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THERMAL 'DATA T E S T I N G  O F  E N D F I B - I T 1  
A N D  P R O G i A O S I S  F O R  EilDF/B-IV* 

F. J .  McCrosson 
. . 

savannah River Laboratory 
E. . I .  du Pont de Nemours E Co. 

Aiken, South Caro l ina  29801 

T M T R O D U C T I O N  b.ND SUMMARY 

One of t h e  a c t i v i t i e s  of t h e  ENDF/B  Cross Sec t ion  Evaluat ion 

I\iorking Group (CSEWG) i s  t e s t i n g  d i f f e r e n t i a l  ENDF/B  c ros s  s e c t i o n s  

i l l  i n t e g r a l  benchmark experiments.  In  t h i s  paper ,  I w i l l  be  p re -  

setting t h e  ENDF/B-III d a t a  t e s t i n g  r e s u l t s  a s  ob ta ined  by t h e  

CSEWG Data 'Testing Subcommittee. These r e s u l t s  have provided 

a) a  b a s i s  f o r  eva lua t ing  t h e  mer i t  of ENDF/B-I11 i n  t h e  a n a l y s i s  

of t he rma l  systems, and b) a  r e f e rence  t o  a s s i s t  eva lua to r s  i n  

. t h e  development of improved thermal neut ron  d a t a  f o r  ENDF/B-IV. 

. .. ?'he ENDF/B- I I I  c a l c u l a t i o n s  f cr  thermal sys  terns were performed 
. . 

by personnel  from s i x  o r g a n i z a t i o n s  ( s l i d e  1 ) :  Floyd wheeler: 

(ANC); Jud Hardy (BAPL); D .  S .  Craig and K. Hughes (CRNL); Don 

Mathews  ( M A ) ;  Lester Pe t s i e  (ORNL]; and R .  L .  Reed and F .  J .  

McCrosssn (SRL) . 
F i f t e e n  thermal benchmark experiments, were analyzed (S l ide  2)  : 

o F'ive u n r e f l e c t e d  spheres  .of uranyl  n i t r a t e  (93 .l,vt .% 3 5 ~ )  

s o l u t i o n  were analyzed t o  t e s t  t h e  II20 and . 2 3 5 ~  c r o s s  

s e c t i o n s .  The E N D F / B - 1 1 1  c a l c u l a t i o n s  f o r  t h e  .spheres 

y i e lded  va lues  of keff about 0 .4% below experiment.  This  

- 
' . ""The information contained i n  t h i s  a r t i c l e  was developed d.uririg , 

t h e ,  course  of work under Contriict No. AT (07-2)  - 1 wi th  t h e  U. S.  
Atomic Energy Commission. 



underpredic t ion  of c r i t i c a l i t y  has  been a t t r i b u t e d  t o  

low thermal va lues  f o r  t h e  product  v t imes of f o r  3 5 1 ~ .  

I n  ENDF/B-TV, t h e  product  vof has been inc reased  a t  thermal 

. eaerg ies ,  afid b e t t e r  a.g~eerr;ent wi th  expe r incn t  i s  ~ ! q e e t e d .  

o Two H20-moderated l a t t i c e s  of  s l i g h t l y  enr iched  uraniuin 

rods and t h r e e  D20-moderated l a t t i c e s  of  n a t u r a l  uranium 

rods were analyzed t o  t e s t  t h e  2 3 8 ~  thermal and resonance 

reg ion  c a p t u r e . c r o s s  s e c t i o n s  i n  add i t i on  t o  t h e  2 3 5 ~  and 

moderator c ros s  s e c t i o n s .  The c r i t i c a l i t y  of t h e  uranium 

l a t t i c e s  i s  underpredic ted  approximately 1.5%' us ing  E N D F / B - 1 1 1 .  

This  underpredi  c t i o n  i s  due p r i m a r i l y  t o  a  10% overpredi .c t ion 

of epi thermal  neutron cap tu re s  by 3 e ~ .  ENDF/B-IV i s  expected 

t o  impi-ove t h i s  s i t u a t i o n  somewhat,hut c a l c u l a t i o n s  w i l l  

cont inue t o .  s i g n i f i c a n t l y  ove rp red ic t  ep i thermal  'U cap tu re s .  

Q Five un re f l ec t ed  spheres  of plutonium n i t r a t e  s o l u t i o n s  

were analyzed t o  t e s t  t h e  2 ' 9 ~ ~  c ros s  s e c t i c n s .  The calcu-. 

l a t i o n s  i n d i c a t e d  t h a t  t h e  ENDF/B-111 c r o s s  sec t ' ions  tend  

t o  ove rp red ic t  t h e  c r i t i c a l j . t y  'of t h e  p1.utonium n i t r a t e  

solut i .ons;  t h e  degree of  o v e r p r e d i c t i o r ~  inc reases  a s  t h e  

thermal neut ron  spectrum hardcns.  Typ ica l ly ,  keff j.s 

about 1-2%..high. No s i g n i f i c a n t  change i s  expected us ing  

Version LV. 

N r ~ w  t h e  ENDF/B-111 thermal d a t a  t e s t i n g  resu1t.s w i l l  be. 

d i scxssed  i n  more d e t a i l .  A prognosis  f o r  ENDF/B-IV w i l l  fo l low 

the  ENDF/B-I11 d i scuss ion .  

DISCUSSION 

Uranyl ~i t ra te  Spheres (Slide 3 ) .  . , 

. . 

CSECilG benchmark experiments O R N L - 1 ,  2 ,  3,  4, and 10 r e f e r  'to 

well-documented experiments performed i n  t h e  e a r l y  1.9601.s:by 

R .  Gwi.n and D .  W. f4agnuson1 i n  which, c r i t i c a l  compositions were 

determined f o r  aqueous s o l u t i o n s  of  2 3 5 ~  i n  s p h e r i c a l  geometry. 

The f i r s t  f o u r  benchmarks i n  S l i d e  3 have t h e  s'ame c r i t i c a l  r a d i u s ,  
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. . -  

b u t  have H/"'u r a t i o s  which vary a s  a  func t ion  o f  b o r i c  a c i d  

content .  ORNL-1 and 10 con ta in  no boron. These ORNL experiments 

were reanalyzed i n  1968 by Alan Staub,  D .  R. H a r r i s ,  and Mark 
,,-.-. -. 

Goldsinith of 2APL t o  inclv.de sma l l  coi.rectior.s f o r  ?he presence 

of  t h e  aluminum con ta ine r ,  depa r tu re s  from s p h e r i c i t y ,  and room 

r e t u r n .  The co r rec t ed  measurements a r e  u s e f u l  f o r  t e s t i n g  H20 

f a s t  s c a t t e r i n g  d a t a ,  t h e  3 5 ~  f i s s i o n  spectrum, thermal cap tu re  

and f i s s i o n  of 3 5 ~ ,  and'  thermal abso rp t ion  of hydrogen.. I n c i d e n t l y ,  
p r i o r  t o  t hese  benchmark c a l c u l a t i o n s ,  t h e  S  (a ,  B) thermal 

s c a t t e r i n g  law d a t a  f o r  ENDF/B-I11 moderators had been t e s t e d  

a d  found . s a t i s f a c t o r y  f o r  p r e d i c t i n g  measured i n t e g r a l  parameters  

assoc.ia.ted with t h e  d i f f u s i o n  length  and pulsed  .neutron expe r i -  
3 . .  . 

ments . 
There i s  no ready explzna t ion  why t h e  GGA r e s u l t s  i n  S l i d e  3 . . 

a r e  0.2 t o  0 .3% higher  than  t h e  BAPL and SKL r e s u l t s .  The GGA 

and SRL c a l c u l a t i o n s  used S methods,* whereas t h e  BAPL c a l c u l a t i o n s  
n  

were P g  epi thermal ly  and double P I  thermal ly  wi th  Marshak boundary 

cond i t i ons .  Taken c o l l e c t i v e l y ,  t h e  BAPL, GGA, and SRL r e s u l t s  

i n d i c a t e  ENUF/B-III unde rp red ic t s  keff b y  about  0.4%. This  under- 

p r e d i c t i o n  has. bccn a t t r i b u t e d  i n . p a r t  t o  an underestj.mation of 

vop f o r  * a t  t h e r m a l  ene rg i e s .  
.. . . . . 

Uranium L a t t i c e s  (Sl ide  4)  

Benchmark experiments TRX-I. and 2  correspond t o  two of  t h e  

l a t t i c e s  descr ibed  by J .  . ~ a r d y ,  , J r .  These l a t t i c e s  con ta in  

s l i g h t l y  enr iched  (1.3%) uranium rods  wi th  d iameters  of 0.4915 cm. 

Benchmarks MIT-1, 2 ,  and 3  a r e  well-documented D20 l a t t i c e  expe r i -  

ments performed i n  t h e  ea.rly 1960 ' s  a t  MIT under t h e  Heavy Water 

L a t t i c e  P r o j e c t .  "he MIT experiments were performed i n  a sub- 
. . 

c r i t i c a l  exponent ia l  f a c i l i t y  and involved D20-moderated l a t t i c e s  

of n a t u r a l  uranium r o d s . w i t h  d iameters  of  2.565 cm. In  a d d i t i o n  

t o  m a t e r i a l  buckl ings ,  t h e  TRX and MIT s e r i e s  of experiments . 
. 

determined s e v e r a l  j-mportant a c t i v a t i o n  p a r m e t e r s  : 

*DTF-IV was used i n  t h e  GGA c a l c u l a t i o n s  and ANIS!( was used i n  
t h e  SRL calci~l. .ati .ons.  . . ----- 

. . . . - 4 -  
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p2 = The r a t i o  of  epi thermal-  t o -  t h e m a l  " 'U cap tu re s  

. 62 = The r a t io . -o f  epi thermal-  t o -  thermal f i s s i o n s  

62e = The r a t i o  of  2 3 8 ~  f i s s i o n s  t o  2 3 5 ~  f i s s i o n s  

' Thes;.: 5enchrnar:; experlmcnts dS.rzc';.?,y t e s t  t h e  thermal an? 

epi thermal  c ros s  s e c t i o n s  f o r  2 3 8 ~ ,  cap tu re  and 2 3 5 ~  f i s s i o n s  

and t h e  2 3 8 ~  f a s t  f i s s i o n  c ros s  s e c t i o n .  They a r e  s e n s i t i v e  t o  

2 3 8 ~  i n e l a s t i c  s c a t t e r i n g ,  t h e  2 3 5 ~  f i s s i o n  s p e c t r m ,  and t h e  

moderator c ros s  s e c t i o n s .  By way of comparison, t h e s e  l a t t i c e s  

have a  much s o f t e r  neut ron  spectrum t h a n a  t y p i c a l  p r e s s u r i z e d  

water  r e a c t o r .  Thus, f o r  a  PMR, t h e  r a t i o  of  ep i thermal - to-  

thermal 2 . 3 5 ~  f i s s i o n s  i s  th ree . - t imes  g r e a t e r .  than f o r  t h e  TRX-1 

l a t t i c e ,  which has t h e  ha rdes t  spectrum of t h e  benchmark cases  

i n  S l i d e  4. 

The c a l c u l a t e d  va lues  of  keff r epo r t ed  by t h e  l a b o r a t o r i e s -  

d i f f e r  ,by a s  much a s  1%. P a r t  of t h i s  l a r g e  , va r i a t i on  may be 

a t t r i b u t e d  to .  t h e  m u l f i p l i c i  t y  of  calculati-ona.1 .methods used.  

Some l a b o r a t o r i e s  used Monte Car1.0, o t h e r s  the. Sn:approximation,. . 
. . 

and o the r s .  i n t e g r a l  t r a n s p o r t  theory .  A l l  t h e  l a b o r a t o r i e s '  used . 

d e t a i l e d  resonance t reatrnents  t o  account f o r  resonance s e l f -  

> s h i e l d i n g ,  b u t  aga ih ,  t h e r e  were v a l i a t i o n s  -i.n ' t h e  met1;ods and : u. . 

approximations. Differences can ari .se i n  . the i n i t i a l  s t e p  of 

p r o c e s s i ~ g  t h e  ENDF/B  po in t -wise  data. t.o mult igroup form, bu t  

some of t h e  1.aboratur ies  wexe a b l e  t o  conparo mult igroup e d i t s  

t o  e l imina te  t h i s  p o s s i b i l i t y . .  

'I'he c a l c u l a t e d  v.alu& of  p2e. ( S l i d e  5)- .correspond t o  a . .  . . . 

thermal c u t o f f  energy 0.625 eV. These c a l c u l a t e d  va lues  a r e  about 

10% highor  than experiment , T h i s  suggests epi thermal  3 8 ~  neut ron  

cap tu re  i s  being overpredic ted  by about  10%. This  ove rp red ic t ion  

of epi thermal  " 3 8 ~  cap tu re  l a r g e l y  ac.counts f o r  t h e  1: 5 t o  2.0% 

underpredic t ion  uf keff f o r  t h e  benchmark l a t t i c e s .  One of t h e  

o b j e c t i v e s  of ,'ENDF/B-IV was t o  reduce t h i s  discrepancy through - 

c a r e f u l  reevaluat i .on of t he  2 . 3 8 ~  resonance c ros s  s e c t i o n s .  The 

e f f e c t  of t h i s  new eva lua t ion  w i l l  bc d iscussed  l a t e r  when we 

p r e s e n t  some p re l imina ry  ENDF/B-IV d a t a  testi . i lg r e s u l t s .  



The c a l c u l a t e d  and measured val.ues of 625 i n  t h i s  s l i d e  

(S l ide  6) correspond t o  a  thermal c u t o f f  energy of 0.625 eV. 

The agreement between c a l c u l a t i o n  and experiment i s  good f o r  t h e  

TRX l a t t i c e s ,  b u t  p x r  f e r  t h e  NIT l e t t i c e s .  I t  ccn be cbserved 

t h a t  t h e  CRNL and SRL r e s u l t s  a r e  s i g n i f i c a n ' t l y  h ighe r  than t h e  

GGA and O k l L  r c s u l t s  f o r  both t h e  TRX and MIT s e r i e s  of expe r i -  

ments. This  t r end  i s  be l ieved  t o  a r i s e  from d i f f e r e n c e s  i n  t he  

approximations used i n  t h e  resonance t r ea tmen t s .  The CRNL and 

SRL c a l c u l a t i o n s  t r e a t e d  5~ resonances i n d i v i d u a l l y  and neg lec t ed  

t h e  e f f e c t s  of overlapping of 'U and neighboring 'U resonances .  

The GGA and ORNL c a l c u l a t i o n s ,  on t h e  o t h e r  hand, p rope r ly  accounted 

f o r  a l l  t h e  over lap  e f f e c t s .  

The c a l c u l a t i o n s  f o r  t h e  HaO-moderated TRX 1a . t t i ce s  sugges t  

no s i g n i f i c a n t  shortcomings i n  t h e  ENDF/B- 111 epi the imal  5 ~ .  

f i s s i o n  c ros s  s e c t i o n s .  Therefore ,  t h e  l a r g e  d i f f e r e n c e s  between 

t h e  c a l c u l a t e d  and measured va lues  of 6? f o r .  t h e  D20-moderated 

MIT l a t t i c e s '  a r e  n o t  1.ikel.y t o  stem .from d e f i c i e n c i e s  i n  t h e  2 3 5 U  

c ros s  s e c t i o n s  themselves.  Nor i s  i t  l i k e l y  t h e  problem l i e s  i n  

t h e  measurements o r  i n  t he  d e f i n i t i o n  of t he  thermal cu to f f  energy.  

The D20 l a t t i c e s  a r e  f a r  more s e n s i t i v e  t o  t h e  rescnRnce vver lap  

e f f e c t s  than t h e  H20 l a . t t i ces ,  s o  perhaps t h e  d i f f e r e n c e s  between 

c a l c u l a t e d  and measured va lues  of  6" l i e  i n  an a s soc i a t ed  e f f e c t ,  

v i z . ,  t h e  r ep re sen ' t a t i u~ i  of  i ~ n t e r f e r c n c e  rcsonanse-  scatl-.eri.ng. 

There i s  good agreement between t h e  c a l c u l a t e d  and measured 

va lues  of t h e  r a t i o  of 2 . 3 8 ~  f i s s i o n s  t o  3 5 ~  f i s s i o n s  . (S l ide  7). . 

These c a l c u l a t i o n s  f o r  62' t e s t  n o t  only t h e  2 3 8 ~  f a s t  f i s s i c n  

c ros s  s c c t i o n ,  b u t  a l s o  the  2 3 8 1 1  i n e l a s t i c  c r o s s  . s ec t ion .  and. t h e  - 

2 3 5 ~  and 2 3 8 ~ ~  f i s s i o n  neutron s p e c t r a .  

P l  u ton i  urn N i  t r a t e  Spheres ( S l  i d e  8) 

This  l a s t  s l i d e  desc r ib ing  ENDF/E-111 d a t a  t e s t i n g  r e s u l t s  

sumrnari:zes . ca l cu la t ed  eigenvalues f o r  f i v e  u n r e f l e c t e d  spheres  o f  

plutonium n i t r a t e  s o l u t i o n .  ' The f i r s t  two benchmarks i n '  t h e  s e r i e s  



were performed by R .  C .  Lloyd, e t  a l . ,  a t  Bat te l le -Nor thwes t  i n  

1966. PNL-3, 4,  and 5 denote experiments by F .  E .  Kruesi,  e t  a l . ,  

performed a t  Hanford i n  1952. These experiments,  which have 

h y ~ - - - e - t - 2 3 ~  l ~ &  atom r a t i o s  rznging froin :2A t o  12C4, a r e  useful  

f o r  t e s t i n g  H20 s c a t t e r i n g  d a t a ,  c ros s  s e c t i o n s  . f o r  thermal neut ron  

cap tu re  a n d ' f i s s i o n  by 2 3 9 ~ ~ ,  and t h e  2 3 9 ~ ~  f i s s i o n  spectrum. 

~ l t h o u ~ h  t h e i r  i n v e n t o r i e s  a r e  n o t  def ined  a s  p r e c i s e l y  a s  more 
' 

r e c e n t  experiments,  t h e  s impl i ' c i ty  of  . t h e s e  bare ,  homogeneous 

spheres  makes t.hem p a r t i c u l a r l y  a t t r a c t i v e  f o r  ca! .cu la t iona l  

benchmarks. 

Both t h e  GGA and SRI; r e s u l t s  i n  S l i d e  8 were obta ined  us ing  

t h e  S,, approximation and multigroup c ros s  s e c t i o n s  wi th  P I  

s c a t t e r i n g .  The ove rp red ic t ion  of c r i t i c a l . i t y  f o r  t h e  PNL spheres  

i n  S l i d e  8 worsens a s  t h e  thermal neutron spectrum hardens,  i . e . ,  

a s  t h e  r a t i o  of hydrogen atoms t o  2 ' 3 9 ~ ~  atoms decreases .  The 

o r i g i n  of t h i s  overpredic t ion  has n o t  been determined. Perhaps, 

without  v i o l a t i n g  t h e  p r e c i s i o n  of t h e  d a t a ,  j ud i c ious  adjustments  

t o : t h e  2 3 9 ~ ~  c ap tu re  an.d f i s s i o n  c ros s  s e c t i o n s  i n  t h e  v i c i n i t y  

of t h e  0'.3-eV resonance could be  made which would y i e l d  reasonable  . . . . 

values .  o f  k' 
e f f '  

.The ove rp ied ic t ion  of  c r i t i c a i i t y  i s  expected ,to. 

continue wi th  ENDF./B-IV s i n c e  t h e  shape of t h e  3 9 ? ~  thermal c ros s  

s e c t i o n s  i s  i d e n t i c a l  i n  Versions 111 and IV,' aqd r e l a t i v e l y  small  
. . 

adjustments  have Seen made t o  t h e  2200-merer/sec values'. 

. . 

E N D F I B - I V  Cross sections and ' ~ r e l i m i ~ a r ~  D a t a  . . .  T e s t i n s  Results 

Now cons ider  some of t h e  changes which we might expect  a s  t h e  

ENDF/B-IV 2 3 5 ~  and 2 3 e ~  c ros s  s e c t i o n s  become a v a i l a b l e .  The 

2 3 5 ~  and 2 3 e ~  c ros s  s e c t i o n s  f o r  ENDF/B-IV have been completely 

r eeva lua t ed  over t h e  f u l l  energy range from 0 t o  20 [\lev. S l i d e  9 

]ists those  new fea.tz;res i n  ENIIF/B-IV which w i l l  a f f e c t  c a l c u l a t i o n s  

f o r  thermal sys  tems. . . . . . . 



The 2200-meter/sec cross .  s e c t i o n s  f o r  2 " ~  have been r e v i s e d  

according t o  t h e  l e a s t  squares  adjustment  descr ibed  by J .  R .  Stehn; '  

t h e  shapes of t h e  thermal c ros s  ' sect ions a r e  t h e  s&e a s  i n  Version 

111. Th.zse ckanges i n  t h e  thermal  35?J c r o s s .  sect . i~ns tend  t o  

i n c r e a s e  p r e d i c t i o n s  of  c r i t i c a l i t y .  However, t h e s e  i n c r e a s e s  a r e  

o f f s e t  somewhat by a hardening of t h e  2 . 3 5 ~  f i s s i o n  spectrum, s i n c e  

t h e  average energy of t h e  neut rons  emi t ted  by thermal * 3 5 ~  f i s s i o n  

has been increased  from 1.95 t o  1.9835 MeV. 

The ENDF/B-IV thermal cap tu re  c r o s s  s e c t i o n s  f o r  2 3 8 ~  a r e  

uniformly about 1% lower than ENDF/B-111 and have a 2200-meter/sec 

va lue  of  2.70 barns compared t o  2 .72  barns  i n  ENDF/B-111. A 

complete r e a n a l y s i s  of  t h e  resonance c ros s  s e c t i o n s  f o r  2 3 8 ~  was 

performed. The new 2 3 8 ~  c ros s  s e c t i o n s  y i e l d  e f f e c t i v e  2 3 8 ~  c ap tu re  

resonance i n t e g r a l s  f o r  the  uranium benchmarl< l a t t i c e s  which a r e  

about 0 . 3  barn lower than ENDF/B-111. 

To g e t  some i n d i c a t i o n  of what might be expected with 

ENDFIB-IV,  some of t h e  uranium benchmark experiments were analyzed 

a t  Savannah Kiirer. The SRL ~ c a l c u l a t i o n a l  methods \sere t h e  same 

a s  descr ibed  p rev ious iy ,  v i z . ,  t h e  ORNL spheres  were c a l c u l a t e d  

us ing  t h e  Sn code ANISN v~ i t l i  p roper  acccunt  being taken f o r  

resonance se l f - sh i e ld i . ng  e f f e c t s ;  t h e  TRX and MIT l a t t i c e s  were 

analyzed wi th  i n t e g r a l  t r a n s p o r t  theory  and t h e  Nordheim resonance 

treatriienr. The zexo lealtagc i n t e g r a l  t r a n s p o r t  r e s u l t s  were 

leakage co r rec t ed  by subsequent B1 c a l c u l a t i o n s  f o r  equ iva l en t  

s p a t i a l l y  homogeneous c e l l s .  

The second column i n  S l i d e  '10 l i s t s  t h e  average keff f o r  

ENDF/B-111  as determined by t h e  BAPL, GGA, and SRL c a l c u l a t i o n s .  

The t h i r d  column g ives  t h e  d i f f e r e n c e  i n  keff when t h e  ENDF/B-I11 

c ros s  s e c t i o n s  f o r  2 3 5 ~  and 2 3 e ~  a r e  r ep l aced  with ENDF/B-1V d a t a .  

This  d i f f e r e n c e  does n o t  r e f l e c t  any change which might r e s u l t  from 

'...the new ENDF/B- IV eva lua t ions  c f  hydrogen and oxygen. The observed 

i n c r e a s e  i n  k i s  p r i m a r i l y  t h e  r e s u l t  of a 0 .7% i n c r e a s e  i n  
e f f  



t h e  ENDF/B-IV 3 5 ~  thermal va lues  f o r  6c F a s t  leakage i s  f '  
increased  somewhat us ing  ENDF/B-IV because t h e  e f f e c t i v e  nuc lea r  

temperature f o r  t h e  3 5 ~  f i s s i o n  spectrum i s  1.30 MeV i n  Version 
%. TI1 and 1. ,723 MeV i n  Version J V .  The l a s t - c o l ~ l ~  i n  t h e  s1i.d.e 

g ives  t h e  es t imated  va lue  of  k f o r  E N D F / B ~ I V .  Th i s  va lue  was e f f  
obtained by applying t h e  d i f f e r e n c e  i n  Column 3 t o  t h e  average 

va lue  i n  Column 2 .  ' I t  i s  observed t h a t  theimprovemen't  i n  going 

from Version I11 t o  Version IV i s  sma l l ,  b u t  p r e d i c t i o n  of 

c r i t i c a l i t y  with ENDF/B-IV i s  reasonably good. 

The t h i r d  column i n  S l i d e  11 i n d i c a t e s  t h a t  ENDF/B-IV y i e l d s  

about a 0.7% i n c r e a s e  i n  k f o r  t h e  TRX l a t t i c e s  and a  1 .0% 
ef  f 

i nc rease  f o r  t h e  MIT l a t t i c e s .  Never the less ,  t h e s e  very  p re -  

1i.minary ENDF/B-IV r e s u l t s  s t i l l  i n d i c a t e  s i g n i f i c a n t  under- 
, 

p r e d i c t i o n  of k  
e f f '  

This  poor agreement, i n  c o n t r a s t  t o  t h e  

good agreement f o r  t h e  uranyl  n i t r a t e  spheres ,  suggesrs  t h e  % 

problem l i e s  i n  t h e  ' 3 8 ~  c ros s  s e c t i o n s  and/or i n  t h e  c a l c u i a t i o n a l  

models. 

bleasured and c a l c u l a t e d  va lues  of P 2 8  a r e  compared ::l.n S l i d e  1 2 .  
- '  

The pre l iminary  ENDF/B-1.V "'u c ros s  s e c t i o n s  reducs  t h e  E N D F / B - 1 1 1  : 

results f o r  p'' by l 'ess than 2%; a  10% reduc t ion  .of epithermal. "'u 
capture  wouid have y i e lded  n o t  on ly  agreement wi th  t h e  P 2 R  measure- 

. . 
ments, b u t  a l s o ,  good va lues  f o r  kef f .  Such a  10% ' r e d u c t i o n ,  how-. 

ever ,  can n o t  be j u s t i f i e d  by c u r r e n t  d i f f e r e n t i a l  c ros s  s e c t i u ~ l  

measurements. Great. care was taken i n  t h e  ENDF/B-IV eva lua t ion  t o  

reduce t h e  p o s s i b i l . i t y  of spur ious  p-wave sresanances and excess  
. . 

abso rp t ion  through sys t ema t i c  experimental  e r r o r s .  

.. . . CONCLUSIONS AND PROGRAM (SL- IDE 13) 

In conc lus io r~ ,  t he  pre l iminary  t e s t  r e s u l t s  fox  ENDF/B-IV 

i n d i c a t e  reasonably good p r e d i c t i o n  of c r i t i c a l i t y  f o r  t he  OKNL 

spheres ,  b u t  c r i t i c a l i t y  f o r  t h e  uranium l a t t i c e s  w i l l  be  s i g n i f -  

i c a n t l y  underpredic ted .  This  underpreclic~cion a r i s e s  p r i m a r i l y  

because the  l a t t i c e  c a l c u i a t i o n s  overes t imate  ? "U ~ ~ S U I I ~ I L C B  



capture .  Fu r the r  reduct ion  of t h e  epi thermal  'U cap tu re  c ros s  

s e c t i o n s  t o  f o r c e  agreement does no t  appear warranted by c u r r e n t  

d i f f e r e n t i a l  c ross  s e c t i o n  measurements; hence, we may be  f a c i n g  

problems i n  t h e  c e l c u l a t i o n s l  methods themsslves.  To h e l p  r e s c l v e  

t h i s  ques t ion ,  p l ans  a r e  under way t o  conduct a  seminar on resonance 

c a l c u l a t i o n s  i n  t h e  f a l l .  Hopefully,  through a  d i scuss ion  of 

c u r r e n t  c a l c u l a t i o n a l  methods and p o s s i b l e  ex tens ions ,  a  course 

of  ac t jnn  can be e s t a b l i s h e d  f o r  improving t h e  p r e d i c t i o n s  f o r  

t h e  uranium l a t t i c e s .  

The c r i t i c a l i t y  of t he  plutonium n i t r a t e  spheres  i s  overpre-  

d i c t e d  by 1 t o  2% wi th  E N D F / B - 1 1 1 ,  and no s i g n i f i c a n t  change i s  

expected wi th  ENDF/B-IV. This  ove rp red ic t ion  a p p e a ~ s  t o  be a  

func t ion  of spectrum hardness .  To b e t t e r  understand t h i s  problem, 

the  CSEWG Data Tes t ing  Subcommittee i s  p repar ing  s p e c i f i c a t i o n s  
. . 

- f o r .  -addi t ional .  homogeneous experiments performed a t  t h e  .Bat te l  l e -  . ,, 
Northwest C r i t i c a l  Mass Laboratory. " l o  These more r e c e n t  exper i -  

ments involve  plutonium-uranium mixtures ,  and they  a r e  somewhat 

more complex geometr ica .11~ than  the  o l d e r  PNL spheses, ,  bu t  t h e i r  

i n v e n t o r i e s  a r e  b e t t e r  defined.. Seve ra l  plutoni.um-fueled uniforln 
, 

l a t t i c e  experimerits a r e  a l s o  being added t o  tha. CSEWG benchmarks. 

We encourage t h e  measurement of pl.utonium a c t i v a t i o n  parameters  

s i m i l a r  t o  p 2 e  and fi2' f o r  uranium l a t t i c e s .  Such piutonium 

a c t i v a t i o n  parameters  wculd be extremely u s e f u l  i n  plutonium d a t g  

t e s t i n g  . 
F i n a l l y ,  we would l i k e  t o  have more o rgan iza t ions  p a r t i c i p a t e  

i n  t h e  ENDF/B d a t a  t e s t i n g ,  program. Although t h e  u t i l i t i e s  were 

nnt .  a c t i v e  i n  t h e  ENDF/B-I11 d a t a  t e s t i n g  e f f o r t ,  we a r e  looking 

. .  . . .  . -. forward.  t o  t h e i r  p a r t i c i p a t i o n .  i n  Version IV d a t a  t e s t i n g . .  . -Th i s  . . ' " .. . - 

will provide  addjt . inna1 ba lance  t o  t h e  ENDF/B e f f o r t  and w i l l  

s u r e l y  r e s u l t  i n  a broader  spectrum of therma.1. d a t a  t e s t i n g  

benchmarks than we now have. 
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Sl ide  1 

P A R T I C I P A T I N G  O R G A N I Z A T I O N S  

; a AEKOJET NUCLEAR CO. ( A N C )  

o B E T T I S  ATOMIC POWER LABORATORY ( B A P L )  

o CHALK ' R I V E R  NUCLEAR L A B S .  ( C R N L )  

o GULF GENERAL A T O M I C  (GGA) .  

OAK RIDGE NATIONAL LABORATORY (ORNL) 

o SAVANNAH R I V E R  L.4BORATORY (SKL ) 



S l i d e  2 

E N D F I B - I 1 1  BENCHMARK RESULTS 

o UNREFLECTED SPHERES OF URANYL N ITRATE SOLUTION: 

k e f f  ~ 0 . 4 2  l o w  

o H20-  AND D20-MODERATED URANIUM L A T T I C E S :  

k e f f  % I .  5% 1 ow 

o UNREFLECTED SPHERES OF PLUTONIUM N ITRATE SOLUTION: 

k e f f  1 t o  2%.h igh  
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URANYL NITRATE SPHERES (ENDFIB-I I I) 

.. . 

k e f f  .. 

BENCHMARK RADIUS,  cm BAPL GGA SRL 

ORNL- 1 34.595 1378 0.9965 0.9999 0.9973 

ORNL- 2 34,595 1177 0.9963 0.9995 

ORNL- 3 34.595 1033 0.9933 0.9963 

ORNL- 4 34.595 971 0.9947 0.9980 0.9958 

OKNL-10 61.01 1 1835 0.9931 0.9956 0.9935 



S l i d e  4 

CRITICALITY OF URANIUM LATTICES (ENDFIB-I I I) 

k e f f  

BENCHMARK MODIFUEL ANC BAPL CRNL GGA ORNL SRL 

TRX-1 2.35 0.9741 0.9872 0.9808 0.9791 0.985 0.3766 

TRX-2 4.02 0.9823 0.9913 0.9876 0.9924 0.998 0.9859 

B. D20-Moderated L a t t i c e s  . . 

k e f f  

GENCHMARK MODIFUEL CRNL GGA ORNL SRL -- 
N I T - 1  20.74 0.9801 0.9888 0.984 C.9735 



Slide 5 

RATIO OF EPITHERMAL-TO-THERMAL 38U CAPTURES (ENDFIB-I I I ) 
2 8 

BENCHMARK EXP - ANC - BAPL CRNL ' GGA ORNL SRL 

TRX- 1 1.311 1.438 1.422 1,419 1.416 1.44 1.454 
+o. 020 

TRX-2 0.830 0.906 0.899 0.874 0.877 0.91 0.890 
50.015 

MIT-1 0.498 0.5319 0,534 0.535 0.5683 
+0.008 

MIT-2 0.394 0.4365 0.435 0.430 0.4659 
to. 002 



S l i d e  6 

RATIO OF EPiTHERMAL-TO-THERMAL 5U FISSIONS (ENDF/B-11 I ) 

V 

BENCHlilARK EXP ANC BAPL CRW L GG A ORNL SRL 

' TRX- 2 0.0608 0.0619 0.0649 0.0665 0.0602 0.06 0.0621 
t o .  0007 . . 

MIT-1 0.0447 0.0520 0.0473 0.049 0.0538 
+0.0019 

MIT- 3 0.0248 
20.001 0 



S l i d e  7 

RATIO OF 3 8 ~  FISSIONS TO. ?'3 5~ FISSIONS (ENDFIB-111) 

628 
BENCHMARK EXP . ANC BAPL.. --- CRNL. . GGA ' ORNL S RL 

TRX- 1 0.0914 0.0901 0.0894 0.0878 0.0910 0.093 0.0912 
20.0020 

TRX- 2 0.0667 0.0651 0.0654 0.0627 0.0659 0.069 0.0651 
20.002 



S l i d e  8 

PLUTONIUM N I T R A T E  SPHERES ( E N D F / B - 1  I I.) 

RADIUS,  - k e f  f 
BENCHMARK cm H / ~ ~ ' P u  GGA SRL 



S l i d e  9 

E N D F I B - I V  CROSS SECTIONS 

2 3 5 ~  - 
- NEW LEAST SQUARES ADJUSTMENT OF 2200-M/SEC DATA 

- ENDF/B-111 SHAPES RETAINED AT THERMAL ENERGIES 

- F FOR F I S S I O N  SPECTRUM INCREASED FROM 1 . 9 5  
. m 

TO 1 . 9 8 5  MeV 

2 3 8 ~  - 
- 2200-M/SEC CAPTURE CROSS SECTION REDUCED FROM 2.72 

TO 2 . 7 0  b 

- EFFECT IVE  RESONANCE INTEGRAL ~ 0 . 3  b LOWER THAN 

ENDFIB -  I I I 
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URANYL NITRATE SPHERES (PRELIMINARY ENDFIB-IV) 

A\!G'. k2f f  ESTIMATED %ff 
BENCHMARK ENDFIB- I I I Akeff ENDFIB-IV 

ORNL-1 0.9979 0.0012 0.9991 



S l i d e  11 

AVG. keff  ESTIMATED k e f  f 
BENCHMARK ENDFIB-1 I I A k e f f  -- ENDF/B-.IV 

TRX- 1 0.9805 0.0082 0.9887 

TRX-2 0.9896 0.0059 0.9955 



S l i d e  12 

p2 FOR URANIUM L A T T I C E S  ( P R E L I M I N A R Y  E N D F I B - I V )  

----.---- p2 a --. 
AVERAGE ESTIMATED ESTIMATED 

BENCHMARK , EXPERIMENT ENDFIB-I - I I % REDUCTION ENDF/B-IV 

TRX- 1 1.311 1.431 1.75 1.406 
10.020 

0.878 . . 
TRX- 2 0.830 0.893 1.68 

+C.07 5 



S l i d e  1 3  II 

CONCLUSIONS AND PROGRAM 

o n  n r ~ P T Y  u v ~ D  r ,R rD ib  I ION OF k FCR GRNL SPHERES e f  f 

k e f f  UNDERPREDICTED FOR U LATT ICES 

- 'U RESONANCE CAPTURE OVERPREDICTED 

. - SEMINAR ON' RESONANCE METHODS . .  . 

O k e f f  OVERPREDICTED FOR PLUTONIUM NITRATE SOLUTIONS 

- MORE PLUTONIUM BENCHMARKS 
(HOMOGENEOUS ; LATTICE ) 

- ACTIVATION PARAMETERS 

BROADEN SCOPE 

- PARTIC IPATION 

- BENCHMARKS 




