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MEASUREMENTS OF BUCKLINGS AND DIFFUSION COEFFICIENT CHANGES 
I N D 2 0  MODERATED LATTICES OF TUBULAR UO ASSEMBLIES 2- - 

H e  R e  F ike  and W e  E o  Graves 

I n t r o d u c t i o n  

Tubular  a s s e m b l i e s  of n a t u r a l  UOg a r e  cand ida t e  f u e i  

e lements  f o r  .power r e a c t o r s  ' b e i n g  des igned a t  t h e  Savannah R i v e r  

~ a b o r a t o r ~ ( l ) .  The d e s i g n  i s  done t o  a  l a r g e  e x t e n t .  w i t h  t h e  

,.Cost Opt imiza t ion  Within  t h e  Code i s  a  subprpgram, t h e  

BSQ which computes macro- and microscopic  l a t t i c e  phys i c s  

parameters .  . BSQ was,  p r e v i o u s l y  normalized t o  a c c u r a t e l y  measured 

m a t e r i a l  buck l ings  o f ' h e a v y  wa te r  moderated l a t t i c e s  of n a t u r a l  

U-metal rod c l u s t e r s  and tubes .  To provide  no rma l i za t i on  d a t a  

f o r  n a t u r a l  U02-tubular  a s sembl i e s  s i x  s e t s  of U02 tubes  were 

f a b r i c a t e d  f o r  phys i c s  s t u d i e s ,  The s t u d i e s  included:  

o  Measurements and c a l c u l a t i o n s  of f r a c t i o n a l  

changes Pn t h e  d i f f u s i o n  c o e f f i c i e n t  i n  t h e  

v e r t i c a l  d i r e c t i o n ,  SD,/D, when D20 was ex- 

( 4 )  p e l l e d  from one o r  more c o o l a n t  channe ls  

o .  Measurements of m a t e r i a l  buck l ings  of l a t t i c e s  (495 ) .  
i n  which t h e  c o o l a n t  channe ls  i n  t h e  a s sembl i e s  

were f i l l e d  w i t h  a  mockup of,HgO f o g  c o o l a n t ,  

w i t h  D 2 0 ,  w i t h  a i r ;  o r  some w i t h  D20 and some 

w i t h  a i r .  



Descript ion,  of Fuel Assemblies 

The s i x  s e t s  of U02 tubes a long with housing tubes were 

arranged i n t o :  SLIDE ONE -- a  f o u r  tub.e assembly ABCD with hous- 

ing  tube TI; a  two tube assembly B I C f  with housing tube I P T  and 

T2; and a  t h r e e  tube assembly B I C D  with bpth I P T  and T1. The 

accompanying t a b l e  l i s t s  information about the  assembly components. 

The coolant  channels between any two f u e l  tubes i n  the  assemblies 

were 0.180" th ick .  

The assemblies  were designed so  t h a t D 2 0  i n  one o r  more 

coolant  channels could be remotely expel led by helium pressure .  

The mockup f o r  the  H20 fog  was expanded polyethylene 

( C H 2 ) n *  We used' two d e n s i t i e s  having Ha concent ra t ions  equiva lent  

t o  H20 a t  nominal d e n s i t i e s  of 0.2 and 0.1 g/cc; a c t u a l  d e n s i t i e s  

a r e  l i s t e d  on Table I. The centermost channel (No. 1) was empty 

i n  the  "fog cooled" assemblies.  

The Reference P i l e  

The measurements were made i n  the  Process Development 

P i l e  ( 6 )  a t  t r i a n g u l a r  l a t t i c e  p i t c h e s  of 9.33" and 11.1". The 

reference  f u e l  assemblies were 31 rod ' c l u s t e r s  of 0.50" diameter 

n a t u r a l  U02 r o d s ( 7 ) .  We s u b s t i t u t e d  up t o  seven tubu la r  assem- 

b l i e s  '.in the  "cen te r  hexs' l a t t i c e  pos i t ions .  The s t a t i s t i c a l  

weight of t h e  c e n t e r  hex t e s t  reg ion  on the  9.33" p i t c h  was 12-14% 

and 21-22% on the  11,l" p i t c h .  

The heavy water p u r i t y  was 99.58 mol per  cent  D20, the  

temperature was 21 +_ 1°c. 
Descr ip t ion  of the  Measurements and Resu l t s  

@' mcfkmd of RII.UJ r %eCe;7*r 
The k&i&q~skw measuring SDJD was developed by 

Persson us ing  one-group .pe r tu rba t ion  theory(8 ) .  One tubu la r  



assembly was placed i n  the  c e n t e r  p o s i t i o n  In  the  PDP and the  p i l e  

was taken c r i t i c a l .  Water i n  one o r  more channels was expel led 

i n  s e v e r a l  s t e p s  by helium under pressure ,  the p i l e  being heSd . : c r i t i ca l  

by changing t h e  moderator he ight .  The .changes i n  c r i t i c a l  modera- 

t o r  he ight  and the  corresponding percentage of the  channe l ( s )  

voided provided da ta  necessary t o  compute SDZ/D1, where D l  i s  

t h e  d i f f u s i o n  c o e f f i c i e n t  of the  reference  l a t t i c e  and not  of t h e  

t e s t  assembly. C e l l  c a l c u l a t i o n s  were made t o  determine the  

r a t i o  of D1 /D;  f o r  these  l a t t i c e s  the  r a t i o  was w i t h i n  1.00 +_ 0.03. 

The measurements.were made f o r  a  v a r i e t y  of channels 

and channel combinations f o r  the  t h r e e  assemblies a t  both l a t t i c e  

p i t ches .  The r e s u l t s  a r e  p l o t t e d  on Figure 2 -- SLIDE TWO a s  a  

func t ion  of the  vo id - to -ce l l  volume ra t io . .  "v''.. They can be 

descr ibed reasonably wel l  by a  s i n g l e  func t ion  S D ~ / D  = 1.528 v + 
2 ( 9 )  0.016 v . The S D Z / D 1 s  were computed us ing  the  Benoist  theory . 

A model was chosen i n  which mate r i a l s  on e i . ther  s i d e  of a  voided 

channel were homogenized. Values o f .  SD,/DIS were computed f o r  

f a s t  neutrons only and s i n g l e  channel values,, were ..added t o  g e t  

the  t o t a l  change f o r  a l l  channels v.oided.. Though i n . p r i n c i p l e  

these  values,  l i k e  t h e  measurements, a r e  not s i n g l e  valued func t ions  

of the  voiCi 'fraction . they . were nea r ly  s o  f o r  these  l a t t i c e s  a n d ' a r e  

shown t h a t  way, . 'One reason t h e  c a l c u l a t i o n s  s l . i g h t l y  underestimate 

t h e  measured changes . i s  t h a t  streaming i n  seve ra l  channels a t  

once has been ignored. However t h e  reasonable agreement between 

ca lcul ' a t ions  and measurements shows t h a t  t h i s  r e c i p e  i s  adequate 

f o r  c a l c u l a t i n g  changes i n  D f o r  tubu la r  f u e l . a s s e m b l i e s  with 

small  voided,, channels. 



The bucklings were determined by two methods ( 7 ) :  a  

s u c c e s s i v e . s u b s t i t u t i o n  technique a l s o  developed by Persson from 

one-group pe r tu rba t ion  theory; and a  two-group f l u x  matching 

technique, I n  the  one-group method 1, 3, and 7 tubu la r  assem- 

b l i e s  replaced reference  assemblies i n  the  cen te r  hex, The 

changes i n  buckling w i t h  r e spec t  t o  the  one region  reference  

l a t t i c e ,  the  s t a t i s t i c a l  weights of the  t e s t  regions,  and the  

r a t i o  of one-group d i f f u s i o n  c o e f f i c i e n t s  provided da ta  f o r  

e x t r a p o l a t i n g  t o  the  d i f f e r e n c e  i n  buckling between one-region 

loadings of the  t e s t  l a t t i c e  and the  reference  l a t t i c e .  

The second technique u t i l i z e s  only the  da ta  from the  

seven assembly s u b s t i t u t i o n  case.. Es'timates of the  r a d i a l  

d i f f u s i o n  c o e f f i c i e n t s  and migrat ion a r e a s  used i n  the  s o l u t i o n '  

of the  two-group equat ions were obtained from the  S D ~ / D  measure- 

ments and c a l c u l a t i o n s  discussed above. 

Table 11: summarize? the  measured bucklings . The 

values l i s t e d  a r e  averages between ~ n e - ~ r o u ~  and two-grqup 

answers which agreed t o  wi th in  +_ 5 pB i n  a  random..manner. Dif-  

fe rences  i n  bucklings,  f 0 r . a  given assembly and l a t t i c e  p i t c h ,  

due t o  d i f f e r e n t  coolant  condi t ions ,  a r e  accura te  t o t  5 pB. 

Absolute bucklings a r e  accura te  t o  +_ 10 PB. - , .  
, .  . 
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ACTUAL POLYETHnENE DENSITIES I N  COOLANT CHANNELS 
. -. . OF F'OG -COOLED ASSEMBLIES 

Nominal H2 
Equ iva l en t  Dens i t y  of CH2, g/cc 

P i t c h ,  Hz0 Den:sity, . . 
Assembly i nches  g/c c No. 2 No. 3 No. 4 No. ,5  

ABCD 

B1:C 1 

( a )  Channel No. 1 i n  each  assembly was f i l l e d  w i t h  a i r .  



TABLE I1 

BUCKtINGS OF D20 MODERATED LATTICES OF U02 FUEL TUBES 
. . 

T r i a n g u l a r  
L a t t i c e  

Assembly P i t c h ,  In .  

ABCD T1- ' 9.. 33 

I P T  B ' C '  T2 9.33 

IPT B P C D  T1 
- .  

9 0 3.3 
. . . . .  - .  

D2O o r  A i r  
F i l l e d  Assemblies "Fog" Cooled Assemblies (4 

Channels 
A i r  N a t e r i a l  Nominal H2 M a t e r i a l  
F i l l e d  Buckl ing  Concent ra t ion  Buckl ing 

None 392 clB* 0.2 g/cc 
233,435 399 0.1 
A l l  401 

None 440 
3 449 
2,3 454 
2,3,4,.5 459 
A l l  458 

None 5 0.8 
3 514 
2,334 503 
A l l  500 

None 465 

::;4 
473 
476 

A l l  4 76 

None 403 
2,-3>4,5 404 
~ l l  406 

447 None 
33435 461 
2,3;4,5 462 
A l l  463 

( a )  Innermost channel  i n  each assembly was a i r  f i l l e d .  

0 .  
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NOTE: ALL CLADDING - . 0 3 0 n  THICK. 1100 AL 
ABCP OXIDE - . 250 '  THICK 
B'C OXIDE - , 4 0 0 "  THICK 
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Figure 1. Cross Sections of U 0 2  Tube 
Assemblies for Physics Tests 



VOLUME 'VOID 
VOLUME CELL. 

Figure 2. Change i n  V e r t i c a l  Dif fus ion  Coef f i c i en t  
on. Voiding Coolant Channels i n  U 0 2  Tube C l u s t e r s  




