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THE ORMAK-F/BX FACILITY - PPRELIMINARY CONSIDERATIONS 

M. Roberts 

. 

Abst rac t  

. 

I n  view of t h e  a n t i c i p a t e d  needs of t h e  U.S. CTR program i n  t h e  l a t e  

1 9 7 0 ' ~ ~  cons ide ra t ion  is being given t o  a l a r g e ,  f l e x i b l e  tokamak f a c i l i t y .  

This  f a c i l i t y  would be used f i r s t  f o r  experiments w i t h  H plasma t o  demon- 

strate t h e  s c i e n t i f i c  f e a s i b i l i t y  of fu s ion  i n  an in jec t ion-hea ted  tokamak. 

Then p a r t s  of t h e  device  would be modified as necessary  and planned sh ie ld -  

i n g  and containment f e a t u r e s  would be added t o  permit D-T burning experi-  

ments. A 10-manyear conceptual  design s tudy  of such a f a c i l i t y  is t o  be  

accomplished i n  N-1974 by s c i e n t i s t s  and engineers  a t  OWL. 

is c a l l e d  ORMAK-F/BX f o r  Oak Ridge Tokamak F e a s i b i l i t y  and Burning Experi- 

ments. The i n i t i a l  estimates of system parameters ,  t h e  ques t ions  t o  be 

addressed,  and t h e  o rgan iza t ion  f o r  t h e  s tudy  are descr ibed .  

The p r o j e c t  

Keywords: fu s ion ,  tokamak, s c i e n t i f i c  f e a s i b i l i t y ,  D-T burning, O W ,  

conceptual  des ign .  





Introduction - Rationale and Concept 

. 
Five conceptual steps have been identified in controlled thermonuclear 

research and development from demonstration of scientific feasibility t o  

the achievement of commercial power production from a fusion reactor.' 

They are: 

1) scientific feasibility demonstrations (SFX), 

2) operation of plasma test reactors (PTR), 

3) operation of experimental reactors at significant power for 

substantial periods (EPR) , 
4 )  operation of prototypic power reactors, and 

5) 
The facility described in this report would be concerned with the 

operation of a demonstration power plant. 

first two of these steps along the tokamak (toroidal diffuse pinch) ap- 

proach to fusion power. 

Considering the similarities and differences in the requirements of 

scientific feasibility and D-T burning experiments, a group in the Thermo- 
nuclear Division at ORNL in 1972 conceived the idea of a convertible fa- 

cility.' 

a demonstration of the scientific feasibility of fusion in an injection- 
heated tokamak it could be adapted, at a fraction of the cost of a new fa- 

cility, for D-T burning experiments. Evaluations of practicality, risks, 

benefits, and costs would require design studies, but elementary considera- 

tions indicated the possibility of substantial savings in both time and 

money. Recognition of this possibility has led to a conceptual design 

This facility would be designed so that after it had served f o r  

* 

Robert L. Hirsch, "Fusion Power: Past, Present and Future," Inter- P 

nationaZ Conference, World Energy Problems: Nuclear Solutions, November 1972.  
2 

Thermonuclear Division Annual Progress Report, period ending Dec. 3 1 ,  

Estimates by various investigators of the cost of a tokamak SFX fall 

1972, p. 17,  52.5.2.2. 

in the range of $50-100 million. 
features that would have to be added to handle radioactivity in D-T burning 
experiments should be on the order of $10 million. 

* 
By comparison, the costs of the special 
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study , 
called 

bility 

to be accomplished in FY-1974, of a facility that was originally 

SCORE but now is called ORMAK-FIBX for Oak Ridge Tokamak Feasi- 

and - Burning Egeriments, In view of the present state of thermo- 

* 

nuclear research and reasonable projections for the next several years, 

we believe that such a dual-purpose facility deserves immediate, serious 

consideration. The premises from which we are led to this conclusion are 

as follows. 

1. Operation of ORMAK with ohmic heating appears to have led to the 

observations3 of a plasma with sufficiently low collisionality to permit 

physics studies of reactor interest, with detailed accounting of ion thermal 

energy losses which permitted probable agreement with neoclassical theory 

and, with electron particle losses accounted for by the semi-empirical 

pseudoclassical relation which has now been extended to low aspect ratio 

plasmas. 

These observations form the basis for the first premise which is that 

the probable outcome of confinement scaling to plasmas of larger size and 

with higher temperature (the first major physics requirement) is favorable. 

2. The viabilityof neutral beam injection as a way of heating to 

ignition temperatures is to be demonstrated in ORMAK in FY-1974; early in- 

dications are positive. This premise clears the way for achievement of the 

second major physics requirement -a technique usable for heating to ig- 

nition temperatures. 

3. Experiments in high-field ORMAK and then in PLT could produce, in 
the late 1970's, combinations of plasma temperature, density, and confine- 

ment time close to that constituting a demonstration of scientific feasi- 

bility of fusion in tokamaks. 

a facility able to be used for D-T burning experiments while being available 

for feasibility attempts if needed -hence the convertability in the F/BX 

concept. 

This premise strongly underlies the need for 

Jk 
SCORE stood for ZuperCpnducting ORMAK Experiment. Superconducting 

magnets will eventually be required, but the first experiments may use 
cryogenic magnets. 

Symp. on Toroidal Plasma Confinement, Garching, March 1973. 
30RMAK Staff, "The Status of the ORMAK Experiment," Proc., Third  Int'Z 

. 
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. 

4 .  Because of t h e  long l ead  t i m e  f o r  l a r g e  machines, t h e  vigorous 
p u r s u i t  of fu s ion  power r e q u i r e s  t h a t  conceptual  des igns  be developed now 

f o r  a tokamak f a c i l i t y  t h a t  can c o n t r i b u t e  t o  t h e  program around t h e  end 

of t h i s  decade. I d e a l l y  t h e  des ign  should be f l e x i b l e ,  s o  t h a t  when com- 

p l e t e d  t h e  f a c i l i t y  can m e e t  c u r r e n t  CTR program needs r ega rd le s s  of whether 

t h e r e  be r ap id ,  cont inuing  progress  o r  d i f f i c u l t i e s  and de lay  i n  t h e  i n t e r -  

vening yea r s .  This  premise is a s ta tement  of t h e  f a c t  of l i f e  which is  

t h a t  a f ive-year  head start  on a major f a c i l i t y  is a ba re  minimum, 

A machine and a f a c i l i t y  must be designed t h a t  w i l l ,  f i r s t  of a l l ,  

g ive  t h e  g r e a t e s t  assurance  of demonstrat ing s c i e n t i f i c  f e a s i b i l i t y .  But ,  

depending on the  degree of success  of ea r l i e r  experiments ,  by t h e  t i m e  t h e  

f a c i l i t y  becomes a v a i l a b l e ,  t h e  demonstrat ion of s c i e n t i f i c  f e a s i b i l i t y  may 

r e q u i r e  e i t h e r  a l a r g e  o r  a s m a l l  s t e p  up i n  plasma condi t ions .  Because 

t h e  l a t t e r  is a d i s t i n c t  p o s s i b i l i t y ,  t h e r e  is much t o  be gained i f  t h e  fa-  

c i l i t y  is adaptab le  f o r  experiments t h a t  push on i n t o  t h e  area of a plasma 

test r e a c t o r .  We b e l i e v e  t h a t ,  given adequate fo re though t ,  such a f a c i l i t y  

can be designed. 

The b a s i c  s t r e n g t h s  t h a t  must be brought t o  bear  i n  t h e  des ign  are: 

1. f u s i o n  plasma phys ics ,  which d e f i n e s  o b j e c t i v e s  and guides t h e  

pa th ;  

2.  t h e  technology of large-bore magnets ( e i t h e r  cryogenic  o r  super- 

conduct ing) ,  which forms t h e  fundamental c o n s t r a i n t  on t h e  e n t i r e  system; 

3 .  n e u t r a l  beam i n j e c t i o n  technology, which provides  t h e  mechanism 

f o r  reaching  i g n i t i o n  temperatures  wi th ,  as a cont ingency,  t h e  supplemental  

technique of microwave f i e l d  hea t ing  f o r  p o s s i b l e  s u r f a c e  hea t ing  o r  l o c a l  

p r o f i l e  v a r i a t i o n s ;  

4. t h e  emerging f i e l d  of fus ion  r e a c t o r  technology and t h e  more mature 

technologies  of r a d i o a c t i v i t y  containment and remote handl ing ,  which d e a l  

w i th  problems beyond s c i e n t i f i c  f e a s i b i l i t y ;  and 

5. emgineering t h a t  i s  innovat ive  but  d i s c i p l i n e d ,  melding t h e  d i -  

verse requirements  i n  a f a c i l i t y  t h a t  can m e e t  i t s  o b j e c t i v e s  i n  a safe,  

economical, and t imely  manner. 

S t a f f  members of t h e  Thermonuclear Div is ion  have given pre l iminary  

cons ide ra t ion  t o  a f a c i l i t y  f o r  t h e  l a t e  1970's and,  a l though t h e  th ink ing  

t o  d a t e  must be  regarded as only pre l iminary  t o  a s u b s t a n t i a l  conceptual  
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design e f f o r t ,  c e r t a i n  f e a t u r e s  of F/BX and t h e  program l ead ing  t o  i t  have 

emerged. The remainder of t h i s  document desc r ibes  our t e n t a t i v e  p i c t u r e  

of t h e  F/BX f a c i l i t y ,  i t s  r e l a t i o n  t o  t h e  p re sen t  ORMAK, t h e  people  who 

w i l l  be  involved i n  i t s  conceptual  des ign ,  and t h e  important  ques t ions  t h a t  

must be addressed.  

F a c i l i t y  Objec t ives  and Key Fea tures  

A t  t h e  h e a r t  of t h e  P/BX F a c i l i t y  is a tokamak c o i l  s t r u c t u r e  accep t ing  

and conf in ing  a plasma t h a t  is  heated by e n e r g e t i c  n e u t r a l  beam i n j e c t i o n .  

Also included i n  t h e  f a c i l i t y  are t h e  a t t e n d a n t  power s u p p l i e s ,  vacuum, re- 
f r i g e r a t i o n ,  d i a g n o s t i c s ,  c o n t r o l ,  and o t h e r  a n c i l l a r y  systems. The ob- 

jectives of t h e  two phases of ope ra t ion  (descr ibed  below) p resen t  d i f f e r e n t  

demands and w e  now v i s u a l i z e  r ebu i ld ing  t h e  device  i t s e l f  (us ing  t h e  same 

t o r o i d a l  f i e l d  magnets),  adding s h i e l d i n g  and containment,  and en la rg ing  

t h e  t o r u s  between t h e  f e a s i b i l i t y  experiments and t h e  D-T burning experi-  

ments. The bu i ld ings  and a n c i l l a r y  systems would serve f o r  bo th  phases of 

opera t ion .  

F e a s i b i l i t y  Demonstration Phase 

The demonstrat ion of s c i e n t i f i c  f e a s i b i l i t y  i s  u s u a l l y  descr ibed  as 

t h e  product ion i n  a hydrogen plasma of cond i t ions  t h a t  would be  equ iva len t  

t o  a breakeven between fus ion  power product ion and l o s s e s  i f  D and T had 

been used. This  s i g n i f i c a n t  goal  encompasses two gene ra l  o b j e c t i v e s :  

a)  advances i n  understanding and b) achievement of a c l e a r l y  recognizable  

milestone.  P u r s u i t  of t h e s e  o b j e c t i v e s  imposes two mutual ly  compatible but  

no t  i d e n t i c a l  sets of s p e c i f i c a t i o n s  on t h e  experiments.  

The d e s i r e d  l e v e l  of unders tanding  i n  t h e  O W  F/BX--"feasibility" 

phase would accompany product ion and s tudy  of a plasma whose b a s i c  phys ics  

c h a r a c t e r i s t i c s ,  namely, t r a n s p o r t  p r o p e r t i e s ,  i nc lud ing  both  p a r t i c l e s  and 

r a d i a t i o n ,  were i d e n t i c a l  t o  those  i n  a f u l l  scale f u s i o n  power r e a c t o r .  

Although i t  would be  p r e f e r a b l e  t o  s tudy  plasmas i n  which a l l  t h e  r e a c t o r  

c h a r a c t e r i s t i c s  e x i s t  s imultaneously,  i t  might be necessary  and s u f f i c i e n t  

t o  produce and s tudy  t h e s e  p r o p e r t i e s  s i n g l y  o r  i n  p a r t i a l  sets.  
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The des i r ed  level of achievement i n  t h e  ORMAK F/BX " f e a s i b i l i t y "  phase 

would be t h e  attainment i n  hydrogen of va lues  f o r  t h e  plasma parameters n ,  

P, and T equal  t o  those  s a t i s f y i n g  t h e  Lawson c r i t e r i o n .  A s  t h e  Lawson 

c r i t e r i o n  s t r i c t l y  a p p l i e s  only t o  an i g n i t a b l e  f u e l  mix ture ,  t h i s  achieve- 

ment is  somewhat a r t i f i c i a l  i n  view of t h e  non- t r iv i a l  phys ics  d i f f e r e n c e s  

(e.g. mass d i f f e r e n c e  and a lpha  p a r t i c l e  containment) between Lawson cri-  
t e r i o n  va lues  i n  hydrogen and i n  D-T, but  t h i s  s ta tement  does serve as a 

convenient ,  recognizable ,  and c l e a r l y  f a m i l i a r  p o i n t .  

The understanding o b j e c t i v e  i s  t h e  more fundamental and i s ,  indeed,  

c r u c i a l ,  bu t  a c l e a r l y  def ined  achievement o b j e c t i v e  i s  e s s e n t i a l  f o r  pro- 

gram planning,  funding, and eva lua t ion .  It is  i n  t h i s  s p i r i t ,  then ,  t h a t  

we can state t h e  goa l  of t h e  " f e a s i b i l i t y "  phase of ORMAK F/BX: a b a s i c  

t h r u s t  toward simultaneous achievement i n  a hydrogen p lasma of t h e  b a s i c  

c h a r a c t e r i s t i c s  (e .g . ,  c o l l i s i o n a l i t y ,  r a d i a t i o n  l o s s e s ,  and a spec t  r a t i o )  

of a fus ion  r e a c t o r  plasma wi th  t h e  recognizable  peg p o i n t  of reaching  Law- 

son c r i t e r i o n  va lues  f o r  n ,  T ,  and T.  Use of quo ta t ion  marks around t h e  

word " f e a s i b i l i t y "  is  meant t o  imply t h a t  f e a s i b i l i t y  i t s e l f  as def ined  by 

t h e  Lawson c r i t e r i o n  is  no t  t h e  s o l e ,  sha rp ly  def ined  goal  of F / B X ,  b u t  

r a t h e r  t h e  convenient term f o r  t h e  range of p o s s i b i l i t i e s  descr ibed  above, 

t h a t  is ,  simultaneous achievement of r e a c t o r  p r o p e r t i e s  inc luding  Lawson 

c r i t e r i o n  va lues ,  o r  a t  least s e p a r a t e  achievement of r e a c t o r  p r o p e r t i e s .  

We p resen t ly  envis ion  reaching t h e  condi t ions  requi red  i n  t h e  f e a s i -  

b i l i t y  experiments i n  a t o r o i d a l  plasma wi th  a minor r ad ius  ( r  ) of 0.75 
meters, an aspec t  r a t i o  (A ) of 4 ,  a c e n t r a l  magnetic f i e l d  ( B o )  of 5 t es la ,  

and a plasma cu r ren t  of 2 .1  megamperes. The c o i l  s t r u c t u r e  would have a 

major r ad ius  (Re) of 4 meters and a minor r a d i u s  ( r c )  of 2 meters, a f f o r d i n g  

s u f f i c i e n t  room f o r  s i g n i f i c a n t  changes i n  plasma dimensions or shape, fue l -  

i n g  provis ions ,  and d i v e r t o r s  i f  t hese  should be r equ i r ed  t o  reach equiva- 

l e n t  breakeven condi t ions  i n  t h e  plasma. These dimensions are compared 

wi th  those  of o t h e r  tokamak experiments i n  Fig.  1. 

P 

P 

* 

* 
If a much l a r g e r  plasma diameter  would prove necessary ,  t o r o i d a l  

f i e l d  c o i l s  of t h e  same s i z e  and maximum f i e l d  a t  t h e  conductor would per- 
m i t  a maximum r 
€$ = 7m.) The F a c i l i t y  would be  designed t o  a l low f o r  t h i s  conf igura t ion .  

= 1.75 m and a c e n t r a l  f i e l d  of 5.4 T f o r  Ap = 4 .  (Rc = 
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Fig. 1. ORMAK F / B X  in Relation to Some Other Tokamaks 
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The F/BX des ign  w i l l  r e l y  only on wel l -es tab l i shed  technology o r  rea- 
sonably conserva t ive  p r o j e c t i o n s  of technologica l  developments i n  t h e  next  

few yea r s ,  t h e  i n t e n t i o n  being t o  a s s u r e  t h e  h ighes t  p r o b a b i l i t y  of a SUC- 

c e s s f u l  f e a s i b i l i t y  demonstrat ion.  

genic  

amount of development i n  t h i s  area t h a t  can b e  expected t o  be  funded and ac- 

complished i n  FY-74, FY-75, and FY-76. 

considered is  t h e  use  of a cryogenic  c o i l  system i n  F/BX as a f u l l - s c a l e  

t o r o i d a l  test  f a c i l i t y  i n  which one o r  more superconducting c o i l s  could be 

introduced f o r  t e s t i n g  i n  t h e  a c t u a l  t o r o i d a l  geometry wi th  pulsed f i e l d s .  

For t h i s  reason,  t h e  choice  between cyro- * 
magnet c o i l s  and superconducting c o i l s  w i l l  depend l a r g e l y  upon t h e  

Among t h e  p o s s i b i l i t i e s  t h a t  may be 

D-T Burning Phase 

Following a success fu l  s c i e n t i f i c  f e a s i b i l i t y  demonstrat ion,  t h e  em- 
phas i s  i n  F/BX would s h i f t  toward s tudying  t echno log ica l  f e a s i b i l i t y  ques- 

t i o n s ,  

p r i a t e  o b j e c t i v e  t h a t  t h e  b a s i c  des ign  of F/BX i s  aimed, wh i l e  t ak ing  care 
t o  a s s u r e  t h a t  achievement of t h e  " f e a s i b i l i t y "  o b j e c t i v e  ( i f  i n  f a c t  i t  

s t i l l  i s  necessary  by t h e  l a t e  1970's)  is  as l i t t l e  pre judiced  as p o s s i b l e .  

A s  with  t h e  " f e a s i b i l i t y "  o b j e c t i v e ,  t h e  D-T burning phase has  a range of 

understandings and achievements t h a t  would be considered as successes .  

This  range varies from a p a r t i a l  burning of a mixture  of deuter ium and 

tritium f o r  a t i m e  long enough t o  c h a r a c t e r i z e  t h e  process  expected i n  a 

f u l l - s c a l e  fus ion  r e a c t o r ,  through a demonstrat ion of a se l f - sus t a ined  

burning o r  i g n i t i o n ,  t o  a h o s t  of u s e f u l  t echno log ica l  s t u d i e s ,  i nc lud ing  

tritium handl ing ,  f u e l i n g  and r e f u e l i n g ,  h e a t  s h i e l d i n g ,  and poss ib ly  even 

t r i t i u m  breeding ,  
r e s u l t  i n  or  a l low s t u d i e s  of r a d i a t i o n  damage.) 

It i s  toward t h i s  second, more d i f f i c u l t  and, perhaps more appro- 

(Neutron f luences  would not  be s u f f i c i e n t l y  l a r g e  t o  

The o b j e c t i v e ,  then ,  of t h e  D-T burning phase is t h e  fundamental one 

of burning some f r a c t i o n  of a plasma and s tudying  t h e  p r o p e r t i e s  of a H , D , T  

plasma t h a t  is  similar t o  a f u l l - s c a l e  fus ion  r e a c t o r  plasma i n  a l l  re- 
s p e c t s  except s i z e .  Extension of t h e  burning t o  i g n i t i o n  would be a h igh ly  

d e s i r a b l e  goa l ,  Addi t iona l ly ,  experience w i t h  any one o r  more of t h e  tech- 

nology ques t ions  t h a t  must be faced before  a f u l l - s c a l e  p l a n t  can be en- 

v i s ioned  would be  welcomed as long as p rov i s ions  made f o r  these secondary 

d: 
Cryogenic as used i n  t h i s  contex t  means l i q u i d  n i t rogen  coolan t  tech- 

nology. 
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achievements do no t  i n  any s i g n i f i c a n t  way p re jud ice  t h e  fundamental D-T 

burning o b j e c t i v e s .  

Dimensions v i s u a l i z e d  f o r  t h e  D-T experiments are shown a t  t h e  top  of 

Fig.  1. The device  would be  l a r g e r  o v e r a l l  and t h e r e  would b e  s h i e l d i n g  

between t h e  plasma and t h e  t o r o i d a l  f i e l d  c o i l s  ( i n  t h e  reg ion  l a b e l l e d  

"blanket" i n  F ig .  1 ) .  B io log ica l  s h i e l d i n g  and t r i t i u m  containment b a r r i e r s  

would become necessary  a t  t h l s  t i m e .  Prel iminary cons ide ra t ion  has  been 

given t o  t h e  p o s s i b l e  advantages of housing FIBX i n  t h e  eomplex t h a t  w a s  
b u i l t  a t  Oak Ridge f o r  t h e  Experimental  Gas-Cooled Reactor and is  p r e s e n t l y  

unused. 

i n g  experiments i n  t h e  EGCR bu i ld ings .  The l a r g e  bay area could be used 

as is f o r  t h e  S'FX and w i t h  t h e  a d d i t i o n  of tritium handl ing  equipment i t  

might be used f o r  t h e  D-T burning experiments.  Locat ion of t h e  i g n i t i o n  

experiment i n s i d e  t h e  domed containment bu i ld ing ,  as suggested by t h i s  

ske tch ,  would be  hampered by t h e  massive s h i e l d i n g  and s t r u c t u r e s  now t h e r e ,  

bu t  w i l l  be  considered as an alternative,  as w i l l  a new b u i l d i n g  ad jacen t  

t o  t h e  p re sen t  s t r u c t u r e s .  

F igure  2 i l l u s t r a t e s  p o s s i b l e  l o c a t i o n s  f o r  t h e  SFX and D-T burn- 

The O W  Program 

ORMAK-F/BX is viewed as a l o g i c a l  con t inua t ion  of t h e  p re sen t  ORMAK 

program which has  as one of i ts a i m s  t h e  s tudy  of t h e  e f f i c a c y  of n e u t r a l  

beam and poss ib ly  microwave hea t ing  techniques i n  a low-aspect-ratio toka- 

mak; more g e n e r a l l y ,  t h e  ORMAK program i s  devoted t o  determining t h e  possi-  

b i l i t y  of t h e  tokamak r o u t e  t o  con t ro l l ed  fus ion .  F igure  3 i l l u s t r a t e s  t h e  

conf igu ra t iona l  s t e p s  contemplated between t h e  b a s f c  ORMAK experiments and 

ORMAK-F/BX and lists va r ious  machine and plasma parameters as w e l l  as b r i e f  

explanatory comments concerning t h e  choice  of parameters.  

The f i r s t  ORMAK experiments have been d i r e c t e d  toward e s t a b l i s h i n g  an  

ohmically hea ted ,  low c o l l i s i o n a l i t y  plasma i n  which ques t ions  r e l a t i n g  t o  

r e a c t o r - l i k e  plasma phys ics  problems can be asked and answered. A modest 

e x t r a p o l a t i o n  of t h e  empi r i ca l ly  based pseudoc la s s i ca l  model f o r  p a r t i c l e  

t r a n s p o r t  and t h e  t h e o r e t i c a l l y  based n e o c l a s s i c a l  model f o r  i o n  thermal  

t r a n s p o r t  has been i n i t i a l l y  checked wi th  t h e s e  experiments.  



THE F/BX FACILITY 
1 at the aas cooled reactor site 1 /------. . -- 

OWL-DWG. 72-8075 

W 

fabricat ion and test 
. -- _ -  _ -  

Fig.  2. The F/RX F a c i l i t y  a t  t h e  Gas-Cooled Reactor S i t e  ORNL 
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Prepared by W .  R o k t s  
5/2/73 

1979 I .  m1 1981.  ~ . . ! Y l ~ . l _ 1 9 8 1 1 . ~  1 1985 1 
THE ORNL TOKdWK PROGRAM 

Vedr - 1 1972 I I973 1 1974 I 1975 I 1976 I 1977 1 1978 j 

ORMAK F I E X  
0-T Burning 

ORMAK FIB( F a c i l i t v  - W M K  W M K  Hign F i e l d  ORMAK ORMAK F J E X  Object ive - Otmic Heating I n j e c t i o n  Heating F e a s i b i l i t y  Physics Heatlng testlng sClentlf lc F e a s l b i l l t y  

S m t r i c  Cryogenic TF Coils(70-80K) A s m e t r i c  Cryogenic TF Coils(70-80K) 
Scale 1 meter 

I (Prototypes for  F/BX ) Naninal 
Machine 
Parameters 

BTF(::n%m Pennits deep penetrat?on i n t o  
22 kG 2 5 .  kG 50 kG 10 kG 

Pennits h igher  cu r ren t  ( I T )  which reduces 
d i f f us ion  and a l so  in tmduces b rmss t rah -  
lung and synchrotron losses. and IRnni tseven 
d r r p r r  penetrat ion i n t o  c o l l i s i o n l e s s  regime 

c o l l i s i o n l e s s  regime. 

A s v m t r i c  Cryoqenic TF Coi ls  (70-80K) o r  ooss ib l y  
S p w t r i c  Superconducting TF Co i l s  (4K) 

Scale lfil 

50 kG 50 kG [SUPERCCIIDUCTIIG COIL  DEVELOP.] 
Suoerconductino c o i l s  used fo r  needed 
experience w i t h  technoloov fo r  next  

Cryoqenic c o i l s  employed t o  nux i -  
m i l e  c e r t a i n t v  o f  onerat ion and t o  

staqe. avoid h igh power supnly costs  of 
water cool  Ing.  

23 cm 23 cm 23 cm r ( p l a s m  23 cm 
P mimr Object ive i s  t o  modify c o i l s  only, wh i l e  

rad ius )  re ta in ing  rest of  s t ruc tu re .  

75 - (1%) cm 
Radius va r iab le  if requi red to 
r e x  h feas i  b i  1 i t y  . 
Off center  t o  permit 50 kG 
on p l a s m  ax i s .  

75 cm 
75 cm i s  smallest. w n - m r g i n a l  s i z e  
t o  penni t  a-heating. 

300 crn 600 cm Rp(plasnm 79.5 cm 79.5 Crn 79.5 Crn 79.5 cnl 
mjoT 
rad ius )  

Ap(p lasm 3.4 3 . 1  3.4 3.4 
aspect 
r a t i o )  

Designed t o  enter  reac to r - l i ke ,  c o l l i s i o n l e s s  regime a t  lowest p rac t i ca l  i o n  
tmpera tu re  generated by ohmic heatinq. 

4 - (21 8 
Successful i n j e c t i o n  heat ing obv iates 
the physics requi renent  fo r  la Ap. 

Allows f o r  a-heat ing s i zed  plasm,  314 m 
blanket  and 1/2 m spacinq fo r  c o i l s ,  

200 cm 200 cm 
Allows f o r  poss ib le  l a r g e  
bore p lasm,d iver tors  or other  
requi red i n w v a t i v e  so lut ions.  clearances. e tc .  

33 cnl 33 Crn 33 Crn r c ( c o i l  33 Crn 

Rc(magnet 79.5 cm 79.5 Crn 79.5 cm. 

minor 
rad ius)  

Same c o i l s  used i n  both pMseS 
except per turbat ions for i n j e c t o r s  . Same c o i l s  used i n  both phases 

major 
rad ius)  

Constancy of R maintained t o  mnimlze incremeI:a)l'::z of con- 
ve r t l ng  t o  h ig& f i a l d  i n  3RYAK. thereby us in3 same in te rna l  

pieces. 

Ac (magnet 2.34 2.34 2.34 2.34 
aspect 
r a t i o )  

f l " X  
change) t i ves .  

Ab (core . 5 5  v.s . 5 5  v.s 1.0-1.2 v.s 1.0-1.2 v.s 
Range results from mate r ia l l cos t  a l t e rna -  

I T ( p l a s m  310 U 350 M 700 M 700 kA 
cu r ren t ,  Pwer  supply capab i l i t y -ac tua l  value detemined by 
assuming q-2.5) plasma behavior 

texp ( f l a t  BTF1 zw ms 200 ms 300 ms 300 ms 
e - i  and i. .-e - i  e q u i l i b r a t i o n  
times are''AJI00 ms 

t u t y  Cycle 11300 11300 11300? 1/300? 

400 cm 600 cm 
Minirmm s i ze  f o r  M kG a t  
p lasm.  3/4 m blanket .  
(Same 4 m bore coils used in both phases, j u s t  i x r w s e  i n  number.) 

Necessary to achieve 50 kG w i t h  

2.0 3.0 

2100 M [OH CURRENT TECH. OEVELOP.] 1050 k.4 
Lower cu r ren t  m m i t u d e  re f l ec ts  d n r m s c  
i n  importance o f  ohmic heat ing w/o con- 

[SURFACE-VACULM 100 sec s ide ra t i on  o f  D p a r t i c l e  c o n f i n m n t  

Long t ime permits complete study of fusing P lasm from i n i t i a t i o n ,  thmugh 
i g n i t i o n ,  t o  burnup. 

[HIGHER INTENSITY 5,000 kU [NEGATIVE ION 10,000 kY 

PHYSICS DEVELOP.] 100 sec 

1/10 1/10 

POSITIVE ION SOURCE SOURCE DEVELOP.] 
DEVELOP.] 

r 

0 250-500 kY 1000 kW 1300 kY 
Provides p l a r i a  temperature con t ro l  independent of P a e r  level depends On 
ohmic c u r r i , i t  as -11 3s demnStrdtlng heat ing design opt imizat ion a s  

IO0 kW 

' i n j  

O f  we l l  as development. O f  t *c In lque.  
'microwave 0 

F i l l i n g  as H H.0 H.0 H,D H,D [TRITIUM HANDLING DEVELOPMENT] H.D.1 
T r i t i um usage unve i l s  f u l l  range of  actua l  technologica l  problens (except 
rad ia t i on  danuge) to  be encountered i n  reactors .  

Predic ted 
O F M K  
Parameters 

Bared upon presbnt ORWK resu l t s  w i t h  ohmic heatinq, expected usef' l lness of neu t ra l  beam heat inq and computer S imulat lnn us ing the nseudolneoclassical m d e l  

T i (wak ion  .35 keV - 5  * 1 keV 
tanperature l  

1 - 3 keV > 5 key 1 + 3 keV 

Te(wak 1.1 keV 2 keV 
e lec t ron  
tenperatwe)  

nrEi(peak 4 . 10" 6 ' 10" 2 
densi ty  I( (sec/cm3) (sec1cm3) 
energy replace- 
ment time fo r  ions)  

3 keV 

< ,016 

.03 + .01 
,016 

.03 * .01 

I n f o m t i o n  developed bv: J .  F. Clarke, W. F. h u r t e r .  J .  T. Hoqan G.  r Kel lev,  H .  n. Lonq, 
M. 8.  Lubel l .  0. E .  Uoorqan, M. Roberts, 6. Ftliner. L. 0. S t w a r t  

F i g .  3. The ORNL Tokamak Program 
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The next set of experiments to be initiated in the immediate future 
centers on a test of neutral beam injection, both as a viable heating 

scheme and as an effective means of varying 6 

pressure generated by the plasma current along) for further confirmation of 

the presently conceived model of the physics. The results of this test 

will indicate the best approaches to be taken from amongst the various pos- 

sible combinations of plasma size and position, and injection parameters in 

F/BX. 

(= plasma pressure/magnetic 
P 

Based upon successful injection heating, the next step in the ORMAK 

program would be an extension of the testing of the combined pseudo/neo- 

classical model to near SFX plasmas using the 5-tesla version of ORMAK. 

Predictions of the plasma state in high-field ORMAK based upon first cal- 
culations using this model indicate that qualitatively new physics having 

a crucial bearing on reactor physics will be encountered. 

can either be bremsstrahlung and synchrotron radiation l o s s  domination (if 
the present scaling is still applicable at high temperatures) or collision- 

less losses more severe than presently expected (if the scaling is not ap- 

plicable). The former situation would give practical experience with the 

plasmas to be encountered in F/BX and the latter situation could dictate, 

as could the neutral injection test, a change in the choice of F/BX alter- 

natives. 

This new physics 

A s  the optimism generated by the predictions of the pseudo/neoclassical 

scaling is clearly based upon the presumption of continued extrapolation to 

higher parameter regimes, it behooves us to use the various O W  experi- 

ments to attempt to understand the underlying physics of the tokamak dis- 

charge thoroughly. 

gation of the nature of the physics in plasmas with low collisionality and 

in the near future will enable an assessment of neutral beam injection heat- 

ing to be made. Assuming that at least a moderate degree of success with 

the tokamak approach will be the result of these experiments, we are pre- 

paring for the high-field version of O W  and have sketched the Pines of 

the F/BX facility. 

ORMAK experiments are now permitting a detailed investi- 
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Implementation and Schedule 

Implementation of t h e s e  broad brush  s t r o k e s  w i l l  r e q u i r e  a considered 

s tudy of t h e  a l t e r n a t i v e s  p o s s i b l e  a t  each major d e c i s i o n  p o i n t .  

f i r s t  s t e p ,  a conceptual  design s tudy  is being launched i n  J u l y ,  1973 w i t h  

t h e  o b j e c t i v e s  of producing a c o n s i s t e n t  set of phys ics  goa ls  and experi-  

ments, an engineer ing  eva lua t ion  of t h e  development areas and des ign  prob- 

l e m s ,  an estimate of t h e  c o s t s  and t i m e ,  and an estimate of t h e  numbers and 

types of personnel  requi red .  

A s  a 

A s i m p l i f i e d  schedule  of a c t i v i t i e s  culminat ing i n  t h e  i g n i t i o n  ex- 
periments i s  t h e  fol lowing:  

Year 

FY-1973 

Fy-1974 

N-1975 

FY-197 6 

EY-1977 

FY-1978 

FY-1979 

Fy-1980 

FY-1981 

FY-1982 

%)or A c t i v i t y  

E s t a b l i s h  requirements ,  develop concept .  

Conceptual des ign ,  submission of formal proposal .  

Pre l iminary  engineer ing des ign;  begin development s p e c i f -  
i c a l l y  f o r  P/BX. 

I n i t i a t e  f i n a l ,  d e t a i l e d  des ign;  s tart  f a b r i c a t i n g  
t o r o i d a l  f i e l d  c o i l s  and o t h e r  long-lead i t e m s .  

Continue f i n a l  d e t a i l e d  des ign  and component f ab r i ca -  
t i o n ;  s ta r t  s i t e  p repa ra t ion .  

Begin assembly; complete f i n a l  des ign  and f a b r i c a t i o n .  

Complete assembly; t e s t i n g .  

Begin ope ra t ion  i n  f i r s t  phase ( s c i e n t i f i c  f e a s i b i l i t y  
o r  D-T burning,  as t h e  need may be ) .  

Experimental  opera t fon .  

Conversion t o  second phase ( i f  s t i l l  a p p l i c a b l e ) .  
Tes t ing  and s t a r t u p  of D-T burning experiments.  
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F/BX Conceptual Design Study 

General In t roduc t ion  

Funding f o r  t h e  P/BX conceptual  des ign  s tudy  permits  a 10-man-year 

e f f o r t  i n  N-1974. 

f e r e n t  s k i l l s  and experiences r e l a t e d  t o  t h e  sc i ence  and engineer ing of a 
l a r g e ,  experimental  fu s ion  device.  The primary areas of competence re- 

qui red  inc lude  plasma physics  (both experimental  and t h e o r e t i c a l ) ,  n e u t r a l  

beam i n j e c t i o n  hea t ing  technology, magnetics,  fu s ion  r e a c t o r  technology, 

engineer ing of mechanical,  e lectr ical ,  and vacuum systems, manufacturing 

and e s t ima t ing  knowledge, and support  s e r v i c e s ;  each of t h e s e  areas is  de- 

s c r ibed  i n  more d e t a i l  below. 

This  must cover con t r ibu t ions  of many people wi th  d i f -  

A s  i nd ica t ed  i n  Table 1, t h e  s t a f f  w i l l  c o n s i s t  of a Group Leader 

(par t - t ime) ,  a Program Manager ( fu l l - t ime)  , four  o r  more engineers  ( a t  

l eas t  two of whom are fu l l - t ime) ,  f i v e  o r  more p r i n c i p a l  s c i e n t i s t s  from 

t h e  p re sen t  r e sea rch  groups ( a l l  part-t ime on a cont inuing  b a s i s ) ,  many 

t e c h n i c a l  personnel  from t h e  Thermonuclear Div is ion  as w e l l  as consu l t an t s  

( a l l  probably on an occas iona l ,  part-t ime b a s i s ) ,  and t h r e e  o r  four  support  

personnel  (part-t ime).  I n  a d d i t i o n  t o  t h e  d a i l y  i n t e r a c t i o n s  of one,  two, 

o r  t h r e e  persons,  involvement and communication w i l l  be e f f e c t e d  through 

weekly meetings of t h e  p r i n c i p a l  p a r t i c i p a n t s ,  and It information meeting" 

type  ga the r ings  of i n t e r e s t e d  t e c h n i c a l  personnel .  Communication and co- 

o r d i n a t i o n  between t h e  ORNL des ign  team and t h e  AEC's Divis ion  of Control led 

Thermonuclear Research (DCTR) w i l l  be  maintained. Wri t ten  r e p o r t s  w i l l  
serve t o  document t h e  progress .  

The scope of t h e  s tudy  w f l l  i nc lude  cons ide ra t ion  of no t  only t h e  re- 

quirements f o r  a f e a s i b i l i t y  demonstrat ion,  bu t  a l s o  those  requirements 
needed a t  va r ious  s t a g e s  f o r  D-T burning and i g n i t i o n  experiments.  I n  par- 

t i c u l a r ,  p rov i s ion  f o r  a d i v e r t o r  (of unknown d e t a i l e d  design)  w i l l  be  con- 

s ide red  f o r  t h e  burning experiment a l though t h e  f e a s i b i l i t y  demonstrat ion 

probably does no t  depend upon i t .  

A t  t he  o u t s e t  of t h e  des ign  s tudy ,  design bases  w i l l  be  adopted, c r u c i a l  

dec i s ions  t o  be made w f l l  be i d e n t i f i e d ,  t a s k s  w i l l  be ass igned ,  and a 

schedule  inc luding  appropr i a t e  mi les tones  w-911 6e  lagd  o u t ,  By the end 
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* 
Table 1. Personnel  Requirements of ORMAJC-F/BX Conceptual Design Study 

(wi th in  t h e  ORMAK program - under t h e  
d i r e c t i o n  of G. G. Kel ley,  ORMAK Sec t ion  Leader) 

Group Leader -- M. Roberts 

Program Manager -- P. N. Haubenreich 

(1/2) 

(1) 
TOTAL (1-1/2) 

S c i e n t i f i c  S t a f f  

P la sma  Physics  -- J. F. Clarke (1/2) 
Diagnost ics  -- J. L. Dunlap ( U 6 )  
Magnet Design --M. S .  Lube11 (11 2) 
Neu t ra l  Beam I n j e c t i o n  -- 0. B.  Morgan (113) 
Fusion Reactor Technology -- D. S t e i n e r  (1/2) 
D ive r to r s  -- G. G. Kel ley  (1/12) 
Miscellaneous S t a f f  (116) 

Engineering S t a f f  

Electr ical  Engineer -- R. S .  Lord 
Mechanical Engineer -- D. D. Cannon 
Fabricat ion-Est imator  -- R. M. H i l l  
S p e c i a l  Analysts  

TOTAL (4) 

Support 

Dra f t ing  
Computational 
Secretarial 

TOTAL (2-1/4) 

% 
10 MY 

*Names are those  of p r i n c i p a l  people  i n  t h e  s tudy .  Numbers are t o t a l  
man yea r s  i n  t h e  area al though not  n e c e s s a r i l y  those  of t h e  p r i n c i p a l  person 
a lone .  A more complete l i s t i n g  of personnel  appears  i n  t h e  Sec t ion  I1 
S p e c i f i c  Topic Areas and Personnel .  
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of t h e  f i r s t  q u a r t e r  of FY-1974 we expect  t o  have made t h e  c r u c i a l  deci-  

s i o n s  and have adopted a r e fe rence  des ign  w i t h  nominal va lues  c l o s e  t o  t h e  

f i n a l  parameters.  

choices  of s i z e ,  f i e l d  s t r e n g t h ,  f i e l d  homogeneity, i n j e c t i o n  s p e c i f i c a t i o n s ,  

e tc . ,  i n  t h e  r e fe rence  des ign  w i l l  a l s o  permit pre l iminary  c o s t  e s t ima t ion  

of t h e  va r ious  components. 

l iminary  c o s t  estimate f o r  t h e  f a c i l i t y  and suppor t ing  development program 

w i l l  be  ready by mid-FY-1974 t o  a l low DCTR t o  proceed wi th  i t s  formal re- 

view process  concurren t ly  wi th  f u r t h e r  work. Comprehensive conceptual  lay-  

o u t s ,  p ro j ec t ed  s o l u t i o n s  t o  t h e  developmental problems, and f u r t h e r  calcu- 

l a t i o n s  suppor t ing  op t imiza t ion  of t h e  des ign  would f i l l  t h e  t h i r d  q u a r t e r .  

The s tudy  w i l l  culminate  i n  a conceptual  des ign  r e p o r t ,  inc luding  a d e t a i l e d  

cos t  estimate, which is  expected t o  s e r v e  as t h e  b a s i s  f o r  a proposal  i n  t h e  

f o u r t h  q u a r t e r  of FY-1974 t o  proceed wi th  ORMM-F/BX. 

The s e n s i t i v i t y  ana lyses  t o  determine and suppor t  t he  

A d e s c r i p t i o n  of t h e  r e fe rence  des ign  and a pre- 

The p repa ra t ions  which were made i n  t h e  f o u r t h  q u a r t e r  of FY-1973 in- 

c lude  t h e  fol lowing:  

1)  an eva lua t ion  of p re sen t  knowledge and l i k e l y  development i n  a l l  

f a c e t s  of t h e  plasma phys ics  and a p p l i c a t i o n  of t h i s  information toward t h e  

choices  of pre l iminary  des ign  parameters ,  

2) i d e n t i f i c a t i o n  of t h e  kinds of problems and d e c i s i o n s  t h a t  must be 

d e a l t  w i th  i n  t h e  course  of t h e  des ign  s tudy ,  and 

3) i d e n t i f i c a t i o n  of t h e  s k i l l s  and a b i l i t i e s  requi red  f o r  s o l u t i o n  

of t h e s e  problems along wi th  a manyear t i m e  estimate f o r  each area. 
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S p e c i f i c  Topic Areas and Personnel 

A t e n t a t i v e  o u t l i n e  of t h e  areas and personnel  is shown i n  
Table 1, wi th  d e t a i l s  given i n  t h e  fol lowing paragraphs.  

A. Plasma Phys ics  
a. 

J. F. C l a r k e , '  J. T. Hogan, D. G. McAlees, and many o t h e r s .  
(Q 1/2 MY*> 

Inpu t s  t o  1. Immediate Problems 
Ref er enc e 
d e s i g n - f i r s t  
q u a r t e r  
FY-74 

a. What i s  t h e  optimum s i z e  of t h e  device  which can maxi- 
mize both va lues  of plasma parameters  achieved and new 
phys ica l  knowledge gained a t  minimum c o s t ?  

b. mat i s  t h e  bes t  t o r o i d a l  f i e l d  i n  terms of magnitude, 
p u l s e  t i m e ,  and uni formi ty?  
w i l l  depend on t h e  hea t ing  scheme adopted and t h e  de- 
s i r a b i l i t y  of conta in ing  f u s i o n  a lpha  p a r t i c l e s .  

The cr i ter ia  on uni formi ty  

c. What is t h e  b e s t  hea t ing  scheme? Presuming n e u t r a l  
beam i n j e c t i o n ,  what is  t h e  proper  mix of ene rg ie s  f o r  
t h e  optimum r a d i a l  power d l s t r i b u t i o n  and what is t h e  
i n j e c t i o n  t i m e  r equ i r ed?  

d .  Sta r tup :  How w i l l  t h e  l a r g e  plasma be c r e a t e d  and 
confined dur ing  i t s  e a r l y  s t a g e s ?  What r o l e s  w i l l  
n e u t r a l  beam o r  r e l a t i v i s t i c  e l e c t r o n  beam c r e a t e d  
e q u i l i b r i a  p lay?  
s t age?  How do t r a n s i e n t  f i e l d s  i n t e r a c t  w i th  super- 
conducting c o i l s ?  

Can ohmic hea t ing  s u f f i c e  i n  t h i s  

Work t o  be 2. In te rmedia te  Problems 
done i n  second 
and t h i r d  a. How do we  r ep lace  plasma p a r t i c l e s  t h a t  d i f f u s e  t o  t h e  
q u a r t e r s .  su r f ace?  I f  by n e u t r a l  i n j e c t i o n ,  what i s  t h e  b e s t  

energy; i f  by p e l l e t  i n j e c t i o n ,  what s i z e ?  

b.  Cleanup: What is t h e  b e s t  w a l l  des ign?  Do w e  r e q u i r e  a 
f u l l  o r  l o c a l  d i v e r t e r  o r  a magnetic l i m i t e r  o r  some- 
th ing  else? 

c. What i s  t h e  process  which produces i m p u r i t i e s ?  This  de- 
pends upon t h e  w e l l  i n t e r a c t i o n  dur ing  s t a r t u p ,  i n  par- 
t i c u l a r  upon t h e  choice  of d i v e r t o r  o r  magnetic l i m i t e r  
and t h e  d i f f u s i o d c h a r g e  exchange processes  du r ing  s t a r t u p .  

'Person under l ined  i s  re spons ib l e  f o r  the p a r t i c u l a r  area being d iscussed .  * 
MY f i g u r e ,  is approximate num6er of  funded s c i e n t i f i c  yea r s  devoted t o  

t h i s  p a r t i c u l a r  area. 
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d. What i s  t h e  e f f e c t  of impur i ty  flow i n  l a r g e  devices?  
How does t h i s  a f f e c t  t h e  r a d i a l  power balance and how 
can w e  a d j u s t  t h e  hea t ing  e i t h e r  t o  accommodate o r  t o  
u t i l i z e  t h i s  e f f e c t ?  

Third and 3 .  Lonp: Range Problems 
f o u r t h  
q u a r t e r s .  a. What can w e  l e a r n  about synchrotron r a d i a t i o n  t r a n s p o r t  

i n  l a r g e ,  bu t  f i n i t e ,  plasmas? This  process  w i l l  domi- 
n a t e  t h e  energy flow i n  r e a c t o r s  and it  must be under- 
s tood .  

b. What does superbanana l o s s  of i n j e c t e d  o r  a lpha  
p a r t i c l e s  i n  non-uniform t o r o i d a l  f i e l d s  do t o  t h e  
plasma as it  creates l a r g e  r a d i a l  p o t e n t i a l s ?  

B. Diagnos t ics  

J. L. Dunlap and o t h e r s  (1/6 MY) 

Reference de- 
s i g n  & diag- 
n o s t i c  re- 
quirements 
need t o  be 
i t e r a t e d  i n  
t h e  1st q t r .  
a t  least  
once. 

1. W e  need t o  develop COZ o r  HCN laser  in t e r f e romete r s  f o r  
d e n s i t y  information.  

2. Thomson s c a t t e r i n g  i n  l a r g e  systems needs development. 

3.  The use  of n e u t r a l  beam probes t o  measure e l e c t r o n  and im-  
purPty d e n s i t y  and ion  temperature  is v i t a l  and must be 
developed. 

4 .  Infra-red measurement techniques f o r  synchrotron r a d i a t i o n  
a n a l y s i s  must be appl ied .  

C. Magnetics: 

M. S .  Lube l l ,  H. M. Long, and o t h e r s  (2, 1 / 2  M Y )  

S p e c i f i c a t i o n  1. Immediate Ques t ions  
f o r  r e fe rence  
des ign  i n  F i r s t  a. Major R 
Qtr. as input  
t o  Magnetics b. Minor r f o r  c o i l  ( i .e. ,  plasma w a l l  r a d i u s  p l u s  th i ck -  
Group. ness  of s h i e l d i n g ,  b l anke t ,  and o t h e r  c o i l s )  

c. Cent ra l  axial  f i e l d  B and uniformity requi red .  

d .  Space needed i n  c e n t r a l  axis f o r  t h e  i r o n  core .  

0 

e. Pu l se  t i m e  and f i e l d  magnitude of t h e  ohmic hea t ing  c o i l s .  

c f .  One vacuum chamber o r  m u l t i p l e  vacuum chambers. 



First Qtr. 2. Immediate Problems 
Work Work program for July to end of October 

a. Economic comparison between cryogenic, superconducting 
and water-cooled coils including magnet material and 
winding costs, refrigerator, power supply, structure, 
and dewars. 

b .  Tn addition to the basic reference design, an economic 
comparison must be made for variations in R and r of up 
to 225%. 

c. Estimate the development time and cost for cryogenic 
and superconducting systems. 

d.  Outline in detail the development program for super- 
conducting magnets including time and cost. 

Work to be 3.  Intermediate Problems 
done in second 
and third a. Provide space needs in central zone for magnets, dewars, 
quarters and structure (check for compatibility of iron core re- 

quirements) . 
b. Provide space required at center and top of the toroidal 

system (check to see if it is compatible with injection 
demands). 

c. Provide ripple and uniformityof the field (see if it is 
compatible with physics needs). 

By fourth 4 .  Final Work 
quarter 

a .  Execute detailed design using final size and field 
parameters with complete cost and time scale worked 
out. 

D. Neutral Beam Heating: 

0. B. Morgan, L. D. Stewart, T. C. Jernigan, W. L. Stirling 

(2. 1/3 M Y )  

Specffica- 1. Immediate Questions 
tions in Beam Requirements -From Physics and ORMAK Injection Studies 
first Qtr. 
as input to a. Energy 
EPI group 

b. Power 

c. Distribution in angle and space 
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d. Impuri ty  conten t  

e. Gas load 

f .  Ion spec ie s  

g. T i m e  of I n j e c t i o n  

F i r s t  Qtr. 2.  Immediate Problems 
inpu t  t o  Machine des ign  requirements t o  make t h e s e  beam requirements  
engineer ing t echno log ica l ly  poss ib l e .  

a. Access i n t o  l i n e r  

b. Vacuum system, i . e . ,  two s t a g e  o r  not  

c. Coi l  cons t ruc t ion  

Work t o  be 3 .  In te rmedia te  Problems 
done i n  second What Energe t ic  P a r t i c l e  I n j e c t i o n  developments w i l l  be 
and t h i r d  requi red  t o  accomplish and s a t i s f y  t h e  above. 
q u a r t e r s  

a. Ion  cu r ren t  pe r  module 

b. Energy -t one s t a g e  a c c e l e r a t i o n ,  two s t a g e  a c c e l e r a t i o n ,  
o r  nega t ive  ions  

Impur i t i e s  -t a l l  metal bakeable  source  c. 

d. Vacuum requirements - cryogenic  pumping 

e. T i m e  of i n j e c t i o n  

By f o u r t h  4 .  F i n a l  Work 
q u a r t e r  Development and cons t ruc t ion  c o s t s  of t he  above. 

E. Fusion Reactor Technology: 

D. S t e i n e r ,  and many o t h e r s  (Q 1 / 2  MY) 

Continuous 1. Materials 
in te rchange  
through s tudy  a.  Contacts - C. J .  McHargue, J .  H.DeVan, F. 

and F. W. Young 
J i f f en  

b. Approach -- Keep i n  c l o s e  contac t  w i t h  F/BX design 
group and he lp  i d e n t i f y  materials development requi re -  
ments f o r  F/BX. Also w i l l  provide materials consul- 
t a t  ion.  



Inpu t s  t o  
f i r s t  r e f -  
e rence  des ign  

2. Tr i t ium Handlinq 

a. Contact - J .  S .  Watson 

b. Approach -- W i l l  work c l o s e l y  w i t h  F/BX des ign  e f f o r t  
and he lp  guide des ign  w i t h  regard  t o  "best" design al-  
t e r n a t i v e s  f o r  eas ing  t r i t i u m  handl ing and containment 
i n  D-T burning phase of o p e r a t i m .  

c. Some Immediate Problems t o  Consider:  

i) Proper v e n t i l a t i o n  f o r  cont inuous release. 

i i )  Best method f o r  i n t roduc t ion  i n t o  F/BX, t h a t  i s ,  
as feed o r  through n e u t r a l  beam i n j e c t i o n  system. 

i i i )  Optfmum des ign  f o r  good access i n  case of mainte- 
nance. 

d. Some In te rmedia te  Problems. 

Work r e s u l t i n g  9) Magnitude of t r i t i u m  inventory i n  F/BX 
from re fe rence  
design de- i i )  Monitoring of t r i t i u m  levels.  
c i s i o n s  

i i i )  F e a s i b i l i t y  and c o s t s  of va r ious  a l t e r n a t i v e s .  

Input  t o  
r e f  er enc e 
des ign  

Work i n  2nd, 
3rd q u a r t e r s  

iv) I n t e r f a c i n g  wi th  o the r  des ign  boundary cond i t ions .  

3.  Neutronics  

a. Contact -- D. S t e i n e r  

b.  Approach - W i l l  work c l o s e l y  w i t h  F/BX des ign  e f f o r t  
and he lp  guide design w i t h  regard t o  neu t ron ic s  con- 
s i d e r a t i o n s .  

c. Some Immediate Problems t o  Consider: 

i )  B io log ica l  s h i e l d i n g  

i i )  W i l l  remote maintenance be r equ i r ed?  

i i i )  Problems wi th  disassembly and "end-of-lif e" of 
materials. 

d. Some In te rmedia te  Problems t o  Consider:  

i )  Nuclear hea t ing  i n  magnets. 

i i )  S t r u c t u r a l  a c t i v a t i o n .  
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iii) Radiat ion monitoring. 

i v )  Costs and I n t e r f a c i n g  as w i t h  t r i t i u m .  

F. Mechanical Engineering (1 MY) - D. D. Cannon and o t h e r s  

1. 

2. 

3.  

4.  

I n t e r n a l  components and assembly 

This  inc ludes  t h e  w a l l  n e a r e s t  t h e  plasma, any i n t e r n a l  
s t r u c t u r e  (plasma l i m i t e r  and, poss ib ly ,  d i v e r t o r ) ,  t h e  
enc los ing  t o r o i d a l  conducting s h e l l ,  and a t t ached  c o i l s .  
E t  a l s o  inc ludes  pene t r a t ions  f o r  i n j e c t o r s  and d i a g n o s t i c  
dev ices ,  cool ing  and c o i l  power connect ions.  The des ign  
must cons ider  c o n s t r a l n t s  on hea t  t r a n s f e r ,  e l e c t r i c a l  
i n s u l a t i o n ,  assembly procedures ,  c l e a n l i n e s s ,  and 
m a l n t a i n a b i l l t y .  

Magnets 

The suppor t ing  s t r u c t u r e  f o r  t h e  l a r g e  t o r o i d a l  f i e l d  c o i l s  
must be  designed t o  wi ths tand  l a r g e  fo rces  (on t h e  o r d e r  of 
l o 4  t ons  toward the t o r u s  axis, f o r  example). Supports ,  
thermal i n s u l a t i o n ,  vacuum s h e l l ,  and r e l a t i o n  t o  t o r o i d a l  
components must be designed t o  accommodate dimensional changes 
over  t h e  temperature range from 500K (or  8 0 0 K )  t o  6 5 K  (possi-  
b l y  t o  4 K ) .  

Vacuum systems 

The plasma reg ion  must reach a t  least lo-' t o r r  and t h e  
reg ion  housing the magnets and i n s u l a t i o n  w i l l  probably be 
requi red  t o  ope ra t e  below t o r r .  Design w i l l  i nvo lve  
cons ide ra t ion  of a v a i l a b l e  pumping systems (pumps, v a l v e s ) ,  
seals, and coa t ings  and s u r f a c e s  f o r  e lectr ical  and 
thermal-radiat ion i n s u l a t i o n .  

Cryogenic system 

I n t e g r a t e  chosen cryogenic  system ( see  Sec t ion  C.2 above) 
wi th  ba lance  of p l a n t .  

G .  Electrical  Engineering (1 MY) R. S .  Lord and o t h e r s  

1. Power 

There w i l l  be t h r e e  c o i l  systems ( t o r o i d a l ,  ohmic h e a t i n g ,  
and v e r t i c a l )  wi th  t h e i r  r e s p e c t i v e  energ iz ing  s u p p l i e s ,  
i n t e rconnec t ions ,  and c o n t r o l s .  Design must cons ider  prob- 
l e m s  of c o i l  symmetry, l o c a t i o n ,  i n s u l a t i o n ,  cool ing ,  and 
power supply and must be coord ina ted  w i t h  o t h e r  areas of 
design.  
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2.  Control  

This  inc ludes  t h e  in t e rconnec t ion  of several l a r g e ,  high- 
energy power s u p p l i e s  feeding  i n t o  induc t ive  loads ,  a l l  of 
which are energized s imultaneously w i t h  extremely s e n s i t i v e  
e l e c t r o n i c  measuring equipment and a l l  of which are t i e d  t o  
a c e n t r a l  computing f a c i l i t y  t o  be used f o r  o p e r a t i o n a l  con- 
t r o l  and d i a g n o s t i c  a n a l y s i s .  I n  a d d i t i o n  t o  t h e s e  d r i v i n g  
and measuring systems t h e r e  are t h e  u t i l i t y  systems providing 
r o u t i n e  power, vacuum, c ryogenics ,  and r e l i a b l e  s a f e t y  and 
monitor ing systems. 

H. Engineering (Building) ( 1 / 4  MY) 

New s t r u c t u r e s  o r  modi f ica t ions  of e x i s t i n g  s t r u c t u r e s  must be 
designed t o  accommodate t h e  system. S p e c i a l  a t t e n t i o n  must be  
given t o  s h i e l d i n g ,  tritium containment,  and maintenance. 

I. General Engineering (1 M Y )  

This  d e a l s  w i th  s p e c i f i c a t i o n s ,  q u a l i t y  assurance ,  f a b r i c a t i o n  
techniques ,  manufacturing c a p a b i l i t i e s ,  and estimates of c o s t s  
and schedules .  

J .  Spec ia l  Analysts  and Consul tants  ( 3 / 4  M Y )  

This  a c t i v i t y  wi l l  involve  many people possess ing  s p e c i a l i z e d  
s k i l l s  r equ i r ed  f o r  p a r t i c u l a r  ques t ions  (namely, c o n s u l t a n t s  
w i th in  o r  without  t h e  Laboratory,  engineers  p r e s e n t l y  involved 
on O M ,  s c i e n t i f i c  and t e c h n i c a l  personnel  w i t h i n  t h e  D i v i s i o n ) .  

K. Support pereonnel (”. 2-1/2 MY) 

1. One or one-and-a-half draftsmen capable of making thorough 
l ayou t s  of a l l  the va r ious  systems on FhBX. 

2 .  A s e c r e t a r y  a b l e  t o  assist the  information flow and docu- 
mentat ion.  

Program Di rec t ion  

A .  Program Manager -- P. N .  Haubenreich 

B. Group Leader -- M. Roberts  

C .  Review Committee -- ORMAK Sect ion  s t e e r i n g  committee, l e d  by 
G. G. Kel ley.  

D .  I n t e r a c t i o n  wi th  ORNL Management -- Management of Thermonuclear 
D iv i s ion ,  General Engineering Div is ion  and Laboratory.  

E. I n t e r a c t i o n  wi th  AEC-DCTR -- O f f i c e  of Development and Technology 
and Of f i ce  of Confinement Systems. 


