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This report was prepared as an account of work sponsored by an 
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recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
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Government or any agency thereof. 
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FOREWORD 

I n  t h e  N 1976 and 1977 ORNL Fusion Power Demonstration Study: 

I n t e r i m  Repor t ,  ' a number o f  i n n o v a t i v e  concep t s  were developed,  namely,  

t h e  c a s s e t t e  b l a n k e t ,  t h e  vacuum containment  b u i l d i n g ,  and t h e  committed 

f u s i o n  s i te .  The i n t e r i m  r e p o r t 1  c o n t a i n s  t h e  b a s i c  f i n d i n g s  of t h e  s t u d y  

and s e t s  a c o n t e x t  f o r  each of t h e  i n n o v a t i v e ' c o n c e p t s .  A f u l l e r  explo-  

r a t i o n  of each of t h e  f i r s t  two concep ts  i s  c o n t a i n e d  i n  t h e  s e p a r a t e  

documents (0~~L/TM-5964 ,  ORNL/TM-5664). T h i s  document r e p r e s e n t s  t h e  

thoughts  on t h e  committed s i t e  concept  a s  i t  was o r i g i n a t e d  i n  e a r l y  

1977. S i n c e  t h a t  t i m e ,  t h e  i d e a  h a s  r e c e i v e d  a n  i n c r e a s i n g  amount of 

a t t e n t i o n  l e a d i n g  t o  t h e  i n i t i a t i o n  i n  e a r l y  1978 of a s t u d y  aimed a t  

e v a l u a t i n g  t h e  committed f u s i o n  s i t e  concep t .  



1. INTRODUCTORY SUMMARY 

1.1 INTRODUCTION 

The o b j e c t i v e  of t he  tokamak f u s i o n  power program (a s  def ined  f o r  

t h i s  planning e x e r c i s e )  i s  t o  s e c u r e  a n a t i o n a l  fu s ion  power op t ion .  

More s p e c i f i c a l l y ,  t h e  o b j e c t i v e  i s  t o  develop and demonstrate t h e  

e n t i r e  fu s ion  power energy system concept t o  t h e  p o i n t  where commercial 

development can be i n i t i a t e d .  

An i l l u s t r a t i v e  p r o j e c t  p lanning  e x e r c i s e  aimed a t  t h e  achievement 

of a commercial p ro to type  demonstrat ion o r  tokamak fus ion  power by t h e  

end o f .  t h i s  century h a s  been prepared  based upon t h e  approach sugges ted  

i n  t he  ORNL Fusion Power Demonstration Study: I n t e r i m  Report.  l The 

primary theme of t h i s  approach i s  t h a t  a committed s i t e  wi th  sha red  

f a c i l i t i e s  (def ined  i n  Sec t .  1 .2)  could b e  developed t o  demonstrate 

s e q u e n t i a l l y  t h e  va r ious  phases  o f  a demonstrat ion program. This demon- 

s t r a t i o n  program would c o n s i s t  of t h e  fo l lowing  t h r e e  phases and a s soc i -  

a t e d  f a c i l i t i e s  (def ined  more f u l l y  i n  Sec t .  3 . 2 )  a f t e r  t h e  Tokamak 

Fusion Tes t  Reactor (TPTR) . 
Phase No, Funct ion Common Name-Acronym 

..... - 

I I g n i t i o n  o r  p r i m i t i v e  I g n i t i o n  Tes t  Reactor  - ITR* 
power demonstrat ion t 

11 Net power o r  power Experimental Power Reactor - 
technology demonstra- EPR 
t ion? 

I11 Commercial p ro to type  ilemonstration Reactor - Demo 
demonstrat ion 

* 
I n  concurrent  s t u d i e s ,  DMFE's TNS teams a r e  i n v e s t i g a t i n g  what i s  
p o s s i b l e  f o r  The Next S tep  a f t e r  TFTR, which encompasses t h e  ITR and a 
s t e p  midway between t h e  ITR and EPR, namely, t h e  pro to type  EPR (PLPK). 
I n  t h e  Fusion Power Demonstration Study,  TNS has  been assumed ( f o r  t h e  
sake of d e f i n i t e n e s s )  t o  be an ITR. The l o g i c  i s  n o t  a l t e r e d  if TNS 
is i n  f a c t  one-half s t e p  ahead,  i . e . ,  a PEPR.' 

t ~ h r o u g h o u t  t h i s  document t h e  b r i e f  r e f e r e n c e s  - i g n i t i o n  (ITR) and 
power technology (EPR) w i l l  be  used f o r  convenience t o  mean i g n i t i o n  
and/or  p r i m i t i v e  power demonstrat ion and ne t  power and/or  power 
technology demons t rat  inn. 



I n  t h i s  b r i e f  p r o j e c t  planning e x e r c i s e ,  broad s t r a t e g i c  scope and 

t iming  cons ide ra t ions  a r e  examined and major programmatic assumptions, 

d r i v i n g  f o r c e s ,  c o n s t r a i n t s ,  and dec i s ion  p o i n t s  a r e  pos tu l a t ed  i n  Sec t .  2. 

An implementation p l a n  f o r  execut ing  t h e  program s t r a t e g y  is presented 

i n  S e c t .  3 ,  conclusions a r e  presented  i n  Sec t .  4 ,  and recommendations 

f o r  cont inued  development of t h i s  approach a r e  d iscussed  i n  Sec t .  5.  

1 .2 STRATEGY 

The c e n t r a l  f e a t u r e  of the proposed strategy1 i s  t h a t  the plnsrnn 

c h a r a c t e r i s t i c s  r e q u i r e d  f o r  t h e  cnmmerrial p rn to type  demonstration 

(Demo) a r e  e s s e n t i a l l y  t h e  same a s  t hose  requi red  f o r  an i g n i t i o n  

demonst ra t ion  dev ice  (ITR). Thus, many of t h e  components developed f o r  

t h e  i g n i t i o n  demonstrat ion phase w i l l  be  app l i cab le  t o  t h e  commercial 

p ro to type  demonstrat ion phase. This  i s  an important f a c t o r  and con- 

t r i b u t e s  t o  the  p o s s i b i l i t y  of  minimizing t h e  number of f a c i l i t i e s  re -  

q u i r e d  f o r  t h e  demonstrat ion programs. The necessary and d e s i r a b l e  

step-by-step t r a n s f e r  of technology, engineer ing ,  and physics  under- 

s t a n d i n g  from one exper ience  t o  another  w i l l  be  achieved through t h e  

t h r e e  phases of t h e  program. 

The committed s i t e  c o n s i s t s  of  two major components - t h e  shared  

f a c l l l t i e s  and t h e  s p e c i f i c  demonstrat ion modules. I n  t h e  shared  

f a c i l i t i e s  w i l l  b e  t h e  t r a d i t i o n a l  "balance of p lan t"  i tems such a s  

b u i l d i n g s  and o t h e r  f a c i l i t i e s ,  and t h e  p a r t i c u l a r ,  sha rab le  high-cost 

items p e c u l i a r  t o  f u s i o n  such as  the pulsed e le r . t r i , ca l  pnwpr, r ryogenic 

p l a n t s ,  t r i t i u m  hand l ing ,  and maintenance. Within the  demonstration 

modules w i l l  be a f i r s t  u n i t  t h a t  is  envisioned t o  have an  i n i t i a l  

t a r g e t  of  i g n i t i o n  and burn ing  f o r  minimal e l e c t r i c a l  power, wi th  an 

upgrade c a p a b i l i t y  f o r  set  e l e c t r i c a l  power p r o d ~ l c t i o n .  A second u n i t  

i s  envis ioned  t o  be  t h e  commercial p ro to type  demonstrat ion u n i t .  

1 . 3  SUMMARY 

This  e x e r c i s e  suppor ts  t h e  t h e s i s  t h a t  t h e  committed fus ion  s i t e  

concept  provides t h e  framework f o r  a reasonable  pa th  t o  t h e  r ap id  

demonst ra t ion  of f u s i o n  power a s  an energy op t ion  f o r  our  country.  The 



s p e c i f i c  end d a t e  depends upon t h e  a b i l i t y  t o  i n i t i a t e  t h e  demonstrat ion 

program and upon t h e  outcome of  t h e  underlying r e sea rch  and development 

programs. Assuming t h a t  a s t a r t  w i t h i n  a y e a r  i s  p o s s i b l e  and t h a t  t h e  

outcome of t h e  suppor t ing  r e sea rch  and development programs i s  favor-  

a b l e ,  then an endpoint  of  a commercial f e a s i b i l i t y  demonstrat ion by t h e  

beginning of t h e  twen ty - f i r s t  cen tury  i s  p r o j e c t e d .  

The three-phase p l a n  a t  a committed s i t e  t o  provide  t h i s  demonstra- 

t i o n  of t h e  fu s ion  op t ion  i s  i l l u s t r a t e d  i n  Fig.  1.1. The word "option" 

impl ies  t h a t ,  i n  a d d i t i o n  t o  a s t r i c t l y  t e c h n i c a l  demonstrat ion,  a 

n a t i o n a l  c a p a b i l i t y  t o  deploy t h e  concept w i l l  b e  i n  p l a c e  when needed. 

Since t h e  c u r r e n t  o b j e c t i v e s  of  t h e  DOE program do n o t  e x p l i c i t l y  

i nc lude  commercialization of fu s ion  power, t h e  c a p a b i l i t y  t o  move toward 

widespread commercial deployment must awai t  a f avo rab l e  n a t i o n a l  commit- 

ment. 

We have assumed t h a t  t h e  a s s o c i a t e d  r e sea rch  and development 

programs w i l l  be  implemented on a t ime ly  b a s i s  a s  r equ i r ed  t o  suppor t  

t h e  phys ics  and technology u n c e r t a i n t i e s .  The TNS Study Programs i n  

EY 1977 have i d e n t i f i e d  t h e  major R&D requirements  f o r  t h e  tokamak i g n i -  

t i o n  d e ~ i c e . ~ , ~  

This  e x e r c i s e  i s  c l e a r l y  on ly  t h e  f i r s t ' s m a l l  s t e p  toward i d e n t i -  

f i c a t i o n  and implementation of a f u s i o n  demonstrat ion s t r a t e g y .  The 

ORNL Fusion Power Demonstration Study: I n t e r i m  ~ e ~ o r t l  con ta in s  more 

t e c h n i c a l  d i s cus s ions  about t h e  n a t u r e  of  f u s i o n  r e a c t o r  des ign  rele- 

van t  t o  shared  f a c i l i t i e s ;  t h e  GA F a c i l i t i e s  s t udy \on ta in s  a much 

more d e t a i l e d  s tudy  of t h e  f a c i l i t i e s '  a s p e c t s  of  ano the r  demonstrat ion 

s t r a t e g y .  Th i s  e x e r c i s e  has  been based on t h e  assumption t h a t  t h e  

tokamak approach f s che p r f n c l p a l  p a ~ l 1  t o  demonstrat ion.  This  asslimp- 

t i o n  could be  rep laced  w i t h  e i t h e r  a b roader  premise t h a t  p o s t u l a t e s  a 

c l a s s  of a l t e r n a t e  i n i t i a l  approaches o r  one t h a t  p o s t u l a t e s  changing 

from one approach t o  another  du r ing  t h e  e v o l u t i o n  of t h e  demonstrat ion 

p l an .  An example of  t h e  former would b e  a committed s i t e  designed t o  

accommodate tokamaks, mi r ro r ,  EBT, and o t h e r  approaches; an example of 

t h e  l a t t e r  would be  a s i t e  planned f o r  a tokamak i g n i t i o n  phase 

al lowing f o r  t h e  p o s s i b i l i t y  of a mir ro r  o r  EBT follow-on. 
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F i n a l l y ,  t h e  promise of t h e  committed s i t e  can only be enjoyed 

through a  d e t a i l e d  design cons ide ra t ion  of t h e  advantages and d is -  

advantages of t h e  committed s i t e  ve r sus  s e p a r a t e  s i t e s .  S p e c i f i c a l l y ,  

a  s tudy must be made of t he  d e t a i l s  of which systems can be shared t o  

what f i n a n c i a l  sav ings  and a t  what f i n a n c i a l  r i s k ,  and of t he  impacts on 

t h e  device  and f a c i l i t y  designs,  both p o s i t i v e  and nega t ive ,  from the  

c o n s t r a i n t s  of t h e  committed s i t e .  

2. PROJECT PLANNING BASIS 

The program descr ibed  i n  t h i s  p lan  i s  one of development and demon- 

s t r a t i o n .  It does no t  extend e x p l i c i t l y ,  a t  t h i s  t ime,  t o  commer- 

c i a l i z a t i o n .  The program s t r a t e g y  must, however, recognize and be 

c o n s i s t e n t  wi th  an assumed degree of urgency f o r  fu s ion  power deploy- 

ment a s  we l l  a s  t h e  hu rd le s  and c o n s t r a i n t s  i n  t h e  pa th  of develop- 

ment and demonstration. The assessment of need and r i s k  used i n  t h i s  

p lan  is  s i m i l a r  t o  t h e  Logic 1 1 1 - I V  l e v e l s  s e t  ou t  i n  an e a r l i e r  ERDA- 

DMFE planning exe rc i se :  i. e .  , an aggress ive  program propel led  by the  

o v e r a l l  program needs but t r i g g e r e d  by t e c h n i c a l  achievement. 

For t h i s  planning exe rc i se ,  t h e  fol lowing assumption is  made. 

The motivat ion and major d r i v i n g  f o r c e  f o r  t h e  fus ion  power op t ion  i s  

Rhe paoapect of t h i s  energy source f i l l i n g  t h e  energy gap produced by 

eve.& deueclbing n a t u r a l  resources  such a s  gas ,  o i l ,  c o a l ,  and uranium 

and evetr incheabing n a t i o n a l  power requirements .  To be s p e c i f i c ,  t he  

p a r t i c ~ i l a r  d e f i n i t i o n  and timing of t h e  match between need and achieve- 

ment of the  fus ion  power op t ion  (being dependent on t o t a l  e l e c t r i c a l  

load  growth and t h e  competi t ion among a l t e r n a t i v e  sources  of e l e c t r i c a l  

energy) i s  commercial prototype demonstration by t h e  end ok t h i s  

century . 

2.1 INTERACTION OF PKOJECTS 

A s  a  means of developing a  c r e d i b l e  s e l f - c o n s i s t e n t  schedule,  the  

commercial p ro to type  demonstration ope ra t ion  requirement is  assumed 

t o  be FY 1998. This  assumption, i n  t u r n ,  d r i v e s  t h e  schedule f o r  t h e  

1 g a i r i o n  a d  liet powcr demons t r a t  ion  prr-i j r.ct.s, 



A s  is  ev iden t  i n  Fig. 1.1, t h e s e  ope ra t iona l  d a t e  requirements der ived  

from "back t o  f r o n t "  p lanning  do t u r n  out  t o  be  c o n s i s t e n t  wi th  " f ron t  

t o  back" plallning i f  t h e  ITR commitment is  made i n  FY 1982 and the  EPR 

and Demo commitments a r e  made i n  FY 1984. 

2 .1 .1  I g n i t i o n  Demonstration (ITR) 

The commitment d a t e  f o r  t he  i g n i t i o n  demonstration wao chosen as 
A Fi 1982. It is assumed t h a t  by t h i s  d a t e  t he  phys ics ,  technology, and 

eng inee r ing  i s s u e s  w i l l  have been q u a l i f i e d  s u f f i c i e n t l y  ( a s  a  r e s u l t  

o f  on-going R&D p r o j e c t s  such a s  TFTR, TSTA, ISX, D - 1 1 1 ,  LCP, PDX, . 
A l c a t o r ,  e t c . )  t o  proceed w i t h  an i g n i t i o n  device  a t  minimum r i s k .  

Assuming a two t o  t h r e e  yea r  des ign  and des ign-spec i f ic  development and 

p ro to typ ing  per iod  be fo re  "cu t t i ng  metal ,"  then  l a r g e  f i n a n c i a l  commit- 

ments would not  be  r equ i r ed  be fo re  FY 1984-85. By FY 1984-85, t he  U.S. 

f u s i o n  programt w i l l  have y ie lded:  

>3-6 yea r s  of o p e r a t i o n a l  experience i n  such R&D devices  as 

ISX, PLT, PDX, D - 1 1 1 ,  e t c . ,  

+ 3-4 years of H and D-T ope ra t ion  i n  TFTR, 

2-3 years  of  d e t a i l e d  ITR device  des ign  having t h e  "same" 

s c a l e  a s  t h e  EPR and Demo p l a n t s ,  
- 2-3 yea r s  of t h e  "same" scale  des ign-spec i f ic  RSD 

and pro to type  "out-of-plantt1 t e s t  r e s u l t s ,  and 

* 
The p lanning  f o r  ITR is  more ex tens ive ly  d iscussed  i n  t h e  "Draft  Pro- 

- gram P lan  f o r  TNS - The Next Step a f t e r  TFTR," ORNL/TM-5982, ORNL/TM- 
5983, 0 R N ~ / ~ ~ - 5 9 8 4 ,  and WFPS-TME-044. * 

'1n t h i s  e x e r c i s e ,  t h e  con t r ibu t ions  of t he  major European, Japanese,  
and Sov ie t  programs have not  been e x p l i c i t l y  included.  A s  t he  longer  
range  p o r t i o n s  of t h e s e  t h r e e  program p lans  become c l e a r ,  then they 
must be included i n  t h e  evo lu t ion  of t h i s  planning e x e r c i s e .  



s u f f i c i e n t  environmental,  s a f e t y ,  waste  handl ing informat ion ,  

and experience t o  ensure  l i c e n s a b i l i t y  of t h e  EPR and Demo 

p l a n t s  . 
It is  on t h e  b a s i s  of t hese  experiences t h a t  a commitment t o  l a rge - sca l e  

manufacturing c o s t s  would be made i n  FY 1984-88. 

2.1.2 Power Technology Demonstration (EPR) 

With t h e  expected program accomplishments i n  t h e  FY 1984-1985 

per iod  a s  l i s t e d  above, i t  i s  assumed t h a t  t h e  phys ics ,  engineer ing ,  

and technology i s s u e s  a r e  f u r t h e r  q u a l i f i e d  t o  t h e  po in t  where a 

FY 1984-85 commitment can now be made t o  proceed wi th  t h e  EPR a t  a 

reasonable r i s k .  This  commitment i s  t o  t h e  T i t l e  I funding phase f o r  

t h e  power technology demonstration and t o  t h e  conceptual design phase of 

t h e  commercial p ro to type  demonstration ( see  Fig.  1 .1) .  Assuming, f u r t h e r ,  

a three-year  des ign  and l i c e n s i n g  phase and a seven-year cons t ruc t ion  

per iod ,  t h e  EPR T i t l e  I commitment phase i n  FY 1984 would be followed 

wi th  l a r g e  f i n a n c i a l  commitments commencing about FY 1988. By FY 1988 

t h e  U.S. f u s i o n  program w i l l  have y ie lded:  

= >5-8 years of ope ra t iona l  experience on such RCD devices  as 

ISX, PDX, D - 1 1 1 ,  e t c . ,  

7 y e a r s  of H and D-T ope ra t ion  on TFTK, 

6 y e a r s  of d e t a i l e d  device  des ign  on t h e  "same" s c a l e  a s  t h e  

commercial p l a n t s ,  

>6. yea r s  of t h e  "same" s c a l e  des ign  s p e c i f i c  R&D, and 

pro to type  "out-of-plant" t e s t  r e s u l t s ,  

; demonstrat ion s f  l i cenoabi15ty  of a commercial oca la  fuoion 

power p l a n t ,  i . e . ,  cons t ruc t ion  permit  f o r  EPR i n  FY 1988, and 

s t a r t  of ITR, "proof of p r i n c i p l e , "  and p reope ra t iona l  t e s t i n g .  

Again, i t  is  on t h e  b a s i s  of t h e s e  s u b s t a n t i a l  experiences t h a t  t h e  

commitment t o  l a rge - sca l e  manufacturing would be  made. 



2.1 .3  Commercial Pro to type  Demonstration (Demo) 

By FY 1988, w i t h  f u r t h e r  physics ,  technology, and engineer ing  i s s u e  

q u a l i f i c a t i o n s ,  as noted i n  t h e  fus ion  program y i e l d s  above, t he  Demo 

commitment can b e  made. Major f i n a n c i a l  commitments, aga in ,  would not  

b e  r e q u i r e d  u n t i l  a f t e r  t h e  three-year  des ign  and l i c e n s i n g  period ended 

i n  FY 1991 and most impor tan t ,  not  u n t i l  a f t e r  t h r e e  years  of ITR 

o p e r a t i o n s  f o r  "proof of  p r inc ip l e . "  

2 .2  EXPERIENCE TRANSFER AND THE TIME PHASING OF SUCCESSIVE PROJECTS 

Aulother f a c t o r  governing the  scope and t iming of t h e  fus ion  power 

program i s  exper ience  t r a n s f e r .  Time-phasing of  succes s ive  projerts  

should  be  such as t o  a l low a  s u b s t a n t i a l  degree of experience t r a n s f e r  

c o n s i s t e n t  wi th  schedules  compressed t o  a  po in t  determined by the  

judgment of  accep tab le  r i s k .  

There a r e  a t  l e a s t  two p r i n c i p a l  f a c t o r s  t o  be  considered he re  

about exper ience  t r a n s f e r .  One concerns t h e  development of experience 

and t h e  phasing of p r o j e c t s  t o  al low u s e f u l  a p p l i c a t i o n  of t h e  experi-  

ence developments. The o t h e r  concerns t h e  c a p a b i l i t i e s  of a  given pro j -  

e c t  team t o  perform t h e  a c t u a l  t r a n s f e r  of experience.  With regard t o  

t h e  f i r s t  f a c t o r ,  maximum exper ience  t r a n s f e r  occurs ,  and scale-up r i s k s  

a r e  minimized when p r o j e c t s  a r e  widely d i sp l aced  i n  t ime,  a l lowing more 

mi l e s tones  of one p r o j e c t  t o  be  achieved be fo re  a  follow-on p r o j e c t  i s  

i n i t i a t e d .  However, t h i s  cons ide ra t ion  must be weighed a g a i n s t  t h e  l o s s  

of n a t i o n a l  b e n e f i t s  t h a t  would accrue  from e a r l i e r  f u s i o n  power i n t r o -  

duc t ion ,  and,  indeed,  cons ider ing  t h e  second f a c t o r ,  a g a i n s t  t he  

p o t e n t i a l  l o s s  of exper ience  t r a n s f e r  due t o  long-term d i s c o n t i n u i t i e s  

i n  p r o j e c t  teams. 

I n  an  extreme case ,  one would no t  s t a r t  des ign  of a  follow-on 

p r o j e c t  u n t i l  t h e  preceding p r o j e c t  had opera ted  f o r ,  say ,  two yea r s .  

Th i s  " s e r i a l "  p l a n  would a l low i d e n t i f i c a t i o n  of e s s e n t i a l l y  a l l  

g e n e r i c  d e f i c i e n c i e s  i n  t h e  preceding p r o j e c t  be fo re  t h e  follow-on is  

committed. However, i n  t h i s  s e r i a l  p lan ,  without  a  p a r a l l e l  and proper ly  

t imed,  phased program of similar a c t i v i t i e s ,  c y c l i c a l  mob i l i za t ion  and 

demobi l iza t ion  of des ign  teams and manufacturing c a p a b i l i t y  would r e s u l t  



i n  major program d i s c o n t i n u i t y .  This  d i s c o n t i n u i t y  would be  a  r e s u l t  

i n  a d d i t i o n  t o  t h e  i n h e r e n t l y  long schedule.  

The fol lowing genera l  groundrules  a r e  followed i n  e s t a b l i s h i n g  

r e l a t i v e  t iming of fu s ion  power p l a n t  p r o j e c t s  i n  t h i s  planning exe rc i se :  

1. Design of a  p l a n t  would s t a r t  when most of t h e  des ign  of 

t h e  preceding p l a n t  i s  complete, when t h e  cons t ruc t ion  permit 

has  been awarded, and when cons t ruc t ion  has been s t a r t e d  on 

t h e  preceding p l a n t .  This  a s su re s  c o n t i n u i t y  of des ign  

e x p e r t i s e  and e f f e c t i v e  t r a n s f e r  of design,  procurement, and 

l i c e n s i n g  experience.  

2 .  Component and system t e s t i n g  f o r  t h e  t h i r d  phase p r o j e c t  

occurs  s imultaneously wi th  t h e  des ign  and l i c e n s i n g  phase 

of t h e  second phase p r o j e c t  and be fo re  cons t ruc t ion  s t a r t s  

on t h e  f i r s t  phase p r o j e c t .  

3 .  P r o j e c t  commitment i s  assumed t o  occur  a t  t h e  s t a r t  of 

d e t a i l e d  design.  De ta i l ed  des ign  and l i c e n s i n g  ( f o r  a  

cons t ruc t ion .permi t )  t y p i c a l l y  r e q u i r e  t h r e e  y e a r s .  Construc- 

t i o n ,  which commences when a  cons t ruc t ion  permit i s  awarded, 

t y p i c a l l y  r equ i r e s  seven y e a r s .  Then, t h e  t o t a l  assumed. 

commitment-to-operation l e a d  time i s  t e n  yea r s .  

Another parameter which a f f e c t s  r i s k ,  i n  a d d i t i o n  t o  t h e  r e l a t i v e  

t iming of success ive  p r o j e c t s ,  i s  t h e  degree of scale-up,  o r  t he  s c a l e -  

up f a c t o r .  The ITR (Phase I ) ,  upgraded t o  EPR (Phase 11) i s  of t h e  
11 same" s c a l e  as t h e  Demo p l a n t  (Phase 111) which l eads  t o  a  minimum 

scale-up r i s k ;  t he  ITR and i t s  upgrade t o  EPR a r e  c a l l e d  Unit /I1 on 

Fig. 1.. I and the B e m ~  p l a n t  i s  c a l l e d  Unit #2.  

2.3 DECISION MIT.F,STONE CONSIDERATIONS 

Considerat ion of t h e  necessary i n t e r a c t i o n s  between p r o j e c t s  and 

t h e  time-phasing scheme f o r  t h e  requi red  experience t r a n s f e r  a long wi th  

t h e  assumption of reasonable ,  business-as-usual,  cons t ruc t ion  t imes f o r  

each p r o j e c t  r e s u l t e d  i n  t h e  planning e x e r c i s e  schedule found i n  Fig. 

1.1. This  schedule cons iders  t h e  c r i t i c a l  pa th  of phys ics  understanding 

by imposing t h e  p r o j e c t  i n t e r a c t i o n  ove r l aps ,  t h e  o v e r a l l  techriological  



and eng inee r ing  c r i t i c a l  p a t h  by imposing t h e  exper ience  t r a n s f e r  time- 

phas ing  scheme, and t h e  c o n s t r u c t i o n  t i m e - c r i t i c a l  pa th  by us ing  

business-as-usual  c o n s t r u c t i o n  t i m e s .  Each of t h e  t h r e e  a r e a s  of consid- 

e r a t i o n  i s  i n d i c a t e d  a s  a  c r i t i c a l  pa th  s i n c e  a  s l i p p a g e  i n  t ime i n  any 

one of t h e s e  a r e a s  w i l l  cause an equa l  amount of t i m e  delay i n  a l l  down- 

stream a c t i v i t i e s .  I f ,  f o r  example, i t  took n i n e  yea r s  t o  c o n s t r u c t  t h e  

ITR, then t h e  EPR and Demo would s l i p  two y e a r s .  

These t h r e e  r a t h e r  d e t a i l e d ,  complicated c r i t i c a l  pa th s  can be  

summarized i n t o  t h r e e  major dec i s ion  mi les tone  p o i n t s  which become t h e  

ovtrall~ c r i t i c a l  path:  

1 .  (10/1/78) d e c i s i o n  t o  proceed wi th  ITR ( i . e . ,  s t a r t  
formal  conceptua l  des ign)  , 

#2. (10/1/84)  d e c i s i o n  t o  proceed wi th  EPR ( i , e . ,  s t a r t  
formal T i t l e  I d e s i g n ) ,  and 

#3.  (10/1/90) d e c i s i o n  t o  proceed wi th  Demo ( i . e . ,  o r d e r  
major components). 

I f ,  a t  t he  t ime  of mi les tones  1, 2 ,  o r  3 ,  any of  t he  " requi red  

i n p u t  o r  performance" i t e m s  f o r  t h e  phys i c s ,  t e chno log ica l  and engineer-  

i n g ,  o r  c o n s t r u c t i o n  spans  h a s  n o t  been s a t i s f i e d ,  t hus  de l ay ing  t h e  

d e c i s i o n  p o i n t ,  t h e n  a l l  downstream a c t i v i t i e s  a r e  delayed an equa l  

amount o f  t ime.  

2.4 PHYSICS, TECHNOLOGY, AND ENGINEERING CONSIDERATIONS 

The f i n a l  f a c t o r  governing t h e  scope and t iming  of t h e  fu s ion  power 

program i s  t h e  set  of ou t s t and ing  phys i c s ,  technology,  and engineer ing  

i s s u e s .  The TNS R&D Study2 i d e n t i f i e d  the  i g n i t i o n  device  i s s ~ r e a  and 

l a i d  o u t  p r e l imina ry  s chedu la r  requirements .  These i s s u e s  have a l s o  

been conf ronted  i n  t h e  ORNL Fusion " Power - Demonstratio-n. Stud?; In t e r im  
- . ----- 

Report.  I I n  t h e  i n t e r i m  r e p o r t  t h e  ques t i on  of f i n d i n g  t h e  "cor rec t"  

set  of phys i c s ,  t echnology ,  and engineer ing  d i r e c t i o n s  was addressed i n  

t h e  fo l l owing  way: 

A s  a  f i n a l  p o i n t ,  i t  must be  emphasized t h a t  t h e r e  i s  no 
unique s e t  of  t e c h n o l o g i c a l  d i r e c t i o n s ,  engineer ing  des igns ,  
o r  plasma parameters  which o f f e r s  promise f o r  t h e  demonstra- 
t i o n  of commercial f e a s i b i l i t y .  Seve ra l  such s e t s ,  no doubt ,  
do e x i s t .  I n  t h i s  s t u d y ,  we seek  t o  d e f i n e  one promising s e t  



of technologies ,  design approaches,  and plasma c h a r a c t e r i s  t i c s .  
Thus, our o b j e c t i v e  i s  t o  develop a p l an ,  n o t  Ithe p l a n ,  f o r  
demonstrat ing commercial f e a s i b i l i t y .  

Rather  t han  sea rch  f o r  ;the "cor rec t"  p l a n ,  then ,  t h i s  i l l u s t r a t i v e  

e x e r c i s e  i s  po in t ed  toward development o f  a  f e a s i b l e  p lan .  I n  doing s o ,  

i t  assumes t h a t  an accep tab l e  set of  phys ics  parameters ,  t e c h n o l o g i c a l  

d i r e c t i o n s ,  and engineer ing  des igns  w i l l  b e  a v a i l a b l e  t o  suppor t  t h e  

succes s ive  p r o j e c t  exper iences  a s  they accumulate up t o  t h e  time of  

major f i n a n c i a l  commitment f o r  t h e  Demo f a c i l i t y  i n  FY 1991. This 14- 

y e a r  pe r iod  from today should g ive  t h e  n a t i o n  enough time t o  exp lo re  

and develop t h i s  promising energy source  a s  a  u s e f u l  energy op t ion .  

3.  PROJECT IMPLEMENTATION PLAN 

Based upon t h e  f a c t o r s  d i s cus sed  i n  Sec t .  2 ,  an elementary p l an  of 

c o s t s  and schedules  t i e d  t o  an o v e r a l l  Work Breakdown S t r u c t u r e  (WBS) 

can be  developed f o r  f u r t h e r  cons ide ra t i on .  This  s e c t i o n  p r e s e n t s  t h e  

o v e r a l l  WBS as an organiz ing  framework, t h e  o b j e c t i v e  of t h e  t h r e e  phases ,  

p r o j e c t e d  c o s t s ,  and schedules  f o r  them. 

3 . 1  OVERALL WBS FOR FUSION DEIIOETSTRATIO?J 

An o v e r a l l  WBS i s  a sys t ema t i c  method of  p r e s e n t i n g  a l l  t h e  elements  

of a  given program.7 The demonstrat ion elements  i n  t h e  f u s i ~ n ' ~ r o g r a m  

a r e  i g n i t i o n  o r  p r i m i t i v e  power, power technology,  and commercial proto-  

type.  Most of the r e sea rch  and development a c t i v i t y  and f a c i l i t i e s  a r e  

t i e d  e x p l i c i t l y  t o  requirements  o f  t h e s e  p r o j e c t s ,  and i n  t h i s  way, p ro j -  

e c t  o b j e c t i v e s  and schedules  d r i v e  most of t h e  DOE fus ion  power program. 

P a r t  of t h e  R&D programs a r e  technology and phys i c s  understanding pro-  

grams n o t  d i r e c t l y  i d e n t i f i e d  w i t h  s p e c i f i c  p r o j e c t s .  The goa l s  of  

t h e s e  g e n e r i c  programs a r e  t o  provide  a  broad b a s e  of phys ics  understand- .  

i n g  and technology which: (1) p rovides  a s  contingency a l t e r n a t i v e s  

when problems a r i s e  i n  t h e  demonstrat ion p r o j e c t s  and ( 2 )  produces 

improvement beyond t h e  demonstrat ion programs. 

The upper l e v e l  WBS (Fig .  3 .1)  p r e s e n t s  each of  t h e  demonstrat ion 

p r o j e c t  t a c k s  ( t h e  l e v e l  a ) ,  p r o j e c t  s p e c i f i c  R&D t a s k s ,  and gene r i c  



Fig. 3.1. Top 1evel.work breakdown structure of three-phase power demonstration plan. 
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program t a s k s  i n  r e l a t i o n  t o  t h e  u l t i m a t e  program o b j e c t i v e  - a s e c u r e d  

energy o p t i o n .  I n  l e v e l  3  o f  t h e  WBS ( F i g .  3 . 2 ) ,  each  of t h e  l e v e l  2  

p r o j e c t s  i s  broken down i n t o  t h e  p r i n c i p a l  t a s k s ,  management sys tems ,  

d e v i c e  sys tems ,  f a c i l i t i e s  sys tems ,  power convers ion  systems (Phases  I1 

and I11 o n l y ) ,  p r e o p e r a t i o n a l  and o p e r a t i o n a l  sys tems ,  and p r o j e c t  

s p e c i f i c  R&D. A t  l e v e l  4 ,  t h e , s y s t e m s  t a s k  packages a r e  d i v i d e d  i n t o  

subsystem t a s k  packages.  Each package i n c l u d e s  t h e  d e s i g n ,  procurement ,  

f a b r i c a t i o n ,  assembly,  i n s t a l l a t i o n ,  and c o n s t r u c t i o n  a c t i v i t i e s  needed 

t o  accomplish  t h e  t a s k .  These breakdowns a t  t h e  f o u r t h  l e v e l  a r e  deve l -  

oped and p r e s e n t e d  i n  F ig .  3.2.  

3 . 2  INDIVIDUAL PROJECT OBJECTIVES 

3 . 2 . 1  I g n i t i o n  Demonstra t ion P r o j e c t  (ITR) 

Key O b j e c t i v e :  t o  demons t ra te  t h e  e lements  of a c o n t r o l l e d  f u s i o n  

energy power sys tem.  

C r i t i c a l  O b j e c t i v e s  : 

t o  p r o v i d e  a r e s e a r c h  f u s i o n  r e a c t o r  which w i l l  g e n e r a t e  a 

r c n c t o r  core plasma, u s i n g  mnderate  e x t e n s i o n s  of t h e  technology 

t h a t  w i l l  b e  q u a l i f i e d  by FY 1982-84, from which sys tems  i n t e g r a -  

t i o n  e x p e r i e n c e  can b e  g a i n e d ,  

t o  p r o v i d e  a  f o r c i n g  f u n c t i o n  of f u s i o n  t echnology ,  

t o  p r o v i d e  a  "proof of p r i n c i p l e "  t h a t  t h e  tokamak approach t o  a  

plasma f u s i o n  c o r e  i s  soundly b a s e d ,  and 

t o  o b t a i n  i n i t i a l  d e s i g n  and c o n s t r u c t i o n  e x p e r i e n c e  t h a t  w i l l  

prnvjde c a p a b i l i t y  for t h e  f u r t h e r  p r o j e c t  m o d i f i c a t i o n  t o  a  

power technology demons t ra t ion  "proof of technology" p r o j e c t .  

Thus,  t h i s  phase  i s  concerned w i t h  producing a minimal amount of 

e l e c t r i c i t y  u s i n g  e lementa ry  v e r s i o n s  of a l l  t h e  sys tems expec ted  i n  a 

r e a c t o r  p l a n t  and is  n o t  concerned w i t h  e x t e n s i v e  power c o n v e r s i o n ,  

t r i t i u m  b r e e d i n g ,  and recovery .  
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3 . 2 . 2  Power Technology Demonstration (EPR) 

Key Object ive:  t o  demonstrate power technology ope ra t ions .  

C r i t i c a l  Object ive:  

t o ,  provide a f u l l - s c a l e  tokamak e l e c t r i c a l  power genera t ing  

p l a n t  t h a t  w i l l  r e s u l t  i n  a "proof of technology." 

P r o j e c t  J u s t i f i c a t i o n  

A t  t h e  time t h i s  p r o j e c t  w i l l  g e t  t h e  go-ahead (FY 1985),  t e n  t o  

f i f t e e n  y e a r s  of a c t u a l  experimentat ion and s tudy  experience wi th  the  

tokamak fus ion  power concept w i l l  have been accomplished. This  exper- 

i ence  inc ludes  a l l  t h e  tokamak-specific R&D p r o j e c t s  such a s  ORMAK, PLT, 

ISX, TFTR, D - 1 1 1 ,  e t c . ,  i n  a d d i t i o n  t o  t h r e e  t o  £ i v e  yea r s  of a c t u a l  

" fu l l - sca le"  des ign  and p r o j e c t - s p e c i f i c  R&D experience on the  Phase I 

i g n i t i o n  demonstration p r o j e c t  (ITR). A t  t h i s  t ime, t h e  tokamak fus ion  

power concept w i l l  be  s u f f i c i e n t l y  q u a l i f i e d  f o r  t h e  second major deci-  

s i o n  mi les tone  - t o  proceed wi th  t h e  EPR p r o j e c t  and t o  be made wi th  mini- 

mum economic o r  t e c h n i c a l  r i s k .  

3 . 2 . 3  ~ommcrc io l  Powcr Dcmonctrntion (Demo) 

Key Object ive:  t o  demonstrate t h e  f e a s i b i l i t y  of commercial fu s ion  power. 

C r i t i c a l  Object ives:  

t o  provide a b a s i s  f o r  t h e  fus ion  power opt ion  t h a t  w i l l  engender 

. p11bl.i~ and u t i l i t y  confidence,  

t o  document t h e  f e a s i b i l i t y  of t h e  i n d u s t r i a l  park  fus ion  power 

concept ,  and 

t o  form t h e  groundwork from which t h e  fus ion  power opt ion  can be 

secured and expanded. 

J u s t i f i c a t i o n  o f  Demo P r o j e c t  

A commercial prototype demonstration p l a n t  (Demo) is  needed t o  

engender t h e  confidence of t h e  pub l i c  and u t i l i t y  companies. This  proto- 

type ope ra t ion  i s  needed s p e c i f i c a l l y  t o  demonstrate r e l i a b l e ,  e f f i c i e n t ,  



economical,  and s a f e  f u s i o n  power ope ra t ions  i n  o rde r  t o  secure  the  

f u s i o n  op t ion .  

The 10/1/90 major d e c i s i o n  mi les tone  commits major funds t o  proceed 

w i t h  t h e  Demo. A t  t h i s  t ime,  t h e  tokamak concept w i l l  have been s t u d i e d ,  

des igned ,  and opera ted  (with s e v e r a l  yea r s  of i g n i t i o n  ope ra t ion  experi-  

ence  on t h e  i g n i t i o n  demonstrat ion p r o j e c t )  wi th  a t  l e a s t  20 yea r s  of 

m u l t i p l e  p r o j e c t  experimentat ion r e s u l t s .  Minimum r i s k  w i l l  be  involved 

a t  t h i s  t ime.  

Gener ic  and P ro jec t -Spec i f i c  R&D 

The Demo Study i n t e r i m  repor t1  and t h e  TNS Program plan2 d i scuss  

t h e  g e n e r i c  and p r o j e c t  s p e c i f i c  R&D requirements .  E labora t ion  of t h e s e  

f i n d i n g s  is  not  i n  t h e  scope of t h i s  i l l u s t r a t i v e  plan.  

3 . 3  COST PLAN 

This  s i n g l e  s i t e ,  minimum scale-up, s e q u e n t i a l ,  fus ion  power demon- 

s t r a t i o n  p l an  could be implemented wi th  a  t o t a l  cons t ruc t ion  cos t  of 

approximately $1.6 b i l l i o n  ( s e e  Table 2.6,  Ref. 1 )  ( i n  FY 1976 d o l l a r s ) .  

Th i s  does n o t  i nc lude  engineer ing  and contingency c o s t ,  nor  does i t  

inc lude  development c o s t s  o r  e s c a l a t i o n .  

The c o s t  p r o j e c t i o n s  above a r e  obviously specu la t ive  due t o  t h e  

pre l iminary  n a t u r e  of t h e  program. Nonetheless,  fu s ion  power p r o j e c t  

c o s t  p r o j e c t i o n s  by p r o j e c t  a r e a  p e r  year  a r e  considered t o  be a  neces- 

s a r y  p a r t  of t h i s  p lan .  The i n t e n t  of t h i s  yea r ly  c o s t i n g  d a t a  i s  

t h e r e f o r e  t o  g ive  some i n d i c a t i o n  of majok ~unding peniod kequhmem2 

recogniz ing  the  absence of any s p e c i f i c  design s t u d i e s  f o r  t he  t h r e e  

phases t h a t  would suppor t  t h e  accuracy of t he  numbers used. The follow- 

i n g  p r o j e c t  c o s t s  a r e  t h e r e f o r e  assumed. 



Groundrules for demonstration ~roiects 

Construction costs ($ in billion) 
(see Table 2.6, Ref. 1) 

Unit /I1 ignition (ITR) $0.65 (FY 1976 $) 

(Upgrade) net power (EPR) 0.25 (FY 1976 $) 

Unit /I2 commercial prototype (Demo) 0.7 (FYI976 $) 

Groundrules to arrive at total estimated cost (TEC) 

R&D (project-specific) 

Engineering 

Program management 

Contingency 

Escalation 

ITR - 

15% of construction costs 

35% of construction costs 

15% of construction costs 

40% 'of the above 

8% per year (compounded) 

Ignition demonstration total estimated cost 

in FY 1976 $ ($ in million) 

Construction costs 

Engineering @ 35% of construction costs 

Program management @ 15% of construction 
costs 

R&D project-specific @ 15% of 
construction costs 

Sub total 

Clsi~tingency @ 40% sf the abovc -0ubtota1 

Total estimated cost (FY 1976 $) 



EPK - 
Power technology demonstration total estimated costs 

in FY 1976 $ ($ in million) 

Construction costs 

Engineering @ 35% of construction costs 

Program management @ 15% of construction 
costs 

R&D project-specific @ 15% of 
construction casts 

sub l;u ta l  
Total estimated cost (N 1976 $) 

Demo 

Commercial prototype demonstration total estimated costs 

in N 1976 $ ($  in million) 

Construction costs 

Engineering @ 35% of construction costs 

Program management @ 15% of construction 
costs 

R&D project-specific @ 15% of 
construction costs  

Subtotal 

Contingency @ 40% of the above subtotal 

Total estimated cost (FY 1976 $) 

aon 
$1,150 

450 

$1,600 

Total estimated costs for projects 

(Escalated costs) ($ in milllull) 

ITR 

EPR 

Demo 

Grand total estimated costs 



' Table 3 .1  summarizes t h e  p r o j e c t  c o s t s  by year  wi th  c o s t s  e s c a l a t e d  

from FY 1976 d o l l a r s .  This  t o t a l  of t h e  c a p i t a l  c o s t s  of t he  t h r e e  major 

fu s ion  program demonstration elements through completion i n  FY 1997 i s  

$7.3 b i l l i o n  ( t h i s  does not  i nc lude  ope ra t ion  c o s t s ) .  It can be  seen by 

t h e  y e a r l y  t o t a l s  t h a t  t h e  funding requirements peak i n  FY 1992. The 

t o t a l  funds expended up t o  t h e  Demo commitment d a t e  (FY 1991) is  $3.6 

b i l l i o n  which r e p r e s e n t s  about 50% of t h e  t o t a l  program. This  i s  the  

c o s t  t o  a r r i v e  a t  t h e  "go no-go poin t , "  where t h e  remai ider  of t h e  c o s t s  

can be spent  w i t h  minimum r i s k .  

A s  noted,  t hese  c o s t s  i nc lude  l a r g e  f a c t o r s  f o r  contingency (40%),  

engineer ing  and management ('50%), and a  15% f a c t o r  f o r  developmental 

c o s t s .  These have purposely been chosen high a t  t h i s  t ime,  r e f l e c t i n g  

the  u n c e r t a i n t i e s  i n  t h e  e a r l y  s t a g e  of fu s ion  power development. Subse- 

quent reduct ions  i n  t hese  f a c t o r s  could b r i n g  t h e  program c o s t s  down. 

3.4 SCHEDULE PLAN 

Figure 3.3,  Fusion Power Demonstration Master Schedule,  p re sen t s  

t he  master  schedules  f o r  each of t h e  demonstrat ion p r o j e c t s  w i th  t h e  

a c t i v i t y  i n t e r r e l a t i o n s h i p s  shown. Also ind ica t ed  a r e  each p r o j e c t ' s  

s t a t u s  mi les tones  which a r e  def ined  i n  Table 3.2. 

I n  o rde r  t o  v e r i f y  t he  schedular  l o g i c  and a c t i v i t y  i n t e r -  

r e l a t i o n s h i p s ,  t h e  i l l u s t r a t i v e  p l an  was run on the  I B M  computer (PMS-4/E- 

2-PERT) p e r t  program. The r e s u l t s  v e r i f y  t h e  i l l u s t r a t i v e  p lan  l o g i c .  

Table 3.2 p re sen t s  t h e  s t a t u s  mi l e s tones ,  and 2 t  a l i o  i n d i c a t e s  t h a t  

t h e  o v e r a l l  p lan  c r i t i c a l  pa th  goes through each of t h e  p lan  major dec i -  

s i o n  mi les tones .  This  c r i t i c a l  path means t h a t ,  f o r  any reason (such a s  

l a c k  of q u a l i f i c a t i o n  of "proof of p r inc ip l e" )  when a  t ime s l i p p a g e  occuirs 

i n  any one of t h e s e  dec i s ion  mi les tones ,  a l l  downstream mi les tones  of a l l  

demonstration p r o j e c t s  w i l l  s l i p  an equal  amount of t ime. 

4 .  CONCLUSIONS 

1. Assuming succes s fu l  r e s o l u t i o n s  of t h e  phys i c s ,  technology, and 

engineering u n c e r t a i n t i e s  by 1990, t h e  commercial f e a s i b i l i t y  

of tokamak fvaj i - ln r.ni11d b e  established i n  c h i s  century w i t 1 1  a 



Table 3.1. Demo s t u d y  c o s t  p l a n n i n g  

FY 8: 8 3  € 6  8 5  e,b 87  8 8  89 9 0  9 1  92 9 3  94 95 96 97 9 8  99 2000 T o t a l s  

DOE o f f i c i a l  e s c a l a t i o n  
f a c t o r s  from N 1 9 i 6  
$ @ 8% p e r  y e a r  1.4E 1 . 5 6  1.U 1 . 7 4  1 . 8  1 . 8 8  1-96 2.04 2.12 2 . 2  2.28 2.36 2.44 1.52 2.60 2.68 2.76 2.84 2.92 

I g n i t i o n  demonstration 
(TTR) 

S c h e d u l e  of y e a r l y  
c o s t s  - % 101 1 5  2 3  25 1 5  1 0  5 

TEC - PI 1976 $ I $  x M) 150 i 2 5  30) 375 225 150 75 

TEC - E s c a l a t e d  $ ( $  x M) 222 351 49: 6 5 3  405 282 l i 7  ITR TEC = $'2,5jOM 
( e s c a l a t e d )  

USE $ 2,600M 

Net power d e m o n s t r a t i o n  
(PTD) 

S c h e d u l e  o f  y e a r l y  
c o s t s  - % 

TEC - FY 1976 $ ( $  x M) 

TEC - E s c a l a t e d  $ ($ x M) 

Conunercial p r o t o t y p e  
d e m o n s t r a t i o n  (Demo) 

S c h e d u l e  of  y e a r l y  
c o s t s  - % 

TEC - FY 1976 $ (S x M) 

TEC - E s c a l a t e d  $ ($ x M) 

PTD TEC = $ 1 , 2 7 7 n  
( e s c a l a t e d )  

USE $ 1,300M 

DEMO TEC = $ 3,3661.1 
( e s c a l a t e d )  

USE $ 3,400K 

E s c a l a t e d  t o t a l s  by N 222 351 492 705 459 338 i 2 2  285 361 616 752 708 659 q03 208 214 GRAND TEC $ 7,3001.1 
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Table 3.2. Fusion par t r  desenatration p1.n -major project atatus milestones 

project 

Mileijtones 1 ' 2 3 b 5 6 7 8 9 10 11 12 U 14 15 

Ignition 10179 5/80 10181 1182 1/85 10183 1182 7182 10184 10187 10187 10187 10188 10191 

E o m € e i d  
prototype 1018b . . 

&ci&on ro #2 Decision t o  13 National 
pkoceed mi th proceed vi th  canmi men% 

.. mt EPR t o  flraim 
Pow? 

(pr6cccd with 
0.mSJ 

of milestones 

Starp ~pnceptaal  design 
Eat&li.h manegement procedures and 

fUadi@ reapom,fbLlitiea 
Co~~plkta conceptud design 
Recefve wthorisrrdon - s t a r t  T i t l e  I deafso 
ComplPte envirolrmwtal Impact Statement 
subott Mtka 
aPDER u j o r  cmponenta 
Receive limited wwk authorfaation, s t a r t  sic& preparatiW 
Receiltc construction permit 
wjor components on s i t e  
submit- P6ML 
Corplere construction 

13. Receive operating permit 
lo. Cmplw-e p r e w a t i n a e 1  testing 
15. Cmplete demonstration 

n b j o r  decision Jlestoncs 

Form the overall plan c r i t i c a l  path 
When a time elipprgr in n n ~  one of theae 

occurs. all dopastream milestones of 
a l l  barno projecur W i l l  s l i p  m rnlual 
amcunt of time. 



I 

c a r e f u l l y  considered demonstration p lan  based upon t h e  committed 

s i t e  concept.  

2 .  Inc luding  e s c a l a t e d  c a p i t a l  c o s t s  f o r  t h e  t h r e e  demonstrat ion 

elements,  t h e  pre l iminary  t o t a l  program c o s t  is  es t imated  t o  be 

$7.3 b i l l i o n  p lus  ope ra t ing  c o s t s  t o  achieve  commercial f e a s i -  

b i l i t y .  

3. Three major mi les tone  d a t e s  a r e  i d e n t i f i e d  f o r  minimum r i s k .  

% T o t a l  TEC ob l iga t ed  
.Miles tones Date be fo re  d a t e  

Decision t o  proceed wi th  ITR 10/1/78 0% 

Decision t o  proceed w i t h  EPR 10/1/84 15 % 

Decision t o  proceed wi th  Demo 10/1/90 . 50% 

4. The three-phase approach schedule appears  t o  al low a h igh  degree 

of experience t r a n s f e r  c o n s i s t e n t  w i th  acceptab le  r i s k .  It a l s o  

provides program con t inu i ty  i n  terms of  management and des ign  

teams and manufacturing c a p a b i l i t y .  

5 .  The elements of a p r o j e c t  p lan  have been l a i d  ou t  a s  a b a s i s  f o r  

f u r t h e r  d i scuss ion  and ref inement .  

The concept of a s i n g l e  s i t e  dedica ted  t o  t h c  development of fu s ion  

r e a c t o r s  from an  " igni t ion"  device  through a pro to type  of a commercial 

power r e a c t o r  has  many p o t e n t i a l  b e n e f i t s .  I f  such a committed s i t e  

concept i s  t o  be  implemented, then i t  i s  important t h a t  t he  process  of 

i d e n t i f y i n g  s i t e  requirements and i n i t i a t i n g  development begins  soon. 

Therefore,  i t  i s  recommended a s  an i n i t i a l  s t e p  t h a t  a s e t  of requirements  

and c h a r a c t e r i s t i c s  Le Jevrlopecl covering bdeh g e n e r i c  power p l a n t  consid-"  

e r a t i o n s  and more impor tan t ly  t h e  s p e c i f i c s  of s i t e  and device  i n t e r f a c e s  

capable uL suppor t ing  an  evolving program l ead ing  t o  demonstrat ion.  The 

second recommended s t e p  i n  t h i s  process i s  t o  develop p lans  f o r  t h e  

des ign  of s i t e  f a c i l i t i e s  intended t o  maximize t h e  cos t -  and schedule- 

e f f e c t i v e n e s s  of p lac ing  mul t ip l e  devices  on a s i n g l e  s i t e  i n  a sequen- 

t i a l  manner, sha r ing  c o s t l y  i tems and inco rpora t ing  t e c h n i c a l  improve- 

ments a s  they become a v a i l a b l e .  



In addition to the site considerations, it is recommended that 

design criteria be developed and the physics, technology, and engineer- 

ing questions be.defined relative to the construction schedules and costs 

to determine their impact, and most importantly, their feasibility of 

timely accomplishment. 
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