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ABSTRACT 

The Department o f  Energy (DOE)  O f f i c e  of Fusion Energy (OFE)  and t h e  

D i v i s i o n  o f  Reactor Research and Technology (DRRT) j o i n t l y  sponsored t h e  

development o f  a  coupled f ine -g roup  cross s e c t i o n  l i b r a r y *  Th is  171- 

neutron, 36-gamma-ray group l i b r a r y  was based upon ENDF/B-IV and was 

i n t ended  t o  be a p p l i c a b l e  t o  f u s i o n  r e a c t o r  neu t ron i cs  and LMFBR c o r e  

and s h i e l d  a n a l y s i s .  Versions o f  t h e  1  i b r a r y  a r e  a v a i l a b l e  f rom t h e  

R a d i a t i o n  S h i e l d i n g  In fo rmat ion  Center (RSIC) a t  t h e  Oak Ridge Na t i ona l  

Labora to ry  i n  bo th  AMPX and CCCC formats .  Computer codes f o r  energy group 

col l aps i ng ,  i n t e r p o l a t i o n  on Bondarenko f a c t o r s  f o r  resonance s e l f -  

s h i e l  d i  ng and temperature co r rec t i ons ,  and va r i ous  o t h e r  u s e f u l  da ta  

man ipu la t ions  a r e  a l s o  a v a i l a b l e .  

The exper ience ga ined i n  t he  generat ion,  v a l  i d a t i o n  and u t i  1  i z a t i o n  

o f  t h i s  l i b r a r y  a long  w i t h  i t s  broad range o f  a p p l i c a b i l i t y  has l e d  t o  

t h e  reques t  f o r  upda t i ng  t h i s  da ta  s e t  u s i n g  ENDF/B-V. A d d i t i o n a l  sup- 

p o r t  i n  t h i s  r ega rd  has been p rov ided  by t h e  Defense Nuclear  Agency 

(DNA) and b y  t h e  E l e c t r i c  Power Research I n s t i t u t e  (EPRI) i n  suppor t  o f  

weapons analyses and 1  i g h t  water  r e a c t o r  s h i e l  d i  ng and dos imet ry  p r o b l  ems, 

r e s p e c t i v e l y .  The purpose o f  t h i s  r e p o r t  i s  t o  p rov i de  d e t a i l e d  s p e c i f i -  

c a t i o n s  and r a t i o n a l  e  f o r  t he  proposed -ENDF/B-V update (des igna ted  

V ITAMIN-E )  t o  t he  VITAMIN-C l i bra ry .  





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

The Department o f  Energy (DOE) O f f i c e  o f  Fusion Energy (OFE)  and t h e  

D i v i s i o n  o f  Reactor Research and Technology (DRRT) j o i n t l y  sponsored t h e  

development o f  a coupled f ine -g roup  cross s e c t i o n  1 i b r a r y . l  32,3,4 Th i s  

171 -neut ron,  36-gamma-ray group 1 i b r a r y  was based upon ENDF/B- I V  and was 

in tended  t o  be a p p l i c a b l e  t o  f u s i o n  r e a c t o r  neu t ron i cs  and LMFBR c o r e  and 

s h i e l d  a n a l y s i s .  Versions o f  t h e  l i b r a r y  a r e  a v a i l a b l e  f rom t h e  R a d i a t i o n  

S h i e l d i n g  I n f o r m a t i o n  Center (RSIC) a t  t he  Oak Ridge Na t i ona l  Labo ra to r y  i n  

bo th  AMPX (DLC-41/VITAMIN-C) and CCCC (DLC-53/VITAMIN-4C) formats .  Computer 

codes f o r  energy group c o l  1  aps i  ng, i n t e r p o l  a t i o n  on Bondaren ko f a c t o r s  

f o r  resonance s e l f - s h i e l d i n g  and temperature c o r r e c t i o n s ,  and v a r i o u s  

o t h e r  usefu l  data  man ipu la t ions  a r e  a1 so a v a i l a b l e  v i a  t h e  PSR-63/AMPX-I1 

and PSR-117/MARS packages. 

The exper ience gained i n  t h e  generat ion,  v a l  i d a t i o n ,  and u t i  1  i z a t i  on 

o f  t h i s  1  i b r a r y  a long  w i t h  i t s  broad range o f  a p p l i c a b i l i t y  has l e d  t o  t h e  

r eques t  f o r  upda t i ng  t h i s  da ta  s e t  us i ng  ENDF/B-V. Addi t i o n a l  suppo r t  

i n  t h i s  regard  has been p rov ided  by t h e  Defense Nuclear  Agency (DNA) and 

by t h e  E l e c t r i c  Power Research I n s t i t u t e  (EPRI) i n  suppo r t  o f  weapons 

analyses and 1  i g h t  wa te r  r e a c t o r  s h i e l d i n g  and dos imet ry  problems, 

r e s p e c t i v e l y .  The purpose of  t h i s  r e p o r t  i s  t o  p rov i de  d e t a i l e d  s p e c i f i -  

c a t i o n s  and r a t i o n a l  e  f o r  t he  proposed ENDF/B-V update (des igna ted  VITAMIN-E) 

t o  the VITAMIN-C l i b r a r y .  

L a t e r  r e p o r t s  w i l l  o u t l i n e  s p e c i f i c a t i o n s  f o r  t h e  broad-group, 

app l i ca t ion -dependent  l i b r a r i e s  which a re  t o  be d e r i v e d  f rom t h e  f i ne -g roup  

master  l i b r a r y  d iscussed i n  t h i s  r e p o r t .  Some o f  t h e  p e r t i n e n t  exper ience 

ob ta ined  i n  t he  development o f  VITAMIN-C i s  rev iewed and some e x p l a n a t i o n  

f o r  p a r t i c u l a r  r e v i s i o n s  o r  re f inements  t o  t h e  l i b r a r y  i s  p rov i ded  i n  Sec- 

t i o n  11. Sec t ion  111 con ta ins  t h e  r e s u l t i n g  s p e c i f i c a t i o n s  f o r  t h e  f i n e -  

group update based upon ENDF/B-V. F i n a l l y ,  a  r e p o r t  on t h e  proposed l i b r a r y  

t e s t i n g  program and a n t i c i p a t e d  near  term a p p l i c a t i o n s  i s  g iven  i n  Sec t i on  T V .  



11. R a t i o n a l e  f o r  Changes f r om the  VITAb4IN-C S p e c i f i c a t i o n s  

A. Name. The development of a  major 1  i b r a r y  o f  t h i s  magnitude 

c e r t a i n l y  wa r ran t s  t h e  c o n s i d e r a t i o n  o f  a  new name. The new l i b r a r y  w i l l  

be c a l l e d  VITAMIN-E, t h e  E ( t h e  f i f t h  l e t t e r  o f  t h e  a lphabe t )  s t and ing  

f o r  ENDF/B Ve rs i on  V ( t h e  f i f t h  v e r s i o n  o f  ENDF/B). 

B. M a t e r i a l  s/Temperatures/Background Cross Sec t ions .  VITAMIN-C 

c u r r e n t l y  c o n t a i n s  more than 66 m a t e r i a l s  which pe rm i t s  a broad spectrum 

o f  a p p l i c a t i o n s .  ENDF/B Vers ion V con ta ins  a s i g n i f i c a n t  expansion o f  t h i s  

nuc lea r  da ta  base, p a r t i c u l a r l y  f o r  t h e  a c t i n i d e s  ( i n c l u d i n g  t h e  Th c y c l e  

m a t e r i a l s ) .  A1 1  m a t e r i a l s  i n  t h e  General Purpose f i l e  w i l l  be processed 

f o r  VITAMIN- E.' Regarding temperatures,  t h e  va lues o f  0°, 300°, 900°, 

and 2100°K f o r  t h e  VITAMIN-C l i b r a r y  were found t o  be q u i t e  s a t i s f a c t o r y .  

There i s  a  p o s s i b i l i t y  t h a t  f u t u r e  Doppler c a l c u l a t i o n s  may r e q u i r e  h i g h e r  

temperatures f o r  c e r t a i n  se l ec ted  m a t e r i a l s ,  b u t  t h i s  w i l l  be t r e a t e d  

l a t e r  on a  case by case bas is .  A s i m i l a r  s i t u a t i o n  e x i s t s  f o r  t h e  va lues 

o f  Go, t h e  background cross s e c t i o n .  Most users  were s a t i s f i e d  w i t h  t he  

va lues employed i n  VITAMIN-C. Hence, a l though  t h e  s e l e c t i o n  o f  o o ' s  can 

c l  e a r l y  be improved w i t h  r e s p e c t  t o  p a r t i c u l  a r  app l  i c a t i o n s ,  t h e  genera l  i t y  

o f  t h e  1  i b r a r y  and e a r l i e r  work ( t h e r e  w i l l  undoubtedly be many comparisons 

o f  Vers ion I V  and V c ross  s e c t i o n s )  tend t o  l e a d  us t o  draw upon o u r  pre-  

v ious  exper ience, supplement ing addi  t i o n a l  oo v a l  ues where necessary.  

For example, we have added e n t r i e s  f o r  d i l u t i o n  (ao=lo7;  a c t u a l l y  i n  t h i s  

case an a n a l y t i c  form i s  used) and pure c o n c e n t r a t i o n  (oo=O; a c t u a l l y  

approximated as oo=l  0- t o  avo i  d  p r o b l  ems t a k i  ng I o g a r i  thms) . 
C.  Group S t r u c t u r e .  For  t h e  in tended  range o f  app l  i c a t i o n  (LMFBR 

co re  phys ics  and s h i e l d i n g ,  LWR s h i e l d i n g  and dos imetry ,  f u s i o n  b l a n k e t  

technology) ,  t h e  171/36 group s t r u c t u r e  has been f a v o r a b l y  rece ived .  Only 

a A d d i t i o n a l  s p e c i a l  purpose f i l e s  (e .g .  a c t i n i d e ,  dos imet ry ,  a c t i v a -  
t i o n ,  e tc . )  w i l l  be processed a t  room tenpe ra tu re  and i n f i n i t e  d i l u t i o n .  
The ENDF/B-V f i s s i o n  p roduc t  1 i b r a r y  has a l s o  been updated; acco rd i ng l y ,  
t h e  O R Y X  l . i b ra r y5  w i l l  be updated w i t h  f i n e  group f i s s i o n  p roduc t  c ross  
sec t i ons .  The ORYX da ta  can be c o l l a p s e d  t o  t h e  group q u a n t i t i e s  r e q u i r e d  
by ORIGEN~ t o  o b t a i n  lumped f i s s i o n  p roduc ts  f o r  f u e l  c a l c u l a t i o n s .  



minor  ad justments  t o  f o r m a l l y  i nc l ude  energy boundar ies o f  t he  DNA broad 

group 1  i bra ry7  and t o  extend the  energy range t o  Q 20 MeV w i  11 be made. 

Syn thes is  w i t h  h igher  energy l i b r a r i e s  ( >  20 MeV), p r i m a r i l y  f o r  CTR 

a p p l i c a t i o n s ,  w i l l  be performed i n  a separate  s t ep  as done p r e v i o u s l y .  

F i n a l l y ,  t he  group boundar ies w i l l  i n c l u d e  t h e  break p o i n t s  used t o  

desc r i be  t h e  m u l t i - r e g i o n  we igh t i ng  f u n c t i o n .  The gamma-ray energy group 

s t r u c t u r e  has been extended t o  20 MeV w i t h  a  s i n g l e  m inor  change t o  one 

energy boundary ( 7 5  keV + 70 keV) f o r  c o m p a t i b i l i t y  w i t h  t h e  DNA Y-ray 

group s t r u c t u r e .  

D. Weight ing Func t ion .  Several  cons ide ra t i ons  e n t e r  i n t o  t he  s e l  ec- 

t i o n  o f  a  smooth we igh t i ng  f u n c t i o n ,  W(E). Exper ience i n  Coopera t i ve  

Process ing Methods Tes t i ng  has shown t h a t  t he  use o f  a  more r e a l i s t i c  

smooth we igh t i ng  f u n c t i o n  would h e l p  i n  assu r i ng  computat ion of p roper  

group cons tan ts .  I n  p a r t i c u l a r ,  below s 25 keV t h e  w e i g h t i n g  f u n c t i o n  

used p r e v i o u s l y  was l / E  w h i l e  we know t h a t  t y p i c a l  LMFBR spec t ra  i n  t h i s  

energy range a re  rough ly  cons tan t  and do n o t  i nc rease  w i t h  decreas ing 

energy. S i m i l a r l y ,  t h e  p o i n t  a t  which t h e  1 / E  spectrum was j o i n e d  t o  

the f i s s i o n  spectrum was 821 keV i n  t he  VITAMIN-C l i b r a r y ,  w h i l e  t e s t i n g  

has shown t h a t  a  h i ghe r  va lue  m i g h t  be more reasonable.  One must be 

q u i t e  c a r e f u l  w i t h  these types o f  arguments however, s i nce  f o r  t y p i c a l  

s h i e l d i n g  s i t u a t i o n s  t h e  f l u x  spectrum i s  o f t e n  1/E and sometimes even 

I /E~, where n  > 1. Also,  i t  i s  pe rce i ved  t h a t  t he  use o f  any p a r t i c u l a r  

reactor -dependent  we igh t i ng  f u n c t i o n  may d e t r a c t  f rom t h e  genera l  i ty  o f  

t he  r e s u l  t i n g  s h i e l d i n g  f a c t o r  1  i bra ry .  F i n a l  l y ,  b u i  1  t - i n  s p e c t r a l  co r -  

r e c t i o n s  (e.g. e l a s t i c  removal ) a r e  in tended  t o  account  f o r  some o f  

these e f f e c t s  and t he  assoc ia ted  t h e o r i e s  a r e  c u r r e n t l y  based on a  l / E  

model .8 I t  i s  a l s o  recognized t h a t  i n  s p e c i a l  c i rcumstances o t h e r  s e t s  

o f  we igh t i ng  func t ions  may be requ i r ed .  

Thus, t he  we igh t i ng  f u n c t i o n  s p e c i f i e d  i n  t he  n e x t  s e c t i o n  o b v i o u s l y  

represen ts  a  s e t  o f  compromises which hope fu l  l y  can p r o v i d e  adequate 

accurac ies  over  t h e  range o f  i n tended  appl  i c a t i o n s .  Bas i ca l  l y ,  t h e  

energy a t  which t he  f i s s i o n  spectrum can be smoothly j o i n e d  t o  t h e  1/E 

spectrum ( i  .e. where f l u x l l e t h a r g y  i s  c o n s t a n t )  i s  found t o  be equal t o  

3 /2  o f  t he  f i s s i o n  spectrum temperature ( t a k e n  here  as e 3 - 1.4 MeV). TO 

provide consistency wi th  the seZected energy group boundaries, the 

( I / E ) / f i s s i o n  spectrum cutpoint  was raised to 2.2225 MeV, a boundary equal 



t o  3 /2  0 (0 = 1.415 MeV).  Below this  energy and  above 0.414 eV, the W ( E )  

spectrum i s  assumed t o  be 1 / E  with the knowledge that e las t ic  removal 

corrections may be used to improve estimates of flux shapes. Shielding 
and thermal reactor problems also favor th is  shape. I t  should also be 

noted whereas the M m e Z Z i a n  temperature i n  the  thermal group was fixed 

a t  300°K for the VITAMIIV-C l ibrary ,  it w i Z Z  be temperature dependent i n  

the VITALVIfl-E l ibrary .  For the O 0  temperature, the smooth flux spectrum 
temperature i s  s t i l l  s e t  a t  300°K. However, for the 300°, 900°, and 

2100°K cases the spectrum temperature will be changed to the respective 

temperatures. The cutpoint for the Maxwillian a n d  1 / E  shapes i s  fixed 

a t  0.414 eV independent of temperature ( the  original 5kT guide1 ine was 

only nomi nal ) . 
The weighting function for  the Y-ray interaction cross sections i s  

to be constant in energy. 

E.  Legendre Order of Scattering. The P3 expansion of the group-to- 

group neutron transfer matrix was found to be quite acceptable for  most 

applications. High energy transport in 1 ighter materials (e .g.  Na, Fe) 

i s  better represented by a P5 expansion, although we do not have the 

quantified information a t  this  time regarding the expected accuracy im- 

provement for  deep penetration problems. In the lack of further informa- 

tion, neutron cross sections for a l l  materials will be processed with a 

P3 expansion except for Na, Fe, H,  L i ,  Si ,  N, and 0 which will be pro- 

cessed using a P5 expansion. The Y-ray expansion will continue to be 

se t  a t  P5. 

F. Convergence Parameter Requirements. To improve accuracy we have 

reduced the tolerance on resonance reconstruction from 1 % to 0.5% and 

that for  1 inearization from 0.5% to 0.2%. The 1 inearization tolerance 

was reduced below 0.5% without significant computational penalty. The 

cumulative uncertainty i s  a complex combination of a l l  of these approxi- 

mations; there is  currently no methodology used to systematically combine 

these various sources of error .  

G.  Processing Codes. The following codes (or code systems) will 

be used to process the cross sections: Neutrons - M I N X  9 

Gamma Rays - AMPX 10 

Covariance Fi 1 es - PUFF 11 



The process ing codes have been upgraded t o  handle  Vers ion  V f o r -  

mats and t e s t e d  as p a r t  o f  t h e  CSEWG Data Tes t i ng  Process. M u l t i g r o u p  

neu t ron  cross sec t i ons  w i l l  be generated w i t h  M I N X  w h i l e  t h e  gamma-ray 

p r o d u c t i o n  and i n t e r a c t i o n  cross sec t ions  w i l l  be generated w i t h  t h e  

LAPHNGAS and SMUG modules o f  t h e  AMPX system. Th is  system was chosen 

because o f  i t s  success fu l  performance i n  t he  genera t ion  o f  VITAMIN-C, t he  

exper ience  ob ta ined  by ORNL and General E l e c t r i c  as p a r t  o f  t he  p r e l i m i n a r y  

ENDF/B-V Data ~ e s  t i n g  , I 2  and t he  improvements t o  t h e  modul es as d e b c r i  bed 

be1 ow: 

( 1  ) inclusioni o f  compe t i t i ve  wid ths,  i n t e r f e r e n c e  s c a t t e r i n g ,  

and resonance over lap  i n  t h e  unreso l  ved energy r e g i o n  d e r i v e d  

f rom mod i f i ed  ve rs ions  o f  t h e  MC2-2 a lgo r i thm.14  Th i s  was done 

f o r  t h e  t o t a l ,  e l a s t i c ,  f i s s i o n ,  and cap tu re  c ross  sec t i ons .  

( 2 )  A c u r r e n t  we igh t i ng  o f  t h e  t o t a l  c ross  s e c t i o n  i n c l u d i n g  

c o m p e t i t i v e  wid ths,  i n t e r f e r e n c e  s c a t t e r i n g ,  w i t h i n  sequence 
and sequence-sequence over1 ap c o r r e c t i o n s .  13 

(3)  An a u x i l i a r y  f - f a c t o r  check ing rnodule15 has been d e r i v e d  which 

p rov ides  b e s t  upper and lower  bounds f o r  t h e  f - f a c t o r s .  

( 4 )  Improvement o f  t h e  numerical  procedure employed i n  M I N X  t o  

o b t a i n  t h e  i n f i n i t e l y - d i l  u t e  group averaged c ross  s e c t i o n  i n  

t h e  unreso l  ved energy r eg ion .  

(5 )  Upgrade t o  handle Vers ion V formats 

( a )  Energy dependent Watt  f i s s i o n  spec t ra  a r e  read. As i n  

VITAMIN-C, only  the  I MeV spectrum w i l l  be placed in 

the  VITAMIN-E library (MINX does n o t  c u r r e n t l y  process 

f i s s i o n  ma t r i ces ) .  

( b )  MOD number i n s e r t  

( c )  I s o t r o p i c  f l a g  i n  f i l e  4 

( d )  A d d i t i o n  o f  c o m p e t i t i v e  w i d t h  process ing.  

(6) New and upgraded modules f o r  Doppl e r  broadeni  ng, 1 i n e a r i  za t i o n ,  

and t h i n n i n g  which: 

( a )  Th in  t h e  0' da ta  b e f o r e  b roaden ing .  T h i s  process saves 

enormous amounts o f  computing t ime.  



( b )  Guarantee o f  a s u f f i c i e n t  number o f  p o i n t s  i n  t h e  Doppler 

broadened tape such t h a t  1  i n e a r  i n t e r p o l  a t i o n  i s  accura te  

t o  w i t h i n  a  f i x e d  i n p u t  c r i t e r i a .  

( 7 )  Added capab i l  i t y  t o  process e l a s t i c  removal f - f a c t o r s .  

(8 )  Improvements t o  Gamma Ray Produc t ion  Processi  ng. 

( a )  Exper ience w i t h  ENDFIB- IV  gamma r a y  p roduc t i on  p rocess ing  

led t o  1 i n e a r i z a t i o n  and n o r m a l i z a t i o n  o f  t h e  we igh t  func- 

t i o n  t o  he lp  improve t h e  p r e c i s i o n  o f  t h e  LAPHNGAS ca l cu -  

l a t i o n .  

( b )  A cod ing  change was made t o  t h e  LAPHNGAS code t o  a1 1 ow 

b e t t e r  p r e c i s i o n  when an i n p u t  we igh t i ng  spectrum i s  used 

( t h e  case f o r  VITAMIN-C). The change improves t h e  i n t e g r a -  

t i o n  scheme by i n c o r p o r a t i n g  t h e  w e i g h t i n g  f u n c t i o n  energy 

g r i d  i n t o  t he  energy g r i d  used by LAPHNGAS t o  c a l c u l a t e  

t h e  group averaged mu1 t i p 1  i c i  t i e s  o r  gamma-ray p r o d u c t i o n  

c ross  sec t i ons .  

( c )  A f e a t u r e  was a l s o  added t o  LAPHNGAS t o  a l l o w  c a l c u l a t i o n  

o f  mu1 t i  -group mu1 t i p 1  i c i  t i e s  f o r  m a t e r i a l  s  w i t h o u t  resonance 

parameters. Th i s  pe rm i t s  s e l  f s h i e l d i n g  o f  gamma-ray 

p roduc t i on  c ross  sec t ions ,  e. g., f rom cap tu re ,  u s i n g  t h e  

Bondarenko scheme. 

( 9 )  A M I N X  change was made t o  p e r m i t  t h e  smooth energy we igh t i ng  

f u n c t i o n  t o  be temperature dependent i n  t h e  thermal range. 

(10)  Work i s  c u r r e n t l y  underway t o  upgrade t h e  PUFF p rocess ing  code 

t o  handl  e  ENDF/B-V covar iance  formats i n c l  u d i  ng energy depen- 

den t  d e r i v e d  cross sec t i ons ,  c o r r e l a t i o n s  t o  standards,  and 

u n c e r t a i n t i e s  i n  resonance parameters. I n f i n i t e l y  d i l u t e  

covar iance  ma t r i ces  w i l l  a1 so be processed i n  t h e  f i ne -g roup  

s t r u c t u r e  f o r  subsequent co l l apse .  

H. Output  Formats. Having t h e  da ta  a v a i l a b l e  i n  CCCC and AMPX mas- 

t e r  formats,  w i t h  a u x i l i a r y  handl i n g  codes, was found t o  be q u i t e  accept -  

ab le .  A new program has been w r i t t e n  t o  p r o v i d e  a convers ion  c a p a b i l i t y  

between AMPX master format and a new fo rmat  (XATXS) developed a t  Los 

Alamos S c i e n t i f i c  Labora to ry .  For a  f i r s t  o r d e r  check, p l o t s  o f  p o i n t  

versus m u l t i g r o u p  da ta  w i l l  be prepared. F i n a l l y ,  t h e  covar iance  f i l e s  

w i l l  be o u t p u t  i n  COVERX format.16 



I .  Handl ing Codes f o r  t he  L i b r a r y .  Two d i f f e r e n t  sequences o f  

handl i n g  codes f o r  r e t r i e v i n g ,  manipu la t ing,  conver t ing ,  e d i t i n g ,  c o l  l aps -  

ing,  s e l f - s h i e l d i n g ,  e tc . ,  the  1 i b r a r i e s  a r e  ava i  l a b l  e depending upon 

whether one needs t o  work i n  t h e  CCCC o r  AMPX code systems. Codes f o r  

handl i n g  AMPX format  a re  a v a i l a b l e  i n  PSR-63/AMPX-11, and codes f o r  

handl i n g  CCCC fo rmat  a re  ava i  l a b l  e i n  PSR-117/MARS. Both computer code 

packages a r e  a v a i l a b l e  f rom RSIC. The var ious  programs and f u n c t i o n s  a r e  

1 i s t e d  i n  Table V I  o f  Sec t ion  111 o f  t h i s  r e p o r t .  

A1 1 t h e  codes i n  MARS a r e  ope ra t i ona l  on the  IBM-360/91. The CCCC 

codes were w r i t t e n  f o r  t h e  CDC-7600 and were conver ted f o r  IBM-360/91 

use a t  ORNL. Some AMPX modules u s e f u l  f o r  handl i n g  DLC-41 have been con- 

v e r t e d  t o  CDC and UNIVAC machines by the  user  community and a r e  a v a i l a b l e  

f rom R S I C  i n  PSR-112/MAME. 

I 11. D e t a i l e d  S p e c i f i c a t i o n s  f o r  t h e  ENDF/B-V F ine  Group L i b r a r y  

A. Name. VITAMIN-E 

B. M a t e r i a l  s/Temperatures/Background Cross Sec t ions .  A1 1 m a t e r i a l  s 

on t h e  General Purpose f i l e  w i l l  be processed a t  0°, 300°, 900°, and 

2100°K. The s e l e c t i o n  o f  0,'s was mod i f i ed  f rom VITAMIN-C based upon 

exper ience1917 and extended t o  i n c l u d e  va lues o f  oO=O ( a c t u a l  l y  ao=l  O B 6  

i s  used t o  a v o i d  problems us i ng  l oga r i t hms )  and 0 ~ = 1 0 ~ .  Table  I l i s t s  

t h e  m a t e r i a l s  which i n c l u d e  a l l  those i n  t h e  General Purpose ENDF/B-V 

f i f e .  Table  I 1  l i s t s  t h e  m a t e r i a l s  con ta ined  i n  the  ENDF/B-V a c t i n i d e  

f i l e  f o r  which o n l y  p a r t i a l  eva lua t i ons  (e.g. (n,y) o n l y )  may be a v a i l -  

ab le .  F i n a l  ENDF/B-V MAT numbers have n o t  y e t  been assigned. Special  

purpose f i l e s  (e.g. ac t in ides ,  dosimetry, e t c . )  w i Z Z  be processed a t  

room temperature and i n f i n i t e  dilution. Table 111 l i s t s  t h e  background 

c ross  sec t i ons  t o  be used i n  process ing t h e  General Purpose f i l e  m a t e r i a l s .  

Eva lua t ions  f o r  t h e  m a t e r i a l s  9 9 ~ c ,  lo3Rh, lo7Ag,  lo9Ag, l13cd ,  1 3 3 ~ ~ ,  

and 149Sm have n o t  been rece i ved  a t  BNL as o f  t h i s  w r i t i n g ,  b u t  i t  i s  

assumed t h a t  they  a r e  fo r thcoming .  A d d i t i o n a l  m a t e r i a l s  n o t  i n  t h i s  

i s sue  o f  ENDF/B i n c l u d e  Ar, Ga, and Sn. These w i l l  be taken f rom t h e  

ENDL 1 i brary.19 A1 1 r e a c t i o n s  w i l l  be processed i n c l u d i n g  t h e  covar iance  



f i l e s .  

More t han  one hundred addi  t i o n a l  eva l  ua t i ons  ( w i t h  c ross  s e c t i o n s  

and decay d a t a )  a r e  p resen t  on t h e  ENDF/B-V f i s s i o n  p roduc t  f i l e .  Severa l  

hundred more a r e  prov ided w i t h  decay da ta  o n l y .  The complete f i s s i o n  

product  f i l e  w i  11 form t h e  bas i s  for1 o u r  .update t o  ORYX-E. 

Table I .  VITAMIN-E M a t e r i a l s  f rom the  ENDF/B-V General Purpose F i l e  

M a t e r i a l  M a t e r i a l  M a t e r i a l  M a t e r i a l  M a t e r i a l  

H- 1 
H- 2 
H- 3 
He-3 
He-4 
L i - 6  
L i - 7  
Be-9 
B-10 
B-11 
C 
N-14 
N-15 
0-1 6 
0-1 7 
F-19 
Na- 23 
Mg 
A1 
S i  
P- 31 
S- 32 

C1 
K 
Ca 
T i  
v 
C r  
Mn-55 
Fe 
CO- 59 
N i  
Cu 
Kr- 78 
Kr-80 
Kr-82 
Kr- 83 
Kr-84 
Kr-86 
Zr 
Zr-90 
Zr-91 
Zr-92 
Zr-94 

Zr-96 
Nb-93 
Mo 
Cd 
Xe- 7 24 
Xe-126 
Xe- 1 28 
Xe-129 
Xe- 1 30 
Xe- 1 31 
Xe-132 
Xe- 134 
Xe-135 
Xe-136 
Ba-138 
Eu- 1 51 
Eu-1 52 
Eu- 153 
Eu- 1 54 
Gd-152 
Gd- 154 
Gd-155 

Gd- 156 
Gd- 157 
Gd- 158 
Gd- 160 
Dy- 164 
Lu-175 
Lu-1 76 
H f 
Hf-174 
Hf-176 
H f -  177 
Hf- 178 
Hf-  179 
Hf-180 
Ta- 181 
Ta- 182 
W-182 
W-183 
W-184 
W-186 
Re-185 
Re- 187 

Au-197 
Pb 
Th-232 
Pa-233 
U-233 
U-234 
U- 235 
U- 236 
U- 238 
Np-237 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 
Am-242 
Am- 243 
Cm-243 
Cm-244 
Cm-245 
Cm-246 

Table  11. VITAMIN-E M a t e r i a l s  f rom t h e  ENDF/B-V A c t i n i d e  F i l e  

M a t e r i a l  

1. TI-208 
2. Pb-212 
3. Bi-212 
4. PO-216 
5. Rn-220 
6. Ra-224 
7. Th-228 
8. Th-230 
9.  Th-231 

10. Th-233 

M a t e r i a l  

11. Pa-231 
7 2 .  Pa-232 
13. U-232 
14. U-237 
15. U-239 
16. Np-236 
17. Np-236m 
18. Np-238 
19. Np-239 
20. Pu-236 

M a t e r i a l  

21. Pu-237 
22. Pu-243 
23. Pu-244 
24. Am-240 
25. Am-242 m 
26. Am-244 
27. Am-244 m 
28. Cm-241 
29. Cm-242 
30. Cm-247 

M a t e r i a l  



Number 

Tab le  I I I a .  Background Cross Sec t ions  (oo) t o  be Used In 

Processing t he  General Purpose F i l e  

Material  

ti- 1 
H- 2 
H- 3 
He-3 
He-4 
Li-6 
L i - 7  
Be-9 
6-10 
6-11 
C 
N-14 
N-15 
0-16 
0-1 7 
F-19 
Na-23 
Mg 
A1 
Si  
P- 31 
S- 32 
C1 
K 
Ca 
Ti 
v 
Cr 
Mn-55 
Fe 
CO-59 
N i  
Cu  
Kr- 78 
Kr-80 
Kr-82 
Kr-83 
Kr-84 
Kr-86 
Zr 
Zr-90 
Zr-91 
Zr-92 
Zr- 94 
Zr-96 

x x x x x  
x x x x x  
X X X X X  

x x x x x  
X X X X X X  

x x x x x  
x x x x x  
x x x x x  
x x x x  

X X X X X X  
x x x x  
x x x x  

x x x x x  
x x x x  

x x x x x  
x x x x x  

x x x x  
x x x x x  
x x x x x  

x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  

x x x x x  
x x x x x  

x x x x  
x x x x x  

x x x x  
x x x x  
x x x x  
X X X X 
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  



Table I I I a .  (cont inued)  

Number M a t e r i a l  

Nb-93 
Mo 
Cd 
Xe-124 
Xe-126 
Xe-128 
Xe- I 2 9  
Xe- 7 30 
Xe-131 
Xe- 1 32 
Xe-134 
Xe-I 35 
Xe-136 
Ba-138 
Eu-1 51 
Eu-1 52 
Eu-1 53 
Eu-1 54 
Gd-152 
Gd-154 
Gd-155 
Gd-156 
Gd-157 
Gd-158 
Gd- 160 
Dy-164 
Lu-175 
Lu-1 76 
H f 
Hf-174 
Hf-176 
Hf-177 
Hf-178 
Hf-179 
Hf-180 
Ta- 181 
Ta- 182 
W-182 
W-183 
W-184 
W- 186 
Re- 1 85 
Re- 1  87 
Au-197 
Pb 

x x x x x  
x x x x x  

x x x x x  
x x x x x  
x x x x x  
x x x x x  
X X X X X  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
x x x x  
X X X X  
x x x x  
X X X X  
X X X X  
x x x x  
X X X X  
x x x x  
x x x x  
X X X X  
X X X X  
x x x x  
x x x x  
x x x x  
x x x x  
X X X X  
x x x x  
X X X X  
X X X X  
x x x x  
x x x x  
x x x x  
x x x x  
X X X X  



Table I I I a .  ( con t inued)  

Number M a t e r i a l  l o 7  l o 5  l o 4  l o 3  l o 2  101 l o 0  10-1 l o - 5  

Th-232 
Pa-233 
U- 233 
U- 234 
U-235 
U- 236 
U- 238 
Np-237 
Pu-238 
Pu-239 
Pu- 240 
Pu-241 
Pu-242 
Am-241 
Am-242 
Am-243 
Cm- 243 
Cm- 244 
Cm- 245 
Cm- 246 

X X X X X X  
x x x x x  
X X X X X X  
x x x x x  
X X X X X X  
x x x x x  
X X X X X X  
x x x x x  
x x x x x  
X X X X X X  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  

Table  I I I b .  Background Cross Sect ions (oo)  t o  be Used In Processing. 

Materials Soon t o  be Added t o  ENDF/B-V o r  Taken f r om ENDL. 

A d d i t i o n a l  
M a t e r i a l s  1 o7 105 l o 4  l o 3  l o 2  l o 1  l o 0  1 0 - I  l o - G  

Tc-99 X 
Rh-I03 X 
Ag- 107 X 
Ag- 109 X 
Cd-113 X 
Xe- 1 27 X 
CS-133 X 
Sm- 149 X 
A r  X 
Ga X 
Sn X 

X X X X X  
x x x x x  
x x x x x  
x x x x x  

x x x x x  
x x x x x  

x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  

C. Group S t r u c t u r e .  The 174 neu t ron  group s t r u c t u r e  i s  g i v e n  i n  

Table I V ,  t he  37 gamma-ray group s t r u c t u r e  i s  g i ven  i n  Tab le  V .  



Table IV. Neutron Energy Group Structure for VITAMIN-E 

Upper 
Energy (eV) Lethargy 

Upper 
Energy (eV) Lethargy 



Tab1 e I V .  ( c o n t i n u ~ d )  

Upper 
Energy (eV) Lethargy 

Upper 
Energy (eV) Lethargy 



Table  V .  Gamma Ray Energy Group Structure for  VITAMIN-E 

Group Number 
Upper 

Energy ( M ~ v )  Group Number 

20 
21 
22 
23 
24 
2 5 
2 6 
2 7 
2 8 
29 
30 
3 1 
3 2 
33 
34 
35 
3 6 
37 

Upper 
Energy (MeV1  

D. Weight ing Funct ion.  The neutron and photon p roduc t ion  we igh t ing  

f u n c t i o n  i s  a s  f o l l ows :  
Group No. 

Funct ional  Form Energy L i m i t s  (see Table I V )  

1 ) Maxwell i an Thermal Spectrum eV t o  0.414 eV 173- 174 

w l(E) = C1Ee -E/kT 

2 )  "1 / E "  Slowing-Down Spectrum 0.414 eV t o  2.12 MeV 48-1 72 

3 )  F i s s i o n  Spectrum (0 = 1.415 MeV) 2.12 MeV t o  10.0 MeV 16-47 

4)  " 1 / E U  Spectrum 10.0 MeV t o  12 .52  MeV 11-15 

5) V e l o c i t y  Exponent ial  Fusion Peak 12.52 MeV t o  15.68 MeV 5-10 

(Ep = 14.07 MeV) 

(kT = 0.025 MeV) 

6 )  " 1 / E U  Spectrum 15.68 MeV t o  19.64 MeV 1-4 

The we igh t ing  f unc t i on  f o r  t h e  gamma-ray i n t e r a c t i o n  c ross  sec t ions  

i s  t o  be constant  i n  energy. 



E. Legendre Order o f  Scat te r ing .  

P g :  Neutrons (except f o r  Na, Fe, H, L i ,  

S I ,  N, and 0 which w i l l  be 

processed us ing  P5) 

F. Convergence Parameters. 

(1  ) r econs t ruc t i on  0.5% 

( 2 )  1  i n e a r i  za t i on  0.2% 

(3)  t h i n n i  ng 0.2% 

( 4 )  i n t e g r a t i o n  0.1% 

G. Processing Codes. 

Neutrons - MINX 

Gamma Rays - AMPX (LAPHNGAS and SMUG modules) 

Covariance F i l e s  - PUFF 

H. Output Formats. CCCC, AMPX master, and MATXS ( a l s o  p l o t s  o f  

p o i n t  vs. mu l t j -g roup da ta) .  The covariance f i l e s  w i l l  be ou tpu t  i n  

COVERX format.  Special  purpose f i l e s  o f  e l a s t i c  removal f - f a c t o r s  w i l l  

a l s o  be provided. 

I .  Handl i n g  Codes f o r  t h e  L ib ra ry .  Handl i n g  programs f o r  data i n  

AMPX format a re  a v a i l a b l e  as p a r t  o f  t h e  PSR-63/AMPX-I1 package. For 

convenience, many o f  the  AMPX modules have been se lec ted  from the PSR-63 

package and placed i n  PSR-117/MARS along w i t h  hand1 i n g  programs f o r  data 

i n  CCCC formats. The PSR-117/MARS package i s  thus designed t o  be used 

i n  con junc t ion  w i t h  mu l t i g roup  l i b r a r i e s  i n  AMPX, CCCC, o r  a combinat ion 

o f  t h e  two formats. 

Table V I  conta ins a  b r i e f  f u n c t i o n a l  l i s t  o f  some o f  t h e  programs 

i nc l  uded i n PSR- 1  1 7/MARS. 



Tab le  V I .  Handl ing Codes from the  MARS (PSR-117) 

Package o f  Software Support  

AMPX CCCC 
Modul e Computer Code Func t ion  

AIM 

A JAX 

CHOX 

CHOXM 

MALOCS 

BONAMI 

NITAWL 

RADE 

BINX, LASIP-I11 BCD-to-bi na ry  ( o r  v i  ce-versa) 
conversion. 

LINX, 121, B2B Merging and de l  e t i n g  ope ra t i ons .  

Combining neu t ron  and gamma-ray f i l e s .  

Combining s e l  f - s h i e l d i n g  f a c t o r s ,  
neu t ron  f i 1  es , and gamma-ray f i 1  es . 

CINX Energy group c o l  1  aps i  ng . 
SPINX Perform i n t e r p o l a t i o n  on Bondarenko 

f a c t o r s .  

Prepare work ing  7 i b r a r i e s  f o r  use 
i n  t r a n s p o r t  c a l c u l a t i o n s .  

--- Per form t e s t s  on mu1 ti group 1 i b r a r i  es. 

I V .  Tes t i ng  Program and A n t i c i p a t e d  Schedule 

The t e s t i n g  program w i l l  be i n t i m a t e l y  assoc ia ted  w i t h  feedback 

f rom sponsor a p p l i c a t i o n  and p a r t i c i p a t i o n  i n  va r i ous  coope ra t i ve  n a t i o n a l  

t e s t i n g  programs. A n t i c i p a t e d  appl  i c a t i o n  i n c l u d e s  con t inued  a n a l y s i s  o f  

t h e  OFE i n t e g r a l  experiments, a n a l y s i s  o f  LMFBR c r i t i c a l  exper iments  and 

Large P l a n t  Design Studies,  a n a l y s i s  o f  exper iments  r e l e v a n t  t o  p ressure  

vesse l  s u r v e i l l a n c e ,  and weapons r e l a t e d  a p p l i c a t i o n s .  Benchmark v a l i d a -  

t i o n  w i l l  i n c l u d e  coopera t i ve  t e s t i n g  i n  t h e  framework o f  t h e  CSEWG Data 

T e s t i n g  Subcommittee, t h e  CEWG Process ing Methods T e s t i n g  Subcommittee, 

ANS-6.1.2 (LWR S h i e l d  Standard Cross Sec t ions ) ,  and t h e  OFE Val i d a t i o n  

Group. 

Some o f  t h e  more impo r tan t  m a t e r i a l s  f o r  these  a p p l i c a t i o n s  w i l l  be 

processed w i t h  h i g h  p r i o r i t y  as soon as they  become a v a i l a b l e .  Our 



cur ren t  es t imate  i s  t h a t  processed cross  sec t ions  f o r  some important 
ma te r i a l s  wi l l  be ava i l ab le  by approximately March 1979 b u t  t h a t  t h e  
complete 1 ibrary  wi l l  not be completed un t i l  e a r l y  1980. Extensions t o  
t h e  c u r r e n t  e f f o r t  w i  11 include the dosimetry, a c t i v a t i o n  and gas produc- 

t i o n  d a t a ,  a s  t hey  become ava i l ab le ,  kerma f a c t o r s  and response func t ions ,  

and delayed data .  Processing refinements and 1 i brary improvements a r e  
thus expected t o  continue f o r  a t  1 e a s t  2-3  more years .  
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