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I. INTRODUCTION 

S t u d i e s  r e l a t i n g  t o  t h e  s a f e t y  of c u r r e n t  n u c l e a r  re- 

a c t o r  power p l a n t s  are be ing  conducted  a t  t h e  Oak Ridge 

N a t i o n a l  Labora to ry  (ORNL) under  t h e  a u s p i c e s  of t h e  ORNL 

Nuc lea r  S a f e t y  Resea rch  and Development Program. A Loss- 

of -Coolant Accident  (LOCA) h a s  been p o s t u l a t e d  where in  t h e  

water c o o l a n t  would be l o s t  a s  a r e s u l t  of a major p i p e  

b r e a k ,  Although it is assumed t h a t  t h e  r e a c t o r  would be 

s h u t  down, t h e  s t o r e d  e n e r g y  and f i s s i o n  p roduc t  decay  h e a t  

i n  t h e  f u e l  rods would be s u f f i c i e n t  t o  c a u s e  r a p i d  tempera- 

t u r e  i n c r e a s e  a n d ,  i n  t h e  absence  of emergency c o o l i n g ,  

severe damage t o  t h e  c o r e .  While a l l  reactors are  equipped 

w i t h  Emergency Core Coo l ing  Systems (ECCS) t h e  c a p a c i t y  

and e f f e c t i v e n e s s  of t h e s e  s y s t e m s  t o  c o n t r o l  t h e  t h e r m a l  

t r a n s i e n t  i n  t h e  larger r e a c t o r s  now be ing  c o n s t r u c t e d  has 

been q u e s t i o n e d .  Consequen t ly ,  s e v e r a l  d i f f e r e n t  experi- 

ments  have  been d e v i s e d  t o  i n v e s t i g a t e  the behav io r  of 

Z i r c a l o y  clad UO, f u e l  r o d s  d u r i n g  a r a p i d  t h e r m a l  t r a n s i e n t  

i n  a steam a tmosphere .  ’” T h i s  r e p o r t  d i s c u s s e s  t h e  experi- 

m e n t a l  equipment; and t e c h n i q u e s  used (1) to b u r s t  tes t  ir-  

radiated f u e l  rods i n  a h o t  c e l l ,  and ( 2 )  t o  determine t h e  

made of c l a d d i n g  f a i l u r e  and t h e  e x t e n t  of f i s s i o n  p roduc t  

re lease a 
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11.  EXPERIMENTAL EQUIPMENT AHD CONDITIONS 

The e x p e r i m e n t a l  equipment w a s  des igned  t o  accommodate 

segments  of f u e l  r o d s  from c u r r e n t  power r e a c t o r s ,  and a l s o  

s h o r t  t es t  c a p s u l e s .  The t e s t  rods w i l l  be e i t h e r  29  or 

4 1  i n c h e s  long, and w i l l  be 0.565 o r  0.424 i n c h e s  i n  d i a m e t e r ,  

t h u s  r e p r e s e n t i n g  b o t h  B o i l i n g  Water R e a c t o r  (BWR) and 

P r e s s u r i z e d  Water R e a c t o r  (PWR) d imens ians .  Z i r c a l o y  c l a d  

rods  of both  d i a m e t e r s 3  which have been i r r a d i a t e d  t o  3 ,000  

t o  1 0 , 0 0 0  Mwd/T have been a c q u i r e d .  The c o n s t r u c t i o n  and 

d imens ions  of a t y p i c a l  rod  are i l l u s t r a t e d  i n  F i g .  1. 

4 

These o l d e r  r o d s  ( v i n t a g e  abou t  1960) have two o b s o l e t e  

c h a r a c t e r i s t i c s  which w i l l  r e q u i r e  c o n s i d e r a b l e  remote modi f i -  

c a t i o n  t o  a s su re  meaningfu l  t e s t  r e s u l t s .  The rods have v e r y  

s m a l l  plenums compared t o  newer d e s i g n s  (-0.5 i n .  f o r  27  i n .  

UO, vs  about  1 2  i n .  for 144 i n .  UO,), and t h e  i r r a d i a t i o n  

c o n d i t i o n s  ( t empera tu re  and burnup)  e x p e r i e n c e d  b y  these 

r o d s  were t o o  low t o  c a u s e  a p p r e c i a b l e  gas  r e l e a s e  from t h e  

U02. The m o d i f i c a t i o n  p rocedure  i n c l u d e s  t h r e e  remote 

o p e r a t i o n s .  

1, A smal l  h o l e  (-0.05 i n . )  is d r i l l e d  th rough  

one end p l u g ,  and where d e s i r e d ,  t h e  c o n t a i n e d  

g a s  may be c o l l e c t e d  and ana lyzed  f o r  8 5 K r  

( s e e  F i g ,  2 ) .  

2 ,  A p r e s s u r e  l e a d  of 1/8 i n .  d i a m e t e r  t u b i n g  

is a t t a c h e d  t o  t h e  f u e l  r o d ,  e i t h e r  by welding 

o r  w i t h  a compress ion  f i t t i n g .  I n  some cases 
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a d d i t i o n a l  plenum volume is a t t a c h e d ;  such  a n  

assembly is i l l u s t r a t e d  i n  F i g .  3 .  The remote  

w e l d e r ,  which is used  t o  w e l d  h i g h l y  r a d i o a c t i v e  

rods i n  a n  i n e r t  a tmosphere  is shown i n  Fig.  4. 

3 .  The e n t i r e  assembly is p r e s s u r i z e d  w i t h  he l ium 

and sealed v i a  a p r e v i o u s l y  p r e p a r e d  1/8 i n .  

diameter t u b e ,  which is shown i n  F i g .  3 .  P r e s -  

s u r e s  r e p r e s e n t a t i v e  of c u r r e n t  h i g h  performance 

f u e l  are i n s t a l l e d ;  t h e s e  a r e  50 and 2 0 0  p s i a  

fo r  BWR, and up  t o  500  p s i a  f o r  PWR t y p e  r o d s .  
6 

We f e e l  t h a t  t h e  p r e s e n c e  of a plenum c o n t a i n i n g  an  

a p p r e c i a b l e  r e s e r v o i r  of gas ( s e v e r a l  t i m e s  t h a t  volume d i s -  

p e r s e d  a l o n g  t h e  l e n g t h  of t h e  r o d )  cou ld  s i g n i f i c a n t l y  

a f f e c t  b o t h  t h e  r u p t u r e  charac te r i s t ics  of t h e  c l a d d i n g  and 

t h e  g r o s s  release of  f i s s i o n  p r o d u c t s .  Fo r  i n s t a n c e ,  a smal l  

f a i l u r e  w i l l  q u i c k l y  r e l i e v e  t h e  p r e s s u r e  from a rod  w i t h  a 

smal l  gas volume, whereas a larger volume might c a u s e  t h e  

f a i l u r e  t o  p r o p a g a t e  and become much larger,  p o s s i b l y  t o  t h e  

p o i n t  of dumping o u t  f u e l .  A l s o ,  t h e  larger volume of gas 

r u s h i n g  a l o n g  t h e  f u e l  rod  from t h e  plenum t o  t h e  r u p t u r e  is 

l i k e l y  t o  sweep o u t  p a r t i c u l a t e  matter ( f u e l  and f i s s i o n  

p r o d u c t s )  p r o p o r t i o n a t e  t o  t h e  volume f low.  We p l a n  t o  i n -  

v e s t i g a t e  t h e  r e s i s t a n c e  t o  gas f l o w  a l o n g  i r r a d i a t e d  r o d s  

by making f l o w  v s  p r e s s u r e  measurements b o t h  b e f o r e  and a f t e r  

r u p t u r e  t e s t i n g .  

The mod i f i ed  f u e l  rod  is mounted v e r t i c a l l y  i n  concen-  

tric q u a r t z  t u b e s  w i t h i n  a n  i n d u c t i o n  c o i l ,  as  shown schemat- 

i c a l l y  i n  Fig,  5. The l e n g t h s  of t h e  i n t e r c h a n g e a b l e  q u a r t z  
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Fuel Rod- 

F i g .  4.  Remote I n e r t  G a s  Welder ,  With B e l l  Jar R a i s e d .  
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con ta inmen t  t u b e s  and coppe r  i n d u c t i o n  c o i l s  are v a r i e d  t o  

match t h e  f u e l  r o d .  The t es t  a tmosphere  is a f lowing  m i x t u r e  

of carr ier  gas (a rgon + 107’onitrogen) and steam. A s m a l l  

f r a c t i o n  of  n i t r o g e n  i n  t h e  car r ie r  gas  is n e c e s s a r y  t o  

s u p p r e s s  e l e c t r i c a l  d i s c h a r g e  from t h e  i n d u c t i o n  c o i l  t o  t h e  

f u e l  r o d ,  a problem which i n c r e a s e s  w i t h  t h e  v o l a t a g o  a p p l i e d  

t o  t h e  i n d u c t i o n  c o i l .  Although t h e  e m b r i t t l e m e n t  of Z i r c a l o y  

by n i t r o g e n  a t  h i g h  t e m p e r a t u r e  is a w e l l  known r e a c t i o n ,  t h e  

v e r y  s h o r t  t i m e  (-30 seconds )  a t  r e a c t i o n  t e m p e r a t u r e s  s h o u l d  

minimize any e f f e c t s  of n i t r o g e n  r e a c t i o n  i n  t h e s e  tests. 

Steam is  g e n e r a t e d  by p a s s i n g  t h e  carr ier  g a s  t h r o u g h  water 

i n  a c o n t r o l l e d  t e m p e r a t u r e  r e s e r v o i r .  The steam f l o w  r a t e  

is s u f f i c i e n t  t o  a l l o w  u n l i m i t e d  r e a c t i o n  w i t h  t h e  Z i r c a l o y  

c l a d d i n g  up t o  t h e  e x p e c t e d  r u p t u r e  t e m p e r a t u r e ,  which w i l l  

be 1400 t o  2JOO0F, depending  on t h e  i n t e r n a l  p r e s s u r e .  

The s o u r c e  of h i g h  f r e q u e n c y  (-400 k c )  power is a rad io  

f r e q u e n c y  g e n e r a t o r  (Lepel Model N o ,  T-50-3,5), which is 

mounted outside t h e  h o t  cell. Power is t r a n s m i t t e d  t o  t h e  

i n - c e l l  assembly  by 1 / 2  i n .  diameter water c o o l e d  coppe r  

t u b e s .  The s y s t e m  is c a p a b l e  of a wide r a n g e  of r o d  h e a t i n g  

rates and maximum t e m p e r a t u r e s ,  up t o  -lOO°F/sec and >2500°F, 

T e s t s  a t  h e a t i n g  rates of 2 8 ,  5 0  and POO”F/sec are  c u r r e n t l y  

p lanned  ., 

F u e l  rod  t e m p e r a t u r e  d u r i n g  t h e  test is moni tored  by 

a t  least  two B t  vs Pt-107’0RRh thermocouples  a t t a c h e d  t o  t h e  

c l a d d i n g .  A p r e s s u r e  s e n s o r  is mounted i n  t h e  f i s s i o n  p roduc t  
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c o l l e c t o r  immedia te ly  downstream from t h e  f u e l  rod  t o  d e t e c t  

t h e  p r e s s u r e  surge a t  t h e  i n s t a n t  of c l a d d i n g  r u p t u r e .  T h i s  

s e n s o r  t r a n s m i t s  a s i g n a l  t o  a two-pen r e c o r d e r  (Hewle t t -  

Packard  N o .  7100B) which s i m u l t a n e o u s l y  r e c o r d s  t h e  tempera-  

t u r e  s i g n a l  from a thermocouple ,  t h e r e b y  p e r m i t t i n g  a c c u r a t e  

d e t e r m i n a t i o n  of t h e  r u p t u r e  t e m p e r a t u r e .  

The f i s s i o n  p roduc t  c o l l e c t o r  assembly is a T e f l o n  

c y l i n d e r  (F ig .  6 )  c o n t a i n i n g  h i g h  e f f i c i e n c y  f i b e r  g l a s s  

p a r t i c l e  f i l t e r s  and a c t i v a t e d  c h a r c o a l  f o r  removing such  

v o l a t i l e  s p e c i e s  as  i o d i n e ,  c e s i u m ,  t e l l u r i u m ,  and ru thenium 

from t h e  g a s  stream. I t  is h e a t e d  t o  150°C to  p r e v e n t  

m o i s t u r e  c o n d e n s a t i o n .  T r a p s  c o o l e d  b y  water ice (OOC) and 

d r y  ice (-78OC) remove t h e  w a t e r  vapor  from t h e  g a s  s t r e a m  

p r i o r  t o  c o l l e c t i o n  of t h e  rare g a s e s  - 8 5 K r  and s t a b l e  K r  

and X e  - i n  a d r y  ice c o o l e d  c h a r c o a l  t r a p .  ( S e e  sys tem 

flow diagram,  F i g ,  5 . )  A photograph  of t h e  in-cell equ ip -  

ment is shown i n  F i g .  7 .  

A ser ies  of p r e l i m i n a r y  tests were run  t o  de te rmine  (1 )  

t h e  optimum c o i l  c o n f i g u r a t i o n ,  ( 2 )  t h e  optimum g e n e r a t o r  

s e t t i n g s ,  and ( 3 )  t h e  e f f e c t s  of v a r i o u s  o p e r a t i n g  c o n d i t i o n s  

on t h e  accu racy  of t h e  c l a d d i n g  thermocouples .  A single c o i l ,  

18 t u r n s  ove r  a n i n e  i n c h  l e n g t h ,  connec ted  t o  4 t o  1 s t e p -  

down t r a n s f o r m e r  proved t o  have adequa te  c a p a c i t y  f o r  h e a t i n g  

an  e i g h t  i n c h  long  c a p s u l e  a t  r a t e s  up t o  200°F/sec.  Com- 

p a r i s o n  of t h e  o u t p u t  from thermocouples  on b o t h  t h e  i n s i d e  

and t h e  o u t s i d e  s u r f a c e s  of t h e  c l a d d i n g  w i t h  an o p t i c a l  
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PHOTO 97085 

F i g .  6. Components of F i s s i o n  P roduc t  C o l l e c t o r .  



16 



1 7  

pyrometer  showed i n d u c t i o n  h e a t i n g  had no d e t e c t a b l e  e f f e c t  

on t h e  i n s i d e  thermocouple  and n e g l i g i b l e  e f f e c t  on t h e  o u t -  

s i d e  thermocouple  a t  t h e  lower v o l t a g e s ,  i . e . ,  w i t h  t h e  

stepdown t r a n s f o r m e r .  

Rapid ,  un i fo rm h e a t i n g  of a 29-inch long rod  proved t o  

be somewhat more d i f f i c u l t .  S e v e r a l  c o i l  c o n f i g u r a t i o n s ,  

a t  b o t h  h i g h  and low v o l t a g e s ,  were t e s t e d .  A s  no ted  p r e -  

v i o u s l y ,  i o n i z a t i o n  of t h e  i n e r t  carr ier  g a s  l i m i t e d  t h e  

h e a t i n g  ra tes  i n  a rgon  and he l ium,  s o  a m i x t u r e  of a rgon  and 

n i t r o g e n  w a s  t e s t e d '  and found t o  a l l o w  more r a p i d  h e a t i n g .  

I n  a d d i t i o n ,  t h e  u s e  of h i g h  c o i l  v o l t a g e s  caused  i n t o l e r a b l e  

h e a t i n g  i n  t h e  thermocouples  welded t o  t h e  c l a d d i n g  s u r f a c e .  

A t h r e e  s e c t i o n  c o i l ,  connec ted  i n  p a r a l l e l  t o  t h e  stepdown 

t r a n s f o r m e r ,  proved t o  be t h e  b e s t  combina t ion ;  t y p i c a l  

g e n e r a t o r  s e t t i n g s  and h e a t i n g  rates a r e  shown i n  Tab le  1. 

T a b l e  1. Approximate RF G e n e r a t o r  S e t t i n g s  
f o r  F u e l  Rod Rup tu re  T e s t s  

(Three S e c t i o n  C o i l ,  Stepdown Trans fo rmer ,  i n  Hot C e l l )  

H e a t  R a t e  S a t u r a b l e  React o r  T h y r a t r o n  RF C u r r e n t  
(OF/sec) ( 70) ( 70) (amps 1 

2 0  

50 

100 

0 

15 

2 5  

45 

50 

55 

1 5 0  

230  

280 



111. POST-TEST ANALYSES 

A f t e r  f u e l  rod  r u p t u r e ,  steam f low is t e r m i n a t e d  and 

t h e  sys tem is swept  w i t h  a rgon  u n t i l  it h a s  c o o l e d  t o  ambient  

t e m p e r a t u r e .  The f i s s i o n  p roduc t  c o l l e c t o r  is removed and 

p l a c e d  i n  a p l a s t i c  s a c k  t o  gua rd  a g a i n s t  c ros s -con tamina t ion .  

Then t h e  f u e l  rod may be removed from t h e  sys tem and i n s p e c t e d  

v i s u a l l y .  Areas of p a r t i c u l a r  i n t e r e s t  are photographed and 

rod  d i a m e t e r s  are measured i n  two p e r p e n d i c u l a r  p l a n e s  a t '  

r e g u l a r  i n t e r v a l s ,  s o  t h a t  s w e l l i n g  c a n  be c h a r t e d .  Depending 

on t h e  g e n e r a l  appea rance ,  samples  may be c u t  from t h e  r u p t u r e  

areas f o r  m e t a l l o g r a p h i c  examina t ion  t o  s t u d y  t h e  c l a d d i n g  

m i c r o s t r u c t u r e .  The mode of f a i l u r e ,  e x t e n t  of s w e l l i n g ,  and 

m i c r o s t r u c t u r a l  e f f e c t s  are compared as f u n c t i o n s  of i r r a d i -  

a t i o n  exposure  (burnup)  and r u p t u r e  t e s t  c o n d i t i o n s .  

The f i l t e r s  and h o t  and c o l d  c h a r c o a l  c o l l e c t o r s  are 

ana lyzed  r a d i o c h e m i c a l l y  t o  d e t e r m i n e  t h e  amount and s p e c i e s  

of f i s s i o n  p r o d u c t s  released. The f i s s i o n  p roduc t  i n v e n t o r y  

i n  t h e  f u e l - c l a d d i n g  gap  is e s t i m a t e d  from t h e  i r r a d i a t i o n  

h i s t o r y  and p r e v i o u s  release from UO, work;5 t h u s  t h e  f r a c -  

t i o n a l  release of t h e  f i s s i o n  p r o d u c t s  r e s i d i n g  i n  t h e  f u e l -  

c l a d d i n g  gap  c a n  be de t e rmined .  
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IV. RUPTURE TEST PROGRAM 

The aim of t h i s  program is t o  o b t a i n  c o n s i s t e n t  r e s u l t s  

ove r  a broad r a n g e  of both i r r a d i a t i o n  and tes t  c o n d i t i o n s .  

I n  t h e  i m m e d i a t e  f u t u r e ,  w e  s h a l l  be l i m i t e d  t o  tes t  s p e c i -  

mens w i t h  c o n s i d e r a b l y  less  t h a n  i d e a l  c h a r a c t e r i s t i c s .  The 

r e a d i l y  a v a i l a b l e  f u e l  rods  w e r e  f a b r i c a t e d  almost t e n  y e a r s  

a g o ;  t h u s  t h e y  do n o t  r e f l e c t  c u r r e n t  f a b r i c a t i o n  t e c h n o l o g y .  

(Presumably ,  s i g n i f i c a n t  improvement i n  t h e  q u a l i t y  and re- 

p r o d u c i b i l i t y  o€ t h e  f u e l  and c l a d d i n g  m a t e r i a l ,  and i n  

w e l d i n g ,  h a s  been achieved  d u r i n g  t h i s  p e r i o d .  ) Second ly ,  

t h e  i r r a d i a t i o n  h i s t o r y  of t h e s e  r o d s  is b o t h  d i f f e r e n t  from 

t h a t  of r o d s  i n  commercial power r e a c t o r s  (which have la rger ,  

f l a t t e r  f l u x  cores and s u b j e c t  t h e  f u e l  t o  f ewer  t h e r m a l  

c y c l e s )  and is n o t  well known. ( I o e . ,  w h i l e  t h e  t o t a l  ex-  

p o s u r e  is known t o  r e a s o n a b l e  a c c u r a c y ,  t h e  v a r i o u s  t i m e -  

h e a t  r a t i n g  combina t ions  a re  n o t  w e l l  known.) These  un- 

c e r t a i n t i e s  w i l l  undoubtcdly  r e d u c e  t h e  c o n s i s t e n c y  o f ,  and 

c o n f i d e n c e  i n ,  t he  r e s u l t s  o f  t h i s  ser ies  of r u p t u r e  t e s t s .  

T h e r e f o r e ,  w e  s h a l l  a t t e m p t  t o  o b t a i n  more modern, bet ter  

c h a r a c t e r i z e d  f u e l  r o d s  for f u t u r e  t e s t i n g .  

S e v e r a l  u n i r r a d i a t e d  Dresden I t y p e  r o d s  have been 

r u p t u r e d  i n  sys t em and p rocedure  t e s t i n g ,  and t o  s e r v e  a s  

c o n t r o l s  for t h e  i r r a d i a t e d  rods.  The r e s u l t s  of some of 

t h e s e  t e s t s  are p r e s e n t e d  i n  T a b l e  2 ,  and t h e  appea rance  of 

t h e  rupt-cared rods is i l l u s t r a t e d  i n  Fig. 8. The p r e l i m i n a r y  



T a b l e  2.  Rupture  T e s t  Data  For U n i r r a d i a t e d  F u e l  Rods 

I n t e r n a l  H e a t  Rupture  Length of Maximum Maximum 
Rod P r e s s u r e  Rate Temp. Rupture  D i a m e t e r a  Swe l l ingb  

(PS ig) ( 'F/sec> ( O F )  ( i n .  (70 i n c r e a s e )  ( 70) N O .  

R - 1  200 14 1 5 6 0  0 .15  44 

R-13 200 18  1 5 6 5  0 .15  36 

R-14 50  29 18 05  0 . 0 8  39 

R-15 5 0  1 9  1 7  00 0 .25  55 

R-11 1 0 0  24 164 5 0.13 39 

34 

25 

36 

47 

33  

N 
0 

~~ ~ - 

Nominal p r e - t e s t  d i a m e t e r :  0.567 f 0 . 0 0 1  i n .  a 

bBased on c i r c u m f e r e n c e .  
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t e s t s  showed t h a t  u n p r e s s u r i z e d  r o d s  ( i . e . ,  about  one atmos- 

p h e r e  i n t e r n a l  p r e s s u r e  a t  room t e m p e r a t u r e )  s w e l l e d  b u t  d i d  

n o t  r u p t u r e  up t o  t es t  t e m p e r a t u r e s  of >2500°F. Consequen t ly ,  

no  t e s t s  of u n p r e s s u r i z e d ,  i r r a d i a t e d  r o d s  are p lanned .  T e s t s  

of i r r a d i a t e d  r o d s  which a r e  c u r r e n t l y  p lanned  are l i s t e d  i n  

T a b l e  3 .  Some of t h e  PWR t y p e  r o d s  ( 0 . 4 2 4  i n .  O.D.) w i l l  be 

p r e s s u r i z e d  t o  a t  least  5 0 0  p s i a  f o r  t e s t i n g ,  s i n c e  PWR r o d s  

no rma l ly  b u i l d  up  c o n s i d e r a b l y  h i g h e r  f i s s i o n  g a s  p r e s s u r e s  

t h a n  BWR r o d s .  

V .  SUMMARY AND CONCLUSIONS 

S i n c e  i r r a d i a t i o n  e f f e c t s  may i n f l u e n c e  t h e  mechan ica l  

p r o p e r t i e s  of t h e  Z i r c a l o y  clad-UO, f u e l  r o d s  used i n  water 

c o o l e d  power r e a c t o r s ,  an e x p e r i m e n t a l  program t o  r u p t u r e  

t e s t  i r r a d i a t e d  f u e l  r o d s  is b e i n g  conducted .  The equipment 

and p rocedure  f o r  r a p i d  h e a t i n g  of i r r a d i a t e d  r o d s  i n  a steam 

a tmosphere  w a s  deve loped  f o r  remote o p e r a t i o n .  Techniques  

f o r  modi fy ing  t h e  r o d s  t o  p r o v i d e  r e a l i s t i c  i n t e r n a l  p r e s s u r e  

and g a s  volume, and f o r  remote a t t a c h m e n t  of c l a d d i n g  thermo- 

c o u p l e s  w e r e  r e q u i r e d .  The i n d u c t i o n  h e a t i n g  sys tem proved 

t o  be a d e q u a t e  t o  per form tes t s  w i t h  un i fo rm h e a t i n g  ra tes  

of 1 0  t o  100°F/sec.  Rup tu re  tests of u n i r r a d i a t e d  f u e l  r o d s  

have been performed s u c c e s s f u l l y ,  and t h e  r e s u l t s  - r u p t u r e  

t e m p e r a t u r e  and e x t e n t  of s w e l l i n g  - compare r e a s o n a b l y  w e l l  

w i t h  o t h e r  e x p e r i m e n t s .  8 9 9  
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Table 3 .  Planned F u e l  R o d  Rup tu re  T e s t s  

H e a t i n g  Rate 
(OF/sec) 

I n t  erna 1 
Burnup P r e s s u r e  Length 

R o d  N o .  (in.) (Mwd/Tl (psigl 

I. BWR Type Rods :  0 ,565 i n ,  O.D. - 
F 6 - I  2 9  7 , 0 0 0  5 0  

F6-PV 29 7 , 0 0 0  S O  

A - I  I 29 7 , 0 0 0  2 0 0  

s-1 4 1  2 , 7 0 0  5 0  

s-2 4 1  3 , 0 0 0  50 

s-4 41 3 , 0 0 0  50 

S-6 4 1  3 , 0 0 0  200 

s-11 4 1  2 ,700  2 0 0  

S-25 4 1  3 , 0 0 0  200 

~- 

20  

5 0  

2 0  

2 0  

50  

100 

20 

5 0  

100 

I%. PWR Type R o d s :  0.424 i n .  O.D, 

R4D-21  4 1  7 , 4 0 0  S O  20 

R4D-22 41. 7,400 5 0  50  

R4D-25 4 1  7 ,400  50 1 0 0  

R4D-6 4 1  8 , 2 0 0  500 20 

R4D-10 4 1  8 , 2 0 0  500  50  

R2D-90 4 1  8 , 4 0 0  5 0 0  1 0 0  
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