these processes. Plasma modeling, using 

increasingly sophisticated simulation codes, supplements theoretical analyses i n  th i s  area. 

a l l  s ize  of the system and energy flows, which could well be c r i t i c a l  factors in determining fusion 

feas ib i l i ty ,  will ultimately depend on the transport character is t ics .  

Wore intensive theory directed toward understanding present experimental behavior i s  required. 

ORNAK Upgrade, Doublet 111, and the TFTR will provide important i n p u t  from an experimental viewpoint. 

The Confinement Systems and Applied Plasma Physics Programs are  addressing th i s  problem. The theoreti-  

cal e f for t  in  t h i s  area should be expanded. 

An understanding of fundamental energy transport processes and  the i r  relationship t o  plasma s ize  

Characterization and scaling of fundamental energy transport processes are major uncertainties 

In addition t o  radiation, these processes include classical  , 

Nachines with increased plasma s ize ,  and possibly profile shaping through neutral in- 

The over- 

Fundamental experimental and theoretical plasma physics investigations i n  th i s  area are needed. 

PLT, 
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A-4. Plasma H e a t i n g  
Program: B, C (see below) 
P r i o r i t y :  1 

and/or  r f )  i n t o  l a r g e ,  ho t ,  and perhaps impure plasmas should be i n v e s t i g a t e d  t o  a s c e r t a i n  the  f e a s i -  
The f a c t o r s  which i n f l u e n c e  t h e  p e n e t r a t i o n  and a b s o r p t i o n  o f  l a r g e  amounts o f  h e a t i n g  power (beams 

b i l i t y  o f  t h e  p r e s e n t l y  accepted h e a t i n g  mechanisms. 
I n  a l a r g e  power-producing device,  

p lemental  h e a t i n g  w i l l  be r e q u i r e d  t o  achieve the  temperatures necessary f o r  i g n i t i o n .  
n e u t r a l  beam i n j e c t i o n ,  t h e  i n j e c t i o n  power w i l l  be much g r e a t e r  than the  ohmic power i n p u t  d u r i n g  
h e a t i n g ,  P o s s i b l e  l i m i t a t i o n s  under these c i rcumstances must be explored. Also, fundamental quest 
remain w i t h  r e s p e c t  t o  i m p u r i t y  t r a p p i n g  e f f e c t s  which p e r t a i n  t o  beam p e n e t r a t i o n .  The a c c e p t a b i l  
o f  p e r p e n d i c u l a r  i n j e c t i o n  i s  a l s o  an open q u e s t i o n  a t  p resent .  

U n t i l  now, most exper iments have used o n l y  ohmic h e a t i n g .  
In t h e  case 

R f  h e a t i n g  i s  a second p o s s i b i l i t y .  T h i s  i n c l u d e s  e l e c t r o n  c y c l o t r o n ,  lower  h y b r i d ,  and i o n  

UP- 

o f  

ons 

t Y  

c y c l o t r o n  ( f a s t  and s low wave) h e a t i n g .  
t h e  plasma i s  t h e  p r i n c i p a l  problem y e t  t o  be so lved u s i n g  low- f requency power. 
f requency waves a t  r e q u i r e d  power l e v e l s  presents another  c h a l l e n g e  (see H-4) .  

s i n c e  h e a t i n g  i s  one o f  t h e  b a s i c  requi rements which must be met t o  achieve r e a c t o r  plasma c o n d i t i o n s .  
T h e o r e t i c a l  work i s  under way i n  the  area o f  beam h e a t i n g  and PLT, ORMAK Upgrade, and TFTR w i l l  e x p l o r e  
these ques t ions  e x p e r i m e n t a l l y .  Exper iments in t he  rf h e a t i n g  area  a r e  be ing  p lanned f o r  ISX ,  PLT, and 
PDX. 

From t h e  aspect  o f  plasma phys ics ,  c o u p l i n g  t o  the  c e n t e r  o f  
A t ta inment  of  h i g h -  

Fundamental exper imenta l  and t h e o r e t i c a l  plasma phys ics  i n v e s t i g a t i o n s  a r e  needed in t h i s  area, 

The Confinement Systems and A p p l i e d  Plasma Physics and D & T Programs adequate ly  address the  beam 
h e a t i n g  problem. 
( B )  Broader p a r t i c i p a t i o n  i n  t h e o r e t i c a l  analyses i s  needed, and p r i o r i t y  must be g i v e n  t o  exper iments 
a t  power l e v e l s  h i g h e r  than those used i n  ATC and ALCATOR, 

(C) The rf h e a t i n g  area, on t h e  o t h e r  hand, i s  n o t  adequate ly  addressed a t  t h i s  t ime.  

A-5. I m p u r i t y  C o n t r o l  
Program: 9, C (see below) 
P r i o r i t y :  1 

I m p u r i t y  p roduc t ion ,  t r a n s p o r t ,  and e f f e c t s  must be understood so t h a t  techniques may be developed 
t o  c o n t r o l  them. Major  exper imenta l  and t h e o r e t i c a l  advances a r e  r e q u i r e d  t o  e s t a b l i s h  b o t h  the  f e a s i -  
b i l i t y  o f  o p e r a t i n g  l a r g e  h o t  plasmas and the  impact o f  i n c l u d i n g  an i m p u r i t y  c o n t r o l  system in t he  
design. 

t i e s  due t o  t h e  p l a s m - w a l l  i n t e r a c t i o n ,  t h e  t r a n s p o r t  o f  i m p u r i t i e s  w i t h i n  the  plasma, and t h e i r  
e f f e c t s  on plasma o p e r a t i o n ,  a r e  n o t  w e l l  understood. 
o p e r a t i o n  c o u l d  r e q u i r e  i m p u r i t y  c o n t r o l .  
gas b l a n k e t s  i s  n o t  known. 
e s t a b l i s h  c r i t e r i a  f o r  these systems. 

T h i s  i s  p o t e n t i a l l y  one o f  the  most s e r i o u s  problems f a c i n g  tokamaks. The p r o d u c t i o n  o f  i m p u r i -  

Long burn  t imes assoc ia ted  w i t h  h i g h - d u t y  c y c l e  
The usefu lness  t o  t h i s  end o f  systems such as d i v e r t o r s  o r  

T h e o r e t i c a l  unders tand ing  and model ing o f  i m p u r i t i e s  must be improved t o  

Data i n  t h i s  area w i l l  be p rov ided p r i m a r i l y  by I S X  and PDX. I n  a d d i t i o n .  s e r i o u s  t h e o r e t i c a l  
e f f o r t  shou ld  be devoted t o  deve lop ing  models o f  t h e  plasma edge i n  p r e s e n t  and f u t u r e  plasmas. 

Confinement Systems and A p p l i e d  Plasma Physics Programs a r e  address ing  t h e  e x i s t i n g  s h o r t - p u l s e  systems 
( C )  i n  which t i m e  sca les  may be i n s u f f i c i e n t  t o  p e r m i t  o b s e r v a t i o n  o f  some e f f e c t s .  
p u l s e  dev ices  ( B )  such a s  r e a c t o r s  must be addressed in exper iments w i t h  l a r g e  h o t  plasmas. 
Qf t h e  proposed i n t e r m e d i a t e  system be ing  conducted by ORNL/Westinghouse does in f a c t  address the  prob-  
lem o f  i m p u r i t i e s  i n  long-pu lse  dev ices .  
r a t e d  i n  t h e  Program Plan. 

The 

Problems i n  l o n g -  
The s tudy  

The r e s u l t s  f rom t h i s  work shou ld  be analyzed and incorpo- 
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A-6.  GSII!~..E* 

Program: B 

P r i o r i t y :  1 
A d e t a i l e d  understanding o f  plasma-wall  i n t e r a c t i o n  processes i s  needed t o  develop f i r s t - w a l l  de- 

s i g n  c r i t e r i a ,  t o  p r o v i d e  i n p u t  t o  t h e  i m p u r i t y  c o n t r o l  problem, and t o  analyze t h e  d e t a i l e d  plasma 

energy b a l  ancc, 

conduct ion  t o  t h e  boundary zone where i t  i s  r a d i a t e d  t o  t h e  f i r s t  w a l l  ( o r  l i n e r ) .  
processes dominant i n  t h e  boundary zone o r  plasma edge a r e  n o t  w e l l  understood. 
dev ices,  ques t ions  o f  t h e  u n i f o r m i t y  o f  energy d e p o s i t i o n  and power h a n d l i n g  i n  genera l  become c r i t i c a l "  
For  exaiiiple, plasma edge phys ics  and i t s  dependence on p a r t i c l e  r e c y c l i n g ,  s t r u c t u r a l  w a l l s  (honeycomb), 
and d i v e r t o r s  o r  magnetic l i m i t e r s  must be s u f f i c i e n t l y  w e l l  understood t h a t  des ign  c h a r a c t e r i s t i c s  can 
be s p e c i f i e d .  I n  a d d i t i o n ,  s p u t t e r i n g ,  which r e l a t e s  d i r e c t l y  t o  i m p u r i t y  p r o d u c t i o n  and m a t e r i a l  dam- 
age, w i l l  depend c r i t i c a l l y  on t h e  d e t a i l s  o f  t h e  c o n d i t i o n s  o f  t h e  plasma edge. 
necessary high-vacuum c o n d i t i o n s  w i l l  depend upon pumping and vacuum techniques and, i n  p a r t i c u l a r ,  
upon t h e  c o n d i t i o n  o f  t h e  boundary w a l l  sur faces .  

phys ics  ques t ions  must a l s o  be answered t o  p r o v i d e  i n p u t  t o  t h e  s tudy  o f  t h e  plasma edge. 

ments here  i n c l u d e  I S X  and PDX and b a s i c  m a t e r i a l s  da ta  s t u d i e s  which w i l l  determine s p u t t e r i n g  and 
e r o s i o n  r a t e s  f o r  i n c i d e n t  charged p a r t i c l e s ,  i n c l u d i n g  i m p u r i t y  ions ,  n e u t r a l s ,  and neutrons.  The 
Sur face  R a d i a t i o n  E f f e c t s  Program w i l l  c o n t r i b u t e  b a s i c  data.  S tud ies  o f  t h e  response o f  sur faces  t o  
plasma and r a d i a t i o n  bombardment can p r o v i d e  a b a s i s  f o r  understanding i m p u r i t y  p r o d u c t i o n  mechanisms, 
and thence! f o r  c o n t r o l l i n g  them. Sur face  phys ics  i n v e s t i g a t i o n s  w i l l  p r o v i d e  i n f o r m a t i o n  on s u r f a c e  
c h a r a c t e r i s t i c s  r e l a t i v e  t o  t h e  des ign da ta  needed f o r  c l e a n  vacuum systems. 

been s t u d i e d  t h e o r e t i c a l l y  i n  any depth, t o g e t h e r  w i t h  an e s t i m a t e  o f  t h e i r  p r i o r i t y  and t h e  t i m e  r e -  
q u i r e d  f o r  s o l u t i o n  o f  p r o b l e m .  

c o m p a t i b i l i t y ,  and t o  p r e p a r i n g  f o r  t h e  u n c e r t a i n  i m p l i c a t i o n s  o f  plasma-edge phenomena. 

I n  p resent  confinement dev ices,  energy i s  t r a n s p o r t e d  f rom t h e  c e n t r a l  plasma zone p r i m a r i l y  by 
The d e t a i l s  o f  t h e  

For  l a r g e r ,  h o t t e r  

Achievement o f  t h e  

Bas ic  exper imenta l  and t h e o r e t i c a l  plasma phys ics  i n v e s t i g a t i o n s  a r e  needed i n  t h i s  area.  Surface 

T h e o r e t i c a l  techniques and codes i n  t h i s  area f o r  t h e  most p a r t  must be developed. Key e x p e r i -  

I n c l u d e d  i n  t h i s  s e c t i o n  i s  a suggested l i s t  o f  i m p o r t a n t  processes, severa l  o f  which have n o t  

T h i s  problem i s  impor tan t  w i th  r e s p e c t  t o  a t t a i n i n g  i g n i t i o n ,  o v e r a l l  energy balance, and m a t e r i a l  

R e l a t i v e  impor tance o f  problem: 
h i g h  = 1 
mediuni = 2 
low = 3 

Time r e q u i r e d  f o r  s o l u t i o n :  
0-2 years  = a 
2-4 years  = b 
>4 years  = c 
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__I__ 

Process Importance Required time 

1 Sputtering: 

(a) Physical ; 1 iberation of material 
due to beam of particles 

(b) Chemical ; non-momentum transfer 

2. Desorption; release of gas by: 
( a )  Ions 
( b )  Electrons 

(c) Photons 
(d) Thermal effects 

3 .  Blistering by: 
(a) Alphas 
(b) Hydrogen isotopes 

3 

2 

b 
b 

b 
b 

4. Backscattering 2 b 

5.  Trapping and release of implanted 
H and H, 2 b 

6 .  Pellet refueling; interaction o f  ions 

7. Impurity control; gettering, baking, 

8 .  Chemical reactions; e.g., atomic hydrogen 

and electrons with solid H, 

discharge cleaning 1 

with low-Z materials 1 

2 C 

a 

b 

9. Combined effects; e.g., erosion rates of 
blistering plus large thermal effects 2 C 

A-7 .  Fueling 
Program: A 
Priority: 1 

during long-pulse operation. 

techniques for fueling the center of the plasma. Fueling may be required in a device rcihich operates 
for pulse times several times greater than the particle containment time in the device. 
in the theoretical understanding of recycling in present devices obscure the severity of the fueling 
requirement. 
theoretically. 
plasma center presents a major technological challenge. 
unable to explain experimentally observed results on ALCATQR, PULSATOR, and ORMAK, where the central 
density responds to perturbations on the surface on a time scale shorter than that classically pre- 
dicted. 

and theoretical plasma physics must investigate further both the nature o f  the problem and possible 
fueling technologies. 

A means for fueling the central zone of the plasma may be required to maintain the plasma density 

Pellets, gas blankets, particle clusters, and low-energy neutral injection are considered possible 

Uncertainties 

Pellet fueling, considered by many the most promising technique, i s  not well understood 
Acceleration of the pellets to velocities sufficient to attain penetration to the 

Gas blanket or puffing analyses are presently 

Larger, hotter experiments are needed to determine the extent of the fueling problem. Experimental 
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Support f o r  t h i s  area i s  a t  a v e r y  low l e v e l .  An expansion i n  a l l  p a r t s  o f  t h e  program i s  neces- 

sary .  
t o  i n c l u d e  l a r g e r  equipment funds i n  t h e  near  f u t u r e  t o  suppor t  exper iments.  

The program p l a n  f o r  f u e l i n g  i n  t h e  Fusion Systems Eng ineer ing  Program P lan  should be upgraded 

A - 8 . 
Program: B 
P r i o r i t y :  1 

The a l l o w a b l e  range o f  plasma o p e r a t i n g  parameters and t h e  a c t u a l  o p e r a t i n g  procedures (e.g. ,  c u r -  
r e n t  r i s e t i m e s ,  minimum and maximum f i e l d  va lues,  shutdown scenar ios,  e t c . )  a r e  r e q u i r e d  t o  suppor t  t h e  
eng ineer ing  des ign  o f  chamber w a l l s ,  magnet systems, e l e c t r i c a l  breaks, and energy h a n d l i n g  systems. 

Dy n am i c s 

Genera l l y ,  t h i s  t o p i c  i n c l u d e s  s t a r t - u p ,  c o n t r o l  o f  t h e  plasma column d u r i n g  t h e  burn phase, and 
shutdown. A t  p resent ,  u n c e r t a i n t i e s  i n  each of these areas i m p l y  u n c e r t a i n t i e s  i n  f u s i o n  r e a c t o r  des igns 
which a f f e c t  many areas, i n c l u d i n g  c o s t  es t imates .  For  example, t h e  atomic phys ics  and gas dynaiiiics o f  
t h e  breakdown, i o n i z a t i o n ,  and c u r r e n t  i n i t i a t i o n  phases o f  s t a r t - u p  must be w e l l  understood.  P o l o i d a l  
f i e l d  system c r i t e r i a  l e a d i n g  t o  eng ineer ing  des ign  work can be developed f rom t h i s  i n f o r m a t i o n .  
t r o l  o f  t h e  plasma column d u r i n g  t h e  long-pu lse  burn phase o f  o p e r a t i o n  may r e q u i r e  feedback o r  o t h e r  
systems t o  m a i n t a i n  a s e p a r a t i o n  between t h e  plasina and t h e  w a l l .  F i n a l l y ,  a c o n t r o l l e d  shutdown pro-  
cedure w i l l  have t o  be developed and operated on a t i m e  s c a l e  c o n s i s t e n t  w i t h  a h igh-du ty  c y c l e .  
work i n  each o f  t h e  aspects o f  plasma t r a n s i e n t s  can serve t o  c l a r i f y  t h e  needs f o r  s t a r t - u p  d r i v e  
c a p a c i t y ,  c o n t r o l  systeiils, and energy h a n d l i n g  systems. 

Con- 

Bas ic  

Exper imenta l  and t h e o r e t i c a l  plasma phys ics  i n v e s t i g a t i o n s  i n  these areas a r e  requ i red ,  b u t  by t h e  
PLT, PDX, TFTR, and o t h e r  long-pu lse  ex- n a t u r e  o f  t h e  problems must i n v o l v e  l a r g e  h o t  plasma systems. 

per iments should p r o v i d e  i m p o r t a n t  i n p u t  t o  a l l  o f  these areas .  The r o l e  o f  plasma eng ineer ing ,  as 
recogn ized i n  t h e  FSEPP, i s  t o  p r o v i d e  i n t e g r a t i o n  o f  t h e  numerous d i s c i p l i n e s  i n v o l v e d  i n  these areas.  

Increased t h e o r e t i c a l  work. i s  necessary w i t h  r e s p e c t  t o  t h e  analyses assoc ia ted  w i t h  plasma 
dynamics. Nex t -genera t ion  conf inement  dev ices w i l l  p r o v i d e  exper imenta l  da ta  which must be understood 
and r e f l e c t e d  i n  t h e  des ign  o f  advanced dev ices.  
must be suppor ted by systems s t u d i e s  o f  r e a c t o r  dev ices .  

t a i n t y  i s  i n  t h e  d e t e r m i n a t i o n  o f  t h e  p o s s i b l e  range o f  t h e  parameters. Once t h i s  range i s  s p e c i f i e d ,  
t h e  i inportance o f  t h e  area would d rop  t o  a lower  p r i o r i t y .  

T h i s  process o f  c o n t i n u a l l y  absorb ing  new i n f o r m a t i o n  

The aggregat ion  o f  unknowns here i s  so g r e a t  t h a t  a h i g h  p r i o r i t y  i s  warranted.  The maximum uncer-  

A-9. Diaqr~Os- 
Program: B 
P r i o r i t y :  1 

t i o n  o f  a power-producing r e a c t o r  p l a n t ;  such o p e r a t i o n  renders some of t h e  c u r r e n t  techniques ine f fec-  
t i v e  and i n t r o d u c e s  r a d i a t i o n  damage c o n s i d e r a t i o n s .  

E f f e c t i v e  processes, r e l i a b l e  means, and t h e  r e q u i r e d  equipment must be developed t o  m o n i t o r  opera- 

C e r t a i n  key d i f f e r e n c e s  e x i s t  between present  d i a g n o s t i c  schemes and t h e  needs o f  a l a r g e ,  h o t  
system. For  example, even i n  present  experiments, t h e  plasma t h i c k n e s s  r e q u i r e s  development o f  a new 
techn ique f o r  measuring c e n t r a l  i o n  temperatures.  Us ing  charge-exchange n e u t r a l  measurements t o  de- 
te rmine  these temperatures was adequate i n  e a r l y  experiments, b u t  i t  w i l l  n o t  be p o s s i b l e  i n  l a r g e  
dev ices  f o r  two reasons. There w i l l  be, f i r s t ,  because o f  t h e  h i g h e r  temperatures,  a decrease i n  t h e  
number o f  n e u t r a l s  i n  t h e  plasrila c e n t e r  and second, s h i e l d i n g  o f  t h e  charge-exchange p a r t i c l e s  p ro-  
duced by t h e  o u t e r  l a y e r s  o f  t h e  plasma. Bas ic  c o n s i d e r a t i o n  o f  t h e  measurable q u a n t i t i e s  i n  l a r g e ,  ho t ,  
p e r s i s t e n t  plasmas and s imu l taneous ly  o f  t h e  f e a s i b l e  measurement techniques must b e g i n  by  de termin ing  
t h e  d i a g n o s t i c  requi rements and t h e n  proceed t o  deve lop ing  t h e  s p e c i f i c  equipment t o  f i l l  those needs. 
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T h i s  i s  a requ i rement  f o r  fundamental exper imenta l  and t h e o r e t i c a l  plasma phys ics  i n v e s t i g a t i o n s  
as w e l l  as f o r  b a s i c  and a p p l i e d  i n s t r u m e n t a t i o n .  Inadequate d i a g n o s t i c  measurements w i l l  hamper i m -  
provement i n  t h e  unders tand ing  of p h y s i c a l  processes and a f f e c t  progress i n  a wide v d r i e t y  o f  ways. 

ment. 
f o r m a t i o n  u s e f u l  f o r  i m p u r i t y  d i a g n o s t i c s ,  
dev i  sed, 

TFTR w i l l  p r o v i d e  v a l u a b l e  exper ience i n  o p e r a t i n g  d i a g n o s t i c s  i n  an i n t e n s e  r a d i a t i o n  c?nviron- 
PLT, POX, and Ooublet  I11  w i l l  supp ly  i n p u t  a p p l i c a b l e  t o  l a r g e r  dev ices and ISX w i l l  y i e l d  i n -  

A program t o  prepare d i a g n o s t i c s  f o r  EPR s e r v i c e  should be 

A-10. 
Program: C 
P r i o r i t y :  2 

niques, t h e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  o f  exper iments,  and the  c a l c u l a t i o n  o f  i n j e c t i o n  processes. 
It i s  a requ i rement  f o r  fundamental exper imenta l  and t h e o r e t i c a l  a tomic phys ics  i n v e s t i g a t i o n s ,  

losses ,  and t h e  plasma-wall  i n t e r f a c e .  
p o s i t i v e  i o n  behav io r  a r e  needed t o  understand plasma h e a t i n g  (and subsequent c o o l i n g ) ,  
convers ion  from p o s i t i v e  i ons  t o  n e g a t i v e  i ons  a r e  needed i n  t h e  development o f  new i o n  sources. 
Charge-exchange c r o s s  s e c t i o n s  between m u l t i c h a r g e d  ions  found as contaminants  i n  tokamak d ischarges  
and H, ,  H, and H 

o f  hydrogen r e c y c l i n g  a t  t h e  w a l l s  r e q u i r e s  i n f o r m a t i o n  on the  behav io r  o f  r e f l e c t e d  p a r t i c l e s  and d i s -  
t r i b u t i o n  o f  hydrogenic  species l e a v i n g  t h e  surface. 
behav io r  i n  c u r r e n t  exper iments;  i n  t o r o i d a l  plasmas, the  conf inement  i s  determined by c o l l i s i o n  r a t e s  
which govern t h e  e l e c t r i c a l  r e s i s t i v i t y ,  p a r t i c l e  t r a n s p o r t  r a t e s ,  and energy losses  by r a d i a t i o n .  

The f o l l o w i n g  l i s t  o f  needed da ta ,  i n v o l v i n g  t h e  areas o f  i m p u r i t i e s ,  plasma heat.ing and c o o l i n g ,  
and d i a g n o s t i c s ,  has been compi led f rom the f u s i o n  phys ics  comnunity: 

a )  e l e c t r o n  e x c i t a t i o n  c ross  s e c t i o n s  near  t h r e s h o l d  f o r  m u l t i p l e - c h a r g e  l i g h t  i m p u r i t i e s  ( C  and 0) ;  
b )  charge-exchange r e a c t i o n s  between H 

i m p u r i t i e s  ( C  and 0); 
c )  c r o s s  s e c t i o n  f o r  n e g a t i v e  i o n  p r o d u c t i o n  i n  t h e  energy range 25 eY-1000 eV; 

d )  e x c i t a t i o n  c r o s s  s e c t i o n ;  
e )  i o n i z a t i o n  c r o s s  s e c t i o n ,  

Atomic and Molecu la r  Cross S e c t i o n s  

Knowledge o f  atomic and m o l e c u l a r  processes i s  r e q u i r e d  i n  the  development o f  d i a g n o s t i c  tech-  

Cross-sec t ion  d a t a  a r e  inadequate i n  numerous areas a f f e c t i n g  n e u t r a l  beam i n j e c t i o n ,  r a d i a t i o n  
I n  the  i n j e c t i o n  h e a t i n g  area, da ta  f o r  h igh-energy ( ~ 1 5 0  key) 

Data r e g a r d i n g  

t 
a r e  needed t o  i n t e r p r e t  and understand l i n e  r a d i a t i o n  o f  i m p u r i t y  i ons .  The problem 

To a l a r g e  e x t e n t ,  a tomic processes c o n t r o l  plasma 

4- + and ions  form d i a g n o s t i c  beams ( L i  , Kt, T1') and l i g h t  

t e, H and e x c i t e d  atoms, 
e and e x c i t e d  l i g h t  (0, C )  and heavy ( W ,  Mo, Nb, Ta) w a l l  i m p u r i t i e s ;  

f )  t r a n s i t i o n  p r o b a b i l i t i e s  f o r  h i g h l y  i o n i z e d  n o b l e  gases (Ne, A r ,  K r ,  Xe). 
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B .  INTRODUCTION TO THE OVERALL PLANT TOPICS 

The purpose o f  t h e  systems requi rement  i s  t o  p r o v i d e  a c o n f r o n t a t i o n  w i t h  t h e  t o t a l  ensemble o f  
tokamak and EPR-relateL issues  as q u i c k l y  as i s  p r a c t i c a b l e .  A l though i t  i s  v e r y  d i f f i c u l t  t o  i d e n t i f y  
c l e a r l y  beforehand each o f  t h e  s p e c i f i c  probleins t h a t  w i l l  a r i s e  i n  t h e  o v e r a l l  system i n t e g r a t i o n ,  ex- 
per ience has shown (see EROA-1) t h a t  a system t e s t  i s  e s s e n t i a l  f o r  speedy success i n  a l a r g e  p r o j e c t .  
These two t o p i c s  cover  b o t h  t h e  t h e o r e t i c a l  and exper imenta l  aspects  o f  t h e  systems area .  

Bas ic  Reference f o r  S e c t i o n  B:  

M .  K l e i n  e t  a l . ,  Repoht 06 LMFBR Pkvgkm R Z ~ J ~ W  Gkoup, ERDA-1 (January 1975). 

B - 1 . 
Program: B 
P r i o r i t y :  1 

Design, f a b r i c a t i o n ,  and o p e r a t i o n  o f  a long-pu lse  h i g h - d u t y - f a c t o r  complete sub-EPR-size tokamak, 
u s i n g  h i g h  beam power and w i t h  superconduct ing c o i l s ,  i s  e s s e n t i a l  t o  t h e  development o f  a secure b a s i s  
upon which an EPR can be produced. 

s i b l e  o f  t h e  EPR-related problems should be conf ron ted  i n  e a r l i e r ,  s m a l l e r  dev ices  and then overcome. 
The EPR des ign  w i l l  be based i n  p a r t  on t h e  knowledge developed over  t h e  p a s t  decades, b u t  w i l l  a l s o  
r e q u i r e  s p e c i f i c  i n f o r m a t i o n  about  D-T f u s i o n  phys ics  and r e l a t e d  technology.  Experiments i n  TFTR w i l l  
address many o f  t h e  p h y s i c s - r e l a t e d  and some o f  t h e  techno logy- re la ted  ques t ions  o f  a f u s i n g  plasma, 
b u t  o n l y  f o r  t h e  l i m i t e d  number o f  seconds t h a t  t h e  pu lsed t o r o i d a l  f i e l d  i s  on. Even though 1 t o  10 
seconds i s  l o n g  compared t o  present-day experiments, i t  i s  s h o r t  compared t o  t h e  expected 60 t o  120 
seconds f o r  an EPR. I n v e s t i g a t i o n  o f  a s teady s t a t e  i m p u r i t y  c o n t r o l ,  n e u t r a l  beam gas and power 
hand1 ing ,  f u e l i n g ,  superconduct ing magnet exper ience,  and o v e r a l l  i n t e g r a t e d  system exper ience a r e  t h e  
p r i n c i p a l  tasks  which must be approached i n  a s e t t i n g  much s imp ler ,  e a r l i e r ,  and cheaper than a f u l l -  
s c a l e  power-producing EPR. 

s t u d i e s .  General c o n s i d e r a t i o n  o f  such a s t e p  i s  i n c l u d e d  i n  many o f  t h e  l o g i c  p lans  be ing  prepared 
by  DMFE and o t h e r s .  
t h e  i n t e r m e d i a t e  system s tudy  conducted a t  ORNL. Recommendation f o r  a r e f e r e n c e  des ign  i s  planned f o r  
October  1976. 

&n.pPu 1 se H i CJ h -Du t y  ~ F a c  t o  r Sy s tem-Jn t e g  r a  t i on. 

Given t h e  g r e a t  magnitude and complex i ty  o f  t h e  EPR p r o j e c t ,  i t  i s  i m p e r a t i v e  t h a t  as many as pos- 

The need f o r  t h i s  s t e p  i s  now be ing  recogn ized on t h e  b a s i s  o f  ev idence developed i n  t h e  EPR 

S p e c i f i c  c o n s i d e r a t i o n  o f  t h e  p a r t i c u l a r  cho ices  a v a i l a b l e  i s  now be ing  s t u d i e d  i n  

Appropr ia te  e f f o r t  i s  now be ing  e x e r t e d  t o  understand t h e  p o s s i b l e  choices and consequences r e -  

l a t e d  t o  ex tens ion  o f  cur i -en t ly  p lanned f a c i l i t i e s ,  such as Doublet  111, PDX, and TFTR, and n e x t  
l o g i c a l l y  p o s t u l a t e d  dev ices u s i n g  v a r y i n g  amounts o f  D-T burn ing .  

8-2.  a s t e r n  Model- 
Program: C 

P r i o r i t y :  2 

performance and des ign  t r a d e - o f f  s t u d i e s .  
max imiza t ion  o f  t h e  b e n e f i t / c o s t  r a t i o .  

S e n s i t i v i t y  a n a l y s i s  t o  eva lua te  system parameters such as plasma s ize ,  c o i l  shapes and f i e l d  
s t r e n g t h ,  b l a n k e t  performance, and i m p u r i t y  b u i l d u p  p r e s e n t l y  r e q u i r e s  a time-consuming " t r i a l  and 
e r r o r "  e f f o r t  t o  a r r i v e  a t  a s i n g l e  des ign  p o i n t .  Q u a n t i t a t i v e  a n a l y s i s  o f  those f a c t o r s  n o t  r e l a t e d  
t o  phys ics  which determine o v e r a l l  p l a n t  performance i s  s o r e l y  needed t o  develop a means o f  comparing 

A comprehensive tokamak system model i s  r e q u i r e d  t o  p r o v i d e  a computat ional  t o o l  f o r  o v e r a l l  p l a n t  
The a v a i l a b i l i t y  o f  work ing  p l a n t  models w i l l  c e r t a i n l y  a i d  
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t h e  e f f e c t s  on b e n e f i t / c o s t  o f  remote maintenance requi rements f o r  access and downtime, o f  s i z e  and 
f i e l d  s t r e n g t h  of magnets as r e l a t e d  t o  d i f f i c u l t y  o f  techno logy  and r i s k  o f  schedule *; l ippage, and o f  
power l e v e l  on a u x i l i a r y  systems such as t r i t i u m  h a n d l i n g ,  s a f e t y ,  c o s t  and hand l ing ,  m d  bdlance o f  
p l a n t  i tems.  
i n t e r f a c e  r e l a t i o n s h i p s .  
terms o f  performance and c o s t  t o  a r r i v e  a t  an optimum EPR f o r  t he  e s t a b l i s h e d  g o a l s .  
a b l e  systems codes a r e  t o o  m o d e l - s p e c i f i c ,  r e q u i r i n g  e x t e n s i v e  rework ing  f o r  a p p l i c a t i o n  t o  our  r e f -  
erence design. 

l o c a t i o n s .  
a r e  b e i n g  developed a t  t h e  EPR s t u d i e s  l a b o r a t o r i e s .  Rudimentary p l a n t  models c h a r a c t e r i z i n g  nonplasma 
components i n  v e r y  s imp le  f u n c t i o n a l  r e l a t i o n s h i p s  a r e  a l s o  o f  n e c e s s i t y  be ing  generated i n  these s t u d -  
i e s .  A t  ANL, a more b r o a d l y  i n c l u s i v e  code i s  be ing  developed t o  address each system by a s p e c i f i c  
module f o r  o v e r a l l  a n a l y s i s .  T h i s  code i s  s p e c i f i c  t o  t h e  EPR model and does n o t  p e r m i t  comparison 
w i t h  o t h e r  des igns .  

a long w i t h  e a r l i e r ,  l e s s  s o p h i s t i c a t e d  work ing  vers ions ,  appear t o  p r o v i d e  adequate systems-wide 
coverage. 
cons idered s a t i s f i e d .  

A system model would c a t a l o g  t h e  major  dev ice  systems i n  terms o f  design parameters and 
S e n s i t i v i t y  s t u d i e s  and des ign  o p t i o n s  c o u l d  be s y s t e m a t i c a l l y  eva lua ted  i n  

P r e s e n t l y  a v a i l -  

C u r r e n t l y ,  comprehensive plasma models e x i s t  and a r e  be ing  expanded a t  each o f  t h e  major  tokamak 
Plasma e n g i n e e r i n g  models c o u p l i n g  plasma behav io r  t o  e lec t romagnet ic  and n u c l e a r  systems 

The FSEPP c a l l s  f o r  systems models t o  be a v a i l a b l e  by September 1977. The models fram t h i s  plan, 

Care fu l  e v a l u a t i o n  o f  t he  c o n t e n t  o f  each module w i l l  be necessary b e f o r e  t h i s  need can be 
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C. INTRODUCTION TO THE BLANKET AND SHIELD SYSTEM T O P I C S  

The systems assoc ia ted  w i t h  b l a n k e t  and s h i e l d  f u l f i l l  severa l  f u n c t i o n s .  The source o f  t h e  o u t -  
p u t  energy o f  t h e  f u s i a ?  r e a c t o r  i s  d e r i v e d  f rom t h e  e n e r g e t i c  neut rons  and f rom t h e  non-neutron plasma 
energy depos i ted  on t h e  f i r s t  w a l l .  
processes r e q u i r e d  t o  assure t h a t  t h e  b l a n k e t  and s h i e l d  s a t i s f a c t o r i l y  f u l f i l l  a l l  o f  t h e  necessary 
requi rements.  T h i s  i m p l i e s  t h e  a v a i l a b i l i t y  and c a p a b i l i t y  o f  t o o l s  and methods t o  per fo rm t h e  neces- 
s a r y  analyses i n  t h e  f o l l o w i n g  areas:  neut ron ics ,  t h e n n a l / h y d r a u l i c s ,  r a d i a t i o n  damage, mechanical 
des ign  i n c l u d i n g  s t r u c t u r a l  analyses, r a d i a t i o n  s h i e l d i n g ,  and t h e  use o f  t r i t i u m .  

s t r a t e  t h e  d e s i r e d  understanding i n  t h e  a p p l i c a b l e  d i s c i p l i n e  areas i n c l u d i n g  such areas as m a t e r i a l s  
c o m p a t i b i l i t y ,  thermal /hydra i i l i cs ,  r a d i a t i o n  damage, t r i t i u m  hand l ing ,  and c i r c u l a t i n g  l i q u i d  meta ls .  
F i n a l l y ,  t h e  a n t i c i p a t e d  performance p r e d i c t e d  by c a l c u l a t i o n  must be suppor ted by exper imenta l  t e s t  
programs designed p r i m a r i l y  t o  q u a l i f y  t h e  des ign  and demonstrate t h e  adequacy o f  t h e  components i n  a 
c o n t r o l l e d  t e s t  environment. Because o f  t h e  r e l a t i v e l y  s h o r t  t i m e  i n  which conceptual  des ign s t u d i e s  
have focused on t h i s  problem, and e s p e c i a l l y  because of t h e  u n c e r t a i n t y  i n  t h e  a c t u a l  c o n f i g u r a t i o n  
o f  a v i a b l e  tokamak r e a c t o r ,  development o f  a d e t a i l e d  b l a n k e t / s h i e l d  eng ineer ing  program must a w a i t  
f u r t h e r  i n format  i on. 

The E P R  f i n a l  des ign  must be based on d e t a i l e d  analyses o f  t h e  

I t  i s  a l s o  necessary t h a t  t h e  analyses be complemented by exper imenta l  programs designed t o  demon- 

These needs a r e  addressed i n  t h e  t e n  areas considered t o  be o f  h i g h e s t  p r i o r i t y  i n  t h e  systems 
assoc ia ted  w i t h  t h e  b l a n k e t  and s h i e l d .  

Basic  References f o r  S e c t i o n  C :  

Funion Syotem, EngineetLing P h O g W  QPan, ERDA-DCTR-Draft (December 1975). 
Technofogy Wohh~hap on B h n h x t / P u w e , t  Synfam doh hA&n Reactohn, Rtookhavsn Nat ion& Labohatofiy, 

Manch 2 9 - A p t A  2 ,  1 9 7 6  ( i n  p r e s s ) .  

C-1. Nuc lear  Data Base 
Program: C 

P r i o r i t y :  2 

Demo a p p l i c a t i o n  i s  r e q u i r e d  t o  p r o v i d e  t h e  means t o  o b t a i n  t h e  d e s i r e d  accuracy i n  t h e  assoc ia ted  
analyses and t o  p e r m i t  accura te  o p t i m i z a t i o n  o f  t h e  breed ing  and s h i e l d i n g  des ign.  

The n u c l e a r  d a t a  base p r e s e n t l y  a v a i l a b l e  i s  incomple te  and c o n t a i n s  l a r g e  u n c e r t a i n t i e s .  As t h e  
e v a l u a t i o n s  o f  t h e  des igns and t h e i r  performance mature, t h e  analyses r e q u i r e d  t o  suppor t  t h e  des ign  
w i l l  become s u b s t a n t i a l l y  more s o p h i s t i c a t e d .  The need t o  know and reduce t h e  l e v e l  o f  u n c e r t a i n t y  i n  
these analyses due t o  t h e  n u c l e a r  d a t a  w i l l  i nc rease.  

The main problem concerns t h e  accura te  d e s c r i p t i o n  o f  t h e  n u c l e a r  h e a t i n g  and r a d i a t i o n  damage i n  
t h e  b l a n k e t ,  s h i e l d ,  iliagnets, and s t r u c t u r e  o f  EPR. In p a r t i c u l a r ,  s h i e l d i n g  o f  superconduct ing c o i l s  
a t  p e n e t r a t i o n s  i n  t h e  r e a c t o r  b l a n k e t  w i l l  be a s e n s i t i v e  area r e q u i r i n g  accura te  da ta  t o  a v o i d  over-  
c o n s e r v a t i v e  and hence c o s t l y  des ign .  Other  problems i n c l u d e  t h e  d e t e r m i n a t i o n  o f  t r i t i u m  breed ing  
c a p a b i l i t y  i n  t h e  exper imenta l  b reed ing  modules, t h e  d e s c r i p t i o n  o f  induced a c t i v i t y  i n  t h e  v a r i o u s  
s t r u c t u r a l  m a t e r i a l s  i n  t h e  r e a c t o r ,  and t h e  n u c l e a r  da ta  requi rement  assoc ia ted  w i t h  t h e  f u e l  c y c l e  r e -  
a c t i o n  process and t h e  r a d i a t i o n  s h i e l d i n g  e v a l u a t i o n s .  

The need f o r  a nuc lear  da ta  base i s  recognized i n  t h e  FSEPP. However, i t  i s  d o u b t f u l  whether 

S p e c i f i c  suggest ions can be made t o  d e f i n e  t h e  genera l  program a l r e a d y  l a i d  o u t  i n  t h e  FSEEP. 

Es tab l i shment  o f  a w e l l - d e f i n e d  n u c l e a r  da ta  base f o r  a l l  m a t e r i a l s  under c o n s i d e r a t i o n  f o r  EPR/ 

funds w i l l  be a v a i l a b l e  a t  t h e  r i g h t  t ime t o  suppor t  development o f  t h i s  area.  
An 

ordered l i s t i n g  o f  n u c l e a r  data needs f o r  EPR a p p l i c a t i o n  f o l l o w s .  



1 1  

AREA OF APPLICATION 

Nuc lear  Heat ing  

R a d i a t i o n  Damage 

T r i t i u m  Breed ng 

Induced A c t  i v ty 

Fuel Cyc le  

R a d i a t i o n  S h i e l d i n g  

ORDER OF 
IMPORTANCE NEED 

Develop a complete d a t a  base For secon- 
d a r y  g a m - r a y  p r o d u c t i o n  i n  t h e  energy 
range 1 t o  20 MeV. 
Eva lua te  the  (n,a) and (n,p) r e a c t i o q  
c ross  s e c t i o n  da ta  f o r  CTR a p p l i c a t i o n .  
Reevaluate 7Li(n,an)T da ta  f o r  E 10 
MeV i n  an a t t e m p t  t o  reduce u n c e r t a i n -  
t i e s .  
Eva lua te  da ta  on a c t i v a t i o n  c ross  s e t -  
t i o n s ,  h a l f - l i v e s ,  and decay schemes. 
Eva lua te  t h e  T(d,n) '+He r e a c t i o n  c ross-  
s e c t i o n .  Eva lua te  charged p a r t i c l e  
r e a c t i o n s  i n c l u d i n g  b o t h  low-Z and h igh-Z  
f i e 1  ds. 
Eva lua te  n u c l e a r  and g a m  c r o s s  s e c t i o n s  

--I_I---- _II-- 

The cand ida te  m a t e r i a l s  now under c o n s i d e r a t i o n  f o r  EPR a p p l i c a t i o n  i n c l u d e  the  f o l l o w i n g :  

APPLICATION 

Breeding 

S t r u c t u r a l  

Cool a n t  

Modera t o r  

Neutron Mu1 t i p 1  i c a t i o n  

MATER I ALS 

L i q u i d  L i t h i u m  
Mol ten  S a l t s  (Li2BeF4, LiF,, NaOH) 
Ceramic Compounds (Li20, Li2C1) 
Aluminum Compounds (LiA1, L i2A1204)  

Refractory-Based A l l o y s  (Nb, V,  Mo) 
Iron-Based A l l o y s  
Nickel -Based A l l o y s  
A1 uminum-Based M a t e r i a l s  
Carbon-Based M a t e r i a l s  

L i q u i d  L i t h i u m  and Potassium 
Mol ten  S a l t s  
He1 ium 

The Breeding H a t e r i a l s  
Graph i te  

Bery l  1 i um 

f rom L e t t e r  t o  B. Twin ing  f rom M. Roberts, January 21, 1976 

C-2. N e u t r o n i c s  Methods 
Program: C 
P r i o r i t y :  2 

Development o f  n e u t r o n i c s  methods f o r  accura te  d e s c r i p t i o n  o f  t h e  n u c l e a r  performance o f  f i n i t e -  
s ized ,  r e a l i s t i c a l l y  c o n f i g u r e d  b l a n k e t l s h i e l d s  i s  r e q u i r e d  t o  p rov ide ,  a long w i t h  bench s c a l e  t e s t s ,  
d demonstrated n u c l e a r  des ign  c a p a b i l i t y .  

k n t e  C a r l o  techn ique i s  one example. 
n iques, and then t e s t e d  a g a i n s t  bench s c a l e  experiments, t o  p r o v i d e  t h e  c a l c u l a t i o n a l  c a p a b i l i t y  needed 

Genera l i zed  numerical  techniques e x i s t  t o  d e s c r i b e  s o p h i s t i c a t e d  space- t ime n u c l e a r  behavior ;  the  
However, methods must be developed on t h e  b a s i s  o f  such tech-  
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f o r  d e t a i l e d  analyses o f  f u t u r e  des igns.  T h i s  i n c l u d e s  deve lop ing  a c a p a b i l i t y  f o r  d e s c r i b i n g  t h e  sys- 
tein under  a n a l y s i s  i n  a l l  dimensions i n c l u d i n g  t h e  e f f e c t  o f  p e n e t r a t i o n s  and t h e  proper  n e u t r o n  source 
te rm f o r  t h e  t o r o i d a l  f u s i n g  plasma geometry. 

p o r t  1 eve1 . 
The FSEPP i n c l u d e s  n e u t r o n i c s  methods development as a recognized i tem,  b u t  a t  an inadequate sup- 

C-3. Thermal H y d r a u l i c  and>eAt T r a n s f e r  A n a l y s i s  
Program: C 

P r i o r i t y :  2 

which appear p romis ing  f o r  EPR/Demo a p p l i c a t i o n  i s  r e q u i r e d  t o  p r o v i d e  t h e  thermal h y d r a u l i c  and heat  
t r a n s f e r  bases f o r  t h e  des ign.  

Development o f  computat ional  methods t o  q u a n t i f y  t h e  thermal  f l u i d  behav io r  o f  those c o o l a n t s  

The geometry o f  t h e  c o o l a n t  system, and t h e  b l a n k e t  i t  i s  c o o l i n g ,  i s  l i k e l y  t o  be compl icated,  
r e q u i r i n g  s o p h i s t i c a t e d  mul t i -d imens iona l  c a l c u l a t i o n a l  methods t o  d e s c r i b e  a c c u r a t e l y  t h e  thermal 
f l u i d  and heat  t r a n s f e r  behav io r  o f  t h e  b l a n k e t  f o r  nominal pu lsed o p e r a t i o n  and f o r  p o s t u l a t e d  o f f -  
noi i i inal and a c c i d e n t  c o n d i t i o n s .  The impact o f  t h e  thermal  c y c l i n g  on t h e  des ign  r e s u l t i n g  f rom pu lsed 
o p e r a t i o n  i s  recognized as a p o t e n t i a l l y  severe problem. Accuracy i n  assess ing t h e  thermal  s t r e s s  con- 
d i t i o n s  w i l l  be r e q u i r e d  t o  d e f i n e  m a t e r i a l s  development needs. 

The fund ing  a l l o c a t e d  i n  t h e  FSEPP adequate ly  covers t h i s  requi rement .  

C-4. P o l o i d a l ~ ~ ~ F i ~ e l ~ d ~ ~ E f f e c t s  

Program: B 
P r i o r i t y :  2 

proposed mechanical aspects  o f  t h e  b l a n k e t  and s h i e l d  must be made t o  p r o v i d e  a b a s i s  f o r  t h e  e l e c t r o -  
magnet ic  aspects  o f  t h e  b l a n k e t / s h i e l d  des ign.  

v a r y i n g  c o n d u c t i v i t i e s  ar ranged i n  a compl ica ted  c o n f i g u r a t i o n .  The problem o f  induced eddy c u r r e n t s  
(and r e s u l t a n t  f o r c e s  and f i e l d s )  has been recogn ized and some work done i n  t h i s  area. 
t romagnet ic  f i e l d  p e r t u r b a t i o n  c r i t e r i a  must be generated, and methods must be developed t o  d e s c r i b e  
a c c u r a t e l y  t h e  e lec t romagnet ic  e f f e c t s  o f  non-s inuso ida l  t i m e  v a r i a t i o n s  on t h e  complex b l a n k e t  and 
s h i e l d  des igns be ing  cons idered f o r  EPR/Demo a p p l i c a t i o n .  C a l c u l a t i o n s  o f  losses  i n  t h e  b l a n k e t  a r e  
a l s o  needed t o  determine t h e  e f f e c t  o f  t h e  b l a n k e t  on t h e  a i r  c o r e  vo l t -second requi rement .  

Determinat ion  o f  how t h e  des ign  and performance o f  t h e  p o l o i d a l  f i e l d  system a r e  a f f e c t e d  by t h e  

The s p e c i f i c  b l a n k e t  and s h i e l d  des ign  s e l e c t e d  f o r  EPR a p p l i c a t i o n  may use many m a t e r i a l s  o f  

However, e l e c -  

The FSEPP does n o t  e x p l i c i t l y  i n c l u d e  t h i s  t a s k  which was r e c e n t l y  recognized i n  t h e  EPR s t u d i e s .  

C-5. E l e c t r i c a l  I n s u l a t i o n -  
Program: B 
P r i o r i t y :  2 

p r o v i d e  t h e  b a s i s  f o r  t h e  des ign  O F  any e l e c t r i c a l  breaks i n  t h e  b l a n k e t .  

changes p r e s e n t l y  u n c e r t a i n  i n  magnitude by much more than a f a c t o r  o f  two. 
t h e  e l e c t r i c a l  i n s u l a t i o n  o f  t h e  EPR b l a n k e t  and s h i e l d  must be developed. Any s p e c i a l  m a t e r i a l s  r e -  
qqired t o  s a t i s f y  such c r i t e r i a  would have t o  be i d e n t i f i e d  and approved, t h e i r  behav io r  i n  a plasma 
r a d i a t i o n  environment determined, and t h e i r  performance under c y c l i c  thermal  loads  e s t a b l i s h e d .  

Es tab l i shment  o f  requi rements f o r  t h e  e l e c t r i c a l  i n s u l a t i o n  o f  t h e  b l a n k e t  and s h i e l d  i s  needed t o  

The b l a n k e t  and s h i e l d  a r e  l o c a t e d  i n  s t r o n g  e lec t romagnet ic  f i e l d s  t h a t  undergo la rge ,  r a p i d  
Accord ing ly ,  c r i t e r i a  f o r  
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The FSEPP recogn izes  the  general  need t o  understand p l a s m  s t a r t - u p  and dynamic behavior.  The gen- 
e r a l  i n s u l a t i o n  requi rements a r e  recogn ized i n  t h e  m a t e r i a l s  p lans .  The p o t e n t i a l  f o r  e l e c t r i c a l  i n -  
s u l a t i o n  needs i n  t h e  b l a n k e t  and s h i e l d  des ign  shou ld  be i n c l u d e d  i n  the  e x i s t i n g  programs i d e n t i f i e d  
above. See a l s o  D-6 f o r  magnet i n s u l a t i o n  requi rements.  

C-6. L i q u i d  L i t h i u m  C i r c u l a t i o n  
Program: C 
P r i o r i t y :  2 

Exper imenta l  demonst ra t ion  o f  t h e  a c c e p t a b i l i t y  o f  c i r c u l a t i n g  l i q u i d  l i t h i u m  i n  the  EPR/Demo con- 
f i g u r a t i o n  environment i s  necessary t o  the  q u a l i f i c a t i o n  o f  t he  b l a n k e t  des ign .  

L i q u i d  l i t h i u m  i s  f r e q u e n t l y  i d e n t i f i e d  f o r  use i n  tokamak power r e a c t o r s .  An understanding needs 
t o  be developed o f  t he  performance o f  c i r c u l a t i n g  l i q u i d  l i t h i u m  i n  t h e  magnetic f i e l d  env i ronment ,  so 
t h a t  acceptab le  performance can b e  r e a l i z e d .  

The e x i s t i n g  p r o -  
gram shou ld  be r e v i s e d  t o  r e c o g n i z e  more s p e c i f i c a l l y  t h e  l a r g e  development e f f o r t  assoc ia ted  w i t h  t h i s  
need. 
need. 

The FSEPP recogn izes  t h i s  need i n  the  B l a n k e t  F a b r i c a t i o n  and T e s t i n g  A c t i v i t y .  

E x i s t i n g  t e s t  f a c i l i t i e s  must be i d e n t i f i e d  o r  new f a c i l i t i e s  b u i l t  t o  accompl ish t h i s  program 

@-7. Coolant/Containment C o m p a t i b i l i t y  
Program: C 
P r i o r i t y :  1 

i s  necessary t o  develop a b a s i s  f o r  p r e d i c t i o n  o f  component l i f e t i m e .  

s i r e d  l i f e t i m e  o f  t h e  dev ices .  P r i o r  exper ience w i t h  complex techno log ies  has demonstrated the  c r i t i -  
c a l  impor tance o f  thorough unders tand ing  o f  m a t e r i a l s  behav io r  and e s p e c i a l l y  t h e  c o m p a t i b i l i t y  o f  
m a t e r i a l s .  Unsuccessfu l  m a t e r i a l s  c o m p a t i b i l i t y  i n  p r e v i o u s  complex techno log ies  has l e d  t o  expensive 
f a i l u r e s .  
ence o f  f l u i d s  such as l i q u i d  l i t h i u m  i s  r e q u i r e d ,  as w e l l  as a s tudy  o f  t h e  t a b r i c a b i l i t y  o f  c o r r o s i o n -  
r e s i s t a n t  m a t e r i a l s .  

Determinat ion  o f  t h e  m a t e r i a l s  c o m p a t i b i l i t y  between cand ida te  c o o l a n t s  and conta inment  m a t e r i a l s  

M a t e r i a l s  c o m p a t i b i l i t y  i s  e s s e n t i a l  t o  p roper  performance o f  f u s i o n  power r e a c t o r s  over  the  de- 

I n v e s t i g a t i o n  o f  c o r r o s i o n  behav io r  o f  b l a n k e t  m a t e r i a l s  a t  h i g h  temperatures i n  the  pres-  

The m a t e r i a l s  c o m p a t i b i l i t y  needs a r e  recogn ized i n  the  FSEPP 

C-8. m f i c a t i o n  o f  Design 
Program: B 
P r i o r i t y :  1 

Development of an exper imenta l  program t o  q u a l i f y  t he  mechanical,  thermal -hydrau l  i c ,  h e a t  t r a n s -  
f e r ,  and s t r u c t u r a l  aspects  o f  t h e  b l a n k e t  and s h i e l d  des ign  concept (s )  i s  r e q u i r e d  t o  assure accept-  
a b l e  performance when t h e  b l a n k e t  i s  i n s t a l l e d  i n  EPR. 

aspects  reasonab ly  w e l l  e s t a b l i s h e d ,  i t  w i l l  be necessary t o  develop, and then implement, an e x p e r i -  
mental  program t o  q u a l i f y  t h e  des ign(s )  b e f o r e  i n c o r p o r a t i o n  i n t o  EPR. ?he t e s t  program w i l l  he de- 
s igned t o  i n c l u d e  t e s t i n g  o f  i tems such as: 

t h e  adequacy o f  the  c o o l a n t  system, 
pumping power requi rements,  

Once t h e  more p r o m i s i n g  b l a n k e t  and s h i e l d  concepts a r e  i d e n t i f i e d  and t h e  mechanical des ign  

. 

- d imensional  s t a b i l i t y  w i t h  temperature v a r i a t i o n s ,  - c o r r o s i o n  c o m p a t i b i l i t y ,  
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- t r i t i u m  recovery  from the  exper imenta l  b reed ing  modules, 
f a t i g u e  l i f e t i m e  under c y c l i c  thermal l o a d  o p e r a t i n g  c o n d i t i o n s ,  and 
o t h e r  s i m i l a r  performance c h a r a c t e r i s t i c s  f o r  t h e  nominal range o f  o p e r a t i n g  parameters and f o r  
p o s t u l a t e d  a c c i d e n t  c o n d i t i o n s .  

- 
As one o f  t he  most c o s t l y  i tems i n  the  EPR, t he  b l a n k e t  must have an adequate t e s t i n g  program. 

The FSEPP i n c l u d e s  a general  t e s t i n g  program b u t  needs i n c o r p o r a t i o n  o f  s p e c i f i c  requi rements and 
approaches t o  s a t i s f y  these requi rements;  one s p e c i f i c  program has been developed by the  QRNL FRT p r o -  
gram. 

C-9. S t r u c t u r a l  M a t e r i a l s -  
Prograiii: C 

P r i o r i t y :  1 

g i c a l  c o n d i t i o n )  which has optimum e n d - o f - l i f e  p r o p e r t i e s  f o r  EPR a p p l i c a t i o n .  
t h e  b a s i s  f o r  des ign  o f  t he  f i r s t  w a l l  and o t h e r  b l a n k e t  s t r u c t u r e ,  and i t s  s e l e c t i o n  i s  t h e r e f o r e  a 
c e n t r a l  "go o r  no-go" i ssue.  

k e t  i s  needed t o  a v o i d  the  dilemma o f  f a c i n g  e i t h e r  over -conserva t ive  and hence c o s t l y  des ign  r e q u i r e -  
ments, o r  fo reshor tened work ing l i f e  o f  the  r e a c t o r  components. The 14-MeV f u s i o n  neut rons  generated 
by t h e  thermonuclear r e a c t i o n  w i l l  produce s i g n i f i c a n t  r a d i a t i o n  e f f e c t s  i n  t h e  f i r s t  vacuum w a l l  and 
t h e  s t r u c t u r a l  w a l l s  o f  t h e  b lanket .  
v e n t i o n a l  s t r u c t u r a l  m a t e r i a l s ,  such as type  316 s t a i n l e s s  s t e e l ,  which i s  p r e s e n t l y  cons idered t h e  
b e s t  m a t e r i a l s  cho ice  f o r  t he  f i r s t  exper imental  r e a c t o r s .  
creases w i t h  i n c r e a s i n g  w a l l  temperature, w i t h  a d r a s t i c  r e d u c t i o n  i n  c reep- rup ture  s t r e n g t h  proper-  
t i e s  o f  316 SS above 550°C. Large u n c e r t a i n t i e s  e x i s t  i n  b o t h  i r r a d i a t i o n  c o n d i t i o n s  and requi rements.  
I n d i c a t i o n s  f rom r e a c t o r  s t u d i e s  c o n s i s t e n t l y  suppor t  t he  economic n e c e s s i t y  f o r  neut ron  w a l l  load ings  
h i g h  enough t o  por tend s i g n i f i c a n t  m e t a l l u r g i c a l  d i f f i c u l t i e s .  The a b i l i t y  t o  generate plasmas pro-  
duc ing  these h i g h  w a l l  load ings  i s  u n c e r t a i n  b u t  appears e s s e n t i a l  t o  t h e  successful  p u r s u i t  o f  toka-  
mak f u s i o n .  To q u a n t i f y  these d i f f i c u l t i e s  i s  a p r i n c i p a l  concern i n  the  development o f  programs t o  
meet t h i s  need. 

T i tan ium-modi f ied  s t a i n l e s s  s t e e l ,  which has a reduced d u c t i l i t y  s e n s i t i v i t y  t o  i r r a d i a t i o n ,  

I d e n t i f i c a t i o n  i s  needed o f  t he  s t r u c t u r a l  m a t e r i a l  ( i n c l u d i n g  b o t h  the  compos i t ion  and m e t a l l u r -  
T h i s  m a t e r i a l  w i l l  form 

Knowledge o f  r a d i a t i o n  e f f e c t s  i n  the  v a r i o u s  f u s i o n  r e a c t o r  m a t e r i a l s  i n  t h e  f i r s t  w a l l  and b l a n -  

Helium produced by the  (n, a )  r e a c t i o n s  w i l l  e m b r i t t l e  most con- 

Moreover, r a d i a t i o n - i n d u c e d  damage i n -  

o f f e r s  a p romis ing  approach t o  an acceptab le  and o p t i m i z e d  m a t e r i a l .  
e f f e c t s  f i e l d  must be pursued w i t h  the  o b j e c t i v e  o f  i d e n t i f y i n g  acceptab le  f i r s t - w a l l  and s t r u c t u r a l  
m a t e r i a l s .  
gen and he l ium gas contents,  c y c l i n g  load ing ,  and i r r a d i a t i o n  behav io r  o f  weldments. 
m a t e r i a l s - r e l a t e d  ques t ions  a f f e c t i n g  plasma behavior ,  e.g., s p u t t e r i n g . )  

t o  be used i n  Fusion r e a c t o r  dev ices i s  i n t e g r a l  t o  t h e  eventual  achievement o f  economic v i a b i l i t y .  
The m a t e r i a l s  program should be acce le ra ted ,  e s p e c i a l l y  i n  the  d i r e c t i o n  o f  p r o v i d i n g  f a c i l i t i e s  f o r  
i r r a d i a t i o n  t e s t i n g  o f  m a t e r i a l s .  

Basic research  i n  the  r a d i a t i o n  

Th is  i n c l u d e s  e s t a b l i s h i n g  r a d i a t i o n  e f f e c t s  r e l a t e d  t o  atomic d isp lacement  l e v e l s ,  hydro- 
(See A-6 f o r  

The C T R  m a t e r i a l s  program i s  b a s i c a l l y  aimed a t  t h i s  i s s u e .  Thorough unders tand ing  o f  m a t e r i a l s  

C-10. m t i - u m  Recovery 
Program: C 

P r i o r i t y :  1 

EPR/Deino a p p l i c a t i o n  t o  p r o v i d e  a b a s i c  des ign  f o r  t h i s  e s s e n t i a l  f u n c t i o n  i n  t h e  breed ing  modules. 
A f e a s i b l e  scheme f o r  recovery  of t r i t i u m  f rom the  b l a n k e t  must be i d e n t i f i e d  and developed f o r  



S i g n i f i c a n t  t r i t i u m - r e l a t e d  ques t ions  must be answered b e f o r e  f u l l - s c a l e  s o c i e t a l  debates can be h e l d  
f o r  EPR. 

I t  w i l l  be necessary t o  recover  and r e c y c l e  t r i t i u m  w i t h i n  the  tokamak power r e a c t o r .  
recovery  system i s  n o t  w e l l  defined. 
i s j n g  schemes f o r  b l a n k e t  recovery ,  e.g., e x t r a c t i o n ,  permeation, o r  absorp t ion ,  must have been deve l -  
oped t o  t h e  p o i n t  where e x t e n s i v e  t e s t i n g  (on a smal l  s c a l e )  i s  completed. A f t e r  t e s t i n g ,  one o r  more 
must s t i l l  appear p romis ing .  
b reed ing  modules, t he  need f o r  a f u l l y  q u a l i f i e d  and workable scheme f o r  t r i t i u m  recovery  f rom the  b ldn-  
k e t  w i l l  n o t  occur  u n t i l  t he  EPR-2 or Demo stage. However, i t  i s  c r u c i a l  t h a t  a f u l l y  workable scheme 
which may be sca led  up t o  Demo be a v a i l a b l e  a t  t h e  t ime. 
t e s t i n g  s tage f o r  t h e  subsequent sca le -up  t o  t h e  EPR-2/Demo a p p l i c a t i o n .  

These 
s t u d i e s  should focus on schemes t o  remove t r i t i u m  f rom l i t h i u m  a t  temperatures o f  ,&0Oo'c such as a r e  
expected i n  f u s i o n  r e a c t o r s .  Heasurements o f  t he  s o l u b i l i t y  o f  H,, D2, and T, i n  l i t h i u m  and o f  t h e  
e f f e c t s  o f  i m p u r i t i e s  on t h e  s o l u b i l i t y  a r e  needed, a s  w e l l  a s  measurements o f  t r i t i u m  s o r p t i o n  f rom 
l i t h i u m .  The p r o p e r t i e s  of t r i t i u m - p a s s i n g  "windows" i n  t h e  presence o f  p o s s i b l e  " fogg-ng"  m a t e r i a l s  
t r a n s p o r t e d  by l i t h i u m  must be i n v e s t i g a t e d  i n  o r d e r  t o  determine l i f e t i m e s  o f  components. 

adequate suppor t .  

The b l a n k e t  
By the  t i m e  o f  comnencement o f  EPR c o n s t r u c t i o n ,  t h e  most prom- 

S ince  i t  i s  n o t  env is ioned t h a t  EPK-1 i n c o r p o r a t e  more than a few t e s t  

I t  i s  expected t h a t  EPK-1 w i l l  be t h e  major  

Bas ic  research  i n t o  t r i t i u m  c h e m i s t r y  processes would suppor t  t h e  f u s i o n  needs d i r e c t l y .  

The FSEPP recogn izes  t h e  need f o r  t r i t i u m  recovery  research,  and has a l l o c a t e d  what seems t o  be 
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D.  INTRODUCTION TO THE TOROIDAL MAGNETS SYSTEM T O P I C S  

Understanding t h e  b a s i c  p r o p e r t i e s  o f  h i g h - f i e l d  superconductors  i s  e s s e n t i a l  t o  t h e  success fu l  
p r o d u c t i o n  of reasonab ly -s ized  f u s i o n  r e a c t o r s .  A l l  i n d i c a t i o n s  a r e  t h a t  l a r g e ,  h i g h - f i e l d ,  re1 i a b l e  
superconduct ing magnets w i l l  be c e n t r a l  components i n  f u s i o n  r e a c t o r  des ign  and o p e r a t i o n .  Large 
t o r o i d a l  magnets (many meters i n  d iameter )  have n o t  been used i n  f u s i o n  research.  H i g h - f i e l d  magnets 
(maximum f i e l d  s t r e n g t h s  g r e a t e r  than 10 o r  11 T )  have n o t  been used e x t e n s i v e l y  i n  any area a l though 
smal l -bore  (a  few cent imeters  i n  d iameter )  c o i l s  wound w i t h  tape superconductor have reached 17 T. 
Quest ions  o f  conductor  i i i e t a l l u r g y  and p r o d u c t i o n  and c a b l e  behav io r  under severe mechanical,  e l e c t r i -  
c a l ,  and thermal  c y c l i n g  must be answered b e f o r e  c o n f i d e n t  des ign  o f  la rge-d iameter  h i g h - f i e l d  magnets 
can beg in .  The a p p l i c a b i l i t y  o f  p r i o r  exper ience i n  l a r g e - s c a l e  so leno ids  i s  l i m i t e d  because o f  t h e  
i n t r o d u c t i o n  o f  non-s imple f i e l d s .  I n  so lenoids,  problems have developed w i t h  t h e  end t u r n s  where 
v e c t o r i a l  f i e l d s  were i n v o l v e d  as i n  h y b r i d  magnets. 

R, 0, and D needs, which t o g e t h e r  represent  t h e  suppor t  f o r  l a r g e  h i g h - f i e l d  iiiagnets, i s  d iscussed i n  
d e t a i l .  

I n  t h e  f o l l o w i n g  pages, each o f  t h e  separable 

I n v e s t i g a t i o n  o f  t h e  l i m i t s  i n  each s p e c i f i c  area o f  h i g h - f i e l d  o p e r a t i o n  c o u l d  r e s u l t  i n  o p e r a t -  
i n g  f i e l d  va lues h i g h e r  than now proposed i n  t h e  l i g h t  o f  p resent  l i m i t e d  knowledge. 
ders tand ing  o f  t h e  thermal  processes i n  t h e  magnet c o u l d  l e a d  t o  more d e f i n i t i v e ,  and p o s s i b l y  h igher ,  
l i m i t s  on o p e r a t i o n  o f  t h e  e n t i r e  r e a c t o r .  A c l e a r e r  d e f i n i t i o n  o f  t h e  p lasma-re la ted  phenomena 
a f f e c t i n g  TF c o i l  o p e r a t i o n  (namely, t h e  e f f e c t i v e  r a t e  o f  f i e l d  change a t  t h e  windings f rom t h e  
plasma c u r r e n t  and f rom any l o c a l  c u r r e n t  elements, t h e  impor tance o f  plasma aspect  r a t i o  and t h e  i m -  

por tance o f  r i p p l e  f i e l d s  on l o s s e s )  would be o f  g r e a t  va lue  i n  d e l i m i t i n g  t h e  range o f  requi rements 
t o  be imposed on t h e  development program. 

Bas ic  Reference f o r  Sec t ion  0: 

Ptogham , jo t  Dewdopneitt 05 T o h o i d a 4  SupPAc-oducting Magnu2 dotl Funion R U Q ~ C . ~ . ,  ORNL/TM-5401 , Oak 
Ridge ( A p r i l  1976). 

S i m i l a r l y ,  un- 

D-1. Hi-gh-Field CO-~~IJIJ 
Prograin: C 
P r i o r i t y :  1 

Work i n  t h e  area o f  h i g h - f i e l d  superconductors l e s s  b r i t t l e  than t h e  p r e s e n t l y  a v a i l a b l e  tape 
m a t e r i a l s  would r e s u l t  i n  an eas ing  o f  t h e  severe des ign r e s t r i c t i o n s  now a p p l i e d  t o  h i g h - f i e l d  tape 
conductor .  

The mechanical s e n s i t i v i t y  o f  t h e  w e l l - e s t a b l i s h e d  h i g h - f i e l d  ( > l o  T) conductor  forms, such as 
Nb3Sn tape, impcses v e r y  c o s t l y  des ign  r e s t r i c t i o n s  r e q u i r e d  t o  m a i n t a i n  near-zero maximum s t r a i n  
va lues,  i . e . ,  w e l l  below 0.2%. Recent work i n  e l e c t r i c a l l y  s t a b l e  m u l t i f i l a m e n t a r y  forms o f  Nb3Sn 
conductor  promises one avenue o f  approach, t o  make t h e  conductor  more s t r a i n - t o l e r a n t  by u s i n g  smal l  
f i l a m e n t s  i n  a m a t r i x .  Var ious conductor  forms u s i n g  t h i s  m a t e r i a l  a r e  p o s s i b l e ,  namely, m o n o l i t h i c  
cab les  and h y b r i d  cab les  i n  m o n o l i t h i c  s t r u c t u r e .  ldhether o r  n o t  t h e  present  m e t a l l u r g i c a l  compound 
i s  s u f f i c i e n t l y  s t r a i n - r e s i s t a n t  i s  an open ques t ion .  
mentary program should be aimed a t  unders tand ing  t h e  i n e t a l l u r g i c a l  processes o f  a l l o y i n g ,  forming,  
and r e a c t i n g  composite mu1 t i f i l a m e n t a r y  superconductors .  T h i s  unders tand ing  would then be used t o  
suppor t  t h e  f u s i o n  requi rement  f o r  r e l i a b l y - p r o d u c e d  h i g h  magnet ic  f i e l d s  w i th  much l e s s  b r i t t l e  con- 
d u c t o r s .  

I n  t h e  l i g h t  o f  these u n c e r t a i n t i e s ,  a comple- 

The b a s i c  need f o r  l e s s  b r i t t l e  superconductors i s  recogn ized i n  t h e  DMFF. programming, b u t  t h e  
u n c e r t a i n t y  i n  t h e  b e n e f i t / c o s t  r a t i o  f o r  h i g h  f i e l d  i t s e l f  i s  r e f l e c t e d  i n  t h e  low suppor t  l e v e l  f o r  
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t h i s  problem. 
o f  Nb,Sn m u l t i f i l a m e n t a r y  conductor .  
p lans  t o  analyze s y s t e m a t i c a l l y  a wide range of geometr ic  v a r i a t i o n s  on a conductor mdde by a g iven 
m e t a l l u r g i c a l  process. These t e s t s  would then determine t h e  e f f e c t s  o f  t w i s t  p i t c h ,  f i l a m e n t  i i 7 e ,  
number, t r a n s p o r t a t i o n ,  e t c .  T h i s  work i s  be ing  done i n  c o n j u n c t i o n  w i t h  t h e  Harwel l  Labora tory  i n  
England. A d d i t i o n a l  t e s t s  o f  s i m i l a r  m e t a l l u r g i c a l l y  processed m a t e r i a l s  would be made o f  comparative 
performances i n  c a b l e  and m o n o l i t h i c  form. 
m e t a l l u r g i c a l  processes a r e  a l s o  planned. 

SCMDP recogn ize  t h e  importance o f  t h i s  problem. 
plasma phys ics  i n c e n t i v e  f o r  h i g h  f i e l d  and i n  t h e  a c t u a l  a v a i l a b i l i t y  o f  h i g h - f i e l d  m a t e r i a l .  
taneously ,  many c h a r a c t e r i s t i c s  a r e  shared by l a r g e  h i g h - f i e l d  NbTi and Nb3Sn magnets. 
two f a c t o r s ,  a c a r e f u l  account ing o f  a l l  t h e  work t h a t  i s  a p p l i c a b l e  t o  NbTi, Nb3Sn, and o t h e r  mate- 
r i a l s  should be undertaken, t o  f i n d  o u t  what l e v e l  o f  incrementa l  Nb3Sn-spec i f i c  suppor t  would be 
a p p r o p r i a t e  i n  t h e  c o n t e x t  of t h e  o v e r a l l  h i g h - f i e l d  program. 
d u c t o r  should be c h a r a c t e r i z e d  i n  the  e a r l i e s t  t e s t  dev ices t o  a s c e r t a i n  t h e  w o r k a b i l i t y  o f  t h i s  con- 
d u c t o r ,  which has been a l r e a d y  m e t a l l u r g i c a l l y  developed. 
conductor  m i g h t  w e l l  determine t h e  f e a s i b i l i t y  o f  t h e  e n t i r e  EPR system. 

Development work sponsored by t h e  Department o f  Defense has r e s u l t e d  i n  the a v a i l a b i l i t y  
The cab le  development a c t i v i t i e s  o f  tne ORNL SCMDP now i n c l u d e  

Tests  o f  conductors  of s i m i l a r  form b u t  made by d i f f e r e n t  

Research i n t o  more d u c t i l e  m a t e r i a l s  should be i n t e n s i f i e d .  The planned a c t i v i t i e s  o f  the  O R N L  

There i s  u n c e r t a i n t y  bo th  i n  t h e  s t r e n g t h  o f  the  
Simul-  

Given these 

The a v a i l a b l e  Nb,Sn m o n o i i t h i c  con- 

The ex is tence o f  a workable h i g h - f i e l d  

9-2. High-Current  Cable_ 
Program: C 
P r i o r i t y :  2 

r e q u i r e d  t 3  improve s u b s t a n t i a l l y  t h e  TF c o i l  performance i n  t h e  areas o f  e l e c t r i c a l  and mechanical 
design. 
l i t h i c  conductors .  

no logy t o  h i g h e r  c u r r e n t  cables,  i .e . ,  a t  tens and hundreds of  k i loamperes,  w i l l  r e q u i r e  cont inued 

e f f o r t s  d i r e c t e d  toward s o l u t i o n  o f  t h e  fundamental problem o f  heat  genera t ion  and heat  removal. A 
ba lance between secur ing  conductors  t i g h t l y  a g a i n s t  mot ion  t o  p revent  eddy c u r r e n t  heat ing ,  and pro-  
v i d i n g  space between conductors  f o r  adequate c o o l a n t  f l o w  t o  remove heat  r a p i d l y ,  must be s t r u c k  a t  
each h i g h e r  c u r r e n t  l e v e l  w i t h  cor respond ing ly  t i g h t e r  c o n s t r a i n t s .  
heat  t r a n s f e r  c o e f f i c i e n t s  i n  s i t u a t i o n s  g e o m e t r i c a l l y  s i m i l a r  t o  t h e  complex cable c o n f i g u r a t i o n s .  
The need t o  m a i n t a i n  f u l l  t r a n s p o s i t i o n  o f  t h e  w i r e s  and s t rands  must be balanced a g a i n s t  t h e  d i t f i -  
c u l t y  o f  manufacture. 
b y  t h e  h e l i u m ' s  heat  c a p a c i t y .  
h i g h - c u r r e n t  cables,  b u t  a f e a s i b l e  method o f  ba lanc ing  t h e  c o n f l i c t i n g  requi rements must be sought. 

The l a r g e  s i z e  o f  h i g h - c u r r e n t  conductor  ensures b e t t e r  mechanical s t a b i l i t y ,  reduces f a b r i c a t i o n  
c o s t ,  and lowers c o i l  inductance.  The r e d u c t i o n  i n  c o s t  comes f rom t h e  more e f f e c t i v e  vse o f  m a t e r i a l  
and decreased hand l ing  problems. 
low-impedance energy s to rage dev ices .  
used and a l e s s  severe i n s u l a t i o n  problem w i l l  e x i s t .  
e rab le ,  because i t  i s  s i m p l e r  t o  supply  t h e  l o n g  conductor  l e n g t h s  r e q u i r e d  i n  small  f i l a m e n t  form, and 
because ac losses  a r e  lower  i n  t h e  cab le  form than i n  t h e  m o n o l i t h i c  form. 
many f i n e  f i l a m e n t s  renders harmless a break i n  any one f i l a m e n t .  
b r i d  forms o f  h i g h - c u r r e n t  cable,  i .e . ,  m o n o l i t h i c  .jackets over  cables,  r e q u i r e s  i n v e s t i g a t i o n  f o r  
s teady f i e l d  environments. 

Development o f  h i g h - c u r r e n t  conductors  i n  c a b l e  form us ing  bo th  m u l t i f i l a m e n t a r y  llh,Sn and i iST1 i s  

T h i s  would r e s u l t  i n  systems f a b r i c a t i o n  cos ts  p o t e n t i a l l y  lower  than i n  systems u s i n g  mono- 

H igh-cur ren t  ( i , e . ,  I > 10 kA) superconductors have n o t  been b u i l t .  Ex tens ion  o f  c u r r e n t  tech-  

Greater  knowledge i s  r e q u i r e d  o f  

The heat  t r a n s f e r  area must be balanced a g a i n s t  t h e  l i m i t i n g  c u r r e n t  d e n s i t y  s e t  
No fundamenta l ly  unso lvab le  problems stand i n  t h e  way o f  development o f  

The smal l  number o f  t u r n s  permi ts  a b e t t e r  match t o  t h e  t y p i c a l l y  
Wi th t h i s  smal le r  inductance, smal le r  charg ing  vo l tages  w i l l  be 

Cable r a t h e r  than m o n o l i t h i c  conc'uctor i s  p r e f -  

A d d i t i o n a l l y ,  t h e  use o f  
The p o s s i b i l i t y  o f  develop ing hy- 
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D-3. C r y o s t a b i l i z i n g  Coo l ing  
Program: C 

P r i o r i t y :  1 

s t r a i n t s  a r e  e s s e n t i a l  t o  p r o v i d e  a v i a b l e  and c r y o g e n i c a l l y  s t a b l e  des ign  concept  f o r  magnet opera- 

t i o n .  

I n v e s t i g a t i o n  and then demonstrat ion o f  a method o f  c o o l i n g  compat ib le  w i t h  o t h e r  des ign  con- 

* 
Cryogenic  s t a b i l i t y  r e q u i r e s  a theni ia l  i n e r t i a  i n  t h e  fo rm o f  a s t a t i c  mass (e.g., copper)  i n t i -  

mate ly  connected t o  t h e  superconductor, a l o n g  c o o l i n g  per imeter ,  and a h i g h  heat  t r a n s f e r  t o  an 
e x t e r n a l  heat  s i n k  (e.g., fo rced- f low c o o l i n g )  .' Knowledge o f  t h e  fundamental heat  t r a n s f e r  phenomena 
i s  e s s e n t i a l  t o  t h e  d e t e r m i n a t i o n  o f  t h e  f e a s i b i l i t y  o f  t h i s  a t t r a c t i v e  c r y o s t a b i l i z e d  c o o l i n g  c o n f i g -  
u r a t i o n .  U n t i l  t h i s  technique i s  proven t o  be success fu l ,  however, a c t i v e  c o n s i d e r a t i o n  o f  an a l t e r -  
n a t i v e  c o o l i n g  method, t h e  p o o l - b o i l i n g  c a b l e / b r a i d  des ign,  would be prudent .  I n  t h i s  method, where 
t h e  c a b l e  i s  coo led  by  f o r c e d  h e l i u m  Flow i n  a h o l l o w  c o n d u i t ,  t h e  p r i n c i p a l  unknown i s  t h e  e f f e c t i v e -  
ne55 o f  l o c a l  heat  removal and s i z e  o f  p ressure  drops i n  t h e  c o n d u i t  which has b o t h  compl ica ted  geome- 
t r y  and w a l l s  w i t h  v a r i a b l e  s u r f a c e  t rea tment .  
conductor  mot ion i s  p o t e n t i a l l y  d e l e t e r i o u s  i s  another  ma jor  concern. The pump losses  c o u l d  become 
uneconomical ly  h i g h  and t h e  pu lsed f a t i g u e  e f f e c t s  o f  conductor  mot ion  c o u l d  become i n t o l e r a b l e .  
present ,  however, t h e r e  i s  no f e a s i b l e  p o o l - b o i l i n g  des ign  which can assure adequate c o o l i n g  and 
s t r u c  t u  r a  1 con t a  i nmen t s i mu 1 t a  neo us 1 y . 

Extens ion  o f  t h i s  des ign  t o  l a r g e  c o i l  s i z e s  where 

A t  

These t o p i c s  a r e  be ing  addressed by t h e  ORNLsponsored MIT-Francis  B i t t e r  N a t i o n a l  Magnet Labora- 
t o r y  program, and t h e  b a s i c  component and l a r g e  c o i l  t e s t s  i n  t h e  ORNL SCMDP. 

0-4. Conductor -Joi n t  Technique 
Program: C 
P r i o r i t y :  2 

p a r t i c u l a r  superconductors  i n  d i f f e r e n t  reg ions  o f  t h e  c o i l s .  
more c o s t l y  des ign  techniques would have t o  be used, 

s t rands .  A m e t a l l u r g i c a l  bond i s  made between t h e  two normal meta l  p ieces,  w h i l e  t h e  superconduct ing 
f i l a m e n t s  a r e  u s u a l l y  j u s t  p laced i n  p r o x i m i t y  t o  each o t h e r .  The j o i n i n g  techniques are  l a b o r -  
i n t e n s i v e ,  and i f  extended d i r e c t l y  t o  cab les  would become even more so. 
maintenance makes t h i s  ex tens ion  t o t a l l y  undes i rab le .  

c a b l e  a p p l i c a t i o n .  

Developnent o f  a method o f  e f f e c t i n g  r e l i a b l e  j o i n t s  i s  necessary i n  o r d e r  t o  o p t i m i z e  t h e  use o f  
Wi thout  t h i s  d i r e c t  technique,  o t h e r  

A t  present ,  superconductor  j o i n t  techniques a r e  l i m i t e d  t o  m o n o l i t h i c  conductor  types o r  s i n g l e  

The c o m p l i c a t i o n  o f  remote 

The r e c e n t l y  r e p o r t e d  e x p l o s i v e  j o i n i n g  techniques a r e  a t t r a c t i v e  and should be extended t o  

0-5. 
Program: C 
P r i o r i t y :  2 

means f o r  de termin ing  t h e  c ryogen ic  heat  l o s s  i n  t h e  magnets a r i s i n g  f rom pu lsed f i e l d s .  

geometr ies would a s s i s t  i n  d e t e n n i n i n g  l i m i t s  o f  opera t ion .  

A& Loss Anall?!-s and Meas-ur?mmnJ. 

Development and v e r i f i c a t i o n  o f  t h e  ac l o s s  c a l c u l a t i o n a l  techn ique a r e  r e q u i r e d  t o  p r o v i d e  a 

Study i n  t h e  area o f  pu lsed losses  and assoc ia ted  heat  t r a n s p o r t  i n  t h e  compl ica ted  conductor  
The p r i n c i p a l  impediments t o  development 

"Cryogenic s t a b i l i t y  i s  d e f i n e d  as a c o n d i t i o n  i n  which a sudden h e a t  i n p u t  r a i s e s  t h e  c o i l  temperature 

'The ho l low-condu i t  f o r c e d - f l o w  des ign  o f f e r s  a h i g h  d e n s i t y  c u r r e n t  which i s  advantageous f o r  space 

above i g n i t i o n  an3 then recovers t o  t h e  o r i g i n a l  s t a t e  through t h e  i n h e r e n t  heat  t r a n s f e r  mechanism. 

and c o s t  sav ing.  
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of this technique are the complicated geometries of an actual conductor design and the vectorial 
nature (parallel and perpendicular) o f  the electromagnetic field imposed on the TF coil. 
loss is detrimental to the conductor design, cryogenic requirements, and the possible electromagnetic 
shielding scheme. 

load determination and hence give more accurate costs as well as design guides. 

This power 

Clarification of the ac loss magnitude will be reflected principally in the verification of the 

This task is at present a principal activity of the ORNL SCMDP. 

0-6. Stress Analysis 
Program: C 
Priority: 1 

ponents is required to determine the structural design basis of coils. 

structures are too inadequately known for accurate predictions to be made with stress nodels, 
properties of the composite and realistic boundary conditions must be determined so as to make proper 
use of the existing analytical techniques. The structural factors bearing on the determination of the 
c o i l  shape are significantly affected by the support conditions, an area insufficiently understood. 
Confident structural performance under normal and abnormal stress conditions i s  a fundamental require- 
ment of the TF magnet system, 

Development o f  modeling information about the mechanical properties o f  composite and complex com- 

Recent experience with PLT coils has verified earlier judgments that basic properties of composite 
Physical 

This task i s  at present a principal activity of the ORNL SCMDP. 

D-7. Radiation Damage 
Program: B 
Priority: 2 

the dilemma o f  facing either over-conservative design requirements or shortening of the coils' working 
life. 
costly restrictions on design latitudes in the blanket and shield. 

Presently available data on superconductors and normal materials are incomplete far both the in- 
sulating materials and multifilamentary Nb3Sn at 4 K. With respect to the insulating materials in par- 
ticular, radiation effects under the high electrical and mechanical stresses imposed at. 4 K could re- 
sult in electrical breakdown that could have most deleterious effects on the overall reactor operation. 
Improved data on individual magnet coil components at 4 K under some form o f  simulated load would assist 
in reactor design, particularly in design of the regions around blanket penetrations. The loading con- 
ditions should be chosen to develop information relevant to the possibility of synergistic effects i n  

coil systems. 
insulating materials. 

Additional data on radiation damage to insulators and multifilamentary Nb$n are needed to avoid 

Inability to find insulators capable of withstanding the total radiation environment could cause 

This requirement for data on radiation effects at 4 K may lead to basic research into new 

This task is recognized, but not at present supported, by the ORNL SCMDP. 

0-8. Protection 
Program: C 
Priority: 1 

Development and verification of coil protection schemes capable of handling effectively the tens of 
gigajoules of energy stored in the TF coils is necessary to ensure safe, reliable operation o f  this cen- 
tral component. Without assured protection o f  the costly coil system, it is doubtful that such a system 
will be built. 
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E x t r a p o l a t i o n  o f  p resent  p r o t e c t i o n  schemes t o  t h e  EPR case o f  c o n s i d e r a b l y  g r e a t e r  s t o r e d  energy 

A f l e x i b l e  and r e l i a b l e  scheme should be developed f o r  b o t h  t h e  t o r o i d a l  f i e l d  
i s  one p a r t  o f  t h e  e f f o r t ,  w h i l e  i n c l u s i o n  o f  t h e  e f f e c t s  o f  t h e  complex t o r o i d a l  geometry o f  t h e  pres-  
e n t  scheme i s  another .  
and ohmic /equ i lb r ium f i t l d  c o i l  systems t o  meet t h e  p o t e n t i a l l y  wide range o f  s i t u a t i o n s  t o  he i n c u r r e d .  
T h i s  system should p revent  excess ive  t e r m i n a l  v o l t a g e  and excess ive  temperature excurs ion  i n  t h e  c o i l  
i n  case o f  f a u l t .  

I n v e s t i g a t i o n  i n t o  p r o t e c t i o n  schemes i s  recognized as an e s s e n t i a l  p a r t  o f  t h e  ORNL SCMDP. 

D-9. Large-Coi l  S js tem Test  
Program: B 
P r i o r i t y :  1 

q u i r e d  t o  p rove  cand ida te  concepts o f  t h e  EPR t e s t  c o i l ,  

R & 0 problems presented above and t h e  f u l l - s c a l e  EPR should be taken u s i n g  a s e t t i n g  s i m i l a r  t o  t h e  
EPR i n  as  many i m p o r t a n t  parameters a s  poss ib le .  'The s i z e  must be l a r g e  enough t o  ensure t h a t  f a b r i c a -  
t i o n  and mechanical s t a b i l i t y  problems a r e  s i m i l a r ;  t h e  f i e l d  s t r e n g t h  a t  t h e  superconductor  and t h e  
maximum s t r a i n  i n  t h e  conductor  should be t h e  same; t h e  d i s t r i b u t i o n  of f o r c e s  on t h e  c o i  s shou ld  be 
e s s e n t i a l l y  t h e  same as i n  a t o r u s ;  and t h e  pu lsed f i e l d s  and heat  loads  should s i m u l a t e  hose i n  a 
tokamak. I n  t h i s  way, t h e  magnet technology so c r i t i c a l  t o  EPR success can be proven f o r  use i n  an 
o v e r a l l  system t e s t  b e f o r e  t h e  EPR des ign  i s  implemented (see 6-1) .  

Design, f a b r i c a t i o n ,  t e s t i n g ,  and o p e r a t i o n  o f  l a r g e  superconduct ing c o i l s  a r e  e s s e n t i a l  s teps r e -  

I n  a l a r g e  c o i l  t e s t ,  an i n t e r m e d i a t e  s t e p  between l a b o r a t o r y  demonstrat ions o f  s o l u t i o n s  t o  t h e  

A Large C o i l  P r o j e c t  program has been implemented by ORNL t o  meet t h i s  need. 
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E. INTRODUCTION TO THE POLOIDAL FIELD SYSTEM 

The p o l o i d a l  f i e l d  system, d e f i n e d  as t h e  conductors ,  s u p p o r t i n g  s t r u c t u r e ,  and assoc ia ted  
e n g i n e e r i n g  concerns ( m a t e r i a l s ,  c ryogen ics ,  e l e c t r i c a l ,  and mechanica l )  i s  i n t i m a t e l y  t i e d  
t o  the  as y e t  u n c e r t a i n  plasma dynamics c r i t e r i a  (A-8) and t o  the  p o t e n t i a l l y  expensive 
energy s to rage and t r a n s f e r  systems (6-1). 

r e c e n t  p e r c e p t i o n  o f  t h i s  e n t i r e  problem area, i t  i s  hard  t o  assess the  a c t u a l  l e v e l  o f  d i f f i c u l t y  t o  
be encountered i n  t h i s  work. Only  a f t e r  some s u b s t a n t i a l  work has been done i n  many o f  these newly 
i d e n t i f i e d  areas, can a r e a l i s t i c  assessment be made o f  what t r a d e - o f f s  a r e  f e a s i b l e  and necessary. 

The needs a r e  i n  two general  c a t e g o r i e s :  one, t he  conductors ,  and two, t h e  s t r u c t u r e .  I n  the  
former,  t h e  requ i rement  i s  f o r  a conductor  capable o f  genera t ing  and w i t h s t a n d i n g  l a r g e ,  r a p i d l y  chang- 
i n g  magnet ic  f i e l d s .  
d u c t o r s  i n  the  low- temperature r a d i a t i o n  environment wi th s t a b i l i t y  and acceptab ly  low l o s s e s .  
f o l l o w i n g  d e t a i l e d  s tatements o f  needs address each o f  the  separable p a r t s  o f  these two major  R, 0, & D 
requi rements.  

The l a s t  need - a  system a n a l y s i s  - i s  e s s e n t i a l  because o f  t he  v e r y  complex i ty  o f  t he  e n t i r e  sys- 
tem and t h e  perce ived d i f f i c u l t i e s  i n  each component. 

A t  t h i s  stage i n  the  u n d e r l y i n g  d e s i g n  process, most a t t e n t i o n  has been g i v e n  t o  t h e  c e n t r a l  a i r -  
c o r e  superconduct ing c o i l  and t o  the  normal conductors  fo rming  t h e  e lec t romagnet ic  s h i e l d i n g  c o i l s .  
The R, D, & D needs developed here  cover  t h e  a i r  c o r e  on ly ,  s i n c e  t h e  problems i n  the  s h i e l d i n g  c o i l  
a r e  p r i n c i p a l l y  d e s i g n - r e l a t e d  and i n s u f f i c i e n t  work has been done on t h e  o t h e r  systems to  i l l u m i n a t e  
problems s p e c i f i c  t o  those systems. 

Bas ic  Reference f o r  S e c t i o n  E: 

Because o f  t h i s  complex i ty  and because o f  t h e  r e l a t i v e l y  

I n  t h e  l a t t e r ,  t h e  requ i rement  i s  f o r  a s t r u c t u r e  capable o f  s u p p o r t i n g  t h e  con- 
The 

P m g m  #OR Vevebpment o #  P a b d i d a e  Supehconduc&Lg Mugne2 6u.r F u d o n  R e h n c h  ( D r a f t ) .  

E - I .  
Program: C 
P r i o r i t y :  1 

Knowledge o f  t h e  behav io r  o f  superconductors  imnersed i n  and c r e a t i n g  a l a r g e ,  r a p i d l y  changing 
magnetic f i e l d  i s  e s s e n t i a l  t o  t h e  success fu l  des ign  o f  a s i g n i f i c a n t  p o r t i o n  o f  t h e  e lec t romagnet ic  
f i e l d  c o n f i n i n g  and h e a t i n g  t h e  plasma. 

Understanding t h e  mechanisms which l i m i t  t h e  r a t e  o f  f i e l d  change and t h e  c u r r e n t  and v o l t a g e  
r a t i n g s  i s  b a s i c  t o  c o n c e i v i n g  means o f  d e a l i n g  w i t h  and r a i s i n g  these l i m i t s  and p r o v i d i n g  i n p u t  t o  
t h e  i n t e r f a c e s  w i t h  plasma o p e r a t i o n  and e l e c t r i c a l  power s u p p l i e s  and switchgear.  B a s i c a l l y ,  i t  must 
be determined i f  heat  can be e x t r a c t e d  f rom a mixed-matr ix  (Cu and CuHi) NbTi superconductor  w i t h  
s u f f i c i e n t  e f f i c i e n c y  t h a t  t h e  NbTi w i l l  remain superconduct ing under a s e t  o f  severe requi rements,  i n -  
c l u d i n g  h i g h  maximum f i e l d ,  h i g h  r a t e  of change, and h i g h  c u r r e n t  d e n s i t y .  I t  i s  s imu l taneous ly  neces- 
s a r y  t o  understand t h e  r e l a t i o n s h i p  o f  d i f f e r e n t  p u l s e d - f i e l d  waveshapes t o  t h e  heat  d e p o s i t i o n  i n  t h e  
conductor .  
change and p u l s e  l e n g t h .  

Mechanism o f  C a r r y i n g  H igh  C u r r e n t  i n  R a p i d l y  Changing F i e l d s  

Out o f  t h i s  s tudy  comes a knowledge o f  t h e  o p e r a t i n g  f i e l d s  f o r  v a r i o u s  r a t e s  o f  f i e l d  

The l i m i t a t i o n  on conductor  c u r r e n t  and r a t e  o f  f i e l d  change i s  s e t  by v a r i o u s  phenomena. 
One i s  t h e  eddy c u r r e n t  h e a t i n g  i n  t h e  conductor  s t r u c t u r e .  I f  t he  m e t a l l i c  tube now i n c l u d e d  

i n  t h e  h o l l o w  c o n d u i t  des ign  can be rep laced w i t h  a l e a k p r o o f  f i b e r - r e i n f o r c e d  p l a s t i c  (see E-6), then  
t h i s  problem i s  reduced s i g n i f i c a n t l y .  

r e s u l t s  from conductor  mot ion  and consequent c o o l i n g  passage b lockage (see a l s o  D-3). 
Another  i s  t h e  p o t e n t i a l  f o r  a r e d u c t i o n  i n  the  conduct ion  o f  heat  o u t  o f  t h e  superconductor  which 
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A t h i r d  i s  t h e  s e t  o f  superconduct ing phenomena which must be understood i n  o r d e r  t o  des ign  r e l i -  

Losses i n  t h e  
a b l e  h i g h - c u r r e n t  conductors .  One o f  these, s e l f - f i e l d  e f f e c t s ,  i s  t h e  process o f  c u r r e n t  t r a n s f e r  
between o u t e r  f i l a m e n t s  i n  a l o w - f i e l d  r e g i o n  and a l l  f i l a m e n t s  i n  a h i g h - f i e l d  reg ion .  
normal m a t r i x  associate; w i t h  t h e  c u r r e n t  t r a n s f e r  between these two r e g i o n s  c o u l d  be uneconomical ly  
h i g h  i n  a pu lsed s i t u a t i o n .  T h i s  same problerri i s  faced a t  each l e v e l  o f  conductor ,  i .e . ,  f i l a m e n t s ,  
w i res ,  s t rands ,  e t c .  The problem can be reversed a t  t h e  s t r a n d  l e v e l  by  f u l l  t r a n s p o s i t i o n .  

cab le ,  namely, Roebel c a b l e .  T h i s  c a b l e  i s  manufactured o u t  o f  copper r o u t i n e l y  and used i n  h i g h  c u r -  
r e n t  t rans formers .  
i n  f a c t  has been made f o r  t h e  Los Alamos S c i e n t i f i c  Laboratory-Magnet ic  Energy T r a n s f e r  and Storage 
Program. However, t h i s  c a b l e  causes severa l  problems. The i n s u l a t i o n  i n t e g r i t y  i s  h a r d  t o  m a i n t a i n ,  
and t h e  pack ing i s  t o o  dense f o r  use i n  f o r c e d - f l o w  conductors .  I t  may, however, be u s e f u l  i n  poo l -  
b o i l i n g  magnets. Wi th  some eng ineer ing  t h i s  concept  may be made s u i t a b l e  f o r  use i n  a f o r c e d - f l o w  

conductor .  

I t  i s  p o s s i b l e  t o  manufacture a cab le  i n  which t h e  c u r r e n t  w i l l  be t h e  same f o r  a l l  s t rands  o f  t h e  

Such a cab le  made w i t h  composite superconductor  s t r a n d  i s  a l s o  p o s s i b l e ;  some cab le  

Among t h e  o t h e r  impor tan t  f a c t o r s  i s  t h e  s e l f - f i e l d  e f f e c t ,  which i n d u c t i v e l y  couples each t u r n  
w i t h  t h e  o t h e r  t u r n s  i n  t h e  magnet. 
t h e  wide d i s t r i b u t i o n  o f  maximum a l l o w a b l e  c u r r e n t s  th roughout  t h e  v a r i o u s  r e g i o n s  o f  t h e  c o i l .  

t o  each o t h e r .  T h e i r  l i m i t a t i o n s  g i v e  d i f f e r e n t  requi rements on t h e  power supply  and energy s to rage 
u n i t  (see  G-1). The c o i l  v o l t a g e  i s  l i m i t e d  because o f  t h e  low d i e l e c t r i c  s t r e n g t h  o f  he l ium a t  4 K 
and l i m i t e d  separa t ion  d i s t a n c e  (see E - 4 ) .  
o f  t h i s  f a c t  a long w i t h  t h e  compacting o f  leads  i n  t h e  c e n t r a l  core.  

t h e  LASL program and, i n  c e r t a i n  aspects, i s  addressed i n  t h e  Lawrence L ivermore l a b o r a t o r y  program. 
The r e c e n t  sharp inc rease i n  a t t e n t i o n  g iven t o  t h i s  problem should be susta ined.  
t h e  fundamental measurements o f  maximum s t a b l e  B versus iiiiposed b f o r  d i f f e r e n t  A t ' s  should be expanded. 
Successful PF c o i l  performance i s  fundamenta l ly  necessary f o r  EPR opera t ion ,  and g i v e n  t h e  probab le  
magnitude o f  t h e  conductor  development task ,  cons iderab le  e f f o r t  i s  needed now t o  d e f i n e  b e t t e r  t h e  
a c t u a l  scope o f  these problems. 

T h i s  c o u p l i n g  may h e l p  overcome t h e  i n e f f i c i e n c i e s  assoc ia ted  w i t h  

For  a g i v e n  charg ing  power requi rement  t h e  c u r r e n t  and v o l t a g e  f a c t o r s  a r e  i n v e r s e l y  p r o p o r t i o n a l  

F u r t h e r  des ign  i s  needed t o  determine t h e  f u l l  i m p l i c a t i o n  

Th is  problei i i  i s  now c l e a r l y  recognized i n  t h e  ORNL SCMDP, i s  under a c t i v e  i n i t i a l  i n v e s t i g a t i o n  i n  

E f f o r t s  t o  per fo rm 

E - 2 .  C r y o s t a b i l i z i n g  C o o l - i s  
Program: C 
P r i o r i t y :  1 

necessary t o  d e f i n e  t h e  o p e r a t i n g  range o f  t h e  OH superconductor .  
i s  necessary t o  t h e  EPR.  

on t h e  h e a t  removal system. The p r i n c i p a l  t r a d e - o f f  i s  between t h e  advantages and d isadvantages o f  
e l e c t r i c a l l y  s t a b l e  mechan ica l l y  m o b i l e  cab led  c o n f i g u r a t i o n s ,  and mechan ica l l y  s t a b l e  t h e r m a l l y  iso- 
l a t e d  m o n o l i t h i c  c o n f i g u r a t i o n s  i n  which t h e  he l ium change must occur  before t h e  temperature r i s e s  above 
t h e  c r i t i c a l  va lue .  
temperature d i s t r i b u t i o n  i n  t h e  c o i l  f o r  a g i v e n  p u l s e  r a t e .  

I n v e s t i g a t i o n  o f  t h e  impacts o f  pu lsed o p e r a t i o n  on t h e  l i m i t s  o f  c ryogen ic  s t a b i l i t y  (see D-3)  i s  
S t a b l e  o p e r a t i o n  o f  t h e  OH a i r  c o r e  

I n  a d d i t i o n  t o  those problems d iscussed i n  D-3, r a p i d  pu lsed o p e r a t i o n  imposes f u r t h e r  s t resses  

The b a s i c  problem i s  t o  a d j u s t  t h e  c o o l i n g  system des ign  t o  produce an acceptab le  

T h i s  i s  a c e n t r a l  element i n  t h e  ORNL SCMDP. 
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E-3. Pulsed Coil Protection 

Program: C 

Pr ior i ty:  1 

essential step t o  ensure the large investment in th i s  central component. 

t r a l l y  within the device, the ON system must operate reliably and continuously. 

scale  for  operation o f  th i s  coil i s  fractions of a second, abnormalities can be d i f f i cu l t  to detect 

before damage occurs. 

This method i s  used 

in short sample t e s t s  t o  measure the c r i t i ca l  current a s  a function of f ie ld  and temperature. However, 

i t s  use i s  f rustrated by the fac t  tha t  there are  inductive voltages as well as res i s t ive  voltages. 

method i s  needed whereby the voltages produced by 

voltage coming from res i s t ive  changes can be measured. The ORNL SCMDP i s  using a form o f  th i s  alterna- 

t i ve  method now to  measure pulse losses i n  small solenoids. 

pulsed operations. 

Development of techniques t o  protect the OH coil against abnormal heat inputs or fau l t s  i s  an 
Because i t  i s  located cen- 

Since the normal time 

A res i s t ive  region in a conductor may be detected with a s e t  o f  voltage taps. 

A 
d I  can be subtracted from the signal voltages, and the 

This i s  a requirement for  f au l t  detection and for contra1 and energy transfer techniques in rapid 

This work i s  under way in the ORNL SCMDP. 

Reference Document: ORNL/TM-5043 

E-4. 

Program: C 

Priority: 2 

sibly development of means t o  increase th i s  capacity, are necessary to define the operating limits or 

required protection with respect t o  s tar tup,  shutdown, and uncontrolled plasma changes. 

Whenever there i s  a substantial change in the flux linking the a i r  core, caused ei ther  by a change 

in current distribution o r  magnitude or b o t h ,  high voltages are generated t h a t  are  applied t o  the co i l .  

With minimum peak voltages of hundreds o f  volts and minimum numbers of turns o f  many hundreds, voltages 

in the range of many tens t o  a few hundred thousand volts could be imposed on the co i l .  A t  present, the 

breakdown strength of the coil appears limited by the d ie lec t r ic  strength of helium, and further limited 

by severe space res t r ic t ions  for insulators. 

l ine  work indicate that  voltages a t  a few tens of kilovolts may be a practical l imit  in tokamak geom- 

e t r i e s ,  because of breakdowfls coming from elongated bubbles i n  the helium. 

or avoidable. 

and a t  other laboratories. 

E-5. Pulsed Conductor Fabrication 

Program: C 

Pr ior i ty:  2 

ductors i s  required t o  ensure t h a t  the design which i s  capable o f  withstanding the widest range of 

plasma parameters can be implemented. 

schedule. 

High-Vol tage Capabi 1 i t l  

Determination o f  the limits on the voltage-handling capacity of the superconducting co i l ,  and pos- 

Experiments in high-voltage superconducting transmission 

A t  present, insufficient information exis ts  t o  enable th i s  problem t o  be dismissed as solvable 

Work i s  in progress a t  the EROA Division o f  Electrical Energy Systems (DEES) Cryoelectrics Program 

Development of an economical method of producing small-filament mixed-matrix NbTi pulsed supercon- 

Better defSned production procedures would improve bo th  cost and 
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Reduct ion o f  h y s t e r e t i c  l o s s  i s  accomplished by r e d u c t i o n  o f  superconductor f i l a m e n t  s i z e .  Reduc- 
t i o n  o f  eddy c u r r e n t  c o u p l i n g  l o s s  i s  accomplished by sur round ing  each f i l a m e n t  w i t h  a l a y e r  o f  low-  
c o n d u c t i v i t y  Cu-Ni m a t e r i a l  e l e c t r i c a l l y  i s o l a t i n g  t h e  f i l a m e n t s  i n  t h e  conductor .  Produc t ion  o f  eco- 
nomical  superconductors  combin ing b o t h  smal l  f i l a m e n t s  and Cu-Ni m a t r i x  m a t e r i a l s  i s  p r e s e n t l y  beyond 
t h e  s t a t e  o f  t h e  metallurgical/fabrication a r t .  A t  p resent ,  conductors  o f  b o t h  l a r g e - f i l a m e n t  Cu-Ni 
i n a t r i x  m a t e r i a l  and s m a l l - f i l a m e n t  p l a i n  Cu m a t e r i a l  a r e  a v a i l a b l e ,  b u t  n o t  t h e  s m a l l - f i l a m e n t  mixed 
m a t r i x  combinat ion.  
y i e l d s  a r e  low and c o s t s  a r e  h i g h .  

t o  l i m i t  t h e  minimurn f i l a m e n t  s i z e ,  and i n  t h e  copper n i c k e l  where t h e y  a p p a r e n t l y  c r e a t e  f a b r i c a t i o n  
problems. 

T h i s  i s  a requi rement  f o r  improved manufactur ing,  q u a l i t y  c o n t r o l ,  and q u a l i t y  assurance procedures 
i n  t h e  pu lsed conductor  p r o d u c t i o n  process. 

Even a t  t h i s  t ime, t h e  p r o d u c t i o n  o f  t h e  former i s  so complex and u n c e r t a i n  t h a t  

The r o l e  o f  c e r t a i n  raw m a t e r i a l  i m p u r i t i e s  i s  u n c l e a r  b o t h  i n  t h e  superconductors  where t h e y  seem 

T h i s  i s  an element o f  t h e  ORNL SCMDP. 

E - 6 .  S t r u c t u r a l  Mat_qri= 
Program: C 
P r i o r i t y :  1 

C o l l e c t i o n  o r  development o f  i n f o r m a t i o n  on t h e  s t r u c t u r a l  p r o p e r t i e s  o f  non-conducting m a t e r i a l s  

(esp. r e i n f o r c e d  p l a s t i c s ) ,  and superconductors a t  4 K under mechanical l o a d  and i n  a r a d i a t i o n  f i e l d ,  
i s  necessary t o  determine t h e  f e a s i b i l i t y  o f  o p e r a t i n g  pu lsed superconduct ing c o i l s  w i t h  t o l e r a b l e  heat  
1 oads . 

Use o f  e l e c t r i c a l l y  conduct ing  s t ruc tu re :  i n  t h e  pu lsed c o i l s  w i l l  i n c u r  l a r g e  eddy-cur ren t  losses  
r e s u l t i n g  i n  v e r y  l a r g e  r e f r i g e r a t i o n  systems and r e s t r i c t e d  ranges o f  o p e r a t i o n .  
conduct ing  s t r u c t u r e  w i t h  non-conduct ing s t r u c t u r e  i s  p r e s e n t l y  hampered by t h e  l a c k  o f  da ta  on t h e  
p h y s i c a l  p r o p e r t i e s  o f  these i n s u l a t i n g  m a t e r i a l s  a t  4 K and under r a d i a t i o n  f i e l d .  Three s p e c i f i c  
ques t ions  inust be answered about  f iber -compos i tes  b e f o r e  they  can be r e l i a b l y  used i n  superconduct ing 
magnets a t  4 K. 

Replacement o f  t h e  

a )  What i s  t h e i r  e l a s t i c  response t o  load?  

b )  How i s  t h e i r  f a i l u r e  mechanism r e l a t e d  t o  t h e  l o a d i n g  regime? 
c )  What i s  t h e i r  response t o  dynamic f a t i g u e ?  

These same t h r e e  ques t ions  must be answered about  t h e  superconductors  and e s p e c i a l l y  about  t h e  composite 
s t r u c t u r e  i n c l u d i n g  superconductor ,  normal m a t e r i a l ,  and s t r u c t u r e .  A s p e c i f i c  requ i rement  i s  p laced on 
t h e  non-conduct ing s t r u c t u r e  r e l a t e d  t o  eddy c u r r e n t  losses  i n  l a r g e  pu lsed conductors .  I f  t h e  s t r u c -  
t u r e  can be made l e a k p r o o f  t o  p ressur ized  hpliurn, then t h e  l o s s e s  i n  t h e  present  meta l  l i n e r  c o n t a i n i n g  
t h e  h e l i b m  can be e l i m i n a t r d  and l a r g e r  c u r r e n t  pu lsed conductors  made. 

w i t h o u t  unacceptably  h i g h  r e f r i g e r a t i o n  c o s t s .  T h i s  task  i s  be ing  pursued i n  t h e  ORNL SCMDP. 
A t  present ,  t h e r e  a r e  no means o f  s u p p o r t i n g  pu lsed superconduct ing c o i l s  w i t h  conduct ing  m a t e r i a l s  

E -7 e 

Program: C 
P r i o r i t y :  1 

system i s  r e q u i r e d  t o  enable d e t e r m i n a t i o n  o f  t h e  r o u t e  o f  h i g h e s t  p r o b a b i l i t y  o f  success w i th  l e a s t  
c o s t .  

Pol  o i  dal-..fj-el d Sys tern Analysis- 

Development of a model t h a t  i n c l u d e s  each o f  t h e  f a c t o r s  a f f e c t i n g  t h e  des ign  o f  t h e  p o l o i d a l  f i e l d  
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The p r e s e n t  u n c e r t a i n t y  i n  t h i s  c e n t r a l  system c o u l d  l e a d  t o  m i s d i r e c t e d  work o r  absence o f  work, 
r e s u l t i n g  i n  n e g a t i v e  judgments based upon inadequate i n f o r m a t i o n  about  t h e  d i f f i c u l t i e s  o f  component 
problems i n  t h e  EPR. 

S ince the p o l o i d a l  f i e l d  system i s  i n t i m a t e l y  r e l a t e d  t o  t h e  c r i t e r i a ,  c o n s t r a i n t s ,  and r e q u i r e -  
ments, u s u a l l y  o n l y  vaguely de f inab le ,  o f  t he  plasma, magnetics, energy s to rage and t r a n s f e r ,  c ryogen ics ,  
and remote maintenance systems, a means o f  b a l a n c i n g  q u a n t i t a t i v e l y  each o f  t h e  f a c t o r s  i n v o l v e d  would 
p u t  t he  des ign  e f f o r t  on a much more sys temat ic  b a s i s  than a t  p resent .  

K, D, and D problems o f  s i g n i f i c a n t ,  though u n c e r t a i n ,  magnitude. An o p e r a t i n g  p o l o i d a l  f i e l d  
systems model, f i t t i n g  i n t o  a l a r g e r  o v e r a l l  systems model, would p r o v i d e  the  t o o l  f o r  choice.  

o f  such a model. 
examined t o  ensure t h a t  a b r o a d l y  based cho ice  i s  a v a i l a b l e .  

Each o f  these areas c o n t a i n s  

LASL/UT has j u s t  been g i v e n  the  t a s k  o f  t h e  development of a q u a n t i t a t i v e ,  paramet r ic  d e s c r i p t i o n  
As t h e  program p l a n  and systems model i s  developed by LL!SL/UT, t he  o u t p u t  should be 

E-8. Remotely M a i n t a i n a b l e  S h i e l d i n g  C o i l  J o i n t s  

Program: B 

P r i o r i t y :  2 
Demonstrat ion o f  r e l i a b l e  j o i n t s  f o r  t h e  normal conductors  i n  t h e  s h i e l d i n g  c o i l  u s i n g  remote 

maintenance techn iques  i s  e s s e n t i a l  t o  a f e a s i b l e  mechanical design. 
The b a s i c  f u n c t i o n  o f  t he  s h i e l d i n g  c o i l  r e q u i r e s  t h a t  t he  amp-turns be l o c a t e d  w i t h i n  t h e  neut ron  

s h i e l d .  I n  t h i s  h i g h - r a d i a t i o n  environment, remote maintenance techniques a r e  necessary f o r  any work on 
t h e  j o i n t s .  In any v a r i a t i o n  o f  t h e  assembly procedure now conceived,  t he  j o i n t s  on the  DH s h i e l d i n g  
c o i l  must be disassembled and l a t e r  reassembled i n  o r d e r  t o  change a b l a n k e t ,  vacuum chamber, o r  TF c o i l  
module. 
development work. Demonstrat ion i s  what remains t o  be done. 

I n  a d d i t i o n  t o  t h e  u n c e r t a i n t y  about the  need f o r  p o l o i d a l  f i e l d  c o i l s  i n s i d e  t h e  TF C o i l s ,  one o f  
t he  p r i n c i p a l  ques t ions  about  the  e lec t romagnet ic  s h i e l d i n g  scheme i s  whether i t  can be e x t r a p o l a t e d  t o  
an economic demonst ra t ion  p l a n t .  
conductors  i n  t h e  s h i e l d i n g  c o i l s ?  
t h e  b l a n k e t / s h i e l d  i s  a key t o  success fu l  design. 

Var ious des igns have been proposed f o r  t h i s  j o i n t ,  most o f  which do n o t  r e q u i r e  any f u r t h e r  

Does e x t r a p o l a t i o n  i m p l y  convers ion  from normal conductors  t o  super-  

I n  any case, t h e  a b i l i t y  t o  make and break many j o i n t s  deep w i t h i n  
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F. STRUCTURAL SYSTEM 

F-1. _Structura l - -Design Critexz 
Program: B 
P r i o r i t y :  2 

t i o n  o r  m o d i f i c a t i o n  o f  f a b r i c a t i o n  f a c i l i t i e s  fo rm a s e t  o f  tasks  e s s e n t i a l  f o r  des ign  and implementa- 
t i o n  o f  EPR s t r u c t u r e .  

Dekelopnent o f  c r i t e r i a ,  adapta t ions  o f  a n a l y t i c a l  codes, v e r i f i c a t i o n  o f  a n a l y s i s ,  and cons t ruc-  

Cons ider ing  t h e  p l a n t  s i z e  and c o s t s  r e q u i r e d  f o r  an EPR p r o j e c t ,  i t  i s  impor tan t  t o  commence 
development as  soon as p o s s i b l e  o f  s t r u c t u r a l  des ign  c r i t e r i a .  S t r u c t u r a l  des ign  c r i t e r i a  should con- 
s i s t  o f  t h r e e  major  elements: 

1 .  D e f i n i t i o n  o f  a l l  p e r t i n e n t  c o n d i t i o n s ,  environments and assoc ia ted  load ings  t o  which t h e  de- 
v i c e  m i g h t  be subjected,  e.g., se is i i i ic  and tornado.  

D e f i n i t i o n  of a p p r o p r i a t e  s a f e t y  f a c t o r s  on loads  o r  m a t e r i a l  s t r e n g t h s  t o  ensure s t r u c t u r a l  
des igns t h a t  p r o v i d e  acceptab le  r i s k  t o  s a f e t y ,  environments, and economical opera t ion .  

D e f i n i t i o n  o f  analyses unique t o  t h e  s t r u c t u r a l  system which a r e  r e q u i r e d  t o  t r a n s l a t e  t h e  
env i ronments and loads  i n t o  a p p r o p r i a t e  s t a t i c  and t ime-dependent s t r u c t u r a l  response parameters 
(s t resses ,  s t r a i n s ,  d isp lacements)  i n  o r d e r  t o  r e l a t e  them t o  m a t e r i a l  s t r e n g t h  parameters o r  o t h e r  de- 
s i g n  c r i t e r i a  (e .g. ,  maximum d isp lacements ) .  

Three major  f u n c t i o n s  a r e  served by s t r u c t u r a l  des ign  c r i t e r i a :  

2. 

3. 

1 .  They p r o v i d e  a "check l i s t "  t o  ensure t h a t  a l l  p e r t i n e n t  loads  and environments have been con- 
s i d e r e d  i n  t h e  des ign  and t h a t  t h e y  have been analyzed s a t i s f a c t o r i l y .  

2 .  They e s t a b l i s h  a p p r o p r i a t e  s a f e t y  f a c t o r s  o r  margins between t h e  loads  and m a t e r i a l  s t r e n g t h  
p r o p e r t i e s  so t h a t  t h e  r i s k s  assoc ia ted  w i th  p o s s i b l e  s t r u c t u r a l  f a i l u r e  a r e  commensurate w i t h  t h e  
consequences r e s u l t i n g  froin such a f a i l u r e .  

t i o n s  u s u a l l y  i n v o l v e d  i n  a l a r g e  project.. 
3. They p r o v i d e  a means f o r  e s t a b l i s h i n g  a degree o f  u n i f o r m i t y  between t h e  many des ign  organ iza-  

An i n t e r d i s c i p l i n a r y  committee has been formed a t  ORNL t o  beg in  development o f  t h e  c r i t e r i a ,  and a 

j o i n t  proposal  has been prepared by ORNL and Mechanics Research, I n c .  (MRI) f o r  a s tudy  t o  assess t h e  
present  s t a t e  o f  t h e  a r t  o f  tokamak r e a c t o r  design, and f u r t h e r  develop s t r u c t u r a l  des ign  c r i t e r i a .  
T h i s  s t u d y  i s  proposed as t h e  f i r s t  phase o f  a c o n t i n u i n g  program t h a t  w i l l  l e a d  u l t i m a t e l y  t o  i n d u s t r y -  
wide s t r u c t u r a l  des ign  c r i t e r i a  t h a t  w i l l  s a t i s f y  a l l  p e r t i n e n t  l i c e n s i n g ,  s a f e t y ,  and r e l i a b i l i t y  
requi rements.  

F-2. Thermal J n s u l a t i o n  
Program: B 
P r i o r i t y :  2 

c o i l s  and c e n t r a l  suppor t  s t r u c t u r e .  
t u r e  t o  4 K r e q u i r e s  t h a t  t h e  suppor t  s t r u c t u r e  a l s o  be coo led  t o  4 K.  
over  l o n g  o p e r a t i n g  cyc les ,  h i g h - e f f i c i e n c y  vacuum-type thermal  i n s u l a t o r s  a r e  a n e c e s s i t y .  

t o r u s  s e r i o u s l y  impede access. Var ious des ign  a l t e r n a t i v e s  have been considered,  i n c l u d i n g  1 )  a s i n g l e  
vacuum dewar e n c l o s i n g  b o t h  TF c o i l s  and s t r u c t u r e ,  and 2 )  separa te  i n s u l a t o r s  w i t h  f o r c e  t ransmiss ion  

A fundamental problem i n  superconduct ing tokamaks i s  t h e  des ign  o f  thermal  i n s u l a t i o n  f o r  t h e  TF 

To m a i n t a i n  thermal  s t a b i l i t y  

The low aspect  r a t i o  and ttir n e c e s s i t y  o f  s u p p o r t i n g  t h e  c o i l s  u n i f o r m l y  a long t h e  i n s i d e  o f  t h e  

The l a r g e  thermal c o n t r a c t i o n  o f  t h e  TF c o i l s  f rom room tempera- 



ttlrough the c o i l  and  structural insulation 

off studies to evdludre the economic advantayes o f  various dlterndtives oefore specif7cstion o t  a ilia- 

t e r i a l  or hdrdware development proqrain. 

There i s  a need for more detailed design and system trade- 
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G. ELECTRICAL ENERGY STORAGE AND PULSE SYSTEMS 

G-1. 
Program: A 
P r i o r i t y :  1 

Development and/or  e x t r a p o l a t i o n  o f  OH c i r c u i t  concepts and components, and demonst ra t ion  o f  r e l i -  
a b l e  o p e r a t i o n  a t  r a t e d  c o n d i t i o n s ,  a r e  r e q u i r e d  t o  p r o v i d e  t h e  b a s i c  e l e c t r i c a l  eng ineer ing  c a p a b i l i t y  
t o  c r e a t e ,  ma in ta in ,  and t e r m i n a t e  t h e  plasma c u r r e n t .  
supp ly  and t r a n s f e i ,  problems assoc ia ted  w i t h  a r a p i d  change o f  ~2 GJ i s  e s s e n t i a l  t o  t h e  EPR. A t  t h e  
g i g a j o u l e  l e v e l  now env is ioned f o r  t h e  energy n e c e s s a r i l y  s t o r e d  i n  t h e  OH a i r  c o r e  d u r i n g  o p e r a t i o n ,  
p r e s e n t l y  a v a i l a b l e  methods and components f o r  energy t r a n s f e r ,  s torage,  and c o n t r o l  i n  t h e  o v e r a l l  OH 
c i r c u i t  cannot  be judged adequate. I n  v a r i o u s  p o s s i b l e  c o n f i g u r a t i o n s  o f  t h e  OH c i r c u i t ,  heavy depen- 
dence i s  p laced upon some subset o f  t h e  f o l l o w i n g  elements: homopolar generator ,  superconduct ive i n -  
duc tor ,  s o l i d  s t a t e  dev ice  conver to r ,  and mechanical sw i tch ,  each one o f  which would be pushed beyond 
t h e  s t a t e  o f  t h e  a r t  i n  one o r  more o f  t h e  c o n f i g u r a t i o n s .  

5 m i c  l l e a t i n g  Enerqy Storage and T r a n s f e r  

Determinat ion  o f  t h e  f e a s i b i l i t y  o f  h a n d l i n g  t h e  

A LASIJUT program has j u s t  been i n i t i a t e d  t o  make a systerr iat ic a n a l y s i s  o f  s p e c i f i c  choices i n  t h e  
power supply, s torage,  and t r a n s f e r  areas.  F u r t h e r  i n v e s t i g a t i o n  o f  t h e  r e l a t i v e  m e r i t s  o f  t h e  pos- 

s i b l e  c i r c u i t s  i n  combinat ion w i t h  t h e  plasma phys ics  and superconduct ive technology c o n s i d e r a t i o n s  i s  
r e q u i r e d  b e f o r e  a c l e a r  s ta tement  o f  t h e  development problem i s  p o s s i b l e .  Appropr ia te  scoping s t i i d i e s  
a r e  now under way t o  l a y  t h e  b a s i s  f o r  program development a t  ORNL. 

G - 2 .  N e u t r a l  I n j q c t i o n  Powy..Suppl i e s  and Coiiiponentz 
Program: B 
P r i o r i t y :  2 

t r a p o l a t i o n  o f  TFTR-type systems t o  EPR energy and power l e v e l s .  
o f  high-power e l e c t r i c a l  components and probab ly  research  i n t o  t h e  b a s i c  sc ience o f  s w i t c h i n g .  
f u n d i n g  would a l l o w  ex tens ion  o f  t h e  present  program t o  achieve EPR requi rements.  

The ex tens ion  o f  e l e c t r i c a l  eng ineer ing  technology p r e v i o u s l y  used i n  TFTR beams, t o  achieve 
h i g h e r - v o l t a g e  l a r g e  power u n i t s ,  represents  two s teps  beyond c u r r e n t l y  a v a i l a b l e  equipment. 
s w i t c h  tubes w i l l  have a l r e a d y  been extended t o  t h e  end o f  t h e i r  range f o r  TFTR beanis a t  60 A and 225 
keV, w h i l e  r a t i n g s  o f  120 A and 300 keV a r e  needed f o r  EPR. 
r e g u l a t o r  r a t i n g s  w i l l  be inc reased by a f a c t o r  o f  t h r e e  f rom TFTR t o  EPR. 
e l e c t r i c a l  s t r e n g t h s  i n  vacuum, gas, and plasliia environments w i t h  h i g h - c u r r e n t  and h igh-vo l tage cond i -  
t i o n s  shou ld  r e s u l t  i n  new s w i t c h  techniques,  o r  a t  l e a s t  f e a s i b l e  e x t r a p o l a t i o n s  o f  e x i s t i n g  techniques.  

Lack of e f f e c t i v e  research  i n  t h e  area would r e q u i r e  e i t h e r  e x c e s s i v e l y  cumbersome and c o s t l y  use 

Oevelopliient o f  h i g h - v o l t a g e  s w i t c h  tubes,  r e g u l a t o r s ,  and power s u p p l i e s  i s  r e q u i r e d  t o  p e r m i t  ex-  
T h i s  i s  a requi rement  f o r  development 

Adequate 

Proposed 

U n i t  power supply  s i z e  and h igh-vo l tage 
Research i n  t h e  area o f  

o f  v e r y  many sr i ia l ler  components, o r  an i m p o s i t i o n  o f  r e s t r i c t i v e l y  low l i m i t s  on opera t ion .  
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H. INTRODUCTION TO THE PLASMA HEATING SYSTEM TOPICS 

Basic work i n  the  area o f  n e g a t i v e  i o n  sources and t h e  e x t r a c t i o n  and a c c e l e r a t i o n  o f  n e g a t i v e  i o n  
Research i n  t h i s  beams i s  r e q u i r e d  t o  s u p p o r t  t he  development o f  h i g h - e f f i c i e n c y  n e u t r a l  beam systems. 

f i e l d  c o u l d  r e s u l t  i n  t h e  p e r c e p t i o n  o f  ways t o  produce t h e  r e q u i r e d  beams o r  c o u l d  demonstrate t h a t  t he  
cost o f  h e a t i n g  c o n t i n u o u s l y  by  beam r a t h e r  than wave i s  e x c e s s i v e l y  h i g h ,  
i n  e i t h e r  beam o r  wave h e a t i n g  are,  and w i l l  be, v e r y  expensive,  e a r l y  guidance on t h e i r  r e l a t i v e  tech- 
n o l o g i c a l  m e r i t s ,  based on research  i n t o  b a s i c  processes and p o s s i b l e  techniques,  would be e s p e c i a l l y  
h e l p f u l  i n  making program cho ices .  I n f o r m a t i o n  about  n e u t r a l  beam h e a t i n g  by p o s i t i v e  i o n  source w i l l  
come from t h e  exper iments assoc ia ted  wi th t h e  n e x t  g e n e r a t i o n  of h o t  plasma dev ices  i n  the  f u s i o n  pro-  

gram. 

Bas ic  Reference f o r  S e c t i o n  W :  

Long Range P h o g m  P h  60h Pe,vd,Y.o,me.d 0 6  Neu,ttul Inject.con S y t e m ,  ORNL ( J u l y  1975) D r a f t .  

S ince development programs 

The f o l l o w i n g  s e c t i o n s  d e t a i l  t h e  key problems i n  t h e  plasma h e a t i n g  area. 

H-1 . In-nih System A p p l i c a t i o n  
Program: C 
P r i o r i t y :  1 

i ng  f a c t o r s  o f  a l l  key parameters i s  r e q u i r e d  t o  min imize  the  r i s k  o f  expensive f a i l u r e  i n  a f u l l - s i z e  
EPR. 

Demonstrat ion o f  a c t u a l  o n - l i n e  plasma h e a t i n g  technology i n  s i t u a t i o n s  t h a t  a r e  w i t h i n  smal l  s c a l -  

Component development and t e s t  s tand work must be coupled w i t h  on-machine t e s t i n g  t o  demonstrate 
t h e  c a p a b i l i t y  o f  plasma heaters .  Exper ience i n  t h e  i n c r e a s i n g l y  success fu l  plasma h e a t i n g  exper iments 
t o  d a t e  has shown t h a t  s t r o n g  feedback between l a b o r a t o r y  p r e p a r a t i o n  and f i e l d  t e s t i n g  i s  e s s e n t i a l  t o  
t h e  o v e r a l l  progress.  

The OMFE Plasma H e a t i n g  program represents  the  l a r g e s t  s i n g l e  techno logy  program, and a l l  aspects  
o f  beam h e a t i n g  a p p l i c a b l e  t o  n e x t - g e n e r a t i o n  machines (PLT, ORMAK Upgrade, 0111, and TFTR) a r e  be ing  
v i g o r o u s l y  pursued. 

Two major  areas o f  research  a r e  needed f o r  EPR i n  a d d i t i o n  t o  those be ing  pursued p r e s e n t l y .  New 
e f f o r t s  i n  t h e  areas o f  system t e s t i n g  f o r  n e g a t i v e  i o n  sources dnd l o n g  p u l s e  l e n g t h  heam systems a r e  
nw c a l l e d  f o r .  

t4-2. 
Program: C 
P r i o r i t y :  2 

i s  r e q u i r e d ,  t o  p e r m i t  t h e  p o s s i b i l i t y  o f  h e a t i n g  plasma t o  i g n i t i o n  temperatures i n  a f u s i o n  r e a c t o r .  

b e l i e v e d  t o  be t e c h n i c a l l y  f e a s i b l e  b u t  r e q u i r e s  b o t h  cont inued exper iments w i t h  i n t e r m e d i a t e  and f i n a l  
energy l e v e l  n e u t r a l  beams and, i n  a c t u a l  use, t h e  a v a i l a b i l i t y  o f  a h i g h  l e v e l  o f  pu lsed power, 
4.5-1 GW. 
o u t p u t  i n  t h e  e a r l y  r e a c t o r s ,  and t h e  requi rement  f o r  e f f i c i e n t  systems i n  the  Demonstrat ion Fusion 
Reactor, n e g a t i v e  i o n  systems and d i r e c t  c o n v e r t o r s  may be r e q u i r e d .  
n e g a t i v e  iorrs and d i r e c t  c o n v e r t o r s  f a r  exceeds t h a t  o f  systems based on p o s i t i v e  ions. 

e f f i c i e n c y  leads  t o  a s i g n i f i c a n t  r e d u c t i o n  (by  n f a c t o r  o f  %3) i n  t h e  power requi rement  f o r  t he  g r i d  
o p e r a t i n g  t h e  n e u t r a l  beam system, when compared t o  p o s i t i v e  ion systems. 

H igh-Performance Hi~h&&irgy N e u t r a l  Beams 

Development o f  t h e  means t o  produce h i g h - e f f i c i e n c y ,  h i g h - i n t e n s i t y .  and h igh-energy n e u t r a l  beams 

Use o f  p o s i t i v e  i o n  systems a t  t h e  energy l e v e l  r e q u i r e d  i n  near- term exper imenta l  r e a c t o r s  is 

Given t h e  u n c e r t a i n  a v a i l a b i l i t y  o f  t h i s  power, t h e  d i f f i c u l t y  o f  a c h i e v i n g  a n e t  energy 

The e f f i c i e n c y  o f  systems based on 
T h i s  improved 
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Present  n e g a t i v e  i o n  sources a r e  n o t  y e t  d i r e c t l y  e x t r a p o l a t a b l e  t o  high-power, h i g h - e f f i c i e n c y ,  
The 1.I.L approach, which c o n s i s t s  o f  double charge exchange i n  a l k a l i  meta l  and long-pu lse  o p e r a t i o n .  

vapor, i s  p r e s e n t l y  i n v e s t i g a t i n g  t h e  b a s i c  phys ics  and technology o f  low-energy 0 
doub le  charge exchange, t r a n s p o r t  o f  t h e  r e s u l t i n g  low-energy D- beam, and p o s t - a c c e l e r a t i o n  +o h i g h  
energy. 
l a t i o n  may be attempted. S i m i l a r l y ,  t h e  Brookhaven approach, o f  s u r f a c e  convers ion  o f  p o s i t i v e  i o n s  t o  
n e g a t i v e  i o n s  i n  a magnetron d ischarge geometry coupled w i t h  d i r e c t  e x t r a c t i o n  o f  t h e  n e g a t i v e  ions ,  i s  

s t i l l  i n v e s t i g a t i n g  t h e  b a s i c  phys ics  and technology.  ORNL i s  s t a r t i n g  t o  i n v e s t i g a t e  n e g a t i v e  i o n  as- 

pec ts  o f  i t s  p o s i t i v e  i o n  beam program. 

D i r e c t  recovery  does req ! i i r e  t h e  f u l l  i n e f f i c i e n t  i o n  beam t o  be generated, however, w i t h  t h e  a t t e n d a n t  
magnitude o f  beam hardware on t h e  r e a c t o r .  

+ beam format ion ,  

Each o f  these areas has i n h e r e n t  d i f f i c u l t  problems which remain t o  be r e s o l v e d  before ex t rapo-  

The d i r e c t  recovery  work o f  LLC i s  c l o s e r  t o  be ing  e x t r a p o l a t a b l e  than t h e  n e g a t i v e  i o n  work. 

H-3. Mechanical Components- 
Program: 0 

P r i o r i t y :  2 

one p a r t  o f  t h e  b a s i s  f o r  des ign  o f  t h e  h e a t i n g  system. 

EPR c o u l d  d i c t a t e  des ign  requi rements which should be considered a t  t h e  o u t s e t .  
h i g h - v o l t a g e  i n s u l a t o r s  f o r  t h i s  a p p l i c a t i o n  c o u l d  be a problem. 
cryopanel  requi rements and s t r u c t u r a l  d i f f i c u l t i e s  assoc ia ted  w i t h  a l a r g e  complex vacuum f a c i l i t y ,  w i l l  
r e q u i r e  development and c o n s i d e r a t i o n ,  b u t  a l l  o f  these appear t o  be reasonable e x t r a p o l a t i o n s  f rom t h e  
'TFTR system. 

a w a i t s  a c l e a r e r  EPR design. 

Development o f  components compat ib le  w i t h  r a d i a t i o n  and l a r g e  vacuum systems i s  needed t o  p r o v i d e  

Wi th  r e s p e c t  t o  t h e  source, r e l i a b l e  o p e r a t i o n  i n  t h e  i n t e n s e  r a d i a t i o n  environment a n t i c i p a t e d  f o r  
For  example, p r o v i d i n g  

Gas hand l ing ,  vacuum pumping, o r  

S p e c i f i c  c o n s i d e r a t i o n  o f  t h e  inc rementa l  beam l i n e  problems assoc ia ted  w i t h  EPR requi rements 

H-4. H i  gh-Pow??- High-Frequency-Olicrowave Tubes 

Program: C 
P r i o r i t y :  2 

Development o f  tubes w i t h  h i g h  s p e c i f i c  power and h i g h  f requency i s  necessary t o  make t h e  l e a d i n g  
form o f  wave h e a t i n g  an economica l l y  and t e c h n i c a l l y  c o m p e t i t i v e  h e a t i n g  o p t i o n .  

For  f requenc ies  up t o  $30 GHz, t h e  power f rom a d e v i c e  (whether  tube o r  s o l i d  s t a t e )  sca les  in -  
v e r s e l y  as t h e  square o f  t h e  f requency.  Above 30 GHz t h e  power sca les  as f -5/2. T h i s  i s  a fundamental 
p h y s i c a l  l i n i i t a t i n n  due t o  t r a n s i t  t i m e  and space charge e f f e c t s ,  and t e c h n o l o g i c a l  changes can o n l y  
improve t h e  c o n s t a n t  o f  p r o p o r t i o n a l i t y .  

-120 GHz w i l l  be needed f o r  f i e l d s  -4 T i n  an EPR. I t  may be p o s s i b l e  t o  u t i l i z e  lower- f requency 
sources f o r  h e a t i n g  a t  subharmonics, b u t  t h i s  has y e t  t o  De demonstrated. 

o f  t h e  g y r o t r o n  ( c y c l o t r o n  r a d i a t i o n  maser) i n t o  a s teady s t a t e  h i g h  power (%200 kW) h i g h  frequency 
( ~ 2 5 - 2 8  GHz) a m p l i f i e r .  T h i s  i s  t h e  
f i r s t  s tage i n  t h e  development o f  a tube o f  much h i g h e r  f requency needed f o r  EBT development, v i z . ,  a 
g y r o k l y s t r o n  o p e r a t i n g  c o n t i n u o u s l y  a t  120 GHz and y i e l d i n g  100 kW. T h i s  f i r s t  s tage should be ready 
i n  CY-1977 and t h e  n e x t  s tage i n  CY-1979 o r  la ter . .  

I n  t h e  c o n t e x t  o f  E l e c t r o n  C y c l o t r o n  Heat ing  (ECH) and Upper H y b r i d  Heat ing  (UHH), sources a t  

A t  p resent ,  Var ian  C o r p o r a t i o n  i s  s t u d y i n g  t h e  p o s s i b i l i t y  o f  deve lop ing  t h e  r e l a t i v e l y  new concept  

When used as an a m p l i f i e r ,  i t  would be c a l l e d  a g y r o k l y s t r o n .  
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E l e c t r o n  C y c l o t r o n  Heat ing  i s  a demonstrated plasma wave h e a t i n g  technique. Resu l ts  f rom the  
S o v i e t  TM-3 and TUMAN-2 tokamaks w i t h  g y r o t r o n s  developed i n  t h e  U.S.S.R. show promise. 
descr ibed above a r e  v i t a l l y  needed f o r  t h e  EBT program. 
200 kW c o u l d  be used t o  g r e a t  advantage on I S X  and some o t h e r  U.S. tokamaks such as Doublet  I I a  a t  

General Atomic Company. 

The new tubes 
The g y r o k l y s t r o n  o p e r a t i n g  a t  25-30 GHr w i t h  
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I .  TRIT IUM PROCESSING SYSTEM 

1-1. T r i t i u m  Process ing  
Program: C 
P r i o r i t y :  1 

Development and demonst ra t ion  o f  t r i t i u m  process s teps  i s  r e q u i r e d  f o r  EPR breed ing  exper iments.  
The t r i t i u r n  process s teps  o f  p r imary  concern f o r  EPR a r e :  

removing t h e  D-T m i x t u r e  f rom t h e  plasma exhaust, 
p u r i f y i n g  t h e  D-T m i x t u r e  f o r  r e c y c l e  t o  t h e  f u e l i n g  system, and 
deve lop ing  i s o t o p e  s e p a r a t i o n  methods f o r  s u p p l y i n g  t h e  plasma f u e l i n g  system and t h e  beam 
feed system. 

It will be necessary t o  i d e n t i f y ,  develop, and t e s t  equipment t o  per fo rm these f u n c t i o n s  f o r  EPR a p p l i -  
c a t i o n  f o r  normal o p e r a t i o n  c o n d i t i o n s  and f o r  p o s t u l a t e d  abnormal and a c c i d e n t  c o n d i t i o n s .  

- 
- 
- 
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J .  VACUUM PUMPING SYSTEM 

3-1. Vacuum SystemslCryosorpt ion Pumps 
Program: B 
P r i o r i t y :  1 

S i g n i f i c a n t  ex tens ions  o f  c u r r e n t  c r y o s o r p t i o n  pump technology a r e  r e q u i r e d  t o  make p o s s i b l e  the  
o p e r a t i o n  o f  t he  plasma and n e u t r a l  beam vacuum chambers. 

Main vacuum systems t o  remove plasma exhaust, i m p u r i t i e s ,  and ou tgass ing  from the  plasma chamber, 
and beam vacuum systems t o  remove gas c e l l  exhaust, i o n  source n e u t r a l  leakage, and gases r e s u l t i n g  from 
u n n e u t r a l i r e d  i ons  from t h e  beam l i n e ,  w i l l  be r e q u i r e d .  
rough ing  system and c r y o s o r p t i o n  pumps, o r  a combina t ion  o f  cryopumps and c r y o s o r p t i o n  Dumps. 
p u l s e  pumpdown t i m e  and background gas pressure  requi rements should be a t t a i n a b l e .  
ana lyses  and exper iments must determine t h e  requi rements f o r  pumping t h e  plasma exhaust d u r i n g  long-  
p u l s e  o p e r a t i o n .  Es t imates  o f  t h e  r e q u i r e d  pumping speed d u r i n g  a p u l s e  now i n c l u d e  a wide range o f  
u n c e r t a i n t y .  

pumps f o r  each beam l i n e .  
f u l l y  t o  a l l o w  s u f f i c i e n t  conductance so t h a t  t h e  r e q u i r e d  low pressures may be achieved. 

Requirements i n  t h i s  a rea  p r i m a r i l y  i n v o l v e  c r i t e r i a  d e t e r m i n a t i o n  and, most l i k e l y ,  component 
development. 
needed t o  pump D-T i n  the  main vacuum system. Increases i n  speed o f  a f a c t o r  o f  2 o r  more a r e  requ i red ,  
as a r e  s t i l l  l a r g e r  inc reases  i n  s to rage c a p a c i t y .  Some development work w i l l  be r e q u i r e d  t o  assure the  
a v a i l a b i l i t y  o f  p roper -s ized  pumps. No major  d i f f i c u l t i e s  a r e  fo reseen i n  a c h i e v i n g  t h i s .  On t h e  o t h e r  
hand, bare  metal  cryopanels  o r  cryopumps may be used t o  pump the  hydrogen iso topes ,  w h i l e  s m a l l e r  
c r y o s o r p t i o n  pumps a r e  a t t a c h e d  downstream t o  pump hel ium. Because t h e  vacuum pumps o r  panels used w i l l  
have t o  f u n c t i o n  i n  g a m a  and neut ron  r a d i a t i o n  f i e l d s ,  any changes i n  t h e  p r o p e r t i e s  and performance 
o f  a l l  m a t e r i a l s  used i n  cand ida te  pumps, due t o  such exposure, shou ld  be determined.  The p o s s i b i l i t i e s  
f o r  r a p i d  low- temperature r e g e n e r a t i o n  o f  c r y o s o r p t i o n  pumps o p e r a t i n g  under a n t i c i p a t e d  c o n d i t i o n s  must 
be examined. I n f o r m a t i o n  i s  needed on long- te rm r e l i a b i l i t y  and m a i n t a i n a b i l i t y ,  e s p e c i a l l y  remote 
m a i n t a i n a b i l i t y ,  and on performance o f  l a r g e r  c r y o s o r p t i o n  pumps, e s p e c i a l l y  a f t e r  hundreds o f  regenera-  
t i o n  c y c l e s .  Cryopanels shou ld  be t e s t e d  under c o n d i t i o n s  s i m i l a r  t o  those which w i l l  e x i s t  i n  t h e  beam 
l i n e s  i n c l u d i n g  neut ron ,  gama,  h igh-energy i on ,  and n e u t r a l  f l u x e s  and r a d i a n t  heat  loads. 
these t e s t s  may be per formed i n  t h e  PLT and TFTR beam programs. 

c o n d i t i o n s .  
m e r i t  r e l a t i v e l y  low p r i o r i t y .  
i o n i z e d  p a r t i c l e  c o n t r o l  ( e . g . ,  d i v e r t o r s )  i s  necessary t o  meet vacuum requi rements,  t h i s  area would 
assume a h i g h  p r i o r i t y  r a t i n g .  
emphasize t h e  need f o r  inc reased a t t e n t i o n .  

The main vacuum system w i l l  c o n s i s t  o f  a 
Between- 

The plasma phys ics  

The beam vacuum system w i l l  c o n s i s t  o f  separa te  rough ing  systems, cryopanels ,  and c r y o s o r p t i o n  
The r e q u i r e d  speeds a r e  enormous, and t h e  geometry must be worked o u t  care-  

Based on present  es t imates ,  l a r g e r  c r y o s o r p t i o n  pumps than a r e  p r e s e n t l y  a v a i l a b l e  a r e  

Some o f  

A program should be s e t  up where in components can be developed and t e s t e d  under expected o p e r a t i n g  
Assuming t h a t  c o n v e n t i o n a l l y  env isaged vacuum techniques a r e  a p p l i c a b l e ,  t h i s  a rea  would 

I f ,  on t h e  o t h e r  hand, plasma performance and r e c y c l i n g  a r e  such t h a t  

Because o f  t h e  u n c e r t a i n t y ,  t h e  h i g h e r  p r i o r i t y  r a t i n g  i s  assigned t o  

5-2. Large Valves 
Program: 6 

P r i o r i t y :  3 
Development of l a r g e  vacuum va lves  i s  necessary t o  p r o v i d e  t h e  b a s i c  hardware companents o f  t he  EPR 

Large va lves  o f  two types  w i l l  p robab ly  be needed f o r  t h e  EPR: t h e  va lves  a r e  n o t  a v a i l a b l e  a t  
vacuum system. 

present.  One t y p e  may be used f o r  f a s t  b u t  n o t  t i g h t  c losure ,  t o  p r e v e n t  pump-out o f  the i n i t i a l  f i l l  
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before a discharge. 
regeneration. 

A second type will be required to provide isolation o f  cryosorption pumps during 
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K. CRYOGENIC COOLING SYSTEM 

K-1. Large 4 K Hardware 

Program: B 
P r i o r i t y :  3 

use i n  EPR systems. 

appl ica t ion  a t  77 K. 
pumps, r e f r i g e r a t o r s ,  valves ,  e t c .  a t  4 K i s  needed to  demonstrate t h e  a v a i l a b i l i t y  o f  t h i s  cryogen c 

hardware f o r  r e l i a b l e  EPR use. 

Development of la rge-sca le  4 K cryogenic hardware i s  required to provide component a v a i l a b i l i t y  f o r  

Present ly  a v a i l a b l e  hardware i s  s u i t a b l e  e i t h e r  for small-scale appl ica t ion  a t  4 K o r  large-scale  

Confrontation o f  t h e  problems o f  design,  f a b r i c a t i o n ,  and operat ion o f  large-scale  
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L. MAINTENANCE AND ASSEMBLY SYSTEM 

L-1. 
Program: B 
P r i o r i t y :  2 

ments, where necessary, a r e  r e q u i r e d  t o  a s c e r t a i n  t h e  f e a s i b i l i t y  and c o s t  o f  remote opera t ions  on EPR. 
Remote maintenance i s  e s s e n t i a l  t o  a success fu l  f u s i o n  power p l a n t ,  and as f a r  as i s  known should be 
a t t a i  nab1 e. 

Adapta t ion  o f  Remote Hta-njJJng Techniques- 

A d a p t a t i o n  o f  e x i s t i n g  remote h a n d l i n g  techniques,  t o o l i n g ,  equipment, procedures, and new develop- 

The thermonuclear  r e a c t i o n s  produced i n  EPR w i l l  induce h i g h  r a d i o a c t i v i t y  i n  r e a c t o r  components. 
A n a l y s i s  i s  r e q u i r e d  t o  determine i f  any "hands-on" maintenance i s  p e r m i s s i b l e  on t h e  e x t e r n a l s  o f  t h e  
r e a c t o r .  A f t e r  a s h o r t  p e r i o d  o f  o p e r a t i o n ,  t h e  components i n s i d e  t h e  s h i e l d  w i l l  be so r a d i o a c t i v e  
t h a t  maintenance o p e r a t i o n s  w i l l  r e q u i r e  remote means. E x i s t i n g  remote maintenance technology w i l l  be 
u t i l i z e d  as t h e  b a s i c  equipment where p o s s i b l e .  
and equipment f o r  s p e c i f i c  tasks .  

However, t h i s  must be augmented by s p e c i a l i z e d  t o o l s  

Design and development i s  necessary i n  t h e  f o l l o w i n g  c a t e g o r i e s :  - Massive p r e c i s i o n  h a n d l i n g  dev ices  f o r  t r a n s p o r t i n g ,  l o c a t i n g ,  and a c c u r a t e l y  p o s i t i o n i n g  
l a r g e  subassemblies such as b l a n k e t  segments, TF c o i l s ,  s h i e l d  segments, e t c .  These w i l l  
be t a i l o r e d  t o  t h e  des ign  o f  t h e  components. 
F a b r i c a t i o n  and assembly t o o l i n g  f o r  we ld ing  and c u t t i n g  a v a r i e t y  o f  shapes and t h i c k -  
nesses i n  l o c a t i o n s  w i t h  l i m i t e d  a c c e s s i b i l i t y .  
Man ipu la to rs  and s p e c i a l  t o o l s  f o r  b o l t i n g ,  clamping, and s e a l i n g  o r  comple t ing  c o o l a n t  
l i n e s  and e l e c t r i c a l  and ins t rument  leads.  
Viewing and i n s p e c t i o n  equipment i n v o l v i n g  three-d imensional  t e l e v i s i o n ,  f i b e r  o p t i c s ,  and 
p o s s i b l y  u l t r a s o n i c  and dye-penetrant  equipment f o r  o r i e n t i n g  we ld ing  gear and check ing i n -  
t e g r i t y  o f  weldrnents. 
Equipment f o r  c u t t i n g  and compacting, and t r a n s f e r r i n g  f o r  d isposa l  o f  r a d i o a c t i v e  com- 
ponents s a f e l y  u s i n g  a minimum o f  space and s h i e l d i n g  requi rements.  

equipment would have t o  w a i t  u n t i l  t h e  r e a c t o r  des ign  has taken a more d e f i n i t e  shape. 

- 

- 

- 
A genera l  des ign  program c o u l d  be i n i t i a t e d  a t  any t ime;  however, s p e c i f i c  des igns o f  t h e  a c t u a l  
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M. TRITIUM CONTAINMENT SYSTEM 

M - 1 .  Tritium Containment i n  Metals 
Program: C 
Priority: 1 

of containing tritium and removing it from the containment atmosphere. 

large quantities of tritium. 
obtained at low pressures. 
steam generator loops at pressures as low as 
conditions such as those to be encountered in the steam generators. 
quirements must be developed, and methods and equipment identified to satisfy the requirements. 

Knowledge of tritium diffusion through metals is necessary to provide a basis for improved methods 

Operation of tritium-breeding fusion reactors will require continuous handling and containment of 
Most currently available permeation data is not for tritium and was not 

Tritium permeation data must be obtained for the main p-ipiqq and for the 
torr. These data are needed for realistic operating 

The atmosphere cleanup system re- 

Research upon tritium permeation of steam generator materials, clean metals, and refractory metals 
would provide a basis for understanding the containment prob 
and under thermal cycling should be investigated to make the 
reactor application. Successful research in this area could 
health and safety requirements on fusion reactor operations 

em. 
data base secure enough for the fusion 
result in straightforward accord with 
see also C-10). 

Permeation at low and high pressure 

M-2. Tritium Behavior in the Environment 
Program: 6 
Priority: 1 

hydrologic, and biological factors will be required in order to assess the environmental impact of 
COntinUQUS, intermittent, or accidental releases o f  tritium from fusion reactors. Sigqificant tritium- 
related questions must be answered before societal debates on the use of fusion energy can be intelll- 
gently concluded. 
ularly in the area of tritium metabolism and turnover by mammals including man, bioaccmulation factors 
o f  tritium in aquatic and terrestrial ecosystems, and retention times of tritium in some compartments 
of desert and tropical ecosystems. Specific questions which need to be addressed relate to the deter- 

Because o f  the complex behavior of tritium in the environment, information on meteorologic, 

Some information on behavior of tritium i n  the environment i s  available, partic- 

mination o f  
( 1 )  rates of oxidation and of isotop 

( 2 )  rates of dispersal of tritium in 

( 3 )  transfer coefficients of tritium 

environmental conditions, 

1 atitudes, 

c exchange o f  gaseous tritium (T2)  under a variety of 

the hydrosphere from point source releases in temperate 

(e.g., rates o f  deposition and washout) in a variety of 
important ecosystems in temperate latitudes, including agricultural, forested, and aquatic 
systems, 

(4) genetic effects in organisms from continuous long-term exposure to tritium i n  food and water 

(5) transmitted genetic damage (both gene mutations and chromosome aberrations) from tritium in 
over several generations, and 

mammals under various conditions of exposure. 
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