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1.0 INTRODUCTION 

The TREAT e x p e r i m e n t s  s i m u l a t e  f u e l  r o d  f a i l u r e  unde r  

lo s s -o f -coo lan t  a c c i d e n t  c o n d i t i o n s  f o r  a PWR or BWR. T h i s  

expe r imen t  used a 7-rod c l u s t e r  of 27-in.- long  Z i r c a l o y - c l a d  

UOz f u e l  r o d s  w i t h  t h e  c e n t e r  rod c o n t a i n i n g  f i s s i o n  p r o d u c t s  

from a 650 Mwd/ton i r r a d i a t i o n  i n  t h e  MTR. P r e p r e s s u r i z a t i o n  

of t h e  rods w i t h  1 1 5  t o  2 1 5  p s i a  he l ium (77OF) s i m u l a t e d  

f i s s i o n  gas released from a 1 0 , 0 0 0  Mwd/ton burnup, The f u e l  

rod  f a i l u r e  tes t  w a s  performed i n  TREAT by o p e r a t i n g  the 
r e a c t o r  a t  s t e a d y  power f o r  a b o u t  20 sec s o  t h a t  f i s s i o n  h e a t  

in t h e  7-rod c l u s t e r  raised the c l a d d i n g  t e m p e r a t u r e  72OF/sec. 

A f l o w i n g  gas m i x t u r e  of steam and he l ium carr ied f i s s i o n  

p r o d u c t s  r e l e a s e d  from t h e  center rod  i n t o  two s e q u e n t i a l l y  

o p e r a t e d  f i s s i o n  p r o d u c t  c o l l e c t i o n  sys t ems .  The f i r s t  ex- 

pe r imen t  was performed September  1 2 ,  1969 ,  and a d e t a i l e d  

d e s c r i p t i o n  of t h e  expe r imen t  d e s i g n  and a p r e l i m i n a r y  

e v a l u a t i o n  of t h e  test  r e s u l t s  f o l l o w s .  

2.0 DESCRIPTION OF EQUIPMENT - TREAT FUEL ROD 
FAILURE EXPERIMENT FRF-1 

2 1 G e n e r a l  D e s c r i p t i o n  

A pho tograph  of t h e  i n - r e a c t o r  components of the equ ip -  

ment is shown i n  F i g .  2 . 1 .  F u e l  rod c l a d d i n g  w a s  a nominal  

0.564 i n .  d i a m e t e r  and t h e  rods w e r e  l o c a t e d  on an  e q u i l a t -  

e r a l  t r i a n g l e  s p a c i n g  0.75 i n .  a p a r t .  The r o d s  occupied  

51% of t h e  c r o s s - s e c t i o n a l  area i n  t h e  t r i a n g u l a r  l a t t i c e  

and 46% of t h e  area w i t h i n  t h e  2-3/16 i n .  I.D, Z i r c a l o y  

s l e e v e  s u r r o u n d i n g  t h e  rod bundle .  Steam f lowed up th rough  

t h e  rod  bund le  a t  a rate of 11 R/min (STP) a long  w i t h  1.8 

i /min (STP) he l ium a t  a p r e s s u r e  of abou t  19  p s i a .  The steam- 
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hel ium mix tu re  c a r r i e d  f i s s i o n  p r o d u c t s  from t h e  r u p t u r e d  

r o d s  through t h e  f i l t e r  packs where m o s t  of t h e  a e r o s o l  

p a r t i c l e s  and i o d i n e  were c o l l e c t e d .  The e n t i r e  s team s y s t e m  

w a s  p r e h e a t e d  e l e c t r i c a l l y  t o  13OoC t o  p reven t  condensa t ion  

of steam. The pr imary v e s s e l  w a s  w e l l  i n s u l a t e d  t o  p reven t  

o v e r h e a t i n g  of t h e  r e a c t o r  f u e l  when t h e  exper iment  f u e l  rod 

bundle  w a s  h e a t e d  t o  a much h i g h e r  t e m p e r a t u r e ,  

The f low s y s t e m  is shown i n  F ig .  2.2. Cons tan t  h e a t  

i n p u t  of 440 w a t t s  t o  t h e  steam g e n e r a t o r  provided 9 g/min 

steam f low t o  t h e  bottom of t h e  rod bundle .  Helium a t  1.8 

4/min (STP) w a s  mixed w i t h  t h e  steam i n  t h e  g e n e r a t o r ,  and 

t h e  m i x t u r e  passed  through a f i l t e r  pack upon l e a v i n g  t h e  

pr imary v e s s e l .  Chemical ly  r e a c t i v e  compounds of t h e  f i s -  

s i o n  product  i o d i n e  d e p o s i t e d  on s i l v e r - p l a t e d  s u r f a c e s  

and aerosol p a r t i c l e s  w e r e  c o l l e c t e d  on t h r e e  f i b e r g l a s s -  

a s b e s t o s  f i l t e r s  i n  series.  A high-ef  f i c i e n c y  s i l v e r - p l a t e d  

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

desorbed  from p a r t i c l e s  on t h e  f i l t e r s .  The steam w a s  con-  

densed and t h e  hel ium carried remain ing  v o l a t i l e  f i s s i o n  

p r o d u c t s  t h rough  a w a r m  iodine- impregnated c h a r c o a l  t r a p  f o r  

c o l l e c t i o n  of CH3 I and th rough  l iqu id -n i t rogen-coo led  c h a r -  

c o a l  t r a p s  f o r  c o l l e c t i o n  of xenon and krypton .  E f f l u e n t  

hel ium w a s  monitored by r o t a m e t e r  and w e t  t e s t  meter. Hydro- 

gen formed by r e a c t i o n  of steam w i t h  z i rconium appeared a s  

e f f l u e n t  gas f low g r e a t e r  t h a n  t h e  c o n t r o l l e d  hel ium f low 

rate.  A second i d e n t i c a l  f i s s i o n  p roduc t  c o l l e c t i o n  sys tem 

w a s  used a f t e r  t h e  f i r s t  90  sec i n  o r d e r  t o  de te rmine  what 

f i s s i o n  p r o d u c t s  were s l o w l y  r e l e a s e d  a f t e r  t h e  i n i t i a l  

r u p t u r e .  Back-purging of F i l t e r  Pack No. 2 w i t h  hel ium p re -  

vented  a c c i d e n t a l  con tamina t ion  when F i s s i o n  Product  Col-  

l e c t i o n  Uni t -1  w a s  i n  u s e .  
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2 .2  F u e l  Rod C o n s t r u c t i o n  

D e t a i l s  of f u e l  rod  c o n s t r u c t i o n  a r e  g i v e n  i n  T a b l e  2 . 1 .  

The f o u r  r o d s  w i t h  Z i r ca loy -2  c l a d d i n g  were s u r p l u s  r o d s  of 

commercial  manufac ture  b u i l t  t o  Dresden-I  d imens ions ,  The 

r o d s  were used "as- rece ived"  s o  t h a t  p r e c i s e  i n t e r n a l  dimen- 

s i o n s  are n o t  y e t  a v a i l a b l e .  Nominal d imens ions  w e r e :  

c l a d d i n g ,  0.564 i n .  d i a  and 0.033 i n .  w a l l  t h i c k n e s s ,  and 

U0, d i a  0.492 i n .  The t h r e e  r o d s  w i t h  Z i r ca loy -4  c l a d d i n g  

w e r e  assembled a t  ORNL u s i n g  c l a d d i n g  of r e c e n t  commercial  

manufac tu re .  A l l  r o d s  had a combined f u e l  and plenum l e n g t h  

of 26-7/8 i n .  S e l e c t e d  p e l l e t s  from e x t r a  'fDresden--I'7 r o d s  

were used  f o r  f u e l .  The p e l l e t s  averaged  0.62 i n .  long  and 

had an O/U r a t i o  of 2.001. The immersion d e n s i t y  a t  25OC 

i n  w a t e r  averaged  10.34 (94.470 of t h e o r e t i c a l ) ,  en r i chmen t  

w a s  l.51o/o0, and i m p u r i t i e s  were less t h a n  100 ppm f o r  each  

e lement  i d e n t i f i e d .  A l l  c l a d d i n g  w a s  i n s p e c t e d  u l t r a -  

s o n i c a l l y  f o r  f l a w s  u s i n g  a 0.002 x 0.002 x 0 . 5  i n .  groove 

a s  a s t a n d a r d .  N o  d e f e c t s  were detected i n  t h e s e  r o d s  a l -  

though most of t h e  r o d s  from t h e  Dresden-1 s i z e  b a t c h  showed 

d e f e c t s .  The plenums of t h e  t h r e e  Z i r ca loy -4  r o d s  e a c h  con- 

t a i n e d  a s p r i n g  wound from 1/16 i n .  d i a  Z i r c a l o y  w i r e .  The 

s p r i n g  d e f l e c t i o n  w a s  0.12 ine/in.-lb, b u t  t h e  r o d s  w e r e  

assembled w i t h o u t  compress ion  on t h e  s p r i n g s .  A 3 /8  i n ,  long 

Z i r c a l o y  c y l i n d e r  w i t h  a 1 / 1 6  x 1/16 i n .  g roove  for f r e e  gas  

passage  was l o c a t e d  between t h e  s p r i n g  and f i r s t  p e l l e t ; .  

A 1/8 i n .  d i a  Z i r c a l o y  t u b e  w i t h  1 / 1 6  i n .  d i a  h o l e  was 

welded t o  t h e  t o p  of e a c h  rod  f o r  p r e s s u r i z i n g .  The r o d s  

were h e l d  a t  255'F and evacua ted  o v e r n i g h t  f o r  d r y i n g  and 

o u t g a s s i n g .  The v o i d  volume w a s  measured by expanding hel ium 

i n t o  t h e  rod  from a known volume.  P r e s s u r e  was i n c r e a s e d  t o  

t h e  d e s i r e d  l e v e l  and t h e  t u b e  w a s  p inched  from t h e  o u t s i d e  

o n t o  a 1/16 i n .  d i a  g o l d  w i r e  l o c a t e d  i n  t h e  t u b e .  The 

p i n c h - s e a l  was checked f o r  l eakage  and t h e  t u b e  t h e n  c u t  and 

s e a l  welded.  A f i n a l  leak check  was made w i t h  a mass 
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s p e c t r o m e t e r  he l ium l e a k  d e t e c t o r .  A f t e r  assembly ,  t h e  

Z i r ca loy -4  r o d s  were a u t o c l a v e d  f o r  2 days  i n  1 5 0 0  p s i  s team 

a t  750°F. The he l ium f i l l  p r e s s u r e  r a n g e  of 115 t o  215 p s i a  

(77*F)  w a s  based  on estimates of f i s s i o n  g a s  p r e s s u r e  i n  a 

BWR c a l c u l a t e d  by t h e  D’ ( e m p i r i c a l )  method.’ T h i s  c a l c u -  

l a t i o n  showed t h a t  most of t h e  r o d s  would c o n t a i n  p r e s s u r e  

below t h i s  r a n g e ,  b u t  t h a t  most of t h e  v o l a t i l e  f i s s i o n  

p r o d u c t s  r e l e a s e d  from UO, i n t o  t h e  rod  v o i d  s p a c e s  would 

be c o n t a i n e d  i n  r o d s  w i t h  p r e s s u r e s  above t h i s  r ange .  

The d i f f e r e n c e s  i n  rod  c o n s t r u c t i o n  were made t o  see i f  

any one va r i ab le  s t r o n g l y  i n f l u e n c e d  t h e  c h a r a c t e r i s t i c s  of 

c l a d  s w e l l i n g  and r u p t u r e .  Two c l a d d i n g  a l l o y s  w e r e  u sed ,  

p e l l e t  t o  clad gap  ranged  from 0 . 0 0 2  t o  0.010 in .  on t h e  

d i a m e t e r ,  t o t a l  v o i d  volume ranged  from 4 . 0  t o  11.1 c m  , and 

i n t e r n a l  p r e s s u r e  ranged  f r o m  115 t o  2 1 5  p s i a  ( 7 7 O F ) .  Rods 

H and L w e r e  e a c h  connec ted  t o  a s t r a i n  gauge p r e s s u r e  t r a n s -  

d u c e r  f o r  c o n t i n u o u s  mon i to r ing  of i n t e r n a l  p r e s s u r e .  B o t h  

r o d s  had two P t  v s  Pt-Rh thermocouples  made of 3 0  gauge w i r e  

spot-welded t o  t h e  c l a d d i n g ,  b u t  two of t h e s e  the rmocoup les ,  

one on  e a c h  r o d ,  w e r e  damaged a f t e r  i n i t i a l  assembly when 

a l t e r a t i o n s  were made t o  a l l o w  i n c r e a s e d  l i n e a r  expans ion .  

3 

2 . 3  F u e l  Rod Suspens ion  

Rods H and L, which were connec ted  t o  p r e s s u r e  c e l l s ,  

were hung from t h e  t o p  s u p p o r t  s p i d e r  and t i g h t e n e d  t o  t h e  

s p i d e r  s o  t h a t  r o t a t i o n  o r  o t h e r  movement a t  t h a t  l o c a t i o n  

would be h i g h l y  r e s t r a i n e d ,  These r o d s  and a l l  o t h e r s  had 

1 /32  i n .  c l e a r a n c e  on t h e  d i a  w i t h  t h e  bot tom s p i d e r  s p a c e r ,  

The o t h e r  r o d s  r e s t e d  on a bot tom s u p p o r t  p l a t e  w i t h o u t  any 

r e s t r a i n t  on r o t a t i o n .  The t o p  end of t h e s e  r o d s  had 1 /64  

i n .  c l e a r a n c e  on t h e  d i a m e t e r  i n  h o l e s  i n  t h e  upper  s u p p o r t  

s p i d e r .  A l l  r o d s  had 5/16 i n .  a v a i l a b l e  f o r  l i n e a r  ex- 
p a n s i o n .  The rods  w e r e  n o t  c l i p p e d  o r  s u p p o r t e d  o t h e r  t h a n  

a t  t h e  ends .  



8 

2 . 4  C e n t e r  Rod I r r a d i a t i o n  

The c e n t e r  rod  was p l a c e d  i n  a s p e c i a l  i r r a d i a t i o n  

c a p s u l e  and i r r a d i a t e d  a s  exper iment  ORNL-58-2 i n  t h e  MTR 
from June  11 t o  June 2 5 ,  1969, f o r  13.125 f u l l  power days .  

The d e s i g n  l i n e a r  power h e a t  r a t i n g  f o r  t h e  i r r a d i a t i o n  was 

1 5  kw/f t  avg which w a s  t h e  same a s  t h e  h o t t e r  r o d s  of a 

modern BWR. Magnesium a l l o y  s p a c e r s  between t h e  rod  and 

o u t e r  s t a i n l e s s  s t e e l  c o n t a i n e r  provided  t h e  p r o p e r  tempera- 

t u r e  d r o p  between t h e  f u e l  rod  c l a d d i n g  and t h e  r e l a t i v e l y  

c o o l  MTR c o o l i n g  w a t e r ,  A f t e r  t h e  i r r a d i a t i o n  t h e  rod was 

n e u t r o n  r ad iog raphed  and gamma scanned w i t h  a l i l h i u m -  

d r i f t e d  germanium s c i n t i l l a t i o n  c r y s t a l  and a 0 .005  i n .  

s l i t - w i d t h  c o l l i m a t o r .  The n e u t r o n  r a d i o g r a p h  showed t h a t  

a c e n t r a l  vo id  d i d  no t  form i n  t h e  UO, p e l l e t s .  An a x i a l  

v o i d  would be expec ted  from g r a i n  growth and s i n t e r i n g  w i t h  

s u f f i c i e n t  t i m e  a t  t e m p e r a t u r e s  above l9OO0C, The gamma s c a n  

showed uni form f i s s i o n  p roduc t  c o n c e n t r a t i o n s  a t  p e l l e t  

c e n t e r s  and a t  p e l l e t  i n t e r f a c e s .  Previ .ous e x p e r i e n c e  w i t h  

a g roup  of s p e c i a l  c a p s u l e s  showed a c o r r e l a t i o n  between h i g h  

h e a t  r a t i n g ,  c en t r a l  void  f o r m a t i o n  and t h e  p re sence  of 

r a d i a t i o n  peaks  a t  p e l l e t  i n t e r f a c e s  caused  by m i g r a t i o n  of 

f i s s i o n  p r o d u c t s  a 2 9 3  A f t e r  g a m m a  s c a n n i n g ,  t h e  rod w a s  re- 

moved from its i r r a d i a t i o n  c a p s u l e  and i n s t a l l e d  i n  t h e  c e n t e r  

of t h e  TREAT exper iment  bundle  i n  t h e  TAN (Tes t  Area Nor th )  

h o t  c e l l s  a t  t h e  N a t i o n a l  R e a c t o r  T e s t i n g  S t a t i o n .  

3 . 0  EXPERIMENTAL PROCEDURE 

The expe r imen t  w a s  i n s t a l l e d  i n  TREAT, t h e  e n t i r e  f low 

system w a s  t e s t e d  w i t h  30  p s i g  h e l i u m  for l e a k a g e ,  f l ow con- 

t r o l  v a l v e s  were t e s t e d  and t h e  steam s a f e t y  s h u t o f f  sys tem 

was t e s t e d .  Two c a l i b r a t i o n  t r a n s i e n t s  were performed a t  low 

r e a c t o r  ene rgy  o u t p u t  t o  c o n f i r m  t h e  c a l c u l a t e d  rise i n  c l a d d i n g  
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t e m p e r a t u r e  for a g i v e n  reactor e n e r g y  release. The f irst  

c a l i b r a t i o n  t r a n s i e n t  w a s  performed w i t h  t h e  expe r imen t  

e v a c u a t e d  and i n i t i a l l y  a t  room t e m p e r a t u r e  t o  minimize h e a t  

loss.  The second t r a n s i e n t  w a s  performed w i t h  steam f low 

and t h e  expe r imen t  p r e h e a t e d .  Tempera ture  r e s p o n s e  t o  t h e  

t h r e e  t r a n s i e n t s  is summarized i n  T a b l e  3 .2 .  The i n c r e a s e  i n  

p r imary  v e s s e l  t e m p e r a t u r e  r e s u l t e d  from r e a c t o r  gamma h e a t -  

i n g .  

The loss -of  - coo lan t  t r a n s i e n t  proceeded  accord ing  t o  

t h e  f o l l o w i n g  s c h e d u l e :  

-14 rnin 

0 min 

8 sec 

28 sec 

9 0  sec 

10.5 rnin 

Steam f l o w  s t a r t ed  (11 R/min STP), hel ium 
flow: 

1.8 R/min (STP) t h r o u g h  pr imary  v e s s e l  and 

1 .8  4/min (STP) a d d i t i o n a l  purge  th rough  

F i l t e r  Pack-2. 

S t a r t  of TREAT t r a n s i e n t .  

R e a c t o r  power s t e a d y  a t  3 0  Mw. 

R e a c t o r  power d e c r e a s i n g  from 3 0  Mw 

Rods H and L r u p t u r e .  Maximum measured 

c l a d d i n g  t e m p e r a t u r e  of 1770'F r eached .  

P r imary  v e s s e l  p r e s s u r e  i n c r e a s e  from 

7 . 6  t o  1 0 . 5  p s i g  caused  ma in ly  by he l ium 

r e l e a s e d  from r o d s .  

Flow changed t o  F i s s i o n  P r o d u c t  C o l l e c t i o n  

Uni t -2 .  

H e a t  t o  s t eam g e n e r a t o r  t u r n e d  off. 

16 .25  rnin Flow changed back t o  Unit-1.  

18  min Steam g e n e r a t o r  bypassed .  

30  min Flow s t o p p e d .  



Tab le  3.2,  Temperature  Response t o  Reactor T r a n s i e n t s  

~~ ~ 

TREAT D u r a t i o n  TC-3 
I n t e g r a t e d  of TC-7 TC-9 (Primary 
Power Reactor Power (Rod H )  (Rod L) V e s s e l )  
Mwsec  sec OF O F  O F  

C a l i b r a t i o n  T r a n s i e n t  #1: S t a r t  0 

End 38.9 

0 94.6 95.4 84 

2 229.5 233.6 86  

C a l i b r a t i o n  T r a n s i e n t  #2:  S t a r t  0 0 3 65 365 327 

End 195.3 10 9 18 903 343 

Loss-of -Coolant T r a n s i e n t :  S t a r t  0 

End 556 

0 361  356 331 

2 0  177  1 1679 388 
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4 . 6  EXPERIMENTAL RESULTS 

4.1 Data Obta ined  Dur ing  In-TREAT Experiment  

Measured r e a c t o r  power, c l a d d i n g  t e m p e r a t u r e  and rod  i n -  

t e r n a l  p r e s s u r e s  are shown i n  F i g .  4.3. TC-7 was 9-5/16 i n ,  

below t h e  t o p  of rod  H a t  a l o c a t i o n  r e c e i v i n g  997'0of t h e  

peak f l u x .  TC-9 w a s  6-1/4 i n .  below t h e  t o p  of rod  L where 

t h e  f l u x  w a s  about  94% of t h e  peak.  The c l a d d i n g  tempera-  

t u r e  r a t e  of r ise  averaged  7Z°F/sec. P r e s s u r e s  i n  r o d s  H and 

L a r e  shown as r e c o r d e d  w i t h o u t  any correction f o r  z e r o  b i a s  

o r  z e r o  s h i f t  due t o  t e m p e r a t u r e  or r a d i a t i o n ,  The i n i t i a l  

p r e s s u r e s  i n  r o d s  B and L p r e h e a t e d  t o  300'F shou ld  have been 

189 and 293 psia, r e s p e c t i v e l y ,  and the  p r e s s u r e s  a f t e r  rup-  

t u r e  s h o u l d  have been e q u a l  to t h e  p r imary  v e s s e l  p r e s s u r e ,  

23 p s i a .  Peaking  of t h e  p r e s s u r e  c u r v e s  a t  2 3  sec (156O0F] 

p robab ly  c o r r e s p o n d s  t o  t h e  beg inn ing  of s i g n i f i c a n t  volume 

increase by s w e l l i n g ,  The p r e s s u r e  increase i n  t h e s e  two 

r o d s  s h o u l d  have been s l o w e r  t h a n  i n  o t h e r  rods because  of 

t h e  unhea ted  gas volume i n  t h e  t u b i n g  and p r e s s u r e  c e l l .  

System p r e s s u r e s  and f l o w  r a t e  a r e  shown i n  F i g .  4 , 4 .  
Pr imary  v e s s e l  p r e s s u r e  was o b t a i n e d  from gauges l o c a t e d  

o u t s i d e  of t h e  r e a c t o r  s o  t h a t  r e s p o n s e  was s l o w ,  A s e n s i -  

t i v e  p r e s s u r e  c e l l  l o c a t e d  c l o s e  t o  t h e  pr imary  v e s s e l  

f a i l e d  d u r i n g  mockup t e s t i n g  and c o u l d  not  be r e p l a c e d .  

T h e r e f o r e  t h e  i n d i v i d u a l  p r e s s u r e  p u l s e s  from r u p t u r i n g  r o d s  

were no t  o b t a i n e d .  The l a r g e  r ise  i n  p r e s s u r e  b e t w e e n  25 and 

30  sec i n d i c a t e s  t h a t  most of t he  r o d s  f a i l e d  w i t h i n  this 

t i m e  span .  The d e c r e a s e  i n  pr imary  vessel  p r e s s u r e  at, 9 0  sec 

when f l o w  was changed is a r e s u l t  of less f low r e s t r i c t i o n  

i n  Unit-2.  The g r a d u a l  r i se  i n  p r e s s u r e  a f t e r  1 5 0  sec is  

undoub ted ly  due t o  a b u i l d u p  of f low r e s t r i c t i o n  i n  one of 

t h e  freeze t r a p s .  I n c r e a s e d  f l o w  r a t e  of steam l e a v i n g  t h e  

p r imary  v e s s e l  between 2 5  and 3 5  sec r e s u l t s  from h i g h e r  
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TREAT F u e l  Rod F a i l u r e  Experiment  FRF-1. 
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p r e s s u r e  i n  t h e  p r imary  v e s s e l ,  The s l i g h t l y  lower f low r a t e  

between 36  and 6 0  sec may r e p r e s e n t  a c o n v e r s i o n  of s team t o  

hydrogen. T h i s  r e a c t i o n  is on a 1-$0-1 volume r a t i o ,  b u t  t h e  

r o t a m e t e r  does  n o t  respond s i g n i f i c a n t l y  t o  hydrogen because  

of its low d e n s i t y .  

The w e t  tes t  meter a t  t h e  o u t l e t  of t h e  f low sys tem 

measures  combined he l ium and hydrogen f low.  The e f f l u e n t  g a s  

volume c u r v e  i n  F ig .  4.4 w a s  o b t a i n e d  from w e t  tes t  meter 

r e a d i n g s  w i t h  t h e  c o n s t a n t  he l ium f low s u b t r a c t e d ,  N o  c o r -  

r e c t i o n  was made f o r  t h e  e f f e c t  of t e m p c r a t u r e  i n c r e a s e  or  

p r e s s u r e  changes  i n  t h e  p r i m a r y  v e s s e l ,  or f o r  he l ium re- 

l e a s e d  from t h e  r o d s .  The volume of he l ium r e l e a s e d  from 

t h e  r o d s  w a s  775  c m 3  a t  1 2 , 5  p s i a  and 77'F, t h e  ambient  

c o n d i t i o n s  of t h e  w e t  t e s t  meter. Tempera ture  and p r e s s u r e  

changes  i n  t h e  sys tem accoun t  f o r  about  1 . 3  l i ters of he l ium 

e f f l u e n t  between t i m e s  0 and 1 2 0  sec.  T h e r e f o r e  w e  estimate 

the volume of hydrogen g e n e r a t e d  by metal-water  r e a c t i o n  t o  

be 1 . 2  f 0.6 l i ters  (STF). T h i s  is e q u i v a l e n t  t o  about; 0 . 3 %  

metal-water  r e a c t i o n  based on t o t a l  c l a d d i n g  volume. 

4 . 2  F i s s i o n  P roduc t  Release 

A l l  of t h e  p lanned  samples  have been s u b m i t t e d  f o r  r a d i o -  

c h e m i c a l  a n a l y s i s ,  b u t  o n l y  10% of t h e  a n a l y s e s  have been re- 

t u r n e d .  I n  g e n e r a l ,  t h e  f i s s i o n  p r o d u c t  c o l l e c  tiom sys t ems  

f u n c t i o n e d  as p lanned  and t h e  d i s t r i b u t i o n  of  f i s s i o n  p r o d u c t s  

w a s  a s  e x p e c t e d ,  I o d i n e  and cesium were t h e  p r i n c i p a l  com- 

p o n e n t s  of an  W , O H  r i n s e  of t h e  p r imary  v e s s e l ,  The d i f -  

f u s i o n  c o i l s  showed t h e  1311 gamma spec t rum above a " f u e l "  

spec t rum.  The f i r s t  f i l t e r  of U n i t - 1  is shown i n  F i g .  4.5 

and showed a s t r o n g  " f u e l "  gamma spec t rum.  The s c r e e n  

p a t t e r n  is from a c o v e r i n g  s c r e e n .  The second and t h i r d  

f i l t e r s  appeared  c l e a n  b u t  c o n t a i n e d  a s m a l l  anmount of 

The backup d i f f u s i o n  coil a l s o  c o l l e c t e d  some . Loose 

p a r t i c l e s ,  p robab ly  f u e l  from some of t h e  o u t e r  r o d s ,  

13 l1 

1 3  lp 
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c o l l e c t e d  around t h e  e n t r a n c e  s c r e e n s  and d i f f u s i o n  c o i l s  of 

Unit-1.  The Unit-2 f i l t e r  pack  d i d  n o t  c o n t a i n  v i s i b l e  

p a r t  i c  le s . 
13 l1 , and more The s team condensa te  c o n t a i n e d  a t race of  

1311 was found i n  t h e  hea ted  c h a r c o a l  t r a p s ,  

and 133Xe were found i n  t h e  c o l d  c h a r c o a l  t r a p s .  

s i o n  p roduc t  release w a s  somewhat less t h a n  expec ted ,  re- 

f l e c t i n g  t h e  s h o r t  (13-day) i r r a d i a t i o n  of t h e  center rod 

and p o s s i b l y  a l i n e a r  power r a t i n g  lower t h a n  r e q u e s t e d .  

8 5 K r ,  131%e, 

T o t a l  f i s -  

Some v o l a t i l e  s h o r t  h a l f - l i f e  f i s s i o n  p r o d u c t s  w e r e  

c o l l e c t e d  on t h e  c h a r c o a l  t r a p s .  These  f i s s i o n  p r o d u c t s  w e r e  

formed d u r i n g  t h e  TREAT t r a n s i e n t  and may be u s e f u l  a s  a 

measure of t h e  " h e a t i n g  b u r s t . "  The " h e a t i n g  b u r s t "  is t h e  

amount of f i s s i o n  g a s  above t h a t  expec ted  by d i f f u s i o n  when 

UO, is f i r s t  h e a t e d . 4  

would be r e l e a s e d  mainly by h e a t i n g  and c o o l i n g  b u r s t s ,  bu t  

MTR-generated f i s s i o n  p r o d u c t s  would be r e l e a s e d  from UO, 

by d i f f u s i o n  and r e c o i l  i n  t h e  MTR as w e l l  a s  by h e a t i n g  and 

c o o l i n g  b u r s t s  i n  TREAT. D i f f u s i o n  i n  t h e  MTR is meant t o  

i n c l u d e  release by g r a i n  growth and o t h e r  p o s t u l a t e d  h igh-  

t empera tu re  r e l e a s e  mechanisms. The s h o r t  h a l f - l i f e  f i s s i o n  

p r o d u c t s  w e r e  i d e n t i f i e d  by f o l l o w i n g  t h e  decay r a t e  s i n c e  

q u a n t i t a t i v e  gamma s p e c t r o m e t r i c  a n a l y s i s  could  no t  be ar- 

ranged a t  t h e  l a t e  hour of loss -of  - coo lan t  t r a n s i e n t .  

and I3'I w e r e  i d e n t i f i e d  i n  t h e  hea ted  c h a r c o a l  t r a p  and 

8 7 K r  and 8 8 K r  were t h e  predominant  s h o r t  h a l f - l i f e  f i s s i o n  

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

TREAT-generated f i s s i o n  p r o d u c t s  

1341 

4 . 3  Genera l  D e s c r i p t i o n  of t h e  Bundle a s  Removed 
from t h e  Capsule  

The exper iment  was d i sman t l ed  i n  t h e  TAN f a c i l i t y  h o t  

ce l l s .  The b o l t s  h o l d i n g  t h e  t o p  end-cap w e r e  unscrewed and 

t h e  c a p s u l e  was upended t o  s l i d e  t h e  r o d s  p a r t  way o u t  of 

t h e  c a p s u l e .  Photographs  w e r e  t a k e n  of t h e  r o d s  a s  t h e y  were 
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removed t o  i l l u s t r a t e  t h e  r e l a t i v e  p o s i t i o n s  of t h e  r u p t u r e s  

and t h e  o v e r a l l  appea rance  of t h e  r u p t u r e  r e g i o n .  The f i e l d s  

of view of t h e  v a r i o u s  pho tographs  a r e  i l l u s t r a & e d  i n  F i g .  4 .6 .  

The pho tographs ,  F igs ,  4,? t h r o u g h  4 .16 ,  show t h a t  t h e  r u p t u r e s  

o c c u r r e d  on t h e  i n s i d e  of t h e  r o d  bundle .  It must be presumed 

t h a t  t h e  i n s i d e  of t h e  bund le  w a s  h o t t e r  t h a n  t h e  o u t s i d e  due 

t o  t h e  r e l a t i v e l y  c o o l e r  o u t e r  s l e e v e .  F i g u r e s  4 . 7  and 4 .8 ,  

t a k e n  from approx ima te ly  t h e  same p o s i t i o n s ,  show a s m a l l  

f ragment  of c l a d d i n g  from t h e  r u p t u r e  r e g i o n  of t h e  c e n t e r  

r o d .  F i g u r e  4 , 9  is an o v e r a l l  v iew of t h e  p a r t i a l l y  removed 

bundle  t a k e n  a t  t h e  same a n g l e  a s  F ig .  4 . 8 ,  The sma l l  c l a d -  

d i n g  f ragment  s e e n  i n  t h e  two p r e v i o u s  f i g u r e s  is no  l o n g e r  

seen and h a s  presumably f a l l e n  t o  t h e  h o t  c e l l  f l o o r  d u r i n g  

h a n d l i n g  of t h e  assembly,  F i g u r e  4 - 1 0  shows t h e  closest  

approach ,  e x c e p t  f o r  p o i n t  c o n t a c t  between a r u p t u r e  and an  

a d j a c e n t  r o d ,  of  any of t h e  rods a l o n g  any a p p r e c i a b l e  l e n g t h  

of t h e  bundle .  F i g u r e s  4 . 1 1  and 4 . 1 2  a r e  two o t h e r  views 

t a k e n  around t h e  bundle ,  

W e  r e a l i z e  t h a t  t h e  p o s i t i o n s  of t h e  r o d s  i n  the bund le  

b e f o r e  and a f t e r  removal  from t h e  c a p s u l e  may d i f f e r .  Be- 

c a u s e  t h e r e  w a s  c o n s i d e r a b l e  bowing of t h e  r o d s  d u r i n g  tine 

t e s t ,  and because  s u c h  bowing c o u l d  have been e l a s t i c a l l y  

r e s t r a i n e d  by t h e  s u r r o u n d i n g  Z i r c a l o y  s l e e v e ,  t h e  rods may 

have been i n  more i n t i m a t e  c o n t a c t  t h a n  is shown in t h e  

pho tographs .  

F i g u r e  4 .13  i s  a n  o v e r a l l  view of t h e  bundle  t a k e n  a t  a 

p o i n t  o p p o s i t e  F i g .  4 . 9 .  F i g u r e  4,14 is a compos i t e  showing 

t h e  b u l g e  i n  t h e  cen te r  r o d  and the  e n t i r e  l e n g t h  of t h e  

r u p t u r e  zone of t h e  bundle .  F i g u r e  4 - 1 5  shows t h e  r u p t u r e  

i n  rod R s t r a d d l i n g  rod  4-2.  F i g u r e  4 , 1 6  shows t h e  c e n t e r  

rod a f t e r  removal  of rod  4-1. The r e l a t i v e  p o s i t i o n s  of t h e  

r o d s  i n  this photograph  w e r e  s h i f t e d  when 4-1 w a s  removed. 
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Fig. 4 . 6  Diagram of t h e  C r o s s  S e c t i o n  of the  TREAT 
Bundle I l l u s t r a t i n g  t h e  D i r e c t i o n s  (a th rough  j) From 
Which Photographs  Were Taken. The diagram r e p r e s e n t s  t h e  
bottom of t h e  rod c l u s t e r ,  but i t  is a l s o  the view of t h e  
upended bundle a s  s e e n  from t h e  t o p  of t h e  hot c e l l .  
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F i g .  4 . 7  P e r i s c o p e  V i e w  (a) of Rods R ,  4-2 and L 
(left t o  r i g h t ) .  
w e l l  a s  t h e  c l a d d i n g  f ragment  from t he  cen te r  rod  r u p t u r e .  

The r u p t u r e  i n  rod  R is v i s i b l e  as  
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I i . I  - 15 = DUnTn n n r  

F i g .  4.8 V i e w  (b). Same a s  F i g .  7 ,  Except  for 
S l i g h t  R o t a t i o n  of t h e  Bundle t o  Allow B e t t e r  Examinat ion 
of t h e  Fragment. 
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PHOTO 98416 

J BUNDLE 

Fig .  4 .10  V i e w  ( d ) .  Photograph of Rods 4-2, L,  
I and H (left t o  r i g h t ) .  The close approach of Rods L 
and I i s  apparent. 
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1 PHOTO 98119 

- -  
I" 

F i g .  4 . 1 2  V i e w  (f). Photograph of Ro 
and R .  The center rod is j u s t  v i s i b l e .  
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4-1 

A 

F i g .  4.14 V i e w s  (h and i) . Photographs  of Rods H ,  
A p o r t i o n  of t h e  r u p t u r e  bulge  i n  t h e  c e n t e r  4-1 and R .  

rod is v i s i b l e .  Two photographs  have been mounted t o  
show t h e  e n t i r e  l e n g t h  of t h e  r u p t u r e  zone of t h e  bundle .  
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TOP OF 

/ BUNDLE 

!F 
L 

F i g .  4.15 V i e w  (j). Photograph  of Rods 4-1, R ,  
4-2 and L Showing t h e  Rupture  i n  Rod R S t r a d d l i n g  

Rod 4-2. 
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4 . 4  G e n e r a l  D e s c r i p t i o n  of t h e  Rods 

The bundle  was f u r t h e r  d i sman t l ed  and t h e  r o d s  were l a i d  

o u t  and photographed bo th  i n  p l a n  and i n  e l e v a t i o n  a t  t h e  

r u p t u r e ,  A montage is shown i n  F i g s .  4.17 and 4.18. The 

h o r i z o n t a l  background l i n e s  r e p r e s e n t  one i n c h  i n t e r v a l s  down 

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

of t h e  rods .  The numbers a s s o c i a t e d  w i t h  t h e  rods a r e  diam- 

e t r a l  expans ions  i n  p e r c e n t  measured i n  p l a n  and e l e v a t i o n .  

The r o d s  are a r r anged  s o  t h a t  t h e  r u p t u r e s  a r e  i n  t h e  c o r r e c t  

a x i a l  p o s i t i o n s  r e l a t i v e  t o  one a n o t h e r .  A l l  r u p t u r e s  oc- 

c u r r e d  w i t h i n  less t h a n  t w o  i n c h e s  a x i a l  d i s t a n c e  a l o n g  t h e  

bundle .  I t  w a s  appa ren t  t h a t  rod r o t a t i o n  occur red  between 

i n d i v i d u a l  rod b u r s t s .  I t  w a s  imposs ib l e  t o  f i n d  a s i n g l e  

o v e r a l l  p o s i t i o n  for t h e  seven  r o d s  t h a t  c o u l d  e x p l a i n  a l l  

of t h e  b u r s t  markings on t h e  r o d s .  F u t u r e  TREAT expe r imen t s  

w i l l  be r u n  w i t h  t h e  r o d s  pinned s o  t h a t  r o t a t i o n  cannot  

o c c u r .  

The r o d s  w e r e  examined f o r  bowing by p l a c i n g  them 

a g a i n s t  a l a r g e ,  v e r t i c a l  s h e e t  of g raph  paper  s o  t h a t  t h e  

maximum bowing was p e r p e n d i c u l a r  t o  t h e  a x i s  of view through 

t h e  window of t h e  ho t  c e l l .  The r o d s  were photographed and 

t h e  amounts of bowing and t h e  p o s i t i o n s  of t h e  rod r u p t u r e s  

were measured on t h e  graph  pape r .  F i g u r e  4.19 i l l u s t r a t e s  

t h e  r o d s  i n  p o s i t i o n  a g a i n s t  t h e  g raph  paper .  The maximum 

bowing occur red  i n  rod H. The s u r f a c e  a t  t h e  p o i n t  of 

maximum c o n c a v i t y ,  o p p o s i t e  t h e  r u p t u r e ,  underwent a l a t e r a l  

d i sp l acemen t  of approximate ly  0 .235  i n c h e s .  Both bowing and 

s w e l l i n g  c o n t r i b u t e d  t o  t h i s  d i sp l acemen t .  Assuming a s w e l l -  

i n g  of 3070, based on uniform s w e l l i n g  and n e g l e c t i n g  t h e  

r u p t u r e  b u l g e ,  i t  was c a l c u l a t e d  t h a t  t h e  rod a x i s  w a s  d i s -  

p l aced  approximate ly  0.15 i n c h e s  f r o m  its o r i g i n a l  c e n t e r l i n e .  

S i n c e  t h e  maximum r a d i a l  c l e a r a n c e  between t h e  r o d s  and t h e  

Z i r c a l o y  s l eeve  was approximate ly  0 .060  i n c h e s ,  it is p robab le  

t h a t  e i t h e r  t h e  r o d s  s t a r t e d  bowing, h i t  t h e  s l e e v e  and t h e n  
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F i g .  4.17 A Montage Showing P l a n  V i e w s  of t h e  
Ruptures  i n  t h e  Rods. 
a x i a l  p o s i t i o n s  r e l a t i v e  t o  one a n o t h e r .  
f i g u r e s  r e p r e s e n t  maximum d i a m e t r a l  expans ion .  
shows a t h i c k  powder b u i l d u p  on t h e  same l e v e l  a s  t h e  
r u p t u r e  i n  rod I. 
The powder was reddish-brown i n  c o l o r .  

The r u p t u r e s  a r e  i n  t h e i r  c o r r e c t  
The pe rcen tage  

Rod 4-2 

Rod R shows traces of t h e  same powder. 
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GRNL-DING 6 3 - 1 1 3 ~ 9  

-- 

Fig. 4 . 1 8  S i m i l a r  to Fig. 4 . 1 7 ,  Except t h a t  t h e  
Views are i n  E l e v a t i o n .  
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PHOTO 98424 

TOP OF 41" 

I 4-1 R C 4-2 L H 

F i g .  4 .19  Photograph of t h e  Rods Taken Against  t h e  

a r e  I ,  4-1, R ,  C e n t e r ,  4 - 2 ,  L and H ,  from r i g h t  t o  
Large Shee t  of Graph Paper  t o  Show Maximum Bowing. 
Rods 

The 

l e f t  . 
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r o t a t e d  t o  a l l o w  f u r t h e r  bowing t o  t a k e  p l a c e ,  or e lse  bowed 

i n i t i a l l y  i n  a d i r e c t i o n  p a r a l l e l  t o  t h e  c i r c u m f e r e n c e  of t h e  

bundle .  T h i s  is c o n s i s t e n t  w i t h  t h e  remarks  c o n c e r n i n g  rod 

r o t a t i o n  i n  t h e  p r e v i o u s  pa rag raph .  

A s  was shown i n  t h e  montages i n  F i g s .  4 .17 and 4.18,  t h e  

amounts of s w e l l i n g  and t h e  appea rances  of t h e  r u p t u r e  r e g i o n s  

v a r i e d  g r e a t l y  among t h e  s e v e n  r o d s .  A l l  of t h e  rods were 

p r e p r e s s u r i z e d  w i t h  he l ium g a s  t o  s i m u l a t e  f i s s i o n  gas b u i l d -  

up. The p r e s s u r e s  v a r i e d  a s  f o l l o w s :  Rods 4-1, 4-2, R and 

t h e  center rod  had 215  p s i  i n i t i a l l y ;  r o d  L had 207 p s i ;  rod  

H had 133 p s i  and rod  I had 115 p s i .  Pending m e t a l l o g r a p h i c  

e v a l u a t i o n  it c a n  be g e n e r a l l y  s t a t e d  t h a t  t h e  lower t h e  

i n i t i a l  p r e s s u r e ,  t h e  smaller t h e  r u p t u r e  s ize  and t h e  s m a l l e r  

t h e  amount of s w e l l i n g .  I t  is i m p o s s i b l e  a t  t h i s  t i m e  t o  

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

i s t i c s  of t h e  r o d s .  

4 .5  C a l c u l a t i o n  of Flow Channel  O b s t r u c t i o n  
from Rod S w e l l i n g  

A somewhat p e s s i m i s t i c  set of  d a t a  h a s  been o b t a i n e d  f o r  

rod s w e l l i n g  based  on t h e  a s sumpt ions  i l l u s t r a t e d  i n  F i g .  

4 .20 .  The o r i g i n a l  rod was assumed t o  s w e l l  w h i l e  main- 

t a i n i n g  a c i r c u l a r  c r o s s  s e c t i o n  and t h e n  t o  b u r s t  as shown 

i n  t h e  f i g u r e .  Measurements were made a t  1 / 2  i n c h  i n t e r v a l s  

( t r u e  s c a l e )  of t h e  a p p a r e n t  d i a m e t e r s  of t h e  r o d s  shown i n  

p l a n  and e l e v a t i o n  i n  F i g s .  4.17 and 4.18. The c r o s s -  

s e c t i o n a l  a r e a  increases were t h e n  c a l c u l a t e d  a c c o r d i n g  t o  

t h e  e q u a t i o n s  i n  F i g .  4 .20 .  The r e s u l t s  are shown i n  T a b l e  

4 .3  t o g e t h e r  w i t h  t h e  e s t i m a t e d  r ema in ing  f low a r e a .  Although 

t h e  r o d s  were t e s t e d  i n  a t r i a n g u l a r  a r r a y  i n  t h e  TREAT cap-  

s u l e ,  t h e  c a l c u l a t i o n s  f o r  T a b l e  4 .3  a r e  based on t h e  s q u a r e  

a r r a y  t h a t  c o r r e s p o n d s  t o  p r e s e n t  day l i g h t - w a t e r  r e a c t o r  

p r a c t i c e .  Such an a r r a y  is shown i n  F i g .  4 . 2 1  t o g e t h e r  w i t h  

t h e  a r e a s  of  i n t e r e s t  t o  t h e  c a l c u l a t i o n s .  
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r A - I  

n 
AEgg= '2 

I ID2  
A Orig. circle 4 = -  

I 

. 9 ("lo) 
A Egg -%ria 

Ori g. 
Area increase = A 

F i g .  4 . 2 0 .  Diagram and Equations I l l u s t r a t i n g  the 
Assumptions Made i n  Calculat ing  Cross-Sectional  Area 
Increases  for the  Rods. 
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T a b l e  4.3. Area C a l c u l a t i o n s  for t h e  TREAT Experiment  

Dis tance  from Average Remaining 
Expanded Remaining Flow Area Upper Shou lde r  

of Rod Rod Area Flow Area (70 of 
( i n . )  ( i n .  ( i n .  2, Orig .  Area) 

1 0  

1 0 . 5  

11 

1 1 . 5  

1 2  

1 2 . 5  

13 

1 .460  0.719 60.5 

1.562 0.617 51 .9  

1.640 0.539 45.4 

1.676 0 .503  4 2 . 3  

1 .681  0.498 41.9 

1.497 0 .682  57.4 

1 .360  0.819 6 8 . 9  

The f l o w  area rema in ing  a f t e r  e x p a n s i o n  and b u r s t i n g  of 

t h e  r o d s  is  p l o t t e d  i n  F i g ,  4.22 a g a i n s t  t h e  d i s t a n c e  

from the t o p  s h o u l d e r s  of t h e  r o d s .  I t  i s  s e e n  t h a t ,  

even  w i t h  t h e  p e s s i m i s t i c  approach  used  i n  t h e  ca l cu -  

l a t i o n s ,  t h e  f i n a l  f l o w  a r e a  d i d  n o t  d r o p  below 4070 of 

t h e  o r i g i n a l  area. S i n c e ,  i n  t h e  c a l c u l a t i o n s ,  it was 

assumed t h a t  the areas w i t h i n  t h e  f l a r e d  l i p s  of t h e  

r u p t u r e s  w e r e  l o s t  as flow areas and s i n c e  such  areas 

c o u l d  p robab ly  s t i l l  s u p p o r t  some f l o w ,  it is p robab ly  

sa fe  t o  assume a t  least  50% of t h e  o r i g i n a l  f l ow area 

remained,  

4 . 6  F l u x  P r o f i l e  Ob ta ined  From Gamma Scans  
of O u t e r  Rods 

A s h o r t  s e c t i o n  of t h e  c e n t e r  f u e l  rod 1 5  i n .  below t h e  

s h o u l d e r  w a s  c u t  o u t  €or  burnup analysis and m e t a l l o g r a p h i c  

examina t ion .  The remainder  of t h e  c e n t e r  rod  and a l l  s i x  
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ORNL-DWG 69-11995 

DISTANCE FROM ROD SHOULDERS, ( in . )  

F i g .  4 . 2 2 .  Plot of Calculated Flow Area Remaining 
After the Rods bad Ruptured Versus  Distance From Upper 
Shou lde r s  of t h e  Rods. 
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o u t e r  r o d s  were r e t u r n e d  t o  ORNL where t h e y  w i l l  undergo 

f u r t h e r  m e t a l l o g r a p h i c  examina t ion .  The s i x  o u t e r  rods were 

gamma scanned f o r  f l u x  p r o f i l e  and t o  l o o k  f o r  f i s s i o n  pro-  

d u c t s  and f u e l  blown o u t  from t h e  cen te r  rod. S p e c i f i c  

a c t i v i t y  of t h e  c e n t e r  rod  f u e l  is abou t  l o 4  h i g h e r  t h a n  

t h a t  of t h e  o u t e r  r o d s .  The g r e a t e s t  amount of "contami- 

n a t i o n "  from t h e  c e n t e r  rod w a s  found on rod  H i n  a zone 

from 1 2  t o  8 i n c h e s  below t h e  t o p  s h o u l d e r .  Rod I had one- 

t h i r d  as much c o n t a m i n a t i o n  i n  a zone 1 2 . 5  t o  9 . 5  i n .  below 

t h e  t o p  s h o u l d e r .  Rod E had some c o n t a m i n a t i o n  be tween  6 . 5  

and 3 . 5  i n .  below t h e  t o p  s h o u l d e r .  

The ave rage  f l u x  p r o f i l e  found by t h e  gamma s c a n  is 

shown i n  F i g .  4.23 a l o n g  w i t h  an  u n p e r t u r b e d  c u r v e  expec ted  

i f  a TREAT f u e l  e lement  occupied  t h e  exper iment  l o c a t i o n .  

S i g n i f i c a n t  f l u x  d e p r e s s i o n  occur red  i n  t h e  lower h a l f  of 

t h e  expe r imen t  from a heavy molybdenum l i n e r  p l a c e d  t h e r e  

t o  ho ld  and f r e e z e  mel ted  Z i r c a l o y  c l a d d i n g  t h a t  might  r e s u l t  

from a n  a c c i d e n t a l  fu l l -power  TREAT t r a n s i e n t .  Now t h a t  

p r e c i s e  r e a c t i v i t y  d a t a  have  been o b t a i n e d ,  w e  can t h i n  o u t  

and r e l o c a t e  t h e  molybdenum l i n e r  t o  h e l p  f l a t t e n  o u t  t h e  

f l u x  p r o f i l e .  

5 . 0  WORK I N  PROGRESS 

5 . 1  F u r t h e r  Analyses  of FRF-1 

F i s s i o n  p roduc t  a n a l y s e s  w i l l  c o n t i n u e  i n c l u d i n g  burnup 

of t h e  c e n t e r  rod  (from MTR i r r a d i a t i o n )  and o u t e r  r o d s  

(from TREAT). F u e l  w i l l  be removed from the  c l a d d i n g  per- 

m i t t i n g  e a s y  and a c c u r a t e  measurements of c l a d d i n g  character-  

i s t i c s  i n  b o t h  t h e  r u p t u r e d  and unswolleni r e g i o n s .  Calcu-  

l a t i o n s  of h e a t  loss from o u t e r  r o d s  w i l l  be made. 
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FRACTION OF PEAK FLUX 

Fig. 4 . 2 3 .  F l u x  P r o f i l e  and Thermocouple L o c a t i o n  
i n  F u e l  R o d  Failure Experiment  FRF-1. 
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5 . 2  P l a n s  for FRF-2  

Experiment  FRF-2  w i l l  u s e  a l l  Z i r ca loy -4  c l a d d i n g  on 

t h e  7-rod bundle .  The c e n t e r  rod is now i n  t h e  ETR f o r  a 

planned 3000 Mwd/ton i r r a d i a t i o n  and is s c h e d u l e d  o u t  Nov. 8. 

I t  w a s  p r e s s u r i z e d  t o  65 p s i a  (25OC)  w i t h  he l ium and w e  p l a n  

t o  u s e  t h i s  same p r e s s u r e  i n  a l l  o u t e r  r o d s .  Twelve thermo- 

c o u p l e s  w i l l  be p l aced  on t h e  r o d s  t o  de t e rmine  p r e c i s e  

t e m p e r a t u r e  d i f f e r e n c e s .  Two r o d s  w i l l  be p re s su re -mon i to red ,  

and t h e  p r imary  v e s s e l  p r e s s u r e  w i l l  a l s o  be r e c o r d e d  w i t h  

f a s t - r e s p o n s e  equipment .  A g o l d - p l a t e d  h e a t - r e f l e c t i v e  

s l e e v e  w i l l  su r round  t h e  rod  bundle  t o  t e s t  t h e  e f f e c t  of 

l e s s  h e a t  l o s s  from t h e  o u t e r  rods .  Only one f i l t e r  pack 

w i l l  be u s e d  t o  a l l o w  s p a c e  for r a i s i n g  t h e  primary v e s s e l  

4 i n .  s o  t h a t  peak f l u x  o c c u r s  lower on t h e  r o d s  away from 

t h e  r o d  plenums. Two s e p a r a t e  f i s s i o n  p roduc t  c o l l e c t i o n  

u n i t s  w i l l  be used as b e f o r e  downstream from t h e  i n - r e a c t o r  

equipment .  The FRF-2  exper iment  is schedu led  f o r  J a n u a r y ,  

1970, and t h e  same t e m p e r a t u r e  ra te  of r ise  is planned .  A 

new compute r - con t ro l l ed  r e a c t o r  c o n t r o l  s y s t e m  is schedu led  

t o  be i n s t a l l e d  i n  TREAT by December, 1969, which w i l l  pe rmi t  

a h i g h e r  maximum c l ad  t e m p e r a t u r e  f o r  a l o n g e r  t i m e .  The 

f u e l  r o d s  w i l l  be pinned i n t o  p l a c e  t o  p r e v e n t  r o t a t i o n  

d u r i n g  t h e  t es t .  

6 0 CONCLUSIONS AND RECOMMENDATIONS 

The f i r s t  TREAT, f u e l  rod  f a i l u r e  expe r imen t ,  FRF-1, 

performed s a t i s f a c t o r i l y  a s  d e s i g n e d .  The expe r imen t  simu- 

lated t h e  post-blowdown phase  of a l o s s - o f - c o o l a n t  a c c i d e n t  

by u s i n g  UO, p e l l e t s  as t h e  ve ry  r e a l i s t i c  h e a t  s o u r c e  i n  a 

7-rOd bundle .  F i s s i o n  p r o d u c t s  released from t h e  c e n t e r  rod 

i n t o  t he  f l o w i n g  steam atmosphere w e r e  c o l l e c t e d  and t h e  

samples  a r e  undergoing  r a d i o c h e m i c a l  a n a l y s i s .  
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A t  t h i s  t i m e  o n l y  l i m i t e d  c o n c l u s i o n s  c o n c e r n i n g  t h e  

c l a d d i n g  b e h a v i o r  c a n  be drawn from t h i s  expe r imen t .  More 

d e t a i l e d  e v a l u a t i o n  must w a i t  f o r  m e t a l l o g r a p h i c  examina t ion  

of t h e  r o d s .  

I n  g e n e r a l ,  t h e  r o d s  appea red  t o  behave i n  a d u c t i l e  

manner w i t h  c o n s i d e r a b l e  b u l g i n g  t a k i n g  p l a c e  b e f o r e  r u p t u r e  

o c c u r r e d .  The r u p t u r e  edges  w e r e  t h inned  from t h e  o r i g i n a l  

w a l l  t h i c k n e s s  and ,  i n  t h e  case of rod  R ,  seem t o  be a b l e  t o  

undergo  bending  w i t h o u t  f r a c t u r e .  The f u e l  p e l l e t s ,  a s  seen  

t h r o u g h  t h e  r u p t u r e s ,  were unbroken e x c e p t  f o r  t h e  center  

rod .  The r u p t u r e s  were all toward t h e  i n s i d e  of t h e  r o d  

bundle  i n d i c a t i n g  a h i g h e r  c l a d d i n g  t e m p e r a t u r e  away from t h e  

r e l a t i v e l y  c o o l  Z i r c a l o y  s l e e v e  t h a t  sur rounded t h e  bundle .  

I t  is p r o b a b l e  t h a t  t h e  c o o l  s l e e v e  reduced  t h e  amount of 

s w e l l i n g  of t h e  r o d s  and a l s o  a c t e d  a s  a r e s t r a i n t  aga ins t  

bowing of t h e  r o d s .  The o r i g i n a l  c l e a r a n c e  between t h e  r o d s  

and t h e  s l e e v e  was approx ima te ly  1/16 i n c h  and many of t h e  

r o d s  bowed c o n s i d e r a b l y  more t h a n  t h i s .  

P r e l i m i n a r y  c a l c u l a t i o n s  showed t h e  c o o l a n t  c h a n n e l  

c r o s s - s e c t i o n a l  area t o  have been d e c r e a s e d  a maximum of 5870 

by t h e  s w e l l i n g  of t h e  r o d s .  I f  t h e  r o d s  had n o t  been coo led  

by t h e  s l e e v e  it is p r o b a b l e  t h a t  a l a r g e r  amount of t h e  

c h a n n e l  would have been b locked .  The r u p t u r e  p o i n t s  of t h e  

r o d s  made c o n t a c t  w i t h  a d j a c e n t  t u b e s  i n  most i n s t a n c e s ,  b u t  

t h e  t u b e  s u r f a c e s  d i d  n o t  a p p e a r  t o  be i n  i n t i m a t e  c o n t a c t  

o v e r  any a p p r e c i a b l e  d i s t a n c e s .  Again,  i t  is p o s s i b l e  t h a t  

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

when t h e  bund le  w a s  withdrawn from t h e  c a p s u l e .  

P r e l i m i n a r y  e v a l u a t i o n  of t h e  f i r s t  t es t  b r i n g s  several  

c o n s i d e r a t i o n s  for" changes  t o  be made i n  f u t u r e  TREAT e x p e r i -  

ments :  
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1. More thermocouples  are needed f o r  a comprehensive 

e v a l u a t i o n  of t h e  t e m p e r a t u r e  p r o f i l e s  i n  t h e  

bundle .  Both a x i a l  and r a d i a l  t e m p e r a t u r e  g r a d i -  

e n t s  must be e v a l u a t e d .  

2.  H e a t  l o s s e s  from t h e  o u t s i d e  r o d s  t o  t h e  s u r -  

rounding  s l e e v e  shou ld  be c u r t a i l e d  e i t h e r  by 

a h i g h l y  r e f l e c t i v e  s l e e v e  o r  else by p r o v i s i o n s  

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

rounding  f u e l  r o d s .  

3 .  The s u r r o u n d i n g  s l e e v e  s h o u l d  be e n l a r g e d  t o  avoid  

i n t e r f e r e n c e  w i t h  t h e  r o d s .  

4.  R o t a t i o n  of t h e  r o d s  shou ld  be p reven ted  and 

p o s i t i v e  a x i a l  p o s i t i o n i n g  s h o u l d  be a v a i l a b l e .  

5.  The end r e s t r a i n t s  s h o u l d  be t a i l o r e d  t o  more 

c l o s e l y  approximate  a c t u a l  r e a c t o r  c o n d i t i o n s .  

6.  The c l a d d i n g  shou ld  be c h a r a c t e r i z e d  w i t h  r e s p e c t  

t o  w a l l  t h i c k n e s s  v a r i a t i o n s ,  t e x t u r e  and micro-  

s t r u c t u r a l  c o n d i t i o n s .  

' 

7 .  Some means s h o u l d  be p rov ided  for m a i n t a i n i n g  t h e  

s p a t i a l  r e l a t i o n s h i p s  among t h e  r o d s  s o  t h a t  

a c c u r a t e  p o s t  -test c o o l a n t  channe 1 measurements 

c a n  be made. 
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