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1.0 INTRODUCTION 

~ 

. .  ... 

... 

... 

..... 

- 

I n  many cases,  t h e  committed or c e n t r a l i z e d  s i te  for the 

development and c m m e r e i a l i z a t i o n  of a new or advancing 

technology has been highly successfu l .  The committed site he lps  

reduce development t i m e ,  c e n t r a l i z e s  and focuses development 

e f f o r t ,  and promotes maximum economy of resources ,  Examples of 

such committed sites are Houston and Cape Kennedy for the United 

Sta tes  Space Program, Dmnrey for t h e  B r i t i s h  fast breeder 

reactor program, and Rarlsruhe f o r  German physics and nuclear  

research, 

The fus ion  progran is e n t e r i n g  a transition s t a g e .  The recent 

p rogres s  i n  plasma physics has been r ap id  and the large devices  

that w i l l  come on l i n e  in the next few years are expected t o  

provide the information needed to proceed to larger engineering- 

o r i e n t e d  experiments, These e x p e r i m n t s  w i l l  be expensive and 

r e q u i r e  c o s t l y  suppor t ing  f a c i l i t i e s -  

T h e  committed site concept for fus ion  power development emerged 

from GFY76-77 s t u d i e s  conducted by the Advanced Systems Program 

of the Fusion Energy Division of Oak Ridge National  Laboratory. 

The Committed Fusion S i t e  Project for FY78/79 was conducted by 

Bechtel  under subcontract  with t h e  Oak Ridge Nat iona l  Laboratory 

operated by Union Carbide Corporation, who provided t.echnicaP 

d i r ec t ion .  The o b j e c t i v e  of t h i s  s t u d y  was t o  eva lua te  the 

1- 1 



technical and eesnornieal merits of a c o m m i t t e d  fusion development 

s i t e  €or magnet ical ly  confined fus ion  concepts,  dedica ted  t o  

major engineering experiments, n o t  proof-of-principle. There are 

many advantages t o  such an approach- A committed si te  could 

provide a s t r o n g  focus for  t h e  basic fus ion  power r e s e a r c h  and 

development program t h a t  is presently being conducted a t  m a n y  

l o c a t i o n s  throughout the United States. A committed si te can 

maximize t h e  u t i l i z a t i o n  of common f a c i l i t i e s .  A major p o t e n t i a l  

advantage is a reduct ion i n  t h e  overal l  t i m e  and cost for fus ion  

development by e l imina t ing  t h e  need t o  repea ted ly  select and 

develop sites for each s t e p  i n  a fus ion  power reactor development 

program; a program t h a t  may require as many as four development 

s t a g e s  (The Next Stepo Engineering POWEX Reactor, Wmmstrat ion 

P l a n t ,  and a Commercial Plant). 

Disadvantages of t h e  committed site approach axe that i t  may 

r e q u i r e  near  term f u s i o n  program budget i n c r e a s e s  to cover the 

iievelopment of t h e  s i te  and i t s  a d m i n i s t r a t i v e  maintenance. 

Also, it  may prematurely s u b j e c t  fus ion  development to the 

r e s t r i c t ions  of l i c e n s i n g  and r egu la to ry  cons idera t ions ,  

Further, under closer examination, t h e  expected t e c h n i c a l ,  

programmatic, and cast advantages of a committed s i t e  may t u r n  

out to be: illusory. As a f i r s t  step in evaluating the m e r i t s  of 

a committed s i t e  for  the U.S. f u s i o n  programl Bechtel undertook a 

f i r s t - c u t  eva lua t ion  of the concept f o r  the Office of F’usion 

Energy under the technical d i r e c t i o n  of Oak Ridge National 

Laboratory (ORNL),  The  o b j e c t i v e  of this s tudy  w a s  t o  make a 
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pre l iminary  eva lua t ion  of t h e  t e c h n i c a l  and economic merits of a 

committed s i te  ded ica t ed  t o  major engineer ing experiments, 

7-. 

'.'. ... 

... 

....... 

.... ... 

....... 

v- 

... 

,_ . 

Even though t h e  p l a n s  and requirements  for f u s i o n  development and 

the characteristics oE t h e  devices which might be placed at a 

committed site are n o t  precisely known a t  t h i s  t i m e ,  gene ra l  

requirements and characterist ics can  be s u f f i c i e n t l y  well 

e s t a b l i s h e d  t o  make a valid evalua t ion .  This s t u d y  is based an 

syn theses  of characteristics and development scenarios by Bechtel 

and OruVL developed from in format ion  suppl ied  by major fus ion  

development l a b o r a t o r i e s .  There is no i n t e n t  t o  imply a 

preference  for any s c e n a r i o  or fus ion  concept e i t h e r  by v i r t u e  of 

i n c l u s i o n  or exc lus ion  i n  the scenarios presented;  they only 

provide  a r e p r e s e n t a t i v e  basis f o r  eva lua t ing  t h e  p o t e n t i a l  

merits of a committed si te ,  

The t e c h n i c a l  approach t aken  i n  t h i s  s tudy  is shown in Figure 

1-1, The work was div ided  i n t o  four majar tasks. Task 1 was 

pr imar i ly  information g a t h e r i n g  t o  determine t h e  f u s i o n  site 

needs a s  perceived by some of the major fus ion  development 

laboratories. Severa l  laboratories were v i s t e d  and t h e  

l i t e r a t u r e  on development plans w a s  reviewed, Based on this 

information,  base l ine  site characteristics de f in ing  a n  expected 

envelope were defined. 

I n  Task 2, these d a t a  were analyzed t o  determine common 

c h a r a c t e r i s t i c s ,  s i t e / f a c i l i t y  interfaces, and other site 

requirements. A number of s i te  development s c e n a r i o s  w e r e  
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- 

... 

... ... 

def ined  t o  cover d i f f e r e n t  approaches t o  t h e  development of 

fusion power and a pre l iminary  s e l e c t i o n  was made of several €or 

more d e t a i l e d  eva lua t ion .  I n  Task 3, schedules  €or s i te  

cons t ruc t ion ,  t e c h n i c a l  input from the fus ion  program, and device  

t e s t i n g  were deve laped-  Analysis ,  eva lua t ion ,  and cornparions of 

t h e  Committed site concept  w e r e  c a r r i e d  out in Task 4, Common, 

sharable, and noncomon f e a t u r e s  for the  various scena r ios  were 

determined, A major part of t h i s  t a s k  was t h e  development of 

order-of -magnitude costs for economic comparisons of the 

scenar ios .  

This r e p o r t  is d iv ided  i n t o  f i v e  t e c h n i c a l  sections. Section 2 

is a summary, I n  Sec t ion  3, which covers device and site 

sna lyses ,  the major characteristics of dev ices  t h a t  might be 

placed a t  t h e  site, a s  envisioned by major fusion laboratories, 

a r e  descr ibed;  t h e  c h a r a c t e r i s t i c s  of  a site ( b a s e l i n e  site) 

which would accommodate these devices are def ined;  and var ious  

approaches t o  a committed site meeting t h e  b a s e l i n e  s i t e  

requirements  are discussed. S e c t i o n  4 d e s c r i b e s  t h e  scena r ios  

selected to represent possible si te development outcomes: these 

scenarios a r e  eva lua ted  with r e s p e c t  t o  comparative cost and 

schedule  effects. Sect ion  5 presents a brief e v a l u a t i o n  of the 

e f f e c t s  f u s i o n - f i s s i o n  hybrids  might have on t h e  committed site- 

Major c o n c l u s i o n s  and recommendations are discussed i n  Sec t ion  6, 

... 
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2 .0  SUMMARY 

.... ... 

..-. 

.... 

.... 

....... 

....._ 

The Committed Fusion S i t e  eva lua t ion  cons i s t ed  of t h e  following 

four major t e c h n i c a l  tasks :  

* Def in i t i on  of Baseline S i t e  Requirements 

0 Development of S i t e  Charactsristics 

Technical Impl ica t ions  of S i t e  Lkvelopment 

* Evaluation of Committed Site Development and the 
F e a s i b i l i t y  of a Committed Site 

The work accomplished du r ing  t h e  first two tasks i s  summarized i n  

s e p a r a t e  i n t e r i m  letter reports, which are included in t h e  

appendices as Appendix A a n d  Appendix E. The balance of t h e  work 

i s  descr ibed and summarized i n  t h i s  f i n a l  report .  

Technical background information was suppl ied  by the following 

F u s i o n  Development Laboratories far t h e  concepts noted: 

Argonne Nat ional  Laboratory (Tokamak) 
General A t o m i c  Company (Tokamak) 
Lawrence Livermore Laboratory (Tandem Mirror) 
Los A l a m o s  S c i e n t i f i c  Laboratory (Reversed F ie ld  Pinch) 
Massachusetts I n s t i t u t e  of Technology (Tokamak and Torsatron) 
Oak Ridge National Laboratory (Tokamak and Elmo Bumpy Torus)  
Pr inceton Plasma Physics  Laboratory (Tokamak) 

The l imi t ed  depth of t e c h n i c a l  information available re la t ive  t o  

si te development r e q u i r e w n t s  reflects t h e  d e v e l o p e r i t  stage of 

fus ion  a t  the p r e s e n t  t i m e .  Most of t h e  e f for t  has  been 

concent ra ted  on developing an  understanding of the fundamentals 

of fusion and l i t t l e  work has been performed t o  develop 

i n t e g r a t e d  p l an t  des igns  and si te requixements. Information on 

t h e  process support  and a u x i l i a r y  systems is, i n  m o s t  cases, 

2- 1 



sketchy,  and frequently esti re based an Bechtel 

experience i n  engineer ing  power d i s t r i b u t i o n  systemso power 

p l a n t s ,  and barge test installations- 

It is suggested t h a t ,  as the development of the f u s i o n  reactor 

s progresses inks the stage o f  engineer ing  deviceso a 

p a r a l l e l  effort should be i n i t i a t e d  to develop integrated fusion 

plank conceptual designs,  including a l l  process s ~ p p ~ t  and 

a u x i l i a r y  facilities and systems, These facilities and systems, 

manly cal led the balance-of-plant (mP) make possible the 

u t i l i z a t i o n  of nuclear / thermal  energy for electric power 

gene ra t ion  or, in the case of expe~imental EaciZities, supp 

t h e  device operation and remg~ve generated energy. The 

i n t e r a c t i o n  b e h e e n  the reackor and the BOP facil it ies and 

systems may g r e a t l y  i n f l u e n c e  the overall e nomy of t h e  plant* 

The cost of t h e  BOP genera l ly  accounts for mare than 'SO percent 

a €  the total cost o f  the  p l a n t ,  Because sf t h i s  iwteractiom, 

simultaneous engineering and integration of t h e  BOP and the 

nuclear system results in t e c h n i c a l  and economical compromises 

which lead to a more effective overall plant c les iyn .  

After the integrated Eusisn p lant  d e s i  ts are developed, 

t h e  mmmitted fusion site concefl should be reviewe m a  
reevaluated - The preliminary emclusions reach by t h i s  study 

may be reinforced or inval idated by f u t u r e  e e ~ n s i  

better defined require ents far integrated fusion reaceor plants 

ges in program approach. 
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2.1 FINDINGS 

I f  the fus ion  development program demands the parallel 

exp lo ra t ion  of t h e  f e a s i b i l i t y  of s e v e r a l  fusion concepts, the 

committed fus ion  s i t e  approach is t h e  most m s t  e f f e c t i v e  and 

e f f i c i e n t  approach t o  follow. The p o t e n t i a l  advantages the 

committed f u s i o n  s i te  o f f e r s ,  e s p e c i a l l y  with development of 

m u l t i p l e  concepts. are many and must t h e r e f o r e  bE s e r i o u s l y  

considered, 

To h igh l igh t  the maximum p o t e n t i a l  t h a t  exists f o r  the committed 

si te approach, a case assuming t h a t  t h e  devices  for each 

development phase of t h r e e  fusion concepts are cons t ruc ted  and 

operated on separate i n d i v i d u a l  sites has &en compared to all 

devices  f o r  var ious  groupings of the three fus ion  concepts being 

placed on a s i n g l e  committed site, Table 2-1 shows t h e  cost 

comparison for t h i s  case. The costs s h o w n  i n  t h i s  table are not 

t o t a l  p l a n t  costs, but are the sum of t h e  major cost elements of 

si te  prepara t ion  and  common device support systems, These are 

def ined  i n  Subsection 3.2. Costing Q u a l i f i c a t i o n s ,  and are 

summarized in Table 3-4, 

Due to the fact t h a t  s e v e r a l  l abo ra to ry  o rgan iza t ions  are 

involved with the development of the tokamak concept,  it was 

necessary to conceive a **ga-~cr ic~~  tokamak to serve as a cost 

base l ine  f o r  t h e  tokamak devices  requi red  f o r  each development 

phase, This w a s  done with a s s i s t a n c e  from O a k  Ridge National 

Laboratory, and the r e s u l t i n g  generic devices are i d e n t i f i e d  in 
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TABLE 2 - 1 

COST COMPARISON OF SINGLE AND MULTIPLE FUSION CONCEPTS 
IF CONSTRUCTED ON 

INDIVIDUAL SITES vs. ON A COMMON, e o w w n m  SITE 

COST, WIILLIQN $ 
SINGLE OR MULTIPLE FlBSlON CONCEPTS 

.................. 
GENERIC TOKAMAK 

..... 
TANDEM ~1~~~~ * ON COMMiTTE 

ELMO BUMPY PORUS 
......... 

I SAVlNCS I 37.2 I 331.9 I 3 8 5 . 5  I 754.6 

751.2 _ _  ON INDIVIDUAL SITE 
GENERIC TOKAMAK AND 

I I 
1,097.8 12,284.5 

344.5  3.t183.7 
I ._I-_- ___-.._- . 1 80.0  I 541.2 753 .3  1 ,374.5  O BUMPY TORUS 

SAVINGS 

* information is available on demonstration/ prototype size tandem mirror device; therefore, 
only the tokamak and €87 costs are shown in the Demonstration/PrototyFse Phase. 

NOTES: 1. For individual sites, it is assumed that each device 
of each concept is constructed on it5 own 
individual site, 

2, For committed sites, it is assumed that all devices 
of all considered concepts are constructed on a . 

cornrnoti committed rite. 

3. Costs shown are not total plant costs, but only the sums 
of site selection and preparation and major elenwrts 

of supporting system costs, as discussed in Section 3.2 
of this repcat, 
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Tables 3-1 through 3-3 for The Next Step (TNS), Engineering Power 

Reactor (EPR) and Demonstrat ion/Prototyp phases, r e s p e c t i v e l y  

(see Subsection 3.. 1) .) Generic d e s c r i p t i o n s  of t h e  Elmo Bumpy 

Torus (EBT) and tandem mirror devices were n o t  necessary since 

only  one labora tory  w a s  involved i n  each case* However, s i n c e  

des igns  have n o t  y e t  been developed by Lawrence Livermore 

Laboratory f o r  t h e  Demonstration/Prototype phase of the tandem 

mirror concept, t h i s  deve lopmnt  phase of t h e  tandem mirror could 

not  be included i n  the cost comparison, 

Table 2-1 shows t h a t  if each development phase of each concept i s  

cons t ruc ted  on s e p a r a t e  i n d i v i d u a l  sites, each r e q u i r i n g  site 

s e l e c t i o n ,  c e r t i f i c a t i o n ,  s i t e  improvements, and process support 

f a c i l i t i e s  and systems, the t o t a l  cost would be approximately 

t w i c e  t h e  amount requi red  to do the same on a s i n g l e ,  committed 

site, 

It is conceivable that one i n d i v i d u a l  s i te  w i l l  be dedica ted  for 

the development of each fus ion  concept,  w h e r e  t h e  devices  for a l l  

development phases of t h a t  one concept would be cons t ruc ted  and 

operated on t h a t  site. I n  this case, site selection, 

c e r t i f i c a t i o n ,  and site improvement a c t i v i t i e s  would have t o  be 

performed only  once for each candidate fusion concept t o  be 

developed. Process support f a c i l i t i e s  and s y s t e m s  could t h m  be 

shared by each device,  hut not by d i f f e r e n t  fu s ion  concepts,  

Table 2-2 compares t h i s  case, where ind iv idua l  sites are 

dedicated t o  t h e  overall development of each concept, with t h e  
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TABLE 2 - 2  

COST COMPARISON OF MULTIPLE FUSION CONCEPTS 

IF CONSTRUCTED ON 

INDlVlDUAL SITES VS. ON A COMMON, COMMITTED SITE 

MULTIPLE FUSION CONCEPTS 

DlWlDUAL SITE 
..-. 

GENERIC TOKAMAK AND 
ON COMMITTED SITE 

TANDEM MIRROR * I 
GENERIC TOKAMAK AND 

ELMO BUMPY TORUS 
ON S,TE I 
_____--___ 

TANDEM MIRROR * A N D  OM COMMITTED SITE I ELMO BUMPY TORUS 
SAVINGS 

COST, MILLION $ 

--.--- 

435.5 1 315.7 I 346.6 (1,097.8 
378.9 I 310.6 I 328.0 11,017.5 

80.0 I 0.9 I 18.6 I 99.5 

* No information is  available on demonstration/ prototype size tandem mirror device; therefore, 
only the tokamak and EBT costs are shown in the Demonstration/Prototype Phase. 

NOTES: 1. For individual sites, the values listed are the sum of ehe 
costs for completely developing each concept at  i t s  own 
dedicated site. 

2. For committed sites, it i s  assumed that al l  devices of a l l  
considered concepts are constructed on a common, 
committed site. 

3. Costs shown are not total plant costs, but only the sums 
of site selection and preparation and major elements of 
supporting system costs, as discussed in Section 3.2 of 
this report. 
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costs of all devices  for various groupings of the three fusion 

concepts being placed on a s i n g l e  committed site, 

The costs i n d i c a t e d  i n  t h i s  t a b l e ,  as with the cost data in Table 

2-1, are t h e  sums of t h e  cost elements considered i n  Subsection 

3.2, and n o t  t o t a l  p l a n t  costs- Tandem mirror: requirements i n  

the demonstration/prototype phase a r e  no t  known, t h e r e f  ore, the  

cost  of combinations invo lv ing  tandem mirror devices  do no t  

i n e  f ude t h e  demon s t r a t i o n @  roto typ e costs .) 

The comparison of even t h e s e  p a r t i a l  costs reveals that the 

committed site approach o f f e r s  s i g n i f i c a n t  economic advantages- 

The p o t e n t i a l  savings vary between approximately $105 m i l l i o n  t o  

$1,375 mil l ion  Over the case where a l l  concepts and all t h e i r  

a s s o c i a t e d  devices  are cons t ruc ted  on separate i n d i v i d u a l  sites 

(Table 2-1) and between $40 and $100 million over the case where 

i n d i v i d u a l  sites are dedica ted  t o  the overall development of each 

concept (Table 2-2)- The savings  i n  total plan cost could be 

s i g n i f i c a n t l y  higher.  

schedule  advantages are harder  t o  evaluate ,  b u t  it is estimted 

t h a t  t h e  completion of EPR experiments for the  t h r e e  difEerent 

f u s i o n  concepts can be acccnnplished f i v e  to t e n  years sooner on 

the committed site, t h a n  on i n d i v i d u a l  sites- A d e t a i l e d  

discussion of schedule aspects of t h e  c o m m i t t e d  s i t e  is provided 

i n  Subsect ions 4.2.1 and 4-2.2- 

....-.. 

.... ... 
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Licensing, safety, and environmental  aspects of the committed 

site were explored i n  t p r i n c i p a l  areas: 

Regulations which addres s  environmental impact and 
e x t e r n a l  effects These r egu la t ions  are genera l ly  
indEpendent of the i n t e r n a l  pawr plant design and 
inxe p r e s e n t l y  known. 

Recplations which address  nuclear  safety issuesB 
r e l a t e d  to t h e  i n t e r n a l  fusion pwer p lan t  concept 
or design, These requirements are largely unknown 
or unce r t a in  at present .  

Both c a t e g o r i e s  are discussed  i n  d e t a i l  i n  S e c t i s n  6.0 of 

Appendix B, Licensing and Environmental Requirements, a 

of the Task 200 In t e r im  Report. 

The effects of placing fus ion- f i ss ion  hybrid devices  on the 

committed s i t e  stem from the presence of s i g n i f i c a n t  q u a n t i t i e s  

o f  new and i r r a d i a t e d  fission fuel on the site. The major 

aspects of the committed site, that might be expected to be 

affected by locating a fus ion- f i ss ion  reactor there, are site 

s e l e c t i o n ,  l i cens ing ,  obtainmltmt a€ p e r m i t s ,  s i t e  security, 

special nuclear material accountabi l i t -y ,  t r a n s p o r t  and handling 

of f i s s i o n  fue l s ,  and radioactive w a s t e  handl ing and disposal ,  A 

inore d e t a i l e d  d i s c u s s i o n  of these aspects is presented i n  Sec t ion  

5.0 of this repor t ,  
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2-1. 1 Site S e l e c t i o n  and C e r t i f i c a t i o n  

The s e l e c t i o n  and c e r t i f i c a t i o n  o f  a grass-root si te f o r  the 

cons t ruc t ion  and opera t ion  of a nuc lear  power genera t ing  f a c i l i t y  

involves a lengthy and expensive procedure.  I f  a cornmitted 

s i t e  is  dedicated f o r  t h e  cons t ruc t ion  and ope ra t ion  of several 

fus ion  devices,  t h e  t i m e  involved and t h e  expendi tures  incurred 

i n  t h i s  procedure occur  once. Assuming the  construction of t h r e e  

d i f f e r e n t  fu s ion  concepts  and  t h e i r  ope ra t ion  i n  each of t h e  T N S ,  

EPR, and prototype/demonstration phases on t h e  cammitted site, 

t h e  cost of s i t e  selection and c e r t i f i c a t i o n ,  and the time 

required t o  o b t a i n  the cons t ruc t ion  p e r m i t ,  could approach one 

t h i r d  of that requi red  to place  t h e  same three eoncepts a t  three 

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

Time  and cost involved i n  site s e l e c t i o n  and c e r t i f i c a t i o n  can 

f u r t h e r  be reduced i f  t h e  committed fus ion  development site is 

located on a government reserva t ion ,  Most of t h e  s i t e  

information requi red  for t h e  c e r t i f i c a t i o n  (geology, se i smic i ty ,  

meteorology, hydrology, topography, etc.) are readily a v a i l a b l e  

f o r  the reservat ions.  The l i c e n s i n g  procedure is also l i k e l y  t o  

be simpler and more e f f e c t i v e  on governmnt reservations. An 

e q u a l l y  w e l l  cha rac t e r i zed  non-government site would have t h e  

s a m e  advantages regarding information a v a i l a b i l i t y ,  but  would not  

have the advantage i n  the area of l i cens ing ,  

... 
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2.1.2 Site Improvements 

After  the site has been s e l e c t e d ,  a series of cons t ruc t ion  

opera t ions  must be performed t o  prepare t h e  s i te  f o r  receiving 

t h e  fusion devices .  These opera t ions  involve t h e  cons t ruc t ion  of 

connecting roads, railroads, bridges (if necessary) 8 fencing, 

s e c u r i t y  system, rough grading and drainage, temporary power and 

water supply, s a n i t a r y  sewage system, cons t ruc t ion  off ice, and 

shop and warehousin faci l i t ies  t o  serve the needs of t h e  

c o n t r a c t o r s  performing t h e  construction opera t ions  for the fwsion 

p l an t s ,  The t i m e  and expenses for these act ivi t ies  are 

approximately t he  same for each i n d i v i d u a l  s i te dedicated f o r  the 

development of a single concept,  as for t h e  committed site, 

accommodating several fusion concepts. With the CQ t t e d  s i t e  

approach these act ivi t ies  are performed only once, while with the 

i nd iv idua l  site approach, twse ac t iv i t ies  must k performed for 

each site, Therefore, the committed site approach has 

s i g n i f i c a n t  economic and schedule advantages ower the i nd iv idua l  

sites. 

2 - 1 . 3  S h a r e a b i l i t y  of Pro'oess Related F a c i l i t i e s  and Systems 

Review of t h e  technical. requirements f o r  the d i f f e r e n t  fu s ion  

concepts as presented by the l a b o r a t o r i e s  shows t h a t  t h e r e  is 

great d iwers i ty-  It is  assumed t h a t  by t h e  time the committed 

fusion si te  becomes a r e a l i t y ,  s o m e  of t h e  diversity in plant 

requirements w i l l  be e l iminated either by standardization or 

nanageri  aE d i r e c t i o n ,  
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There a r e  some basic p l a n t  requirements where a s u b s t a n t i a l  

d i v e r s i t y  can be accommodated w i t h  no g r e a t  t e c h n i c a l  d i f f i c u l t y ,  

These are: 

* Electrical system. 
The si te subs t a t ion ,  f e d  by u t i l i t y  t ransmission 
lines and presumably owned and opera ted  by t h e  
l o c a l  electrical u t i l i t y ,  can be provided to serve 
s e v e r a l  fu s ion  devices either by desigping it for 
the  f u l l  capacity fo recas t ed  or for success ive  
expansion to m e e t  t h e  increas ing  demand a t  t h e  
site, 

The plant  switchyard can be designed i n  such a way 
t h a t  i ts  capac i ty  is expandable as the electrical 
p o w e r  demand i n c r e a s e s  at t h e  site, 

O f  the device related electrical system, pulsed 
power s u p p l i e s  and n e u t r a l  beam i n j e c t o r  power 
supplies a r e  a lso good candida tes  for sha r ing  by 
several devices  if t h e  voltage and power needs can 
be brought to compatible levels. It is conceivable  
t h a t  appropr i a t e  sequencing of t h e  pulses  can be 
achieved through c o n t r o l  systems, making these 
expensive power supplies capable of se rv ing  
mul t ip le  devices  simultaneously,  

Plant a u x i l i a r y  power can also be provided for 
several devices  from a c e n t r a l i z e d  switchyard. 

Process water -I__ and heat r e j e c t i o n  systems. 
It rep resen t s  no g r e a t  technical d i f f i c u l t y  to  
design enough f l e x i b i l i t y  into these systems t o  
make them capable of accommodating the simultaneous 
opera t ion  of s e v e r a l  devices. C i r c u l a t i n g  water 
pumps and forced d r a f t  cool ing  tower u n i t s  can be 
selected i n  increments which are adaptable  t o  t h e  
p o s s i b l e  f l u c t u a t i o n  i n  s e r v i c e  needs, Fire water 
and domestic water systems are site, r a t h e r  than 
device  related, A s i n g l e  system for a l l  of these 
s e r v i c e s ,  s i z e d  t o  accommodate t h e  requirements for 
mul t ip l e  devices, should not  cost s u b s t a n t i a l l y  
more t h a n  t h e  ones which would be needed for a 
s i n g l e  device on an  i n d i v i d u a l  s i te ,  

0 O t h e r  shareable facil it ies s y s t e m s .  
There a r e  numerous f a c i l i t i e s  which are needed for 
t h e  opera t ion  of the fusion devices  which have 
approximately t h e  same h i l d i n g  or system 
requirements whether they are se rv ing  s i n g l e  or 
mul t ip l e  devices,  
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Ad~nistration, engineer ing,  and s c i e n t i f i c  sup 
f a c i l i t i e s  can be shared by the personnel  assigned 
t o  the development of d i f f e r e n t  fusion concepts. 

Chemical, t r i t i u m ,  and materials t e s t i n g  laboratory 
f a c i l i t i e s  are e a s i l y  s h a r a b l e ,  

Magnet fabrication and winding and mechanical 
equipment can serve d i f f e r e n t  fusion concepts with 
ease, General, nonradisac t ive  maintenance shops 
can serve a l l  fus ion  devices  on the site, 

One mwk-up bu i ld ing  would l i k e l y  be adequate to  
accomodate the needs of t h e  e n t i r e  nat ional  fusion 
program, One t u r b i n e  bui lding,  housing t h e  turbine  
generator and its a u x i l i a r y  systems, appears pro be 
capable to serve up to  t h r e e  fusion devices  i n  t h e  
EPR phase, A second larger u n i t  may be requi red  i f  
the demonstration/prototype phase devices  axe to be 
cons t ruc ted  on the committed site also, 

Mobile maintenance equipment , like t r enche r s ,  
mobile cranes,  fork l i f t s ,  cher ry  pickers ,  and 
passenger cars can be p o l e d  to S ~ E K V ~  a l l  devices  
a t  the site. 

2-2 ADVANTAGES OF THE C O W 1  ED FUSION. SITE 

The advantages t h e  co i t t e d  f u s i o n  development site has over 

i n d i v i d u a l  sites f o r  each of the candidate fus ion  concegks can be 

ca tegor ized  into three genera l  areas: 

9 Economic 

o Schedule 

I n t a n g i b l e  
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2 - 2 . 1  Economic Advantaqes 

A detailed cost estimate for the devices constructed on 

i n d i v i d u a l  and on the committed site is o u t s i d e  of the scope of 

t h i s  study. The pre l iminary  nature of t h e  t e c h n i c a l  information 

available for the candida te  fusion concepts do not warrant  a 

major c o s t i n g  ef€ort ,  

I n  Subsection 4.1, a qualified cost comparison of t h e  scenar ios  

i s  presented, based on certain selected cost items. Reference is 

m a d e  t o  Tables 2-1 and 2-2, wherein t h e s e  cost comparisons are 

summarized, Table 2-1 shows that the c o m m i t t e d  site, w i t h  t h e  

devices  of all t h r e e  concepts o p r a t e d  on it, is approximately 92 

percent ($1,375 m i l l i o n )  cheaper than  ind iv idua l  sites where all 

devices  are cons t ruc ted  on sepa ra t e ,  i nd iv idua l  sites. 

Table 2-2 shows that t h e  committed site, with t h e  devices of all 

three concepts operated on it, i s  approximately 8 percent ($100 

mil l ion)  cheaper than the i nd iv idua l  sites, where i nd iv idua l  

sites are dedicated t o  the o v e r a l l  development of each concept. 

Since many of the cost items, d i scussed  i n  Subsection 4 - 1 ,  cover 

t h e  purchase price of equipment only, with no i n s t a l l a t i o n  and 

field d i s t r ibu tab le  costs, the o v e r a l l  saving i n  t o t a l  cost would 

be greater.. 

... ... 
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2.2.2 Schedule Advantaqes 

The principal schedule advanege o f  the committed site i s  that  

the  t i m e  needed for selection, certification, and improv 

the site must be done only once; before canstructian, during the 

TNS phase of t h e  f i r s t  fusion concept, Once the second device is 

ready far construction, it can be s tarted immediately, with 

essentially no t i m e  requirement for siting and very l i t t l e ,  i f  

any, f o r  l i cens ing ,  

The immediate a v a i l a b i l i t y  of adm i s t r a t i v e ,  engineering. 

laboratory, s e q l a r  maintenance facilities, as  w e l l  as  t h e  plant 

substation and switchyard, process water ,  and heat e ejection 

systems which m y  require n6nsr additions or upgf-adhg, are 

l i k e l y  contrikxztors to a s i g n i f i c a n t  improvement i n  device 

c o n s t r u c t i o n  and possible o p e r a t i n g  schedule.  

It is d i f f i c u l t  to estimate how long it would take to mrnplete 

EPR phase experimentation with three devices if they w e r e  

constructed on individual  sites Schedule estimates indicate  

that twenty-seven years after the construction af the first (T 

device WI~UF~PPCES on the committed site, the EPR phase 

e n t a t i o n  of the third concept can be completed. The t i m e  

required t o  accomplish the s e? goal, having i nd iv idua l  sites for 

all concepts, may be f ive  t o  t e n  years longer ,  T h i s  t 

di f€erenee  i s  based on judgement without factual szm$stantiatis, 

but is considered a realistic one?. 
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2.2.3 I n t a n  qib l  e Advantaqes 

There are i n t a n g i b l e  advantages of t h e  committed f u s i o n  site 

concept t h a t  cannot be q u a n t i f i e d  i n  terms of money or schedule, 

Nevertheless, t h e y  are be l ieved  to  be real  and significant, 

The concen t r a t ion  of s c i e n t i f i c  and t e c h n i c a l  s t a f f  a t  one 

l o c a t i o n  may have a b e n e f i c i a l  in f luence  on t h e  n a t i o n a l  fu s ion  

development program, Cross f e r t i l i z a t i o n  of ideas concerning 

s o l u t i o n s  to  the many t e c h n i c a l  problems which are bound to 

s u r f a c e  dur ing  t h e  development of t h e  candidate  f u s i o n  concepts  

i s  more l i k e l y  t han  i f  d i f f e r e n t  teams were working on similar 

problems g r e a t  distances apar t ,  

The cons t ruc t ion  of f irst-and-one-of-a-kind fus ion  devices w i l l  

r e q u i r e  highly s k i l l e d  t e c h n i c i a n s  and craftsmen. The committed 

f u s i o n  site creates t h e  oppor tuni ty  to  concent ra te  t h i s  talent i n  

one place and u t i l i z e  it e f f i c i e n t l y .  Technical development and 

on-the-job t r a i n i n g  would also be readily available and easily 

organized a t  a c e n t r a l  l oca t ion .  

The experience gained by the operators of one device would also 

be r e a d i l y  a v a i l a b l e  t o  apply t o  the opera t ion  of t h e  successive 

devices. 

... 
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construction of the first (TNS phase) device would be cbmeky 

f ~ 1 1 0 w e d  by cons t ruc t ion  of the second T N S  d ice, which i n  turn 

w o u l d  be fallowed by the upgrading activities of k k  firs$ device 

to switch er to  EPR phase speratkzbn, and so on- The 

cons t ruc t ion  facilities needed far the first phase of 

cons truc t ion  would be availabbe for a l l  successive C Q I I S ~ K W ~ ~ Q I - ~  

opera t ions  requiring rtuahly no extra expenditures, The 

construction labor force, OF at l a s t  a great percentage af it, 

t a t  one l a c a t i o n ,  This 

would tend to m i n i m i z e  the prable sible l a b r  shortages, 

2.3 DISiCLDVWNTAGES UE' THE C 8  ITTED FUSION D 

The list sf advantages of the mrnrnitte site, presented in t h e  

preceeding section, is long, It m a s t  be rem exed, how%?!Vc%, 

that they were developed, or i n  some cases just psstula 

t h e  bases of vercy preliminary t e c h n i c a l  i n f o r m t i o n ,  Ass 

de which tend t o  favor the e 

No des ign  work was performed to determine the real needs and 

n t s  for shareable or upgradable s i t e  facilities and 

systems. Aside from t h e  uncertainties caused by the conceptual 

or very preliminary t y p  technical infonrmation, there are a f e w  

areas where some disadvantages sf a centralized fusion 

development site cani be identified, 

9 Diverse development requirements, 
It has been pointed out earlier that process 
support system requirements, especially electric 

pseceeding section is  c~rreclt, and voltage m d  

er requiremnts, s h o w  a great dive 
ice to  device- I f  the assumption 
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powr requirements can be made compatible for 
s e v e r a l  devicesc  then the goal of shar ing  expensive 
power supply systems can be accomplished. However, 
i f  t h e  oppos i t e  is shown during the more d e t a i l e d  
development work on t h e  competing fus ion  concepts, 
t h e  presence of a power supply system on the 
committed site, the adop ta t ion  of which would 
provide serious performance compromises for the 
second concept i n  l i n e ,  would provide neither 
t echnologica l ,  no r  economical advantages. Also i f #  
at t h e  t i m e  of t h e  establ ishment  of t h e  committed 
site, a f l e x i b i l i t y  is demanded of t h e  f a c i l i t i e s  
and systems provided to be ab le  t o  accommodate any 
reasonably foreseabl  e d i v e r s i t y  i n  device 
requirements,  t h e  cost of t h i s  f l e x i b i l i t y  nay be 
prohi  b i t  ive. 

Obsolescence. 
The requirements for site f a c i l i t i e s  and systems 
needed f o r  t h e  opera t ion  of t h e  first devices w i l l  
probably be w e l l  def ined  when t he  committed si te is 
es tab l i shed .  These requirements may change r a t h e r  
rap id ly  not only because of the in t roduct ion  of a 
d i f f e r e n t  concept t o  t h e  committed site, but also 
because of the experiences gained dur ing  the 
opera t ion  of t h e  f i r s t  device. Improvement and 
upgrading demands may h so g r e a t  t h a t  t h e  
r e t e n t i o n  of the s i te  f a c i l i t i e s  and systems 
o r i g i n a l l y  provided for t h e  f i r s t  device  could  mean 
a setback. There is a real danger t h a t  systems 
which w e r e  contemplated to serve seve ra l  devices 
may become obsolete and have t o  be rep laced  way 
be fo re  their u s e f u l  l i f e  span due to t echnologica l  
advancements. 

L i m i t a t i o n  on the p u r s u i t  of new concepts, 
_.- I- 

The establ ishment  of a committed fusion develomnent 
site, based on the requirements of s e l e c t e d  f;sion 
concepts and developolent phases, would set t h e  path 
of fusion r e a c t o r  development., The committed 
f u s i o n  development site, dedica ted  t o  t h e  t e s t i n g  
and opera t ion  of  r e l a t i v e l y  advanced development 
phases m i g h t  not s u i t  the near-term explora t ion  of 
the f e a s i b i l i t y  of new a l t e r n a t e  fus ion  concepts,  
The i n i t i a l  laboratory s c a l e  experiments with new 
alternate concepts could probably be c a r r i e d  o u t  
m o s t  e f f e c t i v e l y  within the f a c i l i t i e s  of t h e  
developing fus ion  research laboratories. When 
these experiments prove t h e  m e r i t s  of further 
development, the des ign  of t h e  TNS scale device  
either must  take i n t o  cons idera t ion  what site 
facilities and process s e r v i c e  systems are 
a v a i l a b l e  a t  the committed si te  ox the changes and 
modif icat ions necessary t o  s i te  f a c i l i t i e s  to 
accommodate t h e  o p e r a t i o n  of t h e  new concept. 
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2.4 FURTHER WORK 

There are several areas, where further work is necessary for t h e  

f u l l  d e f i n i t i o n  of the  potent ia l  knefits of a committed fusion 

s i t e ,  These are: 

e The n e c e s s i t y  for e a r l y  development of i n t e g r a t e d  
fus ion p lant  des igns  was pointed out i n  t h e  first 
part of t h i s  summary, Due ta t h e  great inf luence  
sf the BOP f a c i l i t i e s  and systems on t h e  overall 
plant  economy, i t  is  mandlatmry that the design sf 

lear systems of the pl  t be in tegxatd  w i t h  
s i g n  of t h e  process support systems and 

f a c i l i t i e s -  Close cooperation betwe the  nuclear 
component designer and t h e  BOP desi er results in 
k n e f  icial compromises and improved economics for 

cooperation will improve understa g of the 
b e n e f i t s  and possible drawbacks of the eo 
site concept, 

both. Integrated plant design base such close 

Q Benefits which the committed site concept m 
can be increased i f  t h e  des ign  of devices, 
components a d  process suppart syste 
performed with the committed site i n  mind- The 
development of some basic design c r i t e r i a  for major 
p lant  components and system which are t o  be 
adhered eo i n  the development of a l l  fusion 

y be benef ic ia l  and greatly improve the 
of shaxeabl e site- provided 

fac i l i t i es  and systems for a l l  d e v i c e s  ich are to 

Same areas where t h i s  is e x  
p a r t i c u l a r l y  b e n e f i c i a l  are: 

- Voltage and p er levels  for device powex 
supply systems 

- Electrical energy storage syste 

Q Magnetic energy d i s s i p a t i o n  systems 

- Heat rejection systems 

- Heat transport system components 

Radioactive wast-e handling and disposal 
systems 

- Maintenance f a c i l i t i e s  
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- Laboratory facilities 

- Administrative and engineering support 
bui ld ings  

* Purther benefits can be derived from standardizing 
systems or components c~mmon to several devices- 
Some candidates for s tandardizat ion are: 

- Neut ra l  beam injectors and components 

-. Refrigeration system uni t s  

- Vacuum systems 

- Fluid  system equipment: valves, pumps, etc a 

A s i d e  from the direct benef i t s  of using standardized systems or 

components i n  several devices, the  requirement for maintaining 

fewer spare parts and the s i m p l i f i c a t i o n  of maintenance are 

supplemental advantages of s tandardizat ion,  

... 
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3.0 DEVICE AND SITE ANALYSIS 

This subsection c o n t a i n s  a comparative a n a l y s i s  of the fus ion  

dev ices  based on information suppl ied  by t h e  dewelopment 

l a b o r a t o r i e s  (Subsection 3.1)  , costing qualifications (Subsection 
3.2) and a d i scuss ion  of t h e  c h a r a c t e r i s t i c s  t h e  committed site 

must have t o  accommodate the cons t ruc t ion  and possible 

simultaneous ope rati 0x1s of sewral fus ion  devices 

(Subsections 3 . 3  and 3 -  4) I 

..... -.. 

.... 

... .... 

- 

There i s  a ve ry  no t i ceab le  d i v e r s i t y  in requirements from concept 

t o  concept f a r  all major p l a n t  process systems. As the 

Aevelopnent of the f u s i o n  mncepts progresses, SO= of this 

d i v e r s i t y  w i l l  undoubtedly IE reduced, Standa rd iza t ion  of some, 

mainly electrical, device components may h e l p  t k  u t i l i z a t i o n  and 

s h a r e a b i l i t y  of t h e  high cost power supply equipment t o  be 

i n s t a l l e d  a t  t h e  committed site- 

Cryogenic system requirements  a re  minly  "guesstimates,  Further 

work is necessary t o  d e f i n e  t h e  requirements i n  mre d e t a i l  and 

to e v a l u a t e  t h e  s h a r e a b i l i t y  of cryogenic  systems. 

Energy storage requirements  are another area that requires 

f u r t h e r ,  mare d e t a i l e d  work t o  c l a r i f y  the requirements  and t o  

better understand the possibil i t ies of s h a r i n g  these systems 

among several devices ,  The use of homopolar generators for 

energy storage i s  promising, bu t  experience w i t h  large u n i t s  is 

n o t  available, 
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Better d e f i n i t i o n  of bu i ld ing  space  requirements for the reactor 

block, as well as for t h e  process support systems, would be 

high ly  desirable. L i t t l e  OK no b u i l d i n g  layout  and equipment 

l o c a t i o n  drawings were a v a i l a b l e  for this study. As soon as t h e  

d e s i g n  of t h e  reactor components and other major process 

equipment progresses  t o  a stage that main o u t l i n e  dimensions can 

b e  determined, t h e  layout  of t h e  heat transport system(s) should 

be i n i t i a t e d ,  since experience  i n d i c a t e s  t h a t  t h e s e  system and 

t h e i r  space requirements have a more d e c i s i v e  i n f l u e n c e  on 

b u i l d i n g  s i z e s  than t h e  s i z e  and conf igu ra t ion  of t h e  reactor or 

heat exchangers. The BOP costs (and the s t r u c t u r e s  needed t o  

shelter and support t h e  nuc lea r  and process service co 

which are considered as  p a r t  of t h e  BOP) y equal  or exceed the 

cost: of t h e  nuclear components; therefore, a func t iona l  and 

economical u t i l i z a t i o n  of bu i ld ing  space has  a g r e a t  i n f luence  on 

t o t a l  plant casts. 

3.1 SUMMARY OF MAJOR DEVICE CHARACTERISTICS 

The major device  C h a r a c t e r i s t i c s  as presented in t h e  Task 100 

i n t e r i m  letter report (Appendix A) were augmented by telepho~e 

conf i rma t i an  w i t h  t h e  laboratories and are summarized i n  

Tables 3-1 through 3-3 for TNS, EPR, and demonstration/ 

prototype devices .  
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TABLE 3-1 

SUEIMARY OF MAJOi? DEVICE CHARACTERISTICS 
TNS Fus ion  Devices 

J O Y i R  R E P U i R E W E l T S  NUCLEAR 
ISLAND 

STRUCTURES 
irm 
,YSTER 

106 5 

C n s  t - 
2 2 . ;  

44.3 

10.7 

16.1 

28.0 

- 
LAX7 / 

c PGdI - 
- e  - 
44 

a7 

54 

23.5 

15.0 

PULSEE E L E C T R I C  POWER - 
r13, t 

146 s - 
15.2  

18. h 

2.5 

6.a 

17.1 

OtYELOPiNG L 4 6 .  

T H t R M A I  R A T i N G  

TANDEH MIHRSR 

- 
c o s t  

106 5 = 

0.8  

1.9 

r l l o w  
1.0 

2.1 

1.2 

- 
F: G# 

1 / s e i  
= 

I ,  700 

1,203 

i,200 

1,800 

I, 100 

- 
P L - p l n  

wner 
H? - 

11.5QO 

30,000 

4,000 

8,400 

13,400 

- 
C o s t  

:(.e 5 
= 

4 . 4  

7.2  

11.6 

L3.0 

6.2 

- 
Stored 
energy 

MJ 
z 

550 

4,300 

I 

N 

3,000 

- 
MYA 

r a t i n g  
esE?!ze 

1,500 

1,200 

o n  

o n  

1,000 

- 
C o s t  

106 I 
S L e z S s  

40. 

51.5 

40.0 

fi 
Cal: . 
kU 

s!e!eee 

4 8  

100 

Not ai 

7 

40 

- 
c o s t  

196 s 
w 

9.7 

48.1 

table 

3.7  

18.5 

- 
mime 

m 3 

M 

'06,400 

17,200 

61,500 

194,90 

153,50 

- 
C o s t  

!i+ s 
= 

9J.9 

35.4 

78.4 

61.3 

(1) Toroidal F i e l d  Coils 

( 2 )  Aspect Ratio Enhencelr.ent Coils 



TABLE 3 - 2  

W 
I 
Ip 

TOKAMAK 
ORNL 

2 , 2 6 0  MWt 

TOKAMAK 

6 0 0  HWt 
ANL 

TOKAMAK 
G i N E R I i  
1.000 MWt 

SUMPARXY OF Y A J O R  DEVlCE CHARACTERISTICS 
EPR Devices 

STEAOY S T A i i  M A X E T  

- 

1,300 

7 2  

P.F!' 
2 0  

1.600 
\RE ( 2  

1 . 2 0 0  

I E R  SUPPLY - 
ATPS - 

1 5 . 0 0 0  

63,900 

T . T .  
7 5 , 0 0 0  
ARE 
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12,000 
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Yo: :> - 
20.00 

5 , O O  
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S t o r e d  
e n e r g i  
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4,3300 
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N 
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MVA 
r a t i n j  - 
1 , 2 0 0  

500 

J $1 
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c o s t  

106 5 - 
51.5 

1 2 . 7  

4 0 . 0  

I C  P S d !  

i+d 

- 

- 
87 

34 

2 3 . 5  

4 5 . 0  

- 
C C S t  

c 6  5 - 
81.7 

40.7 

75.4 

6 1 . 3  

.__ 

f l : . b  

l i i e i  - 
34 ,io0 

8 ,  so0 

10,800 

17.100 

u:ip1-'q - - > ;  
:9)wer ' 

U D  I O ?  5 

5,eoo 27.0 
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1,400 6.8 

3,400 17.1 
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Cd D 
hC 
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52.4 

L17.5 

93.9 

(1) Toroidal F i e l d  Coiis 
(21 Aspect Ratio Enhancement Coiis 



TABLE 3-3  

SUMMARY O F  MAJOX DEVICE CHARACTERISTICS 
Prototype/Demonstration Devices 

E L E C T X I C A L  ' G Y E R  R E C U I K E H E i i i S  SUiiCAR 
ISLANC 

ST?UClURE> 
S i t A D Y  5 T A X  MAGHET PLANT A U X i  L l  ARY 
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E< 
e%=== 
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L,100 
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L 1  Dl  

~ 
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3:,200 
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1 2  I 
= 
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:e. 
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33.0 
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.2".0OC 
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0 0  .w 

T 

i l l  Toroidai F i e l d  Coils 
( 2 )  Aspect Ratio Enhancement Coils 



The t a b l e s  cover t h e  e lectr ical  c h a r a c t e r i s t i c s ,  i n c l u d i n g  s teady  

s ta te  magnet power supply, n e u t r a l  b e a m  i n j e c t o r  dc power supply, 

pulsed e lectr ic  power and p l a n t  a u x i l i a r y  ac power system 

requirements ,  cryogenic s y s t e m  requirements,  reactor b lock  

b u i l d i n g  volume requirements  # c i r c u l a t i n g  water system 

requirements ,  and power g e n e r a t i o n  system requirements,  The 

a s s o c i a t e d  c o s t s  are a l s o  ind ica t ed .  As Ear as t h e  i n d i c a t e d  

casts a re  concerned, refErence is  made to Subsect ion 3.2, Costing 

Q u a l i f i c a t i o n s -  S c h e d u l ~  and budgetary l i m i t s  d i d  n o t  perni t  a 

d e t a i l e d  cost estimate of each of t h e  fusion dev ices  considered,  

no r  i s  it f e l t  t h a t  t h e  f e a s i b i l i t y  of the committed s i te  is 

a f f e c t e d  s i g n i f i c a n t l y  by t h e  t o t a l  cost of t h e  cand ida te  

devices. 

The device  c h a r a c t e r i s t i c s  t a b u l a t e d  i n  Tables 3-1 through 3-3 

s e r v e  as t h e  basis for determining  t h e  c h a r a c t e r i s t i c s  of the 

committed site. I t  is p a r t i c u l a r l y  s i g n i f i c a n t  t o  n o t e  t h e  

apparent  d i v e r s i t y  i n  system requirements  and t h e  broad range of 

thermal  r a t i n g s .  

Recognizing t h a t  the p r o b a b i l i t y  of c o n s t r u c t i n g  more than  one 

series of dev ices  for the tokamak concept is very l o w ,  a 

@s'GEMERICe8 tokamak w a s  d e f i n e d  for the  purposes of  t h i s  study 

based on guidance from O a k  R i d g e  Nat iona l  Laboratory.. The 

thermal r a t i n g  was assumed t o  be 1,000 MWt i n  t h e  TNS and EPR 

phases, w i t h  a gene ra t ing  c a p a c i t y  of 300 M e  i n  t h e  EPR phase, 

For t h e  demQnstrat ion/prototype phase, a co i n a t i o n  af t w o  EPR- 
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s i z e  devices was assumed. The t o t a l  thermal r a t i n g  is 2,000 MWt 

and t h e  generat ing capacity is 600 MWlE- 

The costs ind ica t ed  on the t a b l e s  are p a r t i a l  costs  only and do 

n o t  r ep resen t  total system costs, Reference is made t o  

Subsect ions 3.2.1 through 3-2.9, Costing Qua l i f i ca t ions ,  of t h i s  

report for  a d e t a i l e d  explana t ion  of what t h e  i n d i c a t e d  costs do 

o r  do not include. 

3.2 COST1 NG QUAL IF ICAT IONS 

The c a p i t a l  cost estimate of any engineered f a c i l i t y  is composed 

of direct field costs, indirect f i e l d  costs, engineer ing Costs,  a 

contingency allowance, owner's costs, and the costs of advanced 

f u n d s  during c o n s t r u c t i o n ,  The l a r g e s t  ca tegory  i s  d i r e c t  field 

cos ts ,  Short d e s c r i p t i o n s  of t h e  various c o s t  components are 

g iven  below, 

Direct f i e l d  costs. 
Direct field costs  are the  costs  f o r  permanent 
plant equipment, mate r i a l s ,  labor and subcont rac t  
items, and form t h e  major part of the f i e l d  costs. 
They inc lude  t h e  purchase andlor s u b c o n t r a c t  costs 
of bulk materials,  like concrete, form work, 
fabricated reinforcing steel, fabricated s t r u c t u r a l  
steel, embedded steel, sheet m e t a l  r oo f ing  and 
s id ing ,  prefabricated and f i e l d  r u n  piping, 
electrical wire and cable, connection materials, 
etc. 

The purchase p r i c e  of process -re la ted  or service-  
related permanent plant equipment is also included 
in t h e  d i rec t  f i e l d  costs, 

The third component of direct f i e l d  costs is t h e  
c o n s t r u c t i m  or i n s t a l l a t i o n  labor a s soc ia t ed  with 
t h e  field operations requi red  t o  prepare the 
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f a c i l i t i e s  and p l a n t  equipment for t h e i r  i n t ended  
func t ion  i n  t h e  completed p l an t ,  

* -I__-- I n d i r e c t  ( d i s t r i b u t a b l e )  f i e l d  costs. 
The main c a t e g o r i e s  of i n d i r e c t  field c o s t s  are: 
Temporary c o n s t r u c t i o n  f a c i l i t i e s ,  l i k e  f i e l d  
o f f i c e ,  ShoPs, temporary electric supply  and 
d i s t r i b u t i o n  systems, t porary water supply,  and 
s a n i t a r y  facibites,  etc,  

Miscellaneous c o n s t r u c t i o n  services, l i k e  con- 
s t r u c t i o n ,  equipment and tool r e n t a l ,  t h e i r  
m a  i n  t enan ce costs , cons umablc c a n s t x  u c t i  on material 
costs (bolts, welding rods, n a i l s ,  etc. 1 , material 
handling, welder t e s t i n g ,  s o i l  and c o n c r e t e  
labor a t  or y t es t  i n  g , wages of s e c u r i t y  personnel ,  
clean-up, efc. 

F i e l d  o f f i c e  costs, l i k e  superv is ion ,  engineer ing ,  
planning and schedul ing ,  q u a l i t y  c o n t r o l ,  
admin i s t r a t ion ,  warehousing, f i e l d  purchasing,  
rned ica l / f i r s t  a id ,  overheadl etc, 

Others,  i n c l u d i n g  insurance ,  t a E s ,  and miscel- 
laneous  f i e l d  expenses. 

These expenses are d i s t r i b u t e d  across t h e  e n t i r e  
f a c i l i t y  and are expressed as  a percentage  of the 
t o t a l  d i r e c t  f i e l d  labor costs, This is why they 
are c a l l e d  d i s t r i b u t a b l e  f i e l d  costs i n  t h e  
cons t x uc t i an ind  u s t r y  . 

@ Engineering, home o f f i c e  c o s t s  and fees. 
s e s e  expenses cover t h e  eng inee r ing  services 
r equ i r ed  for t he  des ign  of a l l  f a c i l i t i e s ,  systems, 
and components for t h e  p l a n t ,  i n c l u d i n g  p re l imina ry  
and f i n a l  des igns ,  p repa ra t ion  of system and 
equipment s p e c i f i c a t i o n s  and documentation r e q u i r e d  
t o  obtain a l l  p e r m i t s  f o r  t h e  c o n s t r u c t i o n  and 
operation of the p l a n t ,  

Home office costs also cover cost engineer ing ,  
planning and schedu l ing  services, procurement, 
s t a r t -up ,  qual. i t y  a s s u r a n c e  and p r o j e c t  management, 

Fee is normally a func t ion  of t h e  total  project 
cost and there are commonly accepted g u i d e l i n e s  on 
a p p r o p r i a t e  schedules  - 

@ C o n t i x e n c i e s  - 
I__ -_I_ 

Contingency i s  the sum of money added t o  an 
estimate $0 provide f o r  items not s p e c i f i e d  i n  
engineer ing  d e t a i l  but which are known from 
experience to be a necessary  part of a facility. 
I m p l i c i t l y ,  i t  w i l l  be used and it is n o t  a 
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drawdown fund to compensate for overruns o x  changes 
and addit ions  to the project scope, 

Other Owners Costs. 
These include the  owmrls general office and 
accounting costs, start-up and operator tra ining ,  
spare part and inventory costs, and enviramental 
impact s tud ies ,  

.I Cost of Advanced Funds Durfnq Construction 
J Intexest durinq construction) . 
The center  of gravity of cash flow is  normally 
taken a t  the  2/3rd point of the  construction period 
and i n t e r e s t  during construction is calculated a t  a 
cer ta in  percentage of the total canstruction c o s t  
for an agreed upon number of years, 

Table 3-4 shows what cost elements were considered i n  the cast 

comparisons of the different fusion concepts and development 

phases- The costing'methuds are given in greater detail. in 

Subsections 3,2- 1 through 3 - 2 - 8 ,  and the summary of t h e  cost ing  

qualifications is presented i n  Subsection 3-2- 9, 

The costs shawn i n  Tables 3-1 ,  3-2, and 3-3 are by no means total 

i n s t a l l e d  system casts, The i t em in these tables were se lEcted  

on the basis of t h e i r  impact on avera l l  plant. costs, a v a i l a b i l i t y  

of system d e f i n i t i o n ,  s i m i l a r i t y  of the  system requirements to 

those of light water reactors,  l i q u i d  metal cooled fast breeder 

reactors or fossil pawex plants ,  and in  case of dc p o w e r  

supplies, s imi lar i ty  o f  the requiremnts to  those applicable to 

heavy indus tr ia l  i n s t a l l a t i o n s  using large dc power systems like 

aluminum reduction plants.  

. .-.. 

n... 
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With the  exception of the General A t o m i c  Company (GA) tokamak, no 

plant  layouts or p l a t  plans w&x& provided by the laboratories, 

theref ore, t h e  bui ld ing  volume requirements were extrapolated 

from t h e  G , R  tokamak building voIums, using judgement a s  to h o w  
-- 

the  d i f ference  in fusion concept requirements and plant size 

(thermal rating)  night a f f e c t  the s i z e  of stxcactures. Past 

experience i n d i c a t e s  that est imaked preliminary bu i ld ing  volumes 

grow subs tant ia l ly  when more d e t a i l e d  plant layouts are 

developed, P a s t  experience also ind ica tes  t h a t  t h e  floor area 

and building volume requirements a r e  more i n €  luenced by the  

stress considerations of the pipes  and ducts for t h e  primary heat 

t ranspor t  system, t h a n  the physical s i z e  of the  nuclear reactor 

itself. Since no layout is ava i lab le  for the primary hea t  

t ransport  pipe or duct system at this t i m e ,  there was no basis 

for  judgement whether the G, L plant layout provides adequate 

space for the heat transport  and other piping systems, and the 

presumably extensive electrical tray and conduit systems. 

... 
Rn explanation o f  what the indicated costs cover i s  delineated i n  

the  following subsections, 

3 - 2 - 1  ....- Electrical Power Requirements - Steady State Mawet - Power Supply 

Costs shown cover t h e  purchase price of dc  conversion equipment, 

inc luding the rectifier transformers w i t h ,  t h e  as soc ia ted  ail 

circuit  breakers and rectifiers, They do not  mver the costs of 

the  ac step-down transformers to reduce the power line voltage, 

or t h e  costs of any regulating auto transformers required far 
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var i ab le  ac voltage control. Casts of buses mannecting- the power 

supply  to the magnets and system instal lat ian costs are excluded, 

Costs shown cover the purchase price of dc conversion e 

0 n l y #  exc luding  installation, Costs o f  insulated cable Bus 

~0111iecting the pwer supply to the neutral beam injectors are 

exclluded. 

3 . 2 - 3  ---I Electrical Power Requirements - Pulsed Electric Ipo~we 

There iS ip Wide range Qf Uni t  Costs fcsH pUlSed electric power 

suppl i e s  available in published fus ion re osts, A f t e r  much 

d i scuss ion  o f  t h e  appropriate u r n i t  cost, Oak Ridge National  

Laboratory and Beehtel agreed that ,  for the purposes of t h e  

p r e s e n t  studyl $ 0 - 0 0 5  per Joule of stored ener and $ 2 5 - 0 0  per 

kVA rating of the  converter power supply w 

polar generator energy 

storage sys tem-  The cost calculated on t h i s  basis is assumed to 

cover e q u i p m e n t  purchase p ~ i c e  only, excluding ins ta l la t ion  an8 

any ather (start-up, calibration, etc-1 costs, 

3.2.4 E l e c t  ~ica31 P o w e r  Requirements - Plant  A u x i  l iaey ac 
Power system 

C a s t s  w e r e  est imated based on t h e  plant auxiliary power s y s t e m  

costs  of a r e c ~ n t l y  completed l iqu id  m e t a l  fast. breeder reactor 
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study, with  due cons iderat ion sf p l a n t  size and somewhat reduced 

a u x i l i a r y  power requirement of t h e  fusion reactor plants, Costs 

shown include a u x i l i a r y  power dis tr ibut ion ,  transformers, motor 

control centers, load c e n t e r s ,  etc- They include apip,ment and 

bulk material ( w i r e  and cab le ) ,  connection material costs and 

i n s t a l l a t i o n  labor C O S t S .  but exclude field dis tr ibutab les  and 

any other casts, 

3.2-5 crlyoqenic System 

The cost shown for  th is  item is based m a letter quotation fm 

CTI-Cryogenics  for an &-kilowatt helium refrigeration u n i t ,  

comprised of a co ld  box, cmpressox, assoc iated controls, etc. 

The quoted purchase price of such a unit (the compressor power 

input requirement is  4 ,000  kw) , escalated 210 1979 p r i c e  level, is 

$3#700,000* T h i s  price excludes i n s t a l l a t i o n  and cryogenic 

piping, 

S.A.  obtained a quote for their cryogenic system at substantial ly  

lower c o s t p  but s i n c e  the pau~pose of t h i s  study is not the 

economic comparison of the various fusion concepts* and 

uniformity  among t h e  fusion concept requirements i s  not easily 

obtainable, t h e  above cost $3.7 m i l l i o n  per u n i t  w a s  applied 

uniformly ta  each concept and d e v e l o p e n t  phase- 

3.2,s Nuclear  Island Structures  
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Reactor block s t r u c t u r e  requirements w e r e  es t imated based on the 

concepkual p lan t  layout developed by G.A-  OX t h e i r  upgradable 

Tokamak TNS device, This w a s  t h e  only available,  re lat ive ly  

complete p l a n t  layout .  Due cons ide ra t ion  s given to plant  s i ze  

( t h e r m a l  r a t i n g )  i n  s c a l i n g  the space requirements for each 

device.  d he reactor block structwes me ass 

of the f o l l  

Reactor confinement 

Reactor component maintenaPx=e (hat cell] 

Radwaste handling facil it ies 

s Tritium handling (for both blanket and exhaust 
processing) 

e Vacuum f i n i s h i n g  pump area 

0 Cryagenies system area 

Based on a recent test estimate for a l i q u i d  m e t a l  cooled fast- 

breeder reactor, the u n i t  cost  of  the  reactor confinement w a s  

es t imated  at $460 per c u b i c  meter, This cost i n c l  

reinforced concrete foundation and s u p e r s t r u c t u r e  I car 

liner plate  th roughou t ,  arid basic  building services l i k e  

l i ght ing ,  plumbitng, and convent ional  heating, vent i la t ing ,  m a  
air-condit ioning.  -1 Pxalk material costs (concrete, reinforcing 

steel ,  roofing) and f i e l i d  la , inc luding f i e l d  dishributrables, 

are included. 
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The rest of the reactor block s t r u c t u r e s  were estimated a t  $320 

per cubic meter. This cost avers similar items as the u n i t  cost 

of t h e  reactor confinement. I t  i s  assumed, however, tha t  a steel 

liner w i l l  be r equ i r ed  only i n  s e l e c t e d  areas where r a d i o a c t i v e  

material is handled.. Basic b u i l d i n g  serv ices  are included, as 

are  a l l  material, labor, and f i e l d  d i s t r i b u t a b l e  costs, 

3.2.7 C i r c u l a t i n q  Water System 

The u n i t  cost of the c i r c u l a t i n g  water system i s  based on 

experience with s i m i l a r  systems i n  light water reactor and l i q u i d  

metal cooled f a s t  breeder reactor plants- The costs indicated i n  

Tables 3-1, 3-2, and 3-3 i n c l u d e  t h e  earthwork and r e in fo rced  

c o n c r e t e  s t r u c t u r e s  for t h e  intake (cuol ing  tower basin) and 

discharge basins ,  the support structure and enclosure of the 

c i r c u l a t i n g  water pumps, the mechanical mmponents, pumps, 

underground supply and d i scha rge  pipe lines, the cost of 

s t r u c t u r e s  and mechanical equipment associated with the forced 

d r a f t  cool ing  towers, and a n  allawance for electrical and c o n t r o l  

equipment. 

The  estimated u n i t  cost for the t o t a l  system is $17-00 per 

k i l o w a t t  of rejected heat ( $ 5 , O Q Q  per millim B t u ' s  p e r  hour), 

This u n i t  cost includes a l l  material and f i e l d  labor costs, 

including field distributables, but excludes any other 

(engineer ing,  home office, i n t e r e s t  dur ing  cmstruction, other 

owner's cost, etc.) costs, 
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The cost shown tor t=s system covers the steam generator 

bui. Ilding, t u r b i n e  building and turbine pedestal  s t r u c t u r a l  costs  I 

the mechanical component and sgrste s costs associatea wi th  ~e 

s t e a m  generator system, and the mEx>nent an system costs of the 

t u r b i n e  generator and its a u x i l i a r i e s -  Ubswance  is ineluded t o  

cover normal b u i l d i n g  services, l i k e  lighting, p$umbing, and 

eanventional heating, v e n P i l a t i n g  and air-conditioning, Bulk 

mater ia l  costs, purchase costs  of system c m  nents and piping 

are also covered, a s  i s  f i e l d  installation labor, Distributab%e 

f i e l d  costs and other omex's costs are: excluded, 

The basis for  the wit costs used in cos t ing  t h i s  system w a s  a 

r e c e n t l y  co pleted estimate for a l i q u i d  metal coolied fast 

breeder r e a ~ e ~ ~  plant staay, with considerati of  differences in 

steam gene ra t ion  systems and p lant  size, The huildling space 

requi rements  for the turbine building and ste genera tor 

buildirig- were based on the  size of the Clinch River Breeder 

Reactor f ac i l i t i e s ,  due to the s imi lar i ty  in ps E?X CJE?Ile?X3tiEXJ 

capacity of the EPR fus ion  devices to that of C l i n c h  River 

gross, 3519 MWe ne*) c 
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3.209 summary of Cost inq Q u a l i f i c a t i o n s  

A f t e r  examining the a v a i l a b l e  information on fus ion  devices, it 

became obvious that an economic eva lua t ion  of the committed s i t e  

must be based on t h e  relative cost of selected systems which have 

a major impact on o v e r a l l  costs (costs driver sytemsg, where 

r e l a t i v e  cost l e v e l s  can be e s t a b l i s h e d  with a reasonable  degree 

of confidence- The main t h r u s t  of t h e  fus ion  development program 

to d a t e  has been d i r e c t e d  more toward t h e  understanding of  plasma 

behavior, rather than  toward the development of i n t e g r a t e d  fusion 

p l a n t  designs,  thus, o n l y  limited information is available on 

plant and a u x i l i a r y  systems, 

The requirements fox the process support systems a r e  not defined 

i n  s u f f i c i e n t  d e t a i l  t o  enable  prepara t ion  of a complete cost 

estimate for any of t h e  devices ,  hence, t h e  s e l e c t e d  i t e m  shown 

i n  Tables 3-1, 3-2, and 3-3 represent only a f r a c t i o n  of the 

t o t a l  cost  of a fusion plant ,  The costs shown for t h e  d i f f e r e n t  

systems do not  have a c o n s i s t e n t  basis e i the r .  I n  some cases, it 

was only p o s s i b l e  t o  develop approximate equipment purchase 

prices; no information was a v a i l a b l e  on t h e  cost of i n s t a l l a t i o n  

l a b o r  and associated f i e l d  d i s t r i b u t a b l e  costs. For some an  

at tempt  w a s  made t o  include f i e l d  i n s t a l l a t i o n  costs, but there 

was no basis t o  establish f i e l d  d i s t r i b u t a b l e  costs. F o r  others, 

there w a s  enough statistical information at Bechtel to  est imate  

t o t a l  d i r e c t  field costs, inc lud ing  material and/or equipment, 

construction/installation labor, and f i e l d  d i s t r i b u t a b l e  costs,. 

In no case, was it poss ib l e  t o  inc lude  engineering, home office 
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costs, fees, cont ingencies ,  o t h e r  owner's costs, and costs for 

advanced funds du r ing  c o n s t r u c t i o n  

O n e  might cons ider  development of system costs on such 

i n c o n s i s t e n t  bases t o  be of l imi ted  value,  H o w e v e r ,  t h e  purpose 

o f  developing t h e s e  costs was t o  show r e l a t ive  p o t e n t i a l  savings 

of s i t i n g  the fus ion  f a c i l i t i e s  on a committed site ve r sus  

individual s i tes ,  and not  to establish t o t a l  plant costs. 

The p r i c i n g  of each system was c o n s i s t e n t l y  c a r r i e d  o u t  for each 

concept and development phase, based on t h e  q u a l i f i c a t i o n s  

d e s c r i b e d  i n  Subsec t ions  3.2.1 through 3-2-8, N o  total is shorn 

on the right-hand side of  t h e  t a b u l a t i o n s  for any of t h e  d e v i c e s  

because t h e  p r i c i n g  of t h e  systems does not have common bases and 

it was d e s i r e d  to  avoid  t h e  impress ion  t h a t  total plant casts 

were being presented. 

3 - 3  SUMMARY OF BASELINE SITE CWAFUCTERXSTICS 

The committed f u s i o n  development site w i l l  p rovide  the land ( w i t h  

site improvements) with t h e  electric power and process water 

r e q u i r e d  for t h e  ope ra t ion  of t h e  fus ion  dev ices  c o n s t r u c t e d  on 

it 

@ Land. 
400 hectares  of land is  needed to  acm o&+e up to 
three fus ion  concepts  i n  their  TNS, EPR, and 
demonstr at ion/prototype development phases - 

* Elec t r ic  power. --- 

3-18 



.... 

. ~ _  . 

..._ .... 

.... 

Electric power w i l l  be provided by 2-230 kV 
t ransmiss ion  l i n e s ,  feeding  the 230 kV ring bus of 
a ut i l i ty-owned site subs t a t ion ,  A p l a n t  
switchyard,  fed from t h e  site subs t a t ion  through 
3-230 kV/34.S kV main t ransformers ,  con ta ins  a 
34.5 kV switchyard bus  which i n  t u r n  feeds the 
3-13.8 kV switchgear  through. 3-70 W A  and 1-30 MVA, 

3-1 3.8 kV switchgear  supply the power for t h e  
magnets, stored energy systems and p l a n t  a u x i l i a r y  
power systems, The power s u p p l i e s  fox t h e  n e u t r a l  
beam in j ec to r s  w i l l  be fed from the 34.5 kV 
switchyard bus through 2-130 MVA, 
34-5-80/120/300 kV transformers- This system w i l l  
meet t h e  needs of up to t h r e e  fus ion  concepts  i n  
a l l  of t h e i r  development phases, 

800 liters per second c a p a c i t y  process water system 
w i l l  be provided t o  supply the c i r c u l a t i n g  water, 
makeup, demineralized water, fire water and 
domestic water needs necessary f o r  t h e  operation of 
up to t h r e e  fusion concepts  in all their  
development phases 

34.5 kV/13,8 kV switchyard t ransformers ,  me 

Process water- 

. .  

A d e t a i l e d  d e s c r i p t i o n  of  the b a s e l i n e  site characteristics is  

given i n  Subsection 3.4, C o m m i t t e d  Site Defini t ion.  ... 

3-4 COMMITTED SITE DEFINITION 

The committed fus ion  developmnt  si te m u s t  s a t i s f y  t h e  needs of 

as many f u s i o n  concepts as deemed s u i t a b l e  for full development 

and u l t i m a t e  commercialization. The primary purpose of t h e  

committed si te would be t o  provide for the construction, tes t ,  

and opera t ion  of medium t o  l a r g e  scale fusion devices  in t h e  most 

cost and schedule e f f e c t i v e  way. Advantage must be taken of as 

many shareable s i t e  faci l i t ies  and service systems as t h e  logical 

operation of the devices permit. 
. ... 
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I t  is not contemplated t h a t  smaller scale, proof-of-pr inciple  

type devices  will be placed a t  t h e  committed site. No t echn ica l  

ob jec t ion  has been i d e n t i f i e d  a g a i n s t  l o c a t i n g  t h e n  there also, 

if t h e  needs of these devices  can bei acmmoated and t h e i r  

opera t ion  fitted into t h e  ope ra t ing  schedule of the l a r g e r  

devices (. 

The mmrnitted fusion developmnt s i t e  should have provis ions  for 

a l l  f a c i l i t i e s  and process support systems which are not unique 

to any fusion concepts., The s i t e  wauld i nc lude  f a c i l i t i e s  and 

systems which are useable  or sha reab le  by successive development 

phases of a s i n g l e  fusion concept, or, preferably, by  several 

fus ion  concepts i n  a l l  of  t h e i r  developmnt phases, 

The requirements of t h e  si te l o c a t i o n  itself are land, electric 

power, and process water. Based upon t h e  envelope o f  

r e q u i r e m e n t s  developed from t h e  device c h a r a c t e r i s t i c s  for the 

TNS , EPR, and demonstration/prototype devellopnaent phases o f  t h e  

tokamak, tandem mirror, and EBT concepts t h e  following 

n t s  were est ab1 is hed : 

e Land. - 
400 hec tares  of land i s  required f a r  the committed 
s i t e ,  selected and certif ied for the cons t ruc t ion  

must be t e c h n i c a l l y  (soi l  and geologic 
c h a r a c t e r i s t i c s ,  seismic c h a r a c t e r i s t i c s ,  meteo- 
rology, hydrology, aircraft  flight p a t t e r n s  
t r a n s p o r t a t i o n  f a c i l i t i e s )  and environmentally 
acceptable ,  

and operation of mult ip le  fus ion  f a c i l i t i e s ,  I t  

Exclusion area, l o w  populat-ion zone and populat ion 
center d i s t ance  have t o  conform t o  a y e t  to be 
es t ab l i shed  set of cr i ter ia  for fus ion  reactor 
plants. 
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Site improvement ac t iv i t ies ,  as l i s t e d  i n  Appendix 
A, Subsection 5, Subsec t ions  5.4.1 through 5-4-53, 
Task 100 In t e r im  L e t t e r  Report, mus t  be completed 
before  cons t ruc t ion  of device r e l a t e d  s t r u c t u r e s  
and f a c i l i t i e s  could  commence. 

0 - Electric Power- 
Electric p o w e r  must be a v a i l a b l e  for t h e  committed - 
fus ion  development site from t w o  230 kV 
t ransmission l i n e s  from t h e  local electric u t i l i t y  
company, These l i n e s  w i l l  feed a 230 kV r i n g  bus 
of  t h e  s i t e  subs ta t ion ,  which is assumed to be 
owned and maintained by t h e  local electric u t i l i t y  
company, The r i n g  bus of the  si te  s u b s t a t i o n  w i l l  
feed the primary s i d e  of the t h r e e  230 kV-34-5 kV, 
2001238 MVA main transformers of t h e  plant 
switchyard. A 34-5 kV p l a n t  switchyard bus is 
supplied with power from the secondary s i d e  of the 
main t ransformers ,  through three o i l  c i r c u i t  
breakers ,  rated a t  4,000 A each, The 34.5 kV plaint 
switchyard bus w i l l  supply a l l  the electrical 
needs of the t h r e e  fusion concepts through t h e  
demonstration/prototype phase, The electrical 
system, beyond t h e  34.5 kV p l a n t  switchyard bus, is  
considered device  related, and as such. its 
cons t ruc t ion  i s  needed o n l y  for t h e  ope ra t ion  of 
t h e  devices  placed a t  the committed site, 

A prel iminary s i m p l i f i e d  s i n g l e  l i n e  diagram is 
included i n  Subsection 4- 1-10, d e p i c t i n g  a concept 
for t h e  electrical system of t h e  committed site a t  
its f u l l  development, capable  of suppl ing up  t o  
three devices with electric power for the 
demonstration/prototype phase (see Figure 4-2) . 
Should it be decided t h a t  t h e  committed site will 
be used for EPR phase devices  only, t h e  electrical 
requirements can be reduced accordingly. 

Electrical system information suppl ied  by the 
laboratories is  shown and descr ibed i n  Appendix B, 
Task 200 I n t e r i m  L e t t e r  R e p o r t ,  Table 3-1 and 
Subsec t ion  3-2, 

Process Water. 
Process water requirements for  the committed site 
are pr imar i ly  determined by t h e  c i r c u l a t i n g  
(cooling) water make u p  needs f o r  t h e  devices. The 
demineralized and domestic water requirements add 
approximately t e n  percent  to the c i r c u l a t i n g  water 
make-up needs, 

Taking i n t o  cans ide ra t ion  t h e  ope ra t ing  schedule  of 
t h e  fus ion  devices  i n  a l l  development phases, as 
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discussed i n  Suksec t ion  4-2, the t o t a l  w a t e r  
requirement for t h e  committed site i s  es t ima ted  at 
800 liters per second. T h i s  amount satisfies the 
maximum water flow demand a t  t h e  f u l l  development 
of the site, 

There a r e  several f a c i l i t i e s  which are dev ice - re l a t ed ,  b u t  once  

t h e  basic design parameters of t h e  devices are determined, t h e i r  

d e s i g n  and even c o n s t r u c t i o n  can proceed, The admin i s t r a t ion ,  

engineer ing ,  l abo ra to ry ,  regular maintenance shop faci l i t ies ,  and 

t h e  t u r b i n e  b u i l d i n g  come t o  mind f irst  i n  t h i s  category.  These 

s t r u c t u r e s  may be cans idered  as site f a c i l i t i e s ,  c o n s t r u c t e d  

para l le l  with t h e  si te improvement ac t iv i t ies  and made available 

far  a l l  f u s i o n  devices and development phases, as needed, 

Grassroot Site Versus Government Reservat ion 3 - 4 -  1 -- 

During t h e  stucly it was assumed t h a t  the committed f u s i o n  

development site will be l oca t ed  on grassroot l and ,  s u b j e c t  to  

a l l  licensing and r e g u l a t o r y  procedures required f o r  o b t a i n i n g  

the  c o n s t r u c t i o n  permit for any other proposed n u c l e a r  power 

g e n e r a t i n g  f a c i l i t y -  

Th@ procedure t o  c e r t i f y  a g r a s s r o o t  site for t h e  c o n s t r u c t i o n  of 

a nuclear f a c i l i t y  and o b t a i n  a c o n s t r u c t i o n  permit i s  a lengthy 

and costly one, Reference is made to  Subsect ion 4-2 for the 

d e s c r i p t i o n  and F igure  4-3 for t h e  schedule  of the steps 

necessa ry  to o b t a i n  a c o n s t r u c t i o n  permit. The time necessary 

f o r  a c o n s t r u c t i o n  permit i s  about f ive  years and t h e  c o s t  of 
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this procedure, based on recent experience, is  estimated t o  be 

$15 million, 

Locating t h e  committed fus ion  s i te  within the boundaries of an 

e x i s t i n g  government nuclear t e s t i n g  reservation m u l d  offer 

s i g n i f i c a n t  savings,  Much of the c o s t  assoc ia t ed  with site soil 

and seismic explora t ions ,  and w i t h  t h e  c o l l e c t i o n  of other site 

data  needed f o r  t h e  c e r t i f i c a t i o n  of a gras s roo t  site, can be 

saved, s i n c e  t h e s e  d a t a  are r e a d i l y  a v a i l a b l e  for most 

reservat ions.  

The t i m e  requi red  for  l i c e n s i n g  a grassroot s i t e  could also b~ 

shortened considerably if t h e  committed fusion site is located on 

a government reserva t ion ,  The l i c e n s i n g  procedure can be 

concent ra ted  on real  safety i s s u e s  and exclude issues w i t h  

extremely low hypothetical risks frequently r a i s e d  by certain 

segments of t h e  public, often caus ing  years of delay, 

3.4-2 Fully Self-contained Committed Site Versus 
B a r e - B G  Provis ions  Only 

During t h e  early phases of this study the ques t ion  was raised of 

what the e f f e c t s  would be of e s t a b l i s h i n g  only t h e  reactor block 

and essent ia l  s e r v i c e  f a c i l i t i e s  versus  providing a f u l l  self- 

contained fus ion  development c e n t e r  on t h e  committed sita 

As far as it can be determined, the facil i t ies needed for 

e s t a b l i s h i n g  a complete fus ion  development c e n t e r  would r e q u i r e  a 
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modest a d d i t i o n a l  capital inves tment  over that of the bare-bone 

type i n s t a l l a t i o n ,  

The l i s t  of f a c i l i t i e s  which are no t  e s s e n t i a l  for the 

c o n s t r u c t i o n  and ope ra t ion  of the f u s i o n  devices. or which can be 

provided i n  reduced vers ion ,  i s  r a t h e r  sho r t :  

5 Laboratories . ------ 
General chemical arid materials t e s t i n q  laboratorv 
services can be o b t a i n e d  from o f f s i t e  f a c i l i t i e s ,  
A tritium labora to ry ,  however, would be e s s e n t i a l  
for t h e  committed site, 

e Maintenance shops, - 
Maintenance shop f a c i l i t i e s  can be reduced to the 
essent ia l  reactor component maintenance cells (hot 
cells) and same emergency r e p a i r / m i n t e n a n c e  
f a c i l i t i e s ,  i f  it is  assumed that scheduled 
maintenance operations for larger, nonrad ioac t ive  
components can be c a r r i e d  out  in o f f s i t e  shops, 

0 Adminis t ra t ion,  enqineerinq and  s c i e n t i f i c  s p o r t  
f a c i l i t i e s ,  
I t  is conce ivable  that some of t h e  managerial ,  
admin i s t r a t ive ,  engineer ing ,  and s c i e n t i f i c  
suppor t ing  ac t iv i t ies  can be carried out off site. 
In t h i s  case, the fac i l i t i es  r e q u i r e d  at the 
committed s i te  can be reduced s u b s t a n t i a l l y .  on ly  
making p rov i s ions  fox t h e  f u n c t i o n s  d i r e c t l y  
related t o  the a p e r a t i o n  of t h e  devices. 

The t o t a l  cost of t h e  l i s t e d  f a c i l i t i e s  r e p r e s e n t s  approximately 

t h r e e  percent of t h e  cost of  reactor block and process  service 

related structures. The s a v i n g  which can be r e a l i z e d  by 

e l i m i n a t i n g  or  reducing  these f a c i l i t i e s  must be c a r e f u l l y  

weighted a g a i n s t  the inconveniences,  t r a n s p o r t a t i o n  costso and 

problems as we11 as the t i m e  delays associated w i t h  the 

maintenance 8 laboratory, engineering, and a d m i n i s t r a t i v e  

o p e r a t i o n s  p a r t i a l l y  c a r r i e d  out of fs i tc ,  
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4 - 0  SCENARIOS SELECTED FOR THE DEVEW)PMENT 
OF TWE COMMITTED SITE 

- 
There was s u f f i c i e n t  information avai lable  to e s t a b l i s h  major 

c h a r a c t e r i s t i c s  for th ir teen  fusion devices. The following 

matrix identifies the devices. 
~ 

I Device Lab TNS 

Tokamak ANL 

Tokamak GA 7 5 0  MWt /... . 

Tokamak WCTR NIT 

Tokamak ORNlC 1 , 7 7 5  M W t  

Tokamak PPPL 

Tandem Mirror LLL 300 M W t  

EBT ORNL 1,000 MWt 

Reversed Field LASL 
Pinch 

Torsatr on MIT 

*3-EPR units ,  at 2,260 M W t  each. 

The p o s s i b i l i t y  of construction and 

EPR P r o t  o/De mo 

600 M W t  

2 ,470  M W t  

2,260 M W t  * 6 , 7 8 0  W W t  

5 ,305  M W t  

1,000 M w t  2,000 M W t  

2,980 MWt 

4,340 M W t  

o w r a t i o n  of TNS and EPR 

devices at the committed site i s  easily v i sua l i zed  based on the  

currently ava i lab le  t echn ica l  information on these  devices. 

Whether t h e  construction and operation of the  

prototypddemonstration size devices are practical and advisable 

at the committed fusion development site is not clear, 

Involvement of the electric p o w e r  generating u t i l i t i e s  may have a 

... 
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d e c i s i v e  inf luence where these larger devices d ~ e  to be b u i l t  and 

haw they will be operated- It i s  suggested, therefore, that  the 

question of locating protatype/demanstration devices be 

reevaluated when plans €or them are re d e f i n i t i v e -  

1% is assumed t h a t  of the f ive tska k concepts, csnly one will he 

s e l e c t e d  for  construction and operatisn on the rn i t t e d  site.  

Even with this simplifying assumption, i f  every magnetic fusion 

dev ice  remains a candidate for i n s t a l l a t i o n  and operation, the 

number of all poss ib le  combinations would be q u i t e  large- 

In order to keep the  evaluation af the cmmittred site w i t h i n  

reasonable l i m i t s ,  the fol lowing scenarios were established: 

Q Scenario - I: Any o w  of three fusion concepts, 
placed on the eoinmitted site,  and devices 
constructed and operated for the TNS, EPR, 
DEMO/PRQTQTYPE development phases. 

Q scenario Ip;: Any one of the above three fusion 
concepts placed on the committed site i n  
combinatian with any one or bokh of the other 
concepts# and the devices a rated inde naent iy  of 
each. other.  

AS a further refinement sf the above two basic scenarios, t h e  

fQlPowiwg subsets  w e r e  establ ished: 

Scenario Ia: Tokamak devices are constructed and 
operated through a l l  three development phases, 
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Scenario IC: Elmo Bumpy Torus devices are 
cons t ruc ted  and operated t h r m g h  all Rhree 
development phases. 

Scenario IIa: Tokamak devices and tandem mirror 
devices are cons t ruc ted  a t  t h e  committed si te and 
both of them are operated independently through all 
three development phases - 
Scenario IIb: Tokamak devices and E l m  Bumpy Torus 
devices  are cons t ruc ted  a t  the c o m m i t t e d  site, and 
both of them are opera ted  independently through all 
three dewe loment phases 

Scenario IIc: Tokamak devices, tandem mirror 
d e v i c e s  and Elmo Bumpy Tmus devices  are 
constructed consecutively on the committed site, 
and a l l  three of them are operated independently 
through a l l  t h r e e  development phases. 

As to the s e l e c t i o n  of t h e  dev ices  

c e r t a i n  assumptions have been made: 

Tokamaks, Instead of us ing  any of 

i n  t h e  listed scenarios ,  

the dewices developed by t h e  

l a b o r a t o r i e s  t o  date, a generic tokamak has been assumed, which 

has a thermal r a t i n g  of 1,000 M W t  i n  t h e  TNS and EPR development 

phases. In t h e  EPR phase, a steam generat ing system and t u r b i n e  

generator  will be added, providing the capability to genera te  

approximately 300 M W  power, For t h e  demonstrat im/pxototype 

phase, it is assumed t h a t  a second EPR-size tokamak reactor w i l l  

be added, doubling t h e  p o w e r  genera t ing  capac i ty  to 600 MWe- 

This would, of course, r e q u i r e  the addition of a second 300 MWe 

capac i ty  turbine generator.  The a l t e r n a t i v e  of a new, larger 

device  for the  demonstration/prototypE phase was not considered, 

Elmo Bumpy Torus, It  has been agreed with Oak R i d g e  Nat ional  

Laboratory that the E l m  Bumpy Torus (Em) designated as a TPjS 
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device during the  information gather ing phase of t h i s  study 

(500 HWk t he rma l  rating) i s  really a pmof-af-pPrincipl_e and not a 

TNS device, Oak Ridge suggested that for the xposes of  the 

present study, a 1,000 M W t  rated TNS device be considered for t h e  

Em csncept, In %he EPR ase, this device w i l l  be upgraded by 

i n s t a l l i n g  a blanket ,  a. steam ge 

t u r b i n e  generator, For t h e  den~~stratiarn/pxotoeype phase, the  

plasma. power density in t he  EPR reactm w i l l  be increased -t;es 

raise the thermal rating to 2,006 MW-* m a k h g  the device capable 

s f  generat ing approximately 6 0 0  e pwer, For t h a t  capacity, 

the steam generatorgs capacity has 4x1 be increased and a second 

300 M W e  capacity t u r b i n e  generator added- 

& v e r s e d  E5.ei.d Pinch and Torsakrsn mvices. Infarmation on re- 

q u i r e m e n t s  for TINS and EPR Reversed F i e l d  Pinch and Torsatron 

dev ices  i s  not available at t h i s  t i m e . ,  If scaled do versisrms 

s i z e  maclnhes; of these mnce 

are developed, preferably in the 1,000 thermal ratiw g range 

there is no reason why they cannot be smbst i tuted for the 

concept, if sa des ired,  or the number of scenarios expanded to 

also include these devices, 

nc-I COST EVALUWTION OF THE SELECTED SCENARIOS 

The cost  evaluation of the selected scenarios i s  presented i n  

T a b l e s  4 - 1  through 4-6, A l l  costs are i n  1979 dollars- 



.... ... 

4 . l  E l e c t r i c a l  : I 
4 .1 .1  Steady s t a t e  magnet power supply 

4 . 1 . 2  N B I  dc power supply 6 . 2  

1 . 2  

...... 

si 

0.9  I 

- - 

TABLE 4-1 

COST E V A L U A T I O N  OF SELECTED SCENARIOS 

SCENARIO Ia 

GENERIC TOKAMAK 

Thermal Rating: 1,000 MWt (TNS and EPR mode) 
2,000 MWt (PROTO/DEMO mode) 

Generated Power (Gross E l e c t r i c ) :  300 MWe (EPR mode) 
600 MWe (PROTO/DEMO mode) 

4 . 1 . 4  P l a n t  a u x i l i a r y  ac power 

COST I T E M  

21.0 5 .rl 10.5 

COST, M I L L I O N  $ 

TN S I EPR I PROTO/DEMO 

4 . 1 . 3  Pulsed e l e c t r i c  power 40.0 

4 . 2  Cryogenic system 13.5 

4 . 3  C i r c .  water system 1 7 . 1  

4 . 4  Thermal power conversion system - 

1. S I T E  S E L E C T I O N  AND C E R T I F I C A T I O N  

- - 

- 13.7  

5.8 

150.9  126.8 

1 15.0 I - 

T o t a l  (Rounded) 
f o r  TNS a n d  EPR 
f o r  TNS, EPR a n d  PROTG/DEMO 

I -  

1 198 
2 2 5  160 

385 

58 3 

- 2 .  S I T E  IMPROVEMENTS 9.6 - 
3 .  STRUCTURES : 

3.1 R e a c t o r  b lock  s t r u c t u r e s  61.3 - 40.2 

3 . 3  Adtn in .  , engineer ing ,  maintenance 

3.2 Process s e r v i c e  r e l a t e d  s t r u c t u r e s  29.7 4 . 4  - 
and shop s t r u c t u r e s  5.5 - - 

4 .  SELECTED COST D R I V E R  PROCESS SYSTEMS: I 1 
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TABLE 4 - 2  

COST E V A L U A T I O N  O F  S E L E C T E D  SCENARIOS 

SCENARIO Ib 

TANDEN MIRROR 

Thermal Rating: 300 MWt (TNS & EPR mode) 

Generated Power: (Gross Electric): 100 m"e (EPR mode) 

COST I T E M  

1 .  SITE SELECTION AND CERTIFICATION 

2 .  SITE IMPROVEMENTS 

3 .  S T R U C T U R E S  : 

.v-- 

-- 

3 . 1  R e a c t o r  block s t r u c t u r e s  

3 .2  P r o c e s s  s e r v i c e  r e l a t e d  s t r u c t u r e s  

3 . 3  Adnii n . , en g i n e e r  i n g , ma i n t ena nce 
and shop s t r u c t u r e s  

4 .  SELECTCD COST DRIVER PROCESS SYSTEMS: - 
4 . 1  E l e c t r i c a l  : 

4 . 1 . 1  S t e a d y  s t a t e  magnet power s u p p l y  

4 . 1 . 2 7 0 1  dc power s u p p l y  

Pu l sed  e l e c t r i c  power 

4 . 1 . 4  P l a n t  a u x i l i a r y  a c  power 

I 4 . 2  Cryogeni c s y s  tern 

4 . 3  C i r c .  w a t e r  system 

4 . 4  ~ h e r m a l  pokier converGi on sys t em 

T o t a l  (Rounded) 

f o r  TNS and EPR-.. 
f o r  TNS, E P R  a n d  P R O T O / D E M O  

COST, M I L L I O N  $ 

15.0 I 
9 . 6  

24.8 I - I 
1 1 . 7  1 .6  I 

I 

1.0" I -  I 
11.6 - 

I - 

7 . 5  I 1-8 I 
11 .6  I -  I 1 

6.5 I -  I I 
60 .7  l0i-i 64 

169 I -- 
1 I 

Allowance f o r  t r a n s l t h n  coil power supp ly .  
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TABLE 4-3 

COST E V A L U A T I O N  OF SELECTED S C E N A l i I O S  

SCENARIO IC 

ELMO BUMPY TORUS 

Thermal Rating: 1,000 MWt (TMS and EPR mode) 
2,000 MWt (PROTO/DEMO mode) 

Generated Power (Gross Electric): 300 MWe (ERR mode) 
600 Mwc (PROTO/DEMO mode) 

COST I T E M  

1 .  SITE SELECTION AND CERTIFICATION 

2 .  S I T E  IMPROVEMENTS 

3 .  STRUCTURES : 

3 . 1  Reactor block s t ruc tu res  

3 . 2  Process servi  ce re1 a ted s t ruc tu res  

3 . 3  Admi n . , en g i neer i n 9 ,  ma 1 n t e n a  t i  ce 
a n d  shop s t r u c t u r e s  

4 .  S E L E C T E D  COST D I 7 I V L : R  P R O C E S S  S Y S T E M S :  

4 . 1  E l e c t r i c a l :  

4 . 1 . 1  S t e a d y  s t a t e  nidgnet  power supply 

4 . 1 . 2  NU1 dc power supply 

4 .I - 3  Microwave h e a t i n q  

4 . 1 . 4  P l a n t  auxi l idry  J C  power 
- .- 

4 . 2  Cryogenic  system 
~ ~~ 

4 . 3  Ci r c  . water sys teii i  

4 . 4  Thermal povrer c o n v e r s i o n  sys t em 

To t a  1 {Rounded) 

f o r  TNS and E P R  
TNS, E P R  and PROTO/CEMO 

COST, MILLION !$ 

PROTO/ DEMO 1 
9'4 --j-----c---- 

78.4 - - 
1 I 

28.1 4.4 I 

I 

I 

2.1  - - 
5.2 L - 

- - - 25.0 

18.0 - 1 6 . 1  

6.4 - 
1 7 . 1  - 5.8 

- 150.9 126.8 

210 1 149 

366 I 
514 
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COST E V A L U A T I O N  OF SELECTED S C E N A R I O S  

SCENARIO IEa 

GENERIC TOKAMAK AND TMKIEX MIRROR DEVICES 

Combined Thermal Rat ing :  1,300 MWt (TNS and EPR modes) 
2,000 MWt (PROTO/DEPIO modes)" 

Comb Lned Generated Power (Gross Electric) : 400 MWe (EPK mode) 

COST ITEM 

I 

1. S I T E  S E L E C T I O N  AND C E R T I F I C A T I O N  
II I-- 2 .  S I T E  IMPROVEMENTS 

3 .  STRUCTURES : I- 3 . 1  Reactor block s t ruc tu res  

maintenance 

sys  teii i  

4 . 3  C i  r c  . w a t e r  sys tein 

f o r  T N S a n d  EPR 
f o r  TNS,  EPR a n d  PROTO/DEMO---- 

COST, M I L L I O N  '$ 

15.0 
I I 

I 
9 . 6  

I 

* No information is available on PrototypelDemonstration size tandem 
mirror  device; therefore, only the tokamak's rating and costs are 
shown i n  the Proto typz /Demonst ra t ion  Phase. 
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TABLE 4-5 

COST E V A L U A T I O N  OF S E L E C T E D  S C E N A R I O S  

SCENARIO IIb 

GENEBLC TOKAMAK AND ELYO BUMPY TORUS DEVICES 

Combined Thermal Rating: 2,000 M V t  (TNS and EPR modes) 
4,000 MWt (PROTO/DEMO modes) 

C o m b i n e d  Generated Power (Gross E l e c t r i c ) :  600 W e  (EPR mode) 

... .... 

COST, M I L L I O N  $ 1 
COST I T E M  

TN S E P R  1 PROTO/DEMO 1 
15.0 1 -  1 1 .  S I T E  S E L E C T I O N  A N D  CERTIFICATION 

9 .6  2 .  s I T E  I M P R O V E M E N T S '  

3 .  STRUCTURES : 
3.1  Reactor block s t r u c t u r e s  133.3 

. -~ 

54.1  3 . 2  Process se rv i ce  r e l a t e d  s t r u c t u r e s  

3 . 3  Admin.,engineering, maintenance 

4 .  S E L E C T E D  COST D R I V E R  PROCESS SYSTEMS: 

a n d  shop s t r u c t u r e s  

... 

6.9 

4 . 1  E lec t r i ca l  : 

4.1 .1  Steady s t a t e  magnet power supply 3 . 3  

4.1.2 N B I  dc power supplY+Hicrowave HT'G 1 3 0 . 2  

I 4 . 1 . 3  Pulsed e l e c t r i c  power 40.0 

3 2  .a 4.1.4 P l a n t  a u x i l i a r y  a c  power 

4 .2  Cryogenic system 

4 . 3  Ci r c  . water sys teni 

- 9 .8  
I 

24.9 

28.8 ... 

4.4 Thermal power conversion system 

To t a  1 (Rounded) 
I 

301.8 2 5 3 . 6  
~~ 

3 7 9  

6 90 1 
1,018 

f o r  INS a n d  EPR 
for. TNS, E P R  a n d  PROTO/DEMO-- 
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TABLE 4-5 

COST EVALUATION OF SELECTfD S C E N A R I O S  

SCENARIO IIc 

GENERLC TOKAMAK, TANDEH MIRIPOR AND ELMO BUMPY TORUS DEVICES 

Combined Thermal Rating: 2,300 MMt (TNS & EPK modes) 

Combined Generated Power (Gross Electric) : 700 MNe (EPR mode) 

4,000 MWt. (PTOTOJDEMO mode)* 

1 , 200 MVe (PROTO/DEMO mode)* 

COST ITEM 

~~ 

1. SITE SELECTION AND CERTI FI CATION 

2 .  S ITE  IMPROVEMENTS 

-_ 3 .  STRUCTURES : 

3 . 1  R e a c t o r  b l o c k  s t r u c t . u r e s  

3 . 2  P rocess  s e r v i c e  r e 1  a t e d  s t r u c t l r e s  
3 . 3  Admin. , e n g i n e e r i n g ,  m a i n t e n a n c e  

II - -.-- 

and shop s t r u c t u r e s  

4 .  SELECTED C O S T  DRIVER P R O C E S S  SYSTEMS': 
4 .  1 TI e c t r i  c a l  : 

4 . 1 . 1  S t e a d y  s t a t e  magnet  power s u p p l y  

4 .1 .2  N B I  dc power s u p p l y  +Microwave HT' 

4 . 1 . 3  P u l s e d  e l e c t r i c  power 

4 . 1 . 4  P l a n t  a u x i l i a r y  ac power 

--. 

.I .__ 

..l_----__.-ll^ 

4.2 C r y o g e n i  c s y s t e m  

4.3 C i r c .  w a t e r  sys tem 

4 .4  Thermal power c o n v e r s i o n  s y s t e m  

T o t a l  (Rounded) 

f o r  TNS and EPR 
f o r  TNS, EPR and PROTO/DEMO-'--- 

-~ 

COST, MILLION $ 

15.0 - I --- 

66.9  10.0 - 
8 . 3  - I 

0.9  

I 

40.0 I - I -  
33.8 5.4 9.8 

I 

- 362.5 253.6 

460 379 328 

839 

* No information i s  available on Demonstration/Protntype size tandem mirror 
device; t he re fo re ,  only the tokamak and EBT r a t i n g  and c o s t s  art? shown 
in the Demonstration/Prototype phase. 
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... . 

The cost items shown i n  these Tables are similiar to t h e  ones 

....... 

__ . . 

.- 

... 

... 

shown in Tables 3-1 through 3-3, Summary of Major Device 

C h a r a c t e r i s t i c s ,  with a few addi t ions :  

0 The cost of site s e l e c t i o n  and c e r t i f i c a t i o n  
assuming a grass roots site has been added. 

The cost of  site improvements, covering fencing,  
rough grading and drainage,  p l a n t  access m a d  and 
r a i l r o a d  spur, connect ing the site t o  t h e  nearest 
highway and major r a i l r o a d  line respec t ive ly ,  p l a n t  
water supply and po tab le  water distribution system, 
s a n i t a r y  sewage col l  ect ion and t rea tment  
f a c i l i t i e s ,  and temporary electric power supply 
have been added. 

In a d d i t i o n  t o  reactor block s t r u c t u r e s ,  t h e  cost 
of process se rv ice - r e l a t ed ,  and adminis t ra t ion ,  
engineer ing maintenance, and shop structures have 
been added, 

4 - 1 . 1  Cost Evaluat ion Q u a l i f i c a t i o n s  

The cost elements considered in Gosting the s e l e c t e d  cost items 

are i d e n t i c a l  to those  presented in Table 3-4 and described i n  

Subsubsections 3.2.1 through 3.2-9, Scenarios la, Ib, and IC are 

casted cons ider ing  the same cost items, assuming t h a t  a s i n g l e  

concept is developed at t h e  site through t h e  TNS, EPR, and 

demonstration/ prototype phases. scenarios IIa, IIb, and IIc are 

cos t ed  assuming cons t ruc t ion  and simultaneous ope ra t ion  of all. 

devices for t w o  or three concepts, 

The combined c o s t  o f  the f a c i l i t i e s  andlor  systems, se rv ing  the 

devices  is  not n e c e s s a r i l y  the arithmetic sum of the costs of t h e  

same facilities and systems of t h e  ind iv idua l  devices,  because 

some of t h e m  can be shared (even when simultaneous opera t ion  of 
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multiple devices is assumed) and some of them benef i t  from 

economy of scale- 

The means of determhing the costs of t h e  selected i t e m s  in each 

Q €  the sccnatrim are described in the f f o B l o  

T h i s  Scenario assumes the c o n s t r u c t b n  of a s i n g l e  t o k a m e  

reactor plant  on t h e  co tted s i t e ,  suitable  for TPJS phase 

opesakion .  A t  the w n c l u s i s n  of t h i s  phase o f  apration,  the 

same reactor p l an t  w i l l  he upgraded to acw date the EPR 

r e q u i r e m e n t s  by adding a f u l l  or par t i a l  blanket ,  steam 

gene ra t ion ,  ana t u r b i n e  generator SyStelYL En the 

demonstration/progoeype phase, a second tok ak reactor, with 

blanket ,  steam, and power conversion system w i l l  be adtded, 

The cost evaluat ion of t h i s  scenario is s b w n  in Table 4-1. 

cost  evaluation covers t h e  following cost items: 

e site selection, Cert i f icat ion and S i t e  Improvements 

S t r u c t u r e s  

a Selected Cost Driver Process S y s t e m s  

T h i s  category covers tbe process systems which A a major 

bearing on the t o t a l  cost sf the fusion reactox- p lants ,  namely 

t h e  ElecknicaP,  Cryogenic, Circulating Water, and Thermal Po 

Conversion Systems a 
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* Site Se lec t ion ,  C e r t i f i c a t i o n ,  and site Improvements, 
Site s e l e c t i o n  and c e r t i f i c a t i o n  and site 
improvement costs are site, rather t han  device 
related, The s i t e  s e l e c t i o n  and c e r t i f i c a t i o n  
effort and t h e  s i te  improvement work has t o  be 
complete before the cons t ruc t ion  sf site facil i t ies 
and process  service systems for t h e  TNS phase 
device can commence, No s i g n i f i c a n t  expendi tures  
are required for these categories in t h e  EPR and 
demonstration /p ro ta type phases e 

* St ruc tu res -  
Reactor block s tructures  constructed in the ?.NS 
phase w i l l  serve t h e  EPR phase without any major 
a d d i t i o n a l  e x w n d i t u r e s ,  In  the demanstra- 
ti on /proto type phase, a second confinement 
s t r u c t u r e  w i l l  be requi red  t o  house the second 
1,QOQ LWt: capac i ty  tokamak reactor- 

TNS process service structures w i l l  have to be  
expanded in t h e  EPR phase t o  accommodate t r i t i u m  
processing and handling. 

Administration, engineering, maintenance, and shop 
structures cons t ruc ted  far t h e  TNS phase are 
assumed t o  be adequate for the EPR and demonstra- 
t iow'pratotype phase also, without  the need for 
s i g n i f i c a n t  a d d i t i o n a l  expendi tures  

0 Selected Cost Driver  Process Systems 
Electrical, 
Steady state magnet power supply - me system 
cons t ruc ted  for  t h e  TNS phase is assumed t o  be 
s a t i s f a c t o r y  €or t h e  EPR phase. The 
demonstrat ion/prototype phase wi 11 require 
expansion t o  accommodate the needs of the second 
1,000 M W t  tokamak reactor, Some economy of scale 
is assumed for t h i s  expansion, however- 

NBI dc power supply, - The powEr supply i n s t a l l e d  
for the TEJS device is assumed to be adequate for 
EPR and demonstratian! pratotype devices by proper 
phasing of t h e  pulses for the t w o  reactors in the 
denonstrat ion/prototype phase- 

Pulsed electric power supply. - The power supply, 
serving the EF coils and ohmic heat ing,  installed 
for t h e  TNB device,  is assumed t o  be shareable i n  
both the EPR and demonstration/prototype phases, 
without any s i g n i f i c a n t  a d d i t i o n a l  expenditure, 

Plant  a u x i l i a r y  power, - This system, i n s t a l l e d  i n  
the TNS phase, must be upgraded some i n  the EPR 
phase, and upgraded r a t h e r  s i g n i f i c a n t l y  t o  
accommodate the needs for the seexmd reactor and 
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t h e r m a l  power conversim system during the 
denrPanshration/pro~~ty~ phase Some economy of 
scale can be ~ e a l f z e d  far the expansions. 

eryaqenic system, 
The s y s t e m  i n s t a l l e d  EOE t h e  TNS t.ok 

C i r e u l a t i n q  water s y s t e m .  
The system i n s t a l l e d  for the TNS device is mare 

ate for the  EPR phase, s ince  i n  t 
c t i c a ~ l y  a l l  generatea the~gmal p 

to be rejected while  in the EPR phase 
approximately two-thirds af th thermal p o w e r  needs 

phase, an approximate 40 percent expansion will be 
to be rejected. En the de nstrati on/grst atyw 

required, 

The major conclusions that can he drawn f r o m  the cost data i n  

E s s e n t i a l l y  a l l  6ac:iliti.es and systtalrzs of the TNS device can be 

shared or reused by the EPR device, If the TNS and EPR dmi@es 

were cons t ruc t ed  on different, i n d i v i d u a l  sites1 the par t ia l  cast  

of the TNS device would k the  sanici? as on the committed site, 

L e .  $ 2 2 5  m i l l i o n .  The partial. cost sf the E m  device, howeverl 

would be the sum of the casts for the TNS and EPR dev.ices,. i.e. 

$385 m i l l i o n ,  and the combined e m t  of the TNS and EPR devices if 
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committed site r e s u l t s  i n  a saving of $22S million, Of t h i s ,  the 

sav ing  r e s u l t i n g  from the e l imina t ion  of dup l i ca t ing  the cost of 

s i t e  select ions and improvements is $25 million. Applying the 

same logic by i nco rpora t ing  the demonstratioWprototype devices, 

t h e  cost would be $583 mil l ion,  and t h e  combined cost of all 

three development phases if b u i l t  on separate sites would be 

$1.193 mil l ion  ( 2 2 5 + 3 8 5 + 5 8 3 )  as opposed to $583 m i l l i o n  on the 

committed site, resulting i n  a total saving of $610  mi l l ion ,  It 

must be emphasized t h a t  these savings are ca lcu la t ed  from p a r t i a l  

cost assessment and the total savings  i n  p l a n t  cost could be 

s u b s t a n t i a l l y  higher.. 

4.1.3 Scenario Ib - Tandem Mirror 

Requirements for t h e  tandem mirror devices  arc not as w e l l  

def ined  as for t he  tokamak devices. The limited information 

a v a i l a b l e  a t  this t i m e  covers only the TNS and EPR development 

phases. 

4-2. 

e 

0 

The cost evaluation of t h i s  scenario is shown i n  Table 

Site Selection, C e r t i f i c a t i o n  and Site Improvements. 
These costs, as for t h e  tokamak devices described 
i n  Subsection 4.1.2, are incurred at the beginning 
of the e s t a b l i s h m n t  of the site and need not. be 
repeated f o r  t h e  EPR phase. 

Structures . 
Reactor block structures-  - The structures, 
constructed for. the TMS phase will satisfy t h e  
requirements of the EPR phase without any major 
a d d i t i o n a l  expenditures. 

Process service related structures. .  - The 
faci l i t ies  provided for the TNS phase must be 
augmented by t r i t i u m  and l i t h ium handling and 
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process fac i l i t i e s  in the EPR phase, 

N B I  dc power supply. - The syste provided for the 
TNS device  needs no upgradbr~g to s a t i s f y  t h e  
requirements in the EPR phase. 

(3ryoqeni.e systt?h 
m e  system i n s t a h l e d  in the ms phase is ass 

be needeta in the EPR plnase. 

be adequake to serve the needs of the EPR phase 
also,  Therefore, no addit ional  expenditures will. 
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The conc lus ions  t h a t  can  be drawn from the cost data in Table 4-2 

are : 

E s s e n t i a l l y  a l l  f a c i l i t i e s  and systems provided for the TNS phase 

can be shared or reused i n  the EPR phase, If t h e  TNS and EPR 

d e v i c e s  were c o n s t r u c t e d  on different, i n d i v i d u a l  sites 8 t he  

p a r t i a l  cost of t h e  TNS device would be the same as on the 

committed site, L e -  $105 mil l ion ,  The cost of the EPR device ,  

however, would be t h e  sum of t h e  TNS and EPR devices, i,e, $169  

m i l l i o n ,  and the combined cost of t h e  TNS and EPR devices if 

b u i l t  on s e p a r a t e  sites would lx? $274 (169+005) m i l l i o n .  Hence, 

c o n s t r u c t i n g  t h e  TNS and EPR phase devices on the committed s i t e  

r e s u l t s  i n  a saving of $105 mil l ion .  Of this, the saving 

r e s u l t i n g  from t h e  e l i m i n a t i o n  of d u p l i c a t i n g  the cost of site 

s e l e c t i o n  and improvements is $25 million. Again, it m u s t  be 

emphasized that t h e  above savings are c a l c u l a t e d  from a 

cost assessment and the saving in to ta l  p l a n t  costs 

sub stan t i a  lly higher. 

Information on demon st ra tion/protot ype phase tandem 

devices is not available  a t  t h i s  the, therefore, 

associated w i t h  this phase cannot ke evaluated. 

partial  

could be 

mirror 

t he  cost 

4.1.4 Scenario IC - E l m o  Bumpy Torus 

As discussed earlier, a thermal  rating of 1000 MW i s  assumed for 

the EBT in t h e  TNS phase. This w i l l  be upgraded i n  t h e  EPR phase 

t o  a 300 MWe electric power g e n e r a t i n g  capac i ty ,  and further 
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upgraded t o  2,000 M W t  thermal, and 600 M W e  electric power 

generating capacity i n  the derslonstrat~on/prototy~ phase. This  

w i l l  be done by i n c r e a s i n g  t h e  p l a s m  power density and, t h u s ,  

t h e  w a l l  loading. The cost evalua t ion  for this scenario is shown 

i n  Table 4-3. 

9 S i t e  Se lec t ion ,  C e r t i f i c a t i o n ,  and Site Irnpravements, 
These costs, as  for t h e  tokamak devices desc r ibed  
i n  Subsection 4-1.2,  are incurred a t  the beginning 
of the e s t a b l i s h m e n t  af t h e  site and need not be 
repea ted  for t h e  EPR o r  demonstration/prckotype 
phases e 

@ S t r u c t u r e s .  
Reactox block Struetur&s. - The s t r u c t u r e s  
cons t ruc t ed  f o ~  the TbJS phase w i l l  s a t i s f y  t h e  
requirements of t h e  EPR and demonstrati /prototype 
phases, without any major a d d i t i o n a l  expenditures, 

Process service related structures., - The 
f a c i l i t i e s  provided for t h e  TNS phase must be 
aucymented by tritium and l i t h i u m  handling and 
process  f a c i l i t i e s  i n  t h e  EPR phase, 

Administration. engineer ing,  maintenance, and shop 
st ructures  e - These structures, cons t ruc t ed  for 
tho TNS phase are assumed t o  be adequate for the 
EPR and demonstratisPaBpratstype phases, without t h e  
need for s i g n i f i c a n t  a d d i t i o n a l  expendi tures ,  

* Selected C o s t  Driver Process Systems 
Electrical, 
Steady state magnet power supply, - 
s t a t e  power suppPy i n  t h e  "H"NS phase 
satisfy t h e  requirements for the reactor operating 
i n  t h e  d e m o n s + r a t i o n / p r o t o t ~ e  mode, i-e. pm: 
2,000 M W t  thermal  power, This  pawear supply will 
sat is& the lesser requirements of t h e  TMS and EPR 
phases, In these nodes, however, the reactor w i l l  
be ope ra t ed  a t  reduced pPas a pwer density. No 
a d d i t i o n a l  expenses will be involved in t h e  
subsequent EPR and demonstrat ian/prototype phases. 

NP3f de power supply- - The commznts on t h e  steady 
stake magnet supply in t h e  preceding parag-ragh isre 
alsa a p p l i c a b l e  for the NE31 de power sup@ 
This  system will be sized for t h e  require 
t h e  p r o t a t y p ~ / d o m o n ~ ~ ~ t i o n  thermal  o u t p u t ,  but 
i n s t a l l e d  i n  the TNS mode. 



.... 

/.... 

...... 

Microwave heating. - The system provided i n  the 
TNS phase w i l l  s a t i s f y  the requirements for the EPR 
and demonstration/prototype phases also, 

P lan t  a u x i l i a r y  ac power. - The system provided 
for t h e  TNS phase w i l l  s a t i s f y  t h e  r e q d r e m e n t s  for 
t h e  EPR phase and needs m i n o r  upgrading i n  t h e  
demonstration/prototype phase to meet t h e  higher 
requirements of the steam generat ion system and t h e  
second t u r b i n e  genera tor ,  

Cryoqenic system, 
The cryogenic system provided for the TPJS phase 
w i l l  satisfy t h e  requirements of t h e  EPR and 

upgrading or e x t r a  expenditure.. 
pr ot otype/demonst r a t i o n  phases without any 

C i r c u l a t i n q  water system, 
The c i r c u l a t i n g  water system pmvided i n  t h e  TNS 
phase w i l l  s a t i s f y  the requirements for the EPR 
phase also, but w i l l  r e q u i r e  an upgrading i n  t h e  

approximately 40 percent i n c r e a s e  i n  rejected heat. 
demonstration/prototype phase t o  m e e t  t h e  

Thermal pow er  conversion system. 
This w i l l  be i n s t a l l e d  t o  upgrade the TNS phase 
device t o  EPR, making it capable of generating 
300 M W e  gross electric power, In  t h e  demonstra- 
t ion /pro to type  phase, the capac i ty  of both t h e  
steam generat ion and turbine generator system must 
be doubled, i n c r e a s i n g  t h e  electric power 
genera t ing  c a p a c i t y  from 300 M W e ,  to 600 M W e  gross. 

T h e  conclusions t h a t  can be drawn f r o m  the m s t  da ta  i n  Table 4-3 

are: 

E s s e n t i a l l y  a l l  f a c i l i t i e s  and systems provided for t h e  TNS phase 

device  can be shared or reused in t h e  subsequent phases. If t h e  

TNS and EPR devices were constructed on d i f f e r e n t ,  i nd iv idua l  

sites, t h e  cost of t h e  TNS phase would be the same as on the 

committed site,  i.em $210 mill ion.  The cost of the EPR device, 

however, would be the sum of t h e  TNS and EPR d e v i c e s ,  i,e, $366 

mil l ion ,  and t h e  combined cost of TNS and EPR devices i f  b u i l t  on 

... 
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s e p a r a t e  sites would be $574 m i l l i o  (241 04366) The construction 

of the TPJS and EPR devices consecu t ive ly  on  the committed s i te ,  

thus, r e s u l t s  in a sav ing  of $210 mil l ion .  Of t h i s  total, W e  

saving resulting from the e l i m i n a t i o n  of d u p l i c a t i o n  ?he site 

selection and improvement costs is $25 mi l l i on .  Extending the 

same log ic  by incorp rating the ae~or~stratio~bprotaty 

t h e  committed s i te ,  the cost would be 514 million, and the 

combined cost of all three devices b u i l t  on separate sites 

be $1,090 m i l l i o n  (210+356+514) ,  a s  opposed t o  t h e  $ 5 1 4  m i l l i o n  

an the committed si te,  r e s u l t i n g  in a to ta l  saving of $576 

mi l l ion .  Again, it must be emphasized that this saving is 

c a l c u l a t e d  from a partial cost assessment and t h e  s a v i ~ g  i n  t o t a l  

p l a n t  cost could  be s u b s t a n t i a l l y  higher, 

4 - 1 . 5  illy Scenario IIa - - Generic  Tokamak and Tan- 

In t h i s  scenario, it is assumed tha t  t h e  d ices f o x  t w  

d i f f e r e n t  f u s i o n  concepts  are cons t ruc t ed  consecu t ive ly  a d  

operated s imul taneous ly  and independent ly  on the a 

in a l l  t h r e e  development phases. The two concepts selected for 

this s c e n a r i o  are t h e  generic tokamak and the tandem Tnirror, Tlhe 

demanstrationbprototy~ phase of the tandem mirror concept is  n o t  

de f ined  a t  t h i s  time, therefore the cost evaluation could not be 

completed t o  cover all three phases. %he cost e v a l u a t i a n  of this 

scenario is shown i n  Table 4-4, and explained below, 

e Si t e  S e l e c t i o n ,  C e r t i f i c a t i o n ,  and Site Dnprovernents 
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%e act iv i t i e s  and expenditures associated with 
these cost items have to be carried out and 
incurred to certify and establish the site, more- 
or-less independently of what kind or haw many 
nuclear devices w i l l  be operated on it. Therefore, 
t h e y  do not have to be repeated if another device 
is constructed o f  another development phase of m y  
one concept is to  be started- 

Reactor block structures, - Building volume 
requirements for this scenario are prac t i ca l ly  the 
sum of the requirements far the tokamak and tandem 
mirror devices with t h e  exception of t h e  c o n t r o l  
building- I t  is  assumed that the control building 
for t h e  tokamak devices would require only a 
50 percent a d d i t i o n  to  s a t i s f y  the combined 
requirements of the tokamak and tandem mirror 

. structures, 

derrices m 

Process service related structures.  - Because same 
of the  service systems can be shared [tritium 
handling and process system, N B X  pmer supply 
system, magnet fabr ica t ion  and tef3tirig, mock-up 
building, etea. )#  t h e  cost for the combined process 
servicerelated structures is assumed to be 
somewhat less than the s u m  of the cost af these 
structures for the two corteepts, The t o t a l  cost of 
the process service-related structures for the TMS 
devices of t h e  tokamak and tandem mirror concepts 
w a s  calculated by adding the thermal rat ing  of the 
devices for the two concepts and mlt ip ly tng  t h i s  
sum by the average unit oost per megawatt thermal 
rating, raised t a  an exponent derived f r o m  
statistical data for multiple unit fossil and 
nuclear { f i s s i o n  and LMFBR) pwer plants. In 
mathematical fom: 

L - Combined cost for the two concepts in 
million dollars cc 

- L Total thermal rating of the  devices  for 
the two concepts in megawatts Tt 

Total cost of the process service related 
structures for the tokamak concept in 
million dol lars  

- e 
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Adminis t  ration engineerin nce, and shop 

provided for the toka have to be 
expanded by 25 prce mirror d e v i c e  
b u i l d b g  v d  e (as defined i n  aria Ib) to 
s a t i s f y  the require 

structures,  - It is as the StE3 . lCtUKeS 

mirror are 
ind iv idua l  
a l l  t h e e  

assumed to* b 

Pulsed electric power. - since the tand 
ce does not require pul 
ined requirement for t 

i d e n t i c a l  to the require 
conce*, 

mirrarm so 
r) The cost of t 

calculated by the 
related stxlactolres, 

conversion e 
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The cost of t h e  t h e r m a l  power conversion system ~r 
t h e  tokamak and tandem mirror is the slum of t h e  
s y s t e m  costs for each, 

The conclusions t h a t  can be drawn from t h e  cost d a t a  shown i n  

Table 4-4 are: 

E s s e n t i a l l y  a l l  facil i t ies and systems provided for t h e  TNS 

phases of both concepts can be shared or reused i n  the subsequent 

development phases of t h e  respective concept- A further economic 

advantage of the c o m m i t t e d  s i te is that some f a c i l i t i e s  provided 

for t h e  tokamak reactor need only a p a r t i a l  ex tens ion  t o  

accommodate t h e  requirements of both concepts, The c o n t r o l  

bu i ld ing ,  admin i s t r a t ion  and engineer ing bui ld ing ,  shops, 

laboratories, warehouses, plant  subs t a t ion ,  and switchyard are i n  

this category. 

If all development phases for both the tokamak and the tandem 

mirror r e a c t o r s  were constructed on separate, i n d i v i d u a l  sites, 

the combined cost of the two TNS dev ices  would be $330 m i l l i o n  

($225 from Table 4-1 plus $705 from Table 4-2), as opposed t o  

$ 2 9 3  m i l l i o n  (Table 4 - 4 ) ,  i f  they w e r e  b u i l t  on t h e  committed 
/... 

...... 

site. The r e s u l t i n g  saving is $37 million. The combined cost of 

t he  two EPR devices  would be $554 mil l ion  ($385 f r o m  Table 4-1 

p lus  $169 from Table 4-2) on i nd iv idua l  sites, and $222 mil l ion  

(Table 4-4) on the committed site. The r e s u l t i n g  saving is  $332 

million, AS no information was a v a i l a b l e  for t h e  

demonstration/prototype phase of t h e  tandem mirror reactor, the 

combined cost of this phase shown in T a b l e  4-4 is only the  

demonstratiorVprototype phase cost of the tokamak, If the 
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demanstration/prQtQ%ypo phase of the t o k  alk, the EPR phase of 

t h e  tokamak and the tandem mirror and t h e  TNS phase of the 

tokamak and tandem mirror are a l l  placed on separate, individual 

sites, the combined cast a f  this program wotn3.d be $ ,Ut57 million 

225 from Table 4-1 plus Table 4-2 plus 8385 from 

Table  4 - 3  plus $569  from Table Table $ - I )  as 

opposed to $713 mil.1ian (from Table 4-4) if the same devices are 

constructed consecutively on the co itted site, The resu l t fng  

sawing is $754 m i l l i o n ,  

As for the previous scenariosB these sa ngs are calculated from 

partial cost  assessme ts and t h e  savings i n  total plant costs 

could be subs tant ia l ly  higher, 

4 - 1 - 6  Scenario IIb - Gener 

In t h i s  seenania, it is assumed that the devices for t w  

be ccrmtleucted cansecutively and operated simultaneous2y and 

independently an the comileittedl s i te  in a l l  three develo 

phasesm The cast evaluation of t h i s  scenario is shown in 

Site S;electim. Certifiea-trion. and S i t e  ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ .  

applicable to Scenario IPb, 
ents made for Scenario IIa are also f u l l y  

* Structures- - 
~ e ~ t o r  biacBr ~ t r ~ ~ t u r e ~ .  - R G ~ C ~ C X  m i i a h g  
volume requi rements  are practically the sum af the 
takamak and Elmo Bumpy Torus  require 
except ion  of the a n t r a l  building, 
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that the  c o n t r o l  b u i l d i n g  volume for  the tokamak 
would r equ i r e  on ly  an a d d i t i o n  of 5 0  percent  that 
of the EBT space requirements to s a t i s f y  the 
combined need for t h e  devices  of both concepts, 

Process s e r v i c e  related s t r u c t u r e s ,  - The comments 
on the combined requirements f o r  these s t r u c t u r e s ,  
as discussed  i n  Subsection U,1,5, are also 
app l i cab le  here.. 

Adnin i s t r a t i o n ,  engineering, maintenance, and shop 
structures. - The building space provided for the 
tokamak devices  would have t o  be expanded by 
25 percent of t h e  EBT bu i ld ing  space requirements 
to  accommodate the needs far both concepts, 

* Selected Cost Driver  Process Systems 
E l e c t  r ic a1 .( 
Steady state magnet power supply, - The combined 
system costs for the tokamak and EBT devices  will 
be t h e  sum of the i n d i v i d u a l  system costs of each 
of the  t w o  concepts in all three development 
phases. 

NBI  de power supply, - It is assumed that by 
success fu l  coord ina t ion  of voltage and power 
requirements for t h e  tokamak and EBT devices,  the 
NBI power supply provided for  the tokamak devices 
will be capable  of sa t i s f ing  the start-up needs for 
t he  EBT devices  without any major addit ional  
Expenditure, The EBT devices ,  ~ O W ~ Z V ~ K ,  r e q u i r e  a 
microwave heating system, which is not r e q u i r e d  for 
the tokamak, I n  Table 4-5, the combined cost of 
NE31 dc power supply and microwave hea t ing  system is 
shown - 
Pulsed electric p o w e r .  - Pulsed electric power i s  
not required for t h e  EBT's- The cost shown in 
Table 4-5 is, therefore, t h e  one associated with 
t h e  tokamak requirement only. 

Plant a u x i l i a r y  ac power, - Combined system 
requirements for the tokamak and EBT devices are 
assumed t o  be exponentially propor t iona l  is t h e  
ra t io  of i nd iv idua l  thermal  rating of one device to 
t h e  combined thermal r a t i n g  of both devices, T h e  
cost of the combined system was c a l c u l a t e d  by the 
method described in Subsection 4.1,s under Process 
Serv ice  Related Structures, 

Cryoqenic SJstem. 
The cost of the cryogenic  systems for the tokamak 
and EBT dev ices  is assumed t o  Ix the sum of the two 
i n d i v i d u a l  systems, 
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Circulat ing  water = s t e m ,  
The comments on the cost of the plant auxiliary ac 
p o w e r  system for the t w o  devices  arc asswed to  be 
appl icable  to the circulating water system costs 
also, 

Thermal power conversion system, 
The combined cast  f o x  the thermal eonmrsian 
systems for the  tokamak a T devices  is t h e  sum 
of t h e  system casts fax each- 

The conc lus ions  t h a t  can be: drawn f r o m  the cost data sham in 

T a b l e  4-5 are as follows: 

E s s e n t i a l l y  ab1 facilities and systems provided for t he  TNS 

phases of both concepts can bE shared or reused in subsequent 

development phases of each concept. Simi lar ly  to Scenario IIa, 

further saving is  achievable because s a m e  of the facilities 

(control buildin g 8  ach in i s t r a  i i o n  and engineering buj Iding, 

shops, laboratories,  wasehouses, plant s ana 

switchyard) provided for  t h e  toka k reactor, need only a partial 

extens ion to ace d a t e  the requirements for both concepts. 

If all development phases for both the to 

were constructed on separate, individual  sites, the c 

of the t w o  TNS devices  would be $435 m i l l i o n  { 225 from Tab 

210  from Table 4-3)# as opposed to $379 m i l l i a l a  on t h e  

committed site (Table 4-5)- The resulting saving is 56  mil l ion ,  

The combined cost of the t w o  EPR devices would be $ 7 5 1  

($385 from Table 4 - 1  plus $366 from Table @-3)  CKB individuak 

tt& site, the 

sawing i s  $440 mil l ion  i n  favor a f  the cr;ammPtted site,  he 

combined east. of t h e  dernmstration/pmtmtype devices m 
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$1,097 m i l l i o n  ($583 from Table 4-1 p l u s  $514 from Table 4-3) on 

individual sites and $328 mi l l i on  (Table 4-5) on t h e  committed 

site, the saving being $769 m i l l i o n  i n  favor of t h e  c o m m i t t e d  

site. The total program cost for developing the  tokamak and EBT 

devices  from TNS through t h e  demonstxation/proto.t=ype phases would 

be $2,283 m i l l i o n  ($435 for TNS plus $751 for EPR plus $1,097 for 

demo/proto) if a l l  development phases for both concepts are 

c o n s t r u c t e d  on separate, i n d i v i d u a l  sites, as opposed to $1,018 

m i l l i o n  (Table 4-51, if the same program is  carried out 

consecut ively on a common committed site, The saving is $1,265 

m i l  1 ion . 

As for the previous scenar ios ,  these savings are calculated f r o m  

part ia l  Gost assessments. The sav ing  in total plant cost could 

be s u b s t a n t i a l l y  higher, 

4.1-7  Scenario IIc - Generic Tokamak, Tandem Mirror 
and Elmo Bumpy Torus 

In this scenario,  it is  assumed that t h e  devices for three 

d i f f e r e n t  concepts, t h e  gene r i c  tokamak, tandem mirror and EBT, 

will be cons t ruc ted  consecutively and operated simultaneously and 

independently an the committed site in all three d e w l o p e n t  

phases. I t  must be noted, however, that the tandem mirror 

in fo rma t ion  i n  the demonstrat ionIprototype phase is lacking a t  

this t i m e ,  so it canno t  be costed. The cost  evalua t ion  sheet for 

t h i s  scenario, shown i n  Table 4-6, covers  only t h e  tokamak and 

EBT in the demonstration/prototype phase. 
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S i t e  Selection, Certification, and site ~~~~~~~~~~~~ 

The coments made for scenario IIa are f u l l y  
a p p l i c a b l e  fox  Scenario I T c  also, 

@ structumres .) --- 
Reactor block s t r u c t u r e s ,  - Reactor block building 
volume requirements are p r a c t i c a l l y  the sum of- the 
Scenario IIh  and the EB'I: r d ? ~ i ~ ~ ~ e ? ~ t s #  w i t h  the 
excep%Pon of t h e  control building, It i s  assu 
that the control.  bu i ld inq  volume for Scenar io  

1.116 require only an a d d i t i o n  of 50 rce81.P: theit 
the tokamak-tandem mirror co i n e d  space 

requirements t o  s a t i s f y  the cmkained need for a l l  
three CQnC@ptS. 

PK-OCESS service related structures, - The ~~~~~~~~ 

on the combined requirements  of these s t r u c t u r e s ,  
discussed in subsection 4, 3-58  are a p p l i c a b l e  here 
also- 

Mminiskratiosn, engineer ing ,  maintenanceb and sh 
s t r u c t u r e s ,  - The b u i l d i n g  space provided for the 
tokamak and tandem mirror devices w u l d  have to 
expanded by 25 prrcerat of t h e  EBT b u i l d i n g  space 
requirements ta aecommo&ke t h e  needs for all three 
concepts8 in a l l  dewlopmeslt phases. 

e S e l e c t e d  Cost Driver Process Systems 
Electrical 

system casts for t h e  talk: ak, tandem mirror and EBT 
devices  will be the sum of the i n d i v i d u a l  system 
casts  of each a€ the three in all development 

Steady state gnet ~ Q W E ~  supply, - The combined 

philses, 

NBI ac pwex supply. - T ~ E  total s t e m  cost for 
the three concepts is the sum of Sce 
t h e  system c o s t  of  the E m ,  It i s  n 
that t h e  EE3T also requires a microwave heating 
system, The NBX requirements sf the GBT can  be 
suppl ied  frm the tokamakBs NBI. power supply,  
therefore a s e p a r a t e  supp ly  is not-. required, 

Pulsed electric power. - Pulsedl electric power is  
not required for either the tandm mirror or the 
%BT8 the combined requirement therefore i s  t h e  same 
as for the tokamak, 

Plant a u x i l i a r y  ac power, - The co nts made i n  
Subsection 0 - 1  - 6 are also f u l l y  a p p l i c a b l e  here. 

a 

The cambined cost of the c r y q e n i c  systems for a l l  
three concepts is the s u m  of the cost of the 
individuaL system, Some economy of scale may be 
realized. 
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Circulatins water system. 
The combined system costs are assumed to be 
exponential ly  proport iona1 to the combined thermal  
rat ing  of the three concepts. 

Thermal power conversion system. 
The combined cost for a l l  three concepts i s  assunned 
to be t h e  sum of the system costs for each, 

The conclusions t h a t  can be drawn from the  cost data shown in 

Table 4-6 are as follows: 

... 

Essent ia l ly  a l l  facilities and systems provided for t h e  TNS 

...... 
phases of all three  concepts can be shared or reused in 

subsequent developnent phases. Similarly to Scenario IIa, 
..-.. 

..-.- 

further saving is achievable because some of t h e  f a c i l i t i e s  

(control  bui lding,  administration and engineering building,  

shops, laboratories , warehouses plant substation and switchyard) 

provided for the  tokamak reactor, need only par t i a l  extension to 

accommodate the requirements for a l l  three concepts, 

I f  all development phases for all three  concepts  (tokamak, tandem 

mirror, and EBT) were constfucted on separate, indiv idual  sites, 

the combined cost of t h e  three TMS devices  would be $540 m i l l i o n  

($225 from Table 4-1 plus $150 from Table 4-2 p lus  $210 f r o m  

T a b l e  4-3), as opposed to $460 million on the committed site, 

The resulting saving is 880 mil l ion .  The  combined cost of the 

three  EPR devices would be $920 mi l l i on  ($385 from Tabile 4-1 p lus  

$169  from Table 4-2 p lus  $366 from Table 4-3) on indiv idual  sites 

and $379 mi l l ion  on the committed site, the  saving is $541 

m i l l i o n  i n  favor of the committed site. As no information is 

available for t h e  demonstration/prototype phase of the  tandem 

mirror reackor, the  combined cost of t h i s  phase, as shown in 
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Table 4 - 6 ,  is only  the  combined demonstrationlprototype phase 

cost  of t h e  tokamak and EBT reactor plants. Thus, the combined 

east o f  the development program involving the tokamak d EBT 

reactors in T N S ,  EPR, and de~nstratisPa/pxo~~~ype phases I and the 

t a n d e m  mirror in the  TNS and EPR phases, would be $2,557 

for TNS plus $920 far EPR plus $1,097 fop: dmo/prooto) if 

each of the concepts and each development phase w e r e  cons t ruc ted  

an separate, individual  sites, and $1,167 m i l l i o n ,  if they were 

constructed conseclxtively on the  c i t t e d  si te -  Adopting the 

committed s i t e  concept will save $1,396 m i l l i o n  in program c o s t s ,  

?is for the previous scenarios, the savings s wn are calculated 

from part-ial  east assessments ,  The real saving in total plant 

C C S t S  Could be S U b S t a A t i a l l y  higher. 

4.1.8 Scenario w i t h  Phased Operation of tihe ;Se_Pected Fusion 
Devices (Scenario IT@-11 

The scenarios described in Subsections 4,1,2 through 4-1.7 assme 

simpnlt-aneous and independent  operat ion of the f u s i o n  devices at 

the committed si te ,  With the as med thermal ratings and 

g e n e r a t i n g  capacities o f  t h e  devices in the EPR a 

d e m o ~ s l r a $ i ~ n / p r c ~ ~ ~ ~  phases I this kind  of operation would 

u l t i m a t e l y  require i nc reas ing  the steam generating systems 

capability and providing turbhe--geaaerator capabi l i ty  for 

operat ion of a l l  the devices. This would require the fallawing 

t u r b i n e  generaeors: 

4 - 300 MWe t u r b i n e  generator sewing th'e needs of t h e  
tokamak EBR device 
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1 - 300 M W e  t u r b i n e  genera tor  t o  boost t h e  genera t ing  
capac i ty  t o  600 MWe, t o  serve the requirements for 
t h e  dernonstration/prototype tokamak device 

1 - 100 MWe turbine generator for the tandem mirror EPR 
device 

1 - 300 MWe t u r b i n e  generator for the EBT EPR device  

1 - 300 M W e  t u r k i n e  generator f o r  the EBT 
demons tration/prototy pe device, boosting t h e  
generating c a p a c i t y  to 600 MWe in this development 
phase 

The probabi l i ty  t h a t  the dewlopment of fusion devices w i l l  take 

t h i s  path is  rather small. 

I t  is suggested that only two t u r b i n e  gene ra to r s  be installed a t  

tho committed site: 

1 - 300 M W e  t u r b i n e  generator ,  to serve t h e  EPR phases 
of all three concepts,  and 

demonstrat ion/prototype phases of a l l  three 
concepts. 

1 - 600 M W e  t u r b i n e  generator, t o  SCXV€ the 

It  will be shown t h a t  this arrangement (Scenario IIc-1) w i l l  not 

i n t e r f e r e  with the opera t ion  of the TNS devices, and the needs 

for t h e  demonstration/prototype phases can be s a t i s f i e d  by some 

phasing i n  t h e  operation of these reactors. 

Figure  4-6 i n  Subsection 4-2-2 shows the schedule fur the 

i n s t a l l a t i o n  and opera t ion  of a l l  three concepts i n  a11 t h r e e  

development phases in bar-chart  foxm. The c o s t  evaluation of 

t h i s  scenario (Scenario IIc-1) is shown i n  Table 4-7, 

This schedule also shows that i f  t h e  decision is made t o  l i m i t  

the committed site for the cons t ruc t ion  and operation of EPR 
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TABLE 4-7 

COST EVALUATION OF SELECTED SCENI\KIOS 

SCrn#RIO ITc-l. 

GENERIC TOKAMAK, TANDEN MIRROR AND ELMO R W Y  TORUS DEVICES 

Carnbined thermal r a t i n g  and combined generated power: as in T a b l e  4-6 .  

One-300 KWe Turbine Generator i n s t a l l e d  i n  TNS Phase. 

h e - 6 0 0  MWe Turb ine  Generator i n s t a l l ed  in PROTO/DEMO Phase, 

COST iTEM 

1 .  SITE S E L E C T I O N  A N D  C E R T I F I C A T I O N  

2 .  SITE IMPROVEMENTS 
___.__^ -___1__1_ 

3.  STRUCTURES : 

3 . 1  Reactor block s t r u c t u r e s  

3 .2  Process s e r v i c e  r e l a t e d  s t r u c t u r e s  

3 . 3  Admin . , e n g i n e e r i n g ,  maintenance 

4 .  S E L E C T E D  C O S T  D R I V E R  PROCZS SYSTEMS: 

and shop s t r u c t u r e s  
-I 

__ . 

4 . 1  El e c t r i  cal  : 

4 . 1 . 1  Steady s t a t e  niagnct power supply 

4 .1 .2  N B I  dc power supply+ ; i l i c rOw&e wc*( 
---. 

- 
4 . 1 . 3  Pulsed e l e c t r i c  power 

4 . 1 . 4  P l a n t  a u x i l i a r y  a c  power 
--- 

4 . 2  Cryogenic sys  tein 

4 . 3  C i r c .  water system 

4 . 4  Thermal power conversion system 

-- To t a  1 ( Rounded ) 
I_-- 

COST, M I L L I O N  $ 
~ 

TNS 1 E P R  1 PROTO/DEMO 

4 . 3  P 0.9 

41.8 

- I 2 7 9 . 4  I 238.0* 

I 313 

756  I 
1.069 

* Does n o t  i n c l u d e  the upgrading  costs of the tandem m i r r o r ’ s  steam 
g e n e r a t i n g  system for PROTO/DFMO o p e r a t i o n .  
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devices only ,  a5 suggested elsewhere i n  t h i s  report, a single 

300 MWe turbine generator can serve three fus ion devices with no 

interference  i n  operation. Comparing the b o t t o m  l i n e s  in Tables 

4-7  and 4-6 one can conclude that by adopting Scenario Ifc-1, the 

total program c o s t ,  a s  q u a l i f i e d  a t  t h e  end of t h e  conclusion 

paragraph for Scenario IIc, can be reduced by approximately $98 

m i l l i o n  at the committed site and thus the saving i n  favor: of the 

committed site against  t h e  separate individual  sites for a l l  

development phases and a l l  three ccmceptS# w i l l  increase from 

$ 1 , 3 9 0  million to $1,488 million, 

4- 1.9 Conceptual Site Plan far the Commit ted  Site 

A conceptual s i t e  plan has been developed for Scenario T I C ,  

assuming the sequential operation of three (tokamak, tandem 

mirror, and E m )  fusion reactors i n  the EPR phase. 

The arrangement of a l l  mayor facil it ies in t h i s  scenario is shown 

in Figure 4-1. The three reactors ( 1 ,  13, and 20) are c l o s e l y  

clustered around the control  bui lding (4)  and itas extensions ( I 9  

and 24) and the  turbine generator building (6) 'This arrangement 

results i n  relatively short cab le  runs between the react~)ffs, the 

turbine building and the  control  building. T h e  length of steam 

Lines from the steam generator buildings (5, 16, and 23) to the 

steam header and valve gallery ( 7 )  also are reasonably short, 

The steam header, through proper valving and controls, could feed 

the turbine from any of the three reactors, 
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LEGEND: 

1 TOKAMAK REACTI)R BUILDING 
2 R E A C T O ~  MAINTENANCE BUIWING AND HOTSHW 
3 PROCESS SlJ7P3RT SYSTEMS BUILDING 
4 C3LTR3L B'JlLDlNG 
5 r7EAM GENERATOR B'JlLDlNG 
6 TJRBVVE GENERATOR BVlLJlNG 
7 >TEAM !HEADER AND VALVE GALLERY 
R SWITCH35AH BJlLJlNG 
9 A'JXILIARY TRANSFORMER 
12 MAIN TRANSFORMER 
11 CONOENSATE TANK 
12 OILTANK 

13 TANDEM MIRRJR REACTOR BUILDING 
14 NEUTRAL BEAM INJECTJRS 
15 JIHECTCYNVERTERS 
16 STEAM GEYERATOR BUILDING 

7- 
i 

A e @-- 4 

I 

32 

m EBTREACTOR BUILDING 
21 REACTOR MAINTENANCE AND HOTSHDF 
22 PROCESS SUPPORT SYSTEMS BUILDING 
23 STEAM GENERATOR BUILDING 
24 CONTROL BUILDING EXTENSION FOR EBT 
25 MAGNET FABRICATION BUILDING 
26 MOCK-UP BUILDING 
2 )  AOYINISTRATION A N 0  ENGINEERING BUILDING 
28 dBORATOR!ESAhD MAINTENANCE SHOPS 
29 WAREHOUSE 
30 AREA RESERYED FOR CONSTSUCTION 

OFFICES, snoPs ASO STORAGE 
31 FIRE WATER STOHAGE TANK 
32 UTlLlTY SUBSTATION AND PLANT SWITCH YARD 
33 PULSED POWER SUPPLY AREA 
34 DC POWER SUPPLY SYSTEM AREA 
35 COOLING TOWERS 
36 CIRC. WATER PUMQHOUSE 
37 CIRC WATER INTAKE BASIN 
3R GATE HOUSES ~~ ~ ~ ~~~~~ 

39 PARKINGAREA 17 - ~ X E S S  suPPoaT SYSTEMS BUCLDING 
18 REAZTOR MAINTENANZE BUILDING AND HOT SHOP 
13 CONTRJLBUILOING EXTENSION FORTMR 

0 som - 
G R U n l C  S A L E  

COMMITTED FUSION DEVELOPMENT SITE 
CONCEPTUAL SITE PLAN 

OPERATION OF THREE DEVICES IN EPR PHASE 
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The magnet power supply and MBIIRF h e a t e r  power supply equipment 

33 and 34) are located next  to the u t i l i t y  s u b s t a t i o n  and p lan t  

switchyard (32) and a t  a reasonable  distance from the reactors 

they 5erve. The supply bus run 's  l eng th  is judged to be 

re as onable 

The c i r c u l a t i n g  water line can be run straight E m m  the 

c i r c u l a t i n g  water i n t ake  basin (37) t o  t h e  t u r b i n e  bui ld ing  with 

minimal change i n  direction. 

The l o c a t i o n  of the cool ing  towers (35) was based on the 

assumption that t h e  p r e v a i l i n g  wind d i r e c t i o n  i s  45 degrees down 

from the top l e f t  corner  of the sketch, thus, the vapor will not 

be blown onto the switchyard, 

The r e a c t o r  maintenance and hot shop buildings (2818. and 21) 

have railroad spur access for a l l  three reactors, T h e  t u r b i n e  

building (6) is also provided with a r a i l r o a d  s p u r  acass- 

The process support  systems bu i ld ings  (3.17, and 22) are c l o s e l y  

coupled t o  the reactor bu i ld ings  they serve, t o  minimize piping 

and control  cable runs, 

The f a c i l i t i e s  for gene ra l  service: magnet fabrication building 

(25)  8 mock-up bui ld ing  (26) , administration and engineer ing 

bu i ld ing  ( 2 7 ) ,  laboratories and maintenance shops (23) I warehouse 

(29). g a t e  houses ( 3 8 ) ,  and parking area (39) are func t iona l ly  

located- 
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Adequate road access is  provided to each f a c i l i t y  by a paved 

p l a n t  road system, 

 he fenced-in p l a n t  area, inc lud ing  t h e  substation/s 

complex, is  approximately 328,000 square 

4.1 18 Conceptual S impl i f ied  Electrical S inqle  Line D i a q r a m  

a prel iminary,  s i m p l i f i e d  electrical s i n g l e  l i n e  diagram w a s  

developed t o  conceptua l ize  t h e  electrical systems requi red  for 

the  committed site, The diagram, sham i n  F igure  4-2, d e p i c t s  

t h e  electrical  systems r equ i r ed  for the f u l l y  developed committed 

site , with a demans t ra t ion /prck&yp phase generic tokamak 

deviceulp an EPR phase tandem mirror device and a 

d e m a n s t r a t i o n / p r o t o t y ~  phase lEI?IT device  operating 

simultaneously. Any less ambit ious ope ra t ing  scenario would, of 

course, reduce t h e  electrical requirements. 

Power i s  carried t o  the site through t w o  230 kV t ransmiss ion  

lines, which supply  energy t a  a 230 kV r i n g  bus, l o c a t e d  at the 

u t i l i t y ' s  230 kV subs t a t ion ,  230 kV, 2000 A oil c i r c u i t  b reakers  

are provided for p r o t e e t i a n  of this ring bus and outgoing 230 kV 

f eede r s  e 

The 230 kV power is  stepped down by t h r e e  200/238 A, 230 W- 

34.5 kV power transformers- One of these transformers is a 

%Land-by unit -  The secondar i e s  o f  these t r ans fo rmers  is 

connected through 4000 A o i l  circuit breakers to a 34.5 kV 

4-36 



Po LV I CNNGLINE 

LEGEND 

POWER TRANSFORMER 

?- 

A HEATER 3 MW 

IOGH. 
(EBT ONLY1 

1 
D.C MAGNETS POWER WWLV 

v 
AC POWER SUPPLY FOR CRYOGENIC, 
W I N G  AND MIX. SYSTEM 

IFOR EBT N.B. INJECTORS) 

de 
IFOR TOKAMAK N.I. INJECTORS1 

1 
300 kV. BmA dc 

(FOR TANDEM MIRROR N.B. INJECTORS1 

Y 
I <  V 

NEUTRAL BEAM IKYCTORS HIGH 
VOLTAGE do. PDlER SUPPLY 

I 
STORED ENERGY AND M O L  POWER SUWLY 

RECUUTINO AUTOTRANWDRMER 

OIL CIRCUIT BREAKER 0 
I> AIR CIRCUIT BREAKER 

SlLlCON DlOOE RECTlFlLR 

SlClCW LWTROLLED RECTIFIEH 

YloVNo NUHlER ROTOR INDICATES WTOR HODIIEPOWER 

t 

NOTE* 
1. ONLY ONE TRANSFORMER/RECTlFlER SHOWN ON THIS 

SINGLE LINE DIAQRPM A L M W G H  SEVERAL UNITS WILL 
S€ REWIRE0 111 PARALLEL TO DELIVER M E  NECESSARY 
AMWNT OF PDYiER. 

2 THIS IS  A VERY SIMPLIFIED SINGLE LINE D I A G R W  
PREPARED TO SHOW ONLY THE RATINGS OF THE - 
TRANSFORMERS AND THE OVERALL PoMn FLOW. 

CONCEPTUAL SIMPLIFIED ELECTRICAL 

JOB Me. DMWlNP YR REV. 

A Figure 4-2 I2890 

4-37 





... 

switchyard bus, Power from t h i s  bus is  stepped down by 

a d d i t i o n a l  t ransformers  as follows, A 30 MVA, 34.5-13.8 kV 

t ransformer reduces t h e  voltage t o  13.8 kV, for d i s t r i b u t i o n  to 

t h e  banks of r e g u l a t i n g  a u t o  t ransformers ,  r e c t i f i e r  transformers 

and rectifiers required to provide t h e  necessary dc  power for the 

steady state magnets used i n  t he  tokamak and EBT reactors, 

A bank of t w o  70 MVA, 34.5-13.0 kv t ransformers  provide a l l  the 

73.8 kV power to be d i s t r i b u t e d  throughout t h e  s i te  for a l l  the  

ac p l a n t  a u x i l i a r y  loads, This  power i s  d i s t r i b u t e d  also a t  

l e v e l s  of 4-16 kV and 480 volts, through a d d i t i o n a l  t ransformers ,  

depending on t h e  s i z e  and voltage requirements o f  t h e  a u x i l i a r y  

p l a n t  loads,  The 13.8 kV bus, suppl ied by t h e s e  two 70  MVA 

t ransformers ,  also serves as a source of backup power for the 

43.8 kV bus described above and is used fox t h e  dc magnet p o w e r  

supply system, The power r equ i r ed  for t he  stored energy system 

could also be drawn from t h i s  bus, 

A t h i r d  70 MVA, 34-5-13.8 kV t ransformer provides the p o w e r  f o r  

the t w o  15,000 H P  wound r o t o r  motors t o  d r i v e  the t h r e e  G?r s t o r e d  

energy supply system generators- This  system is r equ i r ed  for t h e  

tokamak reactor only, The same transformer w i l l  also supply the 

power f o r  t h e  3 W e ,  70 G H z  R F  hea t ing  system needed for the EBT 

r eac to r ,  and a capacitor bank requi red  t o  provide 20 kV, 3000 A 

10 msec pulses  for  the tandem mirror reactor, 

Two other t ransformers ,  rated a t  130 MVA, step-up the 34.5 kV 

power t o  a level of 80 kV, 120 kV, and 300 kV through three 

... 
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separate secondary windings, This high  voltage ae power i s  

rectified and shaped by special c ircuits  and i s  then used to 

supply power for  t h e  EBT, tokamak, and tandem mirror neutral beam 

injectors. 

4.2 SCHEDULE EFFECTS OF COMMITTED SITE ON FUSEON DEVELOPMENT 

The establishment of 8 committed fusion development site w i l l  

undoubtedly have a significant effect on the development and 

eommercialization of power producing fusion reactors, This 

effect, as it. can v i s u a l i z e d  at t h i s  early development stage 

of f u s i o n ,  appears to be mostly beneficial  fr h the economic 

and schedule poin ts  of view- It is conceivable, however, that if 

the a v a i l a b i l i t y  of funds is unlimited,  development phases taken 

sequent ia l ly  on t h e  comm t t e d  s i t e  may be entered simultaneously 

€or several dev ices  at  separate, individual  sites. This is 

u n l i k e l y  to occur, for the following two reasons: 

C o m m ~ n  sense  dictates that whatever funds are 
available far fusion development, the ILar 
possible portion of the funds should be spent on 
t h e  technical advancement of  the fusion concepts 
and not on duplicating expenses for  site s e l e c t i o n  
and c e x t i f i c a t i s n ,  necessary site irnpmv 
several s i t e  upl i ca t ing  service systems 
which are c ost devices. 

The development Of  S a m e  COnCt?@-S, primarily 
tokamaks and mirrorse i s  mare advanced than other 
fus ion c once ptse The idea oE simultaneous 
development of severall concepts would, therefore, 
no% on ly  k costly k a t  not realistic, T h e  o ther  
concepts requisre considerable developrne~t and 

of-of-@oncept t i m e ,  befsre they can be 
amsidered Tor major engineering experiments, 
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The schedule e f f e c t s  of t h e  committed si te  on the fusion 

development program can be summarized as  follows: 

The t i m e  involved and t h e  cost incur red  i n  t h e  site 
s e l e c t i o n / c e r t i f  i c a t i o n  process w i l l  only occur  
once .) 

The bulk of t h e  cost involved i n  t h e  genera l  s i te 
improvement process (see Appendix A, Task 100 
In te r im Letter Report, Subsection 5.0, B a s e  Line 
Site Requirements, Subsect ions 5.1 through 5.. 4.5) 
needs t o  be expended only once, a t  t h e  f r o n t  end of 
t h e  establ ishment  of t h e  committed site. 

0 The shareable  service f a c i l i t i e s  (main plant 
sub s t a t i o n ,  s w i  t chy  ard,  c o n t r o l  bu i ld  in g , 
adminis t ra t ive ,  engineering maintenance and shop 
f a c i l i t i e s ,  magnet winding f a c i l i t i e s ,  mock-up 
bui lding,  c i r c u l a t i n g  w a t e r  system, coo l ing  towers, 
t u r b i n e  genera tors ,  etc. ) w i l l  serve a l l  devices 
and development phases,  w i th  probably minor 
extensions or modifications.  

The d e s c r i p t i o n  of the procedure involved i n  s i te  s e l e c t i o n  

presented  here i s  g r e a t l y  s impl i f ied .  Even so, it can be e a s i l y  

seen t h a t  it is  lengthy and cos t ly .  The establ ishment  of the 

committed s i t e  would g r e a t l y  reduce t h e  cost and compress t h e  

t i m e  r equi red  for this procedure, The overall fusion developmmt 

program would b e n e f i t  from the savings r e s u l t i n g  from t h e  

concent ra t ion  of the e f f o r t s  and l i m i t a t i o n  of the expendi tures  

t o  a s i n g l e  site, rather t han  r epea t ing  them far each fusion 

device  a t  d i f f e r e n t  loca t ions .  

The site selection process, assuming a g r a s s  root site, has t o  be 

done i n  s e v e r a l  success ive  steps: 

0 Preliminary screening; f a c t o r s  used i n  the 
prel iminary screening  process include hydrology, 
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FBeolocaP, de ma gr a phy /la nd use meteoral sgy , 
ecolag ieal  s e n s i t i v i t y  , geography/ to graphy and 
general  acceptability, "Fme preliminary screening 
highlights the  poten t ia l  areas far s i t i n g ,  

@ fdent i  fieation of, candidate regions; Screening of 
candidate regions will be based on factors 
involv ing  geology, dmcqraphy/Pand use, 
a ece ss ib ili ty , ecological sens it iv i t y  , and 
ge ogr aph yltopography. 

Selection sf prime candidate regions. 

once the p r i  e candidate regions are determined, preliminary s i t e  

i n v e s t i g a t i o n s  will be carried aut, involving soi l  b r i n g s  and 

seismic invest igat ions ,  The results of these mare specific 

preliminary invest igat ions  will h e l p  i n  the i d e n t i f i c a t i o n  of the 

candidate site within the primary candidate region. 

4.2.1 Schedule For site Seleetion/Certification 

The probable schedule f o r  the activities involved i n  site 

selection i s  shown in Figure 4-3- 

Recent experience shows that the t i m e  re i red  to  obtain  a 

c on s t r uct. i p e r m i t  for a grass-rerat l i g h t  water reactor power 

p l a n t  i s  four to s i x  years. For a grass-root coal-fired fossil 

power plant,  it is two to four  years. -sed an t h i s  experience, 

a t i m e  span of f ive years has been assutmed far the act iv i t i e s  

required to obtain the construction p x m i t  for a fusion reactor 

from the Nuclear Regulatory C O ~ ~ ~ S S ~ Q L  It is E u r t l t a e r  assumed 

t a temporary construction permit will be issued after 

submittal and approval of a l l  the applicable doccumnts required 

for the issuance of  such a temporary construction permit by 
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Figure 4-3 
SCHEDULE FOR SITE SELECTIONICERTIflCATiON AND SITE IMPROVEMENTS 



federal and state agenciesb as l i s t e d  i n  Appendix B, Task 200 

I n t e r i m  Letter R e p o r t ,  Subsection 6. I ,  Table 6-1, 

4-2.2 Construct ion/Wqradilaq and Operation Schedule fox 
Scenarios 1 throuqh IIc-I 

C a n s t r u c t i a n / u p g r a d i n y  and operat ion schedules have been 

developed far Scenarios Ia through IC, covering t h e  cases where 

s i n g l e  concepts are tieveloped i n  TNS, EPR and 

s+ra t ion /pro to type  phases, and for S C ~ ~ ~ K ~ O S  6Ea through 

IIe-3, which assume the C ~ ~ S ~ K U C ~ ~ C X - I  a d  operation of up to three 

craplcepCs a t  the committed s i t e .  

Figure 4-4 shows the schedule fo r  developing a s i n g l e  concept QT1 

a committed s i t e .  

Year 0 is assumed to be the kginmjing of ccmstruction sf t h e  

s t r u c t u r e s  at the site. The activities which must precede this 

a c t i v i t y  are s h o w n  i n  Figwe 4-3- Note on Figure 4-4 that the 

engineering which suppor t s  the eommeneemnt of c o n s t r u c t i o n  

ac t iv i t ies  m u s t  also begin approximately t years prior to 

starting cons t ruc t ion ,  therefore the technical  information needed 

to start engineering of the s t r u c t u r e s  must be available for the 

arch i tec t -engineer ,  who is respansible  for the design of the 

structures. The technical  i n f o r m t i o n  must contain pre l iminary  

b u i l d i n g  arrangement drawings, pip ing  and instrum 

diagrams, and equipment drawings TIE Elow of $ec%~nical 

information f r a m  the reactor d e s i  er to the  architect-engineer 
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GENERIC TOKAMAK or 
TANDEM MIRROR or 
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LEGEND 

ENGINEERING: STRUCTURES, PROCESS SYSTEMS 'I TNS PHASE OPERATION COMMENCES 

CONSTRUCTION~UPGRADING 
EPR PHASE OPERATION COMMENCES 

OPERATION 

(NO POWER CONVERSION SYSTEM REQUIRED) 

(STEAM GENERATION SYSTEM AND 
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(UPGRADING OF STEAM GENERATION SYSTEM AND 
SECOND TURBINE GENERATOR REQUIRED.) 

@ TECHNICAL INFORMATION REQUIRED TO SUPPORT 
PROCESS SYSTEM DESIGN 

Figure 4-4 
ENGl N E E R I NG, CONSTR UCTl ON/UPGR AD! NG AND OPERATING SCHEDULE 

FOR SCENARIOS la, lb AND IC 



nust be such that it w i l l  not disrupt t h e  d e w d o p m e ~ t  of 

drawingsI s p e c i f i c a t i o n s ,  and purchase crlmment-s needed for t h e  

orderly c o n s t r u e t i a n  of t h e  s t r u c t u r e s  a t  the site, 

At approxi teEy year + I ,  the technical i n f o m a t i o n  nee 

the design of process systems must be ready for the architect- 

engineer. The flaw of This infomation again must  be continuous 

and u n i n t e r r u p t e d  i n  accordance w i t h  the d e t a i l e d  engineering- 

construction schedule,  

The  cons t ruc t ion  psiad i s  assumed to be five years, During t h i s  

pe r iod ,  the construction of a l l  structures, yard faci l i t ies ,  and 

i n s t a l l a t i o n  sf a l l  nuelear and mechanical equipment, piping, 

c o n d u i t s ,  and w i r i n g  i s  assumzd to ke completed, t es ted ,  and made 

ready for TNS opera t ion  a t  year 5 -  

A t  year 7, the technical information needed for upgrading the  TNS 

dev ice  for  EPR operation must s t a r t  to flow t o  the architect- 

eng inee r ,  Engineering of the upgrading modification is: assumed 

+a l a s t  f o u r  years- 

~t year 9, the  cons t ruc t ion  of energy conversion Eaeilit ies and 

systems starts, and when the " N S  operations axe terminated, the  

upgrading sf the reactor ( i n s t a l l a t i o n  af blanket)  c~mences, 

The upqading construction, includinq the i n s t a l l a t i o n  a€ s t e m  

g e n e r a t i n g  system and turbine gemerator, is assumed to be 

complete and the device made ready far EPR operation at year 12. 

The EPR opera t ion  is assumed to l a s t  for five years, Just about 
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t h e  t i m e  t h e  EPR opera t ion  commences, t h e  flow of t e c h n i c a l  

information suppor t ing  t h e  upgrading engineer ing a c t i v i t i e s  for 

demonstrat ion/prdotype opera t ion  must start, This  engineer ing 

is assumed t o  l a s t  f o r  fou r  years ,  ending at  year 17, 

The cons t ruc t  ion of demonstration/prototype fac i l i t i es  (second 

reactor building for  t h e  tokamak, second steam genera t ion  s y s t e m ,  

upgrading of process  support  system f a c i l i t i e s ,  second t u r b i n e  

generator)  is assumed to s t a r t  a t  year  13,  and be completed a t  

year 17. The demonstration/prototype opera t ion  starts a t  year  

17, and i s  assumed t o  last f o r  twenty years. 

The schedule shown i n  Figure 4-4 i s  based on tokamak 

i n s t a l l a t i o n ,  bu t  is not e x p c t e d  t o  vary g r e a t l y  for  t h e  tandem 

mirror and EBT devices,  These devices  are not developed far 

enough to warrant exp lo ra t ion  of d i f f e r e n c e s  i n  engineering, 

c o n s t r u c t i o n l u p g r a d i g ,  and upe ra t ion  schedule a t  t h i s  time, 

Figure  4-5 shows t h e  engineer ing,  construct iordupgrading,  and 

o p e r a t i n g  schedule for Scenar ios  fIa and IIb which oombines the 

tokamak and e i t h e r  t h e  tandem mirror or t h e  EBT a t  the committed 

site. 

The schedule for the tokamak device  is i d e n t i c a l  to t h a t  shown i n  

F igure  4-4, and t h e  schedule  for t h e  second concept is phased i n  

such a way t h a t  when t h e  EPR opera t ion  of t h e  f i r s t  concept 

(tokamak) is  complete, the EPR phase operat ion of t h e  second 

concept (tandem mirror or EBT) can commence- 
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The genera l  l o g i c  of t h i s  schedule  is b a s i c a l l y  the same as for 

t h e  one shown i n  Figure Q-4; t h e r e f o r e ,  the exp lana t ions  given 

for t h e  operations there, are also a p p l i c a b l e  here ,  It is 

noteworthy, t h a t  from year  22, four 300 MWe t u r b i n e  genera tors  

are requi red  f o r  t h e  demonstration/prot&ype operation for two 

devices.  

F igure  4-6 shows t h e  engineer ing,  ca?structian/upgrading, and 

ope ra t ing  schedule f o r  Scenario IIc; the sequen t i a l  cons t ruc t ion  

and simultaneous operation of t h r e e  concepts a t  t h e  c o m m i t t e d  

site, 

The l o g i c  for t h i s  schedule is b a s i c a l l y  the same as f o r  

Scenar ios  Ia  through IC, t h e r e f o r e  t h e  explana t ions  given for 

t h o s e  are a p p l i c a b l e  here a l s o ,  

I t  i s  noteworthy, t h a t  the EPR phase opera t ion  f o r  all three 

concepts can be completed by y e a r  27. If demonstration/prototype 

phase opera t ion  of all three concepts is required, t h e y  can be 

operated i n  t h i s  phase independently and for a long period of 

time. The p r i c e  of this type of operat ion,  however, is t h e  

i n s t a l l a t i o n  of six t u r b i n e  generators ,  having a generat ing 

capac i ty  of 300 M W f  each.. However, the p r o b a b i l i t y  of three 

dev ices  proceeding to t h i s  phase on t h i s  schedule is judged 

f a i r l y  remote. 

4 - 4 9  



4-50 



Figure  4-7 shows a schedule for a more l i k e l y  scena r io  (Scenario 

TIC-1) for t h e  engineer ing,  construction/upgrading, and opera t ion  

of  t h r e e  devices  on t h e  committed site. 

T h i s  schedule is b a s i c a l l y  the same as t h e  one shown i n  Figure 4- 

6, with the exception of t h e  need and u t i l i z a t i o n  of turbine 

generators. It would require one 300 M W e  t u r b i n e  genera tor  t o  

suppor t  t h e  unin te r rupted  EPR o p e r a t i o n  of a l l  t h r e e  concepts  for 

five years  each, A t  year  17, a second t u r b i n e  generator ,  having 

600 M W e  generat ing capac i ty ,  would be i n s t a l l e d .  This larger 

u n i t  would i n s u r e  t h e  unin ter rupted ,  independent ope ra t ion  of a l l  

three concepts i n  the demonstration/prototype phase, b u t  only for 

five years for each device. After t h a t ,  some phasing i n  the 

opera t ion  of t h e  devices  would be r equ i r ed  if more t h a n  one 

device  i s  to be operated beyond t h e  allocated five-year 

demonstration pe r io  d, 

I t  i s  also pos tu la ted  t h a t  around yea r  25 or so, enough opera t ing  

experience w i l l  be a v a i l a b l e  to make a dec i s ion  as to which 

concept has t h e  optimum performance, and the 600  M W e  capac i ty  

t u r b i n e  genera tor  may be a l l o c a t e d  for the 

demonstration/prototype phase opera t ion  of t h a t  concept for a 

l onge r  per iod  of t i m e  t h a n  the o r i g i n a l l y  allocated f i v e  years. 

I n  conclusion, it can b e  s a i d  t h a t  t h e  committed s i te  has 

definite schedule advantages over the i nd iv idua l  s i t i n g  of each 

concept. The e l imina t ion  of the site s e l e c t i o n / c e r t i f i c a t i o n  

phase for t h e  second and t h i r d  concept may save up t o  f i v e  years  
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i n  schedule t i m e  and up t o  f i f t e e n  mi l l i on  dollars per device-  

The sha r ing  of c e r t a i n  multiple-use bui ldings,  process service 

facilities, and systems and the  ava i lab i l i ty  of s k i l l e d  

t echn ic i ans  and operators for a l l  devices i n c r e a s e  the schedule 

and economic b e n e f i t s  of t h e  committed site.. 

The schedules shown in this s e c t i o n  are based on t h e  assumption 

that t h e  cons t ruc t ion  of the f i r s t  device of t he  second fusion 

concept can commence at y e a r  5 ,  and that  the first device f o r  t h e  

t h i r d  concept can start a t  year 10. It is pos tu l a t ed  that t h e  

five year t i m e  lag b e t w e n  s ta r t  cons t ruc t ion  f o r  t h e  f i r s t  

devices of the second and third concepts is s u f f i c i e n t  to br ing  

t h e i r  state of development t o  a n  acceptable level, so that they  

will be ready  for cons t ruc t ion .  Based on t h i s  assumption, the 

TNS and EPR phases of ope ra t ion  of all three concepts can be 

completed a t  t h e  end o f  year  27. 

... 
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5.0 EFFECTS OF PLACING FUSION-FISSION HYBRID DEVICES 
ON THE COMMITTED SITE 

A prel iminary q u a l i t a t i v e  assessment was made t o  determine the 

l i k e l y  e f f e c t s  of using t h e  committed site to test fus ion- f i ss ion  

hybrid concepts. The t e s t i n g  of hybrids  a t  the committed si te 

might take one or both of t h e  following forms: 

0 Testing in loops or small modules t o  determine 
performance and answer more basic technology 
quest ions 

Tes t ing  of l a r g e  segments or complete b lankets  t o  
determine b lanket  and i n t e g r a t e d  system perfor- 
mance, technology, and engineering data (i-e. 
pro to typi  call 

I n  either case, s igmi f i can t  q u a n t i t i e s  of new and irradiated 

f i s s i o n  fuel would be l o c a t e d  at the site and have to be handled. 

There are several major aspects of the committed si te t h a t  might 

be expected t o  be a f f e c t e d  by hybr id  t e s t ing .  These are: 

Site s e l e c t i o n  

Licensing and permits 

0 Secur i ty  

0 Spec ia l  nuclear  material accoun tab i l i t y  

Transport  and handling of f i s s i o n  fuels 

0 Radioact ive waste 
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A b r i e f  ~ s c u s s i o n  of some of the major c o n s i d e r a t i a n s  involved 

with each of these aspects follows, 

5.1 SITE SELECTION 

 he presence of f i s s i o n  f u e l  and fission products a t  the site 

will impose requirements for a more sparsely populated location 

as well as addit ional  analysis to show the suitability of the 

s i t e ,  It is  likely, however, t h a t  any locat ion selected for t h e  

committed s i t e  could  ~~~~~~~~~~@ hybrids w i t h  suitable engineered 

sa fe ty  f ea tu res ,  Thus, i t  is judged unlikely that  hybrids will 

impose any severe cons t r a in t s  on s i t e  selection, H o w e v e r ,  the 

process may take scenewhat longex because of th addit ional  i t e m s  

that must be considered,  There is also a greater risk oE public 

opposition to t h e  s i te  i f  hybrids are to be tested, 

5.2 LICENSING AND PERMITS 

Unless  l o c a t e d  at an exis t ing  si te  already qua l i f i ed  €OK fission 

reactors, the licensing, environmental impact assessments  and 

permits w i 3 - 1  certainly he more extensive and t i m e  cmnsurnfng, A t  

l eas t  through the EPR stage and probably i n d u d k g  the  

d e m o n s t P ~ t i o n / p ~ ~ ~ ~ ~ y ~  plant ,  the  facil it ies will be government- 

owned and be classed as experimentaP., 

Demonstration/pruQstype facilities would be sub jecrt t.o the f u l l  

nuclear  f i s s i o n  reguPatary and licensbg pxcdeess. Although 

experimental faci l i t ies  would not be subject ta the full process 
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i n c l u d i n g  p u b l i c  hearings,  it is l i k e l y  t h a t  major experimental  

f a c i l i t i e s  would r e q u i r e  e x t e n s i v e  safety and environmental  

review, such as t h e  Fast Flux Test F a c i l i t y  was subjected to, 

This would probably add to  the time r e q u i r e d  t o  o b t a i n  site 

approval and device l i c e n s e s  and permits, 

5-3 SECURITY 

S e c u r i t y  requirements  for n u c l e a r  power plants have become very 

strict. The presence of hybr ids  a t  t h e  site w i l l  r e q u i r e  special 

phys ica l  barriers, su rva i l ance  systems, and a l a r g e ,  wel l - t ra ined  

guard force. The s e c u r i t y  r e q u i r e m e n t s  for p r o t e c t i o n  of tritium 

and t r i t i u m  e x t r a c t i o n  f a c i l i t i e s  are no t  known; they may turn 

out t o  be as r e s t r i c t i v e  as f o r  f i s s i o n a b l e  material. 

5.4 SPECIAL NUCLEAR MATERIAL ACCOUNTABILITY 

Very strict a c c o u n t a b i l i t y  is required f o r  fission fuels, N o  

phys ica l  a d d i t i o n s  t o  t h e  committed site are expected o t h e r  t h a n  

those which w i l l  be required for normal handl ing  and storage, 

Addi t iona l  staff may be r e q u i r e d  t o  perform the a c c o u n t a b i l i t y  

f u n c t i o n s ,  however, 

... 
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5.5 TRANSPORT AND HANDLING OF FISSION FeJELS 

N e w  fuel unloading, i n s p e c t i  , spent fuel loading, and fue l  

c l e a n i n g  fac i l i t ies  w i l l  be required, If cansider;mtisn i s  given 

these  requiremenks in the si te  and device desi stage, it is 

probable that many a €  these facilities can be designed to be 

shared by several expri.ment,s. Addit ional  pravisions such as 

l a rge r  cranes, special f u e l  handling machines, and bui ld ing  

s tructures  designed €or the heavier loads imposed by fuel 

handling w i l l  be required for the device buildings-  

5.6 IOACTIVE WASTE 

Larger quant i t i e s  of radioactive waste can be expected with 

hybrids, Leaking fuel w i l l  result i n  t h e  release of f i s s ion  

products to the coolant, Caolant cleanup systems w i l l  be used to 

remove these and other radioactive cont inates; these wastes 

w i n  be prmessea by the radioactive waste syste Irradiated 

f u e l  cleaning, disassembly o-ratians required kfore  shipping, 

packaging fox shipping, and s ipping cask maintenance and cleanup 

will generate radioactive waste Washing operations can generate 

s i g n i f i c a n t  quantities of waste, If fue l  examination facilities 

are provided on the site, large maunks of high-level gaseous and 

s o l i d  waste w i l l  be gemeratedi, 
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6 . 0  CONCLUSIONS AND RECOMMENDATIONS 

Although t h e  information t h i s  report is  based on is by no means 

complete, it w a s  possible t o  determine with a f a i r  amount of 

c e r t a i n t y  t h a t  t h e  committed s i t e  concept is d e f i n i t e l y  f eas ib l e .  

I t  appears to o f f e r  s i g n i f i c a n t  economic and schedule advantages 

over the case when the candida te  fus ion  concepts and t h e i r  

development phases are cons t ruc t ed  m separa te ,  i n d i v i d u a l  sites, 

6.1 AT)VANTAGES OF THE COMMITTED SITE 

Based on a p a r t i a l  cost eva lua t ion  of t h e  pos tu la ted  scenarios, 

the saving t h e  committed site approach would result i n  varies 

between $40 m i l l i o n  and $1,375 inil l ion.  (Refer t o  Tables 2-1 and 

2-2 i n  the  Summary Section,)  

TOle major cost advantage of t h e  committed si te l ies in its 

implementation in t h e  development of a s i n g l e  fusion device as 

opposed t o  the development of m u l t i p l e  fusion devices  on t h e  same 

site. As an  example, from Table 2-1, t h e  cost saving f o r  tokamak 

development on a committed site is $610 d l l i o n  (TNS-EPR- 

Demo/Proto), and the cost saving  for EBT on a committed si te is 

$576 million. These sav ings  r ep resen t  a reduct ion i n  cost of 

about 5 0  percent  compared t o  three separate sites €or tokamak and 

t h r e e  separate sites for EBT. Hawever, combining all  t h r e e  

development phases of the tokamak and EBT on a s i n g l e  site 

r e s u l t s  i n  t h e  mmh l o w e r  cost advantage of $80 million (see 

Table 2-2) compared t o  the combined cost of the development of 

... . 
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each concept on separate committed sites, Grouping t h e  tokamak 

w i t h  the t m d m  mirror reactor l e a d s  to the same conclusion- 

The cast  advantage of the committed si te  for s i n g l e  fusion 

concept development over that far multiple concept ~~~~~~~~~ 

results because there is not much equi e n t  which can be shard  

among upgrades of the d i f f e r e n t  fusion reactor devices. The 

tcakarnak needs large q u a n t i t i e s  of pulsed electrical power for 

c u r r e n t  i n i t i a t i o n  and heating, Po r suppl i e s  which are needed 

on a tokamak THS can he used on the EPR upgrade and shared 

between multiple tokamak u n i t s  in a d onstration phase, 

However, EBT and tandm mirror reactors are s teadystate  machines 

and do not: need the l a rge  banks of stared e l e c t r i c a l  energy 

required Ear pulsed operation, The mirror needs large amounts of 

high  energy neutral beams to drive  the reactor, but t h i s  pa 

drawn off the u t i l i t y  grid  in a c s n t i n m s  fashion, 

The primary cost elements which can be shared a m  d i f f e r e n t  

fus ion  concepts at a committed site are the m s t s  as iated w i t h  

s i t e  selection and development and the cost advantage of higher 

capacity process equipment, suck as heat rejection systems, 

tr i t ium handling- system# etc., sized to et the cmbined needs 

of the candidate f u s i o n  reactars. 

The scheduEe advantage i s  harder to evaluate, Based on judge 

rather than quantitat ive analysis, it i s  estimated that the 

development sf three fusion concepts, up to t h e i r  %PR development 

6-  2 



-. 

..I.. 

... 

phase, can be accmpl i shed  i n  f i v e  to t e n  y e a r s  less t i m e  t han  i f  

t h e  devices a r e  cons t ruc ted  on sepa ra t e ,  i nd iv idua l  sites. 

The lengthy and c o s t l y  procedure of site s e l e c t i o n  and 

improvements, which are r equ i r ed  only once if t h e  committed site 

concept is adopted, is an  area a f f e c t i n g  both cost and schedule. 

It r e q u i r e s  f i v e  years t o  ready a site for t h e  cons t ruc t ion  of 

fus ion  devices;  the assoc ia t ed  expendi tures  are i n  the o r d e r  of 

$ 2 5  mi l l i on  for a g ras s roo t  site. 

The Alternate Concepts Sec t ion  of t h e  ETF Mission Statement (to 

be published by ORNL) raises t h e  p o s s i b i l i t y  of a second or t h i r d  

l o a d  assembly on the ETF site, If t h e  f i r s t  core fus ion  device 

a t  t h e  ETF si te is a tokamak, t hen  t h e  saving i n  cost which could 

be derived by placing a tandem mirror and EBT on the ETF site, as 

opposed to l o c a t i n g  them on two new sites, would be approximately 

$80  m i l l i o n  (15% reduct ion)  as shown i n  Table 2-2- Equally 

important,  five to t e n  yea r s  could  be saved i n  t i m e  r equ i r ed  f o r  

a d d i t i o n a l  site prepara t ion  and l i cens ing ,  

There are seve ra l  i n t a n g i b l e  advantages t o  a committed site. 

Th&se inc lude ,  but are not n e c e s s a r i l y  l i m i t e d  t o  t h e  following: 

The concent ra t ion  of a highly t r a i n e d  t e c h n i c a l  and s c i e n t i f i c  

staff a t  one location may r e s u l t  i n  cross f e r t i l i z a t i o n  of ideas 

concerning s o l u t i o n s  to the many t e c h n i c a l  problems which, no 

doubt, w i l l  surface dur ing  the t e c h n i c a l  development of the 

fusion concepts I 

6- 3 



Highly s k i l l e d  t echn ic i ans  and craftsmen w i l l  be required for t k e  

development of: the first and one of a kind fusion devices, The 

concent ra t ion  of these specially trained p ple in one location 

w i l l  result in better u t i l i z a t i o n  of the ir  t a l e n t  for the benef i t  

of the whole f u s i a n  devehogment program, Technical  t ra in ing  

programs f o r  the development of ne talents can k n e f i t  from the 

presence of t h e  experienced technic ians  and u t i l i z e  t h e i r  

experience and expertise, 

The operating experience gained by operating one device w 

r e a d i l y  available for all. subsequent deviceso 

The esncentratisn of t h e  fus ion  development program at one 

geographic l o c a t i o n  would require almost cantirnuous eonstructian 

a c t i v i t i e s  for twenty years  or so- The contractars invalved in 

these a c t i v i t i e s  w i l l  be accustomed a d  aware of the qual i ty  

control methods and re i r e m e r a t s  far highly sophisticated 

devices ,  t h u s  making their operation nose e f f i c i e n t -  The 

construction labor force would f i n d  long, continuous ~~~l~~~~~~ 

at one loca t ion .  T h i s  s h s u l d  he lp  to minimize the  problem of 

possible  labor shortaqes, 

6 - 2  DISUWANTAGES OF THE COMMITTED SITE 

%"he advantages of the committed si%e, as presented in t h e  

preceeding section, seem to be very d e f i n i t e  despite the fact 

that  t h e  i n f o r m a t i o n  they are based  on is less than d e f i n i t e ,  

There may be some areas, where the future development 



f u s i o n  devices  may h i g h l i g h t  p re sen t ly  unknown f a c t s ,  which may 

cast  s o m e  doubt on t h e  advantages which appear so c l e a n  today. 

Even discount ing  t h i s  p o s s i b i l i t y ,  t h e r e  are some areas, where 

some disadvantages of a c e n t r a l i z e d  fusion development site can 

be i d e n t i f i e d ,  

Diverse development requirements- 
Comparing concept characteristics as t h e y  are 
conceived today, a g r e a t  d i v e r s i t y  is  observed. It 
has been assumed t h a t  the maja r i ty  of these d ive r se  
requirements can be e l imina ted  or at least g r e a t l y  
reduced by s t a n d a r d i z a t i o n  or managerial action. 
As development progresses ,  it may be apparent that 
such a s t anda rd iza t ion  would r e q u i r e  major 
performace compromises f o r  s o m e  devices-  r f ,  on 
t h e  o t h e r  hand, a t  t h e  time t h e  committed site i s  
es t ab l i shed ,  f l e x i b i l i t y  is demanded i n  s i te  
f a c i l i t i e s  and service systems which are capable  of 
accommodating a great d i v e r s i t y  i n  device 
requirements,  the cost of t h i s  f l e x i b i l i t y  may 
s i g n i f i c a n t l y  l e s s e n  t h e  cost advantage of t h e  
committed site. 

Obsolesence. 
At t h e  t i m e  t h e  contmitted s i te  is qoinq t o  be 
established, the site facilities and device  support  
systems w i l l  be provided based on t h e  state of the 
ar t  of the technology ava i lab le .  T h e  development 
of t h e  f u s i o n  concepts may create new technologies  
involving f a c i l i t i e s  and systems quite d i f f e r e n t  
from those  i n s t a l l e d  at t h e  site. Systems, which 
were contemplated to serve several devices  for a 
long t i m e ,  may become obsolete and have t o  b e  
upgraded o r  even replaced way before  t h e  end of 
t h e i r  u s e f u l  life. 

Limi ta t ion  p u r s u i t  of concepts, 
The  committed site, e s t a b l i s h e d  f o r  t h e  opera t ion  
of selected fusion concepts,  would set  t h e - p a t h  of 
fus ion  reactor development, Dedicated t o  t h e  
t e s t i n g  and opera t ion  o f  devices i n  r e l a t i v e l y  
advanced development phases, it may n o t  be suited 
€or l abo ra to ry  scale, proof of p r i n c i p l e  type  
experiments, These probably can be best performed 
a t  the  faci l i t ies  of the developing l abo ra to r i e s .  
TNS and l a r g e r  ve r s ions  of a l t e r n a t e  concepts,  
h o w e v e r ,  must take i n t o  cons ide ra t ion  what 
faci l i t ies  and support systems are a v a i l a b l e  a t  t h e  
committed site, and what changes or modi f ica t ions  
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are necessary i n  s i t e  f a c i l i t i e s  t o  accommodate t h e  
requirements  sf t h e  new concepts, 

6 . 3  RE COMMENDATIONS 

The advantages of the committed s i t e  s e e m  t o  overshadow t h e  

possible l i m i t a t i o n s  and disadvantages it may have, In order t o  

explore both the  advantages and disadvantages i n  more d e t a i l  a 
have a more d e f i n i t i v e  a n d  q u a n t i t a t i v e  answer to t h e  merits of 

the concepts, the following recommendations are m a  

e D e v e P o p m ~  22 In t eq ra t ed  P lan t  D e s i q n s  for =e 
-- Candid ate Conce pLs . 
Support  systems for most, i f  no t  all fusion 
cancepks, are undefined. These f a c i l i t i e s  
systems represent a great partion (upkaard of 
percent)  of the  overaPP p lant  casts and m y  not 
adequately represented  i n  p re sen t  plant 
est,irnates, Their design may affect the develop 
of t h e  f u s i o n  devices, t h e r e f o r e  a p a r a l l e l  ef€ort 
for the development CJ€ BOP system design is highly  
recommended. A coord ina ted  effort for producing 
i n t e g r a t e d  fusion reactor plant conceptual designs 
w i l l  result in eompmmises in both r e a c t o r  and BOP 
designs which are b e n e f i c i a l  €or the @CQ 
safk ty ,  and operating ease of the camplete 
f a c i l i t y ,  

Location of the, Committed IC_ Site. 
The presen t  effort a3summed grassroot l o c a t i o n  for 
t h e  c m i t t e d  site- Considerable time and 
investment can be save if it is located on a 
government re se pv a t  i o  or anather equally well- 
characterized site, F i e l d  exFlaratian (geologic, 

assmiated with t h e  s e l e c t i o n  of the site could be 
greatly reduced s i n c e  t h i s  information i s  r e a d i l y  
ava i l ab le  at most government reservations. At 
qovernment r e s e r v a t i o n  them, l i c e n s i n g  t i m e  co 
be shortened considerably,  and the l i c e n s i n g  
procedure could be concentrated on real safety 
issues rather than i s s u e s  with extremely low 
hypothe t ica l  r i s k s  which tend to be emphasized i n  
t h e  public l i c e n s i n g  axma. A thorough smve 
the a v a i l a b l e  government reservations could 
quan t i fy  t h e  t r ade -o f f s  needed far an i n t e l l i g e n t  

Sr? iSn i@,  hydrologic, neeaxO10giC8 etc,) Costs 8 

6 -  6 



dec i s ion  i n  l o c a t i n g  t h e  committed fus ion 
development site. 

The s i t i n g  a c t i v i t i e s  must be closely coordinated 
with the other facets of the fusion development 
program. As pointed out earlier, it may take  five 
years to ready a site for the construction of the  
first fusion device. This time should be 
integrated i n t o  t h e  overall fus ion prograin schedule 
i f  the danger of plac ing  the siting quest ion on the  
crit ical  path is to  be avoided. The site 
improvement costs should also be developed and 
included in t h e  fus ion  program's budget. 

Urqency of S i t i n q  A c t i v i t i e s ,  

... 
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1 0 I N T R O D X T I O N  

The C o m m i t t e d  Fusion Site approach emerged from s t u d i e s  conducted 

i n  Government Fiscal yea r s  (GFY) 1976 and 9977 by t h e  Advanced 

Systems Program of t h e  Fusion Ehergy Division of O a k  Ridge 

National Laboratory. The Committed Fusion Sit& Project for 

GFY78179 i s  being conducted by Bechtel under subcontract  with t h e  

Oak Ridge National Laboratory, opera ted  by the Union Carbide 

Corporation, who are providing t e c h n i c a l  d iyec t ion .  The 

o b j e c t i v e  of t h i s  s tudy  is t o  eva lua te  the t e c h n i c a l  and 

economical merits of a committed fusion development site, 

dedica ted  t o  major engineer ing  experiments, not proof-of- 

principle for magnetic confinement fus ion  concepts. 

The pro jec t  kick-off meeting w a s  he ld  a t  Oak Ridge National 

Laboratory on June 20, 1978, 

The t echn ica l  e f f o r t  i s  divided i n t o  f i v e  major tasks as follows: 

100  Def in i t i on  of Basel ine Si te  Requirements 

200 Development of Site C h a r a c t e r i s t i c s  

300 Technical Impl ica t ions  of Site Development 

400 Evaluation of Committed Site Development 

5 0 0  Evaluation of the F e a s i b i l i t y  of a Committed Site 

A t  t h e  completion of Tasks 100 through 400, an i n t e r i m  letter 

report w i l l  be prepared. These reports w i l l  summarize the work 

performed and conclusions reached i n  each of the tasks, I n  Task 
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500, an overall evaluation will be performed and these interim 

letter reports w i l l  be i n t e q a t e d  into a comprehensive f i n a l  

report  on the feasibility of a committed fusion development site. 

T h i s  is the f irst  i n t e r i m  letter report. on t h e  project and it 

describes the work performed in Task 100, Definit ion of 3 a s e l i n e  

Site Requirements, 

The depth of t h i s  interim report is l imited by budgetary and 

schedule c o n s t r a i n t s  as well as by the r e l a t i v e l y  ear ly  s t a g e  of 

the evolution of i n o s t ,  iE not a l l ,  fusion concepts, As the 

f u s i o n  concepts are  developed further, a reevalution of the 

conclusions of the present e f f o r t  may become necessary, 
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2 .0  CRITICAL ISSUES 

On t h e  su r face ,  t h e  committed si te approach for major fusion 

engineer ing,  demonstration, and prototype f a c i l i t i e s  appears  to 

o f f e r  some s i g n i f i c a n t  t e c h n i c a l  and programmatic advantages, 

However, t h e r e  are several c r i t i ca l  issues that must be evaluated 

before even a t e n t a t i v e  conclusion can be drawn regarding t h i s  

a pp roa ch, 

These critical i s s u e s  and the key cons idera t ions  a s soc ia t ed  with 

them are discussed i n  t h e  fol lowing paragraphs, 

2.1 DIVERSE DEVELOPMENT REQUIREMENTS 

The committed site and t h e  f a c i l i t i e s  e s t a b l i s h e d  on it must 

s a t i s f y  n o t  only t h e  requirements for t e s t i n g  and/or ope ra t ion  of 

d i f f e r e n t  experimental  and demonstration devices  at var ious  

s t a g e s  of the i r  development, b u t  t h e  same provis ions  must be made 

for d i f f e r e n t  fus ion  concepts,  It is important, therefore, to  

cons ide r  each development phase and every  candida te  magnetic 

f u s i o n  concept i n  e s t a b l i s h i n g  site requirements- Such 

flexibility, associated with schedul ing Considerat ions i n  phasing 

t h e  requirements and/or experimental opera t ion  of the devices ,  

may r e s u l t  i n  severe economic penalties and incompatible site 

development - 
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2 - 2  COMMONALITY OF FACILITIES AND SERVICE EQUIPMENT 

There are two key considerations involved i n  this issue. The 

f i r s t  is  whether d i f f e r e n t  concepts  and development phases have 

enou(y21 common requirements for s e r v i c e s  to show dec i s ive  economic 

and schedule advantage f ax  a c o m m i t t e  site, Power and water 

supplies, major structures, vacuum and r e f r i g e r a t i o n  systems, 

magnet and f i r s t  w a l l  f a b r i c a t i o n  f a c i l i t i e s ,  maintenance hat 

cells ,  diagnostic equipment:, data a c q u i s i t i o n  

equipment, t r i t i u m  processing, and storage f a c i l i t i e s  a ~ f t  t y p i c a l  

examples of t h e  f a c i l i t i e s  and s e r v i c e s  which c be shared by 

t he  d i f f e r e n t  development phases and/or d i f f e r e n t  concepts, if 

p a r t i a l  or full compatibility can be es tab l i shed .  

The second cons idera t ion  is obsolescence. Prmsi~n concepts, 

systems, and technology are i n  t h e h  in€ancy, Rapid changes, 

improvements, and. advances i n  a l l  areas are certain to  occur, 

Therefore, t h e  useful life span sf csmpments, s y s t  

t echnologies  may be re la t ive ly-  s rt. As the evolu t ion  of f ~ l s i a n  

concepts from engineering expriments  t o  pewex plants  

decades, it is probable that some or much af the equip 

and technalogies  appl ied  a t  t h e  early stages of t h e  dewelop 

program w i l l  become obsalete  before the  evolut ion pror=ess has 

progressed to producing demonstration p l a n t s  OK pxoto 

The probable useful l i fe  span of equipmnt and systems must be 

assessed to es tab l i sh  what systems are  l i k e l y  to surviwe the 

evolutionary process  and what provis ions  for future use or 
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upgrading to s a t i s f y  a n t i c i p a t e d  future requirements must be 

i n c  1 uded. 

2.3 RADIOLOGICAL, ENVIRONMENTAL, AMD LICENSING REQUXREMENTS 

Present ly ,  t h e r e  are no e s t a b l i s h e d  safety r egu la t ions  and 

l i c e n s i n g  requirements for f u s i o n  f a c i l i t i e s .  The probable 

r e g u l a t i o n s  and l i c e n s i n g  criteria for the committed fus ion  

development site must, t h e r e f o r e ,  bE forecast. Extreme 

precaut ion should be exe rc i sed  i n  p r e d i c t i n g  s a f e t y  r e g u l a t i m s  

and l i c e n s i n g  criteria f o r  fusion i n s t a l l a t i o n s ;  careful 

cons ide ra t ion  must be given to s p c i f i c  r ad  io1 ogical 

c h a r a c t e r i s t i c s .  Any a t tempt  t o  e x t r a p o l a t e  e x i s t i n g  l ight  w a t e r  

r e a c t o r  s a f e t y  r egu la t ions  and l i c e n s i n g  requirements to fus ion  

reactor licensing seemingly would have the i nhe ren t  danger of 

be ing  over ly  conserva t ive  and t h u s  unduly penal ize  the design and 

economics of fusion reactors. The requirements f o r  c o n t r o l l i n g  

r ad ioac t ive  releases are l i k e l y  to be t h e  most restrictive and 

t h e  m o s t  d i f f i c u l t  t o  forecast, therefore t h e y  r e q u i r e  the most 

c a r e f u l  a t t en t ion .  

2.4 REACTOR DEVELOPMENT SCENARIOS 

The p a t h ( s )  of f u s i o n  development and commercialization may 

a f f e c t  the b e n e f i t s  t h a t  can b e  r e a l i z e d  from t h e  committed si te 

concept. Severa l  s cena r ios  can  be pos tu la ted  involv ing  t h e  

development t e s t s  and the var ious  candida te  f u s i o n  reactor 
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concepts. A t  the beginning of t h i s  study, a scenario prqressing 

from TCU'S through demonstration and cebmercial prototype w a s  

adopted, The arrent DOE p ~ l i ~ e y  involves a slightly different 

set of devices; however, the differences are not s i g n i f i c a n t  

relative to the committed s i t e  approach. A fu l l  inves t iga t ion  

involving all combinations of aPP scenarios cannot f i t  in to  the 

frame of this study, but combinations of some of  the scenarios, 

to be representative, w i l l  be examined in search of t he  

s e n s i t i v i t y  of benefits of t h e  committed site concept t o  fus ion  

reactor development scenarios .  

2 - 5  LIMITATIONS ON THE PURSUIT OF NEW COWEFTS 

The establishment of a committed f u s i o n  development s i t e ,  based 

an the requirements of selected f u s i o n  concepts and devePopm~?nt 

s t a g e s ,  w x l d  inf luence t h e  path 06 fusion ream~pr a 
A cmmitted fusion development site, dedicated to t h e  t e s t i n g  sf 

relatively advanced de e n t  stages (start ing with Ignition 

T e s t  or High Energy Gain), would cer ta in ly  not preclude the near 

t e r c m  exploration. of the f e a s i b i l i t y  of newo alternate fus ion  

eancepts. The i n i t i a l  laboratory scale experimentation with 

these alternate cmeepts, however, c o u l d  prabably be carried out 

m o s t  ePEectively i n  the facilities of the present F U S ~ Q  

laborator ies ,  When these experiments prave the merits of further 

d e ~ e i o p ~ e n t ,  t h e  design of the T N S - S C ~ ~  amice e i t h a  must take 

i n t o  consideration what site facilities axe available at the 

committed s i t e  or contemplate the ceh CJ@s anmar 
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necessary i n  site f a c i l i t i e s  to accommodate t h e  testing of t h e  

new concept. 

2.. 6 AVAILABILITY OF TECHNICAL INFORMATION 

Se lec t ion  and development of a s i te  for a power genera t ing  

s t a t i o n  or a test  f a c i l i t y  requires the knowledge of detailed 

t e c h n i c a l  information and inpu t  on s a f e t y  and envirmmental  

requirements. This information is normally a v a i l a b l e  from 

detailed design studies and past experience on similar 

f a c i l i t i e s .  In  case of fusion, t h i s  information is not present ly  

a v a i l a b l e ;  t h e r e f o r e ,  even t h e  questions to be r a i s e d  t o  obtain 

t h e  requi red  input have to be formulated, 

Considering t h e  e a r l y  stages of development of fus ion  concepts, 

most of t h e  parameters determining requi red  si te characteristics 

would be based on best estimates and judgments r a t h e r  than 

factual knowledge. One main o b j e c t i v e  of the present study is to 

d e f i n e  t h e  ques t ions  that must be r a i s e d  t o  ob ta in  t h e  

information needed fox site s e l e c t i o n  and development. 

Conversely, t h e  responses to the questions t h a t  already have been 

developed will serve as the b a s i s  for the tentalive determination 

of  site characteristics of a committed fus ion  site, The 

r e l i a b i l i t y  of these site c h a r a c t e r i s t i c s  i s  l a r g e l y  dependent 

upon the accuracy of the information they are based on- The 

l a r g e l y  judgmental p l a n t  requirements the fusion research 

laboratories were able to  provide at this stage: of fusion device 
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development would al low the establishment of only tentative site 

characteristics for t h e  ces rnitted fusion site. 

2-7 FLEXIBILITY OF FACILITIES A h 4  SYSTEMS 

The r e q u i r e m e n t s  for the first devices t o  be t e s ted  w i l l  likely 

be reasonably well defined at the time s i t e  deveBopmem 

mences, T h i s  probably w i l l  not  k t h e  case for subs 

devices ,  s i n c e  t h e  require enas Ear those be affected not  

only by design development, but alsco by t h e  n e s u l t s  sf earlier 

e x p e r h e n t s ,  To accomodate these  possibilities, as well as for 

possible changes in the  develo It scenario, overal l  f l e x i b i l i t y  

and extra perfor nce margins caw Be incorporated i n t o  t h e  d e s i  

of the s i t e  facilities. Generally, there is an econo c penalty 

and a ~ i ~ ~ ~ a ~ ~ ~ ~ ~  i n  

required performance margins hich may dictate c s m p r s  

technical  performance of future devices, 

2- 8 ECONOMICS 

There are several important econornic questions khat must be 

considered i n  evaluating the merits of a ca tted Site. so 

these  are: 

&re there enough supporting facil it ies an ste 
that can be shared sa that savings c 
realized? 

0 What are titie extra costs of flexibility to 
accommodate a variety of devices and develop 
scenarios ? 
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e Initial cost of s i t e  development w i l l  be high, and 
rea l i za t ion  of potent ia l  savings m y  not come for 
years. W i l l  cash €low requirements be a problem? 
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3.0 TECHNICAL APPROACH 

The t e c h n i c a l  a p p r o a c h  adopted i n  ach iev ing  t h e  objective o f  t h i s  

task was t o  collect and e v a l u a t e  responses on the a v a i l a b l e  

s i t e - r e l a t e d  information f o r  r e p r e s e n t a t i v e  magnetic fusion 

concepts  which might be cons t ruc t ed ,  t e s t e d ,  and opera ted  a t  t h e  

committed fusion development site. The  fus ion  research 

laboratories developing t h e  concepts  were t h e  source  for t h i s  

information.  

Oak Ridge Nat iona l  Laboratory e s t a b l i s h e d  t h e  c o n t a c t  personnel  

a t  the laboratories. The c a n d i d a t e  fusion concepts ,  and the 

laboratories working on these concepts,  w e r e  i d e n t i f i e d  as 

follows : 

E l m o  Bumpy Torus (EBT) 

Reversed Field 
Pinch ( W P )  

Tandem Mirror Reactor 
( T W  

Tokamaks 

T o r s  atr on 

Oak Ridge Na t iona l  Laboratory (ORNL) 

L o s  Alamos Scientific 
Laboratory (LASL) 

Lawrence Livermore Laboratory {LLL) 

Argonne N a t i o n a l  Laboratory (ANL) 
General  A t o m i c  Company (GA) 
Massachuset ts  I n s t i t u t e  of 

Oak R i d g e  National Laboratory 
Pr ince ton  Plasma Physics Lab. (PPPL) 

Technology (MIT) 

Massachuset ts  I n s t i t u t e  of 
Technology 

... 
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The m e t h d  used to collect t h e  P l e q U i K e d  information w a s :  

0 Preparation of a 'MCancept D e s i g n  Enformation 
Questionnaire," 

Personal v i s i t  to the  fusion research 
laboratories by Bechtel project  team me 
to review the answers to the  quest ionnaire 
and to obtain any addit ional  i n s i g h t  the 
1 abort or i e s  rn i ght hawe re gar ding the 

i t t e d  site, 

The quest ionnaire was prepaxed w i t h  Oak Ridge National 

cooperation and covers the fo l lowing topics: 

Genera l  Questions 

Reactor Data 

Heat Balance Data 

Electrical 

Plasma Heating 

Vacuum System 

Cryogenic System 

Radiological Data 

Che m i s  tr y/me 1 

Direct Converter 

Copies of t h e  questionnaire w e r e  mailed to t h e  laboratories on 

July 27, 1978, The cover letter requested that t h e  addressees 

fill in the response to as many q w s t i o n s  as possible, based on 

the  available design information or on best- judgment estimates 
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if t h e  design has n o t  progressed far enough t o  develop definitive 

a ns wers .) 

The questionnaire was followed by telephone calls to a l l  

laboratories, and a schedule for the v i s i t  of the Bechtel project 

team was established. Between August 8 and August 23, 1978, all 

laboratories w e r e  visited- During these visits. many questions 

which were unanswered by t h e  laboratories were verbally 

discussed, clarified, and additional information recorded. 
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4.0 EVALUATION OF' RESPONSES To "CONCEPT DESIGN 
INFORMATION QUESTIONNAIRE*' 

This s e c t i o n  gives an overall evaluation of the  responses given 

to t h e  "Concept Design Information Questionnaire" by t h e  fus ion  

research laboratories .  

Examination of t h e  responses to  site-requirement questions 

reveals t h a t  laboratories working on the development o€ TNS 

dev ices  were able to supply t h e  most information, while s i t e  

requirements for prototype dev ices  are the least d e f i n i t i v e  a t  

this time, Table 4-1 shows the percentages of site-requirement 

q u e s t i o n s  answered by each laboratory for each concept and 

development phase, The completeness, or incompleteness, of the  

laboratory responses reflects the amount of work tbt has been 

done by each laboratory on each development phase; as would be 

expected, t h e  best characterized are t h e  tokamaks. 
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TABLE 4-1 

QUESTIONNAIRE RESFONSE PROFILE 
RELATIVE RESPONSE VALUES FOR EACH PHASE OF THE CONCEPTS 

NUMBERS ARE PERCENTAGES CF QUESTIONS A N m E R E D  

ANT, To karna k 0 70 46 0 29.0 

GA Tokamak 9s  9 6  7 8  0 67.5 

PPPL Tokamak 7 6  76 76 76 9 6 . 0  

AVERAGE 53-6  43.8 4 8 - 2  24. 4 42, 5 
ALL CONCEPTS 



. ....... . 

n... . 

- 

Percentages of responses received,  grouped by concepts, are shown 

i n  Table 4-2. 

TABLE 4-2 

PERCENTAGE: O F  RESPONSES RECEIVED 

Concepts 
Percentages of Questions 

Answered 

Tokamaks * 
E l m o  Bumpy Torus 

Tandem Mirror 

Torsat ron 

Reversed Fie ld  Pinch 

53.0 

52- 0 

2 5 . 5  

20.5 

19.5 

*Percentage indicated i s  the average for f i v e  
Tokamak concepts, 

Tables 4-1 and 4-2 h i g h l i g M  t h e  concepts that  have not  yet had 

an evaluation across the  f u l l  spectrum of expected development 

phases, The I6Ot8 i n  Table 4-1 show those development phases that 

have not received any engineering consideration as y e t .  These 

may be areas that should receive programmatic attention-  The 

major charac ter i s t i c s  of the fusion devices  i n  a l l  development 

phases are compiled i n  Tables 4-3 through 4-6. Although not  a l l  

the charac ter i s t i c s  listed are site-requirement-related, these 

addit ional  c h a r a c t e r i s t i c s  are provided to give an overview of 

the  devices  which are candidates f o r  the  committed site, 
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TABLE 4-4 

MA\JOR DEVICE C I I A R A C T E R I S T I C S  

E P R  

---"-r-- --. 

Pri tiiary 

coo I i'l if t 

t y p e  

Total 

c ye! e ti tn ( 

sec 
-.- . -_ _- - .. 

320 
- 

Steaiii 

collditiollr 

Burn tinic 

sec 

->̂-- - 

300 

LAB 

F--=?z=z? 

super- 
heat 

-- 
ANL 

Press. 
w a t e r  

R F P  LASL 

L L L  
=----a. 

-I- 

--*- 

hIiT --k Yes __- 

no I no 

450 
I_y 

-- 
7 50 

~ 

1200 2260 
super- 
heat 260 I He /200/500 

ORNL I --T- -I_--- 

' *  ).S. 1 water I 40/150 2000 S . S ?  --- .--_.I 

super- 
hea t  
--my 

500 600 

*Steady S t a t e  
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TABLE 4-6 

MAJOR DEVICE CI#?RACTERISTICS 
PROTOTYPE 

LAB CO i\i C EP7 

Tokanm k ANL 

Tokamak GA 

LASL R F P  2 980 1190 

super- 
no 1 hea t  L L L  TM R 2780 - 

2470 

1000 

Tokamak 870 
MIT -- ---t--- 

I 
To i s  a t  I on 4869 1520 

EBT 

PPPL 
- i okamak 3000 --- 

*Steady S t a t e  



The responses given to selecte 0 s i te -require  e n t - r e l a t e d  

quest ions i n  the questionnaire by t k  f u s i o n  research 

laboratories  are compiled i n  matrix form i n  Tables 4-7 t o  4-14, 

A narrative descr ipkion of t h e  purpose of each question, sap 

of the XeSPOnSeSp and a brief  evaluaticPn i s  prov id~d ,  

E QUESTIONS 

The purpose of t h e  questions in this group w a s  to explore: 

*Schedule considerations of the various fusion 
concepts and development phases 

The reusab i l i ty  of major cornpner~ts in successive 
e xperinen ts 

The method of decommissioning the devices no 
longer i n  use 

Siting preferences  of t h e  l a  

Computer needs 

Manning requirements at the csrnmikted s i te  

*Requirements €or rmOva1 d 
maintenance of radioactive c 

The need for diverter in plasma purity czontsol 

f i r s t  wall  components, 
*The need for s n s i t e  fabrication of magnets and 

The l is t  above r e p r e s e n t s  a l l  t h e  jose headings in the 

qUes t iOnna i se ,   der 8oGeneral Q ~ e s t i ~ n s ,  98 ID the @ ~ C O I I C ~ ~ ~  

Characteristics Sumindry Sheets*# (Table 4-41 only selected concept 

characteristics , marked with asterisks,  are: tabulated. The 

following narra t ive  section, however, d i s c u s s e s  respca~;rses 

received to a l l  questions. 



SYSTEM 1.0 General 

DESCRIPTION OF DEW 
SYSTEM CHARACTERISTICS PHAS 

Schedules for Device Construc- 

tion and Cutrations TNS 

For Tokanreks the Lebs a r e  l i s t e d  .- 
and then year constmction 
commences, vear operation begins,  
and t h e  year the  device opera- 
t i o n  is terminated. - 

DEMC 

PROTI r 
Labs s t a t e  i f  a hot c e l l  w i l l  be 
used f o r  reac tor  repa i rs .  l%ese 
reaponses a r e  not  phase r e l a t e d .  

t Or, S i t e  Magnet Fabrication 

.abs s t a t e d  if they thought t h a t  
nagnet fabr ica t ion  would be 
perhnced  on site. These 
responses a r e  not phase r e l a t e d .  

I 

TABLE 4-7 
COMMITTED FUSION SITE STUDY 

CONCEPT CHARACTERISTICS SUMMARY SHEET 

TOKAMAK I TANDEM MIRROR I TQRSATRON 

NIT - 1980 1985 1988 1985 1990 1995 1988 1993 2003 1983 1986 N.A. 
ORNL - 1985 1990 2000 
GA - L983 1989 1999 
ANL - 1960 1965 2005 
ORNL - 1983 1996 2016 
PPPL - 1988 1992 2002 

ANL - I990 1997 2027 
GA - 1993 2061 N.A. 
llRNL - 1992 1999 2029 
PPPL - 1993 1997 2027 

I I 
m'r - 2010 2017 2037 

ANL - NO NO YES Y E S  

I I i GA - YES 

PPPL - YES 

ANL - Y3S YES 

GA - YES 

MIT - NO 

ORNL - NO for a l l  phases 

I PPPL - YES for a l l  phases 

No for a l l  phases 

~ ---I 
I No fo r  a l l  phases 

No f o r  a l l  phases 

No for a l l  phase8 

1 S H E E T 1  OF- 

REVERSED FIELD PINCH 

1995 2000 E.A.  

YES 

YES 
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TABLE 4-9 

COMMllTED FUSION SITE STUDY 
CONCEPT CHARACTERISTICS SUMMARY SHEET 

SYSTEM 4.0 E l e c t r i c a l  SHEET 1 OF I 

REVERSE5 FIELD PINCH TOKAMAK TORSATRON 
DESCRIPTION OF 

SYSTEM CHARACTERISTICS 

Power Dis t r ibu t ion  System 

The e n t r i e s  a r e  summaries of the  
marcria! a v a i l a b l e  i n  ehis 
category. 

TANDEM MIRROR 

f o r  NBI. and bOV for  TF c o i l s .  

AM, - No d i s t r i b u t i o n  d a t a  
given except for 1SOkV-DC 
for t h e  NBI. 
GA - Submitted a one l i n e  
diagram for t h e  '!NS Pump, 
magnet and N3I requi re -  
ments ware dafinod. 
M I P  - Eia d i s t r i b u t i o n  d a t a  

M I T  - l o  d r s t r i b u t i o n  data 
avai lab le .  

LhSL - No d i s t r i b u t i o n  
darn avai lab le .  

ava i lab le .  
ORM. - No D i s t r i b u t i o n  data 
ava i lab le .  
PPPL - Only requirements 

defined were 12OkV and lOkV 
for t h e  NBI and R.F. 
henters. - 

TNS 
Type and Capacity of E l e c t r i c a l  
Energy Stora&e 

The capacitv 1 8  given in 
GigaJoules (GJ). 

MIT - Induct ive  - 0.5GJ 

PPPL - NG flywheel - 10.OGJ 
GA - Induct ive  - 0.5G.l 

mNL - MG flywheel " 3.7G3 N o  s torage  required IASL - Hcnropoler 

EPR 

- 

)EM0 

ORNL - MG flywheel I 3 . 7 ~  
PPPL - NG flywheel ~ 1O.OG.i 

M(m - PK: flywheel - 3.7C.l 
PPPL - blG flywheel - 1O.DGJ 

ROT< 

II 

TNS 

AplL - Imluctive - 12.WJ 
PPPL - MG flj-uheel - 1O.OG.J 

MIT - lO.001 
Gh - 0.5/0.16 
PWL - 0.009/0.5 

LaSL - Hmopolar - 11.7GJ 

Rate of Charginp and Discharninr; 
t h e  E l e c t r i c a l  Energy Storage 

Charge <CJ/sec) 
ilischerge (GJ/asc) 

EPR 
PPPL - 0.009/0.5 

)EM0 PPpz - 0.009f0.5 

ROTC 

- 
ANL - 1.311'3 

PPPL - 0.009!0.5 WSL - 0.117;0.117 
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Information listed is: 

Name of magnet 
Superconducting ( S i c )  o r  

Voltage and Amperage required 

Steady S t a t e  \laK.net Energy $ tors i  
and Diss ipa t ion  

I n f o m a t i o n  l i s t e d  is the amount 
of energy s tored  i n  the  steady 
a t a t e  nagnets and system i s  used 
f o r  energy disnipation. 

Pulsed MA n e t  Data 

lnformarion l i s t e d  e re :  

me of magnet 
Superconducting { S i c )  
or  Normal (N). i 

TABLE 4-11 

'COIVIMllTED FUSION SIT€ STUDY 
CONCEPT CHARACTER I ST I CS SUMMARY SHEET 

>EVT 
'HASE 1 T O W A K  1 TANDEM MIRROR 

Toroidal F ie ld  Plug Coils and Solenoid 
Coi l s  both S/C 

Toroid81 Fie ld  

ORKL - lOGJ 

TNS PPPL - 1OGJ 
Both u s e  resistor bank 
rA - SOOEU 

5UGJ 
EPR Resis ror  hank 

EBT 

Toroidal F i a l d  

S f C  

Toroidal F ie ld  

60V, 25kA 

Toroidal F ie ld  S/Cb 

60V, 25kA 

s/c 

1.4G.l 

1,hG.J 

No Steady S t a t e  Magnets 

N o  Steady S t a t e  Magnets 

a r e  s / c  

Not Needed 

Not Needed 

Not Weeded 

Not Needed 
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TABLE 4-13 

'COMM InED FUS ION SITE STUDY 
CONCEPT CHARACTERISTICS SUMMARY SHEET 

SHEETL OF& SYSTEM 9.0 Radiological Data 

I I I 1 DESCRIPTION OF 
SYSTEM CHARACTERISTICS 

>EVI  
' H A 9  
= 

TNS 

- 
EPR 

EBT I I TOKAMAK TANDEM MIRROR TORSATRON REVERSED FIELD PINCH I 
Low Activation Materials 

'dill they be used? 

GA - No 
ORNL - No 
PPPL - No 

ORNL - plo I I I I 

I I I I 
PPPL - No 

TNS 

_. 

EPR 

Solid Radioactive Naste 

H o w  much is generated 
annually.' (kg) 

Liquid Radioactive Waste 

H m  rouch is generated 
annually? (m3) 

GA - 4 za3 

ANL - 63,000kg 

Tritium Inventory 

Listings uf Tritium on site 
storage. 

TNS 

- 
EPR lOkg I ORNI, - 20.0kg 

PPPL - 0.5kg 

IEMQ 

~ 

ROTC 

_L 

20kg 
CRNI - 60.0kg 
PPPL - 1.2kg 

I PPPL - 2.Okg 
12kg I 



TABLE 4-14 

COMMITTED FUSION SITE STUDY 
CONCEPT CHARACTERISTICS SUMMARY SHEET 

DESCRIPTION OF 
SYSTEM CHARACTERISTICS 

~ . _ _  
t - i t iun  Breeding and P rocess ing  

uel l n i e c t i o n  Herhod 

us ion -F i s s ion  Hybrid 

s one planned for t h e  d e v e l o p e n  
cena r io?  

XV'T 
'HASE 

TOKAMAK TANDEM MlRROR I 
Encapsulated ii batch I processed  

AN?, - Encapsulate6 ii 
barch  p rocessed  

GA - EncaDsulated con t in -  

EPR 

- 
) E M 0  

- P e l l e t  i n j e c t l o n  or 
gas p u f f i n g  

and ?iBJ 
~~ - Pe l l e t :  i n j e c t i o n  or 

g a s  p u f f i n g  

ppp i  - P e l l e c  l l d j ec t ion  

PPPL - Pellet { n j e c t i o n  

MIT 
injec::on 

ouz - P e l l e t  i n j e c t i o n  
PPPL - P e l l e t  i n j e c t i o n  

- G a s  puf f ing  or p e l l e t  

I 1 

TM5 I 
AXL - P o s s i b l e  

EPR /U - P o s s i b l e  
MY - N O  

YES 

(mhz - xo 
)EM0 PPPL - YXS 

'ROTO 

E5T 

Gncapsuiaeed L i  ba t ch  
p rocessed  

T e l l e t  I n j e c t  ion 

NO 

TORSATRQN 

Encapsulated L i  c o n t i n -  
u a l l y  p rocessed  

P e l i e t  I n j e c t i o n  o r  Gas 
P u r i i n g  

P e l l e t  i n j e c t i o n  or G a s  
Puffing 

NO 

SHEET- OF- 

REVERSED FIELD PlNCH 

L i z 0  - Cont inua l ly  
processed 
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The responses given to these questions h e l p  evaluate  the 

f e a s i b i l i t y  of a committed fus ion  site with respect t o  schedul ing 

the experiments, exploring the p o t e n t i a l  savings by reusing some 

components i n  successive development phases, potential savings in  

security systems safeguarding decommissioned devices, clarifying 

computer needs, accommodating of s c i e n t i f i c ,  engineering, 

ope ra t ing  and maintenance personnel,  and i d e n t i f y i n g  the need for 

magnet and first wall component f a b i i c a t i o n  f a c i l i t i e s  a t  the 

committed s i t e .  

The response t o  t h e  ques t ion  regarding commencement and 

completion of cons t ruc t ion  of the devices, assuming funding 

a v a i l a b i l i t y ,  w a s  as follows: 

Start C o m p l e t e  
Cbnstruct ion Conrstruction 

Tokamak TNS devices  

Takamak EPR devices 

Tokamak Demo/Prototype devices  

Torsatron TNS device 

1980 t o  1985 1985 t o  1990 

1980 to 1989 1985 t o  1996 

1990 to 1999 1997 to  2001 

1983 1986 

Reversed Field Mirror Demo device  199s 

Tandem mirror TNS device 1985 

Elmo Bumpy Torus TNS device 1988 

2000 

1990 

11993 

The cons t ruc t ion  and operating schedule of all candida te  fusion 

devices and development stages are indicated in bar-chart form i n  

Figure 4-1. 
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Commonalities can be c l e a r l y  i d e n t i f i e d  i n  t h e  fol lowing areas: 

.... 

...... 

... ... 

0 Most laboratories aqree  t h a t  o n s i t e  magnet 
f a b r i c a t i o n  f ac i l i t i e s  are d e s i r a b l e  because of 
the p o t e n t i a l  t r a n s p o r t a t i o n  problems a s soc ia t ed  
w i t h  t h e  shipping of bulky, heavy, magnet 
components over long d i s t ances ,  and t h e  special 
equipment and s k i l l s  needed i n  winding la rge ,  
superconducting magnets .) A c e n t r a l i z e d  magnet 
f a b r i c a t i o n  shop would e l imina te  the need for 
d u p l i c a t i n g  s p e c i a l i z e d  equipment, and would 
enhance the development of expe r t  operators for 
t h i s  equipment, thus inc reas ing  the q u a l i t y  and 
r e l i a b i l i t y  of t h e  f a b r i c a t e d  products. 

0 All respondents i d e n t i f i e d  the need for real time 
computer systems for reactor cont ro l .  Data 
processing probably can be best handled with 
o n s i t e  computer units a lso .  The onsite fu l l - t ime  
computer maintenance t echn ic i an  and programmer 
s t a f f  can i n c r e a s e  the  r e l i a b i l i t y  of t h e  computer 
system- 

P a r t i a l  commonality w a s  found i n  t h e  responses given t o  ques t ions  

regard ing  r a d i o a c t i v e  component removal and handling, some 

concepts  employ s p e c i a l l y  designed, remotely-operated equipment 

t o  r ebu i ld  t h e  f i r s t  wall and/or blanket  i n  place,  w h i l e  others 

u t i l i z e  hot cells f o r  maintenance operat ions,  In  t h e  l a t t e r  

case, t h e  ho t  cell could b e  equipped wi th  c u r r e n t  s ta te-of- the-  

art remotely-controlled manipulators,  which could serve several 

types of a c t i v a t e d  components used in d i f f e r e n t  fusion concepts, 

P a r t i a l  commonality could also be e s t a b l i s h e d  i n  t h e  requirement 

for f i e l d  fabrication of first wal l fb lanket  components.. The 

opinion of the l a b o r a t o r i e s  was evenly divided, some of them 

pre  f e r i n g  field f a b r i c a t i o n ,  some feeling that these components 

can be fab r i ca t ed  in of f s i t e  shops and shipped i n  s m a l l  enough 

components, t h u s  n o t  c r e a t i n g  any t r a n s p o r t a t i o n  problems, 

... 
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The respnses given to  the question regarding reuse of components 

in successive experiments could also be regarded a s  having 

part-ial. commonality, A l l  respondents agree on t h e  p o s s i b i l i t y  of 

r eus ing  neutral heam i n j e c t o r s ,  radio frequency heaters, power 

s u p p l i e s  and, perhaps, magnets and shie ld ing  cmponents, The 

multiple use of these C O ~ P O ~ A ~ ~ ~ S  i s  great ly  influenced, however, 

by the scheduling of th& construction and operation of 

successive, more advanced devices ,  Most laboratories  envis ion 

the s t a r t  of canstruetion of the suceess ive  phase devices before 

the experiments w i t h  the preceding dewice axe terminated, If 

this philosophy i s  to be adhered to, some duplication of device 

components seems unavoidable, unless r e l a t i v e l y  l o w  duty factors 

in TMS and EPW experiments W Q U ~ ~  permit sharing of power supplies 

0.s supply compo e n t s ,  In case of the  p o s s i b i l i t y  of 

substantial  improvements i n  t h e  performance of these  components, 

based on the  experience gained during the operation of the 

i n g  phase, the  duplication m y  be j u s t i f i e d .  Otherwise, 

t h e  question of duplicating e q u i  ent  used i n  t h e  preceding phase 

i n  order to gain t i m e . ,  versus adjusting the commencement of 

operation far the success ive  phase and reusing components from 

the preceding phase, deserves a sexi s economic evaluation. 

~ e s p a n s e s  to the quest ions  regarding s i t i n g  preferences of t he  

laboratories for the committed fusion site revealed t ha t  t w o  of 

the  laboratories (MPT and PPPL) probably cannot accommodate even 

smaller TNS or EPR devices,  The rest of t h e  laboratories are 

capable af s i t i n g  TNS and EPR s i z e  devices at t h e i r  e x i s t i n g  
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... . . 

f a c i l i t i e s ,  The genera l  feeling of the respondents was that  

demonstration and pro to type  size fusion devices  w o u l d  m a s t  l i k e l y  

be best operated by u t i l i t i e s .  

The method of decommissioning dev ices  which are no longer  i n  use, 

is not clear a t  this time. M o s t  respondents i n d i c a t e d  that they 

are planning t o  disassemble t h e  o b s o l e t e  devices, s o m e  ind ica ted  

the  p o s s i b i l i t y  of entombment, 

s i t e  could offer same economic 

system costs  assoc ia t ed  w i t h  

I n  t h e  la t ter  case, the committed 

advantages in reduced s e c u r i t y  

t h e  c o n t r o l  of t h e  area where t h e  

decommissioned u n i t s  are located.  The method of decommissioning 

does n o t  appear t o  have a g r e a t  s i g n i f i c a n c e  on t h e  feasibility 

of the committed site, however. 

E s s e n t i a l l y  no planning has been done by the laboratories 

regarding t h e  number of scientists, engineers ,  technicians,  

maintenance personnel, and a d m i n i s t r a t o r s  required a t  t h e  

committed s i te  f o r  t h e  ope ra t ion  of the fus ion  devices,  Few 

laboratories responded t o  t h e  quest ion.  The estimates were i n  

t h e  order of 500 or more people. 

The responses given t o  t h e  questions of a genera l  n a t u r e  are 

adequate far t h e  e v a l u a t i o n  of the f e a s i b i l i t y  of a committed 

fusion development s i t e .  As t h e  study progresses ,  it may be 

necessary t o  contact the laboratories again or search other 

a v a i l a b l e  sources  for s p e c i f i c  information not covered in 

... 



sufficient d e t a i l  during the Task 180 activities; or ease to 

answer new questions that may arise during subsequent t a s k s .  

4.2 REACTOR DATA 

The purpose of this group of questions w a s  to gain an ins ight  a€ 

the basic operating parameters o f  t h e  candidate fusion concepts 

and development phases, 

The ques t ions  covered t h e  following reactor characteristics: 

Tlae List 

Main dimensions 

L i s t  of csmpsnents  interchangeable with ather 
fus ion  devices 

*walls t h e r ~ i  POWEX generatea 

Burn time 

Total cycle t i m e  

Use of direct C C X I V ~ ~ ~ ~ K  

Gross electrical output 

N e t  electrical. output 

above represents a l l  t h e  m a  r headings i n  the 

ques t ionna i r e ,  under @vReactor Data," In the Voncegt 

Characteristics Summary SheetsB (Table 4- ), only the 

selected cancept characteristic, marked with asterisk, is 

tabulated. The following narrative seekion, however, 

discusses respsnrnses received to all questions. 
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Responses to  t h i s  group of questions he lp  define whether a 

s i n g l e  conf i n e m n t  structure would be practical to  

accommodate several  devices  in subsequent develapment 

phases, or whether separate s tructures  would have to be 

b u i l t  fox each candidate concept, The responses also 

provide information helpful i n  examining t h e  

interchangeabil i ty  of components of cammon functions b e t w e e n  

devices .  Examination of other  device charac ter i s t i c s  he lp  

to i d e n t i f y  m m n  features which could poss ib ly  be served 

by shareable s e r v i c e  systems or f a c i l i t i e s ,  

.....- 4 - 2 . 1  Bui ldinqs  

Rnalysis of t h e  responses shows commonality in confinement 

s i z e  for  tokamak EPR size devices ,  requiring an 

approximately 50 meter square, or 55 meter diameter circular 

building,  35 meter high. This s i z e  building w i l l  

accommodate the  reactor arid neutral beam injectors or RF 

heaters. Auxiliary equipment could be placed a t  the lower 

l e v e l s ,  between the reactor and t h e  outside w a l l .  Although 

no information was received on building size requirements 

for TNS s i z e  tokamak devices, it seems reasonable to assume 

that  the confinement designed for EPR size requirements will 

accommodate t h e  TNS s i z e  devices also. T h e  power supply 

most l i k e l y  w i l l  be located i n  an adjacent, but separate, 

building. 

... 
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The TNS and EPR dev ices  for o t h e r  concepts  would require 

s e p a r a t e  b u i l d i n g s  , mainly because of t h e  d i f f e r e n c e s  i n  

o v e r a l l  geometry, The tandem mirror device ,  due to its 

linear, r a t h e r  t h a n  c i r c u l a r  shape, and the  o r s a t r o n  and 

EBT devices  due t o  t h e i r  doughnut shape geometry wauPd most 

l i k e l y  impase b u i l d i n g  shape  and  service requirements  which 

cannot  e a s i l y  be accommodated i n  a structure designed to 

s a t i s f y  tokamak s p e c i f i c a t i o n s -  

4.2.2 Confinement S t r u c t u r e  

The confinement s t r u c t u r e  would have t o  be accompanied by 

o t h e r  a u x i l i a r y  s t r u c t u r e s  8 l i k e  c o n t r o l  bu i ld ing ,  

maintenance and storage fac i l i t i es ,  t r i t i  handl ing and 

storage, cryogenies  and helium storage f a c i l i t i e s ,  

maintenance hot cells, power supp ly  facil i t ies,  vacuum 

system facilities, and others r e q u i r e d  for t h e  testing and 

o p e r a t i o n  of f u s i o n  devices  i n  the pmer gene ra t ing  stage. 

S m e  of t h e  service systems located in t h e s e  a u x i l i a r y  

structures may be s h a r e a b l e ,  operation schedule  and duty  

factor permi t t ing-  

Several respondents  gave dimen s io ns for a 

demon strati  on/ p r o t a t y  pe s i z e  p l an t -  P r ince ton ' s  

demonstrat ion s i z e  tokamak would probably require a 65-meter 

diameter, 5O-meter high space for the reactor and either 

nEut ra1  beam injectors or RF heaters alone, 
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The Los A l a m o s  reversed  f i e l d  pinch prototype p l a n t  would 

r e q u i r e  a 90-meter diameter, 50-mter high s t r u c t u r e  t o  

house t h e  reactor and a l l  t h e  a u x i l i a r y  equipment, 

The Lawrence Livermore 's  tandem mirror prototype p l a n t  would 

r e q u i r e  a s t r u c t u r e  130 meters long, 100 meters wide, and 

approximately 30 m e t e r s  high t o  house the reactor, a l l  its 

a u x i l i a r i e s ,  exc luding  t h e  building space requ i r ed  f o r  t h e  

d i r e c t  conve r t e r s  and t u r b i n e  generators. 

The Elmo-Bumpy Torus p r o t o t y p e  p l a n t  would r e q u i r e  a 75- 

m e t e r  O.D., US-meter LD., 35-meter high doughut-shape r i n g  

s t r u c t u r e  t o  house t h e  reactor alone- A u x i l i a r i e s  are 

placed i n  s e p a r a t e  bu i ld ings ,  p a r t i a l l y  i n s i d e ,  p a r t i a l l y  

outside of t h e  reactor r ing.  

MIT's Torsa t ron  pro to type  would also be housed in a doughnut 

shape containment s t r u c t u r e  with a n  outs ide diameter,  

approximately 160 meter. 

Responses given t o  other questions in t h i s  group enhance the 

understanding of t h e  operation of the cand ida te  fusion 

devices .  They are not e s s e n t i a l  for t h e  evaluation of the  

f e a s i b i l i t y  of a committed f u s i o n  si te,  b u t  helpful in 

comparing ope ra t ing  parameters of the v a r i o u s  fusion 

concepts,  Generally, t h e  responses  rece ived  to t h i s  group 
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of  q u e s t i o n s  are cons idered  adequate  for the pre l in i  

establishment of c h a r a c t e r i s t i c s  of a committed fusion siteI 

4-3 HEAT BALANCE DATA 

The purpose of t h e  q u e s t i o n s  i n  t h i s  group was t o  e s t a b l i s h  

requi rements  for pawr g e n e r a t i n g  and heat rejection 

e q u i p e n t ,  Heat r e j e c t i o n  will be required i n  a P P  

development phases. Power generat ian.  is an objective in the 

EPR, Demonstration, and Pro to type  devices ,  

The in format ion  r eques t ed  was: 

Heat balance diagram €or each phase, where 
a p p l i c a b l e  

Number of h e a t  t r a n s p o r t  loops 

"Type of c o o l i n g  

List of h e a t  loads 

*Necessity of i n t e r m e d i a t e  heat t-ransfer I m p  

*Thermal f lywheel  requirement  

* S t e a m  cycle c o n d i t i o n s  

The l is t  above r e p r e s e n t s  all the major headings i n  the 

q u e s t i o n n a i r e ,  under ""Heat Balance Data, +* In the MConcept 

c h a r a c t e r i s t i c s  Summary sheet" (Table 4- 8) # o n l y  selected concept 

characteristics, marked wi th  a s t e r i s k s ,  are t a b u l a t e d ,  The 

€ollawing n a r r a t i v e  s e c t i o n ,  howevfx, d i s c u s s e s  responses 

r e c e i v e d  t o  a l l  questions. 
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....... 

... 

... 

... 

... 

Responses t o  t h e  ques t ions  i n  t h i s  group provide an i n d i c a t i o n  of 

t h e  p o s s i b i l i t y  of s h a r i n g  power genera t ing  and heat r e j e c t i o n  

systems and equipment. Any s h a r i n g  would have to be between 

d i f f e r e n t  concepts i n  the same development phase, 

M a s t  of t h e  respondent laboratories have n o t  def ined  t h e  heat 

balance,  power generating, and hea t  r e j e c t i o n  requirements t o  any 

d e t a i l ,  Some commonality of t h e  s t a t e d  requirements could be 

developed, however, 

Most respondents s t a t e d  t h a t  they are planning to use  superheated 

steam; most employed helium as primary coolant and m o s t  were not 

planning t o  utilize an in t e rmed ia t e  hea t  t r a n s p o r t  loop. 

Responses, giving gross electrical output  for EPR devices  vary 

f r o m  15 MWe to 750  W e ,  t w o  using s a t u r a t e d  and m e  superheated 

steam cycles. Demonstration s ize  devices have a gross electrical 

output  ranging frm 374 M e  to 2,2501 me, and most use 

superheated steam. 

The range of electrical. output for prototype devices vary from 

870 We to 1520 M W e .  All respondents stated that t h e i r  prototype 

will use a superheated s t e a m  cyc le ,  

The responses given to this group of questions c l e a r l y  po in t  o u t  

t h e  need for coordinat ion in device electrical output capac i ty  

... 13-units  a t  750 MWe per unit . .  
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and i n  the steam c y c l e  area. Provided t h a t  such c o o r a i n a t i o n  

through managerial a c t i o n  is  practical, a s i n g l e  h e a t  r e j e c t i o n  

system can be: shared by a l l  TNS devices and s i n g l e  power 

g e n e r a t i n g  and h e a t  r e j e c t i o n  system c o n s t r u c t e d  on t h e  committed 

site should be able t o  serve a l l  cand ida te  f u s i o n  dev ices  i n  t h e  

EPR phase, o p e r a t i n g  schedule  and du ty  f a c t o r s  permit t ing.  The 

Pro to types  and probably the demonstrat ion p l a n t s  would operate 

too long  t o  share t h e s e  systems, 

4.4 IXECTRICAL SYS'P"EM 

The purpose of t h i s  group of q u e s t i o n s  w a s  t o  d e f i n e  the 

electrical power d i s t r i b u t i o n  system. The in format ion  requested 

was arranged such that if a n  electrical d i s t r i b u t i o n  system has 

n o t  been developed, t h e n  a summation of p a r t i a l  listing of major 

load  requirements  could establish t h e  basic electrical system 

c h a r a c t e r i s t i c s  - 
The in format ion  r eques t ed  was: 

e3 S i n g l e  l i n e  diagram of the electrical power 
d i s t r i b u t i o n  system for major l o a d s  and cr i ter ia  
fo r  des ign  

e *Electrical requirements for major electrical 
equipment 

Q * ~ y p  and c a p a c i t y  oE electrical energy storage 
system 

Load p r o f i l e  diagram fox pulsed  loads 

The l i s t  above represents a l l  the major headings in the 

q u e s t i o n a i m  under "Electrical.,  In t h e  Concept Characteristics 
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Summary Sheet (Table 4-9), only s e l e c t e d  concept c h a r a c t e r i s t i c s  

marked with a s t e r i s k s  are tabulated.  The following n a r r a t i v e  

s e c t i o n  d iscusses  responses received t o  a l l  questions.  

Responses t o  t h i s  group of  questions w i l l  be  u t i l i z e d  t o  assess 

the f e a s i b i l i t y  of using a cent ra l  electrical d i s t r i b u t i o n  system 

o r  reusing a l l  or part of t h e  electrical s y s t e m  cmpommts  for 

subsequent experiments. They will also be h e l p f u l  t o  consider 

the p r a c t i c a l i t y  of a f u l l y  or p a r t i a l l y  c e n t r a l i z e d  electrical 

d i s t r i b u t i o n  system a t  the committed fus ion  development si te.  

There are three electrical d i s t r i b u t i o n  subsystems which are 

common to  any fus ion  device;  

e ac d i s t r i b u t i o n  

e dc d i s t r i b u t i o n  

0 Pulsed energy d i s t r i b u t i o n  

The fol lowing paragraphs d i s c u s s  these subsystems and any 

requirements i d e n t i f i e d  by t h e  l abora to r i e s ,  AC d i s t r i b u t i o n  

systems needed f o r  EPR's and demonstration and prototype plants 

are e s s e n t i a l l y  t h e  same as f o r  any nuclear  power genera t ing  

p l a n t s  of equ iva lan t  generat ing capacity,  The ac system required 

for t h e  TNS devices  i s  gene ra l ly  smaller and less ex tens ive  s i n c e  

fewer and smaller motors, and o t h e r  electrical equipment are 

used. The ac system w i l l  also supply a large dc system for any 

concept or development phase. This is a major d i f f e r e n c e  between 

f u s i o n  devices  and e x i s t i n g  f i s s i o n  nuc lear  p l an t s ,  
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The dc system w i l l  supply the power for s teady  state mgnets, and 

i n  some designs,  t h e  NBI@s, NBI's which o p e r a t e  i n  a steady 

state made such as t h e  tandem mirror reactor, d.11 operate 

d i r e c t l y  on t h e  dc system. NIPI~s which are cycled on and off 

w i l l  probably be suppl ied  by the pulsed electrical. energy systemI, 

The d c  superconducting magnets require low v o l t a g e  (ClOOV 

charging, 5 O G J ;  <1V s teady  state) and high current (25-200kA) .I 

The NBI*s use very high vo l t age  (100-28OkV) and low c u r r e n t  (few 

hundred Amps). A l l  concepts have a heavy requirement for dc and 

a s  generating capac i ty  i n c r e a s e s ,  the dc requirements  i n c r e a s e  

pro port ion a l l  y., 

The pulsed electrical energy storage system supplies power to 

c y c l i c  loads,  e.g, pulsed magnets, NSI@s, and R.F.  heaters.. This 

system consists 06 an  electrical energy s t o r a g e  device and a 

pulse forming network, Motor-generator flywheel and induc t ive  

storage u n i t s  are t h e  t w o  energy s t o r a g e  d e v i c e s  most o f t e n  

l i s t e d  by t h e  Laboratories, Homopolar genera tor  and capacitive 

storage systems are also being considered, b u t  to a lesser 

extent, 

The EBT, tandem mirror, and the Torsatron have l i t t le  or no 

requirement for a n  electrical energy storage system since they 

are steady state machines, The tokamak and Reversed F ie ld  Pinch 

have l a r g e  electrical energy storage requirements, The capacity 

requirements for the tokamaks range fram 0 - 1  t o  12 GT. The 

capacity requirements increases w i t h  the size of the device. 
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LASL l i s t e d  11.7 GJ for t h e i r  prototype which i s  the same 

magnitude as t h e  tokamak. The charge and discharge rate 

requirements  for s to rage  devices vary  widely with the p a r t i c u l a r  

concept . 

The p o w e r  supply for t h e  electrical energy storage system w i l l  be 

from e i t h e r  t h e  ac o r  dc systems depending on t h e  s to rage  un i t ,  

The prime mover for either the flywheel or homopolar generator  

w i l l  probably be an induct ion  motor which requires ac power, The 

i n d u c t i v e  or c a p a c i t i v e  storage w i l l  be on t h e  d c  system, The 

electrical s p e c i f i c a t i o n s  for induc t ive  storage devices which are 

superconduct ing w i l l  no t  be t h e  same as for t h e  superconducting 

steady state  magnets Used i n  t h e  fus ion  devices.  High vo l t ages  

(< 50kV) will be needed and h y s t e r e s i s  losses must be minimized. 

No d e t a i l s  were given for ac d i s t r i b u t i o n  s y s t e m ,  but assuming 

t h e r e  w i l l  be very few d i f f e r e n c e s  between any fus ion  device and 

a comparable size e x i s t i n g  f i s s i o n  nuc lear  power p lan t ,  t h e n  a l l  

t h e  a c  systems will be b a s i c a l l y  the same. It remains t o  be 

s t u d i e d  to what extent an ac  system can b e  c e n t r a l i z e d  or shared 

and what economic advantages can  be derived. Several scenar ios  

and t r a d e o f f s  have to be examined, 

The dc systems are also about the same for a l l  t h e  devices. Here 

aga in ,  it i s  likely that the systems could be c e n t r a l i z e d  and 

reused, Large l i n e  l o s s e s  occur  when t r ansmi t t i ng  low voltage,  

high c u r r e n t  dc. Rec t i fy ing  systems may not be l a r g e  expense 
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i t e m s  and could  be l o c a t e d  close to  t h e  magnet- Advantages and 

d isadvantages  as  t h e y  apply  t o  t h e  various s c e n a r i o s  have to be 

i n v e s t i g a t e d ,  The storage dewiees  are similar and could possibly 

be c e n t r a l i z e d .  

sone of t h e  laboratories integrated t h e  electrical energy storage 

system i n t o  t h e  pulse forming network of the  pulsed loads. Using 

this arrangement, a c e n t r a l i z e d  storage u n i t  is not s ib le .  

ANL has developed ano the r  appnroach wherein one storage unit can 

supp ly  s e v e r a l  d i f f e r e n t  loads, They use a superconducting coi l  

for  electrical  energy  s toxage ,  which serves several p u l s e  forming 

networks t o  produce the required wave form for their associated 

load  .) 

Since t h i s  method seems to be s u i t a b l e  for prov id ing  t h e  

electrical power needs for more than a single unit, or device ,  it 

will be further i n v e s t i g a t e d  i n  subsequent  tasks of this study, 

To further e v a l u a t e  the p o s s i b i l i t y  of centralizing the ac 

system, some assumptions have 8s be made r ega rd ing  the 

requirements  a t  a committed f u s i o n  site, These assumptions w i l l  

be made based on past expe r i ence  i n  nuclear power plant design 

a d j u s t e d  to t h e  i d e n t i f i a b l e  specific needs of fus ion  devices, 

KeLative costs of large, c e n t r a l i z e d  systems w i l l  be compared 

with smaller, local. systems. The p o s s i b i l i t y  of designing a 

flexible system which c a n  graw with i nc reased  demand w i l l  also be 

eva lua ted  .( 
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The same approach w i l l  b e  used for t h e  de  s y s t e m ,  With the dc 

requirements of the magnets and MBI's p a r t i a l l y  i d e n t i f i e d ,  more 

conc re t e  data will be available and fewer assumptions w i l l  have 

t o  be made, 

The p o s s i b i l i t y  of c e n t r a l i z i n g  a pulsed storage system will 

r e q u i r e  more research and d i scuss ion  with laboratories, 

A l l  assumptions w i l l  be discussed w i t h  the laboratories t o  

determine i f  they are compatible with t h e i r  fus ion  plant  as they 

conceive it now, 
... ... 

The emergency power supply system w i l l  be reviewed to determine 

i f  c e n t r a l i z i n g  is poss ib l e  and i f  it has economic advantages. 

It w i l l  be determined i f  one d i e s e l  generator set for  each device 

o r  one large common diesel gene ra to r  p l a n t  w i l l  be more p r a c t i c a l  

and economical. 

4,s PLASMA HEATING 

The purpose of this group of ques t ions  is to determine t h e  

methods of p l a s m a  heating that t h e  l a b o r a t o r i e s  a r e  planning t o  

use  i n  their candida te  fus ion  concepts. This information w i l l  

allow evalua t ion  of how the selected plasma-heating methods might 

i n f luence  site requirements and i f  shar ing  or transfer of 

equipment between projects i s  possible. 
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The q u e s t i o n s  i n  t h i s  group cavered the following t o p i c s :  

Q *Neu t ra l  B e a  

0 P o s s i b i l i t y  of modularization of neutral beam 
i n j ec to r  compcments 

*Radio frequency heaters 

@ Possible interchangeabi l i ty  of RF heater 
components between u n i t s  

The l i s t  above represents  all the major headings in the 

questionnaire, under 94Ppslas a Heating," In the Tmcept 

Characteristics Summar Sheetr8 (Table 4-10), only selected 

cepe charac ter i s t i c s ,  marked with asterisks, are tabulated, 

ing n a r r a t i v e  s e c t i o n ,  howeverr discusses res 

received to a l l  questions.  

The m e t h d  of plasma heating i n f l u e n c e s  the Zeas ib i l i ty  of a 

committed fusion s i te  only i f  it can bo, established that one kind 

of plasma-heating system can serve several devices i n  p r a c t i c a l l y  

a91 development phases, 

~ a s e d  on t h e  responses,  it i s  beliewed that ,  when planned far, 

neutral beam injectors can be transferred fmm device to device, 

eitbeae as a complete u n i t  ar as components (power pack, beam 

source, accelerator grids) . 

Part ia l  oommsnality w a s  found i n  particle energy and ion 

acceleration used. Most of t h e  Laboratories require 120 k e V  

palehick energy and p o s i t i v e  i o n  a c c e l e r a t i o n .  Only Princeton# s 
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- 

tokamak and Lawrence Livermore's tandem mirror concepts indicated 

need for higher p a r t i c l e  energy level and nega t ive  i o n  

acce le ra t ion ,  Neutral  b e a m  technology developent  is  j u s t  

g e t t i n g  underway, There is a g r e a t  divergence of opinion as t o  

j u s t  what requimments are d e s i r e d  or can be. achieved. 

It is conceivable  t h a t  a f t e r  some coordinating activity and 

managerial ac t ion ,  a s tandard ized  n e u t r a l  beam i n j e c t o r  could be 

developed, This  unit most l i k e l y  would be able t o  serve all 

concepts which are contemplating us ing  n e u t r a l  beam i n j e c t i o n  for 

plasma heating. 

Fewer concepts a r e  planning to use  radio-frequency heaters for 

plasma heat ing ,  Again, t h i s  is  a new concept s c a r c e l y  out of t h e  

prel iminary labora tory  s t age ,  There is s i g n i f i c a n t  d i f f e r e n c e  i n  

ope ra t ing  frequency between devices. The remark about t h e  

d e s i r a b i l i t y  of s t anda rd iza t ion  i n  the p r e c e d i n g  paragraph is  

app l i cab le  for the RF heaters also. 

The method of plasma hea t ing  has  only i n d i r e c t  effect on site 

c h a r a c t e r i s t i c s .  On t h a t  basis, the responses  received to this 

group of questions, are considered adequate. 

4.6 MAGNETS 

The purpose of t h i s  group of ques t ions  was to explore what 

special services and s y s t e m  are requi red  f o r  t h e  o p e r a t i o n  of 
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the m g n e t s  i n  t h e  f u s i o n  dev ices ,  

The q u e s t i o n s  i n  this group covered t h e  fol lowing t o p i c s :  

e Wagnet  types (superconducting, normal) 

8 *Stored energy i n  magnets 

*Energy d i s s i p a t i o n  metho 

Cooling of magnets 

The l i s t  abave r e p r e s e n t s  all t h e  major headings i n  the 

q u e s t i o n n a i r e  under Wagnets. * 8  I n  t h e  ""Concept Characteristics 

S ~ m a r y @ a  (Table 4-1 1 )  , only selected concept c h a r a c t e r i s t i c s ,  

maxk@d wi th  asterisks, are tabulated, Tfie EoPlawhg n a r r a t i v e  

section, however, d i s c u s s e s  respolnses r ece ived  to all questions, 

Commonality w a s  found i n  t h a t  most devices u s e  magnets that  are 

superconduct ing,  and r e q u i r e  extensive cryogenic system. The 

shape of the magnets show a g r e a t  variation from concept to 

concept ,  exc luding  t h e  p s i b i l i t y  of i n t e rchang ing  them between 

the  v a r i o u s  eoncep%s, A l l  concepts use steady state ~ a ~ ~ @ ~ , ~  for 

plasm confinement; the tokamaks and Reversed F i e l d  Pinch 

concepts u t i l i z e  pulsed magnets for plasma treating, Power 

supplies for t h e  steady sta te  m a  ets may be i d e n t i c a l  for 

severah concepts ;  the pulsed ones require unique p er supplies, 

designed for t h e i r  s p e c i f i c  needs, 

Each magnet system requires  an energy  d i s s i p a t i o n  device to du 

t h e  energy stored i n  t h e  magnets i n  case of an emer ncy, The 
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amount of energy stored i n  t h e  magnets i s  i n  the gigajoule range. 

Resistor banks were mentioned by the respondents as a means of 

energy dissipation- I t  is conceivable t h a t  a s ingle ,  

appropriately s i z e d  energy d i s s i p a t i o n  system could serve several 

- devices. 

-- 
A c o m n  cool ing  system could be shared by several devices ,  which 

use normdl nonsuperconducting magnets. 

The responses given to the questions in t h i s  group are considered 

to he adequate for the evaluation of the f e a s i b i l i t y  of a 
... 

committed fus ion  development site. 

... 

4.7 VACUUM SYSTEM 

... 

The purpose of this group of questions was to e s t a b l i s h  vacuum 
... 

system requirements, 

... 

The questions i n  this  group covered t h e  following topics: 

=. 

... 

... 

...-. 

... 

0 *volume of space t o  be evacuated and nominal 
operating pressures 

Type and rat ing  o f  mechanical vacuum pumps 

e Type and r a t i n g  of other vacuum pumping systems 



The Ifst above represents all t h e  major headin i n  the 

quest ionnaire,  under "Vacuum System48 XIn the V O R C ~ E ~ ~  

Characteristics Summary Sheet@ ("Fable 4 - 3 2 ) ,  only t h e  selected 

concept characteristic, marked with a asterisk, i s  tabulated-  

The following narrative s e c t i o n ,  howeverI discusses res 

rece ived  t o  a l l  questions. 

nses indicated t h a t  d e s i  of the vamm systems has not 

progressed far  enough to provide definitive requirements, The 

few responses rece ived show the vol e to be evacuated is  i n  the  

300 to 500 cubic m ~ t e r  range, Vacuum requirements vary fmrn 

10-6 torr  t o  18-8 torr, A s  to pumping e nt, rocks 

blowers, diffusion pt~rnps, and cryo pumps were mentioned by the 

respondents, 

The possibility of s h a r i n g  vacuum systems a ng t h e  various 

concepts and development phases i s  mast likely ta be  l i m i t e d  to 

the roughing pumps, GA feels that sharing vacuum syste 

questionable due t o  the problems arising from radioaetiw 

contamination, 

S i n c e  the vacuum systems used by various f u s i o n  concefls have no 

great influence an site requirements, the responses received - no 

matter how sketchy - are considered adequate for the  evaluat ion 

of the  merits of a committed fusion si te .  
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4.8 CRYOGENIC SYSTEMS 

The purpose of t h i s  group of  q u e s t i o n s  was to establish cryogenic  

system requirements  for t h e  c a n d i d a t e  fusion concepts  and 

development phases. 

. .  The questions i n  this group covered the  fo l lowing  topics: 

Liquid helium demand 

I, Liquid  helium loads, temperature ,  p re s su re ,  

0 Liquid  n i t rogen ,  r e f r i g e r a t i o n ,  power, 

f low rates 

temper a t  ure 

0 Liquid  n i t r o g e n  l o a d s  and flow rates 

.... 

The answers to t h e  q u e s t i o n n a i r e  a r e  t a b u l a t e d  i n  Table 

and 

and 

4-12. 

Engineering work on which r e f r i g e r a t i o n  requirements  are based 

was very preliminary and t h e r e  were no details-  This is true for 

almost a l l  concepts  and development phases. Responses t o  the  

q u e s t i o n n a i r e  were limited to approximate temperature 

requi rements  f o r  the l i q u i d  helium and n i t rogen ,  I n  some 

i n s t a n c e s  r e f r i g e r a t i o n  power requi rements  were given and a 

p re l imina ry  dec is ion  made on whether pool b o i l i n g  or fo rced  flow 
... .... 

... 7.. 

.... ... 

. . .. 

will be used in c o o l i n g  the magnets. 

Based on these very pre l imina ry  parameters  and d i s c u s s i o n s  wi th  

the laboratiories, it appea r s  that a central r e f r i g e r a t i o n  plant 

a t  a committed s i t e  could  be used t o  supply a bank of dewars 
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located at the devices. The dewars i n  t u rn  would supply the 

refrigerant to the  magnets, An engineering/economi@ evaluation 

should dePermine i f  a large central  refr igerat ion plant can be 

i n s t a l l e d  and operated more economically than smaller, individual 

un i t s ,  The refrigeration load w i l l  be very  large i n  all concepts 

and economies nay require that  integrated on- l ine  refrigerator 

systems be used rather than batch liquid transfer. 

The responses are considered adequate for  the  purlpose sf 

evaluating merits of a committed site, 

4-9 RADIOLOGICAL DATA 

The p u r p o s ~  of this group of questions was to determine the 

amount of radioactive waste produced by the? candidate fusion 

concepts and development phases, and the method of handling and 

disposal of these wastes, 

The questions in this group covered the following topics2 

*Use of l o w  act iva t ion  materials in reactor design 

*Amount of radioactive liquid wastes gemrated 
annually 

*Amount of radioactive solid wastes produced 
annually 



.I . 

.. . 

0 Onsite s t o r a g e  of  r a d i a a c t i w  w a s t e  
... . . 

0 Radiat ion l e v e l  ins ide  containment 

0 *Amount of tritium s t a r e d  on-site 
.... 

The l i s t  above represents a l l  t h e  major headings i n  the 

-...... 

__ . . 

.... 

.__.. 

..,. 

...... 

...... 

...... 

/..I 

. _. 

ques t ionna i r e  under "Radiological D a t a .  In the Toncept  

C h a r a c t e r i s t i c s  Summary Sheets" (Table 4-13) # only s e l e c t e d  

concept c h a r a c t e r i s t i c s ,  marked w i t h  asterisks, axe t abu la t ed .  

The following n a r r a t i v e  section, however. d i s c u s s e s  responses 

rece ived  t o  a l l  questions,  

These quest ions have rece ived  l i t t l e  o r  no a t t e n t i o n  i n  

prel iminary fusion reactor design work t o  da te .  

The only meaningful. response t o  this group of questions was t h a t  

few of the respondents are planning to u s e  low a c t i v a t i o n  

materials in t h e i r  reactor design, GA indicated that l o w  

a c t i v a t i o n  materials will be used where their use is j u s t i f i e d .  

Consequently, r a d i a t i o n  level dur ing  maintenance shutdowns w i l l  

be high and remote maintenance w i l l  be required. Radioactive 

f i r s t  wal l lb lanket  components, which have to  be replaced a t  

r e l a t i v e l y  s h o r t  i n t e r v a l s  (3 t o  5 years) r ep resen t  a large 

amount of h igh ly  r a d i o a c t i v e  s o l i d  waste which r e q u i r e  special 

handl ing equipment and storage f a c i l i t i e s .  

Onsite t r i t i u m  storage does n o t  seem to represent any problem and 

w i l l  not  s i g n i f i c a n t l y  effect the f e a s i b i l i t y  of a committed 

site, 
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The radiological  aspects of the fusion devices ,  and their effect 

on the  f e a s i b i l i t y  af a committed site, w i l l  be further 

investigat-ed i n  subsequent t a s k s  o f  this skady. 

4-10  CHEMETRY/F[JEL 

The purpose of this group of questions w a s  to determine the 

m?thad# equipment, and f a c i l i t i e s  needed for fuel. heeding, 

device fuel ing,  and exhaust gas handling, 

The questions in t h i s  group csavered the following topics: 

*Fuel  breeding and p~ocessing 

9 *'Method of device fue l ing  

aust gas handling 

*Pusion-fission hybrid reactor option 

The l ist  above represents all .  the ings i n  the  

questionnaire under stry/Fuel. l1 In the q?Concept 

Characteristics Summary Sheets#@ (Table 4-1 4) on ly  selected 

concept charac ter i s t i c s ,  marked with asterisks, are tabulated, 

The following narrative section, hwever, d i scusses  responses 

received to a l l  questions.. 

The respanses to these questions provide the basis for 

concep tua l i za t ion  of a central  fuel and exhaust gas processing 

facility capable of serving the devices for several fusion 

C Q ~ I G ~ ~ ~ S  E X A ~ V O P  development stages .) 



........ 

>-..... 

>-.. 
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... 

....., 

... 

A l m o s t  all EPR, demonstration, of prototype devices  have t h e  

c a p a b i l i t y  of breeding tritium, TNS devices do no t  have the 

c a p a b i l i t y  of breeding t r i t i u m ,  A s  t o  processing the bred 

tritium, half of t h e  respondents v i s u a l i z e  batch processing of 

encapsulated tritium, while t h e  o t h e r  half contemplate continuous 

flow processing. Batch processing particularly lends i t s e l f  to  

being performed i n  a c e n t r a l  processing f a c i l i t y ,  which could be 

shared by s e v e r a l  fusion devices  in all development phases. 

A c e n t r a l i z e d  f a c i l i t y  does n o t  seem t o  be p r a c t i c a l  for 

continuous flow processing, s i n c e  the piping carrying the 

r a d i o a c t i v e  l i t h i u m  would have t o  leave the confinement bui lding.  

Each device using this method will have i ts  own processing p l a n t ,  

located inside t h e  confinement s t r u c t u r e ,  

A ques t ion  regarding t h e  f u e l i n g  method of the devices  was raised 

t o  determine whether f u e l i n g  equipment, or components of it, can 

be made sharable. The respondents i n d i c a t e d  t h r e e  *pes of 

f u e l i n g  : 

0 Gas puffing 

e Pellet i n j e c t i o n  

* Neutral  beam i n j e c t i o n  

O f  these, pellet injectors  and n e u t r a l  beam injectors c o u l d  be 

made i n  such a way that they can be used i n  several devices 

interchangeably,  or, have in te rchangeable  components. 
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some tokamak devices (MITls  fo r  example) would have to handle 

some 5 0  grams of exhaust gas every 500 seconds. T h i s  gas must be 

handled at a high rate to l i m i t  c y c l e  downtime, Radioactive 

exhaust-gas handling equipment should be located i n s i d e  the 

confinement bu i ld ing  d e s p i t e  the fact that  some respondents felt 

that exhaust gas handling equipment could be placed in a separate 

s t r u c t u r e  and shared- GA feels  that this sharing  is 

object ionabl  e. 

T respondents ind ica ted  i n t e r e s t  in a fusion- f i s s i o n  hybrid 

reactor a s  part of t h e i r  reactor development scenario. T h e r e  are 

spec ia l  s i t e  requirements a s s o c i a t e d  with this concept, A 

l i m i t e d  assessment of t h e s e  requirements w i l l  be  made during 

subsequent phases of the  present study, 
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5.0  BASELINE SITE REQUIREMENTS 

..... ..i 

....... . 

.-.. .... 

.... 

...._ 

- 

... .... 

... 

The responses received to t h e  "Concept Design Information 

Questionnaire" and t h e i r  review performed during Task 100, 

enables us t o  assess t h e  act iv i t ies  and the sequence necessary to 

establish a committed fusion development site, 

The l ist  of these activities, which follows, is based on the 

assumption that the selection of the committed site a u l d  be 

heavily influenced by the criteria, rules, and regulations 

currently i n  force for granting construction permits for f i s s i o n  

reactors. It is  further assummed that  the. design of stmctures 

and service systems will b e  governed by codes, industrial 

standards, and government regulations generally applicable for 

t h e  design of fission reactor plants, SpEcial safety and 

l i c e n s i n g  i s sues  unique to fusion reactors,  however, will be 

addressed i n  subsequenk t a s k s  of t h i s  s t u d y ,  

The list is bel ieved to  b e  general enough to  cover the 

requirements for any candidate fusion mncept and a l l  postulated 

development phases, The listed act iv i t ies  w i l l  r e s u l t  i n  the 

establishment of a s e l f - s u f f i c i e n t ,  complete fusion development 

s i te ,  including s c i e n t i f i c ,  engineering, administrative,  and 

maintenance support. Requirements for other scenarios  will be 

invest igated i n  subsequent tasks of t h i s  study- 
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The necessary activities to be performed i n  order to e s t a b l i s h  

mitted f u s i o n  development site shall include,  jla t are not  

l i m i t e d  to, the following: 

5.1 ACQUISITION OF LAND, SELECTED AND CERTIFIED FOR THE 
CONSTRUCTION AND OPERATION OF A NUCL FACILITY 

5.2 PRQVPSION FOR ACCESS TO THE SELECTED LAND, 

5,2.1 P l a n t  access  roads connectiriq the selected _I- site to - the 
nearest State Wishway 

5.2.2 Railroad spur, connect ing  t h e  site with  the nearest  
Ga jor railroad line 

5.2-3 Baff.qe unlaadinq f a c i l i t y ,  built. the nearest 

5-3 PROVISION FOR ARE24 SECURITY STSTEM COEJSISTTNG OF: 

naviqabk e waterway 

5 - 4 . 1  - Rough caradin3 & drainaqe including @i earinq 
mdesi aable vse ta t ion ,  demolition of existinq, 
---- nonuseable structures, cutting @ f i l l i n q  to _the? 
desiqned plant qrade, e prwidinq flood p r a t e e a o n  9 
establ i shinq major area drainaqe 

5 - 4 . 1  - Rough caradin3 & drainaqe including @i earinq 
mdesi aable vse ta t ion ,  demolition of existinq, 
---- nonuseable structures, cutting @ f i l l i n q  to _the? 
desiqned plant qrade, e prwidinq flood p r a t e e a o n  & 
establ i shinq major area drainaqe 

5.4-2 Establish preliminary plant - road system s u i t a b l e  
construction p r i o d  

5.4.3 Provis ion  for temporary electric pawerline and 
transformer s u i t a  e for needs during t h e  nstmction 
period 

5.4-4 Provision fox p t a b l  water supply system, s i z e d  for  
the demands during canstrwtian 

5.4-5 Wtaablish sanitary sewer collection and treatment 
s y s t e m ,  sized for needs during wnstruct ian 



...... 

.-.-.. 

...... 

5 .5  CONSTRUCTION OF STRUCTURES: 

5.5.1 Nuclear Island Structures: 

5 . 5 , l . l  Reactor Confinement Structure, Including: 

0 
0 
0 
0 

0 
0 

0 

0 

Reactor chamber 
Radwaste cells 
Vacuum pumps { f i n i s h i n g )  
N e u t r a l  beam injector, or RF heater cells 
Liquid helium dewar cells 
Hot cel ls  w i t h  remote control led  equipment 
Material handling equipment (cranes, manipulators, 
etc .. 1 
D-T reprocessing area 

5.5.1.2 Contro5 buildinq, housinq reactor control ,  and data 

D rocessi ng equipment 

5 - 5 . 1  .. 3 Magnet power supply  bui ld ing  

5.5.1.4 Tritium p r o c e s s i n g  and storage building 

5 . 5 - 1 . 5  Cryogenic re fr igerat ion  bu i ld ing ,  including helium 

storage faci l i t ies  

5 .5 .1 .6  Vacuum b u i l d i n g  

5.5.1.7 Lithium storage and handling building 

5.5.1.8 Energy d i s s i p a t i o n  building,  housing equipment required 

f o r  dissipation of energy stored in t h e  magnets 

Balance of plant structures:  
--I 

5.85.2 

AS- 3 



5.5.2.1 Administration and enqineerinq building:  i n c l u d i m  

ehanqe house, hea l th  physics, reDraduction f aei l i t ies ,  

meetins rooms, educational  facilities, and security 

f a c i l i t i e s  

5.5,2,2 Fire house 

5.5.2- 3 Laboratories inc luding chemical, physics,  

testing, photo, and miscellaneous labaratsry f a c i l i t i e s  

5.5.2-4 Shops, including mechanical, electrical, instruments- 

t i a n ,  carpentry, painting, and miscellaneous shop 

f a C i l i t i € S  

5.5.2.5 Mock-up bui ld ing  

5,5.2,& Magnet fabrication, assembly, and tes t ing  building 

5,5.2.7 Warehouse 

5,5,2,8 Stearn generating bui ld ing  

5.5,2,9 Turbine  bui ld ing  

5-5.2.10 Main switchgear bu i ld ing  

5,5.2.11 C i r c u l a t i n g  water inlet structure and pumphouse 
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5.5.2.12 Cooling towers 

5 5- 2.13 Evaporation pond (if applicable) 

5 - 6  ESTABLISHJENT O F  PROCESS SERVICE SYSTEMS 

5 - 6 . 1  Electr ica l  

5.6.1 . 1 M a i n  substation,  providing electrical interface between 

the u t i l i t y  grid and the  fusion site 

5.6.1.2 P l a n t  switchyard 

5-6.1.3 P l a n t  electrical  d is tr ibut ian system 

5.6.1.4 Uninterruptable plant emergency electrical system 

5.6.1.5 Magnet power supply system 

5.6 . 1.6 Neut ra l  beam or R F  heater power supply system 

5 ,6 ,1 -7  Energy d i s s i p a t i o n  system 

5.6.2 water supply 
~ __  

5.6.2-1 Circulating water system 

5 , 6 . 2 , 2  Other p l a n t  process water system 
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5 . 6 - 2 . 3  Fire water system 

5 - 6 . 2 - 4  P l a n t  domestic water system 

5.693 Vacuum system - 

5 6 3 1 Roughing vacuum system 

5-6.3- 2 Fin i sh ing  vacuum system 

56.6,Q Cryogenic system 

5,6- 4,1 L i q u i d  helium receiving a d  storage system 

5g6gY,2 Cryogenic plant system 

5 6 . 4 . 3  L i q u i d .  helium dis tr ibut ian system 

5-6.4.4 D e w a r  system 

5,6,rS,S Liquid nitsrgen system 

5.6- 5 Radwas-te handling system 

5,6,5.1 Gaseous nadwaste pmcessing and staxage syste 

5,6.5,2 L i q u i d  radwaste p a o e e s s i n g  and storage system 
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.... 

.... 

5.6-5.3 S o l i d  radwaste processing and storage system 

.. . . 

5.6.6 Plasma puri ty  control system 
.... 

5.6.6.1 Diverters .... 

>....... 5-6.6-2 D-T reprocessing system 

5 - 5 . 7  Lithium svstem 

....._ 

... 

5 -6.7 . 1 Lithium receiving and storage system 

5.6- 7.2 L i t h i u m  distribution system 

5.6 .7 .3  Lithium sampling and purity cmtrol system 

5.6. 8 Tritium system 

5.6.8.1 Tri t ium process system 

..... 

5-6-8-2 Tritium storage s y s t e m  

5.6.9 Plant atmosphere control system 

5.6 9 - 1 P l a n t  s pace heating s y s t e m  

5 - 6 . 9 - 2  Plan t  vent i la t ion  system 
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5 - 6 . 9 . 3  Plant  air conditioning system 

5 -  6-9.4 Plant air born contaminat ion clean-up system 

5.6.1Q P l a n t  control system 

5,6,10.1 P l a n t  control computer system 

5,6.10- 2 Data processing system 

5.6.10.3 Plant security control. system 

5-6 .11  Steam generat ion  system 

5 - 6 -  11 - 1 Primary heat  transpxt  system including intermediate 

heat exchangers and primary heat transpmt pumps, if 

applicable 

5-6..11.2 Intermediate heat transport syst  I if appPicable 

5,6,11-3 Steam generation equip 

5-6 .11 .4  Intermediate  heat transport media c i r c u l a t i n g  p 

applie able 

5,d. 12 Power generation system 
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....I... 

5.. 6 12.. 1 Turbine generator, including a l l  piping, pumps, 

condensing, and auxiliary power generation equipment 

.... 

5 - 6 - 1 2 . 2  Main switch gear equipment 

..... .. 

5-6-13 P l a n t  maintenance system 
.... 

5 . 6 . 1 3  .. 1 Reactor maintenance system 
t... 

5.6.13.2 Remotely controlled maintenance equipment i n  hot cells 

5.6-13.3 Shop equipment for: 

m 

..... 

... 

/... 

a Magnet fabrication shop 

0 Mechanical shop 

0 Electrical shop 

e Instrumentation shop 

., Carpentry shop 

e Paint shop 

5.6.13.4 Mobile maintenance equipment: 

e Trucks 

e Forklifts 

0 Mobile cranes 

5.6.14 Laboratories 
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Tritium laboratory 

General chemical  laboratory 

 at e r ial s t e s t  in g 1 a b  rats ry i, 
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... . . . 

. .  
6.0 coNcLusIoNs 

. .  Task 100 was t h e  information gathering phase of t h e  C a n m i t t e d  

Fusion Site Study. 
.... 

The design information the  fusion research laboratories were a b l e  

to supply was generally in line with t h e  depth of t h e  development 

- 

effort it was based on; sane areas were covered in subs tant ia l  

detail, while  others were based an best estimates only, 

Considering the e a r l y  stages of development far a l l  fus ion  

concepts, the information received could be regarded as the best 

ava i lab le  a t  this time, In  general  it can be concluded that  the 

information gathered during Task 100 i s  adequate for the. 

assessment of the f e a s i b i l i t y  of a committed fusion development 

site. However, there may be sane specific areas i d e n t i f i e d  

during later phases of t h e  project that  w i l l  require additional 

assessment or technical information beyond that abtained i n  this 

task, 

6 - 1  FURTHER W R K  

There are several areas w h e r e  further work is necessary for the 

demonstration of the  p o t e n t i a l  b e n e f i t s  of a committed fusion 

development site which can already ke ident i f i ed ,  These are: 

0 Construction and operation of the candidate fu-' axon 
dewices must be carefully planned. ft must b e  
decided whether one or more tokamaks will be 
built, what kind and how many other devices will 
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be built, and i n  what. sequence the various devices 
are to be constructed and o rated at the 
committed s i te ,  A timely decision egarding these! 
questions would keep t h e  f l e x i b i l i t y  r e q u i r e m e n t s  
far the service s y s t e m s  within reasona 
and set the boundaries for the d e s i  
which must be incorporated into the  design of the 
site facilities, 

0 Benef i t s  which the c mitted site concepl. 
offex can be inerea d if t h e  design of d e v i c e s  
and device components is perfor d w i t h  the 

t t e d  site in mind. Some areas where this is  
expected to be particularly benef ic ia l ,  are: 

- S i t e  electrical distribution system 

- Electrical energ storage system 

- netic energy d i s s i p a t i o n  syst 

Heat rejection system - 
P ct ive w a s t e  handling and slorage system 

- Process and e sa l ing  water system 

- Maintenance faci l i t ies  

Further benef i t s  c achieved by s nda rdiz ing 

on to several devices- 

Same candidates for standardization are:, 



..... . . 

. .  

A s i d e  f r o m  the direct b e n e f i t s  of using s tandard ized  systems and 

components i n  several devices, the requirement for maintaining 

fewer spare p a r t s  and s i m p l i f y i n g  maintenance are supplemental 

advantages o f standardization. 

........ 

.... .... 

n. .... 

.... . . . .  

... ... 

.....- 

..... 

n.. 

...-. 

6 - 2  POTENTIAL PROBELMS AREXS 

The economic advantages of the committed si te are g r e a t l y  

inf luenced  by t h e  schedul ing of construction and ope ra t ion  of the 

fusion devices, If maximum economic benefits from the reuse of 

equipment and facilities are t o  be achieved, the experiments 

and/or operations at t h e  committed s i te  must b e  c a r e f u l l y  

sequenced. While cons t ruc t ion  of the subsequent device may 

proceed dur ing  the opera t ion  of the preceeding device, the 

opera t ion  of it must fo l lw completion of the experimental 

program of the preceeding device. T h i s  sequencing offers the 

optimum u t i l i z a t i o n  of t h e  service systems and shareable 

equipment, but it may n o t  be s a t i s f a c t o r y  from the overall 

scheduling viewpoint of fusion d e v e l o p n t .  If, on t h e  other 

hand, t h e  simultaneous ope ra t ion  of two or more devices  i s  a 

mandatory requirement, the capac i ty  of the service systents must 

be designed t o  satisfy t h e  increased  demand, and the economic 

advantage of u t i l i z i n g  single components and systems i n  more than 

one deviceo is a t  least p a r t i a l l y  lost. 
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Another potent ia l  problem area is t h e  

the service syste at the emrnitted site,  Since the ~ ~ ~ @ ~ ~ ~ ~ ~ ~ t  

of the f u s i o n  concepts is in i t s  e a r l y  stage, s e t t i n g  the 

requirements for the service s y s t e  8 based on present or near 

term fusion teckunofcagq! ay require the  upgrading or even complete 

t o€ some sexvice systems as t evolut ion of fusion 

concepts progresses. 

Subsequent tasks in the p r e s e n t  effort w i l l l .  prsvide the basis for 

the evaluation of the rits of a c fusion site and 

highlight  areas of uncertaintyr need for more d e t a i l e d  future. 

ana lys i s ,  and probPe y ,  which may fnflue 

imry conclusions o€ the T 900 effort, 
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.. . 
1.0 INTRODUCTION 

...... 

Task 100 was the informatiBn gathering phase  of the j”Eva1uation 

of a Committed Fusion S i t e M  study.  

During Task 200, t h e  responses received to  the “Concept Design 

l n f  ormation Questimnaireig were analyzed in greater d e t a i l  i n  

order to deve lop  t h e  requirements and characteristics for a 

committed site.  

In  this second I n t e r i m  Letter Report, the  requirements for t he  

committed s i t e  imposed by t h e  d i f f e r e n t  fusion concepts and t h e i r  

phases of development are defined, 

Budget and schedule c3,nstraints s e t  t h e  depth of the 

i n v e s t i g a t i o n .  The a v a i l a b i l i t y  of technical  information it is  

based on places  s m e  l i m i t a t i m s  on t h e  conclusions.  Therefom, 

as the development of fusion concepts progressesb the conclusions 

of t h e  present effort should be review~d, reevaluated, and 

modified, as appropriate, 

Where t h e  avai lab le  information was nut adequate for the 

establishment of site requirements, assumptions were made. 

Wherever this was the case, the assumption was clearly identified 

a8 such, 

The objective of Task 200 is t:, develop t h e  site requirements for 

a committed fus ion 3evelopment site, In achieving t h i s  
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Dbjec t ive ,  t h e  informat ion  gathered dur ing  Task 100 was analyzed 

i n  greater depth. Spec ia l  emphasis was given t o  determining the  

common requirements of t h e  d i f f e r e n t  f u s i o n  concepts  and their  

development phases, The s h a r e a b i l i t y  of s i t e  f a c i l i t i e s  and 

common s e r v i c e  s y s t e m s  were explored i n  l i g h t  of t h e  l i k e l y  site 

development seenariDs, T h e  number o€ possible s i t e  development 

s c e n a r i o s o  cons i33r ing  t h a t  t h e  fus ion  development l a b o r a t o r i e s  

r e p o r t e d  development work on f ive  tokamak d e v i c e s  and fou r  

a l t e r n a t e  f u s i o n  concepts ,  cou ld  be q u i t e  la rge .  Prom all 

p o s s i b l e  combinations of the site development scena r ios ,  several 

believed t o  be r e p r e s e n t s t i v e  and most l i k e l y  t o  form an  e n v e l o p  

of requirements ,  are discussed- 

Licens ing  requirements and issues w e r e  addressed t o  t h e  extent 

t h e  a v a i l a b l e  t e c h n i c a l  i n f o r m a t i o n  warranted, 

The t e c h n i c a l  in format ion  that the conclus ions  of this report are  

based on i s  by no means complete nor does  this report ~ e p r ~ s e n t  

t h e  final word. The mllected infarmat ion  is augmented by 

assumptions based on previous expe r i ence  i n  light water reactor 

or l i q u i d  n e t a l  fast breeder r e a c t o r  p l a n t  des ign ,  Ongoing or 

future advancemants i n  f u s i o n  reactors mayI i n  p laces ,  alter the 

in format ion  used i n  this report, When t h i s  happens, the 

r e e v a l u a t i o n  of t h e  conc lus ions  reached herein i s  i n  order- It 

is fe l t ,  however, t h a t  f u t u r e  progress i n  fus ion  reactor 

techns lbgy  will not  s i g n i f i c a n t l y  affect the v i a b i l i t y  or 

p r a c t i c a l i t y  o f  the development of a committed fus ion  site, 
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.. . 

2.0 TECHNICAL APPROACH 

.... 

The t e c h n i c a l  approach adopted t o  achieve the o b j e c t i v e s  of Task 

200 was t o  review and ev3luate  the responses t o  the "Concept 

Design Information Questionnaires'* in Task 100 and augment them 

jJith assumed requirements based on available t e c h n i c a l  l i t e r a t u r e  

and previous experience,  when appropr ia te ,  Then, on these bases, 

develop the si te  requirements for each fusion concept andment 

phase will. be developed. 

Si t e  f a c i l i t y  i n t e r f a c e  requirements were determined mainly based 

on assumptions, s i n c e  l i t t l e  or no information was a v a i l a b l e  i n  

this area from t h e  fus ion  r e s e a r c h  laboratories. 

Site development scena r ios  discussed in this Letter Report w e r e  

selected t o  r e p r e s e n t  scenarios t h a t  might reasonably be 

expected, They yere considered t o  be t y p i c a l  of scenarios t h a t  

might o f f e r  economic and/or t e c h n i c a l  advantages for the overall 

iievelopment program of  commercial-size, power-producing fus ion  

r e a c t o r s .  

Postulated licensing requirements and issues were i d e n t i f i e d  

based on Bechtel '  s extens ive  experience in l i c e n s i n g  l i g h t  water 

r e s c t o r  p l a n t s  with due cons ide ra t ion  of the known s p e c i a l  

l i c e n s i n g  i s s u e s  af fusion devices- Since safety regulatAons and 

licensing requirements for f u s i o n  facilities have not yet been 

es t ab l i shed ,  special attention has been given t o  assessing t h e  

most l i k e l y  impazt of safety and licensing on the  committed site, 
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... 
3 . 0  S I T E  REQUIREMENTS 

The committed fusion development site h a s  t h r e e  basic 

requirements: 

0 Electric power 

Water 

These requirements are cmnon fo r  a l l  fusion concepts and 

development phases; only t h e  quant i t ies  vary. 

S i n c e  t h e  teconnendation Df 3ny s p e c i f i c  area of the Continental 

United States for t h e  committed fusion development site is  

outside of the scope D f  this study, only  general q u a l i t a t i v e  

preferences for the basic s i t e  requirements will b e  discussed. 

3.1 LAND 

Present l i g h t  water reactor siting practices were used to 

estimate t h e  general order of magnitude of the site size, Based 

on t h i s ,  the  test f a c i l i t i e s  should be located at the  c e n t e r  of a 

p l o t  having an exclusion area of 250 hectares. This  area 

requirement, i n  most cases, w i l l  satisfy the criteria t h a t  the 

r a d i a t i o n  dose a t  the baundary of the p lo t  w i l l  not e x c e e d  f ive 

m i l l i r e m  per year d u r i n g  normal operation- Since no such 

c r i t e r i a  e x i s t s  for fusion reactor plants,  it is  assumed t h a t  the  
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requi rements  for  f u s i o n  f a c i l i t y  s i t i n g  w i l l  be no more 

s t r i n g e n t .  

Cons ider ing  t h a t  t h e  committrld f u s i o n  development si te  may have 

inore than o n e  f u s i o n  device o p e r a t i n g  a t  any one t i n e ,  it is 

sugges t ed  that its area tc, be around 400 hectares, or have a 

d h m e t e r  of approximately 2,200 meters- 

Aside of t h e  area requirements, t h e  l and  of the committed fusion 

development site p r e f e r a b l y  should  have t h e  fo l lowing  

characteristics, 

Soil c o n d i t i o n s  shDuld be  such t h a t  t h e  f o u n d a t i o n  of heavy 

s t r u c t u r e s  and equipment can be provided wi thou t  undue economic 

disadvantage.  It  is suggested, therefore, that  the s h e a r  wave 

v e l o c i t y  of the s o i l  should ke above 750 meters per second (2,500 

f e e t  p e r  second) ,  and t h e  allowable bea r ing  c a p a c i t y  be 57,500 

pasca l  (12,000 pounds per square faot), a t  t h e  selected site, 

These requirements can n o r n a l l y  be m e t  by sedimentary r 

formations s f  moderate dens i ty .  

Although structures and equipment can be designed t o  wi ths t and  

p r a c t i c a l l y  any seismic f o r c e  p o s t u l a t e d  within the conterminous 

United States, the econamic p e n a l t y  for accommodating severe 
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seismic condit ions m u l d  be  x u i t e  substantial, It i s  siiggested, 

therefore, t h a t  the committed site be located i n  areas  of low to 

moderate seisnic activity. These areas arc designated as seismic 

risk zones 0, 1, and 2 in t h e  Uniform Building Code- (See Figure 

3-1. ) 

The free  f i e l d  ground acce lera t ion  for t h e  Safe Shutdown 

Earthquake ( S S q  can be l i m i t e d  to 0 - 2 5  grs, and for t he  

3perational Basis Earthquake (OBE) , to 0. I25 g a s  i n  these  risk 

zones. These free f i e l d  ground acce lerat ion values: appear 

reasonable and do not represent major r e s t r i c t i o n  i n  selecting 

tho  actual  l oca t ion  for t h e  committed fusion developnent site, 

For example, a l a r g e  percentage (80 percent to  90 percent) of a l l  

prospective s i t e s  for nuclear faci l i t ies  will satisfy t h i s  

seismic criteria. 

There are no p a r t i c u l a r  requirements regarding t h e  topography of 

the committed fus ion  site- A few r e s t r i c t i o n s ,  normally 

appl icable  for t h e  s i t i n g  of any major i n d u s t r i a l  i n s t a l l a t i o n ,  

should be kept i n  mind, kwwever. 

breas with large rock outcrops and ragged surface formations 

should be avoided. 

breas w i t h i n  t h e  f loodp la ins  Df major natural bodies  of water 

(rivers, lakes)  are not s u i t a b l e  for siting. 
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The s e l e c t e d  s i te  should not have any major s u r f a c e  drainage 

channels on it, or, if it has, the f l o w  of surface drainage 

should be divertable toward the boundary lines of the plat ,  

u t i l i z i n g  a system of intercepting and diversion d i t c h e s  

Figure 3-1 
SElSMlC RISK - MAP OF THE UNITED STATES 
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3-1.4 Geoqraphic LocatiD,n_ 

Pre fe rences  f o r  a s p e c i f i c  geaqxaphic l o c a t i o n  m y  be in f luenced  

by a nunber of sometimes c o n t r a d i c t o r y  f a c t o r s ,  such  as: 

---- Proximity!, Reasonable proximity to a major 
popu la t ion  center, s o  t h a t  t h e  heavy demand for a 
l a r g e  labor force during c a n s t r u c t i o n  can be m e t  
and  the  housing, social, and c u l t u r a l  needs of t R e  
operators can f3e s a t i s f i e d ,  The popu la t ion  center 
d i s t ance ,  ( t h e  distance from t h e  reactor t o  the 
n e a r e s t  boundary o f  a d e n s e l y  popula ted  c e n t e r  of 
more t h a n  about: 25,000 r e s i d e n t s ,  by the  d e f i n i t i o n  
of 10 CFR P a r t  100) must be determined by 
c a l c u l a t i o n s  i n v o l v i n g  the p o s t u l a t e d  r a d i o - a c t i v e  
releases from the nuclear f a c i l i t y ,  local 
me te ro log ica l  c o n d i t i o n s ,  and dose  l i m i t s  set by 
r e g u l a t o r y  requirements .  1 OCFR Part 100  also 
states  t h a t  i n  case the site is expected t o  c o n t a i n  
m u l t i p l e  react or f a c i l i t i e s  which are 
in t e rconnec ted  to t h e  e x t e n t  t h a t  a n  a c c i d e n t  i n  
one reactor could  a f f e c t  t he  s a f e t y  of o p e r a t i o n s  
of any other, t h e  size of the exc lus ions  a rea ,  l o w  
popula t ion  zone, and popula t ion  center distance 
s h a l l  be based upon the assumption that  a l l  
i n t e rconnec ted  reactors e m i t  t h e s e  p o s t u l a t e d  
r a d i o a c t i v e  products  simultaneously. Regulatory 
requirements  can  best be met i f  t h e  site is located 
i n  a remote area. Other  requirements  would favor a 
r e l a t ive ly  short d i s t a n c e  from a major popu la t ion  
center, 

0 Site Accessibility, The committed fus ion  site has 
t o  have land accessibility by road and r a i l r o a d .  
It i s  d e s i r a b l e ,  therefore, that it be located 
reasonably close t o  a major highway and major 
rai l road l i n e  sa t h a t  t h e  connect ing access road 
and r a i l r o a d  spur  can be constructed at r easonab le  
cost. 

S i n c e  the weight and s i z e  of some of t h e  equipmnt 
used in f u s i o n  reactor p l a n t s  is beyond the 
capac i ty  and c l e a r a n c e  l i m i t s  of highway and 
r a i l r o a 9  t r a n s p o r t a t i o n ,  it is d e s i r a b l e  that a 
barge unloading f a c i l i t y  on a navigable waterway be 
available n e a r  t h e  selected site. 

Meteoroloqy. There are no  s p e c i f i c  requirements  
for t h e  meterological characteristics of the 
committed s i te .  S t r u c t u r e s  and facil i t ies c a n  be 
designed t o  suit any meteorol-qical condit ions  
w i t h i n  the conterminous U. S ,  

luII 
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3-2 ELECTRICAL REQUIIRENENTS 

The electrical power supply and d l s t r i k u t i s n  system fo r  

experimental. fusiasa devices must be designed to supply 

r e l i a b l e  electrical poker continuously far the dewice  and a l l  

its electrical aux i l iax ie s ,  inc luding the  a@, dc and stored 

energy systems, during a l l  types of aperating ~ o n d i t i ~ n s -  

For t h e  TNS devices, a l l  electrical pawen w i l l  be obtained 

f ram the electric utility t k x o m g h  convent ional  high wsltaqe 

transmk3sion lines- The EPR devices w i l l  also depend on gxwen: 

obtained E r o m  t h e  u t i l i t y ,  b u t  will be a k l e  to use their  own 

generated power to supply sane of theia:  electrical energy 

needs, The Demonstration and BxotcPtype devices will oprate 

in a manner similar to a oonvedltional powelr plant. 

T h e  different electrical energy needs have been tabulated in 

t h e  Electrical  Poker X e g u i ~ e ~ ~ n t ~  Chart, 'Iakle 3 - 1  located 

at. t h e  end of this  section. In addition, the Reactor C o i l  

Designation Chart, Table 3-2 shows the var ious  t y p e s  of 

co i l s  and magnets used in the majm reactors, The wblnker of 

transformers and rectifiers r'ox the dif fer  t reactors has 

been assumed oi-~ t h e  basis  of one xeactox pix s i t e .  Fox a 

tted site, where m o ~ e  than one reactor is installed, 

changes i n  t h e  ac voltage rat ings  and nurnkers of 

transf ormessPrectifiers w i l l  have P j r ~  made to t a k e  advantage 

o f  t h e  p o s s i b i l i t y  of csmlbirung powex supgEies ,  



TABLE 3 -  3 

ELECTRICAL POWER R EQUl REMENT 

CONVERSION EOUIPMENT 
AREA AND REDUNDANCY 

RE(IU1REMENTS 
PULSED POWER SUPPLY NBI DC POWER SUPPLY 

(DIRECT p c d t  CONVERSION. NO ENERGY STORAGE REOUIREDI STEADY STATE MAGNET POWER SUPPLY 

I I REMARKS CONVERSION 
EQUIPMENT 

REDUNDANCY 

SYSTEM 
STORED PEAK COMPONENT 
ENERGY 1 RATING 1 CCST 

REA REQUIRED 

NVERSION EWIF 
A L L  AC-DC 

m X m  

1 w  x 80 

(NOTE 31 

DC POWER SOURCE DCCoNVERSloN EOUIPMENT 1 COST REClUlREMENTS 
CONVERSION ALUMINUM BUS COSTQF ENERGY ALUMINUM BUS 

EOUIPMENT CROSS SECTION LOSS I N  5US INSTALLED 
COST I , 2  1 1 COST 

(NOTE 1) 

REACTOR I TYPE 
MILLION E MILLION 0 

I 
$ 4.L I 0 MW, 150 k V w .  

400 A FOR 5 SECONOS 

TF: ? OF 3 

NBI: 1 OF 5 
OMOPOLAR GENERATOR IS USED FOR ENERGY STORAGE 

2600 (NOFE MCM 21 NEGLIGIBLE 

(NOTE 21 NEGLIGIBLE 

S 270 3-500 MCM 1 NEGLIGIBLE 

i 

.F. COILS I12 IN SERIES) 
00 V dc, 10 kA PEAK 

G.A. TOKAMAK 
TNS/EPR 

TF: 'I OF 4 

NBI: 1 OF 5 

1 4 0 x 1 0 0  

(NOTE 31 

UNITS IN PARALLEL, 1 
IOTOR GENERATOR-FLYWHEEL IS USED FOR ENERGY STORAGE 4,300 I 3'000 ! 27.5 

i 

1 s 7.2 120 kb, 13W h 
OTAL FOR 5 4  SECONDS/ 
EACH CYCLE ! 

$ O . O W  ' .F.COlLS(12INSERIES~ 
300 V dc. 15 kA PEAK 

$157 

$62 1 

ORNL TOKAMAK 
TNSEPR 

ANL TOKAMAK 

120 x 120 

(NOTE 3) 

T i :  1 OF 4 

NBI: 1 OF 5 
nOTOR GENERATOR-FLYWHEEL IS USED FOR ENERGY 5 :ORAGE 2 uNm IN PARALLEL. 

180 kV. 672 A TOTAL 

10 MW dc POWER 

$ 1.85 
(10 MW INJECTION AND 
50% EFFI 

TOTAL 
20 UFIITZ, 5 kV, 4 kA 

-.F. COILS I12 IN SERIES) 
'2 v dc. 60 kA PEAK 

$0.025 

$0.004 

I O . o W 6  

.F. COILS I48 IN SERIES! - 
60 MWe PEAK 
S kV IMAX! AT LOW 
CURRENT AND 10,000 A 
(MAXI AT LOW VOLTAGE 

510 I 62.8 10.000 
TF: 1 OF 5 

NBI: 1 OF 5 

170 X 140 

{NOTE 31 
IOTOR GENERATOR-FLYWHEEL I S  USED FOR ENERGY STORAGE BUSTAPPED 5 k V . 4 k A  NEGLIGIBLE 

AT EACH ONIT 
PPPL TOKAMAK 

PROTO 

M I T  TOKAMAK 
HFCTR PROTO 

$108 

$114 

$8.7 1 6 X  10 

NEGLIGIBLE --I- 1 6 0 x 1 6 0  \ TF:1 O F 9  

N8I: 1 OF 7 ~ 1 170 
$4.05 17 X 10 

i 

3COILSBITH 
INDEPENDENT POWER 
SUPPLIES EACH RATE0 
212Vdc.11 kAPEAK 

ilOTOR GENERATOR-FLYWHEEL IS USED FOR ENERGY STORAGE 3 UNITS 
TOTALPOWER REOUIRED: 1 $ 9.73 

! BO kV AT 3664 A 

6-500 MCM 
(NOTE 21 

2 __..,.t UNITS 

80 kV AT 500 A 

~ 

1 S 197 NEGLIGIBLE 

UBI SYSTEM IS AUGMENTED BY 3.0 MW- of MICROWAVE HEATING 

4T 70 GHz. MICROWAVE HEATING SYSTEM COST: $25.0 MILLION 
160 x 120 

INOTE 31 

TF. 1 OF 3 
ARE: 1 OF 3 
NBI: 1 OF 5 

24 T.F. COILS (3  SETS OF 8:  

$8 ARE COILS 13 SETS OF 
20 V. 75 k A  

1,155 

1,156 

LLOWANCE FOR 
RANSITION COIL! N/A 
POWER SUPPLY i 

2-500 MCM 
(NOTE 2 )  I I $0.032 (TF) $780 (TFI ORNL EBT 

TNS 
16): 1600 V, 3 kA 

I i 6 O X  1M : TF: 1 O F 3  
! ARE:1 O F 3  

!NOTE 3) 

NBI SYSTEM I S  AUGMENTED BY 3.0 MW-of MICROWAVE HEATING 

AT 70GHz. MICROWAVE HEATING SYSTEM COST: $25.0 MILLION 
24T.F. COILS 13 SETS OF 8 

48 ARE COILS 13 SETS OF 
20 V. 75 kA. 

161: 1600 V, 3 kA 

6 UNITS 
TOTAL POWER REOUIRED: 
120 kV AT 1.000A 

2-500 MCM 
(NOT€ 2) 

NEGLIGIBLE I $ 197 $0.032 (TF! $780 (TFI N O N E  

N O N E  

N O N E  

ORNL EST 
EPRlDEMO 

I c 50.2: 

N8I: 1 OF 9 170 X 100 

(NOTE 3) 

240 MWe 
300 kV, BOO A dc 
30 SECONOS 

4.500 MCM 
(NOTE 21 I $ 3 9 4  

NEGLIGIBLE $1 1.61 TANDEM 
MIRROR 

TORSATRON 

UNOEFINED 

NEGLIG:SLE 1 $1970 

2 
20500 MCM 

(NOTE 21 
HEi iCAL WINDINGS AND 
COM? LOOPS: 
1 K V .  50Q kA 

500 MWs 
120 kV. 4166 A I $24.54 

IDVfilNG 

PERIOD 
CHARGING $5201 

ONLY) 

(NOTE 31 

SPACE REQUIRED ' 
FOR HOMOPOLAfi 
EQUIPMENT NOT 

DEFINED 

$21.3 l W X 7 7  

HOMOPOLAR GENERATOR IS USED FOR ENERGY STORAGE 
THISREACTOR ALSO REOUIRESAN ADDITIONAL HOMOPOLAR 
GENERATOR POWER SUPPLY FGR THE PVLOIDAL FIELD COILS, 
WITH A CAPACITY OF 6.6 GJ N/A 1 N/A 

I 
INCLUDED I NO NBI'S 

H EOU I R E D 

NO lNFO ON de SUPPLY. 
LASL SUGGESTS A 4.7 GJ 
HOMOPOLAR GEN 

N/A 
(INSTALLED) 

$47 i - REVERSED 
FIELD PINCH 

4. System comFnent ccsts are based on 9.005 per Joule and $25.00 per kVA. 2. Number of cables are for each dc bus. For borh positive and negative buses, the number of cables must be doubled. 
3. Space shown is for the oil circuit breakers. rectifier transformers and rectifiers only. I t  does not include ?he ac step 

down transformers. high voltage ac buses or stored energy systems space requlrements. 

NOTES: 

1. The dc conversion equipmenr costs include only the rectifier Transformers with the associated oil circiiif breakers and 
the rectifiers. I f  does not cover the cost of the ac srep down transformers to reduce the power line voltage. or tne 
cost of any reguiating autotransformers required lor variable ac voltage control. These costs do not include equipmenr 
installarion either, except for the reverse field pinch homopolar wuipment price. 
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TABLE 3 - 2 
MAGNET TYPE - SUPERCONDUCTING (SC) NORMAL (N) REACTOR CHART OPERATING MODE - PULSE0 (PI STEADY STATE (SS) 

NAME OF COIL 
T O K A M A K  ELMO R EVERSEO 

FIELD PlNCt PPPL MIRROR TORUS AN L GA M IT ORN L 
I 1 I I I I I I I 

I 

TOROIDAL FIELD COILS sc - ss sc - ss sc-ss sc - ss sc - ss sc - ss 

POLOIDAL FIELD COILS s c - P  sc - P sc - P 

OHMIC HEATING COIL (OH) s c - P  I s c - P  

EQUILIBRIUM FIELD COlLS (EF) s c - P  

F COILS I 
I I I I 

s COILS N-SS I 
E COILS 

DIPOLE COILS (DC) 

I HEXAPOLE 

TRANSITION COILS 



There are four basic t y p e s  of powex- regrairnanexits in all t h e  

experimental fusion devices as described. be lau :  

3*2* 1 Steady State Naqnst dc Rcquireaents 

The supply o f  energy to the toroidal f i e l d  c o i l s  r e q u i r e s  

generally a source ol ~ Q W  voltage ghundmeds of v o l t s )  and high 

cuarrent (thousands af a m p s )  f o r  periods sf  at. least several 

seconds, The most economical ay to s u p p l y  t h i s  p~wex- is with 

siliczorm diode type rectifiers tsgethenr w i t h  t h e i r  associated 

s tep-down rec t i f rex  transtomiex-s If variable voltage is 

required, SCR-type nectifiers @an be used, ~ f t e r  the i n i t i a l  

large amount of pouer requimed to exci te  t h e s e  supmxmduct ing  

co i l s ,  the power requi rements  axe diminished duKing the steady 

state operation 0% the device. JCL the operation s f  the device 

is i n t e r rup ted ,  the energy contained in the c o i l s  i s  

discharqed i n  Liquid-typ xesis&or: kanks- 

The following are the requirements of typ ica l  areaetoxs: 

- G,A, Tokamak 'TNS/EPR. T h i s  reactor has  12 toroidal f i e l d  

c o i l s  connected in series requiring 10Q v o l t s  dc (maximum) at 

10,000 A, Three re@tifi@r-~raASfOK ex u n i t s  %ill. be used,  me 

being a f u l l  s p a r e ,  each one rated 13-8 kV, 3 phase, ac i n p u t  

and 108 W, 5000 A, dc outgut -  
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- OIWL Tokamak TNS/EPR. T h i s  reactor has 12 ltoroidal f i e l d  

coils connected i n  series requiring 1300 v o l t s  dc ( m ~ m u m )  a t  

15,000 A-  Four rectifier-transformex units w i l l  be used, one 

as  a full spare, each one rated  13-8 kV, 3 phase ac inpt and 

1300 v #  5,000 A dc output- 

I_ ANL Tokamak T k i s  reactor also h a s  12 to ro ida l  f i e l d  

coils cannected in series and requiring a t o t a l  of 72 vol ts  d c  

(maximum] a t  60 ,000  A- Four  rectifAex-trans€ormex u n i t s  w i l l  

be used, one as a spare, each one rated 13.8 kV, 3 phase, ae 

input and 7 2  V dc, 2O,OQO A output ,  

PPPL Tokamak Prototype, This  reactor has a t o t a l  of 48 coils 

requiring variable voltage and current, I n i t i a l l y ,  these 

series-connected coi l s  w i l l  be charged  a t  1000 volts (each), 

a t  a reduced current value,  As they axe ChXgGd, +he ualtage 

requirements w i l l  decrease u n t i l  reaching a steady state value 

of 25 vol ts ,  The current w i l l  have reached a value of 

l Q , O O O  A,  According to PPPL,the total  p a k  pover required 

w i l l  be 6 0  MWe and the  total average p o w e x  will be 2 8 - 8  M G e -  

... 

The very h i g h  voltage required i n i t i a l l y  (48,000 vol t s  for a l l  

48 coils) can be supplied by capacitors during a shor t  period 

of t i n e ,  S C R - t y p e  rectifiers with voltage c o n t r o l  (through 

requlating autotransformers) and current control w i l l  he used 

t o  supply these coils during the rest of the  charging period, 

Five  rectifier-transformer units  w i l l  ke required, one being a 
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. ahis reactor has eight toroidal  

f i e l d  coils, each requiring a sepaxatre g o  er supply capable af 

developing 212 V dc a& 11,800 A- N i n e  9ecti.Eier-transformer 

units  will be provided, QE-E of them as a spire c a p k l e  of 

tcseinq switched O V ~ E  to any of the t o m i d t n l  S i d d  coi ls ,  

-II__ O R W  v EBT - TNS, The ORNL ElsT TNS reac4z.o~ requires t w o  d i f f e r e n t  

magnet power  s u p p l i e s ,  It has 24 toroidal f i e l d  coi ls  

arranged in three p a r a l l e l  groups of eight series-connected 

c o i l s -  The total p w e r  required 1s 20 volts de (maxi 

75,008 A. T h i s  can h obtained from 3 rectifier tranSfsx~nt?~% 

with one being a spare, rated 13-8 kV, 3 phase inpt 

37,508 A dc output. The reactxr alsa ~ q u i ~ e s ;  dc paw= far 48 

ARE c o i l s  comected in 3 s e t s  ~f 16 coils. labe 3 para l l e l  

co~nectedl sets require a t o t a l  power of 1600  vsl-lts at. 6 , 0 0 0  A. 

The power supply will consist of B h r e ~  rect i f ier-txansfcmx 

uni ts ,  one as a spare, rated 13.5 k’&i# 3 phase ac input and 

l 6QQ V, 3,000 A dc o u t p u t ,  
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Tandm Mirror. T h i s  reactor w i l l  require a 1 MWe power supply 

far t r a n s i t i o n  coils, The start  up of this reactor requires a 

total of 3000 A at 20,000 V dc during 10 milliseconds. 

Capacitors can be used to provide this sower. 

w s a t r o n .  T h i s  reactor does not have t o r o i d a l  f i e l d  c o i l s .  

Homver, a 1 ,000  v o l t  dc 500,000 A power supply i s  required 

for t h e  superconducting he l i ca l  windings and compensation 

loops during the charging period, 

To provide t h i s  power, a to ta l  of 11 rectifier-transformer 

units w i l l  be  required, one of them be ing  a sFare unit ,  Each 

u n i t  w i l l  be rated 13.8 kV, 3 phase ac input and 1000 V, 

55,000 A dc output- 

3.2-  2 Power Resuirements for Neutral E t g n  In iectors 

The neutral  beam i n j e c t o r s  require a d c  power supply capable 

of providing ( in  each rinjection cycle) a very high voltage 

(hundreds of thousands of volts) and r e l a t i v e l y  low current 

(hundreds of amperes) during several seconds, 

Our  study has assumed that t h i s  pokier w i l l  be obtained by 

stepping up the ac voltage s o u c e  through transformation and 

then rectifying it through silicon corkrolled rectifiers w i t h  

their gate f i r i n g  circuits e l e c t r o n i c a l l y  controlled t o  

provide the necessary s t e p  function voltage required for ion 

... 
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acceleration- T h i s  appreach would a l l o w  the use, at a 

cammitted fusi site, of only  one powr supply  to serve EIQFCS 

khan one fusion device- 

A m k h ~ r  alternative to provide this de: &owear is s u p ~ l y i n g  ac 

E- ts each neutral. beam uijectam and have a smll, 

independent, power supply in each unit to step up the voltage 

and r e c t i f y  it as required, This approach has the 

that there is no need to supply laxge klocks of dc power at 

veny h i g h  voltage from a central power s F F l Y  loca ted  at some 

distance from NBI units,  'ELe disadvantages age, in part,  that 

if one power supply tails, the c a ~ ~ e ~ p ~ ~ d h g  u n i t  is shut  

d m n y  axid. that t h i s  system may be less econa i ca l  at a s i t e  

whexe more than one K ~ ~ C ~ C X  as i n s t a l l ~ d ,  

Gl,aa, ~iakamak TNS/EPR, This  xeactar has twe lve  wits that 

m ~ q u i r e  a tota l  ~f 4 0 Amps at 150 kV fox p e r i s d s  of la& to 5 

seconds in each injection cycle.  The camman power supply 

concept w i l l  use Pive x e c t i f i e r / t r a ~ l s f o m e x  u n i t s ,  each one 

rated 13-8 kV, 3 phase ac input  and 150 kV, IO0  A de o u t p u t ,  

- ORNL - Tokamak Srmc NBE units are used in this 

reactor, requiring a t o t a p  of 120 kW at 1300 A, The sower 

will be supplied by 5 rectiPieP/trana%form~~~, one of them 
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spare, and each one rated 13.8 ICV, 3 phase ac input and 

120 kV, 325 A dc output.. 

BM, Tokamak This reactor w i l l  have 2U neutral b e a m  

injectors, requiring a total power of 180 kV at 672 A dc 

(120 M W e ) .  This power w i l l  be obtained from 5 rectifier/Y 

transformer units, with one of them u s e d  as  a spare and each 

one rated 13.8 kV, 3 phase, ac input and 180 kY, 168 A dc 

output. ANL s t a t e d  t h a t  they could feed t h e  M3I.s from a 3 GJ 

stored-energy system, allowing 2 GJ for other coils. 

PPPL Tokamak Proto. This reactor requires 20 NBI units, each 

one of them rated 5 kV, 200 A. T n e  total power r e q u i r e m e n t s  

w i l l  be 5 kV at 4000 A. Three rectifiex/transformer units, 

one of them a spare, will be provided. Each unit will be 

rated 13.8 kV, 3 phase ac input and 5 kV, 2000 A dc output .  

MLT Tokainak HF'CTR. This reactox w i l l  use 8 NE1 units 

requiring a t o t a l  power of 120 kV at 166 A. To p a v i d e  t h i s  

power, seven rectifier/trans€ormer units will be used, one of 

them a spare, and each one rated 13.8 kV, 3 phase, ac input 

and 120 kV, 280 A, dc output. 

_I_ ORNL TrJB. Only 2 NBI u n i t s ,  requiring 80 kV, 500 A dc 

tota l  power, w i l l  be used in this reactor, This power will be 

obtained from five rectifier/transfonners, one of then a 
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spawe, and each one xated 13.8 kV# 3 phase, ac i n p t  and 

80 kV, "125 A dc output- 

-_1 O R m  EBT EPR/Demonstration, The  neutral beam injector and 

their  POW= requiremnts for this  reactax are 120 kV, lQQOA dc 

total  power. 

e____. Tandm Mixror- T h i s  reactor requires a to ta l ,  ~ o w e r  for the 

neutral km injectors of 309 kV at 80 e i n p u t  for 

020 MWe i n j e e t i a n  p o - ~ x ) ~  T h i s  power w i l l  be obtained from 

nine rectifier/ transformer units: one a€ them used as a spare, 

and each one rated 13.8 kV, 3 phase, ac input and 300 kV, 

100 A dc output, 

Torsatran- The informatian obtained abaut t h i s  reactor 

indicates that i ts  neutral. beam i n j e c t o r s  r q u i ~ e  about 120 kV 

at a power l eve l  of from 400 to 600 Mke, Assuming 50Q M&e as 

a basis ,  this power w i l l  be obtained from eleven 

xectifiexBtwans6cPrmer units, using ane of them as a spare. 

Ebach one of them w i l l  be rated 13-8  kV, 3 Fhase, ac input d 

120 kV, 428 A dc output. 

Reverse F i e l d  Pinch, T h i s  reactox will nok use neutral  beam 

injectors- 
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3-2.3 Stored Eoerqv Powq-& euuirements 

Very high power l e v e l s  of dc energy h a v e  t o  be delivered t o  

the EF and O h m i c  h e a t i n g  coils of the reactors during short 

pe r iods  of t i m e ,  A t  c e r t a i n  points during the s t a r t i n g  

period these coils also regenexate power which mus* be 

absorbed by the system or dissipated i n  some way- O t h e r  types 

of coils i n  c e r t a i n  reactors, such as the t r a n s i t i o n  coils i n  

t h e  Tandem M i r r o r  reactor also r e q u i r e  this type o f  power, 

T h e r e  are three basic ways t o  suFply t h e s e  energy 

xequirements, which are discussed briefly i n  t h e  following 

paragraphs: 

0 Suixxconductinq Induct ion W x a q f  System. This 
system c o n s i s t s  of OKE ( o r  several) large 
superconducting magnet s i m i l a r  t o  the toroidal f i e l d  
magnets. T h s  magnet will r ece ive  power from t h e  
steady-state dc p o w e r  supply used for the TF magnets, 
which w i l l  maintain its energy at a f l o t a t i n g  level, 
The system has a solid state, SCR-type conversion 
u n i t  to c o n t r o l  the output t o  obtain the requi red  
pulse shape and duration, This conversion system 
will also switch polarities automatically.  

* Hompolar Generator. The homopolar genera tors  act  as 
very large capacitors capakle of storing and 
d e l i v e r i n g  high current l e v e l s  wi th  a very fast rise 
t i m e ,  I n  most cases these gene ra to r s  r e q u i r e  a prime 
mover w h i c h  normally consists of an ac wound7rotor 
type i nduc t ion  motor. However, these machines are 
n o t  y e t  be ing  widely ans idered  for stored e m r g y  
systems because they axe still in a primitive stage 
of development, 

M-G Sets w i t h  Flywheels. These units c o n s i s t  of a 
very large ac wound rotor type induct ion  motor 
d r i v i n g  a fly-wheel which weighs several hundred t o n s  
(depending on the Megajoule rating r e q u i r e d )  and an 
ac generator ( a l t e r n a t o r )  . The a l t e r n a t o r  output, 
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due  to t h e  f l y w h e e l  effect when coasting (deliverring 
enerqy) o x  aceeleratug (absamrbing energy), w a l l  have 
a varying fre ency which can be csnrec ted  through 
the use of a cyc loconv~r t e r  (a  solid-stake, ac to dc 
frequency eonveritez) %he output  of the 
cycloconverter can then be. rectified and aFFlied to 
the  magnets, 

Stoned energy devices can also he usedo ttamugh pxoper wave 

shaping, ta supply p a w e r  to the Neutral  B e a m  Injectors 

described in the preceding paragxaph, altkough far: the 

purposes of t h i s  description, we have considered t h a t  the N B I  

will be s u p p l i e d  from mare conventional C O ~ V ~ K S ~ O ~  equipaent,  

The stored enexgy requirements of the different fusion reactor 

cepts are as follows: 

G,A, Tokamak TNS/EPR, G, A. suggests the use of hrsmqolar 

generators to supply the following stored-energy requirefients. 

B-.--... rrF8B C o i l s :  9Q MIWe peak, U5 MHe average far 3 0  
seconds ~n and 30 seoonds orf a t  180 vo l t s ,  10,800 V 
required during s t a t  u p  for 20 m i l l i s e c o n d s ,  

* _I- C o i l s :  18 MWe peak, 1 MWe average, 50 V at 
100 kA, with m a x i m u m  voltage of 1000 V dc required 
for less than one second. 

a C o i l s :  800 m e  p a k  at IQO0 V d e  for a p e r i o d  of 
less than 5 seconds, 

_u_ ORNL - Tokamak TNS/EPB. T h i s  reachor has  s i x  sets of 8aEF81 

coi ls  and O h m i c  heating system requiring a total s tored 

capacity of 3,7 W. ORNL suggests the use of MG sets  with 

f l y w h e e l s ,  
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- ANL Tokamak pJ. This reactor requires a 2 GJ stored-energy 

system for pulsed coils. ANL feels that system could be 

increased to 3 GJ and also supply t h e  NBI*s, 15 MCSe of ac 

power required for the 3 GJ MG set. 

- PPPL Tokamak Pxototvm. PPPL advises that the  start up power 

requirements f o x  this reactor are 5 1 0  MWe peak during a 

6000-second c y c l e .  Average power is neg l ig ib le .  

- MIT Tokamak HFCTR. The following information was obtained 

from MIT about this reactor: 

0 && t=0.03 sec after start UD, the coils regenerate 
3,114 MWa. 

At t=2.0 sec after start UX), t h e  c o i l s  regenerate 
87 MWe. 

0 At t=4.0 &c aJtS start UF, the c o i l s  aksorb 
468 MWe. 

ORNL EET TNS, No stored-energy type pauer requirements. 

- ORNL R T  EPR/DemonstXatiOn6 No s t o r e d - a e r g y  type power 

r q  uirments. 

gandun Mirror. Start up requires pulses  of 3000 A at 20 kV dc 

during 10 mil l iseconds,  which can be supplied by cagacitors, 

A 1 MWe power supply will be required for the transition 

coils.  
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Tawsatron. No stored-energy power requirements, The 1 kV, 

500 k A  power supply required during t h e  charging per iod  i s  

described in Subsec t ion  3.2.1. 

Reversed F i e l d  Pinch. LASL suggests t h e  use of a 4-7 GJ 

homopolar generator system to supply t h e  toroidal field coils. 

Another homopolar generator power supply system, r a t e d  5.6 CJ, 

will be required to supply the palaidal. field coi ls ,  

3.2.4 A u x i l i a w  Power Reauirements 

These include a l l  the power required by the cryogenic and 

water pumping systems, and miscellaneous ac electrical loads, 

The ae power input requirements for t h e  dc rectifiers and 

stored-energy systems are not included. 

- G,A* Tokamak TNS/EPR. The aux i l iary  pokier requirements are: 

Liquid Helium system: 24 M W e  

Liquid Nitx-ogen system: 3 NEe 

pumps : 10 w e  
Miscellaneous powex: 7 M W  

T o t a l  auxi l iary power: 44 M W e  

O W  - Tokamak TNS/=. The auxilaary power requrements are: 

Cryogenic system: 50 NWe 

Pumps: 27 Mie 
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Miscellaneous power: 10 MWe 

T o t a l  auxi l iary  Fower: 87 Mkie  

ANL Tokamak EPRI The auxiliary power requirements are: 

Cryogenic system: 10 We 

Pumps: 6 MWe 

Miscellaneous power: i a  M w e  

Total aux i l iary  power: 34 #We 

I_ PpPL Tokamak. Prototvrx. The auxiliary power requirements are: 

Cryogenic system: 100 NWe 

Pumps: 20 MWe 

Miscellaneous power : -- 24 MWe 

Total auxiliary pow€r: 144 MWe 

MIT Tokamak HFCTWProQ tvm. The auxiliary power requirements are: 

Cryogenic system: 152 MWe 

Pumps : 20 MGie 

Miscellaneous Fewer: 20 Mtie 

192 MWe 

ORNL EET - TNs.  he auxiliary power requirements are: 

Cryogenic system: 4 MWe 

Pumps : 7 . 5  MWe 

12 M k  

23.5 MWe 

Miscellaneous power: --- 
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ORM, EBT/Demonstxatbn,  The auxiliary pokier Iequiremcnts are: 

Cryogenic system: 4 MWe 

Pumps :: 25 M W e  

Miscellaneous power: 18 M W e  

T o t a l  auxi l iary  ptmer: 47 NWe 

Tandem Mirrox- The  auxiliary power requiremnts are: 

Liquid He system: 25 MWe 

Pumps :: 4 H&E? 

25 MWe Miscellaneous P O W ~ :  --- 
Tota l  auxiliary power: 54 M W  

Torsat+ons The auxiliary pawex requirements are: 

Refrigeration system: 15 M W e  

Pumps : 36 &e 

Miscellaneaus POWK: 18 Mke 

Total. auxi l iary  pewex: 61 M W e  

Reversed F i e l d  Pinch. The auxili.ary power requirements are: 

Refrigeration system: 33 MWe 

Vacuum system: 4 WWE 

Pumps: 24 MWe 

Miscellaneous power: -- 12 M W  

Total. auxi l iary  power: 73 MWe 
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3 .3  WATER R.EQUIREMENTS 

Water r e q u i r e n e n t s  a r e  determined by the process  water needs of 

the dev ices  loca t ed  a t  t h e  site, t h e  f i re  water needs for  the 

f a c i l i t y  fire p r o t e c t i o n  system, and t h e  d o m s t i c  water needs of 

t h e  operators and other f a c i l i t y  personnel.  

The process water requirements  are device- re la ted ,  while the f i re  

and domest ic  water needs are determined by the a p p l i c a b l e  codes 

and i ndus t r i a l  s t and ar ds- 

3 . 3 - 1  Process Water Requirements 

Since o n c e t h r o u g h  coo l ing  does n o t  seem to be envircmmentally 

acceptable, r e c i r c u l a t i n g  e m l i n g  systems with forced draft 

c o o l i n g  towers have been assuned, The process water requirements 

are determined p r i m a r i l y  by the make-up water needs i n  the 

c o o l i n g  water system t o  replace t h e  evapora t ion  losses and drift, 

and, t o  a lesser degree, by t h e  demineral ized water needs  of the 

d e v i c e s  I 

Based on power/plant design experience, it has been assumed that 

the make-up water requirement  is  3 p r c e n t  of the c i r cu la t ing  

water [cool ing water) flow and the deminera l ized  water 

requirement  is 10 percent  of the make-up water supply. 

C i r c u l a t i n g  water f low fsr t h e  water-cooled TNS and EPR d e v i c e s  

was c a l c u l a t e d  based on the total amount of waste heat to be 
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rejected by t h e  cooling tower and the difference between the 

inlet and outlet temperatures  across the coo l ing  t 

t o t a l  amount of waste heat was assumed to be the peak thermal 

output of the fushn reactor far the ncpn- 

devices. The waste heat ta be rejected by t h e  cooling t.ower for  

powas generating devices was c a l c u l a t e d  an the basis of the  

lifference of peak thermal ~ u t p u t  of the reactor and the electric 

output of the system, The tern rature difference across the 

cooling tower, if n ~ t  g iven  by the laboratories, was assu 

be 14OC, 

No cons idera t ion  w a s  given to d u t y  factors of the various devices 

in their develDpment phases. The circulating water f l o w  w 

determined based on t h e  peak thermal output of the devices  as i f  

they were operating c m t i n t m u s l y  a t  their rated thermal output. 

It was judyed t h a t  opk imiz ing  the re la t ive ly  I s w  cost circulating 

water system and p o s s i b l y  imposing operating l i m i t a t i o n s  on the 

d e v i c e s  would be false economy i n  t he  early stages of engineering 

experimentation with the fusion devices ,  

Process water requirements ~f the v a r i o u s  c a n d i d a t e  fusim 

devices i n  t h e i r  development phases are tabulated i n  Table 3-3- 

The parameters sham in Table 3-3 are: 

Peak thermal autpu t  3f  the reac2or (MW) 

C i r c u l a t i n g  (eaoling) w a t e r  f l o w  (Piters/sec) 
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SYSTEM PARAMETERS 

IOCESS WATER RE~GIRhYF,NTS: 

, Peak Thennil Output of 
Resetsr: R (XWd 

, Circ.Water Flow: Q(lit /sec) 

, Circ. Water Purrp Ratii lg A(XP) 

. Circ. Water Turnping Power 
Required: 

(Based on 5Gm pumgi:la head) 
? (me) 

, Number of Circ .  Ueter Pipes  
n (each) 

. Dlalnsror of Circ. Water P i p e s  
3 (m) 

. Circ. Water lake-up 
Hrquirrnent: ql ( l i t / s e c )  

. Demineralized Water 
Kequirement: q2 ( l i t i s e c )  

. Total Process Water 
Requlrement q3 (litisec) 

EPR 

3EMO 

TABLE 3-3 

SITE CK44RACTERI STICS 

WSTEY PROCESS W.4TES 

G . A .  - 
R 7 50 
Q 14,700 
B 11,500 
P 10 
n 1 
D 2.5D 
ql 440 
92 40 
q3 480 

ORNL 

1,775 
38,220 
30,000 

27 
2 

2.85 
1,150 

120 
1 ,270  

- 

- A M %  E 
R 600 2,260 
Q 8,540 34,100 
N 6,700 26.800 
P 6 24 

2 
D 1.90 2.70 

1 

ql 260 1,020 
q:, 30 100 
q3 290 1,120 

- A N 7 . G . A . B  PYpL 

R 1,500 1,441 6,760 2,650 
Q 1?,100 19,400 102,400 27,960 
n 13.400 15,200 80,300 2 i . m  
P 1 2  13.6  7 2  20 
n 2 2  4 
D 1.90 2.00 3.30 2.50 
01 510 5R0 3.060 840 

7 

50 60 300 80 
560 640 3,360 92W 

4'2 
q3  

HIT PPPL - 
R 2,470 5,305 

28,940 5 5 , m  
B 43,800 
Q 

22,700 
r 20 40 
n 3 
D 2.50 2 . 8 0  

2 

ql 870 1,680 
92 90 170 

92 960 1.850 

TAWDEM MIRROR 

ILL - 
300 

5 ,  160 
4,030 

3.6 
1 

1.50 
155 
15 
170 

LLL 
2 , 5 6 0  
32,000 
25,100 

22.4 
2 

2.60 
960 
ID0 

-1.060 

- 

E9T 

ORNL 

500 
10,780 

7.50 

- 

8,450 

1 
2.15 
320 
30 
350 

#.NL - 
2,000 
28,800 
22,600 

20 
2 

2.50 
870 

90 
960 

ORNL 

2,500 
35,960 
28,200 

25 
2 

2.80 
1,060 

1 2 0  
1,2m 

TORSATRON 

4,340 
50,700 
39.750 

36 
2 

3.30 
1.520 

180 
1,700 

L A S i  __ 
2 , 9 8 0  

33.842 
26,500 

2h.O 
2 

7.ao 
1,015 

105 
i.120 



8 C i r c u l a t i n g  wat-er pump drive p ex required {MWe) 

en: of c irculat ing  water s (each] 

Qiametes of circulating water p i p s ,  based on 3 
ewdsec V E l o C i t y  ( 

Circulating water make-up require nt (li$ers/sec) 

* Demineral ized water requirement (liters/sec] 

@ Total process water requirements (liters/sec) 

It i s  assumed that the water-cooled TNS and EPR devi.ees w i l l  have 

a closed-loop c m l i n g  system and a ter-to-water heat excha 

to cope w i t h  the relatively large differemce between the i n l e t  

and o u t l e t  ternptxature at the  device and l i m i t  the temperature 

gradient through. t h e  coaling tower t o  1 *C ~ ~ i ~ ~ ~ -  Anather 

purpose of the clase3-lsop c l i n g  system and heat exchanger is 

to prevent t r i t i u m  release through the coaling tower. 

The d e s i g n  characteristics of the fire protection system at the 

committed site w i l l  he based m t h e  Nakioninl F i r e  Pxrotection 

Association (NPPA) codes, The fallowing are t h e  pr inc ipa l  NPPA 

codes which will influence the design of the  fire pr~-ste@diorr. 

systems: 

N J E " P A - ~  3 spr inkler  systems, Ins ta l la t ion  

NFPA-14 S t a n d p i p  a d  Hose Systems 

NFPA-I~ Water spray Fixed  systems 

NFPA-20 Centrifugal Fire Pumps 

NPPA-24 O u t s i d e  P ro tec t ion  
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Based on the a b v e  codes and design experience with fossi l  and 

l i g h t  water r e a c t o r  power p l a n t s ,  t h e  fol lowing requirements are 

e s t a b l i s h e d  f o r  t h e  f i r e  water system: 

Water Systen F i r e  Pumps and Water Sources. Three fire pumps, 100 

liters per second capac i ty  at 0.9 mega pascal pressure each w i l l  

be requi red  to supply t h e  main fire water loop surrounding t h e  

p l an t .  These punps w i l l  be l o c a t e d  over the s u c t i o n  sump of the 

coo l ing  water bas in ,  draw water d i r e c t l y  from the sump, and 

discharge i n t o  the fire main. Ind iv idua l  fire p r o t e c t i o n  systems 

t h a t  use w a t e r  f o r  ex t ingu i sh ing  fires will be suppl ied  from t h i s  

f i r e  main. 

A l t e rna t ive  source  f o r  f i r e  mter w i l l  be t h e  1 , 2 0 0  m3 capac i ty  

fire water tank. The standby water pump, identical i n  capacity 

and p res su re  t o  the  main fire water pumps, w i l l  draw water from 

t h i s  tank. 

The main f i r e  pumps will be electric-motor-driwen with adequate 

c a p a c i t y  t o  prcwide t h e  flow demand of the largest fixed 

automatic water extinguishing system plus 65 liters per second 

for hose streams. These pumm w i l l  main ta in  enough pressure in 

t h e  fire loop to provide a minimum r e s i d u a l  pressure of 0.4 MPa 

a t  the highest hose s t a t i o n  with a flow rate of 6 liters per 

second from that s t a t i o n .  

The standby f i r e  pump will provide backup t o  the main fire pumps 

and w i l l  be diesel-engine-driven. This unit w i l l  s t a r t  
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automat ica l ly  when t h e  pressure i n  t h e  main f i r e  loop drops 0.07 

%Pa below t h e  s e t t i n g  a t  which t h e e  m a i n  fire pumps start. 

A jockey pump W i l l  maintain system pressure a t  approximately 0 - 9  

MPa in the main fire loop., The jockey pump w i l l  be sized to m a k e  

up leaks at a rate of 2 l i t e r s  per hour per 108 jo in t s  in the 

main. f i r e  loop, but not  aore t h a n  2 l i t e r s  p r  second, 

The domestic water requirements far t h e  ea t t e d  s i t e  w i l l  be 

determined by the m u m k r  of operators, maintenance and support 

per sonne l  occu@ying +he site, m e  €e respondents $0 the 

ques t ionna ire  sent o u t  during Task I00 est imated the total number 

n f  p l a n t  personnel  at around 100. 

Damesteic water requi rements  on that bas i s  ?AI1 be 47,506 l i ters 

per day suppEied at a maximum €Pow rate of 6 liters per see- 

The domestic ter s y s t e m  ill consist of d i s i n f e c t a n t  i n j e c t i o n  

equipment ,  a hydropneumatic tank of 20-Q rns c a p a c i t y ,  and 

associated electric motor ar iven  pumps ana ~ o m p r e s s ~ r s  rhis 

system will feed the domestic water d i s t r c ibu t io  piping at a 

pres su re  r e q u i r e d  by the local plumbing code. 
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4.0 COMMON FUSION SITE CJSRACTERISTICS 

Common fusion s i te  c h a r a c t e r i s t i c s  vary samwhat for TNS (The 

Next Step, I g n i t i o n  Test Reactors) devices,  which have the 

primary purpose of achieving plasma i g n i t i o n  only, and EPR, 

demonstration and prototype fus ion  reactors, a l l  of which produce 

electric power. 

The power generated by t h e  TNS devices  will be r e j e c t e d  

through coo l ing  towers; t he re fo re ,  s t e a m  genera t ion  and power 

genera t ion  f a c i l i t i e s  w i l l  n o t  be r e w i r e d  for t h e  TNS devices. 

Few of t h e  TNS devices  are equipped with blankets, and even the  

ones which are planned t o  be u t i l i z e d  as combination TNWEPR 

devices ,  and have b lanket  s e c t i o n s ,  w i l l  n o t  breed tritium when 

opera ted  i n  t h e  TNS mode. Therefore,  TNS devices w i l l  no t  have 

f a c i l i t i e s  to handle t r i t i u m  s e p a r a t i o n  from l i thium, and tritium 

puxi  f ica t ion.  

thermal 

Since most of the W S  devices w i l l  use water t o  cool the f i r s t  

w a l l ,  l i t h ium storage, handling, and p u r i f i c a t i o n  f a c i l i t i e s  will 

n o t  be required. Based on the d i f f e r e n c e s  i n  c h a r a c t e r i s t i c s  

between the TNS and more advanced EPR, demonstration and 

prototype fus ion  devices, the fol lowing lists desc r ibe  the  

c h a r a c t e r i s t i c s  of  the two groups- 

4.1 COPlIMON CHARACTERISTICS OF !INS FUSION DEVICES 
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AB1 TNs f u s i o n  d~vicces musk have a site sa t i s fy ing  the l i s t e d  

requirements  and  have the  charactexist ics  describ 

 and, selected and certified for t h e  construction and operation 

o f  a n u c P e z  f a c i l i t y -  It must have hig  ay and raiikrcoad access 

and, preferably,  a barge unloading f a c i l i t y  nearby, 

as Fencing, w i t h  personnel and vehicular access gatesl 
and gate houses 

e Grading and drainage 

B P l a n t  road sys t em 

P l a n t  railsQad spur 

4-1-31 .*suetures 

e Reactor bui ld ing  

e Control builcting 

B, Magnet power supply bui ld in  

e cryogenics building 

E+ Vacuum bu i ld ing  (1 ated in t k .  reactor building) 

Energy d i s s i p a t i o n  building 
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4.1-3.2 Balance of Plant Structures.  

0 

@ 

e 

0 

0 

e 

m 

0 

0 

0 

4.1.4 

Administration and eng ineer ing  building 

Pump houses (for fire and domestic  water) 

Fire house 

Laboratories 

Shops 

Mack- up bui ldi ng 

Magnet f a b r i c a t i o n ,  assembly, and t e s t i n g  building 

Warehouse 

Cooling towers 

C i r c u l a t i n g  water pump house 

P Process Service Systems 

4 .1 .4 .1  Elec tr i ca  1. 

* Main substat ion 

0 Plant  switchyard 

0 Plant a c  d i s t r i b u t i m  s y s t e m  

0 Uninterruptable p l a n t  emergency electrical system 

0 P l a n t  dc system 

0 Energy dis s ipat ion  system 
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4.1 -4.2 Water Supply. 

8 C i r c u l a t i n g  water system 

* O t h e r  p l an t  process water system 

0 Fire water system 

41 Plant domestic water system 

4 , l - Q -  3 Vacuum System- 

Q Roughing vacuum syste 

8 Finishing vacuum system 

4.1.4 I 4 Cryogenic System. 

e Liquid helium system 

e L i q u i d  n i t r o g e n  system 

4,9.4,5 Radwaste Handling System, 

8 Gaseous radwaste processing and s torage  system 

Liquid radwaste processing and storage system 

rn Solid radwaste processing and storage system 

B4-Y 



4.1.4.6 Plasma P u r i t y  Control System. 

/... 

... ... 

4 . 1.4 I 7 Plant Atornosphere Control SystSem ( W A C )  

4-1.4.8 Plant Control System, 

0 Plant operation and s a f e t y  control  and monitoring 
system 

0 Data processing system 

Plant secur i ty  control  system 

4.1-4.9 Plant Maintenance System, 

0 Reactor maintenance system (hot cells) 

0 General plant maintenance system, including 
maintenance shops 

0 Mobile maintenance e q u i p e n t  

4.1- 4 . 10 Laboratories. 

e General chemical laboratory 

0 Materials t e s t i n g  laboratory 

4.2 COMMON CHARACTERISTICS OF EPR, DEMONSTRATION, AND 
PROTOTYPE FUSION DEVICES 

In addit ion t o  the  requirements and/or Characterist ics  l i s t e d  i n  

Subsection 4 . 1  for TNS devices, the power generating EPR, 

demonstration, and prototype devices have the  following common 

c h a r a c t e r i s t i c s .  

4 - 2 . 1  Structures 



The s t r u c t u r e s  listed below will be required far the operat ion  of 

power genera t ing  devices in addit ion to the structures listed i n  

Subsec t ion  4 .  9.3.1: 

0 Tritium processing and storage building 

e Lithium storage and handling kuildirng 

Q Steam generating Building 

e Main switchgear bPliIding 

e TUrbiAC? generator bui ld ing  

 he process service systems l i s t e d  b e l o w  will be required for the 

s p r a t i o n  of power generating devices i n  addition t o  the process 

service systems listed in Subseetion 10-7.4: 

s Diverters (as required) 

8 D-T reprocessing s y s t e m  

Blanket  breeding teltial (l ithium or other) 
rece iv ing  and storage system 

Blanket breeding material (l ithium or other) 
di. s t.r i but i on sy s te rn 

B l a n k e t  breeding material (lithium or other) 
sampling and purity control system 

0 Tritium process system 

Tritium storage system 

Steam generation system 

o Pr imary  heat trans 

Intermediate h e a t  transport system, i f  applicable 

e Power generation system 
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O f  t h e  process service systems, t h e  electrical requirements are 

r e l a t i v e l y  w e l l  defined, These r e q u i r e m n t s  are descr ibed i n  

Sec t ion  3.2# and are shown i n  Table 3-1. 

The process,  f i r e ,  and domestic water requirements were 

c a l c u l a t e d  from t h e  t o t a l  r e j e c t e d  heat by each fus ion  reactor 

c o n c e p t ,  fire code requirements,  and past power p l a n t  d e s i g n  

experience, These requiremnts are descr ibed i n  Subsection 3.3 

and t h e  r e s u l t s  are tabulated i n  Table 3-3. 

Tsm additional process service systems: the cryogenic system and 

t h e  vacuum system were defined t o  a lesser depth  than t h e  

electrical  and w a t e r  systems. The requirements for these t w o  

systems, a s  w e l l  as  the responding laboratories could define 

them, are shown i n  Tables 4-1 and 4-2, respec t ive ly .  

Requirements  for t h e  rest of t h e  process s e r v i c e  systems a r e  not 

d e f i n e d  i n  enough d e t a i l ;  therefore, t h e  requirements cannot be 

e s t a b l i s h e d  nor  q u a n t i f i e d  a t  t h i s  t i m e ,  

4.3 OTHER, NONCOWON F U S I O N  CHARACTERISTICS 

....... 

.... -.. 

There a r e  a few f u s i o n  s i t e  characteristics which are n o t  common, 

These a r e  p r imar i ly  s i t e - s e n s i t i v e  or site-related c h a r a c t e r i c s ,  

unique t o  a s p e c i f i c  l o c a t i o n  of the committed fusion site. 

These include, b u t  are not n e c e s s a r i l y  l imi t ed  to, t h e  fallowing: 

0 Geographic l o c a t i o n  
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co 

SYSTEM PARAMETERS 

L1Q;Im nELIm: 

Largest  r e f r i g e r a t i o n  system 
d a t a  a v a i l a b i e  is from CTI - 
Cryogenics: 

Xef r ige ra t ion  Capacity-SKW 

Input Power  - 4 XW 

Dimensions - 
Cold Box 2.5m diameter  x 
bm h igh  

Compressor-4mx8mx2rn h:gs 

c o s t  - $3.7xlO6’systew 

X - r e f r i g e r a t i o n  capac i ty  
r equ i r ed  (W) 

PI - number 01 systems (Re- 
dundant systems not 
inc;uded) 

A - a r e a  r equ i r ed  for  sys- 
tem?. (mxm) 

C - c o s t  of r o t a 1  system 
(5x106) 

NOTE: 

Liquid helium d i s t r i b u t i o n  sys- 
:em and l i q u i d  n i t r o g e n  s to rage  
and d i s t r i b u t i o n  system a r e  not  
included,  because of i n s u f f i -  
c i c n t  information.  

TOKAMAK 

OiWL GA 

3 - io0 R 48 

I - 12 H 6  

A - 18x48 A 48x120 

c - 48.1 c 22.2*  

ORNI. 

< 300 
i 38 

i 48x140 

: 140.6 

PPPL 

: 280 

I 35 

L 48 x 164 

~ 129.5 

* 9 . 7  by G.A. 

PPPL 

125 

1 6  

18x112 

5 9 . 2  

PPPL 

140 

18 

48x112 

66.6 

TABLE 4-1 

5 IT€ CHARACTERISTICS 

SYSTEM CKYOGENICS 

TANDEM MIRROR €61 

R 7  

E 1  

A a m  x a m  
c 3.7 

Same a s  ‘INS 

Same a s  TIS 

REVERSED FIELD PINCH 

R - 12 

N =  9 

A - 10x35 

c = 33 



TABLE 4-2  

SITE CHARACTERISTICS 

SYSTEM VACUbM 

E BT TORSATRON TOKAMAK TANDEM MIRROR REVERSED FIELD PINCH SYSTEM PARAMETERS 

ROLICBING VACUA4 Pun?: 

V(H3) - Volume of Vacuum bham 

0 ( l i t e r f i i s e c )  - Pumping r z f e  
required calcuiaced from 

- - 
M I T  

30 

95 

117x 
1O?x 
86 

8,000 

V - 500 

D - 1275 

s - 17Ox236xi22 

C - 30,000 

V - 180 
D - 85 

S - 127x147~97 

C - 14,000 

M I T  OWL* PPPL 

425 450 

945 945 

170x221 170x221 
xi22 x122 

27,000 27,000 

PP2L 

10 30 

3070 

190.~239 
x136 

42 I 300 

I 
C A  PPPL 

OWL* PPPL 

425 450 

945 945 

170x221 170x221 
xi22 x122 

30 

95 

117x 
1O?x 
86 

8,000 

F = System i a c t o r  der ived 
from Kinney Vacuum Com- 
pany  Systerr, fac tor  
curves = 15 

Tine ( s c s )  - Time t o  puinp 
do- i r o n  760 Lorr to C . l  
t o r r  

F value i s  roundoa up  t o  
r a t i n g  of next size pump 
of fered  by Kiiiney Vacuuni 
Company 

S - P u m p  Dimnsions 
h c i g h e  (cm) Y lengch(cm) 
x widtii(cm) 

C - Approxinace C O Y C  

*ORNL needs same pumping r eqb i r e -  
D ~ P ~ L S  f o r  boch TNS and EPR and 
r equ i r e s  3 i d e n t i c a l  svstems 
for EPR s i n c e  the re  a r e  t h r e e  

Ah'L 

400 

9 4 s  

v - 710 

D - 1890 

S - 191x216~173 

C - 35.500 

3070 

170x 
221x 
122 

27,000 

155x200 
x102 

21,000 

190x239 
x136 I 

42,300 I 
C A  Same aa EPR 

1890 

750 I 

r eac to r s .  

V - 570 
D - 1275 

s - 170x236~122 

c - 30,000 

1550 ( 2  - 
? 7 / 5  un i te )  

Unir 

:1,000 45,500iUnit 



* Site access ib i l i ty  

8 site topography 

0 S i t e  geology (soil eamditions) 

S i t e  seisnnicity 

0)  s i t e  h y a r o i q y  

S i t e  meteorology 

Some of these characteristics may have a heavy bearing on the 

developrent esst of a committed fusion site, but. w i l l  not 

i n f l u e n c e  the feasilbi l i t y  af concentrating d l  f u s i o n  development 

work a t  one committed site. 



5.0 SITE-FACILITY INTERFACE REQUIREMENTS 

... 

... ... 

The a t t r a c t i v e n e s s  of t h e  cammitted f u s i o n  development s i te  

approach stems from t h e  p o s s i b i l i t y  of s h a r i n g  structures, 

f ac i l i t i e s ,  and service systems by subsequent  development phases 

of t h e  same f u s i o n  concept  or even  by d i f f e r e n t  f u s i o n  concepts,  

I t  is a preconceived conclus ion ,  t h e r e f o r e ,  that the committed 

si te will have the  s t r u c t u r e s ,  facilities, and service systems 

c o n s t r u c t e d  and installed a t  t h e  time t h e  f u s i o n  reactor 

components a r r i v e  at t h e  s i t e  and are ready  for i n s t a l l a t i o n ,  

The i n t e r f a c e  between the f u s i o n  device and t h e  s i te  f a c i l i t i e s  

and process s e r v i c e  systems a v a i l a b l e  a t  t h e  site w i l l  be i n s i d e  

the reactor b u i l d i n g  s t r u c t u r e .  

Just what s e r v i c e  systems w i l l  be provided a t  t h e  site for a 

p a r t i c u l a r  device,  as a permanently i n s t a l l e d  system, l a r g l y  

depends on how the requi rements  for these service systems are 

e s t a b l i s h e d ,  Design cr i ter ia  f o r  t h e  s i t e - i n s t a l l e d  s e r v i c e  

systems must be carefully c a o r d i n a t e d  wi th  t h e  requirements of 

t h e  cand ida te  f u s i o n  concepts ,  The economic advantage of the 

committed fus ion  site w i l l  obviously be maximum if the f a c i l i t i e s  

and process  service systems provided can serve near ly  a l l  

c a n d i d a t e  fusion concepts  with  m i n i m u m  amount of a l t e r a t i o n s  and 

modifications, What this means i s  that t h e  shared process  

f a c i l i t i e s  and service s y s t e m s  are most cost e f f e c t i v e  i f  the 

f l e x i b i l i t y  requirements and design margins can be kept at 

minimum leve l .  
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The s u c c e s s  of t h e  optimum u t i l i z a t i o n  of the site-installed 

Pae i l i t i e s  and service systems also depends heavily on how 

e f f e c t i v e l y  a standardization effort can be enforced in the 

3es ign  of t h e  candidate fus ion  re~c tor  devices.. Common 

components, such as neutral b e a m  i n j e c t o r s ,  de power suppl ies  for 

the magnets, pulsed power s u p p l i e s ,  energy storage systems, a 

energy d i s s i p a k i s n  systems can be standardized to serve several 

fusion concepts ,  The requirements for electrical,, c 

vacuum service cooling water, and heat  rejection systems for 

these components can be satisfied by mmmon, site-instalbed 

service fac i l i t ies .  The interface k t w m  the fusion reactor and 

these services c a n  be established ins ide  the reactor b u i l d i n g  in 

the form of bus  caupl in~gs ,  headers, supply, and discharge l i n e s .  

Plant  operation and s a f e t y  surveillance control devices far 

process system of similar funct ion  axe also go d candidatl~?s for 

multipurpose i n s t a l l a t i o n s  i n  t he @antral buiP d i n  g. 

Q u a n t i f i c a t i o n  of these interface requirements may be possible  

a f t e r  a t e n t a t i v e  selection h a s  k e n  made of the f u s i o n  d e v i c e s  

scheduled to  be i n s t a l l e d  at t h e  comht*ed site, 

I n  summary, the s i t e - i n s t a l l e d  facilities and service system 

which may have i n t e r f a c e s  with the T N S  fusion ifevices, are listed 

below: 

* S t K U C t u r @ S  

8 Plant a u x i l i a r y  ac electric power 

a de power s%apply, s t eady  state 
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... 

..... 

... 

dc power supply, pulsed 

Electric energy storage s y s t e m  

Energy d i s s i p a t i o n  s y s t e m  

Process, f i r e  and domestic water supply, and 
d i s t r i b u t i o n  s y s t e m  

Vacuum system (roughing) 

Cryogenic s y s t e m  

Reactor f u e l  sys t ems  

Reactor maintenance and s e r v i c e  systems 

P l a n t  opera t ion  and safety s u r v e i l l a n c e  
sy s tern 

Data processing system 

Heat rejection s y s t e m  

General p l a n t  maintenance system 

Administration, s c i e n t i f i c  and engineer ing 
inc luding  chemical, materials t e s t i n g ,  and 
labor at or ies 

con t ro l  

supPo*, 
tritium 

For power genera t ing  EPR demonstration and prototype devices, the 

above l ist  must be expanded t o  i n c l u d e  the following faci l i t ies  

and process service system over and above those l i s t e d  for the 

TNS devices: 

0 T r i t i u m  handling, process, and s t o r a g e  s y s t e m  

Lithium process and storage system 

0 Steam generat ing system 

a Power genera t ion  system 
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6 .0  LICENSING AND ENVIRONMENTAL REQUIREMENTS AND ISSUES ..... 

This s e c t i o n  addresses  t h e  l i cens ing ,  safety, and environmental 

a s p e c t s  of a committed s i te  for fusion development, 

Subsect ion  6.1 genera l ly  desc r ibes  t h e  current l i c e n s i n g  

requirements which might be app l i ed  to a committed site. 

Subsection 6.2 descr ibes  t h e  gene r i c  environmental issues which 
... 

must be considered. 

6.1 L I C E N S I N G  

Licensing requirements and i s s u e s  app l i cab le  t o  a committed 

fusion development s i t e  may be divided i n t o  t w o  groups, 

Group 1 - Regulatory requirements w h i c h  address 
possible e x t e r n a l  environmental e f f e c t s  which a re  
generally independent of t h e  internal power plant 
design, (These requirements are presently known, ) 

e Group 2 - Regulatory requirements which address 
nuclear safety i s s u e s  w h i c h  are related t o  the 
i n t e r n a l  fu s ion  power p l a n t  design OK concept. 
(These requirements are l a r g e l y  unknown or 

u n c e r t a i n  a t  the present ,  ) 

An evaluation of f u s i o n  p l a n t  sites with regard t o  the first 

group of requirements above would be r e l a t i v e l y  s t ra ightforward,  

These r egu la t ions  basically address e x t e r n a l  environmental 

effects and do no t  p lace  r e s t r i c t i o n s  on i n t e r n a l  p l a n t  designs 

or concepts. The requirements and prmits  associated wi th  t h e  

first group of r egu la t ions  can be evaluated now, and axe l imi ted  

only by one's a b i l i t y  t o  quant i fy  t h e  environmental effects of a 

fusion plant.. A comprehensive l ist  of permits and approvals  has 
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b?en devaopea based on c u r r e n t  power plant l icensing procedures, 

These permits and approvals represent v a l i d  v i m n m e n t a l  

concerns which wi3.3.  probably  continue to be per t inen t  

f u s i o n  plant sites are evaluated, 

ss ib le  federal, state, axid regional p r n n i t s  are presented 

i n  Table 6-1. Since county (and municipal  permits for: b u i l d i n g  

c~des, easement a l o n g  county  roads, and other local ordinances 

are s i t e  specif ic  and cannot be i d e n t i f i e d  at t h i s  time, they are 

not included in t h i s  initid list. The applicability of many of 

t h e  f i s t e d  permits w i l l  depend on the particular s t a t e ,  region, 

l a d  use and/or env i ronmen ta l  characteristics of the site. TO 

p r u d u c e  a f i n a l  l ist,  prmits must ke added 8% d e l e t e d  from the 

initial possibilities i n  the context of the final si te  and i t s  

chasaeter i  skits. 

The 61, S ,  environmental  r e g u l a t o r y  requireme 8 are earnst 

ified, IkPentually, the pe iks c w r e n t l y  administered 

by the U . 5 ,  Environmental motection ~ g e n c y  will a l l  be delegated 

to s t a t e  agencies. This delegation of authority i s  part of an 

o n p i n g  eEfort to s t reaml ine  the p e r m i t  process, As a r e s u l t  a f  

t h i s  e f fo r t ,  permi ts  and responsible agencies 11 .Likely be? 

def ined and consolidated over the next decade, ~t the preserit 

t ime, about half? of the s ta tes  a r e  authorized t o  i ssue  the 

N a t i o n a l  ESs11ut-arrnt: Discha-ge Elimination System (NPDES) permit .I 
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TABLE 6-1 

POSSIBLE PERMITS AND APPROVALS FOR A FUSION POWER PLANT 

Sheet 1 o f  3 
2 E RM I T ADMINISTERING AGENCY 

Federal 

Construction Permit Nuclear Regulatory Commission ( N R C )  

Operating License N RG 

Materials License NRC 

Permit for  Dredge and F i l l  ; 
Section 404 o f  Clean Water Act 

Army Corps of Engineers 

Permit t o  Build i n  o r  Cross a 
Navigable Waterway; Section 10 
of Rivers and Harbors Act 

National Pollutant Discharge 
Eliriiina i n System (NPDES) 
Permit h’3 
Prevention of Significant Air 
Deterioration (PSD);  Perrni t t o  
Construct 

Hazardous Waste Permit ( fo r  
disposal o f  hazardous con- 
struction/operation wastes, 
excluding radioactive wastes) 

Army Corps o f  Engineers 

Environmental Protection Agency ( E P A )  

E PA 

E PA 

Toxic Substances Definition EPA 
and Control ( f o r  disposal of 
toxic construqtion/operation 
wastes, excluding radioactive 
wastes ) 

Permit to Construct Strtictures 
Greater than 200 fee t  Tall 

Bui 1 d i  rig Periiii t f o r  Structure i I 
Floodplains of Major Streams ( 2  \ 
Right-of-Way Permit ( for  trans- 
mission l i n e s  o cross o r  occupy 
railroad land) t 2) 

Federal Aviation Administration 

Floodplain Maiiageiiicnt Agencies 

Ra i 1 road Companies 

... 
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Federal .... ( C o n t ' d )  

Special Land Use Permits ( for  
burning, d i sposa l ,  surveying, 
so i l  21 ipling, construct ion,  
e t c .  ) (2 1 
Right-of-Way Perinit o r  Lease 
( f o r  terriporary o r  permanent 
f a c i l i t i e s  on ros ec t ive  lands 
a s  appl icable)  727 

Navigation Lights Permit ( f o r  
intake and o ther  s t ruc tu res  i f  
p o s i n g  possible  t h r e a t  t o  
wa t e r c r a f t 

S t a t e  and Reuional ( 3 )  

(Approval o r )  P e r n r i t  t o  
Construct Plant  

(Approval o r )  Permit t o  
Con s t r u c t P ra n sni i s s i o r i  L i ne s 

Cer t i f i ca t ion  o f  Convenience 
and Necessity ( f o r  p l a n t  and 
possibly 2nd permit For t rans-  
m i s s i o n  l i n e s )  

\dater Quality Permit (inay be 
included i n  NPBES perinit .if 
s t a t e  authorized t o  administer 
NPDES) 

Permi t t o  Construct ( f o r  auxi 1 l a r y  
bo i l e r  and  emergency diesel a i r  
emissions and construct ion impacts) 

Ce r t i f i ca t ion  o f  Section 404 Periuit 
(necessary f o r  Corps o f  Engineers' 
approva 1 ) 

Waste Disposal Pernii t ( f o r  dredged 
spoils and construct ion/operat ion 
wastes 

Right-of-Way or  Lease f o r  S t a t e  
Lands 

Forest Service 

Bureau cd f band Management ; Forest  
Service;  Bureau o f  Indian Affa i r s  
National Park  Service 

U.S. Coast Guard 

S t a t e  S i t i n g  Commission o r  Board 

S t a t e  S i t i ng  Commission or  Board 

S t a t e  Public Service Cornmission/ 
Uti 1 i t i e s  

S ta t e  Environmental Control Agency; 
Water Qual i t y  

S ta t e  Envi ronniental Control Agency; 
Air Quality 

State  Environmental Control Agency; 
Water Qual i t y  

S t a t e  E n v i  ronniental Control Agency 
o r  Department o f  Natural Resources 
o r  S t a t e  Health Department 

Department o f  Natura l  Resources 
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T A B L E  6-1 (Continued) 

Sheet 3 o f  3 
PERMIT ADMINISTERING AGENCY 

... 

State  and Regonal (Cont'd) 

Surface Water Appropriation Permit 
( f o r  potable water supply on s i t e ,  
we1 1 s )  

State  Permit for  Construction i n  
Navigable Waters 

S ta te  Permit for  Dredging i n  
Navigable Waters 

Potable Water Supply or  Safe 
Drinking Water Permit 

Sanitary Waste Treatment and 
D i  spasal Permi t 

Department o f  Natural Resources 

Department o f  Natural Resources or  
S ta te  Engineer's Office 

Department o f  Natural Resources or 
Sta te  Engi neer ' s Office 

State  Environmental Protection 
Agency or  S ta te  Health Department 

S ta te  Health Department 

PI a n t  P1 umbi ng Approval State  Health Department 

Approval of Construction o f  
Transmission Lines 

S ta te  D i v i  sion o f  Aeronautics 

Permit t o  Cross and/or Share S ta te  
Highway Right-of-way with Trans- 
mission Lines 

State  Department of Transportation 

Construction Permit/Building Plan 
Approva 1 

Union/State Department of Industry 
and Labor 

Approval of Relocation Assistance Local Affairs and Development Depart- 
P l  an f o r  Displaced Former Occupants ment or  State  Planning Coinmission 

Project Review and Approval State  Historical Commission o r  S ta te  
Archaeologist 

Building Fire Safety Approval S ta te  Fire Marshall 

Zoning Perrni t 

Project Approval/Building Perrni t 

S ta te  o r  Regional Coastal Zoning 
Commission 

State  a n d / o r  Regional Planning and 
Development Commission 

Project Approval/Building Permit Regional Water qua l  i ty Control Boards 
and/or Regional Air Q u a l i t y  Control 

- Boards 

The NPDES Permit f o r  a nuclear fac i l  i t y  requires a n  extensive aquatic biological 
s t u d y  (one year)  t o  obtain a waiver from 316(a) and a l l o w  any heat discharge i n  
the plume. 

a f t e r  the construction s i t e  i s  designated. 

( 1  1 

(')These permits a re  s i t e  specif ic .  Their appl icabi l i ty  can only be determined 

(3)These permits will vary from s t a t e  t o  s t a t e .  Applicability can be determined 
a f t e r  s i t e  i s  designated. 

B6-5  



The t o t a l  number of permits and approva l s  r e q u i r e d  for each site 

and t h e  cost and time involved  i n  ob ta in ing  them provide 

i n c e n t i v e s  t o  concen t r a t e  fus ion  development a t  one site. 

Provided generic fus ion  p l a n t  extxrnal effects can be q u a n t i f i e d ,  

then these permits and approvals would be required on ly  once for 

the site. I f  addi t iona l  sequiremnts are generated, the 

e s t a b l i s h e d  site records of  t e s t i n g ,  geology, me?terdogy# 

ecology, etc., would provide a good basis for p e d i t i o u s  

e v a l u a t i o n  of new requirements,  

In contrast  t o  Group 1 requi rements  which are g e n e r a l l y  kn 

the r e g u l a t i o n s  addres s ing  t h e  internal design requirements  for a 

f u s i o n  plant . ,  c l a s s i f i e d  as Group 2, are l a r g e l y  unknown. There 

are c u r r e n t l y  no e s t a b l i s h e d  re la t ions  addres s ing  t h e  nuc lear  

safety a s p e c t s  of a f u s i o n  plant. A l t h  gh m a n y  of  the basic 

concepts  of nuclear safety appl icable  t o  light water f i s s i o n  

power plants are also a p p l i c a b l e  to fus ion  plants, it m y  not be 

p o s s i b l e  t o  extrapo Pate c u r  rent f i s  si on-pl a n t - m i e n  ted 

regulations to €us ion  reactors. There  are s i g n i f i c a n t  safety and 

environmental advantages for f u s i o n  pawer plants over f i s s i o n  

plants .  Et is a n t i c i p a t e d  t h a t  a fresh approach to fusion plant 

l i c e n s i n g  w i l l  r e s u l t  i n  more c o n s i s t a n t  and e f f e c t i v e  r e g u l a t i o n  

and a shorter licensing schedule,  

The  majority sf Group 2 regulations, when developed, w i l l  address 

adequate plant des igns  for ppot..ection of t h e  

ope ra t ions .  For t h e  most part, these requirements w i l l  address 

design features which w i l l  minimize r i s k  of release of 
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r a d i o a c t i v e  mater ia l ,  Eioth routine and a c c i d e n t a l  releases, and 

exposures, m u s t  be quant i f ied .  The objective of r e g u l a t i o n s  w i l l  

be t o  ensure that  p l a n t  designs minimize the. risk and s i z e  of 

l a r g e  a c c i d e n t a l  releases and maintain r o u t i n e  r e l e a s e s  and 

exposure a t  a low level. The s a f e t y  a n a l y s i s  of a fusion plant 

and t h e  perceived risk of accidents could inf luence  s i t i n g  near 

urban a r e a s ,  

F u t u r e  regulations may also address hazards unique t o  fusion 

reactors such as t h e  release of l i q u i d  metal coo lan t s  ( l i th ium) ,  

the e f f e c t s  of s t rong  magnetic f i e l d s ,  or the p o s s i b i l i t y  of 

magnetic i n t e r f e r e n c e  wi th  l o c a l  electronic and communication 

systems. 

Most c u r r e n t  eva lua t ions  of s i t i n g  and l i c e n s i n g  have shown 

f u s i o n  to have s a f e t y  advantages over f i s s i o n  power plants, It 

appears  t h a t  s i t i n g  close t o  urban c e n t e r s  may be possible, 

Although t h e r e  does n o t  appear  to be any s p e c i f i c  fus ion  

regulatory consideration related to t h e  siting of a f a c i l i t y  of 

t h i s  na ture ,  t h e  l i c e n s i n g  process has become progressiwely more 

s u b j e c t  t o  publ ic  opinion, and environmental l i t igations could 

delay o r  complicate l i cens ing  of a p a r t i c u l a r  site. 

...... 

For t h i s  reason it would be prudent t o  select a site a t  wbich 

p o t e n t i a l  delays can be minimized, Consideration might be given 

to use of  a government r e s e r v a t i o n  for s i t i n g  the f i r s t  fusion 
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demonstration plants . .  This would mif in i ze  the p o t e n t i a l  for 

delays based on n o n - s a f e t  or. non-technical issues. 

In summary, the kn n regulatory  requirements and approvaIs 

described i n  Group 7 and l i s t e d  i n  Table 6-1 are e 

t y p i c a l  permits which may be  required for fusion sites, "IAese 

requirements  will cower the r o u t i n e  environmental effects - The 

unkna in  l i c e n s i n g  requirements which are yet  t o  he developed were 

catagorized as Group 2- These address plant  internal  design for 

s a f e t y  and, although not presently quantified, should not 

s i g n i f i c a n t l y  affect s e l e c t i o n  of a reactor site, except from t h e  

standpoint of proximity to populated areas. 

6-2 GENERIC ENVIRONMENTAL ISSWES 

while no safety regulations or l i c e n s i n g  requirements have yet 

been e s t a b l i s h e d  f o x  f u s i o n  facilities, it m y  be assumed that 

such  requirements w i l l  be based upon the same t y p e  of concerns 

affecting the present generatian, indus tr ia l ,  and nuclear 

facilities, Generic environmental issues i d e n t i f i e d  for the 

f u s i o n  s i t e  at t .h is  tine a r e  t h e  potential. effects on terrestrial 

and aquatic eco lqy ,  water and atmospheric effects, trans- 

p o r t a t i o n  and corridor ef E ectsI land use, smio@concpmics a 

a g r i c u l t u r a l  productivity, n o i s e  and aesthetic effects , t h e  

potential for radioactive re l eases ,  and electromagnetic ef feets, 
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The value of the terrestrial  and a q u a t i c  ecological resources 

m u s t  be determined for a p o t e n t i a l  f a c i l i t y  s i te ,  The presence 

of rare or endangered species may be expected t o  adversely a f f e c t  

s i te  s u i t a b i l i t y ,  Factors t o  b~ included in t he  assessment of 

t h e s e  resources are t h e  s t a b i l i t y  of the ecosystems, the  degree 

Df p r i o r  d is rupt ion ,  and t h e  degree of predic ted  dis turbance,  

The p o t e n t i a l  d i s turbance  o r  loss of any unique or rare resources 

during cons t ruc t ion  could c o n s t r a i n  l i c e n s i n g  of a fusion 

f a c i l i t y ,  Also, effects on terrestrial and aquatic h a b i t a t s  may 

n o t  be U n i t e d  t o  the site. The effects of construct ion,  

opera t ion ,  and t r a n s p o r t a t i o n  on these resources i n  o u t l y i n g  

a r e a s  must also be determined. C a r e  i n  s i t i n g ,  revegetat ion,  and 

estj lblishment of w i l d l i f e  h a b i t a t s  for use by t h e  s c i e n t i f i c  

community or i n t e r e s t e d  laymen are examples of preven ta t ive  andl 

mit iga t ing  measures o f t e n  implemnted for these impacts. 

... 

The p o t e n t i a l  for contamination of groundwater,, su r f  ace water 

and t h e  atmosphere axe important  environmmtal  concerns- 

Existing groundwater resources must be evaluated with respect to 

water q u a l i t y  and a q u i f e r  c h a r a c t e r i s t i c s ,  The p o s s i b i l i t y  of 

chemical or nuclear  contamination of groundwater must be examined 

and measures taken t o  insure that w a s t e w a t e r  stream do not 

degrade the groundwater by percolation through t h e  soils, 

S u r f a c e  water impacts are another concern. I n  add i t ion  to the  

c h e m i c a l  and nuc lea r  contamination potential, thermal p l l u t i o n  

is a l s o  a s i g n i f i c a n t  environmental issue, Surface  water  may be 

a key environmental i s s u e  s i n c e  it can affect human and w i l d l i f e  
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h a b i t a t ,  plant l i f e ,  and groundwater system at cons ide rab le  

distances from t h e  f a c i l i t y .  

I n  a d d i t i o n ,  consumptian of water s u p p l i e s  for c o o l i n g  water, 

process make-up, o r  o t h e r  uses may a f f e c t  downstream u s e s  by 

present or f u t u r e  r e s i d e n t s  and i n d u s t r i e s .  Law flow i n  surface 

waters, recharge rates i n  groundwater, and f u s i o n  f a c i l i t y  

consumption should be cons idered  i n  s i t i n g  t h e  f a c i l i t y .  

Atmospheric effects from c o o l i n g  towers and f r o n  f u g i t i v e  d u s t  

( p a r t i c u l a r l y  dur ing  c o n s t r u c t i o n )  are of c o n s i d e r a b l e  concern. 

C o o l i n g  towers have t h e  p o t e n t i a l  for c r e a t i n g  a visible plume, 

spreading s a l t  on nearby vege ta t ion ,  and forming ice on adjacent 

roads, O f  more s e r i o u s  concern, howver, is t h e  p o t e n t i a l  f o r  

l e a k s  of r a d i a a c t i v e  material i n t o  t h e  atmosphere, 

Noise and a e s t h e t i c s  are also s i g n i f i c a n t  environmental factors 

a r i s i n g  from c o n s t r u c t i o n  and operation of a proposed f a c i l i t y ,  

These  annoyance factors do much to affect community attitudes, 

It is impor tan t  that these factors be eva lua ted  wi th  r e s p e c t  to 

the ~ K ~ C O I I S ~ K U C ~ ~ O ~  noise and a e s t h e t i c  environments t o  ensure  

that i n t r i n s i c  values axe n o t  unduly degraded. 

While a primary advantage of f u s i o n  technology i s  the lack of 

radioactive wastes from the fus ion  r eac t ion ,  s i g n i f i c a n t  amounts 

of  r a d i o a c t i v e  waste will be genera ted  by neut ron  a c t i v a t i o n  of 

components near the reactor such as t h e  first w a l l  and blanket. 

Addi t iona l ly ,  a fission reactor, which does produce radioactive 



wastes, may be involved i n  some concepts ( fus ion - f i s s ion  

hybrids). Of course, t h e  present  unce r t a in ty  concerning nuclear 

waste d i sposa l  is i n v a r i a b l y  an  environmental concern. 

C e r t a i n  factors p e c u l i a r  to fus ion  technology may become 

s i g n i f i c a n t  environmental concerns. Among t h e s e  may be t h e  large 

amount of t r i t i u m ,  and the electromagnet ic  e f f e c t s  OE the l a rge  

electromagnet ic  field required.  In add i t ion  t o  equipment 

d i s t l u b a n c e s  f r o m  a l a r g e  magnetic f i e l d ,  such as t o  the 

naviga t ion  of aircraft i n  the s i t e  v i c i n i t y ,  b i o l o g i c a l  effects 

may be of considerable  publ ic  concern, 

Transpor ta t ion  e f f e c t s  i nc lude  delays, p o t e n t i a l  i n c r e a s e  i n  

hazards, and r e r o u t i n g  of road and r a i l  systems. T h e s e  effects 

are most ev ident  during f a c i l i t y  c o n s t r u c t i o n  when the change i n  

volume of transportation is most pronounced, Transpor ta t ion  

e f f e c t s  tend t o  demonstrate the presence of the f a c i l i t y  to the 

surrounding community- 

P o t e n t i a l  sites for the proposed fusion f a c i l i t y  should be 

compatible with e x i s t i n g  land uses and proposed or zoned l and  

uses Areas designated as r e s i d e n t i a l ,  r e c r e a t i o n a l ,  c r i t i ca l  

environmental a r eas ,  historic areas or archaeological  sites 

should be avoided- I n  add i t ion ,  areas m w  being u t i l i z e d  by 

other i n d u s t r i e s  which could pose a hazard to the fusion f a c i l i t y  

(i-e. , explosives, Ch€IniCalS, etc.) should also be avoided. 

Regional, federal, state, and l o c a l  agencies should be consulted 

a b u t  t h e  proposed f a c i l i t y .  
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l n t r a d u c t i o n  of a f a c i l i t y  i n t o  c e r t a i n  rural areas may change 

t h e  area's c h a r a c t e r  from a g r i c u l t u r a l  t o  an industrial  economy, 

Both direct and ind irec t  loss of agricultural pr 

be p o s s i b l e  from f a c i l i t y  c o n s t r u c t i o n  i n  t h i s  case, 

I n  a d d i t i o n  to the e f f e c t  on l and  us&# introduction of a large 

f a c i l i t y  i n t o  a r u r a l  area y change local l i f e s t y l e s  

considerably, SsciccK3eonmic e f f e c t s ,  f i r s t  n o t i c e a b l e  during the  

c o n s t r u c t i o n  phase, i n c l u d e  popu la t ion  increases and economic 

shifts. Populat ion increase wi thou t  adequa te  planning may r e s u l t  

i n  housing- shortages and i nadequa te  public sf?mices# such as 

u t i l i t i e s  and roads-  Economic effects t y p i c a l l y  i n c l u d e  the use 

a€ t h e  local labor force, sometimes r e s u l t i n g  i n  i n s u f f i c i e n t  

support of t r a d i t i o n a l  services. Changes i n  the prope r ty  tax 

base due? to i n c r e a s e d  c o n t r i b u t o r s  and an increased demand for 

community services may be offset by t h e  t a x e s  paid by the 

f a c i l i t y ,  and wages paid t o  l o c a l  and imported l a b o r  forces. 

Environmental effects could result from the c o n s t r u c t i o n  of 

corridors r equ i r ed  t o  suppor t  t h e  project such as roads, 

railways, p i p e l i n e s ,  and power transmission routes. 
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7.0 SITE DEVELOPmNT SCENARIOS1 

... 

During t h i s  study, da t a  was gathered on f i v e  tokamak designs,  and 

f o u r  o t h e r  fusion cuncepts: t h e  Tandem N i T r o r ,  E l m  Bumpy T o r u s ,  

Torsatron, and Reversed F i e l d  Pinch. 

For the purposes of t h i s  study, it is assumed t h a t  one tokamak 

design approach w i l l  be se lec ted .  Even soI the number of 

possible combination of a tokamak and the other f o u r  a l t e r n a t i v e  

concepts is r a t h e r  large. Considering that t h e  state of 

development for t h e  tokamak i s  more advanced than for any of the 

o t h e r  concepts, it is f u r t h e r  assumed that t h e  s e l e c t e d  scenarios 

will inc lude  t h e  tokamak. 

To keep t h e  number of scena r ios  wi th in  a manageable l i m i t ,  t w o  

basic scena r ios  were considered i n  Task 200: 

* Scenario I, One fusion concept, for  the reason 
mentioned earlier,  The tokamak will be cons t ruc ted  
and opera ted  i n  t h e  TNS, EPR and dentonstration/pro- 
totype phase a t  the committed site. 

m Scenario 11. Two fus ion  concepts  (the tokamak and 
t h e  tandem mirror,  or any a l t e r n a t i v e  fusion 
concept, which is ready) w i l l  be cons t ruc ted  
consecut ively and operated in a phased sequence, so 
t h a t  t h e  u t i l i z a t i o n  of t h e  t u r b i n e  generator  i n  
t h e  EPR and dernonstration/prototype mode, can be 
optimized. 

Scenario I1 could i m p o s e  a r e s t r i c t i o n  on the 
opera t ion  of the devices ,  e s p e c i a l l y  i n  the 
demns t r a t ion /p ro to type  phase, The degree of t h i s  

lThis section discusses  a preliminary assessment of t h e  postu- 
l a t e d  scenarios for t h e  development of t h e  committed fusion 
site. A d e t a i l e d  d i scuss ion  of the finally adopted scena r ios  is 
presented i n  Section 4.0 o f  t h e  F i n a l  Report. 
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r e s t r i c t i o n  depends on haw soon t h e  sees 
can be made ready far c o n s t r u c t i o n  and Q 

7.1 SCENiWIO 1 - TQKA K DEVELOPMENT 

The sequence of c o n s t r u c t i o n  and operation of the d i f f e r e n t  

phases i s  show in Figure 7-9. 

 his s c e n a r i o  assumes t he  c o n s t r u c t i o n  and operation a€ tokamak 

devices only.  The, c o n s t r u c t i o n  of t h e  TNS device i s  followed by 

t h e  ope ra t ing  p r i o d  of the same device, Const ruc t ion  of the  EPR 

device can  be started even before t h e  ope ra t ion  o f  the T N S  device 

cOmmEn@eS. T h i s  is p o s s i b l e  mainly because t h e  reuse of 

components which were activated during the operation of the TNS 

dev ice  i s  h i g h l y  un l ike ly ,  U ing the TNS device by a d d h q  

blanket segments  to the r e a c t o r  after an operat ing 

be  cost effective, since m o s t  of t h e  upgrading modification would 

have to be done by remotely-operated manipulators, and thus would 

be  time-consuming and c o s t l y .  The upgrading of a TNS tokamak 

device t o  EPR stage would f u r t h e r  be cmglicated by the fac t  that  

t h e  structural support system for the TNS device wuPd also have 

t-o be  modified t o  clear t h e  blanket, section, or the blanket  

sections would have to be des igned to s u i t  t h e  structural s 

system of the in-place TNS device. 

A p r a c t i c a l  s a l u k i o n  to t h i s  problem w m l d  be the construction of 

a combination TNS-EPR Pokamak device, which bas the blanket 

sections already b u i l t  in, To w h a t  extent. the blanket section 
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would be utilized during t h e  TNS s p r a t i o n  would be dependent an 

the design of the blanket, t h e  cooling media used, ete, 

The question of how t h e  blanket design could in f luence  the 

p r a c t i c a l i t y  o f  bu i ld ing  multiple-use devices should be 

i n v e s t i g a t e d  i n  further d e t a i l  s i n c e  u t i l i z a t i o n  of sueli devices 

would not only  offer s i g n i f i c a n t  ~COZIQQI~C advantages, but could 

have definite schedule advantages 

The c s n s t r u c t i a n  and opera t ion  of t h e  S and EPR devices at the 

committed site is  easi ly  visualized and pred ic tab le  based on OUT 

p r e s e n t  knowledge of the candidate fusion concepts, he ther  the 

construct ion and operation of the demonstration and pcst&ype 

size devices a r e  p r a c t i c a l  and advisable at the committed f u s b n  

development s i t e  is n o t  clear, The involvement of the electric 

power generating utilities may have a decisive inf luence  over 

where these larger d e v i c e s  a r e  going to be b u i l t  and how they 

w i l l  be operated .) J u s t  what polit ical  , organizational, am3 

f inancia l  axrangsmw-ks have to ke made to obtain utility 

participation i n  the final d e s i g n  and construction manage 

these l a rger  devices is slat predictable at this t h e ,  
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7 .2  SCENARIO 11 - PARALLEL BUT SEQUENCED DEVELQPMm'T OF 'EXAMAX 
AND TANDEM MIRROR DEVICES 

This scenario  assumes parallel  but s l i g h t l y  phased construction 

and sequential  operation of tokamak and tandem mirror devices. 

This scenario  requires t h e  simultaneous operabi l i ty  of two 

dev ices  i n  each development @ase except the  electrical ( the  dc 

system) .) It also assumes t h a t  t h e  dc requirements of the  t w o  

devices  are compatible, so a single, c e n t r a l l y  located dc system 

can service either by merely switching t h e  dc power f r o m  one to 

the other. This scenario i s  shown in Figure 7-2. 

The r e l a t ive ly  l o w  duty c y c l e  of t h e  TNS and EPR devices may make 

the mult iple  use of the expensive dc power supply system 

poss ib le  - While this system is serving the  experimental 

operation of one device, t h e  evaluation of the data c o l l e c t e d  

during the previous experiments of the other device can be 

performed, Any modification which may IE required in one  device 

can also be performed while t he  other one i s  operating. 

The proper sequencing of t h e  experiments and/or operation of two  

devices  utilizing a single dc power supply system would not only  

r e s u l t  i n  substantial  economic advantages, but also offer 

schedule gains.  Considering t h e  relatively short operating t i m e  

and long downtime required for evaluation of t h e  results of the 

operation, it appears feasible to conduct experimental program 

on the two devices, concurrently. However, there w i l l  almost 

B7-5 



c
 

d
 

z
 

P- 
C

L 
W

 
0
 

2
 
0
 

0
 

u
)
 

z
 

P
 

cu' 
si z 

.-- 
I- 
I
 

ci 
P
 

E
 
a
 

w
 

d
 

z
 

I- LL 
W

 
0
 

z
 

8
 
0
 



... 

c e r t a i n l y  be c o n f l i c t s  from t i m e  t o  t i m  and the f e a s i b i l i t y  of 

t h i s  mode of opera t ion  should be f u r t h e r  evaluated. 

I f  t h e  EPR devices  turn o u t  t o  be used general fus ion  test 

f a c i l i t i e s  f o r  technology similiar t o  t h e  EBR I1 i n  t h e  Liquid  

%eta1 Fast Breeder Reactor development program, it is 

conceiveable t h a t  the EPR devices w i l l  aperate fo r  a l o n g  t i m e -  

I n  t ha t  case, it must be determined which of t h e  two fus ion  

concepts i s  t h e  more usefu l  from the o v e r a l l  fus ion  technology 

development po in t  o f  view, and concent ra te  an the cont inuous 

aperation of that one. The other  device can be  e i t h e r  abandoned 

3r replaced with another  f u s i o n  device. During cons t ruc t ion  of 

this second device,  the opera t ion  of t h e  p r e f e r r e d  one s t i l l  can 

go on unin ter rupted  u n t i l  t h e  new one is ready for t e s t i n g  and/or 

opera t ion-  So the v e r s a t i l i t y  of Scenario I1 is quite favorable  

a s  long as the dc and other process system requirements of the 

t w o  devices  can be maintained compatible. 

The cons t ruc t ion  and operating schedule fo r  Scenario 11, shown i n  

F igure  7-2, covers t h e  TNS and EPR development phases only. 

Theore t i ca l ly ,  this schedule can be extended t o  cover the 

demonstration and prototype phases also. Assuming, however, that 

these more advanced developmnt phase devices  w i l l  operate for a 

long t i m e  with medium- t o  occas iona l ly  heavy-duty cycle ,  the  

advantages of shareable service systems and f a c i l i t i e s  are n o t  

nea r ly  as pronounced a s  for t h e  earlier development phases- 

Unce r t a in t i e s  a s soc ia t ed  w i t h  u t i l i t y  involvement i n  the f i n a l  

d e s i g n ,  construction management, and operation of t h e s e  large 
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dewices make it even harden to predict whether they should be 

located at the comniQted site., 

It is suggested t h a t  the quest ion of Imating d onstration and 

prototype devices he reem1 ked when plans for them are 

de f i nit i ve . 




