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ABSTRACT 

The Mission Statement Document describes the results, activities, 

and processes used in preparing the Mission Statement, facility charac- 

teristics, and operating goals for the Engineering Test Facility (ETF). 

Approximately 100 engineers and scientists from throughout the U.S. 

fusion program spent three days at the Knoxville Mission Workshop 

defining the requirements that should be met by the ETF during its 

operating life. Seven groups were selected to consider one major cat- 

egory each of design and operation concerns. Each group prepared the 

findings of the assigned area as described in the major sections of this 

document. The results of the operations discussed must provide the 

data, knowledge, experience, and confidence to continue to the next 

steps beyond the ETF in making fusion power a viable energy option. The 

results from the ETF mission (operations are assumed to start early in 

the 1990's) are to bridge the gap between.the base of magnetic fusion 

knowledge at the start of operations and.that required to design the 

EPRIDEMO devices. 
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1. INTRODUCTION 

In  September 1978 John Deutch, D i rec to r  of Energy Research f o r  t h e  

U.S. Department of  Energy (DOE), a r t i c u l a t e d  t h e  DOE p o l i c y  f o r  f u s i o n  

energy.' This  po l i cy  s ta tement ,  which covered both t h e  magnetic con- 

finement and i n e r t i a l  confinement approaches, o u t l i n e d  a three-phase 

s t r a t e g y  t o  develop f u s i o n  energy a s  an  economically a t t r a c t i v e  and 

environmental ly  accep tab le  energy opt ion .  These t h r e e  phases focus on 

s c i e n t i f i c  f e a s i b i l i t y ,  engineer ing  t e s t i n g ,  and r e a c t o r  demonstration. 

It i s  a n t i c i p a t e d  t h a t  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 both the  

magnetic confinement and i n e r t i a l  confinement approaches w i l l  be  achieved 

dur ing  t h e  1980's .  Following t h e  achievement of s c i e n t i f i c  f e a s i b i l i t y ,  

each of t h e  two approaches w i l l  move from app l i ed  r e sea rch  i n t o  an  

engineer ing  t e s t i n g  phase. The v e h i c l e  by which t h e  fus ion  program w i l l  

move i n t o  t h i s  phase of development i s  des igna ted  t h e  Engineering Tes t  

F a c i l i t y  (ETF). The ETF w i l l  provide a f u s i o n  environment tes t-bed f o r  

t h e  r e a c t o r  components. These components w i l l  b e  t h e  e s s e n t i a l  b u i l d i n g  

b locks  of t h e  f a c i l i t i e s  t o  be cons t ruc ted  and opera ted  dur ing  t h e  

r e a c t o r  demonstrat ion phase: t h e  Engineering Pro to type  Reactor  (EPR) 

and the  Commercial Demonstration Reactor (DEMO). 

I n  o rde r  t o  i n i t i a t e  pre l iminary  planning f o r  t h e  ETF d e c i s i o n  i n  

tho magnp t i o cnnf i nement approach, t h e  Of f i ce  of Fusion Energy (OFE) 

e s t a b l i s h e d  t h e  ETF Design Center  a c t i v i t y  a t  Oak Ridge Nat iona l  Labo- 

r a t o r y  (ORNL) t o  prepare  t h e  des ign  of a tokamak ETF. A t  t h e  same time, 

a mi r ro r  ETF des ign  t a s k  was e s t a b l i s h e d  a t  Lawrence Livermore Laboratory 

- (LLL). ETF des ign  t a s k s  w i l l  be  considered f o r  o t h e r  confinement con- 

c e p t s  a s  t h e i r  phys ics  performance i s  brought up t o  t h e  l e v e l  achieved 

by t h e  tokamak and mi r ro r  experiments.  Curren t ly  t h e  tokamak ETF e f f o r t  

a t  t h e  ETF Design Center  is rece iv ing  t h e  h ighes t  l e v e l  of support  

because tokamaks have achieved the  h ighes t  l e v e l  of plasma performance. 

In  any case ,  many of t h e  key t echno log ica l  and engineer ing  problems of 
, 

magnetic confinement fu s ion  concepts  a r e  gene r i c  i n  c h a r a c t e r ;  t hus ,  t h e  

emphasized e f f o r t  d i r e c t e d  t o  t h e  tolcamak w i l l  be  of gene ra l  va lue  t o  

t h e  magnetic fu s ion  program. Such gene r i c  i s s u e s  a r e  h igh l igh ted  by the  



needs i n  m a t e r i a l s ,  magnets, plasma h e a t i n g  by beams and by r a d i o  f r e -  

quency ( r f )  energy,  impur i ty  c o n t r o l  and ash  removal, t r i t i u m  handling,  

remote maintenance, and availability/reliability. ' 

A s  a  p o i n t  of d e p a r t u r e  f o r  t h e  ETF a c t i v i t i e s ,  i t  was deemed 

e s s e n t i a l  t o  e s t a b l i s h  a well-defined s ta tement  on t h e  mission of t he  

ETF i n  t h e  o v e r a l l ' f u s i o n  program s t r a t e g y .  I n  t he  FY 1978 The Next 

S t e p  (TNS) a c t i v i t i e s ,  t h e  va r ious  des ign  teams addressed the  i s s u e  of 

t h e  miss ion  f o r  t h e  TNS. The Of f i ce  of Fusion Energy used t h e  mission 

s t a t emen t  r e s u l t s  of l a s t .  y e a r ' s  TNS a c t i v i t i e s  t o  develop a ' p r e l i m i n a r y  

miss ion  s ta tement  for t h e  ETF. I n  o rde r  t o  develop a more d e t a i l e d  and 

complete miss ion  s ta tement  f o r  t h e  ETF, t h e  ETF Design Center organized 

and conducted a n  ETF Mission Wo-gkslrup, he ld  i n  Knnxvi,.l ley Tennessee ,  

February 13-15, 1979. The Workshop focused 0 n . a  tokamak-based ETF; 

however, t h e  eng inee r ing  and technology requirements  of a l t e r n a t e  con- 

c e p t s  r ep re sen ted  a n  e s s e n t i a l  element of t h e  Workshop d e l i b e r a t i o n s .  

The Mission Workshop brought  t oge the r  a  broad range of e x p e r t i s e  from 

w i t h i n  t h e  f u s i o n  community and involved r e p r e s e n t a t i v e s  from both t h e  

f u s i o n  r e sea rch  c e n t e r s  and indus t ry .  Approximately 100 r e p r e s e n t a t i v e s  

of 25 o r g a n i z a t i o n s  p a r t i c i p a t e d  i n  t.he Workshop. . . 

I n  prepar ing  f o r  t h e  Workshop, s i x  elements  were emphasized as 

be ing  c r i t i c a l  t o  i t s  success :  

(1) a well-defined r e f e r e n c e  case ,  

(2) a  comprehensive s e t  of t o p i c s ,  

(3)  t h e  s e l e c t i o n  of chai rmen and partS.cipants  axpe r t  ' i n  t h e m  
. . 

topics, 

( 4 )  a broad f u s i o n  community r e p r e s e n t a t i o n  and p a r t i c i p a t i o n ,  

(5) d e t a i l e d  g u i d e l i n e s  f o r  conducting t h e  Workshop, and 

(b) pre l imina ry  d i s c u s s i o n s  and i n t e r a c t i o n s  wi th  t h e  chairmen. 

The r e fe rence  c a s e  f o r  t h e  Workshop cons i s t ed  of t h r e e  elements:  

(1)  t h e  TNS des ign  parameters  ( s ee  Appendix A.8), which provide a 

r e f e r e n c e  s e t  of c h a r a c t e r i s t i c s  f o r  t h e  ETF; (2)  c u r r e n t  EPRIDEMO param- 

e t e r s  ( s e e  Appendix A.8),  which provide a  r e f e r e n c e  s e t  of component 

requi rements  f o r  t h e  ETF achievements and mi les tones ;  and ( 3 )  t h e  Pre- 

l i m i n a r y  Mission Statement d r a f t e d  by DOE, which l is ts  re fe rence  



objectives and a test plan for the ETF (see Appendix A.8). It is inter- 

esting to note that the major differences in plasma characteristics 

among the TNS, EPR, and DEMO designs are in the areas of burn time and 

power density,while the major.differences in component requirements 

among these designs are in the areas of availability and efficiency. 

The ETF objectives proposed in the Preliminary Mission Statement were 

cast in the context of seven workshop subgroups, as indicated in Table 1.1. 

Subgroup chairmen and participants were chosen to represent a high level 

of technical expertise in each subgroup 'area. The subgroup chairmen and . 

their respective institutions are also indicated in Table 1.1.' 

Table 1.1. ETF Mission Workshop subgroups and chairmen, 

Subgroup area Chairman 

Alternate concepts R. Aronstein, Bechtel 
Corporation 

Blanketlfirst walllshield technology C. A. Flanagan, Westinghouse 
testing Electric Corporation 

Heatinglfueling technology testing 
, . L. D. Stewart, PPP~lExxon 

Nuclear Company 

Materials testing E. E. Bloom, ORNL 

Plasma operations testing J. M. Rawls, GA 

R e ~ ~ t e  maintenance and engineering D. L. Kummer, McDonnell-Douglas 
operations testing Astronautics Company 

Tritiumlparticle collection V. A:Maroni, ANL 
technology testing 

  he ETF Mission Workshop was highly successful because of the 
efforts of the chairmen and participants and the planning done before 

the Workshop began, particularly the discussions and meetings held with 

the subgroup chairmen. The contributions of the chairmen and the par- 

ticipants were essential to the success of the Mission Workshop. The 

Workshop output was very valuable and has contributed significantly to 

the preparation of' the ETF Mission statement. 

The output of the Mission Workshop subgroup deliberations consisted 

of charts that listed t t ~ e  i'n'l :Inwing Stems for each subgroup area: 



(1) t h e  key i s s u e s ,  (2)  t h e  assumed s t a t u s  of t h e  d a t a  base i n  1990, 

( 3 )  t h e  necessary  mi l e s tones  and achievements t h a t  would have t o  be 

demonstrated by t h e  ETF, (4)  t h e  requirements  f o r  t h e  ETF i n  terms of 

i t s  o v e r a l l  des ign  and f a c i l i t y  c a p a b i l i t i e s  i n  o rde r  t o  achieve  the 

m i l e s t o n e s ,  (5) t h e  requirements  i n  terms of t e s t i n g  t i m e - i n  o rde r  t o  

ach ieve  t h e  mi l e s tones ,  and (6)  t h e  major impacts r e l a t i v e  t o  t h e  

r e f e r e n c e  c a s e  i n  terms of des ign ,  f a c i l i t y ,  and t e s t i n g  requirements .  

The ETF Design Center  Team took t h e  output  of t h e  subgroup a r e a s  

and developed it i n t o  a  c o n s i s t e n t  format.  A t  t h i s  t ime some thought 

was g iven  t o  s e t t i n g  p r i o r i t i e s  i n  each subgroup a rea .  The r e s u l t s  were 

c i r c u l a t e d  back t o  t h e  subgroup chairmen and subgroup p a r t i c i p a n t s  f o r  

t h e i r  comments. Presented  i n  Appendixes A.1-A.7 a r e  t h e  r c s u l t s  of 

t h e s e  a c t i v i t i e s .  The subgroup inpu t  was then  i n t e g r a t e d  i n t o  an o v e r a l l  

o p e r a t i n g  schedule ,  and i s s u e s  of ove ra l l  p r i n r i t i ~ s  and impacts Qn t ho  

ETF were eva lua ted  and a s ses sed .  A d i scuss ion  of t h e  Mission Statement 

i s  inc luded  i n  Sec t .  2 of t h i s  r e p o r t .  Appendix A.8 con ta ins  r e l e v a n t  

background informat ion  and a  l ist  of t h e  Workshop p a r t i c i p a n t s .  

The Mission s ta tement2  r e p r e s e n t s  a  po in t  of depa r tu re ;  i t  w i l l  be  

updated and reviewed a s  t h e  ETF Design Center a c t i v i t i e s  proceed. With 

t h e  Mission Statement  a s  a  guide. t h e  ETF l l~ . s ign  C e n t e r  w i l l  en8aga i n  

systeliis a n a l y s i s  and des ign  s p e c i f i c a t i o n s  aimed a t  developing t h e  most 

c u s t - e f f e c r i v e  f a c i l i t y  t o r  achiev ing  t h e  goa l s  and o b j e c t i v e s  set f o r t h  

i n  t h e  Mission Statement .  The des ign  s p e c i f i c a t i o n s  w i l l  then  be used 

t o  l a y  o u t  an  engineer ing  des ign  fnr t h e  ETF. During t h i o  t imc n eam- 

yrehens ive  R&D needs assessment w i l l  a l s o  be  t ak ing  p l a r . ~ .  The RCD 

needs assessment  i s  be ing  c a r r i e d  o u t  a s  a f u s i o n  cnmm11nit.y a r t i ~ r l ' t y  and 

w i l l  s e r v e  t h e  requi rements  of both t h e  ETF Design Center and t h e  I n t e r -  

n a t i o n a l  Tokamak Reactor  (INTOR) a c t i v i t y  being conducted under t h e  

a u s p i c e s  of t h e  I n t e r n a t i o n a l  Atomic Energy Agency (IAEA). The output  

of  t h e  R&D needs assessment w i l l  b e  i n t e g r a t e d  and eva lua ted  by t h e  ETF 

Design Center  r e l a t i v e  t o  t h e  s p e c i f i c  requirements  of t h e  ETF. The 

r e s u l t s  of t h i s  eva lua t ion  and i n t e g r a t i o n ,  t oge the r  w i th  t h e  d e t a i l e d  

des ign  work, w i l l  b e  used t o  make recommendations t o  OFE r e l a t i v e  t o  t h e  

ETF program, c o s t ,  and schedule.  A t  t h i s  po in t  t h e  mission of t h e  ETF 

w i l l  a l s o  b e  r eeva lua t ed .  



The ETF Design Center w i l l  then  focus on t h e  d e t a i l e d  conceptual  

design of t h e  ETF, wi th  a  cont inuing  updat ing of t h e  R&D needs a s se s s -  

ment and r e f i n i n g  of t h e  ETF Mission Statement.  The u l t i m a t e  o b j e c t i v e s  

of t h e s e  a c t i v i t i e s  a r e  t o  prepare  t h e  ETF des ign  and t o  perform t h e  

a s s o c i a t e d  p r o j e c t  engineering and planning func t ions  i n  s u f f i c i e n t  

d e t a i l  t o  support  a  dec i s ion  po in t  f o r  t h e  ETF a t  t h e  e a r l i e s t  p o s s i b l e  

d a t e  . 
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2. ETF MISSION STATEMENT 

2 .1  INTRODUCTION 

The ETF Mission s ta tement2  was prepared by t h e  ETF Design Center 

based on a v a i l a b l e  information,  no tab ly  t h e  sugges t ions  and recommen- 

d a t i o n s  of t h e  ETF Mission Workshop. The ETF Advisory Committee reviewed 

t h e  document and provided s i g n i f i c a n t  guidance, which was i n t e g r a t e d  

i n t o  t h e  Statement.  The ETF Mission Statement was a l s o  r-eviewed and 

approved by t h e  Department of Energy's Of f i ce  of Fusion Energy. This  

document r e p r e s e n t s  a  po in t  of depa r tu re  and w i l l  be  r ev i sed  a s  necessary 

a t  l e a s t  once a  year .  A cont inuing  e f f o r t  w i l l  be  maintained t o  o b t a i n  

and inco rpora t e  a l l  p e r t i n e n t  sugges t ions  from throughout t h e  f u s i o n  

community. 

2.1.1 D e f i n i t i o n  of t h e  Mission Statement 

a 

The Mission Statement de f ines  t h e  ETF a c t i v i t y  dur ing  i t s  ope ra t ing  

l i f e .  The r e s u l t s  of t hose  ope ra t ions  must provide t h e  d a t a ,  knowledge, 

exper ience ,  and confidence t o  cont inue  t o  t h e  next  s t e p s  beyond t h e  ETF 

i n  making fus ion  power a  v i a b l e  energy opt ion .  The r e s u l t s  from t h e  ETF 

mission (ope ra t ions  a r e  assumed t o  s t a r t  e a r l y  i n  t h e  1990 ' s )  a r e  t o  

b r i d g e  t h e  gap between t h e  base  of magnetic f u s i o n  knowledge a t  t h e  

s t a r t  of ope ra t ions  and t h a t  r equ i r ed  t o  design t h e  EPRIDEMO devices .  

The ETF mission must r ep re sen t  t h e  most exped i t i ous  way of pro- 

ceeding t o  t h e s e  demonstrat ion a c t i v i t i e s ,  even though t h e  magnetic 

f u s i o n  concept t o  be  used i s  not  ye t  cvnf.i.rn~ecl. The f a c i l i t y  i s  t o  

address  t h e  engineer ing  and technology i s s u e s  of t h e  march toward t h e  

f u s i o n  energy opt ion .  The understanding t h a t  most of t h e s e  i s s u e s  a r e  

g e n e r i c  t o  any magnetic f u s i o n  concept loosens  t h e  bounds t h a t  might 

o therwise  r e s t r i c t  o r  de lay  t h e  choice of concepts  and d i r e c t s  t h e  

a t t e n t i o n  t o  t h e  e a r l i e s t  f u s i o n  co re  t h a t  can provide t h e  r e a c t o r  

environment f o r  . r e s o l ~ i t i o n s  t h a t  will b e n e f i t  almost equa l ly  t h e  con- 

tending  f u s i o n  approaches. These gene r i c  i s s u e s  inc lude  m a t e r i a l s ,  

superconducting magnets, n e u t r a l  beams, r f  energy i n j e c t i o n ,  f u e l i n g ,  

i m p ~ l r i t y  c o n t r o l  and helium ash removal, tritium handling,  maintenance, 



plasma d i s r u p t i o n s ,  and availability/reliability/operations/cost. The 

emphasis on t h e  tokamak a s  t h e  f i r s t  f u s i o n  core  f o r  t h e  ETF i s  based on 

i t s  unique advanced s t a g e  of s c i e n t i f i c  f e a s i b i l i t y  demonstration. The 

ETF mis s ion  w i l l  a l s o  inc lude  planned o p e r a t i o n s  i n  support  of t h e  t e s t  

and s tudy  of nongeneric  o r  a l t e rna t e -concep t - spec i f i c  engineer ing  and 

technology i s s u e s  necessary  t o  achieve  t h e  b e s t  design foundat ion f o r  

proceeding wi th  any of t h e  probable approaches. The cos t - e f f ec t iveness  

o f  t h e s e  des ign  f l e x i b i l i t i e s  w i l l  be  c a r e f u l l y  considered before  i n c l u s i o n  

i n  t h e  ETF des ign .  

2.1.2 Purpose of t h e  Mission Statement 

The d e f i n i t i o n  of t h e  ETF mission i s  a major s t e p  i n  t h e  i t e r a t i v e  

p roces s  of  d e f i n i n g  and planning t h e  ETF p r o j e c t .  The Mission Statement 

c h n r a c t c r i z c s  t h c  dcmnnds t o  be placcd on t h e  ETF ope ra t ions  and hence 

t h e  des ign  requirements  necessary  f o r  t h e  f a c i l i t y  t o  meet t hose  demands. 

The i t e r a t i v e  p roces s  i n c l u d e s  t h e  fol lowing major items: 

(1 )  DOE p o l i c y ,  

(2)  f u s i o n  power s t r a t e g y ,  

(3)  ETF r o l e  i n  t h e  s t r a t e g y ,  

(4)  ETF miss ion ,  

(5) ETF des ign  requirements ,  and 

(6)  El'F c o s t s ,  schedule ,  and R&D needs. 

Feedback loops  abound and permit  t h e  broad i t e r a t i o n  needed. The DOE 

p o l i c y  h a s  been publ ished. '  The f u s i o n  power s t r a t e g y  inc ludes  t h e  key 

mi l e s tones  of (1)  s c i e n t i f i c  f e a s i b i l i t y ,  (2 )  t h e  ETF, ( 3 )  EPR/DEMO, and 

(4) f i n a l l y  a  commercial power r e a c t o r  (CPR). The r o l e  of t h e  ETF i n  

t h e  s t r a t e g y  i s  t o  b r idge  t h e  gap between s c i e n t i f i c  f e a s i b i l i t y  know- 

l e d g e  and che knowledge required f o r  t h e  EPK/UWO p r o j e c r s .  

The de termina t ion  of t h e  ETF miss ion ,  ope ra t ions ,  and t e s t s  t h a t  ' 

w i l l  b r i d g e  t h e  gap r e q u i r e s  two s e t s  of da t a :  (1) t h e  d a t a ,  knowledge, 

and confidence needed f o r  an  EPR/DEMO p r o j e c t  .and ( 2 )  t h e  d a t a ,  knowledge, 

and confidence t h a t  w i l l  e x i s t  i n  1990 a t  t h e  beginning of ETF ope ra t ions .  

Then t h e  r o l e  of t h e  ETF can be  def ined  and t h e  des igns  can proceed. 
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The ETF Mission Statement uses  t h e  p a s t  s t u d i e s  on EPR/DEMO pro- 

j e c t s  ( s e e  Appendix 8) t o  provide guidance a s  t o  what should be accom- 

p l i shed  be fo re  such a  p r o j e c t  is undertaken. Next, t h e  1990 d a t a  base 

assumptions were made, l a r g e l y  wi th  t h e  input  from t h e  ETF Mission 

Workshop, wi th  t h e  g u i d e l i n e s  t h a t  (1) only  those  major p r o j e c t s  now 

planned o r  under way, p l u s  modest upgrades,  w i l l  be  a v a i l a b l e  t o  add t o  

t h e  d a t a  base  and (2)  t h e  e f f e c t i v e  l e v e l  of e f f o r t  i n  app l i ed  plasma 

phys ics ,  confinement phys ics ,  and development and technology w i l l  s t a y  

t h e  same a s  i n  FY 1979. 

The time-phased d a t a  requirements  t h a t  must be  met t o  support  t h e  

ETF des ign  process  a r e  being i d e n t i f i e d  and w i l l  i n  t u r n  provide a  b a s i s  

f o r  a s s e s s i n g  t h e  adequacy of t h e  p r e s e n t l y  planned R&D programs t o  meet 

t h e s e  needs. I t e r a t i o n s  of t h e  p l ans  f o r  t h e s e  a r e a s  w i l l  be  needed t o  

meet t h e  p r o j e c t  needs. Var i a t ions  i n  t h e  planned R&D w i l l ,  of course ,  

a l t e r  t h e  1990 assumptions and thereby modify t h e  ETF mission;  r e v i s i o n s  

of t h e  Mission Statement w i l l  r e f l e c t  t h e s e  changes. 

The s t e p s  followed i n  prepar ing  t h e  ETF mission were t o  d e f i n e ,  i n  

o r d e r ,  t h e s e  a r e a s :  (1) t h e  1990 d a t a  base  assumptions, (2 )  t h e  achieve- 

ments/milestones r equ i r ed  from ETF o p e r a t i o n  f o r  t h e  EPRIDEMO p r o j e c t s ,  

( 3 )  t h e  necessary  d e v i c e l f a c i l i t y  c h a r a c t e r i s t i c s ,  and (4) t h e  t e s t i n g  

schedules  r equ i r ed  f o r  t he  achievements/milestones. 

2.2 ASSUMPTIONS OF THE 1990 DATA BASE 

The s t a r t  of t h e  ETF f a c i l i t y  ope ra t ions  i s  assumed t o  be i n  t h e  

e a r l y  1990's .  I n  o r d e r  t o  d e f i n e  t h e  r equ i r ed  ETF t e s t i n g  program o r  

miss ion  t h a t  w i l l  provide t h e  achievements needed f o r  EPR~DEMO, t h e  d a t a  

base  of phys ics ,  technology, and engineer ing  t h a t  is  expected t o  b e  

a v a i l a b l e  p r i o r  t o  ETF ope ra t ion  must be assumed. Addi t iona l ly ,  t h e  

d a t a  base r equ i r ed  t o  move t o  EPR/DEMO must be  i d e n t i f i e d .  The d i f f e r e n c e  

between t h e  assumed 1990 knowledge base and t h a t  necessary  f o r  t h e  

EPR/DEMO des igns  i s  t o  be suppl ied  by t h e  ETF opera t ions /miss ion .  The 

assumptions a r e  based on t h e  gu ide l ines  t h a t  on ly  those  machines now 

planned ( p l u s  modest upgrades) a r e  t o  b e  considered i n  e s t ima t ing  t h e  

d a t a  base.  



The ETF i s  expected t o  be  t h e  major magnetic f u s i o n  f a c i l i t y  i n  t h e  

1 9 9 0 1 s ,  and a l though i t s  primary. r o l e  w i l l  no t  be f o r  plasma phys i c s  

exper imenta t ion ,  t h e  requirements  f o r  ope ra t ion  i n  new plasma parameter 

regimes d i c t a t e  a n  exp lo ra to ry  phase t o  d e f i n e  t h e  phys ics  r e l e v a n t  t o  

t h e  subsequent engineering/ technology t e s t i n g  phases.  Safe,  r e l i a b l e ,  

and r e p e a t a b l e  plasma o p e r a t i o n s  a r e  needed f o r  t h e  engineer ing  t e s t  

phase.  

The ETF dev ice  must gene ra t e  a  d a t a  base adequate  t o  proceed wi th  

EPR/DEMO des igns .  The des igns  used i n  t h e  follow-on r e a c t o r s  must be  

confirmed by a p p r o p r i a t e  t e s t i n g  of t h e  ETF systems. ignition is  t h e  

goa l  f o r  t h e  machine, and it is t o  be  designed t o  produce a  deuterium- 

t r i t i u m  (D-T) burn ing  plasma t o  provide t h e  environment f o r  technology 

q u a l i f i c a t i o n .  The burn t imes  w i l l  b e  t a r g e t e d  f o r  hundreds of seconds, 

l i m i t e d  by the  vol t -second c a p a b i l i t y .  Necessary d i v e r t o r  a c t i o n  t o  ' 

avoid  l i m i t a t i o n s  on burn t ime caused by i m p u r i t i e s  and helium bui ldup 

w i l l  b e  a  key p a r t  of t h e  des ign .  

The development of t h e  t e s t i n g  needs descr ibed  i n  t h e  ETF Mission 

Statement  assumed an  adequate  machine a v a i l a b i l i t y  and a  design approach 

t h a t  would provide t h e  f l e x i b i l i t y  needed t o  address  some a l t e r n a t e -  

concep t - spec i f i c  key i s s u e s  i n  a d d i t i o n  t o  de f in ing  t h e  device  s e n s i t i v i t y  

t o  v a r i o u s  ope ra t ing  parameter v a r i a t i o n s .  

Somc lcoy nooumptionc madc i n  prcpnring t h c  ETF Miooion Etatcmcnt 

may have cons ide rab ly  more impact on t h e  ETF des ign  than  others . .  I n  

many c a s e s  t h e s e  c r u c i a l  assumptions were a l s o  t h e  most d i f f i c u l t  t o  

s u b s t a n t i a t e .  Such assumptions inc lude  methods of impuri ty  c o n t r o l ;  

t ypes  and combinations of plasma h e a t i n g  systems; t h e  dynamics of com- 

p l e t e  plasma s c e n a r i o s ,  inc luding  d i s r u p t i o n s ;  maintenanc.e philosophy; 

tes t -proven  bases  f o r  remote maintenance systems des ign;  t r i t i u m  pro- 

c e s s i n g  and c o n t r o l ;  s e c u r i t y  c l a s s i f i c a t i o n  problems of tritium ex t r ac -  

t i o n ;  and d e s i r e d  t e s t  cond i t i ons  (wal l  loading  i n  megawatt-years per  

squa re  meter ,  e t c . )  f o r  m a t e r i a l s  and b lanket  modules. There a r e  two 

impor tan t  c a t e g o r i e s  of assumptions: those  t h a t  a f f e c t  t h e  b a s i c  machine 

d e s i g n  and those  t h a t  h e l p  d e f i n e  t h e  t e s t i n g  program. The former must 

cons ide r  t h a t  t h e  b a s i c  des ign  i s  t o  be f rozen  s h o r t l y  a f t e r  t h e  pro jec ted  



s t a r t  of T i t l e  I. The l a t t e r  'can b e  incorpora ted  i n t o  the  d e v i c e . i f  

s u f f i c i e n t  f l e x i b i l i t y  i s  r e t a i n e d  dur ing  des ign  and cons t ruc t ion .  

The more important  assumptions of t h e  d a t a  base  a v a i l a b l e  i n  1990 

a r e .  noted below. 

2.2.1 Plasma Operat i ons  

Impuri ty  c o n t r o l  

(1) Understanding of d i v e r t o r  phys ics  and long pulse  impur i ty  ' 

c o n t r o l  f e a s i b i l i t y  under h igh  power load ;  demonstrat ions 

l i m i t e d  t o  s h o r t  pu lse  experiments wi th  modest p a r t i c l e  

and h e a t  f l uxes .  

(2) Explora t ion  of d i v e r t o r l e s s  ope ra t ion  on a  v a r i e t y  of 

devices .  

Dynamic s c e n a r i o s  d a t a  base 

(1) S t a r t u p  - q u a n t i f i a b l e  informat ion  on a l l  a spec t s .  

( 2 )  Heating - demonstration of d e n s i t y  bui ldup ,  overdense 

i n j e c t i o n  hea t ing ,  and r f  hea t ing  f e a s i b i l i t y .  

(3)  S t a b i l i t y  - determina t ion  of plasma b e t a  and i t s  c o n t r o l .  

( 4 )  Burn - in format ion  on h igh  Q (Q > 1 )  ope ra t ion  from core  

of Tokamak Fusion Test  Reactor (TFTR) o r  J o i n t  European 

Torus (JET) by 1990. 

(5) Shutdown - understanding of f u s i o n  quench and c u r r e n t  

rampdown and abor t  s cena r ios .  

2.2.2 ~ e a t i n g / F u e l i n g  Technology 

Neut ra l  beams 

(1) P o s i t i v e  ion  systems - 150-keV, 5- t o  6-s-pulse, 50-FlW 

systelqs, ope ra t ing  a t  40% e f f i c i e n c y  wi th  d i r e c t  recovery 

and producing 2 kw/cm2 of DO. 

(2) Negative ion  systems -beam development t e s t s  a t  ' ~ 2 5 0  keV. 



RF h e a t i n g  

(1)  E l e c t r o n  cyc lo t ron  rad iof  requency (ECRF) - s i g n i f i c a n t  

t e s t i n g  accomplished on T-10, t h e  Impuri ty  Study Experi- 

ment (ISX), and t h e  ELMO Bumpy Torus (EBT-11). 

(2)  Ion  c y c l o t r o n  radiofrequency (ICRF) - s i g n i f i c a n t  t e s t i n g  

accomplished on t h e  P r ince ton  Large Torus (PLT), t h e  

P o l o i d a l  D ive r to r  Experiment (PDX) , TFTR, and Doublet 111. 

(3) Lower hybr id  h e a t i n g  (LHH) - megawatt-range t e s t i n g  on 

Doublet I I A ,  Alca tor  C ,  and PLT. 

Tes t  r e s u l t s  w i l l  have determined t h e  e f f i c a c y  of r f  p rehea t ing  and 

t h e  r e l a t i v e  c a p a b i l i t i e s  of  t h e  d i f f e r e n t  methods f o r  bu lk  plasma 

P e l l e t  i n j e c t i o n  

(1)  Demonstration of system t h a t  can provide 20-100 p e l l e t s ,  

1-3 mm i n  diameter ,  per  second a t  speeds of'1000-3000 m / s .  

2.2.3 T r i t i u m / P a r t i c l e  C o l l e c t i o n  Technology 

Technology f o r  .between-pulse pumpdown i n  hand. 

Resolu t ion  of d i v e r t o r  ques t ion  and demonstrat ion of p a r t i c l e  

c o l l e c t i o n  method. 

Demonstration i n  t h e  Tr i t i um Systems Tes t  Assembly (TSTA) of 

a workable system f o r  f u e l  processing.  

- .  V e r i f i c a t i o n  of  tritium supply,  c o n t r o l ,  and accounting 

methods. 

Resolu t ion  of s e c u r i t y  c l a s s i f i c a t i o n  i s s u e s .  

2.2.4 B l a n k e t I F i r s t  Wal l IShie ld  Technology 

s u b s t a n t i a l  d a t a  from many machines and f a c i l i t i e s ,  a l though 

wi th  modest p a r t i c l e  and h e a t  f l uxes .  

Broad technology advancements, l i m i t e d  by l a c k  of adequate  

nuc lea r  test f a c i l i t i e s .  

Complete c o n t r o l  and/or  avoidance of plasma d i s r u p t i o n s  n o t  

e s t a b l i s h e d ;  e s s e n t i a l l y  d i s rup t ion - f r ee  o p e r a t i o n s  obta ined .  



2.2.5 Remote Maintenance and Eneineerine O ~ e r a t i o n s  

Test-proven techniques f o r  des igning  remote maintenance 

.systems. 

Confirmation of t h e  need and va lue  of ex t ens ive  mockups and 

models through use  i n  ETF design and assembly. 

2.2.6 M a t e r i a l s  

Adequate confidence t o  b u i l d  t h e  ETF, provided by t e s t i n g  of 

m a t e r i a l s  i n  va r ious  f a c i l i t i e s  inc luding  t h e  Oak Ridge 

Research Reactor  (ORR) and t h e  Fusion M a t e r i a l s  I r r a d i a t i o n  

Tes t  (FMIT) f a c i l i t y .  

Adequate non i r r ad ia t ed '  m a t e r i a l s  p r o p e r t i e s  proven by t e s t  

p r i o r  t o  ETF ope ra t ion .  

2.2.7 A l t e r n a t e  Cone-epts 

S t a t u s  of a l t e rna t e -concep t - spec i f i c  d a t a  i n  t h e  r e sea rch  o r  

development. t e s t i n g  phase. 

The ETF Design Center has  considered t h e  achievements t h a t  must be 

r e a l i z e d  and t h e  mi les tones  t h a t  must be met t o  add t o  t h e  assumed 1990 

base  of knowledge so t h a t  t h e  l e v e l  of understanding and confidence a t  

t h e  end of t h e  ETF w i l l  b e  s u f f i c i e n t  t o  confirm t h e  design bases  f o r  

t h e  EPR/DEMO programs. The cons ide ra t ions  f o r  each major a r e a  a r e  
, 

descr ibed  i n  some d e t a i l  i n  Appendixes A.l-A.7. The h i g h l i g h t s  of t h e  

recommended achievements/milestones a r e  l i s t e d  below. 

2.3.1 Plasma Operat ions ...- ... .......- - 
.* Impurity and p a r t i c l e  c o n t r o l  

(1) Achieve r eac to r -p ro to typ ica l  impuri ty  c o n t r o l :  low Z e f f  

wi th  low Z i m p u r i t i e s  f o r  long (hundreds of seconds) pu lses .  

( 2 )  Demonstrate ~ i l c c e s s f u l  f u e l i n g  and helium rcmoval. 



Dynamic scenarS.os 

(1)  Optimize s t a r t u p .  

(2 )  Achieve r e a c t o r - l e v e l  b e t a  over  long pu l se  ( ~ 1 0 0  s ) .  

( 3 )  Demonstrate s t a b l y  c o n t r o l l e d  burn. 

( 4 )  Optimize t h e  te rmina t ion  of high energy d e n s i t y  plasma 

d i scha rges .  

2 . 3 . 2  ~ e a t i n g / F u e l i n g  Technology 

Beams - o b t a i n  h igh  a v a i l a b i l i t y  ( ~ 9 0 % )  of 50 MW. 

RF - aehieve high avai laLkliLy ( ~ 9 0 % )  uf selecred system af 

power levels of LO-50 MW. 

P e l l e t s  

(1)  Achieve 98% a v a i l a b i l i t y  in sus t a ined  f u e l i n g  mode. 

(2)  Optimize p e l l e t  s i z e ,  p e n e t r a t i o n ,  and feed  r a t e .  

2.3 .3  T r i t i u m I P a r t i c l e  C o l l e c t i o n  Technology 

Demonstrate s u c c e s s f u l  p a r t i c l e  col lect ion and recycling fnr 

long ( ~ 1 0 0  s )  p u l s e  D-T burns.  

Demonstrate t h e  t r i t ium-handl ing  gpd c o n t r o l  c a p a b i l i t i e s  

necessary  f o r  EPR~DEMO des igns .  

2 . 3 . 4  ~ l a n k e t / F i r s t  WallIShield Technology 

Determine t h e  adequacy o t  t i rs t  w a l l  des igns  f o r  EPRIDEMO 

;rpp;bioaf bono, ~ a i t h o t a n d l n g  phys i ea l  and cl ier i i i~al  spuLLer l ug ,  

l oad  c y c l i n g ,  neut ron  damage, and plasma d i s r u p t i o n s  and.  

pe rmi t t i ng  ready replacement.  

Determine t h e  adequacy of t r i t ium-breeding  b lanket  des igns  

f o r  EPRIDEMo a p p l i c a t i o n s  wi th  r e spec t  t o  breeding r a t i o ,  

c y c l i c  thermal  hydrau l i c  cond i t i ons ,  neut ron  damage, and 

replacement.  



Determine t h e  adequacy of EPR/DEMO s h i e l d  design concepts ,  

inc luding  p e n e t r a t i o n  s h i e l d s ,  wi th  regard  t o  s h i e l d i n g  

e f f e c t i v e n e s s ,  a c t i v a t i o n ,  s h i e l d  cool ing ,  r e p a i r ,  and rep lace-  

ment. 

2.3.5 Remote Maintenance and Engineering Operat ions 

Demonstrate m a i n t a i n a b i l i t y  of device  components. 

Obtain experience from ETF ope ra t ion  f o r  m a i n t a i n a b i l i t y  and 

des ign  of EPR/DEMO. 

2.3.6 M a t e r i a l s  

Determine t h e  performance of c r i t i c a l  EPR/DEMO m a t e r i a l s  i n  

t h e  f u s i o n  environment ( r e q u i r e s  a t  l e a s t  6 14Wyr/m2). 

2.3.7 ~ l t e r n a t e  Concepts 

Determine s p e c i f i c  problems t h a t  can be addressed wi th  no 

major ETF des ign  impact,  h ~ c o r p o r a t e  necessary  f l e x i b i l i t y ,  

and accomplish t e s t s .  

2. TESTING SCHEnlll!TT,F. REQTTTREMENTS 

The necessary  ETF achievements/milestones f a l l  i n t o  t h r e e  ca t e -  

gories: (1) machina dedica ted  - o t h e r  test. a c t i v i t i e s  a r e  l a r g e l y  

i n t e r f e r e d  wi th ,  (2) non in t e r f e rence  - o t h e r  concurren t  s i g n i f i c a n t  t e s t  

a c t i v i t y  can cont inue ,  and (3)  cont inuous - a c t i v i t i e s  t h a t  a r e  con- 

ducted a s  a p a r t  of t h e  normal ope ra t ion .  Obviously t h e  l a r g e s t  schedule 

impact r e s u l t s  from t h e  machine-dedicated t e s t s  t h a t  prevent  t h e  per- 

formance of o t h e r  t e s t s .  

Thc purposes of t h e  t e s t s  a r e  t.wo-fnld: (1) t o  provide t h e  necessary 

confidence l e v e l  t o  des ign  EPR/DEMO and (2)  t o  a i d  i n  t h e  b e s t  concept 

s e l e c t i o n  from competing p o s s i b i l i t i e s .  The l a t t e r  a r e a  would encompass 

such concerns a s  bulk  plasma hea t ing  by n e u t r a l  beams and by rad io-  

freqilency, impuri ty  c o n t r o l  concepts ,  and plasma dynamics c o n t r o l  

approaches. 



There i s  a recognized need f o r  a hydrogen t e s t  per iod ,  a shakedom 

pe r iod  dur ing  which t h e  i n t e g r a t e d  ope ra t ion  of t h e  ETF i s  checked out  

i n  a n  e s s e n t i a l l y  hands-on mode. I n  t h i s  per iod  an ambit ious t e s t  

s chedu le  f o r  plasma o p e r a t i o n s  i s  r equ i r ed ,  and some of t h e  remote 

maintenance techniques  must be proved. The h i g h l i g h t s  of t h e  t e s t i n g  

needs i n  t h e  hydrogen t e s t  phase a r e  shown i n  Table 2.1. Some of t h e  

t e s t s  w i t h i n  a subgroup a r e a  may be done i n  p a r a l l e l ,  so t h e  i n d i v i d u a l  
4 test  t imes  do n o t  add up t o  t h e  t o t a l  t ime r equ i r ed  a s  shown f o r  t h e  

a r e a .  The h i g h l i g h t s  of t h e  D-T t e s t  phase a r e  shown i n  Table 2.2,  

which i n d i c a t e s  a r a t h e r  ex t ens ive  s e t  of needs. 

2.5 .INTEGRATION AND PRIORITIES 

A s  planned, t h e  ETF Mission Workshop concluded wi th  t h e  p r e s e n t a t i o n  

of t h e  f i n d i n g s  of t h e  v a r i o u s  subgroups. These r e s u l t s  have been 

i n t e g r a t e d  wi th  o t h e r  f i n d i n g s ,  and r e l a t i v e  p r i o r i t i e s  have been 

e s t a b l i s h e d  by t h e  ETF Design Center.  Reviews and p e r i o d i c  updates  of 

t h e s e  c o n s i d e r a t i o n s  a r e  planned. 

The i n t e g r a t i o n  and p r i o r i t i e s  d e l i b e r a t i o n s  a r e  concerned wi th  t h e  

appa ren t  problem t h a t  t h e  t o t a l  needs suggested by v a r i o u s  cons ide ra t ions  

do n o t  e a s i l y  mesh i n t o  t h e  r e f e r e n c e  c a s e  des igns  and mission.  The ETF 

Mission Workshop subgroups addressed t h e i r  ass igned  areas only,  and t h e  

r e s u l t s  of t h e i r  work had t o  be i n t e g r a t e d  wi th  o t h e r  cons ide ra t ions  t o  

r e f l e c t  t h e  r e l a t i v e  importance of t h e  suggested approaches. The 

p r i o r i t i e s  de t e rmina t ion  used c o n s i s t s  of t h r e e  p a r t s :  (1) f i r s t  

p r i o r i t y  i s  given t o  work on those  elements  t h a t  a r e  expected t o  be  a 

b a s i c  p a r t  of t h e  EPR~DEMO, (2) second p r i o r i t y  is  given t o  a c t i v i t i e s  

t h a t  p e r t a i n  t o  de te rmining  whether a competing approach is  p r e f e r r e d  

f o r  EPRIDEMO, and (3 )  l a s t  p r i o r i t y  i s  given t o  t h e  remaining more 

g e n e r i c  recommendations t h a t  add t o  t h e  gene ra l  d a t a  base.  

The f i r s t  p r i o r i t y  t e s t s  aim a t  t h e  es tab l i shment  of confidence i n  

t h e  r e l i a b i l i t y  and a v a i l a b i l i t y  of systems t h a t  a r e  pxpertpd to £ o m  

t h e  foundat ion  f o r  t h e  EPR~DEMO des igns .  Second p r i o r i t y  t e s t s  would 

inc lude  t h e  t e s t i n g  of r f  plasma hea t ing  t o  determine i f  it  i s  a b e t t e r  

approach than n e u t r a l  beams o r  i f  a combination would be  p re fe r r ed .  



Table 2.1. Hydrogen phase test needs ( ~ 1  year) 

a 
Subgroup Test area Test time 

Plasma (assuming 25% machine availability) Dedicated time G 1 year 

Achieve adequate cleanliness in hydrogen 

Optimize I initiation and rampup 
P 

Achieve nr > 1014 s 

3 months 

2 months 

7 months 

Achieve adequate heating scenario (physics) 1 -  
Produce and control modest beta plasmas 4 months 
Optimize shutdown for high energy density 
hydrogen plasmas 

~eatinglfueling technology Noninterference time < 1 year 

Achieve necessary beam heating and 
pellet injection test experience 
and confidence to enter D-T phase 

Particle collection technology Noninterference time G 1 year 

Demonstrate divertor to the extent 
hydrogen operation will permit 

~aintenancelengineering operations Noninterference time G 1 year 

Test maintenance techniques and pro- 
cedures i;l~aL calllluL Ire Julie S r ~ i  

major mockups and during machine 
as s emb ly 

n Tests within a subgroup may be in parallel so that the total subgroup 
time will not equal the sum of the specific test times. 



Table 2.2. D-T phase test needs (>I5 years) 

Subgroup Test area Test time 

Plasma (assuming 25% machine availability) Dedicated time % 1 year 

Achieve Q > 5 
. 7 

Demonstrate thermal control 6 months 
Quantify alpha particle heating and 
transport 

Produce and control high beta, ignited, D-T I plasma for long times 

Demonstrate reactor-prototypical impurity 
control. 6 months 

Demonstrate fuel depletion and ash accumll- 
larion conrrol 

Establish reliable fusion core operation 
for engineering testing 

Validate scaling laws in reactor-relevant 
regime 

I ? Continuous 
Optimize fusion plasma performance .I 

Heating/fueling technology Noninterference L i l l i e  % 7 years 

Demonstrate efficiency and reliability 
for EPR/DEMO 

Tritium/particle collection 
technology 

Divertor collector tests 
for EPR/DEMo 

Nnninterference time ql 10 ycaro 

~5 years 

Yertormance and reliability necessary 
for EPR/DEMO 2t7 ~rl?;l lfs  

Demonstrate fuel processing and tritium 
inventory control for EPRIDEMO ~8 years 

~lanketlfirst wall technology 
r 

Test and qualify first wall design for EPR/DEMO 

Electricity production demonstrated 

~ 1 4  years 

$5 years 

'b5 years 

Tritium-breeding blanket design tested and qualified 
(two tested) for EPRIDEMO $7 years 

Shield concepts tested and qualified for EPR/DEMO $10 years 

Synfuel blanket candidates tested and qualified %4 years 



Table 2.2 (continued) 

Subgroup Test area Test time 

Maintenance and engineering operations Continuous 

(~aintenancelrepairlreplacement as needed) 
- 

Materials Noninterference time 1 year + continuous 
9 years % 10 years 

Correlation with other test 
data %1 year 

Test candidate materials 
(>6 ~ ~ ~ r l r n ~ )  %9 years 

Alternate concepts technology 

Alternate concepts technology needs also met 
by ETF tests include 

First walls 
Blanket and shield 
Fueling 
Vacuum systems 
Blanket processing (tritium and synfuel) 
Power conversion 
Materials 
Tritium handling 
R e l i a b i l i t y l a v a i l a b i l i t y  

Alternate concepts technology needs largely met 
by E'l'b' tests include 

Superconducting magnets 
Neutral beam systems 
RF systems 
Power supplies 
Impurity ci~nt ' r [ .~ l  and ash realoval 
Cryogenic systems 
Heat transport systems 
Remote maintenance 

Alternate concepts technology needs requiring 
separate tests include 

Continuous 

Instrumentation and control 
Direct power conversion 
Poloidal field energy recovery 



L a s t  p r i o r i t y  tests would inc lude  t h e  eva lua t ion  of a  s y n t h e t i c  f u e l  

( syn fue l )  b l anke t  t h a t  provides  d a t a  va luab le  f o r  a l l  r e a c t o r  design 

c o n s i d e r a t i o n s  b u t  no t  n e c e s s a r i l y  e s s e n t i a l  t o  t h e  EPR~DEMO success .  

The r e s u l t s  of t h e  i n t e g r a t i o n  and time phas ing  of t e s t  p r i o r i t i e s  

provide  t h e  b a s i s  f o r  a  gene ra l  d e s c r i p t i o n  of a f a c i l i t y  wi th  t h e  - 
fo l lowing  c h a r a c t e r i s t i c s ,  which a r e  des igna ted  t h e  ETF pre l iminary  

des ign  requirements .  

(1)  The f i r s t  f u s i o n  co re ,  a  tokamak, i s  t o  be  an  i g n i t e d ,  long 

pu l se ,  D-T 'burning machine. 

(2) The i n i t i a l  conceptua l  des ign  e f f o r t  should inc lude  a 

d i v e r t o r  system, and i t  i s  expected t h a t  a  d i v e r t o r  system w i l l  be  

inc luded  throughout  t h e  concepeiial design phase. Col i~  kiuliig par a:1.3.&l. 

s t u d i e s  w i l l  p rovide  guidance i n  comparing a  bundle d i v e r t o r  ( i n  t h e  

p r e s e n t  b a s e l i n e  des ign)  w i th  a  p o l o i d a l  d i v e r t o r  and d i v e r t o r s  wi th  

d i v e r t o r l e s s  ope ra t ion .  Although i t  i s  doubt fu l  t h i t  experiments 

would suppor t  t h e  s e l e c t i o n  of a  d i v e r t o r l e s s  ETF design be fo re  1984, 

t h e  a p p r o p r i a t e  des ign  mod i f i ca t ions  t o  r e f l e c t  t h i s  choice  could 

be  made even i n t o  t h e  T i t l e  I d e s i g ~ i  phase. 

( 3 )  The dev ice  des ign  should inc lude  n e u t r a l  beams a s  t h e  prime 

plasma h e a t i n g  approach b u t  provide t h e  f l e x i b i l i t y  for rf hea t ing  a t  

equ iva l en t  power l e v e l s .  Narrowing t h e  r f  candida te  f r equenc ie s  t o  

one i s  d e s i r e d .  The capnb i l i cy  f o r  combirled rf arrll r r r u t ~ a l  Learn 

h e a t i n g  should b e  planned. 

(4)  The dev ice  a v a i l a b i l i t y  (def ined  a s  t h e  percentage of 

ca l enda r  t ime when t h e  machine i s  ope ra t iona l  f o r  t e s t i n g )  s h a l l  be 

t a r g e t e d  f o r  25% dur ing  hydrogen ope ra t ion  and t h e  f i r s t  two y e a r s  

of D-T ope ra t ion .  The t a r g e t  a v a i l a b i l i t y  t h e r e a f t e r  i s  50%. A l l  

systems s h a l l  b e  designed t o  t h e i r  necessary  r e l i a b i l i t y  goals KO 

ach ieve  t h i s  a v a i l a b i l i t y .  

(5) Fueling w i l l  be  provided by p e l l e t  i n j e c t i o n  and gas puf f ing .  

(6) The dev ice  des ign  w i l l  have a  secondary vacuum enclosure .  

( 7 )  The ETY maintenance concept s h a l l  be r e a c t o r  relevanL. 

Design envelopes s h a l l  be e s t a b l i s h e d  f o r  a r e a s  i n  which remdte, 

semiremote, and hands-on maintenance w i l l  b e  appl ied .  S p e c i f i c  means 



f o r  r e p a i r  o r  replacement of a l l  components w i t h i n  t h e  remote and 

semiremote envelopes t h a t  a r e  s u b j e c t  t o  f a i l u r e  during t h e  expected 

l i f e t i m e  of t h e  f a c i l i t y  must be developed and demonstrated p r i o r  

t o  ETF i n i t i a l  ope ra t ion .  Emphasis i s  t o  be placed on minimizing 

t h e  s i z e  of t h e  envelopes w i t h i n  which remote and semiremote main- 

tenance w i l l  b e  requi red ,  c o n s i s t e n t  wi th  t h e  need t o  achieve  t h e  

lowest miss ion  c o s t .  An ETF des ign  goa l  s h a l l  be t o  a l low hands-on 

maintenance e x t e r n a l  t o  t he  t o r o i d a l  f i e l d  (TF) c o i l  s h i e l d .  

(8) The means f o r  t e s t i n g  d i f f e r e n t  b l anke t ,  f i r s t  w a l l ,  and 

s h i e l d  modules w i l l  be  incorporated.  Ease of changeout of t e s t  i t ems  

w i l l  be  a des ign  requirement.  Reactor-relevant  e l e c t r i c i t y  and synfue l  

product ion modules and t r i t ium-breeding b lanket  modules w i l l  be t e s t e d .  

(9) Ma te r i a l  t e s t  s t a t i o n s  w i l l  be  provided i n  t h e  design.  Their  

.number and s i z e  w i l l  be  a s se s sed  i n  t h e  conceptual  design phase. 

(10) The device  i s  t o  provide a t ime- in tegra ted  wa l l  load of 

26 MWyr/m2 dur ing  i t s  mission.  

(11) Systems shakedown and check-out w i l l  b e  completed dur ing  

assembly and p r i o r  t o  t h e  beginning of scheduled ope ra t ions .  

(12) The f e a s i b i l i t y  and impact of providing f o r  t h e  t e s t i n g  of 

f u s i o n - i i s s i o n  hybr id  b lanket  modules w i l l  be  assessed ,  and recommen- 

d a t i o n s  t o  OFE on t h e i r  i n c l u s i o n  i n  t h e  f a c i l i t y  w i l l  b e  made i n  t h e  

conceptua l  des ign   has^. 

(13) A decommissioning and post-mortem per iod  w i l l  be  incorpora ted  

t o  permit remote maintenance and disassembly and m a t e r i a l s  i n v e s t i g a t i o n .  

(14) Tes t ing  and q u a l i f i c a t i o n  of r eac to r - r e l evan t  d i a g n o s t i c s  

w i l l  b e  included.  

The t e s t  schedule t h a t  has  evolved from t h e s e  cons ide ra t ions  i s  

shown schemat ica l ly  i n  Fig.  2.1. 
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APPENDIX A. 1 

PLASMA OPERATIONS TESTING 

A . 1 . 1  INTRODUCTION 

Plasma ope ra t ions  t e s t i n g  was considered a t  t h e  ETF Mission Work- 

shop by a subgroup inc luding  t h e  p a r t i c i p a n t s  l i s t e d  i n  Table A . 1 . 1 .  

Th i s  appendix summarizes t h e  d i scuss ions  of t h i s  subgroup. 

The ETF w i l l  b e  t h e  prime magnetic f u s i o n  f a c i l i t y  i n  t h e  l Y Y O 1 s ,  

and al though it  w i l l  no t  be a plasma phys ics  experimental  device ,  a 

per iod  of phys ics  i n v e s t i g a t i o n s  w i l l  be necessary.  Because t h e  device  

must o p e r a t e  i n  wholly new parameter regimes, a lengthy  explora tory  

phase is  e s s e n t i a l  t o  d e f i n e  t h e  parameter space r e l e v a n t  t o  t h e  subse- 

quent engineering/ technology t e s t i n g  phases. I n  a d d i t i o n ,  a thorough 

plasma ope ra t ions  t e s t i n g  phase w i l l  he lp  t o  ensure  t h e  s a f e t y ,  r e l i -  

a b i l i t y ,  and r e p e a t a b i l i t y  needed f o r  subsequent phases.  

The des ign  philosophy i s  t h a t  t h e  dev ice  must gene ra t e  a d a t a  base  

adequate  t o  proceed wi th  power r e a c t o r  des ign  and e s t a b l i s h  a long  pu l se  

f u s i o n  c o r e  adequate  f o r  engineer ing  t e s t i n g .  I g n i t i o n  is a goa l ,  bu t  

even i f  t h e  plasma does not  i g n i t e ,  i n  p r i n c i p l e  one can  s t i l l  gene ra t e  

t h e  r e q u i s i t e  d a t a  base  f o r  component q u a l i f i c a t i o n  wi th  Q > 5. However, 

i n  t h a t  c a s e  t h e r e  would be  gaps i n  t h e  phys ics  d a t a  base  f o r  EPR/DEMO. 

Under t h i s  philosophy s e v e r a l  key i s s u e s  i n  t h e  phys ics  ope ra t ion  

t e s t i n g  of t h e  ETF have been i d e n t i f i e d :  t r a n s p o r t ,  hea t ing ,  impuri ty  

c o n t r o l ,  plasma s t a b i l i t y  c o n t r o l ,  and dynamic scena r ios .  The i s s u e s ,  

t h e  assumptions support ing them, t h e  mi les tones  t o  be achieved, and t h e  

dev5ce requirements a r e  l i s t e d  i n  Table A.1.2. The t e s t i n g  schedule i s  

shown i n  Fig. A . 1 . 1 .  

I n  eva lua t ing  t h e s e  key i s s u e s ,  i t  has been assumed t h a t  t h e  machine 

des ign  w i l l  h e  f rozen  i n  1984 and t h a t  information acqui red  a f t e r  t h a t  

d a t e  w i l l  b e  t o o  l a t e  t o  have a s i g n i f i c a n t  impact on major des ign  

p r i n c i p l e s .  Design f l e x i b i l i t y  i s  d e s i r a b l e ,  bu t  only t o  t h e  ex t en t  

t h a t  i n i t i a l  c a p i t a l  c o s t s  a r e  not  apprec iab ly  a f f e c t e d .  It has  f u r t h e r  

been assumed t h a t  t h e  machine i s  adequate  from a technology s tandpoin t  

t o  produce a long pu l se ,  D-T burning plasma. 
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Table A.1.2. Key issues for plasma operations testing 
(asscming design in 1984 and operation in 1990) 

Key issues Assumptior-s Kilestones Device requirements 

Transport 

Heating 

Current trans?ort results extrapo- Confirm bulk transport predictions Achieve n~ > n~ min 
latable to reactor regime 

Thermal alpha and fast slpha under- 
stood sufficiently no!. to undermine 
the above 

Pos.itive ions - thorougbly tested Achieve Q > 5 via complementary 50-70 MW of auxiliary power 
RF - results of high pover experiments auxiliary and alpha heating that penetrates and is 
using ICRF, LHH, and E C W  Demonstrate acceptable coupling absorbed by the plasma 

Negative ions - results extrapolatable efficiency and profile effects 
from positi-~e ion results 

Compression -negligible data by 1984 

Impurity .:ontrcl Improved understanding of surf.ace and Achieve reactor-prototypical Z < 1.5, low Z only eff 
boundary phgrsics operation Reduction of heat loads to 

Wall conditio~ing optimized Assess fuel depletion and ash manageable levels 
Data base fron JET and JT-60 before accumulation situation lossible poloidal or bundle 

1990 divertor 

Stability control Demonstration and control of 6 >. 5%, Produce and control high beta, Adequate PF coil design and 
short pulse hydrogen plasma D-T burning plasma for long time PF power supplies for ISC 

Demonstration of improved disruption Establish disruption-free operating First wall capable 0.f sur- 
control techniques regime viving minimum number of 

Understanding of disrupzion mechanisms disruptions 
and time scales in hydrogen plasmas 

Dynamic s-enarios Quantifiable information on all aspects Optimize startup Adequate power supplies, 
of startup Operate with Q > 5 for a lcng time preionization techniques, 

Information on finite Q operation from Optimize termination of high energy and volt-seconds 
core oZ TFTR and JET by 1990 density plasma 'discharges Adequate PF coil time 

Understanding of curren: rampdown and response and first wall 
abort scenarios 
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Scheduled 
Hyrlrcagel q shutdown e 

u . D-T 

14,15 ( n o n i n t e r f e r i n g ,  c a r r i e d  o u t  th rough  mackine l i f e )  

Achieve zdec-uate c l e 3 n l i n e s s  i n  hydrogen. 
Opt imize z u r r e l t  i n i t i a E i o n  and rampup i n  
hydrogen. 
Produce plas-mas vith nT > lo1' cm-3 s. 
Perform ~ r l e c - u a t e  h e a t i n g  and s c e n a r i o  sim- 
u l a t i o n  i n  t.ydrogen 2r deuter ium.  
Produce and c o . l t r o l  n c d e s t  b e t a  plasmas in 
hydrogen > r  d e - ~ t z r i u n .  
Opt imize s h c t d ~ w n  p r ~ c e d u r e  f o r  hi.gh energy 
d e n s i t y  hydrogzn p l a -  >upas. 
Achieve C! > 5 ( i z n i t i c n  i f  p o s s i b l e )  v i a  
complementary a u : < i l i a q  and a l p h a  5 e a t i n g .  
Demonstra te  " thz rmal  2cn:rol. 

9.  Quan t i fy  a l ~ h a  p a r t i c l e  h e a t i n g  and t r a n s p o r t .  
10.  Produce and c o n t r ~ l  h i g h  b e t a ,  h igh  Q ,  D-T 

plasma f o r  l o n g  t ime.  
11. Demonstra te  r e a c t ~ r - p r o t o t y p i c a l  i m p u r i t y  

c o n t r o l .  
12.  Assess  f u e l  d e p l e t i o n  and a s h  accumula t ion  

s i t u a t i o n .  
13.  E s t a b l i s h  disruption-free, r e l i a b l e  o ? e r a t i n g  

regime w i t h  f u s ~ o n  c o r e  adequa te  f o r  e n g i n e e r i n g  
t e s t i n g .  

14. V a l i d a t e  s c ~ l i n g  laws i n  r e a c t o r - r ~ l e v a n t  
regime.  

15. Optimize f u s i o n  plasma performance.  

Fig- A . 1 . L .  2lasma operaticas testing timetable and milestones. 



A. 1 .2  TRANSPORT 

A.1.2.1 Assumptions 

There a l r eady  e x i s t s  a  voluminous body of information f o r  bulk 

t r a n s p o r t ;  by 1984 a d d i t i o n a l  t r a n s p o r t  in format ion  should be a v a i l a b l e  

on high temperature plasmas and a lpha  p a r t i c l e s .  Gaps w i l l  e x i s t  i n  t h e  

d a t a  base f o r  thermal a lpha  and f a s t  a lpha  t r a n s p o r t  a t  r eac to r - r e l evan t  

na/n,. However, f o r  t h e  most p a r t  bu lk  t r a n s p o r t  p r e d i c t i o n s  f o r  t h e  

ETF w i l l  involve  only modest ex t r apo la t ion .  

The u n c e r t a i n t y  i n  t h e  bulk  t r a n s p o r t  i s  such t h a t  whi le  h igh  Q 

ope ra t ion  i s  a  v i r t u a l  c e r t a i n t y ,  i g n i t i o n  cannot be guaranteed i n  a  

device  of INTOR parameter s i z e  and hea t ing  power. 

A.1.2.3 ~ e v i c e / F a c i l i t y  Requirements 

Achieving h igh  Q ope ra t ion  w i l l  r e q u i r e  t h a t  n.c > nT min and only a  

smal l  f r a c t i o n  of t h e  c e n t r a l  power may be  l o s t  through r a d i a t i o n .  

A.1.2.4 Tes t ing  Schedule Requirements 1 

Tes t ing  of plasma t r a n s p o r t  should be c a r r i e d  ou t  dur ing  t h e  e n t i r e  

plasma ope ra t ions  t e s t i n g  phase of t h e  device,  which, i t  is es t imated ,  

w i l l  take three  y e a r s  of machine time. Maintenance of and f u r t h e r  

improvements i n  plasma ope ra t ions  should be c a r r i e d  out  through t h e  

machine l i f e  on a  n o n i n t e r f e r i n g  b a s i s  ( s e e  F ig .  A . l . l ) .  

A.1.3 HEATING 

Many of t h e  a s p e c t s  of hea t ing  a r e  d iscussed  under t h e  genera l  

subgroup of hea t ing  and f u e l i n g .  Here an  assessment i s  made wi th  regard  

t o  plasma ope ra t  ions .  



A.1.3.1 Assumptions 

Aux i l i a ry  h e a t i n g . o p t i o n s  considered a r e  d iscussed  below. 

150-keV p o s i t i v e  i o n s  

By 1984 p o s i t i v e  i o n  source n e u t r a l  beams w i l l  have a  thorough . 

t e s t i n g  i n  a  v a r i e t y  of devices ,  and i t  is  p o s s i b l e  t h a t  r e l evan t  s t a r t u p  

s c e n a r i o s  w i l l  t hen  be  tested i n  TFTR. Ripple i n j e c t i o n  w i l l  be t e s t e d  

i n  ISX. 

The d a t a  base  f o r  nega t ive  ions  i n  1984 w i l l  be  s c a n t ,  but r e s u l t s  

may be i n f e r r c d  from t h e  c x t r a p o l a t i o n  of p o s i t i v e  ion  da t a .  Negative 

i o n  sou rce  n e u t r a l  beams p re sen t  an  u n c e r t a i n  but  p o t e n t i a l l y  s i g n i f i c a n t  

h e a t  ing  mechanism. 

RF h e a t  ing  

R e s u l t s  of h igh  power experiments us ing  ICRF, LHH, and ECRH w i l l  be  

a v a i l a b l e  i n  1984. ICRF and LHH a r e  t echno log ica l ly  a t t r a c t i v e  and 

p o t e n t i a l l y  c o s t - e f f e c t i v e  whereas ECRH i s  t echno log ica l ly  d i f f i c u l t  f o r  

h i g h  f i e l d ,  h igh  b c t a  a p p l i c a t i o n s .  However, t h e  e x t r a p o l a t i o n  of ICRF 

and LHH r e s u l t s  t o  a n  ETF plasma is  n o t  understood. ECRH is  p o t e n t i a l l y  . . 

a t t r a c t i v e  a s  a  p r o f i l e  c o n t r o l  mechanism. 

Compression 

Neu t r a l  beam hea t ing  boosted by compression provides  a  high prob- 

a b i l i t y  f o r  success ,  a l though t h e  impact upon t h e  des ign  of t h e  po lo ida l  

f i e l d  (PF) c o i l s ,  f i r s t  w a l l ,  e t c . ,  may make t h i s  scheme u n a t t r a c t i v e .  

TFTR may provide  some r e l e v a n t  in format ion  by 1984 and more by 1990. A 

compression-boosted ITR may gene ra t e  d i r e c t l y  a p p l i c a b l e  da t a .  



Alpha hea t ing  
. .  . 

Alpha hea t ing  i s  an  e s s e n t i a l  component i n  achieving h igh  Q opera t ion  

o r  i g n i t i o n .  Although t h e r e  w i l l  b e  n e g l i g i b l e  d a t a  by 1984, by 1990 

t h e  TFTR Improvement P r o j e c t  (TIP),  JET, and poss ib ly  ITR w i l l  provide 

plasmas wi th  c o r e  ene rg i e s  s i g n i f i c a n t l y  a f f e c t e d  by a lpha  p a r t i c l e s .  

. . 

The primary mi les tone  f o r  hea t ing  is t o  achieve  h igh  Q o r  i g n i t i o n  

wi th  a combination of a u x i l i a r y  and a lpha  heat'ing. I n  a d d i t i o n ,  any of 

t h e  a u x i l i a r y  hea t ing  mechanisms must demonstrate  ( i n  t h e  ETF) acceptab le  

coupling e f f i c i e n c y  and accep tab le  p r o f i l e  e f f e c t s  f o r  reactor-grade 
, , 

. .. plasmas. 

A.1.3.3 Dev ice IFac i l i t y  Requirements 

Achieving high Q o r  i g n i t i o n  w i l l  r e q u i r e  50-70 MW of a u x i l i a r y  

power t h a t  p e n e t r a t e s  and is  absorbed by t h e  plasma. 

A.1.3.4 Tes t ing  Schedule Requirements 

During t h e  hydrogen phase, hea t ing  t e s t s  and scena r ios  w i l l  be  

conducted t o  achieve  nT > 1014 cm-3 s and modest b e t a  va lues .  I n  t h e  

D-T t e s t i n g  phase, a u x i l i a r y  hea t ing  should produce high Q o r  i g n i t i o n  

(occ Fig.  A.1.1). 

A.1.4 IFPURITY CONTROL 

Impuri ty  c o n t r o l  may be  t h e  l e a s t  understood of t h e  key plasma 

i s s u e s .  Furthermore, t h e  d a t a  basc  a v a i l a b l e  i n  1984 w i l l  no t  be  a s  

r e l evan t  a s  necessary  because present  and planned devices  i nc lude  pu l se s  

t h a t  a r e  too  s h o r t ,  h e a t  and p a r t i c l e  f l u x e s  t h a t  a r e  too  smal l ,  and 

problems of a sh  accumulation t h a t  a r e  riot being confronted.  
. . 



A.1.4.1 Assumptions 

It i s  assumed t h a t  t h e  d a t a  base  a v a i l a b l e  i n  1984 w i l l  provide 

improved unders tanding  of s u r f a c e  and boundary phys ics  and t h a t  wal l-  

cond i t i on ing  t echn iques  w i l l  have been opt imized.  By 1990 JET and 

JT-60 w i l l  p rovide  more r eac to r - r e l evan t  r e s u l t s  because of t h e i r  longer  

p u l s e s  and increased  h e a t  l oads .  

The impuri ty  c o n t r o l  technique  t h a t  would have t h e  l a r g e s t  o v e r a l l  

impact upon t h e  ETF des ign  i s  t h e  d i v e r t o r .  However, t h e  1984 d a t a  base 

f o r  d i v e r t o r  o p e r a t i o n  w i l l  be  of l i m i t e d  use  because of t h e  s h o r t  

p u l s e s  and modest p a r t i c l e  and h e a t  f l u x e s .  

The primary mi l e s tone  wi th  regard  t o  impuri ty  c o n t r o l  w i l l  b e  t h e  

achievement of r eac to r -p ro to typ ica l  ope ra t ion .  Once t h i s  is done, i t  

w i l l  b e  important t o  a s s e s s  t h e  problems of f u e l  d e p l e t i o n  and a sh  

accumulation. 

A.1.4.3 ~ e v i c e / F a c i l i t y  Requirements 

Requirements f o r  t h e  ETF dev ice  a r e  Z < 1.5 ,  only low Z impu- 
ef f  

r i t i e s ,  and h e a t  l oads  reduced t o  manageable l e v e l s .  S a t i s f y i n g  these 

requirements  should a l low t h e  ETF t o  achieve  r eac to r -p ro to typ ica l  

o p e r a t i o n  and should a l s o  a l low a n  assessment of f u e l  d e p l e t i o n  and ash  

accumulation. Use of a d i v e r t o r  w i l l  complicate  t h e  f i e l d  c o i l  des ign ,  

r e q u i r e  a  d i v e r t o r  c o l l e c t o r ,  and modify t h e  f u e l i n g  systems. On t h e  

o t h e r  hand, d i v e r t o r l e s s  o p e r a t i o n  may l i m i t  burn t ime t o  t e n s  of secoilds 

o r  l e s s  because of  helium a s h  bui ldup.  

A.1.4.4 Tes t ing  Schedule Requirements 

It w i l l  be  necessary  t o  test impur i ty  c.ont.rol tc?.chni.qlies during t h e  

e n t i r e  plasma o p e r a t i o n s  t e s t i n g  phase. The major requirement i s  t o  

c o n t r o l  i m p u r i t i e s  f o r  long pu l se s  wi th  h igh  power l o a d s  ( s e e  Fig. A . l . l ) .  



A.1.5 STABILITY CONTROL ' 

Contro l  of plasma s t a b i l i t y  i s  necessary  t o  achieve  high be t a  

o p e r a t i o n  and t o  avoid major plasma d i s r u p t i o n s .  

A.1.5.1 Assumptions 

The assumed d a t a  base f o r  t h i s  key i s s u e  is  an  encouraging one. By 

1984 theory  and e x p e r i m e ~ ~ t  w i l l  have merged on t h e  i s s u e  of be t a  l i m i t s ,  

demonstrat ion and c o n t r o l  of f3 2 5% i n  s h o r t  pu l se  hydrogen plasmas w i l l  

have been acqui red ,  and improved d i s r u p t i o n  c o n t r o l  techniques  w i l l  have 

been demonstrated experimental ly .  

By 1990 t h e r e  should be increased  confidence i n  shaping and c o n t r o l  

techniques ,  and some long p u l s e  d a t a  w i l l  be a v a i l a b l e  from JT-60 and 

JET. There w i l l  a l s o  be  information on s p a t i a l  and temporal behavior  

and t h e  depos i t i on  of high Q ,  D-T d i s r u p t i o n s .  

Mi les tones  f o r  ETF ope ra t ion  i n  t h i s  a r e a  a r e  t o  produce and c o n t r o l  

h igh  b e t a ,  D-T burning (or  h igh  Q) plasmas f o r  long t imes and t o  e s t a b l i s h  

an e s s e n t i a l l y  d i s rup t ion - f r ee  ope ra t ing  regime f o r  f u t u r e  engineer ing  

t e s t i n g .  

Control  w i l l  r e q u i r e  an  adequate  PF c o i l  des ign  and PF power 

s u p p l i e s  s u f f i c i e n t  f o r  ins t rumenta t ion  and c o n t r o l .  The p o s s i b i l i t y  of 

d i s r u p t i o n s  w i l l  a l s o  a f f e c t  requirements f o r  t h e  f i r s f  wa l l .  

I 

A .  1.5.4 Tes t ing  Schedule Requirements 

Primary t e s t i n g  of s t a b i l i t y  c o n t r o l . w i l 1  occur  during h igh  b e t a ,  

low Q o p e r a t i o n  of t h e  D-T plasma ope ra t ions  phase ( see  Table A.1.2 and 

Fig.  A . l . l ) .  



A.1.6 DYNAMIC SCENARIOS 

The f i n a l  key i s s u e  i n  t h e  a r e a  of plasma ope ra t ion  t e s t i n g ,  dynamic 

s c e n a r i o s , .  ha s  been d iv ided  i n t o  t h r e e  phases: s t a r t u p ,  burn, and. 

shutdown. 

A.1.6.1. Assumptions 

Of t h e  t h r e e  phases,  s t a r t u p  should be t h e  b e s t  understood by 1984, 

when q u a n t i f i a b l e  informat ion  w i l l  b e  a v a i l a b l e  on a l l  a s p e c t s  of s t a r t u p .  

~ l t h o u ~ h  s k i n  c u r r e n t s  could  present  a problem i n  a device  t h e  size 06 

t h e  ETF, t h i s  i ssue may a l s o  he lmders tnnd  hy 1 9 8 k .  

On t h e  o t h e r  hand, t h e r e  w i l l  b e  no d a t a  base i n  1984 t h a t  w i l l  

d i r e c t l y  a d d r e s s .  t h e  burn  s'cenarios. Information on h igh  Q ope ra t ion  

from t h e  cor'e of  TPTR and' JET w i l l  b e  a v a i l a b l e  be fo re  1990. An ITR 

would be r equ i r ed  t o  provide  t h e  r e l e v a n t  d a t a  base  f o r  an  i g n i t e d  

plasma. 

It i s  assumed t h a t  t h e r e  w i l l  Le a b e t t e r  u n d r r s ~ a n d i n g  of c u r r e n t  

rampdown and a b o r t  s c e n a r i o s  by 1984 and p a r t i c u l a r l y  by 1990. This  

should provide input  f o r  t h e  r equ i r ed  PF c o i l  t ime response and f i r s t  

w a l l  des ign  on t h e  ETF. 

The mi les tones  f o r  t h i s  i s s u e  a r e  s t r a igh t fo rward :  op t imiza t ion  of 

s t a r t u p ,  achievement and c o n t r o l  of burn,  and op t imiza t ion  of t h e  termi-  

n a t i o n  of high energy d e n s i t y  plasma d ischarges .  

A.1.6.3 D e v i c e I F a c i l i t y  Requirements 

Device requirements  f o r  optiuized s t a r t u p  s c e n a r i o s  i nc lude  adequate  , 
power s u p p l i e s  and vol t -seconds,  which w i l l  depend upon t h e  type  of 

p r e i o n i z a t i o n  s e l e c t e d .  

The dev ice  requi rements  t o  ensure  iidcquate burn w i l l  depend upon 

t h e  burn  c o n t r o l  mechanism (compression, r i p p l e ,  f u e l i n g ,  e t c . ) .  



S p e c i f i c  c u r r e n t  rampdown and a b o r t  s cena r ios  w i l l  impose r equ i r e -  

ments on t h e  PF c o i l  time response and f i r s t  wa l l  design.  

A .  1.6.4 Tes t ing  Schedule Requirements 

S t a r t u p  and shutdown scena r ios  must be t e s t e d  throughout t h e  

hydrogen and D-T plasma ope ra t ions  t e s t i n g  phases.  The burn phase must 

be  t e s t e d  dur ing  t h e  e n t i r e  D-T phase. 

A.1.7 TEST.REQUIREMENTS AND DATA BASE 

The proposed schedule f o r  plasma ope ra t ions  t e s t i n g  has  been de t e r -  

mined assuming t h a t  assembly and shakedown w i l l  proceed t o  t h e  p o i n t  

t h a t  t h e  device  becomes a v a i l a b l e  f o r  meaningful experimental  t e s t s  i n  

1990. The plasma ope ra t ions  t e s t i n g  mi les tones  and t i m e t a b l e  appear  i n  

Fig.  A . 1 . 1 ,  where i t  can be seen  t h a t  t h e  assumed t o t a l  per iod  r equ i r ed  

from i n i t i a l  hydrogen d i scha rges  t o  t h e . e s t a b l i s h m e n t  of a  d i s rup t ion -  

f r e e ,  long pu l se ,  h igh  Q ,  D-T ope ra t ing  regime i s  t h r e e  yea r s .  To meet 

t h i s  ambit ious mi les tone  schedule i n  t h r e e  yea r s  w i l l  r e q u i r e  device  

ope ra t ion  wi th  no s i g n i f i c a n t  unscheduled downtime and wi th  a l l  systems 

a v a i l a b l e  when needed. Th i s  i s  expected t o  r e s u l t  i n  s t r i n g e n t  r equ i r e -  

ments .on component r e l i a b i l j - t y .  

The proper  eva lua t ion  of t h e  key phys ics  i s s u e s  and t h e i r  fmpacr on 

t h e  ETF des ign  hinges on t h e  a n t i c i p a t e d  1984 des ign  base.  It has  been 

assllmed t h a t  in most phys ics  a r e a s ,  in format ion .acqui red  a f t e r  t h a t  d a t e  

w i l l  b e  t oo  l a t e  t o  have a n  impact on t h e  ETF des ign  i f  t h e  device  is  t o  

be  completed by 1990. An eva lua t ion  of t h e  1984 d a t a  base  i s  presented  

i n  Table A.1.3. Each of t h e  key i s s u e s  is r a t e d  on a  s c a l e  from A 

( e x c e l l e n t )  t o  C (acceptab le)  i n  t h r e e  a r eas :  (1) t h e  d i v e r s i t y  of  t h e  

d a t a  base ,  ( 2 )  t h e  promise t h e  d a t a  b a s e , h o l d s  f o r  a  b e n e f i c i a l  impact 

nn t h e  ETF design, and (3 )  t h e  re levance  of t h e  d a t a  base  t o  t h e  ETF 

des ign .  Th i s  t a b l e  i s  meant t o  s e rve  a s  a  rough guide t o  i n t e r p r e t i n g  

t h e  a n t i c i p a t e d  s t a t u s  of each of t h e  key i s s u e s ;  It can b e  seen  t h a t  

t h e  success  of impuri ty  c o n t r o l  and dynamic scena r ios  w i l l  b e  t h e  most 

d i f f i c u l t  c o n t r o l  t o  ensure,  based on t h e  assumed s t a t u s  of t h e  da.ta 



base. On the other hand, the areas of transport, heating, and stability 

control should be much better understood and should provide reasonable 

confidence for extrapolating to ETF regimes. 

Table A . 1 . 3 .  Evaluation of the 1984 data base 
for plasma operations testing 

Issue Diversity Promise Relevance 

Transport 

Heating 

I r~ ! l~u r iLy  control 

Stability control 

.Dynamic scenarios 

a~heoretical work will be available. Experimental evidence available by 
1984 may not be relevant. 



APPENDIX A.2 

HEATINGIFUELING TECHNOLOGY TESTING 

A.2.1 INTRODUCTION 

. The h e a t i n g l f u e l i n g  technology t e s t i n g  subgroup d iv ided  i t s  de l ib -  

e r a t i o n s  i n t o  two s e p a r a t e  i tems ,  f u e l i n g  and hea t ing .  P a r t i c i p a n t s  i n  

t h i s  subgroup a r e  l i s t e d  i n  Table A.2.1. 

A.2.2 KEY ISSUES 

The key i s s u e s  i n  f u e l i n g  a r e  determining t h e  need t o  i n j e c t  t h e  

f u e l  t o  t h e  c e n t e r  of t h e  plasma v s  t o  t h e  rim o r  edge and then  success-  

f u l l y  developing a  device  t o  handle t h e  requi red  p e l l e t  s i z e ,  v e l o c i t y ,  

and r e p e t i t i o n  r a t e .  The d i scuss ions  ind ica t ed  t h a t  t h e r e  is  an advan- 

t a g e  t o  f u e l i n g  of f -center  and t h a t  t h e  p re sen t  i n j e c t o r  development a t  

ORNL can  l e a d  t o  a  s a t i s f a c t o r y  a p p l i c a t i o n  f o r  t h e  ETF. 

.. The key i s s u e s  wi th  regard  t o  hea t ing  a r e  t h e  need f o r  n e u t r a l  beam 

i n j e c t i o n  h igher  than  150 keV, which would favor  t h e  development of 

nega t ive  ion  techniques ,  and t h e  need f o r  o r  d e s i r a b i l i t y  of r f  hea t ing .  

Assuming t h a t  r f  hea t ing  i s  d e s i r a b l e  o r  r equ i r ed ,  t h e  next  i s s u e  i s  t o  

determine t h e  b e s t  t ype  of r f  hea t ing .  There was a  c l e a r  i n d i c a t i o n  

t h s t  pnsitiv~. inn n e u t r a l  beam i n i e c t i o n  i s  t h e  p re sen t  l e a d e r ,  b u t  no 

agreement was,reached on t h e  need f o r  h igher  energy i n j e c t i o n  o r  t h e  

p o s s i b i l i t y  t h a t  r f  hea t ing  might be m0r.e advantageous. 

A.  2.3 ASSUMPTIONS 

A.2.3.1 Fue l ing  

It was assumed t h a t  f u e l i n g  w i l l  b e  accomplished by a  combination 

of  gas  puf f ing  and pe l le t .  i n j e c t i o n .  For p e l l e t  i n j e c t i o n  it was assumed 

' t h a t  a p e l l e t  a c c e l e r a t o r  wi th  a n  i n t e g r a t e d  p e l l e t  i n j e c t i o n  l i n e  w i l l  

b e  a v a i l a b l e .  The a c c e l e r a t o r  w i l l  be  based on e i t h e r  a p r e s e n t l y  

ope ra t ing  a c c e l e r a t o r  concept (mechanical c e n t r i f u g a l  a c c e l e r a t o r ,  
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pneumatic a c c e l e r a t o r ,  o r  l i q u i d  d r o p l e t  i n j e c t o r )  o r  a  technique s t i l l  

i n  t h e  conceptual  s t a g e  ( l a s e r  a c c e l e r a t i o n ,  l i q u i d , j e t , '  o r  magnetic 

a c c e l e r a t o r ) .  

A.2.3.,2 Heating 

Positive-ion-based n e u t r a l  beams 

It was assumed t h a t  t h e  ETF w i l l  r e q u i r e  a  150-keV beam energy, a  

5- t o  6-s pu lse ,  and 50 MW and t h a t  t h i s  technology w i l l  be  a v a i l a b l e  

along wi th  d i r e c t  recovery t o  a l low a  40% e f f i c i e n t  system. 

Negative-ion-based n e u t r a l  beams 

It was assumed t h a t  t h e  s u b s t a n t i a l  R&D r equ i r ed  t o  prepare  nega t ive  

i o n  systems f o r  t h e  ETF w i l l  b e  undertaken and w i l l  be  succes s fu l .  The 

cons ide ra t ions ,  requirements ,  and impacts f o r  a  150-keV negat ive- ion-  

based system w i l l  be t h e  same a s  f o r  a  positive-ion-based system, except 

t h a t  a  50% e f f i c i e n t  system i s  assumed. 

Ripple  i n j  e c t i o n  

Ripple i n j e c t i o n ,  i t  was assumed, w i l l  be e f f e c t i v e  and h igh ly  

e f f i c i e n t  (~50-70%) .  

Elec t ron  c y c l o t ~ ~ - I l e a  L l u g  

It was assumed t h a t  e l e c t r o n  cyc lo t ron  hea t ing  (ECH) w i l l  be  

e f f e c t i v e  and t h a t  succes s fu l  development of 150-GHz, $1-MW long pulse  

u n i t s  with 230%.source  e f f i c i e n c y  '(r1H) and low-loss coupling u n i t s  w i l l  

be accomplished. 

Ion cyc lo t ron  h e a t i n g  

It was assumed t h a t  i on  cyc lo t ron  hea t ing  (ICH) w i l l  be  proven 

e f f e c t i v e  and t h a t  a  concerted R&D e f f o r t  w i l l  r e s u l t  i n  t h e  development 

of  long pulse ,  10-MW modules wi th  ~ ~ i t 3 b l ~  ~ o u p l i n g  s t r u c t u r e s .  



Lower hybr id  h e a t i n g  

It w a s  assumed t h a t  lower hybr id  hea t ing  (LHH) w i l l  be  proven 

e f f e c t i v e  i n  t h e  megawatt range and t h a t  optimized coupling systems w i l l  

b e  developed. 

Low frequency h e a t i n g  

For low frequency h e a t i n g  (LFH) i t  was assumed t h a t  a  l a r g e r  phys ics  

base  w i l l  be  developed, inc luding  l a rge - sca l e  hea t ing  experiments,  30% 

h e a t i n g  e f f i c i e n c i e s ,  and t h e  design of coupling systems. 

Compression 

It was assumed t h a t  t h e  use fu lnes s  of compression w i l l  be  demon- 

s t r a t e d  on TFTR. 

The recommcndcd ETF  mission^ a r e  t o  demonstrate t h e  r e l i a b i l i t y  and 

a v a i l a b i l i t y  of sus t a ined  f u e l i n g  ope ra t ion  and t o  opt imize  p e l l e t  

p e n e t r a t i o n ,  s i z e ,  and feed  r a t e .  The demonstrat ion of r e l i a b i l i t y  is  

neces sa ry  f o r  ETF o p e r a t i o n  and t h e r e f o r e  must be  obta ined  p r imar i ly  

o f f - s i t e  p r i o r  t o  ETF ope ra t ion .  

Parameter op t imiza t ion  r e q u i r e s  extended ope ra t ion  i n t e g r a t e d  i n t o  

normal plasma maintenance and c o n t r o l  ope ra t ions .  Each i n j e c t o r  r e q u i r e s  

a s i g n i f i c a n t  throughput  of t r i t i u m  ( ~ 0 . 3  g / s )  t o  main ta in  plasma burn 

and p a r t i c l e  l o s s e s .  

A.2.4.2 Heat ing  

For p o s i t i v e  ion  n e u t r a l  beam systems, t h e  recommended ETF mission 
.' 

i s  t o  a t t a i n  90% a v a i l a b i l i t y  of t h e  50-MW system whi le  i nc reas ing  t h e  

system e f f i c i e n c y  t o  50%. The 90% a v a i l a b i l i t y  i s  p a r t i c u l a r l y  important 

i f  beams a r e  t o  be  t h e  primary hea t ing  system. 



The mi l e s tones  f o r  t h e  o t h e r  hea t ing  systems on t h e  ETF a r e  a l s o  t o  

o b t a i n  a v a i l a b i l i t y  d a t a  and t o  i nc rease  e f f i c i e n c y .  ECH may be e f f e c t i v e  

i n  providing p r o f i l e  c o n t r o l  and s t a r t u p  and i n  complementing o t h e r  

hea t ing  systems. I C H  would demonstrate a  5-keV p rehea t ,  d i scharge  

d u r a t i o n  hea t ing  t o  h igh  Q ,  i g n i t i o n  with s h o r t e r  pu l se  du ra t ion ,  and 

minimizat ion of neut ron  escape by coupler  des ign  opt imiza t ion .  Compression 

would be  used on t h e  ETF t o  opt imize t h e  i g n i t i o n  scena r io  a s  a  complement 

t o  another  hea t ing  technique. 

A.2.5.1 Fuel ing 

Because gas  pu f f ing  was no t  t r e a t e d  e x p l i c i t l y  i n  some of t h e  

r e f e rence  des igns ,  on ly  a  p o t e n t i a l  r e f e rence  des ign  impact i s  noted.  

The t r i t ium-handl ing  and d i v e r t o r  design must a n t i c i p a t e  t h e  h igh  

p a r t i c l e  r ecyc l ing  r a t e s .  

A.2.5.2 Heat ing  
4 

It was suggested t h a t  t h e  t o r u s  hea t ing  segments be designed wi th  

p o r t s  and acces s  compatible wi th  e i t h e r  p o s i t i v e  o r  nega t ive  i o n  n e u t r a l  

beams o r  with any of t h e  r f  techniques.  It i s  recommended t h a t ,  i f  a  

primary hea t ing  method i s  s e l e c t e d  t o  ensure  t h e  achievement of o t h e r  

ETF goa l s ,  an  a d d i t i o n a l  p o r t  o r  p o r t s  be made a v a i l a b l e  f o r  t h e  t e s t i n g  

of a l t e r n a t i v e  h e a t i n g  te.chniq11p.s. 

For p o s i t i v e  i o n  beams i t  w a s  es t imated  t h a t  f i v e  beam l i n e s  w i l l  . 

b e  r equ i r ed  t o  provide 50 MW and t h a t  one a d d i t i o n a l  beam l i n e  w i l l  be  

necessary  t o  provide 90% a v a i l a b i l i t y  through redundancy. This  means 

t h a t  more space,  power s u p p l i e s ,  and f a c i l i t i e s  w i l l  be  r equ i r ed  than  

es t imated  i n  t h e  r e f e rence  des ign ,  which assumed f o u r  beam l i n e s .  

It i s  noted t h a t  a  pos i t . ; i .v -on-base  n e u t r a l  beam system designed 

f o r  50 MW of DO w i l l  provide only about 25 MW of HO. I f  a  h ighe r  beam 

energy i s  r equ i r ed  and/or  ob ta inab le  w i th  nega t ive  i o n  beams, fewer beam 



l i n e s  may be r e q u i r e d .  Th i s  would r e s u l t  i n  l e s s  of an impact on t h e  

r e f e r e n c e  des ign ,  and h ighe r  energy would be a v a i l a b l e  during HO 

o p e r a t i o n  than  w i t h  t h e  p o s i t i v e  ion  'system. 

For r i p p l e  i n j e c t i o n  v e r t i c a l  beam l i n e s  w i l l  be  r equ i r ed  i n  p l ace  

of h o r i z o n t a l  l i n e s .  The a p p l i c a t i o n  of beam l i n e s  above o r  below t h e  

t o r u s  would r e q u i r e  a s i g n i f i c a n t  change i n  t h e  r e f e r e n c e  magnetics 

des ign .  

Two impacts  on t h e  r e f e r e n c e  design were noted f o r  ECH: (1) t h e  

launching  s t r u c t u r e  and t o r u s  design may have t o  be i n t e g r a t e d  and 

(2)  r e l a t i v e l y  sma l l  a c c e s s  i s  r equ i r ed .  

For ICH t h e  miss ion  r e q u i r e s  s i x  s e c t o r  coupling systems, inc luding  

one backup system t o  ensure  90% a v a i l a b i l i t y  and one system devoted t o  

coupler  op t imiza t ion .  Impacts on t h e  neutral-beam-based r e fe rence  

des ign  hea t ing  system a r e  (1) t h e  p o s s i b l e  need f o r  i n t e g r a t e d  wa l l  and 

coupl ing  s t r u c t u r e  des igns ,  (2 )  designed acces s  through t h e  b l anke t ,  and 

( 3 )  space  o u t s i d e  t h e  machine c e l l  a r e a  f o r  r f  sources  and supp l i e s .  

For LHH t h e  ETF w i l l  need acces s  f o r  50 MW a t  2 kw/cm2. The -impacts 

on t h e  r e f e r e n c e  des ign  a r e  more space f o r  t h e  remote s i t i n g  of power 

systems and t h e  l a c k  of a  d i r e c t  l ine-of -s ight  requirement ,  eas ing  

ncu t  ron-streaming problems. 

Ic i s  p o s s i b l e  rhae  LFH might r e q u l r e  a  d i f f i c u l t  i n t e g r a t i o n  of 

t h e  c o i l  and t o r u s  des ign .  

With compression t h e  r e f e rence  des ign  w i l l  requ2re a redesigning of 

t h e  t o r u s ,  magnetic systems, and e l e c t r i c a l  systems. 

. A. 2.6 TESTING SCHEDULE REQUIREMENTS 

A.2.6.1 Fuel ing 

The i n j e c t i o n  l i n e  and i n j e c t o r  would have t o  be developed i n  a  

t r i t ium-handl ing  a r e a ;  t hus ,  a  major t ime period t o  p l ace  i t  i n  ope ra t ion  

on t h e  ETF would n o t  be  r equ i r ed .  To o b t a i n  t h e  op t imiza t ion  of p e l l e t  

s i z e ,  pene t r a t ion ,  and f eed  r a t e ,  two yea r s  would b e  r equ i r ed ,  wi th  

about one year of t h i s  t ime under D-T operation..  
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A . 2 . 6 . 2  Heat ing  

Two t o  t h r e e  y e a r s  of ETF ope ra t ion  a r e  r equ i r ed  f o r  a l l  t h e  hea t ing  

systems t o  complete t h e  mission goa l s  of .  improving e f f i c i e n c y  and 

'opt imizing components. Their  ope ra t ion  f o r  longer  per iods  would provide 

a d d i t i o n a l  d a t a  o n . e f f i c i e n c y ,  r e l i a b i l i t y ,  and a v a i l a b i l i t y .  

For remote handl ing of n e u t r a l  beams, an important  ETF mission 

would be t h e  remote replacement of both a major subsystem, such a s  a 

magnet o r  cryopump, and a complete beam l i n e .  For r f  systems t h e  remote 

replacement of a n  e n t i r e  system would be  s u f f i c i e n t .  S i x  months of 

machine downtime dur ing  t h e  hydrogen phase was an  est imated requirement.  

A . 2 . 7  CONCLUSIONS 

The conclus ions  of t h e  h e a t i n g l f u e l i n g  technology t e s t i n g  subgroup 

a r e  summarized i n  Tables  A . 2 . 2  and A . 2 . 3 .  



Table A.2 .2 .  Fueling techmlogy 

Key technical Device/£ aci.Lity Reference design 
components Assumptions Nil~s tones requiremer-IS Testing time impacts 

Pellets Acceleraror t7pe: me2hanbeal Imformation obtained A back-up and a 
centrifuge, pneumatic g m ,  on sustained s?are injec- 
or liq-lid jet fueling mode and tBon line 

Pellet radius: 1-3 m n  can optimization of sxould be 
Velokty : 1000-3000 n/s pellet penetration, cmsidered 
Frequencp: 20-100/s pellet size, and 

feed rate 

Gas puffing None Contributior-s to Small port and 
control of machine space 
parameters required 
dktermined 

Short shakedown 
period fol- 
lop-d by 
ext snded 
operation 

. int-grated 
i n t ~  nonna'l 
macl~ine 
schedule 

Short shakedown 
period fol- 
lowed by 
opezation 
integrated 
into normal 
machine 
schedule 

Minimal impact on 
tritium-handling 
sys tern and 
divertor design 

Tritium-handling 
and divertor 
systems must be 
designed for 
higher particle 
recycling 



Table A.2.3. Heating technology 

Key technical 
compor.ents Assunp tions 

Devicelfacility Reference design 
requirements Testing time impacts Milestones 

Positive ions 

Negative ions 

Negative ions 

Ripple injection 

150 keV, 5 to 6 s, 50 MW, 
2 kwlcmP Do, 40% effi- 
ciency with direct 
recovery 

Obtaln availajility informa- 
tion; achieve 50% effi- 
deccy 

Extra beam lines for 
required availability 
ant maintenance 
should be considered 

2 years of machine 
operation after 
hycrogen phase 

Space, power supplies, 
and facilities 
required for extra 
beam lines 

150 keV, 2 kw;cm2 D\ 5OZ 
efficiency without direct 
recovery 

Obtair. availability informa- 
tion; achieve 70% effi- 
ciency (implement direct 
recovery) 

Back-up and spare beam 
lines should be 
considered 

2 years of machine 
operation after 
hydrogen phase 

Space, power supplies. 
and facilities 
required for extra 
beam lines 

250 keV, 4 kWlcm2 DO, 50% 
efficiency vithouc direct 
recovery 

Obtain availability informa- 
tion; achieve 70% effi- 
ciency (implement direct 
recovery) 

Extra beam lines €0'1 
required availability 
and maintenance 
should be considered 

2 years'of machine 
operation after 
hydrogen phase 

None (alleviates 
previous space 
problems) 

ports and space ailo- 
cation required for 
vertical injection, 
magnetics system 
design; no horizontal 
space requirements 

90 keV. 3-4 iw/cm2 Do, 50% 
efficiency withou: direct 
recovery 

Obtain availability informa- 
tion; achieve 70% effi- 
ciency (implement direct 
.zecovery) 

Extra beam lines for 
required availability 
and maintenance 
should be considered 

2 years of machine 
operation after 
hydrogen phase 

ECRF heating Positive results on T-10, 
ISX, EBT-I1 ( n H  = 30% on 
electrons); R6D effort to 
obtain 150 GHz; mzgawatt 
systems with low-loss 
coupling system. iH > 30%, 
and long pulses 

Efficient heating (iH = 
50%) capability d=mon- 
strated on large eokamaks 
(PLT. PDX. TFTR, loublet 
11, etc.); impurity 
influx controlled; depo- 
sition profile cmtrolled; 
long pulse, 10-MU modules 

. available; RhD of suit- 
able coupling structure 

Megawatt range heating 
experience available from 
Doublet IIA, Alcaor C, 
PLT, and cther large 
devices (Doublet 111. 
PDX. TFTR) or a dedicated 
rf device; optimized 
coupling systems; physics 
understancing of coupling, 
wave prop~gation, and 
heating efficiencies 

Coupling system design; 
large-scale heating 
experiments requfred; 
more physics base; 
r1H = 30% 

Demonstrated as useful .>n 
TFTR 

n H  = 30% on electrons for 
grofile control 10-MU 
system operation; profile 
control startup; comple- 
cent other heating 
a cenarios 

No special requirements 2 years of machine 
operation 

Small access region 
required; possible 
insideloutside 
launching 

Designed access through 
blanket; coupling 
structure design may 
be integrated with 
wall design; rf 
sources and supplies 
require space outside 
machine cell area 

ICRF heating Obaain availability informa- 
#.ion; nH > 50% (overall); 
:.-keV preLeat and long 
pulse (46 s for ignition 
-r discharge duration for 
driven high Q operation); 
minimize neutron escape 

Sector coupling systems 
( ~ 2  k ~ l c m ~ )  with 
consideration for 
availability and 
spares; 1 sector 
devoted to coupler 
optimization (modular 
design preferred) 

2 years of hydrogen 
and 3 years of 
D-T machine 
operation; down- 
tine for coupler 
changer 

Lower hvbrid 
heatixg 

0b:ain availability informa- 
:ion; demonstrate reliable 
.¶peration with overall 
heating efficiency >50% 
ior 50-MW power levels 

Port access for 50 MW 
(4kW/cm2) with con- 
sideration for avail- 
ability and spares 

Check-out during 
hydrogen phase; 
3 years of oper- 
ation during 
ignition phase 
for reliability 
and optimization 
studies 

Remote siting of power 
systems waveguide 
coupling avoids 
internal structures; 
direct line-of -sight 
not required 

Obnain 'availability informa- 
Zion; rlH > 50% (overall) 

Possible integration of 
coil "in machine 
design" 

2 years of machine 
operation after 
hydrogen phase 

If large coils are 
required, must be 
integrated with 
machine design 

Low frequency 
heating 

Torus and magnetic 
system must be 
designed for 
compression 

Compression Opcimize ignition scenario Determination of advan- 
tages of compression 
fcr future applica- 
tions 

2 years of machine 
o~cration af cer 
hydrogen phase 
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APPENDIX A. 3  

TRITIUM~PARTICLE COLLECTION TECHNOLOGY TESTING 

A.3.1 INTRODUCTION 

The key i s s u e s  i n  t h e  Area of t r i t i u m / p a r t i c l e  c o l l e c t i o n  tech-  

nology t e s t i n g  were s e l e c t e d  by teams wi th in  t h e  subgroup and considered 

i n  simultaneous d e t a i l e d  d e l i b e r a t i o n s .  The team r e s u l t s  were then  

reviewed by a l l  t h e  subgroup p a r t i c i p a n t s ,  and f i n a l  comments and recom- 

mendations were made. P a r t i c i p a n t s  i n  t h e  subgroup a r e  l i s t e d  i n  

Table A.3.1. The f ind ings  of t h e  subgroup a r e  summarized i n  Table A.3.2 

and i n  F ig .  A.3.1. 

A.3.2 KEY ISSUES 

The s i x  key i s s u e s  s e l e c t e d  a r e  a s  fol lows:  

(1) Toro ida l  vacuum, p a r t i c l e  c o l l e c t i o n ,  and f i r s t  wall/plasma 

i n t e r f a c e .  De ta i l ed  a r e a s  of concern a r e  between-pulse pumpdown, means 

of p a r t i c l e  c o l l e c t i o n  ( i . e . ,  bundle o r . p o l o i d a 1  d i v e r t o r  o r  pas s ive  

r e c y c l i n g ) ,  and i n t e r f a c e  of f i r s t  w a l l  with f u e l  cyc l e ,  h e a t  load;  and 

. p a r t i c l e  f l u x .  

(2) E f f e c t s  of t r i t i u m  and p a r t i c l e  s t reaming on hea t ing  and 

f u e l i n g  dev ices ,  s p e c i f i c a l l y  n e u t r a l  beam, p e l l e t  i n j e c t i o n ,  and gas  

pu f f ing  systems. 

( 3 )  Fi.1e1. process ing ,  Areas of concern a r e  chemical p u r i f i c a t i o n ,  

enrichment,  c i r c u l a t i o n  pumping, s to rage ,  m a t e r i a l s  compa t ib i l i t y ,  and 

maintenance. 

(4) Tr i t ium containment,  c leanup,  and waste c o n t r o l .  S p e c i f i c  

a r e a s  of concern a r e  primary containment ( i nc lud ing  eva lua t ion  of hea t  

exchangers,  b reeders ,  and nonbreeding a p p l i c a t i o n s ) ,  secondary contain-  

ment, and the cnntainment bu i ld ing  ( i . e . ,  vacuum o r  ambient;  i f  ambient,  

a i r  o r  i n e r t  atmosphere);  atmospheric and secondary cleanup systems; 

waste  t rea tment  and waste d i s p o s a l ,  inc luding  means of s t o r a g e  and t r ans -  

p o r t a t i o n ;  and m a t e r i a l s  compa t ib i l i t y ,  maintenance, and s a f e t y  and 

environmental a spec t s .  



Table A.3.1. Participants in tritium/particle collection 
technology testing subgroup 

.--- 
V. A. Maroni, Chairman ANL 

J. L. Anderson 

T. H. Batzer 

W. R. Bauer 

M. H. Dandridge 

N. J. Hoffman 

J. S. Watoon 

W. M. Wells 

1,AS.T.. 

LLL 

Sandia Laboratories 

Grumman Aerospace Corporation 

Energy Technology Engineering Center 

OH{L 

ORNL 

W. LC. Wilkes Monsanto Research Corporation 

T. F. 'iarig Wes tinghouae Electric Co~paratj-on 



Table A.3.2. Tritiumfparticle collection technology 

Ice:? technical 
co~ponents/issues Bssumptions Milestones 

Device/facility 
requirements Testing time 

Reference design 
impacts 

Torc idal vacuum, Technology' for between- 
p~rticle collec- pulse pumpdown in 
tiox, first wall/ hand; divertor 
plasma interface question resolved; 

particle collection 
method demonstrated 

Fuelinglheatir~g 
devices 

Vacuun and delivery 
harhare tested for 
ETF; all tritium/ 
fuelinglheating 
interfaces f3r ETF 
resc~lved 

Fuel processing TSTA will have demon- 
strated a workable 
system by 1990 

Blanket processing Tritium recovery, 
for modular tests impurity control, and 

compatibility dem3n- 
strated on a reason- 
able scale by 1990 

Tritium containment, Technology developed, 
cleanup, waste integrated, and 
c~ntrol, vacuun tesxed by 1490 
building 

Tritrlum inventory Site security plan 
cuntrola approved by 1984; 

sup?ly/control/ 
inventory methods 
verified by 1990; 
classification 
issues resolved 

Sufficient denonstration to 
provide Aequate confi- 
dence for progression to 
EPRIDEMO 

Reliability of devices 
during startup and b u m  
phase denonstrated for 
EPRfDPIO; high repetition 
rate achleved 

Upgrade pe~formance and 
demonstrate system 
reliabilcty for EPRIDEMO 

EPRfDEMO performance and 
reliability verified 

EPEIDPIO pgrformance level 
demonstnted 

Demonstram supply/conrol/ 
accountability for 
EPRIDPIC 

Interface with fuel 
cycle, heat load, 
and particle flux 
must be tolerated 
by first wall 
and/or divertor 

Remote maintenance 
equipaent and 
special hot cells 
provided in ETF; 
requirements for 
electrical power 
met 

Remote-handling 
facilities 

Initial ETF 
facility design 
must accommodate 
modular 'inserts 

~om~armentalized 
facilities and 
emergency power 
maintenance plan 
complete 

Site security plan 
essential 

Many aspects critical 
to inirial oper- 
ation; extended 
testing in D-T 
phase 

First feu weeks 
ctitical; many 
continuing tests 

Particle collection method 
for divertor; passive 
recycle must work if no 
divertor is used; gas 
load affects size and 
cost of fuel-handling 
equipment and inventory 

Critical components must 
work for ETF to be 
successful 

Tests carried out Cost reductions and 
mostly in conjunc- decreased tritium f- 
tion ~ i t h  ETF inventory through W 
operat ion optimization essential 

1-2 years per modular Modular experiments could 
test extend design phase; 

downtime required for 
changeout 

Continuing through Successful demonstration 
life of facility to crucial to ETF 
permit upgrading; 

1 some hydrogen phase 
testing desirable 

Continuous testing and Early clarification 
verification necessary to ensure 

orderly phase 

%ithout a divertor, tritium invqntory will be a10 kg; witt a divertor, >>lo kg. 



Diver tor  d e m n s t r a t i o n  t o  F r o v X e  
d e s i g n  conf idence  f o r  EPPIDW 

(DeE ign  b p a c t  - maj 3 r )  

(Sc tedule  inpac t  - nodera te )  

T r i t i u m  containment anc c l a n u p  t e s t i n g  
s y s t e n  checks demons tza te j  for L'RIDEMO 

( F a c i l i t y  im?act - major1 

Fue l  p r x e s s i n g  (TSTA Tech) 
demonstrated f o r  EPRfitEMO 

(Design impact - moderat ?) 

Tri t ium inv.entory c o n t r c l  d a o n s t r r t e d  

S i t e  s e c u r i t y  p lan  apprcved 1984 

( P o t a n t i a l  e a j o r  l m p c t  on f a c i l i t y  
and schedule)  

Assumpt Lons 

Dive:tor!co d i v e r t o r t t y p e  s e l e c t e d  

TSTA s u c c ~ s s f u l  

%10 t g  t r i t i u m  withc-:t d ~ v e r c o r ,  . 
>>10 kg t r i t i u m  w i t h  d ~ v e r c o r  

F i g .  A . 3 . 1 . ,  Schedule  of t r i t i ~ m  and p a r t i c l e  s t r e a m i n g .  



( 5 )  Blanket processing f o r  modular t e s t s .  Areas of concern a r e  

t r i t i u m  recovery and impuri ty  c o n t r o l ,  inc luding  eva lua t ion  of l i q u i d  

l i t h i u m ,  l i q u i d  o r  s o l i d  l i t h i u m  a l l o y s ,  and ceramics (e .g . ,  L i20 ) ;  and 

m a t e r i a l s  compa t ib i l i t y ,  maintenance, and s a f e t y  and environmental a spec t s .  

( 6 )  Tri t ium c o n t r o l ,  i nc lud ing  necessary  inventory ,  a c c q u n t a b i l i t y  

requirements ,  c l a S s i f i c a t i o n  i s s u e s ,  and s i t e  c o n t r o l .  

The worksheets used by p a r t i c i p a n t s  a t  t h e  ETF Mission Workshop t o  

add res s  t h e s e  key i s s u e s  a r e  included a s  Tables  A.3.3-A.3.8. 

Perhaps t h e  most s i g n i f i c a n t  a r e a s  of concern a r e  t h e  d i v e r t o r  

ques t ion  and t h e  a r e a s  dea l ing  wi th  tritium handling and c o n t r o l  ( inc lud-  

i n g  t h e  p o t e n t i a l  s e c u r i t y  c l a s s i f i c a t i o n  problem). The impacts of t h e  

key i s s u e s  on t h e  ETF f a c i l i t y ,  t e s t i n g  schedule,  and. design a r e  eva lua ted  

below. 

A.3.3 DEvICE/FACILITY REQUIREMENTS 

Among t h e  key i s s u e s  t h e  requirements  imposed by t r i t i u m  process- 

i n g ,  handl ing,  c leanup,  and inventory  w i l l  have t h e  most .impact on t h e  

ETF f a c i l i t y .  Building c h a r a c t e r i s t i c s  must be chosen wi th  t h e s e  needs 

i n  mind..  Modi f ica t ions  t h a t  may f a c i l i t a t e  t r i t i u m  handl ing ,  such a s  

t h e  use  of compartmentalized bu i ld ings ,  a r e  encouraged. 

A.3.4 TESTING SCHEDULE REQUIREMENTS 

The i s s u e s  hav$ng t h e  greatest impact on t h e  ETF t e s t i n g  schedule 

a r e  d i v e r t o r  check-out, performance mapping, and q u a l i f i c a t i o n  f o r  

EPR/DEMO needs. Because t h e  need f o r  a d i v e r t o r  appears  l i k e l y ,  t h e  

t e s t i n g  schedule should inc lude  d i v e r t o r  t e s t i n g .  

A.3.5 IMPACTS ON ETF DESIGN 

The choice  of d i v e r t o r s  (bundle o r  p o l o i d a l )  o r  pas s ive  r ecyc l ing  - 
may have a major impact on t h e  ETF design.  I n t e n s i v e  cons ide ra t ion  of 

t h i s  choice  i s  needed s o  t h a t  t h e  ETF des ign  can proceed wi th  t h e  b e s t  

guidance a v a i l a b l e .  U n t i l  b e t t e r  d a t a  a r e  a v a i l a b l e ,  i t  may be necessary  



Table k 3.3. Toro idql  "asuum, p a r t i c l e  c o n t r o l ,  and f  i r s s  waLl!plasna i n t e r f a c e  

Key t e c h n i c a l  D e v i c e l f a c i l i t y  
cooponents i i s sues  As sumpt-on3 Milrs:ones . requirements '??stin2 ::me Reference des ign  impects 

General  needs Technolcgy f o r  bet.reen- Must p r ~ v i d e  a c e q u ~ t e  I n t e r f a c e  wi th  f u e l  Many asDects c r i t i c a l  t o  Develop p a r t i c l e  c o l l e c t i o n  
p u l s e  pumpdown i~ c o n f i j e n c e  f o r  pro- c y c l e ;  hea t  l c a d  i n i t 2 3 1  operat  i o n ;  method f o r  d i v e r t o r  o r  
hand ; d i v e r t o r  g r e s s i c n  t o  and p a r t i c l e  f l u x  ex ten led  tes2r .g  i n  pass ive  r e c y c l i n g  tech- 
q u e s t i o n  reeo lsed  and E P R I D ~ O  must be t o l e r a t e d  D-T p i a s e  niques i f  no d i v e r t o r  i s  
p a r t i c l e  c o l l e c t i o n  by f i r s t  w a l l  used; gas  load  a f f e c t s  
methoC demorstra:ed and/or  d i v e r t o r  s i z e  and c o s t  of f u e l -  

handling equipment and 
t r i t i u m  inventory  

Toro ida l  vacuum s i t a b l e  pumps f o r  System ~ m j f i e d  i n  Yumpdom time must F.equired f o r  i ~ l t i a l  None ( b a s i c  des ign  requi re -  
p ~ m p i n g  system h y d r o e n ,  d m t e r ~ u m ,  operaxing, toiamak meet t u t y  c y c l e  operzcion ment) 

t r i t i u m ,  an? hellum ( h e l i a a  load and requirements 
develcped or. TSTh impurCties i n  

a d d i t t m  t o  
hydrogen isozopes) 

P a r t i c l e  c o l l e c t i o n  Choice oade betweec Must d e n m s t r a c e  long  I n t e r f a c e  wi th  f u e l  Requirec f o r  i n i t i a l  Heat load  and p z r t i c l e  
d i v e r o r  and p ~ s r i v e  pu lse  opera t ion  recyc l ing lpro-  o p e r a t i o n  c o l l e c t i o n  a r e  c r i i i c a l  
recycliing ; o;ettAoc. wi th  D-T and h e l i ~ m  cess ing  system R6D i tems;  ex tens ive  
d e v e l m e d  a d  t e s t e d  s tudy  needed; mechanical  

l i m i t e r s  may t e  requi red  

Bur-dle d i v e r t o r  F ' ~ l l y  d e ~ e l o p e d  ( e r i s  t- Must denons t ra t?  loxg Handle hea t  and Because :of l i m j  t e j  Heat loads  on c c l l e c t o r  
i n g  d z a  bas=, from pulse  -?era t ion  a3d p a r t i c l e  (D-T and e x p e m n t s  c n  s u r f a c e s  exceed capa- 
ISX-B and DICE, high cury c y c l e  helium) loads  a t  e x i s t k g  and planned b i l i t i e s  of convent iona l  
adequaze onl., f o r  >I00 Mjr of power machims ,  sill requi re  hea t  t r a n s f e r  systems; 
s m a l l  oachinss )  e x t e n j e 3  t e s t i x g  i n  l i q u i d  meta l  c o l l e c t o r s  

h y d r o s ~  phace (which would need pro- 
c e s s i n g  equipment) o r  
s p e c i a l l y  designed s o l i d  
t a r g e t s  may meet 
requirements 

P c l o i d a l  d i v e r t o r  P.hysics i e a s i b ~ l i t y  Must d e m n s r r a t e  long Handle h igher  h e a t  Severa l  aonths (2ess  Develop advanced s o l i d  
demonst r a t e d  on p u l s e  opera t ion  a ~ d  and p a r t i c l e  t ime h r  bun.ile c o l l e c t o r  systems t o  
e x i s t l r g  expcr imei t s  high d ~ x y  c y c l e  loads  zhan diver-2: tha- f o r  meet hea t  and p a r t i c l e  
(PDX. :T-60, AS3E'<) presenr .  and o t h e r  ~ p t i o n s  because loads  

planned exper i -  of brosd d a t a  base) 
ments; handle 
s u b s t a n t i a l  
amounts of helium 

Pass ive  r e c y c l i n g  S c c c e s s f ~ l  rec:clin.: Yust d e m o ~ s t r a t ~  1or.g F i r s t  w a l l  must. Extended per iod ;  t e l i u m  Success fu l  p a s s i v e  
(e .g . ,  co ld  gas  w i t h  hytroger demon- ? u l s e  o ~ e r a t i c n  take  f u l l  hea t  removal must De r e c y c l i n g  a  d e s i r a b l e  
b lanke t )  . s t r a t e ?  on s t o r t  v i t h  D-1 and helium loads ;  helium and availa 'nle f o r  D-T des ign  a l t e r n a z i v e  

p u l s e  C<1 s )  machrnes i m p u r i t i e s  niust o p e r a t  .cn 
(longer? pu lse  t e s x  be removed 
may be done cn TF?R); 
conf icence  ir: 'reason- 
a b l e  t.rm tire 

F i r s t  wall /plasma LFnited db ta  on Must d e m o w t r a t e  10% F i r s t  w a l l  must t ake  Requirec. f o r  i m i t i a l  W i l l  need ex tens ive  s tudy;  
i n t e r f a c e  cecyc lLig  with pul'se o p r a t i o n  f u l l  hea t  and o p e r s l i o n ;  may need may r e q u i r e  mechanical 

hydrogm a v a i l a b l e  wi th  D - I  m d  p a r t i c l e  loads  extenr i v e  t e s t i n g  l i m i t e r s  
from s b r t  pu lse  helium; i r rpur i tp  wi th  acceptab le  before D-T o p e r a t i o n  
( < 1  S) n a c h i m s  cont ro l  s t r a t e g i e s  impurity genera- 
(e.g. ,  CFTR, JET, must be thoroughly t i o n ;  helium must 
?LT, Pa<) s t u d i e c  3rd the  be removed 

r e s u l t s  dell u3der- 
s tood  , 



T a U e  A . 3 . 4 .  Fuelingfheating devices 

Key technical Deviceffacility Reference design 
.issues Assumptions Milestones requirements Testing time impacts 

Genezal needs Vacuum and delivery hard- 'Reliability of devices during Remote maintenance equipment First few weeks of Critical components 
ware developed and startup and turn phases and special hot cells operation critical; must work for ETF 

1 tested for ETF; all demonstrated for EPR!DEMO; provided in ETF; require- many continuing to be successful 
tritiumffuelingfheating high repetition rate ments for electrical power tests 
interfaces for ETF achieved met 
resolved 

~ectrai beams 150'keV beams available; Long pulse, high availability Beam modules and vacuum Short period (%weeks) Impact due to 
ultrahigh vacuum valves operazions wjthfwithout system must be fully tritium small 
and fast shutter valves disruptions; safe shutdown. compatible with tritium provided beams 
available; some remote regeneration, and restart are designed to 
maintenancefrepair after disrupnion be maintained 
demanstrated on TFTR 

Cn 
remotely due to W 

and JET neutron acti- 
vation; may have 
some tritium in 
injector coolant 
circuits 

Pellsts Delivery of frozen Demonstrate sustained high System must produce frozen ?lay be necessary for Needed for divertor 
hydr.ogen pellets demon- repetition rates for long pellets from a small total initial operation operations and 
strated on ISX-B; high pnlse operatron under inventory; pellets must long pulse, D-T 
repetition (10-20 s) react~r condltions (i.e., survive self-heating operations 
demcnstrated wlth heat'lording) and reactor heat loads 

Gas puffing Demonstrated on TFTR and Demonstrate sustained gas Gas delivery system must bc Play be necessary for Needed for long 
JET (a start has been fueling for Locg pulse fully compatible with initial operation pulse, 1)-T 
made with PLT and operation under reactor tritium operations 
Alca tor) conditions 



Table  X . 3 . : .  Fue l  p r o c e s s i n g  

Key t e c h n i c a l  
components / i s sues  Xsscmpt ic~rs  M i l e s t o n e s  

D e v i c e l f a c i l i t y  ReEerenca des ign  
requ i rements  T e s t i n g  t ime  impacts  

F u e l  p r o c e s s i n g  TSTA w i l l  t-ave demon- Upg:ade performance,  deuon- Remote-handling Mostly ir. c o n j u n c t i o n  
s t r a t e d  a  workable s z r a t e  system r e l i s b i l i t y  f a c i l i t i e s  v ~ t h  ETF o p e r a t i o n  
s y s t m  r ,?quired f o r  EPR!DEMO 

Chemical p u r i l i c a -  P a r t i c d a t e  r e n c v a l :  E'CF 
t i o n  miss i rm (guided by 

TFTR) w i l l  have d e f i n e d  
n a t u l r  of  problem, 
TSTA x i 1 1  have per -  
form& "cold" t ~ s t s  t o  
v e r i f y  removal n e t h d s ;  
h e l i u  removal: w i l l  
have keen d e m m t r a t l d ;  
o t h e r  i m p u r i t y  removal: 
a l t e r 3 a t e  c o n c w t s  w i l l  
be  t e s t e d  

Enrichment TSTA - d i l l  have denon- 
s t r a t d  i so top i :  sepa- 
r a t i o 3  and e n r e h m e n t  
on  ET? s c a l e ;  d i v e r t ~ r  
u s e  w i l l  r e s u l t  i n  need 

' f o r  i x r e a s e  i n .  s e p a -  
r a t i o n  c a p a c i t y  

C i r c u l a t i o n  pumping Adequate c i r c u l a t i o n  
pumps rill be  a ~ a i l a - ~ l e  

S t o r a g e  Technology a l r e a d ?  on 
hand 

Demonstrate r s d i c a c t i v e  
p a r t i c u l a t e  removal! that 
e x t r a p o l a t e 5  tc, EPA/DMJ; 
demons t ra te  op t imized  
s?stem f o r  E.PR/DEMC 
i n p u r i t y  cor - t ro l  

Demonstrate  s y s t e n  r e l i a -  
b z l i t y  needec f o r  
E ~ R I D E M O ;  demons t ra te  
i r c r e a s e  i n  s e p a r a t i o n  
c s p a c i t y  

Demcens t r a t e  c o n t i n u a l  
p ~ m p i n g  imprcvements 

M a t e r i a l s  c o m ~ a t i -  TSTA and. OFE/M&RE w i l l  Procf  t e s t  i n  r e a c t o r  
b i l i t y  have m r k a b l e  m a t e r i a l s ,  e rv i ronment ;  e v a l u a t e  and 

b u t  nex m a t e r i a l s  w i l l  q i a l i f y  new m a t e r i a l s  a s  
be  a v a i l a b l e  f o  t e s c -  t t e y  a r e  developed 
i n g  

Maintenance For  t r i t i u m  c o n t a n i n a t l o n  Demcnstrat 'e s a f e  nain-e-  
onl!~, technolog? is  n ~ n c e  of contaminat.ed 
l a r g e l y  i n  h a n d .  tech-  equipment 
nologp f o r  combxed  
t r i t i u n  p l u s  nemtron- 
a c t i v a t e d  handlzng w ~ l l  
be  a v a i l a b l e  from TFYR 
and f r ~ m  nuclea: fue: 
r eproc , s ss ing  ( a l p h a ,  
b e t a ,  Z a m a  was tes )  

Remote maintenance P a r t i a l  t e s t i n g  
equipment and h o t  c u r i n g  hydrogen 
c e l l s  phase;  c r i t i c a l  

t e s t i n g  throughout  
11-T phase;  perEor- 
mance v e r i f i c a t i o n  
Pased on s e v e r a l  
y e a r s  of  success -  
f u l  o p e r a t i o n  
c u r i n g  D-T phase 

3 e q u i r e s  c ryogen ics ;  S e v e r a l  y e a r s  d u r i n g  
depends on d i v e r t o r  C-T o p e r a t i o n  
s c e n a r i o  ( t e s t e d  a s  p a r t  of 

c i v e r t o r  shakedown:) 

F l e x i b i l i t y  of pumpis-g S r v e i a l  y e a r s  d u r i n g  
a p p a r a t u s  f o r  corn C-T o p e r a t i o n  
ponent  c:iangeout 

I n t e r c h a n g e a b l e  t e s t  Mcnths t o  y e a r s  (de- 
modules Eor b l a n k e t s ,  pend ins  on n a t u r e  
h e a t  exzhangers ,  c f  t e s t )  
f i r s t  w a l l  m a t e r i a l s  

Hot c e l l s  designed f z r  P z r t  of r o u t i n e  main- 
t r i t i u m  containment  t enance ;  i n t e g r a l  

p a r t  of remote 
m i n t e n a n c e  
s c e n a r i o  . 

Cosc r e d u c t i o n s  and 
decreased  t r i t i u m  
i n v e n t o r y  rhrough 
o p t i m i z a t i o n  
e s s e n t i a l  

May cbmplicace rough 
pumping o p e r a t i o n s ;  
e s s e n t i a l  LO f u e l  
r e c y c l e ;  e s s e n t i a l  
t o  d e v i c e  

Cost and i n v e n t o r y  
i n p a c t s  enrichment  
equipment;  i n -  Cn 

52 
c r e a s e s  s i z e ,  c o s t ,  
and t r i t i u m  
i n v e n t o r y  of f u e l  
c y c l e  

None 

Improvements i n  per-  
formance and c o s t  
r e d u c t i o n s  

Cos t ,  s p a c e ,  and time 
f o r  maintenance 
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Table A . 3 . 6 .  Tritium containment 

Key technical 
componencslieeues Assumptions 

Reference design 
Uilestones Devieelfacility requirements Testing time impacts 

General needs 

Containment building 

Vacuum building 

Technology developcd. 
integrated. and 
tested 

Demonstrate EPRI Campartmcntslized facilities; 
D M 0  performance emergency power; ~omplete 
level maintenance plan 

Continuing through life 
of facility to permit 
upgrading; some 
hydrogen phase test- 
ing dcsirnble using 
tritiu-spiking 
methods 

Successful demonstrntion 
crucial to ETP 

Decision made on use 
of vacuum building 
(vacuum buildings 
now exist but may 
not have been demon- 
strated for fusion 
reactor containment) 

Building approach must 
be decided early in 
design phoee because 
of overall impact on 
many components 

Vacuum building will 
be used on 
ernlooto 

Demonstrate tritium 
containment with 
vacuum bullding 
[note: tritium 
will absorb on 
exposed surfaces 
within vacuum 
structure (pnr- 
ticulerly true of 
cryogenic aur- 
faces) J 

Demonstrate tritium 
containment with 
standard contsin- 
ment structures 
and cleanup 
eyscems 

Demon~trnte S ~ C -  

ondary contain- 
ment on full- 
scale reactor 
system; test, 
evaluate, end 
demonstrate sec- 
ondary contein- 
ment for t h e m 1  
extraction end 
breeding modules 

Tritium cleanup for vacuum 
system exhaust; equipment 
cnmparihility with tritlm 
environment; possible inert 
gee flushing 

Continuing through life 
of facility 

Cryogenic systems within 
vacuum building still 
require dedicated 
vacuum enclosures 

Ambient building 
(sir or inert 
atmosphere) 

Vacuum building will 
not be used on 
EPRlDEXO 

Atmospheric and secondary 
cleanup systems of very 
lerge senle; eompartmen- 
tslired reactor hell 

Conrinuing chrou~ll lire 
of facility 

PuLeutial conflict be- 
tween accessibility 
requirements end 
remote maintenance 

Secondary containment Techniques well es- 
tablished for "on- 
breeding systems; 
criteria for deter- 
mining oppropriore 
degree of contain- 
ment esteblished; 
for breeding nndlor 
t h e m 1  extraction. 
containment mny not 
be well established 
without test fecil- 
ities in 1980's 

lor moderate tempera- 
atures and pres- 
sures. criteria and 
techniques will be 
established; for 
breedlug a d  Inrat 
exchanger applicn- 
tions. ma:erisls 
will be developed 
but not thoroughly 
tested 

Adequate methods now 
exist;' new 
approaches wlll 
need evnluetion 

Adequate dleposel 
site avnilable; 
storage end trsne- 
portation tech- 
nolo~y well estab- 
lished 

Uediu-scale ntmo- 
spheric systems 
d e ~ ~ ~ a t l ' a l r d  uu 
TSTA; secondary, 
flystem technology 
well eatabliohed 

Workable mnrerlnls 
avslleble; improved 
msterlsls should 
become svsiloble 
for reefing 

Secondary contaiment support 
and cleanup systems 

Continuing through life 
of facility; for 
thermal extraction 
and breeding modules. 
1-5 years 

Potential conflict be- 
tween secondary con- 
tainment and system 
versetilitylaccess 

Primary containment 
(routine applics- 
tions, breeders. 
end heat exchangers) 

Test. evaluate. and Test modules 
demonstrate pri- 
mary containment 
moreriols in 
breeder and heat 
s~cl,on,gsr system3 

1-5 years for testing 
materials 

I 

Continuing 

concinving 

Waste treatment Test and evaluate 
new methods as 
iequl2ed 

Waste disposal (in- 
cluding storage and 
transportation) 

Develop Improved 
waste treatment 
techniques to 
reduce volume 
of tritium waste 

Must be available Atmospheric cleanup 
~ ~ ~ ~ o u & I I v Y L  D-v Ope.. BYBIDPD h i g h - ~ ~ ~ C  
atinn items 

Cleanup s stems 
(ntmoepleric end 
secondary) 

Achieve scaleup to Electrlcol power; emergency 
lull fedCK6P-RBI1 power: i n r g r  cluatsuy 
volume oyeicmo 

Uaterlala competi- 
bllity 

Test and evaluate 
new materials as 
they are devel- 
oped; proof test 
high temperature 
andlor ldgh 
stress materlnls 
in renetor en- 
vironment; 
evaluate end 
qualify low t e e  
pereture, low 
s t reso  mpterlals 
a3 ,.."ILC~ 

Technology well In 
hand 

~deiuete trlclum con- 
tainment demon- 
strated on TSTA; 
firm basis eettlb- 
llshed for ETF 
deslgn 

Safety and environ- 
mental aspects 

Demonstmtc con- 
ttnued edequetc 
containment on 
reactor 

Continuing through llfe Essential to meeting 
of facility site safery and 

environmental 

to ETF 



Table \. J. 7. Blanket processing 

Key t e c h n i c a l  D e v i c e / f a c i l i t y  Reference design 
components/issues Assumpt i~ns  Miles t m e s  requirements Tes t ing  time impacts 

General needs Tr i t lum recovezy, i n p u r i t y  7 e r i f y  perf3rman:e and F a c i l i t y  design must 1-2 years  per  modular Modular experiments could 
c o n t r o l ,  and cornpati- r e l i a b i l i t y  :or accommodate t e s t  exrend design/develop- 
b L i t y  demonstrated on EPR/DEMC~ modular i n s e r t s  I ment phase; downtime 
a r e a s o n a t l e  s c a l e  required f o r  changeout 

Tr i t ium recovery/  T t e m a l  hydrau l ics  znd D e ~ o n s t r a t e  p e r f - ~ r -  
impuri ty c o n t r o l  m s h a n i c s  denonstrated eance aLe.quate f c r  

sca leup  t:, EPR4DEM0 

Liquid l i t h i u m ,  Trf t ium r e c o v c y  method 
l i q u i d  l i t h i u m  dexonstrated f o r  s t agnan t  
a l l o y s  a c  / o r  breeder/coc-lant  

cor.cepts 

So l id  l i t h i u m  Tr i t jum recovezy method 
a l l o y s ,  ceramics d e ~ o n s t r a t e d  f o r  i n  s i t u  
(e .g. ,  Li20) a n f / o r  flowimg s o l i d  

corcep t s  

Maintenance 

A major demonstration f o r  
ETF 

he l imi r ra ry  t e s t i n g  High duty c:jcle necessary 
dur i2g  iydrogen phase f o r  meaningful modular 
would b? of value t e s t  program 

May need a u x i l i a r y  modular 
hea t ing  during hyjrogen 
phase and low duty cyc le  
t e s t i n g  

Space requ i red  f o r  
p e r i p h e r a l  pro- 
cess ing lhea t  
exc:ianger compo- 
nen t s ;  f i r e  pro- 
t e c t i o n  scenar io  
f o r  b lanke t /  
coo lan t  o r  blanket! 
atmosphere reaccion 
may be f a c t o r  

Mate r ia l s  Confiden.:e i n  n a t e r i a l s  1.emcnstrate com?ati- 1-2 y e a w  per  t e s t  Mzy have impact on schedule 
compat ib i l i ty  fo: a l l  t e s t i b l e  eon- b i l i t y  c o n s i s t e n t  f o r  EPR/DEM@ m a t e r i a l s  

c e ~ t s  i rer i f  i e d  with EPR/DEM@ se lecz ion  
requirements a n d f ~ r  
rsasonable c t a n g a u t  
s-hedule 

Tested concept a v a i l a b l e  1,emonstrate limitedl Spec ia l  remote nacn- Dep-ndent on des ign ;  Proof t e s t i n g  may extend 
aspec t s  of mair tain-  tenance equipnent  maintexance plan can hydrogen phase t e s t  per iad 
a b i l i t y  required €or  acd ho t  c e l l s  b e  t e s red  i n  hydrogen 
E?R/DEMO, required p:iase i n  conjunct ion 

x i t h  orher  remote 
na in te iance  equipment 

Environmental Confzience i n  t r i t i u n  con- k r i f y  t r i t i u m  ccn- Tritium-monitoring Cai be d ~ n e  i n  conjunc- Meeting ICRP gu ide l ines  on 
tazxment e s t ~ b l i s k d  f o r  tainment i n  b i z n k t /  equipment, cleanup t i o n  with o t h e r  t r i t i u m  r e l e a s e  could ha .~e  
n o d ~ l e s  and assoc ia ted .  c o o l a n t / x ~ a t  e>- systems, i n t e r f a c e  t e s t s ;  nay be pos- impact on cons t ruc t ion  and 
equipment changer ncdular  with fuel-process- s i b l e  ro conduct some opera t ing  c o s t s  

t e s t s  s u E f i c i e r t  f o r  ing equipment t e s t s  &!ring hydrogen 
EPR/DEMO; charzc- lhase   sing t r i t i u m  
t e r i z e  t c i  tium sp ik ing  
migrat ion p a t t e r n ;  
i n  heat  exchanger. 
p ip ing ,  e t c . ;  de tz r -  
mine r e l e a s e  r s t e a  
v i a  steam genera to r  
ind  v e n t i l a t i o n  (o r  
t .ui lding u a c u u ~ )  
system 



Table A.3.8. Inventory control 

Key technical Device!facility 
components/issues , Assumptions Milestones requirements Testing time Reference design impacts 

General needs Supply, accounting, ard Demons-.rate supply, Site security plan Continuous testing Early clarification neces- 
control methods contyol, an& essential and verification sary to ensure orderly 
verified; classifi- accomtability design phase 
cation issues 
resolved 

Demonszrate in- . Facilities for Continuous cross- Will require careful early 
ventory supply receiving and checking to planningtoprovide - 

' and :ontrol for initial storage verify perfor- initial inventory; sig- 
EPR/I)EMO of fuel mance of con- nificant problems antic- 

tainment and ipated in obtaining 
accountability replacement fuel 
systems 

Tritium inventory 

Without.divertor Inventory should be 
a 0  kg 

With divertor Inventory should be 
210 kg 

Requires many shipments 
to deliver initial 
inventory (present 
standards require 

, . 12 g per container, 
with a total package 
volume of 2.50 gal) 

Accountability Addressed on TFTR and Demonstrate Large quantity of 
TSTA; further accmntability special equipment 
advances may be %lO-kg inveil- required 
required toriep with 

lar* throughput 
and higii burnup 
rat- for 
EPRDEMO 

Classification Major issues resolved; 
tritium extraction 
from blanket ad- 
dressed in 1980's 

Major problems anticipated 
in obtaining startup Cn 

inventcry of >>lo kg; 
major policy decision 
may be required to 
ensure adequate supply 
of replacement fuel 

May have major impacts on 
cost and availability 

Site control Plan developed and Site control will be 
approved required and will have 

impact on cost 



t o  i nc lude  d i v e r t o r s  (bundle o r  po lo ida l )  a s  p a r t  of a  conserva t ive  

concep tua l  des ign  t o  ensure  t h a t  c o s t  and schedule enve.lopes f o r  t h e  

l i ne - i t em p r o j e c t  adequate ly  cover a l l  systems l i k e l y  t o  be s e l e c t e d .  

In a d d i t i o n ,  t h e  h e a t  l o a d  and p a r t i c l e  c o l l e c t i o n  requirements  of t h e  

d i v e r t o r  systems may have a s i g n i f i c a n t  impact on t h e  des igns  because 

t h e  power d e n s i t i e s  a t  c o l l e c t i o n  a r e a s  w i l l  t a x  t h e  c a p a b i l i t i e s  of 

known concepts .  



APPENDIX A. 4 

BLANKET/FIRST wALL/SHIELD TECHNOLOGY TESTING 

A.4.1 INTRODUCTION 

The b l a n k e t l f i r s t  wal lLshie ld  subgroup d e l i b e r a t i o n s  a r e  summarized 

i n  t h i s  appendix. P a r t i c i p a n t s  i n  t h i s  subgroup a r e  l i s t e d  i n  Table A.4.1 

(part- t ime observers  a r e  no t  i d e n t i f i e d ) .  

The b l a n k e t l f i r s t  w a l l l s h i e l d  subgroup adopted t h e  viewpoint t h a t  

an  ETF w i l l  b e  designed,  b u i l t ,  and ready f o r  i n i t i a l  ope ra t ion  i n  1990. 

The subgroup then  addressed the  gene ra l  ques t ion  of what achievements 

can  and should be  accomplished on t h e  ETF i n  t h e  b l a n k e t l f i r s t  w a l l l s h i e l d  

a r e a s  i n  o rde r  t o  advance t o  EPR and DEMO. It was recognized t h a t  i n  

t h e  process  of des igning  and bu i ld ing  t h e  ETF, it w i l l  be  necessary  t o  

u s e  f u l l y  t h e  information der ived  from t h e  ba lance  of t h e  fus ion  program. 

I n  a d d i t i o n ,  i t  was recognized t h a t  s u b s t a n t i a l  R&D w i l l  most l i k e l y  be 

r equ i r ed ,  s p e c i f i c a l l y  t o  s u p p o r t , t h e  des ign  and cons t ruc t ion  of t h e  

ETF, and i t  i s  assumed t h a t  t h i s  w i l l  be  done. 

A number of phys ics  and t e c h n i c a l  assumptions were made concerning 

t h e  d a t a  base t h a t  w i l l  be a v a i l a b l e  i n  1990. It was recognized t h a t  by 

t h i s  d a t e ,  s u b s t a n t i a l  advancements w i l l  have been made through t h e  fus ion  . 
dev ices  and f a c i l i t i e s  now ope ra t ing  o r  planned i n  t h i s  country and 

abroad. Table A.4.2 i d e n t i f i e s  some of t h e s e  dev ices  and faciliiies. 

In a d d i t i o n  t o  t h e  v a r i e t y  of information t h a t  w i l l  be  provided by 

t h e s e  dev ices  and f a c i l i t i e s ,  numerous advances i n  technology w i l l  be  

der ived  based on t h e  experimental  i n £  ormat i o n  obta ined  from these  fus ion  

devices  and from a s  y e t  u n i d e n t i f i e d  experiments.  P a r t i c u l a r  assumptions 

made i n  t h i s  regard inc lude  t h e  fol lowing.  

(1) Neutronics d a t a  f o r  t h e  0- t o  14-MeV energy range w i l l  become 

a v a i l a b l e  from planned experiments.  Mockup s h i e l d  experiments w i l l  a l s o  

b e  completed. 

( 2 )  Spec ia l  thermal hydrau l i c  t e s t i n g  w i l l  be  completed f o r  systems 

us ing  water o r  helium as coolants .  

(3 )  Tri t ium behavior  (permeation, s o l u b i l i t y ,  e t c . )  w i l l  b e  de t e r -  

mined 111 ~uilCerials of  i n t c r a s t .  



Table A.4.1. Participants in blanketlfirst walllshield technol-ogy 
testing subgroup 

C. A. Flanagan, Cl~airman 

D. A. Dingee, Recording 
Secretary 

M. A. Abdou 

R. J. Beeley 

E. S. Bettis 

D. W. Graumann 

T. J. Iluxfoi~I 

Westinghouse Electric Corporation 

Battelle-Pacific Northwest 
Laboratories 

Georgia Institute of Technology 

Energy Technology Engineering 
Center 

Science Applications, Inc. 

G A 

ORNL 

D. J. P f c F a s l i ~ r  United 'l'echnol.ogies Research 
Center 

P. H. Sager, 3r. G A 

R. T. Santoro ORNL 

M. C. Stauber Grumman Aerospace Corporation 

I. Sviatoslavsky University of Wisconsin 

F. H. Tenney PPPL 

C. A. Trachsel McDonnell-Douglas Astronautics 
Company 

I?. G. Welfare Babcock and Wilcox 

Table A.4..2. Fusion devices and facilities contributing 
to data base by 1990 

Alcator C JET Rotating Target Neutron 
. Source I1 (RTNS-11) 

Doublet I11 JT-60 TFTR 

EBT Mirror Fusion Test Facility Tandem ~ir'ror Experiment 
(MFTF) (m) 

PMTT PDX Tritium Systems Test 
As s emb ly 

ISX-B PLT . T-1OM 



(4) Minimal leak detection capability will be available. 

(5) Austenitic stainless steel/nickel-based alloys will be tested 

to prototypical helium generation and dpa levels, but no other structural 

materials will be qualified by 1990.. 

(6) Limiters will be available f0.r short burn (several seconds) 

fusion devices. 

(7) All nonnuclear qualification of engineering issues will be 

completed to the level required. The exact requirements are not obvious 

at this time. However, all testing of blanketlfirst walllshield issues 

that can be performed in a nonnuclear environment will be planned and 

completed to the extent possible before testing begins in the nuclear 

environment of the ETF. This includes, but is not limited to, the testing 

of coolant thermal hydraulic system designs (with simulated heating), 

magnetic effects, remote maintenance, etc. 

(8) The necessary instrumentation will be qualified for use in 

the ETF environment. 

(9) Adequate remote maintenance techniques and equipment will be 

available for use with ETF experiments. 

(10) Complete control or avoidance of plasma disruptions will not 

have been established. This'item is of major concern. The deliberations 

of the group led to the conclusion that it cannot be assumed that plasma 

disruptions will not occur on the ETF; therefore, the. ETP and all 

blanketlfirst wall/shield tests involving direct interactions with the 

plasma must be designed to accommodate plasma disruptions. 

With these physics and technology assumptions, a mission analysis 

was conducted for the key blanketlfirst walllshield issues. 

A.4.2 KEY ISSUES 

The key issues considered by the subgroup are listed in Table A.4.3. 

RasSca3ly t h e  areas investigated include those issues or components 

associated with the first interface with the plasma, the blanket issues, 

and the shield issues. Specifically excluded from the deliberations 

were issues associated with divertors, buffered energy'storage, and 

power conversion. 



Table A.4.3. Key issues f n t  hlanketlfirst ' 

walllshield 

First wall/first wall modifiers 

Tritium-breeding blanket 

Shielding 

Neutron source distribution 

Activation 

synfuel production blanket 

Electric power 'capability demonstration 
. - . . - . . - 



A s u b j e c t i v e  assessment of p r i o r i t i e s  f o r  t h e  key i s s u e s  i s  ind ica t ed  

by t h e  o rde r  of t h e  l i s t i n g  i n  Table A.4.3. Q u a l i f i c a t i o n  of t h e  f i r s t  

w a l l ,  t r i t ium-breeding b l anke t ,  and s h i e l d i n g  des igns  f o r  EPR i s  ass igned  

f i r s t  p r i o r i t y .  Experimental d a t a  on neutron source d i s t r i b u t i o n  and 

m a t e r i a l s  a c t i v a t i o n  a r e  a l s o  considered important .  Q u a l i f i c a t i o n  of 

des igns  f o r  synfue l  product ion b lanket  systems and fus ion - f i s s ion  hybrid 

systems w i l l  become important  i f  t he  development of e i t h e r  of t hese  

systems i s  pursued. The demonstration of e l e c t r i c  power gene ra t ion  

c a p a b i l i t y  is  considered l e s s  important from a  t e c h n i c a l  s tandpoin t  

because such demonstrat ion i s  s t r a igh t fo rward  and can be accomplished on 

EPR. A t e n t a t i v e  schedule f o r  t h e  key i s s u e s  is  shown i n  F ig .  A.4.1. 

A.4.3 FIRST WALL AND FIRST WALL MODIFIERS 

A.4.3.'1 Assumptions 

It was assumed t h a t  t h e  requirements  of impuri ty  concen t r a t ion  

i i m i t s  w i l l  be w e l l  enough understood t h a t  i g n i t i o n  cond i t i ons  w i l l  have 

been e s t a b l i s h e d  and t h a t  low Z coa t ing  candida tes  w i l l  have been s e l e c t e d  

and t e s t e d  under s h o r t  pu lse  condi t ions .  

(1) Test  candida te  armor compositions and des igns  f o r  p r o t e c t i o n  

of t h e  plasma chamber from t y p i c a l  plasma d i s r u p t i o n  energy d i s t r i b u t i o n  

and n e u t r a l  beam impingements. Qual ify armor des igns  f o r  EPR and DEMO. 

(2) Test  coa t ing  concepts ,  inc luding  i n  s i t u  coa t ing  techniques 

wi th  t h e  a b i l i t y  t o  coa t  pene t r a t ion  su r f aces .  Qual ify coa t ing  systems 

f o r  EPR and DEMO. 

(3) Tes t  . f i r s t  wa l l  des igns ,  inc luding  armor and coa t ings .  

Demonstrate t h e  a b i l i t y  of t he  f i r s t  wa l l  t o  su rv ive  c y c l i c  thermal and 

mechanical loading  under bombardluent from charged p a r t i c l e  and neutron 

f l u x  i r r a d i a t i o n .  Qual i fy  f i r s t  wa l l  des igns  f o r  EPR and DEMO. 

(4) Test  l i m i t e r s  f o r  l o c a t i n g  t h e  plasma edge dur ing  long plasma 

burns  (e .g. ,  wi th  a c t i v e l y  cooled,  low Z s u r f a c e s ) .  Qual ify l i m i t e r  

des igns  f o r  EPR and DEMO. 



Operac Lon 

F i r s t  w a l l  

T e s t  armors 

Tes t '  c o a t i n g s  

l e s t  f i r s t  w a l l  d s s i g n s  

l e s t  l i l r i t e r s  

Tes t  d i e l e c t r i c  breaks 
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re -yc le  
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3btair .  m a t e r i a l s  y e s t  da ta  

Sh ie ld ing  

r e s t  t u l k  s h i e l d ~ i g  d e s i g c s  

r e s t  p .enetrat ion s h i e l d s  

r e s t  s h i e l d  p lugs  
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:on€ Lrm n e u t r o n i r ;  a n a l y s i s  

I b t a l r .  m e t e r i a l s  : e s t  d a t a  

Fusion-Eission hybr:ds 

r e s t  t y b r i d  b lanb- t  d e s i g r s  

:on€ irm neu t ron ic  ; a n a l y s i s  

2ual lEy fuel-hanc-inp, t ec tno logy  

V EPR q u a l i f i c a t i o r  

' V ~ M O  q u a 1 i f i c a t . i ~ ~  

ETF MISSIO~I/OPERATION SCHEDK.E 

(25-year ope ra t ion)  

Fig. A.4.1. Key issues in blanketlfirst walllshield technology testing. 



(5) Test  d i e l e c t r i c  breaks  f o r  f i r s t  wa l l  and module i n s u l a t i o n .  

Qual ify d i e l e c t r i c  breaks f o r  EPR and DEMO, inc luding  a l l  environmental 

cons ide ra t ions  and p o t e n t i a l  f a i l u r e  modes. 

(6) Determine hydrogen and helium recyc le  c h a r a c t e r i s t i c s  of 

candida te  f i r s t  wa l l  des igns  inc luding  cand ida t e  l i n e r s ,  coa t ings ,  armor, 

e t c .  

A.4.3.3 ~ e v i c e / F a c i l i t y  Requirements 

In .genera1 ,  t h e  mi les tones  r e q u i r e  t h a t  a l l  candida te  des igns  be  

t e s t e d  whi le  exposed t o  t h e  plasma. Thus, t h e  ETF should be designed t o  

provide  t e s t  s t a t i o n s  t h a t  a l l ow t e s t  modules o r  samples t o  have d i r e c t  

access  t o  t h e  plasma ( i . e . ,  t h e r e  must be no in t e rmed ia t e  m a t e r i a l  

i n t e r f a c e ) .  Appropriate  hot  c e l l  a r e a s  and techniques f o r  removing.and 

t e s t i n g  candida te  modules and samples a r e  r equ i r ed ,  a s  a r e  i n  s i t u  

d i a g n o s t i c s  t o  monitor hydrogen and impuri ty  f l u x e s ,  temperatures ,  and 

s t r e s s  l e v e l s  a t  t h e  f i r s t  wal l .  

The t e s t i n g  requirements a l s o  poin t  t o  t h e  need f o r  t h e  very  h i g h ,  

r e l i a b i l i t y  of candida te  des igns ;  o therwise ,  f r equen t  f a i l u r e s  w i l l  

r e s u l t  i n  cons iderable  device  downtime. 

To achieve  t h e  mi les tones ,  a neut ron  w a l l  loading  of 81 M W / ~ ~ ,  a  . 

burn time of 230 s,  and a t o t a l  of 2 5  x l o 5  burn cyc le s  a r e  requi red .  

Although displacement damage l e v e l s  of 230 dpa a r e  d e s i r a b l e ,  i t  may not 

b e  p o s s i b l e  t o  achieve  t h i s  goa l  wi th  t h e  ETF, cons ider ing  t h e  c u r r e n t  

EPR and DEMO echedules .  

A.4.3.4. Tes t ing  Schedule Requirements 

The t ime r equ i r ed  f o r  completing t h e  f i r s t  f i v e  mi les tones  w i l l  be  

s e v e r a l  years .  The s i x t h  milcetono w i l l  take s e v e r a l  months. 

A.4.4 TRITIUM-BREEDING BLANKET 

A.4.4.1 Assumptions 

It w a s  assumed that c u r r e n t l y  planned i n t e g r a l  experiments i n  t h i s  

a r e a  w i l l  b e  completed. 



(1) Tes t  t h e  performance of candida te  t r i t ium-breeding  b lanket  

des ign  systems, i nc lud ing  v a r i a t i o n  i n  candida te  des igns  such a s  

composirions and conf igu ra t ions .  Qual ify t r i t ium-breeding  b lanket  

des igns  f o r  EPR and DEMO. 

(2)  Ver i fy  c a l c u l a t i o n  methods f o r  p r e d i c t i n g  t h e  s p a t i a l  v a r i a t i o n s .  

i n  h e a t  d e p o s i t i o n  i n  t h e  v a r i o u s  components of t y p i c a l  b lanket  des igns .  

( 3 )  Cont r ibu te  t o  t h e  m a t e r i a l s  d a t a  base  by eva lua t ing  m a t e r i a l s  

e f f e c t s  dur ing  s imulraneous a p p l i c a t i o n  of temperature,  c y c l i c  s t r e s s ,  

r a d i a t i o n ,  and chemical  environment. 

A.4.4.3 Uevice /Vaci l i ty  Requirements 

Achievement of t h e  mi les tones  w i l l  r e q u i r e  t h e  fol lowing:  

(1)  a  reac tor -grade  plasma wi th  r e p r e s e n t a t i v e  h e a t  depos i t i on  

r a t e s  and burn t imes ,  

(2 )  a p p r o p r i a t e  d i a g n o s t i c  equipment and normal p r o t e c t i o n  

in s t rumcn ta t ion ,  

( 3 )  a p p r o p r i a t e  coo lan t  l oop( s )  wi th  t r i t i u m  e x t r a c t i o n  c a p a b i l i t y ,  

(4) space f o r  t e s t i n g  a  number of candida te  des igns  s imultaneously 

(perhaps up t o  s i x  module t e s t  s t a t i o n s ) ,  

( 5 )  c a p a b i l i t y  f o r  remotely maneuvering modules and t e s t  equipment, 

and 

(6) a p p r o p r i a t e  h o t  c e l l  a r e a s  and techniques  f o r  assembling, 

d i sassembl ing ,  i n s p e c t i n g ,  and eva lua t ing  t h e  modules. 

A.4.4.4 Tes t ing  Schedule Requirements 

The t ime r equ i r ed  t o r  completing t h e  f i r s t  mi l e s tone  w i l l  be  s e v e r a l  

y e a r s ;  f o r  t h e  second mi les tone ,  i t  w i l l  be  s e v e r a l  months. The t h i r d  

mi l e s tone  w i l l  b e  accomplished over  t h e  l i f e t i m e  of t h e  p l a n t .  



A.4.5 SHIELDING 

A. 4.5.1 . Assumptions 

It was assumed t h a t  key i n t e g r a l  and mockup s h i e l d i n g  experiments 

t h a t  a r e  p a r t  of t h e  present  f u s i o n  program w i l l  have been completed and 

t h a t  eva lua ted  nuc lea r  d a t a  and a p p r o p r i a t e  c a l c u l a t i o n a l  methods w i l l  

be  a v a i l a b l e .  

(1) Tes t  candida te  bulk  s h i e l d  concepts .  Qua l i fy .bu lk  s h i e l d  

designs f o r  EPR and DEMO. 

(2) Test  t h e  e f f e c t i v e n e s s  of key m a t e r i a l s  and geometric con- 

f i g u r a t i o n s  f o r  p e n e t r a t i o n  s h i e l d s .  Qual i fy  p e n e t r a t i o n  s h i e l d  des igns  

f o r  EPR and DEMO. 

(3) Test  movable s h i e l d  p lugs  designed f o r  use  i n  vacuum and beam 

i n j e c t i o n  ports: Qual i fy  s h i e l d  plug des igns  f o r  EPR and DEMO. 

(4) Obtain d a t a  t o  q u a l i i y  t h e  a s s o c i a t e d  c a l c u l a t i o n a l  methods. 

(5) Determine rad ia t ion-s t reaming c h a r a c t e r i s t i c s  and t h e  e f f e c t s  

of vary ing  t h e  s i z e ,  shape, and conf igu ra t ion  of t h e  pene t r a t ion .  

(6). Determine t h e  e f f e c t  on performance c h a r a c t e r i s t i c s  of key 

components ex.pnsed t o  rad iafzon .  Key components inc lude  cryogenic 

pumping panels  f o r  a u x i l i a r y  hea t ing  systems ( r f  and n e u t r a l  beam), 

superconducting magnets, d i a g n o s t i c  ins t rumenta t ion ,  e t c .  

A.4.5.3 ~ e v i c e / F a c i l i t y  Requirements 

Achievement of t h e  mi les tones  w i l l  r e q u i r e  t h e  fo l lowing  : 

(1) a  neut ron  wa l l  loading  of 21 MW/m2, w i t h  a  t o t a l  of >5 MWyr/m2 

f o r  t h e  requirements  of mi l e s tone  ( 6 ) ,  

(2) a v a i l a b i l i t y  of i n  s i t u  d i a g n o s t i c s , ,  ax~d 

(3) a p p r o p r i a t e  hot  c e l l  a r e a s  and remote maintenance techniques 

t o  remove and t e s t  candida te  des igns  and samples. 



A. 4.5.4 Tes t ing  Sche-dule Requirements 

Seve ra l  y e a r s  w i l l  b e  r equ i r ed  t o  complete mi les tones  (I), (2), and . 

( 3 ) .  Completion of mi l e s tones  (4)  and (5) w i l l  r e q u i r e  about a  year .  

Mi l e s tone  (6)  w i l l  b e  accomplished over  t h e  l i f e t i m e  of t h e  p l a n t .  

A.4.6 NEUTRON SOURCE DISTRIBUTION 

A.4.6.1 Assumptions 

.It was assumed t h a t  eva lua ted  nuc lea r  d a t a  and a p p r o p r i a t e  calcu-  

l a t i o n a l  methods w i l l  b e  a v a i l a b l e ,  as w i l l  app ropr i a t e  neut ron  diag- 

noo t i ao .  

(1) Determine exper imenta l ly  t h e  po lo ida l  and t o r o i d a l  d i s t r i b u t i o n  

of nuc lea r  parameters  a s  a  func t ion  of neut ron  source d i s t r i b u t i o n .  It 

i s  impera t ive  t h a t  t h e  s p a t i a l  v a r i a t i o n  i n  neut ron  w a l l  loading  a s  a  

f u n c t i o n  of t h e  s p a t i a l  v a r i a t i o n  i n  t h e  neut ron  source d i s t r i b u t i o n  be 

known and p r e d i c t a b l e  i n  o r d e r  t o  develop e f f i c i e n t  b l a n k e t l s h i e l d  

des igns  f o r  EPR~DEMO. 

A. 4.6.3 ~ e v i c e / ~ a c . i l i t ~  Requirements 

It' i s  h i g h l y  d e s i r a b l e  t o  be a b l e  t o  vary  t h e  plasma p r o f i l e  by MHD 

s h i f t  c o n t r o l  i n  o r d e r  t o  d e l i b e r a t e l y  change t h e  s p a t i a l  neutron source 

d i s t r i b u t i o n  over  some range.  Col l imators ,  d e t e c t o r s ,  a n d - d a t a  acqui- 

s i t i o n  c a p a b i l i t y  w i l l  b e  r equ i r ed  f o r  a  minimum of t h r e e  po lo ida l  and 

two t o r o i d a l  l o c a t i o n s .  

A .  4.6.4 Tes t ing  Schedule Requirements 

A t  l e a s t  200 p u l s e s  w i l l  be  r equ i r ed  t o  complete t 'he t e s t s  needed 

f o r  t h e  mi les tone .  



A.4.7 ACTIVATION 

A.4.7.1 Assumptions 

It was assumed t h a t  eva lua ted  nuc lea r  d a t a  and appropr i a t e  calcu-  

l a t i o n a l  methods w i l l  be  a v a i l a b l e ,  a s  w i l l  a p p r o p r i a t e  neut ron  diag- 

nos t  ics-. 

(1) Obtain information t o  extend and v e r i f y  a v a i l a b l e  knowledge of 

t h e  bui ldup of r a d i o a c t i v i t y  i n  candida te  m a t e r i a l s  f o r  fu s ion  r e a c t o r  

components (e .g . ,  superconductors ,  s t a b i l i z e r s ,  i n s u l a t o r s ,  e t c . ) .  It 

i s  imperat ive t h a t  c r i t e r i a  b e  e s t a b l i s h e d  on t h e  e f f e c t s  of rad io-  

a c t i v i t y  on c r i t i c a l  components so  t h a t  design c r i t e r i a  can be  e s t a b l i s h e d  

f o r  t h e  sh i e ld ing  a t t e n u a t i o n  l e v e l s  t h a t  must be provided. 

A.4.7.3 ~ e v i c e / F a c i l i t y  Requirements 

Achievement of t h e  mi les tones  w i l l  r e q u i r e  t h e  fol lowing:  

(1)  a  quick inser t ion /wi thdrawal  system wi th  t h e  a b i l i t y  t o  handle 

a l a r g e  number of small samples and 

(2) appropriaXe l a b o r a t o r y  f a c i l i t i e s  f o r  performing a c t i v a t i o n  

e v a l u a t i o n s  subsequent t o  i r r a d i a t i o n .  . 

A.4.7.4 Tes t ing  Schedule Requirements 

The time r equ i r ed  t o  achieve  t h e  mi l e s tone  is  v a r i a b l e ,  depending 

on t h e  samples t e s t e d .  

A.4.8 SYNFUEL PRODUCTION BLANKET 

A.4.8.1 Assumptions 

It was assumed t h a t  candida te  processes  w i l l  b e  l i m i t e d  t o  those  

f o r  which proof of p r i n c i p l e  has  been demonstrated. 



(1)  Test  cand ida t c  b lanket  des igns  t o  achieve  t h e  design tempera- 

t u r e s  r equ i r ed  by cand ida t e  synfue l  processes  and t r i t ium-breeding 

c a p a b i l i t y ,  c o n s i s t e n t  w i th  synfue l  product ion r e a c t o r  requirements.  

Qua l i fy  b l anke t  des igns  f o r  synfuel.. product ion i n  EPR and DEMO. 

(2)  Obtain exper imenta l  information t o  confirm neu t ron ic s  a n a l y s i s .  

(3)  Obtain m a t e r i a l s  t e s t  d a t a  from synfue l  product ion b lanket  

modules exposed t o  t h e  simultaneous a p p l i c a t i o n  of temperature,  c y c l i c  , 

s t r e s s ,  r a d i a t i o n ,  and chem5,cal environment. 

Achievement of t h e  mi l e s tones  w i l l  r e q u i r e  the fol lowing:  

(1)  a  neut ron  w a l l  loading  of >1 Pfw/m2, 

(2)  a t o t a l  of 25 x l o 5  30-s burn c y c l e s ,  

( 3 )  space  f o r  t e s t i n g  promising cand ida t e  des igns ,  

(4)  a p p r o p r i a t e  i n t e r n a l  d i a g n o s t i c s  (thermocouples,  e t c . )  i n  t h e  

inodules, and 

(5) a p p r o p r i a t e  h e a t  dumps. 

A.4.8.4 Tesrfdg Schedule Requirements 

Cozi~pletioll of ulilee tone (I) w i l l  require a'baut: a yea r ;  completion 

of mi l e s tone  (2)  w i l l  t a k e  s e v e r a l  months. Milestone (3)  w i l l  be 

accomplished over  t h e  l i f e t i m e  of t h e  syn fue l  product ion h l a n k e t  test 

program. 

A.4.9 FUSION-FISSION HYBRID SYSTEMS 

It was assumed t h a t  evaluated nuc lea r  d a t a  and appropr i a t e  calcu-  

l a t i o n a l  methods w i l l  b e  a v a i l a b l e  and t h a t  a l l  predemonstration ana lyses  

and nonnuclear engineer ing  t e s t s  w i l l  have been performed f o r  candida te  

des igns .  



(1) Test  candida te  hybrid des igns  t o  o b t a i n  t e c h n i c a l  da t a  on 

thermohydraulic performance, t r i t i u m  breeding,  f i s s i l e  breeding,  f u e l  

burnup, r a d i a t i o n  damage, and mechanical i n t e g r i t y .  Qual ify hybrid 

b lanket  des igns  f o r  EPR and DEMO. 

( 2 j  Obtain experimental  information t o  con f i rm.neu t ron ic s  a n a l y s i s .  

(3) Qual ify fuel-handl ing technology requirements  needed f o r  

EPR~DEMO. 

A.4.9.3 Dcv ice /Fnc i l i t y  Requirements . . 

Achievement of t h e  mi les tones  w i l l  r e q u i r e  t h e  fol lowing:  

(1) a neut ron  w a l l  loading  of 21 M W / ~ ~ ,  

(2) a t o t a l  of 2 5  x l o 5  30-s burn cyc le s ,  

( 3 )  space  f o r  t e s t i n g  promising candida te  des igns ,  

(4) app ropr i a t e  i n t e r n a l  d i a g n o s t i c s  ( f o i l s ,  d e t e c t o r s ,  thermo- 

couples ,  s t r a i n  gages,  e t c . )  i n  t h e  modules, 

(5) appropr i a t e  shutdown techniques and emergency coolant  f o r  each 

module, 

(6) c a p a b i l i t y  f o r  quick and r o u t i n e  acces s  t o  t h e  modules, 

(7) app ropr i a t e  h e a t  dumps, and 

(8) a p p r o p r i a t e  h o t  c e l l  a r e a s ,  t r a n s f e r  casks ,  and hea t  removal 

and maintenace techniques.  

F i s s i o n  r e a c t o r  s a f e t y  c r i t e r i a  should be  employed i n  a l l  a s p e c t s  of 

module design and t e s t i n g .  

A.4.9.4 Tes t ing  Schedule Requirements 

Completion of mi les tones  (1) and (3) w i l l  r e q u i r e  s e v e r a l  yea r s ;  

c n m p l e t l o n  o f  mj3.estnne. (2 )  w i l l  take several months, 



A.4.10 ELECTRICAL POWER CAPABILITY DEMONSTRATION 

A.4.10.1 Assumptions 

Nc assumptions were made i n  t h i s  a rea .  

(1) Demonstrate t h e  c a p a b i l i t y  of a  candida te  b lanket  and s h i e l d  

des ign  t o  gene ra t e ,  i n  a  r e p r e s e n t a t i v e  f u s i o n  environment f o r  a  s u f f i -  

c i e n t  per iod  of t ime,  t h e  des ign  temperature cond i t i ons  needed f o r  

e l e c t r i c a l  power genera t ion .  

A. 4  . l o .  3 D e v i c e l F a c i l i t y  Requirements 

Achievement of t h e  mi l e s tone  w i l l  r e q u i r e  t h e  following.: 

(1) a p p r o p r i a t e  d i a g n o s t i c s  and 

(2) space f o r  t e s t i n g  one o r  more candida tc  des igns  simultnncously. 

A.4.10.4 Tes t ing  Schedule Kequirements 

Completion of t h e  mi l e s tone  w i l l  r e q u i r e  6-12 months. 



APPENDIX A.5 

REMOTE MAINTENANCE AND ENGINEERING OPERATIONS TESTING 

A.5.1 INTRODUCTION 

The ETF must o f f e r  t h e  o p e r a t i o n a l  experience necessary  f o r  t h e  

tokamak f u s i o n  program t o  proceed wi th  assurance  t o  t h e  EPR and DEMO 

s t a g e s .  I n  p a r t i c u l a r ,  t h e  m a i n t a i n a b i l i t y  of a  r a d i o a c t i v e  machine 

must be examined and t h e  r e l i a b i l i t y  of t h e  machine's components co r r e -  

l a t e d  wi th  ope ra t ing  cond i t i ons  and des ign  p r i n c i p l e s .  Also, an o v e r r i d i n g  

requirement of a  power r e a c t o r  w i l l  be  a v a i l a b i l i t y .  This  w i l l  depend, 

among o the r  t h i n g s ,  on t h e  t ime requi red  f o r  changeout and maintenance 

ope ra t ions .  The f e a s i b i l i t y  of and time r equ i r ed  f o r  t h e s e  ope ra t ions  

must t h e r e f o r e  be  a s se s sed  i n  t h e  ETF. 

Becaus'e t h e  ETF w i l l  be  a  long p u l s e  tokamak wi th  a  superconducting 

TF system, s i g n i f i c a n t  s t a t i s t i c a l  in format ion  about f a i l u r e s  and t h e i r  

causes may b e  obta ined  from it. Therefore,  d a t a  ga the r ing  w i l l  b e  a n  

important mission.  Information on f a u l t s ,  t h e i r  causes,  and t h e i r  

frequency of occurrence must be  adequate ly  recorded and i n t e r p r e t e d .  

Remote maintenance and engineer ing  ope ra t ions  t e s t i n g  a r e  missions 

t h a t  l a r g e l y  r e l a t e  t o  t h e  period a f t e r  cons t ruc t ion  of t h e  ETF. How- 

eve r ,  in format ion  w i l l  a l s o  be  acqui red  during t h e  design and cons t ruc t ion  

of t h e  machine, Accordingly, one o b j e c t i v e  of t h e  ETF mission is  t h e  

des ign  of t h e  machine f o r  m a i n t a i n a b i l i t y .  P a r t i c i p a n t s  i n  t h e  remote 

maintenance and engineer ing  ope ra t ions  t e s t i n g  subgroup a r e  l i s t e d  i n  

Table A. 5 .l. 

A.5.2 KEY ISSUES 

Three key i s s u e s  have been i d e n t i f i e d :  

(1) demonstrat ion of t h e  m a i n t a i n a b i l i t y  of ETF components, 

(2)  a c q u i s i t i o n  of d a t a  from ETF ope ra t ion  f o r  t h e  improved main- 

t a i n a b i l i t y  of f u t u r e  r e a c t o r s ,  and 

(3)  a c q u i s i t i o n  of d a t a  on t h e  problem of designing f o r  maintain-  

a b i l i t y .  
." 



Tablc A.5.1. Participants in remote maintenance and engineering 
operations testing subgroup 

-- 

D. L. Kummer, Chairman McDonnell-Douglas Astronautics Company 

J. E. Baublitz OFE 

R. P. Beuligmann General Dynamics, Convair Division 

J. G. Crocker EG&G Idaho 

D., Field . GA . 

J. W. French EBASCO Services 

G. Fuller McDonnell-Douglas Astronautics Company 

E. Y. Gagnoli 

P. H. Haubenreich 

J, 13, Joyce 

F. A. Puhn 

W. Mart011 

L. Masson 

D. J. McParlin 

R. E. Mullen 

V. S. O'Block 

M. Sniderman 

United Teclinulogies Research Center 

ORNL 

PPPL 

G A 

OFE 

EG&G Idaho 

United Technologies Research Center 

Aerojet Manufacturing Company 

Westinghouse Electric Corporation 

Westinghouse Electric Corporation 

P. T. Sp~mpinato , Grumman Aerospace Corporation 

I. N. Sviacoslavsky U~iIverslLy ul: Wiscu~~sill 

S. S. Waddle DOE/Oak Ridge Operations 

K. E. Wakefield PPPL 

J. E. C. Williams MIT 

N. E. Young EBASCO Services 



The first and second issues can, to some extent, be interrelated. 

Table A.5.2 shows the data and maintenance experience to be obtained for 

each of' the ETF components. The letters suggest the relative importance 

of the mission functions. In particular, the chart identifies those 

components that may require maintenance evaluation in mockup form prior 

to startup in 1990. The three key issues are described in the following 

sections. 

A.5.3 DEMONSTRATION OF COMPONENT.MAINTAINABILITY 

Thc objcctivcs of the demonstration are (1) to obtain information 

about the effect on maintainability of the design of components, (2) to 

obtain information about maintenance operations, and (3) to establish 

confidence that maintenance times will ultimately allow necessary plant 

availability for cost-competitive fusion power. 

The key ETF components to be considered for the demonstration of 

maintainability are as follows: 

(1) first wall, with particular attention, to modular changeout 

and in situ repair (holes, leaks, lines., low Z,coatings), 

(2) blanket, 

(3) shield, 

( 4 )  limiter. 
(5) vacuum pumps (particularly cryosorption), 

(6) fueling equipment, 

(75 neutrai beam lines 'and ion sources, 

(8) divertor, 

(9) TF coils, 

(10) PF coils, 

(11) OH coil and central core, and 

(12) maintenance equipment. 

This list of components is representative of a reactor. 

Components 1-8 are likely to require replacement or'repair during 

the lifetime of the ETF as a result of normal operation. Therefore, 

they will be designed'for maintainability, and a maintainability demon- 

stration will be part of the expected 11urma1 uperaLlu~~s. 



' Table 4.5.2. &mote ma-ntenarce and engineering operations resting matrix 
(.4 indicates t e  priority; B, second priority; 0, probably nJt applicable; 

M, a mockug experinent will be done before 1990) 

ETF subsyseem 

First wall Limiter Neutral Remote 
and vi?cuum test bays ?ueling beams and TF EF OH maintenance 

Mission function vessel Bla3ket Shield {pcrts) Fumps systems sources coils . coils coils Divertor equipment 

Statistics on failures 
and causes A A A . A A A A  A  A  A  A  A  

Environment radiation 
survey 0 .  0 0 0 A A  A  A  A  A  A i E  B  

Fault location 
efficacy 

Data for preventi-~e 
maintenance A/b: AIM Ah4 AIM A P. A  A I M  A I M  A I M  A  /'M B/M 

Fluid line seal 
performance A  n A A B A A  B  B  B  A  0 

Assessment of zontact 
maintenance A  

Effect of radiation 
environment Jn 
maintenance h k A 4 A P. A  A  A  A  A  

Maintenance with 
magnets cold A / b  AIM * Ait4 4 i M  0 0 0 A/M A I M  AIM A/M 0 

Vacuum seal evaluation k 0 0 3 A A  A  A  A  A  A  0 

Maintenance pr~cedure 
evaluation A h  X!M A?K biM A A , AIM A/l.l A I M  A I M  A I M  A I M  

Areas of great 
difficulty ix 
maintenance 



Components 9-11 may have a very long lifetime, and maintenance may 

not be required during the operating life of the ETF. Relatively long 

maintenance times may'be allowed for the repair of these systems. 

Consequently, the requirement for a demonstration and the approach for 

accomplishing the demonstration must be examined carefully. 

A.5.3.1 Assumptions 

Only limited remote maintenance of some components will have been 

demonstrated on TFTR. Even where data are available, the design of the 

TFTR components will be substantially different and generally simpler. 

Also, the time permitted for TFTR maintenance operations will be longer 

than for the ETF and subsequent reactors. Data are currently available 

from fission reactor refueling, breeder reactor development, and remote 

operations at facilities such as the N Reactor and the Purex Facility at 

Richland, Washington. Future information from these fission facilities 

probably will not be significantly different from that currently avail- 

able. 

Advancements are required in (1) the time to replace components; 

(2) the in situ repair of selected components and types of failures; 

(3) the effectiveness of inspection procedures for preventive main- 

tenance and acceptance of a repaired or replaced component; (4) the 

design of simple, modular components, especially if frequent replacement 

is anticipated; and (5) the development of rapid and reliable fluid and , 

electrical disconnects. These and other milestones are described in 

Tables A. 5.3-A. 5.8. 

Modular components and experiment packages of significant size and 

complexity will have to be replaced by remote techniques. The replace- 

ment times permissible will probably vary from a few days for small 

components with an expected short life to months for large components 

with a long life that are inherently dlffkult to replace. 



T a b l r  4.5.3.  Remxe maintenance - nuc lea r  i s l a n d  

Key t echn i -a1  
components/ issues +sumptions M l e s  tones 

~ e v i k e l f a c i l i t ~  Referenze des ign  
requirements  Test i l rg time impacts  

General  needs 

F i r s t  w a l l  

Blanket  

Sh ie ld ing  

E e m ~ v a l  d replacement Develop ue thods  of replac-  
e r p e r i e r c e  o r  TPTR; i n g  f i r s t  w a l l  s e c t i o n s  
m a t e r i a l s  c a i a  i n  and r e q ~ a l i f i c r t i o m  a f t e r  
he nd replaoe=enc 

' a t e r i a l s  d a t a  .only Develop r.:placeatle nodule,  
inc lud ixg  p r o v j s i o r s  f o r  
handlFw:, a t t achmer t ,  and 
coo lan t  j o i n t s  

Limixed d a t a  o n  h a w  Develop s h i e l d i n g  motule,  
dMng o f  s h i e l d i n g  i n c l u d i r g  p r o v i s i o r s  f o r  
blocks remote L a d l i n g ,  scp?or t ,  

r e s t r a l r t ,  and coo lan t  
j o i n t s  

Reploval and r e q l l a l i f i ~ t l o n  
procedures;  ea t a b l i s h w n t  
of maintenance t ime l i - ie ;  
o p e r a t i o n a l  proving d 
equipment des ign  (may i e  
accomplished i n  mockup); 
q u a l i f i c a t i o n  of pe rml rne l  
(may be acconplished is 
mockup) 

2 p c r a t i o n a l  proce- 
cu res  axd equip- 
ment design 
v e r i f i e d  i n  mockup 

? f r s t  changeout of 
a c t i v a t e d  f i r s t  
u a l l  s e p e n t  wi th in  
3 y e a r s  fo l lowing  
D T  opera t ion ;  
r e p l a c i n g  f i r s t  
w a l l  of 1 s e c t o r  
.should t ake  about  
:2 months 

Xfplacing b lanke t  
aodu le  of  1 s e c t o r  
shou ld  t ake  about  
2 months (normally 
done a t  same time 
as f i r s t  w a l l  
s e c t o r  replacement)  

- m s s s  t o  b lanke t  and 
f i r s t  w a l l  provided 
bv remo\.ing ex- 
t e r n a l  s h i e l d i n g  
m l y ;  i n t e r n a l  
s h i e l d f c g  t o  be 
remove? with a 
:.arnplete module 
segment 

Requires e a r l y  a v a i l -  
a b i l i t y  and qua l i -  
f i e d  equipment 
r e E l e c t i x g  c u r r e n t '  
hardliare c e s i g n  
(nay in:ll;de up- 
g rad ing  s h e  equip- 
ment a s  :he des ign  
is  e v o h e d )  

Requires  iacorpo-  
r a t i o n  of a c c e s s  
p o r t s  and ?revision 
of in -vesse l  
stqzport and i n t e r -  
f a c e  :or i n  s i t u  
equipmect 

E ixor  i n  s i t u  main- 
renance should 
sake a t c u t  2 weeks 
( i f  f a c l t  has  been 
I s o l a t e d )  ' 

I n  situ main te racce  2 ~ ~ e r i e n c e  i n  rzmote Develop ~ c n d e s t r c t i v e  in-  
of f L r s t  v a n  m a i n t e n a x e  oE v e s s e l  t n s p e c t i ~ n  Wch- 

l i m i t e r s .  a r m r  n iques .  f a u l t  i s o l a t i o n  
p l a t e ,  alrd i n  s i t u  dev ices ,  and s p s c i a l  
d i a g n o s t i c s  03 TFTR equipmert t o  p e r f o n  

maintemmce fun- t ions ;  
provide s u i t a b l s  i n t e r -  
f a c e  f o r  m o u n t i ~ g  a i d  
s u p p o r t k g  in -vssse l  
equipmcm and a l l o v l n g  
f o r  i n g r e s s l e g r e s s ;  
develop me:hods f o r  
app ly icg  pmtec: ive coat-  
ings  t o  f i ~ s t  wa l l  

Replacement of Experience on T?TR Improve I F n i t e r  b-ade ' Changeout should Requires  incorpo- 
l i m i t e r  b l a d ~  des ign  rn i a c i l r t a t s  :ake about  3 weeks r a t i o n  of access  

remote replacement; pro- p o r t s  and p rov i s ion  
v i d e  E C K  disconmect1r.g ' of in -vesse l  sup- 
c o o l i n ~  l i n e s  (:f re- p o r t  and i n t e r f a c e  
q u i r e d l  ; develop s p e c i a l -  f o r  i n  s i t u  equip- 
i zed  ecriipnent t o  remove ment 
and reGIace b lades  



Table A.5.4. Remoze maintenance -magnet system 

Key t echn ica l  Dev ice / fac i l i ty  Reference design 
compc.nents/issues Assumptions Milestones requirements Test ing time impacts 

Coil  removal and Demonstrate the  f e a s i b i l i t y  
rep1.acement of remwring and replacing 

a c o i l  (could be accom- 
pl ished during i n i t i a l  
a ~ s e m b l y ) ~  

TF c o i l s  Experience on TF?'R, Develop remote disconnect Ac t iv i ty  of major TF c o i l  s i z e  d icca tes  

LCP, T-U,  nd To: e l e c t r i c a l  busbars, magnitude; un- the  need fo r  a 

Doublet 111' remote cryogenic scheduled mainte- coil-winding 
couplings, and spec ia l -  nance w i l l  require  f a c i l i t y  t h a t  could 
i z sd  handling equipment > l  year. I f  c o i l s  be used t o  r e p a i r  

a r e  designed f o r  f a i l e d  u n i t s  
rapid replacement. 
time could be 
reduced t o  c 6  
monthsC 

Replacement of 1 Design must f a c i l -  
c o i l  should take i t a c e  v i s i b i l i t y  
about 3 months and access  t o  al low 

remote maintenance 

Inner  PF c o i l s  Experience on ASJEX, Deve-op remote disconnect 
PDX, and Alcator  C fo- e l e c t r i c a l  busbars, 

6echanical  j o i n t  fo r  
se.:menting co i l s , .  renote 
colnect ions fo r  coolsnt  
l i l e s ,  remote handling 
f i - tu-es ,  and remote 
v i w i n g  systems 

Outer PF c o i l s  Experience on TFLU, ' Deve-op remote disconnect  
PDX, and A l c a t x  C f o r  e l e c t r i c a l  busbars, 

re2ote cryogenic 
compllngs, mechanical 
j o l n t  fo r  segmenting 
co; ls  o r  winding c o i l s  
i n  place 

Replaceoent of 1 
upper c o i l  should 
take about 2 
months; of 1 lower 
c o i l .  about 6 
months 

Requires a c i r c u l a r  
maintenance we l l  t o  
allow disassembly1 
reassembly of lower 
PF c o i l s  and s t o r -  
age a rea  within 
r eac to r  bui lding 
f o r  upper PF c o i l  
support  s t r u c t u r e  

Requires a b i l i t y  t o  
maneuver component 
t o  r epa i r  a rea  

Replacement of a 
bundle d i v e r t o r  
should take about 
1 monch 

Divertcr  maintenance Experience wi th  (1) Develop handling equipment 
exteroal- type 
divert=.= on EOdel C 

. S t e l l a r a t o r .  (2) 
poloidal  d i v e r t o r  on 
PDX. ASDEX, and 
JT-60. ( 3 )  bundle 
divercor  on DITE 
and possibly ISX-6; 
da ta  on maintenance 
on bundle d i w r t o r e  
from Culham Labo- 
rator : i ;  experience 
with l iqu id  o p t a l s  
on LHIBR-related 
prograns 

Cen t ra l  co re  OH Experience on TWR, Develop spec ia l i zed  mainte- Unscheduled mainte- Requires v e r t i c a l  
c o i l  replacement PLT. PJX, DITE. nance equipment f o r  nanc? a c t i v i t y  may clearance Co remove 

ASDEX. JET. a d  handling and viewing take more than cen te r  column 

Alcator  C 1 year 

'1t i s  assumed t h a t  c o i l s  w i l l  be desQned f o r  maxirrm r e l i a b i l i t y ;  t h e i r  removal and replacement a r e  not expected t o  be necessary during the  design 
l i f e  of che ETF. 

*TFIR's TF c o i l s  a r e  copper and approximately one-half the s i r e  of ETF's; LCP's TF c o i l s  a r e  superconducting and ap?roximacely one-half the s i z e  of 
ETF'3. 

C~ design t h a t  permits easy removal oE che TF c o i l s  nay have an impact on the remote maintenance of o the r  components. 



Table A.5 .5 .  Rexote main tmance  - e q u i p m a t  

Key t e c h n i c a l  
componentsi issues assumpt icus  Milestones 

Devicelf  a c i l i t y  
requirements  

Reference des ign  
Tes t ing  time impacts 

Recovery from main- 
tenance ecuipment 
mal func t ion  

Component rep lace-  
ment, i n c l u d i n g  
vacuum pumps 
(c ryosorp t ion)  , 
f u e l i n g  equip- 
ment, n e u t r a l  
beams, n e u t r s l  
beam i o n  sources ,  
r f  i o n i z a t i o l  
equipment, a l d  r f  
h e a t i n g  equi?ment 

Compos-te exper ience  
f r o n  remote n u r l e a r  
technology 

Experience on TFTR. 
PLT, MFTF, EBT, and 
Alca to r  C d t h  vacuum 
pumps, n e u t r a l  beams, 
and f u e l i n g ,  rE ion- 
i z a t l o n ,  a d  rf 
h e a t l n g  e q d p n e n t a  

Develop mobile  -liewing and 
maripi l la tor  s p s t e n  t.2 
a p ~ r a i s e  f a i l u r e  sods  

Irnprcve des ign  !or remi t e  
m a k t m a n c e  amd hand l ing ;  
des ign  f o r  more se'rere 
enuirmment;  cons ider  
t r i t i u m  con tan ina t ion  f a r  
r e z c t o r  b u i l d ~ n g  and 
t a h n c e  of p l a n t ;  de-;el- 
s p e c i a l i z e d .  equipmen: f o c  
t r m s p o r t  of l a r g e  and lor  
heavy components v i t h  
c lase - to le rance  position- 
i n g  c a p a b i l i t i e s  

E s t a b l i s h  f a i l u r e  mode 
a n a l y s i s  and d e t e r m i ~  
s p e c i a l i z e d  systems a ~ d  
jack-up s y s t e e s  

E s t a b l i s h  f a i l u r e  nude 
a n a l y s i s  and determin? 
s p e c i a l i z e d  systems a ~ d  
back-up systems 

Vacuum pump: 2 
weeks t o  remove 
and r e p l a c e ;  
f u e l i n g  equipment: 
2 weeks t o  r e p l a c e ;  
n e u t r a l  beam: 1 
week t o  r e p l a c e ;  
ion  source:  2 
days t o  r e p l a c e ;  
r f  i o n i z a t i o n  
equipment: 2 days 
f o r  maintenance; 
r f  h e a t i n g  equip- 
ment: 2 days f o r  
maintenance 

Requires p rov i s ion  of 
viewing i n t e r i o r  of 
r e a c t o r  b u i l d i n g  

Requires adequate 
access  t o  rraneuver 
com?onents t o  
r e p a i r  a r e a ;  f l o o r  Co 
l o a d i n g l s u r f a c e  con- 0 
d i t i o n  adequate f o r  
t r a n s p o r t  of heavy 
com?onents; ho t  c e l l  
f a c i l i t i e s  c l o s e  t o  
r e a c t o r  b u i l d i n g  f o r  
component mainte- 
nance 

- -  

%uch of  t h i s  equipment is d ~ s i g n e d .  fo: hands-on mairreuance. 



Table A.5.6. Ergineering operations - maintenance statistics 
- ~ 

Key technical Device/facility ~ e f  erence design 
components/issues . Assumptions Miles tones requirements Testing time . impacts 

Subsystem failure Experience on'JT-60, Operate machj.ne for signif- Adequate data collection Throughout operation Failure detection 
rates and causes T-15, JET, .TFTR; data icant numb6.r of shots at and analysis of machine equipment required 

from 'ISTA, LCP, FMIT, high outpul.; obtain 
.and MFTF; history of failure data on items 
reliat ility of such as sugerconducting 
.neutr~l beams, rf coils, fueling devices; 
sourccs, and oper- publish report 
ati~ig fusion devices 

Vacuum seal ade- Performance data avail- Operate vacum system at Installation of adequate Collect data on suc- Design adequate in- 
quacy and seal able on TFTR, JET, design pressure and tem- instrumentation and leak c.essive remotely strumentation, leak 
maintenance (me- Doublet 111, etc., in perature; obtain data on detection equipment; removed flanges, detection, and easy 
chanical seais or smaller sizes failure rates, causes, maximum number of oper- seals, etc., after inspection capa- 
welds) time to repair, integrity ating cycles at maximum use; analyze bility 

after repax, etc.; pub- burn time failed seals to 
lish reporr. determine cause; 

inspect condition 
of seals during 
routine mainte- 
nance operations 
and record history 

Time for demonstra- Mockups and other 
tion of mainte- special facilities 
nance operations, required to test 
including simula- maintenance proce- 
tion of abnormal dures and equipment 
situations 

Adequacy of mainte- Experience on TFTR and Write maintenance proce- 
ance procedures ocher devices with dures; tes.: maintenance 
and ,equipment remote maintenance procedures off-site, on 

mockup, and on ETF using 
actual equipment; docu- 
ment record of evaluation 
of mainten.snce procedures 
and equipm~nt capability 

Items/areas of ex- 
tr,~mely difficult 
makctenance 

C.>mplete operation of de- 
vice; defi~e and describe 
difficult naintenance 
tasks as t'ley are identi- 
fied durin3 design, on 
mockup, during assembly, 
during operation, and 
during postoperation 
maintenanc demonstra- 
tions; provide timely 
input to &signers of EPR 

Recovery from Possible redesign of 
schedule slippage areas identified as 
due to lengthy difficult to main- 
maintenance tasks tain 
that impact 
machine avail- 
ability 



Tatle A.5.7. Engineering .,peration; -maintenance experience 

Key technical 
components/issues Assumptions Milestoces 

Device/facility Reference design 
requirements Testing time impacts 

Effectiveness of Failure detection Demonstrate techniqces Sc,r 
locating and de- history from TFTF., positive early detectlcn 
tecting failures LCP, TSTA, etc. of vacuum leaks, supe:- 
anc minimizing conducting coil malfunc- 
damage tions, tritiux system 

leaks, etc., durittg 
shakedown; publish report 

Techniques for Limited p?rformance 
oondtoring device data av.ailable f rcm 
operation to cperational devises 
obtain data for 
use in anti-ipat- 
ing need for main- 
tenance 

Fluid line joint Operating data from 
and seal pe-for- previocs devices 02 
mance, leak fluid l ~ n e  joint pzr- 
detection, and formance for moderate 
repair line sizes; nuclea.: 

power piant data will 
exist fcr water lines; 
TFTR data available 
for tritium and pas- 
lines ; liquid helium 
data aveilable from 
TFTR, other neutra; 
beam applications, 
LCP 

Determine potential Experience with mainae- 
f3r contact and nance on TFTR 
semlremote main- 
tenince 

Feasibility of ' Data frcm naintenance 
maintenance with operatioos on LCP, 
magnets cold MFTF, T-L5. MHD. PE5, 

etc. 

)perate machlne; dev2lop 
instrumentation pian; 
publish re?ort 

Operate fluid system; 
obtain data dcring 
machine operaticn, 
record data on per- 
formance, and ar.alyze 
failures (type 2nd 
frequency). publisi 
report 

Gonsistent with reacror- 
room radiation, deter- 
mine applicable tasks 
for contact mainterance. ' 

demonstrate feasibjlitp 
prior to D-T operation. 
and implement into 
maintenance plen tbsose 
tasks showr to b2 
beneficial; publish 
report 

Uentify tasks that can Be 
performed vith magnets 
cold 

Adequate data collectior 
and analysis, includirg 
:ime to detect failure, 
cake corrective actioc, 
and identify cause a k  
location 

Installaticn and operatbn 
of adequate instrumen-2- 
tion for measuring stxln 
temperature. crack prc-?a- 
pation, f l w  rates, ra9i- 
ation, pressure, time. 
deflections, currents. 
voltage, fields, etc. 

Installation of acequate 
instrumentation, fai1u:e 
detection equipment, ale 
test loops for seals azc 
joints to be used in 
future devices 

"rough check-out 
during installa- 
#tion and shakedown; 
analysis time re- 
quired after a 
failure; inspec- 
tion of related 
:mpon?nts and in- 
;trumltation re- 
q.~ired after a 
Failure, including 
r?view of pro- 
:ed.~res 

(h,sck~ut and cali- 
5rati~n of instru- 

, mentation during 
assem'3ly; data 
nonitored and ana- 
lyzed during ma- 
chine operation 

k c a  nonitored' and 
analyzed during 
machine operation; 
time required 
Curing operation 
lor removal and 
replacement of 
experiments 

Time to perform con- 
tact.or semiremote 
uaintenance tasks 
as appropriate 
(dexor-strate per- 
sonnel protection 
devices in radia- 
tian environment 
prior to use in 
Em) 

T f m  to perform 
maintenance tasks 
= appr3priate 
with magnets cold 

Failure detection 
equipment and 
special controls or 
other devices re- 
quired to minimize 
damage; develop 
design and opera- 
rive philosophy 
relating to 
failures being 
designed for 

Requires adequate 
instrumentation 
that doe-. not 
compromi;e machice 
reliability 

Provide for special 
test loops; ade- 
quate instrumen- 
tation required; 
design adequate 
failure analysis 
equipment 

Special tools1 
shielding may be 
required for 
specific tasks 

Design device to 
minimize number 
of tasks requiring 
warm-up of super- 
canducting coils; 
mockup may be 
required to 
evaluate mainte- 
nance operation 



'Eable A.5.8. Engineering aperations - radiation effects 
- - -- --  -- -- 

Key technical Devicelfacility Reference deslgn 
components/issues Assumptions Milzstones requirements Testing time impacts 

Reactor-room anc Limited data from TFTR, Obtain radhtson data for Adequate data collection Throughout D-T oper- Means of monltorlng 
component radia- JET, TSTA, etc. all compo~ents and and analysis ations required 
tion environment reactor n o n  over a range 

of operattve parameters 
and history; publish 
report 

Effect on mainte- United radiation damage Analyze failures and degra- Maximum operating time at Time required to re- Capability for 
nance of radiz- data available from dation of characteristics critical parameters move and analyze materials test' 
tion environment, TFTR, FMIT, laser as compownts are avail- components and to experiments must 
tenperatures , fusion; fission able for inspection; analyze effect of be provided 
vacuum, or reactor data avail- publish rzport operating environ- 
corrosion able; operation data ment on their 

(temperature, vacuum, functions 
zorrosion, sputtering, 
etc.) available from 
other operating fusion 
devices 



The des ign  o f ,  ETF components t o  s a t i s f y  maintenance time and con- 

f i d e n c e  g o a l s  w i l l  have an  impact on t h e  design e f f o r t  and impose des ign  

c o n s t r a i n t s .  Maintenance f e a t u r e s  w i l l  have t o  be  known e a r l y  i n  t h e  

des ign  and w i l l  b e  one more requirement i n f luenc ing  t h e  f i n a l  design.  

I n  c l o s e  coo rd ina t ion  wi th  t h e  component des ign ,  maintenance equipment 

and procedures  must be e s t a b l i s h e d .  

Func t iona l  mockups w i l l  b e  needed t o  support t h e  development of 

ma in t a inab le  des igns ,  maintenance equipment, maintenance procedures ,  and 

pe r sonne l  t r a i n i n g  techniques .  M a i ~ t  enance equipment w i l l  inc lude  some 

s p e c i a l i z e d  equipment. Equipment t o  recover  from t h e  malfunct ion of t h e  

normal maintenance equipment w i l l  be requi red .  For certail i ,compoilears,  

such  a s  i o n  sou rces ,  h o t  c e l l s  w i l l  b e  needed t o  r econd i t i on  t h e  compo- 

n e n t s  a f t e r  they  a r e  removed from t h e  r e a c t o r  room. 

A . 5 . 3 . 3  ~ e v i c e / F a c i l i t y  Requirements 

S p e c i f i c  f u n c t i o n a l  and performance r equ i r ewe~ .~ t s  for t he  ETF compo- 

n e n t s ,  equipment, and f a c i l i t i e s  involved i n  remote maintenance must be 

e s t a b l i s h e d  i n  conce r t  wi th  design and o v e r a l l  device  s p e c i f i c a t i o n s .  

General  requi rements  i nc lude  (1) es tab l i shment  of d e t a i l e d  component 

removal,  r e p a i r ,  and r e q u a l i f i c a t i o n  procedures;  (2;) esta 'bl ishment  of 

a c c u r a t e  maintenance o p e r a t i o n  time l i n e s ;  (3 )  proving of equipment 

des ign  and procedures  by p reope ra t iona l  check-out; and (4) q u a l i f i c a t i o n  

of  personnel  . 

A . 5 . 3 . 4  Tes t ing  Schedule Requirements 

Most maintenance o p e r a t i o n s  must be  performed wi th  t h e  device  shut  

down. Th i s  means t h a t  t h o s e  ope ra t ions  t h a t  cannot be o r  a r e  no t  c a r r i e d  . 

ou t  on mockups du r ing  des ign  and/or assembly w i l l  have a  s i g n i f i c a n t  

e f f e c t  on t h e  machine 's  o p e r a t i o n a l  a v a i l a b i l i t y .  Because t h e  ETF 

components t o  b e  maintained and t h e  maintenance equipment and procedures  

t o  be  used a r e  y e t  t o  b e  designed,  goa l s  f o r  t h e  maintenance t imes 

should b e  e s t a b l i s h e d .  These goa l s  should be s e l e c t e d  cons ider ing  

(1)  t h e  expected maintenance frequency, (2)  t h e  t ime dur ing  t h e  program 



when the maintenance takes place, (3) the ETF availability requirement, 

and (4) the m-iz~tenance time/availability requirement for EPR and DEMO. 

Maintenance demonstration may be performed (1) during device 

assembly, (2) prior to D-T operation, (3) after D-T operation, and 

(4) during decommissioning. Lengthy and risky demonstrations such as TF 

coil replacement might best be accomplished during assembly, during 

design or mockup, or during decomfssioning. 

A.5.4 ACQUISITION OF DATA FOR IMPROVED MAINTAINABILITY 
OF FUTURE REACTORS 

The objective of this issue is the recording, analyzing, and dis- 

semination of information for reactor maintenance. This information 

will be applied to the design and operation of future fusion reactors to 

improve their maintainability and overall performance. Key items of 

data and information desired are 

subsystem failure rates and causes, 

reactor room and component radiation environment, 

effectiveness in detecting and locating failures and 

minimizing damage, 

techniques for monitoring device operation to obtain data for 

preventive maintenance, 

fluid line joint and seal performance, leak detection, and 

repair, 

deLerulnation of potential for contact and semiremote main- 

t enance , 
effects of radiation environment, temperatures, vacuum, or 

corrosion on component removal, replacement part fit, and 

mechanical j oining, 

feasibility of maintenance with magnets cold, 

evaluation of vacuum seal adequacy and seal maintenance 

(mechanical seals or welds), 

, 
(10) evaluation of adequacy of maintenance procedures and 

equipment, and 

(13) identification of itemslareas 01 particular difficulry. 



A.5.4.1 Assumpcioas 

Some d a t a  w i l l  be  a v a i l a b l e  from f u s i o n  devices ,  inc luding  TFTR, 

JT-60, T-15, Doublet 111, JET, and MFTF. Other experimental  devices  

such a s  A lca to r  C ,  PLT, and PDX can a l s o  provide some information.  

However, n o t  a l l  of t h e s e  machines main ta in  complete f a i l u r e  l ogs .  The 

t e s t i n g  of subsystems t o  support  t h e  development of f u s i o n  devices  w i l l  

a l s o  provide  d a t a .  ( Inc luded  i n  t h i s  ca tegory  a r e  LCP, TSTA, and FMIT.) 

F i s s i o n  power p l a n t s ,  b r eede r  development r e a c t o r s ,  and s p e c i a l  nuc lea r  

f a c i l i t i e s  w i l l  b e  a d d i t i o n a l  sources  of d a t a  and information.  However, 

none o f  t h e s e  p rov ides  a Combinatioa of enviranmenc, s i z e ,  and design 

t h a t  c l o s e l y  resembles  t h e  fus ion  r eac to r .  The ETF provides a  unique 

tes t -bed  i n  t h i s  regard .  

Accomplishment of t h e  d a t a  a c q u i s i t i o n  mission does not  i n  i t s e l f  

r e q u i r e  advancements. It w i l l  be  achieved p r imar i ly  by ins t rumenta t ion  

and planned experiments t h a t  a r e  compatible wi th  t h e  ETF. The r e a c t o r -  

l i k e  f e a t u r e s  of t h e  ETF, i t s  long cumulative ope ra t ing  time, and t'he 

des ign  of many components f o r  m a i n t a i n a b i l i t y  w i l l  provide t h e  con- 

d i t i o n s  t h a t  make t h e  E'I'k' a n  excel lent :  i a c i i i f y  f6Y this i i i lSSi6i l .  Only 

a  s m a l l  impact on t h e  dev ice  c h a r a c t e r i s t i c s ,  f a c i l i t i e s ,  o r  schedule i s  

a n t i c i p a t e d  . 

A . 5 . 4 . 3  D e v i c e I F a c i l i t y  Requirements 

The in s t rumen ta t ion  and s p e c i a l  experiments r equ i r ed  should impose 

a  minimum need f o r  new f u n c t i o n a l  and performance requirements  f o r  t h e  

E'I'Y dev ice  and f a c i l i t y .  P i a a s  f o r  the requi red  instrumentat lur i  and ~11e 

s p e c i a l  experiments necessary  t o  a c q u i r e  t h e  des i r ed  d a t a  must be  def ined  

e a r l y  i n  t h e  ETF program. Also, t o  ensure  completeness t h e  d a t a  record-  

i n g  and d i s semina t ion  r equ i r ed  should be e s t a b l i s h e d  e a r l y .  Some of t he  

d a t a  needs w i l l  r e q u i r e  s p e c i a l  experiments.  One example might be  

de te rmining  t h e  e f f e c t s  of r a d i a t i o n  environment, high temperatures ,  

vacuum, o r  co r ros ion  on t h e  b inding  up of p a r t s  t h a t  must move f o r  



maintenance and t h e  f i t t i n g  of t h e  replacement p a r t .  Swell ing,  c r eep ,  

co r ros ion  products ,  o r  vacuum depos i t i on  might cause d i s t o r t i o n  o r  

binding.  A s p e c i a l  experiment t o  eva lua t e  a  range of parameters i n f l u -  

encing such d i s t o r t i o n  o r  b inding  may be t h e  b e s t  way t o  o b t a i n  t h e  

needed da t a .  Another example is  determining t h e  p o t e n t i a l  f o r  con tac t  

and semiremote ma2ntenance. I n  t h i s  ca se ,  d i f f e r e n t  s e c t o r s  of t h e  

t o r u s  might u se  d i f f e r e n t  degrees of s h i e l d i n g  and/or  p e n e t r a t i o n s  t o  

e v a l u a t e  a l t e r n a t i v e s .  Furthermore, p r o t e c t i v e  mobile s h i e l d s  might be 

instrumented and placed i n  t h e  r e a c t o r  room a t  app ropr i a t e  l o c a t i o n s  t o  

confirm s h i e l d  e f f e c t i v e n e s s .  

A.5.4.4 Tes t ing  Schedule Requirements 

This  mission can probably be accomplished wi th in  t h e  ope ra t ing  

t imes and downtimes e s t a b l i s h e d  by o t h e r  missions.  Although t h e  added 

in s t rumen ta t ion  appears  s imple,  i t s  presence and maintenance may add t o  

t h e  t o t a l  maintenance time requirements .  The s p e c i a l  experiments a r e  

considered t o  be r e l a t i v e l y  s t r a igh t fo rward  and can be  designed so  t h a t  

t h e i r  f a i l u r e  would n o t  cause t h e  device  t o  be  shu t  down. 

A.5.5 ACQUISITION OF DATA ON DESIGNING ETF FOR MAINTAINABILITY 

The ETF w i l l  be  a  system of h igh  v i s i b i l i t y ,  and i t s  a v a i l a b i l i t y  

a s  perceived by t h e  u t i l i t i e s  w i l l  be  p a r t i c u l a r l y  noted. Notwith- 

s t and ing  i t s  precursor  func t ion ,  i t s  a v a i l a b i l i t y  w i l l  be  i n t e r p r e t e d  a s  

i n d i c a t i v e  of f u t u r e  systems. For a  base  load  e l e c t r i c a l  gene ra t ing  

p l a n t ,  t h e  t a r g e t  f o r  t h e  g ros s  annual  a v a i l a b i l i t y  i s  285% and f o r  

s h o r t e r  pe r iods  i t  i s  >95%. Therefore ,  dur ing  t h e  e n t i r e  ETF p r o j e c t  

from design t o  decommissioning, g r e a t  c a r e  must be taken t o  provide 

adequate  f a c i l i t i e s  f o r  s e r v i c e ,  maintenance, and r e p a i r  i n  o rde r  t o  

achieve  a  f i n a l  t a r g e t  of ( f o r  i n s t a n c e )  50% a v a i l a b i l i t y .  Furthermore, 

dur ing  t h e  engineer ing  s t a g e s  of t h e  ETF, t h e  in f luence  of t h e  demands 

of m a i n t a i n a b i l i t y  on t h e  design w i l l  b e  noted and eva lua ted .  The 

fo l lowing  g u i d e l i n e s  t o  be used dur ing  t h e  design of t h e  ETF a r e  o f f e red :  



(1) modularization of components, 

(2) tradeoff on vacuum (primary and secondary) boundary location 

and shielding, 

(3) identification and assessment of critical path maintenance 

actions (including high frequency activities), 

(4) tradeoff of number and size of TF coils vs performance, cost, 

and access .(including consideration of trimming coils), 

minimization of number and size of trapped PF coils, 

design for inspection, 

provision of back-up and redundant operation in design, 

nppropriatc u3c of mockups, 

maximum use of off-the-shelf maintenance equipment, 

evaluation of the ability to perform contact maintenance 

consistent with environment in reactor room, 

povision of clear access to elements requiring maintenance, 

choice of fluid/electrical joints based nn tradeoff between 

replacement time, frcquency, and reliability, 

provision for recovery from maintenance equipment failure, 

adopcion of parts standards when remote handling is involved, 

development of maintenance procedures during component design 

and check-out with mockup and during assemhl.y, and 

tluulstance and support from the newest hazardous environment 

operations technologies (e.g., space, undersea, fission, 

chemical plant, and machine actuation, production, and control 

systems) that may be of use in a fusion reactor environment. 

This list of guidelines must be reevaluated and expanded. For ' 

maximum effectiveness, the design guidelines for maintainability must he 

established at the beginning of the program and their application 

cnforccd throughout the design period. 

A.5.6 MILESTONE CHART AND MISSION ANALYSIS TABLES 

Figure A.5.1 indicates probable dates for the completion or occur- 

.rence of the deliberate maintenance events described in Tables A.5.3- 

A.5.8 and for the review of cumulative operational data. 



ORNL-DWG 80-2234 FED 

ETF MISSION/OPERATION SCHEDULE 
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Fig. A.5.1. Maintenance schedule. 
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A s  i n d i c a t e d  i n  t h e  t e x t  and i n  Table h.5.2, many mockup and 

assembly t r i a l s  of maintenance procedures  a r e  scheduled t o  t a k e  p l ace  

b e f o r e  hydrogen s t a r t u p  i n  1990. Before D-T ope ra t ion  (assumed t o  s t a r t  

i n  1993) ,  d a t a  on f a i l u r e s  w i l l  be  reviewed and maintenance ope ra t ions  

reviewed and t e s t e d .  

Immediately a f t e r  t h e  s t a r t  of D-T ope ra t ions ,  r a d i a t i o n  surveys 

w i l l  be  made and t h e  a r e a s  of p o s s i b l e  con tac t  o r  shadow-shielded main- 

tenance  determined. T h e r e a f t e r ,  s t a t i s t i c a l  in format ion  w i l l  be  obta ined  

l a r g e l y  a t  random. However, accumulating information w i l l  b e  reviewed 

a t  l e a s t  annual ly .  

The ETF mis s ion  i s  summarized i n  Tables  A.5.3-A.5.8, which show t h e  

r e l a t i o n s h i p  of t h e  maintenance and o p e r a t i o n a l  func t ions  t o  t h e  ETF 

program. 



APPENDIX Aa.6 

MATERIALS TESTING 

A.6.1 INTRODUCTION 

M a t e r i a l s  t e s t i n g  has  been i d e n t i f i e d  a s  one of t he  p r i n c i p a l  ETF 

miss ions  f o r  provid ing  t h e  d a t a  base f o r  an  EPR. I n  t he  m a t e r i a l s  

t e s t i n g  subgroup the  approach taken was t o  address  m a t e r i a l s  t e s t i n g  

from a f u n c t i o n a l  viewpoint.  Five m a t e r i a l s  c a t e g o r i e s  were i d e n t i f i e d ,  

and a s e p a r a t e  ca tegory  f o r  plasma/wall  i n t e r a c t i o n s  was e s t ab l i shed .  

P a r t i c i p a n t s  i n  t h e  subgroup a r e  I..i.sted i n  Table A.6.1. Key f i n d i n g s  

a r e  summarized i n  Tables  A.6.2-A.6.7. 

Tes t ing  f o r  fusion-produced r a d i a t i o n  e f f e c t s  was t h e  only  con- 

s i d e r a t i o n  proposed f o r  the  ETF m a t e r i a l s  t e s t i n g  mission.  It i s  assumed 

t h a t  t e s t i n g  of m a t e r i a l  p r o p e r t i e s  (e .g . ,  co r ros ion  of breeding and 

cool ing  f l u i d s )  w i l l  be-provided a t  o t h e r  t e s t  f a c i l i t i e s .  

The use  of t h e  ETF a s  a m a t e r i a l s  t e s t  f a c i l i t y  was found t o  have a 

s i g n i f i c a n t  impact on i t s  ope ra t ing  and l i f e t i m e  requirements;  I n  

a d d i t i o n ,  t h e  t iming between t h e  ETF and EPR w i l l  probably n o t  permit 

t h e  long-term t e s t i n g  r equ i r ed  t o  develop a des ign  d a t a  base. An a l t e r - .  

n a t e  proposal  may be r equ i r ed  i n  which t h e  ETF provides  c o r r e l a t i o n s  

betwccn t h e  r a d i a t i o n  e f f e c t s  produced i n  a r e a c t o r  environment and t h e  

d a t a  base t h a t  w i l l  b e  a v a i l a b l e  £rom f i s s i o n  t e s t  r e a c t o r s .  

A.h.2 KEY ISSUES 

A s  a b a s i s  f o r  t h e   material^ mission a n a l y s i s ,  r e s t i n g  requirements  

were considered f o r  sYx f u n c t i o n a l  m a t e r i a l s  a r e a s .  

k .  6 . 7  F i r s t  Wall and Blanket Structur,al-Materials . -- 

The f i r s t  w a l l  and b lanket  s t r u c t u r a l  m a t e r i a l s  category inc ludes  

a l l  m e t a l l i c  m a t e r i a l s  t o  be  used a s  s t r u c t u r a l  e lements  w i t h i n  t h e  

r ad i a t ion -a f f ec t ed  zone of t h e  b lanket  and s h i e l d .  



Table A.6.1. Participants in materials 'testing subgroup 

E. E. 

R. E. 

J. W. 

M. J. 

J. H. 

R. E. 

N. J. 

R. G. 

S. N. 

D. E. 

.Ti T.. 

Bloom, Chairman 

Clausing 

Davis 

Davis 

DeVan 

Gold 

Hoffman 

Micich 

Rosenwasser 

Smith 

Straalsund 

F. W. Wiffen 

ORNL 

ORNL 

McDonnell-Douglas Astronautics Company 

Sandia Laboratories 

ORNL 

Westinghouse Electric Corporation 

Energy Technology Engineering Center 

Gruman Aerospace Corporation 

G A 

ANL 

Hanf ord Engineeriag De'veluyn~ent 
Laboratory 

ORNL 



Table A.L2. Materials testing - structural materials 
Key technical 

:~mponents/issues Assumptions Miles tones 
Device/facility 
requirements 

Reference design 
Testing time impacts 

Fngineering data 
base, basis for 
design methods 

Elaminations and 
judgments based 
Dn Alloy Develop- 
nent for Irradi- 
tion Performance 
,(+DIP) program 

Surface/bulk 
synergisms 

Data available from 
0RR;FMI.T. EBR-11, 
HFIR, and FFTF for 
70-300 dpa an paths 
A, B, C, and Da and 
ferrous alloys and 
for end of life [EOL) 
in helium for paths A 
and B alloys 

Correlation on sele-ted 
alloys from FMIT; 
extensive data base 
on unirradiated . 
material properties; 
better definition of 
limiting properties 
of various materials 

No data available 

Examine cadidate materials 
for EPR/DMO,in fusion 
environment; correlate 
with fission data base; 
conduct tests lasting at 
least 0r.e-half the design 
lifetime of candidate 
alloys zt 6 MWyr/m2; 
develop capability to 
test at up to 200 MWyr/m2 
for EPRiDEMO qualifica- 
t ion 

Post-mortem on ET? compo- 
nents a: end of mission 

Verify prsdictive capa- 
bility Eor bulk prop- 
erties Ln presence of 
plasma 

125-liter test, volume; . 
neutron wall loadings of 
>2 MW/m2; fully instru- 
mented and controlled 
test stations with inde- 
pendent cooling; rapid 
(1-3 days) access to test 
stations; full hot cell 
and handling facilities 

Fully instrumented and con- 
trolled test stations 
with exposcre to plasma 

Examination of can- Longer operation 
didate materials, schedule for ETF; 
sl year after full increase in product 
power D-T opera- of duty factor and 
tions; testing to wall load to 
one-half of design >2 t4w/m2; possible 
lifetime, s6 years; effect on compati- 

testin$ to s20 
bility with vacuum 

MWyr/m , >10 years building; need for 
separate controlled 
systems for load- 
ing, cooling, etc. 

Will take place at 
end of facility 
life 

3 years Requires 15 test 
stations, with and 
without exposure 
to plasma, fully 
instrumented , , and 
250 cm square by 
10 cm deep 

.I 
Four paths of apprcach are being pursued in the ADIP prcgram: P., austenitic stainless steels; B, higher strength iron-nickel-chromium alloys; 
C, refractory and reactive metals; D, innovative concepts. 



. :able A . 6 . 3 .  Ma~erials testing - nonmetallic mtcrials 
-- 

Key technical 
components/issues Assum?tions Milestones 

Device/facility 
requirenents 

Rercrcnce dcsign 
Testing time impacts 

Current break, Unirradlsted properties 'Jest sjrelling, mechaniczl Nothing beyond requirerrwnts 'Lesting of materials Nothing beyond re- 
insulators in data base availcble; propsrties, and elec- for structural materi~ls to one-half design quirements for 
high flux coils, irradiation effects triul properties to zt (see Table A.6 .2 )  liferime, h years ; struc.ture1 matc- 
waveguides, a d  data based on fission leasc one-half the design in situ testing rials (see Table 
neutral beam reactcc irradiaaions lifezime of materials .at Eor correlation, A.h.2)  
lines ' avail~ble; no ic situ 6 .YW,r/m2 3 years 

information avajlable 

Table 4 . 6 . 4 .  Materials reszing - heat sink.naterials 

Key technical 
components/issues ~ss;n~tions Milestones 

3evice/facility 
requirements 

Reference des5gn 
Tescing time ', impacts 

Beam dumps, 
limiters, armor, 
divertor/col- 
lector, liners 

Data available on b ~ a m  Evzluate performance in 
dumps, P~niters, ~ n d  zctual fusion reactor 
armor from TFTR; Fre- ~nvironment; exanine per- 
liminary divertort formanze of near-full- 
collector dzta frcim . scale iivertor/collector 
PDX; d a o  available uateri~ls if divertor is 
from newtral beam used 01 ETF 
test star.ds; good 
tbermal iesign badc- 
ground; "cry limited 
data on irradiation 
effects 

Capability for visual in- bzontinuing over life Capability for in-' 
speccion of beam dumps 3f machine spection and , 

and limiters. during . . . replacement of beam 
routine shutdcwns and . f g r  dump and limiter 
rercoval or replacement 3E materials; dedi- 
portions of components cated limiter for 
for inspection landidate materials 

with ready access, 
on-line surface 
temperature 
measurements 



Tatle k.6.5. ?laterials testing - tritium-breeding materialsa 

Key technical 
c~~ponents/issues Assumptions Mikstones 

Device/fzcility 
requirements 

Reference design 
Testing time .. impacts . 

Chsmical and phys- 
ical properties 
Jf .liquid 
lithium, liquid 
Lithium alloys 
( E .  g. , Pb-Li) . 
solid .lithium 
=cmpounds, 
mlten salts 

~ d e ~ u a t e  data base Confirm expcced behavior Blanket modules for'solid Continuing over life Requires separate 
available except for through examination of and liquid breeder of machine cooling loops, 
the f,usion spectrcm blanket mdules materials thzt can be retrievable blanket 

retrieved for examina- modules, on-line 
tion; on-line recovery recovery instrumen- 
instrumentation tation . 

. . 

'~3int effort with blsnketlfirst wall/shield technology testing. See Appendix A.4. 
. . .  

. - . . 
Table A.L6. Materials testing - magnet materialsa' 

. :. Key .technical ' ' .Derice/f.acility Reference design 
corponents/issues Assumptions . Mikstones . "' requirements Testing time impacts 

Swslling, mechan- Unirradiated properties Test materhls to at least Nothing beyond'requirements -6 years Notiling beyond re- 
ical properties. established; some one-half ~f desi n life- for structursl materials quirements for 
2lectrical prop- data on irradiated .timeatbMWyr/m8. . . . structural 
srties properties but at materials 

wrong spectrum 

a ~ h e  ETF will be used to test nonsuperconcuctin~ magnet mawrials under nigh fluence.conditions. It is assumed that superconducting~materials will be 
tested elsewhere. . . 



Table A.6.7. Materials testing - plasma/wall interactio~" 

Key technical 
components/issues Ass-~mptions Milestonna 

Reference design 
Testing time impacts 

Effects of gas re- Individual phenomer-a Verify .:redictio~~ based on Surface stations for Gas retention and Surface stations will 
tention and measured in labo- models (i.e., test analysis and testing recycle: 4 years require 500 'cm2 per 
recycle (of fuel ratories and shont modu1.s~) and s:s:ing similar to those on IS:<-B of hydrogen opera- station at plasma 
and helium) on pulse cevices; ccl- effeczs; proviie data for and PLT (on-line, real- tion and 2 years position and 
plasma and lective phenomens and EPR/D%O time) ; time-resolved of D-T operation; transfer tubes 
materials ; synergistic effects diagnostics ior plasma wall erosion and through all machine 
effects of wall unknowr.. especially edge conditions; incident impurity recycle: peripherals and 
erosion (includ- in long, pulse, high fluxes of particles and 4 years of hydro- radiation shields; 
ing sputtering, neutroE flux, iritium radiation, and emission gen operation and evaluation of wall 
arcing, blister- envirornents fluxes from surfaces 3 years of D-T erosion and 
ing, chemical operation impurity recycle 
attack, metalli- requires a hot 
snow, etc.); surface analysis 
effects of laboratory on-site 
impurity recycla 
(helium and wall 
associated) a 

Testing and verifi- Individual properties Test coating adhesion end. Component-testing faciliq Continuous over life Dedicated test sec- Q\ 
cation of (i.e., thermal shock durab~lity in ~ ~ i c t o r  with full instrumenta- of machine; also, tions to represent 
materials and . resistmce, hydrcgen plasma and eva.luate tion, removable compo- destructive end of each critical 
processes for recyclhg, arcing effec~s of .failure; nents, separate coc,ling, life tests component; compo- 
bare or coated resistance, etc.)~ selecc coatings znd/or and electrically insu- nent sections must 
components (in measured in labom- naterxls for 3PF./DEMO; latei wall section, be fully instru- 
particular, for tories;, some expe- qualify coatinzs, divertor section, l i m i ~ r  nented and visually 
in situ coatings) rience and testiq on naterxls, and processes section, etc. observable during 
for first wall, ISX-B, TFTR, Doublet Eor E?R/DEMO operation and pref- 
divertor plate 111, anc Alcator C; erably removable or 
(if used) ; no data on long burns at least retrac- 
limiters, bean Ln D-T plus neutron table without 
dumps, insulators, enviroments nachine downtime; 
and rf windows removable inde- 

pendent limiters 
and divertor plate; 
hot surface anal- 
ysis laboratory 
on-site 

a 
If a divertor is used, separatz sets of jiagnostics wiil be required. Condltions in the divertor will be significantly different and in some cases 
much more demanding. 
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A . 6 . 2 . 2  Nonmetallic Ma te r i a l s  

The nonmeta l l ic  m a t e r i a l s  were included p r i m a r i l y  t o  cover non- 

m e t a l l i c  thermal and e l e c t r i c a l  i n s u l a t o r s  t h a t  may be used w i t h i n  t h e  

a r e a  of neutron r a d i a t i o n .  

A . 6 . 2 . 3  Heat Sink Mate r i a l s  

Heat s i n k  m a t e r i a l s  inc lude  t h e  n o n s t r u c t u r a l  m e t a l l i c  m a t e r i a l s  

such as l i n e r s ,  l i m i t e r s ,  neut ron  s h i e l d i n g , . a n d  pa r t i c l e lbeam dumps t o  

be  used f o r  p r o t e c t i v e  armor, s h i e l d i n g ,  o r  h e a t  absorp t ion .  

A . 6 . 2 . 4  Breeder Ma te r i a l s  

Breeding m a t e r i a l s  were included f o r  t e s t i n g  of chemical and 

phys ica l  p rope r t i e s .  This  t e s t i n g  should be c a r r i e d  ou t  a s  a j o i n t  

e f f o r t  with t h e  b l a n k e t l f i r s t  w a l l / s h i e l d  subgroup t e s t i n g  of breeding  

m a t e r i a l s  f o r  neu t ron ic  performance. 

A . 6 . 2 . 5  Magnet M a t e r i a l s  

Magnet m a t e r i a l s  were i d e n t i f i e d  a s  a  t e s t i n g  ca tegory  t o  inc lude  

t h e  n o n s t r u c t u r a l  e le i~ ien ts  of magnets t h a t  may be used i n s i d e  t h e  TF 

c o i l s  and exposed t o  t h e  h igh  energy neutron r a d i a t i o n .   nowl ledge of 

t h e  r a d i a t i o n  e f f e c t s  on e l e c t r i c a l  and mechanical p r o p e r t i e s  is requi red .  

No t e s t i n g  of supcraonducting coil. m a t e r i a l s  has been proposed. It was 

assumed t h a t  accep tab le  neutron f luences  and hea t  loadings  can be es tab-  

l i s h e d  wi th  p r e s e n t l y  a v a i l a b l e  f a c i l i t i e s .  

A . 6 . 2 . 6  Plasma/Wall I n t e r a c t i o n s  

~ l a s m a / w a l l  i n t e r a c t i o n s  were included a s  a  s p e c i a l  m a t e r i a l s  

ca tegory  t o  e s t a b l i s h  t h e  e f f e c t s  of p l a sma /pa r t i c l e  i n t e r a c t i o n s  wi th  

f i r s t  wa l l  su r f aces .  Gas r e t e n t i o n ,  e ros ion ,  s p u t t e r i n g ,  and coa t ing  

p r o p e r t i e s  should be  eva lua ted .  



A.6.3 ASSUMPTIONS 

A major f u n c t i o n  of  t h e  ETF is t o  provide a tes t -bed  lor t h e  develop- 

ment and q u a l i f i c a t i o n  of m a t e r i a l s ,  design methods, and components f o r  

EPR and DEMO. For m a t e r i a l s  o u t s i d e  the r ad i a t ion -a f f ec t ed  zone, i t  was 

assumed t h a t  a  s u f f i c i e n t  d a t a  base  w i l l  be  a v a i l a b l e  ( o r  provided a6 

r equ i r ed )  from o t h e r  sources .  Therefore ,  t h e  ETF w i l l  b e  r equ i r ed  t o  - 
t e s t  on ly  those  m a t e r i a l s  t h a t  a r e  c l o s e  enough t o  t h e  fus ion  r e a c t i o n  

t o  r e q u i r e  eva lua t ion  of t h e  e f f e c t s  of t h e  h igh  energy neut ron  spectrum 

on m a t e r i a l  p r o p e r t i e s .  

A s i g n i f i c a n t  m a t e r i a l s  d a t a  base w i l l  h e  availahl~ from the  ongoing 

f u s i o n  m a t e r i a l s  program, p r imar i ly  from f i s s i o n  r e a c t o r  t e s t i n g  with 

some c o r r e l a t i o n s  between t h e  f i s s i o n  r e a c t o r  d a t a ;  a  h igh  energy neut ron  

spectrum w i l l  b e  a v a i l a b l e  from t h e  Fusion Mate r i a l s  I r r a d i a t i o n  Tes t  

(FMIT) f a c i l i t y .  I L  w a s  assumed t h a t  funding f o r  t h e s e  prograuls w i l l  be  

s u f f i c i e n t  t o  support  t h e  des ign  needs f o r  t h e  evolv ing  DOE s t r a t e g y  and 

schedule  f o r  t h e  c o n s t r u c t i o n  of EPR. 

A.6.3.1 F i s s i o n  Reac tor  Simulat ions 

A s i g n i f i c a n t  m a t e r i a l s  d a t a  base  w i l l  be  e s t a b l i s h e d  f o r  a  wide 

range  of helium and atom displacement l e v e l s .  Primary sources  of i n fo r -  

mation w i l l  be t h e  Oak Ridge Research Reactor (ORR), t h e  High Flux 

I so tope  Reactor  (HFIR), t h e  Experimcntal Ereeder  Reactor  (EBR-11), and 

t h e  F a s t  Flux T e s t  F a c i l i t y  (FFTF). An adequate  d a t a  base  f o r  des ign  of 

EPK could  be e s t a b l i s h e d  from tests i ising t he se  reactors provided t h a t  a 

c o r r e l a t i o n  can b e  e s t a b l i s h e d  i n  t h e  ETF between the a c t u a l  f u s i n n  

spectrum and t h e  f i s s i o n  s imula t ions .  

A . 6 . 3 . 2  Beam Fu-sion Tes t ing  

The FMIT f a c i l i t y  w i l l  provide some e a r l y  i n d i c a t i o n s  of t h e  cor-  

r e l a t i o n s  between helium product ion and atom displacement i n  fusion-  

and f iss ion-produced neut rons .  The c o r r e l a t i o n s  w i l l  h e l p  t o  b racke t  

t h e  problem, bu t  t h e  added r e s t r i c t i o n s  of t h e  sma l l  sample- test ing 



c a p a b i l i t y  and t h e  beam-produced neut rons  with ene rg i e s  g r e a t e r  than  

14 MeV w i l l  prevent  achiev ing  the  l e v e l  of confidence on which t o  proceed 

w i t h  an EPR. 

A.6.3.3 Tokamak Experimental Programs 

TFTR w i l l  provide some information on u n i r r a d i a t e d  h e a t  s i n k  

m a t e r i a l s  used a s  beam dumps, l i m i t e r s ,  e t c .  Also, PDX and ISX-B w i l l  

provide b a s i c  m a t e r i a l s  design d a t a  on d i v e r t o r  c o l l e c t o r s .  Addi t iona l  

plasma/wall  i n t e r a c t i o n  d a t a  w i l l  b e  a v a i l a b l e  from t h e s e  and o t h e r  

hydrogen t e s t  devices .  

A.6.3.4 S h o r t f a l l s  and P r i o r i t i e s  

No d a t a  w i l l  be  a v a i l a b l e  p r i o r  t o  ETF ope ra t ion  on t h e  su r f ace /  

bu lk  s y n e r g i s t i c  e f f e c t s .  The combined in f luence  of t h e s e  e f f e c t s  can 

b e  determined only  i n  r e a c t o r - l i k e  D-T devices  t h a t  o p e r a t e  wi th  plasmas. 

Although a  l a r g e  i r r a d i a t e d  m a t e r i a l s  d a t a  base  is  assumed, t h e  ETF w i l l  

provide t h e  a l l - impor tan t  c o r r e l a t i o n  f o r  a c t u a l  f u s i o n  r e a c t o r  con- 

d i t i o n s ,  wi th  t h e  added advantage of a  l a r g e  t e s t '  volume. Therefore ,  

f i r s t  p r i o r i t y  should be  g iven  t o  ob ta in ing  c o r r e l a t i o n s  wi th  t h e  

f iss ion-produced d a t a  base f o r  t he  major m a t e r i a l s  c a t e g o r i e s .  Although 

a d a t a  base  provided by t h e  ETF i s  a  good long-range goa l ,  i t  may n o t  be 

p r a c t i c a l  because of t h e  long-term ope ra t ions  requi red .  

The primary m a t e r i a l s  t e s t i n g  achievements i d e n t i f i e d  f o r  t h e  ETF 

mission a r e  descr ibed  under t h e  fo l lowing  t h r e e  mi les tones ,  l i s t e d  i n  

t h e  'o rder  i n  which they  would occur  i n  t h e  m a t e r i a l s  t e s t i n g  schedule.  

A. 6.4.1 C o r r e l a t i o n s  

The f i r s t  and most important  mi l e s tone  is  t o  provide c o r r e l a t i o n s  

between t e s t i n g  i n  a s imulated f u s i o n  environment and t h e  a c t u a l  D-T 

plasma. Typica l  c o r r e l a t i o n s  a r e  



(1)  f i s s i o n  m a t e r i a l s  d a t a  wi th  f u s i o n  plasma, 

(2) FMIT d a t a  w i t h  f u s i o n  plasma, 

(3) plasma/wall  i n t e r a c t i o n  hydrogen experiments wi th  fu s ion  

plasma, 

(4)  i n  s i t u  t e s t i n g  w i t h  p o s t i r r a d i a t i o n  t e s t i n g ,  and 

(5)  synergisms between su r f ace  and bulk.  

A.  6.4.2 , Data Base Provided by ETF 

To o b t a i n  t h e  neces sa ry  m a t e r i a l s  d a t a  base f o r  EPR, a  minimum t e s t  

t ime of one-half t h e  des ign  l i f e t i m e  of candida te  m a t e r i a l s  must be  

provided a t  f u l l  power D-T ope ra t ing  cond i t i ons  i n  t h e  ETF. The des ign  

l i f e t i m e  g o a l s  of EPR/DEMO and commercial power r e a c t o r s  w i l l  t h e r e f o r e  

have a  s t r o n g  impact on t h e  ope ra t ing  l i f e t i m e  of t h e  ETF i f  i t  i s  t o  be 

a  m a t e r i a l s  t e s t  r e a c t o r  f o r  e s t a b l i s h i n g  the  primary d a t a  base  f o r  

f u t u r e  r e a c t o r s .  

A.6.4.3 Post-Mortem T e s t i n g  

Poss ib ly  t h e  most s i g n i f i c a n t  m a t e r i a l s  design in format ion  can  be 

ob ta ined  by t e s t i n g  and i n s p e c t i o n  of t h e  ETF components a t  t h e  end of  

t h e  miss ion .  Complex des ign  f e a t u r e s  t h a t  a r e  d i I I i c u l t  t o  s imula te  i n  

t e s t  samples ( such  a s  mechanical j o i n t s  and welds,  mult idimensional  

s t r e s s  f i e l d s ,  and environmental e f f e c t s )  can be  eva lua ted  us ing  t h e  

a c t u a l  hardware. 

A.6.5 DEVICE/FACILITY REQUIRENENTS 

Requirements on t h e  ETF device  and f a c i l i t y  were found t o  be r a t h e r  

modest, cons ide r ing  t h e  importance of t h e  m a t e r i a l s  t e s t i n g  mission.  

The p r i n c i p a l  requi rements  a r e  summarized below. 

A.G.5.1 TesL Modules 

A volume of $125 l i t e r s  i s  r equ i r ed  wi th  a  minimum of f i v e  t e s t  

l o c a t i o n s ,  50 x 50 x 10 cm, a t  t h e  f i r s t  waJ.1. Some t e s t  samples w i l l  



require direct exposure to the plasma. Independent cooling will be 

required for each location and possibly for submodules at a single 

location. Fully instrumented and automatically controlled sample test 

fixtures will be required within each location. 

A.6.5.2 Reactor Power Levels 

Neutron wall loadings > 2  M W / ~ ~  will he required to evaluate reactor- 

level radiation effects adequately. 

A.6.5.3 Operations and Maintenance 

Access will be required for both scheduled and unscheduled removal 

and replacement of test modules. Materials test units consisting of an 

entire station/module will be removed for maintenance outside the reactor 

cell, One to three days is proposed as the maximum time for this 

operation. A limited number of tests (e.g., of first wall and limiter 

samples) can possibly be handled inside the reactor cell. Access for 

visual inspect ion of componentb is also desirable. 

A.6.5.4 Additional Facilities 

Hot cell facilities outside the main reactor cell will be required 

for routine maintenance and assembly of the test modules. However, 

equipment for postirradiation testing is not considered a necessary part 

of the ETF. Laboratory facilities for hot surface analysis will be 

required. 

Heat transfer systems will be required for a range of coolants and 

operating temperature conditions. 

A . 6 . 6  TESTING SCHEDULE REQUIREMENTS 

Estimates.of the time required to achieve the missions defined in 

Appendix A.6.4 are listed in Table A.6.8. 



Table A.6.8. Testing schedule requirements 

a .  ~ i l e s  tones Testing time 

First examinations and 1 year of full power D-T 
correlations operation 

One-ha11 design lifetime 
of candidate materials 
for EPR/L)EMO 6 years 

Qualification of materials 
for CPR >10 years 

Post-mortem test Not applicable 

a Because of the csntinuous I I A ~ I I Y P  n f  materials testing, an overall 
operating schedule chart is not shown. 



APPENDIX A. 7 

ALTERNATE CONCEPTS 

A . 7 . 1  INTRODUCTION 

The base fus ion  concept f o r  t h e  ETF, t h e  tokamak, s a t i s f i e s  t h e  

urgent  need t o  achieve  a  D-T burning device  t h a t  can ~ r o v i d e  t h e  t e s t  

environment necessary  t o  e s t a b l i s h  engineer ing  des igns  and component 

q u a l i f i c a t i o n .  An examination of t h e  a p p l i c a b i l i t y  of t h e  tokamak ETF 

t e s t  r e s u l t s  t o  t h e  needs of any of t h e  a l t e r n a t e  magnetic f u s i o n  con- 

c e p t s  shows t h a t  t h e  ETF can make a  significant'contribution t o  most of 

t h e i r  major engineer ing  and technology needs. (The phys ics  i s s u e s  a r e  

t o  be addressed by t h e  planned a l t e r n a t e  concept r e sea rch  devices . )  

The a l t e r n a t e  magnetic f u s i o n  concepts  considered a t  t h e  ETF Mission 

Workshop a r e  l i s t e d  i n  Table A.7.1 and inc lude  t h e  tandem mi r ro r  concept 

and those  concepts  d i scussed  i n  Ref. 1. P a r t i c i p a n t s  i n  t h e  a l t e r n a t e  

concepts  subgroup a r e  l i s t e d  i n  Table A. 7.2. 

A. 7.2 KEY ISSUES 

The key issue r e l a t i n g  t o  t h e  a l t e r n a t e  f u s i o n  concepts  i s  t o  

i d e n t i f y  t h e  manner i n  which t h e  ETF can advance t h e  development of t h e  

a l t e r n a t e  f u s i o n  concepts .  General  conclus ions  reached regard ing  t h e  

c o n t r i b u t i o n s  o f , t h e  ETF t o  t h e  a l t e r n a t e  concepts inc lude  t h e  fol lowing:  

(1)  Tnfnrmati.on obta ined  i n  t h e  ETF on f i r s t  wa l l  and b l anke t  

engineer ing ,  on r a d f a t i o n  e f f e c t s  on m a t e r i a l s  and r e a c t o r  components, 

on plasma/wall  i n t e r a c t i o n ,  and on t r i t i u m  handl ing  and process ing  is  

p e r t i n e n t  and r e l e v a n t  t o  a l l  a l t e r n a t e  concepts .  

(2) Beam and f u e l i n g  technologies  r equ i r ed  f o r  t h e  ETF a r e  of 

gene ra l  i n t e r e s t  and w i l l  advance t h e  e n t i r e  f u s i o n  program. 

(9 )  T,i r.ensjng issues and environmental and s a f e t y  c o n s t r a i n t s  

s a t i s f i e d  i n  t h e  ETF w i l l  b e n e f i t  t h e  a l t e r n a t e  concepts  program by 

s e t t i n g  g u i d e l i n e s  f o r  f u t u r e  f u s i o n  r e a c t o r s .  

( 4 )  Opera t iona l  and maintenance experience gained on t h e  ETF w i l l  

b e n e f i t  t h e  broader  fu s ion  programs. 



Table A.7.1. Alternate fusion concepts considered 
in ETF Mission Workshop 

- ~ ~ - ~ - -  

Tandem Mirror.Reactor (TMR) 

ELMO Bumpy Torus (EBT) 

Reverse Field Pinch (RFP) 

Linear magnetic fusion (LMF) devices: 

Linear theta pinch 

Laser-heated solenoid 

* Elaatron-bcam hcatcd finl.e.n~i 

Multiple mirror 

Multipole 

Table A.7.2. Participants in alternate concepts subgroup 
-- ~~ ~~~- 

R. E. Aronstein, Chairman 

S. L. Bogart 

C. C. Damm 

n.  A .  lIpFrpprp 

B. K. Jensen 

R. A. Krakowski 

N. A. K r a l l  

R.. L. Reid 

N. A. Uckan 

Bechtel Corporation 

Science Applications, Inc. 

LLL 

MaDonncll Dougla3 A3tron&utic~ 
Company 

Public Service Electric and Gas 
Research Corporation 

LAST,  . 

JAY CUK 

ORNL 

ORNL 



( 5 )  The a c t u a l  ope ra t ion  of a  f u s i o n  device  a s  demonstrated by t h e  

ETF w i l l  e s t a b l i s h  c r e d i b i l i t y  f o r  f u s i o n  and i n s t i l l  confidence i n  t h e  

r e a l i t y  of f u s i o n  i n  genera l .  

(6) The ETF w i l l  provide an  e s t a b l i s h e d  f a c i l i t y  con ta in ing  equip- 

ment and s t r u c t u r e s  common t o  many f u s i o n  devices ,  e .g . ,  power s u p p l i e s ,  

a  vacuum system, cryogenic p l a n t s ,  t r i t ium-process ing  u n i t s ,  a  h e a t  

r e j e c t i o n  system, t e s t  c e l l s ,  and admin i s t r a t i on  bu i ld ings .  Some of 

t h e s e  faci l . i . t i ,es  could be  shared wi th  a l t e r n a t e  concept devices ,  t h u s  

reducing t h e  time and investment requi red  t o  b r i n g  an  a l t e r n a t e  concept 

experiment on-l ine.  

(7) 'l'he ETF w i l l  n o t  answer many of t h e  plasma phys ics  ques t ions  

of t h e  a l t e r n a t e  concepts .  A s t rong  b a s i c  program f o r  t h e  a l t e r n a t e  

concepts  i s  r equ i r ed .  

A,. 7  3  ASSUMPTIONS 

In  Table A.7.3 t h e  component technology requirements  f o r  t h e  a l t e r -  

n a t e  concepts  are. compared t o  those  of t h e  ETF i n  1990. The programs t o  

achieve  t h e  l e v e l  of technology assumed i n  1990 f o r  t h e  a l t e r n a t e  con- 

c e p t s  a r e  l i s t e d  i n  Table A.7.4. It i s  assumed . tha t  t h e  r e s u l t s  of t h e  

v a r i o u s  programs a r e  a l l  p o s i t i v e  and budget r e s t r i c t i o n s  a r e  not  imposed. 

I n  some c a s e s  (e .g. ,  l i n e a r  magnetic f u s i o n  and m u l t i p o l e ) ,  both t h e  

programs and d a t a  base  r e l a t i v e  t o  1440 are exLreurly s p t c u l a t i v e .  Thc 

a r e a s  i n  which t h e  ETF might advance t h e  technology of t h e  a l t e r n a t e  

concepts  beyond t h e  assumed d a t a - b a s e  presented i n  Table A.7.3 a r e  

presented  i n  t h e  fol lowing s e c t i o n .  

The achievements of t h e  ETF r e l a t i v e  t o  t h e  a l t e r n a t e  fu s ion  con- 

c e p t s  l i e  p r i m a r i l y  i n  t he  a r e a  of m a t e r i a l s  t e s t i n g ,  wi th  some s imu la t ion  

of t h e  i n t e r a c t i o n  of  f u e l i n g  wi th  t h e  plasma and of beam hea t ing  with 

t h e  plasma. M a t e r i a l s  t o  b e  t e s t e d ,  i n  a d d i t i o n  t o  t h e  s t a i n l e s s  s t e e l s ,  

inc lude .conduct ing  f i r s t  w a l l  m a t e r i a l s ,  d i r e c t  conve r t e r  m a t e r i a l s ,  a n d '  

normal magnet m a t e r i a l s .  Some of t h e  l i n e a r  magnetic f u s i o n  dev ices  



Table A . 7 . 3 .  Technology and operaticonal requirements of alternate concepts 
compared with those of ETF in 1990 

Concept 

Component 1MR RFP 
Stel1a:atorl 
Torsa Iron LMF ~ u l t i ~ o l e ~  

First wall Similar Similar Conducting wall Similar 
required 

Higher wall loading 

Blanketlshield Similar Similar Similar Similar Short, rapid burn 
cycles 

Magnets Higher fields, no I) Lower fields, no 1) Lower fields, Similar fields, More radiation 
simil~.r B helical winding . danger in some 

required concepts 

Fueling 

heating Higher beam energy, Similar beams, rf Compression heating, Similar L: 
more beam E ower , heating required . higher plasma 
negative ic~n currert than ETF 

. injectors, and 
steady-state 
beams 

Isers, eleczron 
beams, etc.; dif- 
ferent require- 
men t s 

Vacuum chamber 
exhaust - 
processing 

Similar 

Instrumentation 
and .control 

Similar Batch' burn Similar; ~nteraction Batch burn for 
uith plasma has pinches and 
nany comon solenoids; 
elements similar for 

multiple mirrors , 

Similar technolog?. Throughput varies acccrding to device. 

Some similar instranentation. Control unique to each devirs. 

Power supplies Higher voltas, No poloidal field Similar 
steady-state; no pulsed power 
pulsed energy 
require~ent 

Blanket process- Similar 
ing 

Similar Similar 

No puls'ed power 

Similar Similar 

Heat transport- Similar Steady-stase devices do not require thermal storage 

Power conversion Direct cowenter Similar 
required 

Water-co~led, direct Similar 
cycle steam sjrstem 

Direct converter 
required 

Divertor No diverter Similar or less Unknown Poloidal cr helical 
required severe require- divertor required 

ment 

%lot enough information availabla,to make assessmew. 



Table A . 7 . 4 .  General assumptions f.3~ data base at beginning of ETF operations 

I TMR EE.T RFP . Torsatron 1.MF - ~ u l t i ~ o l e ~  
- 

TMX, MFTF-B, and Phaedras 
operated . 

Scaling and physics 
understood 

15-T magnet technology 
tested , 

H i ~ h  energy, steady-state 
ne~tral beam injection 
tested 

Rezdy for ETFIEPR-type 
Levice before 1990 

EBT-S, EBT-11, 
of-principle 
operated 

and proof- ZT-40, reverse field experimenc, Continued operation Existing program 
experiment and near-ignition proof-of- of existing too speculative 

principle experiment operated devices; PLT-size to ascertain 
device in early 
1980's 

Scaling and physics under- 
stood 

Heating understooi 

Ready for ETFIEPR-type Ready for ETFIEPR-type device by ' Ready for TFTR-type 
device before 1390 1990 device by 1990 

a 
Ncst enough information available to make ass- =ssment . 



r e q u i r e  compression c o i l s  nea r  t h e  plasma; hence, t h e r e  i s  a  need f o r  

e v a l u a t i n g  m a t e r i a l  damage p r o p e r t i e s  of normal magnets i n  a  h igh  neutron 

f l u x  environment. Some answers r e l a t i v e  t o  t h e  f u e l i n g  and hea t ing  of 

plasmas unique t o  t h e  a l t e r n a t e  concepts  (e .g . ,  pene t r a t ion ,  p e l l e t  

s i z e ,  p e l l e t  speed) could poss ib ly  be achieved by t a i l o r i n g  t h e  plasma 

of t h e  ETF t o  s imu la t e  t h e  cond i t i ons  of t he  d e n s i t y ,  temperature,  and 

impur i ty  l e v e l s  of t h e  a l t e r n a t e  concept .  Th i s  s imula t ion  could perhaps 

b e  modeled f o r  t o r o i d a l  dev ices  such a s  t h e  ELMO Bumpy Torus (EBT) and 

Torsa t ron .  Table  A.7.5 l i s ts  achievements f o r  each a l t e r n a t e  concept 

t h a t  might be de r ived  from t h e  ETF. 

A.7.5 DEVICE/FACILITY REQUIREMENTS 

A.7.5.1 Device Requirements 

The m a t e r i a l s  t e s t i n g  program f o r  t h e  a l t e r n a t e  concepts  i s  expected 

t o  be  i n t e g r a t e d  i n t o  t h e  o v e r a l l  m a t e r i a l s  program of t h e  ETF. ,Require- 

ments l i s t e d  i n  Appendix A.6 a r e  a l s o  r e l e v a n t  t o  t h e  a l t e r n a t e  concepts .  

A p o r t i o n  of t h e  m a t e r i a l s  t e s t  volume of t he  ETF should be a l l o c a t e d  t o  

t e s t i n g  m a t e r i a l s  s p e c i f i c a l l y  f o r  t h e  a l t e r n a t e  concepts .  

P rov i s ions  should be made f o r  vary ing  t h e  i n j e c t i o n  angle  of the 

n e u t r a l  beams and t h e  s i z e  and speed of t h e  p e l l e t s  i n  o rde r  t o  t e s t  

n e u t r a l  beam and p e l l e t - f u e l i n g  i n t e r a c t i o n  wi th  plasmas. I f  h e l i c a l  

c o n t r o l  windings a r e  used on t h e  ETF ( t o  m i t i g a t e  plasma d i s r u p t i o n ) .  a 

c rude  s imu la t ion  of a Torsa t ron  plasma might be  provided. 

The r e v e r s e  f i e l d  pinch (RFP) r e a c t o r  assumes nea r - r eve r s ib l e  

magnet ic  f i e l d  energy recovery.  Th i s  mechanism could be demonstrated by 

t h e  PP system of t h e  ETF i f  p rov i s ion  is  made f o r  recover ing  t h i s  energy 

( a s  opposed t o  dumping i t ) .  Also, information r e l a t i v e  t o  r a p i d l y  

changing f i e l d s  i n  superconducting magnets r equ i r ed  by t h e  RFP r e a c t o r  

w i l l  b e  provided by t h e  PF system of t he  ETF. 

The d i v e r t o r  o p t i o n  f o r  t h e  ETF h a s  not  y e t  been s e l e c t e d .  I f  a 

bundle d i v e r t o r  i s  s e l e c t e d ,  o p e r a t i o n a l  experience r e l e t i v e  t o  EBT 

could b e  obta ined .  A p o l o i d a l  d i v e r t o r  would y i e l d  information of 

i n t e r e s t  t o  Tor sa t ron  ope ra t ion .  Changing d i v e r t o r  cypes t o  provide 



Table A . 7 . 5  Necessary milestones to be achieved during ETF mission 

TMR EBT RFP Torsatron LMF 

Demnstrate fueling of mirror Simulate neutral beam/plasma Test conducting first wall Simulate neutral beam Conduct irradiation test 
central cell operaeion for reactor- materials ignition (non- of pinch and solenoid 

grade EBT perpendicular) first wall material 

Simulate f ueling/plasma Demonstrate near-revers- Simulate fueling Conduct irradiation tests 
operation for reactoy- ible.PF energy recovery of magnet materials P 
grade EBT 0 

\D 
Conduct irradiation tests 
of direct converter 
materials 

Test direct converter Demonstrate B requirement Test poloidal or Test near-reversible 
materials in PF winding helical divertor field energy recovery 

for application to 
linear theta pinch 



o p e r a t i o n a l  s imu la t ion  f o r  t h e  a l t e r n a t e  concepts  would r e q u i r e  a  major 

mod i f i ca t ion  of  t h e  ETF dev ice ,  and t h i s  would have t o  be considered i n  

t h e  i n i t i a l  des ign  of t h e  ETF device.  

A. 7.5.2 F a c i l i t y  Requirements ----.- 

Hot c e l l s ,  power s u p p l i e s ,  c ryogenics ,  hea t  d i s s i p a t i o n  systems, 

e t c . ,  provided f o r  t h e  ETF should be adequate  f o r  conducting s p e c i f i c  

t e s t s  f o r  t h e  b e n e f i t  of a l t e r n a t e  concept  r e a c t o r s .  However, i f  a  

second load  assembly were cons t ruc t ed  a t  t h e  ETF exc lus ive ly  f o r  a l t e r -  

naee concept  t e s t i n g ,  f a c i l i t y  requirements (].and, ~ l ~ c t r i c a l  power, 

wa te r ,  e t c . )  would be  a f f e c t e d .  

A.7.6 TESTING SCHEDULE REQUIREMENTS 

A s  p rev ious ly  i n d i c a t e d ,  t h e  major c o n t r i b u t i o n  of t h e  ETF t o  t h e  

a l t e r n a t e  concepts  i s  i n  t h e  a r e a  of m a t e r i a l s  t e s t i n g .  Tes t  modules i n  

t h e  ETF should be a l l o t t e d  t o  a l t e r n a t e  concepts  m a t e r i a l s ,  and t e s t i n g  

should be  i n t e g r a t e d  i n t o  t h e  overa l l  m a t e r i a i s  t e s t  program. A t  l c a a t  

a  15-year d u r a t i o n  i s  es t imated  f o r  t h e  t e s t i n g  of conducting f i r s t  wa l l  

m a t e r i a l ,  copper and aluminum magnet material, and materia1,s u s e d  i n  

d i r e c t  conve r t e r  components. An o v e r a l l  ope ra t ing  schedule f o r  t h e  ETF 

p e r t i n e n t  t o  a l t e r n a t e  concepts  developmental a c t i v i t i e s  is  shown i n  

F i g .  A.7.1. 

Polo ida l  o r  h e l i c a l  d i v e r t o r  ope ra t ion  and gas b1anke.t f u e l i n g  are 

included on t h i s  schedule as desirable te.strs r e l a t i v e  ts Eoma of t h c  

a l t e r n a t e  concepts .  However, i f  t h e  ETF does no t  have such components 

i n  i t s  i n i t i a l  des ign ,  major mod i f i ca t ion  of t h e  device  would be r equ i r ed  

i n  o r d e r  t o  perform t h e s e  t e s t s ;  t h i s  may not  be programmatically o r  

economically f e a s i b l e .  

The impact on t h e  schedule ( e i t h e r  c o n s t r u c t i o n  o r  opera t ion)  o f  

provid ing  a  second load  assembly on t h e  ETF s i t e  was not  addressed.  
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Fig .  A.7.1. A l t e rna te  concepts.  
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APPENDIX A. 8  

ETF MISSION WORKSHOP 

A. 8 . 1  PRELIMINARY MISSION DESCRIPTION FOR THE ETF] 

A.8.1.1 Design Philosophy 

The underlying philosophy f o r  t h e  ETF des ign  should be  t o  produce a  

s k e l e t a l ,  b a s i c  framework machine designed t o  i nc lude  a  s e r i e s  of pre-  

planned upgrades t h a t  w i l l  a l l ow  progress ing  from a  s h o r t  hydrogen/ 

deuter ium check-out phase t o  t h e  high Q, h igh du ty  c y c l e ,  D-T plasma 

phase. The o b j e c t i v e s  i n  g e n e r a l  should be  a s  fo l lows:  

(1) I n v e s t i g a t e  t h e  plasma engineer ing  of a l t e r n a t i v e  s t a r t u p ,  

burn,  and shutdown s c e n a r i o s  f o r  both low Q and h igh  Q r o r o i d a l  f u s i o n  

r e a c t o r s .  

( 2 )  Serve a s  a  tes t -bed  f o r  f u s i o n  r e a c t o r  t e chno log ie s ,  i nc lud ing  

thermal  hyd rau l i c s ,  f i r s t  w a l l  performance, r a d i a t i o n  damage, t r i t i u m  

and f i s s i l e  b reeding ,  syn fue l  p roduct ion ,  support  systems, and main- 

tenance techniques .  

(3 )  Generate  a  d a t a  base  on t h e  o p e r a t i o n a l  r e l i a b i l i t y ,  s a f e t y ,  

and ea se  of r e p a i r  of f u s i o n  r e a c t o r  subsystems. 

( 4 )  Serve a s  a  n a t i o n a l  f a c i l i t y  f o r  experiments  t h a t  r e q u i r e  an  

i n t e n s e  source  of 14-MeV neut rons .  

A.8.1.2 ' ~ x ~ e r i m e n t a l  --,.. Plan  ~ 

Figu re  A.8.1 o u t l i n e s  a  poss i 'b le  p l an  f o r  u t i l i z a t i o n  of a  proposed 

ETF based on t h e  tokamak concept .  The b a s i c  s t r u c t u r e  of t h e  program 

p l a n  i s  def ined  by a  s e t  of p r o j e c t  mi l e s tones  t h a t  a r e  d i r e c t l y  r e l a t e d  

t o  t h e  s t a t e d  purposes  of t h e  device.  Actual  t i m e s  r equ i r ed  t o  complete 

p a r t i c u l a r  engineer ing  and phys i c s  t a s k s  r e q u i s i t e  t o  t h e  achievement of 

each mi l e s tone  w i l l  b e  s e n s i t i v e  t o  t h e  a l l o c a t i o n  of personnel  and 

budgetary r e sou rces  t o  each t a s k  a t  v a r i o n s  phases of t h e  program. 

Resources would be  a l l o c a t e d  toward t h e  e a r l i e s t  p r a c t i c a l  a t ta inment  of 
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ENGINEERING TEST FACILITY: MISSION DESSRIPTION 

Years  

Phase 

I V .  

v. 

V I .  

I-' 
I-' 
b 

Hydrogen plasma (OH) shakedown 

Hydrogen plasma ( a u x i l i a r y  h e a t i n g )  

Low Q , ~  quac.i-steady state 
High Q : ~  230-s p u l s e  l e l g t h  
T o m s  h e a t  removal  
D e ~ n s t r a t e  remate h a n d h n g  
Tes t  a ~ v a n c i d  diagnostic 

Deuterium and I-T burn ing  p l a s m  

Tes: neutrcr .  s h i e l d i n g  m d  i o s i m e t r y  x i t h  D2 
21.3-MV/m2 c a l l  l o a d i n g  - d i t t  D-T 
I n v e s t j g a t e  s t a r t u p ,  b u r l ,  a d  shut6o-m 
Near i€ .ni t i .cn,  >30-s p u l s e  l e n g t h  

Kucleax a r d  thfjrmal e n g i n e e r i x g  (15-25 b l a l k e t  
modules, 1 mL e a c ~ )  

a C a l c u l a t e 6  equiva le r r t  f o r  D-T o p e r a t o n .  

Fig.  A.8.1. Enginezring Test F a c i l i t y  m i s s i o r  d e x r i p z i o n .  

Phase I V  
5 y e a r s ,  
2 s h i f t s ,  
h i g h  du ty  
c y c l e  

8 0 

1gni:Lon l e v e l  

5  

A 

>50% duty  c y c l e  o p e r a t i o n  

\ 

1 2  

A Hydrogen plasma 

Major w e l r h a u l  or cacorrmission 

2502 d c t y  c y c l e ,  two-sh i f t  c p e r a t i o n  
Tesc  t r i t i u r c  and f i s s i l e  b r e e d i n g  

b l a n k e t s  
T e s ~  electrical ~ower-pr3duc ing  ~ J O F  [%I  MW(e)] 
T e s c  synf uel-producing b l a n k e t s  
R a d i a t i o n  danage s t u d i e s  ( t o c a l  n = u t r o n s ,  

neu tmn/cm2)  

Advancal plasma e n g i n e e r i n g  t e s t s  

T e s t  a h a n c e d  a u x i l i a r y  h e a t ~ n g  
T e s t  n c a r - i - i t i o n  s t e a d ? - s t a t e  t x h n i q u e s  

A I g n i t i o r  l e v e l  i n  D-T 
1 I 'I 

A >-Ws burn 

in 

6 9 1 0 1 1 1 2  3 4  

- 

! 1 1 1  

I l l 1  t 
%1 W ( e )  i n  t e s t  loop  

7 

1 . 1  I 
Hg Phases 1-111 

4 y e a r s ,  
r 2 s h i f t s ,  

low d u t y  
c y c l e  



near-thermonuclear i g n i t i o n ,  c o n s i s t e n t  w i th  t h e  need f o r  cons iderable  

engineering and plasma phys ics  t e s t s  i n  hydrogen, before  neutron a c t i -  

v a t i o n  prec ludes  convenient access  t o  t h e  device.  

A.8.1.3 Design Ob jec t ives  

The ETF i s  intended t o  b r idge  t h e  gap between TFTR and a  f u l l - s c a l e  

EPR. I n  o rde r  t o  f u l f i l l  t h e  engineering t e s t  r o l e ,  t h e  ETF should 

produce a  nea r - ign i t i on  plasma and achieve  a  s t a b l e  (o r  c o n t r o l l a b l e )  

extended burn s t a t e  f o r  a  s u b s t a n t i a l  l e n g t h  of t ime (230 s ) .  I n  

o rde r  t o  a t t a i n  t h e s e  g o a l s ,  a  number of si . lhsidiary phys ics  ques t ions  

must be  addressed,  inc luding  plasma p o s i t i o n ,  shape, and c u r r e n t  p r o f i l e  

c o n t r o l  i n  t h e  presence of i n t e r n a l  a lpha  p a r t i c l e  hea t ing ;  impuri ty  

c o n t r o l ;  f u e l i n g ;  a lpha  p a r t i c l e  p h y s i c s ' ( ~ o n f i n e m e n t ,  t he rma l i za t ion ,  

and i n s t a b i l i t i e s ) ;  and t h e  c o n t r o l  of burn thermal  equi l ibr ium.  

The technology demonstrat ion a spec t  of t h e  ETF o b j e c t i v e s  w i l l  be  

achieved i f  t h e  machine can be  opera ted  r e l i a b l y  and r o u t i n e l y  f o r  

extended pe r iods  of t ime.  Pre l iminary  program mi l e s tones  r e l a t e d  t o  

technology demonstrat ion a r e  t h e  achievement of t h e  des ign  poin t  50% 

duty  c y c l e  (%4.5 y e a r s  a f t e r  i n i t i a l  s t a r t u p )  and succes s fu l  gene ra t ion  
\ 

of e l e c t r i c a l  power ( ' ~ 5 . 5  years )  i n  one o r  more t e s t  loops .  

A t  some p o i n t ,  t h e  f i r s t  wa l l  of t h e  ETF must be rep laced  because 

of l i m i t s  imposed by c y c l i c  f a t i g u e  and r a d i a t i o n  damage. P r i o r  to t h f s  

po in t ,  but a f t e r  t h e  nuc lea r  engineering mission of t h e  ETF has  been 

accomplj,sh.ed, t e s t i n g  of advanced plasma technology such a s  h igher  

energy n e u t r a l  beams o r  h igher  frequency r f  gene ra to r s  could be per- 

formed. Techniques f o r  d r i v i n g  s t eady- s t a t e  tokamak c u r r e n t s ,  l f  demon- 

s t r a t e d  on smal l - sca le  experiments,  might be t e s t e d  on t h e  ETF dur ing  

t h i s  per iod .  

REFERENCE 

1. This  mace r i a l  appeared a s  Sec t ion  5  of Enclosure 3 of a  l e t t e r  from 

E. E. Kintner  (Of f i ce  of Fusion Energy, Department of Energy, 

Washington, DC) t o  M. G o t t l i e b ,  T. Ohkawa, and L . , A .  Berry, 

October 2 ,  1978. 



A.8.2 ETF MISSION WORKSHOP: REFERENCE PARAMETERS 

The r e f e r e n c e  c a s e  f o r  t h e  ETF Mission Workshop cons i s t ed  of t h e  

p re l imina ry  miss ion  s t a t emen t ,  included a s  Sec t .  A.8.1; t h e  TNS design 

parameters ,  l i s t e d  i n  Tab le s  A.8.1 and A.8.2; and t h e  c u r r e n t  EPR/DEMO 

parameters ,  l i s t e d  i n  Tables  A.8.3 and A.8.4. 

A.8.3 SUGGESTED GUIDELINES, AGENDA, AND PARTICIPANTS 

A.8.3.1 Suggested Gu ide l ines  f o r  Subgroup De l ibe ra t ions  

The i n i t i a t i o n  of t h e  ETF miss ion  o r  f a c i l i t y  ope ra t ions  i s  assumed 

t o  be  %1990. I n  o r d e r  t o  d e f i n e  a meaningful t e s t i n g  program f o r  t h e  

ETF, we must e s t a b l i s h  t h e  scope of d a t a  base i n  phys ics ,  technology, 

and engineer ing  expected a t  t h e  i n i t i a t i o n  of t h e  t e s t i n g  program. This  

d i f f i c u l t  t a s k  r e q u i r e s  assumptions concerning t h e  program achievements 

t h a t  w i l l  be  r e a l i z e d  dur ing  t h e  next  decade. It is suggested t h a t  only 

t h o s e  machines now planned ( p l u s  modest upgrades) be considered i n  t h i s  

e x e r c i s e .  The forthcoming d a t a  b a s e / R & ~  needs assessment w i l l  provide 

guidance and recommendations f o r  modifying t h e  assumptions adopted i n  

developing t h e  ETF Mission Statement.  The fol lowing g u i d e l i n e s  a r e  

proposed a s  a means f o r  achiev ing  t h e  Workshop o b j e c t i v e s .  

(1)  Divide subgroup a r e a s  i n t o  a  workable number of key t e c h n i c a l  

components t h a t  have a  minimum of over lap .  Each component can then  be 

addressed  s e p a r a t e l y  i n  a l l  a s p e c t s  of t h e  subgroup d e l i b e r a t i o n s ,  

thereby  he lp ing  t o  ensure  t h a t  a l l  key components a r e  considered.  

(2) -  Develop a  consensus of gene ra l  assumptions f o r  t h e  technology/ 

phys i c s  d a t a  base  a v a i l a b l e  a t  t h e  beginning  of ETP ope ra t ions .  T t  i s  

from t h i s  base  t h a t  t h e  advancements r equ i r ed  from t h e  ETF ope ra t ions  

can be  descr ibed .  Each key component should be  d iscussed  and assumptions 

f o r  each de l inea t ed .  

(3) Using t h e  EPRIDEMO c h a r a c t e r i s t i c s ,  p repare  a  d e s c r i p t i v e  l i s t  

of necessary  advancements o r  mi les tones  t h a t  should be achieved f o r  each 

key component dur ing  t h e  ETF mission. These advancements should b u i l d  

on t h e  assumed base  of knowledge developed i n  response t o  i tem (2) above. 



T a b l e  A.8.1. TNS d e s i g n  p a r a m e t e r s  - plasma and d e v i c e  

ORNL TFS GA TNS PPPL SLPX-111 ANL EPR 

O p e r a t i r g  mode 
Power 
Opere t i n g  p e r i o d  
Burn t i m e  
Number o f  p u l s e l l i f e t i m e  

Dimensicns 
Major r a d i u s  
Plasma r a d i ~ ~ s / e l o n g a t i o n  ( 0 )  

Plasma v o l u n e  

Plasma 
I o n  t e m p e r a t u r e  
I o n  c e n s i t y  
E f f e c t i v e  c i a r g e  ( Z e f f )  

Energy conf inement  t ime  
BT on  a x i s  
SafeLy f a c t ~ r  (q) 

6~ 
BT 
P l a s n s  c u r r e n t  

TF c o i l s  
Number o f  coils 
Condactor 
Bore ( h e i g h t l w i d t h )  
Maxinum f i e l d  

PF c o i l s  
Conductor CEFCIOHC) 
P o s i c i o n  

N e u t r a l  beams 
Beam energy  
I n j e c t i o n  power 
I n j e c t i o n  t ime  

Vacuum . l e s s e l  
P o s i z l o n  
M a t e r l a l  

F i r s t  w a l l  
Type and m a t e r i a l  

Ccntainmeht b u i l d i n g  

S t a i n l e s s  s t e e l  t u b e s  

Neutron w a l l  l o a d i n g  2.4 M U I ~ ~  
Wall  l i f e t i m e  ( e f p  y r )  5  

Blanke t  
S t r u - s u r e  None 
Coolan t  
Breeding  m ~ t e r i a l  
Thickness  

Bulk s h i e l d  
M a t e r i a l  S t a i n l e s s  s t e 6 1 ,  Pb 

Thickness  0 . 6 0  m 
Coolan t  Borated H20 

12  
NbTi 
9 . 2  m15.8 m 
10  T  

F i r s t  w a l l  
I n c o n e l  625 

16  
NbTi 
8.7 11115.6 m 
9 (10) T  

NkTiINbTi 
O c t s i d e  

O u t s i d e  s h i e l d  O u t s i d e  b l a n k e t  
S t a i n l e s s  s t e e l  S t a i n l e s s  s t e e l  

Carbon c o a t i n g  on S t a i n l e s s  s t e e l  Coolan t  p a n e l ,  b e r y l l i u m  
I n c o n e l  625 c o a t e d  on 316 s t a i n -  

l e s s  s t e e l  
1 . 8  E I W / ~ ~  1 . 4  M W / ~ ~  1 . 3  MW/m2 

2 . 5  

None None 3 i 6  s t a i n l e s s  s t e e l  
H20/s team 
None 
0.2 m 

W ,  Pb, s t a i n l e s s  s t e e l ,  S t a i n l e s s  s t e e l ,  Pb, Cu, S t a i n l e s s  s t e e l ,  Bt,C, 
j o r a t e d  H20 b o r a t e d  H20 Pb, A1 

0.4011.1 m 0 . 6 6  m 0 .511 .0  m 

H20 "20 Hz0 



Table A.8.2. TNS design parameters - systems 

ORNL TNS GA TNS PPPL SLPX-I11 

Fueling system 

Pellet injection via centrifugal Plasma-gas blanket with gas .Pellet injection 
slinger puffing at the plasma 

boundary or pellet injec- 
tion 

Fueling rate 0.185 gls, provided by 40.5-cm- 
(during burn) diam pellets with a velocity 

of 1000 2000 mls and a 1-s 
particle confinement time 

Pulsed power supplies 

~ne'rgy conversion 
systems 

Initiation 

Coil connection 

Torus maintenance 

Segmentation 

Keplacement tech- 
nique 

Sealing technique 

PF coil access 

AC motor-generator flywheel 
(MGF) system with transformer1 
12-pulse thyristor bridge; 
1200 MVA; 4.3-GJ deliverable 
energy for 35-s pulse 

RE heating 

Series 

16 sectors, each consisting of a 
22.5' module of First wall and 
shield 

Each sector removed between 
stationary TF coils 

Vacuum buildina with merhaniral 
seals between sectors 

Ralse (or lower) coilc 

0.5-GJ homopolar motor- 
generator (HMG) system 
plus a 200-MVA MGF system, 
providing 0.8 GJ of 
otorngc capacity for 
neutral beams 

Pulse field coils from 1-MJ 
capaoitor bnnli 

Para1 1 el 

30' plasma chamber seg- 
ments, 48 blanket modules 
located between the 
plasma chamber and the 
outboard field coils, and 
shield segments encom- 
passing the plxma 
chamber and the Field 
coils 

Blanket and shield segments . 
removed between TF coils; 
plasma segment rcmotcly 
CUL 111 sltu and relR6ved 

wcldod  plaow ohnmber 

Disconnect ouLbuacd lleld 
c0llS ar joints 

0.046 gls, with a 1.92-s 
particle confinement time 

AC MGF system 

Parallcl with voltage 
sources connected in 
serles 

8 sectors, each consisting 
of 2 TF coilc and 
including a '15' modulc 
of first wall and shield 

Complete sector removed 

GCCVLIJIL~ Y~LUUUI C L I C ~ U S U L ~  
with mechanical seals 

Disconnect PV coils at 
joints 

Plasma purity cuuerol Bundle divertor with 32 ripple Flow reversal (requires use Poloidal divertor 
at plasma centerline. 3 x lo2' of low Z materials in 
particlesls flux, 226-MW max- vacuum chamber) 
imum,heat load, wntcr-cooled 
copper coils, lithium droplet 
cluud culleccut xynrcm, and 
10-MW/m2 collector heat flux 

Vacuum pumping oyotcm 

Torus high vacuum Cryosorption pumps with Zr-A1 Cryocondensing vacuum pumps 
vuaps gfitt~rlne system For pump vith turbomolecular lurr- 

regeneration; base pressure of pumps 
torr; specific pumping 

. . speed nf 1 w 16' iitersls; 
pumpout time of 25 s 

Secondary enclo- Mechanical diffusion pumps with 
sure vacuum base pressure of torr 

pumps 

Tritium handling On-site batchwise processing of 
plasma exhaust; maximum on- 
site storaRe of 10 kg: iso- 
topic separation by cryo- 
disrlllation; tritium sepa- 
ration from lithium via sorp- 
tion of tritium on $01id 
yttrium or via permeation- 
diffusion process using 
niobium 

On-site batchwise process- 
ing of plasma exhaust; 
1.63-ke tritium inventory 
including 1.49 kg as 
basic standby and 0.10 kg 
in fueling system; im- 
p~triri~s v~mn~rpd by cryo- 
genic trapping and hot 
gettering; helium removed 
by a cryostripping column; 
isotopic separation by 
cryodistillation 

On-site batchwise process- 
ing of plasma exhaust; 
0.64-kg tritium inventory 
including 0.38 kg as 
basic standby, 0.038 kg 
in Fueling system. 
0.065 Iig in cryodiatilla- 
tion complex, and 0.16 kg 
in processing equipment; 
uranium hot and cold traps 
for impurity removal and 
storage of hydrogen, 
deuterium, and tritium; 
isotopic separation hy 
cryodistillation 



Table 3.8.3. EPRIDPIO design parameters -plasma and device 

University of Wisconsin 
. ORNL D N O  GA DOUBLET MITIPPPL HFCTR-DEMO ' NUMAK-CPR 

Operating node 
Power 1930 MW(t) 2350 MW(t) 2440 MW(t) 209: MW(t) 
Operatimg period 1260 s 197 s 588 s 245 s 
Burn time 1200 s 168 s 500 s 224 s 
Number of pulsesIliEetima 

(20 years) 0.5 x lo6 3.6 x lo6 1 x lo6 

Dimensions 
Major radius 6.2 m 6.8 m 6.0 m 5.1 m 
Plasma radiuslelor.gation jo) 1.5 m11.6 2.1 m12.8 1.2 mIl.5 1.13 m11.64 
Plasma -01ume 460 m3 2015 m3 317 m3 312 m3 

plasma 
Ion temperature 13 keV 16 keV 12.4 keV 13 keV 
Ion density 1.7 x loz0 m-3 1.8 x lo2" m-) 5.2 x loz0 m-3 2 x loz0 m-) 
Effecti-e charge (Z,ff) 1.1 1.7 1.2 1-1.5 
Energy confinement.time 1.5 s 0.6 s 1.0 s 1.0 s 
BT on axis 3.4 T 3.7 T 7.4 T 6.1 T 
safety factor (q) 

2 
~Tasma current 

TF coils 
Number of coils 

Conductor 
Bore (heightlvidth) 
Maximum field 

PF coils 
Conductor (EFCIOHC) 
Position 

Neutral berms 
Beam energy 
Injection power 
Injection time 

RF heating 
Prequensy 
Injection power 
Injection time 

Vacuum vessel 
position 

:Cu/NbTi) lNbTF 
:Insideloutside) loutside 

Bone 

Containment b~ilcing 

Material 

First wall 
Type and material jtainless sted tubes 
Neutron wall loading 2.7 bW/m2 
Wall lifetime (efp yr) J 

Blanket 
Structuze 5tair.less steel 
Coolant 'ielicm 
Breedins material :ithiurn 
Thickness 1.75 m 

Bulk shieli 
Material 3tair:less steel. Pb 
Thickness 1.6 m 
Coolant 3orated H20 

NbTi 
18 mlll m 
8.6 T 

CulNbTi 
Insideloutside 

None 

8 (plus 16 .copper trim 
coils) 

NbTi 
9.5 ml6.3 m 
11.9 T 

(Cu1NbTi)lNbTi (Cr:zo A1INbTi)NbTi 
(1nsideloutside)loutside (Insideloutside)loutside 

Ripple injection None 
120 keV 
100 MW 
6.4 s 

None 
92 HHz 
75-80 MW 
1.0 s 

Secondary vacuum enclosure First wall Secondary vacuum enclosure 
(inside TF coil) (inside TF coil) 

Molybdenum alloy (TZM) 

None Molybdenum alloy (TZM) Nons 
3.4 MW/,m2 
3 

Inccnel 718 Molybdenum alloy (TZM) Ti-5Al-4V 
Helium 2LiF.BeF2 Boiling Hz0 
L ~ ~ F ~ ~ I L ~ ~ S ~ O ~  Lithium L i b  
0.4 m 0.6 m 0.5 m 

Stainless steel, B4C Stainless steel, 3;C BqC, Pb 
0.26, m , 0.6 m 0.85 m 
H7.0 H20 
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Table A . 3 . 4 .  ZPR/DMO des ign  parameters - systems 

Univer s i ty  of Wisconsin 
CA DOUBLET YIT/PPPL HFCTR-DEMO YLMAK-CPR ORNZ, DEMO 

P e l l e t  i n j e c t i o n  o r  Plasma-gas b lanke t  Plasma-gas b lanke t  wi th  Plasma-gas b lanke t  wi th  
gas  p l f f  ing  wizh gss  p c f f i n g  a t  gas p u f f ~ n g  a: t h e  gas p u f f i n g  a t  t h e  

t h e  p lasna  boundary ~ l a s m a  boundary plasma boundary (may be 
o r  p e l l e t  i n j e c t i o n  supplemented wi th  p e l l e t  

i n j e c t i o n )  

Fuel ing system 

Pulsed power s u p p l i e s  

S to rage  systems 2-MX HR ~ u p e r c o n d u c t i n g  
s t o r a g e  c o i l  system 

AC MGF system HMG system 

P a r s l l e l  C o i l  connection S e r i e s  

Torus maintenance 

Segmentation 54 primary vacuum , 

s e c t o r s  wi th  
a t t ached  f i r s t  
w a l l  and 1 8  seg- 
nented s h i e l d  
n o d u k s  

408 b lanke t  u-odules 
mschanic a l l y  
a t ~ a c h e d  through 
vscuum-sealed pene- 
t r a t i o n s  i n  t h e  
blanker  suppor t  
s t z u c t u r e  

8 s e c t o r s ,  each c m s i s t -  
ing  of blanke: and 
s h i e l d  mcedules p lus  
2 TE c o i l s  

24 b l a n k e t / s h i e l d  segments 
and 16 normal TF t r i m  
c o i l s  

Remove outboard v e r t i c a l  
s h i e l d ,  TF t r i m  c o i l ,  
and blanket  module 
between s t a t i o n a r y  TF 
c o i l s  

Replacement 
technique 

Renove ~ u t b o a r d  
s h i e l d  and p r imar -  
7acuu.n s e c t o r s  
jetwezn s t a t i o n a y  
'CF coPls  

Remme each b lanke t  
module i n d i v i d u a l l y  
b,ztween s t a t i o n a r y  
T? c o i l s  

Remove complete s e c t o r  

s e a l i n g  technique Va-uum x i l d i n g  wi th  
mechal ica l  s e a l s  
'~etwezn primary 
7acuun s e c t o r s  

Secondar:~ -racuum en- 
cLosure i n s i d e  TF 
c o ~ l s  wi-h mechan- 
i c a l  s e a l s  

Secondary vacuun snclo-  
s u r e  a t  ~ n s p e c i f i e d  
l o c a t i o n  w i t h  nechan- 
i c a l  s e a l s  b ~ t v e e n  
sec ' tors  

Secondary vacuum enc losure  
i n s i d e  s h i e l d  wi th  high 
vacuum a r e a  i n s i d e  
b lanke t  a r e a  

PF c o i l  access  Relocatz  e x t e r i o r  CE7 
c o i l s  and d i s -  
connect i n t e r i o r  
EF c o i l s  a t  j o i n t s  

PF c o i l s  do mt 
o b s t r u c t  bLanket 
access  

Disconnect i n t z r i o r  EF 
c o i l s  a t  j o i n t s  

Lower e x c e r i o r  PF c o i l s ;  
i n t e r i o r  PF c o i l s  do no t  
o b s t r u c t  b lanke t  access  

Plasma p u r i t y  c o n t r o l  Bundle d i v e r t o r  p l w  
a plasma-gas 
b lanke t  

Impurity gas r e v e r s a l  P lasma-gas b lanke t  p l u s  
a l i m i t e c  t o  remove 
a lpha  a s i  

Plasma-gas blanket  



( 4 ) '  Based on the above list of technical advancements, a set of 

functional and performance requirements should be established for the 

ETF device and facilities. 

(5) Each specific technical advancement/milestone should now be 

allocated testing time. The resulting testing schedule should include 

best estimates for operating time requirements and downtime requirements 

for component changeouts. 

( 6 )  Using the TNS characteristics and the preliminary ETF mission 

statement as the basis, list and comment on the major device, facility, 

and schedule impacts that may result from following the recommendations 

of the subgroup; i.e.:. 

Must the device characteristics be altered? 

Must other facilities be available on-site? 

Must the schedule be changed signific-antly? 

(7) Each attendee is asked to prepare some comments on the sub- 

group areas of key interest to him and to which he feels best able to 

contribute. It is encouraged'that "going around the table" for comments 

and short presentations be allowed initially to get all pertinent inputs 

that may add to the effectiveness of the subgroups' activities. 

(8) .Each subgroup is requested to consider the issues of remote 

maintenance, reliability, and safety relative to their area and to 

provide comments and recommendations for preparing for these needs. 

(9) During the last morning of the meeting, each chairman will 

.present his subgroup's findings, conclusions, and recommendations to the 

plenary session.. Approximately 30 min per group is planned. The 

presentation material will constitute the key part of the initial ETF 

Mission Statement that is to be prepared by the Design Center. 
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