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ABSTRACT 

t h e  development of a sup g to ro ida l .  f ie1 

T (TNS) tokamak r e a c t o r ,  1 d i f f e r e n t  TF c o i l s  - a b  

TNS s i z e  - w i l l  be  bu ed t o  p e r m i t  sele 

and f a b r i c a t i o n  procedure f S c o i l s ,  A conceptu 

has  been completed f o r  a 

bore ,  o p e r a t i n g  a t  4-6 K, b o i l i n g  hel ium o r  by farced- 

p e r c r i t i c a l  h e l i u  

4. a r r a y  housed i n  a s i n g l e  vac 

e x i s t i n g  b u i l d i n g  a t  the Y 

c i p a l  cornpone n t h e  f a c i l i t  

vacuum tank ,  a test  s t a n d  u r d  suppor t  a 
t i o n s  f o r  t h e  c o i l s ,  a l i q  teern, a system p r  

t u r a t e d  l i q u i d  and a t  al pressure? ,  c 
a p u l s e d  v e r t i c a l  E i e l d  a t  es t  c o i l  p a s i t i o  
s u p p l i e s ,  p rocess  instrumen 01, c o i l  d i a g  

a c q u i s i t i o n  and handl ing  

The tes t  s t and  s t r u  

s t r u c t u r e ,  and two h o r i z o n t a l  so The, c o i l s  ar 

bucki  st, which t r a n s  

The torque  r i n g  s t r u c t u r e ,  con 

acts wi th  t h e  bucking s t r u c t u r e  t o  r e a c t  a11 t h e  magnetic that IPCCIIT 

s are energ ized .  L i  rn i s  used t o  r, 

s t r u c t u r e  t o  5 K t o  minimiz d u c t i o n  t o  the c o i l s .  T, 

i s  used t o  precool. gaseous s t e m  cooldown 3, 

t i o n  s h i e l d i n  

The Large Coil. Progra 

gn, f a c i l i t y  c 
st of s e v e r a l  stages; i n  the ccm-. 

s t a g e s ,  each of w l i i c h  r e s u l  t e s t i n g  capab 

l e  increment  i n  c o s t .  and tested i n  t h e  i 

w i l l  be  designed f o r  a peak 

er f i e l d  o r  l a r g e r  co 
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1. INTRODUCTION 

e of the essential confident use  

produce the t n T h e  Next Ste 

demonstration tion of large 

der conditio imating those 
1 Program (LCP) a t  

and testing of 

es, materials, a 

The capabiliti 

i o n  of test  co 

d specificati d by t h e  LCP, 

interface dim 

, coils of dif 

can be assembled t o  netic field required f o r  

hat the LCP t e s t  co 

and will opera 

ield of 8 16. 

a facility which. ssential enviro 

systems, and services t o  mee 

(Foreign c o i l s  

same facility ns of an intern 

agreement f o r  cooperation i et development.) 

A new facility will be re provide the frame 

ed. Such a f 

nstruction in 

The coil testing progr  s consisting 

first coil to be t e s t e d  a1 

Is would be assemb Id tests, a p 
mbled in a eo 

for 

can 

the most realistic testi a t i o n .  Facility 

correspondingly be broke a1 stages, each of 

1 



2 

r e s u l t s  i n  augmented t e s t i n g  c a p a b i l i t y  a t  a c l e a r l y  i d e n t i f  itable iricre- 

rnent o f  c o s t .  

I n t e g r a t e d  p l ann ing  of magnet devel_opnie-nt and c o i l  t e s t i n g  a t  ORNL 

has  d e f i n e d  f i v e  stager; of faci.l..i.ty cons t ruc t i -on .  The f i r s t  prov ides  

f o r  t e s t i n g  segments of c o i l s ,  2 X 3-rm s i z e ,  that would be  wound a t  Oak 

Ridge u s i n g  v a r i o u s  IO-kA, 8-T coi-tductars procined on a d.evelopmental 

b a s i s  from i n d u s t r i a l  superconductor  manufacturers .  Subsequent s t a g e s  

of t h e  f a c i l i t y ,  which provide f o r  t e s t i n g  one, three, o r  s i x  2.5 X 3.5-m 

c o i l s ,  u se  some o f  t h e  equipment items employed j.n t h e  segment tests. 

The s t a g e s  are b r i e f l y  i d e n t i f i e d  as fo l lows .  

I. 

I T .  

111. 

IV " 

V. 

LCS - l a r g e  c o i l  segments, one a t  a time, u s i n g  e x i s t i n g  

Nb3Sn (IMP) c o i l s  f o r  background f i e l d ,  in r e l o c a t e d  

ORMAK tank. 

T,C:P-1 - a s i n g l e  Large C o i l  ProQzram c o i l ,  t e s t e d  i n  self- 

f i c l d .  

LCP-3 - a c l u s t e r  ( o r  t o r u s )  of  three LCP c o i l s .  

LCP-3/P - a c l u s t e r  ( o r  t o r u s )  of t h r e e  T,CP c o i l s  w i t h  s e p a r a t e  

p u l s e  coi.1. t o  p rov ide  v e r t i c a l  f i e l d  a t  tes t  coi l .  

l o c a t i o n .  

LCP-6/P - a t o r u s  of  six I,CP c o i l s  wiLh p u l s e  c o i l  movable t o  

any test  c o i l  l o c a t i o n .  

A s i x t h  s t a g e ,  which has been considered i n  s i . z i n g  t h e  f a c i - l i t y  vacuuiii 

vessel.. b u t  h a s  n o t  been f u l l y  concep tua l i zed ,  i s  a pravi.si.on f o r  t e s t i n g  

h i g h e r  f i e l d  c o i l s  o r  up t o  t w c  ful.1.-size TNS coi1.s (.twice t h e  LCP coi .1  

s i z e )  

The f i r s t  stage (segment t es t s )  uses 1iiostI.y existing equipment ( t h e  

ORMAK vacuum tank  and :IMP c o i l s  f o r  background f i e l - d s )  atid iterris procrixaed 

f o r  t h e  superconduct ing magnet base RE:D program (power s u p p l i e s  helium 

refrigerator-lique.._fieH. and computer f o r  data a c q u i s i t i o n  and c o n t r o l ) .  

I n  the second s t a g e  a vacuum tank l a r g e  enough t o  house al.1. subsequent  

tests i s  c o n s t r u c t e d ,  and a d d i t i o n a l  equi-pment suf f i c i . e a t  f o r  a s i n g l e  

c o i l  t e s t  i s  procured.  Mora eqi~iprnent i s  added f o r  each s u c c e s s i v e  

s t a g e ,  as i n d i c a t e d  i.n Table  1.1. 
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T a b l e  1.1. Large Coil Test Facility equipment requirements by stage 

Vat: tllnnx 

Liquid helium 

L i q u i d  nitrogen 

E I e c t r ica l 

Tn s t rumeti tat ion 
c on t: r o 1 

BuilClic1g 
nod i f  ic a t ions 

e 

e 

0 

0 

e 

e 

0 

e 

t i *  

e 

0 

e 

0 

b 

0 

e 

e 

0 

Vacuum tank 
Pumping system 

Flow system for  
single coil 

Flow system Tor 
single coil 

C o l d  wa 11 

Install 30-kA 

Install heater 

Single dump circuit 

power bus 

power 

Auxiliary power 
Vapor-cooled lead 

Vacuum system and 

LHe -- s i n g l e  c o i l  
utilities 

LN2 - s i n g l e  coil 
Coil diagnostics 

Base support 
Bucking p o s t  
Single coil s u p p o r t  
Pix t ures 

Vacuum tank 
foundation 
Electrical power 
and utilities C&A 

e 

s 

0 

e 

e 

e 

0 

e 

0 

e 

e 

e 

em 
1s 

Aad two 2 0 - k ~  
power supplies 

Two added dump circuits 

Two added leads 

LHe - two added coils 

LH2 .- two added c o i l s  
Diagnostics - two 
added coils 

Torque r i n g s  
Structural spacers 

Install 50-ton crane 

Substation vault C&A 

Flow system for 
p u l s e  coil shield 

Add 2-kA, 300-V 
p u l s e  power supply  

LN2 --- pulse coil 
Diagnostics - pulse 
coil 

Pulse c o i l  
Pulse coil s u p p o r t s  

Install 1.0-MVA 
substation 

* Flow system for 

Flow systen! f o r  

three added coils 

three added coils 

Ada t h r e e  20-14 
power supplies 

Three added dump 
circuits 

0 T h r e e  added leads 

I,He -- three added 
c o i l s  

* LX2 -- t h r e e  added 

Diagnostics - tlixec 
c o i l s  

added coils 

I n s t a l l  1.O-XYA 
substation 
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S e c t i o n  2 of t h i s  document b r i e f l y  summarizes the justification f o r  

t h e  t e s t i n g  program and requirements which appear  in more de ta i l  in the 

LCP P l a n . '  S e c t i o n  3 i s  an eng inee r ing  d e s c r i p t i o n ,  i n  c o n s i d e r a b l e  

d e t a i l ,  of the conceptua l  des ign  of each s t a g e  of the f a c i l i t y .  T h e  

remaining s e c t i o n s  p rov ide  in fo rma t ion  on the s i te ;  on the s a f e t y ,  f i r e  

and h e a l t h  p r o v i s i o n s ;  and on the very minor environmental impact. 
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2 .  SCIENTIFIC OBJ TECHNICAL UNCERTAIN 

AND SCOPE TEST FACILITY 

ercial tokamak PO 

e volume, f i e l d  ation that su 

ans of their p 

in progress f 

1 require conf 

ar to be the 

U.S. fusion that probably t 

oroidal conf t machine wi 
g.  The toroidal s in current r 

neral Atomic sist of 16 to 20 
a1 or D-shaped b 5 X 7 M, with a p e  

of 8-12 T an ent (due to p o l  

h both small, and large, low ff 

g coils have been rated, the ope 8 

ance requiremen bsequent toka 

from - and in ma d - anything t 
ed so far. The onducting magn 

xity are attem 

ousLy negligible phe 

ntil the new p 

d and solved. T se of the U.S. L 

xtrapolations in size 

may seem strai 

ere with succ 

therefore, is the  ting, and dem 

operation of super that are lar 

prove the design principles, m a h ,  and fabrication te 

d f o r  the t o r o i d a l  k fusion rea 
to TNS with a nfidence. T 

l T e s t  Facflit in an economic 

amework within can be teste 

operation demonstrated. 

ariety of design 

daL field coils. 

itions (forced 

ase) ,  conductor configur , open or so 
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c a b l e ,  o r  b r a i d ) ,  superconductor  material (NbTi o r  Nb3Sn), methods of 

winding o r  i n s t a l l a t i o n  of conductor ,  and ways of i n c o r p o r a t i n g  s t r u c t u r a l  

materials (ho ld ing  i n d i v i d u a l  t u r n s  s e p a r a t e l y ,  s t r u c t u r e  d i s t r i b u t e d  

through the winding o r  lumped on t h e  o u t s i d e ,  welded, o r  b o l t e d ) ,  

Because t h e r e  i s  p r e s e n t l y  in su f  5 i c i e n t  experimental  o r  t h e o r e t i c a l  

b a s i s  f o r  choosing the h e s t  concept f o r  r e a c t o r  c o i . 1 ~  and c o n c e n t r a t i n g  

a l l  e f f o r t s  on i t ,  t h e  U.S.  program will carry l e a d i n g  c a n d i d a t e  d e s i g n s  

through f a b r i c a t i o n  and t e s t i n g  t o  a n  a p p r o p r i a t e  d e c i s i o n  p o i n t  e 

The tes  t i r ig  program wi.1.1- caninieiice w i t h  c o i l s  of l a r g e  conductor  , 
moderate bo re ,  b u t  r e l a t i v e l y  small. winding s e c t i o n  ( c o i l  segments) ; 

p r o g r e s s  t o  ha l - f - s ize ,  f u l l - c u r r e n t ,  fu l I . - f i e ld  coils; and f i n a l l y  Lead 

t o  a sing1.e f u l l - s i z e  TNS p r o t o t y p e  c o i l .  T h u s ,  problems w i l l  b e  ad- 

d r e s s e d  e a r l y  and t h e  most. a p p r o p r i a t e  d e s i g n  determined w i t h  rrninimum 

o v e r a l l  r i s k  and c o s t .  The f i r s t  s t a g e ,  t h e  Large Coi.1 Segments (LCS) ,  

i s  a p a r t  of t h e  Superconducting Magnet 1~)evelopment Program (SCMDP) a t  

ORNL and i s  p r i m a r i l y  f o r  conductor t e s t i n g  and development of t h e  diag-  

n o s t i c  and t e s t i n g  t echn iques  r e q u i r e d  f o r  l a te r  s t a g e s .  The f a l lowing  

d i s c u s s i o n  concerns t h e  s t a g e s  i n  which s u b s i z e  ( 2 . 5  X 3.5 m) c o i l s  w i l l  

be  t e s t e d  and system o p e r a t i o n  demonstrated t o  si.ich levels of conf idence  

t h a t  C:E.ie f u l l - s i z e  TNS c o i l s  can then  be designed and a p r o t o t y p e  f a b r i -  

c a t e d .  

Chapter 5 of- t h e  LCP P l a n '  c o n t a i n s  a de ta i l - ed  t r ea tmen t  of t h e  

s i z e  of  test  c o i l  t h e  f a c i l i t y  should accommodate, g e n e r a l  r equ i r emen t s  

on c o i l  d e s i g n s ,  and t h e  enviroiimeiit t h a t  should be produced i n  o r d e r  t o  

tes t  t h e  c o i l .  It w a s  concluded t h a t  t h e  test  c o i l  requirements  should 

be as fo l lows .  

(1) The conductor-coolant c o n f i g u r a t i o n  and the des ign  heatz fluxes 

shou1.d b e  t h e  same as i n  t h e  TNS c o i l .  

( 2 )  The d e s i g n  c u r r e n t  d e n s i t y  over  the winding should be equa l  t o  

t h a t  of the f u l l - s i z e  c o i l .  

(3) F u l l  - s i z e  conductor shoul d h e  used. 

(4) Helium p r e s s u r e ,  p r e s s u r e  drop,  and q u a l i t y  should d i ip l i ca t - e  con- 

d i t i o n s  i n  t h e  f u l l - s i z e  c o i l .  The helium temperature  should be 

c o n t r o l l a b l e  from below t o  above t h e  val.ue f o r  t h e  full-size 

c o i l .  
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Radia t ion  h e a t  1 should be s 

Local  h e a t  i n p  ided  t o  tes t  t 

ca l ,  thermal ,  a pozzses and t o  

margins ,  recove  v e l o c i t i e s  of 
c o n t r a c t i o n  of 

For test  c o i l s  w i t  f o r c e d  flow down t h e  conductor ,  

t h e  f l o w  pa th  1 g r e a t e s t  a n t i c  

f u l l - s i z e  c o i l ,  o a d j a c e n t  para 
check t h e i r  i.ntercac t i o n .  

fo rced  t o  a i d  i n  p r o v i s i o n  must 
- -  s i m u l a t e  t h e  e 

o v e r a l l  p r e s s u r  ium of c o n t r o l  
and e n e r g i z i n g  

tes t  c o i l  requirem 

z e  winding by va 

c i f i c  and are trea 

il s p e c i f i c a t i o n s  r a t e d  i n  t h e  
U.S. i n d u s t r i a l  o r g a n i z a t i o  

complete  c o s t  s 
concluded t h a t  

a c c e p t  test  coils o 

desc r ibed  by Ref .  2.  

( 2 )  p rov ide  d e s i g n  p e  

tes t  c o i l  c u r r e n t  i s  a 

( 3 )  produce a p a t t e r n  s t r a i n s  i n  t h e  
i l a r  t o  t h a t  i n  

( 4 )  produce. maximum st 

same as i n  t h e  f 
- 

(5) p rov ide  pulsed  c o i l  winding i n  
t u d e  and ramp ra o r i e n t a t i o n  t o  those  i n  TNS 

a p p l i c a t i o n ,  

p rov ide  s p e c i f i c  st o f  6 J / g  i n  t h e  t 

(7 )  accommodate t h e  tes t  co ver t i ca l  p l a n e  w i t h  i t s  long  
axis v e r t i c a l ,  as i s  t h e  case f o r  a tokamak c o i l .  

..... . . . . . . . . . . . . . . . ...... . . . . . . . . . . . . . . . . . . . . . . 
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Ln s h o r t ,  t h e  test  f a c i l - i t y  and i n s t r u m e n t a t i o n  w i t h i n  t h e  c o i l  w i l l  

prove test  (:oil o p e r a t i o n  and d e l i n e a t e  des ign  margins f o r  r e l e v a n t  and 

e x t r a p o l a b l c  c o i l  des igns  wh i l e  t h e  tesL c o i l  i s  s imulcanesus ly  exposed 

t o  a l l  of t h e  i n f l u e n c e s  of TNS o p e r a t i o n  w i t h  thc excep t ion  of neutron 

i r r a d i a t i o n  damage and p o s s i b l e  effects  of plasma d i s r u p t i o n .  

The tcst stand and a n c i l l a r y  systems must accoimodate coils des igned  

t u  produce a peak f i e l d  o f  8 T .  

a d a p t a b l e  to accept 12-T c o i l s  w i t h  moderate a d d i t i o n a l  c o s t  i f  t h e  U.S. 

f u s i o n  program should r c q u i r e  development of h i g h e r  f i e l d  superconduct ing  

t o r o i d a l  magnets. 

The f a c i l i t y  m u s t  a l ~ m  be  practically 

T h e  above d i s c u s s i o n ,  t h e  LCP Program Plan,  and t h i s  document a l l  

r e f e r  to the program t o  be c a r r i e d  o u t  w i t h  t h e  2 , 5  X 3.5-m ''Large C o i l s , "  

which i s  encompassed by Stages 1 1 - V .  SLage V I ,  the TNS p r o t o t y p e ,  has been 

cons idered  i n  t h e  C Q L I C ~ ~ L L M ~  des ign  to ensu re  t h a t  the vacuum tank is  l a r g e  

enough t o  accep t  (wi th  some vertical extension)  eif-her one or t w o  c o i l s  

presently cons idered  s u i t a b l e  f o r  TNS. F u r t h e r  c o n s i d e r a t i o n  of SCage V I  

must await r e s o l u t i o n  o f  q u e s t i o n s  be ing  addressed  i n  TNS s t u d i c s .  

The schedule  f o r  TNS d e s i g n  and c o n s t r u c t i o n  is  not y e t  f i rm ,  b u t  i t  

is clear that exper imenta l  d a t a  from TXP c o i l  tests will be d e s i r e d  a t  t h e  

ear l ies t  p r a c t i c a b l e  d a t e .  Because t h e  Idel-ivery d a t e s  f a r  d i f f e r e n t  c o i l s  

from d i f f e r e n t  manufac turers  may be s e v e r a l  months a p a r t ,  we expec t  that 

t h e r e  w i l l  be an i n c e n t i v e  t o  test  the f i r s t  c o i l  to be d e l i v e r e d  wi thou t  

wa i t ing  f o r  o t h e r s .  Subsequent ly  w e  would expect t o  test three c o i l s ,  and 

finally t o  @est s i x  c o i l s  i n  a compact t o r o i d a l  array. I n  view of t h e  

s t aged  manner i n  which test  d a t a  is expec ted ,  i t  i s  a p p r o p r i a t e  to break 

down the f a c i l i t y  c o n s t r u c t i o n  i n t o  stages f o r  approva l  and budgetary 

purposes  a l s o .  

During Stage  11, a l s o  callled LCP-1, the f a c i l i t y  will accept a a i n g l e  

LCP c o i l  cooled  by pool--boiling hel ium and will rcst ra in i t  a g a i n s t  m g -  

n e t i c  l o a d s  produced a t  f u l l 1  des ign  c u r r e n t .  S tage  T I  o p e r a t i o n  w i l l  

v e r i f y  and shake down t h e  b a s i c  facility (except forced-"flow loop and 

rnu l t i co i l  s t r u c t u r e )  , w i l l .  permi t  f r i l l  i n v e s t i g a t i o n  of co i l .  eoolds  

warmup, and w i l l  g i v e  l i m i t e d  data on c o i l  s t a b i l - i t y .  I n  t h e  test of an 

i s o l a t e d  coil .  having a D-shape s e l e c t e d  f o r  minimum bending when used i n  a 

t o r o i d a l  a r r a y ,  the p a t t e r n  of in-plane magnet ic  loads and t h e  l o c a t i o n  of 
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resses w i l l  be  q am the  t o r o i d  

he peak f i e l d  shaped c o i l  w i l l  

ce from t h e  q u a t  For c o i l s  which 

a t  des ign  c u r r  a n i c a l  c o n s t r  

t h e  peak f i e 1  

e 111, LCP-3, 1 accep t  t h r e e  CQ 

0" ( "c lus t e r " )  o and w i l l  be cap 

c u r r e n t  e i t h e  r a6 a group. I n  

c o i l  can be co 

e i n f l u e n c e  on t h e  fa f the  decisi 

e r a t i o n  i s  only  on t 

i s  provided w i t h  a s 

a t i o n  would test 

and t h e r e f o  u t  t h e  n e c e s s i  

l o c a t i o n  t o  a ximum f i e l d  i 

t d e s i g n  c u r r e n t  wo . A h ighe r  fi 

ved i n  t h e  c l u  

are developed i n  t c o i l s  are n o t  1 
s can be run a t  c u r r e n t  wh i l e  

ren t ,  t hen  t h e  see 7 . 4  T and 

w t e r  a r r a n g e  sen for t h e  r e f  

program schedule  

f o r  moving a i n  ano the r  l a  

11, t h r e e  c o i  

ave been tes te  0 f u l l  design cu r  

e w i l l  have been . 7  T wi th  s e v e r e  ou 

will have bee with no out-a 

ge  Iv, o r  L C P - ~ / P  h ver t ical  ax 
bore  of t h e  c e n t r a l  

. 'The c e n t e r  e t e s t e d  i n  a 

pu l se  l o s s e s  a n  e ef fec ts  af t22e i 

produced by t 
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I n  S tage  V ,  c a l l e d  14CP-6/P, t h e  s i x - c o i l  compact t o r u s  w i l l  be  com- 

p l e t e d  and t h e  p u l s e  c o i l  moved t o  o t h e r  c o i l s  of interest f a r  p u l s e  

t e s t i n g .  Success fu l  o p e r a t i o n  of LCP-G/P wou1.d be a demonst ra t ion  and a 

systems test of t o r u s  o p e r a t i o n  a t  f u l l  c u r r e n t ,  f i e l d  (8 T) ,  and s t o r e d  

energy  (615 M J ) .  For t h e  f i r s t  time, t h e  koca.tian a% t h e  peak f i e l d  w i L 1  

have moved t o  n e a r  t h e  t o r u s  e q u a t o r i a l  p l ane ,  and TNS f i e l d  d i s t r i b u t i o n ,  

c o i l  shape,  and stress magnitude and pattern w i l l  be  s imul t aneous ly  

approximated. 

i n v e s t i g a t e d  i n  tests a t  t h i s  s t a g e .  

"extended tests"; i f  a l l  c o i l s  should prove capable o f  s imul taneous  

o p e r a t i o n  a t  des ign  c u r r e n t ,  each could be exposed t o  a peak f i e l d  of 

8 .6  T.  T e s t i n g  w i t h  LCP-G/P should be f l e x i b l e  and convenient :  a l l  test  

parameters  except  t h e  s e l e c t i o n  of t h e  c o i l  t o  be exposed t o  t h e  p u l s e  

f i e l d  can be v a r i e d  a t  w i l l  e l e c t r i c a l l y  wi thout  warming t h e  test  s t a n d .  

1x1 t h i s  s t a g e  t h e r e  i s  less depei-tdence s u c c e s s f u l  o p e r a t i o n  of a l l  

tes t  c o i l s ,  s i n c e  t h e  t o r u s  des ign  p e r m i t s  f i v e  of t h e  c o i l s  to o p e r a t e  

a t  on ly  80% of t h e i r  des ign  c u r r e n t  wh i l e  on ly  t h e  c o i l  be ing  t e s t e d  a t  

t h e  moment i s  ope ra t ed  a t  f u l l  c u r r e n t .  Furthermore,  i€ one c o i l  i s  n o t  

d e l i v e r e d  on schedule ,  or f a i l s  comple te ly ,  t h e  test  coil. f i e l d  i s  reduced 

by on ly  0 .2  t o  1 . 0  T (depending on c o i l  p o s i t i o n ) .  

t e s t i n g  can be c a r r i e d  o u t  on a r o u t i n e  b a s i s .  

c o i l s  i n  LCP-G/P would g i v e  f u l l  conf idence  that  larger coi.1.s of t h e  same 

d e s i g n  wauld h e  s u i t a b l e  f o r  o p e r a t i o n  i n  an 8-T TNS and W Q U ~ ~  d e l i n e a t e  

t h e  environmental  l i m i t s  w i t h i n  which they  could perform. 

C o i l  and system s t a b i l i t y  and p r o t e c t i o n  w i l l  be  tharoughly  

LCP-6/P w i l l  also be capable  of 

Fa t igue  and endurance 

Success fu l  t e s t i n g  of 

A s  i n d i c a t e d  i n  R e f .  3 ,  t h e  S tage  V I  f a c i l i t y  could accommodate 

v a r i o u s  s c e n a r i o s  of h igh  f i e l d  c o i l s  wi thout  d i s t u r b i n g  t h e  remaining 8-T 

c o i l s .  Ref. 3 i n c l u d e s  a t a b u l a t t o n  i n d t c a t i n g  t h e  11- and 1.2-'T a r r ange -  

m e n t s  which can be f i t t e d  i n s i d e  t h e  s e l e c t e d  1-l-m tank;  i n  none of t h e s e  

c a s e s  i s  the  c u r r e n t - f i e l d  requirement  on t h e  8-T c o i l s  i n c o n s i s t e n t  w i t h  

t h e i r  p r e d i c t e d  c a p a b i l i t i e s .  

m o d i f i c a t i o n  of t h e  to rque  r i n g s  of t h e  s t r u c t u r e  and an improvised 

ho i s t i -ng  f i x t u r e .  Eight-T c o i l s  w i t h  Nb,Sn conductor  could be  u t i l i z e d  

a t  any stage of t h e  f a c i l i t y .  

T e s t i n g  of h i g h  f i e l d  c o i l s  won1.d r e q u i r e  
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It would also be f e a s  c o i l s  in Stage VI.. Again, as 

the p r e s e n t l y  envisaged 

s i o n s  do n o t  change drast t h e r e  ex i s t  a t  I 

u s ing  on ly  L s,  which w i l l  t e  

I d .  A new supp a vertical exte 
i r e d ,  b u t  t h e  existing c o i l s ,  

, and 11-m t a  ch s imple r  an  

f t h e  S tage  V Ea v a i l a b l e .  One 

est  arrangement le TNS c o i l  a 

2~1 f o r  tests on a p r o t o  t h e r  arrangem 

at once and, p a r t  e f r i g e r a t o r  i s  u 

tion c o i l s  b e f o r e  

p e a r s  t o  be no 

i n  t h e  d e s i g n ,  

nced technolo  red  i s  i n  t h e  r 

system (primari1.y t h e  l i q u  p f a r  f o r c i n g  ( 

h i c h  are desi wi th  s u p e r c r i t  

r -cooled l e a d s ,  and s e l e c t e d  d i a g n o s t i c  h s t r  
uipment wi th  t i l i t y  f o r  t h i s  

f o r  u s e  i n  f u s i o n  k R i d g e  and w 

t h e r  f a c i l i t i e s  

i z e  i n  t h a t  a q 

provided .  



1 2  

3. CONCEPTUAL DESIGN DESCRIPTION 

3 .1  INTRODUCTION 

The concep tua l  d e s i g n  of t h e  test  f a c i l i t y  d e s c r i b e d  i n  t h i s  s e c t i o n  

i s  based on the fundamental  requirements ,  i d e n t i f i e d  i n  S e c t ,  2 ,  f o r  test- 

i n g  l a r g e  superconduct ing c o i l s  under c o n d i t i o n s  a n t i c i p a t e d  i n  a n  i g n i -  

t i o n  tokamak environment. A g e n e r a l  d e s c r i p t i o n  of t h e  u l t i m a t e  s i x - c o i l  

f a c i l i t y  i s  given first. Subsequent s e c t i o n s  g i v e  d e t a i l e d  d e s c r i p t i o n s  

of t h e  f a c i l i t y  e lements  r e q u i r e d  f o r  each stage and t h e  m o d i f i c a t i o n s  

t h a t  are inco rpora t ed  a t  each succeeding s t a g e .  

The 1,arge C o i l  T e s t  F a c i l i t y  i s  t o  be l o c a t e d  i n  Bu i ld ing  9204-1 ,  

Y-12 P l a n t ,  Oak Ridge, a d j a c e n t  t o  t h e  e x i s t i n g  Superconducting Magnet 

Development Program L a b o r a t o r i e s ,  It  will incl.ude t h e  vacuum, e l ec t r i ca l  

power, c ryogen ics ,  c o o l i n g  water, and d a t a  hand l ing  systems and t h e  spec i -  

a l i z e d  suppor t  equipment i n t e g r a l  t o  t h e  coil. tests. (This  l a s t  c a t e g o r y  

i n c l u d e s  i t e m s  such as t h e  suppor t  s t r u c t u r e ,  p u l s e  c o i l s ,  and vapor- 

cooled l e a d s . )  The f a c i l i t y  i s  designed t o  be capable o f :  

t e s t i n g  combinations of poo l -bo i l ing  and forced-flow cooled 

c o i l s ,  

s e l e c t i n g  any c o i l  w i t h i n  a p a r t i c u l a r  array as a s p e c i f i e d  

f u l l - c u r r e n t  tes t  c o i l  (warmup of t h e  system and i n t e r c h a n g e  

of hardware are r e q u i r e d  f o r  t e s t i n g  d i f f e r e n t  c o i l s  i n  a 

p u l s e  f i e l d ) ,  and 

p r a c t i c a l  m o d i f i c a t i o n  t o  tes t  h i g h e r  f i e l d  (up t o  12-~) c o i l s .  

3 e 2 GENERAL DESCRIPTION 

The fo l lowing  sumary  d e s c r i p t i o n  cove r s  t h e  t o t a l  test  f a c i l i t y  as  

i t  would appear  a t  the f i n a l  t e s t i n g  s t a g e  w i t h  a complete s i x - c o i l  a r r a y .  

The complete f a c i l i t y  i s  d e p i c t e d  i n  F ig .  3.1. A newll-m-diam bv-  

12-n-high c y l i n d r i c a l  vacuum chamber, l o c a t e d  i n  a n  e x i s t i n g  bui l .d ing ,  

houses t h e  c o i l  test  s t a n d ,  which i s  coupled t o  a p p r o p r i a t e  c ryogen ic ,  

e l ec t r i ca l ,  vacuum, i n s t r u m e n t a t i o n ,  and d i a g n o s t i c  systems. Adequate 

assembly/disassembly areas, shop space ,  t es t  c o n t r o l  c e n t e r ,  o f f i c e s ,  and 

test  suppor t  l a b o r a t o r i e s  are  provided i n  t h e  same buil.ding. 

i n s t a l l a t i o n  o p e r a t i o n s  are accomplished w i t h  a SO-ton overhead c rane .  

Assembly and 
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The test s t a n d  s t r u c t u r e  w i t h i n  t h e  vacuum t a n k  i s  designed t o  sup- 

p o r t  a t o r o i d a l  a r r a y  of six 8-T t e s t  c o i l s .  P r o v i s i o n s  are  inc luded  i n  

i t s  des ign  f o r  t h e  i n s t a l l a t i o n  of a p u l s e  c o i l  t h a t  can be moved t o  pro- 

v i d e  a v e r t i c a l  f i e l d  environment a t  any test  c o i l .  l o c a t i o n .  A p i c t o r i a l  

r e p r e s e n t a t i o n  of t h e  complete test s t a n d  i s  shown i n  F i g .  3 . 2 ,  

The equipment i n s i d e  and a d j a c e n t  t o  t h e  vacuum vessel w i l - l  be  com- 

p a t i b l e  w i t h  o r  p r o t e c t e d  from t h e  magnetic f i e l d s  gene ra t ed  du r ing  tes t -  

ing .  Magnetic materials must b e  s t r u c t u r a l l y  supported t o  resist f o r c e s  

e x e r t e d  by t h e  f i e l d s ,  c u r r e n t - c a r r y t n g  conductors  must be supported t o  

resist f o r c e s  r e s u l t i n g  from i n t e r a c t i o n  w i t h  t h e  f i e l d s ,  and e l ec t r i ca l  

and e l e c t r o n i c  components m u s t  be  p r o t e c t e d  from t h e  f i e l d  e f f e c t s  e i t h e r  

through des ign  o r  l o c a l  s h i e l d i n g .  

Basic r equ i r emen t s  t o  be provided by t h e  suppor t ing  f a c i l i l l y  systems 

are summarized as fo l lows .  

The, f a c i l i t y  wi.l.1. have hel ium r e f r i g e r a t i o n  and l i q u e f a c t i o n  c a p a c i t y  

t o  p rov ide  c o o l i n g  of t h e  co i l . s ,  e l ec t r i ca l  l e a d s ,  and tes t  s t a n d  s t r u c -  

t u r e .  Economics d i c t a t e  t h a t  t h e  helium system be of a closed-loop,  

r e c i r c u l a t i n g  type .  The l i q u i d  l i e l i i m  siipply will .  have a nominal. equiva- 

l e n t  r e f r i g e r a t i o n  c a p a c i t y  of 1 . 5  kW a t  4.2 K and l i q u e f a c t i o n  c a p a c i t y  

of approximately 120 l i t e r s / h r .  

The f a c i l i t y  w i l l .  also have t h e  c a p a b i l i t y  of p rov id ing  l i q u i d  n i t r o -  

gen on a once-through basis  f o r  thermal. s h i e l d i n g  of helium-cooled s u r -  

f a c e s  and coo l ing  f o r  the helium r e f r i g e r a t o r .  

S t eady- s t a t e  dc  power i s  r e q u i r e d  f o r  e n e r g i z i n g  t h e  t es t  c o i l s  and 

pulsed dc power f o r  e n e r g i z i n g  t h e  pulsed c o i l s ,  The s t e a d y - s t a t e  power 

w i l l  c o n s i s t  of s e p a r a t e l y  c o n t r o l l a b l e  s o u r c e s ,  i n c l u d i n g  one e x i s t i n g  

u n i t  r a t e d  a t  2 0  V a t  30,000 A. The pu l sed  power wil-7- c o n s i s t  of two 

s e p a r a t e l y  c o n t r o l l a b l e  s o u r c e s ,  one new and one e x i s t i n g  u n i t ,  each pro- 

v i d i n g  300 V a k  2000 A .  ‘The ramp--time c a p a b i l i t y  f o r  t h e  pulsed power 

s u p p l i e s  i.s on t h e  o r d e r  of one second. 

The vacuum v e s s e l  and a s s o c i a t e d  pumping system must provide a n  

environment ( L O - 4  t o r r )  s u i t a b l e  f o r  o p e r a t i o n  of t h e  tes t  coi1.s. 

vacuum system w i l l  be capab le  of r each ing  t h e  r e q u i r e d  base  p r e s s u r e  i n  

less t han  e i g h t  hours .  A t  t h e  base  p r e s s u r e  of lC-4 t o r r ,  t h e  vacuum 

‘The 
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F i g .  3 . 2 ,  T e s t  stand p i c t o r i a l .  



1 6  

system w i l l  be  capab le  of pumping an expected o u t g a s s i n g  ra te  of lo-’ t o r r  

l i ters/sec/cm* from t h e  i n t e r n a l  s u r f a c e s  of t h e  v e s s e l  and the  test  

s t and .  

The f a c i l i t y  w i l l  r e q u i r e  a d a t a  a c q u i s i t i o n  computer w i t h  a minimum 

memory c a p a c i t y  of 32 K. P e r i p h e r a l s  r e q u i r e d  i n c l u d e  500 channe l s  of 

h i g h  l e v e l ,  b i p o l a r ,  a n a l o g - d i g i t a l  conversion equipment w i t h  1 kHz/ 

channel  12 -b i t  throughput ,  s t o r a g e  d i s k ,  CRT d i s p l a y s ,  magnetic t a p e  

d r i v e s ,  f l o a t i n g  p o i n t  p r o c e s s o r ,  l i n e  p r i n t e r ,  and keyboard I / O .  The 

d a t a  a c q u i s i t i o n  system w i l l  be  i n t e r f a c e d  w i t h  a l a r g e r  computer f o r  

real-time a n a l y s i s  of d a t a .  

The fo l lowing  s e c t i o n s  p r e s e n t  a d e t a i l e d  d e s c r i p t i o n  of t h e  v a r i o u s  

elements  comprising t h e  f a c i l i t y  a t  each of t h e  t e s t i n g  stages. Where 

a p p r o p r i a t e ,  a d e s c r i p t i o n  of s p e c i f i c  r equ i r emen t s  f o r  a g i v e n  system 

i s  g iven ,  followed by a d e t a i l e d  breakdown of how t h e s e  r equ i r emen t s  were 

s a t i s f i e d .  Eva lua t ion  oE a l t e r n a t i v e s  and recommendations i s  a l s o  d i s -  

cussed as necessa ry .  

The test  s t a n d  i s  d i s c u s s e d  as a s e p a r a t e  element from the remainder 

of t h e  f a c i l i t y ;  t h i s  s p e c i a l  coverage i s  j u s t i f i e d  by t h e  u n u s u a l l y  com- 

p l e x  set of r equ i r emen t s  t o  b e  m e t  by this p a r t i c u l a r  component, which 

must i n t e r f a c e  w i t h  i n d u s t r i a l l y  f a b r i c a t e d  test  c o i l s .  

Eva lua t ion  of p o t e n t i a l  arrangements  f o r  h i g h  f i e l d  LCP c o i l s  and 

TNS s i z e  c o i l s  has  a l s o  been cons ide red .  Details  on v a r i o u s  t r a d e - o f f s  

and a l t e r n a t i v e s  are Dresented i n  Iief. 3. 

3.3 S I X - C O I L  TEST STAND 

A b a s i c  requirement  of t h e  test  s t a n d  d e s i g n  i s  t h a t  i t  accommodate 

up t o  s i x  expe r imen ta l  c o i l s  mounted t o  a s t r u c t u r e  capab le  of rcsisting 

c o i l  i n t e r a c t i o n .  T h i s  s t r u c t u r e ,  t h e  p u l s e  c o i l  system, and c o i l  ser- 

vice hookups, c o n s t i t u t e  t h e  test  s t a n d .  For purposes  of d i s c u s s i o n ,  a 

test  c o i l  i s  here d e f i n e d  as t h e  one c o i l  i n  t h e  a r r a y  t h a t  a t  any p a r -  

t i c u l a r  t i m e  i s  be ing  exposed t o  ve r t i ca l  f i e l d  p u l s e s ,  s imu la t ed  n e u t r o n  

h e a t i n g ,  and i s  ope ra t ed  a t  f u l l  c u r r e n t .  

S p e c i f i c  r equ i r emen t s  used i n  d e f i n i n g  t h e  t e s t  s t a n d  a r r a y  and t h e  

test  c o i l 2  w e r e  determined from c u r r e n t  TNS s t u d i e s .  Both poo l -bo i l ing  
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Tab le  3.1. T e s t  stand r equ i r emen t s  

Number of TF c o i l s  

Major r a d i u s  

C o i l  b o r e  ( c l e a r  opening) 

Maximum t o r o i d a l  f i e l d  

Peak  pu l sed  f i e l d  

Number of coi1.s exposed t o  pu l sed  f i e l d  

Number of coi.1.s hea t ed  

Number of  c o i l s  a t  fu1.l d e s i g n  c u r r e n t  

Number of c o i l s  a t  80% d e s i g n  c u r r e n t  

Des ign  c u r r e n t  

Number of poo l -bo i l ing  cai.1.s 

Numb er o f f o r  ce-. coo 1 ed c o i. 1. s 

6 

2 . 2 7  m 

2-35  in X 3.35 m 

8 Ta 

0 . 2  T 

'b min. 

1 max. 

1 min. 

5 max. 

10-15 kA 

4 max., 2 min. 

4 niax. , 2 min. 

There i s  a l s o  a requireriient f o r  12-T peak f i e l d  t e s t i n g .  
The 12-T node of o p e r a t i o n  i s  d i s c u s s e d  i n  R e f .  3. 

a 

with h igh  thermal  r e s i s t a n c e  p a t h s  t o  l i q u i d  helium and l i q u i d  n i t r o g e n  

i n t e r f a c e s  t o  minimi-ze conducti-ve h e a t  t r a n s f e r  t o  t he  TF c o i l s .  Heat 

t r a n s f e r  a c r o s s  t h e s e  i n t e r f a c e s  w i l l  b e  approximately 100 W a t  s teady-  

s t a t e  c o n d i t i o n s .  The bucking p o s t  w i l l  have i . ks  own poo l -bo i l ing  l i q u i d  

helium c i r c u i t  t o  d i s s i p a t e  conduc t ive  h e a t  t r a n s f e r r e d  froin t h e  p u l s e  

co i l .  s u p p o r t s  as we1.1- as a s.nia11.. amount o €  eddy c u r r e n t  h e a t i n g  induced 

i n  t h e  s t r u c t u r e  du r ing  t e s t i n g .  

A s  t h e  t e s t  s t a n d  must accoimodate from one t o  s i x  c o i l s  t h a t  are  as  

s t r u c t u r a l l y  independent as p o s s i b l e ,  a set: of s t r u c t u r a l  s p a c e r s  w a s  

d e f i n e d  t o  p rov ide  a f u l l  complement of s t r u c t u r a l  p i e c e s  r e g a r d l e s s  of  

t he  number of ac tua l .  c o i l s .  

S e v e r a l  s t r u c t u r a l  concepts  w e r e  e v a l u a t e d  t o  meet t h e  requirement  

f o r  i s o l a t i n g  each c o i l  w h i l e  minimizing h e a t  l e a k s  t o  t h e  bel-ium system 

and accommodating t h e  out-of-plane f o r c e s  produced by t h e  pulsed f i e l d .  

These a l t e r n a t i v e s  are d i s c u s s e d  i n  Ref. 4. 
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The pu l sed  field is  produc 1: of c o i l  wi 

t h e  bo re  of t he  test coi ig. 3.3; both se 

t e  one pulse  c o i l ,  The co illustrated sho 

l e d  c o i l  suspen ng p o s t  by t w  and 

ed of€ the base another two-f 

r d e s i g n  of p g s  was t o  approximat 

A d e t a i l e d  e p u l s e  c o i l  d e  

sen ted  i n  Ref. 5. 

The structural i n t e r f a c e s  t o f  t h e  attachment ts  f o r  the  

structure. T ure will cons 

a base  struct 

he  t o r o i d a l  c 

e s c r i p t i o n  of e 

ments is  p resen ted  i n  the  g to u s e  of a 

I FACILITY 

The fo l lowing  s e c t i o n s  p ailed d e s c r i p t i o  

t h e  test  f a c i l i t y  re ppor t  testing 

needs of subsequ 

a l low f o r  t h e  p 
m develops .  A s 

o support Stage I1 i s  

d with grovid 

f a r  a test coif 
n t  c o i l s  are ref a€ an unknown combi 

e x l t y  of these m s .  Design c 

defined r e q u i  r i v e d  from d e t a i l e d  f 

t o  d e f i n e  va ses t o  s i z e  l i n e s  and operational se 

rticular emphas n t i o n  was given 

u l a r  concepts  wh fied and evalu 

and programmat 



20 

ORN L/DWG/FEB - 77639 

Fig .  3.3. Plan and elevation - complete six-coil array. 
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Fig. 3 . 4 .  Structural mounting arrangement. 
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Table  3.2. Large Coil 'rest  Facility elements Stage  TI 

Systcrn 
__l__l__--.-..I.. Hardware incorporated -1 53% S t a p  IT. 

Sing le  coil 

V a  c i .mm Vacuwn tank 
Pumping system 

T,iquicl helium FZozll sys tem for singZe coil 

~Zoz;,  system f o r  s ing le  c o i l  
Cold #a22 

Elec t r ica l  (experiment) TnstaZZ 30-kA Power bus 
Lnsta 2 2 heaeezq p o m ~  
SingZe dump c i r c u i t  
Auxi l i l x r y  power 
I/(xpo~"-~coo Zed Zead 

I n s t r u m e n t a t i o n  & control 

Structure (tesl: s t a n d )  

Building modif ica t ions  

Vacuum sy.stc?m & u t i l - i t i e s  
LHe __ s ing le  coil 

LN2 - s ing le  co i l  
Coi 2 diuynos tics 

Rase support 
Bucking post  
Sing le-coi Z suppovPt 
Fixtures  

Vacuum bank foundation 
E l e c t r i c  pozller R u b - i l i t i e s  C&A 
Fire pro tec t ion  
Upgrade 2 3 ,  8-1cV t i e  l i n e  
Lnstall 1.5-MVA subs ta t ion  
U t i l i t i e s  

3 e 4.1. Requirements 

T h e  general requirements considered i n  t h e  conceptual. d e s i g n  of the 

LCP facility were as follows. 

1. 'The f a c i l i t y  must be capable of accoimnodating the magnitude o f  

the planned experiment and be a v a i l a b l e  to t h e  program for a 

testing period of up to three years, 
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2. The facility design is to sup t he  test prog 

first coil p r o m  nder specificaei 

Rev. A (Ref. 2). 

the option f o r  

tallation of ield (12 2 1 )  co 

final six-coil ar TNS size coi.ls in 
pendent structur 

selected f o r  ilding 9204-1, in the Y-12 

s t he  first reqi e. Plan and elevat 
d installation a 3.5, 3 . 6 ,  and 3 , 7 .  

t h e  building, to the Fusion 

is large enoug i r e d  s t r u c t u r e  

s the  p r o j e c t  

est program. T y subsystems f 

m are c u r r e n t l y  in procurement 

l i q u i d  helium r 

arid 

allation of the maj n of a demjner 

system. 

of t h e  build d and modif ied to 

ussed in t he  f 

to satisfy the nt, a l l  of the concept 

designs and b u i l d i n g  ntified in the 

t h e  coil speci 

rt functions 

c o i l .  These systems ar 

T h e  third requirement ( ) has been ad 

1 1 -m- d i am va c u11 size vessel a1 
nstallation o f  and TNS s i z e  c o i  



24 



25 

H
 

H
 

QJ 
bD 
cd 
"lJ

 
v3 



0 R N L/BWG/F E D ~ 7761 0 

s-) 

L‘ - 

I mi- i, ; e  1 ........ -.. ................. ................... ........ ; L f q  . . .  7 b  * I  e.‘, gj ........... 7 0 -  C..u. b.r K L  n s  0. 

. .  

. .  

F i g .  3.7. Facility elevation - end view. 
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f a c i l i t y  cryogenic 

* s ,  s ince  suf on is not avai 
nee associated w 

i z e d  that add 

t a  suppor t  a 

on the now marginal a b i l i  

maximum six-c 

ed with t h e  La 

) Vapor-cooled-le d that the i 
will be b r i  or and the roo  

l e a d ,  This d ecified as par 
prov ide  a sin the scope of the 

nned for and se upply provided 

equired eryoge 

(2) Liquid helium r e f  is l . i t t le  ex 
ration of  l i q u i d  or systems c 

d f o r  use  w i t  . I t  i s  rec 

stantial e f f o r  lium system 

sensors r e q u i r  t i o n  t rumezata t ion -- 

gh magnetic 5 c temperature 
T h e  LCTF wil.1 

er t h e  SCMDP a 

r this service 

so expected t h  

or the TXTF inst 
y the program i 

cquisition sy 

t e s t i n g  large CQ 

ure 

testing r equ i  ucture to hold 

i.ent structural mit operation 
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D e s c r i p t i o n  

A concep tua l  des ign  f o r  a s i n g l e - c o i l  test s t a n d  suppor t  s t r u c t u r e  

i s  shown i n  F ig .  3.8. 

and f u l l  bea r ing  suppor t  a long  t h e  1-ength of t h e  nose c l o s e l y  d u p l i c a t e  

t h e  r e s t r a i n t s  of t h e  bucking pos t  i n  t h e  toro ida l .  a r r a y .  

Bol ted a t t achmen t s  a t  b o t h  ends of t h e  nose s e c t i o n  

For t h e  s i n g l e - c o i l  tes t  f a c i l i t y  t o  be workable from a stress p o i n t  

of view, e i t h e r  t h e  c u r r e n t  level must be kep t  below 60% o r  the s i n g l e -  

c o i l  suppor t  s t r u c t u r e  must p rov ide  r e s t r a i n t  a t  t h e  t o r q u e  r i n g  i n t e r -  

f a c e .  

w i th  an  arrangement  as shown. 

f u r t h e r  a n a l y s i s  b e f o r e  i t  can be shown t o  b e  f u l l y  e f f e c t i v e .  

Adding r e s t r a i n t  a t  t h e  to rque  r i n g  i n t e r f a c e  can be accomplished 

Th i s  s t r u c t u r a l  arrangement w i l l  r e q u i r e  

The i n t e r f a c e s  f o r  t h e  s i n g l e - c o i l  tes t  s t a n d  c o n s i s t  o f  the a t t a c h -  

ment p o i n t s  f o r  t h e  c o i l  suppor t  s t r u c t u r e ,  cool-ant p o r t s ,  and e lectr ical  

l e a d s .  

The suppor t  s t r u c t u r e  w i l l  c o n s i s t  of a bucking s t r u c t u r e  i n  t h e  

c e n t e r  of t h e  c o i l  a r r a y ,  a base  s t r u c t u r e ,  and t i e - r o d s  sxi..th a d a p t e r  

s t r u c t u r e  t o  s i m u l a t e  r e a c t i o n s  normally provided by t h e  to rque  r i n g s  

around t h e  o u t s i d e  of t h e  t o r o i d a l  c o i l  a r r a y .  

The c o o l a n t  i n t e r f a c e  w i l l  p rov ide  connec t ions  f o r  bo th  c o i l  con- 

duc to r  and c o i l  s t r u c t u r e  c o o l a n t .  For t h e  poo l -bo i l ing  c o i l ,  a c o o l a n t  

r e s e r v o i r  w i l l .  be  a t t a c h e d  a t  t h e  a p p r o p r i a t e  c o i l  i n t e r f a c e  a long  w i t h  

a l o w  p o i n t  fill l i n e  (or  o p t i o n a l  i n l e t ) ,  

The e l e c t r i c a l  i n t e r f a c e  c o n s i s t s  of a c o i l  c u r r e n t  l e a d  connec t ion ,  

i n s t r u m e n t a t i o n  connec t ions ,  and c o i l  h e a t i n g  element connec t ions .  

The c o i l  c u r r e n t  w i l l  be  supp l i ed  through a hel ium vapor-cooled 

c u r r e n t  l e a d  assembly (Fig.  3 .9)  a t t a c h e d  t o  t h e  vacuum v e s s e l .  Super- 

conductor  w i l l  be  used from t h e  c o i l  i n t e r f a c e  t o  t h e  c u r r e n t  l e a d  assern- 

b ly .  The c u r r e n t  l e a d  assembly w i l l  h e  u n i v e r s a l  i n  t h e  s e n s e  t h a t  this 

i n t e r f a c e  i s  compat ib le  f o r  u s e  w i t h  b o t h  t h e  pool -boi l ing  and subsequent  

forced- f law c o i l s .  The l e a d  assembly w i l l  have a hel ium r e s e r v o i r  s e p a r a t e  

from t h e  c o i l  c o o l a n t ,  and t h e  vapor-cooled s e c t i o n  w i l l  be  matched w i t h  

t h e  c o i l  des ign  c u r r e n t  t o  minimize t h e  helium b o i l o f f .  

The c u r r e n t  l e a d s  will be  of t h e  thermal  i n e r t i a  t ype  t o  allow a s a f e  

d i s c h a r g e  of t h e  c o i l  i f  t h e  l e a d  coo lan t  i s  l o s t .  
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Fig .  3.9.  15-kA vapor-cooled cu r ren t  leads. 
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stress l e v e l s .  T h i s  is  accomplished by an  arrangement which s i m u l a t e s  

t h e  r e s t r a i n t  normal ly  provided by t h e  complete t o r q u e  r i n g  s t r u c t u r e  

which would be  p r e s e n t  i n  a more complete  c o i l  a r r a y .  A s t r u c t u r a l  

assembly f i t s  i n  t h e  bucking p o s t  groove on t h e  f a c e  o p p o s i t e  t h a t  t o  

which t h e  test  c o i l  i s  a t t a c h e d .  Tie-rods are then  i n s t a l l e d  from t h i s  

s t r u c t u r e  t o  t h e  t o r q u e  r i n g  a t tachment  f a c e  of t h e  c o i l .  

Energ iz ing  t h e  c o i l  t ends  t o  force t h e  conductor  i n t o  a c i r c u l a r  

geometry. The t i e - r o d s  resist t h i s  c i r c u l a r i z i n g  t r e n d  and t r a n s m i t  t h e  

f o r c e s  i n t o  t h e  bucking pos t  s t r u c t u r e .  

Support  s t r u c t u r e  assembly procedure  

The assembly of t h e  s t r u c t u r a l  suppor t  system beg ins  by l e v e l i n g  t h e  

base  on to  t h e  f l o o r  of t h e  vacuum e n c l o s u r e ,  ‘The base bears on t h e  

e n c l o s u r e  f l o o r  through s i x  expansion r o l l e r s  and s h ~ i l d  n o t  r e q u i r e  

f u r t h e r  ad jus tmen t s  o r  removal. 

The bucking p o s t  i s  lowered i n t o  a socke t  i n  t h e  c e n t e r  o f  the base  

frame. A f l a n g e  on t h e  lower end of t h e  p o s t  i s  shirmed snug and b o l t e d  

t o  t h e  mating s u r f a c e  on t h e  top  of t h e  base .  To provide  f o r  s t a b i l i t y  

of the post during further assembly o f  the exper iment ,  temporary guy w i r e s  

are a t t a c h e d  between t h e  t o p  of the p o s t  and the legs o f  t h e  base .  

The s t r u c t u r e  i s  now ready  t o  a c c e p t  t h e  ‘YE’ c o i l ,  A TF c o i l  i s  

lowered i n t o  p l a c e  by overhead c rane  and set on temporary jacks on t h e  

e n c l o s u r e  f l o o r .  These j a c k s  w i l l  suppor t  and a d j u s t  t h e  c o i l  wh i l e  i t  

i s  be ing  a l i g n e d .  

The c o i l  nose  tongue i s  shinuned i n t o  t he  bucking p o s t  v e r t t c a l  

groove t o  p rov ide  f u l l  b e a r i n g  a long  t h e  s i d e s  of t h e  tongue and groove 

j o i n t .  

a n g l e  b r a c k e t s  a t  t h e  top and bottom o f  t h e  p o s t ,  and t h e  t i e - r o d  assembly 

i s  b o l t e d  i n  p l a c e  and a d j u s t e d .  

The c o i l  i s  then  r i g i d l y  a t t a c h e d  to t h e  bucking pos t  w i t h  b o l t e d  

Use o f  t h e  base  and bucking p o s t  €or  t e s t i n g  a s i n g l e  coi.1. e l i m i n a t e s  

t h e  need f o r  a s e p a r a t e  s t r u c t u r e ;  t h e  c o i l  can remain. i n  p l a c e  f o r  t h e  

nex t  s t a g e  of t e s t i n g ,  t h u s  r educ ing  downtime between stages, 

3-4.5 _II- Electrical Power - Primary D i s t r i b u t i o n  

Requirements 

The e lec t r ica l  l o a d s  f o r  S tage  11 of the LCTF will c o n s i s t  of cryo- 

gen ic  pumps and compressors  , vacuum pumps, c o o l i n g  w a t e r  pumps, 
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vent and a i r  c o n d i t  i g h t i n g ,  and 

b u i l  vices.  The es e broken dawn i . 
A sc. of t h e  proposed stem i s  g iven  i n  0. 

Table  3 . 3 .  Facility el.ectrieal loads  - Stage E1 
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A 1000-kVA cont inuous  

hel ium r e f r i g e r a t o r .  

d r i v i n g  t h e  blower t o  

load  i s  i d e n t i f i e d  i n  t h e  t a b u l a t i o n  f o r  the l i q u i d  

A s p e c i a l  l oad  i s  r e p r e s e n t e d  by t h e  50-hp motor 

cool  t h e  dump r e s i s t o r .  Th i s  motor w i l . 1  b e  s t a r t e d  

a f t e r  t h e  load  r e p r e s e n t e d  by t h e  TF power supply  has  been dropped o f f  

t h e  system. 

charged i n  an  emergency s i t u a t i o n .  

The blower on ly  f u n c t i o n s  when t h e  TF c o i l  i s  be ing  d i s -  

Motor c o n t r o l  c e n t e r s  l o c a t e d  a t  s e v e r a l  p o i n t s  throughout  t h e  

f a c i l i t y  w i l l  be  i n s t a l l e d  t o  p rov ide  c e n t r a l i z e d  p o i n t s  f o r  c o n t r o l  

and p r o t e c t i o n  of t h e s e  v a r i o u s  l o a d s .  A l l  w i r i n g  w i l l  be  done w i t h  

600-V c a b l e  i n  r i g i d  condu i t .  

A motor g e n e r a t a r  set rated a t  1 5  kW w i l l  be  i n s t a l l e d  t o  p rov ide  

c l e a n  power f o r  t h e  d a t a  a c q u i s i t i o n  system. 

F luo rescen t  l i g h t i n g ,  convenience r e c e p t a c l e s ,  emergency e x i t  

l i g h t i n g ,  a p u b l i c  a d d r e s s  system, arid a f i r e  alarm system sail.1 be pro- 

v ided  f o r  t h e  c o n t r o l  room and o ther  areas as r e q u i r e d .  

UCC-ND General  Design Cri ter ia ,  Y-EF-538, s h a l l  be used i n  the des ign  

of all e lec t r ica l  systems f o r  LCTF. 

Other  LCP f a c i l i t i e s  

Following are d e s c r i p t i o n s  of equipment which w i l l  be  a. p a r t  of 

LCTF, b u t  which are c u r r e n t l y  on o r d e r  f o r  u s e  i n  o the r  p o r t i o n s  o f  the 

Superconduct ing Magnet Development Program, 

(1) Helium r e f r i g e r a t o r  - A new 1500-kVA, 13.8-0.48-kV indoor  u n i t  

s u b s t a t i o n  w i l l  be  i n s t a l l e d  on t h e  low bay roof t o  p rov ide  power f o r  

t h e  1000-hp and 400-hp motors  i n  t h e  compressor s e c t i o n  of t h e  helium 

r e f r i g e r a t o r .  

13.8-kV f e e d e r  i n  t h e  nor thwes t  v a u l t  t o  t h e  new u n i t  s u b s t a t i o n .  The 

480-V f e e d e r  t o  t h e  cornpressor w i l l  be  v i a  600-V, 2000-A f e e d e r  busway. 

Primary power w i l l  b e  provided by  an  e x t e n s i o n  of t h e  

(2)  Cooling water system - The c o o l i n g  water pumps, two 300-hp 

u n i t s ,  w i l l  be  l o c a t e d  west of Bui ld ing  9731. Power f o r  t h e s e  pumps 

w i l l  be  supp l i ed  from an  e x i s t i n g  2400-V S u b s t a t i o n  in Bui ld ing  9736.  A 

5-kV c a b l e  i n  r i g i d  condu i t  w i l l  be  run  from 9736 t o  Bui ld ing  9404-6,  

where two meta l -c lad  swi tchgear  u n i t s  wi .11  be i n s t a l l e d .  These switch- 

gear u n i t s  are e x i s t i n g  s p a r e  u n i t s  and w i l l  be  r e l o c a t e d  f r o m  Build-  

i n g  9404-11. Feeders  t o  the water pumps w i l l  be run i n  underground d u c t s  

from Bui ld ing  9404-6. 
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stages invo lv ing  m u l t i p l e  co i l s  e The power s u p p l i e s  w i l l  have remote 

panels i n  the TXTF c o n t r o l  mom and can be computer c o n t r o l l e d .  

Auxiliary systems -. _... -- 
A motor c o n t r o l  c e n t e r  s i z e d  t o  supply  a l l  ex is t ing  equipment  and 

w i t h  20% s p a r e  u n i t s  w i l l  be i n s t a l l e d ,  T h e  motor control c e n t e r  wJ.11 be  

suppl.ied from a s p r e  600-A breaker i n  the. 480-V u n i t  switchgear.  'This 

c e n t e r  w i l l  supply  t h e  vacuum pumping u n i t s ,  d i f fus ion .  pumps, and any 

sther aux i l i a ry  equi.p.nnent A l l  of the  equipment w i l l .  be c o n t r o l l e d  from 

s t a t i o n s  l o c a t e d  i n  t h e  LCTF' c o n t r o l  room. T h e  c o n t r o l  c i r c i - i i t s  wi . l .1  be  

i n t e r l o c k e d  w i t h  t h e  necessa ry  instruments and valves t o  prevent a m i s -  

opera t ion  af the equipment. A 75-kVA, 3-d, 480-208/120-V transformer and 

2-36 c i r c u i t  p a n e l s  w i l l  be i . i z s ~ ~ l l . . e d  to provide  the necessary con t ro l  

power at Lhe t e s t  s i t e  and i n  the control.  room. 

A 2-kVA u n i n t e r r u p t i b b e  power supply  w i l l  be i n s t a l l . e d  t o  provide  

c o n t r o l  power t o  the dimp c i r c u i t  and o t h e r  selected iristrainients 

3.4.7 Instrumentation Requirements 
--.____1 ..I. ~ . - - - - _ _ - ^ " - - - ~  

It will be. necessa ry  t o  provide :  

(1) i n s t r u m e n t a t i o n  and c o n t r o l  s f  the f a c i l i t y  ser-v:ices includi.ng 

the  cryogenic,  c o o l i n g  water, and v a c u ~ ~ m  systems;  

(2 )  data a c q u i s i t i o n  an the  o p e r a t i n g  c h a r a c t e r i s t i c s  of the  tes t  

s t a n d ,  s u p p o r t  s t r u c t u r e ,  and vacuum vessel. co ld  w a l l s ;  and 

(3) c o i l  d i a g n o s t i c  i . n s t r ~ m e n t a t i o n  t o  monitor  the sensors i n s i d e  

and on each test. c o i l .  

r i c sc r ip t ion  ..--- -..l______l 

Instrumentation and c o n t r o l s  f o r  the LCTF f a c i l i t y  can be  broken down 

i n t o  var ious subsystems t o  be ins t rumented  

helium sys tem,  liquid n i t r o g e n  sys t em,  vaci-1uin system, deminera l ized  water 

system, and c o i l  d i a g n o s t i c  system. Eac.h of these areas i s  di-sclmssed i n  

g r e a t e r  d e t a i l  below. 

ated, while m a s t  f a c i l i t y  and d i a g n o s t i c  v a r i a b l e s  are monitored by com- 

p u t e r .  However, f a u l t  d e t e c t i o n  and response are automatic and are redun- 

dan t  i.-n critical. areas. The needs 0% t h e  dota l .  system requi red  f o r  a l l  

testing s t a g e s  have been cons idered ,  and des igns  compat ib le  w i t h  a phased 

These i n c l u d e  t h e  l i q u i d  

I r i  general the  f a c i l i t y  control_s are manually oper- 
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c o r ~ t r o l s  w i l l  be configured similar ts t h o s e  d e f i n e d  f o r  the LIIc. The 

v a l v i n g  t o  each  i t e m  jncluded in, the T,N2 d i s f r i b u t i a r i  system w-i 11" h e  Iridiiii 

a l l y  ope ra red .  

each l i q u i d  n i t r o g e n  l i n e  going  LCI t 1 - 1 ~  c o i l s .  In a l d j t i o z i  to the 1 4 N 2  

f l o w  to t h e  co i l  s >  l i q i i i d  n i  txclgen w i l l  be u t i l i z e t l  i n  the necessary heat 

exchangers.  l'he pressure and tcmperdt IIPC, a c r o s s  each heat exohainger wi 1 1 

be m o n i t o r d  and recorded to p e r m i t  lieat b a l a n c e  ca lc i i l -a t ions  aci-oss t i  IC  

exchangers 

T h e  flow and prcssiire w i l l  be  m o n i i o r d  and ala-imed i n  

Data .acquii?itioii. The s u p p o r t  s t r i i c t u r e s  and co ld  walls are  t o  be - - _- 

instrumentprl. wi tin a v a r i e t y  OS thermocouples t h e r m i s t o r s  a d  s t r a i n  

gages. 'l'hpse Lransducers w i l l  r e q u i r e  a v e r y  low scanning rdte arid a rc  

ex te rna l  Lu the magnetic f i e l d .  A d i g i t a l  daLa a c q i i i s i t  b s ~ n  system has 

heen  proposed to log these da ta  poiiics and  a l a m  i f  preset limits are 

exceeded. 'I'l-ne system w i 1  1 b a s i c a l l y  b e  a l o w  l e v e l ,  sJ_ow specd  m u l t i -  

plexer, analoz- to-digi ta7 C O L I V ~ T ~ O I - ,  and PDP--8E d i  z f  t a l  c o m p u L e ~  e Thr 

co~ilpiitei w i l  1 a c t  as the  system coniroJ  1 c-c and provide t h e  c a p a b i l i t y  of 

l i n e a r i z i n z  s i g n a l s  f rom rhermis turs  and o t h e r  cryDgenic t r a n s d u c e r s .  l 'he 

b a s i c  e l e ~ i c n ~ s  comprising L h i s  system arc  d e p i c t e d  in Fig . ,  3.11. b'imda- 

mmtal  t o  t h e  system d e s i g n  i s  t h e  capab i l i t -y  t o  modi fy  canpvnents as 

necessa ry  t o  suppor t  subsequent tcsting s t .ages .  

- Vacu_u_ilr s y s t l ~ .  The vacuuni s y s  Lci r i  i n s t ru rncn ta t ion  and c o n t r o l  measur P 

menn t s  i n c l u d e  pres sur^ i n s i d e  the vacuuiii vcssc1, pressure a t  the i n l e r  t o  

each of t h e  d i  f fus io r l  pumps Eoreldne p r e s s u r e  Lo the  3 i f  f u s i o n  p u q s ,  

l i n e  p r e s s u r e  a t  v a r i o u s  polmts ,  and ia1eL pressure t o  tlac mcchaznical 

roughing puiiips. A l l  valves are  t o  be remotely ope ra t ed  pneunrati c v a l v e s  

w i t h  e l e c t r i c a l  contacL closiwcs f o r  on-of f p o s i t i o n  i n d i c a t i o n ,  The 

remaining woni t o r i n g  p o i n t s  i n c l u d e  d i f f u s j  on punip baf f 1 c_ temperature and 

a gas  analyLer  f o r  t he  vaciiiim tank. 'I'hc a n a l y z e r  i s  t o  d e t e c t  vacuum 

leaks f r m  any of tlsrec sources  o u t s i d e  air, l i q u i d  nitrogen syst-ezri, 

and l i q u i d  h e l i i i m  s y s  Leiri. 

During n o r r i d  o p e r a t i o n ,  t h e  system i s  brought down t o  vacuum from 

atrnosph2re under nial-i.ua1 c o n t r o l .  A n  i n t e r l o c k  c i  7-cui L e n s u r e s  p r o p e r  

opc r ;k t iun  of the vacuuui pumps. I f a fault o c c ~ i r s ,  ari alarm f o r  the af - 
f c c ~ e d  19aramet-ers is i n d i c a !  e d p  and a c t i o n  i s  taken automatical ly  t o  S ~ P  
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down t h e  f a u l t y  equipment and p r o t e c t  t h e  res t  of  t h e  f a c i l . i t y .  S t a t u s  

in fo rma t ion  on f a u l t  c o n d i t i o n s ,  as w e l l  as parameters  such as t ank  p res -  

s u r e ,  are  f e d  back t o  the control.  computer system f o r  backup monitor ing 

and r e c o r d i n g  purposes .  

Demineralized water system. The demineral ized water system i n s t r u -  ~ . .  ---.I. 

mentat ion and c o n t r o l s  monitor  t h e  water f low throughout t h e  v a r i o u s  sub- 

systems i n  t h e  f a c i l i t y .  Flow swi t ches  i n d i c a t e  the f l o w  t o  Lhe d iZfus ion  

pumps, t h e  mechanical vacuum pumps t h e  l i q u i d  hel ium system, the l i q u i d  

n i t r o g e n  system, test  c o i l  power s u p p l i e s ,  p u l s e  c o i l  power s u p p l i e s ,  and 

dummy loads .  I n  a d d i t i o n ,  as a n o t h e r  i n d i c a t o r  o f  prope r  o r  improper 

o p e r a t i o n ,  d i f f e r e n t i a l  t empera tu re  t r a n s d u c e r s  are placed a c r o s s  t h e  

i n l e t s  and o u t l e t s  o f  t h e  power s u p p l i e s ,  t h e  water-cooled leads, and t h e  

dummy loads, Remotely ope ra t ed  v a l v e s  are. p l aced  on t h e  i n l e L  and o u t l e t  

t o  the main water supply l i n e s .  Flowmeters show t h e  amount of water f l o w  

b o t h  i.n and o u t .  Interlock an.d alarm c i r c u i t s  monitor t h e  f low swi t ches ,  

temperature  s e n s o r s ,  and flowmeters f o r  improper f low o r  temperature .  

Alarm s i g n a l s  are  f ed  t o  each subsystem's  p r o t e c t i o n  c i r c u i t  t o  i n i t i a t e  

t h e  proper  r e sponse  t o  t h e  f a u l t .  

_____a C o i l  d i a g n o s t i c  - i n s t r u m e n t a t i o n .  The c o i l  d iagnos t ic .  i n s t r u m e n t a t i o n  

c o n s i s t s  of t h e  s i g n a l  c o n d i t i o n i n g  and a n a l o g - t o - d i g i t a l  conve r s ion  

equipment r e q u i r e d  t o  monitor t h e  v a r i o u s  t y p e s  of s e n s o r s  l o c a t e d  i n s i d e  

and on each tes t  co i l . .  F i g u r e  3 . 1 2  shows t h e  o u t l i n e  of t h e  proposed moni- 

t o r ing .  

p e r a t u r e s ,  a n  arnpli .f ier per channel  approach i s  used f o r  analog s i g n a l  con- 

d i t i o n i n g  on a l l  b u t  t h e  cooldown and warinup temperature  sensors. In t h e  

case of  s t r a i n ,  f i e l d ,  and displacement  measurements, a c  c a r r i e r  arnpli- 

f i e r s  are  r e q u i r e d  t o  reduce e r r o r s  t o  acceptab1.e l e v e l s .  I n  T a b l e  3.4, 

t h e  number and sarnplfng rates of the d i f f e r e n t  t ypes  of s i g n a l s  f o r  one 

t es t  c o i l  are  given.  I n  a f u l l  s i x - c o i l  t e s t i n g  arrangement,  o n l y  one 

tes t  c o i l  would have this number o f  s i g n a l s  monitored. The o t h e r  f i v e  

would have about  h a l f  t h i s  number from each c o i l  f ed  t h r o u g h  t h e  s i g n a l  

cond i t ion ing .  

Due t o  the extreme environment of h igh  n o i s e  and v e r y  l o w  t e m -  

While t h e  temperature ,  s t r a i n ,  f i e l d ,  and displacement.  measure- 

ments are p r i m a r i l y  d i a g n o s t i c  v a r i a b l e s ,  t h e  voltage taps s e r v e  a dual 
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Table 3 . 4 .  T e s t  c o i l  s i g n a l  c o n d i t i o n i n g  

Number o f  Nunib e r o f Number of 
f a s t  channels  medium channels  s1.ow channels  V a r i a b l e  

monitored 
(1 kHz ra te)  (100 Hz) (1 w 

---..-..- _- --. 

Vol tage  t a p  29 

T emp er a t u r  e 39 
S t r a i n  10 25  15 

36 (16)  a 

D i s  p 1 a c  emen t 

F i e l d  8 

8 

P r e s s u r e  

Flow 

0 ther 

T o t a l  

5 
I-.._.- -.-" ~ 

7 9 ( 5 9 Y  55 (35) 

- 
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a Numbers i n  pa ren theses  are f o r  pool -boi l ing  c o i l s .  

purpose. Not on ly  do they  s e r v e  as i n d i c a t o r s  of v o l t a g e  a c r o s s  t h e  coil 

windings b u t  a l s o  as a pr imary means of d e t e c t i n g  t h e  s t a r t  of a quench. 

By s u b t r a c t i n g  i n d u c t i v e l y  induced v o l t a g e s  f - r s m  t h e  v a l u e  measured a c r o s s  

t h e  v o l t a g e  t a p  and then  d i v i d i n g  t h i s  s i g n a l  by t h e  c u r r e n t  through t h e  

c o i l ,  a q u a n t i t y  which r e p r e s e n t s  the r e s i s t a n c e  of t h e  co i l .  i s  ob ta ined .  

A r e s i s t i v e  zone i n  a c o i l  which i s  e i t h e r  very l a r g e  o r  which exceeds 

some l e v e l  f o r  a c e r t a i n  l e n g t h  of t i m e  w i l l  s i g n a l  t h e  p r o t e c t i o n  system 

t o  o p e r a t e  t h e  energy dump c i r c u i t  f o r  t h a t  c o i l .  

The o u t p u t s  of t h e  s i g n a l  c o n d i t i o n i n g  equipment are h igh  level-  ana- 

l o g  signals which are fed  i n t o  a number of m u l t i p l e x i n g  ana log- to-d i -g i ta l  

c o n v e r t e r s ,  each c o n t r o l l e d  by a s m a l l  p rocesso r .  Data are con t inuous ly  

taken  and s t o r e d  a t  h igh  speed i n  b u f f e r  memory w h i l e  a test  i s  under way. 

Samples  of t h e  d a t a  are a l s o  s e n t  t o  the d i a g n o s t i c  computer f o r  process-  

i n g  and d i s p l a y .  When a quench occur s  o r  the p u l s e  c o i l s  are ene rg ized ,  
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quisition is  st  f e r  memory will contain a 
t h e  t r i g g e r i n g  

then  be sent t o  t h  

down temperatu nected t o  t h e  s 

essor. These 

d d i t i o n  t o  t h e  

ored by t h e  E 

p lay  but  a l s o  

same c o n t r o l  func t ions .  
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re q u i  remen t s w i t h  speciEic 

m is modified E 

f i c a t i o n s  g ive  uppliers of t h  

ve given t h e  oris t o  be  use  
s are rheref  

n t a  t h e  des  

forced  conv g supercr i t ic  

e t u r n  fluid 

, 5  a t m .  The 

ee coils will one af each 

a d d i t i o n a l  t de a s imula t  

n t  modes, C 

of t he  va r i  
six-coil t e  

v ided ,  These Table  3 . 5 .  

n t o  t h e  cool  he c o i l s  and t 

ture, cao l ing  for t d s  feeding  en 
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Table 3.5. LKe requirements -- six-coil array 

Test 
Configuration Total PB FF C o i l  w W liters / hr 

coils coils coils type @ 3.5 K C? 4.2  K f o r  leads 
ID.- _-.. .......... --.- 

A 3 2 1 FF 550 400 170 

B 3 2 1 PB 100 600 170 

c 3 1 2 FF 650 350 190 

D 3 1 2 PB 200 550 170 

E 6 2 4 FF 250 400 330 

F 6 2 4 PB 400 600 330 

G 6 4 2 PB 200 700 330 

€E 6 4 2 FF 650 500 330 
...l_l... .1-4..- . ...... 

t o  room temperature at the power supply must be made, w i t h  helium cooling 

at the coil-lead interface being t h e  first step in the  provision of t h i s  

gradient. The helium requirements for these leads are also indicated in 

the above table. 

Some of the cooling, e.g., in the pool-boiling coils, will occur 

with the helium at essentially isothermal conditions with the  return f l o w  

to the refrigerator as a saturated vapar.  

considered as a refrigeration load, since t h e  cold vapor is available to 

return through t h e  various regenerative heat: exchangers of the refrig- 

erator system. 

have discharge conditions at a higher temperature, which makes it imprac- 

tical to return in the same manner and hence i s  considered a purely 

liquefaction requirement. Each impases somewhat different constraints on 

the operation of the refrigerator system, since a limited range of cornbi- 

n a t i o n s  of refrigeration and liquefaction ca'n be provided at a given 

time. 

liquefied cryogen to be used during a test period. 

Cooling o f  this vapor can be 

Other cooling, such as thak required f o r  t h e  k a d s ,  w i l l  

This leads to the requirement f o r  storage capacity for previously 
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g e r a t o r  i s  c u r  

h can provide 

ification fo d e s c r i b e s  the  

ditions t o  be 

t han  one c o n d i t  

a f u l l  r e f r i g e r a  e e. , no Liquid 

(2) a maximum l i q u e  roviding 12. 

a t  4.42 K w i t h  a ation load of 

t h e  system, and 
a combination o sec of liquid d a  

tions should the vendor i s  

itional i n f o  

pply the need t 3.56 K t o  s 

t i o n  requirement liquefaction t he  

m a l  capacity is g nontest per 

nged to p r o v i  

n t o  maintai u r e  at: t h e  a 

to use the 1 lity t o  r e p l e  

4.2-K helium. i t  is f e l t  th 

1 flexibility ca 

conceptual design 

sed on the. requi 

with the const by t h e  refXigeK c 

f l o w  diagram of 

, Testing o€ th ne primarily z 

esse1 capable 05 co x coils simu 

e possible, it is 

rough suitable a specified cool  
coil s t a t im .  and associated be 

similar mann , in p a r t ,  for the ity 

nd valves indic 



...
...

. 
....
....
....
....
.. 

_
_

_
..

 
...

...
...

.-
_
I._

 



49 

rr3 basic subsyst f o r  Stage TI a 

9 make up title The three are: 
ibut-ion and Y 

GooJdclwrn loop 

at 1 . 3  a t m ,  4 

the manifold rlg-caoled teat 

eed tank will 

ec t n  h e l p  en u i d  will be f e  
ages. T h i s  E 

Ere coil to p r  

n t  s t a t i c  he the cai.1. Pro  
iqu id  either a t he  bot tom of 

nd E.how t o  a c u r n  t o  t he  r e  

nesrated i n  t h  

lr is  provided w i t  

T h i s  re turn 

ern and hence r geration l o a d  

I-oad. T h e  d n these was d 

. 'The e l e c t r i  supplying curren 

h t h E !  refrigera 

from the co 

gerature. T 

il.1 be cooled 

l y i n g  the porp those  c o i l s .  

and operatio11 ers o f  coils 

later testin war will b e  f 

Y as r e q u i r e d  ween t e s t s ,  

and cantents fr  

prating cond i t  entire assembly re 
of 3780 kN reclui 

al. 4 M.. WhiZ au ld  be done 



50 

the  r e f  r i g e r a t o r  and c o o l i n g  systems j u s t  desc r ibed  , t h e  time r e q u i r e d  fo r  

cooldown would be e x c e s s i v e l y  long. For t h i s  r eason  as wel.1. as f o r  energy 

conse rva t ion ,  i t  w a s  decided t o  perform as much of t h e  cooldown as psssi- 

b l e  u s i n g  LN2 as the heat sink. Direct i n t r o d u c t i o n  of n i t r o g e n  i n t o  the 

v a r i o u s  coo l ing  passages  i s  n o t  d e s i r a b l e ,  however, s i n c e  subsequent  u s e  

of c ryogenic  hel ium coul-d f r e e z e  traces of n i t r o g e n  which might s t i l l  re- 

main i n  the system, t h u s  caus ing  p o t e n t i a l  problems w i t h  f l o w  mal-distri- 

b u t i o n  o r  even blockage.  It was t h e r e f o r e  decided t o  use  hel ium as t h e  

h e a t  t r a n s f e r  medium and r e j e c t  t h e  heat i n  a GHe-T,N2 h e a t  exchanger .  Two 

p a r a l l e l  systems are  t o  be used,  one p r i m a r i l y  for t h e  c o i l s  and t h e  o t h e r  

f o r  a s s o c i a t e d  suppor t  s t r u c t u r e .  T h i s  was done t o  p e r m i t  inore uniform 

control .  o f  the cooldown, t o  minimize u n d e s i r a b l e  temperature  g r a d i e n t s ,  

and t o  use  r easonab le  p i p e  s i z e s  f o r  t h e  inc reased  hcllium f low used du r ing  

cooldown, 

Gaseous hel ium a t  supe rc r i t i ca l .  pressure wil l .  h e  pumped through t h e  

LN2 h e a t  exchanger and then  t o  t h e  test assembl.y, i . e e 9  c o i l s  and s t r u c -  

t u r e ,  When t h e  tempera ture  has  been brought  down t o  nea r  LN2 t empera ture ,  

80-90 K, c o o l i n g  wil.1. he switched t o  the helium r e f r i g e r a t o r  l o o p s  f o r  t he  

final coo l ing .  

3 .4 .9  T,iquid Ni t rogen  System_ 

Requirement 5- 

The IAN2 system must s a t i s f y  the f o l l o w h g  requj-rements : 

(1) prov ide  a l o w  tempera ture  envi ronmenta l  s h i e l d  t o  reduce  the 

1,He system thermal  l o a d s ,  

( 2 )  p rov ide  c o o l i n g  t o  vacuum d i f f u s i o n  pump baffles t o  prevent  

back s t reaming and thermal  r a d i a t i o n  i n t o  t h e  vacuum vessel, and 

(3) provide  secondary c o o l i n g  f o r  G H e  duri .ng cooldown of t h e  test  

s t a n d  and c o i l s  from ambient t o  85 K. 

Liqui.d n i t r o g e n  requi rements  f o r  t h e  LHe refr igerator  are being  handled 

separately under a s p e c i f i c  procurement and i n s t a l l - a t i o n  package I* 
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ermal loads  anal m e s t a b l i s h e d  

3 X 10’ l i ters  sf LNz du r ing  c o ~ l d o  

etermined to 

. A schemat ic  h e  system req 
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exchanger from a rcrnote h e a t e r  arid blower package. 

wa-mup f o r  modif i c a t i u n  o r  repa i r  o f  the expcrirnent equipmc-mt . 
This w i l l  a l l o w  quick 

3 . 4 .  1-0 Vacuum- ,Sys ~eiii 

Requirements 

The LCT'b' r e q u i r e s  a vacuum sys t em,  as 

a c t e r i s t i c s  of t h i s  system are as fo l lows :  

(1) The d e s i r e d  hase p r e s s u r e  i n  t h e  

* -  

__ <IO- '+  t o r r  

shown i n  F i g .  3.16. The cha r -  

vacuum envi.r:onmenf i s  

(2) The pumping system must  bc, capab1.c of  accommodal iizg an o u t -  

gassing ra te  from t h e  s ta in less  s t ee l  vessel and Lest equipiileizt 

of 1 o-' t o r r  l i ters/sec/cm2. 

( 3 )  The v e s s e l  must be capab le  of pumpdown i n  less than one e i g h t  

h o u r  work s h i f t ,  

( 4 )  A method s h a l l  be prov ided  t o  remave water vapor and o the r  non1- 

condens ib l e s  i n  a c o n t r o  1 1 ed  rnazincr- du r ing  the pumpidown cyc 1 c 

D e s c- r ipt i o n  

Vacuum v e s s e l .  The vacuiim v e s s e l  w i l l  be designed f o r  au e x t e r n a l  

p r e s s u r e  of 1 a t m  absolute and f o r  a maximum i n t e r n a l  p r w s u r e  of 2 a b  

a b s o l u t e .  An addi.tiorza1 l o c a l  loading 01 up t o  7 kPa  e q u i v a l e n t  e x t e r n a l  

p r e s s u r e  has  been c a l c u l a t e d  as r e p r e s e n t a t i v e  of the w o r s t  case condi t i o r ,  

due t o  eddy c u r r e n t  i n t e r a c t i o n s  with the f i e l d s  produced i n  t e s t i n g  

s t a g e s  of  t h e  program. 

- -- I_____ 

- --- 

S t u d i e s  of t h e  LCP expe r imen ta l  o b j e c t i v e s  th rough  Stage VL (Kef. 3) 

r e s u l t e d  i n  the s e l e c t i o n  of a 11-m-dim c y l i n d r i c a l  vacuum vessel. l h e  

vessel will have an inside c e n t r a l  h e i g h t  of 13. 111 and a f l a t .  bottom. The 

f l a t  bottom w a s  s e l e c t e d  t o  f a c a i l i l a t e  transiiiissi-on of t - 1 1 ~  t e s t  s t a n d  

l o a d s  i n t o  t h e  ves se l  foundat ion.  

T h e  v e s s e l  t op  head w i l l  be  completely removable. I t s  sliapc may be 

a n  cl l i p t i c a l ,  t o r i s p h e r i c a l ,  o r  s p h e r i c a l  s e c t o r  a t  t h e  o p t i o n  of t h e  

vessel s u p p l i e r .  IZowever, the vessel head must be designed 130 rwet a 

maximum v e r t i c a l  enve?lope of 2 .67  III. The w e i g h t  of the head i s  t o  bc 

l i r n i t p d  t o  40 f:ons. T h i s  requirement  w i  1 1  ensure hand1 i-ng c a p a b i l i t y  by  

t-he nc4w 50-ton b r i d g e  crane t o  be i n s t a l l e d  i n  SLage L I l .  The approximdtt. 

w c i g h i  o r  t h e  en t  i r e  vc5c;el i s  I00 tons .  
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Based on t h e  ~ K ~ S S U E  requirements, tlm vessel-  wi1.7 have a wall 

t h i ckness  of Q2 e m  i r i  t he  c y l i n d r i c a l -  section arid irp t o  3 c m  i n  t h e  

head. Thc v e s s e l  i s  s t i f f e n e d  on a l l  surfaces by exterinal r c i n h r c k n g  

r i b s .  These  r i b s  on Lhc? bottom o f  the  vessel.  a l s o  provide  t h e  incans of 

eannection with the v e s s c l  f ounadal: i on. 

The vacuum vessel. ,  i n e l i d i n g  rcinEsrcing r i b s ,  t . ~ i l l  be t y p e  304 

stainless s teel ,  which was determined to be t h e  mast cost-  effective nea- 

t e r i a l  ava j  1 ab le .  Carbon steel.. was ckiminated based on experiences 

where vesscks of thak material suf f er-ed brittle f ractrmre under accidental 

c o n t a c t  w i t h  cryogenic  f l u i d s .  I’he i n s i d e  surface of the s ta inless  

material .  w i l l .  be polished to a No. 4 f i n i s h  surface in orde r  t o  reduce 

the o u t g a s s i n g  load on the  vacuiim pumping sysLerrn. 

T h e  vacuirm vessel-  w i l l  be built t o  the ASME Code, Sect. V L L P ,  Div. 2 

111 a d d i t i o n ,  all w e l d s  in the vessel will. be  x-rayed (100%) and r tquix-ed  

to meet the  5% d e l t a  f e r r i t e  requirements OF L4%ME Code, Sec t ,  I I L .  

Va5uuan pumping system, The main 11-m-di am vacuum vesse l  i s  servicr,I 

by one 300-CFM mechanical puinp, two  130-CFM/1100-CPM niechnnical penrinp/ 

blowers, and t w o  35-in. o i l  diffusion pumps. The 35-in. ClifLusion piimps 

a re  mounL.ed on  r i g h t  angle  valves which allow each C X I ~  t o  be isalateed 

f rom LI ie  vacuum v e s s e l .  There i.s a l i q u i d  ni t rogen-coaled h a l l l e  1.ietwer.1; 

the r i g h t  angle  va lves  and t h e  pumps t o  prevent o i l  backs t r eaming  and 

thermal r a d i a t i o n  i n t o  the  vacuum vessel 

-I ~ _...-- 

T h e  combination of pumps l i s t e d  above sssults in a pumpdown time of 

f i v e  hours  f o r  the 700 m3 in the main vessel. 

of the  system i s  5.2 X lom5 torr  w i t h  

k i te rs / sec ,  The 130--CJ?M/1100--CFM pump/blower u n i t s  a r e  used t o  back the 

d i f f u s i o n  pumps once tine v e s s e l  reaches t o r r .  

The ~mJ_timate base pr-es~uwc 

outgass i rag  ra ie  o f  2.6  t o r r  

ln orde r  to remove condens ib les  du r ing  the pumpdown cyc le ,  a l i q u i d  

n i t r o g e n  freeze trap has been included in the main veslsel des ign .  Th-is 

trap will be f i l l e d  and extended i n t o  the v e s s e l  d u r i n g  the puinpdswn 

c y c l e .  No cryogens w i l l  be i n t r u d u c e d  i n t o  the csLd wall, s u p p o r t  

s t r u ~ t u r e ’ ,  o r  c o i l s  imntil t h e  bi.iJk of t h e  candens ib les  is i-cmoved artd 

t h e  cold trap retracted,  
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S i t e  improvementp. The area immediately west of 9204-1 will be 

improved t a  accommodate 1 7 - m  t r a c t o r - t r a i l e r  d e l i v e r y  t o  t h e  w e s t  s i d e  of 

9204-1. 

The area w i l l  be  paved wi th  a spha l t ,  and a r e t a i n i n g  w a l l  will. be  con- 

structed t o  p rov ide  a maximum paved area west of 9 2 Q 4 - l .  

these areas is  shown i n  F ig .  3.17. 

3.4.12 -. Demineral ized _.-___II.. Water System 

Two 7.32-m-wide g a t e s  will be i n s t a l l e d  i n  the s e c u r i t y  f ence ,  

A plan  v i e w  s f  

Requiremen t.2- 

(1) The T.,C'PF has  a s t e a d y - s t a t e  coo l ing  load of 500 t a n s .  The 

bu lk  o f  t h i s  l oad  r e s u l t s  from coo l ing  t h e  s i x  TF c o i l  

power s u p p l i e s  and t h e  two p u l s e  c o i l  powcr s u p p l i e s .  

( 2 )  Cool ing must be  provided t o  the followi.ng i l r e m s  of equip- 

ment : 

(a) 35-in. a i l  d i f f u s i o n  pimps, 

(b) water-cooled baff les  between t h e  oil .  d i f f u s i o n  pumps 

and t h e  ang le  v a l v e s  on t h e  vacuum v e s s e l ,  

( c )  300-CFM vacuum roughing pump, 

(d )  130-CFM/llOO-CFM vacuum pump/blowers , 
( e )  20-kA, 1 5 - V  TF coil power S V P P ~ Y ,  

( f )  300-V, 2-kA p u l s e  c o i l  power supply ,  and 

(g)  connec t ions  f o r  c o a l i n g  a p o r t a b l e  load  bank, which 

can be used tis check o u t  power s u p p l i e s  a f t e r  i n s t a l -  

l a t i o n .  

Di. s c u s  s i o n  

The c o o l i n g  water system f o r  Bui ld ing  9204-1 was i n i t d a t e d  w i t h  

FY 1976 GPP funds.  Th i s  e f f o r t  w i l l  p rovide  a d i s t r i b u t i o n  system w i t h i n  

t h e  b u i l d i n g ,  h e a t  exchangers ,  two pumps (300-hp motors ) ,  and e x t e r i o r  

p i p i n g  connec t ing  the c l o s e d  b u i l d i n g  system t o  an e x i s t i n g  coo l ing  tower. 

The LCTF must t i e  i n t o  t h e  10-in. supply  and r e t u r n  d i s t r i b u t i o n  

heade r s  provided  by t h i s  GPP funding.  Th i s  tie-in w i l l  bc  accomplished 

n e a r  t h e  i n t e r s e c t i o n  of column rows J and 8 on the n o r t h  s i d e  of t h e  bay 

area. The 10-in. d i s t r i b u t i o n  system runs  a t  a centerline e l e v a t i o n  of 

942 f t .  The d i s t r i b u t i o n  headers  t o  t h e  LC'W are 6-in. l i n e s  running  

n o r t h  and sou th  a c r o s s  t h e  bay area on column r o w  8. Flow i n t o  and o u t  

o f  t h i s  system is  c o n t r o l l e d  by a u t o m a t i c a l l y  ope ra t ed  6-in. b u t t e r f l y  
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valves backed by gate valves. T h i s  supply header also has an in-line 

f i l t e r  just downstream from the butterfly valve, The 6-in. discharge 

header is p r o t e c t e d  from backflow by a check valve j u s t  before  Lhe 6-in. 

butterfly. 

3 . 4 . 1 3  I. Instrument A i r  System 

A f l a w  sheet of the water system i s  presented i n  F i g .  3.18. 

Expansion of the present  instrriment a i r  system i n  Buildiazg 9204-1 

will be necessary to provide 90-psi a i r  t o  the various water and vacuum 

valve operations in the system. 

on the north. side of the high  bay. 

3.4.14 Fixtures 

This involves t y i n g  i n t o  existing headers 

RequJr emen t: S 

The weight and size o f  the LGTE' c o i l s  and several components of the 
facility require that consideration be given t o  t h e  handl ing and starage 

o f  t h e s e  items. The equipment r equ i r ed  i s :  

(1) lifting f i x t u r e  f a r  an LCTF (8-T) coil, 

(2) 

( 3 )  storage fixture f o r  three 8-T  coil^, 

( 4 )  storage fixtures f o r  the main test vessel closure head, and 

(5) sh ipp ing  and upending sk id  f o r  one 8-T coil. 

Description 

The lifting fixture far one 8-T coil, is a beam arrangement (Fig.  3.19) 

lifting f i x t u r e  f a r  the main vessel. c l o ~ ~ r e  head, 

which attaches to the top  of the c o i l  a t  both ends.  

c o i l  nose? is pinned to  a bracket which i s  bolced to the c o i l .  This  

bracket i s  b o l t e d  to s i x  3-in. tapped  holes that will ultimately be used 

to attach the coil .  to the bucking post, The Lifting beam w i l . 1  be des igned  

f o r  extremely small defections under a 1.5 times gravity vertical aecelera- 

tion loading that can be imposed on the coil. by crane operations. 

on t h e  t o p  of the lifting beam will be adjustable 80 that i t  can be p s s i -  

tioned d i r e c t l y  over the center o f  gravity of t h e  various vendors' s a i l s .  

The end close to the  

The lug 

The fixture f o r  l i f t i n g  the cl.osure head will be a s p i d e r  arrangement 

This piece of equipment will. w i t h  the cross members at 90" to each other, 

be des igned  f o r  the 30-tan load of the 11-m-dim head. The attachment 

points for the head l i f t  rig wi.1.L be at four  tapped holes  on the quadrant 

lines of the d o s u r e  head flanges, T h i s  f i x t u r e  w i l l  also be des igned  f o r  

the appropriate acceleration loads. 
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3.5 STAGE P I  L FACILITY 

The fal.I.owing s e c t i o n s  present  a d e t a i l e d  d e s c r i p t i o n  of  t h e  systems, 

o r  m o d i f i c a t i o n s  t o  e x i s t i n g  systems,  cornpri.sing t h e  test f a c i l i t y  re- 

qu i r ed  t o  suppor t  t e s t i n g  i n  S t a g e  I T 1  of t h e  program. A summary of  the 

t e s t  f a c i l i t y  hardware elements  of t h i s  stage is  p resen ted  i n  Tab le  3 .6 .  

The c o n t e n t  of t h i s  s e c t i o n  a l o n e  i s  i n su f  f i c i . e n t  t o  d e p i c t  t h e  full scopc? 

of  t h e  f acj . l i t ies  provided ,, Review of p reced ing  s e c t i o n s  w i l l  p rov ide  t h e  

background r e q u i r e d  €or f u l l  comprehension of  t h e  requirements  and how 

these are be ing  s a t i s f i e d .  

3 5 .1  .__I. Requirements ..- -- 
T h e  s p e c i f i c  requirernents cons ide red  i n  t h e  concep tua l  des ign  of this 

s t a g e  of t h e  Large C o i l  T e s t  F a c i l i t y  are: 

(1) t o  p rov ide  the c a p a b i l i t y  f o r  sinnultaneous t e s t i n g  of t h r e e  c o i l : z  

wi.tr.11 p r o v i s i o n  t o  select any of the t h r e e  i7.s t h e  t e s t  co i l . ,  and 

( 2 )  t o  p rov ide  t h e  c a p a b i l i t y  f o r  cool.ing b o t h  poo l -bo i l ing  and 

forced-f low cooled ccai.ls 

3.5.2 General  D e s c r i p t i o n  ..---..-- ...~.._-...~_. 

The f a c i l i t y  w i l l  be  modified from the c o n d i t i o n  d e s c r i b e d  f o r  

Stage I1 t o  accommodate t h e  a d d i t i o n a l  t w o  c o i l s .  Primary impacts are 

i n  c ryogen ic  systems which have been modif ied t o  p rov ide  f o r  forced-  

f.l_ow cssl . tng and i n  e l ec t r i ca l  power systems.  Details  on t h e  added sys-  

t e m s  and m o d i f i c a t i o n s  t o  e s t a b l i s h e d  items are. presented i n  the f o l l o w -  

i n g  sec t ions .  Plan views showing t h e  1-ocakions of the major i t e m s  added 

are p resen ted  i n  F i g s .  3 . 2 2  and 3.23. 

3.5.3 U n c e r t a i n t i e s  .-- 

The major u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h i s  s t a g e  of t he  LC'L'F i s  t h e  

developmeneal na tu re  of t h e  l i q u i d  hel ium pump r e q u i r e d  f o r  the proposed. 

forced-flow loop .  There are l i m i t e d  d a t a  a v a i l a b l e  on pumps f o r  use i n  

l i q u i d  hel ium service, and heavy r e l i a n c e  i s  be ing  p l aced  on successful 

o p e r a t i o n  w i t h  a p r e p r o t o t y p i c a l  pump c u r r e n t l y  planned f o r  the LCS 

p r o gram 
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3.5.4 S t r u c t u r e  

Requirements 

The suppor t  s t r u c t u r e  r e q u i r e d  f o r  a t h r e e - c o i l  a r r a y  i s  des igned  t o  

suppor t  t h e  g r a v i t y  l o a d s  and magnetic l o a d s  of t h e  t o r o i d a l  f i e l d  c o i l s .  

The magnet ic  l o a d s  a c t i n g  on t h e  t o r o i d a l  f i e l d  c o i l s  are: 

(1) c e n t e r i n g  f o r c e s  due t o  t h e  n e t  r e s u l t a n t  of in -p lane  f o r c e s ,  

( 2 )  out-of-plane f o r c e s  due t o  a f a u l t e d  c o i l  c o n d i t i o n ,  and 

(3 )  out-of-plane f o r c e s  due t o  nonsymmetrie c u r r e n t s  i n  t h e  t o r o i d a l  

a r r a y .  

D e s c r i p t i o n  

The TP c o i l  s t r u c t u r e  c o n s i s t s  of t h e  p r e v i o u s l y  de f ined  r i g i d  cen- 

t r a l  bucking p o s t  and two new e x t e r n a l  t o rque  r i n g s .  

resists t h e  t o r o i d a l  c o i l  c e n t e r i n g  f o r c e s  and a l s o  carr ies  a p o r t i o n  of 

t h e  out-of-plane loads .  T h i s  i s  accomplished through a tongue and groove 

j o i n t  which coi inects  t h e  c o i l  t o  t h e  p o s t  and runs  t h e  f u l l  l e n g t h  of t h e  

p o s t .  The to rque  r i n g s  resist t h e  out-of-plane f o r c e s  and o v e r t u r n i n g  

moments a t  t h e  o u t s i d e  of t h e  t o r u s .  S t r u c t u r a l  s p a c e r s  f i l l  t h e  gaps 

n o t  occupied by a c t u a l  c o i l s  t o  provide  s t r u c t u r a l  c o n t i n u i t y .  A l l  

s t r u c t u r a l  components are designed f o r  o f f - s i t e  f a b r i c a t i o n  and are w i t h i n  

t h e  50-ton weizht  l i m i t a t i o n  of t h e  facilitv-kandlinR..eqqipgent. A con- 

c e p t  drawing of t h i s  arrangement i s  p resen ted  i n  Fig. 3 .24 .  

The bucking posk 

Coolant is provided t o  p o r t s  on t h e  c o i l s  f o r  bo th  pool -boi l ing  and 

forced-f low connec t ions  as a p p r o p r i a t e .  A d d i t i o n a l  vapor-cooled l e a d s  

and i n s t r u m e n t a t i o n  w i l l  a l s o  be  provided ,  

s t r u c t u r a l  i t e m s  are d i scussed  below, 

S p e c i f i c  d e t a i l s  on t h e  major 

Bucking p o s t  

Each t o r o i d a l  f i e l d  c o i l  b e a r s  a g a i n s t  one of t h e  s i x  f a c e s  of the 

bucking p o s t  and t r a n s m i t s  t h e  c e n t e r i n g  f o r c e  of t h e  c o i l  to t h e  p o s t .  

A p o r t i o n  of t h e  out-of-plane f o r c e s  i s  c a r r i e d  by a groove which r u n s  t h e  

f u l l  l e n g t h  of each  of t h e  s i x  f a c e s .  A matching tongue running  t h e  f u l l  

l e n g t h  of each c o i l  nose f i t s  i n t o  t h e  p o s t  groove and p rov ides  suppor t  

a g a i n s t  t h e  out-of-plane f o r c e s .  The TF c o i l s  are r i g i d l y  a t t a c h e d  t o  

t h e  top  and bottom of t h e  pos t  w i t h  a b o l t e d  connec t ion .  
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With a l l  t o r o i d a l  f i e l d  c o i l s  e q u a l l y  energ ized ,  b u t  without pulsed  

f i e l d s ,  t h e  p o s t  i s  loaded by t h e  r a d i a l  c e n t e r i n g  forces oE each c o i l  and 

some out-of-plane forces due t o  o p e r a t i o n  in a c l u s t e r  configuration. Ian 

a d d i t i o n ,  as each  ene rg ized  c ~ i l  t e n d s  to expand, i t s  v e r t i c a l  expansion 

i s  r e s i s t e d  by t h e  bo l t ed  pos t  connec t ions ,  

T h i s  a x i a l  tension e f f e c t  i n  t h e  p o s t  r e i n f o r c e s  t h e  c o i l  nose  and 

reduces  a x i a l  t e n s i o n  i n  t h e  nose r eg ion .  For example, w i t h  all s i x  c o i l s  

energ ized  with 80% c u r r e n t ,  t h e  ax ia l  stress in each TF c o i l  n o i s e  is  re- 

duced by 15% by be ing  a t t a c h e d  t o  the t op  and bottom of t h e  bucking post. 

During o p e r a t i o n  in a f a u l c  mode, t h e  post: i s  loaded by t h e  c e n t e r i n g  

forces of a l l  b u t  t h e  Eaul ted  c o i l  and same out-of-plane forces from t h e  

remaining es i l s .  Due t o  t h e s e  unsymmetrical l o a d  t h e  p a s t  expe r i ences  a 

bending moment and the  combined maximum stress i s  i nc reased .  

T o r o i d a l  -.- f i e l d  c o i l  t9xy.u~- 
The two TP c o i l  t o rque  r i n g s  are designed t o  resist t h e  out-of-plane 

fau l t  l o a d s  and the ove r tu rn ing  moment o f  the c o i l s .  Each r i n g  i s  b u i l t  

up of s i x  r i n g  segments which span between the tes t  coi1.s. The end of 

each  r i n g  segment i s  a t t a c h e d  t o  t h e  TF c o i l s  w i th  a b o l t e d  f l a n g e .  Each 

segment i s  a welded box beam of 304 s t a i n l e s s  steel. The hollow i n t e r i o r  

of each segment will serve as a coo lan t  passage  f o r  l i q u i d  hel ium t o  

ma in ta in  s t r u c t u r a l  t empera ture  within s p e c i f i e d  l i m i t s .  

S t r u c t u r a l  ._-.- spacers 
The s p a c e r s  take t h e  p l a c e  of t h e  miss ing  members of the f u l l  d x -  

c o i l  set Ear which t h e  s t r u c t u r e  i s  designed.  These items are s t a i n l e s s  

steel p i p e  and p l a t e  constructions which meet the  i n t e r f a c e  dimension re- 

quirements and p rov ide  f o r  s t r u c t u r a l  c o n t i n u i t y ,  The spacers provide  t h e  

equivalent s t r e n g t h  and s t i f f n e s s  QE an  actual.  test  c o i l  and permi t  apera- 

t i o n  of a p a r t i a l  torus test without s p e c i a l i z e d  s t r u c t u r e s  f a r  each 

variatian.  

T h e  t i e - rod  assembly used i n  S tage  I1 with the single coil is rem~ved 

and tlie s t r u c t u r e  i s  now ready  to accept the a d d i t i o n a l  TF c o i l s .  

A TF coif.  o r  s t r u c t u r a l  space r  is lowered into place by overhead 

c r a n e  and set on temporary jacks on the  enclosure f l o o r .  

suppor t  and a d j u s t  the  c o i l  wh i l e  i t  is being aligned, 

These jacks will 
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Fig .  3.25. Primary power distribution schematic - Stage 1x1. 
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-VACUUM SYSTEM 
-A.CI)(TIONAL LIGHTING 
-CLEAN POWER 

EXISTING LOADS ON SUBSTATION '20' WILL Iy 
TRANSFERRED TO SUBSTATlok '5"' IN O R M R  TO 
PROVIDE A OEMCATEO 480V SOURCE FOR THE ZOV. 
30.000 *UP POWER SUPPLY 

PHASE SWFTER ' IGP'  WILL BE REMOVED TO P a o v l m  
V U L T  SPACE FOR 15OOUVA SUBSTATIOW. 
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of the power supply will be installed in the LCTF control. room. 

operators will be installed on the 480-V breakers which feed the power 

supplies, and the breakers will be operated from the control room. 

power supply output current will be controlled manually from the control 

panel or by a computer. 

Remote 

'The 

Additional dump circuits, far emergency use,  that limit the voltage 
to 1000 V and will discharge the  coil in 50 sec will be installed f o r  

each coil. A fan to cos1 each dump resistor t o  K O Q ~  temperature in one 

hour will also be supplied, 

The 16 heaters in the coil will each be powered from a pKeViollSly 

supplied 0-20-V,  SO-A dc power supply. 

connected by a cable and a shell type MS plug to the switch panel and the 

panel connected to the power supplies. Interlocks w i l l  be arranged so 

that all the heaters to any single coil must be switched on before the 

power supplies can be. energized. 

panels in the LCTF control room and can be computer controlled. 

The heaters in each coil will be 

The power supplies will have remote 

Auxiliary systems. A motor control. center sized to supply all 

existing equipment and with 20% spare units has been previously installed 

f o r  Stage II testing. 

pump and any other additional auxiliary equipment, 

will be controlled from control stations located in the LCTF control 

room. The control circuits will be interlocked with the necessary instru- 

ments and valves to prevent a misaperation of the equipment. A 75-kVA,  

3 - b ,  4 8 0 - 2 0 3 / 1 2 0 - V  transformer and two 36-circuit panels t q i l l  be installed 

to provide the necessary control power at the test site and in t h e  con- 

trol room. 

This  center has the capacity to supply the  helium 

All s f  the equipment 

The 2-kVA uninterruptible power supply will. be. modified to provide 

control power to the additional dump circuits and other  selected instru- 

ment s 0 

3 .5 .7  Instrumentation 

Requirements 

It will be necessary to provide: 

(1) additional instrumentation and control of the facility services 

with primary emphasis on the cryogenic modifications, 
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The system w i l l  b a s i c a l l y  b e  a l o w  l e v e l ,  slow speed m u l t i p l e x e r ,  analog-  

t o - d i g i t a l  conve r to r ,  and PDP-8E d i g i t a l .  computer. The computer w i l l  a c t  

as t h e  system c o n t r o l l e r  and p rov ide  t h e  c a p a b i l i t y  of l i n e a r i z i n g  s i g -  

n a l s  from t h e r m i s t o r s  and o t h e r  c ryogenic  t r a n s d u c e r s .  

C o i l  d i a g n o s t i c  i n s t r u m e n t a t i o n .  The c o i l  d i a g n o s t i c  ins t rumenta-  

t i o n  i s  i d e n t i c a l  t o  t h a t  desc r ibed  f o r  S tage  11 and c o n s i s t s  of t h e  s i g -  

n a l  c o n d i t i o n i n g  and ana log - to -d ig i t a l  convers ion  equipment r e q u i r e d  t o  

monitor  t h e  v a r i o u s  types  of s e n s o r s  l o c a t e d  i n s i d e  and on each tes t  c o i l .  

The cooldown tempera ture  s i g n a l s  are connected t o  t h e  scanner  and 

f a c i l i t y  p rocesso r .  

go through t h e  d i a g n o s t i c  computer. 

be r  of o t h e r  f a c i l i t y  v a r i a b l e s  are monitored by t h e  f a c i l i t y  p rocesso r .  

C a p a b i l i t i e s  i n c l u d e  n o t  on ly  d i s p l a y  b u t  a lso l i m i t  checking and some 

c o n t r o l  f u n c t i o n s .  

3.5.8 Liquid  Helium System 

These can then  be  d i sp layed  l o c a l l y  wi thou t  having t o  

I n  a d d i t i o n  t o  t h e s e  s i g n a l s ,  a num- 

Requirements 

The s p e c i f i c a t i o n s  g iven  t o  i n d u s t r i a l  s u p p l i e r s  of t h e  l a r g e  c o i l s  

t o  be  t e s t e d  have g iven  t h e  c ryogenic  c o n d i t i o n s  t o  be used i n  t h e  des ign .  

These condi t i .ons are t h e r e f o r e  c o n s t r a i n t s  on t h e  f a c i l i t y  des ign .  An 

o p t i o n  w a s  g iven  t o  t h e  des igne r  t o  use e i t h e r  poo l  b o i l i n g  of 4.2-K, 

1-atm hel ium o r  fo rced  convect ion-cool ing us ing  s u p e r c r i t i c a l  heliiim a t  

4-K minimum and 6-atm maximum p r e s s u r e .  The r e t u r n  f l u i d  was t o  be  no 

h o t t e r  t han  6 K and a t  a minimum p r e s s u r e  of 2 .5  a t m .  The i n i t i a l  pro- 

curement of t h r e e  c o i l s  i n c l u d e s  two poo l -bo i l ing  and one forced-f low 

des ign ,  so bo th  forms of c o o l i n g  must be provided i n  t h e  f a c i l i t y  des ign .  

Combinations were then  p o s t u l a t e d  of t h e  v a r i o u s  arrangements  t h a t  might 

be expec ted  f o r  t h r e e - c o i l  tests t o  e s t a b l i s h  the range  of coo l ing  r e q u i r e -  

ments t o  be  provided.  These are  summarized i n  Table  3.8. 

LHe test ~I f a c i l i t y  d e s c r i p t i o n .  A concep tua l  des ign  has  been made of 

t h e  1,He p o r t i o n  of t h e  tes t  f a c i l i t y  based on t h e  requi rements  desc r ibed  

above a long  wi th  t h e  c o n s t r a i n t s  imposed by t h e  r e f r i g e r a t o r  c a p a b i l i t i e s  

as desc r ibed  i n  S tage  11. A schemat ic  f low diagram of t h e  system i s  

shown i n  t h e  accompanying drawing, F ig .  3.26. 
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o p e r a t i n g  t h e  r e f r i g e r a t o r  and coo l ing  systems j u s t  desc r ibed ,  t h e  time 

r e q u i r e d  f o r  cooldown would be e x c e s s i v e l y  long .  

as f o r  energy conse rva t ion ,  i t  w a s  dec ided  t o  perform as much of t h e  cool -  

down as p o s s i b l e  us ing  LN2 as t h e  h e a t  s i n k .  

gen i n t o  t h e  v a r i o u s  coo l ing  passages  i s  n o t  d e s i r a b l e ,  however, s i n c e  

subsequent  u s e  of c ryogenic  hel ium could f r e e z e  traces of n i t r o g e n  which 

might s t i l l  remain i n  t h e  system and cause  p o t e n t i a l  problems w i t h  f low 

m a l d i s t r i b u t i o n  o r  even blockage.  It w a s  t h e r e f o r e  decided to use  helium 

as t h e  h e a t  t r a n s f e r  medium and r e j e c t  t h e  heat i n  an  He-LN2 h e a t  exchanger ,  

Two p a r a l l e l  systems are t o  be  used,  one p r i m a r i l y  f o r  t h e  c o i l s  and t h e  

o t h e r  f o r  a s s o c i a t e d  suppor t  s t r u c t u r e .  T h i s  w a s  done t o  permi t  more uni-  

form c o n t r o l  of t h e  cooldown, t o  minimize u n d e s i r a b l e  tempera ture  g rad i -  

e n t s ,  and to use  r easonab le  p i p e  s i z e s  f o r  the i n c r e a s e d  hel ium f low used 

du r ing  cooldown, 

For t h i s  r eason  as w e l l  

Direct i n t r o d u c t i o n  of n i t r o -  

Gaseous helium a t  s u p e r c r i t i c a l  p r e s s u r e  w i l l  b e  pumped through t h e  

LN2 h e a t  exchanger and then  t o  t h e  tes t  assembly, i . e , ,  c o i l s  and s t r u c -  

t u r e .  When t h e  tempera ture  has been brought  down t o  n e a r  LN2 t empera ture ,  

80-90 K, coo l ing  w i l l  b e  switched t o  t h e  helium r e f r i g e r a t o r  loops  f o r  t h e  

f i n a l  coo l ing .  

3.5.9 Liquid  Nitrogen System I""" 

Requirements 

The IAN2 system must s a t i s f y  t h e  fo l lowing  a d d i t i o n a l  requi rements  

( f low schematic  of t h i s  system is  shown i n  F ig .  3 . 2 7 ) :  

(1) prov ide  a low tempera ture  environmental  s h i e l d  t o  reduce  t h e  

added LI-le system thermal  loads and 

( 2 )  p rov ide  secondary c o o l i n g  f o r  GHe du r ing  cooldown of the tes t  

s t and  and c o i l s  from ambient t o  8 5  T<. 

Liquid  n i t r o g e n  w i l l  be  supp l i ed  t o  the coil suppor t  s t r u c t u r e  t o  

reduce  the  thermal  load  ~n t h e  l i q u i d  hel.ium system. Common supply  and 

r e t u r n  mani fo lds  w i l l  d e l i v e r  t h e  l i q u i d  n i t r o g e n  t o  t h e s e  areas. Remote 

shu to f f  v a l v e s  w i l l  a l l o w  independent  c o n t r o l  of t h e  f low t o  each d i f -  

f u s i o n  pump b a f f l e ,  c o i l  l e a d  assembly, t h e  suppor t  s t r u c t u r e ,  and t h e  

co ld  w a l l .  The r e t u r n  manifold from t h e s e  areas i n e l u d e s  a r e l i e f  v a l v e  

s i z e d  t o  handle  a l o s s  of vacuum f low rate  from t h e  vacuum vessel. system. 
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Cooldown loop. A liquid nitrogen-to-gaseous helium tube and shell 

heat exchanger provides secondary cooling for the experiment during the 

cooldom from 300 K t o  85 K. 'The heat exchanger is sized to handle the 

f u l l  cooling load; however, some of t h i s  load will be taken out directly 

by the liquid nitrogen cold wall and the l i q u i d  nitrogen loops at the 

structural support base. 

The tube and s h e l l  heat exchanger  ill also be used to raise the 

experiment equipment Ita ambient temperature after shutdown of an experi- 

ment. 

exchanger from a remote heater and blower package. 

warmup for modification or  repair of the experiment equipment. 

3,S.l.O Building Modifications 

Hot nitrogen gas will be supplied to the shell side o f  the heat 

'l3is w i l l  allow quick 

Requirements 

It will be necessary to: 

(1) 

(2) 

provide for 50-ton lifting capacity in the high bay and 

reinforce a portion of the 958-ft elevation of Building 9204-1 

to allow sto~age of three test coils. 

Demolition. Additional reinforcement o f  crane bay columns will be 

required from column lines 1 t o  12 t o  suppor t  full utilization of the new 

overhead crane. A major portion of the modifications to be done in 

Building 9204-1 will be on structural members contaminated by prior pro-  

cess W Q T ~  in the structure, 

Structural modifications to 9204-1. A new SO-tsn-capacity crane 

will be required to provide a lift capability f o r  t h e  coil and liftlng 

beam together. 

Fifty-ton-capacity cranes are available t o  span 70 linear feet  and 

Crane bay girders and columns meet the existing headroom requirements. 

between column lines 1 and 12 will be rebuilt and reinforced t o  allow 

handling a 50-tan lift f o r  the Eublwidth o f  the bay, This provides f o r  

greater flexibility in facility opera t ion  and better utilization of floor 

space, The full bay lifting capability allowed the location of a c o i l  
storage position in the sauthwest corner of the high bay area. Due to 

a 300 lb/ft2 limitation on the 958-ft level in 9284-1, this coil s to rage  

rack must be structurally supported all the way from bed rock, 
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. New suppor t  pads w i l l  be  r e q u i r e d  f o r  t h e  

t r i b u t i o n  t r ans fo rmers  t h a t  w i l l  b e  l o c a t e d  

column l i n e s  4 t o  15 and E t o  D.  These pads w i l l  be  i- 

mate ly  4 . 3  m X 806 m x 10 cm, 
*r 

3 . 6  STAGE I V  FACILITY 

The f a l lowing  s e c t i o n s  p r e s e n t  a d e t a i l e d  d e s c r i p t i o n  o f  t h e  systems 

c a t i o n s  t o  e x i s t i n g  sys i s i n g  t h e  test E 

i n g  i n  S tage  PV of t h e  A summary of t h e  

elements  of t h i s  s t a g e  i n  Table  3.9.  
of t h i s  s e c t i o n  a l o n e  i s  i n s u f f i c  i c t  t h e  f u l l  sco 

provided.  R e v i e w  of i n g  s e c t i o n s  w i l l  p r  

t h e  requi rements  ground r e q u i r e d  f o r  f u l l  co 

are b s a t i s f i e d .  

3.6.1 

ed i n  t h e  conceptua l  des ign  of t h i s  

s t a g e  of t h e  LCTF is  t e s t i n g  c a p a b i l i t y .  

c o n d i t i o n s  p r e v a i l i n g  af 
11 and E11 t o  acco a TF coil w i t h  

p u l s e  ds .  Pr imary impacts  i n c o r p o r a t e  a p u l s e  c o i l  sy  d 

a t e d  e lectr ical  PO a i l s  on t h e s e  

i e w s  showing t h e  l o c  t h e  fo l lowing  s e c t i o  

e m s  are p resen ted  and 3.29. 

3.6. .3  P u l s e  C o i l  System 

Requirements 
The TF c o i l  suppor t  s t r u  des igned  t o  wi ths t and  mag- 

n e t i c  l o a d s  r e s u l t i n g  from op i t h  p u l s e  c o i l s .  Th 

c o i l s  i s  an  out-of-plane ove moment. A c o r r e s  

ac t s  on t h e  c o i l  gener  e f i e l d  when t h e  e 
e t o r o i d a l  f i e l d .  

aga in  c o n s i s t s  of a r i g i d  c e n t r a l  

The bucking post resists t h e  

c o i l  c e n t e r i n g  f o r  ries a p o r t i o n  of t h e  

h a tongue and groove j p lane  loads .  



Table 3 . 9 .  Large Coil Test Facility Elements - Stage IV" 

Hardware Incorporated in Stage 

111 -Three coils 
System 

IV - 3/Dulsed 11 - Single coil. 

Vacuum 

Liquid helium 

Liquid nitrogen 

Electrical 
(experiment 1 

Instrumentation & control 

Structure 
(test stand) 

Building modifications 

Vacuum tank 
Pumping system 

'Flow system for 
single coil 

Flow system for 
single coil 

Cold wall 

Install 30-kA 
power bus 
Install heater power 
Single dump circuit 
Auxiliary power 
Vapor-cooled lead 

Vacuum system and 

LHe - single coil 
LNz - single coil 
Coil diagnostics 

utilities 

Base support 
Bucking post 
Single-coil support 
Fixtures 

Vacuum tank ioundation 
Electric power and 
utilities C&A 
Fire protection 
Upgrade 13.8-kV tie line 

Install 1.5-EVA 
substation 

Utilities 

Pump l o o p  and system 
for two added coils 

Flow system for two 
added c o i l s  

Add two 20-kA 
power supplies 

Two added dump circuits 

Two added leads 

Flow system for 
p u k e  c o i l  

Add Z - k A ,  300-rJ pulse 
power s u p p l y  

LHe - two added coils 

Diagnostics - two added coils 
LN2 - two added coils t N g  - P u Z S C  coi? 

* Siagnostics -puZse c o i l  

Torque rings 
Structural spacers 

Install 50-ton crane 

*.Substation vault C5A 

Install 1.5-YVA 
5 1.0-MVA substations 

PlZse coi': 
P d s e  c o i l  supports 

Insta 22 1. O-HVA 
substation 

aNew requirements are in italics. 
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Note: Cross-hat 
mask equi 
in later 

P i g .  3 .29 .  F i r s t  f l o o r  f a c i l i t y  p l a n  - Stage IV. 
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connects the coil to the post and uns the full length of the post. The 

ings resist the out-of-pl e forces and overturnin 

of the torus. 

e coil structure consists of a torque ring which runs through 

the bore of the TI? co i l s ,  This r 

the top and bottom of the 

ment is presented in Fig. 3 .  

turn is supported by spokes from 
concept drawing of this arr 

All structural componen ed for off-site fabrica 

are within the 5Q-ton weight li the  facility h 

lse coil support s p  fittings will be 21-6-9 stain- 

less steel. This higher s s chosen to allow for a small 

CT in the spokes conduction to the 4 K 

pos t  * 

A pulse coil is included 

pulsed field environment of 

Since TNS will be the first to 

stand to simulate the 

in a tokamak reactor, 

the technology developed 

, it was chosen to defin criteria far the p 

coils. These criteria inch e, distribution, and rate of 

ed fields in the windings e 

ts and resulting fields After a study sf the TNS p 

(Ref, 5 ) ,  the requirements fields were 

peak 'tude and distribution ds in the test coil wi 

mate envelope shown in orwesponds t o  
the tclroidal coils of TNS two s its operating cycle. The 
operating e is shown in Figs. 3 . 3 3 .  The peak rates of change 

then be as s TNS a 

on to the magneti ements, there are facilit 

considerations such as vers ease of fabrication, and 
cos t  of operation. VersatiS Zudes the  ability to pu l se  

test coils selectively, ield distribution, and remove or  

Ease of fabr ica t ion  means that the pulse e the test coils easily. 

not be more dif sive to build than the t o r o i d a l  

hould they require new teehn e Finally, the cast of oper- 

ation, primarily the refrigeration l oads  on the nitrogen and helium sys- 

, should be as small as poss 

..... .. . .. . . . . .. . . . . . _,. .,.,.,. . . . , . . . .. . . . . . . . . . . . . .... I.. . . ._ . . . . . . . . . . . . . . . . . . . . . 
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Fig. 3.31.  Magnitude af p u l s e  f i e l d .  
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To meet t h e  magnet ic  and f a c i l i t y  requi rements  o u t l i n e d  above, t h r e e  

b a s i c  schemes f o r  p u l s e  c o i l s  w e r e  cons idered .  These are (1) a p a i r  of 

p o l o i d a l  c o i l s  o u t s i d e  t h e  t o r u s ,  ( 2 )  a s i n g l e  p o l o i d a l  c o i l  th readed  

through t h e  b o r e s  of t h e  t o r o i d a l  c o i l s ,  and ( 3 )  a ver t ica l  axis c o i l  

w i t h  two winding s e c t i o n s  i n  t h e  bo re  of one o r  more of t h e  tes t  c o i l s .  

A f t e r  a comparat ive review of t h e s e  t h r e e  d e s i g n s ,  t h e  t h i r d  i d e a  w a s  

chosen, i . e . ,  a c o i l  i n  t h e  bo re  of one OX: more tes t  c o i l s  (Ref. 5 ) .  

Race t rack  and c i r c u l a r  shapes  f o r  t h e  p u l s e  c o i l s  were then  compared 

magne t i ca l ly ,  and both  m e t  t h e  TNS d i s t r i b u t i o n  c r i te r ia .  The c i r c u l a r  

shape w a s  chosen because i t  is  more e a s i l y  f a b r i c a t e d .  

t u r n s  i s  r e q u i r e d  t o  produce t h e  d e s i r e d  peak magnitude of 0.14 T ,  and 

le4 MA t u r n s  i s  r e q u i r e d  f o r  0 .2  T .  

A c u r r e n t  of 1 MA 

The r e s u l t i n g  p u l s e  c o i l  des ign  i s  shown. i n  F ig .  3 . 3 4 .  The d e s i g n  

i s  modular ized t o  p rov ide  f o r  one p u l s e  c o i l ,  two s p a c e r s ,  and t h r e e  

to rque  r i n g  suppor t  segments, 

r e a r r a n g i n g  t h e  system. 

reduce  f a c i l i t y  c o s t s .  

Only one tes t  c o i l  can be  pulsed  b e f o r e  

The s e l e c t i o n  of o n l y  one p u l s e  c o i l  w a s  made t o  

Rearrangement r e q u i r e s  warmup o f  t h e  f a c i l i t y ,  opening t h e  vacuum 

v e s s e l ,  swi t ch ing  t h e  p u l s e  c o i l  w i t h  a s p a c e r ,  c l o s i n g  t h e  vessel, pump- 

down, and cooldown. To f a c i l i t a t e  rearrangeaent, t h e  p u l s e  c o i l  i s  con- 

t a i n e d  i n  a module which occup ies  a 60" arc so t h e  suppor t  segments, 

s p a c e r s ,  and p u l s e  c o i l  are in t e rchangeab le .  I n  a d d i t i o n ,  s i n c e  t h e r e  

are two windings i n  t h e  c o i l ,  i t  is p o s s i b l e  t o  p u l s e  on ly  t h e  upper o r  

lower h a l f  of t h e  test  c o i l  i f  d e s i r e d .  The c i r c u l a r  shape,  i n t e rchange -  

a b i l i t y ,  and s e p a r a t e  power c o n t r o l s ,  t hen ,  h e l p  t h i s  d e s i g n  meet t h e  

f a b r i c a t i o n  and v e r s a t i l i t y  requi rements .  

The o p e r a t i n g  c o s t  r e q u i r e d  i s  h i g h l y  dependent on t h e  type  of cool -  

i n g  supp l i ed  t o  t h e  c o i l .  The p r e s e n t  d e s i g n  ca l l s  f o r  a forced-f low,  

water-cooled c o i l  and a n i t rogen-cooled  shroud,  s i n c e  on ly  s u r f a c e s  w i t h  

t empera tu res  of 80 K o r  lower may r a d i a t e  t o  t h e  test  c o i l .  

Support s t r u c t u r e  assembly procedure .  The p u l s e  c o i l  s t r u c t u r a l  sys-  

t e m  i s  des igned  t o  be  assembled and d isassembled  wi thou t  a f f e c t i n g  t h e  TF 

c o i l  system. 
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Fig. 3 . 3 4 .  Pulse coil assembly. 



The p u l s e  c o i l  (P c o i l )  i s  set i n t o  t h e  bore sf t h e  TF coils and 
secured t o  temporary suppor t  columns. 

set i n  p l ace ,  shimmed snug, and b o l t e d  t o  the P c o i l .  

The P coil to rque  r i n g  s e c t i o n s  are 

The P c o i l  suppor t  spokes are a t t a c h e d  with p i n  and c l e v i s  j o i n t s  

between t h e  B coil to rque  r i n g  and t h e  top  and battarn of the bucking pos t .  

A f i n a l  set of spokes i s  added between t h e  torque  r i n g  and t h e  support  

l e g s  of t h e  base  and acts as guys for t h e  bucking p o s t ,  

T h i s  completes t h e  assembly of t h e  major s t r u c t u r a l  components t o  
suppor t  t h e  TF and P c o i l s .  

3 . 6 . 4  Electr ical  Power - Primary Dis t r ibu t ion_  
Requirements 

The a d d i t i o n a l  e lectr ical  load f a r  t h i s  s t a g e  a t h e  LCTF c o n s i s t s  of 

The es t imated  loads  are braken down in a special .  purpose dc  power supply. 
Table  3.10. A schematic  of t h e  proposed d i s t r i b u t i o n  system i s  given i n  
Fig. 3 . 3 5 .  

Table 3.10. F a c i l i t y  electrical Loads - Stage I V  

system Connected 
load  (kVA) 

Helium r e f r i g e r a t o r  

Cooling water 

Toro ida l  f i e l d  power s u p p l i e s  

Pulsed coil power s u p p l i e s  

Vacuum systems 

Dump reststor v e n t i l a t i o n  ( i n t e r  

HVAC 

Clean power 

Lighting and convenience r e c e p t a c l e s  

1000 

500 

900 

1 zooa 
200 

1.5 0 

100 

7 

150 

4207' 

%edified load.  
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New unit-substations, dc power supplie.5. One 1000-kVA, 13.8-2.4-kV 

unit substation will be installed to provide power to the new p u l s e  coil 

dc power supply. The unit substation will he installed on the first f l o o r  

in an area bounded by columns 4/15-D/F. 

used so that the construction of a f i r e p r o o f  vault will not be required. 

New 15-kV, cross-linked polyethylene cable in rigid conduit will be in- 

stalled from the modified spare 13.8-kV unit to t h e  new unit substation. 

Secondary feeders to the dc power supplies w i l l .  consist of either 600-V 

cable in rigid conduit or 600-V feeder busway, and 5-kV shielded, cross- 

linked polyethelene cable in rigid conduit. 

Dry type transformers w i l . 1  be 

The LCTF will require about 1200 kW of pid~e power. T h e  pulses 

w i l l  be about 30 sec long,  repeated every three minutes. The voltage 

drop on the 13.8-kV bus due to this pulse load is expected to be about 

0.9%. This may cause minor flickers of incandescent l ight i -ng in the 

building; however, this is not expected to be a source of  irritation t o  

personnel, nor are any other problems caused by the pulse load expected 

to be significant in the electrical system. 

3.6.5 Electrical Power - Power Supplies and Secondary- Distribution 

Requirement. - 
It will be  necessary to provide dc power to the pulsed  coils. 

A 300-V de, 2-kA power supply will bc installed to supply the upper 

coil winding in a pulse coil. The lower coil winding in a P coil will 

be supplied from an existing 300-V dc, 2-kA power supply. Each P coil 

winding will be connected through a switch to a ring bus (two 1/4 in. X 

4-in. copper bars p e r  leg) around the tank. The switches will be key 

interlocked so that only one switch on the upper bus and one on the 

lower bus may be closed at one time. The system wi.l.1. be interlocked SQ 

that the coil under test must have its heaters switched on and the 

disconnect switch to i t s  top and bottom pulse coil winding closed before 

the power s u p p l i e s  can be energized, 

The new power supply will be powered from a 2400-V, 3-6, 60-Hz power 

source and have a remote control panel that can be computer-controlled 

located in the LCTF control room. A t  the existing power supply, switches 

will be installed in the existing o u t p u t  bus run SQ the power can be 
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switched between its present site and t he  new LCTF test tank. These 

1 be remotely contr 

1 panel for the power supply, complete w l  

cables, will b e  purc nstalled in the LCTF 

a panel near the power supp 

room. 

The bus runs of the t w o  power ill be  arranged s 

tians of the bus can be chan 60O-V, 2-kA supply 

a1 data acquis 

stand, support struct 

vessel. cold walls. 

. Instrument Is f o r  t h i s  s 

nitrogen system a e additions to 

o account for d s .  In general, the  faci 

remains essentially as described previously. 

The LN2 system must satisfy the requirement to provide c.ooling of 

ermal shroud. 

The pulse c in a nitrogen-cooled thermal 

from the water-cooled pulse 

TF coils and str s requires a s in  

stem hardware, 

required are shown s 

3,7 STAGE V FACILITY 

The following sections present a ed description o f  the s 

or modifications to existing s ing the test facility required 

t testing in Stage V o f  the am. A summary of the t 
e elements of this presented in Table 3.11. The 

ient to depict the full scope of f this section alone is in 
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Table 3.11. Large Coil Test Facility Elements - Stage V" 

Vacuum 

Liquid helium 

Liquid nitrogen 

Electrical 

Instrument at ion & 
control 

S true ture 

Building 
modifications 

* Vacuum tank 
* Pumping system 

* Flow system €or Pump loop and system 
single coil for two added coils 

0 Flow system for * Flow system f o r  Flow system f o r  

* C61d wall 
single coil two added coils pulse coil shield 

Install 30-kA Add two 20-kA Add 2-U,  300-V 
power bus power supplies pulse power supply 
Install heater 

it Two added dump circuits 

0 

* ed c o i l s  1 LHe - 
0 1 LN;! - ed coils LN2 -pulse coil 

- t  
S 

Base support: Torque r i n g s  Pulse coil 
Bucking post Structural spacers P coil supports 

* Sing le  coil support 
* Fixtures 

Vacuum tank Install 50-ton crane I n s t a l l  1.0-FR'A 
foundation substation 

and 

F l m  system f o r  
three added coils 

0 ed 

e ad Zeods 

0 

* 

a 
New requirements are in italics. 
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t h e  f a c i l i t i e s  provided.  

background r e q u i r e d  f o r  f u l l  comprehension of t h e  t o t a l  requi rements  and 

how t h e s e  are be ing  s a t i s f i e d .  

3.7.1 Requirements 

Review of preceding  s e c t i o n s  w i l l  p rov ide  t h e  

The s p e c i f i c  requirement  t o  b e  cons idered  i n  t h i s  s t a g e  i s  t h e  addi -  

t i o n  of t h r e e  more TF c o i l s  t o  p rov ide  a f u l l  s i x - c o i l  test  a r r a y .  Cryo- 

genic, electrical, s t r u c t u r a l ,  and d i a g n o s t i c  c a p a b i l i t y  must be provided 

t o  a l l o w  t e s t i n g  a s i x - c o i l  a r r a y  of combined forced-f low and pool -boi l ing-  

cooled c o i l s  w i t h  each capab le  of s e l e c t i o n  as t h e  test  c o i l .  

3.7.2 General  D e s c r i p t i o n  

The f a c i l i t y  w i l l  be  modif ied t o  accommodate t h r e e  a d d i t i o n a l  c o i l s  

t o  complete t h e  s i x - c o i l  t o r u s .  

gen ic  systems and e lec t r ica l  power s u p p l i e s .  

o r  m o d i f i c a t i o n s  t o  e s t a b l i s h e d  i t e m s  are p resen ted  i n  t h e  fo l lowing  sec- 

t i o n s .  P l an  views showing t h e  l o c a t i o n s  of t h e  major items added are pre-  

s en ted  i n  F igs .  3.37 axid 3.38. 

3.7.3 S t r u c t u r e  

Pr imary impacts  are i n  t h e  areas of cryo-  

Details on t h e  added systems 

The tes t  s t a n d  s t r u c t u r e  provided f o r  S tage  'PV, which, inc luded  struc- 

t u r a l  e lements  f o r  t h e  p u l s e  c o i l s  and s t r u c t u r a l  spacers f o r  t h e  t h r e e  

mis s ing  members, i s  t o  be  used i n  t h i s  s t a g e .  The on ly  change r e q u i r e d  1s 

t o  remove t h e  s p a c e r s  and i n s t a l l  t h e  t h r e e  new k e s t  c o i l s  i n  t h e i r  p l a c e .  

A concep tua l  drawing of t h i s  t o t a l  assembly i s  shown i n  F ig .  3 . 3 9 .  
Addi t iona l  c o o l a n t  mani fo ld ing  t o  a p p r o p r i a t e  p o r t s  on t h e  c o i l s  i s  

a l so  r e q u i r e d .  Th i s  i s  assumed t o  be  a cor responding  mix of forced-f low 

and pool -boi l ing  d e s i g n s  which r e s u l t s  i n  t h e  f i n a l  s i x - c o i l  a r r a y  be ing  

comprised of two forced-f low and f o u r  poo l -bo i l ing  cooled c o i l s .  

Each a d d i t i o n a l  c o i l  w i l l  r e q u i r e  a set  of vapor-cooled e lec t r ica l  

l e a d s .  

S p e c i f i c  o p e r a t i n g  c h a r a c t e r i s t i c s  and s t r u c t u r a l  behavior  under all 

o p e r a t i n g  modes can be  found i n  Ref. 4 r e l a t i n g  t o  s t r u c t u r a l  a n a l y s i s  

and concept  s e l e c t i o n .  

&4ssembly of t h e  t h r e e  new c o i l s  i n t o  t h e  t o r u s  w i l l  r e q u i r e  removal. of 

t h e  p u l s e  c o i l  and i t s  suppor t  s t r u c t u r e  and t h e  s t r u c t u r a l  spacers. 

Reassembly w i l l  f o l l o w  procedures  e s t a b l i s h e d  i n  p rev ious  d i s c u s s i o n s .  
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F i g .  3 . 3 8 .  F i r s t  f l o o r  f a c i l i t y  plan - Stage V. 
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Fig. 3 .39 .  Six-coil test stand with pulse coil. 
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3 . 7 . 4  Electr ical  Power - Primary D i s t r i b u t i o n  

Requirements 

The a d d i t i o n a l  e lec t r ica l  loads  f o r  t h i s  s t a g e  of t h e  Large C o i l  T e s t  

F a c i l i t y  w i l l  c o n s i s t  of s p e c i a l  purpose d c  power s u p p l i e s .  The e s t i m a t e d  

l o a d s  are broken down i n  Table  3.12.  A schemat ic  of t h e  proposed d i s t r i -  

b u t i o n  system i s  g iven  i n  F ig .  3.40.  

Table  3 ,12 .  F a c i l i t y  e lec t r ica l  loads "-"- Stage  V 

System Connected 
load  (kVA) 

Helium r e f r i g e r a t o r  

Cool ing water 

Toro ida l  f i e l d  power s u p p l i e s  

Pulsed c o i l  power s u p p l i e s  

Vacuum systems 

Dump r e s i s t o r  v e n t i l a t i o n  ( i n t e r m i t t e n t )  

HVAC 

Clean power 

L igh t ing  and convenience r e c e p t a c l e s  

1000 

500 

2800a 

1200 

200 

300" 

100 

7 
150 

5257" 

a Modified load .  

New u n i t  s u b s t a t i o n ,  dc power s u p p l i e s  

A new 1000-kVA, 13.8-0.48-kV u n i t  s u b s t a t i o n  w i l l  be  i n s t a l l e d  t o  

provide  power t o  t h e  a d d i t i o n a l  TF coil .  dc  power s u p p l i e s ,  The u n i t  sub- 

s t a t i o n  w i l l  be  i n s t a l l e d  on the f i r s t  f l o o r  i n  an  area bounded by 

columns 4/15-D/F a d j a c e n t  t o  t h a t  u n i t  i n s t a l l e d  i n  S tage  111. 

t r ans fo rmers  w i l l  be  used s o  t h a t  t h e  c o n s t r u c t i o n  of a f i r e p r o o f  v a u l t  

w i l l  no t  be  r e q u i r e d .  New 15-kV, c ros s - l inked  po lye the lene  c a b l e  i n  r i g i d  

condui t  w i l l  be  i n s t a l l e d  from t h e  modif ied s p a r e  13.8-kV u n i t  t o  t h e  new 

u n i t  s u b s t a t i o n .  Secondary f e e d e r s  t o  the dc power s u p p l y  w i l l  c o n s i s t  

Dry type  
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of either 600-V cable in rigid conduit or 600-V feeder busway, and 5-kV, 

shielded, cross-linked polyethelene cable in rigid conduit, 

3 . 7 , 5  Electrical Power - Power Supplies and Secondary Distribution 

Requirements 

It will be necessary t o :  

(1) provide independently controlled dc  power to each new test coil 

location and 

(2) provide ac power for the operation of auxiliary equipment, 

including an additional liquid helium pump and dump resistor 

ventilation fans. 

Each of the three new T F  coils in the  test tank w i l l  be supplied from 

a new separate 20-kA, l5-V dc power supply. Six 1/2 in. X 6 in. copper 

bars per l e g  will be installed from each power supply to a specified coil 

connection at the tank wall. A panel f o r  each supply to control the out-  

put of the power supply will be installed in the LCTF control room. Remote 

operators will be installed on the 480-V breakers which feed the power sup- 

plies, and the breakers will b e  opera ted  from the control room. 

supply output current will be controlled either manually from the control 

panel o r  by a computer, 

The power 

Additional dump circuits ( f a r  emergency use) which limit the voltage 

to 1000 V and will discharge the c o i l  in 50 sec will be installed fox each 

n e w  coil. A fan t o  cool each dump resistor to room temperature in one 

hour will also be supplied. 

Each of the 1 6  heaters in the coil will be powered from a previously 

installed 0-20-V, 50-A dc power supply ,  T h e  heaters in each c o i l  w i l l  be 

connected by a cable and a shell type MS plug t o  the switch panel and the 

panel will be conxnected to the power supplies. 

SO that all the heaters to any single coil must be switched on before  the 

power supplies can be energized. T h e  power s u p p l i e s  w i l l  have remote 

panels in the LCTF control room and can be  com~uter-controlled. 

Interlocks will be arranged 

Auxiliary Systems 

A motor control center sized t o  supply all. exis t i r ig  equipment and with 

This center will supply the 20% spare units has been previously installed. 

additional helium pump and any other auxiliary equipment. A I 1  of the 
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The control 
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. Additiona and controls f o r  
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most facility and d i a g  

detection an in automatic 

iquid helium tra 

ed and cont ro  ion manual and 

The transfer 

ored by the tra 

ration. In additi ntrol loops p 

each coil pa th ,  each path will have erature, pressure, 

tored by an instrumentation m 
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facility digital computer. 

monitored and totalized to provide an indication o f  l i q u i d  helium usage. 

The LN2 system additions will be monitored 

The helium gas returned will have its flow 

- Liquid nitrogen system. 
and controlled by the same type of process  controls as t he  liquid helium. 

The transducers involved will be for liquid nitrogen temperatures, but 

the controls will be configured similar to those defined for the LHe. 

The valving to each item included in the LN2 distribution system will be 

manually operated. 

in each liquid nitrogen line going to the coils. In addition to the TAN2 

flow to the coils, liquid nitrogen will be utilized in the  necessary 

heat exchangers. The pressure and temperature across each heat exchanger 

w i l l  be monitored and recorded to permit heat balance calculations 

across the exchangers. 

The flow and pressure will be monitored and alarmed 

Data acquisition. The support structures have previous ly  been instru- 

mented with a variety of thermocouples, thermistors, and strain gages, and 

this system remains essentially the same as described f o r  previous stages.. 

Coil diagnostic instrumentation. The coil diagnostic instrumenta- 

tion is increased to handle the added coils and consists of the signal 

conditioning and analog-to-digital conversion equipment required to moni- 

tor the various types of sensors located inside and on each test coil. 

3.7.7 Liquid Helium System 

Requirements 

A summary of coolant conditions derived Zrom the specifications given 
to industrial suppliers of the large coils to be tested has given the 

cryogenic conditions to be used in the design. The initial procurement 

of three coils included at least one of each type, so both  Eorms of cool- 

ing were provided in the facility design. Subsequent procurement of an 

additional three coils to provide a simulated full t o r u s  configuration 

also provides a mixture of coolant modes. Combinations were postulated 

of the various arrangements that might be expected for both three-coil 

and six-coil tests to establish the range of cooling requirements to be 

provided. These are summarized in Table 3 .13 .  



Table 3.13. LHe requirements - six-coil array 

Total PB W W 1 it erg /hr 
@ 3.5 K @ 4.2 K for leads coils coi Con a t i o n  

FF 550 400 170 

PB 100 600 170 

FF 650 350 170 

PB 200 550 170 

FF 250 400 330 

A 3 2 1 

B 3 2 1 

C 3 1 2 

D 3 1 2 

E 6 2 

F 6 2 4 PB 400 600 330 

G 6 4 2 PB 200 700 330 

H 6 4 2 FF 650 500 330 

tual design ha the LHe portion of the test 

ed above alon 

sed by the re ities discusse 

e 11. A schematic flow the system is s 

described below 

of Stages 11 ever, a fair: e 

schematics will 

pecific modific t i o n s  incorpora 

Four basic subsystems 

coolant loop for 

cooldown loop. 

in a 5000-gal dewar. 

it flows to the manifold for the 
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only l i q u i d  wil 
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Return f l u i d  from t h e  c o i l s  i s  passed t o  t h e  r e s p e c t i v e  pump i n l e t s ;  

an  expansion s u r g e  t ank  i s  provided f o r  each  t o  accommodate d e n s i t y  

changes t h a t  can occur .  

d i r e c t l y  t o  t h e  r e f r i g e r a t o r  as an  e s s e n t i a l l y  s a t u r a t e d  vapor. T h i s  

a g a i n  i s  r e p r e s e n t e d  as a r e f r i g e r a t i o n  load  du r ing  normal. o p e r a t i o n .  

Bo i lo f f  from t h e  3.5-K heat s ink  t ank  i s  retzirned 

Power l e a d s .  The e lec t r ica l  l e a d s  suppl-ying c u r r e n t  t o  t h e  v a r i o u s  

c o i l s  must have a tempera ture  g r a d i e n t  because t h e y  p a s s  from t h e  c o i l  

i n t e r f a c e  a t  nominal ly  4 K t o  t h e  power supply  a t  room tempera ture ,  The 

c o l d  end of the leads w i l l .  be cooled  w i t h  4.2-K helium from s t o r a g e  dewars 

s e p a r a t e  from t h a t  supply ing  t h e  poo l -bo i l ing  f eed  f o r  those  c o i l s .  One 
2000- l i t e r  dewar w i l l  be  provided f o r  each two c o i l s  t o  p rov ide  redundancy 

and f a c i l i t a t e  plumbing and o p e r a t i o n  w i t h  va ry ing  numbers of coils in- 

s t a l l e d  i n  t h e  test  v e s s e l .  These dewars w i l - 1  be  f i l l e d  from t h e  5000-gal 

dewars as r e q u i r e d  du r ing  p e r i o d s  between tests. 

Cooldown loop. The f o u r t h  subsystem module i s  t h e  equipment r e q u i r e d  

t o  assist i n  c o o l i n g  t h e  e n t i r e  test v e s s e l  and c o n t e n t s  from room tempera- 

t u r e  down t o  o p e r a t i n g  c o n d i t i o n s .  

on t h e  o r d e r  of 3780 kN r e q u i r i n g  t h e  removal of about  4.9  X lo1 '  J t o  

coo l  down t o  a nominal 4 K. While, i n  theo ry ,  t h i s  could be  done by 

o p e r a t i n g  t h e  r e f r i g e r a t o r  and c o o l i n g  systems j u s t  d e s c r i b e d ,  t h e  t i m e  

r e q u i r e d  f o r  cooldown would b e  e x c e s s i v e l y  long .  For t h i s  reason  as well 

as f o r  energy conse rva t ion ,  i t  was decided to perform as much of t h e  cool-  

down as p o s s i b l e  us ing  LN2 as the h e a t  s i n k .  Direct i n t r o d u c t i o n  of nitro- 

gen i n t a  t h e  v a r i o u s  coo l ing  passages  is  not  d e s i r a b l e ,  however, s i n c e  sub- 

sequent  u se  of c ryogenic  hel ium could  f r e e z e  traces of n i t r o g e n  which 

might s t i l l  remain i n  t h e  system and cause  p o t e n t i a l  problems w i t h  flow 

m a l d i s t r i b u t i s n  o r  even blockage.  It was t h e r e f o r e  decided to u s e  hel ium 

as t h e  h e a t  t r a n s f e r  medium and re ject  t h e  h e a t  i n  a IIe-TAN2 h e a t  exchanger. 

Two p a r a l l e l  systems are t o  b e  used - one p r i m a r i l y  f o r  t h e  c o i l s  and the 

o t h e r  f o r  a s s o c i a t e d  suppor t  s t r u c t u r e .  T h i s  was done t o  permi t  more m i -  

form c o n t r o l  of the  cooldown, minimize u n d e s i r a b l e  tempera ture  g r a d i e n t s ,  

and t o  a l l o w  t h e  use  of r easonab le  p i p e  s i z e s  f o r  t h e  inc reased  hel ium 

flow used du r ing  cooldown. 

The e n t i r e  assembly represents a mass 

Gaseous hel ium a t  s u p e r c r i t i c a l  p r e s s u r e  w i l l  be pumped through the 

LN2 h e a t  exchanger and then  t o  t h e  tes t  assembly, i.e., c o i l s  and s t r u c t u r e .  
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When t he  temperature has been 

ium refrigerator loops  

system must satisfy the following additional requir  s: 

(1) provide a low temperature en ental s h i e l d  to reduce the 

(2)  p rov ide  secondary cool dur ing  cooldown of the test 
K, 

sented in F i g ,  3.42 ,  

-gaseous helium t ube  and s h e l l  

the experiment dur 

ger s  are sized to 

g load; however, load will be taken Y 
nitrogen cold i d  nitrogen l o  

1 support base. 

at exchangers con of hea t  transfer 

w i l l  handle 200 t 5-atm pressure over a tern- 

city will result in a cool- from 300 K t o  

experiment from 0 hr. The se 

85 K to 4 , 5  K is hand e liquid helium s 

tional 60 hr € hr. The f irst  
installed as p a r t  of nt required f 

will be installed at 

The tube and shell h e a t  excha also be used to raise the 
ment to ambient after shutdown of an e 

gen gas will be the s h e l l  s i d e  of the heat 

a remote heater and package. This w i l l  a quick 

ication or repair o experiment equipment. 

................._ ..... .......... ~ ...................................... 
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4. SITE 

'Ilhe s i te  planned f o r  LCTF i s  Bu 

i n  the south-central ,  p 

has a t o t a l -  f l o o r  area o 
e Oak Ridge Y-9 

t 220,000 f t 2  on 

mezzanine and basement 0 ex i s t s .  It was c 

t o  house e l ec t romagne t i c  i s  

from this use in 

t was removed t o  p ro  ORNL r e s e a r c h  

sting f a c i l i t i  ions  have been made 

, b u t  e x t e n s i v e  modi 

been made over t h e  y e a r s ,  

ause of current a d j u s t  L o p e r a t i o n s  p l  

ibLe t o  conve the  western ha 

on Energy Divi s .  A part of t h i s  

t i g ~ i ~ ~  with t he  propose s been des ign  

erconductfng t and t e s t i n g  

development o 

by O€U?L>. The r ist ics sf t he  bui.2. 

of i t s  s i t e  well. 

i o n  i s  in a high er 

d i n g  9204-1 is inc  e lassi f  i e d  eastern area 

s eastern area c o n t r o l l e d  (aeces 

however, Q cl qui red ,  and ali 

snftted SO t h a t  t h e  LCTF wo s s i b l e  to visiting s 

cess t o  Bu i ld ing  

b u i l d i n g ,  by u i l d i n g  i s  a 

e main ORN'I, FED f i l d i n g  9251-2, 

access from t h e  central  p a r t  of th P l a n t ,  t h a t  i s  

t a1 c e n t e r ,  e t c . ,  i s  ed enc losed  w 

a road connec t ing  seeurit 
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5.1 SAFkTY 

5 .  I 1 Safety Prog-cc%s- 
Activities at t h e  LCTF s i t e  (Bui ld ing  9204-1 Y- 1 3  Plant) will  con^ 

under  the  s a f e t y  programs of Lhc ORNL liias;jo,n Cnergy Divis ion .  

be ing  l o c a t e d  i n  the Y- 13 area, comes iinder t he  Y-72 s a f e t y  program, 

1+7hc,sc g e n e r a l  p o l i c y  statement i s  as f o l J  o w  A 

The FED, 

I t  i s  the p o l i c y  of thr, Y - 1 3  Plant to rsLa1vlisl-a 
an efi-cctive accident p t  eventiian program and l o 
maintain t h e  necessary s t a f f  s e r v i c e  and advisory 
groups to a s s i  st l i n e  srnpevvisisn who ar-c respornsi- 
b l  e l o r  the sa fe ty  a1  cmpPoyees ant1 eqinipriienL. When - 
ever our  safety sbj ect ivc r n n f l i  c i s  wi 1-1-1 D~IWI- n b j  ec- 
~.a\ l -es,  safety sha l l  be our  f i t$% considcuatisn. L-.- 

P r u gram maria g e 

monthly meetings of a Central S a f e t y  Coinrnittec consisting o€ p l a n t  and  

d i v i s i o n  siiperintendenats. S a l e c y  con-mi t t m s  a~ four 1 evc:l s meet regu- 

l a r l y  t o  assist i n  i n s t r u c t i o n  of personnel and analysis o f  s a f e t y  prab- .  

1 cms. A Safety Ikpartrnenr i s  i - e ~ p ~ ~ s i b l e  Eoi- fnumul a & i o n  aoCl d i r e c t i o n  

o f  thc  program, a n a l y s i s ,  a u d i t i n g  and eval iiar-,ions and recsmenda~i  011s 

t o  l i n e  saspei-visi-om. A Rad ia t ion  S a f e t y  Department  r e x p o n s i b l c  Tor all- 

personnel am1 environmental n ~ ~ ~ . i . t o r i n g  pro-vtdes "LC:EPLIT' tral ass!-atanre t o  

line saip3erv-j s i o n .  

tit- is inp1PmmtPd by the Plaa;: Siipecs'nt ei-derit tlirouglh 

'i'hrough a permanent q u a l i 1 i e d  Divi  s i  on S a f e t y  O f f i c e r  who provtdes 

l i a i s o n  and cnsu~cs campl.iancc-,, the  FLU saf c t y  program irizplcmencs L E E  

Y-7 2 program w i  th procedures  spec i f  i r  to FED experiments 

5.1.2 DOE rcqiiirmnents 

All pliases of the project-  w i l l  bc doiie i i z  acc-ordance w i t : h  ERDA 0550, 
-I____ ___ ---c__ 

"OperationaP Safety Standards. " 
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devices and prstee 
erator i n j u r y  , , p ip ing ,  an  

s t anda rds .  

n s  i nvo lv ing  l i q u i d  nitrage 

p r o t e c t i v e  clo e n t  normally u s e  

cryogenic l i q u i d s .  

5.1.4 

i a t e d  w i t h  LCTF. 

5.1.5 

The new p o r t i o n s  of t h e  fac  ill be des igned  i n  accordance w i t h  

t h e  seismic d e s i g n  cr i ter ia  f o r  f a c i l i t i e s .  

5 2 FIRE PROTECTION 

Lding 9204-1 i s  eq ed w i t h  au tomat ic  s p r i n k l e r  

of t h e  b u i l d i n g  equipment. (The h igh  bay a 

excepted, but  s p r i n k l e r s  will b e  added there as requi red  t o  pratect LCTF 

equipment.) F i r e  alarm boxes and r annunc ia to r  alarms are 

21. t h e  Y-12 Plant f ystem t o  the f i r  ?w 
and t a  t h e  p l  c o n t r o l  c e n t e r .  The plant emer- 

c o n t r o l  c e n t e r  is  ma 

i o n  to t h e  f i r e  a 11 f i r e  doors  and 

t h  t he  water d i s t r i b  system are inanitsred b 

n i t o x i n g  system t h a t  provide on exact: location of an 

aI_ipxm, and planned procedures can be i n i t i a t e d  i n  a matter of seconds. 

P l a n t  Emergency ds  t o  a11 alarms with a p 

ed emergency t r u  ulance. Anot 

e as backup, Other  p 1 and equipment from o 

dge p l a n t s  and t h e  c i t y  of Oak R respond t o  l a r g e r  e 
i d  agreements. 

5 3 MEDICAL SERVICES 

Medical services for the LCTF s ta f f  will. be a v a i l a b l e  from both the 

Y-12 I t h  Center and the ORNL i s i o n .  The la t ter  p rov ides  
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p e r i o d i c  examinat ions as w e l l  as c o n s u l t a t i o n  on h e a l t h  problems f o r  ORNL 

s t a f f  members. The U-12 Health. Center  has  on-site a v a i l a b i l i t y  and w i l l  

p rov ide  t r ea tmen t  f o r  i l l nes s  o r  i n j u r y  affecting an. LCTF employee w h i l e  

a t  work o r  t h a t  arises a u t  of o r  i n  t h e  course of h i s  or h e r  employment. 

I n  a d d i t i o n ,  the Y-12  Heal th  Center  is  respons ib le  f o r  d e f i n i n g  and main- 

t a i n i n g  a h e a l t h f u l  work environment and i s  a v a i l a b l e  €or  moni tor ing  

h e a l t h  hazards .  
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6 ENVIRONMENTAL, ASSESSMENT 

re- will impact primarily throu 

ctrical power g stribution an 
at the site. operation of t 

significant impa of any material, 

ing building) a 

mall fraction. tivities, LCTF has 

nation's fusion 

e compared wit a1 costs. 

6 . 1  DESCRIPTION 

6.1.1 

escriptions of site are given 

4 .  F e a t u r e s  germane to the asses environmental i 
follows. 

Visual impact will be v ce the facility 

wi th in  the Y-12 plant. The facil and most of tlh 
cated within a Larg 

ent (helium refr 

y place open to 

efied gases are 

m public view b sting structur 

In the recommended desig 19 tons of n io  

3 tans of titanium, 91 ton , 410 tons o f  

and 50 tons of carbon ployed . Pract: 11 of 

te is within the ant, which is 

. The U-12 P the corporate limits of the 

ch rise 200-300 ft above the va loor. A road open 
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runs along t h e  v a l l e y ,  s k i r t i n g  t h e  n o r t h  edge of the  plantn The b u i l d i n g  

housing the  LCTF is nea r  t h e  s o u t h  edge of the p l a n t .  A small stream, 

the E a s t  Fork of Poplar Creek, whfch originates absiat one mile w e s t  ~f 

the LCTF site, flows eastwardly through a rip-rapped channel  ahout  40 f t  

south of t h e  b u i l d i n g ,  The ridges and the v a l l e y  o u t s i d e  t h e  plant are 

gavcrnrnent p r o p e r t y  ( p a r t  o f  t h e  37,088 acres still owned by DOE I n  t h e  

Oak Ridge area) ,  

are unused ( excep t  for DOE-controlled f o r e s t r y ) .  The nearest residence 

i s  about  1-1/2 miles from the site, a c r o s s  Pine Ridge; h igh-dens i ty  papu- 

lation of the city of Oak Ridge begins  about  2 m i l e s  away i n  the same 

d ir cct ion  c 

The environs o f  t he  Y-12 P l a n t  are g e n e r a l l y  wooded and 

The s i t e  l i es  in a seismic area c l a s s i f i e d  by Che Uribform Bui ld ing  

Code as llZone 2 -. Moderate Damage. Seismic a c t i v i t y  i n  East Tennessee 

has  been mild t o  maderate, wi th  11 earthquakes o f  V and V% i n t e n s i t y  of 

the modified Mercalli scale in t he  last 106 yea r s .  One quake w i t h  in-  

t e n s i t i e s  of VET occur red  i n  the Knoxvi l le  area i n  1913. 

6 . 2  EVALUATION OF THE ENVIRONMENTAL IMPACT 

6 . 2 . 1  __I.. Unavoidable Adverse__Effects 

The possible adverse environmental impacts o f  the proposed p r o j e c t  

i.nc.l_ude the  E o l l a w i n g  areas: d i s r u p t i o n  o f  land usage, requirements f a r  

e lec t r ic  power, h e a t  d i s s i p a t i o n ,  and disposal a€ s a n i t a r y  wastes. 

The total.. d i s t u r b e d  area a t  t h e  site i s  less than one acre, due to 

i n s t a l l a t i o n  s f  t h e  l i q u i d  nitrogen supply  tanks and gaseous hel.ium 

storage tanks and connecting l i n e s .  

The proposed p ro jec t  will r e q u i r e  a peak of about 5 . 3  of power 

f o r  a f e w  seccmds and a base oE about  4.1. MM d u r i n g  operat ion, ,  Annual 

consumption w i l l  amount to about 12,600,OOQ kWi. No a d d i t i o n a l  power 

generating c a p a c i t y  will be r equ i r ed .  Since t h e  peak power t o  the  p r o j e c t  

w i l l .  R e  i n t e r r u p t i b l e ,  the p r o j e c t  will have no significant effect on 

power g e n e r a t i n g  r e s e r v e s  in t h e  area, 

The amount of heat t o  be d i s s i p a t e d  f rom the proposed p r o j e c t  d.uring 

the day i s  roughly equivalenk to 1,3-MGJ, steady-state 3..oad. 
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TF staff will be compr 

s facility w i l l  hav e f f e c t s  on the sewa 

bout 15 people.  Thus the pres-  

12 Plant, which has a d a t i o n  of 6,l 

term environm expected t o  b t o  

turbance of th 

R POTENTIAL CONI? TE OR LOCAL PRO 

c t  wi th  any st gram is foresee 
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