
Contract No. W-7405-eng-26 

FUSION ENERGY D I V I S I O N  

OAK RIDGE TNS PROGRAM: SYSTEM DESCRIPTION MANJAL 

R. L. Reid 
W. R. Becraf t  T, E. Shannon 
T. G. Brown D. Steiner 
Y-K. M. Peng W. M. Wells 
C. Sardel l a  G. W. Wiseman 

Date Published: May 1979 

Prepared by the 
OAK RIDGE NATIONAL LABORATORY 

Oak Ridge, Tennessee 37830 
operated by 

UNION CARBIDE CORPORATION 
f o r  the 

DEPARTMENT OF ENERGY 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Printed in the L nited States of America. Available from 
National Technrcal Information Service 

UW. Deparbnent of Commrce 
5285 Port Royal Road, Springfield, Virginia 22161 

Price: Printed Copy $ m i c r o f i c h e  $3.00 

This report was prepared a$ an account of work sponsored by an agency of the United 
StatcloGovernment. NeithertheUnitedStatesGwmmert norany agency thereof, ror 
any of their employees, omtractem, subcontractam, or their employees, malees any 
wmanty, express or implied. norussumea any Wal liability or responslbitity lor any 
third party's use or the reac~lts of such use of any infortration, apparatus. productor 
process discloeed in this wort,  nor wpreslents that its use by $&I third partywould 

I not infringe privately owned rights. 



CONTENTS 

ABSTRACT .......................................................... v i i  

INTRODUCTION ...................................................... 1 

....................................................... 1 . SUMMARY 3 

2 . PLASMA DESCRIPTION ............................................. 13 

. 2.1 STARTUP .................................................. 14 
. 2.2 BURN ...................................................... 15  

. 3  . L I M I T E R  SYSTEM ................................................ 17 

3.1 FUNCTION .................................................. 17 
3.2 DESIGN DESCRIPT ION ....................................... 17 

............................ . .4 F I R S T  WALL ........................ 19 

4.1 FUNCTION .................................................. 19 
4.2 DESIGN DESCRIPTION ........................................ 19 

5 . S H I E L D  ....................................................... 23 

................................................. 5.1 FUNCTION 23 ...................................... 5.2 DESIGN REQUIREMENTS 23 ........................................ 5 .3  DESIGN DESCRIPTION 24 

6 . MACHINE STRUCTURE ........................................ 25 

6.1 FUNCTION ................................................. 25 ...................................... 6.2 DESIGN REQUIREMENTS 25 ....................................... 6.3 DESIGN DESCRIPTION 25 

6.3.1 T o r u s  P l a s m a  C h a m b e r  ............................... 25 
........................... 6.3.2 C o i l  S u p p o r t  S t r u c t u r e s  27 

6.3.3 D e w a r  S t r u c t u r e  ................................... 27 

. ........................................ 7 POLOIDAL F I E L D  SYSTEM 29 

.................................................. 7.1 FUNCT'IOM 29 
7.2 DESIGN REQUIREMENTS ....................................... 29 ....................................... 7.3 DESIGN DESCRIPTION 29 

8 . TOROIDAL F I E L D  SYSTEM .......................................... 35 

8.1 FUNCTION .................................................. 35 
8.2 DESIGN REQUIREMENTS ...................................... 35 
8.3 DESIGN DESCRIPTION ....................................... 35 

9 . DEWAR SYSTEM .................................................. 41 

9.1 FUNCTION .................................................. 41 
9.2 DESIGN REQUIREMENTS ...................................... 41 
9.3 'DESIGN DESCRIPTION ....................................... 41 

iii 



DIVERTOR SYSTEM .............................................. 4 5  

1 3 . 1  FUNCTION ................................................. 4 5  
1 . 2  DESIGN DESCRIPTIOI'I ...................................... 45 

BULK HEATING SYSTEM .......................................... 4 9  

11.1 FUNCTIOY ............................................... 49 
1 1 . 2  DES IGN REQUIREMENTS .................................... 49 
1. .3  DESIGN DESCRIPTION ..................................... 4 9  

RF HEATING SYSTEM' ............................................ 5 1  

1 2 . 1  FUNCTION ............................................... 5 1  
1 2 . 2  DESIGN REQUIREMENTS .................................... 5 1  
1 2 . 3 .  DESIGN DESC2I 'YTION ..................................... 51 

............................. EUECTRICAL ENERGY SKIRAGE SYSTEM 5 3  

................................................ .. 1 3  1 FUNCTION 5 3  .................... 13.2 DESIGN REQUIREMENTS AND DESCRIPTION 5 4  

......................... ELECTRICAL ENERGY CONVERSION SYSTEFS 5 5  

........... 4 . 1  FUNCTION .................................. .. 5 5  .................................... 1 4 * 2  DESIGN REQUIREMENTS 5 5  
..................................... 14 .3  DES IGN DESCRIFT ION 5 7  

.............. 1 4 . 3 . 1  P o w e r  C o n v e r t o r  S y s t e a  C o m p o n e n t s  5 7  
1 4 . 3 . 2  P o w e r  C o n v e r t o r  S y s t e m  C o n s i d e r a t i o n s  .......... 61 

PRIMAEY AND SECONDARY ELECT2 ICAL  D I S T R I B U T I O N  SYSTEMS ........ 6 3  

............................................... 1 5 . 1  FUNCTION 63 .................... 15.2 DESIGN REQUIgEMENTS AND DESCRIPTION 6 3  

EMERGENCY STANDBY P O K R  S'i'STEM ................................ 6 5  

16.1 FUNCTION ................................................ 6 5  .................................... 1 6 . 3  DESIGN REQUIREMENTS 6 5  ..................................... 1 6 . 3  DESIGN DESCRIPTfON 6 5  

TORUS VACUUM PUMPING SYSTEM .................................... 67 

I '  . 1 F. UNCTION ................................................. 6 7  
17.2 DESIGN REQUIEEMENTS .................................... 68 
1 7 . 3  DESIGN DESCRIPTION ..................................... 68 

HEAT TPANSPORT SYSTEM ......*..................-................ 7 1  

18.1 FUNCTION .................................................. 7 1  
1 DESIGN REQUIREMENTS .................................... 71 ..................................... 18.3 DESIGN DESCRI 'TION 7 2  



.......................................... 19 . FUEL INJECTOR SYSTEM 75 

19.1 FUNCTION ........................................ 75 
19.2 DESIGN REQUIREMENTS .................................... 75 

..................................... 19.3 DESIGN DESCRIPTION 76 

20 . FUEL HANDLING SYSTEM ......................................... 79 

20.1 FUNCTION ........................................ 79 
................... 20.2 SPENT PLASMA TRAPPING AND PROCESSING 79 

20.3 TRITIUM STANDBY STORAGE AND INVENTORY .................. 80 ........................ 20.4 TRITIUM CONTAINMENT AND CLEANUP 80 

............................ 21 . RADIOACTIVE WASTE HANDLING SYSTEM 81 

21.1 FUNCTION ............................................... 81 
21.2 DESIGN DESCRIPTION ..................................... 81 

22 . EXPERIMENTAL AREA VENTILATION SYSTEM ......................... 83 

22.1 FUNCTION ............................................... 83 
22.2 DESIGN DESCRIPTION ..................................... 83 

23 . INSTRUMENTATION. CONTROL. AND DATA HANDLING SYSTEM ........... 85 

23.1 FUNCTION .............................................. 85 
23.2 DESIGN REQUIREMENTS .................................... 85 
23.3 DESIGN DESCRIPTION ..................................... 86 

23.3.1 Operat ions Con t ro l  ............................. 86 ................. 23.3.2 I ns t rumen ta t i on  and Cloni t o r i n g  86 ............................ 23.3.3 A u x i l i a r i e s  Cont ro l  87 
23.3.4 Abor t  Cont ro l  .................................. 87 

24 . ASSEMBLY AND MAINTENANCE ..................................... 89 

24.1 DESIGN OBJECTIVE ....................................... 89 
24.2 DESIGN REQUIREMENTS .................................... 89 
24.3 MAINTENANCE FUNCTIONS .................................. 90 

Torus ........................................... 30 
TF C o i l s  ....................................... 91 
I n t e r i o r  PF C o i l s  ............................... 92 
E x t e r i o r  PF C o i l s  ............................... 92 
OH C o i l s  ....................................... 92 
Dewars .......................................... 92 
Outer  Support S t r u c t u r e  ........................ 93 
Upper Support  S t r u c t u r e  ........................ 93 

24.4 REMOTE MAINTENANCE EQUIPMENT ........................... 93 

24.4.1 General Purpose Equipment ...................... 93 ...................... 24.4.2 Specia l  Purpose Equipment 94 

24.5 MAINTENANCE OPERATIONS ................................. 95 

24.5.1 Sec to r  Replacement Procedure ................... 95 
24.5.2 TF C o i l  Replacement Procedure .................. 97 



25. , FACILITIES ................................................... 99 

25.1 FUNCTION .............................................. 99 
25.2 DESIGN REQUIREMENTS .................................... 100 
2E.3 DESIGN DESCRIPTION ..................................... 101 



ABSTRACT 

Th i s  document p rov ides  a  systems d e s c r i p t i o n  o f  the  Reference 

Design f o r  The Next Step (TNS) evolved a t  Oak Ridge Na t i ona l  Labora to ry  

(ORNL) d u r i n g  FY 1978. The d e s c r i p t i o n  i s  presented on t he  bas is  o f  24 

i n d i v i d u a l  dev ice  and f a c i l i t y  systems. A d d i t i o n a l  i n f o r m a t i o n  on these 

systems, t h e  Reference Design, and t he  FY 1978 Oak Ridge TNS a c t i v i t i e s  

can be found i n  t h e  assoc ia ted  t echn i ca l  memoranda, ORNt/TM-6720 and 

ORNLITM-6722-ORNLITM-6733. 





INTRODUCTION 

The Next Step (TNS) represents t h a t  phase o f  f us ion  energy develop- 

ment i n  which the major emphasis would be d i r e c t e d  towards engineering 

t e s t i n g  and demonstration. The o b j e c t i v e  o f  the  TNS s tud ies  ( i n i t i a t e d  

by the Department o f  Energy's O f f i c e  o f  Fusion Energy) has been t o  

de f i ne  the  cha rac te r i  s t i c s  and requ i  rements o f  a f a c i  1 i t y  dedicated t o  

the engineering t e s t i n g  phase o f  f us ion  power development. For t h i s  

reason, the TNS study r e s u l t s  are p rov id ing  a basis  f o r  d e f i n i n g  an 

Engineering Test Faci 1 i t y  (ETF). Because the s c i e n t i f i c  basis  requ i red  

f o r  a TNSIETF w i  11 f i r s t  be a v a i l a b l e  f o r  the  tokamak concept, the ' 

reac to r  core o f  the  f a c i l i t y  has been based on the  tokamac concept. 

However, the commitment t o  an ETF w i t h  a reac to r  core based on the  

tokamak concept does n o t  represent  a commitment t o  tokamaks as the  

u l t i m a t e  power reac to r  concept. 

The TNS s tud ies  a t  Oak Ridge Nat ional  Laboratory (ORNL) were i n i t i a t e d  

i n  FY 1977. During FY 1977 the  Oak Ridge e f f o r t  pursued scoping s tud ies  

i n  th ree  broad areas: plasma engineering, systems modeling, and program 

planning. Based upon the  f i n d i n g s  o f  t he  FY 1977 e f f o r t s ,  i t  was judged 

t h a t  cont inued a c t i v i t i e s  i n  the Oak Ridge TNS program should be d i r e c t e d  

towards a preconceptual design w i t h  p a r t i c u l a r  emphasis placed on engi -  

neer ing f e a s i b i l i t y .  As a p o i n t  o f  departure f o r  the FY 1978 a c t i v i t i e s ,  

a Basel ine Design was selected, based on the systems modeling e f f o r t  o f  

FY 1977. The pr imary o b j e c t i v e  o f  our FY 1978 TNS e f f o r t  has been t o  

evolve the  Basel ine Design towards a preconceptual desigr.. However, i t  

i s  emphasized t h a t  the FY 1978 e f f o r t  was n o t  intended t o  lead t o  a 

completed preconceptual design. Therefore, the  design resu l  t i n g  from 

t h i s  y e a r ' s  e f f o r t  i s  r e f e r r e d  t o  as a Reference Design, r a t h e r  than as 

a preconceptual design. 

Th is  document prov ides a general d e s c r i p t i o n  o f  the Reference 

Design on the  bas is  o f  24 i n d i v i d u a l  device and f a c i l i t y  systems taken 

from the Work Breakdown St ruc ture  (WBS) o f  Ref. I .  Most system descr ig-  

t i o n s  inc lude t h e  f u n c t i o n  o f  a p a r t i c u l a r  system, i t s  design requ i re -  

ments, a general d e s c r i p t i o n  o f  t h a t  system, and a t a b l e  l i s t i n g  p e r t i n e n t  

design parameters (e. g., geometric, electromagnetic,  thermal, and nuc lear )  

and t h e i r  values. 



The pr ima-y t h r u s t  3 f  t h i s  y e a r ' s  TNS a c t i v i t i e s  was i n  f i v e  areas:  

systems engi  n e z r i  ng , mechanical des ign  (vacuum topology,  assembly, and 

mai r  tenance I ,  p o l o i d a l  f i e l d  s jstem, plasma dynamics, and p a r t i c l e  

c o n t r o l .  Systems assoc ia ted  w i t h  these f i v e  areas a r e  consequent ly 

descr ibed  i n  g r e a t e r  dep th  and w i t h  more d e f i n i t i o n  than systems u n r e l a t e d  

t o  these  f i v e  areas. I n  t h e  l a t t e r  case, t h e  systems have been adapted 

and m o d i f i e d  from l a s t  y e a r ' s  TNS ~ t u d i e s . ~  

1. D. S te i pe r ,  T. G. Brown, Y-K. M. Peng, R .  L. Reid, M. Roberts, 

T. E. Scannon, and P .  T. Spampinato, Oak Ridge TNS Pkogttam: C o n t e x t ,  
Scogz, and &LcleLine DuLgn 0 6  Xhe FY 1971' A c / t i v i ; t i u ,  ORNLITM-6201, 

3ak Ridge, Tennessee [May 1978). 

2 .  TNS Zngineer ing S t a f f ,  FOWL ZyvtCtiirn TNS Tohamah Reaotm S q h t m  - 

7ecl ign Scunmatry, WFPS-TME-071, Westinghouse E l e c t r i c  Corporat ion,  

'i t t sbu rgh ,  Pennsyl vcr i a  (October 1977).  





1. SUMMARY 

The Reference Design tokamak i s  an ignited, a i r  core device burning 

deuterium-tritium (D-T). The duty cycle i s  89% with a steady-state burn 
of 500 see. The plasma radius is 1.2 m ,  the major radius i s  5.0 m,  and 

the plasma elongation i s  1.6. The fusion power density is 5.0 #W/m3, 

which resul t s  in 1140 MW of fusion power during the burn. Exothermic 
reactions i n  the f i r s t  wall and shield are  assumed t o  increase the 
thermal power t o  1450 MW (based on an energy release of 22.4 MeV per 

fusion event). 
A water-cooled, tubular f i r s t  wall in conjunction w i t h  a bundle 

divertor removes the energy associated w i t h  the fusion a1 pha particles.  

Both  the f i r s t  wall and the bundle divertor are  designed t o  remove a l l  
the alpha par t ic le  energy; however, the distribution of t h i s  energy to 
each component is estimated to  be approximately 50%. A s tainless  steel 

shield,  cooled by borated water, absorbs the bulk of the erergy asso- 
ciated w i t h  the fusion neutrons. All the thermal energy, including that 
deposited on the f i r s t  wall and the divertor,  i s  dumped t o  a cooling 
tower. 

The s ta in less  steel toroidal vessel i s  composed of 16 bolted segments, 
and the ent i re  tokamak i s  situated within an evacuated containment 
building. A poloidal f i e ld  ( P F )  system, consisting of a superconducting 
ohmic heating (OH) solenoid and both superconducting and copper equi - 
1 i brium f i e ld  (EF) coi l s ,  induces the plasma current and provides plasma 
position control, Plasma star tup i s  assisted by the injection of 1 MW 

of r f  power a t  a frequency of 120 GHz. Bulk heating i s  accomplished by 
the injection of 50 MW of 150-keV neutral beams i n t o  the plasma. The 
confining toroidal fie1 d i s  provided by 12 Nb3Sn superconducting coil s 
(TF co i l s ) .  Plan and elevation views of the Reference Design are shown 
i n  Figs. 1 .I  and 1.2, respectively. 

The Reference Design operating cycle i s  shown i n  Fig, 1.3. The 
mission objective for the Reference Design covers a 10-yew period of 
operation. Four phases of operation a re  included i n  this 10-year period: 
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F i g .  1.1. Plan view o f  Reference Design. 
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Phase I. Systems in tegra t ion  and 

Phase [I. Hydrogen operation, i nc lud ing  l o r g  pulse (1.5 years), 

Phase I I:. ~ g n i t i - o n  t e s t i n g  (2.5 years), 

Phase :V. Technology and engineering t e s t  (5.5 ye i r s ) .  

Port ions o f  each phase w i l l  operate a t  a reduced pulse ra te ,  i .e, , less 

than the d ~ s i s n  value o f  approximately 50 shots per 8-hr s h i f t .  The 

t o t a l  number of cycles f o r  the Reference Design i s  estimated t o  be 

450,000 c v w  the 10-year per iod of operation. 



A summary o f  t h e  parameters f o r  t he  Reference Design i s  g iven  i n  ' 

Table 1.1. Table 1.2 p rov ides  a b r i e f  system d e s c r i p t i o n  o f  t he  Refer-  

ence Design. 

Table 1.1. L i s t  o f  parameters f o r  Reference Design 

Geometric : .  ' .  

Plasma rad ius ,  a 

Plasma e longa t i on ,  o 

Aspect r a t i o ,  A 

Ma jo r  r ad ius ,  R 

Plasma edge-to-winding d is tance ,  A 

Plasma 

Beta, B 
- 

Plasma temperature,  T 

I o n  dens i t y ,  n 
I m p u r i t y  i n d i c a t o r ,  Zeff 

Sa fe t y  fac to r , .  q 

Plasma cu r ren t ,  I 
P 

Burnt ime ( s teady -s ta te )  , rB 

Duty cyc le ,  dc 

Cyc le  d u r a t i o n  

Eriergy conf inement t ime, rE 

P e l l e t  f u e l i n g  r a t e  

Beam power i n t o  plasma, ' i n j  
Beam energy, E i n j  
Microwave power, Prf 

Microwave frequency, f 

Plasma volume, V 
P 

Fus ion power dens i t y ,  Pd 

Power ( f u s i o n ) ,  Pf  

T o t a l  power (22.4 ~ e ~ l e v e n t ' ) ,  Ptot 

7.0% 

12 keV 

2 x 1020 m-3 

<1.5 

3.8 

5.0 MA 

500 sec 

89% 

560 sec 

1.2 sec 

4.6 x 
p a r t  i c l  es/sec 

50 !.!W 

150 keil  

1 MW 

120 GHz 

227 m3 

5.0 MW m'3 

1140 MW 

1450 MW 



E l  x t r o m a g n e t i c  

Toro ida l  f i e l d  on axi~s; BT 

Max'mum t o r o i d a l  f i e l d  a t  c o i l ,  Bm 

Number o f  TF c o i l s  

Megnetic f i e l d  r i p p l e  a t  plasma edge, da 

TF c o i l  type 

OH so leno id  type 

PF c o i l  type 

Ins ide  TF bore 

Cuts ide TF bore 

Tota l  vo l  t-seconds, $f,s 

Magnetic f i e l d  i n  OH solenoid, Bob: 

Thermal 

F i r s t  w a l l  coo lan t  

Sh ie ld  cool  an t  

R e f r i g e r a t i o n  1 oad (TF c o i  l s )  , Fref 

Puder t o  f i r s t  wa l l ,  Pai2 

Power t o  d i v e r t o r ,  Pa:2 

Power t o  sh ie ld ,  PS 

Plasma edge p a r t i c l e  l o s s  r a t e  

huc.lear 

Neut-on w a l l  1 oading, Lw 

- . 5 %  peak t o  average 

Superconducting 
(Nb3Sn) 

Copper 

Supercondun:ti ng 

E 3 

E.0 T 

Water 

a 22.4 Me1J/event assumed. 



Table 1.2. Summary system d e s c r i p t i o n  

Plasma Expected t o  ach ieve an average power d e n s i t y  of 5  MW/m3 and opera te  
w i t h  B = 7%. Temperature and d e n s i t y  d u r i n g  s teady -s ta te  burn  are 
taken  t o  be 12 keV and 2  x 1020 m-3, r e s p e c t i v e l y .  Plasma i m p u r i t y  
c o n t r o l  i s  p rov ided  by a  bundle d i v e r t o r .  A  500-sec burn o u t  o f  a  
560-sec tokamak o p e r a t i n g  c y c l e  y i e l d s  a  d u t y  f a c t o r  o f  89%. Plasma 
r a d i u s  i s  1.2 m w i t h  an e l o n g a t i o n  o f  1.6 (D-shape) ; majo r  r a d i u s  i s  
5.0 m. An average neu t ron  w a l l  l o a d i n g  o f  2.4 MW/m2 r e s u l t s .  

L i m i t e r  

F i  r s t  w a l l  

S h i e l d  

Machine s t r u c t u r e  

Two p o l o i d a l  g r a p h i t e  l i m i t e r s ,  assumed t o  be p a s s i v e l y  cooled,  a r e  
used t o  p r o t e c t  t h e  f i r s t  w a l l .  

The f i r s t  w a l l . a n d - d i v e r t o r  a r e  each designed t o  handle a l l  t h e  energy 
assoc ia ted  w i t h  the'  a lpha p a r t i c l e ' s .  However, t h e  energy t o  t h e  
f i r s t  w a l l  i s  es t imated  t o  be o n l y  50% o f  the '  a lpha  p a r t i c l e  energy. 
The wate r -coo led  f i r s t  w a l l  i s  composed o f  s t a i n l e s s  s t e e l  tubes  
and i s  d i v i d e d  i n t o  96 modular panels .  

< 

Composed o f  s t a i n l e s s  s t e e l  b a l l s  and bora ted  wa te r  and d i v i d e d  i n t o  
16 removable modules. S ized  f o r  adequate a t t e n u a t i o n  o f  neu t rons  i n  
o r d e r  t o  p r o t e c t  t h e  superconduct ing c o i l s .  

I nc l udes  t h e  buck ing c j l i n d e r ,  a l l  TF c o i l  suppor ts ,  PF c o i l  suppor ts ,  
dewar s t r u c t u r e .  and t o r u s  plasma chamber; des igned t o  r e a c t  a l l  , 

o p e r a t i o n a l  mechanical loads  as we1 1  as se ismic  l o a d  c o n d i t i o n s ;  
cons t ruc ted  of a u s t e n i t i c  s t a i n l e s s  s t e e l .  The i n t e r c o i l  suppo r t  
s t r u c t u r e  f o r  t h e  TF c o i l  i s  designed f o r  a  s i n g l e  c o i l  f a u l t  
c o n d i t i o n ;  a l l  TF c o i l  suppor t  s t r u c t u r e  i s  c r y o g e n i c a l l y  cooled.  

P o l o i d a l  f i e l d  syste111 Cons is ts  o f  a superconduct ing OH so leno id ,  normal copper EF c o i l s  
l o c a t e d  i n s i d e  t h e  TF c o i l  bore, and superconduc t ing  EF c o i l s  
l o c a t e d  o u t s i d e  t h e  TF c o i l  bore. W i l l  supp ly  83 V-sec w h i l e  
o p e r a t i n g  w i t h  a  h a l f - b i a s e d  OH system swing ing  f rom +8 T  t o  -8  T, 
adequate f o r  s t a r t u p  and a  500-sec burn. 



Table 1.2 (cont inued) 
~- -~ - 

To ro ida l  f i e l d  system Cuiiiposed o f  12 fo rced - f  1 ow superconduct ing (Nb3Sn) c o i  1 s which produce 
a f i e l d  on a x i s  o f  5.3 T and a maximum f i e l d  a t  t he  c o i l  o f  10.9 T. 

- ,  
Sized rui. d l ~ ~ d y r ~ e t i c  f i e l d  r5pp l e  o f  1.5'Xat t h e  plasma edge. 

D i  v e r t o r  

Bul k heat ing  

rf heat ing  

Mechanical l y  j o i n e d  dewars enclose the  superconduct i  ng c o i  1 s , the  
c e n t r a l  suppor t ing  e s l  umn, and 1l1e i 11 l e r c o l  9 support  members and 
prov ide  a vacuum ba r r . i e r  t o  reduce convect ion  heat  loads and a c ryo-  
gen ica l  l y  cooled thermal s h i e l d  t o  reduce r a d i a t i o n  heat  loads. 

The d i v e r t o r  and f i r s t  w a l l  a re  each designed tan handle a l l  t he  energy 
associated w i t h  the  alplra pdr . l i c les .  However, t h e  ac tua l  energy t o  
t h e  d i v e r t o r  5s est imated t o  be on l y  50% o f  t h e  a lpha p a r t i c l e  
energy. The bundle d i v e r t o r  t r a n s p o r t s  charged p a r t i c l e s  away f rom 
t h e  f i r s t  w a l l  by d i v e r t i n g  magnetic f i e l d  l i n e s  ou ts ide  the  plasma 
chamber. F lowing l i t h i u m  i s  used t o  c o l l e c t  t h e  d i v e r t e d  p a r t i c l e s  
and absorb t h e i r  energy. A 

G 

Four bed111 l i n e s  w l t h  th ree  p o s i t i v e  i o n  sources pe r  l i n e  i n j e c t  50 MW 
. o f  150-keV deuter ium n e u t r a l  beams i n t o  t h e  plasma f o r  up t o  6 sec 

t o  achieve r e q u i r e d  plasma temperatures. A d i r e c t  recovery system 
t o  c o l l e c t  t he  energy o f  t he  unne.utral ized p a r t i c l e s  i s  a component 
o f  the  beam l i n e .  An o v e r a l l  beam Sine e f f i c i e n c y  o f  approximate ly  
50% i s  est imated.  

An rf ass i s ted  s t a r t u p  i s  accomplished by i n j e c t i n g  1 MW o f  120-GHz 
microwaves i n t o  the  plasma f rnm the  h igh  f i e l d  s i d e  f o r  approx i -  
mate ly  2 sec d u r i n g  s t a r t u p .  F i v e  i n j e c t o r s  a r e  used. ' 

E l e c t r i c a l  energy storage Provided by two motor-generator  f lywheel (MGF) s e t s  w l t h  a combined 
r a t e d  capac i ty  o f  600 MVA and a d e l i v e r a b l e  energy o f  4.3 GJ over  
35 sec. E l e c t r i c a l  energy d u r i n g  most o f  t h e  burn i s  supp l i ed  
d i r e c t l y  f rom t h e  u t i l i t y  g r i d .  



Table 1.2 (continued) 

El e c t r i  cal energy conversi on 

Elect r ical  d i s t r ibu t ion  

Emergency standby power 

Torus vacuum pumping 

Heat t ranspor t  

Fuel i n j ec to r  

Fuel hand1 .i i ~ g  

Receives ac power from the  motor-generator flywheel s e t s  and converts 
i t  t o  dc f o r  each coi l  s e t .  Transformers and so l i d  s t a t e  r e c t i f i e r s  
a re  used. 

The primary system receives ac power from the  u t i l i t y  gr id  a t  138 kV 
and transforms 600 MVA t o  a 13.8-kV load bus. The secondary system 
t rans fe rs  power from the  e l e c t r i c a l  energy conversion system t o  the  

' coil  s e t s .  

Consists of b a t t e r i e s ' t h a t  s t o r e ' s u f f i c i e n t  energy t o  control lably  
terminate the plasma. discharge in  the event of  loss  of power from 
the u t i l i t y  gr id  o r  the  primary MGF s e t s .  

During i n i t i a l  pumpdown and a f t e r  plasma b u r n  cycles ,  accomplished by 
mechanical vacuum pumps and cryosorption pumps. During the  b u r n ,  
provi'ded primarily by the  d iver to r  system. -I 

-1 

Water coo'l ing' systems remove heat from the f i r s t  wal l ,  sh ie ld ,  copper 
c o i l s ,  and portions of the  neutral  beam l i ne s .  Cryogenic cooling 
systems remove heat from the  superconducting c o i l s  and high vacuum 
cryosorption p'umps.. The heat removed by these  systems i s  re jected 
t o  the environment .by a water, cooling tower. 

The fuel i n j ec to r  del ivers  so l i d  D-T p e l l e t s  t o  the  plasma a t  
ve loc i t i es  'of 1000-2000 m/sec. 

Provides f o r  removing t r i t ium,  deuterium, and helium from the  spent 
plasma, the  d iver to r ,  and the  vacuum pumps. Processing and pu r i f i -  
cation are  accompl i shed by combinations of mechanical f i  1 t r a t i o n ,  
ge t te r ing ,  cryogenic trapping,  cry.ogenic d i s t i l l a t i o n ,  permeation- 
di f fus ion,  and sorption;  



Table 1 . ?  (cont inued) 

Radwas t e  

V e n t i l a t i o n  

W i l l  cons i s t  o f  p o r t i o n s  o f  t he  tokamak i t s e l f  and those components 
which become contaminated through con tac t  w i t h  t h e  coo lan t .  D is -  
posal I s  expected t o  be performed us ing  techniques es tab l i shed  i n  
f i s s i o n  programs. 

Major  funct ions i r ~ c l u d e  containment o f  a c t i v a t e d  a i r  and t r i t i u m  
leaks. The use o f  a vacuum b u i l d i n g  d imin ishes  the  a c t i v a t e d  a i r  
problem and i s  compat ib le w i t h  a t r i t i u m  cleanup system. 

Inst rumentat ion,  c o n t r o l ,  and Automat ica l l y  c~ntrols t h e  tnkamak plasma and systems through a l l  
data hand1 i ng phases of ~ p e r ~ a t i o n .  Cont ro ls  a re  c e n t r a l i z e d  and a re  under t h e  

command of or.le u p e r a t i  on s t a t l o i i .  

Asqemhly and maintenance The to rus  i s  div ided i r ~ t o  16 mechanically assemb led  sectors,  each 
. . rep laceable as a u n i t  w i t h  l ' n t e g r a l l y  mounted p o r t i o n s  o f  t he  f i r s t  

w a l l  and s h i e l d .  Bo l ted  r a t h e r  than welded assembly i s  p o s s i b l e  - 
. . s ince  requirements f o r  vacuum t i 'ghtness a re  re laxed  by t h e  use o f  an 

evacuated r e a c t o r  b u i l d i n g .  The TF c o i l  bore i s  en la rged t o  a l l o w  . 
- r e l o c a t i o n  o f  PF c o i  1s t o  a pa rk ing  p o s i t i o n  d u r i n g  s e c t o r  rep lace-  

ment. Disassembly i s  done remotely .  

Faci 1 i t i e s  The tokamak containment b u i l d i n g  i s  an evacuated s t r u c t u r e  w i t h  base 
pressure o f  t o w .  The remain ing f a c i  1  i t i e s  a re  convent ional  

. . . . .  . . . . . . . . . ,  , , , , ,  , a ..atmosphcris.buildings. 





2. PLASMA DESCRIPTION 

The Reference Design plasma i s  assumed t o  operate i n  an i g n i t e d  

mode. The parameters l i s t e d  i n  Table 2.1 represen t  bes t -es t imate  

e x t r a p o l a t i o n s  based on our  c u r r e n t  understandins o f  plasma phys ics.  I t  

i s  emphasized t h a t  these parameters a r e  t o  be viewed as p l a u s i b l e ,  n o t  

d e f i n i t i v e .  The Reference Design plasma i s  b r i e f l y  descr ibed  i n  terms 

o f  t h e  s t a r t u p  and burn phases o f  t he  ope ra t i ng  c.ycle. 

Table 2.1. Reference des ign plasma parameters 

Geometric 

Plasma rad ius ,  a 1.2 rn 

Plasma e longa t i on  (D-shape) , u 1.6 

Aspect r a t i o ,  A 4.17 

Plasma volume, V . 
P 

227 m3 

F i e l d  on a x i s ,  BT 5.3 T 

Fus ion s t a r t u p  

rf power (preh,eat i  ng ) , Prf 

rf frequency, f 

rf i n j e c t i o n  du ra t i on ,  rrf 

Vol t-seconds r e q u i r e d  f o r  
c u r r e n t  bu i ldup ,  $vs 

F u l l  plasma c u r r e n t  a t  
low beta,  ID 

1, MW 

I 2 0  GHz 

i sec 

Neu t ra l  beam i n j e c t e d  
power, Pinj 50 MW 

. j Neu t ra l  beam energy, Einj - 50 keV 
Neu t ra l  beam i n j e c t i o n  

du ra t i on ,  T~~~ G6 sec 

' Beam i n j e c t i o n  ang le  f rom 
perpend icu la r ,  8 

Burn 
. . 

Power dens i t y ,  Pd 
. . . . ..  usi ion power, Pf  

. . . , 

T o t a l  power, Ptot 

:>16" i n  , the d i r e c t i o n  
o f  plasma c u r r e n t  



Burn 

A l p i a  rower, Pa 

Neutroc w a l l  l o a d i n g ,  Lw * 

B u r n t i k e  ( s teady -s ta te ) ,  rB 

2.4 .VW/m2 

500 sec 

Cyc le  t ime,  T 
C 

560 jec 

Dut:~ cyc le ,  dc . 89% 

Vo1:-seconds requ i rec  f o r  
heatqp and burn, qvS 3 0 

Plasma c u r r e n t  a t  h i g h  beta,  
I P 

5.0 MA 
- 

Plasma temperature,  T 12 keV 

Plasma d e n s i t y ,  n 2 x 1020 

Vo 1 ume be ta  , 7.03 

Volume-averaged energS; 
con f  i nement t ime,  yE 

Plasma adge p a r t i c l e  Boss r a t e  

1.2 sec 

3 x 1023/sec 

Placma f r a c t i o n  recyc led  a t  . . 
ecge as n e u t r a l s  85% 

P e l l e t  f u e l i n g  r a t e  4.6 x p e l l e t s / s e c  

I m p ~ r i  t~ i n d i c a t o r ,  Zaff 
* 

Sa fe t y  f ac to r ,  q 

TF r i p p l e  a t  plasma edge, 3, 1.5% 

TF r i p p l e  a t  plzsma. center ,  6 
0 

0.1% 

2 . 1  STARTUP 

The process o f  s t a r t ~ p  has t h r e e  phases: plasma i n i t i a t i o n ,  c u r r e n t  

bu i ldup ,  and hea t i ng  t o  i g n i t i c n .  The d e s i r e d  l e v e l  o f  p r e f i l l  gas 

pressure i s  t o r r .  The i n i t i a t i o n  phase assumes rf (%I  MW a t  

120 GHz) gas breakdown and e l e c t r o n  p rehea t i ng  t o  a few hundred e l e c t r o n  

v c l t s  a t  t he  upper h y b r i d  resonance l a y e r  i n  a t ime  sca le  o f  3.1 sec. 

Losp vo l t age  i s  then  appl  i 'ed t o  e s t a b l i s h  an e l e c t r i c a l  c u r r e i t  i n  t he  

t o r o i d a l  d i r x t i o n  w h i l e  tkbe rf power i s  mainta ined.  It i s  assumed t h a t  

tt-e plasma i m p u r i t y  and tk c u r r e i t  channel a r e  we1 : c o n t r o l l s d  d u r i n g  



t h i - s  phase. -This, t oge the r  w i t h  successfu l  p rehea t ing ,  should min im ize  

t h e  r e s i s t i v e  vo l t -seconds and l oop  vo l t age  d u r i n g  c u r r e n t  s t a r t u p .  The 

f u l l  plasma c u r r e n t  ( ~ 5  MA) i s  s u f f i c i e n t  t o  c o n t a i n  f u s i o i  a lpha p a r t i c l e s .  

A bundle d i v e r t o r  system i s  assumed t o  channel runaway e l e c t r o n s  

away f rom the  f i r s t  w a l l ,  reduce i m p u r i t y  p roduc t i on  c l ose  t o ,  t h e  plasma, 

s h i e l d  the .  plasma f rom i m p u r i t i e s  o r i g i n a t i n g  a t  t h e  w a l l s ,  and a l l o w  f o r  

good p a r t i c l e  c o n t r o l  ' ( dens i t y  c o n t r o l )  o f  the  plasma d u r i n g  t h e  h e a t i n g  

phase. ' F o r  t he  Reference Design, t h e  f u l l  bore plasma i s  heated t o  

i g n i t i o n '  by t h e  i n j e c t i o n  o f  50 MW o f  150-keV n e u t r a l  beams f o r  approx i -  

ma te l y  6, 'sec. Dur ing i n j e c t i o n  hea t ing ,  t h e  plasma d e n s i t y  i s  inc reased  

f r om.5  x l ~ l ~ ' m - ~  t o  2  x  1020 m-3 t o  a l l o w  f o r  i n i t i a l  beam hea t i ng  a t  

t h e  plasma- cen te r .  The plasma can i g n i t e  near t he  c e n t e r  when t h e  

vo l  ume-averaged be ta  exceeds ~ 4 %  and ii approaches' m-3. 

2.2 BURN 

Fus ion a lpha p a r t i c l e  hea t i ng  b r i n g s  t h e  plasma beta up t o  around 

7% be fo re  p ressure-d r i ven  MHD i n s t a b i l i t i e s  s e t  i n  t o  l i m i t  i t s  f u r t h e r  

inc rease .  The burn ing  plasma can have a  r e l a t i v e l y  wide range o f  dens i t y ,  

temperature,  and power v a r i a t i o n s ;  we choose 2  x  1020 m-3, 12 keV, and 

11 40 MW, r e s p e c t i v e l y ,  as r e p r e s e n t a t i v e  values. 

The bundle d i v e r t o r  handles most o f  t he  p a r t i c l e  l oss  and p a r t  o f  

t h e  energy l o s s  f rom the  plasma and p rov ides  f o r  i m p u r i t y  c o n t r o l .  

Fue l i ng  t o  s u s t a i n  t h e  burn i s  accomplished by p e l l e t  i n j e c t i o n .  An 

"upper bound o f  t h e  power and p a r t i c l e  hand1 i n g  capab i l  i ty  requirements 

can be es t imated  by assuming t h a t  thermal power leaves t h e  plasma s o l e l y  

by p a r t i c l e  convec t ion  and edge r e c y c l i n g ,  g iven  3 x  p a r t i c l e s l s e c  

a t  4.7 keV. Th i s  leads t o  a  . p a r t i c l e  edge r e c y c l i n g  t ime  o f  around 

0.15 sec. The r e c y c l i n g  temperature cou ld  be reduced by f nc reas ing  t h e  

r e c y c l i n g  p a r t i c l e s  from t h e  d i v e r t o r  t o  t he  plasma o r  by enhancing t h e  

energy t r a n s p o r t  t o  t h e  f i r s t  w a l l ;  t h e  n e t  e f f e c t  i s  t o  inc rease  t he  

p a r t i c l e  f l u x  and t h e  hea t  l o a d  t o  t he  f i r s t  w a l l .  It i s  assumed t h a t  

no more than h a l f  t h e  t o t a l  thermal power goes th rough t h e  d i v e r t o r  

chamber . 



The Reference Design assumes p a r t i a l  p e l l e t  p m e t r a t i o n  a t  a  f u e l i n g  

r a t e  o f  4.6 x  p a r t i c l e s / s e c  and an average conf inement t ime  f o r  t he  

3el l e t - f u e l e d  plasma p a r ~ i c l e s  o f  approx imate ly  1 sec. It i s  f u r t h e r  

.:ssurned t h a t  85% o f  t h e  plasma p a r t i c l e s  l o s t  a t  t i e  plasma edge r e c y c l e  

zs neu tca l  gas. 

Th. plasma i n d u c t i v e  v o l  t - secor~ds  a t  I = 4 MA i s  es t imated  t o  be 
P 

around 51 kb. Plasma h e z t i n g  by rf power be fo re  and d u r i n g  c u r r e n t  

s t a r t u p  i s  assumed t o  l i m i t  t h e  r e s i s t i v e  l o s s  o f  .13lt-seconds t o  2 Wb. 

Be fo re  i g n i t i o n ,  t h e  plzsma l oop  v o l t a g e  i s  e s t i m a x d  t o  be 0.4-0.5 V 

a t  I = 4-5 MA. Dur ing  f l u x  conserv ing hea t i ng  o f  the p l a s m  t o  = 7%, 
P 

t h e  inc reased  v e r t i c a l  f i e l d  i n d b c t i v e l y  d r i v e s  t h e  p l m r ~  c u r r e n t  t o  

n e a r l y  5 MA. Dur ing  t he  burn, t h e  plasma l o o p  vo l t age  i s  es t imated  t o  

be near 0.05 V.  W i th  a  ~ l a s m a  heatbp t ime  o f  10 sec and a burnt ime o f  

500 sec, an a d d i t i o n a l  p r ima ry  f l u x  swing o f  30 Wb i s  r:eoded, l e a d i n g  t o  

a t o t a l  requi rement  o f  83 Wb. 
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3. LIMITER SYSTEM 

" .  . 
3.1 FUNCTION 

L i m i t e r s  p r o v i d e  phys i ca l  p r o t e c t i o n  t o  t he  f i r s t  w a l l  d u r i n g  

u n c o n t r o l l e d  plasma s t a r t u p  o r  shutdown. I n  a d d i t i o n ,  they  can p r o v i d e  

plasma shaping as a  sc rapeo f f  mechanism. L i m i t e r s  a re  e i t h e r  f i x e d  o r  

movable and e i t h e r  a c t i v e l y  o r  p a s s i v e l y  cooled. 

3.2 DESIGN DESCRIPTION 

The l i m i t e r  system i s  made up o f  two se t s  o f  p o l o i d a l  l i m i t e r s ,  

l o c a t e d  180" apa r t .  Each s e t  c o n s i s t s  o f  . f o u r  f i x e d   unit.^, as shown i n  

F ig .  3.1. Due t o  t h e  . i r r e g u l a r  shape o f  t h e  t o r u s  c ross  s e c t i o n  and t h e  

f a c t  t h a t  t h e  l i m i t e r s  a r e  f o r  f i r s t  w a l l  p r o t e c t i o n o n l y ,  and n o t  

plasma shaping, f i x e d  u n i t s  were chosen. 

FIRST WALL COOLANT 
EXIT MANIFOLD 

TUBULAR. 
FIRST WALL 

FIRST WALL CO 

F ig .  3.1. P o l o i d a l  1  im i te r . ,  



A p z s s i . ~ e l y  coo led  1 i m i t e r  i s  assumed. An a c t i v e l y  coo led  system 

i s  avo ided because o f  ( 1 )  t h e  added complex i t y  o f  supp ly ing  c o o l a n t  t o  

t he  l i t r i i  t .er  and ( 2 )  t h e  p o s s i b i l i t y  o f  c o o l a n t  l e a k i n g  to t h e  plasma i n  

t h e  event o f  a l i m i t e r  coo lan t  tube  burnout .  

Gr4aphite i s  t h e  l i m i t e r  m a t e r i a l ;  i t s  low-Z c h a r a c t e r i s t i c s  a r e  

d e s i r a b l e  i n  r ega rd  t o  l i m i t e r  c o n t r i b u t i o n s  t o  plasma impu r i= i es .  

G raph i t e ' s  thermal p r o p e r t i e s  ( h i g h  me1 t i n g  p o i n t ,  shock res i s tance ,  and 

1 m ~  expansion) a r e  a l l  s u i t a b l e  f o r  t he  ope ra t i ng  environment.  The 

g r a p t i t e  panels, which a r e  1-2 cm t h i c k ,  a r e  i n s t a l l e d  between ad jacen t  

f i . r s t  w a l l  modules and extend 20 cm from t h e  f i r s t  w a l l  toward the  

plasma. It -is in tended t h a t  they  l a s t  f o r  t he  l i f e  o f  t h e  f i r s t  w a l l .  

The i r  replacement would be p a r t  o f  t he  scheduled maintenance o f  t h e  

f i r s t  w a l l .  L i m i t e r s  can be removed o n l y  by d isassembl ing t h e  t o rus .  



'It- 
- *-.; 

8 --L' . -, 



. . 4. FIRST WALL 

4.1 FUNCTION 

The p r ima ry  f u n c t i o n  o f  the  f i r s t  w a l l ,  i n  c ~ n j u n c t i o n  w i t h  t he  

d i v e r t o r ,  i s  t o  absorb and remove t he  energy assoz ia ted  w i t h  t h e  a lpha 

p a r t i c l e s ,  which makes up approx imate ly  20% o f  t h ?  t o t a l  plasma energy., 

The f i r s t  w a l l  i s  designed t o  take  a l l  t he  a lpha 3 a r t i c l e  energy. 

However, the  a c t u a l  heat  l oad  t o  t he  f i r s t  w a l l  i s  es t imated  t o  be 

e q u i v a l e n t  t o  50% o f  t h e  a lpha p a r t i c l e  energy w i t h  t he  rema in ing  50% 

handled by t h e  bundle d i v e r t o r  (see Sect.  10) .  M a t e r i a l  damage asso-' 

c i a t e d  w i t h .  p a r t i c l e - s u r f a c e  i n t e r a c t i o n s  (e.g., spu t t e r i ng ,  e m b r i t t l e -  

ment, e t c . ) '  i s  taken by t he  f i r s t  w a l l .  The parameters o f  t h e  f i r s t  

w a l l  a r e  l i s t e d  i n  Table 4.1. 

4.2 DESIGN DESCRIPTION 

Type 316 s t a i n l e s s  s t e e l  tubes, 2.5 cm i n  diameter,  a r e  brazed t o  

t y p e  3 1 6  s t i f f e n e d  sheet  s t e e l  t o  make up modular f i r s t  w a l l  panels  (see 

F ig .  4.1).  Each o f  t h e  face ted  i n n e r  sur faces o f  t he  plasma chamber i s ,  

1  i ned  w i t h  an independent ly cooled panel .   he panel s  a r e  mechanical l y  

Table 4.1. F i  r s t  w a l l  parame2ers 

Cons t ruc t i on  

Maximum heat  l o a d  (des ign  va lue)  

Cool a n t  

I n l e t  temperature 

E x i t  temperature 

Ac tua l  hea t  1  oad 

Neutron w a l l  l oad ing ,  Lw 

, Maximum w a l l  l o a d i n g  ( s u r f a c e  hea t )  
1 .  

Actua l  w a l l  l o a d i n g  ( su r f ace  hea t )  

~ i ' f e t i m e  

2.5-cm-di.am s t a i n l e s s  s t e e l  
tubes 

226 MW 

Water 

40°C 

%150°C , 

4.5 x l o 5  cyc les  (10 years  
ope ra t i on )  
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Fig. 4.1. F i r s t  wall.  

fastened t o  the  chamber so tha t  induced thermal s t resses  in the panels 

are mininal. Type 316 s t z in l e s s  s tee l  was ckosen because i t s  physical 

pt-operties a re  adequare t o  meet the design requirements and because i t s  

use presents an oppor:un'ty to  expand the nuclearlthermal data base fo r  

t h i s '  mater ia l .  



The t o t a l  f i r s t  w a l l  i n s t a l l a t i o n  c o n s i s t s  of 6 panels  f o r  each of 

t h e  16 sec to rs .  Sectors  may be removed f rom the  :device f o r  replacement 

o r  r e p a i r  (see Sect.  24).  

The f i r s t  w a l l  i s  ex'pected t o  l a s t  f o r  t h e  proposed 10-year l i f e  o f  

t h e  f a c i l  i ty  (based on t h e  m iss ion  d e s c r i p t i o n  i n  Ref. 1 ). Adherence t o  

t h i s  schedule r e q u i r e s  approx imate ly  4.5 x 105 puls-es. Th is  number i s  

w i t h i n  t he  low c y c l e  f a t i g u e  l i m i t  o f  s t a i n l e s s  s t e e l  even i f  the  t o t a l  

a lpha p a r t i c l e  energy i s  depos i ted  i n  t h e  f i r s t  w a l l .  The a c t u a l  heat  

l o a d  t o  t h e  f i r s t  w a l l  i s  es t imated  t o  be 50% o f  t he  a lpha p a r t i c l e  

energy (1  13 MW) w i t h  t h e  remain ing 50% handled by t h e  bundle d i v e r t o r .  

However, t h e  coo lan t  f l o w  r a t e  through t he  t u b u l z r  f i r s t  w a l l  i s  adequate 

t o  t r a n s f e r  a l l  t h e  a lpha p a r t i c l e  energy (226 ~ b ! )  a t  a temperature r i s e  

of approx imate ly  l l O ° C .  
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5. SHIELD 

5.1 FUNCTION 

The func t ions  o f  t h e  s h i e l d  a r e  t o :  

( 1 )  reduce nuc lea r  hea t i ng  i n  t h e  TF c o i l s  t o  acceptable l e v e l s ,  

( 2 )  min imize a c t i v a t i o n  o f  r e a c t o r  components 3nd aux i  1  i a r y  sys tems , 
( 3 )  a t t e n u a t e  r a d i a t i o n  f rom a c t i v a t e d  components d u r i n g  maintenance 

shutdown per iods ,  

( 4 )  reduce r a d i a t i o n  streaming around and through pene t ra t i ons  t h a t  

v iew t h e  plasma, and 

( 5 )  t r a n s f e r  t h e  heat  generated by a t t e n u a t i o n  o f  neu t ron  and gamma 

f l u x e s  by means o f  an a c t i v e  c o o l i n g  systen. 

The s h i e l d  parameters a r e  l i s t e d  i n  Table 5.1. 

5.2 DESIGN REQUIREMENTS 

The. s h i e l d  between t h e  f i r s t  w a l l  and t he  TF c o i l s  w i l l  be t h i c k  

enough so t h a t  t h e  t o t a l  t ime-averaged nuc lea r  hea t i ng  r a t e  i n  t he  

superconduct ing TF c o i l s  w i l l  be G?0 kW (abdut  o n e - t h i r d  o f  the  t o t a l  

pu l se  average hea t i ng  r a t e  i n  the  TF c o i l s ) .  

.Table 5.1. S h i e l d  parameters 

S h i e l d  m a t e r i a l  

Major  r ad ius ,  R 

- -- - 

S t a i n l e s s  s t e e l  s a l l s  and 
bora ted  wate r  

5.0 m 

S h i e l d  minor  r a d i u s  ~ 1 . 5  m 

S h i e l d  th ickness  0.6 m 

S h i e l d  th ickness  
(around pene t ra t i ons  ) 0.30 m 

Number o f  sec to r s  16 

coo lan t  Low pressure bor3 ted  wate r  

Coolant  heat  l oad  1220 MW 

Neutron w a l l  l oad ing ,  Lw 2.4 MW/m2 



5 . 3  DESIGN 3ESCRIPTION 

The D-T plasma ope ra t i on  w i l l  produce l a r g e  q u z n t i t i e s  o f  14.1-MeV 

n e ~ t r o n s .  These h i g h  energy p a . r t i c l e s ,  p l u s  the  secondary r a d i a t i o n s  

they  generate i n  t h e  form o f  ganma rays  and lo'w energy neutrons, w i l l  

cause damage t o  m a t e r i a l s  and repyesent  a hazard t o  personnel.  The 

s h i e 1 d i . n ~  sys tea  o f  a D-T f u s i o n  dev ice  norma l l y  i nc l udes  f o u r  compo- 

nen ts :  (1 )  b l anke t ,  ( 2 )  b u l k  s h i e l d ,  ( 3 )  p e n e t r a t i o n  s h i e l d ,  and , 
. . 

(41 b i o l a g i c a l  s h i e l d .  The p r i v a r y  f u n c t i o n  o f  t he  b l anke t  and b u l k  

s h i e l d  . i s  t o  conve r t  t h e  k i n e t i c  energy o f  f u s i o n  neut rons and secondary 

ganma rays  i n t o  heat .  The a d d i t i o n a l  f u n c t i o n  reserved  f o r  the  b l anke t  

i s  breedi 'ng t r i t i u m ;  s i n c e  TNS, a', t h i s  t ime, does n o t  i n c l u d e  , f u e l  

generat ion,  we a r e  d e s c r i b i n g  onl:~, a  b u l k  s h i e l d  hav ing  a dual  purpose, 

energy c 'onversion and reac . to r  c~mponent  p r o t e c t i o n  b3; neu t ron  a t t enua t i on .  

The p e n e t r a t i o n  s h i e l d i n g  sur ro l~nds  t h e  duc ts  f o r  n e ~ t r a l  bean i n j e c t o r s  , 
d i v e r t o r s ,  vacuum pumps, fue l  ing ,  and d iagnos t i cs .  I t  p rov ides  v i r t u a l l y  

no a t t e n u a t i o n  . f o r  d i r e c t  streaming b u t  w i l l  p r o t e c t  components (such as 

t h e  TF c o i l s )  t h a t  , a re  ad jacen t  t o  t he  pene t ra t i ons .  T h l  b i o l o g i c a l  

s h i e l d  i s  g e n e r a l l y  cons idered t o  be. the  concre te  r e a c t o r  r iel - (see 

Sect .  25) ,  which p rov ides  t h e  l a s t  b a r r i e r  f o r  n e u t r o n  a t t e n u a t i o n  

d u r i n g  f u s i o n  and l i m i t s  a c t i v a z i o n  l e v e l s  o u t s i d e  the  b u i l d i n g  t o  l e s s  

than  100 .nrem/year. 

The b u l k  s h i e l d  m a t e r i a l  i s  s t a i n l e s s  s t e e l  i n  t h e  Form of.1-cm-diam 

b a l l s  w i t h  bora ted  water  a c t i n g  as  t he  c o o l a n t  f o r  e3ch module. The 

misimum o ~ t e r  s h i e l d  t h i ckness  ( i . e . ,  t he  s h i e l d i n g  f u r t i i e s t  f rom the  

buck ing  c y l i n d e r )  w i l l  l i m i t  t he  PF c o i l  o rgan i c  i n s ~ l a t i o n  t o  a  r a d i a t i o n  

l e v e l  o f  1 0 l 2  rads  over  t he  l i f e  G f  t he  tokamak. The minimum i n n e r  

s h i e l d  t h i ckness  w i l l  l i m i t  t h e  t c t a l  time-avevaged nuc lea r  hea t i ng  r a t e  

i n  t h?  superconduct ing TF c o i l s  t c  an acceptable r a t ? .  A 5-cm th i ckness  

o f  l ead  i s  p a r t  o f  the b u l k  s h i e l d .  

The t o t a l  dev i ce  s h i e l d i n g  thickness was eva1ua:ed re l a t i ve  t o  t he  

s i z e  and number o f  pene t ra t i ons .  The t o t a l  e f fect iveness o f  the s h i e l d i n g  

i n  t h e  r e a c t o r  c e l l  i s  g r e z t l y  in f luenced  by t he  area o f  t he  pene t ra t i ons  

i n t o  t he  t o r u s .  The p e n e t r a t i o n  s h i e l d  around t he  n e u t r a l  beam d u c t  i s  

30 cm t h i c k  and t h e  c o n c r e t e  th ickness  f o r  t he  r e a c t o r  c e l l  i s  2 m 
. . 

th 'ck,  assuming o r d i n a r y  concrete.  





6. MACHINE STRUCTURE 

6 1 FUNCTION 

The machine s t ructure provides the s t ruc tu ra l  support f a r  the 

components t h a t  make up the tokamak device: the :orus pllsma chamber, 

the TF and PF c o i l  supports, the dewar structure, and peripheral components 

t h a t  in te r face  w i t h  the torus, such as the neutral  beam i ~ j e c t o r s ,  the 

rf heating system, the p e l l e t  f ue l i ng  device, and the d i v ~ r t o r .  

6.2 DESIGN REQW IREMENTS 

The machine s t ruc tu re  w i l l  be designed i n  conpliance w i th  accepted 

ASME safety  codes t o  ensure a reasonable degree o' conservatism and 

consistency i n  applying the design rules. Deviations w i l l  be permissible 

i n  areas where the codes do not  apply and where rev is ions o r  extensions 

o f  the codes are warranted. The machine s t ructure w i l l  be designed t o  

complement the remote hand1 ing  character is t ics  o f  the overa l l  device, 

have a 10-year minimum design l i f e ,  and incorporate mater ia ls  t ha t  

minimize neutron ac t i va t i on  and have low magnetic permeabil i ty  and high 

e l  e c t r i  ca l  resistance. 

6 - 3 DESIGN DESCRIPTION 

The major components t ha t  make up the machine s t ructure are l i s t e d  

w i t h  corresponding design descr ipt ions ( re fe r  t o  Fig. 6.1 t o  estab l ish 

the loca t ion  o f  each component w i t h i n  the tokamak device). 

6.3.1 Torus Plasma Chamber 

The torus plasma chamber surrounds the plasmi, contains the bu lk  

sh ie ld  material,  and provides support f o r  the f i r s t  wall .  The f i r s t  

wal l  s t ructure I s  mechanically supported o f f  the inner wa l l  o f  the 

sectors. The bu lk  sh ie l d  material,  consist ing o f  s ta in less steel  b a l l  s 

and borated water, i s  located i n  the interspace o f  the sector walls. 

The torus i s  made up o f  16 sectors which are mechenically sealed and 



TF COlL LKIERAL SJCCOm 
CEWTRAL CYLINDRICAL DEWAR 

COllMON DEWAR ( U W R  SHELU 
INTER - COI L SUPPORT STRUCTURE 

TORIES PLASMA CHAMBER INlDVlDUAL W A R  

EF COlL SUPPORT 

F .  6.1. Major components of the machine structure.  

bo'ted a t  sector interfaces.  Each 22.5" sectcr  has a trapezoidal cross 
section and consists of three inner and outer, sing1 e-curvature-formed, 
s ta in less  s teel  sheets separated by internal s t i f feners  and closed a t  
each end. Four sectors form a quadrant (90') of the torus and a re  
supported from below by a curved beam attachec to  a truss s t ructure 
connected to  ground. The curved beam and truzs s t ructure are  configured 
t o  allow a torus quadrant to  be moved radial ly  outward a small distance 
t o  provide i n i t i a l  intersector clearance durir g sector removal operations 
(see Sect. 24). 

W i t h  a l l  16 sectors connected, a r ig id  s t ructure is formed. 
Electromagne~icslly induced, radially outward forces a re  relat ively 
s m l l  and are  reacted by the intersector bolts. The in ter ior  D-shape 
co i l s  of the poloidal f i e ld  system (see Sect. 7 . 3 ) ,  located a t  the top 
and bottom of the torus,  ac t  as bucking rings to  support any electro- 
magnetical ly induced centering forces. The torus i t s e l f  i s  designed to 
wizhs tand the 1 -atm pressure different ial  required for  shakedcwn opera- 
tiens. 



6.3.2 Coi 1  Support S t ruc tu res  

Centra l  TF c o i l  support. column . . " ., . 

The c e n t r a l  support  column i s  a cryogenica l ' ly  c o l d  ( 5 K )  s t r u c t u r e  

which ( 1  ) t r a n s f e r s  the  g r a v i t y  fo rces  o f  the  TF 'coi  1  s  and i n t e r c o i  1  
s t r u c t u r e  t o  a c r ~ o g e n i c a l ' l y  i s o l a t e d  machine support  bas@ and ( 2 )  &uppor ts  ' , 

a  p o r t i o n  o f  t h k  magnet ica l l y  induced c e n t e r i n g  and bve r tu rn ing  forces. 

of the  TF c o i l s  based on the  r e l a t i v e  s t i ' f f n e s s  between the  suppo'rt 

column and the  i n t e r c o i l  s t r u c t u r e .  The support  'column i s  a 12-sided 

polygon w i t h  a c i r c u l a r  i nne r  diameter. ' The s t r u c t u r e  .h3s a v e r t i c a l  

groove a long the  f u l l  he igh t  o f  each face  t o  r e a c t  a p o r t i o n  o f  t he  TF 

c o i  1  t o r s i o n a l  forces.  I t  i s  e l  e c t r i c a l  ly segmented t o  .reduce eddy ' ' . .: ; 

cur ren ts .  

6.3.3 . . '-Dewar S t r u c t u r e  

The dewar s t r u c t u r e  forms a vacuum enclosure f o r  the  c ryogen ica l l y -  

cooled components t h a t  make up the  tokamak device: t he  TF c o i l s  and 

i n t e r c o i l  s t r u c t u r e ,  the  OH so lenoid,  the  i n t e r i o r '  EF c o i l s ,  and the  

c e n t r a l  support  column. The dewars minimize t r i t i u m  c o l l e c t i o n  on the  

sur faces of these components and enable them t o  ma in ta in  t h e i r  cryogenic  

c o n d i t i o n  when the  vacuum b u i l d i n g  i s  repressur ized,  e l i m i n a t i n g  the  

dependence o f  t he  tokamak device on t h e i r  cooldown and warmup cyc les.  

The dewar s t r u c t u r e  cons i s t s  o f  two cont inuous s t i fGened  s h e l l s ,  

which enclose the  upper and lower p o r t i o n s  o f  the  TF c o i l s ;  a  c e n t r a l  

c y l i n d r i c a l  dewar, which encloses the inboard l egs  o f  t he  TF c o i l s ;  an3 

i n d i v i d u a l  rec tangu la r  dewars, which enclose the  outboard legs  o f  each 

TF c o i l .  . The secondary :vacuum~environmen't p r 0 v i d e d . b ~  the vacuum b u i l d i n g  

a l lows the ,use  o f  mechanical connect ions t o  j o i n  the  dewar sect ions.  

Vacuum and thermal p rope r t i es  of t he  dewar system a re  discussed i n  

d e t a i l  i n  Sect. 9. 



6 . 3 . 2 . .  2 1 n t e r c o i l  support s t r u c t u r e  

The i n t e r c o i l  suppor; struc;ure, which reac ts  a  p o r t i o n  of the 

magnet ica l l y  -nduced TF c o i l  forces, i s  a  box beam c o n s t r ~ c t i o n  loca ted 

betueen c o i l s  and mechanical ly fastened t o  the TF c o i l  s t r u c t u r e  along 

the  upper and lower p o r t i o n s  o f  the c o i l s .  The t o r s i o n a l  load i s  balanced 

a t  t he  machine midplane by d i f f e - e n t i a l  bending i n  the ou te r  p o r t i o n  o f  

the  TF c o i l  and by keying a c t i o n  a t  the bucking c y l i n d e r .  A s t r u c t u r a l  

i n s u l a t i n g  sh-m o f  g l  ass- re in fo rced epoxy ac ts  as an i n t e r f a c e  between 

the TF c o i l s  and the  i n t e r c o i l  s t r u c t u r e  t o  i n t e r r u p t  the eddy c u r r e n t  

path. F a u l t  c o n d i t i o n  requirements f o r  the f a i l u r e  c f  a  s i n g l e  TF c o i l  

and t h e  associated loads have not  been def ined; there fore ,  the ex ten t  o f  

the i n t e r c o i l  s t -uc ture  requ i red  f o r  t h i s  c o n d i t i o n  bas n ~ t  been addressed. 

The design shown ind i ca tes  t h a t  out-of -p lane f a u l t  loads generated along 

the  unsupported sect ion o f  the  T- c o i l  a re  beaned t o  the ~ x i s t - n g  i n t e r -  

c o i -  s t ruc tu re .  If the st resses generated on the TF c o i l  under t h i s  

c o n d i t i o n  a r e  unacceptable, i t  appears f e a s i b l e  t o  add 1  ocal demountable 

supports to reduce the st-esses w i thout  compromising the remote main- 

tenance featuves o f  the  device. 

6.3.2.3. EF c o i l  support 

The i n t e r c o i l  fo rces  associated w i t h  the  EF c o i l s  a r e  supported by 

an in te rconnect iqg  s t r u c t u r e  between the  EF c o i l s .  The upper support 

s t r u c t u r e  and machine f l o o r  support the g r a v i t y  fo rces  and any imbalance 

i n  t he  c o i l  system. 

6.3.2.4 TF c o i l  l a t e r a l  s u ~ p o r t  

The TF c o i l  l a t e r a l  support member i s  a  r i n g  l oca ted  a t  the  top  o f  

the OK so leno~ id  and connected by p i n s  t o  the 'TF c o i l s  t o  support the 
' 

imbalance i n  the TF c o i l  g r a v i t y  loads du r ing  i n i t i a l  assembly. 





. . 
7. POLOIDAL FIELD SYSTEM 

7.1 FUNCTION 

The p o l o i d a l  f i e l d  (PF) system (1)  induces a cu r ren t  i n  the  plasma, 

( 2 )  .maintains t h e  plasma columns i n  equ i l  i b r i um bo;h ho r i zon ta l  l y .  and 

v e r t i c a l l y ,  an,d ( 3 )  p r o t e c t s  the superconducting TF c o i l s  from magnetic 

f l u x  changes. The parameters o f  the PF. system. a re  shown i n  Table 7.1. 

7 .2  DESIGN REQUIREMENTS 

The PF system has a 10-year design l i f e t i m e  f for  the main components 

and a1 lows remote maintenance and replacement o f  . the c o i l  i .  Operat ing 

w i t h  rf preheating, the OH and EF c o i l  systems w i l l  be capable o f  s'upplying 

53 V-sec du r ing  s ta r tup ,  inducing a plasma c u r r e n t  o f  up to .  4 MA. . 

Without rf preheating, 70 V-sec w i l l  be requi red.  The OH. system w i  11 

a l s o  have s u f f i c i e n t  volt-seconds capac i ty  t o  p rov ide  a r e l a t i v e l y  l ong  

burn pulse, which would be adequate f o r  v i a b l e  r e a c t o r  operat ion.  .The 

EF c o i l s  w i l l  supply s u f f i c i e n t  v e r t i c a l  f i e l d  . t o  ho ld  the  plasma c u r r e n t  

i n  e q u i l i h r l u m  dur ing  the burn phase. . . 

7.3 DESIGN DESCRIPTION 
. . 

An a i r  core, h y b r i d  PF system inco rpo ra t i ng  rf ass i s ted  s t a r t u p  w3s 

se lec ted  f o r . t h e  FY 1978 Reference Design. The PF system cons i s t s  of s 

superconducting OH c o i l ,  i n t e r i o r  ( i n s i d e  the  TF c o i l  bore) normal 

copper EF c o i l s  which c a r r y  35% o f  the EF currens, and e x t e r i o r  (ou ts ide  

the  TF c o i l  bore) superconducting EF c o i l s  which ca r ry  65% o f  t he  EF 

cu r ren t .  The name "hybr id"  i s  used ' t o  i d e n t i f y  the  mix o f  i n t e r i o r  arid 

e x t e r i o r  EF c o i  1 s . 
The s i z e  o f  t h e  c e n t r a l  bore f o r  t h e  Reference Design was taken 

from system s tud ies  which i d e n t i f i e d  the  geometric c h a r a c t e r i s t i c s  

( i . e . ,  the plasma s i z e  and major rad ius )  f o r  a minimum c o s t  i g n i t e d  

tokamak reac to r .  l The OH system was s ized f o r  maximum u t i l i z a t i o n  o f  

7 



Table 7.1. P.= system p a r m e t e r s  

Pr imary OH c o i l  

General 

L i f e ,  tL 

Duty' cyc le ,  dc - .  

I n s i d e  rad tus  o f  so leno id ,  RI 

3 u t s i d e  r a d i u s  o f  so leno id ,  ROS 

-eng:h o f  c e n t r a l  co re .  LS 

Number o f  t u r n s  ( t o t a l  : , Noh 

Yechani c a l  

flaxinum loop  s t r ess ,  cs 

E l  ec t rcmagnet i  c 

Lampere- t u r n s  

Caxinum f i e l d  a t  winding, Bsmax 

F i e l d  a t  c o i l  a x i s ,  BSaK 

Induc3d ~11 asma c u r r e n t  
(by OH system), I 

P 
M'3ximum r a t e  o f  f l u x  change 

i n  4he OH c o i l ,  b 
C o i l  swing t.ime ( f u l l  fo rward  

t o  zero c u r r e n t ) ,  ts 

Coi 1 v o l  t-seconds (OH system) 

Scorec ensrgy, W 

Coi 1 b o l  tage (maxi mum) , Vc 

Mzximun c o i l  c u r r e n t l t u m ,  I, 
" 

Ccnductor 

Cur ren t  d e n s i t y  o v e r a l l ,  JOA 

Sel f - induc tance  ( s i n g l e  turn! ,  Loo 

Conductor co-ol a n t  

T o t a l  r e f r i g e r a t i o n  reqv i r ed ,  Pref 

10 years 

96% 

0.875 m 

1;13 m 

10 m 

2771 

. . 

20,000 p s i  

64 MAT 

8 T 

8 T 

6 sec 

59 V-sec 

1.1 GJ 

26 kV 

23' kA 

NbTi. 

2.5 kA/cm2 

0.37 pH 

'i iei ium ' 

TBD" 

?BD = t o  be determined. 



Table 7.1 (cont inued) 

EF c o i l  

General 

L i f e t ime ,  tL 

Duty cyc le,  dc 

Number o f  c o i l  systems, Nsh 

Electromagnetic 

Ampere- tu rns  

10 years 

94% 

6 

41 MAT 

Coi 1 vo l  t-seconds 24 V-sec 

Stored energy, W 2.6 GJ 

Current/  t u rn ,  Iac 23 kA 

Conductor ma te r i a l  

Normal conductor 

Superconductor 

Cu 

NbTi 

. , 

t he  c e n t r a l  bore and f o r  opera t ion  a t  a maximum, f i e 1  d o f  8 T. The PF 

system w i l l '  supply 83 V-sec when opera t ing  w i t h  a ha l f -b iased OH system 

swinging from +8 T t o  -8 Ty which i s  adequate f o r  s t a r t u p  and 500 sec of 

burn. 

Placement o f  the  EF c o i l s  i s  important  from the standpoint  of 

ma in ta in ing  plasma e q u i l  i b r i u m  and shape du r ing  the  heat ing  and burn 

phase, i n f l u e n c i n g  power consumption, p r o t e c t i n g  t h ?  TF c o i l s  aga ins t  

plasma d i s rup t i on ,  and s e r v i c i n g  the  c o i l s .  I n  the Reference Design, 

the  EF c o i l  system cons is ts  o f  s i x  c o i l  systems, naned p r i r a r i l y  f o r  

t h e i r  l o c a t i o n s  w i t h  respect  t o  the  TF c o i l  bore and t h e i r  rough p r o x i m i t y  

t o  the  plasma: i n t e r i o r  i n s i d e  c o i l s  (11), i n t e r i o r  D-shape c o i l s  ( ID) ,  

i n t e r i o r  ou ts ide  c o i l s  (10),  e x t e r i o r  i n s i d e  c o i  1 s (E I ) ,  e x t e r i o r  D-shape 

c o i l s  (ED), and e x t e r i o r  ou ts ide  c o i l s  (EO). The FF system i s  shown i n  

F ig.  7.1. As noted, the  EF c o i l s  i n s i d e  the  TF c o i l  bore are  normal 

copper and those outs ide  a re  superconducting. Th i s  arrangement o f  

i n t e r i o r  and e x t e r i o r  c o i l s  can main ta in  the plasma p o s i t i o n  and D-shape 

f o r  a wide range o f  beta values. 



Fig .  7.1. PF c o i l  loca t ions .  

Because o f  the  i n t r i i n s i  c  'engineering d i f f i c u l  t i e s  w i t h  the  assembly 

and r e p z i r  . ~ f  i n t e r i o r  c o i l s  i n  the  r a d i o a c t i v e  envfronment ~f a D-T 

tokamak reac tor ,  i in e f fo r t 'was ,  m3de t o  reduce the  cumber o f  tu rns  o f  

these c o i l s .  The 65%-35% s p l i t  between e x t e r i o r  and i n t e r i o r  EF c o i l s  

o f f e r e d  a  .reasonable balance between c o i  1  mai n tena~ce ,  TF c o i  1  p ro tec t ion ,  

and power r e q u i r e ~ e n t s .  

The t ime behaviors of  the  EF and OH c o i l  cu r ren ts  a re  shown i n  

Fig. 7.2, based on rf preheat ing du r ing  s ta r tup .  The rf ass i s ted  s t a r t u p  

was chosen Because'a subs tan t i a l  reduc t ion  i s  r e a l i z e d  i n  the  s t a r t u p  

loop vo l tage a ~ d '  r e s i s t i v e - v o l t - s e c o n d  losses,' a l o ~  w i t h  an i n c r e a s e ' i n  

the  s t a r t u p  t ime r e l a t i v e  t o  03era t ing  w i t h o u t  a  rf preheat ing system. 

The rf preheat ing i s  supp'l i e d  by f i v e  2 0 0 - k ~  gyrokilystrons, which d e l i v e r  

1  MW t,o t h e  plasma. du r ing  the  6-sec s t a r t u p  per iod .  

REFERENCE 

1. TNS. Engineering S t a f f ,  FOUR TgnCtion TNS Tokamo-% R e a c t o t ~  S y h ; t m  - 

P u Q n  S ~ k d y ,  '4FPS-TME-071, West.i nghouse E l  ec t r i ' c  Corporct ion , 
P i  t t j b u r g h ,  Petinsyl vania (October 1977). 



CURRENT .WAVE FORMS 

I ' ED I 

EO 

E I I 

I 
I 

QUENCH 
(a-HEATING) 

ZATION 
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COlL C'URRENT 

EXTERIOR EF 
COlL CURRENT 

OPERATING SEQUENCE TIME (sec) 

F i g . . 7 . 2 .  PF c o i l  c u r r e n t  wavefkrms. 







8. TOROIDAL FIELD SYSTEM 

8; 1 FUNCTION 

The t o r o i d a l  f i e l d  (TF) system generates a t o r o i d a l  magnetic f i e l d  

t h a t  combines w i t h  t he  pulsed p o l o i d a l  magnetic f i e l d  t o  con f i ne  the  

plasma. The system parameters a re  l i s t e d  i n  Table 3.1. 

8.2 DESIGN REQUIREMENTS 

The TF c o i l s  must generate a magnetic f i e l d ' o n  a x i s  (B,.) o f  5.3 T 

and must have a magnetic f i e l d  r i p p l e  a t  the  plasme edge (aa)  o f  <2.5% 

(peak t o  average). ' The du ty  c y c l e  i s  100%, and the  c o i l  l i f e t i m e  i s  

10 years. 

8.3 DESIGN DESCRIPTION 

The requ i red  on-axis magnetic f i e l d  o f  5.3 T a t  a plasma major 

r a d i u s  o f  5.0 m i s  produced by 12 superconducting TF c o i l s  w i t h  a h o r i  - 
zonta l  bore o f  6.2 m and a v e r t i c a l  bore o f  9.8 rn. Th is  combinat ion o f  

number o f  c o i l s  and c o i l  s i z e  achieves a magnetic f i e l d  r i p p l e  o f  1.5% 

a t  the  plasma edge, which i s  l e s s  than the  maxi mu^ va lue o f  2.5%. 

However, these l a r g e r  TF c o i l s ,  r e l a t i v e  t o  the  s i z e  requ i red  f o r  2.5% 

r i p p l e ,  a l l o w  the  PF c o i l s  i n s i d e  the  bore o f  the  TF c o i l s  t o  be r a i s e d  

t o  park ing  o r b i t s  du r i ng  t o r u s  segment removal and a l s o  a l l o w  space f o r  

t h e  removal o f  a t o r u s  segment ( c o n s i s t i n g  o f  one-s ix teenth o f  t he  

t o r u s )  between s t a t i o n a r y  TF c o i l  s. 

The TF c o i l s  a re  a pure tens ion  D-shape design w i t h  a t rapezo ida l  

cross sec t ion .  The cen te r i ng  fo rces  on the  c o i l s  a r e  reac ted  through a 

bucking c y l i n d e r  and an i n t e r c o i l  support  s t r u c t u r e .  

The superconduct ing elements a r e  composed o f  an i nsu la ted ,  cabled 

conductor,  us ing  Nb3Sn f i l amen ts  i n  a copper s t a b i l i z i n g  m a t r i x .  The 

cables a re  encapsulated by a t h i n  s t a i n l e s s  s t e e l  j a c k e t  and cooled by 

fo rced - f l ow  s u p e r c r i t i c a l  helium, which runs thruugh the  i n t e r s t i c e s  of  



Table 8.1. TF c o i l  system pararn2ters 

Geometric 

Num9er o f  c o i l s ,  N, 

Coi l shape 

Ho r i zon ta l  opening, ct f  6.2 n 

Ve rx i ca l  opening, htf 9.8 

Mean c o i  1 circumferenc:e, C . 29.5 n 

Plasma rad ius ,  a 1.2 m 

Major  r ad ius ,  R 

Maximum f i e l d  a t  winding, B 
. rnax 

F i e l d  on ax i s ,  BT 

T o t a l  anpere- t u r n s  

S to rsd  energy, Wc 
Number o f  t u r n s  pe r  c o i l  

. j t r uc tu re - t o - conduc to r  a rec  r a t i o  

Cur ren t  ,per t u rn ,  It 
 ond duct or 

Overe.11 3verage conduc.t.or 
c u r r e r  t dens i ty , JM: 

Nb3Sn superconductor w i t h  
copper m a t r i  x 

S t r u c t u r a l  

5 t r a i . n  i n  conductor  m a t r i x ,  E~ <O. 2% 

Cente r ing  f o r c e  pe r  c o i l ,  Fc 470 x 106  Y 

Struc. tura1 ma te r i  a1 300 s e r i e s . c t a i n l e s s  s t e e l  

220,003 kg Weight o f  each c o i l ,  Wcoil 

Conductor c o o l a n t  ~ u p e r c r i t i  c a l  he1 i urn 

Average he1 i um i n 1  e t  
temperature,  Tin 

He1 i u n  f i  ow r a t e l c o i  1 ,, n . . - 4 kg lsec  

T o t a l  r e f r i g e r a t i o n  w i r e d  a t  
5.OE ( i nc l udes  purnpinc power), Pref 48 kW 



t h e  strands. The conductors a re  pancake wound arounc- a s t a i n l e s s  s tee l  

c o i l  support  bobbin. There a re  e i g h t  s l o t s  i n  a bobbin w i t h  th ree  Nb3Sn 

superconductors i n  a s l o t .  The TF c o i l  c o n f i g u r a t i o n  i s  shown i n  Fig. 8.1. 

The superconducting TF c o i l s  a re  designed t o  be c ryos tab le .  The 

cryogenic  recovery c a p a b i l i t y  o f  the  conductor design i s  de f ined  as the  

a b i l i t y  t o  recover  t o  a f u l l y  superconducting s t a t e  from an i n i t i a l l y  

imposed normal zone temperature (d r i ven  t o  t h a t  tempwature  by  a sudden 

heat depos i t i on  i n  t he  conductor) over  a g iven normal zone length.  The 

present  s t a b i l i t y  requirement ground r u l e  s p e c i f i e s  t h a t  su~e rconduc to rs  

s h a l l  be a b l e  t o  recover  t o  t h e i r  f u l l y  superconducting s t a t e  a f t e r  

l o 5  J per cub ic  meter o f  conductor p lus  hel ium volume i s  suddenly deposi ted 

i n  h a l f  a t u r n  o f  t h e  conductor winding. F igu re  8.2 i n d i c a t e s  t h a t  the  

Nb3Sn design can meet the requirement w i t h  a very  smal l  f l o w  r a t e .  

However, i n  o rder  t o  ma in ta in  a t u r b u l e n t  f l o w  i n  t he  Nb3Sn conductor 

channels, a f l o w  mass v e l o c i t y  o f  2 g/sec-cm2 per conductor was selected.  

A t  t h i s  mass v e l o c i t y ,  t he  s t a b i l  i t y  margin o f  t h e  Ub3Sn superconductors 

i s  > 3 .  



r MEAN COIL 

L\\ VERTICAL BORE 
9.8 m 

b",'d~A HORI Z O N T I L  BORE 6.2 rn 4 1 

F ig .  8.1. TF c o i l  c o n f i g u r a t i o n .  



MASS VELOCITY, g / ~ -  cm2 PER CHANNEL 

Fig. 8.2. Recovery capabi l i ty  of the TF coi l  
superconductor. 







9? DEWAR SYSTEM 

9.1 FUNCTION 

The dewar system reduces the heat leak i n t o  the superconducting 

c o i l s  and t h e i r  supporting structures. It provides a vacuum ba r r i e r  t o  

reduce gas convection losses and a sh ie ld  t o  reduce thermal rad ia t ion  

losses. The parameters o f  the dewar system are given i n  Table 9.1. 

9.2 DESIGN REQUIREMENTS 

The dewar system must enclose the TF co i l s ,  OH co i l s ,  cent ra l  

support column, and i n t e r c o i l  s t ructure w i t h  a vacuum-tight enclosure. 

Vacuum leak ra tes o f  the dewar system must be s u f f i c i e n t l y  low t o  a l low 

6 months of operation ( the assumed t ime between nowa l  maintenance 

periods) i n  an evacuated reactor c e l l  without surface condi t ioning t o  

remove p a r t i c l e  accumulation. Vacuum pumping w i l l  be used f o r  i n i t i a l  

pumpout and for  c o l l  ec t ion of desorbed gases dur ing surface candi t i on ing  . 
Under normal operating conditions, the dewar system w i l l  be supported 

from ambient temperature surfaces only, t o  minimize sol  i d  conduction 

heat losses. The dewar system w i l l  be designed t o  withstand external 

pressure o f  1 atm. Contact between the dewar s t r ~ c t u r e  a i d  co ld  surfaces 

v i a  standoffs i s permit ted under external pressure loading. 

9.3 DESIGN DESCRIPTION 

The dewar i s  a vacuum-tight s t ructure which encloses the  TF co i l s ,  

the cent ra l  support column, and the OH c o i l s  ins ide the to ro ida l  bore. 

Three geometric conf igurat ions are used f o r  the Cewar system components. 

A cy l inder  encloses the inboard legs o f  the TF c c i l s ,  rectangular sections 

enclose the outboard legs, and she l l  s t ructures enclose the upper and 

lower por t ions o f  the TF co i l s .  The dewar sections are jo ined by four  

r i ngs  attached t o  the upper and outer support st-ucture. Figure 9.1 

shows these components i n  r e l a t i o n  t o  the device. Figure 9.2 shows an 

ind iv idua l  dewar. 



Table 9.1. Dewar system 3arametprs 

Internal pressure 1 V t ~ r r  (maximum) 
External pressure (nmnal operation) torr 
Thermal shield 

Temper~ture 
Cool ant 
Surface area (one side) 
Cool ant  f 1 ow rate 

Insulation 
Locat i oi Off warm surface 

Type Superinsulation 
Thi ckness TBD 

b a t  leak TBD 

?BD = tl:, be determined. 

/ EEWAR SUPPORT RINGS 
'CYLINDRICAL DEWAR 

b 

Fig. 3 . 1 .  Dewar locations. 



SUPPORT 
STRUCTURE 

F ig .  9.2. I n d i v i d u a l  dewar. 

Under normal opera t ing  cond i t ions ,  t he re  i s  no pressure d i f f e r e n t i a l  

across the  dewar; however, du r i ng  maintenance operat ions,  when t h e  

r e a c t o r  c e l l  i s  a t  atmospheric pressure, re1  a t i v e l y  h igh  pressure  load ing  

w i l l  r e s u l t .  These loads are  reacted by s tando f f s  between the i n n e r  and 

o u t e r  she1 1  dewars and by s tando f f s  t o  the c o i l  sur faces f o r  the  c y l  i n -  

d r i  c a l  and i n d i v i d u a l  dewars. Dewar sec t ions  wi 11 be j o i n e d  p r i m a r i l y  

by welding; however, b o l t e d  cons t ruc t i on  w i l l  be used where main ta in -  

ab i  1  i t y  i s  enhanced by i t .  

Because t h e  dewar operates i n  an evacuated c e l l ,  abso lu te  vacuum- 

t i g h t n e s s  i s  no t  requ i red .  The pe rm iss ib le  dewar- leak r a t e  i s  determined 

by the  maximum p a r t i c l e  bu i l dup  t h a t  t h e  cryogenic  sur faces can t o l e r a t e  

w i thou t  degradat ion of thermal p r o p e r t i e s  and by t h e  requirement f o r  

6 months o f  cont inuous opera t ion  between maintenance per iods.  Dur ing 

maintenance shutdown, dewars w i l l  be purged by w r m i n g  up the  c o i l s  t o  



8CK an3 pumping ou t  desorbed gases. Leakage i n t o  the  dewar wi 11 be 

h i ghe r  by severa l  o rde rs  o f  nagn i tude  when the  r e a c t o r  c e l l  i s  a t  atmo- 

sphe r i c  pressure, and i n t e r m i t t e n t  o p e r a t i o n  o f  t he  pumps w i l l  be 

r e q u i r e d  t o  ma in ta i n  a  base pressure o f  a p ~ r o x i m a t ? l y  t o r r  as 

d i c t a t e d  by r e f r i g 2 r a t i o n  recu i rements a t  €OK. 





10: DIVERTOR SYSTEM 

10.1 FUNCTION 

The d i v e r t o r  sys&m (1  ) minimizes the  i n t e r a c t i o n  between plasma 

p a r t i c l e s  and the  w a l l s  o f  the  plasma containment vessel and ( 2 )  d i v e r t s  

and c o l l e c t s  i m p u r i t i e s  emanating from the  wa l l s .  As a consequence, i t  

i s  necessary t o  c o l l e c t  the  d i v e r t e d  p a r t i c l e s  and t o  handle the  heat 

load associated w i t h  these d i v e r t e d  , p a r t i c l e s .  For design purposes, i t  

has been assumed t h a t '  the  upper l i m i t  on the  heat load t o  the d i v e r t o r  

i s  equ iva len t  t o  the  alpha p a r t i c l e  energy. The ac tua l  heat load t o  the  

d i v e r t o r  i s  est imated t o  be 50% o f  the  alpha p a r t i c l e  energy, w i t h  the  

remaining 50% absorbed by the  f i r s t  wa l l .  The d i v e r t o r  system parameters 

a re  l i s t e d  i n  Table 10.1. 

10.2 DESIGN DESCRIPTION 

The bundle d i v e r t o r  shown schemat ica l ly  i n  F ig.  10.1 . i s  the  type 

chosen f o r  the  Reference Design. I t  i s  composed o f  two c o i l s ,  s i de  by 

s ide,  w i t h  opposi te c u r r e n t  f lows t h a t  p rov ide  a s t rong short-range 

magnetic f i e l d ,  which i s  superimposed on the t o r o i d a l  f i e l d  i.n the  

plasma t o  produce zero f i e l d  c lose  t o  the  ex te rna l  surface. o f  t he  plasma. 

The r e s u l t i n g  f i e l d .  d i s t o r t i o n  a1 lows a, bundle, of. f i e l d  1 ines. t o  be 

ex t rac ted  and form a l oop  ex terna l  t o  the plasma along which charged 

p a r t i c l  es trapped on the  1 ines  can t r a v e l  . , . . I 

I n  a reac to r  en.vi ronment, the  d i v e r t o r  w i  11 .be subjected .to a. h igh  

l e v e l  o f  rad ia t i on ,  and some s h i e l d i n g  (.on the  o r i e r  o f  7 m f o r -  super- 

conduct ing c o i  1s) w i l  l be requ i red  t o  p r o t e c t  conductors and i n s u l a t i o n  

.L.from cumulat ive damage. This s h i e l d i n g  requirement leadas t o  overs ize  

d i v e r t o r  c o i l s ,  which c rea te  excessive pe r tu rba t i on  o f  t h e  f i e l d  1 ines  

i n  the plasma. However, d i v e r t o r  c o i l s  o f  t he  proper s i z e  ( i  .e., t h e  

s i z e  which w i l l  n o t  produce excessive p e r t u r b a t i o n  o f . t h e  plasma f i e l d  

l i n e s )  cannot be adequately shielded. A s h i e l d  th ickness o f  0.4 m 

appears t o  be a f e a s i b l e  compromise. This  th ickness ,precludes the  use 

o f  superconducting and normal cryogenic c o i l s  bu t  perm' i ts the  use o f  

water-cooled copper w i t h  .a shortened 1 i f e .  



Tab1 e  10..1. D i . i e r t o r  sys ten  pa ra re te r s  

Geom~ tril: 

Piumber o f  bundle d i  v e r t o r s  

D i v e r t o r  opening 

S h i e l d  t v c k n e s s  

F l  A X  t und le  expansion r a t i o  

R i p p l e  a t  plasma cen;erl i n e  
:due t o  d i v e r t o r )  

. Plasma edge p a r t i c l e  l o s s  r a t e  
(energy t r a n s p o r t )  

Plasma f r a c t i o n  r e c y c l e d  a t  
edge as n e u t r a l s  

Maximum heat  l o a d  (des ign  va lue)  

Ac tua l  heat  l oad  

Elect romagnet ic  

C o i l  t ype  

Ampere- t u r n s  

- Thermal 

Heat f l u x  t o  d i v e r t o r  co1:ector 

D i v e r t c r  c o l  1  e c t o r  su-face area 

L i  t h i  urn temperature r i s e  

" D i v e r t o r  c o i l  c o o l a n t  

D i v e r t o r  c o i l  ohmic t-eat i f ig 

S h i e l d  c o o l a n t  - . 

P a r t i c l e s  pumped by d i v e r t o r  

1  o j e r a t i n g ,  1  o r  2 on 
s.tandby o r  be ing  
c l ea red  o f  deposi  t e d  
l i t h i u m  

0.4 m  

0.4 m 

9 i-J 

Water-cooled copper 

12 x 106 

10 MW/m2 

22.6 m2 

114°C 

Wa-ier . 

70 WW 

Water 

4.6 x p 3 r t i c l e s / s e c  



BUNDLE DIVERTOR 

Fig.  10.1 . Bundl e  d i v e r t o r .  

The d i v e r t o r  w i l l  expand the d i v e r t e d  magneti.: f i e l d  t o  reduce 

p a r t i c l e  and energy f l u x .  For the purpose o f  design, i t  i s  assumed t h a t  

t h e  d i v e r t o r  must absorb a l l  the  power associated d i t h  the  alpha p a r t i c l e s  

(226 MW). This  power i s  assumed t o  leave the plasna through a p a r t i c l e  

l o s s  r a t e  a t  t h e  plasma edge o f  3 x par t i c les /sec .  It i s  f u r t h e r  

assumed t h a t  85% o f  these p a r t i c l e s  r e c y c l e  as neu t ra l  gas. The number 

o f  plasma p a r t i c l e s  t h a t  the  d i v e r t o r  i s  requ i red  t o  pump i s  t he re fo re  

4.6 x  pa r t i c l es / sec .  

For a  s o l i d  absorber, the  g e t t e r  ma te r i a l  must e i t h e r  c o n s t i t u t e  o r  

be a  p a r t  of a  heat exchanger, which requ i res  ma te r ia l  having good 

s t reng th  and thermal conduc t i v i t y ,  s ince i t  w i l l  be subjected t o  a t  

l e a s t  105 cyc les  o f  absorp t ion  and desorpt ion.  Considerat ion o f  data on 

hydrogen embri ttl ement of s t r u c t u r a l  m a t e r i a l s  ( f o r  one absorp t ion  

cyc le )  suggests t h a t  t h i s  w i l l  s e r i o u s l y  degrade :he ma te r ia l .  A1 so, 

t h e  t imes and temperatures f o r  regenerat i o n  o f  g e t t e r s  (700- 1000°C f o r  

several  hours) tend t o  i n d i c a t e  i n f e a s i  b i  1  i t y  . T iere fore ,  these func t i ons  



d i l l  be accomplished by en a r ray  o f  l i t h i u m  j e t s ,  shown sch?mat ica l l y  i n  

F ig.  10.2. For the absorp t ion  3 f  a heat f l u x  o f  10 ML/m2, the re  must be 

22.6 m2 oro which the expanded, d i v e r t e d  mag ie t ic  f i e l d  impinges. The 

expansion .eequirment l e d s  tz~ a system t h a t  has ruch  i n  conmon w i t h  the 

'di  r e c t  conversion approazhes ~ o p o s e d  f o r  a.jvanced f u e l  concepts. 

FLOW 

SECT ON A-A 

, . . . 

. : .  

. . 

. . . . ! \ i  'v . , . . . . . . 

F ic .  10.2. .Bundle d i v e r t o r  w i t h  l i t h i u l ~ ?  j .e t  : 
'energy . c o l l e c t i c n  system. 

. ., . / . ,  . .  





1 1  BULK HEATING SYSTEM 

11.1 FUNCTION 

The bu lk  heat ing  system r a i s e s  the  tokamak plasma temperature from 

. t h a t  achieved by rf ass i s ted  ohmic heat ing t o  the  i g n i t i o n  l e v e l .  For 

t h i s  purpose,. neu t ra l  beam i n j e c t i o n  has been chosen. The system param- 

e te rs  a re  l i s t e d  i n  Table 11.1. 

11.2 DESIGN REQUIREMENTS 

The design requirements fo r  the  bu l k  heat ing system c a l l  f o r  a 

t o t a l  i n j e c t e d  power o f  50 MW w i t h  a beam energy o f  150 keV. The pu lse  

l eng th  i s  sec and the  du ty  c y c l e  i s  1%. The system i s  designed t o  

l a s t  f o r  t he  10-year l i f e t i m e  o f  the machine. 

11.3 DESIGN DESCRIPTION 

Because OH techniques alone a r e  n o t  adequate t o  p rov ide  i g n i t i o n  

temperatures i n  plasmas, they must be ass i s ted  by neu t ra l  beams and/or . 

by rf heat ing.  The Reference Design uses f o u r  beam l i n e s ,  w i t h  th ree  

sources per  l i n e ,  i n j e c t i n g  through f o u r  rec tangu lar  aper tures i n t o  the 

plasma. Each beam l i n e  inc ludes a p o s i t i v e  i o n  source, a n e u t r a l i z e r  

region,  a d i r e c t  energy recovery system, and a d r t f t  reg ion  t o  connect 

the  beam l i n e  t o  t h e  to rus .  The t o t a l  e l e c t r i c a l  e f f i c i e n c y  o f  the  beam 

l i n e  i s  est imated t o  be 51%. 

Previous considerat ions po in ted  t o  the  expected need f o r  h igh  

energy beams t o  penetrate t o  near the  plasma center .  Present c a l c u l a t i o n s  

seem t o  support the  systems advantages o f  us ing  i n j e c t i o n  scenarios t h a t  

c a l l  f o r  moderate energy (120- t o  150-keV) beams. This cvoids the  use 

o f  h igh  power neu t ra l  beams w i t h  p a r t i c l e  energies greater  than 300 ke'i, 

f o r  which the  technology i s  s t i l l  evolv ing.  The e f f i c i e n c y  o f  such h igh  

energy p o s i t i v e  i o n  source beam l i n e s  becomes qu ' te low and requ i res  , 

l a r g e  q u a n t i t i e s  o f  power. Negative i o n  sources, which have the p o t e n t i a l  

f o r  l a r g e r  e f f i c i e n c i e s ,  a r e  i n  the  e a r l y  stages o f  development and a re  

f i v e  years o r  more behind the p o s i t i v e  i o n  sourc2s i n  poissible app l i ca t i ons .  



Table 11.1. Bulk heat ing  system parcneters 

~tructural/~onfigurational 

Sources per  beam l i n e  - 
" 

I o t a 1  sourc2s 12 

humber o f  beam l i n e s  4 

Size of beam aper tures i n t o  t o rus  0.4 m x 1.2 m 

1njectio;r: angle (perpendicu'ar t o  
plasma sur face)  

216" . : in  ,tt-e d i r e c t i o n  
o f  plasma c u r r e n t )  

P e r f ~ m a n c e  

Slmrce c u r r e n t  100 A 

F u l l  energy power/source 3.9 Mk' 

.Half  energy !power/sourcx 0.4 Mk 

Tota l  power/source . 4 . 3  MW . 

To ta l  f u l l  eqergy i n j e c t e d  p3wer 
capabi 1 i t y  46.8 MM 

T c t a l  . i n j ec ted  power capabi 1 i t y  51.6 M d  

To ta l  power f o r  p a r t i c l e  acce le ra t i on  101 MW 

~ u l  1 / h a l f  energy . . 0.90/0.. 10 

N e ~ t r a l i z a t i o n  f r a c t i o n s  
( f u l l  e w r c y / h a l  f energy) 

Geometric t ransmiss ion  0.88 

Pulse .I ength G sec . , 

j ys tem power e f f i c i e n c y  51 X 

The s j s t e m  needs growing o u t  o f  these data have prov ided the  impetus t o  

e v o l v e  s t a r t u p  scenarios, su rh  as ' sma l l  r a d i u s  b u i  l d u p a n d  plasma dens i t y  

b u i l d l g ,  w i i c h  avo id  t h e  need f o r  h igh  energy beams. For the  Feference 

Design plasma, a f u l l  bore, low d e n s i t y  s t a r t u p  i s  f eas ib le .  This  
scenar io  requ i res  i n j e c t i n g  50 MU o f  150-keV beams in;o t he  plasma f o r  

approximately 6 sec. 

D, i rect  recovery o f  t h e  energy i n  t he  m n e u t r a l i z e d  p z r t i c l e s  i n  a 

beam ' 1  i n e  i s  being developed and i s  considered a part o f  t h e  Reference 

Design. ~ k ' i s ' t e c h n i q u e  shoul'd a l l o w  the  achievement c f  e f f i c i e n c i e s  

h igher  than 51% i n  t h e  150-keV p o s i t i v e  i o n  source bean l i n e s .  





12. RF HEATING SYSTEM 

12.1 FUNCTION 

The rf heat ing  system supp l ies  h igh  power microwave energy t o  the 

plasma t o  i n i t i a t e  i o n i z a t i o n  and heat ing  du r i ng  s ta r tup .  The rf ass i s ted  

s t a r t u p  i s  expected t o  s i g n i f i c a n t l y  reduce OH power requirements and 

cost .  System parameters a re  shown i n  Table 12.1.. 

Table 12.1. RF heat ing  system parameters 

Number' o f  gy rok l ys t ron  tubes 

Tube l eng th  

Tube diameter 

Performance 

Tota l  i n j e c t e d  power 

pulse l eng th  

1 MW . 

2 sec 

120 GHz 

I n j e c t e d  power per  tube 200 kW 

E f f i c i e n c y  (gy rok l ys t ron  device)  30% 

To ta l  e l e c t r i c a l  demand ( f rom g r i d )  7.5 MVA 

12.2 DESIGN REQUIREMENTS 

The design requirements f o r  the  rf heat ing  syrtem c a l l  f o r  1.0 MW 

o f  i n j e c t e d  power d e l i v e r e d  a t  a frequency of  120 GHz. The pu l se  l e n g t h  

i s  2 sec and t h e  du ty  c y c l e  i s  0.4%. The system's l i f e t i r i e  i s  10 years. 

12.3 DESIGN DESCRIPTION 

The use of microwave heati.ng i n  t h e  Reference .Design i s  considered 

t o  be a promis ing approach t o  p r e i o n i z a t i o n  and may s i g n i f i c a n t l y  lower 

. t he  power requirements and cos t  o f  the  OH power supPly systems. P re ion i -  

z a t i o n  by .rf heat ing  can s u b s t a n t i a l l y  reduce the  OH power supply  energy 



5 2 

needed 'or l a r g e  loop  vo1:tage breakdown. Power t ransmiss ion  i s  accom- 

p l  i shed by r e l a t i v e l y  e f f i c i e n t  waveguides. The proposed system i s  

based on a c o n f i g u r a t i o n  o f  f i v e  200-kW gyroklystrcnns which w i l l  d e l i v e r  

1 MU t o  t he  plasma f o r  approx imate ly  2.0 sec. 

F i v e  power a m p l i f i e r s  d r i v e n  by a s i n g l e  master g y r o t r o n  o s c i l l a t o r  

' s n e r a t e  t h 2  rf pbwer. The gyrotro'n i s  a new t ype  o f  microwave vacuum 

t ~ b e  based on t h e . i n t e r a c t i o n  between an e l e c t r o n  team and microwave 

f i e l  ds where coup1 i n g  i s  achieved by t h e  c y c l o t r o n  resonance c o n d i t i o n .  

Th is  t y ~ e  c f  c ~ u p l i n g  a l l 3ws  t he  beam and microwave c i r c u i t  dimensions 

t o  be l a r g e  compared t o  a wave1 ength. Power dens i t y .  problems encountered 

i n  conven t iona l  t r a v e l i n g  wave tubes and k l y s t r o n s  a t  m i l ' l i m e t e r  wave- 

l eng ths  a r e  n o t  as severe i n  t he  gy ro t ron .  Each g y r o k l 2 s t r o n  a m p l i f i e r  

tube  has a minimum ga in  of 30 dB and produces 200 kW. She s i n g l e  master 

o s c i l l a b r  operates a t  t h e  fundamental f requency, produces 1 t o  2 kW, 

and d r i v e s  t h e  i n d i v i d u a l  power a m p l i f i e r s  through 3 5:l d i v i d e r  network. 

Each power a m p l i f i e r  tube i s  1.22 m . long by 0.92 m i n  d iameter ,  r e q u i r e s  

severa l  e l e c t r i c a l  power supp l i es  and o i  1, water; and f:uorocarbon 

coo lan t s  and has a superconduct ing f ocus ing  magnet. The rf power' i s  

t ransmi  t =ed  through ove rs i ze  waveguides ( i  . e. , t h e  uaveguide d iameter  i s  

approx imate ly  t e n  t imes t t e  wavelength) t o  p e n e t r a t - ~ n s  i n  t h e  t o rus .  

F i v e  sh ie l ded  c a n i s t e r s ,  each c o n t a i n i n g  a h i g h  power rf source, 

a re  t o  be mounted on a suFpor t  p l a t f o r m  on t o p  o f  t he  tckamak. 





13.1 FUNCTION 

The e l e c t r i c a l  energy s to rage  system suppl i e s  the  t o t a l  e l e c t r i c a l  

energy demands d u r i n g  t he  pu lsed ope ra t i on  o f  t he  dev ice  and b u f f e r s  t h e  

u t i l i t y  f rom peak power demand r e q u i r e d  d u r i n g  ope ra t i ona l  pu lsed 

scenar ios.  The system parameters a r e  l i s t e d  i n  Table 13.1. 

Table 13.1. E l e c t r i c a l  energy s to rage  system parcmeters 

V e r t i c a l  sha f t  MGF s e t s  

To ta l  MVA 600 MVA 

Lagging power f a c t o r  0.7 

Energy 4.3 GJ 

Frequency a t  maximum speed 90 Hz 

Generator vo l t age  15. kV 

F u l l  l oad  13.8 kV 

To ta l  f u l l  l oad  pu lses 1 C16 

The peak power demand occurs a t  d i f f e r e n t  t i n e s  i n  t h e  OH and EF 

systems. The OH c i r c u i t s ,  taken as one group, and t h e  sdx EF c i r c u i t s ,  

taken  as another  group, a r e  each s i zed  f o r  t h e  pe3k 600-PVA demand. The 

p o l o i d a l  systems, us ing  superconduct ing c o i l s  and an op t im i zed  e l e c t r i c a l  

design, operate o f f  the  u t i l i t y  l i n e  d u r i n g  t h e  burn phase. Dur ing t he  

s t a r t u p  and shutdown phases, the  peak power demand i s  s u ~ p l i e d  by two 

motor-generator  f lywheel (MGF) se ts .  The MGF se ts  a r e  v e r t i c a l  s h a f t  

s e t s  w i t h  a  combined r a t e d  c a p a c i t y  o f  600 MVA a t  a  l agg ing  power f a c t o r  

o f  0.7 and a combined d e l i v e r a b l e  energy o f  4.3 GJ ove r  a 35-sec i n t e r v a l  

every  560 sec. 

The TF c o i l s  a r e  superconduct ing c o i l s  t h a t  a r e  precharged t o  

maximum c u r r e n t  (15 kA) o f f  t he  u t i l i t y  l i n e  over  a  p e r i o d  o f  t i m e  

(30 min )  s u f f i c i e n t  t o  min imize power supply  s i z e  and a r e  then main- 

t a i n e d  a t  peak c u r r e n t  con t inuous ly .  As a r e s u l t ,  no energy s to rage  i s  

r e q u i r e d  f o r  the  TF c o i l s .  



13.2 GESIGh REgUIREMENTS RND DESCRIPTION 

The generators w i l l  be s t a r t e d  us ing  staqdard hound1 r o t o r  i nduc t i on  

mofors and then d r i ven  up r a t e d  maximum s p ~ e d  (corresponding t o  some 

frequency equal t o  90 Hz 3-1 the generator)  w i t h  a c y c l o c ~ n v e r t e r  system 

i n  con junc t ion  w i t h  the ri?tor i qduc t i on  motor d i r e c t l y  coupled t o  the  

gemerator. The MGF. se ts  .are capable' o f  p rov id ing  the  t o t a l  pulsed load 

dmarded by =he PF c o i l s  3ur ing  s ta r tup  and heat ing. The e l e c t r i c a l  

load demanded by the  PF c o i l s  d ~ r i n g  the  500-jec bur r  i s  taken d i r e c t l y  

from the  u t i l i t y  g r i d .  The MGF sets  a r e  a l so  capable o f  accept ing the 

s to red energy from the PF c o i l s .  

The MGF e x c i t e r  capacizy i s  s u f f i c i e n t  t c  c o n t r o l  the generator 

vo; tage du r ing  a l o a d  change from no l oad  t o  r a t e d  pulse capabi l  i t y .  A 

combination o f  regenera t ive  and dynamic b r a k i r g  i s  requ i red  t o  stop each 

MGF system w i t h i n  approximctely 30 min. I n  a c d i t i o n ,  mechanical b rak ing  

i s  requ i red  to b r i n g  each u n i t  t o  a complete s top  from 10% o f  i t s  r a t e d  

speed. P a r a l l e l  opera t ion  o f  the  two MGF sets  and opera t ion  a t  reduced 

capac i ty  w i t h  one MGF se t  w i l l  be poss ib le .  Fiemote c o n t r o l  and moni to r ing  

a r e  necessary. 

The MGF luni ts  a re  v e r t -  c a l l y  mounted lun i ts  i n s t a l  l e d  i n  concrete 

p i t s ,  w i t h  the  flywhe21 as an i ~ t e g r a l  p a r t  of the  generctors. The 

design l i f e t i m e  o f  the MGF u n i t s  i s  on t h e  order  o f  25 years, which 

t r a n s l a t e s  i n t o  approximately 1 mi 11 i o n  pu1 ses. 





. . 
: 14. . '  ELECTRICAL ENERGY CONVERSION SYSTEMS 

14.1 FUNCTION 

The e l e c t r i c a l  energy convers ion  systems conve r t  ac pawer t o  dc 

power f o r  use by t h e  TF, OH, and EF c o i l  systems. The ac power f rom t h e  

MGF u n i t s  (see Sect .  13) i s  t r a n s f e r r e d  v i a  t h e  p r imary  energy d i s t r i -  

b u t i o n  system (see Sect.  15)  t o  t he  convers ion systems. There a re  t h r e e  

convers ion  systems, one f o r  each s e t  o f  c o i l s :  

(1  ) t he  t o r o i d a l  f i e l d  energy convers ion  (TFEC) system, 

( 2 )  t h e  ohmic hea t i ng  pu lsed  energy convers ion  (OHPEC) system, and 

( 3 )  t h e  equi  1 i b r i  um f i e 1  d pu lsed  energy convers ion  (EFPEC) system. 

The system parameters a r e  l i s t e d  i n  Table-14.1.  

14.2 DESIGN REQUIREMENTS 

The TFEC system must p rov ide  s u f f i c i e n t  no- load dc v o l t a g e  and 

c u r r e n t  t o  t h e  TF c o i l s  t o  ach ieve a t o r o i d a l  f i - e l d  o f  5.3 T a t  t h e  

major  r a d i u s  ( 5  m). The system must be a b l e  t o  ma in ta i n  t h i s  c u r r e n t  

con t i nuous l y .  

The OHPEC system must p rov ide  a no- load dc v.11 tage  o f  26 kV and a 

peak f u l l  l o a d  c u r r e n t  o f  23 kA t o  t he  OH c o i l s  t 3  induce a plasma 

c u r r e n t  o f  5 MA. 

The EFPEC system c o n s i s t s  o f ' s i x  separate c i r c u i t s  t o  serve  t h e  s i x  

EF c o i l  systems (see Sect. 7.3) .  The r e q u i r e d  v c l  t a g e  and c u r r e n t  f o r  

each system a r e  l i s t e d  i n  Table 14.1. 

Each energy convers ion  system w i l l '  be operated by a d i g i t a l  computer 

f o r  a l l  des i r ed  scenar ios,  w i t h  l o c a l  microprocessor  c o n t r o l  o f  shutdown, 

maintenance, and system s ta tus .  Dur ing t h e  p lasna c u r r e n t  taked'own 

p o r t i o n  o f  t h e  normal ope ra t i ng  cyc le ,  t he  OHPEC and EFPEC systems w i l l  

reduce t h e  c o i l  c u r r e n t s  by app l y i ng  a nega t i ve  v o l t a g e  and w i l l  regen- 

e r a t i v e l y  r e t u r n  most o f  t h e  s t o r e d  energy t o  t h e  MGF s e t s  (see Sect.  13) .  



Tab1 e  14.1. *E l  e c . t r i  ca l  energy conversion systems parameters 

TFEC system 

No-load dc vo l tage 2 kV 

Pea< c;rrent . . 15 kA 

F i e l d  s t reng th  ( a t  R = 5 m) 

Cur ren .~  r e g u l a t i o n  c t  f u l l '  load 
(% r a t e d  c u r r e n t )  

Range of con t ro l  1  ed ,operat i  o i  

Minirum (% r a t e d  cu r ren t )  

Maxiaum (% r a t e d  cu r ren t )  

OHPEC system 

No-l3ad dc vo l tage 

Peak cu-rent 

To ta l  vo l  t-seconds 

P l  asna cu r ren t  

Current r e g u l a t i o n  a t  f u l l  load 
(% r a t e d  c u r r e n t )  

Range o f  c o n t r o l  1 ed owerat i  3n 

Minimu7 ( %  ra ted  c u r r e n t )  

Max.imun ( %  r a t e d  cu- ren t )  

EFPEC sjstem, , 

I1 c o i  1 system 

No-load dc vo l tage 

Peak c u r r e n t  

I D  c o i l  system 

No-Boa6 dc vo l tage 

Peak c u r r e n t  

I0 c o i l  system 

N O - l i a d  dc vo l tage 

Peak cu-rent  

E I  c o i  1 s:tstem 

No-load bc vo l tage 

Peak c u r r e n t  



Table 14.1 (continued) 
.( 

EFPEC system 
ED coi 1 system 

No-load dc voltage 

Peak current  
EO coi l  system 

No-load dc voltage 
Peak current  

Current regulation a t  f u l l  load 
( X  ra ted current)  

Range of controlled operation 
Minimum ( X  rated current)  

Maximum ( %  ra ted current)  

14.3 DESIGN DESCRIPTION 

The basic power supply element i n  a l l  three Energy conversion 

systems i s  the power convertor system. This system precharges the TF 

c o i l s  off  the u t i l i t y  l i ne  and supplies the PF co i l s  w i t h  a predeter- 
mined current  pulse l as t ing  up t o  535 sec and repeated w i t h  f u l l  power 
every 560 sec.  

Each energy conversion system consis ts  of a number of power conver- 
to r s  ' s e r i a l  l y  in ter1  eaved with a corresponding equal number of TF, O H ,  

o r  EF coil  s e t s  t o  minimize f a u l t  potent ia ls  and insulatton ra t ings .  
Figure 14.1 i s  a simp1 i f i ed  block diagram showing the e l ec t r i c a l  path 
from the u t i l i t y  t o  a typical  PF co i l .  The fixed and variable frequency 

buses feed a grid of power convertors and transformers necessary fo r  the 
OHPEC and EFPEC systems. (For s impl ic i ty ,  the c3il/power convertor 

interleaving and the many transformers a r e  not shown.) 

Power Convertor System Components 

The power convertors can operate i n  e i t he r  r e c t i f i e r  or  inver ter  
modes and a r e  constructed i n  modular fashion fo r  maximum f l e x i b i l i t y  and 
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i n te rchangeab i  1  i ty  between systems. Each power con ~ e r t o r  cons i  s t s  o f  a  

2-kV power supply  cab ine t ,  a  power supply  c o n t r o l l e r  cab ine t ,  and aux- 

i l i a r y  equipment cab ine ts .  

14.3.1.1 Power supply  

The power supply  i s  equipped w i t h  f i r i n g  c i r c u i t s  and i s  c o n t r o l l e d  

from i t s  assoc ia ted  power supply c o n t r o l l e r .  The power supply  cons, ists 

of two sec t i ons  connected i n  s e r i e s  and con f i gu red  .as a 12-pulse r e c t i f i e r -  

i n v e r t e r  supp l i ed  by a  3-winding t rans fo rmer .  The two sec t i ons  may be 

connected i n  p a r a l l e l  by rea r rang ing  the  dc buswork. Each s e c t i o n  i s  a  

6-pu lse r e c t i f i e r - i n v e r t e r  r a t e d  a t  1  kV and the  t c t a l  co i ;  c u r r e n t .  

Each s e c t i o n  con ta ins  a  s u f f i c i e n t  number o f  power modules (common t o  

a1 1  systems) connected i n  para1 l e l  t o  a t t a i n  t he  p roper  cu r ren t ;  the  

p a r a l l e l  groupings a r e  connected i n  s e r i e s  t o  a t t a - n  t he  p-oper vo l tages  

f o r  t h e  PF c o i l  systems. The s e c t i o n  i s  a l s o  equipped w i t 7  separate 

f u l l y  r a t e d  bypass modules. 
The power module i s  a  3-phase t h y r i s t o r  b r i dge  w i t h  enough water-  

coo led  t h y r i s t o r s  t o  handle 3-5 kA i n  a t r a y  arrangement. The power 

module i s  t h e  bas i c  element common t o  a l l  t h e  powe:a supp l i es  i n  t h e  

e l e c t r i c a l  energy convers ion system and a l l ows  i n t e r c h a n g e a b i l i t y  among 

t h e  TFEC, OHPEC, and EFPEC power conver to rs .  

The f u l l y  r a t e d  bypass modules commutate t h e  f u l l  l o a d  c u r r e n t  ou t  

o f  t h e  power modules f o r  a l l  se r i ous  conve r to r  f a u l t s .  Dur ing  t h e  burn 

phase, c a p a b i l i t y  e x i s t s  t o  p rov ide  a  s e r i a l  c u r r e n t  bypass and a l l o w  a  

smal l  burn phase power supply  t o  d r i v e  each p o l o i & l  c o i l  system. 

Dur ing s t a r t u p  and preburn plasma stages, t he  s e r i a l  c u r r e n t  bypasses 

t h e  burn phase power supp l i es  v i a  b y p a s ~ , ~ d i o d e  s tacks  i n  each EF c i r c u i t  

(see F ig .  14.1). 

The OH c i r c u i t  ( a l s o  shown i n  F ig .  14.1 ) r e q u i r e s  a  bypass t h y r i s t o r  

s tack  ( a t  t h e  low burn phase vo l t age )  t o  c o n t r o l  the', bypass o f  t h e  OHPEC 

system d u r i n g  s t a r t u p .  D u r i n g  burn, t h e  c u r r e n t  i s  i n  a  d i r e c t i o n  

oppos i te  t o  t h a t  i n  s t a r t u p ,  and t h e  OH burn phase f u l l y  r a t e d  t h y r i s t o r  

s tacks  ( i n  s e r i e s  w i t h  t he  burn phase power conve r to r  i n  t h e  same c u r r e n t  

d i r e c t i o n )  p rov ide  t h e  s e r i a l  c u r r e n t  bypass around t he  l a r g e  OH s t a r t u p  



conver to r  system. The CH s t a r t u p  and burn phase bypasses a re  t h y r i s t o r s  

i n  order  t 3  handle oppcs i te  cu r ren t  f lows.  

14.3.1.2 Power supply c o n t r o l l e r  

Each Jower supply c o n t r o l l e r  must p rov ide  c o n t r o l  o f  t i e  f o l l o w i n g  

f u n c t i  cns : 

SCR f i r i n g  r e f  2 r ~ n c e  voJ tage i n d i c a t o r  ( f rom power supply 

t ransformer pr imary)  , 
ac supply system s t a t . ~ s ,  

ac supply disconnect sw i tch  s igna ls ,  

ac supply c i r c u  i; breaker t r i p  s igna l  , 
poder module br idge cu r ren ts  (del  ta jwye)  , 
power supply coo' i ng water f low, 

power supply sec t i on  output  vol tage, 

power supply i n t e r l o c k ,  

normal/bypass power module SCR gate s igna ls ,  

poker supply s tatus,  

ground f a u l t  r e l c y  s igna ls ,  

crowbar cont ro l '  s i gna l ,  and 

ground swi tch  c c n t r o l  s igna l .  

14.3.1.3 A u x i l i a r y  equipment 

The a ~ x i l i a r y  equipment f o r  t h e  power conver to r  system cons i s t s  o f  

t he  f o l  lowing: 

(1 )  r ianua l ly  operated se lec to r  switches t o  a i d  i n  maintenance and t o  

bypass f a i l e d  un i t s ,  9 

( 2 )  motor operated dc grounding sw i t ch  t o  au tomat i ca l l y  ground the  

dc buses i n  emergency o r  personnel p r o t e c t i o n  s i t u a t i o n s ,  

(3 )  d: surge d i v e r t o r  t o  1  i m i t  1  ine- to-1 i n e  and l ine- to -ground 

s v i  t c h i n g  type surges and t r a n s i e n t  overvol  tages , 
(4)  dc t ~ a n s i e n t  suppressor t o  l i m i t  t he  dv /d t  caused by system 

disturbances , 
(5)  ground f a u l t  p r o t e c t i o n  system, 



( 6 )  vo l t age  measurement, 

( 7 )  c u r r e n t  measurement, and 

(8 )  mechanical crowbar. 

14.3.2 Power Convertor System Considerat ions 

The la rge ,  q u i c k l y  changing c u r r e n t  v a r i a t i o n s  dur ing  t h e  plasma 

s t a r t u p  phase and the  heat ing  e f f e c t s  o f  c o i l  c u r r e n t  pu lse  scenarios 

d i c t a t e  the  s i z e  o f  t he  power conver to r  systems. Mowever, t h e r e  i s  

considerable power d i s s i p a t i o n  i n  t he  power converser systems them- 

selves, i n  a d d i t i o n  t o  t h a t  r e s u l t i n g  from in te rconnec t i ng  buswork and 

contac ts  du r i ng  the  burn phase. For superconducting c o i l  systems, t he  

predominant areas o f  power d i s s i p a t i o n  du r i ng  the  i u r n  phase a re  the  

power conver to r  system and' t he  busbar. A separate, small burn power 

supply c l ose  t o  t he  c o i l s  can be designed t o  d r i v e  reduced p a r a s i t i c  

losses and r e s u l t s  i n  a  s i g n i f i c a n t  reduc t i on  i n  power d i s s i p a t i o n  w i t h  

low u t i l i t y  power d ra in ,  a l l ow ing  d i r e c t  ope ra t i on  o f f  the  u t i l i t y  l i n e  

du r i ng  burn. These cons idera t ions  a r e  i n t e g r a l  t o  extended burn devices 

and r e a c t o r  economics. 







15. PRIMARY AND SECONDARY ELECTRICAL DISTRIBUTION SYSTEMS 

15.1 FUNCTION 

The p r imary  e l e c t r i c a l  d i s t r i b u t i o n  system r x e i  ves ac power f rom 

t h e  u t i  1  i ty  (suppl  i e d  f rom severa l  138-kV subs ta t i ons )  and t ransforms 

600-MVA ac power t o  supply a  13.8-kV l oad  bus. The secondary e l e c t r i c a l  

d i s t r i b u t i o n  system rece i ves  dc power f rom the  e l e c t r i c a l  energy con- 

v e r s i o n  systems (see Sect.  14)  a t  app rop r i a te  vo l tages  and c u r r e n t s  t o  

p rov ide  power t o  t h e  TF and PF c o i l s .  The system; paramet'ers a r e  l i s t e e  

i n  Table.15.1.  

Tab1 e 15.1. Pr imary and secondary e l e c t r i c a l  
d:i s t r i b u t i o n  system parameters 

U t i  1  i t y  supply  

Subs ta t ion  vo l t age  138 kV 

Demand 600 MVA 

Primary l o a d  bus vo l t age  13.8 kV 

15.2 DESIGN REQUIREMENTS AND DESCRIPTION 

The p r imary  and secondary e l e c t r i c a l  d i s t r i k u t i o n  systems w i l l  be 

separated i n t o  a  number o f  separate c i r c u i t s  o r  buses so t h a t  r a t e d  

e l e c t r i c a l  capab i l  i ty  i s  r e1  i a b l y  maximized i n  t he  event  o f  an i s o l a t e d  

equipment f a i l u r e .  The p r imary  e l e c t r i c a l  d i s t r i b u t i o n  system w i l l  have 

c u r r e n t  l i m i t e r s  t o  l i m i t  s h o r t - c i r c u i t  c u r r e n t  and v o l t e g e  l i m i t e r s  t o  

i s o l a t e  equipment f a i l u r e s .  The secondary e l e c t r i c a l  d i s t r i b u t i o n  

system wi 11 have in terchangeabl  e  i n t e r c o n n e c t i o n  e l  ements, which p r o v i d e  

f l e x i  b i l  i ty by a 1  low ing  bypass o f  f a u l t e d  equipment and ope ra t i on  a t  

reduced 1 eve1 s  . 







16. EMERGENCY STANDBY POWER SYSTEM 

16.1 FUNCTION 

The emergency standby power system i s  a v a i l a b l e  i n  the  event o f  

f a i l u r e  o r  i n t e r r u p t i o n  o f  the  u t i l i t y  serv ice ,  t he  l o c a l  low power 

c i r c u i t s  , o r  t he  v a r i a b l e  frequency load  bus (suppl i ed by motor-generator 

f lywheel  sets  and used t o  p rov ide  peak ac power t o  e l e c t r i c a l  energy 

conversion equi prnent) . The emergency standby power, system prov ides dc 

power t o  a1 1  energy convers ion systems t o  a1 low a  ca fe  shutdown w i t h  

f u l l  removal o f  a l l  c o i l  energy. 

16.2 DESIGN REQUIREMENTS 

The emergency standby power system w i l l  be independent o f  the  

u t i l i t y  and o f  the  energy s torage system (see Sect.  13) .  I t  w i l l  have 

i t s  own u n i n t e r r u p t i b l e  energy s torage system, c o n s i s t i n g  o f  b a t t e r i e s  

a t  ground l e v e l  o r  i n s u l a t e d  from ground a t  some h igher  p o t e n t i a l  (as 

requ i red  by the  power conver to rs '  f i r i n g  c i r c u i t s ) .  Each power supply 

c o n t r o l l e r  and each se t  o f  t h y r i s t o r  f i r i n g  c i r c u i t s  w i l l  have i t s  own 

hard-wired b a t t e r y  s torage system w i t h  i t s  own t r i z k l e  charger.  

The emergency standby power system w i l l  r ece i ve  ac power from the 

u t i l  j t y  and prov ide  s u f f i c i e n t  energy t o  t e rm ina te  any ope ra t i ng  scenar io  

o r  pe rm i t  complet ion o f  t he  plasma discharge, whidhever i s  determined t o  

be necessary. 

16.3 DESIGN DESCRIPTION 

I n  the  event  o f  f a i l u r e  o f  t he  u t i l i t y  o r  the main energy s torage 

u n i t s ,  o r  any i n t e r r u p t i o n  o f  serv ice ,  the  emergency standby power 

system w i l l  p rov ide  s u f f i c i e n t  energy (approx imate ly  25 MJ) from i t s  

energy s torage system t o  c o n t r o l l a b l y  te rmina te  any opera t ing  scenar io  

o r  permi t  complet ion o f  t he  discharge. The sa fe  shutdown o f  an ope ra t i ng  

scenar io  inc ludes  d ischarg ing  a l l  energy s to red  i n  t he  system w i thou t  

causing the  ac breaker t o  t r i p ,  fuses t o  blow, o r  any r e p z t i t i v e  r a t i n g s  

t o  *be exceeded. 







17. ' TORUS VACUUM ~UMPING SYSTEM 

17.1 FUNCTION 

. . 

The t o r u s  vacuum pump'i ng ,(system '(TVPS 1 evacuates ' the plasma chamber 
. . - .  

.from atmospheric p ressure  t o  a base' ope ra t i ng  pressu're. o f  t o r r  and 
. : . :. . . I - .  

main ta i ns  base p r e s s u r e  by bemoving spent  gases a f t e r  e a c h  burn.  he 
system parameters .d re  13 s ted  . i n   able 17.1. 

Tab1 e 17.1. Torus vacuum pumping sys ten  parameters 

Torus volume 

Torus i n s i d e  area (smooth) 

Outgassing r a t e  

Base pressure ( p r e f  i 11 ) 

Base p ressure  ( p o s t f i  11 ) 

Pumpout t ime  (pos tpu lse)  

Hi'gh vacuum system 

Pump t ype  

Number of -pumps 

E f f ec t i ve  speed 

S p e c i f i c  sp'eed pe r  ' pump 

Cryopanel area 

,Duct s i z e  

1 x t o r r  
. , : 

25' sec 

Cryosorp t ion  

4 

Roughing system 
- .  

- Pump t ype  .b i  1 - f r e e  mechanical 

'Number o f  pumps 

Pump speed (pe r  -pump) 

F o r e l i n e  pressure t o r r  

Gas , co l  l e c t i o n  system 

.Roughing pump d i  s'charge F'ress'uri zed tank  . 

H igh vacuum pump d i  ~ c h a ' r ' ~ e  . . .. .. . Zr-A1 ge;ters ,. . . 



17.2 DESIGN REQUIREMENTS 

The TVPS i s  composed of four independent pumping u r i t s ,  each con- 
s i s t ing  of E high vacuum pump, a roughing pump, and a gas collection 

system (see Fig. 1 7 . 1 ) .  Tbe high vacuum pumps will naintain 3 base 

operating przssure of 10-"orr against the outgassing load of the torus 

inter ior  surfaces. They wiill also remove spent gases and restore base 

pressure within 25 sec a f t e r  each burn. The TVPS must operate as a 

closed system; .311 pumped gases will be collected and retained for  

furtt-er processing (see S ~ c t .  2 3 ) .  Roughing pumps, transfer pumps, and 

other mechan'cal equipment will be located in the basement or some other 

area having an atmospheric ~nvironment. 

17.3 DESIGN DESCRIPTION 

The high vacuum pumps a r e  xyosorption units.  Each of the four 
cryosorption pumps i s  tapped into a neutral beam injector  ducc to mini- 
mize the number of torus penetrations. The effective pumping speed of 
t h f 2  system i s  1. x lo5 l i t e r r / sec ,  which i s  suff ic ient  to  remove spent 
gases and impurities from tne pSasma in 25 sec when .svacuating the torus 
from to r r  (pressure af ter  the plasma quench) to  to r r .  . The 
bundlr divertor removes the majority of the he1 ium produced .by the 
fusioq reaction from the plasma during the burn;.therefore, a pumpdown 

pressure of 10'"oor i s  zdequate. Should a lower torus pressure ever 
be required, the pumping system will achieve a presswe of lo-* t o r r  in 
approximate1 y 60 sec. 

The roughing pumps arz o i l - f ree  mechanical units.  In addition to 

i n i t i a l  pumpdown of the torus,  t l ey  a re  used to maintain a forceline 
pressure of to r r  a t  the h i g h  vacuum pumps. 

Gases discharged from the mechanical pumps are  c3lle:Ded in a 
pressurized t 3 n k  and re ta ine j  for  E subsequent t r i t i u n  retrievzl process. 
Gas col lec~iorl  for  .the high "Jacuum pumps i s  accomplisied by regenerating 
the cr,yopanels and pumping desorbec gases into a Z r - A l  ge:terirg tank. 
A d i s c ~ s s i o n  cf the fuel hand1 ing system i s  found in Sect. 20. 
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18. HEAT TRANSPORT SYSTEM 

8 . 1  FUNCTION 

The heat t r a n s p o r t  system (HTS) removes heat  from ccmponen t s  , 
t ranspo r t s  i t  o u t s i d e  the  f a c i l  i t y ,  and r e j e c t s  it t o  the environment 

v i a  a c o o l i n g  tower. The system parameters a re  l i s t e d  in Table 18.1. 

Tab1 e 18.1.. Heat t r anspo r t  system parameters 

~ ? j b r  heat loadsa 

F i r s t  w a l l  

Sh ie ld  

D i  v e r t o r  energy c o l  1 e c t o r  

~ e u t r a l  beam 1 ines  

D i v e r t o r  c o i l  (12R) 

PF'  c o i  1 sys tem 

Copper c o i  1 s 

,Power conversion equipment 

TF c o i l  he l ium r e f r i g e r a t o r  

TF c o i l  l i q u i d  n i t r o g e n  

Cool a n t  

F i r s t  w a l l  

'ea k 

113 M W '  

1224 MW 

113 MW 

130 MW 

70 MW 

Water 

Averace 

100 MN 

1090 MW 

100 MW 

1 MM 

62 MW 

Sh ie ld  Borated water ' 

D i  v e r t o r  energy c o l  l e c t o r  Water 

D i v e r t o r  (12R) (copper c o i  1 s )  Deionized water 

I on  source magnet Deionized water 

' pa r t i a l  l i s t .  

18.2 DESIGN REQUIREMENTS 

The HTS w i  11 be designed f o r  re1 i a b i  1 i ty cons i s ten t  w i t h  r e q u i r e -  

ments f o r  f a c i l  i t y  ava i  l a b i l  i ty, i n c o r p o r a t i n g  redundant components as 

necessary t o  meet these requir 'ements. Rad io log ica l  s a f e t y  wi 11 be 

ensured w i t h  in te rmed ia te  coo lan t  loops between tne  pr imary coo lan t  loop 



and the  ~ l a n t  c i r c u l a t i n g  ~ 3 t e r  system. Compments o u t s i d e  t he  b u f f e r  

loop  w i l l  be designed t o  handle mean thermal 3ower p l u s  a 50% marg in  f o r  

nons tead j  ope ra t i on .  Compo~ents r e q u i r i n g  sc i edu lec  maintenance w i l l  be 

l o c a t e d  i n  areas wRere con tac t  maintenance i s  permi t ted .  

18.3 DESIGN DESCRIPTION 

The HTS c o l i s i s t s  of two major  subsystems. A water  c o o l i n g  system 

refloves heat  from t h e  f i r s t  w a l l ,  t he  s h i e l d ,  t h e  d i v e r t ~ r  .energy c o l -  

l e c t o r ,   he copper c o i  1  s, and t i e  beam 1 ines .  A c r j c g e n i c  cool  i n g  

system reinoves heat  from t h e  superconduct i  ng c o i  1 s  and therma; s h i e l  ds 

l o c a t e d  i n  tihe dewar, t h e  main vacuum pumping systen;, an3 t h e  a u x i l i a r y  

vacuum punping system i n  t h e  i n j e c t o r s .  S u p e r c r i t i c a l  hz l i um  a t  4K, 

p r ~ i d e d  by  a c ryogen ic  r e f r i g e r a t o r ,  i s  used t o  coo l  t he  superconduct ing 

magnets and t h e  vacuum cryopanels .  

F i n a l  heat  d i s s i p a t i o n  i s  p rov ided  by a c o o l i n g  tower, shared by 

bo th  subsystzms. A f low d iag ran  of t h e  hea t  = ranspor t  system i s  shown 

i n  F ig .  13.1. 

Rad i~ lo , ; i ca l  sa fe ty  i s  ma in tz ined  by  us ing  a cllosed b u f f e r  loop  and 

in te rmed i  3 te  heat  exchangers between t h e  a c t i v a t e d  primaq cocl lant loop  

anc t he  e.<terna- c i r c u l a t i n g  water system. 
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19. FUEL INJECTOR SYSTEM 

19.1 FUNCTION 

The f u e l  i n j e c t o r  i n j e c t s  D-T f u e l  i n  the  form o f  f rozen p e l l e t s  t o  

rep len i sh  any f u e l  l o s t  o r  consumed du r i ng  a burn, thus ma in ta in ing  the  

plasma c h a r a c t e r i s t i c s  cons i s ten t  w i t h  the f u s i o n  process. The p e l  l e t s  

must be p r o p e r l y  s ized  and d e l i v e r e d  w i t h  s u f f i c i e n t  v e l o c i t y  t o  pene- 

t r a t e  the .hot plasma t o  an app rop r i a te  depth. .The f u e l  i n j e c t o r  param- 

e t e r s  a re  g iven i n  Table 19.1. 

Table 19.1. Fuel i n j e c t o r  parameters 

Steady-state burn 5C.0 sec 

Cycle t ime 560 sec 

Fue l ing  r a t e  (du r i ng  burn)  0.185 g lsec 

P e l l e t  shape Spher ica l  

P e l l e t  diameter $0.5 cm 

Pel l e t  v e l o c i t y  1000-20001 mlsec 

Repe t i t i on  r a t e  15 pe l  l e t s / s e c  

19.2 DESIGN REQUIREMENTS 

The i n j e c t o r  must be sh ie lded from e l e c t r i c a l  and ma.gnetic f i e l d s  

i n  a manner t h a t  prov ides unimpaired opera t ion  du r i ng  steady s t a t e  o r  i n  

t r a n s i e n t  environments. The u n i t  e l e c t r i c a l  c i r c u i t s  must be p ro tec ted  

.from f a u l t  o r  induced e l e c t r i c a l  overloads by adequate fuses o r  c i r c u i t  

breakers . 
Operat ing temperatures o f  u n i t s  o f  t he  i n j e c t o r  must be c o n t r o l l e d  

by pass,i ve o r  a c t i v e  t.herma1 c o n t r o l  systems. The recommended coo l  i n g  

media a re  l i q u i d  n i t r o g e n  ( L N ~ )  and l i q u i d  hel ium (LHe). 

The i n j e c t o r  must have adequate s h i e l d i n g  t o  l i m i t  neu t ron  a c t i -  

v a t i o n  o f  components. Modular designs f o r  components o r  p a r t s  sub jec t  

t o  r a d i o a c t i v i t y  o r  t r i t i u m  products w i l l  p rov ide  f o r  ease i n  maintenance 

There must be no p a r t i c l e s  from moving mechanical',assembli,es, 

l u b r i c a n t s ,  o r  outgassing products t h a t  cou ld  miagrate, t o  t he  vacuum 



i lessel. Vacuum pumps ma iq ta i n  t h e  i n j e c t o r  e n c l o s ~ r e  a t  a  p ressure  

?qua1 t 3  o r  lower  than t h a t  o f  t he  vacuum chamber and exhaust evaporated 

D-T p roduc ts  and gaseous products .  

19.3 DESIGN DESCRIPTION 

'he f u e l i n g  method chosen f3r the  Reference Desigr i s  t h e  i n j e c t i o n  

c f  p e - l e t s  3 f  s o l i d  deuter ium and t r i t i u m .  Recent t h e o r e t i c a l  s t ud ies  

i and i  c e t e  t h a t  pe l  l e t  p e n e t r a t i o n  may be reduced ' t o  ebout 0.2 t imes the  

plasma rad ius ,  compared t o  e a r l i e r  es t imates  r e q u i r i n g  p e n e t r a t i o n  t o  

t he  p lasna  c e n t e r l i n e .  Th i s  may r e s u l t  i n  r educ t i oqs  o f  p e l l e t  v e l o c i t y  

tco as l o w  as - 1000 mlsec. 

T i e  f u e l  p e l l e t  injec;or mechanism prov ides  t he  d e s i r e d  i n j e c . t i o n  

v e l o c i t y  by e x e r t i n g  c e n t r i f u g z l  f o r c e  on a  f u e l  p e - l e t .  A r a p i d l y  

. r o t a t i n g  d i s c  sp inn ing  on a  v e r t i c a l  a x i s  captures t h e . f u e 1  p e l l e t ,  

which i s  i n t r oduced  t o  t h e  upper face o f  t he  d i s c  c l ose  - t o  t h 2  c e n t r a l  
- 

hu j .  r he pe l  l e t  i s  accelerated!  a long  a formed track. mounted on t he  

d i s c ' s  u rpe r  face  by c e n t r i f u g a l  f o r c e  and leaves tt-e d i s c  th rough a  

tube  ccnnected t o  the  plasma ch3mber. The r o t a t i o n a l  speed o' t h e  d i sc ,  

t h e  d i s c  d iameter ,  the  t r a c k  geometry, and the  pe l  l e t  c h a r a c t e r i s t i c s  

godern t he  e j e c t i o n  v e l o c i t y  and t r a j e c t o r y .  P r i n c i 3 a l  subassemblies o f  

tho  i n j e c t o r  mechanism a r e  t he  r o t a t i n g  d i s c  w i t h  i t s  d r i v e ,  t he  dev ice  

t h a t  forms t k e  s o l i d  ( f rozen)  p e l l e t s  f rom d e u t e r i u ~ ~  and t r i t i u m  gases, 

and t h e  pe l  l e t  c u t t e r l d e l  i v e r e r  t h a t  p rope ls  t h e  D-T p e l  ;e t  t o  t he  

impel l e r .  

The e n t i r e  assembly i s  housed i n  a  v a c u u m t i g h t  con ta ine r .  A 
vacgum-t ight tube connects t h e  m a i l  u n i t  t o  the  plasma chamber and serves 

as a  c l e a r  passage f o r  p e l l e t  ent rance t o  t he  plasma chan-ber. Whi le  t h e  

p e l l e t s  a r e  be ing  i n j e c t e d ,  t h e  p e l l e t  i n j e c t i o n  devfce i s  sub jec ted  t o  

d i r e c t  thermal  r a d i a t i o n  and neu t ron  s t reaming.  The e n t i r e  vacuum-ti g h t  

housing and t h e  i n t e r f a c i n g  subsjstems a r e  sh ie l ded  f rom 3 o s s i b l e  r a d i o -  

a c t i v i t y  i? the  v i c i n i t y  of  the  dev i ce  f o r  personnel p r o t s c t i o n .  

The p.1 1  e t  i n j e c t o r  r e q ~ i r e s  these suppo r t i ng  c b ~ : ~ o n e n t s  ~ n d  sub- 

systems: *lacuum pumping, 1  f q u i d  he1 ium supply  and p l  mb ing ,  e l  e c t r i c a l  

power, i n s t r u m e n t a t i o n  and c o n t r o l ,  bas i c  s t r u c t u r e  t o  suppor t  i n j e c t o r  



housing and passive sh ie ld ing ,  and f i l t r a t i o n  and r e c y c l i n g  f o r  handl ing 

m i s f i r e d  p e l l e t s  o r  gaseous t r i t i u m  products. F'gure 19.1 i l l u s t r a t e s  

the func t i ons  o f  the system. 
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Fig. 19.'1. Fuel p e l l e t  i n j e c t o r  system. 

The i n j e c t o r  and major subsystem components w i l l  be assembled as a  

s i n g l e  removable u n i t ,  w i t h  p rov is ions  f o r  remote removal and capping o f  

subsystem l i n e s  when the p e l l e t  assembly i s  removed f o r  serv ice.  The 

i n j e c t o r  w i l l  be designed i n  func t i ona l  modules ;hat f a c i l i t a t e  d isas-  

sembly and r e p a i r .  The housing i n  which moving p a r t s  a re  enclosed must 

con ta in  any component p a r t s  t h a t  f a i l  and must p r o t e c t  t r i t i u m  system and 

1  ines from damage o r  l oss  of t r i t i u m  from the i n j e c t o r  system. 

Two o r  more p e l l e t  i n j e c t o r  systems w i l l  be i n s t a l l 2 d  w i t h  one unl i t  

always i n  standby mode. Su i tab le  ins t rumenta t ion  and co: i t ro ls  w i l l  warn 

of mal funct ion i n  the opera t ing  u n i t  and swi tch  :he standby u n i t  i n t o  

opera ti on. 







20. FUEL HANDLING SYSTEM 

20.1 FUNCTION 

The. fuel handl ing system c o l l e c t s  t r i t i u m  and o the r  gases from the 

shutdown plasma and the d i v e r t o r ,  puts these gases - i n  a form s u i t a b l e  

fo r  fue l ing ,  and provides storage f o r  the f u e l .  I t  a l s o  provides the 

means t o  cope w i t h  t r i t i u m  vent ing. 

The d iscussion o f  the f u e l  processi.ng system i s  broken down i n t o  

th ree  func t i ona l  sect ions:  spent plasma t rapp ing  and processing, tr i  t i w m  

standby storage and inventory ,  and triti um containment and cleanup. 

20.2 SPENT PLASMA TRAPPING AND PROCESSING 

. Spent plasma t rapp ing  w i  11 be accompl ished by (1 ) t hz  to rus  vacuum 

compound cryopumps, which use a 4.2K chevron t o  pump deuterium, t r i t i u ~ ,  

and hydrogen and a 4.2K molecular s ieve panel t o  :lump helium, and ( 2 )  the 

1 i q u i d  1 i t h i  um drop1 e t  c loud i n  the d i v e r t o r  c o l l  x t i o n  c,hamber (assuming 
. . 

t,he l i t h i u m  r a i n  w i l l  pump hel ium). 

Processing and p u r i f i c a t i o n  o f  the plasma w i l l  be accomplished by 

combinations , . o f  mechanical f i l t r a t i o n ,  ge t te r i ng ,  cryogenic t rapp ing ,  

cryogenic d i s t i l l a t i o n ,  and c a t a l y t i c  crack ing-oxidat ion.  Separat ion o f  

the  t r i t i u m  from the  '1 i t h i u m  i n  the d i v e r t o r  w i l l  be .accomplished p r i -  

m a r i l y  by s o r p t i o n  o f  t r i t i u m  on s o l i d  y t t r i u m  o r  perhaps by a permeation- 

d i f f u s i o n  process us ing  niobium. 

. The cryogenic d i s t i l l a t i o n  complex has capability t o  produce ade- 

quate ly  pure product  streams of,D-T, D2, HD, and T2; a d d i t i o n a l l y ,  

t h i s  complex w i l l  accept a s ide  stream from the contaminated deuterium 

c o l l e c t e d  on the cryoadsorbent panels o f  the neu t ra l  beam vacuum system 

for  t r i t i u m  removal. I n  p r i n c i p l e ,  a pure t r i t i u m  stream w i l l  no t  be 

needed i f  p e l l e t s  can be made from D-T mixtures.  



20.3 TRITIUM STANDBY ST3RAGE .4ND INVE,NTORY 

The triti ~m i s  s t o r z d  as s o l i d i f i e d  t r i 3 i d e  on dep le ted  uranium 

ch ips  i n  t h r e e  separate,  compactnented, i s o l a t e d  genera to r  s to rage  

u n i t s .  The t o t a l  on-s i  t e  t r i t i u m  i n v e n t o r y  w i l l  n o t  exzeed i O  kg, which 

i s  adequate f o r  28 h r  o f  r e a c t o r  o p e r a t i o n  a; an 892 du t y  f a c t o r  w i t h o u t  

any repmcess ing  o f  t h e  plasma. The minimum i n v e n t ~ y  depends on t h e  

r ~ p r o c e s j i n g  r a t e  o f  t he  spent  plasma. 

Z i t .  4 TRBTI tM CONTAINMEN- AND CLEANUP 

Each o f  t he  t h r e e  tri t i um storage-generctor  un i t s  s  p r cv i ded  wi t h  

i t s  own ded ica ted  heaters ,  coo le rs ,  c o n t r o l l e r s ,  i n e r t  gas b l anke t i ng ,  

v a u l t ,  and emergency p r o t e c t i o ~  system. Pump f o r  z r i t j u r n  p rocess ing  

ope ra t i ons  shobld n o t  have r o t a t i n g  mechanical seals ;  i f '  t h i s  c r i t e r i o n  
. . .  

c i n n o t  be met, complete ccnta' inment o f - t h e  pump i n  a separa te  sealed 

enc losure  w j l l  be requ i red .  . A1 1  t r i t i u m  proc,essing equipment i s  ' doub le  

e rc losed ,  and.' t h e  volumes enc losed  by these  j a c k e t s  a r e  t o  be-  con t i nuous l y  

f l ushed  by a  c i r c u l a t i n g  i n e r t  b u f f e r  gas processed b y . a  cleanup system 

t o  m a i n t a i n  ' a  low cover-gas t r i t i u m  1  eve1 . 
T r i t i u m  cleanup systems a r e  t o  be p rov ided  f o r  t h e  ~ f f - g a s  h o l d i n g  

tanks, the  vacuum vessel ,  and t h e  r e a c t o r  c e l l ;  t he  s i z e  o f  these systems 

i s  based on cleanup pe r i ods  o f  120 h r  f o l l o w i q g  a  major  r e l e a s e  i n t o  t he  

r e a c t o r  c e l l  and 48 h r  f o r  t he  r e a c t o r  vessel  p r i o r  t o  r e a c t o r  shutdown 

and ~ a i n t e n a n c e .  Ample s to rage  c a p a c i t y  i s  p-ovided f o r  a l l  c losed-  

c i r c u i t  vacuum vessel  and s h i e l d  system aqueous coo lan t s  t o  c o n t a i n  

t hzse  m a t e r i a l s  when t he  s:/stem must be d ra ined  f o r  equi3ment maintenance. 





21 . RADIOACTIVE WASTE HANDLING SYSTEM 

21.1 FUNCTION 

The purpose o f  t he  r a d i o a c t i v e  waste ( r a d w a s ~ e )  hand1 i n g  system i s  

t o  t r a n s p o r t  and s t o r e  a c t i v a t e d  m a t e r i a l  and components. 

21.2 DESIGN DESCRIPTION 

The f i s s i o n  r e a c t o r  i n d u s t r y  has a r a d i o a c t i v e  waste problem, 

a r i s i n g  l a r g e l y  f rom f i s s i o n  products ,  which i s  m r e  severe than t h a t  

a n t i c i p a t e d  f o r  f u s i o n  reac to r s .  A w e l l - e s t a b l i s h e d  radwaste hand l i ng  

technology i s  a v a i l a b l e  f rom the  f i s s i o n  f i e l d ,  and i t  i s  expected t h a t  

f u s i o n  radwaste d i sposa l  problems w i l l  be d e a l t  w i t h  l a r g e l y  through 

adap ta t i on  o f  t h i s  e x i s t i n g  technology.  

For t h e  Reference Design, contaminated m a t e r i a l s  r e q u i r i n g  d isposa l  

c o n s i s t  o f  p o r t i o n s  o f  t he  tokamak i t s e l f  and components which become 

contaminated through con tac t  w i t h  t he  coo lan t .  







22. EXPERIMENTAL AREA VENTILATION SYSTEM 

22.1 FUNCTION 

The experimental area ven t i l a t i on  system provides r o ~ t i n e  ven t i -  

l a t i o n  t o  the reactor  containment bu i ld ing  and copes w i t h  possib le 

t r i t i u m  venting t o  the same area. 

22.2 DESIGN DESCRIPTION 

This system i s  expected t o  be based on the r e s u l t s  o f  T r i t i um 

Systems Test Assembly (TSTA) developments. Ven t i l a t ion  and t r i t i u m  

cleanup a re  expected t o  f o l l ow  the basic TSTA appnoach, which consists 

o f  c i r c u l a t i n g  a i r  p lus t r i t i u m  through c a t a l y t i c  convertors t o  form , .SO.% 

T20. This t r i t i a t e d  water w i l l  be col lected,  e i t he r  thrcugh r e f r i g e r a t i o n  

o r  molecular sieves, and then stored. 

The major funct ions o f  a v e n t i l a t i o n  system include containment o f  

ac t iva ted a i r  and t r i t i u m  leaks. The use o f  a vacuum bu i ld ing  diminishes 

the ac t i va ted  a i r  problem and i s  compatible w i t h  a t r i t i u m  cleanup 

sys tern. 







. . 
23. INSTRUMENTATION, CONTROL, AND DATA HAI'DLING SYSTEM 

23.1 FUNCTION 

The i ns t rumen ta t i on ,  c o n t r o l ,  and da ta  hand l ing  ('ICDF) system 

a u t o m a t i c a l l y  c o n t r o l s  the  tokamak plasma and systems th rcugh  a l l  phases 

o f  opera t ion .  Semiautonomous ope ra t i on  o f  subsystem c o n t r o l s  and d iag -  

n o s t i c s  i s  c a r r i e d  o u t  under the  supe rv i s i on  o f  a c e n t r a l  computer ized 

c o n t r o l .  Data f rom the  c o n t r o l  and d i a g n o s t i c s  i ns t rumen ta t i on  a r e  

processed and then d i sp layed  o r  s to red  i n  an a r c h - v a l  system f o r  l a t e r  

o n - c a l l  d i s p l a y .  Fa i  1  -sa fe  ope ra t i ons  and degraded mode 3p t i ons  w i  11 

r e c e i v e  s i g n i f i c a n t  emphasis i n  the  des ign o f  t he  ICDH system. 

23;2 DESIGN REQUIREMENTS 

The ICDH system w i l l  c o n s i s t  o f  a  cen t ra l '  o ~ e r a t i o n s  s t a t i o n  and 

severa l  semiau'tonomous c o n t r o l  subs ta t ions .  The system i s  c e n t r a l i z e d  

i n  t h a t  t h e  machine can' be s t a r t e d ,  operated, and secured f rom the  

ce 'n t ra l  ope ra t i ons  s t a t i o n  and i n  t h a t  t h e  da ta  r e l e v a n t  t o  machine 

performan.ce a r e  s to red  i n  a  c e n t r a l  data p o o l .  Upon d i r e c t  assignment 

from' t he  c e n t r a l  o p e r a t i o n ' s  s t a t i o n ,  t he  semiautonomous c o n t r o l  sub- 

s ta t ion 's  may ' ope ra te  a  p a r t i c u l a r  subsystem. Honrever, t h e  r e s p o n s i b i l i t y  

o f  mon i t o r i ng  a l l  opera t ions  and t he  a b i l i t y  t o  o v e r r i d e  commands from. 

subs ta t i ons  w i l l '  remain w i t h  t h e  c e n t r a l  operatitons s t a t i o n .  

I n d i v i d u a l  ,subsystem operat i .ons, such as t e s t i n g  and checkout, w i l l  

be prevented f rom a f f e c t i n g  o t h e r  elements (ope ra t i ng  o r  dormant) by a 

system of i n t e r l o c k s  and ove r r i des .  As t he  env-ronment permi ts ,  each 

c o n t r o l  s u b s t a t i o n  w i l l  be l o c a t e d  i n  p r o x i m i t y  t o  t he  equipment i t  

mon i t o r s  and c o n t r o l s  t o  f a c i l  i t a t e  t e s t i n g  and checkout. 

The ICDH system w i l l  be cons t ruc ted  w i t h  narmal i n d u s t r y  p r a c t i c e s ,  

m o d i f i e d  as necessary f o r  s h i e l d i n g  from de t r imen ta l  e f f e c t s  o f  nuc lea r  

r a d i a t i o n  and magnet ic f i e l d s .  The equipment hi 11 i n c o r p o r a t e  redundancy, 

d i v e r s i t y ,  and f a i l - s a f e  f e a t u r e s  t o  min imize traintenance needs. Only 

m o n i t o r i n g  dev ices and communications l i n k s  an6 l i n e s  w i l l  r e q u i r e  



remote maintenance. With the  except ion o f  c e r t a i n  non i  t o r i n g  devices 

t h a t  may r e q u i r e  p e r i o d i c  replacement because o f  exposure t o  plasma 

03erat icn,  the system h3s a design l i f e  o f  19 years. 

23.2  DESIGW DESCRIPTION 

", 

The ICDH system has -Dur major d i v i s i o n s ,  each w i t h  i t s  own moni- 

t1:lring aqd data hand1 ing. 

23.3.1 Operations Cont ro l ,  . 

This  subsystem contrc7s a l ' l  machine operat ions dur ing  a l l  phases o f  

thn burn cyc le  and the i tmed ia te  prepara t ion  f o r  the nex t  burn cyc le .  

Tt-s superv ic3ry c o n t r o l  anxr the c e n t r a l  opera.tions s t a t i o n  form t h i s  

d i . r i s ion .  

23:.3.2 I m ~ t r u m ~ ~ n t a t i o n  a7d Moni to r ing  

Th is  subsystem measures a l l  p e r t i n e n t  va r i ab les  and processes the 

data t h r o ~ g h  appropr ia te  a; g o r i  thms. The instrument.3t ion used f o r  t h i s  

normal c o d ~ t r c l  and mon i to r ing  w i l l '  use m u l t i p l e x i n g  microwave and l i g h t  

t ransmiss ion t o  f a c i l i t a t e  naintenance and t o  reduce the space needed 

f o r  penet ra t ions  t o  the  t r ~ c h i n e  f r o m  the  opera t ing  stations. 

It i s  d e s i r a b l e  t o  mcn i to r  t he  f o l l o w i n g  parameters: 

s p a t i a l  and temporal v a r i a t i o n s  i n  plasma de rs i  t y ,  

plasma e l  ec t ron  and i o n  temperatures, 

neutron f l u x  a t  tho  f i r s t  w a l l ,  

t r i t i u m  l e v e l s  a t  se lected loca t ions ,  

d i v e r t o r  temperatures and c o i l  cur ren ts ,  

p o l o i d a l  magnetic f i a l d  s t reng th  and c o i l  cur ren ts ,  

t oeo i ca l  magnetic f i e l d  s t reng th  and c o i l  curnents, 

neu t ra l  beam parameters cnd status,  

rf heat ing  system parameters and status,  and 

f u e l  i n g  ra te .  



2 3 . 3 . 3  Auxil i a r i e s  Control 

This subsystem controls and moni tors  the elements that are less.  

frequently commanded, incl uding the TF power system, the vacuum pumping 
systems, the refrigeration systems, and the electr ical  substation. 

2 3 . 3 . 4  Abort Control 

The abort control subsystem i s  a fa i l  -safe, scram-type system that  

prevents machine damage in the event of any experted disruption or 

operation anomaly. The instrumentation for th i s  subsystem will receive 
the strongest emphasis on r e l i a b i l i t y  and redund3ncy, and variables 
related t o  t h i s  area will be continually monitored a t  aljl s ta t ions.  







24.' ASSEMBLY AND MAINTENANCE 

I n  t h i s  sect ion,  the  design o b j e c t i v e  f o r  the mechanical arrange- 

ment o f  the  Reference Design i s  reviewed, the  requirements der ived from 

t h i s  o b j e c t i v e  a re  presented, and the  maintenance requ i red  f o r  each 

major subsystem i s  discussed. The equipment needed f o r  remote main- 

tenance i s  described, and d e t a i l e d  procedures f o r  replacenent o f  a to rus  

sec tor  and a TF c o i l  a re  given. 

24.1 , DESIGN OBJECTIVE 

I n  the  s e l e c t i o n  o f  the  mechanical arrangement f o r  the  Reference 

Design, the  main o b j e c t i v e  i s  a device t h a t  e x h i b i t s  a h igh  degree of 

mainta inabi  1 i t y .  I n  a commercial power reac tor ,  where b lanket  replace-  

ment i s  a r e g u l a r l y  scheduled maintenance operat ian,  r a p i d  replacement 

o f  t o rus  sectors i s  a major f a c t o r  i n  determining1 p l a n t  a v a i l a b i l i t y  and 

hence the  cos t  o f  e l e c t r i c i t y .  Therefore, the  need f o r  r a p i d  sec tor  

replacement i s  der ived p r i m a r i l y  from the  need t o  develop a design which 

can be ex t rapo la ted  t o  a commercial reac to r  and secondar i ly  from the 

need t o  achieve good m a i n t a i n a b i l i t y  f o r  the  Reference Design. 

24.2 DESIGN REQUIREMENTS 

A1 1 major maintenance operat ions must be performed i n  the  h o t  c e l l ,  

i n  p a r a l l e l  w i t h  tokamak operat ions. To s i m p l i f y  these operat ions, a l l  
. . 

components are  designed f o r  ease o f  replacement. In-vessel operat ions 

a re  kept  t o  a minimum and use e x t e r n a l l y  mounted, r e a d i l y  r e t r i e v a b l e  

equi pment . 
. , .  It must be poss ib le  t o  replace the  to rus  sectors wi-thout d ismant l ing  

the  dewars t o  preclude the  need f o r  thermal cyc l . ing  o f  TF c o i l s .  

During a sec tor  replacement opera t ion  shear motion between adjacent 

sec tors  must be avoided t o  a l l ow  use o f  over lapping components such as 

shadow sh ie lds .  During mating o f  the  replacemerit sectors, the  f i n a l  



'nc-enent  o f  motion must be mechanical ly constra ined by e i t h e r  the 

remote 5andl i ng equi pmer t o r  the sec tor  support uni  L; c p e r a t ~ r  c o n t r o l  

mus; n o t  be r e l i e d  on f c r  f i n e  p o s i t i o n i n g  o f  torus sectors. 

F i n a l l y ,  i t  must k poss i~b l?  t o  perform a remilte leak c.ieck on the 

to rus  j o i n t  seal .  

To meet the  design requirements and improve the device mainta in-  

a b i l i t y ,  th-ee major ch3nges t 3  the  Basel ine Design were incorporated 

intc the  e v o l u t i o n  o f  t i 2  Reference Design. They are:  

(1 )  a reduc t i on  i n  th. number o f  TF c o i l s ,  which cre3tes enough room 

between c o i l s  t o  ,ern i t  replacement o f  a to rus  sec tor  w i thou t  

r2rnoival o f  any c o i l s ;  

(2) a i  increase i n  the  TF c o i l  bore, which makes i t  possitole t o  

r e l o c a t e  the  PF c o i l s  du r ing  sec tor  replacement and thus e l im ina tes  

the  need f o r  PF c o i l  segmentation; 

(3)  the  use, o f  m e ~ h a r ~ i c a l  t o r u s  j o i n t s ,  made poss ib le  by the use. o f  

,an e v a c ~ a t e d  r e a c t c r  c e l l ,  which e l im ina tes  the  need f o r  i n t e r n a l  

c u t t t n g  and w e l d i r g  t o  rephlace a to rus  sector.. 

24.3 MA1 NTENANCE FUNCTICNS ' 

The major mechanical assenrbl i e s  o f  the  Refereme Design, t h e i r  

funct ions, and t h e i r  maintenance requirements are  di.scussed below. 

F igure  24.1 i s  a schematic diagram o f  these assemblies. 

The to rus  cons is ts  of 16 sectors which a re  b o l t z d  together  and 

mechanical ly sealed. I t s  weight i s  supported on fou-+ quadrant supports 

which are  independently connected t o  the ground. Whei a ' l  16 sectors 

a re  j . ~ i n e d ,  a r i g i d  s t r u c t u r e  i s  formed which e n c i r c l e s  a p a i r  o f  buck- 

i n g  r i ngs .  Electromagnetic cen te r i ng  ( r a d i a l l y  inward) fo rces  are  

reacted by t h e  bucking r i r g s .  Electromagnetic fo rces  i n  the r a d i a l l y  

outward d i r e c t i o n  are  r e l a t i v e l y  s n a l l  and are  reacted by the  i n t e r -  

sec tor  b o l t s .  
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Fig. 24.1. Components involved i n  the assembly and maintenance 
operat i  on. 

Each quadrant support ca r r ies  four torus sectors. To remove a 

sector, one quadrant i s  moved r a d i a l l y  outward a small distance ($10 cm) 

by releasing the quadrant support lock and remo;/ing the in te rsec to r  t i e  

rods. The hor izontal  motion o f  the quadrant i s  cont ro l  l e d  by the paral-  

lelogram arrangement o f  the support s t r u t s .  QSne Sect. 24.5.1 f o r  

complete sector rep1 acement procedure. ) 

24.3.2 TF Coi ls  

The TF c o i l s  are supported by the central  support column, the 

i n t e r c o i l  supports, and, during i n i t i a l  assemb'ly, a l a t e r a l  support 

member t h a t  supports the imbalance i n  the TF c c i l  g rav i t y  loads. A l l  

c o i l  supports are cryogenical ly  cooled. I f  a c o i l  i s  removed during 

maintenance operations, a temporary outboard sx ru t  i s  ~ s e d  t o  support the 

remaining co i  1 s. 



24.3.3 Interior PF Coils 

The interior PF coils (within the TF coil bore) are supported from 

the  outer support structure (see Sect. 24.3.71 via the dewar support 
rings. The s i x  coi 1 s closest t o  the midpl ane are re1 ocated t c  a parking 

position during sector removal. Curing a TF coi 1 rep1 acement operation, 

the interior PF coils are segment&. + .  
I n b -  r;Y * .- 

&# *' -4 ik'. -9 ' ..' 2 j t 
24.3.3 Exterior PF Coi 1s L k--i Zd.', b!' 

The 1 ower exterior PF mi 1 s are superconducting coils and are 

supported from the outer support structure (see Sect. 24.3.7). During a 

TF coil replacement, they are .lowered t o  a parking lccation below floor 

level. Rep1 acement of the 1 ower coil s requires coi 1 segmehtation and i s  
extremely difSicul t t o  perfwm. Further study i s  required t o  identify 

alternate replacement techniques. 

The upper exterior PF coils are fixed t o  the upper support structure 
(see Sect. 24.3.8). To replace these coils, the upper support structure 

i s  raised 3nd translated t o  an elevated storage area. 

24.3.5 OH Coils 

The OH coi 1s are supported on the machine base and constrained 
latera'ly by the central support column. Replacement of OH coils requires 
remcval of the rf unit and the center dewar panel. 

24.3.6 Dewars 

The dwars are supported by the outer and the upper support struc- 
tures. The individual dewars are accessible from the exterior of the 
machfne. The interior portions of the comnon dewars are accessGble by 
remo$al of me or more torus sectors. The upper shell dewar i s  accessible 
by re1ocati.m 3f the upper support structure t o  i t s  parking position. 
Access to t qe lower she1 1 dewar requS res re1 ocati on of the 1 ower exterior 

PF cails. 



Outer Support  S t r u c t u r e  

The 'ou te r  suppor t  s t r u c t u r e  suppor ts  t h e  e x t e r i o r  PF c o i l s ,  t he  

i n t e r i o r  .PF coi.1 s, t h e  i n d i v i d u a l  dewars, and. t he  outboard p a r t  o f  t h e  

s h e l l  dewars. Removal o f  one column o f  t h e  o u t e r  suppor t  s t r u c t u r e  i s  

r e q u i r e d  f o r  a  TF c o i l  replacement (see Sect. 2q.5.2). 

24.3.8 . Upper Support  S t r u c t u r e  
. .  . 

 he rf u n i t ,  t h e  upper e x t e r i o r  PF c o i l s ,  and t he  c e n t r a l  dewar a r e  

supported by t h e  upper suppor t  s t r u c t u r e .  For m a o r  maintenance opera- 

t i o n s ,  such as a  TF c o i l  replacement, t h e  upper cuppor t  s t r u c t u r e  i s  

r a i s e d  and t r a n s l a t e d  t o  an e l eva ted  pa rk i ng  l o c ~ t i o n .  

24.4 REMOTE MAINTENANCE EQUIPMENT 

. R a d i o a c t i v i t y  l e v e l s  w i t h i n  t he  r e a c t o r  ce19 d i c t a t e  t h a t  a l l  

maintenance o p e r a t i o n s  b e  performed w i t h  remote equi  pment. Two types o f  
. . 

remote maintenance equi  pment a re  used: ' general  purpose equipment i s ,  

u5e.d f o r  nonspec i f i c  tasks  such as s e r v i c i n g  c o c l a n t  and e l e c t r i c a l  

connect ions and t i g h t e n i n g  b o l t s ,  and spec ia l  purpoie equipment i s  used 

f o r  s p e c i f i c  and complex tasks  such as t o r u s  . s e c t o r  replacement o r  TF 

. c o i  1  t r a n s p o r t .  . 

24.4.1 General Purpose Equipment 

24.4.1.1 B r i dge  mounted man ipu la to r  system 

The b r i d g e  mounted man ipu la to r  system (BMWS) i s  a  sh ie lded ,  manned 

u n i t  w i t h  a  p a i r  o f  servomanipu lators ;  i t  se rv i ces  equipment above t h e  

t o r u s  midpl  ane. 

24.4.1.2 F l o o r  mounted man ipu la to r  system 

The f l o o r  mounted man ipu la to r  system (FMW) i s  a  sh ie lded,  manned 

u n i t  used t o  s e r v i c e  equipment below the  t o r u s  midplane. 



2'4.1.1.3 Floor mountsd module 

Tie floor mounted moc'ule f s  an unmanned unit with m a l l  servoma- 

nipu1a;ors for  use in fl'cor areas tha t  are  inaccessible to t h ?  FMMS, for  

example, the area beneath the torus.  

24.4.1.4 Polar crane 

The golar crane provides mobility for  the BMMS. I t  i s  also used 

during replacement of the OH co i l s ,  the rf u n i t ,  and the exter ior  PF 

co i l s .  

24.3.2 S ~ e c i a l  Purpose Equipment 

24.4.2.1 Sector replacement module 

The s x t c r  rep1 acement nodu- e (SRM) provides a1 1 the functions 

necessary' for  replacement of a torus sector ,  ircluding transportation 
. . 

between :he ho't cel l  and tt-e reactor c e l l .  When the SRM i s  positioned 

a t  the torus,  i t  i s  latched f.o the outer support structure.  Tw:, r a i l s  

extend f r m  the SRM and l a k k  to the quadrant support. A ra i l  mounted 
unit  tracslates '  tile torus s ~ c t o r s  radially into t h e  SRM a f t e r  f i r s t  

removing the intersector t i e  rods. Where a sector requires. l a te ra l  

motion prior to  radial removal between the co i l s ,  an X-Y table  mounted 

on the SRd rai 1 s i s  used. 

24.4>2.2 TF coil t r a n s w r t  module 

The TF coil transport mdule jacks u p  the Tf c o i l ,  remves the 
. ,  

la teral  s ~ p p o r t  connection aid the intercoi 1 connections, and transports 

the c13i 1 to  the ho; c e l l .  

24.3. ? . 3  Central bore u n i t  

The central bore unit i s  carried by the BMMS and extencs a boom 

into t i e  tclrc.idal bore to service the OH coil  connections. 



24.4.2.4 Injector  t ranspor t  module 

The in jec to r  t ranspor t  module (ITM) t ranspor ts  neutral beam in jec to rs  

and fuel in jec to rs  between the hot c e l l  and the r t a c to r  c e l l .  I t  works 

in conjunction. w i t h  the BMMS to' make and break service  liines and duct 
connections . 

24.5 MAINTENANCE OPERATIONS 

Two major maintenance operations,  a torus sec to r  replacement and a 

TF coi l  replacement, a r e  described. 

24.5.1 Sector Replacement Procedure 

T; remove a s ec to r ,  the e n t i r e  quadrant i s  f i r s t  moved rad ia l ly  
outward t o  provide in te r sec to r  clearance. As skown schematically i n  

Fig. 24.2, sec to r  A of the quadrant is aligned between two TF c o i l s  and 

may be moved d i r e c t l y  out .  Removal of sectors  6 ,  C ,  and D requires 

p r io r  removal of sec to r  A. 

The procedure fo r  the removal o f ' s e c t o r  A of quadrant I i s  a s  
follows: 

Remove in jec to r  uni ts  and cryopumps in quadrant I .  

Disconnect service  l i ne s  t o  quadrant I .  

Relocate i n t e r i o r  P F  c o i l s  t o  t h e i r  parking posit ion.  
Transport SRM t o  sec to r  A.  

Latch SRM t o  the outer  support s tructuve.  
Extend two lower r a i l s  from SRM and la tch  t o  the quadrant 
support r a i  1 . 
Latch SRM t o  sec to r  A.  
Disconnect torus  sec to r  j o in t s  AD and DA. 

. . 
Remove quadrant lock and move quadrant I r ad i a l l y  outward. 
Disconnect torus  sec to r  j o in t  AB. 

Jack v'. up sec to r  A t o  remove weight from quadrant support r a i l .  
Trans1 a t e  sec to r  A r ad i a l l y  outward. 

Release la tches  holding SRM t o  outer  support s t ruc tu re .and  r e t r a c t  
SRM r a i l s .  
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SECTOR REPLACEMENT PROCEDURE 

f SECTOR A IS REM.WED 
BETWEEN CClLS 

SECTOR RErAOVAL PROCEDURE 

A REMOVE 'BETWEEN COILS I 8 2 
B REMOVE SECTOR A, THEN REMOVE 

B BETWEEN COILS 1 8 2 
C REM.3VE SECTOR A; ROTATE B INTO . 

SPbCE VP.CPTED BY A ;  REMOVE C 
BET'NEEN COILS 2 8 3 

D REMOVE SECTOR A, OF QUADRANT IT 
REMOVE ,D BETWEEN COILS 4 & 5 

Fig. 24.2. .  Torus sec to r  removal procedure. 



(14); T ranspor t  SRM ( w i t h  sec to r  A )  t o  t he  h o t  c e l l .  

( 1  5 )  I n s t a l  1  a  replacement sec to r ,  r e v e r s i n g  t h i s  procedure. 

24.5.2 TF C o i l  Replacement Procedure 

Remove t h e  t h r e e  t o r u s  sec to r s  c l o s e s t  t o  t he  dam3ged TF c o i l .  

Remove the upper suppor t  s t r u c t u r e  complefe w i t h  rf hea t i ng  u n i t  

and PF c o i l s ;  p l ace  i n  pa rk i ng  l o c a t i o n .  

I n s t a l l  an outboard s t r u t  on t he  TF c o i l  t h a t  i s  d i a m e t r i c a l l y  

oppos i te  t h e  damaged TF c o i l .  

P lace lower  e x t e r n a l  PF c o i l s  i n  t h e i r  pa rk i ng  l c c a t i o n .  

Remove t h e  e x t e r n a l  suppor t  column behind t h e  damaged TF c o i l .  

Remove t h e  i n d i v i d u a l  dewar and a  30" sec to r  o f  t h e  c y l i n d r i c a i  

dewar and s h e l l  dewars. 

Remove a  segment o f  each i n t e r n a l  PF c o i l ,  t h e  s e c t o r  suppor t  

r a i l s ,  and t h e  buck ing r i n g s .  

Remove t h e  i n t e r c o i l  suppor t  s t r u c t u r e .  

P o s i t i o n  t h e  c o i l  t r a n s p o r t  module (CTM) a t  t h e  damaged TF c o i l .  

La t ch  t h e  TF c o i l  t o  t h e  CTM. 

Jack up t h e  TF c o i l  t o  remove i t s  we igh t  f rom th?  c e n t r a l  

suppor t  column. 

Remove t h e  upper shear connect ion on t h e  l a t e r a l  suppor t .  

T ranspor t  TF c o i l  t o  t h e  h o t  c e l l .  

I n s t a l  1  a  replacement TF c o i l ,  e s s e n t i a l l y  r e v e r s i n g  t h i s  

procedure. 
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25. FACILITIES 

25.1 FUNCTION 

* 

The f a c i l i t i e s  necessary for the Reference Design -include the 

reactor cel l  and the support buildings. The r e ~ c t o r  ce;l must provide a 

10'4-torr vacuum environment to house the tokamak and a l l  closely cousled 

auxiliary systems, containment of the device that  ensures compliance 

with regulations concerning radioactivity releases to  t've environment, 

radiation shielding as required to  reduce dose levels tl) acceptable 

values both outside the device and in the basement area (where auxiliary 
equipment and ac t iv i t i e s  are located),  and working space for the various 

remote systems operations. The support buildings provide working areas 

and containment for a l l  oierations not included in the reactor c e l l ,  

such as electr ical  power supplies, control , auxi 1 iary systems, labora- 

tor ies ,  off ices ,  and others ( i . e . ,  balance of plant) .  Additionally, 

t h i s  category includes heavy-duty cranes, which are considered to be an 

integral part of some of the structures.  Only the reactor cell  i s  

described in de ta i l ;  the support buildings are conventional. Parameters 

of the f a c i l i t i e s  are l i s ted  in Table 25.1. 

25.2 DESIGN REQUIREMENTS 

Two containment vessels make up  the reactcr c e l l :  an exterior . . 
, . 

concrete enclosure. and an inter ior  metal chamber. The exter ior .  concrete 
. . 

encjo.sure will be, thick enough to support a 1-atm . . 
external pressure load 

and limit  the annua1,radiation dose to  the outside environment to  less  

than' 100-mrem. The in ter ior  metal chamber will be large enough t o  house 

the to-kamak, a1 low for  maintenance, support a minimum part ia l  pressure 

to  maintain a guard vacuum between the two conta.inment vessels and to  
provide for  leak detection, act  as an additional containment vessel for 

t r i t ium, and provide a safety barrier t o  contain any project i les  that  

may be generated during a reactor f au l t  condition. A cross section of 

the containment building i s  shown in Fig. 25.1. 



Table 25.1. Faci 1 i t i e s  parameters 

Rea :tor c e l l  

S t r u c t u r a l  

Concrete enclosure i n s i c e  diameter 

C o n c r ~  t e  enclosure he igh t  

I n t e r i o r  metal chamber i n s i d e  diameter 

I r . t ~ r i o r  metal chamber he igh t  

Access 

Ccncrete enclosure mate-ial 

~ r i t e r i i r  :metal chamber ma te r i a l  

Normal vacuym. i e v e l  

Pumping ~e-formance 

Mechmical  

Rmt~ /mechan ica l  

D i f f u s i o n  

One 6- by 13-m c l e a r  
opening 

Reinforced concrete 
2 m t h i c k .  w i t h  
6.6-cm-thick s t e e l  
1 i ner  

Sta in less  s t e e l  o r  
a1 umi num 

20 t o r r  between 
concrete enclosure 
and metal chamber, 

t o r r  i n s i d e  
m t a l  chamber 

63,500 cfm 

169,600 cfm 

2 x l o 5  1 i ters/sec 

Pumpdown t -  me 

F r ~ m  1 atm t o  20 t o r r  3 h r  

Fr3m 20 t o r r  t o  1 0-3 t o r r  2 h r  
From 10': t o r r  t o  t o m .  1' h r  



25.3 DESIGN DESCRIPTION 

The basic facil i ty consists of a 48-m-diam by 33-r-high vacuum 

chamber, a shielded assembly/disassembly area, a test control center, an 
office building, cryogenic and vacuum equipment areas, and associated 

facility and test support systems. Installaticn and removal of the 

tokamak components are facilitated by a 6- by 13-m door that connects 

the reactor cell to the assembly/disassembly area. Vacuum levels are 

maintained by a closed vacuum pumping system consisting of diffusion 

pumps, Roots blowers, and mechanical pumps. Exhaust gases are cycled 

through a tritium processing system before venting. 
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