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Two special-purpose FORTRAN IV codes have been w r i t t e n  t o  t r a n s l a t e  neutron 

i n t e r a c t i o n  and photon product ton data from an extended vers ion  o f  t h e  UK Data 

F i l e  format t o  ENDF/B Data F i l e  formgt. The codes operate o n l y  on t h e  subset 

o f  t h e  general UK neutron data format which was used f o r  t h e  Defense Atomic 

Support Agency (DASA)-sponsored eva luat ions  o f  sodium, magnesium, s i l i c o n ,  

ch lor ine ,  potassium and calcium. Descr ip t ions  o f  t h e  codes' func t ions  and' 

opera t ion  are  given, along w i t h  i npu t  i ns t ruc t i ons ,  ou tpu t  descr ip t ions ,  and 

INDEX1ed l i s t i n g s  o f  a l l  main programs and subroutines. 
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LUTE and LATEX, Special-Purpose Codes t o  T r a n s l a t e  f rom 

M o d i f i e d  - UK t o  ENDF/B Format 

Dona l d  J  . Dudz i ak  and Jason M. Cook 

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

A t  t h e  i ncep t i on  o f  t h e  ENDF/B (Eva l  uated Nuclear  Data F i  l e /B ) (  I  ) e f f o r t  

o f  t h e  CSEWG (Cross Sec t i on  E v a l u a t i o n  Working Group), t h e  U n i v e r s i t y  o f  

Ca I i f o rn i a ,Los  Alamos S c i e n t i f i c  Labora to ry  under took t h e  t a s k  o f  p r o v i d i n g  ' 
( * )  f o r  t h e  f i l e .  P a r f o f  t h a t  t a s k : i n v o l v e d  +ran$- e v a l u a t i o n s  o f  6 ~ i  and L i  

l a t i n g  da ta  f rom t h e  UK Data F i l e  fo rmat  t o  t h e  ENDF/B Data F i l e  format,  so a  

s imp le  s ing le -purpose  code was w r i t t e n  t o  per fo rm t h e  t r a n s l a t i o n .  L a t e r  (1967) 

t h e  Los Alamos Labora to ry  under took t o  t r a n s l a t e  an e v a l u a t i o n  o f  ~ a ' ~ )  f rom 

mod i f i ed  UK format  t o  ENDF/B format .  These Na da ta  inc luded  photon p r o d u c t i o n  

da ta  t o  be t r a n s l a t e d  i n t o  t h e  a p p r o p r i a t e  extended ENDF/B format ,  ( 4 )and  

f rom t h i s  e f f o r t  evo lved  two -- ad hoc FORTRAN IV codes, LUTE, and LATE, f o r  t h e  

CDC 6600 Computer. The p resen t  r e p o r t  i s  in tended t o  document t h e  extended 

ve rs i ons  o f  these  codes, LUTE and LATEX, which were used a t  t h e  U n i v e r s i t y  o f  

V i r g i n i a  t o  t r a n s l a t e  e v a l u a t i o n s  o f  Mg, CI,  K, and Ca '(3) i n t o  ENDF/B. 80 th  

o f  these  codes a r e  w r i t t e n  i n  FORTRAN IV and a r e  now o p e r a t i o n a l  on t h e  

Burrough 's  05500 computer a t  t h e  U n i v e r s i t y  o f  V i r g i n i a .  They should  be 

r e a d i l y  adaptab1.e t o  o t h e r  computers i f  t h e  need a r i s e s .  

I n  t h e  c o n t e x t  o f  t h i s  r e p o r t ,  t h e  m o d i f i c a t i o n  o f  t h e  UK fo rmat  used by 

Drake, e t  a l  -- ( 3 )  w i  l  l b e  r e f e r r e d  t o  as t h e  "UK fo rmat  ." However, LUTE and 

LATEX a r e  i n t e r i m  t r a n s l a t i o n  codes which can accommodate o n l y  t h e  subset  o f  

t h e  o p t i o n s  i n  t h e  genera l  fo rmat  of t h e  UK Data F i  l  e ( 5 )  which was used by 

Drake, e t  a l  (e.g., angu la r  d i s t r i b u t i o n s  g i v e n  by t a b u l a t i o n s  b u t  n o t  as -- 
Legendre c o e f f i c i e n t s ,  and secondary energy d i s t r i b u t i o n s  g i v e n  by t a b u l a t i o n s  

o n l y ) .  They were never in tended f o r  genera l  use, and a  program t o  produce 

a  much more amb i t i ous  and genera l  t r a n s l a t i o n  code i s  be ing  undertaken by Oak 

Ridge Na t i ona l  Labora to ry .  However, t hey  may have some f u r t h e r  use fu lness  i n  

t h e  i n t e r i m  p e r i o d .  

The need f o r  two  separa te  codes may n o t  be apparent .  However, bedause o f  



d i f f e rences  i n  photon product ion  formats f o r  i n e l a s t i c  s c a t t e r i n g  t o  d i s c r e t e  

levels ,  as we l l  as indexing requirements i n  F i l e  I  o f  t h e  ENDF/B data, and 

o the r  reasons, t h i s  was t h e  most exped i t ious  approach. B r i e f l y ,  LUTE t rans -  

l  a tes i n t o  ENDF/B format t h e  photon product  ion  cross sec t ions  and/or y ie lds ,  

as we l l  as t h e  angular d i s t r i b u t i o n s  o f  these photons. When combined w i t h  

punched-card data f o r  F i l e  I  and photon product ion t r a n s i t i o n  p r o b a b i l i t y  a r rays  

( c f .  93.2 o f  Ref. 41, t h e  LUTE output  i s  used by LATEX, i n  con junc t ion  w i t h  t h e  

data tape i n  UK format, t o  produce a complete ENDF/B data tape. LATEX t rans-  

l a tes  the  neutron i n t e r a c t i o n  data (ENDF/B F i l e s  3, 4, and 5 )  and s h u f f l e s  

t h e  data f i l e s  i n t o  t h e  proper arrangements. 
(1,4) 

2 .  Funct ions and Op9rat ion o f  t h e  Codes LUTE and LATEX 

I n  order  t o  understand e i t h e r  code It i s  essen t i a l  t h a t  t h e  user be 

f a m i l i a r  w i t h  t h e  ENDF/B and UK formats, and such f a m i l i a r i t y  i s  assumed i n  

t h e  discussions t o  fo l l ow .  The f i r s t  vers ions o f  both codes were w r i t t e n  

before t h e  standard ENDF/B r e t r  i eva l subrout I nes(6) were ava i l ab l e .  They 

read and w r i t e  i n  card-image format, and both are  now i n  t h e  FORTRAN IV 

d i a l e c t  c h a r a c t e r i s t i c  o f  t h e  85500 computer. 

A l i s t i n g  o f  t h e  LUTE code, along w i t h  an INDEX o f  t h e  code statement 

numbers and v a r i a b l e  names, i s  g iven i n  Appendix A.  A s i m i l a r  l i s t i n g  and 

INDEX o f  LATEX are  g iven i n  Appendix B. 

Typical  running t imes f o r  LUTE were about 20 minutes c e n t r a l  processor 

and 15 minutes 1/0 on t h e  85500. For LATEX t h e  corresponding t imes were about 

35 minutes and 25 minutes, r e s p e c t i v e l y . '  E s s e n t i a l l y  t h e  same codes (previous 

vers ions)  on t h e  CDC6600 ran i n  about 2 minutes c e n t r a l  processor t ime and 10 

minutes per iphera l  processor t ime.  

2.1 . Burroughs 85500 Computer FORTRAN Comp i l  e r  ~ e a t u r e s  

The on l y  major change which should a f f e c t  t h e  running o f  e i t h e r  o f  these 

programs on o the r  mach i nes i s  ?he method o f  expressing t h e  End-of-Fi l e  'and 

p a r i t y  e r r o r  branches. The method used by t h e  85500 i s  

READ (U, F, END=S) LIST 

where U i s  t h e  u n i t  number 

F i s  t h e  format humber 

S i s  t h e  statement t o  go t o  i f  an End-of-Fi le i s  reached 



LIST i s  t h e  l i s t  o f  v a r i a b l e s  t o  be read. 

The same form i s  used when a p a r i t y  e r r o r  i s  detected.  

READ (U, F, ERR=S) LIST 

where t h e  symbols have t h e  same meaning as above except  t h a t  S i s  t h e  

s ta tement  t o  proceed t o  upon d e t e c t i o n  o f  a  p a r i t y  e r r o r .  

U n i t  Des igna t ion  - 
The f o l l o w i n g  des igna t i ons  a r e  used by LUTE f o r  t h e  1/0 u n i t s :  

7 -- card  reader  

9 -- l i n e  p r i n t e r  

10 -- UK-format i n p u t  t ape  

I  I  -- card  punch 

The f o l l o w i n g  des igna t ions  a r e  used by LATEX f o r  t h e  1/0 u n i t s :  

2 -- ENDF/B-format o u t p u t  t ape  

3 -- sc ra t ch  tape  ( o r  e q u i v a l e n t  d i s k  o r  extended c o r e  s to rage)  

4 -- s c r a t c h  tape  ( o r  e q u i v a l e n t  d i s k  o r  extended co re  s to rage)  

5 -- s c r a t c h  tape  ( o r  e q u i v a l e n t  d i s k  o r  extended c o r e  s to rage)  

6 -- s c r a t c h  tape  ( o r  e q u i v a l e n t  d i s k  o r  extended co re  s to rage )  

7 -- s c r a t c h  tape  ( o r  e q u i v a l e n t  d i s k  o r  extended ca re  s to rage )  

8 -- UKTformat i n p u t  t ape  

9 -- l i n e  p r i n t e r  

10 -- card  reader  

12 -- s c r a t c h  tape  ( o r  e q u i v a l e n t  d i s k  o r  extended c o r e  s to rage)  

2.2. - LUTE Code and Subrout ines 

The LUTE code reads a card-image tape  o f  data i n  t h e  UK format  and 

t r a n s l a t e s  photon p roduc t i on  c ross  sec t i ons  and angu la r  d i s t r i b u t i o n s  i n t o  

ENDF/B format.  I t  c o n s i s t s  o f  a  main program and s i x  subrout ines,  t h e  

main program be ing  e s s e n t i a l l y  a  c a l l i n g  r o u t i n e .  A l l  ENDF/B da ta  cards a r e  

bo th  w r i t t e n  on  t h e  l i n e  p r i n t e r  and punched. The f i r s t  sub rou t i ne  c a l l e d  -- 
i s  SKIPTOP, which searches t h e  tape  u n t l l  photon p roduc t i on  da ta  a r e  found; 

i.e., UK general  c l a s s i f i c a t i o n  numbers (GCN) 1 1 ,  12, o r  13. The remain ing 

f i v e  subrou t ines  a r e  each f u n c t i o n a l l y  r e l a t e d  t o  one s p e c i f i c  c l a s s  o f  da ta  



(e.g., angular d i s t r i b u t i o n s ,  d i s c r e t e  photon y ie lds ,  e t c . )  as fo l lows:  

2.2.1. RADCAP and DISCRT: The subrout ine RADCAP i s  c a l l e d  when data f o r  

photon product ion from r a d i a t i v e  capture are encountered; i.e., 

when GCN=12. Th is  subrout ine then reads t h e  sec t ion  o f  data i n  

UK format, f i n d s  t h e  t o t a l  photon y ie lds ,  and c a l l s  DISCRT. 

Then t h e  DISCRT subrout ine w r i t e s  (and punches) t h e  ENDF/B sec- 

t i o n  f o r  r a d i a t i v e  capture (MF=15, MT=102). 

ANGLE: The subrout ine ANGLE i s  c a l l e d  when data f o r  angular 

d i s t r i b u t i o n s  o f  photons are encountered; i.e., when GCN-II. 

I f  t h e  t o t a l  number o f  angular d i s t r i b u t i o n s  g iven i n  t h e  UK 

f i l e  i s  zero, an i s o t r o p i c  d i s t r i b u t i o n  i s  w r i t t e n  f o r  t h e  

corresponding ENDF/B sect ion, by use o f  a f l a g  on t h e  HEAD 

card ( c f .  53.1 o f  Ref. 4 ) .  Otherwise, a l l  angular d i s t r i b u t i o n s  

f o r  a l l  d i s c r e t e  photons are  read in, converted t o  ENDF/B format, 

and punched. I t  i s  assumed t h a t  t h e  angular d i s t r i b u t i o n s  i n  

t h e  UK format a r e  a l ready normal i zed. 

PRODXS: The subrout ine PRODXS i s  c a l l e d  when data f o r  photon 

product ion are encountered i n  t h e  UK format, w i t h  GCN=13. 

However, sect ions f o r  photon product ion by i n e l a s t i c  s c a t t e r i n g  

t o  d i s c r e t e  l eve ls  (PCN=5 t o  14 and 51 t o  80) a re  re fe r red  t o  

t h e  subrout ine PHO, because these data are o f t e n  entered i n t o  

ENDF/B as t r a n s i t i o n  p r o b a b i l i t y  arrays.  For i n e l a s t i c  scat- 

t e r i n g  t o  t h e  continuum (MT=15), t h e  d i f f e r e n t i a l  photon 

product ion cross sec t i on  i s  in tegra ted over photon energy t o  

g e t  a t o t a l  photon product ion cross sec t i on  ( X S )  a t  each 

inc iden t  neutron energy. These cross sec t ions  a r e  then d i v ided  

by t h e  corresponding neutron i n t e r a c t i o n  cross sect ions (EP, 

which appear i n  MF=3, MT=15), which are  read from input  cards, 

t o  compute t o t a l  photon y i e l d s .  A f t e r  t h e  y i e l d s  are  punched 

i n  ENDF/B format, t h e  photon product ion cross sect ions are  

normalized (by d i v i d i n g  by t h e  in tegra ted values) t o  p r o b a b i l i t y  

dens i ty  func t ions  and punched i n  ENDF/B format. 



PHO: The sub rou t i ne  PHO i s  c a l l e d  by PRODXS f o r  r e a c t i o n  types  - 
which have p ro ton  p roduc t i on  data s p e c i f i e d  i n  ENDF/B as t r a n s i -  

t i o n  p r o b a b i l i t y  a r rays .  Us ing a c u t o f f  energy read from card  

inpu t ,  PHO punches a s e c t i o n  o f  u n i t  c ross  s e c t i o n  f o r  ENDF/B 

F i l e  3, MT=IIO. Th i s  r e a c t i o n  t y p e  (MT) number i s  used f o r  

r e s i d u a l  photon p roduc t i on  c ross  sec t i ons  above t h e  energy o f  

t h e  h i ghes t  l e v e l  en te red  i n  t h e  transition p r o b a b i l i t y  a r ray .  

By us ing  t h e  ruse o f  a u n i t  c ross  s e c t i o n  i n  F i l e  3, t h e  ' !y ie ldsn 

i n  F i l e  15 a r e  t hus  i n  r e a l i t y  t o t a l  photon p roduc t i on  c ross  

sect ions,  t h e  same as i n  t h e  UK format.  I f  photon p roduc t i on  

c ross  sec t i ons  a r e  des i r ed  i n  l i e u  o f  t r a n s i t i o n  p r o b a b i l i t y  

a r r a y s  f o r  any o r  a l l  sec t ions ,  t hey  can e a s i l y  be ob ta ined  by 

t h e  dev ice  o f  s e t t i n g  t h e  c u t o f f  energy a t  zero.  

2.2.5. SKIPTOP: The "searching" subrout ine,  SKIPTOP (NMAT), i s  c a l l e d  

by LUTE f o r  t h e  purpose o f  de te rmin ing  t h e  l o c a t i o n  o f  t h e  

m a t e r i a l  o f  i n t e r e s t  on t h e  i n p u t  tape, where severa l  m a t e r i a l s  

may be i n  t h e  same tape  f i l e .  The method used t o  accompl ish 

t h i s  i s  I )  t o s k i p  a number, as read f rom card  inpu t ,  o f  

cards w i t h o u t  check ing t h e  m a t e r i a l  number, and 2 )  t o  read 

card-by-card and check f o r  p roper  m a t e r i a l  number (NIN), f o r  

PCN n o t  equal t o  0, and f o r  GCN equal t o  e i t h e r  1 1 ,  12, o r  13. 

I f  SKIPTOP I s  unsuccessful  i n  f i n d i n g  t h e  m a t e r i a l  on tape, a 

s ta tement  t o  t h a t  e f f e c t  ( v i z . ,  "MATERIAL IS NOT ON TAPE") i s  

p r i n t e d  and t h e  r u n  i s  t hen  te rmina ted .  

2.3 LATEX code and Subrout ines 

The LATEX code reads a card-image t ape  o f  data i n  t h e  UK format,  a long  

w i t h  punched ca rd  i n p u t  f o r  photon p roduc t ion ,  photon energy d i s t r i b u t i o n ,  

and photon angu la r  d i s t r i b u t i o n  data.  A complete ENDF/B da ta  t ape  i s  t hen  

produced by a t r a n s l a t i o n .  LATEX c o n s i s t s  o f  a main program and f i v e  

subrout ines,  where t h e  main program i s  t h e  c a l l i n g  r o u t i n e  and p r i n c i p a l  

w r i t i n g  r o u t i n e .  One sub rou t i ne  (SKPMAT) serves t o  f i n d  t h e  m a t e r i a l  on t h e  

tape, w h i l e  another  (SHUFL) rearranges t h e  va r i ous  ENDF/B f i  l es  i n t o  a corn- 

p l  e t e  ENDF/B da ta  tape .  Th&rother  subrou-t i nes ;arereach f unc t iona  l  l y r e l a t e d  



t o  one s p e c i f i c  c l a s s  o f  da ta  (e.g., angu la r  d i s t r i b u t i o n s ,  average cos ine  of  

t h e  s c a t t e r i n g  angle,  o r  energy d i s t r i b u t i o n s ) .  Inc luded i n  t h e  code a r e  sev- 

e r a l  temporary l o g i c a l  " IF"  statements t o  c o r r e c t  erroneous da ta  on t h e  UK 

da ta  tape. 

The main program reads t h e  UK data t y p e  and, depending upon t h e  va lue  o f  

GCN/PCN, then  c a l l s  t h e  a p p r o p r i a t e  subrou t ine .  I t  a l s o  per forms some pre-  

l i m i n a r y  convers ion  of  u n i t s  o f  t h e  data.  The subrou t ines  ANGULO and ENERGIA 

t r a n s l a t e  t h e i r  app rop r i a te  sec t i ons  o f  data, w r i t e  HEAD, CONT, TAB2, and 

p a r t i a l  TAB1 records, and then  r e t u r n  c o n t r o l  t o  t h e  main program f o r  w r i t i n g  

t h e  remainder o f  t h e  TAB1 record.  A l l  o f  t h e  F i l e  3  t r a n s l a t i o n  i s  done by 

t h e  main program, and a f t e r  t h e  t r a n s l a t i o n  i s  completed a  s e c t i o n  (MT=251) 

i s  added f o r  t h e  iLAB va l ues. These va l  ues a r e  computed by AVER l  A f ram t h e  

t abu la ted  angu la r  d i s t r i b u t i o n s  f o r  e l a s t i c  s c a t t e r i n g  (MF=4, MT=2). 

2.3.1. ANGULO: Th i s  sub rou t i ne  t r a n s l a t e s  da ta  f o r  t h e  angu la r  d i s t r i b u t i o n s  

o f  secondary neutrons, assuming t h e  d i s t r i b u t i o n s  a r e  g i ven  i n  UK 

format  as t a b u l a t i o n s  v i c e  Legendre c o e f f i c i e n t s .  The angu la r  

d i s t r i b u t i o n s  as g i ven  i n  UK fo rmat  a r e  i n t e g r a t e d  and then  nor-  

ma l i zed  f o r  t h e  ENDF/B Data F i l e .  

2.3.2. AVERIA: T h i s  sub rou t i ne  computes iLAB, t h e  average cos ine  o f  t h e  

s c a t t e r i n g  ang le  i n  t h e  l abo ra to r y  system. I n  t h e  case o f  e l a s t i c  

s c a t t e r i n g  (MT=2), t h e  FLAB data a r e  s t o r e d  and then  used a t  t h e  

end o f  F i l e  3  t o  c o n s t r u c t  t h e  MT=251 sec t i on .  The va lues o f  
- 
p~~~ 

a r e  extended down t o  t h e  lowest energy f o r  which an e l a s t i c  

s c a t t e r i n g  c ross  s e c t i o n  i s  g i ven  i n  F i l e  3(MF=3, MT=2), us ing  a  

va l  ue o f  " A B = 2 / ( 3 e A ~ ~ )  a t  t h i s  lowest energy. Th i s  va l  ue i s  

a l s o  used a t  0.75 t imes  t h e  lowest i n c i d e n t  neut ron energy i n  

(MF=4, MT=21. The i n t e g r a t i o n  t o  determine iLAB i s  performed 

by Simpson's r u l e .  The i n c i d e n t  neut ron energy and corresponding 
- 

LAB a r e  l i s t e d  on t h e  ou tpu t .  

2.3.3. ENERGIA: Th i s  sub rou t i ne  t r a n s l a t e s  data f o r  energy d i s t r i b u t i o n s  

o f  secondary neutrons, assuming t h e  d i s t r i b u t i o n s  a r e  g i ven  i n  

UK format  as t a b u l a t i o n s .  The g i ven  t a b u l a t e d  d i s t r i b u t i o n s  a r e  

i n teg ra ted  over  secondary energy and then  normal ized f o r  t h e  

ENDF/B Data F i l e .  These i n t e g r a l s  ove r  secondary energy a r e  
I '  ' 
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l i s t e d  on t h e  o u t p u t .  

2.3.4. SKPMAT: T h i s  s h o r t  sub rou t i ne  j u s t  searches t h e  i n p u t  UK da ta  

t ape  u n t i l  t h e  p roper  m a t e r i a l  i s  found, and t hen  r e t u r n s  con- 

t r o l  t o  t h e  main program. I f  t h e  m a t e r i a l  i s  n o t  found on t h e  

tape, a  s ta tement  t o  t h a t  e f f e c t  ( v i z .  "MATERIAL IS NOT ON TAPEf1) 

i s  p r i n t e d  and t h e  run  te rm ina ted .  

2.3.5. SHUFL: T h i s  sub rou t i ne  takes  as i n p u t  a l l  t h e  ENDF/B f i l e s  f o r  t h e  

m a t e r i a l  be ing  processed, and rearranges them o n t o  t ape  2  ( t h e  

f i n a l  o u t p u t  t a p e ) .  I t  reads t h e  TPlD record,  a l l  o f  F i l e s  I ,  

14, and 15 and Sec t i on  110 o f  F i l e  3(MF=3, MT=IIO) f rom cards.  

The r e s t  o f  t h e  da ta  a r e  read f rom t h e  s c r a t c h  t ape  ( # I 2 1  used 

d u r i n g  t h e  LATEX t r a n s l a t i o n  phase. I f  t h e  f i n a l  o u t p u t  t ape  i s  

s u c c e s s f u l l y  w r i t t e n ,  a  comment t o  t h a t  e f f e c t  i s  p r i n t e d ,  and 

t h e  t a p e  i s  t hen  l i s t e d .  

3. l n ~ u t  and O u t ~ u t  S ~ e c i f i c a t i o n s  

3.1. LUTE Inpu t /Outpu t  

3.1.1. LUTE Inpu t :  The i n p u t  f o r  LUTE c o n s i s t s  o f  bo th  ca rds  and tape.  

The t ape  should  c o n t a i n  a  c ross - sec t i on  da ta  s e t  o f  t h e  mate- 

r i a l  o f  i n t e r e s t ,  i n  UK fo rmat .  Other  m a t e r i a l s  may be l i s t e d  

i n  t h e  same tape  f i l e .  The t ape  i s  des ignated a$ u n i t  10. 

The card  i n p u t  i s  as f o l l o w s :  

'Card I :  MAT(ENDF/B), NMAT(UK NIN), MTP, ED, ZA, AWR. These a r e  en te red  

i n  (3112, 3E12.4) fo rmat .  T h i s  c a r d  l i s t s  t h e  m a t e r i a l  numbers 

i n  bo th  ENDF/B and UK systems, t h e  MT number f o r  t h e  r e s i d u a l  

photon p r o d u c t i o n  c ross -sec t ions  ( u s u a l l y  1101, t h e  c u t o f f  

energy d i v i d i n g  t h e  t r a n s i t i o n  p r o b a b i l i t y  a r r a y  o p t i o n  f rom 

photon p r o d u c t i o n  o p t i o n  ( i n  eV), and t h e  ZA and AWR o f  t h e  

m a t e r i a l  o f  i n t e r e s t .  

Card 2: N  

T h i s  i s  en te red  i n  16  format .  

T h i s  ca rd  l  i s t s  t h e  number o f  ca rds  t o  be sk ipped by SKI PTOP 

w i t h o u t  check ing NIN ( m a t e r i a l  number), GCN, o r  PCN. 



Card 3: EP(J) 

These a r e  en te red  i n  6E12.5 format  and may r e q u i r e  more than  one 

card.  

T b  c a r d ( s )  l i s t s  t h e  va lues o f  EP, t h e  neu t ron  c ross  sec t i ons  

f o r  MT=15 a t  t h e  i n c i d e n t  neu t ron  energ ies  which appear i n  

GCN/PCN=13015. 

3.1.2. LUTE Output  

The o u t p u t  f rom LUTE shou l  d  c o n s i s t  of F i  l e  14 and F i  l  e' 15 

da ta  a long  w i t h  some F i l e  3 data.  

Data i n  ENDF/B format,  bo th  punched cards and a l i s t i n g ,  w i l l  

appear i n  t h e  same o r d e r  i n  which t h e  da ta  a r e  encountered on 

t h e  UK-format tape .  However, t h e  f i r s t  t i m e  t h e  sub rou t i ne  PHO 

i s  c a l l e d ,  ( i . e . ,  t h e  f i r s t  t i m e  photon p roduc t i on  data appear f o r  

i n e l a s t i c  s c a t t e r i n g  t o  d i s c r e t e  l eve l s ,  and t h e  i n c i d e n t  neu t ron  

energy i s  above t h e  c u t o f f  energy),  a l l  F i l e  3  da ta  records  f o r  

a u n i t  CrQss s e c t i o n  i n  MT=IIO w i l l  appear. T h i s  u s u a l l y  occurs 

a f t e r  MF=14, MT=5. 

A t  t h e  end o f  each sec t ion ,  t h e  p r i n t e r  l i s t i n g  w i l l  show a 

l i n e  w i t h  " V V V V  ... V V V . "  Th i s  l i n e  i s  used o n l y  t o  separate t h e  

d i f f e r e n t  sec t i ons  and has no meaning. Other  l i n e s  on t h e  

p r i n t e r  l i s t i n g  which w i l l  n o t  appear i n  t h e  card  o u t p u t  a r e  

I )  t h e  f i r s t  ca rd  i n  LUTE'S i n p u t  deck, 

2 )  t h e  EP(J)  va lues  (neu t ron  crossi s e c t i o n s  f o r  MT=15 a t  

t h e  i n c i d e n t  neu t ron  ene rg ies ) ,  which come be fo re  MF=15, MT=15 

and 

3 )  t h e  i n t e g r a l s  o f  t h e  d i f f e r e n t i a l  photon p roduc t i on  c ross  

sec t i ons  ove r  photon energy, XS(J), which w i l l  a l s o  come be fo re  

MF=15, MT=15, b u t  a f t e r  t h e  EP(J) va lues.  

3.2. LATEX Input /Output  

3.2.1. LATEX I n p u t  

The i n p u t  t o  LATEX w i l l  c b n s i s t  e s s e n t i a l l y  o f  t h e  o u t p u t  f rom 

LUTE w i t h  some a d d i t i o n a l  cards, and t h e  tape  w i t h  t h e  da ta  i n  UK 

format .  The o u t p u t  from LUTE w i l l  a l s o  have t o  be rearranged. 



These changes a r e  as f o l l o w s :  

I )  The MF=3, MT=IIO cards  a r e  p laced immediately be fo re  any 

F i l e  14 cards.  

2 )  A l l  o f  t h e  F i l e  14 cards  a r e  t h e n  p laced  i n  i nc reas ing  

o r d e r  o f  MT number, as one would expec t  an ENDF/B l i s t i n g  t o  

appear. The same i s  t hen  done f o r  F i l e  15. 

3)  The MF=15, MT=IIO cards  a r e  u s u a l l y  p laced  i n  t h e  o r d e r  

i n  which t hey  a r e  produced by LUTE, though t h i s  i s  n o t  essen- 

t i a l .  They a r e  t hen  p laced  i n  t h e i r  a p p r o p r i a t e  l o c a t i o n  i n  

F i l e  15. HEAD, TAB1 ( t o t a l  y i e l d s )  and SEND records  f o r  t h i s  

s e c t t o n  must be punched by hand, s i n c e  LUTE o n l y  punches t h e  

subsect ions.  

4 )  The t r a n s i t i o n  p r o b a b i l i t y  a r r a y s  (MF=15, MT=5 I-hrough 14 

and 51 th rough  80) must be punched by hand and added t o  F i l e  

15. 

I n  a d d i t i o n  t o  these  changes and a d d i t i o n s  t o  t h e  LUTE ou tpu t ,  

a d d i t i o n a l  i n p u t  must be added. The f i n a l  LATEX ca rd  i n p u t  con- 

s i s t s  o f  

I )  Two c o n t r o l  ca rds  which a r e  i n s e r t e d  a t  t h e  beg inn ing  o f  

t h e  da ta  deck. These a r e  as f o l l o w s :  

Card I :  ZA, AWR, NMAT(UK NIN), MAT(ENDF/B) 

These a r e  en te red  i n  (2E12.5, 216) fo rmat  w i t h  t h e  

remainder o f  t h e  ca rd  be ing  f r e e  a lpha  f i e l d .  

Card 2: TPlD 

T h i s  i s  en te red  i n  16 format .  

2 )  A l l  F i l e  I ca rds , inc lud ing  bo th  t h e  t a b l e  o f  con ten t s  and 

t h e  index, a l ong  w i t h  t h e  SEND and FEND cards.  

3 )  The rearranged and supplemented LUTE o u t p u t  as  descr ibed  

above . 
I t  should  be p o i n t e d  o u t  t h a t  t h e  o n l y  FEND ca rd  which i s  

inc luded  i n  t h e  i n p u t  da ta  i s  t h e  F i l e  I  FEND card.  LATEX w i l l  



w r i t e  t h e  o t h e r  FEND cards, as w e l l  as MEND and TEND cards. 

The same tape  which i s  used f o r  i n p u t  t o  LUTE i s  a l s o  used by 

LATEX, i .e., t h e  tape  w i t h  t h e  data i n  UK format  f o r  t h e  m a t e r i a l  

o f  i n t e r e s t .  Th i s  tape  i s  designatedcag u n i f  8. 

3.2.2. LATEX Output  

The o u t p u t  f rom LATEX w i l l  c o n s i s t  o f  bo th  a  l i s t i n g  and an 

ENDF/B-format tape, designated u.n i t  2. The l i s t i n g  w i l l  c o n t a i n  

t h e  f o l l o w i n g  i n fo rma t i on :  

I )  t h e  i n p u t  c o n t r o l  ca rd  ( f i r s t  ca rd  i n  t h e  i n p u t  deck) .  

2 )  HEAD cards f o r  t h e  d i f f e r e n t  sec t i ons .  

3 )  groups o f  two l i n e s  f o r  F i l e  4 data, c o n s i s t i n g  o f  

a )  t h e  i n t e g r a l  o f  P(p, E i )  over  a l l  p.  - 
b )  Ei, t h e  i n c i d e n t  neu t ron  energy, and uLAB. 
These l i n e s  w i l l  always appear i n  F i l e  4 where t h e  

d i s t r i b u t i o n  i s  non - i so t rop i c .  

4 )  t h e  i n t e g r a l  o f  o(E1,Ei over  a l  l  E '  f o r  a l  l  F i  l e  5 

s e c t i o n s -  Due t o  a q u i r k  i n  t h e  code, t h e  HEAD card  f o r  

t h e  s e c t i o n  w i l l  always be w r i t t e n  a f t e r  t h e  f i r s t  i n t e -  

g r a l  va lue .  

5 )  t h e  l a s t  l i n e  i s  a  TEND card .  

The above groups, o t h e r  than  t h e  f i r s t  and l a s t  l i ne ,  w i l l  be 

repeated th roughout  i n  t h e  o r d e r  t h e  data were found on t h e  UK- 

format  tape .  

I f  t h e  f i n a l  o u t p u t  tape  i s  s u c c e s s f u l l y  w r i t t e n ,  t h e  o u t p u t  

w i l l  c o n t a i n  The s ta tement  "THE ENDF/B TAPE, AS GIVEN BELOW, WAS 

SUCCESSFULLY WRITTEN." F i n a l l y ,  a  copy o f  t h e  e n t i r e  ENDF/B da ta  

tape  ( t a p e  2 )  w i l l  be l i s t e d ,  i n c l u d i n g  TPlD and TEND records.  
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C 
.................................... LUTE ............................ 
C  LUT 1 

LOS ALAMOS CODE FOR UHAfA TO ENDFIB  FORMAT CONVERSION 
I II - I 

WHITTEN RY**DUNALD Jr DUDZIAK 
l l N l V E H S l T Y  OF C A L I F O R N I A r  LOS ALAMOS S C I E N T I F I C  LAB. 
LOS ALAMOS, NM 8 7 5 4 4  

l r  MAT = ENDF/B MAT 
2, NMAT = UK N I N  
3 r  MTP = M T  NUMBER FOR PHOTON PROOUCTION 
4 r  ED ENERGY D I V I D I N G  TRANSIT ION ARRAY SYSTEM FRON PHOTON 

PRODUCTION SYSTEM (E ENERGY OF HIGHEST LEVEL I N  
F I L E I S ,  OPTION 2 ) .  **** EV **** 

LUT 2 
LUT 3  
LUT 4 
LUT 5 
LUT 6 
LUT 7 
LUT 8 
LUT 9 
LUT 1 0  
LUT 11 
LUT 12 
LUT 1 3  
LUT 1 4  
LUT 1 5  
LUT 1 6  
LUT 

E P ( J )  ARE THE NEUT XSEC FOR HT.15 AT THE I N C I D E N T  NEUT ENERGIES8 LUT 
Ik 6E12,S FURMAT* INSERT AFTER CARD 3  OF R T N = l 3 0 1 5 0  LUT 

LUT 
DIMENSION L G ( 2 7 0 ) r  L ( 2 7 0 ) r  X S ( 2 7 0 ) s  Y(270 )  LUT 
DIMENSION A ( 7 s 2 5 r 3 0 ) r  P ( 7 r 2 5 r 3 O ) r  E P ( 1 7 b ) r  N E C 7 ) r  NANGSC175) LUT 
COMMON A , P I E G ~ ~ ~ X S ~ N G C ~ N P C I N ~ ~ N ~ P L L A W ~ N B ~ ~ E S , M A T P A W R # Z A ~ Y ~ N A N G S ~ C ~ L U T  

l r N E r N P R S , E L r E U ~  NTMnMTPrNFL, € 0  
COMMON L T S r  NMAT 

LUT 
LUT 

R k A n  ( 7 9 3 )  MATI NMATr MTPD EDr  ZAP AWR LUT 
WHITE (9941 MAT, NMATr MTPr ED0 ?AD AWR LUT 
CALL SKIPTDP(i4MAT LUT 
READ (10 ,5 rEN0=21  NGC, NPCr N 2 r  NBP NLAWr N B 2 r  ES LUT 
I F  ( M G C q E Q o l I )  CALL ANGLE LUT 
I F  ( L T S . E Q r 1  .ANDo N G C o E O . l l )  GO TO 1 L  U  T  
I F  (LTSeEQ.1 OANU. NGC.EQ.13) CALL ANGLL LUT 
I F  ( N G C r E Q r l 2 )  CALL RADCAP 
I f  ( N G C r E Q r 1 3 )  CALL PRODXS 

LUT 
LUT 

I F  (NGC.EQr l1  .flu. N G C r E Q r 1 2  *OH. NGCoEOr13)  GO TO 1 LUT 
W H I T E  ( 9 r 6 )  
STOP 
FORMAT (3112,  l P J E 1 2 . 4 )  
FORMAT ( 5 x 1  3112, l P 3 E 1 2 r 4 )  
FORMAT (16,  1 3 r  4 1 1 2 r  E12 .4 )  
FORMAT ( 5 x 0  20HWHAT THE HELL I S  GNC) 
END 

- - .  
LUT 
LUT ' 
LUT 
LUT 
LUT 
LUT 
LUT 
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SYMBOL = = . s = t = = = t = = s t ~  REFERENCES 8 = r rn = * 8 a r r = r r r 

* 1 
2 
3 
, Q 

5 
6 
A 
ANGLE 
AWR 
E 
ED 
E G 
EL 
END 
E P 
E s 
EU 
LLAW 
L T S  

N 0 ~ 2  
NE 
NFL 
NGiC 
NLAW 
NMAT 
NPC 
NRRS 
NTM 
P 
PRODXS 
RADCAP 
SKIPTOP 
STOP 
X s 
Y 
Z A 



SUBROUTINE ANGLE 
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SUBROUTINE ANGLE ANG 
C ANG 
C WRITrEN B Y * *  DONALO JI DUOZIAK ANG 
C ANG 

DIMENSION E G ( 2 7 0 ) r  E ( 2 7 0 ) r  X S ( 2 7 O ) r  Y ( 2 7 0 )  AN6 
DIMENSION A ( 7 r 2 5 r 3 U ) r  P ( 7 r 2 5 r 3 0 ) ,  EP(1751,  N E ( 7 ) r  NANGSC175)r  NCDSANG 

l ( 1 7 5 )  AN6 
COMMON A ~ P P E G P E ~ X S ~ N G C ~ N P C P N ~ ~ N B ~ L L A W ~ N B ~ ~ E S ~ M A T ~ A W R D Z A ~ Y D ~ ! A N G S ~ E P A N G  

IrNE,NPRS,ELrEUr NTMrMTPpNFLr ED ANG 
CUMYON L T S r  NMAT , ANG 
Z 3 0.0 ANG 
J L  a 0 ANG 
J1 = 1 ANG 
J2 = 2 ANG 
NH = 1 ANG 
MF = 1 4  ANG 
M T  3 NPC ANG 

C ANG 
C IHDEX M t N O  COUNTS NUMBER OF PHOTON ENLRGIEs ANG 
C INDEX NE(M) AND 1 COUNT NUMBER OF NEUTRON ENERGIES PER DISCRETE ANG 
C PHOTON I N D E X  k COUNTS TOTAL NUMBER OF ANGULAR D I S T R I B U T I O N S  ANG 
C ANG 

M= 1 ANG 
I F  (LTSoEQ.1) NTEMsN2 ANG 
IF C L T S . E Q . ~ )  ~2.0 ANG 
I F  (N2.NE.O) GO TO 4 0 3  ANG 
I F  (LTSOEQ* 1 )  GO T O  4 0 2  ANG 
L T S = l  ANG 
RETURN AN6 

402 CONTINUE ANG 
C 
C WRITE ISDTROPIC ANGULAR D I S T R I B U T I O N  FOR ENDF/B WHEN N2*Ot  
C 

GO TO 456 
4 0 3  CONTINUE 

ND=1 
DO 4 1 5  K = l r N 2  
RLAD ( 1 0 p 4 b O )  E ( K ) ~ B L A N K ~ N C D S ( K ) , E P ( K ~ , P L A W , N A N G S ( K )  
E ( K )  a E ( K )  * 1,OE+6 
E G ( l l = E P C l )  
I F  (K.EQ,I) GO TO 4 0 5  
K l s K - 1  
I F  (EP(K) .EO,EP(K l l )  GO TO 4 1 0  
ND=ND+l 
M s M + l  
EG(M)=EP(K l  

405 CONTINUE 
NL(M)=O 
1 - 0  

4 1 0  CONTINUE 

ANG 31 
ANG 32 
AN6 3 3  
AN6 34 
ANG 3 5  
AN6 36 
ANG 3 7  
ANG 38 
ANG 3 9  
ANG 4 0  
ANG 4 1  
ANG 42 
ANG 4 3  
ANG 4 4  
ANG 45 
ANG 4 6  
ANG 4 7  
ANG 48 
ANG 4 9  
ANG 50 
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N E ( M ) = N E ( M I + l  
I=I+l 
NAN=NANGS(K 1 
READ (10,410)  C A C M ~ I ~ J ) D P ( M I I , J ) , J ~ ~ ~ N A N )  
CUNTINUE 

WHITE HEAD CARD 

WHITE ( l l r 4 6 6 1  ZADAWRBJZI J 2 r  NDI J Z r  MATI MFr MTr  J1 
WRITE ( 9 9 4 6 6 )  ZArAWRpJZr  J 2 r  NDI J Z r  MAT, MFD MTr J1 
NSEQ=2 
ES e ES * l r O E + 6  
00 455 K n l r N O  
EGCKI  = EGCK) * 1,0E+6 

I 
WRITE TAB2 CAR0 F O H  EACH EG 1 
WHITE (9,4653 E S ~ E G ( K ~ , J Z , J Z * N R , N E ( K ) P M A T C M F ~ M T , N S E Q  
WRITE (11,465)  E S ~ E G < K ) ~ J Z ~ J Z ~ N R , N E ( K ) ~ Y A T ~ M ~ ~ M T , N S E Q  
NSEQ=NSEQ+l 
WHITE (9,475) N E ( K ) ~ J ~ ~ M A T ~ M F D M T , N S E Q  
WRITE (11,475) N E ( K ) ~ J ~ ~ M A T I M F P M T ~ N S E O  

WRITE TAB1  HECURD FOR EACH NEUTRON ENERGY 

NENrNECK) 
DO 4 5 0  J n l r N E N  
M=J*K 
NP=NANGS(M) 
NSEQ=NSEQ+l 
WHITE (9 ,465)  Z P E C J ) ~ J Z , J Z , N R I N P , M A T I M F ~ M T C N S E Q  
WRITE ( 1 1 ~ 4 6 5 1  Z~E(J) ,JZIJZENRINPIMATPMFSMTDNSEQ 
NSEQmNSEQ+l 
WHITE ( 9 8 4 7 5 )  NPPS~IMATPMF~MT~NSEQ 
WHITE (11,4?5)  NP~J~,MAT~MFPMT,NsEQ 
NSEQoNSEOt l  

CALC. NBR OF F U L L  L I N E S  OF P(MUrE)  TABLE#AND P R I N T  AND PUNCH 

NFULLsNCDSCM)-2 
NLAST=NPw(3*NFULL) 
L L s - 2  
00 4 2 0  LPRIME l r  NFULL 
L L = L L + 3  
LU=LL+2  
WRITE C 9 p 4 8 0 )  ( A ( K R J I L ) ~ P ( K I J ~ L ) ~ L ~ L L c L U ) P M A T ~ M F # M T ~ N S E O  
WHITE (11,480)  (A(KrJ,L) ,PCKrJrL)rL3LLcIUl ,MAT,HF+MTINSEO 
NSEQ=NSEQ+I  
CONTINUE 
N O I F F t N P - L U  

ANG 5 1  
ANG 52 
ANG 53 
ANG 54 
ANG 55 
ANG 56 
ANG 57 
ANG 58 
ANG 59 
ANG 60 
ANG 6 1  
ANG 6 2  
ANG 63 
ANG 6 4  
ANG 6 5  
ANG 66 
ANG 67 
ANG 68 
ANG 69 
ANG 70 
ANG 71 
ANG 7 2  
ANG 73 
ANG 74 
ANG 75 
ANG 76 
ANG 77 
ANO 78 
ANG 79 
ANG 80 
ANG 81 
ANG 82 
ANG 83 
ANG 84 
ANG 85 
ANG 86 
ANG 87 
ANG 88 
ANG 89 
ANG 90 
ANG 9 1  
ANG 92 
ANG 93 
ANG 94 
ANG 9 5  
ANG 9 6  
ANG 97 
ANG 98 
ANG 99 
ANG 100 



P A G E  5 
SUBROUTINE ANGLE 

L I J P r L U + I  
I F  (NOI fFmEQml1  GO TO 4 2 5  
I f  C N D I F F I E U ~ ~ I  GO TO 430 
I F  CNUIFFmtQm3) GO TO 4 3 5  
I F  ( N D I F F e N E e l  *AND* NDIFFeNE.2 *AND, NOIFFeNEeB)  GO TO 4 4 0  
WRITE (9,4851 A ( K ~ J I N P ~ ~ P ( K I J ~ N P ) ~ M A T , M F ~ M T ~ N S E Q  
WRITE (11,485) A ( K ~ J ~ N P ) B P ( K ~ J ~ N P ) , H A T , M F , M T ~ N S E O  
GO TO 4 4 5  
d H I T E  (9 ,490)  ( A C K ~ J ~ M ) ~ P ( K I J ~ M ) , M ~ L U P C N P I ~ M A T ~ M T S N S E O  
WHITE (11,490)  ( A ( K ~ J , M ) , P ( K B J , M ) ~ M ~ L U P C N P ) ~ M A T ~ M F ~ M T D N S E Q  . 
GO TO 445  
WRITE (9 ,4801  ( A ( K D J ~ M ~ ~ P ( K P J , M ) ~ M ~ L U P D N P ) ~ M A T ~ M ~ ~ M T ~ N S E Q  
WRITE ( 1 i r 4 B O )  ( A ( K , J , M ) ~ P ( K ~ J ~ H ) D M * L U P C N P ) D M A T ~ M F , M T ~ N S E Q  
GO T O  4 4 5  
WRITE (9,495) 
CONTINUE 
CONTINUE 
NSEQ=YSEQ+l 
CONTINUE 
G O  TO 4 5 8  
CONTINUE 
NDsNTEM 
WRITE ( 9 ~ 4 4 6 1  ZA. AWRr J l r  J2, NOD JZD MATr MFr MT, J1 
WRITE ( i l r 4 6 6 )  Z A r  AWR, 41, J 2 r  NDr  J Z r  MATI MFD MTr J1 
NSEQ=2 
I,TS=O 
NZ=NTEM 
CUNTINIIE 

WRITE SEND CAR0 

WHITE (9 ,5051 I~ATPMF~JZDNSEQ 
WHITE ( l l t 5 0 5 )  MATPMFPJZINSEQ 
RETURN 
FORMAT (~llr4~€12rS~I12~2EI2e5#I12) 
FORMAT (lPZEllr4r4illrI4rI2rI3rI5) 
FORMAT ( f l l e l r  l P E l l m 4 r  4111, 14, 12, I 3 r  15) 
FORMAT ( E l l r 4 1 S E 1 2 . S )  
FURYAT ( 2 1 1 1 r 4 4 X r I 4 r I 2 r I 3 t I 5 1  
FORMAT ( ~ P 6 E l 1 ~ 4 r I 4 r I 2 ~ 1 3 r I 5 1  
FORMAT (1PZElIm4~44XrI4rI2*13rIS) 
FORMAT (lP4L11~4r22X114rI2r13rI5) 
FORMAT (JOHYOUR CAUU-COUNT ROUTINE S l l N K S )  
FJRMAT ( I H 1 )  
FORMAT ( 6 6 X s I 4 * 1 2 r I 3 , 1 5 )  
END 

A N B  1 0 1  
A N G  1 0 2  
A N G  1 0 3  
A N G  1 0 4  
A N G  1 0 5  
A N G  1 0 6  
A N G  1 0 7  
A N G  1 0 8  
ANG 1 0 9  
A N G  1 1 0  
A N G  111 
A N G  112 
A N G  1 1 3  
A N G  1 1 4  
A N G  1 1 5  
A N G  1 1 6  
A N G  1 1 7  
A N G  1 1 8  
A N G  1 1 9  
A N G  1 2 0  
A N G  121 
A N G  122 
A N G  1 2 3  
A N G  124 
A N G  1 2 5  
A N G  1 2 6  
A N G  127 
A N G  128 
A N G  1 2 9  
A N G  1 3 0  
A N G  1 3 1  
A N G  132 
A N G  1 3 3  
A N G  1 3 4  
A N G  1 3 5  
A N G  1 3 6  
A N G  1 3 7  
A N G  1 3 8  
A N G  1 3 9  
A N G  1 4 0  
A N G  1 4 1  
A N G  1 4 2  
A N G  1 4 3  
A N G  144  
A N G  1 4 s  
A N G  1 4 6 -  
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0 3 1 1 1 = 1  REFERENCES r E r r r + r r 8 o o r w r t SYMBOL 

17 
16 
2 8 
3 0 
2 4 
6 8 
7 1 
7 8 
7 9 
e a 
6 3 
55 
4 7 
2 1 
Y 5 
25RD 
49HH 
43WR 
4 1 HD 
52WR 
7 l W R  
H1We 
U4VIR 
YOWR 

l l b *  
IU4WR 

311 1 
aewR 

1 
4Cll 

25RD 
20 I 
4CO 
20 I 
4 C 0 
30 I 
4 C r1 
4 C 0  

36% 
4 1 H D  
B5WR 

8 = 
93 
7 = 

105rlH 
2 4 
49WH 
b4NR 

ANGLE " 
AWH .I 

BLANK 
E I 
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SUBROUTINE DISCHT 
C 
C WRITTEN B Y * *  DONALD J a  DUOZIAK 

D I S  1 
D I S  2 
D I S  3 

C D I S 
DIMENSION E G C 2 7 0 ) r  E C 2 7 0 ) r  XS(2701,  Y ( 2 1 0 )  D 1 S 
DIMENSION A ( 7 ~ 2 5 ~ 3 o ) r  P ( 7 ~ 2 5 ~ 3 0 ) ,  E P C 1 7 5 ) r  NEC7)n NANGSC175) 0 1 s  
COMMON A , P J E G P E D X S I N G C I N P C I H ~ ~ N B , L L A W ~ N B ~ P E S D ~ A T D A ~ R ~ ~ A P ~ D ~ A N G ~ ~ E P D I S  

l rNEpNPRSrEL,EUr  NTMIMTP,NFLB ED D I S  
COMMON LTSI NMAT 01s 
JZ=O D I S  
Ji=i D I S  
MTENPC D 1 S 
Z = O , O  D I S  
NUS 1 
NP12  

D I S  
D I S  

J 2 0 2  D I S  
MFmlS D I S 
J 3 = 3  D I S  
J 4 9 4  D I S 
J 5 = 5  D I S  
NSEQo4 Ill I S 
DO 305 Im l rNPRSJNSEQ=NSEQ+ l  D I S 
WHITE (9,310) Z , E G C I ~ , J Z B J ~ D N R D N P D M A T P M ~ ~ W T ~ N S E Q  D I S 
WRITE (11,310) Z ~ E G C I ) ~ J Z , J ~ ~ N R I N P ~ M A T ~ M F ~ M T ~ N S E Q  D I S  
NSEQsNSEQ41 D f S 
WRITE ( 9 ~ 3 1 5 )  JZIJ~PMAT,MFIMT,NSEQ D I S  
WRITE C l l r 3 1 5 )  J~PJOPMATDMFDMTINSEQ D I S  
NSEQ=NSEQ+I D I S  
WRITE (9,320) EL,YCI)DEUIYCI)~MATPMFDMTDNSEQ D I S  
WRITE (11,320) E L I Y C I ) , E U I Y C I ) + M A T ~ H F D M T S N S E Q  D I S  

3 0 5  CONTINUE D I  S 
NSEQ=NSEO+l 0 1 s  

C 
C WHITE SEND CARD 
C 

WRITE (9,325) HATDHF,JZ~NSEQ 
WHITE ( 1 1 r 3 2 5 )  M A T D M F ~ J Z S N S E Q  
RETURN 

3 1 0  FURMAT (1P2Ellr4#4I11#I~8I2#I3~Is) 
3 1 5  FORMAT ( 2 1 1 1 ~ 4 4 X ~ I ~ ~ 1 2 ~ 1 3 r I 5 )  
3 2 0  FORMAT ( 1 P 4 E l 1 , 4 r 2 2 X ,  1 4 ~ 1 2 ~  13,153 
3 2 5  FURMAT ( 6 6 X ~  1 4 ~ 1 2 ,  13, 1 5 )  

END 

D I S  33 
D I S  3 4  
D I S  3 5  
0 1 s  36 
D I S  3 7  
D I S  38 
D I S  39 
D I S  4 0  
D I S  4 1  
D I S  4 2  
0 1 s  4 3 -  



I PAGE 1 0  
SUBROUTINE DISCRT 

S Y ~ ~ O L  ~ = = O ~ E = = O = = = = = =  REFERENCES a = = = 3 + = 3 r r a r r I 

soh 
3 1 0  
3 1 $  

,320 
3 2 5 
A 
AWR 
DISCRT 
E 
ED 
E G 
EL 
E P 
E S 
E U 
I 
J 1 
J 2 
J 3 
J 4 
J5 

8JZ 
LLAW 
L T S 

-MA T 
M F 
M T 
MTP 
N 2 
NANGS 
N B 
NB2 
N E 
NFL  
NGC 
NMAT 
N P 
NPC 
NPRS 
N R 
NSE4 

NTM 
P 
RETURN 
X S 
.I 
2 

1 8  
lYWH 
ZZWR 
PSWR 
29WR 

3 0  I 
4 C 0 
1 
20 I 
4C0 
2D I 
4cr1 
3 0 1  
4CU 
4CO 

16 
7 = 

1 2 3  
1 4 3  
1 5 s  
1 6 s  

6 3 

4CO 
SCO 
4 C 0  

1 3 s  
8 = 
4C0 
4CO 
3 D I  
4CO 
4 c a 
3 0  1 
4CO 
4C0 
sco 

11' 
4 C 0 
4CO 

1 0 3  
IT= 
28s 
4C0 
3 0  I 

3 1 
20 I 
2 D I  
9 = 

3 2 *  
3 3 *  
3 4 *  
3 5 *  

19WR 
26WR 

26WH 
ZOWH 

20WH 

20WH 

2OWR 
20WH 
20WH 

20WR 

ZOWH 
19WH 
30WH 

PSWR 
20WP 

23WR 25WR 26YH 29WR 3 0 W ~  
23WR 25kR 26WR 29WR 30WR 
2 3 W ~  2SWR 26WR 
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SUBRnUTINE RADCAP 

SUBROUTINE RAUCAP 
C 

RAD 1 
RAD 2 

C W H I T T E N  BY**  DONALD J e  DUDZIAK RAD 3 
C RAD 4 

DIMENSION E G ( 2 7 0 ) r  E ( 2 7 0 ) r  XS(27O) r  Y ( 2 7 0 )  RAD 5 
DIMENSION A ( 7 ~ 2 5 ~ 3 0 ) r  P ( ? p 2 ~ # 3 0 ) ,  E P t 1 7 S ) r  N E ( 7 ) r  NANGSCl75 )  RAD 6 
COMMON A ~ P D E G D E D X S D N G C D N P C , N ~ , N B , L ~ A W C N ~ ~ D E S D M A T D W A Y N A N S D R A D  7 

I D N E ~ N P R S D E L D E U P  NTMDMTP,NFLD ED RAD 8 
COMMDN L T S r  NMAT RAD 9 

C RAD 10 
C T H I S  SUBROUTINE WILL ONLY WORK FOR ONE NEUTRON ENERGY RANGE <NZ.~)RAQ 11 
C DO 4 4 5  K s l r N 2  RAO 12 
C RAD 1 3  

READ ( 1 0 ~ 2 2 0 )  ELIEU+NCDSINLAWSDPLAW,LLAH RAD 1 4  
E L l l r O E + 6 * E L  RAD 1 5  
E U ~ l e O E t 6 * E U  RAD 1 6  
READ ( 1 0 1 2 2 5 )  N P U S D ( E G ( I ) D Y ( ~ ) D I ~ ~ P ~ I ~ E G < ~ )  RAD 1 7  
I F  (NPRSeLEa2)  GO TO 2 1 0  RAD 18 
I F  ( N P R S e G f r 3 )  GO TO 205 RAD 1 9  
READ ( 1 0 ~ 2 3 0 )  YC3) RAD 2 0  
GO TO 2 1 0  RAD 2 1  
CONTINUE 
READ ( 1 0 ~ 2 3 0 )  Y(~)D(EG(I)~Y(I)DII~RNPRS) 
CONTINUE 
I F  ( L L A W . N L r l 1  WHITE ( 9 0 2 3 5 )  
J Z  = 0 
J l  =I 
J 2  o 2 
J 3  3 3  
J 4  4 
Z = 0 
MT r NPC 
NH 3 1 
NP = 2  
M F = l S  

CUMULATE TO F I N O  TOTAL Y I E L b  

YT=OIO 
DO 2 1 5  K = l r N P H S  
EG(K)= leOE+6*EG(K)  
Y T = Y T t Y ( K )  
CONTINUE 

WRITE HEAD AND TAB1 CARDS 
C 

WRITE (9 ,2551  
WRITE ( 1 1 ~ 2 4 1 )  Z A D A W R D J I D J Z D N P R S I N P K S D M A T D M F ~ M T , J ~  
W R I T E  ( 9,241) Z ~ ~ A W R D ~ J ~ D J Z ~ N P R S ~ N P R S + M A T D M F D M T D J ~  
WHITE ( 9 r 2 4 0 )  Z P Z , J Z I J Z D N R D N P I M A T ~ M F ~ M T I J ~  

- 
RAD 22 
RAD 2 3  
RAD 2 4  
RAD 2 5  
RAD 2 6  
RAD 2 7  
RAD 2 8  
RAD 2 9  
RAD 3 0  
RAD 3 1  
RAD 3 2  
RAD 3 3  
RAD 3 4  
RAD 3 5  
RAD 3 6  
RAD 3 7  
RAD 3 8  
RAD 3 9  
RAD 4 0  
RAD 4 1  
RAD 4 2  
RAD 4 3  
RAD 4 4  
RAD 4 5  
R A D  4 6  
RAD 4 7  
RAD 48 
RAD 4 9  
RAD 5 0  
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WhITF (11,240) Z IZ IJZ ,JZDNRINPDMATDMF~MT,J~  
WRITE (9 ,245)  J ~ ~ J Z P M A T P Y F ~ M T P J ~  
WHITE (11,245) J ~ ~ J ~ s M A T P M F ~ M T D J ~  
NAITE ( 9 , 2 5 0 )  E L B Y T D E U D Y T ~ M A T D M F , M T D J ~  
WRITE ( 1 1 r 2 5 0 )  E L P Y T B E U D Y T D M A T D M F ~ M T D J ~  
I F  CLLAW.EQt1) CALL DISCRT 
RETURN 
FURMAT (Elir4rE12e5r2112rEl2*5~112) 
FORMAT ( 1 1 1 ~ 5 E 1 2 . 5 )  
FORMAT ( E l l r 4 ~ 5 E 1 2 r 5 )  
FORMAT (39HWHAT LAW Do YOU WANT FOR CAPTURE GAMMAS) 
FORMAT (1~2E11@4#4I11,14~I2#I3~Is) 
FORMAT ( F l l . 1 ,  l P E l 1 . 4 ~  4111, 14, 12, I 3 r  15) 
FORMAT ( 2 1 1 l r 4 ~ X 1 1 4 ~ I 2 r I 3 r I 5 )  
FORMAT ClP4fll.4r22X,I4r12fiI5) 
FORMAT ( 1 H l )  
END 

RAD 5 1  
RAD 52 
RAD 53  
RAD 54 
RAD 55 
RAD 56 
RAD 57 
RAD 58 
RAD 5 9  

, RAD 60 
RAD 61 
RAD 62 
RAD 63 
RAD 64 
RAD 65 
RAD 66 
RAD 67- 
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SY 4 BOL 

2 5 0  
2 5 5  
A 
AWR 
D I S C R T  
E 

NFL 

NMA 
NP 
NPC I 
RPR $ 

ED 
E 6 
EL I 
EP 1 

E: 1 

SUBROUTINE RADCAP 

'I 
J 1 
J 2  
cJ3 
J 4 
JZ 
K 
LLA 
L T S  
MAT 
MF 
MT 
MTP 
N 2  
NAN 
NB 
NB2 

L I I I I I I P . S . O I ~ +  REFERENCES 8 8 8 o 8 8 8 s 8 r + + r 8 s 

W 

(is 
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SUBROUTINE PHO 

SUBROUTINE p H 0  PHO 1 
C PHO 2 
C WHITTEN BY D o J *  UUOLIAK PHO 3 
C T H I S  SUBROUTINE READS PRODUCTION CROSS SECTIONS BEYOND HIGHEST LEVEL PHO 4 
C I N  OPTION 2 r  AND PUTS THEM IN MTmMTP AS Y IELOSn ALSO I T  WRITESPHO 5 
C A F I L E  3 S E C T I O N W I T H U N I T X S e  H E A O C A R D A N D T O T A L Y I E L D S  PHO 6 
C MUST BE ENTEREO SEPARATELY* PHO 7 
C PHO 8 

DIMENSION E G ( 2 7 O ) r  E C 2 7 0 ) r  X S ( 2 7 0 ) r  Y(27O)  PHO 9 
DIMENSION A C T r 2 5 r 3 0 ) r  P ( 7 r 2 8 r 3 0 ) ,  E P ( 1 7 5 ) r  NEC7) r  NhNGSC175) PHO 1 0  
CUMMON ~ ~ P ~ E G ~ E ~ X S ~ N G C ~ N P C ~ ~ ~ , N ~ ~ L L A W ~ N ~ ~ ~ E S ~ ~ A T ~ A ~ Z A Y N A N G S P P H  11 

l rNE,NPRSpELrEUr  NTH,MTPrNfL,r EO PHO 12 
COMMON L T S r  NMAT PHO 1 3  
JOoO PHO 14 
J l = i  PHO 1 5  
J 2 = 2  PHO 1 6  
J 5 3 5  PHO 1 7  
J 9 9 3 9 9  PHO 1 8  
MF3a3 PHO 1 9  
M F 1 5 ~ 1 5  PHO 2 0  
Z=O,O PHO 2 1  
UNO=loO PHO 2 2  
E X L = l * O E - 2  PHO 2 3  
EXUaP.OE+I PHO 24 

C PHO 25 
C CHANGE FOR CHLORINE ( N F L ' ~  I F  NMATa221 ANU N P C 8 5 2 r 5 3 r  OR 5 4 )  PHO 2 6  
C PHO 2 7  

I F  (NFL  OEQe 1) E T E M ~ E D  PHO 2 8  
I F  CNFL .EQ* 1) EOoQ I 0 PHO 2 9  
ES=ES+ l rOE+6  PHO 3 0  

C PHO 3 1  
C LOOP ON DISCRETE ENERGIES CEGIe PHO 3 2  
C PHO 3 3  

DO 1 0 0  ~ ~ 1 8 ~ 2  PHO 34 
NTM = NTM+I  PHO 35 

C PHO 3 6  
C NOW WRITE AND PUNCH F I L E  3 I F  F I R S T  T I M E  THHUI OTHERWISE 6 0  TO 6 5 1  PHO 37 
C PHO 3 8  

I F  (NTH *NE. 1) GO TO 65 PHO 3 9  
C PHO 4 0  
C HEAD CARD, TAB1 RECORD, AND SEND CARD B F  F I L E  39  PHO 4 1  
C PHO 4 2  

NSEQ=l PHO 4 3  
WRITE ( 9,211) Z A ~ A W R S J O P - ~ ~ ~ ~ J O ~ J O ~ M A T ~ M F ~ ~ M T P C N S E O  PHO 4 4  
WRITE ( 1 1 ~ 2 1 1 )  ZArAWR+ 401 J 9 9 ~  JOr JOrMATrMF3cMTPrNSEQ PHO 45 
NSEQ=NSEQ+1 PHO 46 
WRITE ( 9 ~ 2 1 0 )  Z ~ Z ~ J O ~ J O P J ~ ~ J ~ ~ M A T ~ M F ~ ~ M T P C N S E Q  p H 0  4 7  
WRITE ( 1 1 ~ 2 1 0 )  Z ~ Z ~ J O ~ J O I J ~ ~ J ~ ~ M A T ~ M F J ~ M T P D N S E Q  PHO 4 8  
N S E W N S k  Q + 1 PHO 4 9  
WRITE ( 9 r 2 1 5 )  J 2 r J 2 r M A T r M F 3 r M T P r N S E Q  PHO 50 
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SUBROUTINE p H 0  

H H I T E  C l l r 2 1 5 1  J ~ P J ~ ~ M A T D M F ~ P M T P P N S E Q  
NSEQ.NSEQ+I 
WRITE ( 9,2201 E X L ~ U N O P E X U ~ U N O , M A T D M F ~ # M T P D N ~ E Q  
WRITE (11 ,2201  EXL~UNO,EXUIUNO,MAT ~ M F ~ c M T P c N S E Q  
NSEQaNSEQ+l 
WRITE ( 9,240) MATpMF3r J O ~ N S E Q  
WHITE ( i l r 2 4 0 1  M A T I M F ~ ~  JOr NSEQ 

6 5 CUNTINUE 
HEAD (10 ,200 )  ELrEUpNCDSr E G ( l 1 r  PROBI NPRS 
EU=EU* leOE+6  
E G ( ~ ~ = E G ( I ) * I * O E + ~  

HEAD ALL DATA I N  FUR ONE DISCRETE PHOTON 

REAO ( l o r 2 0 5 1  ( E ( I 1 r  X S ( I 1 n  I t l r N P R S )  
I F  (EU *LEI ED) GO TO 100 

SEARCH FOR F I R S T  ENERGY ABOVE ED*  

0 0  5 I r l r N P R S  
E ( I ) r E ( I ) * l r O E + 6  
CONTINUE 
I F  CEC11*GT,ED) 
I F  ( E ( 1 ) r E Q r E D )  
NCo1 
CUNTINUE 
NC*NC+ 1 
I F  (NCIGT*NPHS) 
I F  ( E C N C l * L T * E D l  
I F  (E(NC1rEQ.ED) 
I F  ( E ( N P R S I m L E * € D I  

INTERPOLATE FOH X S  AT ED UNLESS E C ~ ) ~ G E I E D  OR ~ ( N C ) * E Q ~ E D I  I F  SOP 
S K I P  INTERPOLATE R U U T I N E ~  

INTEHPoLATION HOUf INE ENDS 

PHO 51 
PHO 52 
PHO 5 3  
PHD 54 
PHO 55 
PHO 5 6  
PHO 57 
PHO 58 
PHO 5 9  
PHO 6 0  
PHO 6 1  
PHO 62 
PHO 6 3  
PHO 64 
p H 0  6 5  
PHO 6 6  
PHO 67 
PHO 6 8  
PHO 6 9  
PHO 7 0  
PHO 7 1  
PHO 72 
PHO 73 
p H 0  7 4  
PHO 75 
PHO 7 6  
PHO 77 
PHO 78 
PHO 7 9  
PHO 8 0  
PHO 8 1  
PHO 82 
PHO 8 3  
PHO 84 
PHO 8 5  
PHO 86  
PHO 87 
PHO 8 8  
PHO 8 9  
PHO 90  
PHO 91 
PHO 9 2  
PHO 9 3  
PHO 9 4  
PHO 95 
PHO 96  
PHO 97 
PHO 9 8  
PHO 9 9  
p H 0  1 0 0  
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SUBROUTINE PHO 
PAGE 1 9  

N H I T E  ( 9,225) C E ( I ) r X S ( I ) r  J=LLILU)J M A T ~ M F ~ S D M T P D N S E Q  PHO 1 5 1  
WRITE (11 ,225)  ( E ( I ) r X S ( I ) r  ISLLILU)~ MA1,MFlSrMTPrNSEQ PHO 1 5 2  

f 0  CONTINUE PHO 1 5 3  
I F  (NREM .LQ. 0) GO T O  85 PHO 1 5 4  
NSEQ=NSEQ+l PHO 1 5 5  
I F  (YREY eEQ* 1) G O  TO 80 PHO 1 5 6  
L U P e L U + I  PHO 1 5 7  
WHITE ( 9,220) ( E ( I ) r X S ( l ) r  I+LI~PINP), MATIMFISBMTPSNSEQ PHO 1 5 8  
WHITE (11 ,2201  ( E ( I ) , X S ( I ) r  I=LIJPPNP)I MAT,MFlSrMTPrNSEQ PHO 1 5 9  
G O  TO 85 PHO 1 6 0  
CUNT f N U E  PHO 1 6 1  

80 WHITE ( 9,230) L(NPI,XS(NP)I MATPMF~~PMTPINSEP PHQ 1 6 2  
WRITE (11,230) t ( r v P ) , x S ( ~ P ) *  MATIMFIS,MTPSNSEQ PHO 1 6 3  

8 5 CUNTlkUE PHO 1 6 4  
1 0 0  CONTINUE PHO 1 6 5  

WRITE ( 9,235) PHO 1 6 6  
C PHO 1 6 7  
C CHANGE FOR CHLOHINE CNFLII I F  M A T 1 2 2 t  AND MTa52,53rOR54) PHO 1 6 8  
C PHO 1 6 9  

I F  (NFL  ,EQI 1) EOnETEM PHO 1 7 0  
HETURN PHO 1 7 1  

2 0 0  FORMAT ( L l l . 4 ,  k 1 2 1 5 r  I l 2 r  2E12.5, 1 1 2 )  PHO 1 7 2  
2 0 5  FURMAT C E 1 1 * 4 ~  5E12.5) PHO 1 7 3  
2 1 0  FORMAT ( l P 2 E l l r 4 r  4111, 14, I 2 r  I 3 r  15) PHO 1 7 4  
2 1 1  FURMAT ( F l l . 1 ~  1PE11.4, 4 I l l r  14 ,  12, 13, I S )  PHO 175 
2 1 5  FURMAT ( 2 I l l r  4 4 X r  14, 12, 1 3 ,  15)  p H 0  1 7 6  
2 2 0  F O R M A r  ( 1 P 4 E  11 .4 r  2 2 X r  14, 121 138  15) PHO 1 7 7  
225 FUHM4T ( l P 6 E 1 1 1 4 r  14, 1 2 r  1 3 0  1 5 )  PHO 1 7 8  
230  FORMAT ( l P 2 E l l e 4 r  44x1  1 4 r  12, 1 3 8  1 5 )  PHO 1 7 9  
235 FORMAT ( & O H  V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V P H  1 8 0  

t V J V v V V V V V V V V V V V V  PHO 1 8 1  
2 4 0  FOUMAT (66X, 14, 121  1 3 ~ 1 5 )  p H 0  1 8 2  

END PHO 1 8 3 -  
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8 5 .) 

100 I 
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205 m 
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215 I 
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I SUBROUTINE PHO 
I 

LLlAW 
* L T ~  

L U 
LUP 
MA b 

*r i5 
M F 

M T ~ ,  

N2 
NANGS 
NB 
NB2 
N C 

'NCDS 
NE 
NFL 

-NGC 
N L I N  
NMAT 
NP 

NPC 
NPRS 
NREM 
NSEQ 

NTM 
NU 1 
NU2 
P 
PMO 
PROB 
RETURN 
UNO 
X S 

x s  1 
XS2 
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SUBROUTINE PRODXS 

SURRflUTINE PROUXS 

PAGE 2 3  

PXS 1 - 

C PXS 
C WRITTEN B Y * +  OONALO J o  DUDZIAK 
C 

P X S 
PXS 

UlMENSION NGE(10 )  PXS 
DIMENSION E G ( 2 7 O ) r  E C 2 7 0 ) r  XS(270) ,  Y ( 2 7 0 )  PXS 
DIMENSION A ( 7 r 2 5 ~ 3 0 ) r  P C 7 ~ 2 S r 3 0 ) ~  E P ( 1 7 5 ) r  N E ( 7 l r  NANGS(175) PXS 
COMMON A ~ P P E G ~ E ~ X S ~ N G C ~ N P C C N ~ ~ N B ~ L L A W C N B ~ ~ E S ~ M A T D A W R ~ Z A # Y ~ N A N G S D E ~ P X ~  

l rN f rMPRS,ELrEUr  NTMrMTPrNFLr  ED PXS 
COMMON LTS, NMAT . PXS 
I F  ( N P C o E Q o l S )  GO TO 6 1 5  PXS 

C P x s 
C CHANGE FOR CHLOHINE * 1 0 5 2  I S  FOR E X C I T A T I O N  OF 6 0 0 4  MEV LEVEL  I N  
C 

PXS 
CL35, BUT 1 3 0 5 2  I S  FOR l o 7 2 8  MEV LEVEL I N  C L 3 7 r  S I M I L A R L Y  FORPXS 

C 1 3 0 5 3  ANU 1 3 0 5 4 ,  SO PUT THESE XSaS I N  M T m l l 0 1  
C 

pxs 
P x S 

NFLmO PXS 1 7  
I F  ( N M A T O E Q I ~ ~ ~ ~ ~ N ~ ~ ( N P C ~ ~ ~ ~ ~ U R * N P C * ~ ~ * ~ ~ O ~ N O O  NFL.1 PXS 1 8  
CALL PHO 
RETURN 

6 1 5  CONTINUE 
READ (10,725)  E L ~ E U ~ N C D S P N U ~ P L A W # N L A #  

PXS 1 9  
PXS 20 
PXS 2 1  
PXS 2 2  

C PXS 2 3  
C ACI ,J ,K)  x PHOTON LNERGY, P(IIJ,Y) = CHUSS SECTION (B /EV)  PXS 2 4  
C 

READ (10 ,730 )  N E ( 1 ) r f ( 1 ) r ~ G E ( l ) r ~ ( l r l r l ) ~ P ( i r 1 ~ 1 ) r A ( 1 r 1 ~ 2 )  
I f  (MAToEUo5001)  € ( I )  8 9 0 0 5  
E L  = E l  
NEC=NE( 1) 

C 
C READ EP(J)  VALUES FROM CARDS FOLLOWING CARD 3 OF 1 3 0 1 5 e  (MEV) 
C 

READ ( 7  8 7 4 0 )  ( E P ( J ) s J P ~ B N E C )  
NG=NGE( 1) 
READ ( 1 0 . 7 3 5 1  P ( l r l r 2 ) s ( A ( l r l p K ) ~ P I 1 1 l r K ) r K ~ 3 ~ N G )  
DO 6 2 0  J82rNEC 
REAO (10,730)  N 1 r E ~ J ) r N G E ( J ) r A ( l ~ J r i ) r P ( l r J r l ) ~ A ( l r J I 2 ~  
NG=NGE( Jl 
READ ( i O r 7 . 3 5 )  P ( l r J r 2 l r ( A ( l r J r K ) , P ( l r J r I O r K ~ 3 r N G )  

620 CONTINUE 

P X S  2 5  
PXS 2 6  
PXS 2 7  
PXS 2 8  
PXS 2 9  
PXS 3 0  
PXS 3 1  
PXS 3 2  
PXS 3 3  
PXS 3 4  
PXS 3 5  
PXS 3 6  
PXS 3 7  
PXS 38 
PXS 39 
PXS 4 0  

C PXS 4 1  
C PRINT  AN0 PUNCH I N  OPTION 1 OF F I L E  1 5 r  L F o l e  INTEGRATE BY TRAPE-PXS 4 2  
C ZOIDAL R U L t  TU G t T  YCE)o PXS 4 3  
C INTEGRATIUl4 '=XS= TOTAL XSEC ( 8 )  AT NEUTRON ENERGY Eo PXS 4 4  
C PXS 4 5  

DU 6 3 0  J = l * N E C  PXS 4 6  
xS(  J ) = o o O  PXS 4 7  
N G l = N G E ( J I m 1  PXS 4 8  
DU 6 2 5  K a l r N G l  PXS 4 9  
~ S ( j ) ~ X ~ ( j ) + ~ ( ( P ( l r j r ~ ~ + P ( l r j , K + ~ ~ ) ~ A ( ~ r J ~ K + i ~ ~ ~ ~ ~ ~ J r ~ ~ ~ ~ / 2 ~ ~  PXS 50 



SUBROUTINE PRODXS 

CONTINUE 

E p ( j 3  IS, HEHE r XSEC FROM G C N s l n  P C N = l 5 r ( V A L U E S  INPUT By HAND)* 

Y ( J ) = X S ~ J ) / E P ( J )  
CONTINUE 
DO 6 6 0  J = ~ ~ N E C  
E ( J ) = ( l , O E + 6 ) * E ( J )  
NG=NGE ( J  
DO 6 3 5  K n l n N G  
A(I,J,K)~(loOE+6)*A(lnJ#K) 
CON1 INUE 
CONTINUE 
WRITE (9,780) 
WRITE (9,775) (EPC?),J* l rNEC) 
WRITE (9,715) ( X S ( J ) r J + l r N f C )  
J Z  r 0 
J l  = 1 
J 2  r 2 
NR a 1 
MF s 1 5  
MT + 1 5  
LO = 1 
z 0 o * o  
NSEQ 1 
WRITE (11,7441 z A # A w R I L o # J z # J Z # J ~ P H A ~ ~ M F ~ M T B N S E Q  
WRITE ( 9 r 7 4 6 )  Z A ~ A W R P L O ~ J Z B J Z S J ~ ~ M A T C M F C M T S N S E Q  
NSEQsNSEQ+I  
WRITE (9,745) ZIZDJZ,JZINR~NEC#MATDMF#HTPNSEQ 
WRITE (11,745)  Z D Z D J Z , J Z D N R B N E C D H A T I M F I M T C N S E Q  
NSEQ=NSEQ+l 
WRITE (9,7651 NEC,J2#MAT,MFsMT#NSEQ 
WRITE ( 11,765) NECI J~#MATIMFBMT,YSEQ 
NLXNESsNEC/3 
NLOOP=O 
LLn-2 iNLOOP=NLOOP+l  
NREMsNEC*3*NLINES 
DO 6 5 0  I + l r N L I N E S  
NSEQ=NSEQ+l 
L L = L L + 3  
LUaLL +2 
WRITE (9,750) ( E ( J ) , Y ( J ) D J ~ L L P L U ) P M A T ~ M ~ P M T ~ N S E Q  
WRITE (11,750)  ( E ( J I , Y ( J ) ~ J ~ L L B L U ) ~ M A T ~ M F # M T D N $ E Q  
COVTINUE 
L U P = L U + ~ I N S E B + N S E O + ~  
I F  (NREM,EQrO) GO T O  6 6 5  
I F  (VREM~EQII)  GU T O  655 
I F  ( N R E M ~ E Q I ~ )  GO T O  6 6 0  
I F  ( N R E ~ ~ N E O Q I A N D O N R E M ~ N E ~ ~ O A N D O N R E M I N E ~ ~ )  GO T O  7 0 5  
WRITE (9 ,755)  E(NEC)PY(NEC) ,MATIYF#MTSNSEQ 
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PXS 5 1  
PXS 52 
PXS 53 
PXS 54 
PXS 55 
PXS 56 
PXS 57 
PXS 58 
PXS 59 
PXS 60 
PXS 6 1  
PXS 62 
PXS 63 
PXS 64 
PXS 65 
PXS 66 
PXS 6 7  
PXS 68 
PXS 69 
PXS 70 
PXS 7 1  
PXS 72 
PXS 73  
PXS 74 
PXS 75 
PXS 76 
PXS 77 
PXS 78 
PXS 79 
PXS 80 
PXS 8 1  
PXS 82 
PXS 83 
PXS 84 
PXS 85 
PXS 86 
PXS 87 
PXS 88  
PXS 89 
PXS 90 
PXS 9 1  
PXS 92 
PXS 93 
PXS 9 4  
PXS 95 
PXS 96 
PXS 9 7  
PXS 98 
PXS 99 
PXS 1 0 0  



PAGE 25 

WRITE (11,755)  E ( N E C ) , Y ( N E C ) , M A T r M F # M T ~ N S E B  PXS 1 0 1  
GO TO 6 6 5  PXS 1 0 2  
WHITE (9,760) ( E ( J ) ~ Y ( J ) ~ J = L U P ~ N E C ) ~ M A T P M F # M T D N S E Q  PXS 1 0 3  
WHITE (11,760)  ( E C J ) S Y ( J ) , J = L U P ~ Y E C ) ~ M A T ~ M F P M T ~ N S ~ Q  P X S  1 0 4  
CONTINUE PXS 1 0 5  
I F  (NLOOP,EQv2) GO TO 6 7 0  PXS 1 0 6  

PXS 1 0 7  
PXS 1 0 8  

PUNCH TAR1 CARD FOR L F = i  (TABULATED F U N C T I O N I r  RECALL YSUBK(E)* PXS 1 0 9  
Y ( E )  SO USE SAME ROUTINE STARTING AT 3 3 1  TO PUNCH TABLE UF PXS 1 1 0  
YSUDK(E1. PXS ill 

PXS 1 1 2  
NSEQoNSEQ+l PXS 1 1 3  
WHITE (9 ,745)  Z , Z D J Z D J ~ D N H I N E C I M A T P M F C Y T ~ N S E Q  PXS 1 1 4  
WRITE (11,745)  Z ~ ~ Z ~ J Z , J ~ , N R I N E C ~ M A T , M F ~ M T P N S E Q  PXS 1 1 5  
NSEQsYSEQ+l  PXS 1 1 6  
WRITE (9,765) NECIJ~DMAT~MFPMT~NSEB PXS 1 1 7  
WRITE (11,765)  NLC*J2,MAT,MFrMT,ySEQ PXS 1 1 8  
GO TO 6 4 5  PXS 1 1 9  
CONTINUE PXS 5 2 0  

PXS 1 2 1  
NOW PUNCH TAB2 HLCORD ( 2  CARDS) PXS 1 2 2  

PXS 1 2 3  
NSEQ=NSEQ+l PXS 1 2 4  
WRITE (9 ,745)  Z D Z ~ J L , J Z , N R I N E C ~ M A T D M F I M ~ D N S E Q  PXS 1 2 5  
WRITE (11,745)  Z~Z IJZ ,JZ ,NR~NECIMAT,MFDMTPNSEQ PXS 1 2 6  
NSEQ=NSEQ+l PXS 1 2 7  
WRITE (9 ,765)  NEC,J2rMAT,MF,MTsNSEQ PXS 1 2 8  
WRITE ( 1 l p 7 6 S )  NEC~J~JMATIMFIMT~NSEQ PXS 1 2 9  
DO 7 0 0  J= inNEC PXS 1 3 0  
NSEQmNSEQ+I PXS 1 3 1  

PXS 1 3 2  
PUNCY TAB1 KECOHO FOR EACH E ( J ) r  PXS 1 3 3  

PXS 1 3 4  
W R I T E  (9 ,745)  Z B L ( J ) , J Z , J Z , N R D N G E ( J ) B M A T ~ M F ~ M T D N S E Q  PXS 1 3 5  
W H I T E C l l r 7 4 5 )  Z I E C J ) ~ J Z ~ J Z ~ N H ~ N G E ( J ) * M A T ~ M F * M T I N S E Q  PXS 1 3 6  
NSEQ=NSEQ+l PXS 1 3 7  
WRITE (9 ,765)  NGEtJ) tJ2rMATrMF,MtcNSEQ PXS 1 3 8  
WRITE (11,765) N U E ( J ) , J ~ , M A T I M F D M T ~ N S E Q  PXS 1 3 9  

PXS 1 4 0  
COMPUTE AND PUNCH NORMhLIZEO TABULATED FUNCTIONr  G(ESUBGrESUB1) PXS 1 4 1  

NG=NGE( J) I 

NLINES=NG/3 
NREMENG-3*NLINES 
LL=-2 
DO 6 7 5  K c l r N G  
P ( ~ , J ~ Y ) s P ( ~ , J ~ U ) / C X S ( J ) * ~ ~ O E + ~ )  
CONTINUE 
DU 6 8 0  I n l r N L I N E S  

PXS 1 4 2  
PXS 1 4 3  
PXS 1 4 4  
PXS 1 4 5  
PXS 1 4 6  
PXS 1 4 7  
PXS 1 4 8  
PXS 1 4 9  
PXS 1 5 0  



SUBRDUI'INE PRODXS 
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NSEQ+NSEQ+I 
L L 8 L L t 3  
LU=LL+2 
WRITE (9,750) C A ( ~ D J S K ) D P ( I ~ J ~ K ) ~ K ~ L L ~ L U ~ ~ M A T D M F ~ M T ~ N S E Q  
WRITE (11,150) ( A ( ~ ~ J , K ) B P ( ~ D J I K I ~ K ~ L L P L U ~ D M A T ~ ~ F I M T ~ N S E O  

680 CONTINUE 
LUP3LU+l 
I F  (NREMoEQoOI GU 10 695 
NSEQ%NSEQ+l 
I F  ( N R E M ~ E Q O I )  GO 10 685 
I F  (NREMOEUe2) GO T O  690 
I F  ( N R E ~ ~ N E ~ O ~ A N D ~ N R E M ~ N E ~ I ~ A N D ~ N R E M ~ N E ~ ~ )  GO T O  705 

685 WHITE (9,755) A C ~ ~ J ~ N G ~ D P ( ~ ~ J ~ N G ) ~ M A T D M F ~ M T C N S E Q  
WRITE ( 1 l r 7 5 5 )  A ( ~ ~ J D N G ~ D P ( ~ ~ J I N G ) ~ M A T ~ M F ~ M T ~ N S E Q  
GO T O  695 

690 WRITE ( 9 ~ 7 6 0 )  ( A ( ~ ~ J ~ K ) , P ( ~ ~ J ~ K ) , K ~ L U P ~ N G ) # M A T I M F , M T I N S E O  
WRITE (11,760) ( A ( ~ D J , K ) D P ( ~ ~ J , K ) , K ~ L U P ~ N G ) D M A T D M F P M T ~ N S E Q  

695 CUNTINUE 
700  CONTINUE 

PUNCH SEND CAHU 

NSEQ=NSEQ+I 
WRITE (9,785) MAT,MF,JZ,NSEQ 
WRITE ( 1 1 ~ 7 8 5 )  MATDMF,JZ,NSEQ 
GO Tn 110 
WRITE (9,7701 
RETURN 
FORMAT ( E 1 l 0 4 r E 1 Z 0 ~ r 2 I 1 2 r E ~ 2 0 5 ~ 1 ~ 2 )  
FORMAT ( I 1 l r E 1 2 0 5 r I 1 2 r 3 E 1 2 o S )  
FORMAT ( E l 1 0 4 ~ 5 E 1 2 0 5 1  
FORMAT (bE1205)  
FORMAT ( i P 2 E l 1 0 4 r 4 1 1 1 ~  14s 12, 13, I S )  
FORMAT ( F l l o l ~  1 P E 1 l 0 4 r  4111, 14, 12, I 3 r  15)  
FORMAT ( i P 6 E l l r 4 r I 4 ~ 1 2 r  I 3 r  I 5 1  
FORMAT (iP2Eil04r44X?I4~I2~I3~I5) 
FORMAT ( i P Q E l 1 0 4 ~ 2 2 X ,  14, 1 2 r I 3 , I S )  
FORMbT ( 2 I l l r 4 4 X r I 4 r  I 2 r  13,153 
FORMAT (3OHYOUR LINE-COUNT ROUTINE STINKS3 
FORMAT ( l H O ~ 6 E 1 2 0 5 )  
FORMAT (1H1) 
FORMAT (66x1  14, 12, 13, I 5 1  
END 

PXS 1 5 1  
PXS 152 
PXS 153 
PXS 154 
PXS 155 
PXS 156 
PXS 157 
PXS 158 
PXS 159 
PXS 160 
PXS 161  
PXS 142 
PXS 163 
PXS 164 
PXS 165 
PXS 166 
PXS 167 
PXS 168 
PXS 169 
PXS 170 
PXS 1 7 1  
PXS 172 
PXS 173 
PXS 174 
PXS 175 
PXS 176 
PXS 177 
PXS 178 
PXS 179 
PXS 180 
PXS 1 8 1  
PXS 182 
PXS 183 
PXS 184 
PXS 185'  
PXS 186 
PXS 187 
PXS 188 
PXS 189 
PXS 190 
PXS 1 9 1  
PXS 192 
PXS 193- 
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AWR 
E 

7 
2 1 
2 9 
2 6 
3 7 
3 4 
63*  
6 5 
7 4 
f 5  
7 3 
6 3 

109 
112 
122 
123 
120 

9 8 
7 6 

135 
13RD 
14RD 
20RD 
laRD 
S6WR 
53WR 
69WR 
f7WR 
bOWR 
59HR 

136WR 
42WR 
41WR 

133WR 
4DI  

125NR 
5 C O  
30 I 

bOWR 
16 

5 C O  
30 I 
5C0 
4 D I  
S C O  
5CO 

6 5 
l8HD 

P = O = = O O  REFERENCES a = r r c = 8 8 t = 8 t + o 



J 1 I 

J 2 I 

J Z  w 

K I 

L L I 

LL  A W m 

L 0 I 

LTS I 

L U I 

LUP m 

M A T  I 

M F I 

H T I 

MTP .) 

N 2 1 

NANGS 
N B .) 

NR 2 m 

NCDS m 

N E m 

NEC L 

NFL I 

N G I 

NG 1 1 

NGC I 

NGE I 

N I I 

NLAH m 

NLINES 
NLOOP 
NM4f m 

NPC I 

" 

3 5 
I O O W R  
128WR 

53WR 
59WR 
53WR 

133WQ 
24RO 

129HR 
673 

53WR 

69WR 
8OWR 
15 
78WR 
97WR 

129WR 
53WR 
8OWR 

l O O W R  
133WR 

53WR 
BOWR 

1 OOWR 

5C0 

5CO 
18RD 
6 1 
93WR 

8 = 
20RD 

126WR 
2 9 

14RD 
105 

6 4 
8 3 

9 
7 

SUBROUTINE PROOXS 

3 8 42WR 43WR 
lO3WR 104WR 105 

85WR 86WR 
88WR 89WR 96WR 
56WR 5 7 W ~  85WH 

3 0 3 7 3 8 

69WR 7OWR 108. 
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SURROIITINE P R O D X S  
P A G E  29  

NPRS - 
NR , I 

.NRLM L 

NSEQ - 

PHCl - 
PLAN 
P R i l D X S  
RETURN - 
X S C 

Y I 

z " 

Z A I 



PAGE 
SUBROUTINE SKIPTOPCNMAT) 

SUBRnUTINE SKIPTOP(NMAT1 SKP 
DIMEMSICIN B ( 3 2 7 6 0 )  SKP 
READ ( 7 1 5 1  N  SKP 
I F  ( M  * L E e  2 3 4 0 )  GO TO 2 SKP 
READ ( 1 0 ~ 6 )  ( B ( I ) r I . l r 3 2 7 6 0 )  
N = N - 2 3 4 0  

SKP 
SKP 

GO 10 1 SKP 
N :: N 1 1 4  SKP 
READ ( 1 0 ~ 6 )  ( 8 C I ) r l = i , N )  SKP 
READ ( l O r 7 1 E N D s 4 )  GCNI PCNI ( B ( 1 ~ r I ~ l r l l ~ w  NMP @ ( I 2 1  SKP 
NCG=IF IX (GCN)  SKP 
NCP=IF IX (PCN)  SKP 
I F  (NMeNEmNMAT *OR* NCP.EQ*O .OR. (NCGeNEa11 *AND* NCGeNEe12 ~ A N D @ S K P  

X N G C e M E . 1 3 ) )  GO T O  3 SKP 
BACKSPACE 1 0  SKP 
RLTURN SKP 
W R I T E  ( 9 r R )  SKP 
STOP SKP 
FORMAT ( 1 6 )  SKP 
FORMAT ( 1 3 A 6 s A 2 )  SKP 
FURHAT ( F 8 . 0 r F 3 e O s  10A61  A l r  I 3 r  A S )  SKP 
FORMAT ( 5 X r  24HMATLRIAL  I S  NOT ON TAPE,) SKP 
ElvO SKP 
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SUBROUTINE SKIPToP(NMAT) 

- . . = f = D t = l . = l l  S Y ~ ~ B O L  = = - - REFERENCES r = a = r s = s r o r I r I 

4 * 
4 

l o *  
1 6 *  

3R0 
5HO 

1 ORD 
16WR 
2D I 

10RD 
l O R 0  

5R0 
11 

3RD 
11' 
12= 
1 3  
l OR0 

1 A G  
1OHO 
15 

1 
17 

. I  I - 
2 
3 
-4 

5 
6 
7 
8 
B 

I - 
I 

a - 
.I 

I 

 EN^ - 
GCN a 

I m 

I F I X  m 

N I 

NCG - 
NCP I 

NGC .I 

NM m 

NMAT .I 

PCN .. 
RETURN - 

*SKIPTOP 
STOP m 
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C 
C++++++++++++++++++++++++++++++++++ LATEX ............................ 
C 
C 

L A 1  1 
WRITTEN B Y * *  DONALD Jr  DUDz IAK 

C 
L A T  2 

U N I V E R S I T Y  OF CAL IFORNIA  
C L A T  3 

LOS ALAMOS S C I E N T I F I C  LABORATORY 
C 

L A 1  4 
LOS ALAHOSr NM 8 7 5 4 4  

C 
L A 1  5 

T H I S  PROGRAM TRANSFDRMS CROSS SECTIONS FROM DRAKE TO THE FORM 
C REQUIRED BY *ENDF/B* 

L A 1  6 

C 1 
L A 1  7 

W T ~ T Y P E  OF HEACTION (SEE APPLNOIX *B* OF HONECK*S REPORT L A 1  8 
C ON ENDF/BrBNLm50066) .  
C 2 r L I N  + MAT NUMBER 

L A 1  9 

C 3 r  
L A 1  10 

NPAHEJA=NUMBER OF OATA PAIRS 
C 4 r  

L A 7  11 
MT=4 USES ANGULO AN0 AVERIA 

C 5 MT=5 USES ENERGIA 
L A 1  1 2  

C 6 
L A 1  1 3  

sHUFL SUBHOUTINE REARRANGES DATA TO MODE3 E N D F I B  TAPE* L A T  1 4  " 
C 

OIMEYSION E ( 2 0 0 0 ) r  X S ( 2 0 0 0 ) r  P A L ( 8 )  
DIMENSION EMUBAR(300) r  BARMUL(300)  
C O ~ M O N  N I N C I N E D N P I E I N I E N E X T ~ E L D E U ~ N T O T C L A W ~ N P N € X T ~ J T  
CUMMON N P A H E J A I E D X S ~ P E I N P G M U ~ L I N ~ I F I L E ~ M T ~ N U ~ N P R I M O  
COMMON Z A r A W R r N O r N l r N 2 r N 5 + X X A r K K , I N T , k M A T  
COMMON EMllUARr BARMULr NMU 
XXA+O. 
MMMrO 
NO30 
N 1 = 1 
NPR I M O = l  
N 2 0 2  
N 3 8 3  
N5=5 
N 9 9 o 9 9  
REAO (8,275) BASURA 

C 
C READ ZAP AWRr NMATCORAKE NO)# L I N ( E N O F / B  MAT NO) - 

L A T  1 5  
L A T  16 
L A 1  1 7  
L A 1  1 8  
L A T  1 9  
L A 1  2 0  
L A 1  21 
L A T  2 2  
L A 1  2 3  
L A T  2 4  
L A T  2 5  
L A 1  2 6  
L A T  2 7  
L A T  2 8  
L A T  29 
L A T  3 0  
L A T  3 1  
L A 1  3 2  
L A T  3 3  

L L A T  3 4  
1 7  1 5  CONTINUE L A T  3 5  
1 8  READ (10, 3 3 5 r  E N D s l 9 5 )  Z A r  AWRr NMATr L I N r  CPAL(K) rK. l rT)  
1 9  

L A T  3 6  
W H I T E  (9,336) ZAP AWR, NMATr L I N D  CPAL(K) r  K m i r 7 )  L A 1  3 7  

2 0 CALL SKPMAT ( N M A T )  L A 1  3 8  
2 1 35 READ (8, 2 8 5 r  E N 0 1 1 6 5 )  I F I L E r  MT, NED Qr I N f  L A T  39 

C 

C 
L A 1  40  

I F  PHOTON F I L E  I S  FOUNDS GO WRITE MT=3r HFe251 .  THEN SEARCH 
C 

L A 1  4 1  
TAPE FOR NEXT MATERIAL*  L A 1  42  

" 

C TEMPORARY If T O  CONHECT ERROR I N  TAPE 
C 

L A 1  4 5  
L A T  4 6  
L A 1  4 7  
L A T  4 8  



QaQ*IeOE+b 
JT=O 
I F I L E = I F I L E + 2  
I F  ( I F I L E o N E o S )  GO TO 55 
I F  ( N E e N E 1 l )  WRITE (9 ,2051 
READ (8,345) ELDEUPNTOTPLAW 
E L = E L * l o O E + 6  
E U = % U * l o O L + 6  
REAU (8,355) N I N C r E I N , Y P , E C l ) r X S ~ l ) , E ( 2 )  
NEoNINC 

5 5 CONTINUE 
I F  (ME eEQo 0 .AND* I F I L E  O E Q O  4 )  NE.1 
00 1 0 5  K K r l r N E  
I f  ( I F I L E o N E e 4 1  6U TO 6 5  
CALL ANGULU 
I F  CNE, EQo 1) GO T O  1 5 5  .. 

L A T  4 9  
L A 1  5 0  
L A T  51 
L A T  5 2  
L A T  5 3  
L A T  5 4  
L A T  55 
L A 1  5 6  
L A T  5 7  
L A T  5 8  
L A 1  5 9  
L A T  6 0  
L A T  6 1  
L A T  6 2  
L A 1  6 3  
L A T  6 4  

C 

C TEMPORARY I f r  
L A T  65 

C 
L A 1  66- 

E L I M I N A T E  ANGULAR U I S T R I B U T I O N S  FUR I N C I D E N T  ENERGY BELOW THRESH, L A T  6 7  - c L A T  68 
I F  ( ~ M A T ~ E Q ~ ~ ~ ~ ~ A N ~ ~ I F I L E ~ E Q I ~ ~ A N ~ ~ ( M T ~ E Q ~ ~ O ~ O R M T ~ E Q ~ ~ ~ O R M T € Q ~ L A  6 9  

~ ~ ~ ~ O R ~ M T ~ ~ Q O ~ ~ ~ U H ~ ~ T ~ E Q * ~ ~ * O R ~ ~ ~ ~ ~ Q O ~ ~ O ~ E Q ~ O A O ~ K ~ E Q ~  GLAT 7 0  
2 0  TO 1 4 5  

GO Tfl 9 5  
L A 1  7 1  
L A 1  7 2  

6 5 I F  C I F I L E w N E o 5 )  GO T O  75 - L A T  7 3  
C 
C 

L A 1  7 4  
ENERGIA ASSUMES TABULATED SECw ENERGY O I S T R O  (UK-DRAKE LAN 8 )  L A T  7 5  

C 
CALL ENERGIA 

L A T  76 
L A T  7 7  

GO TO 1 0 5  
7 5 READ (8,295) NPAHEJA 

L A 1  7 8  
L A T  7 9  

READ (8r215) ( E ( K ) , X S ( K ) ~ K ~ ~ D N P A R E J A )  L A T  8 0  
C 
C TEMPORARY I F  T O  CORRECT CA DATA FOR I N E L *  SCAT* TO CONTINUUM 

L A 1  8 1  
L A T  82 

C 
I F  (NMAT OEQo 2 3 1  .AND* MT eEQo 15) 
I F  C M T I E Q ~ I )  E U N O P E ( ~ ) * ~ O O E + ~  
DO 85 KoipNPAHEJA 
E ( K l r ( l e O E + 6 ) * C E ( K ) )  

85 CONTINUE 
y 5 CONTINUE 

I F  ( I F I L E o N E . 3 1  GO TO 1 0 5  
C 
C WHITE HEAD CAROr ETC FOR F I L E  30 
C 

L A T  8 3  
XSC2).0e2387 L A 1  8 4  

L A 1  85 
L A T  8 6  
L A 1  8 7  
L A T  8 8  
L A T  8 9  
L A T  9 0  
L A T  9 1  
L A T  9 2  
L A T  9 3  -...  . - 
L A 1  9 4  
L A T  9 5  
L A 1  9 6  
L A T  9 7  
L A 1  9 8  
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WRITE (9,2551 X X A , U P N O D N O ~ N ~ ~ N P A R E J A S L I N D I F I L E D M T D N U  
NU=3 
WRITE ( 1 2 ~ 3 2 5 )  N P A H E J A ~ N ~ ~ L I N D I F I L E D M T D N U  
WRITE (9,325) N P A R E J A ~ N S ~ L I N ~ I F I L E D M T ~ N U  
CONTIYUE 
YY=3aO 
ANT=CFLOAT(NPAREJA))/YY 
NT=IFIX(ANT) 
BNTtFLOAT(N1) 
DIfF=ANT-BNT+O*Ol 
L=-2 
D O  115 K=l rNT 
L=L*3 
L2=L+2 
NU=NU+I 
WHITE (12,225) ( ~ ( I ) ~ X S ( I ) D ~ = L B L ~ ) D L I N P I F I L E D M ~ D N U  
WRITE (9,225) ( E ( I ) ~ K S ( I ) ~ I ~ L ~ L ~ ) ~ L I N D I F I L E D M T ~ N U  
CONTINUE 
I F  (DIFFeLEaOal) GO T O  135 
N U L ~ ~ ~ I f I X ( 3 e O * D I F F ~ ) ~ l  
NU=NU+l 
I F  (NULTeEQ.1) G O  T O  125 
WRITE (12,235) E ( N P A R E J A ) r X S ( N P A ~ E J A ) ~ L I N ~ I F I L E ~ M T ~ N U  
WRITE (9,235) E ( N P A H E J A ) ~ X S ( N P A R E J A ) # L I N ~ I F I L E ~ M T P N U  
G O  TO 135 
CONTINUE 
NBtNPAREJA-1 
WHITE ( 1 2 ~ 2 4 5 )  ( L ( I ) ~ X S ( I ) ~ I ~ N B D N P A H E J A ) ~ L I N D I F I L E D M T C N U  
WHITE (9,2451 ( E ( ~ ) ~ X S ( I ) ~ I ~ N B S N P A R E J A ) ~ L I N ~ I F I L E D M T ~ N U  
CONTINUE 
I F  (MTeEQ.251) GU T O  155 
I F  ( I F I L E ~ E Q I Y )  CALL AVERIA 
CONTINUE 
CONTINUE 

WRITE SEND CAHDe 

NU=tdU+i 
WRITE (12p315) LIN,JFILErNU 
WRITE (9,315) L INp lF ILErNU 

WRITE FILES, MTn251 D A T A  FOR HUBAN/LAB V S  ENERGY 

LA1 99 
LAT 100 
LAT 101  
LAT 102 
LAT 103 
LA1 104 
LA1 105 
LAT 106 
LAT 107 
LAT 108 
LAT 109 
LA1 110 
LAT 111 
LA1  112 
LAT 113 
LA1 114 
LA1  115 
LA1  116- 
LA1 117 
LAT 118 
LAT 119 
LAT 120 
LAT 121 
LA1  122 
LAT 123 
LA1  124 
LAT 125 
LAT 126 
LA1  127 
LA1 128 
LA1 129 
LA1  130 
LAT 131 
LA1 132 - 
LAT 133 
LA1  134 
LAT 135 
LA1  136 
LA1 137 
LAT 138 
LA1 139 
LA1 140 
LA1  141 
LAT 142 
LA1  143 
LAT 144 
LAT 145 
LA1 146 
LAT 147 
LAT 148 
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WRITE ( 1 2 ~ 2 6  5 )  L A P A H R , N O P N ~ Y ~ N O ~ N O ~ L ~ N ~ I F I L E I M T I N U  
WHITE C9r265) Z A ~ A W R * N O D Y ~ ~ P N O P N O ~ L I N I  IFILEDMT#NU 
NU=2 
NRITE ( I 2 r 2 5 5 )  X X A I X X A ~ N O P N O ~ N ~ ~ Y M U , L I N , I ~ X L E P M T P N U  
WHITE C9r255) X X ~ D X X A D N O ~ N O , N ~ , N M U ~ L I N ~ I F I L E P M T D N U  
NU=3 
WHITE (12,325) N M ~ J ~ N ~ ~ L I N ~ I F I L E P v T ~ N U  
WRITE (9,325) N M U P N ~ ~ L I N ~ ~ F I L E I M T ~ N U  
NPAHEJA=NMU 
E ( 1  )=EUNO 
XS(1)=2*0/(3*0*AWR) 
XS(p)=XScl)  
DO 175 I=3,NMU 
E(I)=EMUBAH(I-2) 
XS(l)=BASMfJL(In2) 
CON1 IMrJE 
E ( 2 ) = 0 * 7 5 * L ( J )  
G O  1'1 105 
CONTINUE 

WHITE YENO (END OF' MATERIAL) C A R D  

WHITE ( 1 2 ~ 3 1 5 )  NOnNOnNO 
WHITF (9,315) NOJ~JODNO 
E N D F I L E  12 
CALL SHUPL 
GO Tn 15 
STOP 
FORMQT C l H l r 3 2 H  ONLY ONE ENERGY RANGE*  ULU BOY ) 
FUR!4AT ( E l l * 5 r S E 1 2 r 5 ~ 9 X )  
FURMAT ( 1 P 6 E l l . 4 r I 4 r I 2 r 1 3 r 1 5 )  
FORMAT C1?2Lll~4r44X,I4,12~13pI5) 
FORHAT ClP~f11.4rZZX*I4rIZ,I3,15) 
FURMAT (iP2E11.4r4IilrI4nI2~I3~I5) 
F O R M A T  ( F 1 1 * 1 ~ 1 P E 1 1 r 4 ~ 4 1 1 1 ~ 1 4 ~ 1 2 ~ 1 3 1 1 5 )  
FURMhT (A101 
FORMAT ( 1 8 ~ I 3 r I 1 2 r E 1 2 ~ 5 n I 1 2 )  
FORMAT (55Ar 1 4 )  
FORMAT C l Y l r & A e / / / )  
FORMAT ( 6 6 X ~  14, I Z r  3H On I S )  
FURMAT ( 2 1 1 1 r 4 ~ ~ X ~ I 4 r I 2 r I J r I S )  
FORMAT ( 2 € 1 % * 5 r 2 1 6 r l A 6 )  
FORMA1 (1H ln  2E12rSr 216, 7A6) 
FORMAT C E l l ~ Y # E 1 2 * 5 r I l 2 r 2 U X ~ 2 )  
FORMAT (11 l ,E12*5r112r3€12.5)  
END 

LA1  149 
LA1  150 
LA1  151  
L A 1  152 
L A 1  153 
LA1  154 
LA1 155 
LAT 156 
LA1  157 
LAT 158 
LA1  159 
L A 1  160 
LAT 161  
L A 1  162 
L A 1  163 
L A 1  164 
L A 1  165 
L A 1  166  
LA1  167 
LA1  168 
LA1  169 
L A 1  170 
LAT 171 
LA1  172 
LA1  173 
LA1  174 
L A 1  175 
LA1  176 
L A 1  177 
L A 1  178 
L A 1  179 
LA1  180 
LA1  181  
LAT 182 
LA1  183 
LA1  184 
LA1  185 
LA1  186 
LA1  187 
LA1  188 
L A 1  189 
LAT 190 
LA1  191  
LA1  192 
LA1 193 
L A 1  194- 
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SYMBOL 

15 
3 5 
55 
6 5  
7 5 
8 5 
9 5 
105 
115 
125 
135 
145 
155 
165 
175 
185 
195 
205 
215 
225 
235 

-2 4 5 
255 
265 
275 
285 
295 
305 
3 15 
325 
335 
336 
345 
355 
A N G U L O  
A N T  
A V E R I A  
AWR 
B A R M U L  
BASURA 
BNT 
D I F F  
E 

E I N  
E L  
EMURAR 
END 



PAGE 37 

ENERGIA - 4 3 
ENEXT - 3CO 

, EU v 3CO 
EUNO I 480 
FLOAT - 6  3  
GMU m 4CO 
I w 7 2 H R  
I F I L E  - 4CO 

55WR 
Y7WR 

IFIX I .. 64 
I N T  5CO 
JT  .I 3CO 
K I l8RD 
KK - SCO 
L I 67 e 
L 2 I 7 0 s  
LAW m 

I 

3CO 
L I N 4CO 

89WH 
MMM - 8 1 

M T m 4CO 
70WR 

N  m 4CO 
N 0  m 5CO 
N 1 I 5CO 
N  2 m 5 C 0  
N 3 I 138 
N 5 I 5CO 
N 9 9  I 151: 
N  B - 

c- 
8 1 = 

N E 3CO 
NINC I 3CO 
NMAT I 5CO 
NMU w 

n 
6C0 

NP 3C 0 
NPAREJA = 4CO 

1023 
NPNEXT - 3CO 
NPRIMO a 4C0 
N T a 64= 
NTOT .. 3C 0 
NU c 4CU 

f 6 =  
lOlWR 

NULT - 75s 
PAL .. 1 D I 
P E .. 4C0 
0 I 21HD 
SHUfL  - 116 
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S K ~ M A T  - 2 o - 1111 "Y' x s .. 10 1: ucn 3aHO 4 6 R D  4 7 = 72wH 78HR 62WR 104s 105s 
1 U B =  

X X f  .. 5Cfl 7 r 5 H N H 9QWR 
Y Y  - 6 2 z  6 3 

' Z A  1 I 5 C V  1691) lYWH 55WR 56WQ Y7WH 
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SUBROUTINE ANGULO 

SUBROUTINE ANGULO ANG 1 
C ANG 2 
C WRITTEN B Y * *  DONALD JI DUDZIAK ANG 3 
C ANG 4 

DIMENSION E ( 2 0 0 0 ) r  X S ( 2 0 0 0 )  ANG 5 
CUMMON N I N C , N E ~ N P , ~ I N , E N E X T ? E L ~ E U C N T O T ~ L A W ~ N P N E X T B J T  ANG 6 
COMMON N P A R E J A ~ E ~ X S I P E I N S G M U + L I N , I F I L E D M T ~ N U C N P K I M O  ANG 7 
COMMON Z A , A W R D N O ~ N I , N ~ , N ~ ~ X X A D K K , I N T ~ N M A T  ANG 8 
COMMON EMUBAHSBAHMULPNMU ANG 9 
N3=3  ANG 1 0  
I F  (KKeNEmI )  GO TO 2 1 0  

C 
'ANG 11 
AN6 1 2  

C WHITE HEAD CAR0 ASSUMING TABULATION AND NO TRANSFORMATION MATRIX, ANG 1 3  
C 

N u t i  
ANG 1 4  
ANG 1 5  

WRITE (12,280) Z A I A W R , N O , N ~ , N O ~ N O D L I N I I F I L E ~ M T ~ N U  ANG 1 6  
WRITE ( 9 1  2 8 0 )  ZA#AWR,NOrN2r NOnN0,LINn I F I L E n M T n N U  ANG 1 7  

C ANG 1 8  
C FUR ANGULAR D ISTRI I~UTIONI  I N T o l  I S  CM SYSTEM, I N 1 1 2  I S  L A B  SYSTEM ANG 1 9  
C ANG 2 0  

L C 1 8 2  ANG 2 1  
I F  ( INT.EQe1)  L C T s 2  ANG 2 2  
IF (INT,EQ,P) L C T = ~  

c 
ANG 2 3  

C 
AN6 24 

WRITE CONT CAHD e L C T z 2  MEANS C M  SYSTEMr 81 MEANS L A B  SYSTEMI ANG 2 5  
C ANG 26 

NU.2 ANG 2 7  
WRITE C 1 2 ~ 2 7 0 )  XXA,XXA,NO,LCT INO,NOCLINDIF ILE$MT~NU 

C 
ANG 2 8  

WRITE (9,270) X X A , X X A ~ N O , L C T ~ N O I Y O D L I N ~ I F I L E ~ M T ~ N U  ANG 2 9  
NDsNE ANG 3 0  

C ANG 3 1  
C TEMPORARY I F *  ANG 3 2  
C ANG 3 3  

I F  ( N M A T ~ E Q ~ ~ O ~ ~ A N D ~ I F I L E ~ E P ~ ~ ~ A N D ~ ~ M T ~ E Q ( I ~ O O R M T E Q ~ O R M T E Q , A N  3 4  
~ I ~ , u R , M T ~ E Q ~ I ~ ~ ~ R ~ ~ T ~ E Q , ~ ~ ~ O R ~ M T , E Q ~ ~ ~ ~ O ~ M T Q ~  N D l N E - 1  ANG 3 5  

NUa3 ANG 3 6  
C ANG 37 
C WRITE TAB2 CARDS ASSUMING L INEAR-LN INTERPOLATIUN I N  ENERGY, 
C 

ANG 3 8  
ANG 3 9  

I F  (NE ~ E Q I  1) NUo2 
C 

ANG 4 0  
ANG 4 1  

C FOH ISOTROPIC D I S T R I B U T I O N  USE 2 ENERGIES (NE32)  FROM EXTREMES AS ANG - 4 2  
C GIVEN I N  F I L E  3, ANG 4 3  
C ANG 4 4  

WRITE (12,270)  X X A B X X A , N O ~ N O ~ N ~ ~ N D I L I N , I F I L ~ , M T , N U  ANG 4 5  
C WRITE (9 ,270)  X X A ~ X X A ~ N O ~ N O ~ N ~ ~ N D I L I N P I F I L E , M T ~ N U  ANG 4 6  

NU34 ANG 4 7  
WHITE (12,2901 N U P N ~ , L I N ~ I F I L E D M T D N U  

C WRITE (9 ,290)  ND,N3rLIN,IFILE,MT,NU 
ANG 48 
ANG 4 9  

2 1 0  CONTINUE ANG 5 0  



PAGE 40 

C 
C I S n T R O p I C  ROUTINE FUR N E o 1  EXTENDS TO STATEMENT 2 1 2 r  

NU=5 
WRITE ( 1 2 ~ 2 7 0 )  X X A , E ( ~ ) ~ N O ~ N O ~ N ~ ~ N ~ ~ L I N , I F I L E D M T D N U  

C W R I T E  ( 9 0 2 7 0 )  X X A D E ( ~ ~ ~ N O ~ N O ~ N ~ ~ N ~ D L I N ~ I F I L E ~ M T D N U  
N U r 6  
MRITE ( 1 2 r 2 9 0 )  N ~ ~ N ~ ~ L I N I I F I L E ~ M T D N U  

C H R I T E  ( 9 ~ 2 9 0 )  N ~ ~ ~ ~ , L I N ~ I F I L E I M T I N U  
N u s 7  
UNOII *I! 
HAFIO I 5 
UNOMg-1 
WHITE ( 1 2 ~ 2 9 5 )  UNOMr HAFr  UNUI HAFD L I N D  I F I L E r  MTI NU 

C WHITE ( 9 ~ 7 9 5 )  UNUMr HAFI UNOr HAFB L I N r  I F I L E r  MTr  NU 
vu=a 
WRITE ( 1 2 ~ 2 7 0 )  X X A ~ E ( N P A H E J A ) ~ Y O ~ N O I N ~ ~ N ~ , L I N ~ F I L E ~ M T ~ N U  

C WHITE (9 ,270)  X X A ~ E ( N P A R E J A ) D N O ~ N O , N ~ ~ N ~ , L I N ~ I F I L E ~ M T I N U  
NU=9 
HRJTF ( 1 2 ~ 2 9 0 )  N ~ ~ N ~ , L I N D I F I L E , M T I N U  

C W H I T E  ( 9 ~ 2 9 0 )  NZDN~~LINI IF ILE,MT,NU 
NU=(O 

C WHITF (9 ,2951  UNOMI HAFs UNOr HAFI L I N r  I F I L E r  MTI NU 
R t  T l lPN 

2 1 2  CUNTIMUE 
READ (8 ,2501 PE,NPARLJA 
HEAD (8 ,260 )  (E(I),XSCI)rl=lrNPAREJA) 

ANG 5 1  
ANG 5 2  
ANG 53 
ANG 54 
ANG 55 
ANG 5 6  
ANG 57 
ANG 5 8  
ANG 59 
ANG 60 
ANG 6 1  
ANG 6 2  
ANG 6 3  
ANG 64 
ANG 65 
ANG 66 
ANG 67 
ANG 6 8  
ANG 69 
ANG 70 
ANG 7 1  
ANG 7 2  
ANG 7 3  
ANG 7 4  
ANG 75 
ANG 76 
ANG 77 
ANG 7 8  

C 
C 

ANG 7 9  
TEMPORARY I f *  ANG 80 

C ANG 8 1  
I F  ( N M A T ~ E O * ~ ~ ~ ~ A M U ~ I F I L E ~ ~ Q ~ ~ ~ A N O * ~ M T ~ E ~ ~ ~ O O R T E Q ~ ~ * M T ~ E Q A N G  8 2  

1 1 3 m f l ~ m M T m E ~ ~ 1 4 ~ O ~ m M T m E Q ~ 5 1 * ~ R ~ ~ T ~ E Q ~ S 2 ~ M * E Q A D m E Q m  GANG 83 
20 Tf l  240 ANG 84 

PE=PE*I .OE+6 ANG 85 
C ANG 86 
C WKITE TAR1 CAHDS A5SUMING LINEARmLINEAR INTERPOLATIUN I N  MU(.COS) ANG 8 7  
b 

NU=NI.I+l 
WHI r E  (12 ,210)  X X A I P E ~ N O , I ~ O P N ~ ~ N P A ~ ~ E J A ~ L I N ,  I F I L E # M T # N U  

C 4 H I T E  ( 9 , 2 / 0 )  X X ~ D P E ~ N O I N O P N ~ ~ N P A R ~ J A ~ L ~ N C I F I L E ~ M T D N U  
NU=NI!+l 
WRITS (12 ,290 )  N P A R E J A I N ~ , L I N , I F ~ L E D M T ~ N U  

C WHITE (9,2'J0) N P A R ~ J A D N ~ , L I N I I F I L E ~ ~ T I N U  
C 
C INFEGHATE ANGIJLAH U I S T R I B I J T I O N  (L INEAH-L INEAR)  OVER MU ( E ( 1 ) )  
c ANU DIVIDE INTO P H U R A R I L I l I E S  (xs(I ) )  T U  NORMALIZE* 

ANG 6 8  
ANG 89 
ANG 90 
ANG , 91 
ANG 9 2  
ANG 9 3  
ANG 34 
ANG 95 
ANG 96 
ANG 97 
ANG 9 8  
ANG 99 
ANG 100 
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% 3 = E (  1 - 1 1  
Y Y = E ( I )  
Y3=XS( 1-1 1 
y a = x s <  I )  
H = ( Y ~ - Y ~ ) / C X Y - A ~ )  
A = Y  J0t3*X3 
A N = ( X ~ = X ~ ) * C A + O ~ ~ * ~ * ( X ~ + X ~ ) )  
A N S = h N S + 9 N  
CUNTJHlJE 
WHITE (9,270) AN5 
DU 230 I=lrNP&REJA 
XS(I)=XS(I)/A~S 
CLlhJTTNUE 
C O t i T I Y U E  
HETlJHN 
F O R M A T  (Ell*5r4BXrI12) 
FURMPT (Fll.5*5E12*5r3X) 
FJ!?M4f  (lP2tl1.4~4111r14rI2rI3~I5) 
FUHM4T ( F l l ~ l r l P ~ l l r 4 r 4 I l i r I 4 r I 2 ~ I J r I 5 )  
F O R M A T  (2111r44X*I4r12*13r15) 
FLIHMAT (iP4Ellr4r 22Xr I B r  12r 13, 15) 
END 

ANG 101 
ANG 102 
ANG 133 
ANG 104 
ANG 105 
ANG 106 
ANG 107 
ANG 108 
ANG 109 

' AN6 110 
ANG 1 1 1  
ANG 112 
ANG 113 
ANG 114 
ANG 115 
ANG 116 
ANG 117 
ANG 118 
ANG 119 
ANG 120 
ANG 121 
ANG 122- 
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SUBROUTINE ANGULO 

SYMBOL = = = = = L = = a = t = s = s  REFERENCES r t r a t = + r I o + 

2 1 Q II 

' 2 12 I 

220 I 

230 m 

-24Q 3 

250 I 

260 I 

270 .I 

280 w 

290 m 

295 m 

A I 

AN m 

ANGULO - 
ANS m 

AWR I 

B I 

BARMUL - 
E II 

E I N II 

EL I 

EMUBAR = 
€NEXT - 
E U I 

GMU I 

HAF m 

I .. 
IFILE - 
I N T  w 

J T I 

K K  m 

LAW I 

LC1 0 

L I N  I 

N m 

N 0 0 

N 1 I 

N 2 m 

Y3 1 

N 5 I 

N D I 

YE - 
NINC I 

NMAT 9 

8 2 4 * 
2 5 4 1 
5 1 60* 
b 2 64* 
4 4 65* 
42RD 67* 
4 3RD 68* 
l6WR 21HR 
l O W R  1 l W R  
2319 29WR 
34WR 72* 
b7= 58 
58' 59 

1 
500 5 9 r  

SCO 10WQ 
56' 5 7 
6C0 
201 4 C 0 
3CO 
3CO 
bC0 
3CO 
3CO 
4CO 

32' 34WR 
43RD 5 1 

4C0 I O W R  
36WR 38WR 

5C0 13 
3C0 
5CO 8 
3C0 

12s 13= 
4 C 0 l O W R  

38WH 47WR 
4CO I O W A  

36WR 38WR 
4CO 
5CO 1OWR 
5C0 2lWR 
5CQ l O W R  
7 = 23wR 
5C0 

17s 18:: 
.3CO 17 
3CO 
5 C O  18 



NMU - 
N P m 

NPAREJA 
NPNEXT 
NPRIMO . NTOT - 
NU m 

PE I 

RETURN - 
UNO m 

UNOM I 

x 3 .I 

X 4 
X S 
X X A I 

Y 3 
Y 4  
Z A .I 

SUBROUTINE ANGULO 
PAGE 4 3  
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SUBROUTINE AVERIA AVG 1 
AVG 2 

WRITTEN B Y * *  DONALD J e  DUDZIAK AVG 3 
T H I S  SUBRTe CALCULATES MU-BAR I N  LAB SYSTEM FROM TABULATED ANGULARAVG 4 
O I S T P I B U T I C ~ N  I N  CM SYSTEM* AVG 5 

DIMENSION E C 2 0 0 0 ) c  X S ( 2 0 0 0 ) r  E T A ( 9 9 )  
DIMENSION kMUBAR(300) r  BARMUL(300)  
CbbiMON N I N C ~ N E ~ N P ~ ~ I M ~ E N E X T B E L ~ E U ~ N T U T ~ L A W ~ N P N E X T D J T  
COMMON N P A R E J A ~ E ~ X S ~ P E ~ N P G M U ~ L I N , I F I L E ~ M T P N U ~ N P R I M O  
CUMYflN Z A ~ A W R P N O ~ N ~ , N ~ ~ N S ~ X X A , K K ~ I N T B N M A T  
COMMON EMUBAHrBAHMULpNMU 

GMU=O I 0  
A=AwR 
DU 4 1 0  I z l r N P A H E J A  
E T A ( 1 ) r E C l )  
TDPI(A*E(L) )+L~O 
R U T X S Q R T ( A * A + ~ * A * E ( I ) + ~ ~ O )  
E ( I ) = T O P / B U T  
CONTINUE 

SIMPSON*S HULE FUR INTEGHATION.  CF PENNINGTONI P e l 9 3  F F e  

A V G  6  
AVG 7 
AVG 8 
AVG 9 

', AVG 1 0  
AVG 11 
AVG 1 2  
AVG 1 3  
AVG 1 4  
AVG 1 5  
AVG 1 6  
AVG 1 7  
AVG 1 8  
AVG 1 9  
AVG 2 0  
AVG 21 
AVG 2 2  
AVG 2 3  
AVG 2 4  
AVG 25 
AVG 2 6  
AVG 27 

NFaNPAREJA A V G  2 8  
D X t 2  rO/NP AVG 2 9  
G M U a C X S ( l ) * E C 1 ) ) + C X S ( N F ) * k C N F ) )  AVG 3 0  
AIzO.0  AVG 3 1  
B I a O v O  4VG 3 2  
NN=NP/2 AVG 3 3  
00 4 2 0  J=l,NN AVG 34 
A I = A I + X S ( ~ * J ) * E C ~ * J )  4VG 35 
CONT I N1lE 
NMaNN- 1 

AVG 3 6  
AVG 3 7  

DO 430  J= l sNM AVG 3 8  
Rl=Ht+XS(2*J+I)*t(2*Jtl) AVG 3 9  
CONTIKUE AVG 4 0  
GMU=DX*(GMU+4.0*A1+2.O,BI)/3eO AVG 4 1  
WHITE (9 ,450 )  PLBGMU AVG 4 2  

AVG 4 3  
NOW STORE P t  4ND MUBAW/LAR CBAHMUL) FUR LATER WRITING OF F I L E 3 8  AV6 4 4  
MT=TS1 S E C T I O Y  CAT t Y D  OF MAIN  PQUGRAM)e E L A S T I C  SCATTER CMT=2) AVG 0 5  
UhLY l AVG 4 6  

AVG 4 7  
I F  (MT.NE.2) 60 10 440 AVG 4 8  
I F  CKKeEQ,I) NMU=O AVG 4 9  
NMU=NhU+I AVG 5 0  
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EMUBARtNMU)=PE 
BAHMULINYU)~GMU 

4 4 0  CONTINUE 
RETURN 

450 FORHAT ( E 1 2 r S r 4 8 H  8 ENERGY 
l E 1 2 . 5 r 5 X , I 4 r l X 1 1 3 )  

END 

PAGE 4 5  

AVO 51  
AVG 52 
AVG 53 
AVG 5 4  

MU0BAR 8 rAVG 55 
AVO 5 6  
AVG 57- 
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SUBROUTINE AVERIA 

SYMBOL ~ e ~ s ~ e = = = t = = + t a  REFERENCES 3 + + + I n 8 8 + 8 + + + + 

4 1 0  m 

4 2 0  I, 

4  30 I 

4 4 0  rn 

4 5 0  q 

A  0 

A I I 

AVERIA - 
AWR I 

BARMUL - 
8 I 0 

BOT 1 

D  X 1 

E  II 

E I N m 

E L  m 

EMUBAR - 
ENEXT - 
ETA I 

E U a 

GMU m 

. I m 

I F I L E  - 
I N T  I 

, J 
- 

JT .. 
K K I 

LAW m 

L I N 
M  T  9 

N  0 

N 0 I 

N  1  a 

N  2  I 

N  5  II 

NE 1 

NF I 

NINC - 
NM m 

NMAT m 

NMU 1 

N  N a 

NP - 
NPAREJA - 
NPNEXT - 
NPRIMO a 

NTOT I 

NU 1 

10 
2 3 
2 7 
3 2 
3 l W R  

9= 
200 

1  
6CO 
3D I 

2 1 = 
1 3 s  
180 
2D I 
4CD 
4CO 
3DI 
4CO 
201 
4CO 
5CO 

10  
5CO 
6CO 

2 3  
4CO 
6CO 
4CO 
SCO 
5CO 
5CO 
6CO 
6CO 
6CO 
6CO 
4CO 

173 
4CO 

26s 
6CO 
7CO 

223 
4CD 
5CO 
4CO 
SCO 
4CO 
5CO 
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P Z 9 SCO 31WR 
RETURN - 3d 
S Q R T  - 13 
TOP I 12s 

I 

14 
x Y 

0 

20 I 5 C O  19 2 4 28 
X % A  

I 

6 C O  
Z k  6C0 

PAGE 47 
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SUBROUTINE ENERGIA 

WRITTEN BY**  DONALD JI DUDZIAK 
ENERGIA PuNZA UNA WAHAJA PARA LA D I S T R I B U C I O - N  DE ENERGIA EN 
L I S T A  CINCO ( M f = S ) *  
ENERGIA ASSUMES TAdULATEO SEC. ENEAGY D I S T R V  (UK-DRAKE LAW 8 )  

DIMENSION L C 2 0 0 0 ) ~  X S ( 2 0 0 0 )  
CUMMON NINC,NE~NPIE IN IENEXT#ELPEU*NTOTDLAW,NPNEXT~JT  
CUMMON N P A H E J A ~ E ~ X S D P E ~ N ~ G M U ~ L I N , I F I L E C M T ~ N U ~ N P R I M O  
COMMON Z A I A W R I Y O ~ N ~ ~ N ~ ~ N S ~ X X A I K K I I N T B N M A T  
COMMON EMUBAR~~AHMULINMU 
N 3 r 3  
P i t 1  .O 
I F  ( L A H r N E o 8 )  WRITE (9,700) 
I F  (NEeNEmI)  GO TO 6 1 0  
WdITE (9 ,700)  
STOP 
CONTINUE 
11- (KKvNEI I )  GO T O  6 2 0  

READ TABLE FOH F I R S T  TIME THRU 

REAO (9,690) X S ( ~ ) ~ ( E C I ) ~ X S ( I ) ~ I O ~ ~ N P )  
GU TO 6 3 0  
CONTINUE 
READ (8,710) NINC,EINrNPnE(l)rXS(l)~E(2) 
READ (8,690) X S ( ~ ) P ( E ( I ) ~ X S ( I ) , I L I ~ C N P )  

I F  ( M M A T ~ E U * ~ O ~ ~ A N U . M T ~ E B . ~ ~ I A N D . K K * E Q ~ ~ ~ )  
CONTINUE 

TEMPORARY I F  I 

I F  ( N Y A T . E Q I ~ ~ ~ ~ A N D . M T . E Q . I ~ I  E ( ~ ) = l e O l E ' 2  
I F  ( N M A T . E Q . ~ O ~ ~ A N D . M T I E Q ~ ~ ~ )  E ( 2 ) = l r 0 1 E m 2  
I F  ( Y M A T , E Q ~ ~ O ~ ~ A N O ~ M T . E Q ~ ~ ~ )  ~ ( 2 j = l r 0 1 ~ - 2  
E I N = E I N * l r O E + 6  
00 640 I s Z r N P  
E C I ) Z E ( I ) * ~ I O E + ~  
X S C I ) = X S ( I ) * l r O E ' 6  
CONTINUE 

ENG 1 
ENG 2 
EN6 3  
ENG 4 
ENG 5 
ENG 6 
ENG 7 
ENG 8 
ENG 9 
ENG 1 0  
ENG 11 
ENG 1 2  
ENG 13 
ENG 1 4  
ENG 1 5  
ENG 1 6  
ENG 1 7  
ENG 1 8  
ENG 1 9  
ENG 2 0  
ENG 2 1  
ENG 22 
ENG 2 3  
ENG 24 
ENG 2 5  
ENG 26 
ENG 27 
ENG 2 8  
ENG 2 9  
ENG 3 0  
ENG 3 1  
ENG 32 
ENG 3 3  
ENG 3 4  
ENG 35 
ENG 36 
ENG 3 7  
ENG 3 8  
ENG 3 9  
ENG 4 0  
ENG 4 1  
ENG 42 
ENG 4 3  
ENG 4 4  
ENG 4 5  

INTEGRATE SECUNOARY ENERGY O l S T R 1 8 U T I U N  <L INEAR-L INEAR INTERPOLA ENG 4 6  
T I O N  ASSUMED). ENG 4 7  
INTEGRATE XS(E*)OVER E*TU NORMALIZE XSCE*,E). ASSUME LNmLN INTERPoENG 4 8  

LATIUN.  ROUTINE PLAGIPRIZED FROM TEST9r  CHECKER. ENG 45 
FUR FCSI OF CHECKEHI X l t Y 3  AND X29X4  ARE INTEGRATION L I M I T S ,  ENG 5 0  
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C 
ANSsO. 0  
0 0  650 1 = 2 r N P  
X3=E( 1-1) 
X 4 t E (  1) 
Y 3 = X S ( I - 1 )  
Y4=XS( I) 
B = ( Y ~ - Y ~ ) / ( X ~ - X ~ )  
A=Y 3-B*X3 
A N = ( Y ~ ~ x ~ ) * ( A + O I ~ * ~ * ( X ~ + X ~ ) )  
ANSrANS+AN 

6 5 0  CONTINUE 
WRITE (9 ,660)  ANS 
DO 660 I t 1 ,NP  
XS( I )=XS( I ) /ANS 

6 6 0  CONTINUE 
I F  (KK.YE.1) GU TO 6 7 0  .. 

ENG 51 
ENG 52 
ENG 53 
ENG 54 
ENG 55 
ENG 56 
ENG 57 
ENG 58 
ENG 59 
ENG 60 
ENG 6 1  
ENG 62 
ENG 63 
ENG 64 
f N G  65 
ENG 66 
ENG 67 

C 

C 
ENG 68 

.. WHITE HEAD CAAOI ASSUMING LAW 1 (TABULATION)  ONLY ( L F @ l ) e  NK8NE ENG 69 
1. 

4 6 NU= 1 
4 7  WRITE ( l 2 r 7 3 O )  Z A ~ A W R S N O ~ N O * N I ~ N O ~ L I ~ ~ I F I L E D M T ~ ~ U  
4 8 WRITE (9,730) Z A ~ A W U I N O ~ N O ~ N I ~ N O , L I N ~ I F ~ L E ~ M T , N U  

C 
C 
#. 

WRITE TAR1 RECOHO FOR LAW 1 C L F = l )  

NU=NU+l 
WHITE (12,720)  X X A ~ X X A * N O I N ~ ~ N I D N ~ ~ L I N B I F I L E D M T D N U  
W R I T E  (9 ,720)  X X A D X X A , N O , N I B N ~ , L I N S I F I L E D M T , N U  
NU=NU+ 1 
WRI rE  ( 1 2 9 7 4 0 1  N 2 r N 2 r L I N r I F I L E r M t r N U  
WHITE ( 9 ~ 7 4 0 )  N~PNZ,LINDI~ILEIMT,NU 
NU=NIJ+1 
WRITE (12 ,750 )  E L R P I ~ € U P P I ~ L I Y ~ I F I L E D M T # N U  
WRITE (9 ,7501 E L r P l ~ E U r P l r L I N r I F I L E s H T s N U  

b 

C WRITE TAR2 RECOHO '. 
NU=NU+l 
WRITE (12,7201 X X ~ ~ X X A ~ N O ~ N O S N I ~ N E R L I N ~ I F I ~ . ~ C M T D N U  
WRITE ( 9 , 7 2 0 )  Y X A ~ X X A ~ N O , N O ~ N ~ ~ N E ~ L I ~ ~ I F I L E C M T ~ N U  
Ncl=NlJ+ 1 
WRITE (12,740)  NEIN~,LIN,IFILE~MTINU 
WHITE (9.740)NErN3rLINrIFILE#MT,YU 
CUNT INUE 

WRITE TAR1 FOR S ~ C U N D A R Y  D I S T R I B U T I O N  A T  F I X E D  I N I T I A L  ENERGY 

ENG TO 
ENG 7 1  
ENG 72 
EN6 73 
ENG 74 
ENG 75 
ENG 
ENG 
ENG 
ENG 
ENG 
ENG 
ENG 
ENG 
E N'G 
ENG 
ENG 86 
ENG 87 
ENG 88 
ENG 69 
ENG 9 0  
ENG 91 
ENG 92 
ENG 93 
ENG 94 
ENG 95 
ENG 96 
ENG 97 
ENG 98 
ENG 99 
ENG 1 0 0  
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SUBROU f I N E  E N E R G I A  

WHITE (9,720) X X A B ~ I N ~ N O ~ N O P N ~ ~ N P P L I I J ~ I ~ I L E P M T P N U  , 

NUeNUt  1 
W R I T E  (12,7401 NPIN~DLINPIFILEBMTPNU 
WHITE (9,740) NPrNZ,LINr IFILErMT,NU 
NPAHEJQzNP 
RETURN 
FORMAT ( l H o r 3 9 H  XSEC INTEGRATED nVER SECONDARY ENERGY rE17.5) 
FORMAT ( E l l r S ~ S E l 2 a 5 ~ 9 X )  
F O R M A T  ( l H l r 3 4 H  WHAT THE HELL K IND OF ENERGY LAW 1 
FORMAT C I l l r E 1 2 . 5 ~ 1 1 2 ~ 3 E 1 2 r 5 )  
FORMAT C1P2E1Lr4r4111,14r12~13~I~) 
FORMAT ( F l l ~ l ~ l P t l l ~ 4 ~ ~ I l l r 1 4 , I 2 , t 3 r I 5 )  
FORMAT ( 2 1 1 1 ~ 4 4 X ~ I 4 r I 2 r 1 3 r I S )  
FORMAT ClP4Ell.4~22X,14rI2rI3~I5) 
END 

ENG 1 0 1  
ENG 1 0 2  
ENG 1 0 3  
ENG 1 0 4  
ENG 1 0 5  
ENG 1 0 6  
ENG 1 0 7  
ENG 1 0 8  
ENG 1 0 9  
ENG 1 1 0  
ENG 111 
ENG 1 1 2  
ENG 1 1 3  
ENG 1 1 4  
ENG 1 1 5 -  
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SYMBOL = = = = = ~ P I I = D P O = ~  REFERENCES 8 8 = = 8 8 = 0 8 8 8 8 8 8 

6 10 m 

6 2 0  I 

630 m 

640 I 

650 u 

660 L 

670 I 

680 m 

690 m 

700 - 
7  10 I 

720 I 

7  30 m 

740 m 

750 m 

A I 

AN m 

AhS I 

AWR I 

B n 

BARHUL - - E - 
E 1 N n 

EL n 

*EMUBAR - 
ENERGIA - 
ENEXT - 
E U I 

GMU c 

I L 

I F I L E  - 
I N T  I 

J T w 

K K I 

LAW m 

L  I N .. 
M T I 

N I 

N 0  .I 

N 1  I 

N 2 I 

N 3  rn 

N 5 - 
N E I 

N I N C  I 

10 
14 
16 
26 
3 1 
4  2 
4  5  
41WR 
15HD 
9WR 

l8RD 
50WR 
47WR 
b2WR 
54WR 
37:: 
38:: 
30= 

5C 0  
36= 

6CO 
20 I 

3 2 
3CO 
3CO 
6CO 
1  
3CO 
3CO 
4  C 0  

l5RD 
4  2 

4CO 
S C O  
3CO 
5CO 
3CO 
4cO 
4  C 0 

56WR 
4CO 
5C0 
5CO 
5CO 
7 = 
S C O  
3 C O  
3C0 



N M A T  (. 

NMIJ .I 

N P 0 

NPAHEJA * 
NPNEXT a 

NPRIMO 
NTOT I 

NU .. 
P 1 I 

P E 9 

RETURN - 
STOP .. 
X3 9 

X 4 " 
X S I 

X X A  - 
Y 3  .I 

Y 4  I 

Z A 0 

SUBROUTINE E N E H G I I  
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6lWH 63WR 64 



SUBROUTINE SKPMAT ( N M A T )  

S U R R O U T I N E  SKPMAT CNMAT) 
C 
C WHITTEN RY*+OUNALD J. D u D Z I A K  
C 

D I M E N S I O N  H C 1 2 )  
1 READ C 8 , 3 p L N O = 2 )  C B C I ) r l + l r 1 2 ) r M 4 f ~ N S t Q  

I F  (MAT .NE*  N M A I )  G U  TO 1 
I F  (NSEQ ,EO. U )  GO 'ro 1 
P A C K S P A C E  8 
RE t i lPN  

2 WHITF ( 9 ~ 4 1  
STOP 

3 FORMAT ( 1 2 A 6 r 1 3 , 1 2 )  
4 FURMAT ( 1 X r 2 5 H  M A T E R I A L  I S  NOT ON TAPLI) 

END 

PAGE 5 3  

SKP 1 
SKP 2 
SUP 3 
SKP 4 
SKP 5 
SKP 6 
SUP 7 
SKP 8 
SKP 9 
SKP 10 
SKP 1 1  
SUP 12 
SKP 1 3  
SKP 14  
SKP 15- 



SUBROUTINE SKPMAT ( N M A T )  PAGE 

1 .. 
2 - 
3 II 

4 I 

R I 

END c 

It I 

M A T  I 

N M ~ T '  I 

NSEQ - 
RErURN - 
S K P M A T  - 
STOP I 
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SUBROUTINE SHUFL SHF 
SHF 

WRITTEN B Y  **  DONALD J o  DUDZIAK SHC 
T H I S  SBRT HEARHANGLS A TRANSLATInN  OF DRAKE-S DATA CUK F0RMAT)TO SHF 
ENDF/B I N T O  MODE3 ENUF/B TAPE SHF 
TAPE12  I S  INPUT ENDF/B TAPEr  TAPE2 I S  OUTPUT REGULAR MODE3 ENDF/B SHF 

SHF 
DIMENSION E C 2 0 0 0 ) r  X S ( 2 0 0 0 )  SHF 
DIMENSION 8 C 1 2 ) r  I C T ( 9 ) r  A ( l $ O O )  SHF 
COMMON N I N C ~ N E D N P ~ E I N ~ E N E X T ~ E L ~ E ~ J D N T O T ~ L A W ~ N P N E X T D J T  SHF 
COMMON N P A R L J A ~ E S X S D P E ~ N P G M U ~ L I N , I F I L E P H T ~ N U D N P R I M O  SHF 
COMMON Z A s A W R r N O r N l r N 2 r N 5 r X X A f i I N T I N W A T  
I C T c J I = O  

SHP 
SHF 

ICTCU)=O 
I C T c 5 ) = O  

SHF 
SHF 

I C T C 6 )  30 SHF 
I C T ( 7 )  =O 
NU30 

SHF 
SHP 

R L W I K O  1 2  SHC 
SHF 

LAREL = TAPL LABEL  NUMBER FOR T P I D  RECOHD (NBR LESS THAN 100)o SHF 

READ ( l o r  1 0 5 0 r  E N D s 1 0 2 0 )  L A B E L  

WRITE T P I D  CARD T O  LAREL TAPE (NRR LESS THAN 100) 

WHITE ( 2 r 1 0 6 0 )  LABEL  

W H I r E  F I L E 1  ON E k D f / B  TAPE [HEAD FHOM CARDS1 

CUNTINUE 
NU=NU+ 1 
READ ( 1 0 r 1 0 8 0 r  EHRe925)  C A ( l O r K a 1 r 1 4 ) r  MFr  A ( 1 5 ) r  NS 
WRITE ( 2 r l O B O )  ( A ( l o r K ~ 1 ~ 1 4 1 r  MF. A C l 5 ) r  NU 
GU TO 9 2 5  
WHITE ( 9 ~ 1 0 8 1 )  NU 
CONTINUE 
I F  CMF eNEe 0 )  GO TO 920 

READ FHOM LATE OUTPUT TAPED RE-ARRANGE# OUTPUT ON TAPEPI 

CONTINUE 
READ (12, 1 0 3 0 r  E N O r 9 6 0 )  ( B ( I ) r 1 * 1 # 1 1 ) r  MATr MFr  M T r  NSEO 
I F  (MAT.NE@LINJ  GO TO 9 6 0  

SHF 
SHi: 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHP 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 
SHF 

I F  MIJBAR DATA FOUNO CMFs3, M T s 2 5 1 ) r  S K I P  AND GO TO CARDS WITH SHF 
PHOTON DATA TO GET M F a 3 r  MT.110 ( U N I T  CROSS SECTION),  SHF 

I F  CMF oEQ*  3 .AND* MT rEQo 2 5 1 )  GO TO 960 
S H ~  
SHF 
SHF 
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TEMPDRARY IF. 

I F  (MT.EQa32) MT=26 
I F  c M F ~ E Q , ~ )  30 TO 9 5 0  
NTPEMF 
CONTINUE 
WRITE ( ~ T P # 1 0 3 0 )  (U(I),I=IDII)PMATIMFPMTPNSEQ 
I C T ( Y T P ) t I C T ( N T P ) + l  
G O  Tf.1 330 
CONTINUE 

RE40  AN0 WHITE PHOTON D A T A  (FROM CAHOS) 

READ (10,  1030,  E N 0 = 1 0 1 0 )  ( A ( I ) ,  I.l,11)r MAT, MFr  MTD NSEQ 
I F  CMFaEP.O) 60 10 2 0 0 0  
I F  (MF,EQa3> M F l l 1  
fJTP=MF-8 
I F  ( M F , E Q e l l )  H F s 3  
CONTINUE 
WHITE ( ~ T P r 1 0 3 0 )  ( A ( 1 1 + 1 = l r l l ) r  MATIHF~MT,NSEQ 
I C T ( N T P ) - I C T ( N T P ) + l  
G O  TO 990 
CflNT INUE 

NOW HEAD HUBAH (MG'3, M T 1 2 5 1 )  FHnM TAPE 1 2  AND W R I T E  ON TAPE 
AFTFR N T = I l O e  

BACKSPACE 12 
READ (12,  1 0 3 0 9  LNKJ=1190) ( B C I ) , I ~ l r l l ) r  MAT, MF, MT, NSE4 
11' (MFaNE*3 )  GO T O  1 1 9 0  
WHITE (3,1030) ( ~ ( I ) ~ I = ~ ~ ~ ~ ) ~ M A T s M F ~ M T D N S E Q  
I C T t 3 ) = I C T ( 3 ) + 1  
GU TO 1 1 0 0  
C[JNTINUE 
REWIND 3 
HLWINO 4 
HkWIND 5 
HLWIQD 6 
REWIND 7 
DcI 981) ~ ' 3 ~ 7  
I l r z I C T C J )  
00 970 K n l r  I U  
HEAP CJ,1030rEND=9?0)  ( A C I ) , I = ~ D ~ ~ ) D H A T , M F D M T P N S E Q  
NU=NU+l 
WHI1F (2 ,10301  C A C l ) r I = l r i l ) r M A T , M F ~ M T ~ N U  
CONTINUE 
NU=NCI+1 
WRITE ( 2 ~ 1 0 6 0 1  HATINU 
CONTINUE 
NU=NI I+ l  

SHF 51 
SHF 5 2  
SHF 5 3  
SHF 54  
SHF 55 
SHF 56 
SHF 57 
SHF 58 
SHF 5 9  
SHF 60 
SHF 6 1  
SHF 62 
SHF 63  
SHF 64 
SHF 65 
SHF 66 
SHF 67 
SHF 6 8  
SHF 6 9  
SHF 7 0  
SHF 7 1  
SHF 7 2  
SHF 7 3  
SHF 74 

3 SHF 75 
SHF 76 
SHF 77 
SHF 7 8  
SHF 79 
SHF 8 0  
SHF 81  
SHF 8 2  
SHF 8 3  
SHF 84 
SHF 85  
SHF 86 
SHF 87 
SHF 88 
SHF 8 9  
SHF 0 0  
SHF 91 
SHF 92 
SHF 93 
SHF 94 
SHF 05 
SHF 9 6  
SHF 97 
SHF 98 
SHF 99  
SHF 1 0 0  
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C 
C HtlITE MEND CARD AND TEND (TAPE END) CARDS 
C 

WRITE ( 2 ~ 1 0 4 0 )  NU 
NUsNU+ 1 
WHITE (2,10701 NU 
ENOFILE 2 
WEWINO 2 
dHITE (9,1082) 

9 8 2  CONTINUE 
HLAD (2, 1030, END'986) ( B ( I ) r I m l s l 1 ) r  MAT,  HF, MTI NSEY 
WRITE (9,1030) ( B ( I ) , I a l , i l ) r  MAT,MFrHT#NSEO 
GO TO 982 

Y86 CONTINUE 
RETURN 

1020 STOP 
103U FORMAT ( l l A 6 r I 4 ~ 1 2 ~ 1 3 ~ 1 5 )  
1049 FORMAT ( 6 6 1 ~ 4 H  0 ~ 2 Y  0 ~ 3 H  0 ~ 1 5 )  
1050 FORMAT (414)  
1060 FORMAT ( 6 6 X r I 4 r 2 H  O,JH O#Is) 
1070 FORMAT ( 6 6 X ~ 4 H  -1r2H 013H 0115) 
1080 FORMAT ( 1 4 A 6 r I 2 1 A 3 ~ 1 5 )  L 

1081 FORMAT (lHO8 31H ERROR I N  F I L E 1  A T  SEOo NBR* r r 15) 
1082 FORVAT ( i H l r l O X r J 7 ~ T H E  ENDFIB TAPE, AS G I V E N  BELOWI WAS a 

XZOHSUCESSFULLY WHITTEN, / / )  
END 

SHF 101  
SHF 102 
SHF 103 
SHF 104 
SHF 10s 
SHF 106 
SHF 107 
SHF 108 
SHF' 109 
SHF 110 
SHF 111  
SHF 112 
SHF 113 
SHF 114 
SHF 115 
SHF 116 
SHF 117 
SHF 118 
SHF 119 
SHF 120 
SHF 121  
SHF 122 
SHF 123 
SHF 124 
SHF 125 
SHF 126- 
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1040 
1050 
1069 
1070 
1 OR0 
1081 
1082 
1100 
1190 ., 2000 
A 
AWH 
B 

EL 
EN0 
ENEXT 
ERR 
E U 
GMU 
I 
I C T 
I F I L E  
1 NT 
I u 
J 
J T 
K 
K K 
LAOEL 

.LAW 
L I N  

SUBROUTINE SHUFL 

= 3 Z 0 1 1 3 1 3 = 3 = 3 3 1  REFERENCES r r r r 8 r = 8 = r 8 8 r 8 r 

1 SWR 

63WR 76RD 77UR 
43. SO. 5 9 
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N - 
NO 
N 1 I 

N 2 I 

N 5 
N E m 

NINC I 

N M A T  I 

N P w 

NPARE-JA - 
NPNEXT - 
NPRIMO - 
N S .) 

NSEQ I 

NT OT .I 

NTP m 

NU I 

P E I 

RETUSN - 
'I SHUFL - 

STOP .. 
X S I 

X X A  I 

Z A  I 

25HD 2 6 32WH 36RO 42WR 47HO 
76HD 77WH 
18RII  19WR 2 3 25RI) 2 r 2 9 
38 3 9  4 0 42WR 47Hn 48 
f 7WR 

5C0  2590 2 7 2 8 3 2 U ~  36HO 
63vlR 76RD 77WH 

5CO 
6C0  
6CO 
6CO 
6C0 
4Cf.l 
4CO 
b c r l  
4C0 
5C0  
4C 3 
5CO 

l 8 H D  
2 S R O  32WR 36RU 42WR 4 7 R n  49WR 

4C0 
30= 32WR 3 3 392 4 2 H ~  4 3 

5c f l  1 2 t  171 1YWR 21WR 628 
b9WR 7 0 s  71WH 

5CO 
(1 0 

1 
6 1 

20 I scn 
6C0 
6CQ 
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