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W-1 SLSF EXPERIMENT , 

I. INTRODUCTION 

The Sodium Loop s a f e t y  F a c i l i t y  (SLSF)  i s  a  doub ly -con ta ined ,  c l o s e d  

sodium l o o p  des igned t o  t e s t  f u l l  l e n g t h  f a s t  b reeder  r e a c t o r  (FBR) f u e l  p i n s  

under s imu la ted  h y p o t h e t i c a l  f a s t  r e a c t o r  a c c i d e n t  c o n d i t i o n s .  The SLSF i s  

l o c a t e d  i n  t h e  Eng inee r i ng  Tes t  Reactor  (ETR) a t  t h e  Idaho N a t i o n a l  Engineer-  

i n g  L a b o r a t o r y  ( INEL) ,  and i s  ope ra ted  by  EG&G Idaho, I n c .  

The W-1 SLSF exper iment  i s  t h e  f i f t h  i n  a  s e r i e s  o f  exper iments  be ing  

per formed by t h e  Department o f  Energy (DOE) t o  r e s o l v e  t e c h n i c a l  i s s u e s  

a f f e c t i n g  l i c e n s i n g  o f  f a s t  breeder  r e a c t o r s .  The exper iments  a r e  b e i n g  con- 

duc ted  under t h e  d i r e c t i o n  o f  b o t h  Argonne N a t i o n a l  Labo ra to r y  (ANL) a.nd t h e  

Hanfo rd  Eng inee r i ng  Development L a b o r a t o r y  (HEDL) . W-1 i s  t h e  f i r s t  i n  t h e  

s e r i e s  o f  HEDL t e s t s ,  and i s  be ing  conducted i n  c o o p e r a t i o n  w i t h  t h e  Advanced 

Reactor  Systems D i v i s i o n  o f  t h e  General E l e c t r i c  Company (GEIARSD). 

11. ' OBJECTIVES 

The W-1 exper iment  has two d i s t i n c t  and separa te  o b j e c t i v e s .  The p r ima ry  

o b j e c t i v e  i s  t o  eva lua te  f u e l  p i n  hea t  r e l e a s e  c h a r a c t e r i s t i c s  d u r i n g  l o s s -  

o f - p i p i n g  i n t e g r i t y  (LOPI) a c c i d e n t  f l o w  and power c o n d i t i o n s .  The C l i n c h  

R i v e r  Breeder  Reactor  (CRBR) c o n d i t i o n s  d u r i n g  t h i s  a c c i d e n t  a r e  b e i n g  used 

as r e p r e s e n t a t i v e  o f  FBR's. A  p r o g r e s s i o n  o f  f o u r  LOP1 t e s t s  w i l l  be con- 

duc ted  t o  c o l l e c t  da ta  a t  d i f f e r e n t  f u e l  p i n  c o n d i t i o n s .  These f o u r  t e s t s  

w i l l  be per formed on f u e l  p i n s  w i t h  a )  f r e s h ,  u n r e s t r u c t u r e d  f u e l ,  b )  f r esh ,  

r e s t r u c t u r e d  f u e l ,  c )  i r r a d i a t e d ,  uncracked. f u e l  ( a f t e r  s t e a d y - s t a t e  i r r a d i a -  

t i o n ) ,  and d)  i r r a d i a t e d ,  c racked  f u e l  ( a f t e r  shutdown and s t a r t u p ) .  

The second o b j e c t i v e  o f  t h e  W-1 exper iment  i .s t o  de te rmine  s t a b l e  b o i l i n g  

and r e c o v e r y  l i m i t s  ( b o i l i n g  window) as a  f u n c t i o n  o f  f u e l  p' in power. These 

b o i l i n g  t e s t s  and t h e  W-1 exper iment  w i l l ,  by des ign,  c u l m i n a t e  w i t h  i n c i p i e n t  

f u e l  p i n  f a i l u r e  i n  o r d e r  t o '  de te rmine  t h e  range o f  power / f l ow r a t i o s -  ove r  

w h i c h  . s t a b l e  sodium b o i l i n g  e x i s t s .  
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These o b j e c t i v e s  a r e  c o n s i s t e n t  w i t h  t h e  res 'o l  u t i o n  o f  ma jo r  second 

l e v e l  FBR s a f e t y  assurance (LOA-2) i s sues  i d e n t i f i e d  i n  t h e  Fuel P i n  F a i l u r e  

Mechanisms Program P lan  and w i l l  p r o v i d e  i nc reased  i n s i g h t  and u n d e r s t a n d i n g '  

o f  phenomena t h a t  i n h e r e n t l y  t e r m i n a t e  h y p o t h e t i c a l  a c c i d e n t s  w i t h  1  i m i  t e d  c6re 

damage (LOA-2) p r i o r  t o  whole c o r e  d i s r u p t i o n  (LOA-3). 

I I I. EXPECTED RESULTS 

The combined r e s u l t s  f rom t h e  W-1 SLSOI'. exper iment  a r e  expected t o  r e s o l v e  

open ques t i ons  r ega rd i ng :  

Hea t '  r e l e a s e  c h a r a c t e r i s t i c s  and f u e l - c l a d d i n g  gap conductance o f  FBR 

f u e l  p i n s  under t r a n s i e n t  o p e r a t i n g  c o n d i t i o n s ,  

The r a t e  a t  wh ich  sodium b o i l  i c g  develops, 

The f o r m a t i o n  g rowth  and s t a b i l i t y  o f  sodium b o i l i n g ,  

@ The e a r l y  and i n t e r m e d i a t e  sodium b o i l  i n g  regimes w i t h  l o w  q u a l i t y ,  

O The o p e r a t i n g  c o n d i t i o n s  which produce p ro longed  b o i l i n g  i n  a  p i n  

a r r a y ,  

The t i m e  r e q u i r e d  t o  e s t a b l i s h  f i l m  b o i l i n g  and d r y o u t  i n  l o c a l  c o o l a n t  

channels ,  and 

The t i m e  f u e l  p i n s  can s u s t a i n  c o o l a n t  b o i l i n g  w i t h o u t  c l a d d i n g  f a i l u r e .  

The improved knowledge i n  those areas w i l l  p e r m i t  r e f i nemen t  o f  t h e  computer 

models employed i n  whole-core,  l o s s - o f - f l o w  s a f e t y  analyses.  A p p l i c a t i o n  o f  

these e x p ~ r i m e n t a l  l y  s ~ ~ p p o r t e d  models o r  c o r r e l a t i o n s  w i l l  bea r  o u t  t h e  f a c t  

t h a t  many l o s s - o f - c o o l  i n g  acc i den t s  w i l l  cause. o n l y  1  i m i  t e d  co re  damage. 

r a t h e r  t han  c a r r y  ove r  t o  whole-core invo lvement .  

I V .  EXPERIMENT DESCRIPTION 

A. General Exper iment  A c t i v i t i e s  

. The W-1 SLSF Exper iment  i n v o l v e s  many a c t i v i t i e s  by t h e  exper imente r  

(HEDL) and f a c i l  i t y  o p e r a t o r s  (EG&G and ANL/W) . , These. a c t i v i t i e s  i n c l u d e  



W-1 SLSF EXPERIMENT 

EXPERIMEMT RESULTS , . 

THE COMBINED RESULTS F3OM THE W-1 SLSF EXPERIMENT ARE EXPECTED TO RESOLVE OPEN 
QUEST IONS REGARD I NG : 

@' HEAT, RELEASE CHARACTERISTICS AND FUEL-CLADDING GAP CONDUCTANCE OF FBR FUEL 
PINS UNDER TRANSIENT OPERATING CONDITIONS, 

@ THE RATE AT NHICH SODIUPI BOILING DEVELOPS, 

THE FORIIATION GROWTH AND STABILITY OF SODIUM BOILING, 

THE, EARLY AND INTERREDIATE SODIUM BOILING REGIMES WITH LOW QUALITY, 

' THE OPERATING COlDlTIONS WHICH PRODUCE PROLONGED BOILING I N  A P I N  ARRAY, 
< 

" THE TIFIE REQUIRED '0 ESTABLISH F ILM BOILING AND DRYOUT I N  LOCAL COOLANT 
CHAFJNELS, . AND 

" THE T I Y E  FUEL PINS CAN SUSTAIN COOLANT BOILING WITHOUT CLADDING FAILURE. 



t e s t  d e f i n i t i o n ,  t e s t  t r a i n  ( t e s t  v e h i c l e )  des ign  and f a b r i c a t i o n ,  p re -  

t e s t  a n a l y s i s  p r e d i c t i o n s ,  d e t a i l e d  t e s t  s p e c i f i c a t i o n  ( t e s t  p l a n )  

development, t e s t  o p e r a t i o n s ,  p o s t i r r a d i a t i o n  examina t ion  (P IE ) ,  and 

p r e p a r a t i o n  o f  exper iment '  r e p o r t s .  - Due t o  th.e cornpi e x i t y  o f  each SLSF 

exper iment ,  these  a c t i v i t i e s  span app rox ima te l y  t h r e e  yea rs  f o r  each 

exper iment .  

The p r e t e s t  a n a l y s i s  f o r  t h e  W-1  experiment was 'per fo imed f o r  

HEDL by GEIARSD. T h i s  i n - d e p t h  a n a l y s i s  i n c l u d e d  b o t h  s t e a d y - s t a t e  and 

t r a n s i e n t  p r e d i c t i o n s  o f  t e s t '  t r a i n  i n s t r u m e n t a t i o n  response d u r i n g  t h e  

e n t i r e  W-1 exper iment .  . 

The HEDL a c t i v i t i e s  i n c l u d e  t e s t  d e f i n i t i o n  ( w i t h  a s s i s t a n c e  f rom 

.. GEIARsD)', t e s t ,  t r a i n  des ign  and f a b r i c a t i o n ,  t e s t  p l a n  p r e p a r a t i o n ,  

exper iment  ope ra t i ons ,  PIE p l ann ing ,  d e t a i l e d  f u e l  p i n  PIE, and e x p e r i -  

ment da ta  r e p o r t i n g  . 

'EG&G a c t i v i t i e s  i n v o l v e  t h e  des ign  and f a b r i c a t i o n  ( i n  c o n j u n c t i o n  

w i t h  ANL) o f  t h e  many SLSF s u p p o r t i n g  systems such as t h e  da ta  a c q u i s i -  

t i o n  system (DAS) /on -L ine-cover  Gas System (OLCS), and On-Line Sodium 

Sampl i n g  System (OLSS). EG&G i s  r e s p o n s i b l e  . f o r  SLSF l o o p  procurement,  

o u t f i t t i n g  .and assembly, sodium fill a c t i v i t i e s ,  l o o p  hand1 i n g ,  and ETR/ 

,SLSF systems ope ra t i ons .  

ANL a c t i v i t i e s  f o r  t h e  W-1 Exper iment  i n c l u d e  a s s i s t a n c e  i n  t h e  

checkout  and o p e r a t i o n  o f  t h e  OLCS ( b y  ANLIE) and PIE work a t  t h e  Hot  

Fue ls  Examinat ion F a c i l i t y  (HFEF, ope ra ted  by  ANLIW), where t h e  SLSF 

l o o p  i s  disassembled and t h e  W-1 fue l  p i n s  w i l l  be recovered  f o r  s h i p -  

ment t o  HEDL. 

. F o l l o w i n g  f a b r i c a t i o n  a t  HEDL, t h e  W-1 t e s t . t r a i n  was sh ipped  t o  t h e  

., Eng inee r i ng  Tes t  ~ e a c t o r  (ETR). The ETR i s  a  175 MW wate r  c o o l e d  r e a c t o r .  

[A1 so shown' i n  t h e  f i g u r e  i s  t h e  M a t e r i a l s  T e s t  Reactor  (MTR) and t h e  

Advance T e s t  Reactor  (ATR) .] 



The. SLSF l o o p  i s  shown here  i n  schemat ic ,  form. 

Shown i n  b l a c k  i s  t h e  p r i m a r y  tube,  compl e t e  w i t h  sod ium- to -he1  ium 

hea t  exchanger and sodium, pump c o r e .  The p r i m a r y  tube  i s  made o f  1 /4 "  " 

t h i c k  s t a i n 1  ess s t e e l  . 

Shown i n  b l u e  i s  t h e  pump c o i l  s t a t o r  wh ich  i s  p l aced  o n . t h e  p r ima ry  

tube .  

Shown i n  r e d  i s '  t h e  secondary tube .  The secondary t ube  i s  a l s o  

1 /4"  t h i c k  s t a i n l e s s  s t e e l  and completes t h e  double  conta inment  o f  t h e  

l o o p .  ' \ _  

Shown i n  y e l l o w  i s  t h e  HEDL-designed and - f a b r i c a t e d  t e s t  t r a i n .  

F o l l o w i n g  assembly, t h e  e n t i r e ' l o o p  i s  lowered  i n t o  t h e  ETR. 

The Removable Top Closure,  shown i n  brown, i s  a t tached ,  l i n k i n g  t h e  

l o o p  t o  t h e  he l ium system, t h e  pump power system, and t h e  da ta  a q u i s i -  

t i o n  system. The l o o p  i s  app rox ima te l y  8.2 meters  ( 2 7  f e e t )  l o n g  and 

wieghs c l o s e  t o  4500 kg ( 1  0,000 1  bm) . 

The ETR, l oop ,  and seve ra l  f a c i l i t y  components s u p p o r t i n g  i r r a d i a -  

t i o n  t e s t i n g  a r e  shown here.  The ETR w i t h  SLSF l o o p  i n  p l a c e  i s  shown 

on t h e  r i g h t .  The pump power supp l y  i s  shown i n  upper l e v e l  o f  t h e  

r e a c t o r  b u i l d i n q .  . 

The da ta  a c q u i s i t i o n  system i s  shown i n  m i d d l e  l e v e l  o f  t h e  b u i l d i n g .  

The l o o p  hea t  exchanger system i s  shown i n  t h e  l owe r  l e v e l  [he1 ium-to-  

wa te r  HX]. 

c )  T e s t  T r a i n  D e s c r i p t i o n  

. The HEDL- fabr i ca ted '  t e s t  t r a i n  c o n t a i n s  n i n e t e e n  (19 )  Fas t  F l ux  Tes t  

F a c i l i t y  ( F ' F T F ) - ~ ~ ~ ~  f u e l  p i ns .  Each p i n  has a  w i r e  wrap thermocouple 



and t h e  i n n e r  seven p i n s  o f  t h e  hexagonal bund le  c o n t a i n  i n - f u e l  thermo- 

couples.  T h i s  i s  a  schemat ic  o f  t h e  W-1 f u e l  p i n s .  The W-1 f u e l  bund le  

c o n t a i n s  p i n s  w i t h  graded enr i chments  f r om  c e n t e r  p i n  t o . o u t e r  p i n  t o  . 

keep t h e  bundle  r a d i a l  power p r o f i l e  f l a t .  T h i s ' f i g u r e  shows t h e  p i n  
. . 

complete w i t h  b o t h  i n - f u e l  and wi re-wrap .thermocouples. 

The W-1 t e s t  t r a i n  c o n t a i n s ,  i n  t o t a l ,  abou t  e i g h t y  (80)  the rmo-  

couples,  s i x t e e n  ( 1 6 )  p ressu re  t r ansduce rs  and f o u r  ( 4 )  sodium f l o w  

meters .  A deta i1 ,ed v e r t i c a l  schemat i t  o f  t h e  W-1 SLSF l o o p  and t e s t  

t r a i n  i s  shown i n  t h e  n e x t  two f i g u r e s .  

Shown f i r s t  i s  a  schematic o f .  t h e  upper  s e c t i o n  o f  t h e  SLSF l o o p  

and W-1 t e s t  t r a i n .  Shown on t h e  upper r i g h t  i s  t h e  W-1 connec to r  

assembly ,wh ich  mates w i t h  t h e  removable t o p  c l o s u r e  ( n o t  shown) f o r  

t r a n s f e r  o f  i n s t r u m e n t a t i o n  s i g n a l s  t o  t h e  da ta  a c q u i s i t i o n  system: 

Shown on t h e  l e f t  a r e  some d e t a i l s  ' o f  t h e  double-e lement  t o t a l  f l o w -  

sensor.  

Shown n e x t  i s  t h e  l owe r  s e c t i o n  o f  t h e  SLSF l o o p  and W-1 t e s t  t r a i n .  

Shown on t h e  r i g h t  i s  t h e  t e s t  s e c t i o n  o u t l e t  f l o w  sensor,  thermocouples 

and p ressu re  t ransducers .  Shown on t h e  l e f t  i s  t h e  t e s t  s e c t i o n  i n l e t  

f l o w  sensor,  thermoeoupl es, and p ressu re  t r ansduce r  and t h e  t e s t  t r a i n  

t ungs ten  meltdown cup. 

A h o r i z o n t a l  c r o s s - s e c t i o n  o f  t h e  l o o p  i n  t h e  t e s t  s e c t i o n  r e g i o n  i s  

shown here.  

Shown i n  g ray  and p a l e  green a r e  t h e  SLSF secondary and p r i m a r y  tubes 

respec t ' i ve ly .  Shown 'in b lue ,  orange, and y e l l o w  a r e  t h e  downcommer, by- 

pass and t e s t  s e c t i o n  f l o w  streams r e s p e c t i v e l y ,  Shown i n  r e d  i s  t h e  

s t a i n l e s s  s t e e l  hexcan and shown i n  w h i t e  a r e  t h e  f u e l  p i n s .  
. . 



D. W-1 o p e r a t i o n a l  Phases 

shown n e x t  i s  t h e  ETR power .h i  s t o r y  f o r  t h e  W-1 SLSF exper iment .  

The W-1 SLSF exper iment  i s  d i v i d e d  i n t o  t h r e e ' o p e r a t i o n a l  phases, 

Phase 1  : C a l i b r a t i o n ,  l ow power, and decay h e a t i n g  t e s t s  

Phase 2: T r a n s i e n t  hea t  r e l e a s e  d u r i n g  LOP1 t r a n s i e n t s  i n  wh ich  t h e  

f u e l  has d i f f e r e n t  comb ina t ions  o f  s t r u c t u r e s ,  burnups and 

c r a c k  c o n f i g u r a t i o n s  

Phase 3 : .  B o i l i n g  s t a b i l i t y  ( ~ o i 1 i n g ' ~ i n d o w )  t e s t s  wh ich  a re  t o  be con- 

c l uded  w i t h  f u e l  p i n  d r y o u t  and f u e l  ' p i n  f a i l u r e .  

Phase- 1. i n v o l v e s  a  d e t a i l e d  checkout  o f  . the SLSF i n - p i l e  l oop ,  a l l  

s u p p o r t i n g  systems, t e s t  t r a i n  i n s t r u m e n t a t i o n ,  and p r e t e s t  a n a l y s i s  

p r e d i c t i o n s  o f  f l ows ,  p ressu re  d rops ,  temperature's, and ETR- to - tes t  

s e c t i o n  power c o u p l i n g .  The i n f o r m a t i o n  ga thered  i n  t h i s  phase o f  

t e s t i n g  w i l l  a i d  t h e  exper imente rs  and f a c i l i t y  o p e r a t o r s  i n  t h e  

success fu l  comp le t i on  o f  phases 2 and 3 o f  t h e  exper iment .  

.Phase 2 o f  t h e  exper iment  i n v o l v e s  t h e . s t u d y  o f  t h e  hea t  r e l e a s e  char -  

a c t e r i s . t i c s  o f  FBR f u e l  p i n s  under LOP1 a c c i d e n t  c o n d i t i o n s .  The 1.1-1 

f u e l  p i n s  w i l l  undergo v a r i o u s  s tages o f  thermal  and s t r u c t u r a l  p r e -  

c o n d i t i o n i n g  p r i o r  t o  each LOP1 t r a n s i e n t  . These s tages a r e :  

LOP1 1 : f r e s h ,  u n r e s t r u c t u r e d .  f u e l  ( t r a n s i e n t  i n i t i a t e d  a f t e r  

one hour  a t  f u l l  power) 

LOP1 2:  f r e s h ,  r e s t r u c t u r e d  f u e l  ( t r a n s i e n t  i n i t i a t e d  a f t e r  two 

days a t  f u l l  power) 

LOPI 3 :  i r r a d i a t e d ,  uncracked' f ue l  ( t r a n s . i e n t  i n i t i a t e d  a f t e r  - 
t w e l v e  days a t  f u l l  power) 



LOP1 4: . i r r a d i a t e d ,  c racked  f u e l  ( t r a n s i e n t  i n i t i a t e d  w i t h i n  one 

hour  a f t e r  s t a r t u p  t o  f u l l  power) 

Phase 3 o f  t h e  exper iment  i s  B o i l i n g  Window Tes ts  des igned t o  s t u d y  

sodium b o i l  i n g  phe.nomena a t '  v a r i o u s  comb ina t ions  o f  p i n  power and coo l  - 
a n t  f l ow .  T h i s  s e r i e s  o f  t r a n s i e n t s  w i l l  undergo i n c r e a s i n g l y  more 

severe power - to - f low m i  smatches ( y i e l d i n g  extended p e r i o d s  o f  coo l  a n t  

b o i l i n g ) ,  and w i l l  c u l m i n a t e  w i t h  i n c i p i e n t  f u e l  p i n  f a i l u r e .  

I n  a d d i t i o n  t o  these  i n - r e a c t o r  t e s t s ,  t h e r e  was e x t e n s i v e  o u t - o f - r e a c t o r  

c a l i b r a t i o n  work done on t h e  f l o w  sensors and i n - f u e l  thermocouples.  

E. . W-.l SLSF Exper iment  LOP1 T r a n s i e n t s  

' The W-1 SLSF Exper iment  LOP1 t r a n s i e n t s  a r e  conducted f rom f u l l  power 

c o n d i t i o n s  ( i  .e., t e s t  p i n s  a t  472 W/cm r14.4 k k / f t ]  peak l i n e a r  power) .  

The f l o w  undergoes a  v e r y  r a p i d  r e d u c t i o n  i n  magni tude ( s t a r t i n g  a t  ze ro  

seconds) down t o  app rox ima te l y  20% o f  s t e a d y - s t a t e  va lues  (mode l ing  CRBR 

LOPI). The ETR i s  scrammed 0.65 seconds a f t e r  t h e  i n i t i a t i o n  o f  t h e  LOP1 

Tlow t r a n s i e n t .  The ETR scram was t imed  t o  d e p o s i t  t h e  same amount o f  

i n t e g r a t e d  energy i n t o  t h e  t e s t  f u e l  p i n s  as t h e  t a r g e t  CRBR power decay 

cu rve .  App rox ima te l y  one second o f  m i l d  l o c a l  coo l  ang b o i l i n g  i s  expected 

t o  occur  d u r i n g  t h e  LOP1 t r a n s i e n t s .  Fuel  p i n  f a i l u r e  i s  n o t  a n t i c i p a t e d .  

. . Shown here  i s  t h e  a x i a l  tempera tu re  d i s t r i b u t i o n  f o r  t h e  c o o l a n t  

su r round ing  t h e  c e n t e r  W-1 f u e l  p i n  a t  0.9 seconds i n t o  t h e  f i r s t  LOP1 

t r ans i : en t ,  B o i l i n g  i s  p r e d i c t e d  t o  s t a r t  near  t h e  t o p  o f . t h e  a c t i v e  

s e c t i o n  a t  t h i s  t i m e .  

Shown n e x t  i s  t h e  r a d i a l  c o o l a n t  tempera tu re  p r o f i l e s  as a  f u n c t i o n  

o f  t i m e  t h rough  t h e  LOP1 t r a n s i e n t .  Channels 1  t h rough  3 co r respond  t o  

t h e  c o o l a n t  channels  around a  p i n  f rom each. row o f  t h e  bundle,  p rogress -  

i n g  o u t  . t o .  t h e  hexcan. Channel 4  i s  t h e  f u e l  p in-hexcan i n t e r f a c e  

channel .  Coolant  b o i l  i ng s tops  around 1 .8  seconds. 



b 

F. B o i l i n g  Window Tes ts  

A schemat ic  o f  t h e  W-1 B o i l i n g  Window f l o w  t r a n s i e n t  i s  shown here.  

The f l o w  i s  reduced f r om t h e  s t e a d y - s t a t e  v.alue, Fly and h e l d  t h e r e  f o r  

A t 2  seconds. A t 2  r anges .  f r om  two ( 2 )  seconds t o  seven ( 7 )  seconds. 

A t ,  and a t 3  a re  0.5 seconds each. 

The n e x t  two ' (2)  f i g u r e s  show t h e  t e s t  m a t r i x  f o r  t h e  b d i l  i n g  window 

t e s t .  The t e s t s  a t  each power l e v e l  i n c l u d e  an " a p p r o a c h - t o - b o i l i n g "  

t e s t  where no b o i l i n g  i s  expected t o  occur  and an i n c i p i e n t  b o i l i n g  t e s t  

where o n l y  l i m i t e d  b o i l i n g  i s  expected t o  occur .  The 

i n  power t o  t h e  f u l l  power c o n d i t i o n  and end w i t h  t h e  " d r y - o u t "  t e s t  

where p i n  f a i l u r e  i s  expected t o  occur .  A lso  i n c l u d e d  i n  t h e  m a t r i x  

a r e  a l t e r n a t e  t e s t s  which can be per formed i f  t h e  nominal  c o n d i t i o n s  

f a i l  t o  produce a .n t i c i pa ted  r e s u l t s .  

, 
The n e x t  s e r i e s  o f  f i g u r e s  show t h e  expected c o o l ~ a n t  tempera tu re  p ro -  

f i l e s  d u r i n g  t h e  t e s t s  s t u d i e d  f o r  t h e  B o i l i n g  Window T e s t  M a t r i x .  As 

t h e  f low i s  reduced t o  t h e  v a r i o u s  l e v e l s ,  t h e  c o o l a n t  tempera tu re  

reaches v a r i o u s  l e v e l s  o f  s a t u r a t i o n ,  c u l m i n a t i n g  i n  d r y o u t  c o n d i t i o n s  

d u r i n g  t h e  h i g h  power t e s t s .  The ETR w i l l  remain a t  des i gn  power th rough  

a l l  b u t  t h e  f i n a l  t r a n s i e n t .  T h i s  t r a n s i e n t  w i l l  be t e r m i n a t e d  by  b o t h  

a  r e t u r n  t o  f u l l  f l o w  and an ETR scram. 

The n e x t  f i g u r e  shows t h e  expected " B o i l i n g  Window" t o  be generated 

d u r i n g  t h e  W-1 exper iment  and how t h a t  window r e l a t e s  t o  o t h e r  b o i l i n g  

t e s t s  b e i n g  conducted i n  t h e  U n i t e d  S t a t e s  a t  t h e  Oak Ridge N a t i o n a l  

L a b o r a t o r y  (ORNL) Thermal H y d r a u l i c  Out -o f -Reac to r  S a f e t y  (THORS) 

f a c i l i t y .  No b o i l i n g  i s  p r e d i c t e d  below t h e  d o t t e d  l i n e  marked Tsat. 

Fuel  p i n  d r y o u t  and p i n  f a i l u r e  a r e  p r e d i c t e d  up and t o  t h e  l e f t  o f  t h e  

dashed l i n e  marked T e s t  4. The power / f l ow c o n d i t i o n s  between t h e  two 

curves  a re  p o s t u l a t e d  t o  suppor t  ex tended c o o l a n t  b o i l i n g ,  e f f e c t i v e l y  

l e n g t h e n i n g  t h e  t ime  between t h e  onse t  o f  b o i l i n g  and d r y o u t  c o n d i t i o n s .  



In .  concl usion, the W-1 SLSF Experiment schedule i s  shown. 

To da t e ,  a l l  p re - tes t  preparation -has  been .completed and the  

HEDL t e s t  t r a i n  has been i n s t a l l ed  i n to  the SLSF primary vessel .  

Sodium f i l l  a c t i v i t i e s  'are expected t o  be conipleted by January 1 ,  

1979. W-1 i r r ad i a t i on  wi l l  begin by May 1979. 
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HEDL W-1 .TEST TRAIN INSTRUMENTATION 

, INSTRUMENT . 
VARIABLE . TYPE 

- '  

- I Coolant Temperature Chrome1 -P vs . Alumel thermocouple 

1 Fuel Temperature 

Permanen t.Magnet 
Flow Sensor 

Eddy Current 
Flow Sensor 

Eddy Current 
Flow Sensor 

S t ra in  Gauge 
Ppes sure Transducer 

Eddy Current 
Pressure Transducer 

S t ra in  Guage 
Pressure Transducer 

MAX I MUM 
RANGE 

b 

200 psi 

100 ps i  

rob0 p s i  

Bundle Outlet . 1 . .  
Coolant Flow . 
Total Coolant 

I .  Flow 
2. 

Sta t i c  Coolant- 6 
Pressure 

4 
P 

. 

Oynamic Cool ant 
- Pressure 

6 

, 

. , - 

# 

1 
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,2 LOWER SECTION 

/ OUTLET FLOW 
SENSOR 

LC INSTRUMENT 
LEAD CONDUIT 

'- BYPASS FLOW 

- FUEL BUNDLE 
OUTLET FLOW 

'FUEL PIN 
TEMPERATURE 
SENSOR LEADS 

'-- HEX CAN 
ASSEMBLY 



CROSS-SECTION OF THE W-1 SLSF IN THE LOWER 
TEST SECTION REGION 

t 3.315 DIA. (REF.) 3-4 

I I 

1 BLES 

F U a  BUNDLE Na now PRIMARY CONTAINMEflT TUBE BY-PASS SOD1 UM 
DOWNCOMER R O W  REGION He FLOW TUBES FLOW TUBES 
HEX CAN UIELIl  SECONDARY 

OUTER TUBE VES S EL 



ETR POWER HISTORY 608 SLSF EXPERIMENT W-9 

a! g loo 

B 

PHASE 3 PHASE 1 

CALIBRATION, 
LOW PO'dER 8, 

DECAY HEAT - -. 

a% 10 DAY* -4 16 2/3 DAYS 
(0.7 FPD) (14.5 FPD) (7.0 FPD) 

PHASE 2 

. TRANSIENT HEAT RELEASE IE LO'PI'S BOILING WINDOW, BOILING STABILITY 





TEMPERATURE (OF) 



CHANNEL NUMBER 

/ Sodiurrr Radial Temperature Profiles at the Fucl/Blanket Interface for Varioits Times 
Dilring LOP1 1 (COBRA3M - Test Section Transient) 





B O I L I N G  WINDOW TEST M A T R I X  - 

FUEL BUNDLE POWER ( W )  

. . 



BOILING WINDQW TEST M A T R I X  

. . 
\--- I.. - -L_ 
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INFLUENCE OF LOW R O W  ON W-1 COOLANT TEMPERATURE TRANSIENTS 
WITH PEAK LINEAR POWER 7,5. kWlft 
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INFLUENCE OF LOW FLOW ON W-1 COOLANT TEMPERATURE TRANS l W T S  
WITH PEAK LINEAR. POWER 144 kWlft 

I START OF BOlLlNG 
I I  I 

TSAT (53%) 

I I . .. I 1 1 I 1 ,, 1 I 0.0 
0 1.0 2.0 3.0 4.0 5.0 0 7.0 

TIME (SECONDS) ' HEDL 7709-13 
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SODIUM BOILING REGIMES 
COMPARISON BETWEEN THOFES DATA AND W-1 PRED l CTlONS ON BNC B P lEMT BO I L l N G  

(DATA FROM THORS :MEASUREMENTS, M A Y  1977) 

BNCl P E N T  BOIL ING 1 :  
(COBRA-3~  PRED I CTI ONS 

FOR SLSF W-1) . i . . , . .  
. 

. .  . . , TEST @-I / 
1 I 

. : 

S AT 
TEST a (S INDA PREDICTION 

FOR SLSF W-11 
. INCIP IENT . d I 

BOIL ING KHORS) 1 .  . 

!NCiPiENT . 

0 I N C l  PlEMT BO.BLING 
DRYOUT 

4 1 D : R V ~ U T  e NO BOILING 

NATURAL CIRCULATION 
P R R I E N S  LOW FLOW 

FLOW - PERCENT OF NOMINAL BRP DESIGN FLOW . . HEDL 7709-13.8 
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HEDL PROGRAM SCHEDULE FOR' THE W-1 SLSF EXPEWI84ENT - - - MAY 1979 TEST DATE 
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TEST OBJECTIVE AND DEFINITION 

- 
A TECHNICAL FEASIBILITY (GE: ETF, HFEF) 

d P R R E S T  A N A L Y S I S  (GE) a o. 

A DESIGN AND D R A F l l N G  (HEDL) 

A PREPARE R P  (HEDU 

A PREPARE S A F R Y  A N A L Y S I S  (GEI 

CONDUCT TEST (E lR)  

TEST DATA REDUCTION (HEDL) 

A PROCUREMENT 

A M A C H I N I N G  AND INSPECTION .- . ' 

A ASSER\BLY PROCEDURES 

A DOCUhlf l \ ITATION 

MAI . \ IFJATIONS (HEDL) 

L .  HFEF E X A M I N A T I O N  REQUIREklElCIS 
. AND PROCEDURES 

AND P,ROCEDURES 

IFJTERM REPORT 

F I;.19L REPORT IHEDL) 




