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THORS - A HIGH-TEMPERATURE SODIUM TEST FACILITY RATED AT 2.0 EN 

P. A. Gnadt, A. H. Anderson, N. E. Clapp, and R. H. Montgomery 
Oak Ridge N a t i o n a l  Labora tory  

C. W. C o l l i n s  and R. D. S t u l t i n g  
Union Carbide C o r p o r a t i o n  Nuclear  D i v i s i o n  

ABSTRACT 

The Thermal-Hydraulic Out-of-Reactor S a f e t y  (THORS) f a c i l i t y  
a t  Oak Ridge N a t i o n a l  Labora tory  (ORNL) i s  a high-temperature  
sodium tes t  f a c i l i t y  opera ted  f o r  t h e  United S t a t e s  Breeder  Re- 
a c t o r  S a f e t y  Program. The f a c i l i t y  i s  p r i m a r i l y  used f o r  test-  
i n g  l a r g e  s imula ted  Liquid-Metal F a s t  Breeder Reac tor  (LMFBR) 
f u e l  subassemblies .  The f a c i l i t y  h a s  r e c e n t l y  been upgraded t o  
provide  a 2.0-MW t e s t  bundle  power i n p u t  and h e a t  removal capa- 
b i l i t y .  A new tes t  s e c t i o n ,  which w i l l  be  c a p a b l e  of o p e r a t i n g  
a t  980°C and which w i l l  accommodate a 217-pin bundle ,  h a s  a l s o  
been added. A 61-pin bundle i s  c u r r e n t l y  under t e s t  i n  t h e  
f a c i l i t y .  A d e s c r i p t i o n  of t h e  t es t  f a c i l i t y  i s  p r e s e n t e d ,  
a long  w i t h  a b r i e f  summary of t h e  8-year o p e r a t i n g  h i s t o r y  of 
t h i s  s a f e t y - r e l a t e d  test  f a c i l i t y .  

INTRODUCTION 

The b r e e d e r  r e a c t o r  programs i n  t h e  United S ta t e s  and abroad have genera- 
t e d  a s t r o n g  need f o r  improved unders tanding  of c o r e  thermal -hydraul ic  phenom- 
ena i n  sodium-cooled r e a c t o r s  and f o r  d e t a i l e d  i n v e s t i g a t i o n s  of sa fe ty- re -  
l a t e d  occurrences  i n  t h e  c o r e .  The requi rements  f o r  i n f o r m a t i o n  on l o c a l  f low 
and tempera ture  p a t t e r n s  i n  unperturbed f u e l  subassembl ies  have been i d e n t i -  
f i e d  by t h e  F a s t  Test  Reac tor  c o r e  d e s i g n e r s .  The e v a l u a t i o n  of t h e  damage 
p o t e n t i a l  of f l o w  coastdowns, p a r t i a l  i n l e t  b lockages ,  h e a t e d  zone b lockages ,  
and blockages a r i s i n g  from f u e l  f a i l u r e  because of l o s s  of f low i s  n e c e s s a r y  
f o r  a s s u r a n c e  of Liquid-Metal F a s t  Breeder  Reac tor  (LMFBR) s a f e t y .  It i s  a l s o  
impor tan t  t h a t  t h e  r e a c t o r  d e s i g n e r s  have e x p e r i m e n t a l  d a t a  t o  v a l i d a t e  and 
develop p r a c t i c a l  a n a l y t i c a l  models by which d a t a  o b t a i n e d  from ( r e l a t i v e l y )  
small experiments  can  be a p p l i e d  t o  a f u l l - s i z e  r e a c t o r .  

A l a r g e - s c a l e  sodium f low f a c i l i t y ,  o r i g i n a l l y  c a l l e d  t h e  Fuel  F a i l u r e  
Mockup F a c i l i t y  [ l ] ,  w a s  b u i l t  i n  1970 f o r  t e s t i n g  lg-p in ,  s i m u l a t e d  LMFBR 
f u e l  subassemblies .  I n  1976, t h e  name of t h e  f a c i l i t y  w a s  changed t o  t h e  
Thermal-Hydraulic Out-of-Reactor S a f e t y  (THORS) F a c i l i t y .  

FACILITY DESCRIPTION 

The THORS F a c i l i t y  i s  a l a r g e ,  high-temperature  sodium system i n  which 
tes t  a s s e m b l i e s  des igned  s p e c i f i c a l l y  t o  s i m u l a t e  LMFBR c o r e  segments are 



s u b j e c t e d  t o  thermal  and h y d r a u l i c  t e s t i n g  a t  normal and off-normal F a s t  
Test Reac tor  o p e r a t i n g  c o n d i t i o n s .  The tes t  a s s e m b l i e s  are  composed of  bun- 
d l e s  of e l e c t r i c a l l y  h e a t e d  p i n s  having t h e  same a x i a l  power d e n s i t y  and ex- 
t e r n a l  c o n f i g u r a t i o n  as t h e  LMFBR f u e l  p i n s ;  t h e  r e a c t o r  f u e l  i s  t h u s  simu- 
l a t e d  by s p e c i a l  purpose c a r t r i d g e  e l ec t r i c  h e a t e r s  [ f u e l  p i n  s i m u l a t o r s  
(FPSs) 1 .  

The t es t  f a c i l i t y  shown i n  Fig.  1 i n c l u d e s  a 4 0 - l i t e r  p e r  sec c e n t r i f u -  
g a l  pump, a 4 0 - l i t e r  p e r  sec e l e c t r o m a g n e t i c  (EM) pump, two t e s t  s e c t i o n  
hous ings  i n t o  which t h e  t es t  bundles  are i n s e r t e d ,  a 2.0-MW tes t  bundle  
power s u p p l y ,  a 2.0-MW h e a t  dump system, a 0.5-MW h e a t  dump system t h a t  c a n  
be used € o r  lower power t e s t i n g ,  a n  expans ion  t a n k  a t  t h e  t e s t  s e c t i o n  out- 
l e t  t o  s i m u l a t e  t h e  f r e e  l i q u i d  s u r f a c e  of t h e  r e a c t o r ,  a sodium p u r i f i c a -  
t i o n  system, a bypass l i n e  i n  p a r a l l e l  w i t h  t h e  l a r g e r  t es t  s e c t i o n  housing 
t o  s i m u l a t e  t h e  f low passages  among t h e  many o t h e r  r e a c t o r  f u e l  e l e m e n t s ,  
and i n s t r u m e n t a t i o n  needed t o  moni tor  t h e  f a c i l i t y  parameters .  An i s o m e t r i c  
view of t h e  THORS f a c i l i t y  i s  shown i n  Fig.  2 ,  and Table  I p r e s e n t s  t h e  
p r i n c i p a l  c a p a b i l i t i e s  of t h e  f a c i l i t y .  

The new t e s t  s e c t i o n  housing i s  f a b r i c a t e d  from H a s t e l l o y  X material 
and i s  r a t e d  f o r  o p e r a t i o n  a t  980°C and 690 kPa. It i s  long enough t o  ac- 
commodate s i m u l a t e d  f u l l - l e n g t h  Cl inch  R i v e r  Breeder Reac tor  (CRBR) f u e l  
p i n s  and l a r g e  enough i n  d iameter  t o  accommodate a 217-pin bundle. The 
o r i g i n a l  19-pin tes t  s e c t i o n  housing i s  s t i l l  i n s t a l l e d  and can  be o p e r a t e d  
i n  p a r a l l e l  w i t h  t h e  new one. F i g u r e  3 i s  a photograph of t h e  new housing 
and a 61-pin tes t  bundle ,  which i s  ready  f o r  i n s t a l l a t i o n .  F i g u r e  4 shows 
t h e  bundle  and housing i n s t a l l e d  i n  t h e  f a c i l i t y ;  t h e  2.0-MW h e a t  exchanger  
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Fig.  1. THORS f a c i l i t y  f l o w  diagram. 
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Fig. 2. THORS f a c i l i h y  i s o m e t r i c  drawing. 

TABLE I 

P r i n c i p a l  Des ign  C h a r a c t e r i s t i c s  o f  t h e  THORS F a c i l i t y  

T e s t  S e c t i o n  Hous ing  D e s i g n  P r e s s u r e  690 kPa 
Test S e c t i o n  Hous ing  Des ign  T e m p e r a t u r e  980°C 
T e s t  S e c t i o n  Hous ing  O p e r a t i n g  T e m p e r a t u r e  300-980°C f o r  1000 h r  
T e s t  S e c t i o n  FPS Power 2000 kW 
Hea t  Removal C a p a b i l i t y  2500 kW @ 540°C 
F a c i l i t y  P i p i n g  Sys t em D e s i g n  P r e s s u r e  690  kPa  
F a c i l i t y  P i p i n g  Sys tem D e s i g n  T e m p e r a t u r e  700°C 

i s  a l s o  shown. I n  t h e  2-MW sodium-to-air heat exchanger ,  sodium a t  t e m -  
p e r a t u r e s  of up t o  7 0 0 ° C  f l ows  i n  para l le l  through f o r t y  22-mm s e r p e n t i n e  
s t a i n l e s s  s teel  tubes .  

The FPSs are connected t o  a v a r i a b l e  v o l t a g e  power supp ly  w i t h  a v o l t -  
age range  from 40 t o  400 V and a t o t a l  l oad  c a p a c i t y  of 2.0 MW. A p a i r  of 
s i l i c o n - c o n t r o l l e d  r e c t i f i e r s  ( S C R s )  are provided  f o r  each  of 37 c i r c u i t s .  
(Fo r  t h e  61-pin bundle ,  two FPSs are connec ted  i n  p a r a l l e l . )  The S C R s  ac t  
as s w i t c h e s  t h a t  are  e l e c t r o n i c a l l y  c o n t r o l l e d  t o  p rov ide  power c o n t r o l  from 
0 t o  100% i n  1% inc remen t s  [2]. The i n d i v i d u a l  FPSs are e l e c t r o n i c a l l y  



Fig. 3. THORS f a c i i i t y  photograph showing tes t  s e c t i o n  housing and 
61-pin bundle .  

Fig. 4. THORS f a c i l i t y  photograph showing 61-pin t es t  bundle  hous ing  
and 2. O-MW h e a t  exchanger .  



p r o t e c t e d  t o  prevent  e lec t r ica l  damage i n  t h e  e v e n t  of a s h o r t  c i r c u i t  [31. 
F i g u r e  5 i s  a schematic  diagram of t h e  e l ec t r i ca l  supply  system f o r  t h e  t es t  
bundles .  

The f low diagram of t h e  THORS f a c i l i t y  (F ig .  1) shows t h e  r e l e v a n t  l o o p  
i n s t r u m e n t a t i o n .  Table  I1 g i v e s  t h e  t y p e ,  range ,  and accuracy  of t h e  in- 
s t r u m e n t a t i o n  [ 4 -71 .  

F a c i l i t y  p i p i n g  i s  t race-hea ted  w i t h  -350 t u b u l a r  c a r t r i d g e  h e a t e r s .  
The p r e h e a t  tempera tures  are monitored by -700 sheath- type thermocouples ,  
which are  connected t o  m u l t i p o i n t  r e c o r d e r s .  
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Fig.  5. Sixty-one pin-bundle c o n n e c t i o n s  t o  2.0-MW power supply.  
(Power i s  l i m i t e d  t o  1 . 3  MW i n  t h i s  c o n f i g u r a t i o n . )  



TABLE I1 

THORS Loop I n s t r u m e n t a t i o n  

Meas u r  emen t S P e  Range Ac cu racy  

Press ur e 

D i f f e r e n t i a l  
Pres s u r  e 

Temperature 

Flow 

Level  

Power 

Bo i l ing  

Diaphragm NaK 

Diaphragm NaK 
D i f f e r e n t i a l  
P r e s s u r e  Sensor 

Chrome l - A 1  ume 1 
Thermocouple 

Flowmeter 

P r e s s u r e  Sensor  

Magnetic 

S i n g l e  & Twin 

Thermal Watt 
Conver t e r s  

Accous t ic  Senso r s  

I-tube Probes  

Hydrophone 

0-1030 kPa 
0-690 kPa 

0-5080 mm W.C. 

+1% 
+1 z 
+1% 

- 
- 
- 

+1% 0-1090°C - 

+1% 
+1% 

+1% 

- 19G-6050 l i t e r  pe r  min 
0-190 l i t e r  pe r  rnin - 
&1220 mm - 

+1% - &30 mV 

0.1-120.000 HZ 0.3 V l p s i  

Data are recorded  d u r i n g  a c t u a l  bundle t e s t i n g  u s i n g  a 512-channel d a t a  
a c q u i s i t i o n  system (DAS) c o n t r o l l e d  by a PDP-8E computer. Data are logged 
a t  t h e  ra te  of up t o  10,000 p o i n t s  p e r  sec and s t o r e d  on magnet ic  t a p e  f o r  
subsequent  p r o c e s s i n g  and d i s p l a y .  A t  t h e  THORS DAS o p e r a t i n g  c o n s o l e ,  d a t a  
may be d i s p l a y e d  on a high-speed l i n e p r i n t e r  o r  on two cathode-ray-tube 
(CRT) t e r m i n a l s .  A d a t a  management system [8] h a s  been developed t o  provide  
o p e r a t i n g  and d a t a  l o g g i n g  programs and t h e  c a p a b i l i t y  of t r a n s l a t i n g  DAS- 
g e n e r a t e d  d a t a  i n t o  a t a p e  format  t h a t  c a n  be used i n  I R M  computers.  

TEST BUNDLES 

An e l e v a t i o n  view of a t es t  bundle  (bundle  9A) i n s t a l l e d  i n  t h e  t e s t  
s e c t i o n  housing i s  shown i n  Fig.  6. It c o n s i s t s  of 61 e l e c t r i c a l l y  h e a t e d  
5.84-mm-diam p i n s  spaced by 1.42-mm-diam h e l i c a l  wire wrap s p a c e r s  on a 
305-mm p i t c h .  This  bundle h a s  a h e a t e d  l e n g t h  of 914 mm w i t h  a n  a x i a l  
chopped-cosine h e a t  f l u x  d i s t r i b u t i o n .  The unheated s i m u l a t e d  f i s s i o n  g a s  
p l e n a ,  l o c a t e d  downstream of t h e  h e a t e d  s e c t i o n  i n  a p o r t i o n  of t h e  dummy 
rod l e n g t h ,  are 1537 mm long. 

F i g u r e  7 a  i s  a photograph of t h e  p a r t i a l l y  assembled bundle ,  Fig.  7b i s  
a close-up photograph of t h e  61 FPSs i n s t a l l e d  i n  t h e  t u b e s h e e t ,  and Fig.  7c  
i s  a photograph of t h e  d u c t  a t  t h e  end of t h e  FPS assembly. 

A t y p i c a l  FPS used i n  t h e  t es t  bundles  i s  shown i n  Fig.  8. Voltage i s  
a p p l i e d  t o  t h e  h e a t i n g  element  th rough t h e  copper  l e a d  a t  t h e  open end of 
t h e  FPS, and t h e  e l ec t r i c  c i r c u i t  i s  completed a t  t h e  o p p o s i t e  end,  where 
t h e  element  i s  grounded through t h e  end p lug  t o  t h e  sodium. T h i s  p a r t i c u l a r  
FPS i s  r a t e d  a t  51.8 kW/m. The FPSs are d e s c r i b e d  i n  Refs.  9 and 10. 



/TEST SECTION 
HOUSING 

8-In ScnED 
40 PIPE 

1 

1 (36 914 In.) mm 

HEATED 
LENGTH 

m 
n.) 

SCHED 
DUCER 

mm 
In.) 

(ROD 
GTH 

Fig. 6 .  Typica l  THORS bundle  (9A)  t e s t  s e c t i o n  assembly. 



Fig.  7 .  THORS bundle  9A.  (a) 6 1  p i n  
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FACILITY OPERATION 

Seven tes t  bundles  have been b u i l t  s i n c e  t e s t i n g  w a s  i n i t i a t e d  i n  1970, 
and t h e y  have been o p e r a t e d  i n  12 d i f f e r e n t  c o n f i g u r a t i o n s .  Table  I11 shows 
t h e  o p e r a t i n g  h i s t o r y  of t h e s e  bundles .  Bundles 1 A  and 1 B  were unblocked 
bundles  i n  a s c a l l o p e d  d u c t  [ 111. Bundle 2,  which w a s  e n c l o s e d  i n  a hex- 
agonal  d u c t ,  w a s  o r i g i n a l l y  des igned  t o  o b t a i n  thermal -hydraul ic  d a t a ;  i n  
t h i s  c o n f i g u r a t i o n  i t  was r e f e r r e d  t o  as bundle  2A [12] .  A f t e r  complet ion 
of t h e  tes t  program w i t h  t h i s  c o n f i g u r a t i o n ,  t h e  bundle  w a s  s t i l l  v i a b l e  and 
was i n v e r t e d  i n  t h e  t e s t  s e c t i o n  and o p e r a t e d  w i t h  blockage p l a t e s  of v a r i -  
ous s i z e s  i n s t a l l e d  a t  t h e  i n l e t  of t h e  bundle.  I n  t h i s  l a t t e r  conf igura-  
t i o n ,  i t  w a s  r e f e r r e d  t o  as bundle  2B [13] .  Bundle 3 A  [ 1 4 ] ,  which was i n  a 
s c a l l o p e d  duc t  w i t h  dummy wire-wrap segments on dummy edge r o d s  and which 
c o n t a i n e d  a s ix-channel  c e n t r a l  blockage i n  t h e  hea ted  zone, w a s  used f o r  
s ing le-phase  experiments .  Bundle 3 B  [15,16]  was i d e n t i c a l  t o  bundle 3A, but  
i t s  t e s t  program (which fol lowed t h e  bundle  5 tests) i n c l u d e d  quasi-s teady-  
s t a t e  sodium b o i l i n g  and i n e r t  g a s  i n j e c t i o n .  Bundle 5 ,  which was enc losed  
i n  a hexagonal  d u c t  w i t h  h a l f - s i z e  (0.17-mm) wire s p a c e r s  between t h e  FPSs 
and t h e  d u c t  w a l l ,  was des igned  f o r  o p e r a t i o n  i n  f o u r  c o n f i g u r a t i o n s .  Bun- 
d l e s  5A [17] and  5B [18] conta ined  a blockage a long  one of t h e  hexagonal 
s i d e s  t h a t  blocked one- th i rd  of t h e  f low a r e a .  Tests f o r  bundles  5C [181 and 
5D [19]  were r u n  w i t h  t h e  blockage p l a t e  removed. Bundle 5D w a s  t h e  f i r s t  

Table  111 

THOKS F a c i l i t y  O p e r a t i n g  Exper ience  

Number O p e r a t i n g  
Rundle o f  Blockage Reac tor  T i m e  

I d e n t i f i c a t i o n  p i n s  C o n f i g u r a t i o n  S i m u l a t i o n  ( h r )  

1A 

2A 

28 

It3 

3A 

3Ba' 

5A,5B,5C 

5D" 

6A 
3c 

9 

19 

19 

19 

19 

19 

19 

19 

19 

19 
3 1' 

61 

No ne 

No ne 

13- and 14-Channel 
I n l e t  

No ne 

6-Channel i n  
Heated Zone 

6-Channel i n  
Heated Zone 

12-Channel 
Edge Gap 

No ne 

No ne 
6-Channel i n  

Heated Zone 
No ne 

Thermodynamic 

Thermodynamic 

Therm adynamic 

The m o d  ynam i c 

T h e m  od ynam i c 

Thermodynamic 

Thermodynamic 

Thermodynamic 

FFTF S i m u l a t i o n  
FFTF S i m u l a t i o n  

S i m u l a t i o n  Only 

S i m u l a t i o n  Only 

S i m u l a t i o n  Only 

S i m u l a t i o n  O n l y  

S i m u l a t i o n  Only 

S i m u l a t i o n  Only 

S i m u l a t i o n  Only 

S i m u l a t i o n  Only 

CRBR S i m u l a t i o n  

T o t a l  

1 ,300  

3,010 

894 

3,039 

537 

3,252 

2 , 8 2 7  

7 ,  a64 
3,666 

d 
26,  3agd 

a B o i l i n g  tests.  

b B o i l i n g  tests w i t h  g a s  i n j e c t i o n .  

'Nineteen c e n t r a l  p i n s ,  12 guard  h e a t  p i n s .  

dBundle 9 t e s t i n g  i n  p r o g r e s s .  



THORS bundle  t a k e n  t o  tempera tures  h i g h  enough t o  produce s t e a d y - s t a t e  so- 
d i m  b o i l i n g ;  t h e s e  tests were r u n  i n  October  1974. Bundle 6A was des igned  
w i t h  a low thermal  c a p a c i t y  d u c t  sur rounding  t h e  bundle.  The main objec- 
t i v e s  f o r  t h i s  bundle were t o  e s t a b l i s h  s t e a d y - s t a t e  tempera ture  d i s t r i b u -  
t i o n s  a t  v a r i o u s  flow-power r a t i o s  f o r  comparison w i t h  d a t a  from p r e v i o u s  
bundles  1201. The bundle w a s  a l s o  used f o r  t r a n s i e n t  f r e e  c o n v e c t i o n  t es t s  
1211 and f o r  t r a n s i e n t  sodium b o i l i n g  t es t s  ( i n c l u d i n g  s e v e r a l  p a r t i a l  dry- 
o u t )  [22-241. The o b j e c t i v e  of bundle  3C tests w a s  t o  i n v e s t i g a t e  a x i a l  and 
r a d i a l  b o i l i n g  p r o p a g a t i o n  behind a blockage. A s ix-channel  blockage p l a t e  
w a s  a t t a c h e d  t o  t h e  c e n t r a l  p i n  i n  t h e  h e a t e d  zone, as i n  bundles  3A and 3B. 
An unheated s e c t i o n  was added downstream of t h e  FPSs t o  g i v e  a s i m u l a t i o n  of 
t h e  f i s s i o n  gas  r e g i o n  i n  t h e  r e a c t o r .  The t e s t  program f o r  bundle  9 ,  t h e  
61-pin bundle now i n s t a l l e d  i n  t h e  f a c i l i t y ,  w i l l  i n c o r p o r a t e  a l l  tests t h a t  
have been r u n  w i t h  t h e  smaller unblocked bundles .  Hence, a comparison of 
r e s u l t s  c a n  be made f o r  19- and 61-pin bundles .  T h i s  comparison should g i v e  
a n  i n s i g h t  i n t o  t h e  e f f e c t  of s i z e  on  t e s t  bundle performance. 

Sodium h a s  been c i r c u l a t e d  i n  t h e  THORS f a c i l i t y  a t  t e m p e r a t u r e s  as  
h i g h  as 700°C; sodium tempera tures  i n  t h e  tes t  s e c t i o n ,  however, have 
reached 1010°C. 

P l a n s  are be ing  made f o r  f a b r i c a t i n g  and t e s t i n g  a d d i t i o n a l  bundles .  
Under c o n s i d e r a t i o n  a t  t h e  p r e s e n t  t i m e  a r e  (1) a bundle  t o  i n v e s t i g a t e  t h e  
e f f e c t s  of d u c t  h e a t  c a p a c i t y  on bundle  i n t e r n a l  t e m p e r a t u r e s ,  ( 2 )  tes t  bun- 
d l e s  f o r  advanced f u e l s ,  and ( 3 )  a bundle  t o  measure t h e  e f f e c t s  of p i n  bow- 
ing .  

Power l e v e l s  have been as  h i g h  as 36.0 kW/m i n  each  pin.  

SUMMARY AND CONCLUSION 

The THORS F a c i l i t y  h a s  been i n  u s e  s i n c e  1970 t o  o b t a i n  d a t a  f o r  f a s t  
r e a c t o r  s a f e t y  technology from s i m u l a t e d  LMFBR f u e l  subassembl ies .  The sys-  
t e m  h a s  r e c e n t l y  been upgraded t o  2.0-MW tes t  bundle  power i n p u t  and h e a t  
r e j e c t i o n  c a p a b i l i t y .  Seven d i f f e r e n t  bundles  have been b u i l t  and o p e r a t e d  
i n  12 d i f f e r e n t  c o n f i g u r a t i o n s .  The f a c i l i t y  h a s  logged o v e r  27,000 h r  a t  
sodium tempera tures  ranging  up t o  10IO°C. Sodium b o i l i n g  tests have been 
r u n  t o  i n v e s t i g a t e  axial  and r a d i a l  b o i l i n g  p r o p a g a t i o n  i n  s imula ted  r e a c t o r  
subassembl ies .  Experiments w i t h  i n l e t  b lockages  and h e a t e d  zone b lockages  
have produced d a t a  t o  provide  a n  i n s i g h t  i n t o  t h e  problems a s s o c i a t e d  w i t h  
f a s t  r e a c t o r  s a f e t y .  Thermal-hydraulic d a t a  o b t a i n e d  from tests i n  bundles  
of 19-, 31-, and 61-pin s i z e s  c a n  be used t o  provide  c o r e  d e s i g n e r s  w i t h  ex- 
p e r i m e n t a l  d a t a  t o  v e r i f y  and/or  deve lop  computer models. 
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