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THE N J O Y  NUCLEAR DATA PROCESSING 

SYSTEM: USER'S MANUAL 

R .  E .  MacFarlane,  R .  J .  Barret t ,  
D.  If. M u i r ,  and R.  M. B o i c o u r t  

ABSTRACT 

The N J O Y  n u c l e a r  d a t a  p r o c e s s i n g  sys t em i s  a 
comprehensive computer code package f o r  producing 
c r o s s  s e c t i o n s  f o r  n e u t r o n  and photon t r a n s p o r t  
c a l c u l a t i o n s  from ENDF/B-IV and V e v a l u a t e d  n u c l e a r  
d a t a .  T h i s  u s e r ' s  manual p r o v i d e s  a c o n c i s e  d e s c r i p -  
t i o n  of t h e  code, i n p u t  i n s t r u c t i o n s ,  sample problems,  
and i n s t a l l a t i o n  i n s t r u c t i o n s ,  

1, IKTRODUCTION 

The N J O Y 1 - 3  n u c l e a r  d a t a  p r o c e s s i n g  system i s  a comprehensive computer 
code package f o r  p roduc ing  p o i n t w i s e  and mul t ig roup  n e u t r o n  and photon c r o s s  
s e c t i o n s  from ENDF/B-IV and V e v a l u a t e d  n u c l e a r  d a t a .  Th i s  document p r o v i d e s  
a c o n c i s e  d e s c r i p t i o n  O E  t h e  code, o p e r a t i n g  i n s t r u c t i o n s ,  code i n s t a l l a t i o n  
i n s t r u c t i o n s ,  and s a m p l e  problems,  A r e p o r t  g i v i n g  t h e o r y ,  methods,  and program- 
m e r  d e t a i l s  w i l l  b e  i s s u e d  a t  a l a te r  d a t e .  

11. CODE DESCRIPTION 

The N J O Y  code c o n s i s t s  of a set  of modules,  each performing a w e l l - d e f i n e d  
p r o c e s s i n g  t a s k .  RECONR r e c o n s t r u c t s  p o i n t w i s e  c r o s s  s e c t i o n s  from ENDF/B r e so -  
nance p a r a m e t e r s  and i n t e r p o l a t i o n  schemes. BROADR Doppler b roadens  and t h i n s  
p o i n t w i s e  c r o s s  s e c t i o n s ,  UNRESR computes e f f e c t i v e  p o i n t w i s e  s e l f - s h i e l d e d  
c r o s s  s e c t i o n s  i n  t h e  un reso lved  r e sonance  r e g i o n .  HEATR g e n e r a t e s  p o i n t w i s e  
h e a t  p r o d u c t i o n  c r o s s  s e c t i o n s  (KERMA f a c t o r s ) .  T H E M  produces the rma l  coher- 
e n t  c r o s s  s e c t i o n s  f o r  hexagonal  materials and i n c o h e r e n t  energy-to-energy 
matrices f o r  f r e e  o r  bound scat terers .  GROUPR g e n e r a t e s  s e l f - s h i e l d e d  m u l t i -  
group c r o s s  s e c t i o n s ,  group-to-group n e u t r o n  t r a n s f e r  m a t r i c e s ,  and photon pro- 
d u c t i o n  m a t r i c e s .  GAMINR c a l c u l a t e s  mul t ig roup  photon i n t e r a c t i o n  c r o s s  s e c t i o n s  
and group-to-group photon t r a n s f e r  m a t r i c e s .  ERRORR produces m u l t i g r o u p  covar- 
iance matrices from ENDF/B u n c e r t a i n t i e s .  
t r a n s p o r t  codes (DTF-IV5 and i t s  descendan t s )  , 

DTFR fo rma t s  mul t ig roup  d a t a  f o r  
CCCCR fo rma t s  m u l t i g r o u p  d a t a  
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f o r  t h e  CCCC s t a n d a r d  i n t e r f a c e  f i l e s 6  ISOTXS, BRKOXS, and DLAYXS. MATXSR f o r -  
mats mul t ig roup  d a t a  f o r  t h e  new MATXS comprehensive c r o s s - s e c t i o n  i n t e r f a c e  
f i l e ,  F i n a l l y ,  MODER c o n v e r t s  BCD ENDF/B f i l e s  i n t o  t h e  s p e c i a l  b locked  b i n a r y  
format  used by N J O Y .  N J O Y  i n c o r p o r a t e s  and improves upon t h e  f e a t u r e s  of i t s  
d i r e c t  a n c e s t o r ,  M I N X . ?  
c a p a b i l i t i e s  of  LAPHAN0,8 t h e  hoton i n t e r a c t i o n  c a p a b i l i t i e s  of GAMLEG,' t h e  
h e a t i n g  c a p a b i l i t i e s  of  MACK, l g  t h e  cova r i ance  c a p a b i l i t i e s  of  PUFF, l 1  and t h e  
thermal  c a p a b i l i t i e s  of  FLANGE-II12 and HEXSCAT. ' 
r e p o r t .  The fo l lowing  b r i e f  accoun t  w i l l  make t h e  g e n e r a l  f l o w  of  t h e  code 
c l e a r .  RECONR r e a d s  an  ENDF/B t a p e  and produces  a s i n g l e  energy  g r i d  f o r  a l l  
r e a c t i o n s  ( t h e  union  g r i d )  such t h a t  a l l  c r o s s  s e c t i o n s  can b e  o b t a i n e d  t o  wi th -  
i n  a s p e c i f i e d  t o l e r a n c e  by l i n e a r  i n t e r p o l a t i o n .  Resonance r e c o n s t r u c t i o n  uses  
t h e  methods of RESEND. l 4  Summation c r o s s  s e c t i o n s  ( i . e . ,  t o t a l ,  i n e l a s t i c )  are 
r e c o n s t r u c t e d  from t h e i r  p a r t s .  The r e s u l t i n g  p o i n t w i s e  c r o s s  s e c t i o n s  are 
w r i t t e n  on to  a "point-ENDF" (PENDF) t a p e  f o r  f u t u r e  use .  BROADR r e a d s  a PENDF 
t a p e  and Doppler broadens  i t  u s i n g  t h e  method of SIGMA1" mod i f i ed  f o r  b e t t e r  
behav io r  a t  h i g h  t empera tu res  and low e n e r g i e s .  The union  g r i d  a l l o w s  a l l  res- 
onance r e a c t i o n s  t o  b e  broadened s i m u l t a n e o u s l y ,  r e s u l t i n g  i n  g r e a t  s a v i n g s  of  
p r o c e s s i n g  t i m e .  The summation c r o s s  s e c t i o n s  a r e  r e c o n s t r u c t e d  from t h e i r  
p a r t s .  The r e s u l t s  are w r i t t e n  o u t  on a PENDF t a p e  f o r  f u t u r e  use .  UNRESR uses  
t h e  methods of ETOX' 
The r e s u l t s  a r e  added t o  t h e  PENDF t a p e  i n  a s p e c i a l  format .  HEATR computes 
h e a t i n g  c r o s s  s e c t i o n s  by t h e  energy  b a l a n c e  method. F i r s t ,  t h e  c o n t r i b u t i o n  
t o  h e a t i n g  of  a l l  neu t ron  r e a c t i o n s  i s  computed on t h e  union g r i d  as i f  no gam- 
ma r a y s  were produced.  I f  photon p r o d u c t i o n  f i l e s  are a v a i l a b l e ,  t h e  h e a t i n g  
e f f ec t  of  t h e  photons  produced by each r e a c t i o n  i s  s u b t r a c t e d .  The remainder 
i s  j u s t  t h e  k i n e t i c  ene rgy  of r e c o i l  and charged  s e c o n d a r i e s ,  a l l  of which l e a d  
t o  l o c a l  h e a t i n g .  T h i s  approach  h e l p s  e n s u r e  c o n s i s t e n c y  i n  coupled n e u t r o n /  
photon problems s i n c e  on ly  photons  e x p l i c i t l y  produced can go on t o  cause  h e a t -  
i n g  through photon i n t e r a c t i o n s .  The r e s u l t s  are added t o  t h e  PENDF t a p e  u s i n g  
t h e  ENDF r e a c t i o n  numbers i n  t h e  300 series. THERMR produces  c r o s s  s e c t i o n s  i n  
t h e  thermal  range .  Bragg edges  i n  c o h e r e n t  s c a t t e r i n g  are produced u s i n g  t h e  
method of  HEXSCAT13 w i t h  an improved t r e a t m e n t  a t  h i g h  e n e r g i e s .  Energy-to- 
energy  i n c o h e r e n t  s c a t t e r i n g  matrices can b e  computed f o r  f r e e  s c a t t e r i n g  o r  f o r  
bound s c a t t e r i n g  us ing  a precomputed form f a c t o r  S(a,P) i n  ENDF fo rma t .  The 
secondary  energy  g r i d  i s  de termined  a d a p t i v e l y  s o  as t o  r e p r e s e n t  t h e  f u n c t i o n  
t o  a d e s i r e d  p r e c i s i o n  by l i n e a r  i n t e r p o l a t i o n .  The r e s u l t s  are  added t o  t h e  
PENDF t ape  u s i n g  a s p e c i a l  format .  GROUPR p r o c e s s e s  t h e  p o i n t w i s e  c r o s s  s e c t i o n s  
produced by t h e  modules d e s c r i b e d  above i n t o  mul t ig roup  form u s i n g  t h e  Bondarenko 
f l u x  we igh t ing  model . ' ?  A s  an o p t i o n ,  a p o i n t w i s e  f l u x  s o l u t i o n  can b e  gene ra t ed  
f o r  a heavy a b s o r b e r  i n  a l i g h t  modera tor .  S e l f - s h i e l d e d  c r o s s  s e c t i o n s ,  s c a t t e r -  
i n g  m a t r i c e s ,  and photon p r o d u c t i o n  m a t r i c e s  are  a l l  averaged  i n  a u n i f i e d  way, 
t h e  o n l y  d i f f e r e n c e  b e i n g  i n  t h e  f u n c t i o n  which d e s c r i b e s  t h e  "feed" i n t o  sec-  
ondary group g '  w i t h  Legendre o r d e r  R from i n i t i a l  energy  E .  The f e e d  f o r  two- 
body s c a t t e r i n g  i s  computed us ing  a center-of-mass Gauss ian  i n t e g r a t i o n  scheme, 
which p r o v i d e s  h i g h  accuracy  even f o r  s m a l l  Legendre components of t h e  s c a t t e r -  
i n g  m a t r i x .  S p e c i a l  f e a t u r e s  are i n c l u d e d  f o r  de layed  n e u t r o n s  and t h e  coupled 
a n g l e  and energy  dependence o f  t h e  the rma l  s c a t t e r i n g  m a t r i x .  S e l f - s h i e l d i n g  of  
m a t r i c e s  i s  a l lowed.  The r e s u l t s  are w r i t t e n  i n  a s p e c i a l  "groupwise-ENDF" f o r -  
mat (GENDF) f o r  u se  by t h e  o u t p u t  modules.  GAMINR u s e s  a s i m p l i f i e d  v e r s i o n  of 
GROUPR. Coherent  and i n c o h e r e n t  form f a c t o r s "  are p rocessed  i n  o r d e r  t o  ex tend  
t h e  u s e f u l  r ange  of t h e  r e s u l t s  t o  lower e n e r g i e s .  Photon h e a t  p r o d u c t i o n  c r o s s  

I t  a l s o  i n c l u d e s  and ex tends  t h e  photon p roduc t ion  

The methods used i n  t h e s e  modules w i l l  be  d e s c r i b e d  i n  d e t a i l  i n  t h e  f i n a l  

t o  produce  e f f e c t i v e  p o i n t w i s e  un reso lved  c r o s s  s e c t i o n s .  
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s e c t i o n s  a r e  a l s o  g e n e r a t e d ,  The r e s u l t s  a r e  saved  on a GENDF t a p e ,  ERRORR can 
e i t h e r  produce  i.ts own mul t ig roup  c r o s s  s e c t i o n s  u s i n g  t h e  methods of GROUPR o r  
s t a r t  from a precomputed s e t ,  The c r o s s  s e c t i o n s  and ENDF cova r i ance  d a t a  a r e  
combined i n  a way which i n c l u d e s  t h e  e f f e c t s  of d e r i v i n g  one c r o s s  s e c t i o n  from 
s e v e r a l  o t h e r s .  DTFR is  a s i m p l e  r e f o r m a t t i n g  code which produces  c r o s s  s e c t i o n  
t a b l e s  a c c e p t a b l e  t o  most d i s c r e t e - o r d i n a t e s  codes .  The u s e r  can d e f i n e  e d i t  
c r o s s  s e c t i o n s , w h i c h  a r e  any l i n e a r  combinat ion of t h e  c r o s s  s e c t i o n s  on t h e  
GENDF t a p e .  T h i s  makes complex e d i t s  such as g a s  p roduc t ion  p o s s i b l e .  DTFR a l s o  
c o n t a i n s  system-dependent p l o t t i n g  r o u t i n e s  f o r  t h e  c r o s s  s e c t i o n s  and PO s c a t -  
t e r i n g  and photon p r o d u c t i o n  matrices. CCCCR i s  a l s o  a s t r a i g h t f o r w a r d  r e f o r -  
m a t t i n g  code c o n s i s t e n t  w i t h  M I N X  l i b r a r i e s l g  and u t i l i t y  codes .  2 0 s 2 1  I t  shou ld  
be  n o t e d  t h a t  some of t h e  c r o s s  s e c t i o n s  p r o d u c i b l e  w i t h  N J O Y  are n o t  d e f i n e d  i n  
t h e  C C C C - I 1 1  f i l e s .  MATXSR a l s o  r e fo rma t s  GENDF d a t a .  T h i s  f i l e  w i l l  c u r r e n t l y  
s t o r e  a l l  N J O Y  d a t a  t y p e s  excep t  de layed  n e u t r o n  and de layed  photon s p e c t r a .  

The main o v e r l a y  (NJOY) s imply  c a l l s  i n  each  pr imary  o v e r l a y  ( e . g . ,  RECONR, 
GROUPR) as r e q u e s t e d  by t h e  u s e r ' s  i n p u t  commands. The N J O Y  l e v e l  a l s o  c o n t a i n s  
u t i l i t y  r o u t i n e s  used by a l l  o t h e r  modules ( e . g . ,  f ree- form i n p u t ,  s t o r a g e  a l l o -  
c a t i o n ,  and ENDF/B i n p u t / o u t p u t ) .  
independent  programs and a u s e r  l i b r a r y .  

I n  t h e  r e f e r e n c e  v e r s i o n  of t h e  code,  each  module i s  a s e p a r a t e  o v e r l a y .  

The code can e a s i l y  b e  decomposed i n t o  1 2  

111. L I N K I N G  PROCESSING TASKS 

The f low through t h e  modules of  N J O Y  i s  c o n t r o l l e d  by module names and in-  
p u t / o u t p u t  l o g i c a l  u n i t  numbers,  
u n i t ,  m o d i f i e s  i t ,  and wr i t e s  t h e  r e s u l t s  on an o u t p u t  u n i t .  Sometimes a u x i l -  
i a r y  i n p u t s  o r  m u l t i p l e  o u t p u t s  are r e q u i r e d .  The o u t p u t  of  one module can  b e  
t h e  i n p u t  f o r  a n o t h e r .  

A module t y p i c a l l y  reads d a t a  from an i n p u t  

!e 

*RECONR Jc 
2 1  22 

. [ i n p u t  f o r  RECONR] 

JcBROADR fc 

22 25 

, [ i n p u t  f o r  BROADR] 

S ince  t h e  f i l e s  on most u n i t s  are i n  ENDF/B fo rma t ,  t h e  modules can b e  connec ted  
i n  many ways. The f i l e s  can b e  saved  a t  any p o i n t  f o r  l a t e r  r e s t a r t .  O the r  
combinat ions w i l l  b e  found i n  t h e  examples.  

Such 
f i l e s  are i n d i c a t e d  w i t h  n e g a t i v e  u n i t  numbers. The MODER module can b e  used t o  
c o n v e r t  back and f o r t h  between BCD and b i n a r y  modes. 

N J O Y  p rov ides  f o r  a s p e c i a l  b locked  b i n a r y  mode f o r  t h e  ENDF/U f i l e s .  

The u s e r  may a s s i g n  u n i t s  

.It 
T h i s  example (and a l l  o t h e r s  i n  t h i s  r e p o r t )  u s e  N J O Y  f r e e  fo rma t .  The stars 
i n d i c a t e  H o l l e r i t h  i n p u t .  See below f o r  more d e t a i l s .  
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numbers from 20 t o  26 f o r  l i n k i n g  modules.  Many modules a l s o  a c c e p t  0 ,  which 
means do n o t  use  t h e  i n p u t  o r  o u t p u t  a t  a l l .  

I V .  N J O Y  INPUT INSTRUCTIONS 

The i n p u t  i n s t r u c t i o n s  f o r  MJOY are i n c l u d e d  as comment c a r d s  a t  t h e  s t a r t  
o f  each module ( o v e r l a y ) ;  t h e  c u r r e n t  i . n s t r u c t i o n s  have been p r i n t e d  o u t  f o r  
t h i s  r e p o r t  as Appendix A.  Some of  t h e  commands are  d e s c r i b e d  i n  more d e t a i l  
below. O t h e r s  are  made clear by t h e  sample problems.  

A. F r e e  Form I n p u t  
For  a card- input  program, f r ee - fo rm i n p u t  i s  c o n v e n i e n t ,  b u t  i n  a t i m e -  

s h a r i n g  envi ronment ,  i t  i s  a lmost  e s s e n t i a l .  T h e r e f o r e ,  a s u b r o u t i n e  FREE h a s  
been i n c l u d e d  among t h e  N J O Y  u t i l i t i e s  t o  p rov ide  a s i m p l e  f ree- format  i n p u t  
c a p a b i l i t y .  T h i s  r o u t i n e  i s  machine dependent  and may have  t o  b e  adap ted  t o  
l o c a l  c o n d i t i o n s .  

o t h e r  purpose  (+,-,numeral,E,H,*,or/), For  exponent  f i e l d s ,  t h e  E must b e  p r e -  
s e n t ,  b u t  s p a c e s  are a l lowed b e f o r e  t h e  E .  Decimal p o i n t s  are n o t  r e q u i r e d  
a f t e r  numbers. H o l l e r i t h  f i e l d s  may u s e  nHSTRING o r  "STRING*. The ( / )  termi- 
n a t e s  t h e  i n p u t  f o r  one c a l l  t o  FREE ( i t  may i n v o l v e  more t h a n  one c a r d )  leav-  
i n g  any unread v a r i a b l e s  unchanged. T h i s  f e a t u r e  i s  o f t e n  used t o  d e f a u l t  
v a r i a b l e s  from t h e  r i g h t .  

F i e l d s  on t h e  i n p u t  c a r d s  are d e l i m i t e d  by any c h a r a c t e r  n o t  used  f o r  an- 

Some i n p u t  examples f o l l o w .  

LEGAL ILLEGAL 

12 1 2 .  1 . 2 E 1  1.2+1 

*E235+~  4HU235 4RU2 35 

A s  an example of when t h e  ( / )  i s  u s e f u l ,  i n  s e v e r a l  N J O Y  r o u t i n e s  a r e c o r d  
of  H o l l e r i t h  i n f o r m a t i o n  i s  c o n s t r u c t e d  from u s e r  i n p u t .  T h i s  i s  accomplished 
by c a l l i n g  FREE w i t h  NZA = 1 7  ( t h e  number of  H o l l e r i t h  words r e q u i r e d  t o  f i l l  
t h e  66 columns a v a i l a b l e  f o r  a n  ENDF/B "comment"). The a r r a y  i s  p r e s e t  t o  1 7  
b l a n k  words,  so t h a t  the u s e r  need  n o t  b l a n k - f i l l  t h e  l i n e  e x p l i c i t l y .  I n s t e a d ,  
h e  can w r i t e  W E S S A G E ~ ~ /  where the '  ( / )  t e r m i n a t e s  t h e  p r o c e s s  of  r e p l a c i n g  t h e  
d e f a u l t  b l a n k s  w i t h  a c t u a l  i n p u t  ("MESSAGE" i n  t h i s  example) .  

The u s e r  s h o u l d  b e  cau t ioned  t h a t  i f  t h e  ( / )  i s  omi t t ed  from an i n p u t  d a t a  
b l o c k  t h a t  i s  incomple te ,  as i n  H o l l e r i t h  example above,  FREE w i l l  go on r e a d i n g  
s u c c e s s i v e  i n p u t  d a t a  c a r d s  u n t i l  t h e  expec ted  NZA words are  found,  u s u a l l y  re- 
s u l t i n g  i n  an e r r o r  c o n d i t i o n .  For  t h i s  r e a s o n ,  i f  t h e  u s e r  i s  u n c e r t a i n  
whether  h e  h a s  s u p p l i e d  enough i n p u t  pa rame te r s  t o  " s a t i s f y 1 '  a p a r t i c u l a r  c a l l  
t o  FREE, i t  i s  good p r a c t i c e  t o  u s e  a ( / )  a t  t h e  end o f  t h e  i n p u t  d a t a  f o r  t h a t  
d a t a  b l o c k ,  

The i n p u t  examples f o r  t h e  N J O Y  tes t  problems s h o u l d  answer any o t h e r  
q u e s t i o n s  ab,out t h e  s y n t a x  of f ree- form i n p u t .  

B. RECONR Module 

nances  such  as 93Nb and 238U, i t  may b e  n e c e s s a r y  t o  r e l a x  ( i n c r e a s e )  t h i s  
somewhat i n  o r d e r  t o  reduce  t h e  running  t i m e ,  

E R R . .  . A r e a s o n a b l e  v a l u e  i s  0,005 ($ %).  For  materials w i t h  many reso-  
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TEMP... Resonances can b e  c o n s t r u c t e d  d i r e c t l y  a t  an e l e v a t e d  t e m p e r a t u r e  
u s i n g  t h e  I$X resonance  s h a p e s  (wi th  some loss i n  accuracy  and g r e a t  s a v i n g s  
i n  t i m e ) .  I n  g e n e r a l ,  i t  i s  recommended t h a t  resonance  r e c o n s t r u c t i o n  b e  per-  
formed a t  z e r o  Kelv in  (TEMP=O); RROADR can t h e n  b e  used  t o  Doppler broaden t o  
t h e  d e s i r e d  t empera tu re  w i t h  g r e a t  a c c u r a c y .  

recommended t h a t  b i n a r y  mode b e  used whenever p o s s i b l e  ( i . e , ,  u s e  MODER) , 
NENDF... T h i s  i s  t h e  u n i t  c o n t a i n i n g  an ENDF/B-IV o r  V tape.$< It i s  

C .  HROADR Module 
ERRTHN.. .  Cross  s e c t i o n s  become smoother  w i t h  Doppler broadening  and can 

b e  t h i n n e d .  I t  i s  recommended t h a t  ERRTHN 5 ERR b e  used.  
ISTRAP... "Boots t rap"  r e f e r s  t o  u s i n g  t h e  o u t p u t  of  one broadening  r u n  as 

t h e  i n p u t  f o r  a subsequent  h i g h e r  t e m p e r a t u r e  r u n .  I f  t h i n n i n g  was used ,  t h e  
second run  can b e  much f a s t e r  t h a n  t h e  f i r s t .  However, e r r o r s  w i l l  accumula te .  

u s e f u l  t o  ' ' restart ' '  from p r e v i o u s  d a t a  a t  a lower t e m p e r a t u r e .  For  example,  
i n  a t t e m p t i n g  t o  produce c r o s s  s e c t i o n s  a t  300, 900,  and 2100 K ,  t h e  j o b  r u n s  
o u t  of  t i m e  w h i l e  do ing  t h e  l a s t  t e m p e r a t u r e ,  S e t  ISTART=l and TEMP1=900, and 
c o n t i n u e  t h e  j o b  u s i n g  t h e  o u t p u t  of  t h e  a b o r t e d  r u n  as i n p u t .  

ISTART... Since Doppler  b roaden ing  i s  compara t ive ly  e x p e n s i v e ,  i t  i s  o f t e n  

D .  HEATR Module 

because  of  t h e  v a r y i n g  energy  v a l u e s  of  t h e  s e p a r a t e  i s o t o p e s  i n  an  e l e m e n t ,  i t  
i s  sometimes n e c e s s a r y  t o  o v e r r i d e  t h e  evaluator 's  Q-values  . 

IPRINT=2... T h i s  o p t i o n  i s  provided  main ly  f o r  e v a l u a t o r s .  Computed KEWA 
f a c t o r s  are compared w i t h  l in i ts  o b t a i n e d  from kinematics. Note t h a t  t h e  energy- 
b a l a n c e  method used i n  N J O Y  g u a r a n t e e s  n e t  energy  c o n s e r v a t i o n  f o r  ' ' l a r g e "  
sys tems.  However, i f  i t  i s  p o s s i b l e  f o r  a l a r g e  f r a c t i o n  of  photons t o  e s c a p e  
from t h e  system, and i f  t h i s  o p t i o n  reveals many v i o l a t i o n s  of k inemat i c  l i m i t s ,  
t h e  r e s u l - t s  of b o t h  h e a t i n g  and gamma dose  c a l c u l a t i o n s  must b e  h e l d  i n  doubt .  

u s e f u l  i n  connec t ion  w i t h  IPRINT=2. 

NQA,MTA,QA ... Because oE l a c k  of  un i fo rmi ty  i n  e v a l u a t i o n  p r a c t i c e s ,  o r  

NP,MTK.. . Usua l ly  o n l y  t h e  t o t a l  KERMA i s  needed (NPK=O). P a r t i a l s  are 

E .  T H E M <  Module 

s p e c i a l  s e t  o f  t a p e s  (320 t o  325) .22  
t e r i n g .  

PENDF t a p e  u s i n g  t h e  a s s i g n e d  MT numbers. These numbers a re  open t o  t h e  u s e r ,  
e x c e p t  t h a t  MATXSR c o n t a i n s  a c e r t a i n  l i s t  of  names. The c u r r e n t  v a l u e s  are  
g iven  i n  T a b l e  I. 

NENDF... The thermal  ENDF d a t a  ( o n l y  MF=7 i s  used)  i s  a v a i l a b l e  on a 
No t a p e  i s  r e q u i r e d  f o r  f r e e  gas  scat-  

MT201-250... Thermal d a t a  gene ra t ed  by t h i s  module are  w r i t t e n  o n t o  t h e  

F. GKOUPR Module 
NTEMP,TEMP.. . The r e q u e s t e d  t e m p e r a t u r e s  must occur  on t h e  i n p u t  PI:NDF 

t a p e .  

* 
ENDF/B t a p e s  are  a v a i l a b l e  from t h e  N a t i o n a l  Nuclear  Data  C e n t e r  (NNDC) a t  . 
Brookhaven N a t i o n a l  Labora tory  , Upton, New Ynrk. 
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TABLE I 

REACTION NUMBERS FOR THERMAL SCATTERING 

Con t e n t s  - MT - 
201 f r e e  gas  
202 11 i n  H 2 0  
203 E i n  p o l y e t h y l e n e  
204 D i n  D20 
205 €1 i n  Z r H  
209 g r a p h i t e  i n c o h e r e n t  
2 10 g r a p h i t e  P o  cohe ren t  
2 11 g r a p h i t e  P i  

219 B e  i n c o h e r e n t  
220 B e  Po cohe ren t  

229 Be0 i n c o h e r e n t  
2 30 Be0 PO cohe ren t  

N S I G Z , S I G Z . .  . One o r  more "background" c r o s s  s e c t i o n s  must b e  s p e c i f i e d  
i n  b a r n s  f o r  t h e  c a l c u l a t i o n  of s e l f - s h i e l d e d  group c o n s t a n t s  u s i n g  t h e  Bondar- 
enko formalism.  For  i n f i n i t e  d i l u t i o n ,  N S I G Z = l ,  and by conven t ion ,  S I G Z = l . E l O .  
I f  un reso lved  da ta  have been added t o  t h e  PENDF t a p e  u s i n g  UNKESR, t h e  N S I G Z  
SIGZ v a l u e s  i n  GROUPR must a g r e e  w i t h  t h e  f i r s t  N S I G Z  v a l u e s  used i n  UNRESR. 
I n  b o t h  codes ,  S I G Z  i s  r e a d  i n , i n  descending  o r d e r , w i t h  00 = a f i r s t .  

WGHT... I f  t h e  u s e r  w i shes  t o  supp ly  h i s  own weight  f u n c t i o n ,  h e  must u se  
a "TAB1" r eco rd .  T h i s  i s  a p a r t i c u l a r  ENDF/B d a t a  s t r u c t u r e  which ,  i n  t h e  c a s e  
where a s i n g l e  i n t e r p o l a t i o n  scheme I N T  i s  employed, h a s  t h e  f o l l o w i n g  form. 

c a r d  1 0.  0 .  0 0 1  N 
c a r d  2 N I N T  
c a r d s  3 , 4 ,  ... (E(I) ,WGHT(I) , I=l ,N)/  

Here N i s  t h e  number of energy-weight p a i r s ,  and INT s p e c i f i e s  t h e  f u n c t i o n a l  
form t o  b e  used t o  connec t  t h e  p o i n t s .  For  example,  I N T  = 2 s p e c i f i e s  t h a t  
WGHT i s  a l i n e a r  f u n c t i o n  o f  E between p o i n t s ,  and I N T  = 5 s p e c i f i e s  t h a t  t h e  
l o g  (WGHT) v a r i e s  l i n e a r l y  w i t h  l o g  ( E )  between p o i n t s .  The ( / )  shown a f t e r  t h e  
f i n a l  weight  i s  r e q u i r e d .  T h i s  i s  a d e p a r t u r e  from t h e  normal N J O Y  convent ion ,  
where ( / )  i s  needed on ly  i f  t h e  r ead ing  o f  a d a t a  b lock  i s  t o  be  t e r m i n a t e d  
p rema tu re ly .  

b e  p rocessed  u s i n g  i t s  ENDF/B "MT-number". The MT-numbers used i n  a g iven  eva l -  
u a t i o n  can b e  o b t a i n e d  from t h e  " d i c t i o n a r y "  (MFl,MT451), a l i s t  of  a l l  t h e  
l ' f i l e s ' l  (MF-numbers) and l l s e c t i o n s "  (MT-numbers) f o r  t h i s  m a t e r i a l  (MAT-number) 
The u s e r  shou ld  f i r s t  examine t h e  s e c t i o n s  of  f i l e  3,  MF=3. Each s e c t i o n  de- 
s c r i b e s  a d i f f e r e n t  n u c l e a r  r e a c t i o n ,  s o  from t h e  l i s t  of  MT-values, t h e  u s e r  

MFD,MTD,MTNAME. .. GROUPR r e q u i r e s  t h a t  t h e  u s e r  s p e c i f y  each r e a c t i o n  t o  

6 



can se lec t  t h e  r e a c t i o n s  he  wi shes  t o  p r o c e s s .  
i s  reproduced  h e r e  as Appendix B.  

t r a n s f e r  m a t r i c e s ) ,  one i n p u t s  d a t a  c a r d s  such  as t h i s  one.  

A l i s t  of  ENDF/B r e a c t i o n  types '  

I n  o r d e r  t o  p r o c e s s  r e a c t i o n  "vec to r s "  ( a s  opposed t o  a group-to-group 

3 103  *(N,P)*/ 
3 105/ 

Here MFD=3 s p e c i f i e s  a v e c t o r ,  NTD=103 is  t h e  s e c t i o n  t o  be  p r o c e s s e d ,  and 
"(N,P)" i s  t h e  u s e r - s u p p l i e d  name f o r  t h e  r e a c t i o n .  T h i s  name i s  on1.y used  t o  
l a b e l  t h e  l i s t i n g  and is  opt iona .1  as shown by t h e  second l i n e .  There are  sev-  
e r a l  s p e c i a l  MT-numbers r ecogn ized  by NJOY w h i l e  p r o c e s s i n g  v e c t o r s .  

MT Me an i n g  - 
252 F. ( ave rage  s c a t t e r i n g  c o s i n e )  
25 3 5 ( ave rage  l o g  de.crement) 
259 mean r e c i p r o c a l  v e l o c i t y  
452 t o t a l  f i s s i o n  y i e l d  
455 de layed  f i s s i o n  y i e l d  
456 prompt f i s s i o n  y i e l d  

The f i r s t  t h r e e  are computed from fundamental  d e f i n i t i o n s ,  n o t  f i l e  3. The 
l a s t  t h r e e  are computed u s i n g  MF1 y i e l d s  and MT3 f i s s i o n  c r o s s  s e c t i o n s .  

use  MFD=6 as i n  t h i s  example.  
I n  o r d e r  t o  p r o c e s s  one m a t r i x  r e a c t i o n  ( i , e . ,  group-to-group s c a t t e r i n g ) ,  

6 1 6  *(N,2N)*/ 

The r e a c t i o n  t y p e s  w i t h  s c a t t e r i n g  d a t a  are most e a s i l y  found under  MF=4 i n  
t h e  d i c t i o n a r y  (MF4, MT103-150 are charged p a r t i c l e  a n g u l a r  d i s t r i b u t i o n s  and 
shou ld  n o t  b e  r e q u e s t e d  as m a t r i c e s ) .  

as f o l l o w s .  
A s  a convenience f e a t u r e ,  a c o n s e c u t i v e  sequence of  MTDs can b e  s p e c i f i e d  

3 51 *FIRST INELASTIC LEVELJ:/ 
3 -76 *HIGHER INELASTIC LEVELS;k/ 
6 51  *FIRST INELASTIC LEVEL*/ 
6 -76 *HIGHER INELASTIC LEVELS*/ 

A l l  v a l u e s  of  MTD from 51  through 76 w i l l  b e  p rocessed  i n t o  b o t h  v e c t o r s  and 
matrices. 

duces a prompt f i s s i o n  group-to-group m a t r i x  which can b e  conve r t ed  i n t o  t h e  
t r a d i t i o n a l  \ J D ~  and x v e c t o r s  by l a t e r  modules ( e . g . ,  DTFR). F o r  s imple  eval- 
u a t i o n s ,  i t  i s  o n l y  n e c e s s a r y  t o  make t h i s  r e q u e s t .  

F i s s i o n a b l e  materials i n t r o d u c e  some a d d i t i o n a l  complexi ty .  GROUPR pro- 

3 18 *FISSION XSEC*/ 
6 18 "FISSION MATRIX*/ 

I n  s e v e r a l  i m p o r t a n t  e v a l u a t i o n s ,  however,  t h e  e v a l u a t o r  h a s  d i v i d e d  t h e  f i s s i o n  
p r o c e s s  i n t o  p a r t s :  MT19, d i r e c t  f i s s i o n  ( n , f ) ;  MT20, second-chance f i s s i o n  
( n , n ' ) f ;  MT21, t h i rd -chance  f i s s i o n  ( n , 2 n ) f ;  and MT38, four th-chance  f i s s i o n  
( n , 3 n ) f .  The p rocedure  makes p o s s i b l e  a more a c c u r a t e  r e p r e s e n t a t i o n  of  t h e  
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high-energy p o r t i o n  of t h e  f i s s i o n  spec t rum when f i s s i o n  i s  induced by n e u t r o n s  
w i t h  e n e r g i e s  above 5 o r  6 MeV.  
t h e  f o l l o w i n g  i n p u t  i s  recommended. 

Y , 2 3 9 P u ) ,  2 3 5 u  2 3 E u  For such e v a l u a t i o n s  ( e . g . ,  

3 18 
3 1 9  
3 20 
3 2 1  
3 38 
6 1 9  
6 20 
6 2 1  
6 38 

*TOTAL F I S S I O N f C /  
* (N , F) * /  
> ~ ( N , N ) F * /  
A ( N  , 2N) F"/ 

9; (N , F ) * / 
A ( N , N) FA / 

9; ( N  , 3 N )  F 

+ ; ( N , 3 N ) F y c /  

A (N ,2N) F*/ 

Note t h a t  6/18 i s  o m i t t e d .  A subsequen t  code can add t h e  p a r t i a l  matrices t o  
o b t a i n  t h e  t o t a l  f i s s i o n  matrix. 

f i s s i o n .  F o r  t h o s e  mater ia l s  which c o n t a i n  de l ayed  n e u t r o n  d a t a ,  t h e  u s e r  
shou ld  r e q u e s t  t h e s e .  

A f i n a l  compl i ca t ion  of  f i s s i o n  i s  t h e  existence of  de l ayed  n e u t r o n s  from 

3 455 "DELAYED NUBAR*/ 
5 455 $;DELAYED C H I * /  

A l a t e r  module, such as DTFR, can add t h e  de l ayed  d a t a  t o  t h e  prompt m a t r i x  i n  
o r d e r  t o  o b t a i n  " s t e a d y - s t a t e "  v a l u e s  f o r  vof and x. 
neutron-to-photon t r a n s f e r  matr ix  f o r  each  r e a c t i o n  r e q u e s t e d .  These r e a c t i o n s  
are i d e n t i f i e d  i n  t h e  m a t e r i a l  d i c t i o n a r y  by t h e  p r e s e n c e  of  M F = 1 2  (photon 
p r o d u c t i o n  y i e l d s ) ,  M F 1 3  (photon p r o d u c t i o n  c r o s s  s e c t i o n s ) ,  o r  b o t h .  For  each 
r e a c t i o n ,  i n p u t  a d a t a  c a r d  w i t h  ME'D=MF+4. 

I f  t h e  e v a i u a t i o n  i n c l u d e s  photon p r o d u c t i o n  d a t a ,  GROUPR w i l l  p r e p a r e  a 

16 102 "CAPTURE GAMMA PRODUCTION*/ 
1 7  3 *NON-ELASTIC GAMMA PRODUCTION*/  

S e v e r a l  examples of GROUPR i n p u t  w i l l  b e  found i n  t h e  sample problems. 

G .  GAMINR Module 
-_I-I_- 

M F D = - l . . .  T h i s  o p t i o n  p r o v i d e s  t h e  u s e r  w i t h  a s t a n d a r d  l i s t  of r e a c t i o n  
t y p e s  s u i t a b l e  f o r  a l l - e l e m e n t s :  
m a t r i c e s  f o r  502, 504, and 516. Note t h a t  6 2 1  i s  a s s i g n e d  s p e c i a l l y  f o r  t h e  
photon h e a t  p r o d u c t i o n  c r o s s  s e c t i o n .  

v e c t o r s  f o r  501,  502, 504, 516, 602 ,  and 6 2 1 ;  

€1. ERRORR M o d u k  
NEK,EK,AKXY ... ENDF/B-V w i l l  have a format  f o r  s p e c i f y i n  d e r i v e d  c r o s s  

s e c t i o n s  i n  t h e  f i l e ,  so  t h i s  i s  p r e s e n t l y  r e q u i r e d  o n l y  f o r  ''C ( s e e  example 
4) ' 

I .  D T F R  Module 
I P T O T L , I P I N G P , I T A R L , N E D  ... The s t a n d a r d  t r a n s p o r t  t a b l e  as used i n  many 

codes h a s  t h e  f o l l o w i n g  s t r u c t u r e  f o r  each group. 
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Po s i t  i o n  Con t e n t s  

1 

IPTOTL- 2 
IPTOTL-1 
IPTOTL 
IPTOTLSl 

IPINGP 
I P  INGP+1 

ITABL 

r e sponse  f u n c t i o n  e d i t  
c r o s s  s e c t i o n s  (mis s ing  
i f  IPTOTL = 3 )  

u p s c a t t e r  (mis s ing  
if IPINGP = IPTOTL+l) 

in-group s c a t t e r i n g  

downsca t t e r  I 
I f  I E D I T  = 1, t h e  f i r s t  NED p o s i t i o n s  a r e  p r i n t e d  o u t  a s  s e p a r a t e  t a b l e s .  I f  
t h e r e  i s  n o t  enough room f o r  a l l  t h e  downsca t t e r  between IPINGP and ITABL, t h e  
a r r a y  i s  t r u n c a t e d  i n  such a way a s  t o  p r e s e r v e  t h e  s c a t t e r i n g  c r o s s  s e c t i o n ;  
a similar p rocedure  i s  used f o r  u p s c a t t e r .  

NTHERM,MTI,MTC,NLC ... These pa rame te r s  c o n t r o l  t h e  a d d i t i o n  of thermal  
u p s c a t t e r  t o  t h e  t r a n s p o r t  t a b l e .  I n  t h e  lowes t  NTHERM g roups ,  t h e  s t a t i c  
e l a s t i c  s c a t t e r i n g  i s  r e p l a c e d  by MTI and t h e  t o t a l  i s  r e a d j u s t e d  a p p r o p r i a t e l y .  
I f  MTC, M T C f l ,  ... MTC+NLC, are r e q u e s t e d ,  t hey  are  added t o  t h e  in-group of  t h e  
a p p r o p r i a t e  t a b l e  and t h e  t o t a l  i s  i n c r e a s e d  by MTC. 

t i o n  which i s  any l i n e a r  combinat ion of t h e  v e c t o r  c r o s s  s e c t i o n s  processed  by 
GROUPR. Before  r e a c t i o n  MT i s  added i n t o  JPOS, i t  i s  m u l t i p l i e d  by MULT. Fo r  
example,  t o t a l  he l ium p roduc t ion  i n  1 2 C  i s  ( n , a ) + 3 x ( n , n ’ ) 3 a  and i s  formed by t h e  
c a r d s  

JPOS,MT,MULT. .. T h i s  sys tem a l l o w s  t h e  u s e r  t o  s p e c i f y  a r e sponse  func- 

*‘N.HE4*/ 
1 107 / 
: 9 1  31 

w i t h  NED = 2 and IPTOTL = 1 + 3 = 4, 
S e v e r a l  s p e c i a l  v a l u e s  of MT are recognized  by DTFR. 

MT Me an i n  g - 
300 Po flux 
4 70 f i s s i o n  x ( s t e a d y - s t a t e )  
471 de layed  x 
455 de layed  iJ 

J. CCCCR 

shou ld  a l l  b e  ze ro  ( 0 ) .  There i s  no coding f o r  photon f i l e s ,  no p r o v i s i o n  f o r  
u p s c a t t e r  and no a l lowance  f o r  a set  x ( c h i ) ,  

X-ma t r i x  , 

NGGRUP,MAXUP,ICHIS T . . .  I n  t h e  c u r r e n t  v e r s i o n  of  t h e  code ,  t h e s e  parameters  

I C H I . . .  Only t h e  v a l u e s  0 and 1 a r e  a l lowed.  There i s  no p r o v i s i o n  f o r  a 
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K .  M A T X S  
A WTXS f i l e  can i n c l u d e  any o r  a l l  o f  f o u r  " types"  of  

d a t a ;  n e u t r o n  c r o s s  s e c t i o n s  and t r a n s f e r  m a t r i c e s  ("NSCAT"), gamma p r o d u c t i o n  
matrices ("NCAMA") , photon i n t e r a c t i o n  c r o s s  s e c t i o n s  and t r a n s f e r  m a t r i c e s  
("GSCAT") and thermal  n e u t r o n  s c a t t e r i n g  ("NTHERM") . Depending on which d a t a  
types  a r e  d e s i r e d ,  group s t r u c t u r e s  w i l l  b e  r e q u i r e d  f o r  n e u t r o n  ("NEUT") o r  
photons (llGAMA") o r  b o t h .  

HTYPE,HPART,HMAT ... Data t y p e s ,  p a r t i c l e s ,  m a t e r i a l s  (and r e a c t i o n s )  a r e  
i d e n t i f i e d  by H o l l e r i t h  names r a t h e r  t han  i n t e g e r  f l a g s  a s  i n  t h e  CCCC fo rma t s .  
N a m e s  a r e  g iven  i n  A6 format  acco rd ing  t o  well d e f i n e d  conven t ions .  Data  t y p e  
and p a r t i c l e  names are l e f t - j u s t i f i e d .  

NTYPE,NPART. .. 

M a t e r i a l  names a r e  d i v i d e d  i n t o  t h r e e  f i e l d s .  The f i r s t  two c h a r a c t e r s  cont .a in  
t h e  e lement  a b b r e v i a t i o n ,  l e f t  j u s t i f i e d ,  The n e x t  t h r e e  c h a r a c t e r s  are f o r  
t h e  r i g h t - j u s t i f i e d  i s o t o p e  number. For  e l e m e n t a l  e v a l u a t i o n s ,  t h e  i s o t o p e  
number i s  r e p l a c e d  by the. le t ters  "KAT" ( f o r  " n a t u r a l " )  i n  t h e  "NSCAT" and 
"NGAMA" d a t a  t y p e s ,  and l e f t  b l a n k  f o r  t h e  "GSCAT" d a t a  type .  The s i x t h  pos i -  
t i o n  i s  used t o  d i s t i n g u i s h  among d i f f e r e n t  e v a l u a t i o n s  of  t h e  same material. 
Some examples a r e  g iven .  

Some m a t e r i a l s  a r e  n o t  a d a p t a b l e  t o  t h e s e  conven t ions  and must b e  hand led  as 
i n d i v i d u a l  c a s e s .  

TIiE PIATXSK user need n o t  b e  concerned w i t h  convent ions  f o r  naming r e a c t i o n s ,  
as  t h i s  i s  handled  a u t o m a t i c a l l y ,  

I n  a t y p i c a l  MATXS r u n ,  t h e  f i r s t  several c a r d s  of input: might  b e  t h e s e .  

31-1 t i i i s  example,  t i i ree  d a t a  t y p e s  a r e  r e q u e s t e d  f o r  a MATXS f i l e  on u n i t  2 3 .  
Jeutror i  i a t - e r d c t i o n  a n d  gamma p roduc t ion  d a t a  ( i n  b locked  b i n a r y )  a r e  i n p u t  
f ron.  u n i t  2 1  and p h o t o n  i n t e r a c t i o n  d a t a  ( i n  b locked  b i n a r y )  a r e  t o  b e  found 
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on u n i t  22.  The code e x p e c t s  t o  f i n d  i n p u t  d a t a  averaged  o v e r  30 neu t ron  groups 
and 12  photon groups .  Foyr c a r d s  of  H o l l e r i t h  i d e n t i f i c a t i o n  are g iven .  

Card i n p u t  f o r  t h e  f i r s t  d a t a  t y p e  ("NSCAT") i s  g iven  n e x t .  

1 1 4 3  
1 
1 
*H 1 * 1 1 1269 
*FENAT * 5 2 1192 
*PU240 * 1 1 1265 

The code w i l l  s e a r c h  through u n i t  2 1  f o r  MATe1269, and o u t p u t  d a t a  f o r  t h e  f i r s t  
t empera tu re  and d i l u t i o n  f a c t o r  under  t h e  name *H 1 *. The o u t p u t  for*FENAT * 
w i l l  i n c l u d e  t h e  f i r s t  f i v e  t empera tu res  and t h e  f i r s t  two d i l u t i o n  f a c t o r s  f o r  
MAT=1192. P a r t i c l e  one ("NEUT") i s  s p e c i f i e d  as b o t h  t h e  i n c i d e n t  (IINP) and 
ou tgo ing  (IOUTP) p a r t i c l e s .  

I n p u t  f o r  t h e  f i n a l  two d a t a  t y p e s  might  b e  as f o l l o w s .  

1 1 4  3 
1 
2 
*H 1 * 1 1 1269 
*FENAT * 5 2 1192 
*PU240 * 1 1 1265 
1 1 4 3  
2 
2 
*H " 1 1  1 
*FE * 1 1 26 
*PU * 1 1 94 

Note t h a t  f o r  photon i n t e r a c t i o n  d a t a  (GSCAT), a l l  e v a l u a t i o n s  are e l emen ta l .  
IFOPT,NSBLK. .. These pa rame te r s  c o n t r o l  t h e  s i z e  of  t h e  m a t r i x  r e c o r d s  

on t h e  MATXS f i l e .  I f  IFOPT=l and NSBLK-1, t h e n  a s i n g l e  r e c o r d  c o n t a i n s  a l l  
Legendre o r d e r s  of t h e  e n t i r e  s c a t t e r i n g  matrix f o r  a g iven  r e a c t i o n .  The 
c h o i c e  o f  IFOPT=2 s e p a r a t e s  each  Legendre o r d e r  i n t o  a s e p a r a t e  r e c o r d .  The 
NSBLK pa rame te r  may b e  set e q u a l  t o  t h e  number of  groups  (NOUTG) f o r  t h e  out-  
go ing  p a r t i c l e ,  and each  group w i l l  b e  a s e p a r a t e  r e c o r d .  

V.  SAMPLE PROBLEMS 

The sample problems are des igned  t o  demons t r a t e  t h e  major  o p t i o n s  of N J O Y  
wi thou t  u s i n g  t o o  much computer t i m e .  
the u s e r  many opportunities to  check h i s  i n s t a l l a t i o n  sf t h e  NJOY code. The 
complete  l i s t i n g  of t h e  t e s t  problem o u t p u t  i s  i n c l u d e d  w i t h  t h i s  r e p o r t  on 
m i c r o f i c h e .  
Appendix C .  

Long p r i n t  o p t i o n s  have  been  used  t o  g i v e  

For  t h e  u s e r ' s  convenience ,  p a r t s  o f  t h e  l i s t i n g  are reproduced  i n  

A. Example 1 

i s o t o p e  (ENDF/ B I 2 C  MAT1274) . This  r u n  tests group a v e r a g i n g  and p o i n t w i s e  f i l e  g e n e r a t i o n  f o r  a l i g h t  
L i n e a r i z a t i o n ,  Doppler  b roaden ing ,  t h i n n i n g ,  h e a t  
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p r o d u c t i o n ,  and the rma l  s c a t t e r i n g  a re  inc l -uded .  
r e q u i r e d .  

w i t h  t h e  g iven  Q-values.  
removal of  25 p o i n t s  by t h i n n i n g  r e s u l t s  i n  t h e  f i n a l  l i n e a r  g r i d , w h i c h  can b e  
seen  i n  MF3/MT1 on t h e  PENDF t a p e .  The HEATR o u t p u t  shows t h e  n e u t r o n  p a r t  o f  
t h e  h e a t i n g  f o r  each r e a c t i o n ,  t hen  s u b t r a c t s  t h e  energy  c a r r i e d  o f f  by photons  
t o  g e t  t h e  f i n a l  r e s u l t s .  The r e s u l t s  check a t  a l l  e n e r g i e s  shown; however,  an 
examinat ion  of 3/351 shows one n e g a t i v e  KERMA f a c t o r  a t  t h r e s h o l d .  

a c t i o n  i s  a c t u a l l y  ( n , n ' ) 3 a .  
d a t a  shown h e r e  (MT201-203) i s  supplementary -- i t  is  n o t  i n c l u d e d  i n  MT=l. 
Subsequent  codes such as DTFR must r e p l a c e  PlT2 w i t h  MT201-203 i n  t h e  the rma l  
range  (groups 1 - 4 )  and r e v i s e  t h e  t o t a l  a c c o r d i n g l y .  Caut ion:  GROUPR numbers 
groups i n  o r d e r  of  i n c r e a s i n g  energy .  

format  used f o r  MF=6 i s  s imilar  t o  ENDF/B e x c e p t  f o r  t h e  o r d e r i n g  of  Legendre  
o r d e r  and i n c i d e n t  energy .  
i n c i d e n t  energy (49 p o i n t s ) .  
i s  g iven  f o r  each Legendre o rde r (P0  and PI i n  t h i s  c a s e ) .  
g i v e s  t h e  normal ized  s c a t t e r i n g  p r o b a b i l i t y  v e r s u s  secondary  n e u t r o n  energy .  

ENDF/B t a p e s  4 0 8  and 322 a r e  

I n  RECONR, n o t e  t h a t  t h e  code a u t o m a t i c a l l y  a d j u s t s  t h e  t h r e s h o l d s  t o  a g r e e  
The a d d i t i o n  of 130 p o i n t s  by l i n e a r i z a t i o n  and t h e  

I n  t h e  GROUPR r u n ,  n o t e  t h a t  t h e  LR-flag on MT91 was p icked  up; t h i s  re- 
The LR f l a g  w a s  a l s o  used i n  HEATR. The the rma l  

On t h e  PENDF t a p e ,  n o t e  t h a t  t h e  d i c t i o n a r y  and comments are c o r r e c t .  The 

The f i l e  u s e s  a "TAB2" r e c o r d  t o  se t  up a loop o v e r  
A t  each  energy  ( l .E-5 ,3 .16-5 , ,  , .) , a "TAB1" r e c o r d  

Each "TAB1" r e c o r d  

B .  Example 2 
Th i s  run  p r o c e s s e s  one i s o t o p e  f o r  a p r a c t i c a l  CCCC l i b r a r y .  It tes t s  

resonance  r e c o n s t r u c t i o n ,  Doppler broadening  t o  s e v e r a l  t e m p e r a t u r e s ,  un reso lved  
c r o s s  s e c t i o n s ,  s e l f - s h i e l d e d  mul t ig roup  c r o s s  s e c t i o n s ,  and C C C C - I 1 1  i n t e r f a c e  
f i l e s  (ISOTXS, BRKOXS, and DLAYXS). Tape 404  i s  r e q u i r e d .  

Note t h e  message "POINTS REJECTED BY SIGNIFICANT FIGURES CHECK = 53". 
ENDFIB a l lows  on ly  6 s i g n i f i c a n t  d i g i t s  f o r  energy  on BCD tapes;  t h i s  check 
e n s u r e s  t h a t  no two p o i n t s  have t h e  same energy  v a l u e .  I n  BROADR, n o t e  t h e  
e x t e n s i v e  t h i n n i n g  achieved  a f t e r  Doppler broadening  t h e  r e s o n a n c e s ,  and t h e  
speedup achieved  u s i n g  t h e  "boo t s t r ap"  o p t i o n .  

a b l e  t empera tu re  dependence a t  t h e  h i g h e r  t .emperatures .  These normal ly  i n c l u d e  
h z T = l ,  2 ,  18,  1 9 ,  1 0 2 ,  301, and 201-250. A l so ,  PIT259 i s  r e q u e s t e d  t o  g e t  a c c u r a t e  
group-averaged v e l o c i t i e s  f o r  ISOTXS. I n  CCCCR, t h e  o p t i o n  t o  b l o c k  matrices by 
r e a c t i o n  was used.  Th i s  i s  t h e  b e s t  form f o r  la rge-group s t r u c t u r e s .  XSPO i n  
BRKOXS i s  s imply  4 r a 2  u s i n g  t h e  s c a t t e r i n g  l e n g t h  from MF2. 

I n  GROUPR, it  w a s  o n l y  n e c e s s a r y  t o  r e q u e s t  t h o s e  r e a c t i o n s  w i t h  apprec i -  

C.  Example 3 
The run  demonst ra tes  t h e  g e n e r a t i o n  of photon i n t e r a c t i o n  c r o s s  s e c t i o n s  

w i t h  DTF and MATXS o u t p u t .  The photon i n t e r a c t i o n  t a p e  DLC7E i s  r e q u i r e d . "  
F i r s t ,  a RECONR run  i s  used t o  l i n e a r i z e  t h e  c r o s s  s e c t i o n s .  The GAMINR 

run uses  t h e  s t a n d a r d  l i s t  of  r e a c t i o n s .  Note how t h e  photon h e a t  p roduc t ion  
i s  assembled from t h e  p a r t i a l  r e a c t i o n s  and w r i t t e n  o u t  as MT=621. I n  DTFR, 
t h e  code a u t o m a t i c a l l y  s h i f t s  o v e r  t o  photons  when i t  sees MT501, so r e a d  
"PHOTON" i n s t e a d  of "NEUTRON" on t h i s  l i s t i n g .  Note t h a t  one s p e c i a l  e d i t  i s  
provided  f o r  h e a t i n g  i n  eV-ba rns ,  s o  t h e  t a b l e  l e n g t h  i s  se t  t o  1+3+12=16, and 
t h e  p o s i t i o n  of t h e  t o t a l  i s  1+3=4.  I n  t h e s e  t a b l e s ,  t h e  f i r s t  1 6  numbers are 
t h e  p o s i t i o n s  f o r  t h e  f i r s t  ( h i g h e s t  energy)  photon group,  and s o  on f o r  t h e  
o t h e r  groups.  

9C 
A v a i l a b l e  from t h e  R a d i a t i o n  S h i e l d i n g  In fo rma t ion  Center a t  t h e  Oak Ridge 
N a t i o n a l  Labora to ry ,  Oak Ridge,  Tennessee.  
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The matrices i n  t h e  MATXS f i l e  are l a b e l l e d  by " p o s i t i o n "  r a t h e r  t h a n  group.  
The group co r re spond ing  t o  each  p o s i t i o n  i s  de termined  from t h e  t a b l e  of  ''LOWEST 
ENERGY GROUP". 
t i o n s " .  The t a b l e  shows t h a t  t h e  co r re spond ing  lowes t  energy  s o u r c e  group i s  9 ,  
s o  t h e r e  i s  s c a t t e r i n g  i n t o  group 10  from t h e  h i g h e s t  9 groups .  

Fo r  example,  GPAIR ( p a i r  p roduc t ion )  h a s  d a t a  f o r  on ly  9 "pos i -  

D. Example 4 

ances from ENDF/B d a t a .  Tape 408 i s  used.  

t h e  56-group union  of  t h e  i n p u t  5-group s t r u c t u r e  and t h e  ene rgy  p o i n t s  on t h e  
c o v a r i a n c e  f i l e  MF33. Some o f  t h e s e  c r o s s  s e c t i o n s  are t o  b e  d e r i v e d  from 
o t h e r s .  

Th i s  run demons t r a t e s  N J O Y ' S  c a p a b i l i t y  t o  produce  c r o s s - s e c t i o n  cova r i -  

The ERRORR module h a s  been  asked  t o  produce i t s  own c r o s s  s e c t i o n s  u s i n g  

The c o l l a p s e d  T-group c r o s s  s e c t i o n s  are p r i n t e d  o u t  on t h e  l i s t i n g .  The 
r e l a t i o n s h i p s  of d e r i v e d  c r o s s  s e c t i o n s  are a l s o  used t o  o b t a i n  t h e  i n d i v i d u a l  
cova r i ance  matrices g iven .  Th i s  i n p u t  w i l l  n o t  b e  r e q u i r e d  f o r  ENDF/B-V. 

V I .  CODE INSTALLATION 

The r e f e r e n c e  v e r s i o n  o f  N J O Y  o p e r a t e s  on CDC equipment a t  LASL, The code 
i n c l u d e s  comment c a r d s  p o i n t i n g  o u t  places where changes must be  made t o  i n s t a l l  
t h e  code on I B M  equipment .  T h i s  i s  an  example. 

PROGRAM CCCCR 
C IBM SUBROUTINE CCCCR 

C IBM IMPLICIT REAL*8(H) 

MULT= 1 
C IBM MULT=2 

The f i r s t  l i n e  i s  t o  b e  "commented-out" w i t h  a C CDC ... and t h e  C IBM i s  t o  b e  
removed from t h e  second c a r d .  The t h i r d  l i n e  i s  an example where no CDC l i n e  i s  
t o  b e  d e l e t e d .  Some o t h e r  r o u t i n e s  are marked w i t h  alarms such  as "machine- 
dependent  CDC ve r s ion" .  
p o i n t  f o r  conve r s ion  t o  o t h e r  machines .  

In  o r d e r  t o  s i m p l i f y  p r e p a r a t i o n  o f  l o a d e r  o v e r l a y  i n s t r u c t i o n s  ( i f  re- 
q u i r e d ) ,  a CDC l o a d  map h a s  been  i n c l u d e d  as Appendix C .  Caut ion:  t h e  same 
name i s  sometimes used  f o r  s u b r o u t i n e s  and common b l o c k s  i n  d i f f e r e n t  over-  
l a y s .  Some sys tems u s e  a non-ANSI "P-factor"  -- i n  such  cases, change e v e r y  
o c c u r r e n c e  of 1P t o  OP u s i n g  a text  e d i t o r .  

implementa t ion .  A l l  r o u t i n e s  from PLOTED on can b e  d e l e t e d  i f  d e s i r e d .  Also  
d e l e t e  t h e  p l o t  c a l l s  a t  t h e  end  of  DTFOUT. 

These IBM changes shou ld  p rove  t o  b e  a good s t a r t i n g  

Machine-dependent p l o t t i n g  l o g i c  h a s  been  l e f t  i n  DTFR as a gu ide  t o  l o c a l  
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N J O Y  i s  des igned  f o r  u s e  on an i n t e r a c t i v e  t ime-sha r ing  sys t em,  i f  d e s i r e d .  
The main r o u t i n e  c o n t a i n s  a u n i t  number NSHORT,which shou ld  b e  e q u i v a l e n c e d  t o  
t h e  u s e r ' s  TTY (Tape 6 on 6600/NOS) f o r  b o t h  i n p u t  and o u t p u t .  N J O Y  w i l l  t hen  
prompt t h e  u s e r  f o r  a l l  i n p u t  and p r i n t  a condensed account  of  t h e  p r o g r e s s  of  
t h e  code and any e r r o r  messages on t h e  TTY. The r e g u l a r  l ong  o u t p u t  w i l l  s t i l l  
b e  a v a i l a b l e  on TAPE 7 .  

V I I .  TYPICAL MACHINE TIMES 

T y p i c a l  r u n  t i m e s  are d i f f i c u l t  t o  q u o t e  f o r  such  a complex sys t em.  Tab les  
I1 and I11 g i v e  CDC-7600 t i m e s  f o r  p r a c t i c a l  problems. 

A few g e n e r a l  p r i n c i p l e s  may h e l p  t h e  u s e r  t o  guess  t imes f o r  h i s  j o b s .  
The p o i n t w i s e  modules RECONR, BROADR, and HEATR r e q u i r e  t ine p r o p o r t i o n a l  t o  
t h e  number o f  energy p o i n t s  i n  t h e  c r o s s  s e c t i o n s ,  hence  t h e  number o f  r e so -  
nances .  UNRESR depends mos t ly  on t h e  number o f  energy p o i n t s  i n  MF2, MT.151. 
I n  GROUPR, t h e  time r e q u i r e d  f o r  v e c t o r s  depends on t h e  number of ene rgy  p o i n t s  
b u t  n o t  on t h e  number of groups and o n l y  weakly on t h e  number of  00 v a l u e s  
r e q u e s t e d .  The matrix t i m e  does i n c r e a s e  w i t h  t h e  number of  g roups .  Even more 
impor t an t  i s  t h e  energy r ange - -d i sc re t e  i n e l a s t i c  r e a c t i o n s  r e q u i r e  much more 
t i m e  if many groups above 10  MeV are reques t ed ,  due t o  t h e  extreme a n i s o t r o p y  
found t h e r e .  

r e q u e s t i n g  l a r g e r  i n p u t / o u t p u t  b u f f e r s  from t h e  system. Use b i n a r y  mode when 
p o s s i b l e .  A l s o ,  110 t i m e  i n  BROADR can b e  reduced by a l l o c a t i n g  more s t o r a g e  
i f  a v a i l a b l e  ( s e e  /STORE/ and NAMAX i n  BROADR). 

Th i s  code i s  ex t r eme ly  " I / O  bound". Run t i m e s  can o f t e n  b e  reduced by 

V I I I .  PROBLEM S I Z E  AND STORAGE ALLOCATION 

N J O Y  u s e s  v a r i a b l e  dimensioning and dynamic s t o r a g e  a l l o c a t i o n  th roughou t .  
The STORAG system i n  t h e  main o v e r l a y  i s  p rov ided  f o r  t h i s  pu rpose .  Even w i t h  
t h i s  f l e x i b l e  sys t em,  however, t h e r e  i s  a se t  of complex t r a d e o f f s  on problem 
s i z e  and run  t i m e .  The BROADR t i m i n g  above i s  one example. These t r a d e o f f s  
can sometimes b e  changed by a l t e r i n g  t h e  s t o r a g e  i n  /STOW,/ i n  each o v e r l a y ,  and 
t h e  s i z e s  of cer ta in  o t h e r  v a r i a b l e s  i n  each module. V i o l a t i o n s  w i l l  no rma l ly  
r e s u l t  i n  an e r r o r  message. The p r a c t i c a l  problems i n  t h e  t iming  t a b l e s  g i v e  
some i d e a  of  t h e  range o f  problem s i z e  t h a t  N J O Y  can h a n d l e  w i t h o u t  m o d i f i c a t i o n .  
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CDC-7600 RUN T I P E S  

Nuc l ide  
Name 

H- 1 
He- 4 
Be- 9 
c-12 
0-16 
Na-23 
A1-27 
K 
T i  
C r  
Fe  
N i  
Nb-93 
Mo 
Ta-181 
W-186 
Pb 
U-233 
U-235 
U-238 
PU-238 
PU-240 

Cf-251 
Am-243 

30 x l Z a  

87 
55 
69 
56 

146 
39 7 
321 
159 

46 
452 
39 0 
4 00 
812 
134 
2 84 
251 
111 
474 
420 

300 7 
105 

1714 
42 
96 

TABLE I1 

FOR NUCLIDES FROM SEVERAL PRACTICAL LIBRARIES 

Run T i m e s  (s) 

b ENDF/B-IV-PENDF 

755 
92 

5 85 
69 8 
220 
328 

94 

576 
4 19 
470 

251. 

- 

- 
901 
85 1 

3078 
264 

1705 
173 
- 

-- CPM (69-Group) 

- 
76 

5 60e 
1 2  7 
1 7 1  
179 
220 

351 
305 
213 

- 

- 

- 
482 
464 

1419 
2 70 

1002 
188 - 

d 1 8 5 - G r  o up 

- 
511 

1200 
I665  
123h 

959 
2130 

- 
3289 
2963 
3092 

439 
6 16 
647 
952 

1470 
6021 

235 7 

- 

- 

- 

a A coupled  neut ron-photon-hea t ing  l i b r a r y  w i t h  30 neut :on  groups ,  1 2  
photon groups ,  P4 matrices, T = 300 K, and 00 = 03. 

bA l i n e a r i z e d ,  resonance-reconstructed, Doppler-broadened ( f i v e  temper- 
a t u r e s )  l i b r a r y ,  w i t h  KEFWA f a c t o r s  as w e l l  as bound and unbound thermal  
k e r n e l s  i n  t h r e e  Legendre o r d e r s .  Basic d a t a  from ENDF/B-IV. 

C Group-averaging (GROUPR) r u n s  f o r  P3  thermal-reac t o r  l i b r a r y  u s i n g  t h e  
EPRI-CPM 69-group s t r u c t u r e ,  and i n c l u d i n g  t h e r m a l  matrices,  s e l f  s h i e l d -  
i n g  f a c t o r s  f o r  heavy i s o t o p e s ,  and P i  matrices f o r  l i g h t  modera tors .  

‘Group-averaging (GROUPR) r u n s  f o r  an  e x t e n s i v e  super-group l i b r a r y  from 
p r e l i m i n a r y  ENDF/B-V w i t h  185-neutron groups arid 48 p h o t o n  g r o q s ,  arid 
i n c l u d i n g  t h e r m a l  d a t a ,  s e l f - s h i e l d i n g ,  P4 ma t r i ces , and  pho ton  p r o d u c t i o n ,  

e12C and G r a p h i t e .  



TABLE I11 

CDC-7600 KUN TIMES FOR SEVERAL 
SPECIAL PJiOCES S ING TASKS 

Task T i m e  (s) 

1 2  group P3 photon i n t e r a c t i o n  
( p e r  e lement )  

48 group P3 photon i n t e r a c t i o n  
( p e r  e lement )  

MATXSR run  f o r  complete  30 x 1 2  
MATXSl l i b r a r y  i n c l u d i n g  74  
n u c l i d e s  of n e u t r o n  d a t a  and 
4 1  e lements  f o r  photons  

73 

89 

329 

of Energy. A d d i t i o n a l  s u p p o r t  was p rov ided  by t h e  Elec t r ic  Power Research 
I n s t i t u t e .  
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APPENDIX B 

MT 

1 

- 

2 

3 

4 

6 

7 

8 

9 

1 6  

1 7  

18 

19  

20 

2 1  

22 

23 

24 

25 

26 

DEFINITION OF ENDF/B REACTION NUMBERS 
USED BY NJOY 

D e s c r i p t i o n  

T o t a l  c r o s s  s e c t i o n  ( r edundan t ,  e q u a l  t o  t h e  sum of a l l  p a r t i a l  
c r o s s  s e c t i o n s )  

E l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  

N o n e l a s t i c  c r o s s  s e c t i o n  ( r e d u n d a n t ,  e q u a l  t o  t h e  sum of a l l  
p a r t i a l  c r o s s  s e c t i o n s  e x c e p t  e las t ic  s c a t t e r i n g )  

T o t a l  i n e l a s t i c  c r o s s  s e c t i o n  ( r edundan t ,  e q u a l  t o  t h e  sum of 
MT = 51, 52, 53, ..., 9 0 ,  91) 

(n ,2n )  c r o s s  s e c t i o n  f o r  f i r s t  e x c i t e d  s ta te  ( d e s c r i b e s  f i r s t  
n e u t r o n )  

(n ,2n)  c r o s s  s e c t i o n  f o r  second e x c i t e d  s t a t e  ( d e s c r i b e s  f i r s t  
n e u t r o n )  

(n,2n) c r o s s  s e c t i o n  f o r  t h i r d  e x c i t e d  s ta te  ( d e s c r i b e s  f irst  
n e u t r o n )  

(n ,2n)  c r o s s  s e c t i o n  f o r  f o u r t h  e x c i t e d  s ta te  ( d e s c r i b e s  f i r s t  
n e u t r o n )  

d i r e c t  (n ,2n)  c r o s s  s e c t i o n  [ t o t a l  (n ,2n )  c r o s s  s e c t i o n  i s  sum 
of MT = 6 ,  7 ,  8 ,  9 and 161 

(n ,  3n) c r o s s  s e c t i o n  

T o t a l  f i s s i o n  c r o s s  s e c t i o n  (sum of MT = 1 9 ,  20, 2 1 ,  38) 

( n , f )  c r o s s  s e c t i o n  ( f i r s t  chance f i s s i o n )  

( n , n ’ f )  c r o s s  s e c t i o n  ( second chance f i s s i o n )  

( n , 2 n f )  c r o s s  s e c t i o n  ( t h i r d  chance f i s s i o n )  

(n,n’a) cross s e c t i o n  

(n,n’3a) c r o s s  s e c t i o n  

(n ,  2na) c r o s s  s e c t i o n  

(n ,  3na) c r o s s  s e c t i o n  

(n ,2n )  i s o m e r i c  state c r o s s  s e c t i o n  

34 



28 

29 

30 

32 

33 

34 

35 

36 

37 

38 

46 

47 

48 

49 

50 

51 

52 

90 

91 

102 

10 3 

104 

(n ,n”p)  c r o s s  s e c t i o n  

(nyn’2a) c r o s s  s e c t i o n  

(n,2nZa) c r o s s  s e c t i o n  

(n ,n’d) c r o s s  s e c t i o n  

(n,n’t) c r o s s  s e c t i o n  

(n ,nc  3He) 

(n ,n0d2a)  c r o s s  s e c t i o n  

(n,n’t2a) c r o s s  s e c t i o n  

(n ,4n )  c r o s s  s e c t i o n  

(n ,  3nf)  c r o s s  s e c t i o n  ( f o u r t h  chance f i s s i o n )  

c r o s s  s e c t i o n  f o r  d e s c r i b i n g  t h e  second n e u t r o n  from (n,2n)  
r e a c t i o n  f o r  f i r s t  e x c i t e d  s t a t e  

c r o s s  s e c t i o n  f o r  d e s c r i b i n g  t h e  second n e u t r o n  from ( n y 2 n )  
r e a c t i o n  f o r  second e x c i t e d  s t a t e  

c r o s s  s e c t i o n  f o r  d e s c r i b i n g  t h e  second n e u t r o n  from (n,2n)  
r e a c t i o n  f o r  t h i r d  e x c i t e d  s t a t e  

c r o s s  s e c t i o n  f o r  d e s c r i b i n g  t h e  second n e u t r o n  from (n ,2n)  
r e a c t i o n  f o r  f o u r t h  e x c i t e d  s ta te  
(Note: MT = 46, 4 7 ,  48 and 49 shou ld  n o t  b e  i n c l u d e d  i n  t h e  

sum f o r  t h e  t o t a l  (n ,2n )  c r o s s  s e c t i o n )  

( t o  b e  a s s i g n e d )  

( n , n ’ )  t o  t h e  f i r s t  e x c i t e d  s ta te  

( n , n ’ )  t o  t h e  second e x c i t e d  s t a t e  

( n , n ’ )  t o  t h e  40th  e x c i t e d  s ta te  

(n,n’) t o  t h e  continuum 

(n ,y)  r a d i a t i v e  c a p t u r e  c r o s s  s e c t i o n  

( n , p )  c r o s s  s e c t i o n  

( n , d )  c r o s s  s e c t i o n  
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105 

106 

107 

108 

109 

110 

111 

1 1 2  

113  

114 

203 

204 

205 

206 

207 

251 

252 

253 

301-450 

451 

452 

455 

45 6 

36 

( n , t )  c r o s s  s e c t i o n  

(n ,  He) c r o s s  s e c t i o n  

( n , a )  c r o s s  s e c t i o n  

(n,2a) c r o s s  s e c t i o n  

(n , 3a) c r o s s  s e c t i o n  

( t o  b e  a s s i g n e d )  

(n  ,2p) c r o s s  s e c t i o n  

(n ,pa )  c r o s s  s e c t i o n  

( n , t 2 a )  c r o s s  s e c t i o n  

(n ,  d2a) c r o s s  s e c t i o n  

3 

T o t a l  

T o t a l  

T o t a l  

Tot a1 

T o t a l  
- 

hydrogen p r o d u c t i o n  

deu te r ium p r o d u c t i o n  

t r i t i u m  p r o d u c t i o n  

3He p roduc t  i o n  

4He p r o d u c t i o n  

t h e  ave rage  c o s i n e  of t h e  s c a t t e r i n g  a n g l e  ( l a b o r a t o r y  system) PLY f o r  e las t ic  s c a t t e r i n g  

5, t h e  ave rage  l o g a r i t h m i c  ene rgy  decrement  f o r  e las t ic  s c a t t e r i n g  

y, t h e  ave rage  o f , t h e  s q u a r e  of t h e  l o g a r i t h m i c  energy  decrement 
f o r  e las t ic  s c a t t e r i n g ,  d i v i d e d  by twice t h e  ave rage  l o g a r i t h -  
m i c  decrement  f o r  e l a s t i c  s c a t t e r i n g  

- 
Energy release rate p a r a m e t e r s ,  E*O, f o r  t o t a l  and p a r t i a l  c r o s s  

s e c t i o n s ,  S u b t r a c t  300 from t h i s  number t o  o b t a i n  t h e  s p e c i f i c  
r e a c t i o n  t y p e  i d e n t i f i c a t i o n .  
deno tes  e las t ic  s c a t t e r i n g  

Heading o r  t i t l e  i n f o r m a t i o n  (g iven  o n l y  i n  F i l e  1) 

3, ave rage  t o t a l  (prompt plus de layed)  number o f  n e u t r o n s  re- 

For  example, MT = 302 = (300 3- 2) 

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

Delayed n e u t r o n s  from f i s s i o n  

Prompt n e u t r o n s  from f i s s i o n  



501 

502 

503 

504 

516 

602 

7 00 

701 

702 

703 

704 

718 

719 

720 

721 

72 2 

. 
738 

739 

740 

741 

742 

T o t a l  photon i n t e r a c t i o n  c r o s s  s e c t i o n  

Photon cohe ren t  s c a t t e r i n g  

( t o  b e  a s s i g n e d )  

Photon i n c o h e r e n t  s c a t t e r i n g  

P a i r  p r o d u c t i o n ,  n u c l e a r  and e l e c t r o n  f i e l d  ( i ' e , ,  p a i r  p l u s  
t r i p l e  p r o d u c t i o n )  

P h o t o e l e c t r i c  

(n ,po )  c r o s s  s e c t i o n  ( c r o s s  s e c t i o n  f o r  l e a v i n g  t h e  r e s i d u a l  
n u c l e u s  i n  t h e  ground s t a t e )  

(n,p,) c r o s s  s e c t i o n  f o r  1st e x c i t e d  s t a t e  

(n ,p2 )  c r o s s  s e c t i o n  f o r  2nd e x c i t e d  s ta te  

(n ,p3 )  c r o s s  s e c t i o n  f o r  3 rd  e x c i t e d  s t a t e  

(n ,p4)  c r o s s  s e c t i o n  f o r  4 t h  e x c i t e d  s ta te  

(n ,pc )  c r o s s  s e c t i o n  f o r  continuum e x c i t e d  s t a t e  

( n , p c ' )  c r o s s  s e c t i o n  f o r  continuum s p e c i f i c a l l y  n o t  i n c l u d e d  i n  
CY t o t a l  ( r edundan t ,  used f o r  d e s c r i b i n g  ou tgo ing  p r o t o n )  

(n ,do )  c r o s s  s e c t i o n  f o r  ground s t a t e  

(n,dl)  c r o s s  s e c t i o n  f o r  1st e x c i t e d  s t a t e  

(n ,d2)  c r o s s  s e c t i o n  f o r  2nd e x c i t e d  s ta te  

(n ,dc )  c r o s s  s e c t i o n  f o r  continuum e x c i t e d  s t a t e  

( n , d c ' )  c r o s s  s e c t i o n  f o r  continuum s p e c i f i c a l l y  n o t  i n c l u d e d  
i n  CJ t o t a l  ( r edundan t ,  used  f o r  d e s c r i b i n g  ou tgo ing  deu te ron)  

( n , t  ) c r o s s  s e c t i o n  f o r  ground s t a t e  0 
(n , t , )  c r o s s  s e c t i o n  f o r  1st e x c i t e d  s ta te  

( n , t 2 )  c r o s s  s e c t i o n  f o r  2nd e x c i t e d  state 
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750 

75 9 

760 

7 6 1  

778 

779 

780 

781 

(n ,  t c )  c r o s s  s e c t i o n  f o r  continuum e x c i t e d  s t a t e  

( n , t c ' )  c r o s s  s e c t i o n  f o r  continuum s p e c i f i c a l l y  n o t  i n c l u d e d  i n  
0 t o t a l  ( r edundan t ,  used f o r  d e s c r i b i n g  ou tgo ing  t r i t o n )  

3 

3 

( n ,  Heo) c r o s s  s e c t i o n  f o r  ground s ta te  

(n,  Hel) c r o s s  s e c t i o n  f o r  1st e x c i t e d  s ta te  

3 ( n ,  He,) c r o s s  s e c t i o n  f o r  continuum 

3 (n ,  Hec) c r o s s  s e c t i o n  f o r  continuum s p e c i f i c a l l y  n o t  i n c l u d e d  i n  
0 t o t a l  ( r edundan t ,  used f o r  d e s c r i b i n g  ou tgo ing  3He) 

( n , a o )  c r o s s  s e c t i o n  f o r  ground s t a t e  

( n , a l )  c r o s s  s e c t i o n  f o r  1st e x c i t e d  s t a t e  

79 8 ( n , a c )  c r o s s  s e c t i o n  f o r  continuum 

799 ( n , a c ' )  c r o s s  s e c t i o n  f o r  continuum s p e c i f i c a l l y  n o t  i n c l u d e d  
i n  OT ( r e d u n d a n t ,  used t o  d e s c r i b e  ou tgo ing  a) 

The above MT numbers can a l s o  b e  used as "LR f l a g s "  t o  i n d i c a t e  t h e  mode of decay 
of t h e  r e s i d u a l  n u c l e u s .  For instance, MT68/LR22 deno tes  a d i s c r e t e  ( n , n ' )  scat- 
t e r i n g  e v e n t  which l e a v e s  t h e  r e s i d u a l  n u c l e u s  i n  t h e  1 8 t h  e x c i t e d  l e v e l ;  t h e  
r e s i d u a l  n u c l e u s  then  decays  by a emiss ion .  The f o l l o w i n g  MT numbers are used 
o n l y  as LR f l a g s :  

- LR D e s c r i p t i o n  

31 I n d i c a t e s  t h a t  y-emission is  t h e  mode of decay o f  t h e  r e s i d u a l  
n u c l e u s  formed i n  t h e  pr imary  r e a c t i o n .  

39 I n d i c a t e s  t h a t  i n t e r n a l  conve r s ion  i s  t h e  mode of decay of t h e  
r e s i d u a l  n u c l e u s  formed i n  t h e  pr imary  r e a c t i o n .  

40 I n d i c a t e s  t h a t  e l e c t r o n - p o s i t r o n  p a i r  fo rma t ion  i s  t h e  mode of  
decay of t h e  r e s i d u a l  n u c l e u s  formed i n  t h e  pr imary  r e a c t i o n .  
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APPENDIX C 

N J O Y  SAMPLE PROBLEMS 

I. EXAMPLE I, POINTWISE PROCESSING 

B 

* r O D E u *  
2 a  - 2 1  
+?EC O N R  

4 

39 



17  5 1  *INELASTIC C A M M A  PRODUCTION* /  
1 6  102  rC4PTuRE CAMHA P R O D U C T I O N * /  
01 
e /  
* Y O D E R k  
0.25 2s 
* S T O P *  

$ T O R A G E  lB12!5(bB0 
ID ENOD 1 1  i m 0  
10 C A R 0  L/ 1051 

I D  SCR b/ 1007 

40 



I D  D I C T  41  1 S R l  a 
X X  D I C T  

I D  M T S  S/ 1 4 3 9  
ID NCS b /  1 4 5 5  

I D  M F S  01 1 4 2 3  

I D  R E S  712494e 

H A T  H A S  NO RESONANCF P A R A M E T E R S  
x x  RES (d 
I D  RUFO 7 1  2 4 5 5  
10 BUFN 8 /  3 4 5 5  
I D  x 9 /  3 4 1 5  
I D  y l l d /  3495 
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STORAGE 1 9 / 1 2 0 @ 0  
10 RuFO 11 lhlP)0 
I D  RUFN 2 /  2B88 
I D  S C R  3 /  2356  
x X  S C R  0 
I D  S C R  I /  2356  

10 0 4 /  2 7 1 2  
ID D 5 /  5 2 1 2  
ID A 6 / 1 1 9 4 8  

XSEC HEATING 

F I N A L  K E ~ M A  F A C T O R S  
E 30 1 5 0 2  35 1 4 0 2  
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I 

8TOPAGE 
10 S C R  
I D  B U F O  
I D  BUFN 
I D  S T K  
I D  FL  
X X  F L  
X X  S T K  
I D  F 
I D  X S E C  
I D  ALPH 
ID R E T A  
I D  S A R  

DIfFERfNCE BETWEEN TEMPERATURES DESIRED AND FOUND IS U.BBE+BB 
X X  4 L P H  - 1  
I D  D I C O  6 /  4 2 2 0  
I D  D I C N  7 1  4332  x x  D I C O  * l  

4 3  



- 2 1  
- 2 3  

a 
-24 

1 2 7 4  
3 
3 
3 
3 
0 

1 
2 
3 
0 
5 
6 
7 
8 
9 

1 1  
12 
13 
1 4  
15 
! b  
1 7  
18  
19 
2a 
2 1  
2 2  
23 
24 
25  
2 6  
2 7  
2 8  
2 9  

l a  

Sa 



S T O R A G E  20/180414) 
ID SCR 1/  356  

G R O U P  C O V S T A ' J T 3  4 1  ttfrB0OE+02 DEG K 
FOP HF 3 AND M T  1 T O T A L  

ENSGY GqOUP CONSTANTS AT 
GROUP I V F I h I T E  D I L I I T I O N  

G R O U P  C O Y S T A N T S  A T  ~ : 3 , 9 a f l E + @ S  D E G  K 
FO? HF 3 AND M T  91 c O N T ,  INELASTIC 

L R  23 P A ~ T I C L E  E M I S S I O N  

I D  UNA 2 / 1 7 9 3 3  
X X  UNR 1 
I D  BUF 3 /  1 3 5 7  
In S C R l  4/ 1 7 1 3  
x x  S C R l  - 1  
I D  SIC 41 1 7 1 3  
I D  ANS 5 /  1715  
I D  FF 6/ 1717  

1 13m@62S 

113,4275 

-1 x x  SIC 
ID SIG 41 1713 
ID ANS Ei/ 1715  
ID FF 6/ 1 7 1 7  

113,5265 
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C R O U P  CONSTANTS A T  t s f r P a f l E + 9 2  DEG K 
F O ?  YF 3 AVO M1232 D?I THERMAL COHERENT 

X X  S I G  = I  
10 SIG Y /  1 7 1 3  
IO ANS 5, 1715  
10 FF b /  1717 

11 3.9328 

X Y  SIG - 1  
ID SIG 41 1 7 1 4  
ID ANS 5 /  1715 
I D  FF b /  1717 

114.1OM 

X X  SIG 0 1  
I D  SIG 4/ 1713 
I D  ANS 5 /  1715  
I D  FF 6/ 1717  

114,263S 
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G R O U P  C O N S T A N T S  A T  t p S r @ B 0 E ~ 0 ~  n E f  K 
f D 7  HF 6 AND M T 2 B 1  T H E R M A L  I N C O H E R E N T  

I N I T L  F I N A L  GROUP C O N S T A N T S  V S  LEGENORE ORDER 
G R O U P  G9OUP 0 1 

lid7.00SS 

1 
1 
1 
2 
2 z 
3 
3 
3 
3 

x x  S I C  - 1  
ID S I G  4/ 1 7 1 3  
I D  YL 6/17933 
x x  VL 1 
ID G Y L  61  1 7 1 5  
IO EYL f /  1 7 1 6  
I D  FLG 6117933 
X X  FLG 27@0 
I D  GFL 9 /  4 4 2 6  
IO ANS 10 /  4472 
I D  FF 1 1 1  4424  
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1 
2 
f 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
3 
6 
1s 

0 
0 
0 
a 

0 
a 

D 5  

451 
151 

1 
2 
4 

s t  
91 
102 
107 
20 I 
282 
2 e 3  
5 0  1 
302 
35 1 
402 
20 1 

s1  

B 
0 
B 
8 

9 9  
0 

7.28467+ 1 1 .36  

17 
4 

168 
168 
88 
R B  
3 9  

168 
65  

153 
155 
155  

15 
15 
37 
15 

I532 
89 

1 
1 
0 
B 

B 
1 

22- 5 

0 
1 
2 
3 
4 
5 
b 
7 
6 
9 
10 
1 1  
12 

14 
15 
16 
17 
19 
19 
2 0  
21 
2 2  
23 

25 
26 
27 
28 
29 
3e 
3 1  
32 
33 
34 
35 

13 

24 
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i277 
1278  
1279 
120n 
1281 
1282 
1263 
1 2 8 4  
1 2 8 5  
1286 
1207 
1 2 B R  
1209 
12963 
1291 
1292 
1 2 9 3  
1 ?94 
1295 
1296 
1297 

1623 
1624 
1625 
1626 
1627 
1 6 2 8  
1629 
1638 
1631 



11. EXAMPLE 2, CCCC CROSS-SECTION LIBRARY 

M O J ~ V T  E N W / B - I V  TAPF sa l ,  O N  UNIT 20. 

0 
4/ 
* W C D E ? *  
2 3  - 2 1  
?E C O w Q  t 

- 2 1  -22  
~ P E N D F  TAPE FOR PU-238 F R O M  ENDFIB- IV  TAPE 404*/ 
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l a 5 0  3 a 
, a a s  c1. 
* 9 U = p U * 2 3 8  FROM TAPE U04*/ 
* a Q O C E S S E D  B Y  T H E  N J O Y  NUCLEAR D A T A  SYSTEM*/  
* S E E  O R I G I N A L  E N D F / B r I V  TAPE FOR D E T A I L S  OF THE E V A L U A T I O N * /  
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S T O R A G E  15/25000 
ID ENOR l /  1800 
ID C A R D  a /  1051 

4/ 1665 
0 

4/ 1 4 3 1  
5 /  1455  
6 /  1 4 7 9  
7 / 2 4 Y 4 0  

223 
e /  2702 
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I D  RUFN 9 /  3 7 @ 2  
ID X 101 3752 
ID y 1 1 1  3002  

CHANGED THRESHOLD F n o M  t . S 8 8 g 0 E + 0 5  T O  7 . 5 8 1 9 7 E + 0 5  FOR M T  550 

CHANGED THRESHOLD FQOM 0,89@0BE+ES T O  OO89111~+m5 F O R  MT 57, 

CHANGED T H R E S H O L D  F R O M  l , E B 0 0 0 E + O b  T O  l 0 2 @ 0 0 6 E t 0 6  FOR M T  91. 

P O I N T S  I N  I N I T I A L  UNIONIZED GRID s 110 
P O I N T S  ADDED B Y  L I N F A R I Z A T I ~ N  a 337 58,4835 

X X  RUFO - 1  
X X  €NOD 1 
ID B U F R  a/ 4 7 0 3  
IQ RUFG 9 /  5 7 0 5  
IO x I @ /  ’$723 
ID Y 1 1 1  5 7 4 3  
I D  SICS i Z /  5 8 0 3  

P O I N T S  ADDED BY RESnNANCE R E C O N S T R U C T I O N  9 2832 
T O T A L  NUMBER OF R E S n N A N C E  P O I N T S  a 2851 
P O I N T S  REJECTED i 3 Y  s I G N I F I C ~ N T  FIGURES CHECK o 50 

B R O A D R o , , D O P P L E ~  B R O A D E N I N G  Of  E N D F I B  DATA bS19@0S 

- 2 2  
-23 
105B 

0K 
.0n2 

3 
0 
1 

61 OR 4GE 
I D  BUFO 
I D  BUFN 
I D  S C R  
X X  S C R  
ID E 
1 0  9 
IO Et3 
IO S B  
10 S C R  
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X X  S C R  356  
10 8 0 / 2 9 6 5 4  
X X  S C R  -1  
I D  S C R  7129944 

94,611S 
BROADENED MAT1050 F R O M  3*0O00E+02 T O  9,0000E+BZ K 

P O I N T S  I N Z  2342 POINTS O U T S  2076 
MT 2 18 

X X  S C R  356  
I D  B 8/29656 
X X  S C R  - 1  
I D  S C R  7 /29944 

1 OB. 431s 

~ N ? E S R , , , C A L C U L A T I O N  OF U N R E S O L V E D  R E ~ O N A N C E  C R O S S  SECTIONS 113.605s 

S T O R A G E  0/2B(dc?0 
I D  SCR l /  1000 

, @ 0 E + B Z  

I D  D 7 /  2944  
X X  D 0 
x x  c 0 

54 



GENERATED C R O S S  SECTIONS AT 15 POINTS 1 4 S a 2 0 b S  
x x  - 1  
x x  EUNR y1 

a 2  1 
- 2 2  

0 
.ZS 
1050 

5 
0 
4 
3; 
0 

S T O R A G E  Z 0 / 1 6 0 ~ 0  
IO S C R  l/ 356  
10 NU 2 /  17935  

0 X X  NU 

10 UNR 2 1 1 7 9 3 3  
X X  UNR 9 7 6  
IO RuF 31 2332 
ID S C R l  4/ 2680  
X X  S C R l  - 1  
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ID S I G  4 /  2688 
I D  ANS 5 /  2716 
ID F F  b /  2720 

14V,307S 

159,630s 

1 
1 
1 
1 
2 
2 
2 
2 
2 
z 
2 

1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

0 
1 
2 
3 
0 
1 
z 
3 
0 
1 
2 

x x  SIC 
IO SIG 
10 YLD 

167.028s 

- 1  
4/ 2 6 8 8  
5 /  17933 
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I N I T L  
GROUP 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
I? 

2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 

. 

F I N A L  I S O T R n P I C  M A T R I X  V S  F I N A L  GROUP 
G l O U P  + B  +l t z  + 3  

1 
7 

1 s  
19 
25 
3 1  
37 
(IS 
u9  
(I 

10 
16 
22 
2 0  
J U  
48  
4 6  

8 
14 
+?a 
26 
32 
3 5  
U P  

X X  VLD 8 
I D  F L 3  6/ 3046 
X X  FLS 1 
10 SED 7 /  2 7 4 7  
I D  s c  8 /17933  
x x  sc 26  
I D  ANS 9 /  2824 
ID FF 101 2875 

167,841s 
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k s C ~ c A x  

NSBLOK 

C C C C ?  T E S T S  JULY-AUC 1977 

ISOTOPE N A M E  
1 P J238 

NE J T R O N  V F L n c i r y  UPPER ENERGY 
GROUP ( e M / S F C )  ( E V I  

118 l . bbB f99Etab  3,85539lEtC'la 
4 9  1.293slC?Etk36 1 e 125352E+Pl3 
5 3  3 . i U a ~ 1 ~ 5 € + 0 5  6 ,825603E-Bl  

1,088021E-FlS 

vUMBE2 OF RECORDS Tn B E  SKIPPED 

ISOTOPE NUMBER 
1 0 

I S O T O P E  1 

ISOTOPE CONT?OL PARAMFTERS 

S B  
1 
0 

s0 
4 
0 

11 

1 
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1 
0 

4 
U 

1 I N E L d S  2 0 0  
2 E L A S T C  l e g  
3 N 2 N  3 @ @  1 
4 T O T A L  0 4 

SCATTERING B A N D w I D r n  AND I N - C R O U P  SCATTERING POSITION 

G R O U a / B L O C K  I 2 J U 1 2 3 u 
1 1 ! 1 1 1 I 1 1 
2 2 2 i! 2 L 1 1 1 

u 7  
48 
U Q  
5 8  

0 2 0 2 1 1 1 1 
0 2 0 2 1 1 1 1 
d 2 0 2 i I 1 1 
0 2 6 2 1 1 1 1 
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N S I C P T  T O T A L  NUugES OF VALUES O F  V A R I A B L E  X 

NTEHPT 'IbTaL NUMBER OF V A L U E S  O F  V A R I A B L E  T B  

W H T C H  A R E  G I V E N .  N s I G P T  IS EQUAL T O  
THE S U M  F R O M  1 To NISOSH OF NTAaP(1) 

W H I C H  A ~ E  G I V E F ' .  N T E M P T  IS EUUAL T O  
T H E  SUM FROM 1 T O  N I S O S H  OF N T A B T ( I 1  

I S O T O P E  N b M E  
1 p l l 2 3 8  

1 , 0 f l 0 B 2 E - B 5  

F-FACTOR S T A ? T  AND s T T ) ?  GROUPS 
AND YUMBER OF S I C 0  A N D  T E M P E R A T U P E  VALUES 

I S O T O P E  
1 

JRFH 
1 

J B F L  NTABF 
50  6 

T O T A L  

GilO!.JP 
S I G O  

1 
2 
5 
1 
z 
5 
U 

NTABT 
3 

60 



G R O U  

111. EXAMPLE 3 ,  PHOTON INTERACTION PROCESSING 
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10 S C R  31 1373  

I D  O I C T  4/ l4@9 
X X  D I C T  0 
I D  M F S  (1/ 1382  
I D  M T S  5 /  1 3 9 1  
I D  NCS b /  1480  
IO R E S  7 / 2 0 9 d 8  

M A T  HAS NO F I L E  2 ,  

M A T  H A S  N O  RESONANC: P A R A M E T E R S  x x  R E S  0 
ID RUFO 7 1  24R0 
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43,773s 

ID S C R  3 /  1373 

10 O J C T  4/ 1 4 B 9  

I O  MFS 4/ 1 3 8 2  
ID M T S  S /  1391  
I D  NCS b /  14@B 
ID RES 7 1 2 u 9 0 8  

x x  bICT a 

HAT HAS Y O  F I L E  2. 

M A T  H A S  NO R E S O N A N C F  P A R A M E T E R S  

x x  BUFO 

I D  RuFO 
ID B U F N  
I D  BuFG 

x x  B u F O  

X X  E N O D  

I D  B U F R  

I D  R U F O  
I D  RUFN 

6 3  



22 
2 1  

CI 
23 

1 
3 
3 
4 

10 SIC 3 /  7 5 6  
I D  A N S  Y /  738 
I D  FF  S /  7 4 0  

49,698s 
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IGITL 
Gi?O!J? 

i 
2 
3 
4 
S 
b 
7 
8 
9 

l a  

10 S I C  3 1  7 3 6  
ID ANS u/ 738 
I D  FF 5/ 7 Q U  

49,810s 

X X  S I G  - 1  

X X  PFF 1n1 
IO ANS 5 1  1347 
IO FF b /  8 5 7  

49.91 9s 

IO SIG 31 7 3 6  
ID PFF 41 7 9 6 9  

t i ,  042s 
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GROUa C D Y S T A Y T S  
FO? ctFz3 A N D  HTSBl T O T L  

ID SIG 31  7 3 6  
I D  AhS 41 7 3 6  
ID FF 51 7 4 0  

71,0758 

86,308s 

1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
U 
4 
(I 

1 1  
12 

XSEC 
H E A T  

1 
2 

xSEC 
HEAT 

2 
3 

X S E C  
H E A T  

2 
3 
U 

XSEC 
HEAT 



..................... ..................... ..................... 
A X .  1 M I N I  .......... 
S I  1 Nn) ............ 

T A B L E S  ............. 
G Q O U ' S  ............. 

OUp ................. 
'S .................. 

I A I  F O Q H A T S )  ........ 
.................... 
..................... 

23 
2 4  
21 

GI 
0 
0 
5 

12 
4 
5 

16 
NAME 

PHEAT 
NUvBER CF P H I ) T O N  T I R L E S  .............. 0 

P O S I T  I O N  
1 

R E A C T I O N  
62 1 

M U L T T P L I C I Y Y  
1 
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1 

1 
1 2  
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1 G K T n  1 
2 G T O T I ]  1 
3 G C O H  1 
11 Grxrn ! 
5 G P A Y R  1 
6 GAB3 1 
7 C H E A T  1 

V E C T O Q  P A R T I 4 L  RLOCK 1 

G S O J ?  

1 
a 
3 
4 
5 
6 
7 
8 
9 

1s 
$ 1  
1 2  

-*.I- 

12 
12 
12 
12 

9 
12  
12 
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0 
(? 
0 

1 2 3 1 

d 1 c1 0 
n 2 R 0 
LI 3 EJ a 
m 4 0 M 
d 5 0 e 
d 6 0 0 
m 7 f l 0  
fl 8 n a 
1 9 0 9 
1 l a  9 1 B  
I 1 1  0 I 1  
1 2 0 1 2  

w -  a- *- w w  

S C A T T E R I N G  M A T 9 1 C E S  

2 

I 
2 
3 
4 
5 
6 
7 
8 
9 

t @  
1 1  
12 

m w  

O R D E R  
w o m - n  

4 
U 
1 

3 

0 
0 
0 
a 
0 
0 
B 
B 
0 
9 
0 
0 

m. 

O R D E R  3 ORDER 4 

I N J E %  OF M A T X S  F I L E  
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FILL D E S C R I P T J O V  

NAME T E M P  S I G Z  L O C A  

1 H a ,  1 . n o E t  t B 0 
2 U fl, 1 ,03Et 10 7 

0 . ) - w  m I m I  . ..ill w m m w  

V E C T O R  R E A C T I O N  T Y P F S  ON F I L E  B Y  M A T E R I A L  

I N D E X  COMPLETE 142.530s 
142 .5355  

t * * * * * * * * * * * * * * * * * * * * + t C * t * * * * * * * * * * * * * * * * * * ~ * * * * * * * * ~ * * * * * * * * * ~ * * ~ * * * * ~ * ~ * ~ *  
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H ABSORP U ABSORP 

h 

t 
B U 

3 

Y) 

6 10 I I I I l l l l l  I I I l l l l l l  1 1 I l l 1  

1 OS 

10' 

._ 

ENEROY CEV) 

U H 

lo1 1 1 I I I l l l l  1 1 I l r r r r ~  1 I 1 1 1  

MfSOl 
10' 

lo3 

1 o2 

lo1 
I 1 1 I l l l l l  I I 1  1 I 1 1 1 1  A 1 I l l l l l l  1 1  

I o7 ENEROY 

Sample photon i n t e r a c t i o n  c r o s s  
s e c t i o n  and group-to-group m a t -  
r i x  g raphs  from DTFR. Both 
p o i n t w i s e  and mul t ig roup  r e s u l t s  
are shown f o r  t h e  t o t a l  (MT501). 
The i s o m e t r i c  p l o t  shows t h e  
l o g  of t h e  uranium s c a t t e r i n g  
c r o s s  s e c t i o n ;  " p o s i t i o n "  1 i s  
t h e  "in-group" c r o s s  s e c t i o n .  

LrO PHOT-PHOT TABLE 
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I V .  EXAMPLE 4 ,  TEST OF COVARIANCE P R O C E S S I N G  

@ a  
' 1  

1 1  
1 P  
0 a  

0 1  
o m  
l n  

lE6 

20 
21 

L3 
B 

1 2 7 U  
1 
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U N I O N  S T P U C T J R E  H A S  5 4  G Q O U ~ S  

IO E 1 /  1000 

ID D I C T  21 2060 
X X  D I C T  0 
I D  K X Y  21 1064 

C O V A ~ I A N C E S  C A L C U L A i E D  FOR 8 REACTIONS AND SU GROUPS 

5 1 . 1 5 Q  
I D  S C R  3/  1420 

I D  UN (1/19933 
x x  € ld 
X X  UN 55 

74 

57.229s 
x x  SIC1 - 1  
IO S C R  7 /  1299 
I D  CFLX 0 /  1 3 @ U  
I O  S U M  9119933 



57 .802s  

5 7 , 9 9 1 9  

5 8 . 1 7 9 8  

6 4 . 1 7 %  

64,362s 

b4.3buS 

f? US. GOVERNMENT PRINTING OFFICE 1978--677-013/193 
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