
1. Introduction - -- - - 

The E.Z3 assembly on Z E B U  was a ful l - .scale  nockup of the  XOXJU prototype 

reactor.  The compositions and dimensions of XZ3 were s imilar  to those of the 

U.S. f a s t  reactor  benchmark assemblies ZPPR-2 to  ZPPX-5. Thus a comparison 

of the cen t r a l  reaction r a t e  r a t i o s  i n  ZEBW and ZPPR provides a useful check 

of experimental techniques i n  media of s imi la r  composition and spectra.  

To take in to  account small di f ferences  due t o  composition and hetero- 

geneity the  experiinental r e su l t s  a r e  compared v i a  the C/E values obtained 

using the same nuclear data and calculat ion method for  :~ZB and ZPPF.. The 

most straightforward con~parison i s  obtained with measurements a t  the center  

of ZPI'R-2 s ince  t h i s  avoide the conplication of 'spiked-drawers' and control  

rods o r  sodium-filled control  rod pos i t ions  present i n  the  subsequent ZPPR 

assemblies. I n  addit ion,  comparisons a r e  made with ZPPR-4 fo r  several  posi- 

t ions  around the center  of the core. 

2. C a l c u l a t i .  

The :a3 and ZPPR-2 assemblies a r e  described i n  Befs. 1 and 2, and a 

comparison of core parameters is given i n  Table I. Since the inner cores 

of .the two assemblies a r e  s imi la r  i n  dimensions and compositions, a funda- 

mental mode calculat ion alone is su f f i c i en t  to compare the cen t ra l  react ion 

r a t e  r a t i o s .  This asser t ion  is supported by Table 11, vhich compares r a t i o s  

f o r  ZPPR-2 obtained from the inner-core c e l l  calculat ion with those from the 
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f u l l  r z  reactor  model. The 2 3 S ~  capture and U f i s s ion  r a t i o s  to  2 3 9 ~ u  
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f i s s ion  a r e  negligibljr d i f fe ren t .  The L' f i s s ion  r a t i o  requires a correction 



of l e s s  than 17:. Thus, fo r  X Z G ,  a calculat ion was made only f o r  t l : ~  inner Cory 

c e l l  ( c e l l  C-2 i n  Ref. 1 ) .  

The calculat ions  used the EXDF/B Version I11 data  fro% a base l i b ra ry  

i n  156 groups prepared f o r  ZPPR analysis .  The heterogeneous c e l l  calculat ions  

3 
used the SDX code . For YZB, the c e l l  model was s e t  up i n  as closely as  poss- 

i b l e  the  same way as  f o r  ZPPR. Some unavoidable differences occur i n  the  

model because the ZEBRA p la tes  a r e  of dimension 2 x 2 x 114 o r  118 in . ,  and 

a r e  positioned transversely i n  square fue l  element tubes, whereas the  ZPPR 

plates ,  which a r e  normally la rger  than 2 in . ,  a r e  aligned along the drawers. 

For calculat ion of heavy isotope resonance shielding and of f l ux  f ine  s t ruc-  

ture ,  the  contents of t he  Z E B U  p la tes  were calculated f o r  a  nominal area of 

2  x 2  in. and the complete contributions f ron isotopes i n  the s t e e l  tubes 

were put i n to  the di luent  regions. Thus the "mid-plate" dens i t i es  f o r  uraniun 

and plutoniun were approximately preserved as  i n  the  standard ZPPX c e l l  model. 

The ac tua l  homogeneous aton d e r s i t i e s  were used i n  t he  f i n a l  fundaniental 

model calculat ion,  again as  was done f o r  the ZPPR c e l l s .  This calculat ion 

gave the  cell-average react ion r a t e s  f o r  comparison with experinent. 

3. Results 

The cen t r a l  react ion r a t e  r a t i o s  f o r  MZB, ZPPR-2 and ZPPP-4 phase 1 - 

- 
a r e  compared i n  Table 11. For ZPDK-2 the calculated r e su l t s  a r e  ta':en f roa  
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the  r z  calculat ion.  For ZPPR-4 an average of a s e t  of r e s u l t s  around the 

core center is given, these calculat ions  were obtained fron an xyz  diffu- 

sion theory ~ o d e l .  The var ia t ion a t  d i f fe ren t  posi t ions  fo r  2P?"-4 is sho~m 
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i n  d e t a i l  i n  Fig. 1 for  the  U capture r a t i o .  

In  :EB the pr incipal  react ion r e t e s  were measured by two independent 

techniques, using f o i l s  and SSTRs and give cell-average values appropriate 

f o r  comparison with calculation.  The mear? experimental values a r e  used from 



I 

Table V I I ,  I&•’. 1. For ZPPF, c e l l  average val.ues m a s u r d  with f o l k  are  
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and Pu f i s s ion  r a t i o s  only f i s s ion  cliaaber iieasurements a r e  avai lable .  

,., ~ l i e s c  r a t i o s  introduce addi t ional  uncer ta int ies  dhcn coapared i i i th  calcula- 
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t ion ,  estir.!ated i n  Ref. 1 to  be '4% for  the  case of Pu and 212 for  241~u. 
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For the  r a t i o  of primary importance i n  f a s t  reactor performance, Z; 

capture t o  2 3 S ~ u  f i s s ion ,  the basic  experin.enta1 data are  i n  surpr is ingly 

c lose  agreement. However, the  proper comparison between ZPPR and b!ZS is 

obtained from the C/E values. These d i f f e r  a t  the most by about 2.5iL, which 

is within two standard deviations for  the estimated uncer ta int ies ;  The varia- 

t i on  i n  C/E around the core center  f o r  ZPPX-4 shows no obvious correla t ion 

with proxi r~ i ty  t o  control  rod posi t ions  o r  with 'spiked' drawers so tha t  a 

useful comparison is obtained f o r  the mean value. The f i s s ion  r a t i o s  y ie ld  

C / E  values fo r  4ZA and ZPPR which agree within the estimated uncer ta int ies  

of 1 t o  2% f o r  2 3 8 ~  and 2 3 5 ~  and within 3 t o  4% fo r  2 4 0 ~ ~  and 2 4 $ ~ .  Thus, 

t he  comparisons give a useful cross-check of the  measurements made i n  Z E B U  

and ZPPR. 
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TABLE I. Comparison of MZB and ZPPR-2 Assemblies 

ZPPR-2 MZB 

Core he igh t  92 cm 89 cm 
Inner core  diameter 129 c m  124 cm 
Outer core thickness 27 cm 17 cm 

Tota l  plutonium loading 1024 kg (11% 2 4 0 ~ ~ )  960 kg (17% 2 4 0 p ~ )  

TABLE 11. Comparison of Centra l  Reaction 
Rate Ratios From SDX Fundamental 
Mode Calculat ion and From RZ 
F u l l  Reactor Calculat ion f o r  ZPPR-2 

SDX RZ Ratio 
F-M Calculat ion Model RZ/SDX 

C8'F9 
0.1535 0.1534 0.999 



TABLE 111. Comparison' of Centra l  Reaction Rate Ratios i n  
. . .  

. . MZB a n d  ZPPR. . . . . . . . . . . . .  . . 

. . . . . . . . . . . . .  3 - . .  ~ . , .  

Fxperiment Calcula t ion C/E 

c ~ / F ~  ZFP'R-2 0.1427 2 1.4% 0.1534 1.075 2 1.4% 
Z P P R - ~ / ~ ~  0.1428 + 1.4% 0.1517 1.063 + 0.3% 
MZB 0.1427 + 1.2% 0.1498 1.050 + 1.2% 

F /F ZPPR-2 1.067 + 1 . 5 % ~  1.113 1.043 + 1.8% 
' Z P P R - ~ / ~ '  1.092 + 1.5% 1.113 1.020 2 0.5% 

MZB 1.066 + 1.2% 1.086 1.019 + 1.2% 

b F ~ / F ~  ZPPR-413 1.38 + 2.0%b 1.35 0.98 + 2.2% 
MZB 1.352 + 3.0% 1.360 1.006 + 3.2% 

a Average of 20 p o s i t i o n s  nea r  t h e  core  cen te r ,  e r r o r  on C/E 
from t h e  d i s t r i b u t i o n .  

b F i s s ion  chamber measurement. 
C Average of  9 p o s i t i o n s  near  t h e  core  cen te r ,  e r r o r  on C/E 
from t h e  d i s t r i b u t i o n .  

d ~ a l c u l a t i o n  ad jus ted  by rz/F-M r a t i o  from Table 11. 



:lean of 20 p o s i t i o n s :  C = 0.1517 t 0.0003 
E = 0.1428 + 0.0005 

C/E = 1.063 + 0.603 

. . S = Spiked drawer 
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Fig.  1 V a r i a t i o n  of C /F  Near t h e  Center  of PPX-4/1 s 9 
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