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SUMMARY 

1. Program Coprdina t ion  

This  r e p o r t  i n c l u d e s  t h e  p of two new programs: 

Analys is  of a Dis rupted  Core an 1 Computerized Data 

L S a f e t y  Codes. 

Coordina t ion  w a s  ma in ta ine  h the  LMFBR Loss-of-Pipe-Integri ty  

Force,  and r e s u l t s  w e r  a ined  from a se t  o f  tests a t  

i n g ,  d ryou t ,  and r nder  LOP1 c o n d i t i o n s ,  u s ing  a 

p l e  w a t e r  experiment .  P l ans  w e r e  made t o  i n v e s t i g a t e  analogous 

w i t h  a similar s o d i  

I n s t a l l a t i o n  of bundle  1 F a i l u r e  Mockup (FFM) f a c i l -  

i t y  w a s  completed,  and unhea sts w e r e  s t a r t e d .  Bundle 7 

d ,  and tests were combined w i t h  t h o s e  of bundle  6 .  P l ans  

w e r e  made t o  p rogres s  d i r  t l y  t o  t h e  (il-rod bundle 9. 
An expanded e f f o r t  1 s i m u l a t o r  dev S 

under taken  t o  p l a c e  t h e  t n a sound f o o t i n g .  I n  p a r t i c u l a r ,  

development of technique  Nichrome V and Pt-8% 

and f o r  f a b r i c a t i n g  boron n i t r i  preforms f o r  e lec t r ica l  in su la -  

t im w e r e  s t a r t e d .  

2 .  Ana lys i s  and Data Eva lua t ion  

A pre l imina ry  d r a f t  of e 3B d a t a  rec 

i t t e n .  P re l imina ry  eva ts w i l l  be  re 

t q u a r t e r l y  r e p o r t .  

mal model of A e l e c t r i c a l l y  hea ted  

been formula ted  and is  be ing  used i n  con junc t ion  wi th  a h 

computer code t o  ana lyze  t h e  causes  of a bundle  7A p r o t o t y p e  heater 

f a i l u r e  du r ing  high- temp (1800°F)] p re l imina ry  t e s t i n g .  

on 

T e s t s  w e r e  performed on FFM bundle  5 D  t o  de te rmine  t h e  e f f e c t s  of 

and an overpowered a n a l y s i s  was mad 

d u c t  w a l l  thermocouples,  r ap  thermocouples,  a 

i n t e r n a l  thermocouples.  The owed t empera ture  i n c r e a s e s  and 

i n c r e a s e s  i n  t h e  rate of tempera ture  i n c r e a s e  i n  t h e  v i c i n i t y  of t h e  
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overpowered area as t h e  skew w a s  i n c r e a s e d .  Thermocouples l o c a t e d  i n  

t h e  underpowered area of t h e  skew showed d e c r e a s e s  i.n temgerature  and 

i n  t h e  r a t e  of t empera tu re  i n c r e a s e  as t h e  skew w a s  i -ucreased .  The thermo- 

couples  l o c a t e d  i n  t h e  average-power area of t h e  skew showed no appre- 

c i a b l e  t empera tu re  changes as t h e  skew w a s  i n c r e a s e d .  

T h e  r e sponses  of d u c t  w a l l  thermocouples l o c a t e d  above the 381-mm 

(15-in. ) a x i a l  level. showed l a r g e  temperature  f l u c t u a t i o n s  b u t  t h e  

responses  of d u c t  wall thermocouples l o c a t e d  below t h i s  l e v e l  c o n t i n u a l l y  

i n c r e a s e d  i n  temperature  as d i d  a1.1 t h e  r e sponses  of t h e  w i r e - w r a p  and 

h e a t e r  i n t e r n a l  thermocouples.  The inaxirnurn temperature  reached by t h e  

d u c t  w a l l  thermocouples w a s  su f  fi.cient1.y h igh  t o  i n d i - c a t e  t h e  p re sence  

of a power skew b u t  n o t  h igh  enough t o  i n d i c a t e  t h e  p re sence  of an 

overpowered p i n .  The overpowered p i n  a f f e c t e d  t h e  t empera tu re  r e sponses  

of on ly  t h o s e  thermocouples t h a t  w e r e  l o c a t e d  cl.ose t o  i t .  

Work i n  t h i s  area has been t empora r i ly  suspended. Report ing w i l l  

con t inue  when work i s  resumed. 

4. D e t e c t i o n  Methods .................. .- Development .- 

Seven s t a i n l e s s  s teel.....sodium, f as t - response thermocouple a s sembl i e s  

were i n s t a l l e d  i n  bundle  6A f o r  e v a l u a t i o n .  The low s e n s i t i v i t y  o f  

t h e s e  j u n c t i o n s  (<17 p V / " C )  r e q u i r e s  s p e c i a l  care i n  t h e  e l e c t r i c a l  

s h i e l d i n g  of s i g n a l  l e a d s  t o  reduce e1ectromagneti .c i n t e r f e r e n c e  from 

t h e  bundle  h e a t e r  c i r c u i t s .  Noise s i g n a l s  from t h e s e  a s sembl i e s  w i l l  

be  recorded and analyzed.. Recorded s i g n a l s  from two assembl i e s  i n s t a l l e d  

i n  t h e  s i n g l e - p i n  h e a t e r  test loop are c u r r e n t l y  b e i n g  anal.yzed. Pre- 

l i m i n a r y  r e s u l t s  show t h a t  s h u n t  r e s i s t a n c e  losses w i l l  b e  impor t an t  i n  

t h e  bundle  6A i n s t a l . l . a t i o n .  

5. FFM F a c i l i t y -  ........... Opera t ion  -- 

M e t a l l u r g i c a l  a n a l y s i s  of bundle  5 ,  which w a s  p a r t i a l l y  melted 

du r ing  b o i l i n g  experiments ,  i s  now complete.  The s t u d y  d i s c l o s e d  t h a t  
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t h e  material from t h e  r u p t u r e d  h e a t e r  s h e a t h s  and t h e  h e a t e r  e l  

remained w i t h i n  a few i n c h e s  o f  i t s  PO of o r i g i n ,  T 

e n t l y  c leaned  t h e  s u r f a c e s  o f  t h e  un aged h e a t e r s ,  a1 

r e s i d u e ,  p r i n c i p a l l y  Nichr  t h e s e  s u r f  aces 

r e a d i l y .  The f lowing  s o d i  a p i d l y  cooled  t h e  mo 

v e n t i n g  i t  from f lowing  v om d i s s o l v i n g  o r  

t h s  of undamaged h e  The s t a i n l e s s  s teel  s h e a t h  

of one of t h e  h e a t e r s  w a s  e l t i n g  p o i n t ,  

sodium caused some of t h e  mo s steel  t o  move downstrea 

t h i c k e n i n g  t h e  h e a t e r  s h e a t h  ome areas. The Kantha 

ecame h o t  enough t o  react w i t h  t h e  B t 

ess s teel  s h e a  il i t  r e a c t e d  w i t h  t h e  BN, t h e  

c r e a t i n g  p r e s s u r e s  g r e a t  enoug t h e  h e a t e r  a p a r t  

zone. 

Bundle 6 w a s  completed n s t a l l e d  i n  t h e  f a c i l i t y .  The need 

d l e  7,  a n o t h e r  19- bundle  8, a 37-133 

o r i g i n a l l y  des igned  f o r  s 

(SLSF) test program, is  b e i  . A p o s s i b i l i t y  e 

t h e s e  bundles  w i l l  b e  d e l  i n  o r d e r  t o  p r  

t e s t i n g  of l a r g e r  bundles  e s t i n g  of t h e  newly 

f a c i l i t y  is  i n  p r o g r e s s ,  

t h e  ANL Sodium Loop 

Heater Development 6 -_.-I- 

Analys i s  of t h e  BA f u e l  p rs w i t h  low i n s u  

t a n c e  r e v e a l e d  no s i g n i f  s of i m p u r i t i e s .  The i 

s t a n c e  r e t u r n e d  t o  normal f e c t e d  12.7-mm 

s e c t i o n s  w e r e  baked o u t  i n  a va  i n d i c a t i n g  t h a t  ts 

w a s  t h e  o r i g i n a l  cause  of resistance. S 

on a 6A h e a t e r  i n d i c a t e d  t should  o p e r a t e  f o  

p e r i o d s  a t  t h e  in t ended  he  p e r a t u r e  l e v e l  

1 p i n  s i m u l a t o r  w i l l  b e  tes uary  1976 unde 

c o n d i t i o n s .  

T h e  7A bund le  h e a t e r s  w e r e  o have uncrushed 

Swaging cracked  t h e  c o r e s  and e t e d  t h e  s i m u l a t o r  e 
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c o r e  gaps.  Heal f l u x  p r o f i l e s  and o t h e r  o p e r a t i o n a l  c a p a b i l i  t i e s  arc  

inadequate  f o r  program use ,  as i n d i c a t e d  by inf ra rpc i  ( I R )  s c a n s  and 

by premature  failure of two u n i t s  t e s t c d  i n  the sodium loop .  

Prsmaeure m e l t i n g  of the P t  8% W r i b b o n s ,  apparcnLly due t o  secondary  

g r a i n  growth and me l t ing ,  h a s  l e d  t o  e a r l y  I a i l u r e  ol: s c v e r a l  f u c l  p i n  

s i m u l a t o r s .  S ~ ~ r d i c s  a re  i n  p rogres s  on m e ~ h o d s  t o  r e t a rd  g r a i n  growth 

i n  t h e  material. 

D i f f i c u l t i e s  are s t i l l  be ing  cxpericnced i n  t h e  machining of P t  8% W 

variable-widLh r ibbons .  Two r ibbons  were rnachiiied, b u t  e x c c s s i v c  t o o l  

wear caused e x c c s s i v e  d imens iona l  v a r i a t i o n s  e Nichrome V r ibbon  i s 

be ing  machined as a backup. The use 01 an a lunninn-- tcm~la te  g r i n d i n g  

machine t o  f a b r i c a t e  tlicsc r ibbons  on a volume b a s i s  i s  b e i n g  s t u d i e d  

and looks very promising. 

An e f f o r t  t o  f a b r i c a t e  a p re fo rm f u e l  p i n  s i m u l a t o r  w i t h  t h e  a i d  

of t h e  Y-12 Development D i v i s i o n  i s  i n  p r o g r e s s .  The f i r s t  s i m i l a L o r ,  

t o  be  f a b r i c a t e d  i n  February 1976,  w i l l  c o n t a i n  a Nichroiw V v a r i a b l r -  

wid th  r ibbon  and will have no i n t e r n a l  t l iermoelenients.  

F a b r i c a t i o n  of a h igh- tempera ture  condiictivit-y c c l l  Lest a p p a r a t u s  

i s  complete and r e s i s t i v i t y  t e s t i n g  of condiicf i v i  t y  C P ~  1 s w i l l  beg in  

s h o r t l y .  

The r e q u e s t  f o r  c a p i t a l  funds  t o  suppor t  commercial f a b r i c a t i o n  

of RN preforms has been  approved, and t h e  purchase  r e q u i s i t i o n  i s  b r i n g  

processed .  Meanwhile, preforms are  be ing  f a b r i c a t e d  l o c a l l y  LO f i l l  

i n t e r i m  demand. The Metals and Ceramics Di-vision h a s  developed a BN- 

powder p r e t r e a t m e n t  t h a t  nray a l l o w  high-volurl-le f a b r i c a L i o n  of l i i g h l y  

o r i e n t e d  preLorms. A vacuum-drying and ammonia-baking process ,  developed 

a l  OWL,  appea r s  t o  provide  excel- lenr  p u r i f i c a t i o n  of  prcrurrns. P l a n s  

t o  i n s t a l l  such  a p rocess  l o c a l l y  t o  p u r i f y  commercially f a b r i c a t e d  

preforms are i n  p r o g r e s s .  

Equipment t o  automate t h e  IR scanning  s y s t e m  i s  i n  ~Eic f i n a l  

t e s t i n g  s t a g e s  and wi l l -  be  o p e r a t i o n a l  i n  February.  '4 d ( *  offset dev ice  

t h a t  g i v e s  high- tempera ture  h i g h - r c s o l u t i  on I R  s c a n s  i s  now ope ra t iona l - .  

Cost q u o t a t i o n s  have  been ob ta ined  on t h e  equipment necessa ry  f o r  auto- 

mat ion  of t h e  s i m u l a t o r  x-ray examination. Autoinartion w i l l  a l l o w  q u i c k ,  
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a c c u r a t e  d a t a  t o  b e  ob ta ined  du r ing  h e a t e r  rad iography on c o i l  t u r n s  p e r  

i n c h ,  c o n c e n t r i c i t y ,  wid th ,  and t h i c k n e s s .  

7. - Neutronics  Ana lys i s  of a Di s rup ted  Core 

a l y s i s  of t h e  r e a c t i v i t y  due t o  s t a i n l e s s  s teel  vapor  bubble  

c o l l a p s e  u s i n g  t r a n s p o r t  t echn iques  h a s  been completed. A l l  e f f o r t s  t o  

Car lo  t echn iques  have f a  d ,  excep t  f o r  t h e  m 

a n  upper-bound approach.  E f f o r t s  t o  estimate t h e  q u a s i - s t a t i c  i n t e g r a l  

parameters  u s i n g  Monte Car lo  have b 

8. s s n t r a l  Computerized Data Base f o r  LMFBR S a f e t y  Codes 

The computer system o b t a i n e d  from Savannah River  

y and i s  be ing  implemented on t h e  ORNL computers. Th i s  system 

p rov ides  t h e  necessa ry  d a t a  man p t i o n s  needed f o r  o p e r a t i o n  of 

t h e  s a f e t y  d a t a  base .  The se w i l l  b e  coord ina ted  by a n a t i o n a l  

committee composed of var i  u a t i o n  groups whose t 

c o l l e c t  and e v a l u a t e  t h e  d y are e n t e r e d  i n t o  t h e  system. 
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s of a Disrup 
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c a l c u l a t i o n s .  

The C e n t r a l  Computer f o r  LMFBR S a f e t y  Codes t a s k  

t i o n ,  development 

se f o r  LMFBR s a f e t y  computer 

codes. 
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Coordina t ion  w a s  main ta ined  w i t h  the  LMFXZR Loss-of-Pipe-Integri ty  

(LOPI) Task Force,  and a test  w a s  funded a t  M'IT t o  i n v e s t i g a t e  dsyout  

and r e w e t t i n g  under  c o n d i t i o n s  approximating t h o s e  subsequent  t o  a 

LOPI, u s ing  a s imple  w a t e r  r i g .  P l ans  are t o  d u p l i c a t e  the  tests a t  

ORNL, u s ing  sodium. FFM bundle  6 w i l l .  b e  used t o  i n v e s t i g a t e  thermal- 

h y d r a u l i c  behavior  a s s o c i a t e d  w i t h  the  LOPI, and a test  program is  

be ing  worked o u t  w i t h  t h c  LOPI Task Force.  

Eva lua t ions  were made of t h e  u s e  of t h e  o l d  s i d e  of t h e  FFM loop  

f o r  t e s t i n g  i n s t r u m e n t a t i o n ,  such as flowmeters and p r e s s u r e  t r a n s d u c e r s ,  

under  severe t r a n s i e n t  and tempera ture  c o n d i t i o n s .  

A meeting w a s  h e l d  w i t h  pe r sonne l  of t h e  C l inch  River Breeder 

Reac tor  (CRBR) p r o j e c t  t o  acqua in t  them w i t h  ORNL c a p a b i l i t i e s  i n  

l i qu id -me ta l  technology.  

Midyear e v a l u a t i o n  o€ t h e  program i n d i c a t e d  t h e  need f o r  an exten-  

s i v e  e f f o r t  i n  h e a t e r  development t o  p l a c e  t h e  technology oil a sound 

b a s i s ,  t o  develop a smoothly v a r i a b l e  ax ia l  h e a t - f l u x  p r o f i l e ,  and to 

develop boron n i t r i d e  (BN) preforms f o r  i n t e r n a l  i n s u l a t i o n  t o  ensu re  

g r e a t e r  r e l i a b i l i t y  and cons i s t ency .  

(I) bundle  7 be dropped and i t s  test  program combined w i t h  bundle  6 ,  

( 2 )  t h e  sodium analog  o f  the MIT water LOPI tests b e  c o n s t r u c t e d ,  

( 3 )  t h e  37-rod bundle  8 be  sk ipped ,  and ( 4 )  t h e  61-rod bundle  9 be con- 

s t r u c t e d  i n  sequence a f t e r  bundle  6 ,  w i t h  t h e  t iming  dependent on t h e  

a s su rance  of a q u a l i t y  supply  of e l e c t r i c  f u c l  p i n  s i m u l a t o r s .  

It  w a s  a l s o  recommendcd t h a t  

The f i r s t  n a t i o n a l  meeting 01 the thermal -hydraul ic  working group,  

which w a s  h e l d  a t  Westinghouse Advanced Reac tors  D i v i s i o n  (WARD) on 

December 11, 1975, was a t t e n d e d  by FFM p r o j e c t  s t a f f .  The d e s i r a b i l i t y  

o f  us ing  t h e  FFM as  a loop  dynamics, na tu ra l - convec t ion  t e s t  bed w a s  

d i scussed .  Also,  d i scussed  w a s  t h e  need f o r  l a r g e r  bundle  tests (up t o  

217 r o d s ) .  Both of t h e s e  i t e m s  w i l l  b e  documented i n  CY 1'376. 

A summary of FFM program accomplishments d u r i n g  CY 1975 w a s  t r a n s -  

m i t t e d  t o  t h e  ERDA Div i s ion  of Reac tor  Development and Demonstrat ion 

(RDD). Inc luded  i n  t h e  summary were t h e  b o i l i n g  tests w i t h  bundle  5 D ;  

t h e  b o i l i n g  tests w i t h  t h e  i n t e r n a l l y  blocked bundle  3B; t h e  expans ion  

of t h e  e lec t r ica l  power supply  t o  2.0 MW; t h e  expansion of t h e  loop 

f o r  f u l l - l e n g t h  exper iments  w i t h  a sodium-mixing plenum, bypass  l i n e ,  
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and va lv ing  t o  a l low f o r  s i  a t i o n  of r e a c t o r  primary-cool 

systems;  and c o n s t r u c t i o n  a t  ORN of a 2.0-MW dump h e a t  

nuc lea r  s t a n d a r d s .  

I n  t h e  h e a t e r  deve l  , development of techniques  

f o r  t h e  f a b r i c a t i o n  of v a r i a b  d t h  r ibbons  of Nichr  

was started a t  t h e  Y - 1  A l s o ,  in-house 

oun t s  of BN p r t e d  p r i o r  t o  t h e  p 

c o n t r a c t  ). 

The FFM w a s  f i l l e d  w i t h  s unheated 510 

orrned. Of p a r t i c u  t w a s  t h e  f a c t  t h a t  

u id  l e v e l s  i n  t h  and w i t h i n  t h e  s o d i u  

re w i t h i n  t o l e  i s  of importance shou 

power occur  du r ing  una 

Close c o o r d i n a t i o  s a f e t y  communi 

t o  obtain i n p u t  t o  Computerized Da 

LMFBR S a f e t y  Codes program, 

a p e r s  d i r e c t l y  rela t h e  p r o j e c t  were i s s u e d  d u r  is  

r e p o r t  pe r iod .  1’2 

References 

1. J. I,. Wantland e t  a1 
era1 Flow i n  S 

ts of En t ra in  
i n  a Simulate 
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2. ANALYSIS AND DATA EVALUATION 

M.  H .  Fontana N. Hanus 
J .  L. Want]-and C .  M. Smi-th 

2 . 1  Bundle 3B R o i l i n g  T e s t s  
_II__ _____-___ 

A p r e l i m i n a r y  d r a f t  of t h e  bundle  3B d a t a  r e c o r d  e n t i t l e d  -I__--- B o i l i n g  

T e s t s  (With and Without I n e r t  ..I..___-. Gas ' I n j ec t ion )  i n  a 1.9-Rod Simulat-es 

c_ LMFRR . .- Fuel  Assemb,ly wj;_th a C e n t r a l  B-1-ockage (Record ....... .- of l 2 x ~ ~ - i : I ! ~ ~ g ~  

.___.. Data f o r  ...__c_I Fuel  . Failurs...-Mockup ~ ~ u ~ ~ ~ $ - ~ ~ ~ - 3 ~  has  been w r i t t e n  and i s  b e i n g  

reviewed. Th i s  r e p o r t  c o n t a i n s  graphs o f  t h e  unevaluated experi-mental  

d a t a  f o r  each of t h e  2 2  bundle  3 B  tes ts  conducted i n  t h e  LMFBR FIT4 i n  

.._____ ___ 

.. 

A p r i l  1975 along w i t h  a d e s c r i p t i o n  of bund le  3R and t h e  FFM f a c i l i t y .  

Bundle 3R c o n s i s t e d  of 1 9  e l e c t r i c a l l y  hea ted  rods  spaced by w i r e  wraps,  

w i t h  rod and s p a c e r  o u t s i d e  d i ame te r s  be ing  t h o s e  of t h e  F a s t  Test 

Reactor  (FTR). A 6.3-mm-long (0.25-in.) s t a i n l e s s  s t e e l  blockage 

covered t h e  c e n t r a l  s i x  f low channels  (approximately 12 .5% of t h e  t o t a l  

f low a r e a )  a t  an a x i a l  p o s i t i o n  381 nirn (15 i n . )  downstream from t h e  

start  of t h e  533-mm-long (21-in.)  hea t ed  s e c t i o n .  

The primary purpose of t h e  bund le  3B tests was t o  determine i f  

s t a b l e  sodium bo l l - ing  ( i . e *  no p ropaga t ion  o f  t h e  bo i l i -ng  zone du r ing  

cons t a n  t f low and h e a t e r  power) could b e  ma in ta ined  downs trearn of t h e  

blockage. P re l imina ry  r e s u l t s  of bund le  3 B  d a t a  a n a l y s i s  f o r  s t a b l e  

b o i l i n g  were d i s c u s s e d  i n  t h e  p rev ious  r e p o r t  i n  this series. Other 

bundle  3B r e s u l t s ,  d i s c u s s i n g  i n e r t - g a s  i n j e c t i o n  du r ing  b o i l i n g  and 

nonbo i l ing  experiments ,  w i l l  b e  p re sen ted  i n  a f u t u r e  r e p o r t  i n  t h i s  

series. 

2 - 2  Bundle 7A Heater Thermal -I___-s__ Modeling __- - -- 

A mathematical  model of t h e  h e a t e d  s e c t i o n  of a bundle  7A h e a t e r  

w a s  formulated and is  being used i n  a t r a n s i e n t  heat-conduct ion compu- 

ter code t o  t h e o r e t i c a l l y  determine t h e  causes  of a p r o t o t y p e  FhX bundle  

7A h e a t e r  f a i l u r e  du r ing  ful l -power,  high-temperature  [approximately 

982°C (1800°F) ] t e s t i n g  i n  sodium, 
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The bundle  7A h e a t e r ,  shown i n  Fig.  2 .1 ,  c o n s i s t s  o 

p i t c h ,  P t - 8 %  W a l l o y  r i b b o  ement) t h a t  i s  h e  

around a premachined h o t  rod and cen te red  i n  a t 

w i  e 316 s t a i n l e s s  steel .  r BN i s  tamped i 

space between t h e  tube  a e lement ,  a f t e r  w 
assembly i s  compacted by t o t a l  l e n g t h  of t h e  

914 mm (36  i 

A three-phase appr  aken t o  ana lyze  h e a t e r  f a i l u r e .  

- I n  o r d e r  o v e r a l l  v a l i d  

matical h e a t e r  model, t e r i m e n t a l  a v e r  

emperatures  are t o  f o r  two p r e l i  

h e a t e r  w a s  p l  ene rg ized  f o r  1 see 
g element o r  t ng. The t h e o r e  

empera t u r e s  a t ched  t o  t h e  exp 

( s e e  F i g s .  2 .2  and 2.3) thermal  conduc t i  

) of t h e  g r a n u l  i n  t h e  annu la r  s 

ement and t h e  c l  approach assum 

t y  i s  n o t  com because  of t h e  p r  

- F u r t h e r  impro n t h e  model are 

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

t e d  of gaps i n  t N rod;  t h e  l o c a l  

i n  F igs .  2 .2  an  

be  reproduced t h e o r e t i c a l  

111 -- Causes o t f a i l u r e  d u r i  

are t o  be  d e t e  

e h e a t i n g  e l e m  d t h e o r e t i c a l  

a i l u r e  o c c u r r e  

The p r e s e n t  s t a t u s  i s  i n  phase I, where 

re t ical  o u t s i d e  c l a d  f o r  t h e  1-se 

e n e r g i z a t i o n  have been d e t e r  are shown i n  Fig.  2.4 as a func- 

t i o n  of g r a n u l a r  BN de  nsh ip  between t h e  t h e  

c o n d u c t i v i t y  and d e n s i t y  of r BN, as shown i n  F ig .  2 . 4 ,  w a s  

taken  from Ref. 3 and st  estimate u n t i l  a cor respo  

r e l a t i o n s h i p  i s  a v a i l a b l e  f o r  ype bundle  7A h e a t e r .  A comparison 
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2.2. Bundl er experimen 
r 1-see clad 

2.3. Bundl er experimen 
f 1-sec heat ation. 

.2 and 2 .4  s 

rature after 

age theoretic 

heoretical d 

e l  used for on is shown 

e correspon 

(2 in.). The 

the heated se er symmetry , 
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Outs ide  c l add ing  tempera tures  a f t e r  1-see c l add ing  ener-  - 
g i z a t i o n  us ing  lumped thermal  model of bundle  7A p r o t o t y p e  h e a t e r .  
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A more e x a c t  thermal model, shown i n  F ig .  2 . 6 ,  was used. t o  d e t e r -  

niirie the o u t s i d e  c ladd ing  t empera tu re  f o r  t h e  l-sczc h e a t e r  e1emen. t  

e n e r g i z a t i o n .  For t h i s  model, on ly  6 7 . 6  m i  (2.66 i n , )  from the center 

of t h e  h e a t e r  could b e  model.ed f o r  any one computer run  due t o  t h e  

nodal. l i m i t a t i o n s  i n  the computer code Outside. c l add ing  t empera tu res  

du r ing  heakeu  element e n e r g i z a t i o n  are tiow be ing  o b t a i n e d  with t h i s  

model; F ig .  2 .  7 g i v e s  a p r e l i m i n a r y  outs ide.  c ladd ing  t empera tu re  pro- 

f i l e  near t h e  l o n g i t u d i n a l  ten-ter of the h e a t e r  f o r  100% TI3 of granul-ar 

BN, By v a r y i n g  t h e  pe rcen tage  of t h e o r e t i c a l  d e n s i t y ,  t h e  average 

expe r imen ta l  t empera tu re  of 7 6 O C  (169°F)  i n  F ig .  2 - 3  wi.1-l. b e  matched 

theoreti  cal1.y. I f  t h e  pe rcen tages  of TD o b t a i n e d  theoret-icalI..y f o r  

bo th  cladd.ing and heater element ene rg iza t ion  are almost  e q u a l ,  t h e  

model. w i i I I  b e  cons ide red  adequate;  i f  the pe rcen tages  o f  TU f o r  the 

t w o  t rans i  ents d i s a g r e e ,  f u r t h e r  modif i-cait.l’.orns t o  t h e  thermal. models 

will be i-necessa-ry. 

2 . 3  R u n d l e  5 D  Flow-Coastdown T e s t s  - - 

FFM bundle  5 was d e s i g n e d  t o  match t h e  c o n f i g u r a t i - o n  of t h e  19-rod 

bundle i n  t h e  SLSF PI. in.-react.or tests being c.onducted by ANE. ‘ 
bund le  c o n s i s k s  of 1 9  e l e c t r i c a l l y  h e a t e d  rods  i.n a hexagonal d u c t .  

The rods  are  5 . 8 4  mm (0.230 i n . )  i n  diameter and are spaced by 1.42-mm- 

d i m  (0.056-i-t i.) hc1.ica.l w i r e  w r a p s  on a 305-min (12-in.)  pi . tch.  The 

hea ted  s e c t i o n  of the bundle  i s  457 mn (18 in.) long. The gaps between 

t h e  per ipheral . .  r ods  and t h e  hexagonal. d u c t  are  h a l f  as la rge  as t h e  

nominal gaps [i.e., 0 .71  mr11 ( 0 . 0 2 8  i n . ) ] ,  and an edge blockage p l a c e  

could be i.nserted i n t o  tlze bi.indI..e 102  mi ( 4  i n , )  downstream from t h e  

s t a r t  of t h e  h.eated l e n g t h .  T h e  test--secCtI.on assemFp1.y and i n s t r u m e n t  

l a y o u t  arc g i v e n  i n  F igs .  2 . 8  and 2 .9 .  

Th t s  

Steady-s Late tests were conducted w i t h  and wi. . thcsut  t h e  blockage 

p l a t e  i n  t h e  bundle .  5 ’ 6  

ralzion p l u s  a n  attemperator assembly wa.s des igna ted  bundle  5 D ,  and 

a series of f low-coas tdown tests t o  simiml.ate loss-of-pump cond i t ions  

w a s  r u n  t o  drt.t.ernnine the transient t empera tu res  throughout  t h e  bundle  

I n  October  1.974, t h e  uanbJ.ocked bundle  configu-  
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Fig  e 2 e 7.  Ou t s ide  c l add ing  temperat i i re  p r o f i l  c a f t e r  1-sec h e a t e r  
e lement  e n e r g i z a t i o n  us ing  bundle  7A h e a t e r  thermal m o d e k ,  

t o  t h e  o n s e t  of b o i l i n g  and t o  p rov ide  a n  acous6.i.c s i g n a l  f o r  b o i l i n g -  
n o i s e  a n a l y s i s .  Table  2.1 p r e s e n t s  a summary o f  the tests performed i n  

October .  When t h i s  series of tests w a s  completed,  a system t h a t  i n j e c t s  

argon gas  i .nto t h e  t e s t  sec t i -on  t o  s i m u l a t e  f i s s i o n - g a s  release and 

cover-gas en t r a inmen t  w a s  i n s t a l l e d .  I n  January  1 9 7 5 ,  a ser ies  of  f l o w -  

coastdown tests s i m i l a r  t o  t h e  previ-oms series was r u n  t o  i n v e s t i g a t e  

t h e  e f f e c t s  of  gas  i n j w t i o n .  Table  2.2 p r e s e n t s  a summary of  t h e  tests 

performed i n  .January. Both series of tests were r e p o r t e d  i n  p rev ious  

r e p o r t s  i n  this series.  7 9  

T h i s  s e c t i o n  p r e s e n t s  p o r t i o n s  of t h e  a n a l y s i s  of t h e s e  t e s t  

r e s u l t s  t o  de te rmine  t h e  e f f e c t s  of power skews and overhea ted  p i n s .  

Fo r  t h e  a n a l y s i s  , t h e  responses  of thermocouples du r ing  d i f f e r e n t  

tests w e r e  compared t o  de te rmine  i f  and how t h e  va ry ing  tes t  c o n d i t i o n s  

changed t h e  tempera ture  responses .  Tab le  2 - 3  compares t e s t  condiLions 

of t h e  tests made du r ing  t h e  cour se  of t h e  a n a l y s i s .  
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' l a b l e  2.1. Sumni~iry 01 t e s t s  pe r1ormt .d  o n  b u n d l e  51) iiri'ring O c t o b e r  I 9 7 4  

T e s t  Run 

1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 

1 0 1  
1 0 1  
101 

101 
1 0 2  
103 
1 0 4  
1 0 5  
1 0 6  
1 0 7  
1 0 8  

101 
1 0 2  
1 0 5  
1 0 6  
1 0 7  
1 0 1  
1 0 1  

T e s t  Run 

1 0 1  

1 0 2  

1 0 3  

1 0 4  

1 0 5  

1 0 6  

1 0 7  

108 

~~ ~~- 

Power  
skew 

__ ~~ 

No p o w r  
N o  p o w e r  
No power 

F l a t  
Flat 
15% 
1 5 %  
259 
L 57" 
7 . 5 %  
7 . 5 %  

F l a t  
F l a t  
7 . 5 %  
1 5 %  
25% 
E l a t  
F l a t  

. ..... _____ 

Date T i m e  

N 0 N 0 
Yes No 
No N 0 

Yes No 
N c7 No 
Yes N 0 
No No 
Yes No 

N 0 6 
Yes 2 
Yes 4 . 5  
No 9 . 5  
N 0 6 
No 1 2  
No 1 2  

Power  
(kW/ r o d  ) Rods  h e a t e d  

5 . 4 0  

5 . 4 0  
7 . 5 6  

5 . 8 0  
5 . 6 0  
5 . 4 0  
5 . 2 0  
5 . 0 0  

7 . 5 6  
5.80 
5 . 6 0  
5 . 4 0  
5 . 2 0  
5 .00 

6 . 0 8  
5 . 7 4  
5 . 4 0  
5 . 0 6  
4 . 7 2  

7 . 5 6  
6 . 0 8  
5 . 7 4  
5 . 4 0  
5 . 0 6  
4 . 7 2  

5 . 6 0  
5 . 5 0  
5 . 4 0  
5 . 3 0  
5 . 2 0  

7 . 5 6  
5 . 6 0  
5 . 5 0  
5 . 4 0  
5 . 3 0  
5 . 2 0  

A 1  1 

A l l  b u t  1 0  
10 

1 0 ,  11, 1 2  
3, 4 ,  9 ,  1 3  
1, 2 ,  5 ,  8 ,  1 4  
6 ,  7 ,  1 5 ,  1 9  
1 6 ,  1 7 ,  18 

1 0  
11, 1 2  
3 ,  4 ,  9 ,  1 3  
1, 2 ,  5 ,  8 ,  1 4  
6, 7 ,  1 5 ,  1 9  
1 6 ,  1 7 ,  18 

1 0 ,  11, 1 2  
3 ,  4 ,  9 ,  1 3  
1, 2 ,  5 ,  8 ,  1 4  
6 ,  7 ,  1 5 ,  1 9  
1 6 ,  1 7 ,  18 

1 0  
11, 1 2  
3 ,  4 ,  9 ,  1 3  
1, 2 ,  5 ,  8,  1 4  
6 ,  7 ,  1 5 ,  1 9  
1 6 ,  1 7 ,  18 

10,  11, 1 2  
3 ,  4 ,  9 ,  1 3  
1, 2 ,  5 ,  8 ,  1 4  
6 ,  7 ,  1 5 ,  1 9  
1 6 ,  1 7 ,  18 

10 
11, 1 2  
3 ,  4 ,  9 ,  1 3  
1, 2 ,  5 ,  8 ,  1 4  
6 ,  7 ,  1 5 ,  1 9  
1 6 ,  1 7 ,  18 

Skew 

F l a t  

F l a t  

15% 

15% 

25% 

2 5 %  

7 . 5 %  

7 . 5 %  

No 
No 
N O  

N 0 
No 
N 0 

No 
No 
No 
N 0 

S 0 

N 0 
N 0 

No 
No 
No 
No 
No 

Test Run 

1 0 1  

1 0 2  

1 0 5  

1 0 6  

1 0 7  

316 ( 6 0 0 )  

316 (600) 

316 ( 6 0 0 )  
316 (600)  
3 2 1  ( 6 1 0 )  
3 2 1  ( 6 1 0 )  
3 2 1  ( 6 1 0 )  
3 1 8  (605) 
329  ( 6 2 5 )  
321 ( 6 1 0 )  

340  ( 6 4 4 )  
140 ( 6 4 4 )  
3/40 ( 6 4 4 )  
3 4 0  ( 6 4 4 )  
340  ( 6 ' 1 6 )  

340 (644) 
340 ( 6 4 4 )  

316 (600) 

Powr f 
(kLJ/rod)  

1 2 . 5 0  

1 2 . 5 0  

1 7 . 5 0  
13.00 
1 2 . 7 0  
1 2 . 5 0  
1 2 . 3 0  
1 2 . 0 0  

1 3 . 4 3  
1 3 . 4 3  
1 2 . 9 6  
1 2 . 5 0  
1 2 . 0 2  
1 1 . 5 6  

1 4 .  06 
l i c .  0 6  
1 3 . 2 8  
1 1 . 7 1  
1 0 . 9 3  
1 2 . 5 0  

1 0 / 2 1 / 7 4  
101211 74 
1 0 / 2 1 / 7 4  

L 0 / 2 2 / 7 4  
1 0 / 2 2 / 7 4  
10 /22 /7 - ' I  
1 O/ 22 / 74 
1 0 / 2 2 / 7 4  
1 0 / 2 2 / 7 4  
1 0 / 2 3 / 7 4  
1 0 1 2 3 1  74 

1012 3 / 7 4  
1 0 /  2 31 7 4 
1 0 1 2 3 1 7 4  
1 0 1 2 4 1 7 4  
1 0 / 2 4 / 7 4  
1 0 1 2 4 1  74 
1 0 / 2 4 /  74 

1 5 :  16 :  2 8  
1 5 : 2 2 :  56 
1 5 :  31 : 1 4  

1 3 : 5 3 : 4 1  
1 4 : 4 5 : 1 3  
1 5 :  3 7 : 1 7  
1 6 : 0 9 : 3 3  
1 6 :  5 3 : 2 6  
1 7 :  3 7 :  32 
1 1 : 1 4 : 5 1  
1 1 : 4 7 :  5 8  

1 3 :  5 3  : 22 
1 4 :  1 4 :  1 3  
1 4 :  5 4 :  5 1  
1 0 : 0 1 : 2 9  
1 0 : 5 0 :  3 3  
1 1 : 0 5 : 1 7  
11: 1 1 : 2 7  

Rods h e a t e d  Skew 

AI 1 

A l l  b u t  1 0  

10 
1 1 ,  1 2  
3 ,  -'I, 9 ,  13  
1, 2 ,  5 ,  8 ,  1 4  
6 ,  7 ,  1 5 ,  1 9  
1 6 ,  1 7 ,  18 

1 0  
1 1 ,  1 2  
3 ,  4, 9, 1 3  
1, 2 ,  5 ,  8 ,  1 4  
6 ,  7 ,  1 5 ,  19  
1 6 ,  1 7 ,  18 

10 
11, 1 2  
3 ,  4, 9 ,  1 3  
6 ,  7 ,  1 5 ,  1 9  
1 6 ,  1 7 ,  18 
1, 2 ,  5 ,  8 ,  1 4  

F l a t  

F l a t  

7 . 5 %  

1 5 %  

25% 
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ORNL-D’WC 75  10736 

ROTATION OF WIRE WRAP 
/ 

F i g .  2 . 9 .  FFPl bundle  5 i n s t r u m e n t a t i o n  ( a s  bund le  5 D ,  t h e  blockage 
(1 i n .  ~2 2 5 . 4  mm). p l a t e  w a s  n o t  i n  t h e  bundle)  

There are t h r e e  di.f f e r e n t  c a t e g o r i e s  of thermocouples used i n  

t h i s  a n d y s i s .  The 45 d u c t  wal.1. thermocouples are l o c a t e d  i n  w e l l s  a long  

each wall. of t h e  f l o w  d u c t .  The w i r e - w r a p  thermocouples are l o c a t e d  

i n s i d e  t h e  wire-wrap spacers; there are 2 l o c a t e d  in t h e  wire-wrap 

s p a c e r  of each of t h e  7 c e n t r a l  rods  and 1 i n  the wire-wrap s p a c e r  of 

each of  t h e  1 2  pe r iphe ra l .  rods .  The l o c a t i o n s  o f  both  types  of thermo- 

coup les  are  shown i n  F i g .  2 .9  as small circles  a long  t h e  d u c t  w a l l  o r  

h e a t e r  rod  r e s p e c t i v e l y ,  w i t h  t h e  numbers i n s i d e  the c i rc les  i n d i c a t i n g  

t h e  a x i a l  d i s t a n c e  of t h e  thermocouple from t h e  beg inn ing  of the h e a t e d  

s e c t i o n .  The h e a t e r  i n t e r n a l  thermocoupl.es cons i - s t  of t h r e e  Chrome1 

and two A l u m e l  j u n c t i o n s  spaced %6.35 mm (1 /4  i n . )  a p a r t  on a h e l i x  
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Time T e s t  Run 
No. N o .  Condi t ions  Date 

1 3 :  5 3 :  41 
1 4 :  0 4 :  42 

1 4 :  0 4 :  42 
1 4  : 09 : 5 1  
1 5 :  09 :  29 

1 3 : 5 3 : 4 1  
1 4 : 4 5 : 1 3  

1 5 :  37: 1 7  
1 6 : 0 9 : 3 3  

1 6 :  5 3 :  26 
1 7 :  3 7 :  22 

1 1 : 1 4 : 5 1  
11 : 47 : 58 

1 3 : 5 3 : 4 1  
1 1 :  1 4 :  51.. 
15: 37 :  17 
1 6 :  5 3 :  26 

1 4 :  4 5 :  1 3  
11: 47 :  58 
16 : 09 : 33 
17 :  37: 22 

2 
2G 

2G 
46 
4G 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

101 
101 

101 
101 
103. 

101  
102 

103 
104 

10s 
106 

107 
108 

10 1 
107 
1 0 3  
105 

102  
108 
I04 
106 

F l a t  w i thou t  gas 
F l a t  w i thou t  gas 

F l a t  w i thou t  gas 
F l a t  w i t h  gas  
F l a t  w i t h  gas 

F l a t  
Flat overpowered rod 10 

15% s k e w  
1.5% s k e w  overpowered rod 10 

25% skew 
25% s k e w  overpowered rod  10 

7.5% skew 
7.5% skew overpowered rod  18 

F l a t  
7.5% skew 
1.5% s k e w  
25% skew 

F l a t  overpowered rod  10 
w overpowered rod 10 

overpowered rod 
overpowered rod  

1 0 / 2 2 / 7 4  
1 / 2 2 / 7 5  

1 / 2 2 / 7 5  
1 / 2 2 / 7 5  
1./22/ 75 

1 0 / 2 2 / 7 4  
1.0/22/74 

1 0 / 2 2 / 7 4  
1 0 / 2 2 / 7 4  

1 0 / 2 2 / 7 4  

1 0 / 2 3 / 7 4  
1 0 / 2 3 / 7 4  

1 0 / 2 2 / 7 4  
1.0 / 2 3 / 7 4 
1 0 / 2 2 / 7 4  
1 0 / 2 2 / 7 4  

1 0 / 2 2 /  74  
1 0 / 2 3 / 7 4  
1 0 / 2 2 / 7 4  
1.0 / 2 2 / 7 4 

around each of s i x  heaters. T e thermocouples are shown i n  F i g .  2 .9  

as dark d o t s  w i t h i n  t h e  large c i r c l e s  t h a t  r e p r e s e n t  t h e  heaters. 

Of the  October  tests, two were major ones - tests 2 and 3. 'Xhis 

d i scuss ion  will deal w i t h  the r from tes t  2 ,  and the Y r e S U l z l S  from 
tes t  3 w i l l  b e  p re sen ted  i n  a 1 r e p o r t .  As may be seen from Table  

2 .1 ,  test 2 was performed with four  different power d i s t r i b u t i o n s  .- flat, 

7.5X skew, 15% skew, and 25% skew. T e s t s  were performed a t  each of 

t h e s e  power d i s t r i b u t i o n s  with and without rod 1 0  be ing  overpowered by 

40% of the average power. From series of tests, t h e  
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power skews and t h e  e f fec ts  of  k h e  overpowered 

may be  seen.  

The t e s t  2 power d i s t r i b u t i o n s  from 'l'able 

p i n  at r h e s e  power skews 

2 . 1  are i l l u s t r a t e d  as 
power regions on t h e  cross section of  the bundle  i n  U g .  2 . 1 0 .  

unshadcd r o d s  are  powered at the average power of t h e  bundle;  t h e  checked 

rods  are  powered a t  one-half t l 2 ~  v a l u e  of t h e  skew above t h c  ave rage  

power LO produce t h e  top p o s i t i o n  of t h e  skew; the vertically s t r i p e d  

rods  arc  powered at one-ha l f  t hc  v a l u e  of ~ I i e  skcw below the  average 

power t o  produce t h e  bottom p o r t i o n  of t h e  skew; and t h e  horizontally 

The 

O R N L - D W G  76-8037 

Fi.g. 2.10. ' l ' ps t  3 power d i s t r i b u t i o n  r e g i o n s  (as bundle 5W, t he  
blockage p l a t e  w a s  n o t  i n  t h e  bundle)  (I i n .  = 3.5-4 mm).  



19 

and d i a g o n a l l y  s t r i p e d  r o d s  are,  r e s p e c t i v e l y  powered at c9ne-faur15i 

the v a l u e  of the skew below and above the average powcr  to smooth o u t  

t h e  skew. 

The r e sponses  of d u c t  w a l l  thermocouples were  t h e  f i r s t  to be 

analyzed .  T h e  t empera tu re  res ses of t h e  thermocouples J.OC 

l o w  axial  levels  i n d i c a t e d  t h a t  t h e s e  inerrnocouples d e t e c t e d  t h e  cffects  

of power skews. The r e sponses  o f  t he  thermocsuples l o c  d i.n the under- 

powered area of t h e  power s E  decrcas ing  rates of t.evnperature 

i n c r e a s e s  and d e c r e a s i n g  maximum temperatures a s  the skew was Increased 

T h e  responses  o f  d u c t  wall A t ouples  at the 76-mrn (3 - - ina ) ,  3.27-inrn 

( 5 - i n m ) ,  and 178-mm (7-in.)  1-e l l u s t r a t e  this behavi 

2.11 p r e s e n t s  t h e i r  r e sponses  d u r i n g  a t ~ s t  with a f l a t  power d i s t r i b u -  

t i o n ,  and F i g .  2.1.2 p r e s e n t s  their r e s p o n s e s  du r ing  a tes t -  w i t h  a 25% 

power skew. The o p p o s i t e  c f f  cc ts  i n c r e a s i n g  rates s f  ternperat~r-e 

i n c r e a s e s  and i n c r e a s i n g  maxi atures,  were foLlnd i n  t he  r e spo  

of thermocouples l o c a t e d  i n  th ered areas. The responses o f  

d u c t  w a l l  D thermocouples a t  t ( 3 - - i r i * )  , 178-nni (7- in . )  , and 

381-mm (15-in.) levels i l l u s l .  behav io r  Figirre 2 e 113 pr s 

t h e i r  responses  d u r i n g  a test w i t h  a f l a t  power d i s t r i b u t i o n ,  and F i g *  

2 . 1 4  p r e s e n t s  t h e i r  r e sponses  d u r i n g  a t es t  w i t h  a 25% p 

responses  of thermocouples l o c a t e  l-le average-pawere 

skew w e r e  e s s e n t i a l - l y  unchanged by i n c r e a s i n g  skew, T h e  responses  o f  

d u c t  w a l l  E thermocouples a 3-ix-1,) , 1.27-mrri ('5-in. ) , and 

178-mm (7- in . )  levels i l l u s  llpavior 0 Figures  2 - 1 6 ,  

r e s p e c t i v e l y ,  p r e s e n t  t h e i r  rises d u r i n g  tests w i t h  a Elat plower 

u t i o n  and a 25% powe 

The d u c t  wall thermocouple responses  changed d rama t i ea l ly  around 

t h e  381-mm (15-i.ne) ax ia l  leve this axial  level the therrnocoupl~ 

ses no Longer con ed to a maxirziurn tenip 

showed t empera tu re  increases a creases that  formed ks and v a l l e y s .  

The p a t t e r n  of t empera tu re  f l u  a t  these levels w a s  somewhat 

random from wall t o  w a l l . ,  b u t  le pattcrii became e s t a b l i  

a w a l l ,  i t  remained t h e  same w y s l i g h t  changes 

rest of the  axial l e n g t h .  c r e a s i n g  anzoiants of power skew h 

effect  on t h i s  behav io r ;  in ng t h e  amount o f  skew wcnizld tend e i t h e r  
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1108 

F i g .  2.11. T e m p e r a t u r e  resporiscs of  thermocouples l o c a t e d  QII d u c t  
w a l l  A a t  the 76-mm (?- - in . ) ,  127-mm ( 5 - i n . ) ,  and 178-mm (7 - in . )  a x i a l  
levels, DOAT)3TA, D O A 0 5 L ,  and DOAO71,, respectively, f o r  t e s t  2 w i t h  a f l a t  
power d i s t r i b u t i o n .  
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ORNL. DWG 76 8039 
1200 

ILEGEND 

: 53 SEC: 26 

Fig .  2 .12 .  Temperature f thermocouples l oca t ed  on d u c t  
wail A at the  76-mm (3-in.) ,  n . )  , and 178-mm (7- in . )  a x i a l  
levels, DOA03L, DOAOSL, and D t i v e l y ,  f o r  t e s t  2 with a 25% 
power skew. 
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F i g -  2 . 1 3 .  Ternperature respsnsrs of thermocouplcs l oca t ed  on duc t  
wall  n a t  t h e  76-mm ( 3 - - i n m ) ,  178-mm (7- in . ) ,  and 381-mm (15-in.)  a x i a l  
levels, DOD03TJ, DOD07L,  and DOD15L respec t ive ly ,  f o r  tes t  2 w i t h  a flat 
power d i s t r i b u t i o n .  
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Fig. 2.14. Temperature responses  of thermocouples located on duct 
wall D a t  the 76-mm (3- in . ) ,  178-mm (7-in.), and 381-mm (15-in.) axial 
levels,  DOD03L, X)OD07L, and DO espectively, f o r  t es t  2 with a 25% 
power skew. 
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F i g .  2 .15 .  Temperature responses  o €  thermocouples l o c a t e d  on d u c t  
w a l l  E a t  the 76-ilm ( 3 - i n . ) ,  1 2 7 - m m  ( 5 - i n . ) ,  and 1 7 8 - m m  (7-in.) a x i a l  
l eve ls ,  DOE03R, DOE05R, and DGK07R,  respectively, f o r  t e s t  2 w i t h  a f l a t  
power d i s t r i b u t i o n  . 
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Fig .  2.16 Temperature ses of thermocouples l o c a t e d  on duct  
w a l l  E a t  the 76-mm (3-in.), (5-in.) , and 178-mm (7- in . )  a x i a l  
l e v e l s  , DOE03R, DOEOSR, and respectively, f o r  tes t  2 with a 25% 
power skew. 



t o  arrent a p a r t i c i i l a r  peak of t h e  response o r  t o  smootli o u t  tlie e n t i r e  

response.  I t  i s  i n L e r c s t i n g  tha t  these two opposing e f f ec t s  could b o t h  

b e  caused by i n r r p a s i n g  C 1 - n ~  ariiotmt of  skew, F i g u r e s  2 . 1 7  and 2 , 1 8 ,  

r e s p e c t i v e l y ,  presenh t h e  r e sponses  of tlirce thermocouples l o c a t e d  on 

duct  wall  C at. t h e  381-mm (15-iii.) l e v e l  d u r i n g  Les ts  wiLh a f l a t  power 

d i s t r i b u t i o n  and. a 25% power skew. These rpsponses  show a peak i n  Lhe 

response be ing  accen ted  by i n c r e a s i n g  powcar skew. 

The overpowpring of rod 10, which was located in t h e  r e g i o n  t h a t  

w a s  overpowered t h e  I I I Q S ~  du r ing  the  power skews, causcd t h e  r e sponses  

of t h e  nearby duct  w a l l  thermocouples t o  show i n c r e a s ~ s  in r a t e  of t e m -  

p e r a t u r e  i n c r e a s e  and i n  maximum Lemperature above that  01 t h e i r  r e sponses  

du r ing  tests w i t h o u t  rod 10 overpowered. F igu res  2.19 and 2.20, res- 

p e c t i v e l y ,  p r e s e n t  the re sponses  of  the therrnocoup3_es on d u c t  wall T) a t  

t h c  76--nnnn (3- in . ) ,  178-m.n ( 7 - - j n . ) ,  and 381 iiim (15-tn.) l e v c l s  f o r  tcsts 

w i t h  rod 10 overpowered at a f l a t  power d i s t r i b u t i o n  and a 25% power 

skew. The c f f e c l s  of overpowcring rod 10 may b e  seen by comparing F i g .  

2.13 w i t h  2.19 and F ig .  2 . 1 4  w i t h  2.20. 

Thc f e a s i b i l i t y  of  d e t e i i u h i n g  t h e  effects of power  skew and over- 

powered p i n  by comparing o n l y   he xriaximiim t empera tu res  of all d u c t  w a l l  

thcrnocouples  a t  each ax ia l  l e v e l  was i n v e s t i g a l e d .  I t  was found t h a t  

t h e  e f f e c t s  of  a powrr skew on t h e s e  t empera tu res  was enough t o  i n d i c a t e  

the presence of a power skew and a l s o  which p o w e r  skew w a s  t h e  g r e a t e r .  

No c o r r e l a t i o n  was made bpcween tlie observed t e m p p r a t u r e  changes and 

t h e  amount of power skew p r e s e n ~ .  The overpowering o f  rod 10 f a i l e d  t o  

a f f e c t  t h e s e  temperatures  c o n s i s t c n t l y  enough t o  a7 low an a c c u r a t e  deter- 

mina t ion  of the p r e s e n r ~  of t l i ~  overpowered p i n .  

1 LL g e n e r a l ,  w i thou t  rod 10 overpowerrd,  t h e  d u c t  w a l l  thcrrnocoiipl es 

l o r a t e d  n e a r  t h e  average-powcr r e g i o n  had teniperature  r e sponse  fluctua- 

t i o n s  of 'W-2 t o  +7% between tesLs w i t h  t h e  f l a t  power d i s t r i b u t i o n  and 

tests w i t h  the v a r i o u s  power skcws. Thermocouples l o c a t e d  i n  t h e  most 

overpowered reg ion  showed t empera tu re  i n c r e a s e s  of %12 t o  25% between 

these tests, and thermocoupl es l o c a t e d  i n  t h r  most underpowered r e g i o n  

showed tcmperattrrc d e c r e a s e s  of Q15 t o  20% between t h e s e  tests. The 

overpowering of  rod  10 produced Lemperature i n r r e a e s  of %5% f o r  a f l a t  
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F i g ,  2.18. T e m p e r a t u r e  responses  of  thermocouples loca ted  on duc t  
C ai- t h ~  381-mm (15-in.)  axial  l eve l ,  DOCL5C,  D O C 1 5 2 1 ,  and DOC1.5L2,  

f o r  test  2 w i t h  a 25% power s k e w ,  
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F i g .  2 . 2 0 .  Temperature responses of thermocouples l o c a t e d  on duc t  
w a l l  E) a t  the 76-mm (3- in . ) ,  198-mm ( 7 - i n . ) ,  and 381-mni (15-in.) a x i a l  
levels,  DOD03L, DOD07L, and DODlSL r e s p e c t i v e l y ,  f o r  test 2 w i t h  a 25% 
power skew p l u s  r a d  10 overpowered. 
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d i s t r i b u t i o n  a n d  1~b,3.5% f o r  a 25% power skew i n  t h e  responses  of duc t  

w a l l  thermocouples  t h a t  were loc-rrted cl-ose t o  t h e  overpowered r o d "  

'TEE wire-wrap thermocouple res ses were al-so a f f e c t e d  by t h e  

power skews and overpowered rod.  The r e sponses  of t h e s e  thermocouples 

c o n t i n u a l l y  i n c r e a s e d  t o  a maximuin throughout  t h e  e n t i r e  a x i a l  l e n g t h .  

The e f f e c t  of t h e  power skews and overpowered rod on these thermocou 

r e sponses  depended upon their l o c a t i o n ,  

I-ocated near t h e  average-power r 

i n  t h e  overpowered r eg ion  showed i n c r e a s e d  t empera tu res  and i n c r e a s i n g  

The responses  of thermoc 

rates of t empera ture  i n c r e a s e ,  w h i l e  t hose  l o c a t e d  i n  tlic underpowered 

r eg ion  showed dec reased  t empera tu res  and d e c r e a s i n g  rates o f  t empera ture  

e as t h e  skew was i n c r e a s e d .  These three types  of behav io r  a re  

i l l u s t r a t e d  i n  t h e  fo l lowing  Eigzzres, which p r e s e n t  the  response  of 

wire-wrap thermocouples locat_ed i n  each  of t h e  three d i f f e r e n t  power 

reg ions .  F igu res  2 .21 and 2 , 2 2 ,  r e s p e c t i v e l y ,  p r e s e n t  t h e  responses  

of the wire-wrap thermocouples l o c a t e d  on rod 10 at t h e  27~-rn1m (11- in")  

l e v r l  (TG l O l l ) ,  on rod 3 a t  the. 7Q-nirn ( 3 - i n . )  level (TC 0 3  

rod 15 a t  the l27-n im ( ! F i n , )  level  (TC 1505) d u r i n g  tests w i t h  a f l a t  

power d i s t r i b u t i o n  and a 25% power skew, The overpowered p i n  a l s o  

a f f e c t e d  t h e s e  thermocouple respm by caus ing  i n c r e a s e d  tempera tures  

and increased r a t e s  of t empera tu re  i n c r e a s e  i n  t h e  r e sponses  of t 

C O U ~ I . C S  l o c a t e d  near t h e  overpowered p in .  F igu res  2.23 and 2 - 2 4  presen t  

the responscs  of  t h e s e  same thermocouples i n  tests w i t h  rod  1.0 over- 

powercx-1 a t  a f l a t  pawe-rr d i s t r i b u t i o n  and a 25% power skew, A eo i s o n  

of F i g ,  2 . 2 1  w i t h  2.23 arid F i g .  2 . 2 2  w i t h  2 . 2 4  i l l u s t r a t e s  t h e  e ts 

o f  overpowering rod  10. 

T h e  ~ i r e - w ~ - a p  thermocouples  l o c a t e d  i n  the most underpowered r eg ion  

showed t e m p e r a k u r e  d e c r e a s e s  of Q J ~  t o  5X a t  the 178-m (7-i .n*) level  and 

% 2 , % %  a t  t h e  127-mzn (5-in T couples  l o c a t e d  close t o  the 

average-power r e g i o n  b u t  s t i l l  i n  the underpowered r eg ion  showed tempera-  

t u r e  decreases of %2 t o  3% a t  t h e  1.78-mrn (7- in . )  l e v e l  and %I t o  1.5% 

at the 127-n1m (5 - in . )  level. ':l'he O'IISE?S O f  thermQCollp 

s l i g  i n t o  the overpow hawed s l i g h t :  t empera ture  

[O.S% a t  the 178-anin (7-i.11~) l e v e l ] ,  w h i l  those  l o c a t e d  i n  t h e  most over- 

powe~.-erl. region showed a tempera ture  i n c r e a s e  o f  ~ 3 %  a t  the 127-mm (5- in . )  
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F i g .  2 .21 .  Temperature responses  of wire-wrap thermocouples 
l o c a t e d  on rod 10 a t  the 279-mm (11-in.)  l e v e l ,  TC1011, on rod 3 a t  t h e  
76-mm (3-in.) l e v e l ,  TC0303, and on rod  15 a t  t h e  127-mm (5- in . )  l e v e l ,  
TC1505, f o r  test 2 with a f l a t  power distribution. 
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DRY: 295 HR: 14 MIN: U5 SEC: 13 

TIME, SEC 
Fig .  2.23. Temperature responses  of w i r e - w r a p  thermocouples 

l o c a t e d  on rad 10 a t  t h e  279-m ( I l - i n . )  l e v e l ,  TC1011, on rod 3 a t  t h e  
76-m (3-in.)  l e v e l ,  TC0303, and on rod 15 a t  t h e  1 2 7 - m  (5- in , )  l e v e l ,  
TC1505, f o r  tes t  2 w i t h  a f l a t  power d i s t r i b u t i o n  p l u s  rod 10 overpowere d.  
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P i g .  2 , 2 4 .  Temperature es  of wire-wrap t h e r  
0 10 at the 2 7 9 - m m  ( e l ,  TC1011., on rod 3 
(3- in , )  l eve l ,  1YXI303, a e 127-mrn  (5-in.) 
f o r  r e s t  2 w i t h  a 25% po 10 overpowered. 



36 

l e v e l  and %3.5% a t  t h e  279-mm (11-in.)  l e v e l .  These thermocouple responses  

were ob ta ined  i n  tests wi th  f l a t  power d i s t r i b u t i o n s  and tests w i t h  a 

25% power skew. 

d i s t r i b u t i o n ,  t h e  change i n  t h e  tempera ture  response  of a l l  thermocouples, 

except  t hose  l o c a t e d  c l o s c  t o  t h e  overpowered p i n ,  w a s  %1% o r  less. The 

responses  of thermocouples l o c a t e d  i n  a r e g i o n  closc t o  t h e  overpowered 

p i n  showed tempera ture  i n c r e a s e s  of %S.5% a t  t h e  127-mni (5-in.)  and 76-mm 

(3- in . )  l e v e l s .  When rod 10 w a s  overpowered i n  a test  w i t h  a 25% skew, 

t h e  responses  of some thermocouples l o c a t e d  f a r  f r o m  t h e  overpowered p i n  

showed tempera ture  i n c r e a s e s  up t o  %2.5%, w h i l e  t h e  responses  of thermo- 

couples  l o c a t e d  n e a r  t h e  overhea ted  p i n  showed i n c r e a s e s  of on ly  %'3.5%. 

With such a s m a l l  d i f f e r e n c e  i n  tempera ture  i n c r e a s e ,  i t  i s  d i f f i c u l t  t o  

d i s t i n g u i s h  t h e  presence  of an  overpowcred p i n  a t  l a r g e  power skews. 

Th i s  d i f f i c u l t y  may b e  due t o  t h e  Overpowered p i n  be ing  l o c a t e d  i n  t h e  

r e g i o n  of g r e a t e s t  overpower du r ing  t h e  power skews. 

When rod  10 w a s  overpowered i n  a test  wi th  a f l a t  power 

The h e a t e r  i n t e r n a l  thermocouples were expec ted  t o  show t h e  most 

pronounced e f f e c t s  of power skews and an  overpowered p i n ,  and indeed 

they d id .  The tempera ture  responses  of t h e  h e a t e r  i n t e r n a l  thermocouples 

i n  rods  l o c a t e d  i n  t h e  most overpowered r e g i o n  c l e a r l y  showed p r o g r e s s i v e  

i n c r e a s e s  i n  tempera ture  and i n  ra te  of tempera ture  i n c r e a s e  as the skew 

w a s  i nc reased .  S i m i l a r l y ,  t h e  tempera ture  r e sponses  of thermocouples 

i n  rods  l o c a t e d  i n  t h e  underpowered r e g i o n s  c l e a r l y  showed p r o g r e s s i v e  

dec reases  i n  tempera ture  and i n  ra te  of tempera ture  i n c r e a s e  as t h e  skew 

w a s  i nc reased .  Rod 10 is  l o c a t e d  i n  t h e  most overpowered r eg ion  du r ing  

a power skew, and rod 6 i s  l o c a t e d  i n  an  i n t e r m e d i a t e l y  underpowered 

r eg ion  du r ing  a power skew* Figures  2.25 and 2 .26 ,  r e s p e c t i v e l y ,  pre-  

s e n t  the  tempera ture  responses  of t h e  h e a t e r  i n t e r n a l  therrnocouplcs 

l o c a t e d  i n  t h e s e  rods  du r ing  tests w i t h  a f l a t  power d i s t r i b u t i o n  and a 

25% power skew i n  o r d e r  t o  i l l u s t r a t e  this behav io r .  Gene ra l ly ,  t h e  t e m -  

p e r a t u r e s  of t h e  thermocouples l o c a t e d  i n  t h e  most overpowered r e g i o n  

i n c r e a s e d  %2% f o r  the 15% skew and %4% f o r  t h e  25% skew a t  t h e  279-mm 

(11-in.)  l e v e l .  The tempera tures  of t h e  thermocouples l o c a t e d  i n  t h e  

underpowered r e g i o n  decreased  $1 t o  2% f o r  t h e  15% skew and %2 t o  4% for 

t h e  25% skew a t  t h e  76-min (3- in . )  and 102-m (4- in . )  l e v e l s .  
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F i g  I 2 . 2  5. Tempera txre r i n t e r n a l  heater thermo 

located i n  rod 10 at the 0- to 11-in.)  
and  R l 0 1 1 . 1 1 ,  and i n  rod  in . )  l eve l ,  R0 
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The overpowering of rod 10 was i n d i c a t e d  by t h e  i 

and i n  ra te  of temp sc  i n  t h e  tern 

rmocouples l o c a t e d  ed p in .  A l m o s  

i n t e r n a l  therrnocou owed i n c r e a s e  

s overpowered, b u t  s of therinocoup 

ed rod c l e a r l y  n t l y  showed g 

n a l l  o t h e r s .  F igu res  2 .27  and p r e s e n t  t h e  t 

eater i n t e r n a l  s f o r  tests w i t h  rod  

d a t  a f l a t  power d and a 25% power skew, A 

wi th  2 .27  an  2 . 2 8  i l l u s t r a t e s  t h e  e 

wering rod 10 as er  internal t h  

a t  a f l a t  power , t h e  r e sponses  of t 

d on the overpowered 

i t h  and wi thou t  rod  10  ov r ed .  The responses  

showed no appr 

tests a t  a 25% power sponses  o f  therm 

ed rod showed temp es of %10% bets 

od 10 overpow p o m e s  of h e a t e r  i n  

es l o c a t e d  n e a r  the i o n  showed tern 

while t h e  r e sponses  of mal- thermoc 

m t h e  overpowered p i n  
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F i g .  2 . 2 7 .  Temperature r e sponses  of i n t e r n a l  h e a t e r  thermocouples 
l o c a t e d  i n  rod 10 a t  t h e  254-  t o  279-mm (1.0- t o  11-in.)  l e v e l s ,  R l O l O l l  
and R101111, and i n  rod  6 a t  t h e  76-rnm ( % i n . )  l e v e l ,  K060303, and 102-mm 
(&in.) l eve l ,  R060404, f o r  t e s t  2 w i t h  a f l a t  power d i s t r i b u t i o n  p l u s  
rod  70 overpowered, 
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Fig. 2.28. Temperature  responses of internal heater thermocouples 

located in rod 10 at the 254- to 279-mm (10- to 11-in.) levels, RlOlOll 
and R 1 0 1 1 1 1 ,  and in rod 6 a t  the 76- (3- in . )  level, R060 
(4-in.)  level, R060404, f o r  tes t  2 with a 25% power skew p l u s  rod 10 
overpowered, 
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3 .  WATER SYSTEM MOCKUP OF THE FFM 

Work i n  this area has been t e m p o r a r i l y  suspended. Reporting w i l l  

continue when work i s  resumed. 
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4. DETECTION METHODS DEVELOPMENT 

W .  H.  Leave11 M. V .  Mathis 
R. F .  Saxe W .  H .  S i d e s  * 

4 1 'I'c_m_perature F l u c t u a t i o n  Measurement ~ w i t h  ______ll_l_ S t a i n l e s s  ..... 

S teel-Sodium _l___ FTit-Response I-I.-- ~.. Thermocouples ~ 

4.1.1 _Bundle 6 A  i n s t r u m e n t a t i o n  ___c__- 

The use of  s t a i n l e s s  steel-sodium f a s t - r e sponse  thermocouples has  

been proposed f o r  LMFBR tempera ture  moni tor ing  a p p l - i c a t i o n s .  The 

response  t i m e  of t h e s e  thermocouples i s  approximate ly  1- msec, which i s  

f a s t e r  than  t h a t  of t h e  Chroi-nel-Alurnel thermocouples p r e s e n t l y  be ing  

used i n  t h e  FFM by a fac tor  of %loo. In o r d e r  t o  gai.n expe r i ence  i n  

i n s t a l l i n g  an.d us ing  t h e s e  thermocouples, w e  i n s  tal . led seven s t a i n l e s s  

steel--sodi.um f as t - response  thermocouple a s sembl i e s  i n  t h e  dummy rod 

s e c t i o n  and e x i t  plenum r e g i o n  of bundle  QA. The l o c a t i o n s  are shown 

i n  Table  4.1.. Each assemb1.y c o n t a i n s  one s t a i n l e s s  s tee l  w i r e  and one 

Chromel-Alumel thermocoup1.e j u n c t i o n  encased i n  a 1.42-mm-OD (0.056-in. ) 

type  304 s t a i n l e s s  s teel  s h e a t h .  The Chrornel-Alumel j u n c t i o n  i s  l o c a t e d  

i n  t h e  MgO i n s u l a t i o n  a f e w  m i l s  from t h e  0.1-mm-thick (0.005-in.) 

s t a i n l e s s  steel. cap e n c l o s i n g  t h e  t i p  of t h e  assembly. The s t a i n l e s s  

steel  w i r e  i s  welded t o  t h e  i n s i d e  of t h e  s t a i n l e s s  s teel  cap.  Four 

assembl ies  w e r e  p l aced  i n s i d e  t h e  hol low dummy rods ,  w i t h  t h e  t i p s  

p e n e t r a t i n g  t h e  w a l l  of t h e  rods  a few m i l s  i n t o  t h e  a d j a c e n t  sodium 

stream a t  v a r i o u s  a x i a l  l o c a t i o n s  i n  the unheated zone. These exposed 

a s sembl i e s  p rov ide  a s tai.nl.ess s teel-sodium thermocouple j u n c t i o n .  Three 

of t h e  a s sembl i e s  were p laced  i n  t h e  e x i t  plenum r e g i o n ,  two nea r  t h e  

sodium e x i t  from t h e  dummy rod unheated zone, and one i n  a near -s tagnant  

sodium reg ion  t h a t  w i l l  be  used as a r e f e r e n c e  f o r  each of t he  o t h e r  

s i x .  The tempera ture  f l u c t u a t i o n s  i n  the sodium will. be  measured w i t h  

t h e s e  f a s t - r e sponse  j u n c t i o n s  a t  h i g h e r  f r e q u e n c i e s  than  i s  p o s s i b l e  

wi th  t h e  i n s u l a t e d -  j u n c t i o n  Chrome1-Alirme1. thermocouples .  
. .... .- . ..- 

*Consul tant  from North Caro l ina  S ta te  U n i v e r s i t y ,  Raleigh.  
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Table  4 . 1 .  Locat ion  of f a s t - r e s p o n s e  thermocouples i n  bundle  6A 
- ----11_ 

D i  rom s ta r t  Tip o r i e n t a t i o n  
N o .  ( rod number) ( f l o w  channel)  

Th enno coup l e  Locat ion  
0 

1 
( r e f e r e n c e )  

support: t i e  rod 

3 

Dummy rod 
suppor t  t i e  
rod 

2 .2  (85) 31 

Dummy rod 2 . 2  (85) 
suppor t  t i e  
rod 

29 

4 3 1 . 6  ( 6 4 )  10 

5 2 1 . 4  (56) 6 

6 3 1 . 3  (52) 10 

7 2 1.1 ( 4 4 )  6 - 

Because of t h e  low s e n s i t i v i t y  he s t a i n l e s s  s teel-sodium 

j u n c t i o n  (<17 vV/"C) and a r g e  amounts of 6O-HZ power 

t h e  19  electric 1 p i n s ,  s p e c i a l  care was t aken  

i n  both the d e s i g n  and ins  

assembl ies  and a s s o c i a t e d  i n g  i n s t r u m e n t a t i o n  t o  reduce 

e l ec t romagne t i c  i n t e r f e r e  round loop  i n t e r f e r e  

t h e  tempera ture  s i g n a l s .  a schemat ic  diagram of t h e  i n s t r u -  

f a s t - r e sponse  thermocouple 

f o r  n o i s e  a n a l y s i s  measu showing a typ  c i r c u i t  f o r  

l y .  The s t a i n l e s s - s t  t the bundle  

6A test s e c t i o n  hous ing  t t t i n g  and are te rmina ted  

w i t h i n  a j u n c t i o n  box s h i e  t e s t - s e c t i o n  

S p e c i a l  low-noise,  twis ted-pa  s i g n a l  c a b l e s  

and copper)  are rou ted  t h  e condu i t  betwee 

box and a s i g n a l - s e l e c t i o  a t e d  o u t s i d e  the. FF'M loop 

e n c l o s u r e ,  P r e c a u t i o n s  w e t h a t  the tw i s t ed -pa i r  

s i g n a l  c a b l e s  w e r e  connected t o  t h e  ground only a t  t h e  test s e c t i o n  

t o  p reven t  i n t e r f e r i n g  ground loops  i n  t h e  system, I n  t h e  s igna l - se l ec -  

t i o n  j u n c t i o n  box, p r o v i s i o n  was ade f o r  independent  s e l e c t i o n  o f  
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each Chromel-Alumel o r  s t a i n l e s s  s tee l - sodium thermocouple f o r  n o i s e  

t h e  s i g n a l  o r  f o r  use i n  FFM d a t a  acqu i s  

ise a n a l y s i s  measur , t h e  therm0 

c t e d  from t h e  t i o n  system a 

oximate ly  4 rn Jse, t r i a x i a l  

t of a high-g p l i f i e r  p r o v i  

r e j e c t i o n  t o  i n t e r f e r e n c e .  The 

orded on a m u  e r e c o r d e r  du 

i I of t h e  FFM bu ran and a t  s e v  t e  

1 i o n s  du r ing  

4.1.2 

d i t i o n  t o  t h e  i n s t a l l e d  i n  
t - response  t l ies  w e r e  i n s  

h e a t e r  test  a t e d  i n  a re 

w t h e  test- t and one i n  

and i n  t h e  near -s tagnan  s t a i n l e s s  s te  

of t h e  temper 

e Chromel-Alumel. t h  

d ing  p r e c a u t i o n s  w e  

s c r i b e d  f o r  t h e  i n s t a l l a t  

re recorded  on an  FM 

dur ing  o p e r a t i o  i n  h e a t e r  test  

oise s i g n a l s  a 

Measurements of temper ces i n  

s i  -p in  h e a t e r  test 1 

w i l l  n o t  b e  r e l i a b l e  un 

t h  oup le  w i t h i n  the 
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about  (I-)  t h e  t h e r m o e l e c t r i c  p r o p e r t i e s  of t h e  s t a i n l e s s  s t ee l - sod ium 

j u n c t i o n , '  ( 2 )  t h e  long-term s t a b i l i t y  of t h e s e  p r o p e r t i e s ,  ( 3 )  t h e  

e f f e c t s  of contaminat ion  of t h e  sodium w i t h  c o r r o s i o n  p roduc t s  and t h e  

changes i n  t h e  composi t ion of t h e  s t a i n l e s s  s teel  s h e a t h  due t o  como-  

s i o n , 2  and ( 4 )  t h e  emf losses due t o  s h u n t  r e s i s t a n c e  of t h e  sheath 

and structure.2 

t r i c  p r o p e r t i e s  of the s t a i n l e s s  s tee l - - sodium j u n c t i o n  i n d i c a t e ,  w i t h  

r easonab le  agreement, t h a t  t h e  j u n c t i o n  h a s  a s e n s i t i v i t y  of %17 t 2 pV/"C. 

The e f f e c t  of shun t  r e s i s t a n c e  can b e  demonstrated as f011ows.~ 

Fig .  4 . 2 . )  

t empera ture  d i f f e r e n c e  i n  t h e  sodium between t h e  measurement j u n c t i o n ,  

T,  and t h e  r e f e r e n c e  j u n c t i o n ,  . T h e  v a l u e  of t h i s  emf measured e x -  

t e r n a l l y  i s  V. 

between t h e  two j u n c t i o n s  through t h e  sodium and through t h e  s h e a t h s  and 

s t r u c t u r e  r e s p e c t i v e l y .  An e lec t r ica l  c u r r e n t ,  I ,  f l o w s  i n  t h e  loop 

formed by t h e s e  two pa ths .  From electrical c o n s i d e r a t i o n s ,  

The d a t a  from two investigators''3 on t h e  thermoelec- 

(See 

I n  t h e  f i g u r e ,  VNa is  t h e  emf (17 yV/"C) gene ra t ed  from t h e  

TR 
The terms %a and R are t h e  r e s i s t a n c e s  of t h e  p a t h s  

S 

and 

v = V N a -  I%a . 

SODIUM 

RNa 

"Nb 

EASUR EMENT 

/ -- 
f /  

1 
A 
7" 
I 

\ '- 

+a 

\ 

REFERENCE 
Jld NCTl ON 

Fig.  4 .2 .  Schematic diagram showing e f f e c t  of shun t  r e s i s t a n c e .  
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Combining y i e l d s  

V RS 
- -  - . 
'Na %a + Rs 

t h e  measured than  t h e  expe 

shun t  r e s i s t a n c e  of ess steel s t r u  

P re l imina ry  he s i n g l e - p i n  

n i n d i c a t e d  t i o n  emf a t  a 

ween t h e  l o c  a s sembl i e s  of 

t h e  measured s e n s i t i v i t y  s t e a d  of t h e  e 
r e d u c t i o n  i n  expe mf, Rs = 1.5RNa. I n  order  f o r  t h i s  

be  less than  t h e  un n t h e  expected v 

r e s i s t a n c e  must b than  t h e  sodium re 
r of 7.5. The e f f e c t  of l o s s e s  w i l l  be  i 

bundle  6 A  i n s t a l l a t i o n ,  since resis t anee  f r 
p t o  ground t ess s teel  s h  

e s i n g l e - p i n  1 a r i a b l e  from o 

b a r a ,  "A New f o r  Liquid  Sodium, 
, 899 (1972).  

2.  . K o l l i e ,  p r i v a t  

3 .  , "Experience w 
t ," pp. 286-88 
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5. FFM FACILITY OPERATICONS 

P .  A. Gnadt R. E .  MaCPherson 
J. W. KogerJc D.  G .  L i n z t  
R. W. Thornton R. L. Ludwig>? 

5 . 1  ~ ~ . - _  T e s t  F a c i l i t y  Opera t io2  

The test f a c i l i t y  has  been s h u t  down s i n c e  May 1975 f o r  major modi- 

f i c a t i o n s  t o  i n c r e a s e  t h e  bundle  power supply  t o  2 MW. The new test- 

s e c t i o n  housing and bundle  6 have been i n s t a l l e d  i n  t h e  f a c i l i t y ,  and 

o p e r a t i o n a l  checkout has been s t a r t e d .  

5 .2  T e s t  Bundles 

5 .2 .1  Bundle 6 

Bundle 6 is  designed as a loss-of-pump tes t  i n  suppor t  of t h e  RNL 

SLSF program. The test s e c t i o n  i s  desc r ibed  i n  Ref. 1. The bundle  is  

designed t o  o p e r a t e  f o r  s h o r t  pe r iods  of  time a t  980°C (1800°F). Table  

5 . 1  p r e s e n t s  a summary of t h e  i n s t r u m e n t a t i o n  des igned  i n t o  t h e  bundle ,  

and F igs .  5 .1  and 5.2 show t h e  l o c a t i o n s  of t h e  thermocouples i n  t h e  

bundle .  

Assembly of t h e  bundle  has  been completed,  and i t  is  now i n s t a l l e d  

i n  t h e  f a c i l i t y .  F igu res  5.3 t o  5.14 show t h e  bundle  a t  v a r i o u s  s t a g e s  

of completion. 

5.2.2 Bundle 7 

Bundle 7 ,  a 19-rod bundle ,  i s  a l s o  t o  b e  used i n  suppor t  of t h e  ANL 

SLSF tes t  program, Bundle 7 tests are in t ended  t o  s i m u l a t e  t h e  e f f e c t  

of a LOP1 i n c i d e n t  on LMFBR f u e l ,  T h e  bundle  des ign  is  ve ry  s i m i l a r  t o  

bundle  6 A  except  f o r  thermocouple l o c a t i o n s .  The des ign  of t h e  bundle  

is desc r ibed  i n  R e f .  2 .  

*Metallurgy Department of t h e  Y-12 P l a n t  Development Div i s ion  of 

?On loan  from RDD Components Development Branch (Washington). 
Union Carbide Nuclear D iv i s ion .  
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TWO FAST RESPONSE TC 1 

DUMMY ROD NO. 

CHANNEL NO. 

FLOW DIRECTION 
UP OUT OF PAPER 

THERMOCOUPLES IN 
BUNDLE CLAMP I DUCT 1 

RESPONSE SS TC 
FROM STARTQF 

VOID DETECTOR 
RESPONSE SS TC 
FROM START OF 

HEXAGONAL DUCT 
/- SIDE IDENTIFICATION 

‘C r -A t TH E R MOCOU P L p  
LOCATED AT 97-in. L E V E L  
(END OF DUMMY RODS) 

E 

Fig. 5 . 2 .  LMFBR bundle 6A dummy rod bund le  instr .umentat ion.  (1 i n .  = 
25 .4  m) 
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sodium d u c t  w a l l .  
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Table  5.1. Summary of i n s t rumen ta t ion  i n  bundle GA 

e a t e r  s e c t  i on  

panse thermo- 

e s t - s e c t i o n  
e s t - s e c t i o n  ou 

e s t - s e c t i o n  
e s t - s e c t i o n  o 

h i s  bundle  have 

age of t h e  exp r i n g  the  f a b r  

.uated,  howeve 

ts t h a t  t h i s  ayed o r  came 

and c o n t r o l  

T h e  c o n t r o l  r o t e c t i v e  " c  

ecked ou t  a e r a t i o n .  A 

t e r  zone CQII 

t i o n  of the 

A programmable c o n t r o l  sys hich was designed t o  c o n t r o l  t he  

FFM bundle power L o  simulate Reactor (FTR) power 
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Y 

has been fabricated and i n s t a  
i c h  was designed t o  s imula t  s i e n t s  i n  the FFM, has a l s o  

i n s t a l l e d .  

5,3.2 Bundle 6 o p e r a t i o n  

i n g  changes requi red  le 6 aperation' hav 
p l e t e d ,  (The f l o w  diagram system i s  s h o  

aters and the en i n s t a l l e d  

control cabin  ts housing the t 

acs and t empe re shown i n  

5 .18 ,  a photo t mod i f i ca t io  

s t  s i d e  of t h  i ng  t h e  new dump tank,  

ank ( t o p ) ,  and p a r t  tes t - s e c t i o n  
re 5.19 shows t h e  t i o n  a f t e r  i n  

and a f t e r  a l l  and instrument  

5.20 i s  a c l  bottom of t h e  test s e c  

showing t h e  bundle i n s t r  . Bundle 6 i n  

ounded and un up le s ,  f as t-re 

id d e t e c t o r s ,  aco and hydrophones 
detection, and high-temperat transmitters. 

tation i s  shown i n  Figs. nd 5 . 2 2 ,  Prco 

is  now under way. 

6 tests will- an  experiment t o  

t u r e  d i s t r i b u  tee i n  which ho 

a m s  are mixed. and thermocouple l o  
the mixing tee are shown i n  F igure  5 .24  i s  

tee asselnbly t i o n  in the  fac 

shows the mixing i n  t h e  FFM f a  

5 4 Inves t i .a t ioq--of  Failure _-_IIcIc-fl--- of Bundle TI) 

Bundle SD f a i l e d  while. u tests dur ing  wh 

coolant  boiled. " Electrical c w e r e  noted i n  s 
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F i g .  5.18, LMFBR FFM. V i e w  of  new p i p i n g  added Eolr the  b o i l i n g  
experiment-s. 



Fig .  6 5.19. LMFBR -sec t ion  lisusing sh 
heater and instrument connecttans, 



72  

Fig. 5 .20 .  LMFBR--k'FM b u n d l e  6 A  i n s t a l l e d  in t es t  f a c i l i t y  a€ter 
a1 1. i n s t ru rncn t  a n d  power connections have been rnadp a 
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ORNL DWG 74-13251R 

. 

1 

ACOUSTIC PICKUP 

ACOUSTIC PICKUP 
(TYPICAL 4 PLACES -,,/ 
AXIALLY) - 

HEATER ROD / 
BUNDLE 

TEST SECTION 
HOUSING 
4-113. SCHED __- 
4 O P l E  //- 

ACOUSTIC DETECTOR' 

INSTRUMENTATION 
S U W R T  STRUCTURE --Y 

// 

Fig.  
25.4 m d  

5.21. LMFB n bundle 6 A  assembly. (1 in 
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INSULATION EVACUATION LINE 

ORNL- DWG 74 - 13250R 

INSTRUMEh T 
TS 

/ I V  UUMMT nt MARlMET INSULATION 

DUMMY RODS 
O 0 2 0 i n  THICK ((9 REQUIRED] 
E SECTION X -  X )  

MARIMET INSULATION 

SECTION 8-8 

1.476 in. 0.738 in. 
1 .480  in.\ f 

ni 
TYP 3 SIDES i 

0.639 in. 1 1  I j /  

0 . 0 2 0  in. STOCK; '"yI!WL REF, 30" 

0.641 

3Q4 ss SECTION X-X  

3.197 in. 

0 .020  

TYP 

BUNDLE CLAMP 346 an - ;F2 ' /2  an --36 in 
5g5& in DUMMY ROD LENGTh 

1 2 3 v ~  in TO HEATER TUBE SHEET 
38'/2 4n -- .- - 

'END OF HEATED ZONE 
END OF HEATER 

TYP SECT. THRU 
HALF HEX 

BELLOWS ADAPTER DUMMY RODS 

TRUMENP BULKHEAD INSTRUMENT PROBE 

in. THICK SODIUM DUCT OUTSIDE DUCT CON 

SECTION A-A 

END 3F DclMMY 

(6 REQUIRED) 

TAINER 

ROD 1 
HEATER OVERALL 

6378 in. 

Fig. 5 . 2 2 .  LMFBR-FFM bund le  6A assembly. (1 in. = 2 5 . 4  mm) 
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and t h e  p r e s s u r e  drop a long  t h e  f lowing sodium i n c r e a s e d  s i g n i f i c a n t l y .  

To develop a n  unders tanding  of t h e  cause  of t h e  f a i l u r e ,  w e  made a de- 

s t r u c t i v e  examinat ion of t h e  bundle .  Of p a r t i c u l a r -  i n t e r e s t  was a de- 

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

l y i n g  cause  of t h e  f a i l . u r e s ,  t h e  r e a s o n  f o r  t h e  i n c r e a s e d  p r e s s u r e  drop ,  

t h e  l o c a t i o n  of any h e a t e r  s h e a t h  o r  i n t e r n a l  material  f r e e d  d u r i n g  t h e  

tes t ,  and t h e  e x t e n t  of t h e  rearrangement  of t h e  bundle  components t h a t  

occur red  d u r i n g  t h e  t e s t .  

A f t e r  t h e  sodium had been removed, t h e  assembly w a s  p o t t e d  i n  epoxy 

and c u t  i n t o  t r a n s v e r s e  s l ices  t o  f a c i l i t a t e  examinat ion.  'Io m a i n t a i n  

i d e n t i f i c a t i o n ,  l e n g t h w i s e  marks were m i l l e d  on t h e  o u t s i d e  of t h e  

bundle  a d j a c e n t  t o  s i d e s  A and €3 of  the hexagonal. c a v i t y .  I n  a d d i t i o n ,  

s m a l l  t r a n s v e r s e  grooves were m i l l e d  a t  12,7-min (1/2-i.n.) i n t e r v a l s  a long  

t h e  l e n g t h  of t h e  9 1 4 - m m  (36-in.)  bundle ,  and, beginning  a t  t h e  upstream 

(sodium i n l e t )  end, the. spaces between marks w e r e  i d e n t i f i e d  by t h e  

numbers 1 through 7 2 ,  

A bandsaw w a s  used t o  s e c t i o n  t h e  p o t t e d  bundle .  T h e  c u t s  were 

made so t h a t  a number and t h e  m i l l e d  mark downstream from i t  appeared 

on each s l ice .  The s u r f a c e s  of  each s l i c e  were prepared  f o r  examinat ion 

by g r i n d i n g  w i t h  60- and 120-mesh s i l i c o n  c a r b i d e  a b r a s i v e  paper  on a 

w a t e r - l u b r i c a t e d ,  high-speed wheel.  The ground s u r f a c e s  w e r e  sprayed  

w i t h  l a c q u e r  t o  improve t h e  t r a n s p a r e n c y  o f  t h e  epoxy s u r f a c e .  

Informat ion  from t h e  examinat ion i s  p r e s e n t e d  i n  d e t a i l  i n  R e f .  3 .  

Visual  examinat ion d i s c l o s e d  t h a t  h e a t e r s  1, 4 ,  5 ,  and 6 w e r e  damaged. 

I n  h e a t e r s  1, 4 ,  and 5 t h e r e  w a s  a n  a p p a r e n t  f o r c e f u l  e x p u l s i o n  of molten 

Nichromc V h e a t i n g  c o i l  a l l o y  through r u p t u r e s  i n  t h e  t y p e  316 s t a i n l e s s  

s t ee l  h e a t e r  s h e a t h s .  Most of t h e  molten a l l o y  l lroze on t h e  o u t s i d e  of 

v a r i o u s  a d j a c e n t  heater s h e a t h s ;  a s m a l l  q u a n t i t y  s p h e r i o d i z e d  i n t o  

g l o b u l e s  i n  t h e  molten sodium and e i t h e r  lodged w i t h i n  t h e  bundle  o r  w a s  

swept ou t .  One of t h e s e  g l o b u l e s  proved t o  b e  Nichrome V h e a t i n g  element  

a l l o y  which, a f t e r  f r e e z i n g ,  conta ined  boron i n  t h e  g r a i n  boundar ies .  

Much of trhe molten a l l o y  formed s p h e r e s  under t h e  i n f l u e n c e  01 s u r f a c e  

t e n s i o n  a n d  remained w i t h i n  t h e  h e a t e r  tubes .  Most of t h e  BN i n s u l a t i o n  

appeared t o  have remained i n  p l a c e  e x c e p t  a t  t h e  a c t u a l  r u p t u r e  si tes.  
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The circumstances s urre of heate 

the e n t i r e  d over  a sh 

f o r  h e a t e r  

r o k e  i n t o  s 

r ious  chann e .  The WN a 

small granul. 

n ing  e l ec t ron  

a r i o u s  a l l 0  

interest  we. 

eater eleme owing r e l a tx  

ish among t h  

of t h e  metals. 

d no i r o n  i nd ica  

inless  s t ee l ,  ere a l s o  made 

rance. These ed confidence 

a l l o y s ,  b u t  t hey  d t i n g u i s h i n g  

i s  very  s i m i l a r .  

t u r d  heaters t ichrorrie V win  

the bundle  or 

ters .  T h e  r u p t u  w a s  t he  Earthes  

57-58 area. A re la  n t  of Nichro 

V ran  down the  

e infl .uence of g i t h  r e s p e c t  t o  t 

( 2  i n . ) .  Some 

ved 76  mn ( 3  i n . )  t o  i n . )  upstream t 

attached p r i  

1, 3, 4 ,  5, and 6. F i g  x-ray map, re 

material. between h 5 i n  slice 57 i s  

which can o n l y  be  p e n e t r a t i o n  o r  a 

s h e a t h  by the  mol.ten Nic t. 
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F i g .  5.26. X-ray map of s l ice  .57 showing Nichrorne V b r i d g e  between 
h e a t e r s  1 and 5.  

Close exami-nation of t h e  r u p t u r e  of h e a t e r  5 showed t h a t  t h e  s h e a t h  

was blown open by i n t e r n a l  p r e s s u r e  and f a i l e d  i n  a h i g h l y  d u c t i l e  manner. 

The n i c k e l  x-ray map, F ig .  5 . 2 7 ,  more c l e a r l y  shows one s i d e  o f  t h e  

f a i l e d  s h e a t h  and i d e n t i f i e s  t h e  metal adl ier ing t o  i.t a-od t o  t h e  s h e a t h  

of h e a t e r  1 as Nichronie V .  

I n  h e a t e r  1. t h e  r u p t u r e  f a r t h e s t  upstream o c c u r r e d  i n .  s l i c e  59. 

Apparen t ly ,  l i t t l e  Nichronie V escaped from this rupti . ire,  s i n c e  t h e  

h o l e  i n  t h e  s h e a t h  w a s  a t  l ea s t  p a r t i a l l y  bl-ocked by Nichrorne, as shown 

by t h e  n i c k e l  and iron x-ray maps i n  F i g .  5.28. I n  t h e  f i g u r e ,  t h e  h o l e  

i n  t h e  s h e a t h  i s  f i l l e d  w i t h  Nichrome V .  A d r o p l e t  of s t a i n l e s s  s t ee l  

i s  a t t a c h e d  t o  the s h e a t h  of t h e  h e a t e r ^ ,  and there i s  a t h i n  l a y e r  of 

Nichronie V between t h e  s h e a t h  material and t h e  stainless s t e e l .  d r o p l e t .  

A b r o a d e r ,  t h i n  d r o p l e t  of ei ther s t a i n 1 . e ~ ~  steel. o r  Kanthal. A 1  ( o r  

b o t h )  i s  bonded t o  t h e  sheath, b u t  t h e  n- ickel  map does n o t  c l e a r l y  r e v e a l  

t h e  p r e s e n c e  o r  absence  of nickel. and makes i d e n t i t y  u n c e r t a i n .  

L i t t l e  Nichrome V was i-n ev idence  bct.wcen s l ices  6 1  and 65. Most 

of t h e  Nichroine V p r e s e n t  was .in t h i n  I . a y e r s  o r  s p o t s  on the s h e a t h s  of 

h e a t e r s  1, 4 ,  5, and 6.  The second of t h e  two r u p t u r e s  i n  heater 1- w a s  
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(a )  NICKFI.. X RAY MAP 

F i g .  5 . 2 8 .  Nicke l  a i d  iLon  x - r a y  i m p s  of upstream b u r s t  of heater 
1 as shown on ups t ream f d r . ~  of  s l i c e  60 .  
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i n  s l ice  65. F i g u r e  5.29 s p a r t  of t h e  sheath from 

t h i s  r u p t u r e  encased i n  Wichrmn dher$Il.g to heatC?K 4 .  

The largest  accumula e V w a s  i n  the v i  

hea ters  1 2  and 13 i n  the and came f r o  
ter  4 .  The l a r g e  ChrQIlE v e j e  

Figt 5.29-  Nickel a f  downstre  
g p i e c e  of thinned less s t e e l  sh 

encased i n  Nichrnme V an ter 4 .  
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t h i s  ho le ,  t oge the r  w i th  the  Nichrome V from h e a t e r  I, accounted f o r  t he  

l a r g e  accumulation i n  t h i s  area of t h e  bundle.  

The p r i n c i p a l  source  of s t a i n l e s s  s t e e l  and t h e  sole  source  oE 

Kanthal A 1  w a s  from t h e  b u r s t  t h a t  occurred i n  h e a t e r  6 between s l ices  

57 and 62. S t a i n l e s s  s teel  w a s  a l s o  f r e e d  i n  t h e  r u p t u r e s  of h e a t e r s  1, 4 ,  

and 5 and w a s  depos i ted  on h e a t e r  1. These  r u p t u r e s  w e r e  s m a l l  compared 

t o  t h a t  of h e a t e r  6 ,  and t h e  d i s p e r s a l  of s t a i n l e s s  s t ee l  w a s  probably 

not  very widespread. 

The f i r s t  damage t o  h e a t e r  6 w a s  observed a t  s l ice  5 7 .  The BN co re  

w a s  missing a t  t h i s  p o i n t ,  and t h e  Kanthal A 1  h e a t i n g  element had mel- ted,  

appa ren t ly  a t  t h e  i n s i d e  diameter  of t h e  element.  Beater 6 was i n  a 

s t a t e  of complete d i s i n t e g r a t i o n .  I t  appeared t h a t  p i e c e s  of t h e  s t a i n -  

less s t ee l  shea th ,  i n  a near-molten s t a t e ,  w e r e  blown o u t  r a d i a l l y  from 

h e a t e r  6 and s t r u c k  an a d j a c e n t  h e a t e r  o r  w i r e  wrap t o  which they r e a d i l y  

bonded. Figure 5.30 ( s l i c e  60) shows t h i s  cond i t ion  as w e l l  as an uneven 

n i c k e l  response t h a t  sugges t s  t h e  presence of some Kanthal A 1  mixed w i t h ,  

bu t  n o t  d i s so lved  i n ,  t h e  s t a i n l e s s  s teel .  The preserice of Kanthal. A 1  

o u t s i d e  of h e a t e r  6 i s  v e r i F i e d  by t h e  x-ray maps i n  Fig.  5.31; t h e  l a c k  

of a n i c k e l  response i d e n t i f i e s  t h e  d r o p l e t s  i n  t h e  maps as Kanthal A l .  

Figure  5.32 shows x-ray maps of an area on s l i c e  6 1  i n  which an  apparent  

s t a i n l e s s  s t ee l -  material  has  br idged  t h e  gap from h e a t e r  6 t o  h e a t e r  1. 

The n i c k e l  map i n d i c a t e s  a v a r i a b i l i t y  i n  n i c k e l  con ten t ,  wi th  t h e  lowest  

n i c k e l  con ten t  be ing  ad jacen t  t o  h e a t e r  1. The shape of t h e  b r idg ing  

metal r e v e a l s  t h a t  i t  had been molten when i t  flowed i n t o  p o s i t i o n .  

Heater 6 ,  a t  t h e  downstream f a c e  of s l i c e  6 2 ,  i l l u s t r a t e s  (1) t h e  

two types  of shea th  material  t r a n s p o r t  d i scovered  i n  t h e  s tudy ,  ( 2 )  the  

f l o w  of molten metal, and ( 3 )  t h e  method and type  of d c p o s i t i o n  of s o l i d  

pieces. F igure  5.33 shows t h a t  t h e  ruptured  w a l l  of h e a t e r  6 has  been 

thickened by a d d i t i o n a l  s t a i n l e s s  s t ee l  t h a t  probably melted and Plowed 

from another  l o c a t i o n  on t h e  same h e a t e r .  The n i cke l  x-ray map i n d i c a t e s  

t h a t  t h e  f l a t  p r o j e c t i o n s  shown i n  t h e  map are low i n  n i c k e l  and may be 

Kanthal A l .  

S l ices  6 3 ,  6 4 ,  and 6 5  a l l  showed t h e  th ickening  ~f the s t a i n l e s s  

s t e e l  shea th  of h e a t e r  6 ,  b u t  no areas of th inning  were ev iden t  i n  t h e s e  



5 . 3 0 .  X-ray m a p s  nstream face 0 

Jece of heater 6 s sheath attache 
eater 1. The uneven n s e  i n  (a) may indicate  a 

u r e  of s ta in less  s t e e l  a 
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F i g .  5.31. X-ray maps of area of  downstream face of s l i c e  60 
showing d r o p l e t s  of Kanthal A 1  adhering t o  sheaths of heaters 7 and 17. 
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(a )  NICKEL X-RAY MAP 

(6) IRON X-RAY MAP 

Fig.  5.33. X-ray maps of thickened ruptured  shea th  of h e a t e r  6 on 
downstream f a c e  of s l i d e  62  showing s t a i n l e s s  s t ee l  t o  be  the p r i n c i p a l  
component of t he  thickened wall. 
on wall are l o w  i n  n i c k e l  and may be Kanthal.. A l .  

Nickel  map (a) i n d i c a t e s  f l a t  p r o j e c t i o n s  
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s l ices  nor  i n  any sl ices t o  tlie end of t h e  bundle .  T h i s  sugges t s  a 

downstream flow, a g a i n s t  g r  t h e  i n f l u e n c e  o wing 

sodium. 

A n  e l -ec t ron  s p e c t r a  a n a l y s i s  ( E X  

N i c  V bead previou  n a t t empt  t o  o 

orm i n  which bora i n  t h e  Nichrom 

e ESCA appa ra tus  ex g e  area b u t  only 

f t h e  specimen 

r evea led  n ick  ium, c h l o r i n e ,  

t o  calcium, t i t a n i i  

The g r a i n  boun d 

.ch may be  t h e  

o t  b e  found. 

tudy of t h e  1 n d l e  w h e r e  t h  

rup tu red  tieate i n d i c a t e d  t h a t  most  of i 

o r i g i n .  This  

t o  t h e  presence  of tlie ess -free sodium c 

e bundles .  The s t h e  s u r f a c e s  

l lowing t h e  all c i p a l l y  Nichr 

e sodium a l s o  ra 

molten al.l.oy, t hus  prev  lowing very  fa r  and from d i s so lv ing  

eaters,  

Since t h e  sodium f lows e i n f l u e n c e  o f  g r  

shea th  f o r c e  e x e r t e d  on any due opposed t h e  

t h e  o v e r a l l  m a  * ce tending  t o  

reduced. 

l y  s m a l l  amoun 

test q u a n t i t  

k s  were l o c a t e d  c 

of t h e  hea ted  zone of t o w  d i s t a n c e  t o  t h  

e h e a t e r s  w a s  s h o r t ,  t h e  l a c k  of h e a t i n  

t h e  c g r a t e  of t h e  

T h e  r u p t u r e s  i n  h e a t e r s  I., 4 ,  and 5 were small and occurred  whi le  

The shea ths  of t h e  shea ths  w e r e  h o t  and S C B ’  b u t  probably n o t  molten.  



t h e s e  h e a t e r s  w e r e  necked down t o  a kn i - f e  edge a t  the p o i n t s  of f a i l u r e ,  

and o n l y  o c c a s i o n a l  s i n a l l  p i e c e s  of s h e a t h  b roke  f r e e .  

The c a t a s t r o p h i c  f a i lu re  of h e a t e r  6 p rov ided  t h e  g r e a t e s t  q u a n t i t y  

of s t a i n l e s s  s t ee l  and al.1 t h e  Kanthal  A 1  t h a t  w a s  r e l e a s e d  i n t o  t h e  

bundle .  It. seems p r o b a b l e  t h a t  t h e  Kan tha l  A 1  e lement  h e a t e d  the s t a i n -  

less steel. s h e a t h  t o  i t s  m e l t i n g  p o i n t ,  and shear f rom t h e  fI.owing sodium 

caused soine of t h e  mol t en  s t a i n l e s s  s t ee l  t o  m i g r a t e  downstream and up 

t h e  w a l l  of t h e  h e a t e r ,  t h i c k e n i n g  i t  in some areas. Then t h e  Kan tha l  

A 1  may have become h o t  enough t o  melt and react ~ 7 i t . h  t h e  BN o r  t o  h e a t  

t h e  s t a i n l e s s  s tee l  s u f f i c i e n t l y  f o r  i t  t o  react w i t h  t h e  BN, t h e r e b y  

c r e a t i n g  p r e s s u r e s  g r e a t  enough t o  blow t h e  hea-her apar t .  The p i e c e s  of 

s t a i n l e s s  s t e e l  s h e a t h  w e r e  p l a s t i c  enough t o  adlhere t o  a d j a c e n t  h e a t e r s  

and wraps.  T h e r e  i s  ev idence  t h a t  some s t a i n l . e s s  s t ee l  me l t ed  and p o s s i S l y  

a l l o y e d  w i t h  t h e  Kanthal. A l ,  b u t  i n  s p i t e  of i t s  m e l t i n g ,  t h e  s t a i n l e s s  

s t ee l  w a s  d i s p l a c e d  n o t  f a r  from i t s  o r i g i n a l .  l o c a t i o n  and s o l i d i f i e d  on 

a d j a c e n t  h e a t e r s  and wraps.  La rge  p i e c e s  of Kanthal. A 1  w e r e  found,  b u t  

t h e  x-ray maps d i d  n o t  i n d i c a t e  t h e  p r e s e n c e  of Kan tha l  A l ,  probab ly  

because i t  a l l o y e d  w i - t h  t h e  s t a i n l e s s  steel. and c o u l d  riot b e  i d e n t i f i e d  

s e p a r a t e l y .  
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6. HEATER DEVELOPMENT 

R. E. MacPherson R. W. MeCulloch 

6,1 LMFBR Heaters -----.- 

T h e  ob jec t ives  of t r a m  are t o  pravide heaters for t he  FEN, 

that can withstand 

the point of b o i l i n g  at t he  x of 3 M t J e r n m 2  (1.0~ 

stand the temper 

ry at the same 

abrication, ma nt, and proc e f f o r t s  tQ 

meet objec t ives  are s sec t ion .  

6-1.1 FFM heaters 

y s i s  of the fou 

with low insulation res no s i g n i f i c a n t  m e t  

f the sectioned 

( 4 0 Q " F ) ,  which 

d been t r a p p  rs dur ing  f a b r  

A 6 A  f u e l  p i n  simul ared (XR) sea 

l a t o r s  used f o r  was i n s e r t e d  i 

ope ra t ion  d a t a  u t h e  purpose b 

r t o  and m o r  e expected in FF'M 

6 .1  summarizes t h i s  oper a t o t a l  of a1 

logged,  i t  was determine ure occurred a 

0 Btu*hr-l* € 

shea th  temperatu of 273  h r  of op 

.8 mm (7  i n . )  
end. T h i s  lowered the e l  ce by about 10% 

to function fa 

test results 

96 kW0m-' level  specif ie  

. Another 6A simul o b o i l i n g  test  
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an attempt t o  a s c e r t a i n  operatio lifetimes under  these extreme co~.zdf- 

ticsns 

. Simula tors  .._..lll__ f o r  FFM a A S P C Q I I ~  7A simulator t h a t  was tes ted  
I_ .. _---_ 

i n  t h e  sodium l o o p  f a i l e d  a hr of o p e r a t i o n  a t  

u * l i r - 1 * f t - 2 )  and 1.100" temperature, 

l e  7A sirnula ed t h a t  2 7  of t lae  3 

e d ,  ho t - p r e s s e d  d gaps i n  the man 

t. An unsuccessful by  Watlow t o  

swagtng  e Sub 011s w e r e  conduc 

s i m u l a t o r  res i n a r y  ind3.cat-Lcdns are t l  

remake t h e  h i  

s irnul a to r s  darn were r e p a i r e d  

s h t o  ORNL where t l  cans I, Two o f  

a c  

r a n a l y s i s  on aren of r ibbon from 

7A si. o r  and  gra in  g i d r e  s t u d i e s  n 

g r a i n  growth, e r ibbon f a i l u r e  

than 4 hr above l400"C ( nce a l s o  ind ica  t: a boron- 

.hy this tellzpe 

g r a i n s  make the r ibbon S U S C ~  ting a t  temper 

s t o  f i n d  a m a  t can be  added t o  th 
ts t o  retard 

t o r s  f o r  FFM p u r clzas e r eq u i. s 

cen de layed  pen t i o n  of p r o b l  
-- __ 

6 - 1 . 2  . p i n  __I___I simul.at 

'Twenty- f i ve  ANL s i n 1  been s h i p p e d  t o  OR 

scanning ,  and 

f o r  Ill scann i  Y is b e i n g  done on  

b a s i s  e 



6.1.3 Advanced f u e l  p i n  s i m u l a t o r  development .. .___ .....-___I I___..__ .....- ___ 

Category 111 __ fuel.  p i n  -I___ sirnul-ator development.  _.___-- D i f f i c u l t i e s  are 
-__I- 

s t i l l  b e i n g  expe r i enced  i n  t h e  machining of v a r i a b l e - w i d t h  Pt--8% W 

r i b b o n s .  S e v e r a l  at tempts have been  made d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  

*Two Pt-8% W r ibbons  have now been machined, b u t  t o o l  wear w a s  e x c e s s i v e  

and t o l e r a n c e s  were n o t  h e l d  as well as e x p e c t e d .  The tough and d u c t i l e  

P t--8% W material p l a s  t i c a l l y  deformed, c a u s i n g  a dog-bone-shaped r i b b o n  

c r o s s  s e c t i o n ,  and d e b u r r i n g  wi.1.1 be  n e c e s s a r y  p r i o r  t o  winding,  

I n v e s t i g a t i o n s  are i n  p r o g r e s s  on t h e  u s e  of an  alumina-template  

g r i n d i n g  machine t o  f a b r i c a t e  t h e  r i b b o n s .  The machine can  g r i n d  t o  

t o l e r a n c e s  less t h a n  1 3  pm (0.0005 i n . ) ,  and no wear o r  b u r r i n g  o c c u r r e d  

on s m a l l .  test  samples .  I n  a d d i t i o n ,  30 o r  more r i b b o n s  can  b e  machined 

i n  a sing1.e o p e r a t i o n ,  s a v i n g  c o n s i d e r a b l e  t i - m e  and c o s t .  However, 

d e t a i l s  of machine f i x t u r i n g ,  r i b b o n  rough c u t t i n g  p r i o r  t o  gr indi .ng,  

and r i b b o n  s t a c k i n g  I n u s  t b e  es t a b l i s h e d .  

The p o s s i b i l i t y  of  f a i l u r e  of  t h e  Pt-8% W r i b b o n  a t  t e m p e r a t u r e s  

below i t s  m e l t i n g  p o i n t ,  as w e l l  as machining problems,  has  l e d  t o  t h e  

c o n s i d e r a t i o n  of Nichrome V r i b b o n  as a backup. Ribbon of t h i s  material 

h a s  been p rocured  and i s  b e i n g  p r e p a r e d  f o r  machining.  

Preform f u e l  p i n  s i m u l a t o r .  A n  e f f o r t  i s  i n  p r o g r e s s  t o  f a b r i c a t e  ______ __ _II__ ___._.-. __ 
l o c a l l y  a f u e l  p i n  s i m u l a t o r  u s i n g  BN prefonris and a va r i ab le -wid th  

r i b b o n  b u t  i n i t i a l l y  no thermocouples .  The f i r s t  of such  s i m u l a t o r s  i s  

schedu led  t o  b e  f a b r i c a t e d  j o i n t l y  by Reac to r  D i v i s i o n  simiil .ator develop- 

ment p e r s o n n e l  and t h e  Y - 1 2  DeveI-opment D i v i s i o n  i n  February.  Fabr i ca -  

t i o n  t e c h n i q u e s  w i l l  be  mod i f i ed  and r e f i n e d  u n t i l  a n  a c c e p t a b l e  s i r n i l a t o r  

i s  f a b r i c a t e d .  The f a b r i c a t i o n  t e c h n i q u e s  w i l l .  t hen  b e  r e l a y e d  to a 

vendor  o r  vendors  through a development c o n t r a c t  t o  p e r m i t  them t o  supp ly  

a s m a l l  number of such s i m u l a t o r s  for- t es t  and e v a l u a t i o n .  

~ - ~ .  C o n d u c t i v i t y  c e l l  t e s t h g .  Labor and m a t e r i a l  d e l a y s  have been 

expe r i enced  i n  t h e  f a b r i c a t i o n  of a h igh - t empera tu re  c o n d u c t i v i t y  c e l l  

f u r n a c e .  However, electrical-  c o n d u c t i v i t y  tes LS w i l l  b e g i n  i n  l a t e  

Janua ry  o r  e a r l y  February 1976. 

P r e l i m i n a r y  e l ec t r i ca l  r e s i s t i v i t y  d a t a  were o b t a i n e d  on cold-  

p r e s s e d  BN preforms f a b r i c a t e d  f r o m  HCM powder. These tests show t h a t  
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Powder p r e t r e a t m e n t  r e s i d u e s  as w e l l  as l u b r i c a n t s  used in p r e s s i  ne; 

can now b e  completely removed w i t h  t h e  anhydrous armcmia baking p r o c e s s  

developed d u r i n g  t h e  l a s t  r e p o r t i n g  per iod  An a d d i t i o n a l  vacuiirn bake-out 

p r o c e s s  i s  now used p r i o r  t o  t h e  ammonia bake t o  enhance i m p u r i t y  e l i m i -  

n a t i o n .  PJ-ans are under way t o  i n s t a l l  a p u r i f i c a t i o n  p r o c e s s  l o c a l l y  

t h a t  w i l l  p u r i f y  conmere ia l ly  f a b r i c a t e d  preforms,  

6 .1 .4  Nondes t ruc t ive  t e s t i n g  

Data Corpora t ion ,  I n c . ,  is  i n  t he  f i n a l  s t a g e s  of t e s t i n g  t h e  i n t e r -  

f a c e  and magnet ic  r e c o r d i n g  equipiiient f o r  t h e  automated IR scanning  

system. The equipment should  be o p e r a t i o n a l  on the  I K  scanning  system 

by February 1936. 

A v o l t a g e  o f f s e t  d e v i c e  t h a t  o f f s e t s  the d c  p o s i t i o n  of a s i g n a l  

r e s u l t i n g  from a high-temperature  s c a n  h a s  been i n s t a l l e d  i n  t h e  I R  scan- 

n i n g  system, This  d e v i c e  makes p o s s i b l e  h i g h - r e s o l u t i o n  %R scanning  

of s h e a t h  tempera tures  of 600°C (1100°F) o r  more. I ra  a d d i t i o n ,  t h e  o f f -  

se t  v o l t a g e  i s  recorded  so t h a t  t h e  a b s o l u t e  temperature i s  also know.n, 

Cos-t q u o t a t i o n s  have been o b t a i n e d  on t h e  automation o f  rad iography 

i n t e r p r e t a t i o n .  T h i s  t o t a l  systeirr w i l l  p r o v i d e  over 300,000 r e a d i n g s  

p e r  rad iograph  i s  a 6-min s c a n  w i t h  t o l e r a n c e s  t o  f r a c t i o n s  of a m i l l i -  

meter on c o i l  t u r n s  p e r  millimeter, c o n c e n t r i c i t y ,  w i d t h ,  and t h i c k n e s s .  
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7. NEIJTRONICS ANALYSIS OF A DISR'CJPTED CORE 

G .  F. I~I.anngnn S, N, C r a m c r  R .  A .  L i l l i e  

Ths? purpose of thi o f o l d :  (1) t o  test  and v c r i f y  

neu t ron ic$  methods l o r  a 01 d i s r u p t e d  LMFBR cores us ing  e x i s t i n g  

computer codes; and (2 )  

--s ta  t i c  code appro o u p l i n g  w i  t k l  exis L i  

codes f o r  u s e  i n  

7.1 

T h e  arznl.ysis of t . i t y  i n s e r t i o n  due tcs 

s i n  a uniform-de w a s  e s s e n t i a l l y  c 

t e r l  sumar i z '  summary r e p o r t  i s  in p r  

of the spec ia l  variabl 01-lapse reaetivi cy transport 

c.ulati.ons was s@nt to E 

A n  attempt w a s  ilia bubble  co l lapse  r e a c t i v i t y  

i f i e d  cell-we es . These agternp ts .E 

oblem checks, i nd i c a t cd t ti a t the 11 e t e r o  g e ne i t y 

ec t  w a s  in the  square of t h e  f ree  pa th  ( f i rs t  m o m e n t )  and n o t  

i n  tlic mean free pa th  i t s e l f .  

All a t t empt s  t o  use  M l o  techniques  d i r e c t l y  t o  a n a l y z e  the 

bubble co l lapse  problem large s t anda rd  dev 

(%loo%). An a t t e m p t  to lem based on leakage 

f r o m  the Monte Carlo ca l  ed i n  very small standard devia-. 

b u t  gave a bound 0 - tude  of the rear, 

A meeting to review t h e  

4 ,  1975,  a t  ERDA headquart  a t t ended  by W. H. Hanxium, Es. Alter. 

F. T o o p e r .  1.t was con t t h e  meeting t h a t  Monte Carlo tecla- 

es us ing  t h e  upper-2,011 could be  used t 

upper bound on the magnitude of the r e a c t i v i t y  assoei 

bubble co l l apse  w i t h  s m a  dard d e v i a t i o n s  The 

estimate on a sample p r o  i.s approxirnate1.y half that p red ic t ed  by 

Behrcns e 
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E f f o r t s  i n  t h i s  area are t o  b e  con t inued  t o  deterxirine t h e  e x t e n t  of 

t h i s  upper  bound and t o  a p p l y  t h e  t e c h n i q u e  t o  m u l t i r e g i o n  r e f l e c t e d  

systems.  The r e s u l t s  are t o  b e  compared w i t h  t h e  t r a n s p o r t  c a l c u l a t i o n s  

t h a t  were p r e v i o u s l y  d i s c u s s e d .  

7 . 2  Development of a T r a n s i e n t  Monte Car1.o Code -. .. .. . . ___. ~. . . . - .____I________ _._________I_c_.. __l.l___l.-.- 

Coding w a s  s t a r t e d  t h a t  w i l l  u s e  Monte Carlo t e c h n i q u e s  t o  escimate 

t h e  i n t e g r a l  pa rame te r s  [namely, p/A, P i / A ,  and A (where p i s  t h e  rcac-- 

t i v i t y ,  11 is  t h e  prompt g e n e r a t i o n  t i m e ,  and Bi i s  t h e  del-ayed n e u t r o n  

f r a c t i o n  f o r  t h e  h t h  d e l a y  g r o u p ) ]  used i n  thc q u a s i - s t a t i c  approach.  

The a d j o i n t  ( impor t ance  w e i g h t i n g )  f o r  t h e  i n t e g r a l  pa rame te r s  was 

o b t a i n e d  from a d i s c r e t e  o r d i n a t e  c a l c u l a t i o n  performed on t h e  FFTF 

Eng inee r ing  Mockup Cri t ical  R - Z  geometry model. 

7.3 R e a c t i v i t y  D e t s r m i n a t i o n s  -_____---_____- of a D i s r u p t e d  --__I Core 

Work on t h i s  s u b t a s k  w a s  postponed a g a i n  t o  a l l o w  comple t ion  of 

work on the bubb le  c o l l a p s e  problem. I n f o r m a t i o n  on models f o r  u s e  i.n 

t h e  s t u d y  i s  b e i n g  g a t h e r e d  from Appendix F of the C l i n c h  R i v e r  Breeder  

Reac to r  P r e l i m i n a r y  S a f e t y  A n a l y s i s  Repor t .  

R e  f e r e n c e  
_.I.....-_I- 

1. R. A .  L i l l i e  t o  G .  F .  F l anagan ,  Oak Ridge  N a t i o n a l  Labora to ry  
I n t e r n a l  Memorandum, Nov. 1 9 ,  1975; S u b j e c t :  Bubbl-e C o l l a p s e  
R e a c t i v i t y  E f f e c t s  Using Var iab le -Dens i ty  Models. 
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8 .  CENTKAI, COMPUTERTZED DATA BASE FOR LMFER SAFKL’Y CO 

G.  P.  F l anagnn  E .  T. Tomli.nson 
N.  M. Greene V. M. Forsberg 

T h e  purpose  of t h i s  t a s k  i s  t o  d e f i n e ,  devel.op, and m a i n t a i n  a 

c e n t r a l  computer ized d a t a  b a s e  s a f e t y  computer codes e 

Data E orins from t h e  p a r t i c - i p a  t i n g  organizat ions  were re 

cornpil-ed i iz to  a master l i s  t; These data w e r e  t h e n  c r o s s - c o r r e l a t e d  

and  t h e  maximum r a n g e s  f o r  t h e  t: v a r i a b l e s  f o r  each parameter  

of i n t e re s t  w e r e  o b t a i n e d .  B i n f o r m a t i o n ,  the s i  

d a t a  s t o r a g e  a r r a y s  need s being  determined.  

A meeting was h e l d  w i t h  t h e  OR terns stsaff t o  diSCllSS the 

needs of the data  b a s e  3 hether i t  can 

time-shared o p e r a t i o n  (T of permanent s 

w i t h  i n t e r a c t i v e  termi-na $: can w i t h  sozn 

A TSO c o n s u l t a n t  from t h e  C es D i v i s i o n  s t a f f  w i l l  work 

wi th  N. M. Creene in g e t  pe rab le  on the OWL 

as p o s s i b l e .  

A meeting w i t h  Savannah R i  r Labora tory  s t a f f  was h e l d  on Novem 

1.4, 1975. T h e  f o r m a t s  and the  f i l e  d e s c r i p t i o n  w e r e  f i n a l i z e d  i n  

a t o  remain cornp JOSH[JA computer system,’  The. 

problems of TSO of JOSHUA. wi River Labora tory  

a l so  were d i s c u s s e d .  .J t ,  i s  s e m i o p e r a t i o  

the b a t c h  mode. 

A l l  of t h e  proposed  members of t he  S a f e t y  A n a l y s i s  

CG) were c o n t a c t  ed  SADGG subco 

p e r s o n s  agreed  t o  p r e s e n t  

m e  a t  t h e  o r g a n i z a t i o n a l  I which is  to be h e l d  on .January 

22 and 2 3 ,  1976, ORNL p e r s  g will b e  G. F. F l a  

N.  M. Greene, and C .  Kichnond. 

entative l i s t  of 

Re  f e r e n c e  
----I 

1. N .  M. Greene t o  G .  F.  Flanagan,  Oak Ridge N a t i o n a l  Labora tory  In te rna l .  
Memorandum, Dec. 1 7 ,  1975;  S u b j e c t :  New Formats f o r  SACRD. 
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