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ABSTRACT 

Eva lua t i ons  o f  neu t ron  i n t e r a c t i o n  and photon p r o d u c t i o n  c ross  sec t i ons  

f o r  sodium, magnesium, c h l o r i n e ,  potassium, and ca l c i um  have been t r a n s l a t e d  

f rom a  modif ied-UK fo rmat  i n t o  ENDF/B format .  The da ta  have been reviewed 

and r e v i s e d  t o  a  m inor  e x t e n t ,  and can be used by t h e  LAPH code t o  generate  

m u l t i g r o u p  photon p r o d u c t i o n  c ross  s e c t i o n  ma t r i ces .  A l l  da ta  s e t s  have 

been t r a n s m i t t e d  t o  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Alamos S c i e n t i f i c  

Laboratory ,  t o  t h e  Na t i ona l  Neut ron Cross Sec t i on  Center  a t  BNL, and t o  

t h e  R a d i a t i o n  S h i e l d i n g  I n f o r m a t i o n  Center a t  ORNL. Several  "phys ics"  

checks have been proposed f o r  t h e  photon data,  and a  FORTRAN 1 V  code, 

PHOX, has been w r i t t e n  t o  i n c o r p o r a t e  some o f  these  checks. 
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I .  I n t r o d u c t i o n  And Summary 

As p a r t  o f  t h e  ENDF/B( '  ) e f f o r t ,  a  format" )  was dev ised f o r  s t o r i n g  

photon p roduc t i on  and photon i n t e r a c t i o n  da ta .  I n  o r d e r  t o  de-bug t h e  

photon p roduc t i on  format ,  sodium da ta  f rom a  r e c e n t  e v a l u a t i o n  by Drake 

e t  a l J 3 )  were t r a n s l a t e d  f rom a  mod i f  i e d  UK Data F i  l e  fo rmat  i n t o  t h e  -- 
ENDF/B Data F i l e  fo rmat  ( c f .  Ref.  2  f o r  a  l i s t i n g  o f  t h i s  t r a n s l a t i o n ) .  

The t r a n s l a t i o n  was performed by a  spec ia l -purpose FORTRAN IV code c a l l e d  

LUTE. Because t h e  e n t i r e  sodium e v a l u a t i o n  was o f  i n t e r e s t  t o  t h e  S h i e l d i n g  

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

U n i v e r s i t y  o f  Ca l 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 r a n s l a t i o n  o f  t h e  neu t ron  i n t e r a c t i o n  da ta  a lso .  T h i s  l a t t e r  t r a n s l a t i o n  
( 4 1  

was performed w i t h  t h e  LATEX code, an extended v e r s i o n  o f  t h e  LATE code which 

had been p r e v i o u s l y  used f o r  t r a n s l a t i o n s  o f  6 ~ i  and ' L i .  ( 5 )  Late r ,  t h e  Los 

A lamos Sc i  e n t i f  i c  Laboratory  under took t h e  t r a n s  l  a t i ~ n ' ~ )  o f  t h e  ca I  cium 

e v a l u a t i o n  by Drake e t  a ~ . , ( ~ )  as we1 l  as a  p r e l  iminary  a n a l y s i s  o f  t h e  -- 
t r a n s l a t i o n  procedures f o r  c h l o r i n e ,  potassium and ca lc ium.  

T h i s  r e p o r t  desc r ibes  i n  52 t h e  procedures and da ta  r e v i s i o n s  f o r  

t h e  t r a n s l a t i o n s  o f  Na, Mg, CI ,  K, and Ca. D e t a i l s  o f  t h e  r e v i s i o n s  a re  

g iven  i n  Appendices A and B. Proposals  f o r  "phys ics"  and i n t e r n a l  cons is tency  

checks which m igh t ,  i n  p a r t ,  be incorpora ted  i n  a check ing code a re  g i ven  

i n  53. P a r t i c u l a r  emphasis i s  p laced on checks which a re  a p p l i c a b l e  t o  t h e  

photon data.  A code c a l l e d  PHOX was w r i t t e n  t o  per fo rm checks on t h e  photon 

data.  I t  i s  desc r ibed  i n  d e t a i l  i n  54, and a  l i s t i n g  i s  g i v e n  i n  Append~x  

C. The t r a n s l a t i o n  codes, LUTE and LATEX, a r e  descr ibed  i n  a  separate  re -  

p o r t .  ( 6 )  For  purposes o f  t h e  p resen t  r e p o r t  t h e  m o d i f i e d  and extended UK 

Data F i l e  fo rmat  used by Drake e t  a l . w i l l  be r e f e r r e d  t o  as s imply  t h e  "UK 

format",  and t h e  e n t i r e t y  o f  t h e i r  data  as t h e  "UK Data F i l e " .  



2. Tr'21ri's1l btlidri's O f  Na, Mg, CI , K, and Ca Td ENDF/B Formbf 

The m a t e r i a l s  which were t r a n s l a t e d  a r e  i d e n t i f i e d  on each UK-format 

ca rd  image by a  n u c l i d e  i d e n t i f i c a t i o n  number (Y IN) ,  and on each ENDF/B- 

fo rmat  c a r d  image by a  m a t e r i a l  number (MAT). L i s t e d  below i n  Table  I 

a r e  t h e  m a t e r i a l s  and t h e i r  co r respond ing  NIN and MAT numbers. 

Mater  i a  l  

TABLE I 

Mater i a  l  l  d e n t  i f  v  i na Numbers 

2.1 Procedures 

The t r a n s l a t i o n  procedure used was t o  s t a r t  w i t h  t h e  m a t e r i a l s  on 

da ta  tapes  i n  UK format ,  and a t t emp t  a  r un  t h r u  t h e  LUTE and LATEX codes. 

Several  i t e r a t i o n s  were r e q u i r e d  f o r  each m a t e r i a l  b e f o r e  t h e  UK-format t a p e  

had been c o r r e c t e d  s u f f i c i e n t l y  t o  a l l o w  a  success fu l  t r a n s l a t i o n .  A f t e r  

c o r r e c t i n g  as  many e r r o r s  as t h e  t r a n s l a t i o n  codes c o l l d  d e t e c t  ( g e n e r a l l y  

c l e r i c a l  e r r o r s ,  mispunches, ca rds  o u t  o f  sequence o r  m iss ing ,  e t c . ) ,  t h e  

da ta  i n  bo th  l i s t e d  and p l o t l - ed  form were scanned v i s u a l l y  f o r  any obv ious  

i n c o n s i s t e n c i e s  o r  o t h e r  e r r o r s .  Appendix A documents i n  m inu te  d e t a i l  

t h e  c o r r e c t i o n s  and a l t e r a t i o n s  t o  t h e  UK Data F i l e  which have been made 

s i n c e  J u l y  1968. Appendix 8 documents s i m i l a r  i n f o r m a t i o n  f o r  t h e  ENDF/B 

Data F i  l e .  



C o n s t r u c t i o n  o f  a  cor responding ENDF/B Data F i l e  f o r  each m a t e r i a l  

r e q u i r e d  severa l  changes and a d d i t i o n s  ( as  opposed t o  c o r r e c t i o n s ) ,  which 

a re  descr ibed  i n  d e t a i l  i n  r e fe rence  6. I n  summary, these  p r i m a r i l y  con- 

s i s t e d  o f  t h e  t h r e e  changes descr ibed  below. 

2.1.1. A d d i t i o n s  t o  F i l e s  I  and 3  

A complete F i l e  I  was c rea ted  f o r  each m a t e r i a l ,  i n c l u d i n g  a  

t a b l e  of con ten t s  and an index.  A t a b u l a r  s e c t i o n  f o r  t h e  average cos ine  o f  

t h e  ang le  o f  e l a s t i c  s c a t t e r i n g  i n  t h e  l a b o r a t o r y  system was a u t o m a t i c a l l y  

c rea ted  by LATEX f o r  F i  l e  3. Th i s  l a t t e r  t a b  l e  o f  va l  ues was ca l  cu l ated  
LAB 

u s i n g  t h e  angu la r  d i s t r i b u t i o n s  o f  secondary neu t rons  from e l a s t i c  s c a t t e r i n g ,  

as g i ven  i n  F i  l  e  4  (MF = 4, MT = 2 ) .  The va l  ues o f  I; were extended down 
LAB 

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 = 21, u s i n g  a  va lue  = a t  t h i s  lowest LAB 3(AWR) 
energy.  T h i s  v a l u e  was a l s o  used a t  0.75 Ej, where E3 i s  t h e  lowest i n c i d e n t  

neu t ron  energy f o r  which an angu la r  d i s t r i b u t i o n  i s  g i v e n  i n  F i l e  4. 

2.1.2. T r a n s i t i o n  P r o b a b i l i t y  A r rays  

Because o f  an i nhe ren t  d i f f e r e n c e  between t h e  a l l o w a b l e  UK and 

ENDF/B formats  f o r  photon p r o d u c t i o n  c ross  sec t i ons ,  t h e  photon p r o d u c t i o n  

f rom 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 e v e l s  was n o t  t r a n s l a t e d  comple te ly  

by t h e  code LUTE. The ENDF/B f o r m a t ( 2 )  a  l  lows n o t  on l  y  photon p roduc t  i o n  

c ross  s e c t i o n s  ( s l i g h t l y  d i sgu i sed )  o r  y i e l d s ,  as i n  t h e  UK format ,  b u t  a l s o  

a l l ows  t h e  a l t e r n a t e  use 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  when t h e  l eve l  

energ ies  a r e  w e l l  es tab l i shed .  Thus, t hese  a r r a y s  were en te red  f o r  a l l  

l e v e l s  up t o  t h e  h i g h e s t  l eve l  f o r  which t h e  l eve l  energy and decay scheme 

a r e  w e l l  es tab l i shed .  However, pho ton  p r o d u c t i o n  da ta  were o f t e n  g i ven  i n  

t h e  UK Data F i l e  f o r  i n c i d e n t  neu t ron  energ ies  above t h e  energy o f  t h i s  

h i g h e s t  l eve l  (denoted Ed) ,  so o t h e r  p r o v i s i o n s  had t o  be made f o r  s t o r i n g  

these  da ta  i n  ENDF/B fo rmat .  The method chosen was t o  use photon p roduc t i on  

c ross  s e c t i o n s  f o r  i n c i d e n t  neu t ron  ene rg i es  above E e x a c t l y  as they  a re  
d  ' 

g i ven  i n  t h e  UK format .  I n  o rde r  t o  accompl ish t h i s  conven ien t l y ,  a  new 

r e a c t i o n  t y p e  number was de f i ned  f o r  ENDF/B, as d iscussed i n  t h e  n e x t  sec t i on .  



2.1.3. Residual  Photon Produc t ion  (MT = 110) 

A new r e a c t i o n  t y p e  number, MT = 110, was d e f i n e d  and used 

f o r  r e s i d u a l  photon p r o d u c t i o n  by i n c i d e n t  neut rons w i t h  energ ies  g r e a t e r  

than  Ed. Any i n e l a s t i c  s c a t t e r i n g  r e a c t i o n  (MT = 5 t h r u  14 and 91 t h r u  801 

s e c t i o n  w i t h  i n c i d e n t  neu t ron  energ ies  g r e a t e r  than  E  a u t o m a t i c a l l y  has 
d  

t h e  photon p roduc t i on  c ross  sec t i ons  above t h i s  energy t r a n s l a t e d  by LUTE 

t o  a  subsec t ion  o f  photon p roduc t i on  c ross  sec t i ons  w i t h i n  MT = 110. Also,  

t h e  f i r s t  t i m e  t h i s  case i s  encountered by LUTE, an MT = 110 s e c t i o n  f o r  

F i l e  3, w i t h  u n i t  c ross  sec t i on ,  i s  generated. Thus, t h e  photon p r o d u c t i o n  

c ross  sec t i ons  appear i n  F i l e  15 under t h e  g u i s e  o f  y i e l d s ,  b u t  p rocess ing  

codes such as  L A P H ( ~ )  w i  l  l  p r o p e r l y  c o n s t r u c t  photon p r o d u c t i o n  c r o s s  

s e c t i o n s  f rom t h e  combined da ta  o f  F i l e s  3  and 15. 

2.2. Ma jo r  M o d i f i c a t i o n s  o f  t h e  Data 

Only  t h e  t h r e e  major  changes r e q u i r i n g  d i s c u s s i o n  a r e  g i v e n  i n  

t h  i s  s e c t i o n .  These changes were made i n  c o n v e r t i  ng t o  ENDF/B format ,  tbbt 

t h e  UK Data F i l e  was n o t  a l t e r e d .  D e t a i l e d  minor  c o r r e c t i o n s  o r  a l t e r a t i o n s  

t o  t h e  UK Data F i  l e  a r e  g i v e n  i n   en end i x  A. M i  no r  changes t o  t h e  ENDF/B 

Data F i l e  a re  g i ven  i n  Appendix B, and minor  a l t e r a t i o n s  f o r  cons is tency  

and fo rmat  purposes a r e  d iscussed i n  32.3. 

2.2.1 . Photon Product  i on f rom I  ne I  a s t i  c  S c a t t e r  i ng by i 7 c  I 
Level  e x c i t a t i o n  c ross  s e c t i o n s  f o r  r e a c t i o n  t ypes  5 th rough  

14 and 51 through 53 a re  f o r  t h e  1.22 MeV th rough  6.10 MeV l eve l s ,  r e s p e c t i v e l y ,  

o f  3 5 ~  l  . However, photon p r o d u c t i o n  c ross  sec t  ions i n  t h e  UK Data F i  l  e  a r e  

g i ven  f o r  t h e  cor responding l e v e l s  6nliy f o r  r e a c t i o n  t ypes  up t o  51. Reac t ion  

t ypes  52 th rough  54 a r e  used t o  p resen t  photon p roduc t i on  c r o s s  s e c t i o n s  f o r  

t h r e e  l e v e l s  o f  3 7 ~ ~  v i ,  1.728, 3.087 and 3.71 MeV). S ince  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 s  i n  t h e  ENDF/B Data F i l e  f o r  c h l o r i n e  do n o t  c o n t a i n  t h e  

3 7 ~ 1 ~  l e ve l s ,  t h e  photon p roduc t i on  c ross  s e c t i o n s  f o r  these  leve I  s  were i n -  

c luded  i n  t h e i r  e n t i r e t y  i n  t h e  r e s i d u a l ' p h o t o n  p r o d u c t i o n  s e c t i o n  (MT = 110). 

That  i s ,  t h e  parameter E was zero  f o r  MT = 52, 53 and 54. Photon p r o d u c t i o n  
d  



f o r  i n c i d e n t  neu t ron  energ ies  below 5.22 MeV ( E  f o r  3 5 ~ ~  wou Id  t hus  be 
d  

g i ven  o n l y  f o r  3 5 ~ ~  by t h e  t r a n s i t i o n  probabi  l i t y  a r r a y s  and correspond!  ng 

e x c i t a t i o n  c ross  sec t i ons .  E x c i t a t i o n  c ross  s e c t i o n s  f o r  t h e  l e v e l s  o f  

3 7 ~ ~  a r e  n o t  e x p l i c i t l y  g i v e n  i n  t h e  UK Data F i l e ,  b u t  a r e  inc luded  i n  t h e  

s e c t i o n  f o r  t o t a l  i n e l a s t i c  s c a t t e r i n g ,  r e a c t i o n  t y p e  number (RTN) 1004, 

They presumably a r e  n o t  inc luded  i n  t h e  s e c t i o n  f o r  i n e l a s t i c  s c a t t e r i n g  

t o  t h e  continuum, RTN = 1015. 

2.2.2. Photon P roduc t i on  by t h e  (n,p) and (n,a) React ions i n  Potassium 

Photon p r o d u c t i o n  da ta  f o r  t h e  (n,p) r e a c t i o n  i n  potassium a r e  

i d e n t i f i e d  i n  t h e  UK Data F i l e  by r e a c t i o n  t y p e  numbers 13121 and 13122. 

These RTN's a r e  f o r  t h e  (n,pi) and (n,p2) r e a c t i o n s  i n  3 9 ~ ;  i .e., l eav i ng  

t h e  r e s  i dua l  3 9 ~ r  nuc I  eus i n  t h e  f i r s t  o r  second e x c i t e d  s ta tes ,  r e s p e c t i v e  l  y .  

Because neu t ron  i n t e r a c t i o n  c ross  s e c t i o n  were g i v e n  o n l y  f o r  t h e  t o t a l  

(n,p) r e a c t i o n ,  da ta  f o r  RTN = 13121 and 13122 were combined i n t o  one s e c t i o n  

w i t h  MT = 103. T h i s  i s  t h e  ENDF/B r e a c t i o n  t y p e  number f o r  t h e  t o t a l  (n,p) 

r e a c t i o n .  Angular d i s t r i b u t i o n s  f o r  these  photons were l i k e w i s e  assigned t o  

MT = 103 i n  F i l e  14. 
3  9 A s i m i l a r  case occur red  f o r t h e  (n,cxl) r e a c t i o n  i n  K; i .e. ,  t o t h e  

f i r s t  e x c i t e d  s t a t e  o f  3 6 ~ l .  Photon p r o d u c t i o n  da ta  f o r  t h i s  r e a c t i o n  were 

g iven  i n  t h e  UK Data F i l e  by RTN = 13141, and t h e  angu la r  d i s t r i b u t i o n  by 

RTN = 11141. The da ta  were p laced i n  t h e  ENDF/B Data F i l e  under MT = 107. 

2.2.3. Photon P roduc t i on  by t h e  (n,p) Reac t ion  i n  Calc ium 

Photon p r o d u c t i o n  da ta  f o r  t h e  (n,p) r e a c t i o n  i n  ca l c i um  a r e  

i d e n t i f i e d  i n  t h e  UK Data F i l e  by r e a c t i o n  t ype  numbers 13060, 13061, and 

13062. These RTN's a r e  f o r  t h e  (n,pl), (n,p2), and (n,p3) r e a c t i o n s  i n  

4 0 ~ a ;  i . e., l  eav i ng t h e  r e s  i dua l  4 0 ~  nuc leus i n  one o f  i t s  f  i r s t  t h r e e  

e x c i t e d  s t a t e s .  Also,  photon p roduc t i on  da ta  f o r  i n e l a s t i c  s c a t t e r i n g  t o  7-he 

cont inuum a r e  g i ven  i n  RTN = 13015 f o r  i n c i d e n t  neu t ron  energ ies  f rom 6.0 

t o  20.0 MeV, whereas t h e  cor respond ing  e x c i t a t i o n  c ross  s e c t i o n s  (RTN = 1015) 

a r e  g i v e n  f o r  i n c i d e n t  neu t ron  energ ies  f rom 9.0 t o  20.0 MeV. Thus, a f t e r  



c o n s u l t i n g  w i t h   rake,'^) t h e  photon p roduc t i on  f rom 6.0 t o  9.0 MeV was 

assigned t o  t h e  (n,p) r e a c t i o n  i n  ENDF/B (MT = 103). Also,  as w i t h  

potassium, t h e  neu t ron  i n t e r a c t i o n  c ross  s e c t i o n s  were g i v e n  i n  t h e  UK Data 

F i l e  o n l y  f o r  t h e  t o t a l  (n,p) r e a c t i o n ,  so t h e  da ta  i n  RTN = 13060, 13061, 

and 13062 were inc luded  i n  t h e  ENDF/B r e a c t i o n  t y p e  number f o r  t h e  (n,p) 

r eac t i on ,  MT = 103. I n  a s i m i l a r  manner, angu la r  d i s t r i b u t i o n s  o f  photons 

f rom t h e  (n,pl), (n,pa),  and (n,p3) r e a c t i o n s  were ass igned t o  MT = 103. 

2.3. A l t e r a t i o n s  t o  t h e  Data Dur ing  T r a n s l a t i o n  t o  ENDF/B Format 

A l l  a l t e r a t i o n s  which were made t o  t h e  da ta  i n  UK f o rma t  were a l s o  

c a r r i e d  th rough  d u r i n g  t r a n s l a t i o n  t o  ENDF/B fo rmat .  S ince  t h e  changes i n  

t h e  UK Data F i l e  a re  documented i n  d e t a i l  i n  Appendix A, they  w i l l  n o t  be  

repeated here.  There i s ,  however, a c l a s s  o f  changes which appears o n l y  

i n  t h e  ENDF/B Data F i l e ,  and those  a r e  t h e  ones d iscussed here.  Such changes 

a r e  t y p i c a l l y  ones o f  no rma l i za t i on ,  cons is tency  between l eve l  ene rg i es  

(Q va lues )  and photon energ ies,  e t c .  The d e t a i l s  o f  t h e  changes appear i n  

Appendix B. 

I n  t r a n s l a t i n g  neu t ron  and photon angu la r  d i s t r i b u t i o n s  t o  ENDF/B fo rmat  

it was assumed t h a t  a ze ro  appear ing i n  t h e  second f i e l d  o f  a one-card s e c t i o n  

w i t h  a genera l  c l a s s i f i c a t i o n  number (GCN) o f  2 o r  I I  i m p l i e s  an i s o t r o p i c  

d i s t r i b u t i o n .  The i s o t r o p y  i s  e x p l i c i t l y  s t a t e d  f o r  most such cases l i s t e d  

i n  Tables 4 t h r u  8 o f  Reference 3. I t  was assumed and v e r i  f  i e d ( 8 )  t h a t  t h e  

UK-format i s  c o n s i s t e n t  i n  t h i s  regard .  

2.3.1. No rma l i za t i ons  

Data i n t h e  UK Data F i  l e  were never a l  t e r e d  t o  f o r c e  norma l  i- 

z a t i o n  o f  neu t ron  and photon angu la r  d i s t r i b u t i o n s ,  o r  o f  neu t ron  secondary 

energy d i s t r i b u t i o n s  and photon energy d i s t r i b u t i o n s .  However, a l l  o f  t hese  

da ta  a r e  requ i red  i n  t h e  ENDF/B Data F i  l e  t o  be norma l  i zed t o  probab i l  i t y  

d e n s i t y  f u n c t i o n s .  Thus, a l l  o f  these  n o r m a l i z a t i o n s  were a u t o m a t i c a l l y  

performed i n  t h e  t r a n s l a t i o n  procedure.  Appendix A l i s t s  an example o f  t h e  

i n t e g r a l s  o f  t h e  photon angu la r  d i s t r i b u t i o n s  as t hey  were determined f o r  t h e  



UK Data F i l e .  These re -no rma l i za t i on  cons tan t s  a r e  g i ven  f o r  i n f o r m a t i o n  

on ly ;  they  were n o t  used t o  a l t e r  t h e  UK Data F i l e .  Assuming a  l i n e a r  

i n t e r p o l a t i o n  between ( i . e . ,  cm"8)) va lues,  t h e  o r i g i n a l  d i s t r i b u t i o n s  

were usua l  l  y norma l  i zed t o  u n i t y  , w i t h  i n  I %. Re-norma l  i z a t  i ons cons tan t s  

a r e  n o t  l i s t e d  f o r  t h e  secondary neu t ron  angu la r  d i s t r i b u t i o n s ,  b u t  t hey  

were usual  l y  w i t h i n  about I% o f  u n i t y .  Some, however, d i  f f e r e d  f rom u n i t y  

by up t o  about  15% (e.g., i n  RTN = 2002 f o r  c h l o r i n e ) .  

F i gu res  I  and 2  show t y p i c a l  p l ~ t s  o f  da ta  f o r  neu t ron  angu la r  d i s -  

t r i b u t i o n s ,  where t h e  va lue  a t  p = 0.45 f o r  an i n c i d e n t  neu t ron  energy o f  

4.8 E  - I MeV appa ren t l y  was i n  e r r o r .  C o r r e c t i n g  t h i s  e r r o r  t h e n  in t roduced  

a s l i g h t  e r r o r  i n  t h e  no rma l i za t i on ,  which was i n  t u r n  co r rec ted .  

2.3.2. M isce l  laneous 

C e r t a i n  a l t e r a t i o n s  l i s t e d  i n  Appendix B were t a i l o r e d  f o r  

t h e  LAPH code. ('I They i nvo lve  no s u b s t a n t i v e  changes i n  t h e  data,  bu t  a r e  

necessary t o  s a t i s f y  t h e  ENDF/B fo rmat  requi rements  o r  t o  s t r u c t u r e  t h e  data 

i n  an o p t i o n a l  form which i s  s imp le r  o r  more conven ien t .  Examples o f  t h i s  

t y p e  change a re :  

( I )  Level energ ies  o r  Q va lues  i n  F i l e s  3 and 15 (Op t i on  21, p r i n -  

c i p a l l y  i n  sod*i,um and magnesium, were made c o n s i s t e n t  w i t h  photon energ ies  

i n  F i l e  14. Th i s  i s  r e q u i r e d  t o  a l l o w  p rocess ing  codes t o  c o r r e l a t e  l eve l  

t r a n s i t i o n s  w i t h  t h e  angu la r  d i s t r i b u t i o n s  o f  t h e  cor responding photons. 

Any changes of  Q va l ue  i n  F i l e  3 were f o r  p u r e l y  e s t h e t i c  reasons. A 

s t a n d a r d i z a t i o n  on a  p a r t i c u l a r  va l ue  was n o t  based upon any new phys i ca l  

da ta  o r  r e v e l a t i o n  concern ing  t h e  c o r r e c t  va l ue  among c o n f l i c t i n g  data.  I n  

no case was t h e  d i f f e r e n c e  between c o n f l i c t i n g  da ta  s i g n i f i c a n t  f o r  e i t h e r  

da ta  f i l e  ( i .e . ,  f o r  normal nuc lea r  eng ineer ing  purposes) .  I n  many cases 

t h e  PHQX code found t h r e s h o l d  va lues  lower t han  t h e o r e t i c a l l y  a l lowed by t h e  

Q va lues,  b u t  t h e  va lues  were c o n s i s t e n t  t o  w i t h i n  t h r e e  s i g n i f i c a n t  f i g u r e s  

so no changes were made i n  t h e  UK Data F i l e .  

( 2 )  In t h e  magnesium data,  s e c t i o n  (MT) numbers 1 1 ,  12, and 13 c o r -  

respond t o  t h e  2.565, 2.736 and 2.803 MeV l e v e l s  o f  2 5 ~ 9 ,  f o r  which t h e  decay 
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schemes a r e  n o t  known. However, MT = 14 corresponds t o  t h e  2.94 MeV l eve l  

o f  2 6 ~ g ,  and MT = 5 1 t h r u  55 cor respond t o  t h e  4.12 t h r u  6.44 MeV l eve l s 
2 9 

o f  Mg, a l l  o f  which have known decay schemes. I n  o r d e r  n o t  t o  p rec lude  

t h e  use 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  these  l a t t e r  l e v e l s  (MT = 14 

and 51 t h r u  5 5 ) .  t h e  l e v e l s  o f  2 5 ~ g  w i t h  unknown decay schemes were assigned 

zero  t r a n s i t i o n  p r o b a b i l i t i e s .  Such unor thodox 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  w i l l  be f l agged  by t h e  photon "phys ics"  check ing code, PHQX, b u t  w i l l  

be accep tab le  t o  LAPH. They a l l o w  a s imple,  accura te  and conc ise  representa-  

t i o n  o f  a l l  photon p r o d u c t i o n  f rom well-known l eve l  decay schemes. 

( 3 )  I n  t h e  ca l c i um  t r a n s i t i o n  p r o b a b i l i t y  a r rays ,  MT = 6 corresponds 

t o  t h e  f i r s t  l e v e l  o f  4 0 ~ a  (3.35 MeV), which decays by e l ec t r on -pos i  t r o n  

emission. I n  o r d e r  t o  c o r r e c t l y  compute t h e  r e s u l t i n g  a n n i h i l a t i o n  photon 

source, , the energy o f  t h i s  l e v e l  i s  l i s t e d  i n  F i l e  15 as 0.51 MeV. and t h e  

t r a n s i t i o n  p r o b a b i l i t y  i s  ass igned t h e  va lue  2.0. These w i l l  be f l agged  

by PHQX as susp i c i ous  da ta .  

2.4. Unresolved I ncons i s t enc ies  

Du r i ng  rev iew o f  t h e  da ta  severa l  i n c o n s i s t e n c i e s  were no ted  

between t h e  UK Data F i l e  and t h e  documentat ion o f  t h e  da ta  i n  t h e  Appendices 

o f  GA-7829. Also,  what seem t o  be c l e r i c a l  e r r o r s  appear i n  these  appendices. 

No changes were made on e i t h e r  t h e  UK o r  ENDF/B Data F i l e  where a q u e s t i o n  

concern ing  t h e  c o r r e c t  da ta  c o u l d  n o t  be reso l ved  f rom t h e  source documentat ion.  

However, t h e  ques t i onab le  da ta  a re  noted below f o r  p o s s i b l e  f u t u r e  r e v i s i o n  

when t ime  permi ts .  

2.4.1. Sodium 

Angular  d i s t r i b u t i o n  da ta  f o r  secondary neu t rons  f rom in -  

e l a s t i c  s c a t t e r i n g  t o  t h e  second (2.08 MeV) l eve l  d i f f e r . . c o n s i d e r a b l y  

1 
between t h e  UK Data F i l e  and t h e  documentat ion (GA-7829, Vol .  I I ,  p .  A-53). 

T h i s  d iscrepancy occurs  a t  8.5 and 9.0 MeV i n c i d e n t  neu t ron  energ ies ,  where 

t h e  documentat ion l i s t s  angu la r  d i s t r i b u t i o n s  i d e n t i c a l  t o  t h a t  a t  8.0 MeV. 

The UK Data F i l e  (RTN = 2006), on t h e  o t h e r  hand, l i s t s  s u b s t a n t i a l l y  



d i f f e r e n t  d i s t r i b u t i o n s ,  peak ing s t r o n g l y  and i r r e g u l a r l y  about  p = 0. 

P l o t s  of t h e  da ta  i n d i c a t e  they  a r e  a l s o  i r r e g u l a r  a t  7.5 and 8.0 MeV. 

S i m i l a r l y ,  f o r  t h e  f i r s t  e x c i t e d  s t a t e  (0.4392 MeV l e v e l )  t h e  document 

and t h e  UK Data F i l e  d i sag ree  a t  va r i ous  i n c i d e n t  energ ies  between 6.0 and 

9.0 MeV. Also, even where t h e  da ta  agree it appears f rom t h e  p l o t s  t h a t  a  

d iscrepancy may occur  a t  u = -1.0. Though t h e  da ta  were n o t  a l t e r e d  i t  

appears as i f  a  s imp le  e x t r a p o l a t i o n  of t h e  smooth curves t o  u = -1.0 would 

be s a t i s f a c t o r y .  

2.4.2. Magnesium 

P l o t s  o f  t h e  angu la r  d i s t r i b u t i o n s  o f  secondary neut rons 

from e l a s t i c  s c a t t e r i n g  showed i r r e g u l a r i t i e s  which were n o t  obv ious e r r o r s ,  

o r  which were appa ren t l y  e r r o r s  b u t  d i d  n o t  seem t o  be r e c t i f i a b l e  by a  

s imp le  l i n e a r  i n t e r p o l a t i o n  between ne ighbor ing  p o i n t s .  These occur red  a t  

i n c i d e n t  neu t ron  ene rg i es  o f  0.19 and 0.68 MeV. A s i m i l a r  case e x i s t e d  a t  

0.21 MeV, b u t  t h e  da ta  were smoothed f o r  0.1 - p - < 0.4. A comparison w i t h  

t h e  o r i g i n a l  documentat ion i n  GA-7829, Vol .  I l l ,  w i l l  show t h e  a l t e r a t i o n s  

performed. 

2 . 4 . 3 .  C h l o r i n e  

A p l o t  o f  t h e  angu la r  d i s t r i b u t i o n  o f  secondary neut rons 

from e l a s t i c  s c a t t e r i n g  shows an i r r e g u l a r i t y  a t  p = 1.0 f o r  an i n c i d e n t  

neu t ron  energy o f  15 MeV. A t  t h i s  p o i n t  t h e  p r o b a b i l i t y  d e n s i t y  drops 

abaupt ly ,  whereas a t  ad j acen t  i n c i d e n t  energ ies  t h e  p r o b a b i l i t y  r a t h e r  

smoothly approaches a  maximum a t  p = 1.0. 

2.4.4. Potassium 

Angular  d i s t r i b u t i o n s  f o r  secondary neut rons f rom i n e l a s t i c  

s c a t t e r i n g  t o  t h e  l o t h  th rough  17th l e v e l s  (MT = 51 th rough  57) a re  n o t  

g i v e n  a t  a l l  i n  t h e  UK Data F i l e .  However, Vo l .  I  o f  GA-7829 s t a t e s  i n  

Table  7, under "Remarks," t h a t  these  a r e  i s o t r o p i c .  Thus , i so t r op i c  angu la r  

d i s t r i b u t i o n s  were - n o t  c rea ted  by LATEX because o f  - no e n t r y  be ing  p resen t  i n  

t h e  UK Data F i l e .  I t  may be d e s i r e a b l e  t o  add these d i s t r i b u t i o n s  t o  both 



d a t a  f i l e s  i n  t h e  t u t u r e ,  There seems t o  be no  d ~ s t ; n c t i o n  oerween t s o t r o p ~ c  

d ~ s t r ~ b u t i o n s  wh ich  appear  I n  The UK Da ta  F I  l e  i n  t h e  f o r m  o f  a  s i n g l e - c a r d  

s e c t i o n  and t h o s e  ~ h ~ c h  do n o t  appear a t  a1 I -  Secondary n e d t r o n  angu la r  

d " s + r i b u t i o n s  a t  9,5, 0 ,  i0,5, and I 1,5 MeV show r a d ~ c a l  f i u c t u a + r o n s  a t  

a round u = 0.3.  i t  was n o t  o b v ~ o u s  whe the r  t h e s e  a r e  r e a l  o r  due t o  

c l e r i c a i  e r r o r s ,  and t h e  f u u c t u a t i o n s  o c c u r  t o r  2  t o  3 c o n s e c u t i v e  d a t a  

po l  n t s .  Thus, +he daTa were n o t  a l t e r e d .  

2,4,5,  Carc ium 

Da ta  t o r  i n e l a s t i c  lever  e x c ~ t a t i o n  c r o s s  s e c t i o n s  f o r  t h e  

f ~ r s t  f o u r  ( e v e i s  seem lo be d r s p i a c e d  i n  ene rgy  between r h e  t a b b i a t l o n s  i n  

t h e  documen' and I n  t h e  LJK Data  F , i e m  T h , s  d l s p i a c e m e n t  g e n e r a l  1y occdcs  

fo. e n e r g  I es  above abou t  4-6 MeV 

2-5, D i s t r  , b u t i o n  o t  t h e  Data  

Cop i e s  o f  t h e  c o r r e c t e d  UK Da ta  F I l e  were s e n t  t o  +he Rad i a t   on 

S h i e l d  r ng I n t o r m a t  ron Centel- IRS IC) a t  Oak R idge  N a t i o n a  I L a b o r a t o r y  (ORNL~,  

where a  g e n e r a !  U K ~  ENDF/B t r a n s i a t l o n  code i s  under  c o n s r d e r a t i o n .  

These d a t a  were a l s o  s e n t  t o  t h e  Los Alamos S c i e n t ~ f  uc L a b o r a t o r y  ( I A S L )  t o r  

t h e  Cross  S e c t i o n  Data  i l b r a r y  ( D r ,  R. B, L a z a r u s ) .  Cop ies  o t  t h e  ENDF/B 

Data  F "  Ees were sen' t o  t h e  N a t i o n a l  N e u t r o n  Cross  S e c t i o n  C e n t e r  a t  B rook -  

haven N a t i o n a l  L a b o r a ~ o r y  (BNL) ,  ~ n  a d d l t l o n  t o  RS'C and t h e  Reactor  ' K )  
L 3 >  

D l v i s ~ o n  a t  LHSL. A t  LASL t h e  d a t a  W I  I I be  used by t h e  SAPH code t o  g e n e r a t e  

m u ; t i g r o u p  pho ton  p r o d u c t i o n  c r o s s  s e c t i o n  m a t r i c e s ,  

2,6. T r a n s l a t i o n  Codes: LUIE and LATEX 

The t w o  codes, LUTE and LATEX, t o r  t r a n s l a t i o n  t r o m  UK t o  ENDf/B 

t o r m a t ,  a r e  d e s c r , b e d  i n  d e t a ;  l e l sewhere .  
(6) 

B r ~ e f i y ,  LUTE t r a n s l a t e s  t h e  

pho ton  p r o d u c T i 9 n  a a t a  Ynsofar as  p o s s ; b r e ,  and punches a  d a t a - c a r d  decK, . 
. F i l e  1 d a t a  t o c  ENDF/B, as  wei i as t h e  t r a n s ~ t i o n  p r o b a b i l i t y  a r r a y s , - m u s t  

be  punched s e p a r a t e l y  and used a s  ~ n p b t  t o  LATEX. The LATEX code t h e n  reads  

t h e s e  i n p u t  c a r d s  a i o n g  w i t h  t h e  LUTE o u t p u t  deck, t r a n s l a t e s  t h e  n e u t r o n  

i n t e r a c t i o n  da ta ,  c r e a t e s  a  f i l e  3 s e c t  I on t o r  cLAB, and t h e n  o u t p u t s  a  



complete ENDF/B tape f o r  t h e  ma te r ia l .  

A l i s t i n g  o f  t h e  t r a n s l a t i o n  codes i s  g iven i n  t h e  documentation, 
(6) 

and copies of  the  codes were sent  t o  t h e  Rad ia t ion  Sh ie ld ing  Informat ion 

Center a t  ORNL, t o  t h e  National Neutron Cross Sect ion Center a t  BNL, and 

t o  t h e  Reactor ( K )  D i v i s i o n  a t  LASL. 



3 .  Proposed "Phys i cs "  And I n t e r n a l  C o n s i s t e n c y  Checks 

Due t o  t h e  d i t t i c u l t y  o t  c r e a t i n g  an e r r o r - f r e e  ENDF/B d a t a  s e t ,  

w i t h  i t s  I n h e r e n t  complexity ana s i z e ,  some s y s t e m a t r c  c h e c k i n g  p r o c e d u r e s  

must  be d e v i s e d .  Any c h e c k l n g  p rocedure  s h o h i d - b e g i n  w i t h  t e s t s  which can 

be pe r to rmed  by  a  s l m p l e  compu te r i zed  a n a l y s i s  o f  t h e  d a t a .  On ly  t e s t s  

~ h i c h  r e q u ~ r e  no  I n t e r a c t i v e  c a p a b ! i , t y  between t h e  computer  and t h e  

e v a l u a t o r  a r e  c o n s i d e r e d  he re ,  These t e s t s  can be d ~ v r d e d  i n t o  t w o  t ~ ~ e s .  , , 

(91 
Type I s c o n s i s t e n c y  o r  f o r m a t  s y n t a x  t e s t s  s l m l  l a r  t o  t h o s e  ~n CHECKER? 

Some examples o t  Type 1 a r e  t e s t s  t o  see t h a t  d a t a  I e  w i t h i n  c e r + a ~ n  ranges,  

t o  see t h a t  t h e  p rope r  number o f  d a t a  p o i n t s  a r e  p r e s e n t ,  and t o  d e t e ~ r m ~ n e  

t h a t  t h e  d a t a  a r e  I n  p r o p e r  f o r m a t ,  Type I l s  " p h y s ~ c s "  checks  wh ich  W I  1 I 

h o p e f u l  Yy d e t e r m ~ n e  t h e  p h y s ~ c a i  r e a l  ism and c o n s i s t e n c y  o f  t h e  d a t a  based 

upon known l a b s  o f  p h y s i c s .  T h ~ s  t y p e  may p r i n t  o u t  p rocessed d a t a  o r  p l o t s  

f o r  t h e  program user  t o  check  a g a ~ n s t  r e f e r e n c e s  o r  examlne v i s u a l  i y  t o  d e t e c t  

q u e s t i o n a b l e  p o i n t s .  Any i n c o n s i s t e n c y  o r  suspected e r r o r  wou ld  be fdagged 

by a  comment on t h e  o u t p u t  I l s f i n g .  Those checks  wh ich  were i n c o r p o r a t e d  

i n t o  t h e  PHOX Code a r e  summarized I n  54, 

The symbols used i n  t h e  f o r  i o w ~ n g  s e c t i o n  r e f e r  t o  t h e  ENDF/B fo rma t  

t o r  n e u t r o n  ~ n t e r a e t ~ o n ,  pho ton  p r o d u c t i o n ,  and pho ton  i n t e r a c t i o n  d a t a ?  

3 . 2 ,  F i  le 3 Checks 

Some o t  t h e  " p h y s i c s "  and c o n s ~ s t e n c y  checks  proposed t o r  F i l e  3 

a r e  t h e  f o ~  lowing: 

I ?  E l  Eth9 t h e  i n c ~ d e n t  n e u t r o n  energy  t o r  a  r e a c t ~ o n  s h o u l d  

be g r e a t e r  t h a n  o r  equa l  t o  t h e  t h r e s h o l d  energy  o f  t h a t  r e a c t i o n ?  i f  

E l  < E#h, f l a g  t h e  suspected ene rgy  and c o n t i n u e  p r o c e s s i n g .  Eth 1 5  c a r -  

c u ~ a t e d  by t h e  t o r m u l a  
Erh I i 

' 1 1  - Q ) ,  f o r  Q ; 0. Fo r  Q ; 0, 
AWR - 

2. Q c 0.0 f o r  MT = 5 t h r i r  14 ana 51 t h r u  80. i t  Q 1_ 0,0, f l a g  

t h e  suspected Q v a l u e  and a t t e m p t  t o  c o n t l n u e  processing. 



3 .  l o 4 e v <  - I Q I  - < 2 x  1 0 7 f o r M T = 5 t h r u  1 4 a n d 5 1  t h r u 8 0 .  

I f  n o t  i n  t h i s  range, f l a g  t h e  suspected valule and con t inue  process ing.  

4. Q = 0.0 f o r  MT = 15 o r  110. I f  no t ,  f l a g  t h e  suspected Q 

va lve,  s e t  Q = 0.0 and con t i nue  processing. 

5. Q 2 0.0 f o r  MT = 102. I f  Q < 0.0, f l a g  t he  suspected Q 

valwie, s e t  Q = 0.0 and con t i nue  process ing.  

6 .  1.7 x 10'jev - < Q - < 1.2 x l o 7 e v  f o r  MT = 102 i f  Q f 0.0.  I f  

Q i s  n o t  i n  t h i s  range and # 0.0, f l a g  t he  suspected valde, s e t  Q = 0.0, 

and con t i nue  process ing.  

7 .  For MT = 102, i n t e r p o l a t e  t o  f i n d  t h e  2200 m/sec c ross  s e c t i o n  

and p r i n t  i t f o r  t he  user  t o  check aga ins t  re ferences.  

8. There i s  some ques t ion  as t o  t h e  p roper  Q va lues f o r  t h e  

elements. Consider, f o r  example, t h e  m a t e r i a l s  t r a n s l a t e d  and reviewed 

f o r  t h i s  r e p o r t .  Except f o r  sodium, which i s  monoisotopic,  t h e  o t h e r  

elements have d i f f e r e n t  Q va lues  f o r  t h e i r  d i f f e r i n g  isotopes.  The proper  

we igh t ing  o f  t h e  i s o t o p i c  Q va lues  (e.g. by abundance o r  p roduc t  o f  abundance 

and 2200 m/sec c ross  s e c t i o n )  i s  indeterminable.  Thus, Q i s  s imply  s e t  

equal t o  zero. 

9. o = 1.0 f o r  MT = 110. By d e f i n i t i o n  o f  t h i s  r e a c t i o n  type, 

t he  c ross  s e c t i o n  must be u n i t y .  

3.3. F i l e  14 Checks 

Some "phys ics"  and cons is tency  checks t h a t  a re  proposed f o r  File 

14 a re  t h e  f o l  lowing: 

I .  LTT should be e i t h e r  I  o r  2. I f  no t ,  assume LTT = 2 and 

a t tempt  t o  con t i nue  process ing under t h e  assumption t h a t  angu la r  d i s t r i b u -  

t i o n s  a r e  g i ven  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 .  

2. L I  should be e i t h e r  0  o r  I .  I f  not ,  assume L I  = 0  ( i . e . ,  

a non - i so t rop i c  d i s t r i b u t i o n ,  and a t tempt  t o  con t i nue  p rocess ing) .  

3. NC should be e i t h e r  0  o r  I .  I f  not,  assume NC = 0  ( i . e . ,  

no cont inuous photon energy spec t ra  a re  g i ven )  and a t tempt  t o  con t i nue  

p rocess ing .  



4. I f  L I  = I ,  t e s t  t o  see t h a t  t h e  n e x t  c a r d  i s  a  SEND c a r d .  I f  

n o t ,  t h e n  s e t  LI = 0  and a t t e m p t  t o  c o n t i n u e  p r o c e s s i n g .  

5. I f  LTT = 1 ,  t h e n  use LEGCK") t o  t e s t  t h e  Legendre c o e f f i c i e n t s .  

LEGCK i s  a  computer  code t h a t  checks  Legendre c o e f f i c i e n t s  f o r  p o s s i b i l i t y  

and p o s i t i v i t y .  Any un reasonab le  o r  n e g a t i v e  c o e f f i c i e n t s  a r e  f l a g g e d .  

6. NE > NR, t h e  number o f  n e u t r o n  energy  p o i n t s  g i v e n  must  be 

g r e a t e r  t h a n  t h e  number o t  i n t e r p o l a t e s .  I f  n o t ,  f l a g  t h e  suspec ted  

v a l u e s ,  s e t  NR = I ,  and a t t e m p t  t o  c o n t i n u e  p r o c e s s i n g .  

7 .  NR > 0. I f  n o t ,  f l a g  t h e  suspected v a l u e ,  s e t  NR = I and 

a t t e m p t  t o  c o n t ~ n u e  p r o c e s s i n g .  

8.  INT(m1 # lNT(m- I ) .  No t w o  c o n s e c u t i v e  r e g i o n s  s h o u l d  have 

t h e  same i n t e r p o l a t i o n  scheme. I f  two r e g i o n s  have t h e  same scheme, f l a g  

t h e  suspec ted  r e g i o n  and a t t e m p t  t o  c o n t i n u e  p r o c e s s i n g .  

9. ES - > 0.  I f  ES < 0, f l a g  t h e  suspec ted  v a l u e ,  s e t  ES = 0  

and c o n t i n u e  p r o c e s s i n g .  

< ES when ES > 0.  The i t h  d i s c r e t e  pho ton  energy  i s  l e s s  10. EGi - 
t h a n  o r  equa l  t o  t h e  ene rgy  o f  t h e  s t a t e  e x c i t e d  t o  p roduce  t h e  pho ton  

(when ES > 0 ) .  I f  n o t ,  f l a g  t h e  suspec ted  v a l u e ,  s e t  EGi = ES and c o n t i n u e  

p r o c e s s  i ng . 
I I .  EGi > 0. I f  n o t ,  t e s t  t h a t  ES = EGi = 0  and NC = I .  I f  t h i s  

i s  n o t  t h e  case, f l a g  t h e  suspec ted  v a l u e  and c o n t i n b e  p r o c e s s i n g .  

12. ES does n o t  change w i t h ~ n  any MT number f o r  ~ n e E a s t r c  s c a t t e r -  

i n g  t o  a  d i s c r e t e  l e v e l .  I f  ES does change, assume ES t o  have t h e  f i r s t  

v a l u e  g i v e n ,  f l a g  t h e  i n c o n s i s t e n c y ,  and c o n t i n u e  p r o c e s s i n g .  

13. I f  ND > I ,  t h e  EG. mus t  change and must  be  ~n d e c r e a s ~ n g  
I 

o r d e r .  I f  n o t ,  f l a g  t h e  suspec ted  v a l b e s  and c o n t i n u e  p r o c e s s i n g .  

14. ES = /Q1 f o r  MT = 5 t h r u  14 and 5 1  t h r u  80. I f  n o t ,  t rag  

t h e  suspected v a l u s ,  s e t  ES = 1QI and c o n t i n u e  p r o c e s s i n g .  

15. l o 4 e v <  - ES - < 2 x l o 7  eV f o r  MT = 5 t h r u  14 and 51 t h r u  80, 

I f  n o t ,  f l a g  t h e  suspec ted  v a l u e  and c o n t i n u e  processing. 



3.4. F i l e  15 Checks 

Some "phys ics"  and cons is tency  checks t h a t  a re  proposed f o r  F i l e  

15 a r e  t h e  f o l l o w i n g :  

I .  The ES va lues  must be t h e  same as i n  F i l e  14 f o r  a g i ven  MT 

number. I f  no t ,  f l a g  t h e  suspected v a l u e  and con t i nue  p rocess ing .  

2. A l l  t h e  t e s t s  f o r  ES l i s t e d  i n  F i l e  14, Sec t i on  3.3 a l s o  

app l y  i n  F i l e  15. 

3 .  The EG. must have t h e  same-values as i n  F i l e  14 f o r  a g i ven  
I 

MT number, Under o p t i o n  2 o f  F i l e  15 a l l  p o s s i b l e  EGi must be determined 

from t h e  cascade and matched t o  an EGi i n  F i l e  14. The ex i s t ence  o f  a 

p a r t i c u l a r  va lue  o f  EGi i n  F i l e  14 r e q u i r e s  a cor responding va lue  i n  F i l e  

15, b u t  n o t  v i c e  versa.  I f  va lues  d i f f e r  o r  a F i l e  14 subsec t ion  has no 

correspondent  whatsoever i n  F i l e  15, f l a g  t h e  suspected va lues  and con t i nue  

process ing.  

4. A l l  t h e  t e s t s  f o r  EGi l i s t e d  i n  F i l e  14, Sec t ion  3.3 a l s o  

app l y  i n  F i l e  15. 

5. LO should  be e i t h e r  I  o r  2.  I f  no t ,  f l a g  t h e  suspected value, 

s e t  L q  = I  and a t tempt  t o  con t i nue  p rocess ing  w i t h  t h e  assumption t h a t  da ta  

a r e  g i ven  as photon p roduc t i on  m u l t i p l i c i t i e s .  

6 .  LF shou ld  be e i t h e r  I o r  2. I f  no t ,  f l a g  t h e  suspected va lue,  

s e t  LF = 2 and a t t emp t  t o  c o n t i n u e  p rocess ing  w i t h  t h e  assumption t h a t  da ta  

a r e  g i v e n  by d i s c r e t e  photon energ ies  ins tead  o f  by t a b u l a t e d  d i s t r i b u t i o n s .  

7.  NT - < NS, t h e  number o f  t r a n s i t i o n s  must be less  than  o r  equal 

t o  t h e  number o f  l e v e l s  below t h e  p resen t  l e v e l  ( i n c l u d e s  ground s t a t e ) .  

I f  not ,  f l a g  t h e  suspected va lues,  s e t  NT = NS and a t t emp t  t o  con t i nue  

process ing.  

8. Under o p t i o n  2, NS = MT - 4 f o r  MT = 5 t h r u  14 and NS = MT - 40 

f o r  MT = 51 t h r u  80. I f  not ,  f l a g  t h e  suspected va lue,  s e t  NS = MT - 4 

o r  MT - 40, as app rop r i a t e ,  and con t i nue  p rocess ing .  

9. NR < NP i s  t h e  same t e s t  as l i s t e d  i n  F i l e  14, Sec t ion  3.3, 

10. The sum o f  t h e  p r o b a b i l i t i e s  i n  a cascade should add t o  

u n i t y .  I  f  t h e  sum d i f f e r s  f rom u n i t y  by more t han  I o - ~ ,  f lag  t h e  suspected 

cascade and con t i nue  p rocess ing .  



I I .  Et L Ec + Q  f o r  r e a c t i o n s  i n  wh ich  t h e  n e u t r o n  d i s a p p e a r s .  

F o r  n e u t r o n  d i sappearance  r e a c t i o n s ,  i n  wh ich  a  compound n u c l e u s  i s  formed, 

t h e  t o t a l  energy  o f  t h e  e m i t t e d  photons ,  denoted Et, i s  l e s s  t h a n  o r  equa l  

t o  t h e  Q v a l u e  p l u s  t h e  k i n e t i c  ene rgy  o f  t h e  neu t ron ,  i n  t h e  c e n t e r  o f  

mass system, denoted Ec. I t  i s  assumed t h a t  t h e  t a b u l a t e d  n e u t r o n  energy  

i n  t h e  l a b o r a t o r y  sys tem i s  a  s u f f i c i e n t l y  a c c u r a t e  a p p r o x i m a t i o n  o f  Ec, 

I f  Et > (Ec + Q ) ,  f l a g  t h e  suspec ted  v a l u e  and c o n t i n u e  p r o c e s s i n g .  T h i s  

can be  c a l c u l a t e d  by t h e  f o i l o w l n g :  

where F = j d ~  g ( E  + E i )  E  t h e  y k ( E i )  a r e  t h e  pho ton  m u l t i p i i c i t i e s ,  
Y  Y Y  Y' 

and t h e  g  (E  + E. ) a r e  t h e  probab i I i t y  d e n s i t y  f u n c t i o n s .  
Y I  

12. E+ - < 101 f o r  r e a c t i o n s  i n  wh ich  t h e  n e u t r o n  does n o t  d i s a p p e a r .  

The t o t a l  energy  o f  t h e  e m i t t e d  photons ,  Et, shou ld  be  l e s s  t h a n  o r  equa i  

t o  magn i tude  o f  t h e  Q v a  I  ue. I f  Et . [Q 1 ,  t l a g  t h e  suspected va l  ue and 

c o n t i n u e  p r o c e s s i n g .  T h i s  i s  c . l c u l a t e d  i n  t h e  same manner a s  above. 
flk 

13. I f  Lo = I ,  Y ( E )  = 1 y k ( E ) ,  t h e  t o t a l  pho ton  y i e l d  s h o u l d  
k= l  

equa l  t h e  sum o f  t h e  i n t e g r a l s  o v e r  t h e  secondary  e n e r g i e s .  These v a l u e s  

s h o u l d  ag ree  t o  w i t h i n  t h e  f o u r t h  s i g n i f i c a n t  f i g u r e .  I f  n o t ,  f l a g  t h e  

suspec ted  v a l u e  and c o n t i n u e  p r o c e s s i n g .  

14. F o r  L o =  I  and LF = I ,  t h e  n o r m a l i z a t i o n  s h o u l d  be Tested.  

I f  1, = 1 g(Ey + EJ  )dE where g ( E  + E; i s  t h e  normal i z e d  pho ton  energy  
Y '  Y 

d i s t r i b u t i o n  ( i . e . ,  p r o b a b i l i t y  d e n s i t y  f u n c t i o n ) ,  t h e n  t h e  n o r m a l i z a t i o n  
- 4 

i s  t e s t e d  by  i n s u r i n g  ] I I  - l  1 2  10 . I f  n o t ,  f l a g  t h e  suspec ted  n o r m a l i -  

z a t i o n  v a l u e  and c o n t i n u e  p r o c e s s i n g .  

3.5. F i l e  23  Checks 

The proposed " p h y s i c s "  and c o n s i s t e n c y  checks  f o r  F i l e  23 a r e  

t h e  f o l l o w i n g :  



I .  a  = a  + a + a c + a  t o t a l  photon c ross  s e c t i o n  equals  
Y Pe PP ' 

t h e  sum o f  t h e  i n d i v i d u a l  c ross  sec t i ons  f o r  p h o t o e l e c t r i c  e f f e c t ,  Ray le igh 

o r  coherent  s c a t t e r i n g ,  Compton s c a t t e r i n g ,  and p a i r  p roduc t ion .  For 

p r a c t i c a l  purposes t h e  e f f e c t s  o f  t h e  f o l l o w i n g  a r e  neg lec ted :  Delbruck o r  

p o t e n t i a l  s c a t t e r i n g ,  Thomson s c a t t e r i n g  by t h e  nucleus, photonuc lear  

r eac t i ons ,  and c r y s t a l  s c a t t e r i n g .  The sum should agree w i t h  a  t o  w i t h i n  
Y 

t h e  f o u r t h  s i g n i f i c a n t  f i g u r e .  I f  not,  f l a g  t h e  suspected va lue  and 

con t i nue  process ing.  

2. The Compton s c a t t e r i n g  c ross  s e c t i o n  i s  checked by t h e  K l e i n -  

N i sh ina  formula 

where a = hu/m c 2  and e = an e l e c t r o n  charge. The va lues  should agree t o  
0 

w i t h i n  t h e  second s i g n i f i c a n t  f i g u r e  over  most o f  t h e  energ ies  o f  p r a c t i c a l  

i n t e r e s t .  I f  not,  f l a g  t h e  suspected va lue  and con t i nue  process ing.  

3. For p a i r  p roduc t i on  E .  > 1.02 MeV. I f  no t ,  f l a g  t h e  suspected 
I 

value,  ignore  t h e  corresponding c ross  s e c t i o n  and con t i nue  process ing.  

4. Far p a i r  p roduc t ion ,  t h e  t o t a l  c ross  s e c t i o n  should monoton ica l l y  

increase w i t h  photon energy. I f  not,  f l a g  t h e  suspected va lues and con t i nue  

process ing.  

5. The energy a t  which p a i r  p roduc t i on  c o n t r i b u t e s  e x a c t l y  one- 

h a l f  t h e  t o t a l  c ross  s e c t i o n  i s  computed, p r i n t e d  and checked by t h e  user  

a g a i n s t  re fe rences .  

6. The energy a t  which t h e  p h o t o e l e c t r i c  e f f e c t  c o n t r i b u t e s  

e x a c t l y  one-hal f  t h e  t o t a l  c ross  s e c t i o n  i s  computed, p r i n t e d  and checked 

by user  a g a i n s t  re fe rences .  

7. The p h o t o e l e c t r i c  e f f e c t  f o r  each s h e l l  has a t h resho ld  energy 

below which t h e  r e a c t i o n  can n o t  t a k e  p lace .  Therefore, the lowest energy p resen t  

i n  t h e  f i l e  i s  found and p r i n t e d  f o r  check ing by t h e  user a g a i n s t  re fe rences  

( e l e c t r o n  b i n d i n g  ene rg ies ) .  

8. For t h e  p h o t o e l e c t r i c  e f f e c t ,  t h e  K-edge and a l l  o t h e r  d i s -  

c o n t i n u i t i e s  a r e  computed and p r i n t e d  f o r  check ing by t h e  user  a g a i n s t  

re fe rences .  



9. F o r  t h e  p h o t o e l e c t r i c  e f f e c t ,  t h e  c r o s s  s e c t i o n  decreases 

m o n o t o n i c a l l y  w i t h  pho ton  energy  a t  t h e  edges.  Any d i s c r e p a n c y  would 

be p i c k e d  up and f l a g g e d  as  an "edge." 

3.6. F i l e  24 Checks 

The proposed " p h y s i c s "  and c o n s i s t e n c y  checks  f o r  F i l e  24 a r e  t h e  

f o l  l o w i n g :  

I .  LTT f o l l o w s  same checks  as l i s t e d  i n  F i l e  14, S e c t i o n  3.3. 

2, LCT s h o u l d  be e i t h e r  I o r  2. I f  n o t ,  f l a g  t h e  suspected v a l u e ,  

s e t  LCT = I and a t t e m p t  t o  c o n t i n u e  p r o c e s s i n g  w i t h  t h e  assumpt ion  t h a t  d a t a  

a r e  g i v e n  i n  t h e  LAB system. Where t h e  secondary  p a r t i c l e  i s  a  photon,  

t h e  conven t  i o n  a d o p t e d ( 2 '  i s  t h a t  LCT = i . 
I 

3. N o r m a l i z a t i o n  i s  t e s t e d  by  t h e  i o l  l ow ing :  J - l  dp p ( p , E i )  = I .  

I f  t h e  v a l u e s  do n o t  ag ree  t o  w i t h i n  t h e  f o u r t h  s i g n i f i c a n t  t i g u r e ,  f l a g  

t h e  suspec ted  v a l u e s  and c o n t i n u e  p r o c e s s i n g .  

3.7. F i l e  27 Checks 

The proposed " p h y s i c s "  and c o n s i s t e n c y  checks  f o r  F i l e  27 a r e  

t h e  f o l  l o w i n g :  

I .  I n c o h e r e n t  f o r m  f a c t o r s  (somet imes c a l l e d  i n c o h e r e n t  s c a t t e r i n g  

f u n c t i o n s )  s h o u l d  m o n o t o n i c a l l y  i n c r e a s e  and approach u n i t y  as  pho ton  energy  

i n c r e a s e s .  They shou l d  be w i t h i n  3% o f  u n i t y  a t  I MeV. 

2. Coheren t  f o r m  f a c t o r s  s h o u l d  dec rease  and approach z e r o  as  

pho ton  energy  i n c r e a s e s .  



4. PHOX, A "Physics" Check1 ng Cbdb For Photon Data I n  The ENDF/B DAta F i  I 6  

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

Much work has been and i s  be ing  done t o  p l ace  da ta  i n  t h e  ENDF/B Data 

F i l e  format .  I n  t h e  process o f  t h i s  work t h e r e  a r e  natura1, ly many e r r o r s  which 

occur  and which m igh t  pass undetected i n  a  v i s u a l  rev iew o f  these data.  There- 

f o re ,  a  code c a l  led CHECKER") was w r i t t e n  by BNL t o  check t h e  mechanics ( i  .e., 

format  syn tax )  o f  t h e  data.  However, no code e x i s t e d  which checked t h e  phys ica l  

aspects  o f  t h e  data, o r  o therw ise  determined whether t h e  data were reasonable 

o r  even poss ib l e .  Therefore,  it i s  t h e  purpose o f  t h i s  s e c t i o n  t o  e x p l a i n  how 

severa l  "phys ics"  checks were incorpora ted  i n t o  a  computer code which does t h i s  

t o  some degree f o r  t h e  photon data.  The exac t  d i v i s i o n  between format  syntax 

and "phys ics"  t ypes  o f  checks i s  n o t  we1 l def ined,  so t h e  pragmat ic  d e f i n i t i o n  

o f  "phys ics"  checks i s  those checks n o t  done by CHECKER. 

There a r e  severa l  types o f  phys i ca l  checks which a r e  made by PHOX. They 

i nc l ude  checks such as t e s t i n g  t h a t  t he  va lues a re  w i t h i n  g i ven  ranges, t h a t  

a l l  energy p o i n t s  a r e  above t h e  t h e o r e t i c a l  t h r e s h o l d  as determined f rom t h e  Q 

value, t h a t  t h e  t o t a l  energy re leased by photons does n o t  exceed t h e  energy 

a v a i l a b l e  as determined by t h e  Q va lue  and neutron energy, e t c .  

The PHOX code i s  designed i n  a  manner s i m i l a r  t o  CHECKER i n  t h a t  i t c a l l s  

va r i ous  subrou-i-ines which do t h e  ac tua l  reading, check ing and w r i t i n g .  I t  i s  

w r i t t e n  i n  FORTRAN I V  and has been s u c c e s s f u l l y  run  on t h e  85500 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 ,  

Whi le t h e  program i s  designed t o  a t tempt  t o  process any sec t ion ,  even i f  

an e r r o r  i n  one o f  t h e  c o n t r o l  parameters i s  d iscovered,  t h e  code may t e rm ina te  

due t o  t r y i n g  t o  read da ta  i n  an a l i e n  format .  When c o n t r o l  parameters a re  o u t  

o f  t h e  acceptable range, t h e  code assumes a va lue  w i t h i n  t h e  acceptable range 

and a t tempts  t o  proceed. Whenever an e r r o r  i s  determined, a  message i s  p r i n t e d  

t o  t h a t  e f f e c t  g i v i n g  t h e  necessary values, i f  needed. 



4.2. PHOX Code and S u b r o u t i n e s  

PHOX i s  a  FORTRAN I V  code des igned  t o  read  an ENDF/B d a t a  t a p e  

and r u n  c e r t a i n  checks  on t h e  da ta ,  f l a g g i n g  t h o s e  ~t b e l i e v e s  t o  be i n  e r r o r .  

I t  i s  des igned  p r i m a r i l y  t o  read a  BCD c a r d  image t a p e  (mode 3 )  and, w h i l e  n o t  

t e s t e d ,  it i s  a l s o  b e l i e v e d  t o  be a b l e  t o  p rocess  a  b i n a r y  t a p e  i n  s t a n d a r d  

ar rangement  f o r  ENDF/B (~ .e . ,mode  I ) ,  An INDEX'ed r  sting o f  PHOX, g i v ~ n g  t h e  

s t a t e m e n t  numbers and v a r i a b l e  names, I S  g i v e n  I n  A p p e n d ~ x  C. 

The main  program, PHOX, i s  e s s e n t i a l l y  a  car l i n g  r o u t ~ n e  wh ich  sea rches  

f o r  t h e  f i l e s  t o  be  checked and a s s i g n s  t h e  r e a d i n g ,  check ing ,  and w r i t i n g  t a s k s  

t o  t h e  a p p r o p r i a t e  s u b r o u t i n e s  I n  t h e  p r o p e r  o r d e r .  I f  t h e  f i  l e s  o f  i n t e r e s t  

a r e  n o t  f ound  on t h e  d a t a  t a p e ,  messages t o  t h a t  e f f e c t  a r e  w r ~ t t e n ,  and t h e  r u n  

i s  t e r m i n a t e d .  Seve ra l  o f  t h e  BNL r e t r  l eva  l sub rout^ n e ~ ( ~ )  were used i n  PHOX. 

These i n c l u d e  RREC, TERPI, ERROR, and WREC w i t h  i t s  supp lementa l  s u b r o u t ~ n e s .  

A mod i f  i c a t i o n  o f  t h e  CHECKER s u b r o u t i  ne TESTZB(MT) ( 9 )  was made and r n c o r p o r a t e d  

i n  PHOX. The purpose o f  t h i s  s u b r o u t i n e ,  c a l i e d  TEST2C(MT), i s  t o  check  f o r  

t h e  p r o p e r  MT rumbers i n  F i l e  14. 

4.2. 1 .CKHD(F I LE) 

CKHD i s  d e s ~ g n e d  t o  check  t h e  HEAD r e c o r d s  o t  F i l e s  14 

and 15. I t  checks  t h e  d i f f e r e n t  t ~ e l d s  ( n o t  ~ n c l l i d ~ n g  ZA and AWR) f o r  range,  

and i f  d i s c o v e r e d  t o  be o u t s l  de o f  t h e  range,  a  "guess" i s  made and p r o c e s s i n g  

c o n t t n u e s .  When it i s  necessary  t o  make a  guess, a  message t o  t h a t  effect I S  

p r i n t e d  wh ich  i n f o r m s  t h e  u s e r  as  t o  t h e  guessed v a i u e .  

4.2,2.FI L3(AWR) 

F I L 3  i s  des lgned  t o  c a l c u l a t e  a  t h e o r e t i c a l  t h r e s h o l d  v a l u e  

f o r  F i l e  3, based on  AWR and Q, and t o  t e s t  ~t a g a i n s t  t h e  f i r s t  ene rgy  p o i n t  

g i v e n .  I f  t h i s  ene rgy  p o i n t  i s  found t o  be be low t h e  t h r e s h o l d  v a l u e ,  a  

message t o  t h a t  e f f e c t  i s  w r i t t e n ,  a l o n g  w l t h  t h e  t h e o r e t i c a l  v a l u e .  F I L ~  

t h e n  s t o r e s  Q ( a f t e r  c h e c k i n g  i t  f o r  reasonab leness  o f  s i g n  and m a g n ~ t u d e  

a c c o r d i n g  t o  t h e  r e a c t i o n  t y p e )  and t h e  l a r g e r  o f  e ~ t h e r  t h e  theoretical 

t h r e s h o l d  o r  t h e  f i r s t  ene rgy  p o l n t ,  f o r  use i n  F i l e s  14 and 15. 



4.2.3. F IL I4 (N )  

FIL14 i s  designed t o  t e s t  ES and EG f o r  cons is tency  and 

reasonableness o f  magnitude and s ign .  I t  a l s o  t e s k  f o r  a  con t inuous  spectrum 

and makes sure  t h e r e  i s  on l  y  one cont inuous spectrum. Using sub rou t i ne  

ESEGPR, FIL14 s t o r e s  ES and EG f o r  l a t e r  use. 

Each TAB1 reco rd  i s  t e s t e d  f o r  i nc reas ing  o r d e r  o f  i n c i d e n t  neu t ron  

energy and f o r  magnitude as  compared w i t h  t h e  t h r e s h o l d  va l ue  s t o r e d  i n  

F I  L3. 

4.2.4. FIL15(N) 

F I L I 5  i s  designed t o  check e i t h e r  o p t i o n  I  o r  2. I n  o p t i o n  

I t h e  subsec t ion  y i e l d s  a r e  t o t a l e d  and checked a g a i n s t  t h e  t o t a l  y i e l d s  a t  

t h e  t o t a l  y i e l d  energ ies .  The t o t a l  MeV re leased  per  i n t e r a c t i o n  i s  c a l c u l a t e d  

and compared a g a i n s t  t h e  sum o f  t h e  Q v a l u e  and kinet ic energy,where app rop r i a t e .  

The i n c i d e n t  neu t ron  energ ies  and t h e  f i r s t  energy i n  each a r r a y  a r e  checked 

a g a i n s t  t h e  t h r e s h o l d  va lue  s t o r e d  i n  FIL3. The ES and EG p a i r s  a r e  a l s o  used 

i n  sub rou t i ne  ESEGPR. 

I n  o p t i o n  2  t h e  va lueso f  ESi a re  checked f o r  decreas ing o rde r ,  t h e  TPi f o r  

magnitude and t o t a l  sum, and t h e  GP. f o r  magnitude. The ES1s a r e  a l s o  checked 
I 

a g a i n s t  t h e  magnitude o f  Q, as s t o r e d  i n  FIL3, and t h a t  they  correspond t o  

p rev i ous  s t a t e  l eve l s .  A l so  t h e  d i f f e r e n c e  between each s t a t e  l eve l  and t h e  

p rev i ous  s t a t e  l e v e l s  a re  checked as ES and EG p a i r s  by ESEGPR. 

ESEGPR i s  designed t o  check t h a t  each ES-EG p a i r  g i v e n  i n  F i l e  

14 i s  used i n  F i l e  15. I n  t h e  case o f  o p t i o n  I  i n  F i l e  15 t h e  comparison i s  

d i r e c t ,  b u t  f o r  o p t i o n  2  i t  i s  necessary t o  c a l c u l a t e  t h e  EG1s by s u b s t r a c t i n g  

t h e  lower s t a t e  l e v e l s  f rom t h e  p resen t  s t a t e  l e v e l .  A f t e r  comp le t ion  o f  F i l e  

15, ESEGPR i s  c a l l e d  and a  f i n a l  check o f  a l l  t h e  values,(ES-EG pairs), i s  made 

t o  insure t h a t  each has been accounted f o r .  Any t h a t  a re  found t o  remain 

unaccounted f o r  a r e  l i s t e d  on t h e  ou tpu t .  



4.2.6. STATEILG) 

STATE I S  des igned  t o  check  t h a t  each va rhe  o f  ES co r responds  
I 

t o  a  p r e v i o u s  v a l u e  o f  ES as  read  t r o m  p r e v i o u s  i n e l a s t i c  s c a t t e r i n g  s e c t i o n s ,  

MT = 5-14 and 51-80, 

4.3, l n ~ u t  and O u t o ~ t  S o e c i t i c a t i o n s  

4 - 3 . 1 -  PHOX bnput 

The I n p u t  c o n s i s t s  o t  one ENDF/B d a t a  tape,  d e s i g n a t e d  u n i t  NT, 

and t w o  c a r d s ,  The c a r d s  c o n s i s t  o t  

I )  NT,MODE,MATN 

e n t e r e d  i n  (311 i )  f o rma t ,  where NT 1s t h e  l n p h t  t a p e  I / O  u n i t  nbmber, 

MODE I s  t h e  mode o t  t h e  i n p h t  t a p e ,  and MHTh I S  t h e  m a t e r i a l  number 

o f  t h e  m a t e r i a i  t o  be checked.  

2) LIST e n t e r e d  i n  (13A6,AZ) t o r m a t .  T h i s  c a r d  I S  reproduced i d e n t ~ c a l l y  

as  t h e  f i r s t  l i n e  o t  o u t p u t  on t h e  l i s t i n g ,  Th rs  e n a b l e s  t h e  u s e r  t o  

p l a c e  any i n f o r m a t i o n  he d e s i r e s  on t h e  o u t p u t .  

The c a r d  r e a d e r  I S  d e s i g n a t e d  a s  I / O  unit number 5  whl i e  t h e  l l n e  printer 

i s  d e s i g n a t e d  as  I / O  u n i t  number 6.  The c h o i c e  o t  f h e  NT number i s  l e t *  t o  

t h e  u s e r .  

4,3.2. PHOX O u t p u t  

The o u t p u t  c o n s i s t s  o t  a  l i s t ~ n g  o t  F I  l e s  3, i 4  and 15 w r t h  

any comments wh ich  PHOX m i g h t  p r i n t .  I t  s h o u l d  be p o l n t e d  o u t  t h a t  a l  Y 

comments a r e  w r i t t e n  a t t e r  t h e  ENDF/B r e c o r d  I n  wh ich  a  p o s s ~ b l e  e r r o r  I S  

d e t e c t e d  and n o t  n e c e s s a r i l y  immed ia te l y  a t t e r  t h e  c a r d  on w h ~ c h  it o c c u r s ,  

4.4.  Bu r roughs  85500 Compbter F o r t r a n  I V  Compi i e r  F e a t u r e s  

O n l y  t w o  m i n o r  c h a r a c t e r i s t i c s  o f  t h e  B5500 F o r t r a n  I \  d i a l e c t  a r e  

known wh ich  m i g h t  a f f e c t  t h e  r u n n l n g  o t  PHOX o n  o t h e r  computers,  These 

a r e :  



I )  Upon e n t r y  i n t o  a  sub rou t i ne ,  t h e  85500 a u t o m a t i c a l l y  i n i t i a l i z e s  

t o  ze ro  a l l  v a r i a b l e s  n o t  h e l d  i n  COMMON. I t  a l s o  i n i t i a l i z e s  a l l  s t o rage  

p o i n t s  t o  ze ro  upon e n t r y  i n t o  t h e  main program. 

2) The method used on t h e  85500 t o  determine t h e  s ta tement  t o  proceed 

t o  upon reach ing  an End-o f -F i le  i s :  

READ (U,F,END=S) LlST 

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

F i s  t h e  fo rmat  number, 

S i s  t h e  number o f  t h e  s ta tement  t o  go t o  i f  an End-o f -F l le  i s  reached 

a n d  

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



APPENDIX A :  C o r r e c t i o n s  and A i t e r a t : o n s  t o  t h e  Data i n  UK Format 

The t o 1  rowing tabulation I 1 s t ~  t h e  c a r d  numbers, d a t a  changes and comments 

f o r  a l l  changes made t o  t h e  d a t a  t i l e s  i n  UK t o r m a t  s i n c e  a b o u t  J b i y  1968 ,  

A l l  changes made p r i o r  t o  t h a t  d a t e  were ~ n c o r p o r a t e d  ~ n t o  t h e  Cross  S e c t i o n  

Data  L i b r a r y  a t  LASL, and were m o s t l y  t o  c o r r e c t  c a r d s  o u t  o t  sequence, c a r d s  

m l s s l n g  and o t h e r  c l e r i c a i  e r r o r s "  One a w t e r a t , o n  w h ~ c h  was made a t t e r  con- 

s u l t a t i o n  w i t h  Drake was t o  change t h e  RTN tor  t h e  ( n , n f p 1  r e a c t l o n  t rom 32 To 

28, rn  agreement w i t h  t h e  c o r r e s p o n a i n y  ENilF/B r e a c t r o n  t y p e  number, MT = 28. 

A l s o  found  i n  t h i s  append ix ,  unde r  t h e  head 'ng  ot H.1,2, a r e  Pormar r z a t i o n  

v a l u e s  t r o m  File 14 and 15 o t  SODIUM t o r  t h e  p h o t o n  seconadry d s t  b u t  ons as  

c a l c u l a t e d  by CHECKER, A i l  m a t e r r a i s  were a t t e c t e d  b u t  o n l y  SODIUM i s  g : v e n  

h e r e  as  an example.  These a r e  i n t e g r a l s  touna via t h e  t r a p e m o i d a i  - ~ l e ,  as r e -  

q u i r e d  by t h e  l n t e r p o r a t i o n  scheme. They a r e  o n l y  n o t e d  he re ;  no r e n o r m a i i z a -  

t i o n  was a t t e m p t e d  i n  t h e  UK Da ta  F ~ i e  b u t  c o r r e s p o n d , n g  d a t a  i n  ENDF/B were 

r e n o r m a l i z e d  ! c f .  MF = 1 4 ) .  
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A.1.2. No rma l i za t i on  Value f rom CHECKER 
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A.4.1. Data F i  l e  Changes 

A.5. UK M a t e r i a l  Number (NIN) 231 * CALCIUM 

A.5.1. Data F i l e  Changes 



A.1 ,  UK M a t e r ~ a l  Number cN N #  2 0 5  * SOD UM 

A . 1 . 1 ,  Da ta  F i i e  Changes 

C A R D l S l  NUMBEQ: 0 0 0 1 0  

CHANGE : 

COMMENTS : 

F ~ e r d  - 3:  From l i 3  t o  105 

C o r r e c t  c a r d  c o u n t ,  

C A R D ( S 1  NUMBER. 0 0 0 U 2 ,  0 0 0 1 3  

CHANGE : F r e i d  - 3 :  From 9 7  t o  8 9  

COMMENTS : C o r r e c t  c a r d  coun t  

C A R D ( S J  NUMBER: 0 0 0 1 4  

CHANGE : F l e i d  3 :  From 8 9  - t o  8 1  

COMMENTS. COI r e c t  c a r d  c o u n t m  

C A R D ( S i  NUMBER: 0 0 0 1 9  

CHANGE : Field 3 :  From 8 1  - t o  7 3  

COMMENTS : C o r r e c t  c a r d  c o u n t ,  

C A R D ( S )  NUMBER: 0 0 0 2 0  

CHANGE : F , e , d  3 :  From 5 7  - t o  4 9  

COMMENTS : C o r r e c t  c a r d  c o d n t -  

C A R D ( S )  NUMBER: 0 0 0 2 2  

CHANGE : F e l d  3. From 33 - to 25 - 
COMMENTS : C o r r e c f  c a r a  count, 



CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

03462 

F i e l d  6 From 5.94301E-1 t o  5.75982E-1 - 
E r r o r  a ~ ~ a r e n t  f rom  lot o f  data .  

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

F i e l d  2 :  From 5.66787E-1 t o  6.18222E-1 - 
E r r o r . .  .. 

F i e l d  2:  From 5.68798E-1 t o  6.07534E-1 - 
E r r o r . .  . . 

F i e l d  - 6 :  F r o m 4 . 8 5 2 1 9 ~ - I  to5.22592E-1 

E r r o r . .  . . 
03494 

F i e l d  2 :  From 5.44224E-1 t o  5.31727E-1 - 
E r r o r . .  . . 

F i e l d  6 :  From 5.04533E-1 t o  5.42012E-1 - 
E r r o r .  - .  . 

F i e l d  6 :  From 2.95058E-1 t o  2.68496E-1 - 

- - -- -- - - - - 

F i e l d  6 :  From 3.05212E-1 t o  2.68238E-1 - 
E r r o r . .  . . 

F i e l d  6 :  From2.96422E-1 t o  2.59656E-1 - 
Error . .  . . . 



CARD(S)  NUMBER: 

CHANGE : 

COMMENTS : 

C A R D i S )  NUMBER: 

CHANGE : 

COMMENTS : 

CARDCS) NUMBER: 

CHANGE : 

COMMENTS : 

C A R D t S )  NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S)  NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S)  NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S)  NUMBER 

CHANGE : 

COMMENTS : 

CARD(S)  NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD iS )  NUMBER: 

CHANGE : 

COMPIENTS : 

F , e , d  6 :  F r o m  1 , 7 0 1 4 2 E - I  + o 3 , 6 1 6 8 8 E - 1  - 

F i e i d  6 :  F r o m  1 - 7 8 5 E - I  - t o  3 . 6 2 7 3 4 E - 1  

E r r o r *  - 

0 3 9 8 3  

F l e i d  6 :  F r o m  4 . 5 4 1 6 i E - 1  t o  3 - 3 9 7 6 4 E - I  - 
E ~ r ~ r o r "  

F ~ e ~ d  6: F r o m  4 , 8 1 8 1 6 t - I  tc 3 . 2 9 2 9 8 t - i  - 
E r r o r  

0 3 %  18 

F i e l d  6: F r o m  3 , 4 4 4 0 6 E -  - t o  2 , 9 5 5 4 6 E -  1 

E r r o r  p p  - .  

0 3 2 7 0  ( s e c o n d )  

F f e i d 2 :  F - o r n 3 , 9 1 5 2 E -  t o 3 , 2 1 0 4 8 E - ,  - 
E r r o r - c o p  

Freed 5 :  From 69 - t o  6 8  

F i e l d  5 :  F r o m  5 7  - + 3 

C i e r , c a ~ . . ~ .  

I 4 0 0 2  

F s e r d  - 5 :  F r o m  57 t o  55  



CARD (S ) NUMBER : 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S1 NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

. - - - -  

F i e l d  2 :  From 14 - t o  

C o r r e c t  c a r d  c o u n t .  

De l e t e  t h e s e  c a r d s .  

N e u t r o n  a n g u l a r  d i s t r i b u t i o n s  be low t h e  t h r e s -  
h o l d s  ( o r  e s s e n t i a l l y  a t  t h r e s h o l d  f o r  PCN = 51) 
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 e v e l s .  
Data n o t  m e a n i n g f u l .  

F i e l d  2: From 12 - t o  I 1  

C o r r e c t  c a r d  c o u n t .  

F i e l d  2 :  From 12 - t o  I I  

C o r r e c t  c a r d  c o u n t .  

F i e l d  2: From I I - t o  10 

C o r r e c t  c a r d  c o u n t .  

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

3500 1 

F i e l d  2: From 10 - t o  9 

C o r r e c t  c a r d  c o u n t .  

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

3700 1 

F i e l d  2 :  From 7 - t o  6 

C o r r e c t  c a r d  c o u n t .  

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

F i e l d  2 :  From 4 - t o  3 

C o r r e c t  c a r d  c o u n t .  

F i e l d  2 :  From 9.0 - t o  9 .05 

C l e r i c a l  e r r o r .  



A. 1.2. Normalization Value from CHECKER (for Files14 and 15) 

Energy 
(MeV) 

Normalization 
Factor 

Energy 
( M ~ V  ) 

Normalization 
Factor 



Energy 
( M ~ V  ) 

Normalization Energy 
Factor  (MeV ) 

Normalization 
Factor 



Energy 
( M ~ V  

Normalization 
Factor 

0.99961 

0.99968 

0 99971 

0.999'72 

0.99972 

0 99965 

0.99986 
1.00030 

1.00090 

0.99961 

0.99968 

0 99971 

0 99972 

0.99972 

0.99965 

0.99986 

1.00030 

1. ooogo 
0.99961 

0.99968 

0.99971 

0 99972 

0.99972 

Normalization 
Factor 

0.99965 

0.99986 

1.00030 

1.00090 

0.99961 

0.99968 

0.99971 

0.99972 

0 99972 

0.99965 

0.99986 
1.00030 

1. ooogo 
0.99961 

0.99968 

0.99971 

0 99972 

0 99972 

0.99965 

0.99986 
1.00030 

1.00090 



Energy Normalization Energy Normalization 
( M ~ V )  Fact o r  ( M ~ v )  Factor 



A.2. UK M a t e r i a i  Number ( N E N )  206 * MAGNESIUM 

A.2.1,Data F i l e  Changes 

CARD(S1 NUMBER: O O O O i  

CHANGE : F ~ e i a  2: From 71650 - t o  7 1 6 5  

COMMENTS : Card c o u n t  changed - c l e r , c a l  e r r o r "  

C A F ( S )  NUMBER: 0 3 1 0 0  

CHANGE : F i e l d  4 :  From 2,99689E-I t o  2,45057E-1 

COMMENTS : Eir ror  a p p a r e n t  t r om p o t  o t  a s t a ,  

CARD(S1 NUMBER: 03148 

CHANGE : 

COMMENTS : 

F i e r d  3 :  From -0, l o  - 0 -  55 
F i e l d  T :  From 0 - 0  t o  0,50028 

Appears to  b e  an  er r o r  , La ues  d e r e  i n f e r -  
p o l a t e d  between a d j a c e n t  p a i r s  ~n t a b l e  t o  g e t  
an e s t r m a t e  o f  t h e  c o r r e c t  v a l u e -  Ze ro  v a l u e  
rn t e l d  4 a l s o  o c c u r s  , n  +he a p p e n d ~ x  o t  
NDL-TR-89, vo  1 I . 

CARD(S) NUMBER: 0 3 1 5 9  (second t imer  

CHANGE : FYeid 2: From 4,77321E-1 f o  4.32770E-I - 
COMMENTS r Er r-or , - 
CARD(S1 NUMBER: 03200 

CHANGE : F ; e ( d  4 :  From 1.38293 - t o  1,25720 

COMMEIU rS  : E r r o r  - ,  

CARD( S) NUMBER: 0328 I \ second t I me l 

CHANGE : F l e : a  2 :  Fror, 3m09070E- ,  t o  2 45343E-u 

COMMENTS : E r r - o r p o p p  

CARD(S) NUMBER: 03429 

CHANGE : 7 e r d  I :  From -0,O To - 0 , i  

COMMENTS: C ~ e r ~ c a  e r r o r ,  

CARD(S) NUMBER: 03455 (second t i m e )  

CHANGE : FleYd 4:  From 1,67767 t o  b , 4 6 0 r 8  

COMMENTS : E r r o r "  - 



CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S1 NUMBER: 

CHANGE : 

COMMENTS : 

CARD( S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

15004 

F i e l d  2: From 4.32157E-1 t o  5.08099E-1 - 
E r r o r .  . . . 

F i e l d  2 :  From 4.75 - t o  4.25 
C l e r i c a l  e r r o r .  

F i e l d  2: From 5 .5  - t o  5.0 

C l e r i c a l  e r r o r .  

F i e l d  2 :  From 1,00000-02 t o  1.00010-02 - 
Change t o  avo id  double va lues  a t  1.00000-02. 

"P" removed f rom marg in .  

C l e r i c a l  o r  machine e r r o r .  

F i e l d  4: From 5.84000-01 t o  1.96200+00 - 
C l e r i c a l  e r r o r  i n  photon energy.  



A.3. UK M a t e r i a l  Number ( N I N I  221 * CHLORINE 

A.3.I.Data F r i e  Changes 

CARD(S) NUMBER: 00002 

CHANGE : F i e i d  5 :  From 2002 - t o  1002 

COMMENTS : C le r  call e r r o r  i n  RTN niimbe- n the  " ~ n d e x " .  

CARD(S NUMBER : 0907 7 

CHANGE : F ~ e ~ d  4: F r o m 3 , r  8 9 ) - 0 4  7 0 4 8 5 6 4 6 - 0 1  - 
COMMENTS : Consls+ency between Q v a l ~ e s  ~n F ue 3, pho+on 

energ es F > e  14, and ' e v e [  e n e - g e s  ; P  F l i e  
5 

CARDtS, NUMBER. 09079 

CHANGE : k r e ' d  4 :  From 3 .  1 8 9 - 0  t o  4,85646-01 - 
COMMENTS : Cons i s tency r r  , 

CARD(S) NUMBER: 09085 

CHANGE : F;eua 4: From 9,88596-0 t o  3 86887-01 

COMMENTS : Cons s t e n c y . - , -  

CARD( S 1 NUMBER : 0908 7 

CHANGE : F e ~ d  - 4: From 9 -88596 -0  t o  3,86887-01 

COMMENTS : Cons; s+ency, - 

CHANGE : t e ~ d  4:  From 2, 6940t00 t o  2 17" iOO-Ol  - 
COMMENTS : C o n s ~ s t e n c ~ ,  . -  
CARD(S1 NUMBER: 09095 

CHANGE r F i e t d  - 4: k,om 2,,6940+00 t o  2, 7-'00-0u 

COMMENTS : C o n s ~ s + e n e y , , ~  

CARD(S1 NUMBER: 19002 

CHANGE : F i e l d  - I :  From 74, -75 t o  4 , 1 7 5  

COMMENTS : Energy ieve l  i n  e r r o r  A c I er ca I e r r o r  

CARD(S) NUMBER 2800r 

CHANGE : F , e a  3 :  F rom- i ,6630 tOL t o - r  2650101 

COMMENTS : C i e r l c a r  e r r o r  , n  Q va iue?  



CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S1 NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

F i e l d  2: From 5.06532-01 t o  5.06896-01 - 
Consis tencv.  ... 
35024 

F i e l d  6 :  From 5.06532-01 t o  5.06896-01 - 
Consis tency .... 

F i e l d  2: From 5.10364-01 t o  5.10953-01 - 
Consis tencv. .  . . 

F i e l d  6:  From 5.10364-01 t o  5.10953-01 - 
Consis tency .... 



A . 4 ,  UK M a t e r i a l  Number (N ,N ;  227 * POTASS UM 

A.4.1, Data F i i e  Changes 

CARD(S) NUMBER: 03354 

CHANGE : F i e i d  6 :  From 9,70312-02 tc 9,48761-02 

COMMENTS : 

CARD(S1 NUMBER. 03744 

CHANGE : 

COMMENTS : 

t I e d 6 : From ,O 442-0 t o  h ,003238-0 1 - 
E r r o ~ ~ - ~ ~  

CARD( S; NUMBER: 03774 

CHANGE : F l e l a  4 :  t rom 3 , 2 4 5 5 2 ~ 0 0  t o  8,58534-02 - 
COMMENTS : E r r o r  

CARD(S1 NUMBER: 03789 

CHANGE : F l e i d  4 :  From 8 - 4 5 4 0 3 ~ 0 0  To 2,71933-02 - 
COMMENT S : E r r o r e e n -  

CARD(S) NUMBER: 03804 

CHANGE : F i e r d  4 :  krom 6 , 3 8 4 9 7 ~ 0 0  to 6,53297-02 - 
COMIMENTS : E I - ~ O T ~ ~  m o  

CAPD(S1 NUMBER: 03808 

CHANGE : F i e i d  6 :  From 5- r0289-02 t o  i ,  6280-01 - 
COMMENTS : E r r o r "  n p  

CARD(S1 NUMBER: 03823 

CHANGE : F t e l d  6 :  From I 15560-0,  t o  2 ,91788-0~ 

COMMENTS : E r r o r  - - .  

CARDlSi NUMBER: 03838 

CHANGE : 

CGMMENTS : 

F b e l d  6: From 1,96689-01 t o  3 , , 5 8 9 4 - 0 1  - 
Er i -or ,  - , 

CARDS : i 7O;O 

CHANGE : 

COMMENTS : 

t , e i d  6 :  From B ~ ~ R K  - TO 2 :  

CEerrca!  e r v o i  - t h e  number ot d a t a  pairs ~n t h e  
su b s e c t  r on, 



CARDCS) NUMBER: 27001 

CHANGE : F i e l d  2: From 6 0  - t o  6 

COMMENTS : C l e r i c a l  e r r o r .  

CARD(S) NUMBER: 33001 

CHANGE : F i e l d  2 :  From b l a n k  t o  I 

COMMENTS : C l e r i c a l  e r r o r .  



A.5.  UK M a t e r i a l  Number ( N j N )  2 3 1  * CAlCiUM 

A.5.1. Data F i l e  Changes -- 

CARD(S) NUMBER: 00001  

CHANGE : ( a )  F i e l d  2 :  From 5683 - t o  5695 

( b )  F r e i d  3 :  From 38 - t o  39 

( c )  F ~ e l d  6 :  From 74 - t o  7 5  

COMMENTS: ( a )  Change o t  t o t a l  number ot c a r d s  t o  r e p r e s e n t  t h ~ s  
n ~ c i , d e  ~ n c ~ u d t n g  th.e c a r d s  , n  S e c t L o n  0, 

( D )  Number o t  c a r d  I n  t h i s  Index,  t n c r ~ d ~ n g  Th s c a r d ,  

( c )  The number o t  RTN s e c t i o n s  , n  t h i s  m a t e r r a l .  

CARD(S) NUMBER: 00035 

CHANGE : F ~ e w d  3 :  From 95 - t o  7 1  

COMMENTS : Number o t  ca ;ds  ; n  Sect   on 1301 5, 

CARD(S1 NUMBER: 00036 
..-pi-&- 

CHANGE : t i e i d  5 :  From 13066 - t o  13060  

COMMENTS : C l e r i c a l  E r r o r .  

CARD(S) NUMBER: 00039 

CHANGE : ADD c a r d  t o r  new s e c t ~ o n  

F i e l d  i = 75 
F i e l d  2 - 1 3 4 0 3  RTN 
F y e i d  3 34 nLmber ot c a r d s  
F i e i d  4) 
F i e l d  5; - b l a n k  
F r e i d  6 )  
FteYd 7 = 23100039  M a t e r , a t   umber dnd seqbence 

number. 

CARD(S) NUMBER: 2 1 0 1 0  

CHANGE : F l e i d  - 1 Ene rgy :  From 6 - 0  t o  6 - 2  - 
COMMENT5 : Second n e u t r o n  energy  tabu  a t e d  I S  l e s s  t h a ~  t h e  

tirsf one i n  t n ~ s  s e c t i o n .  A c i e r , c a ~  e r r o r ?  



CARD(S) NUMBER: 26003 

CHANGE : F i e l d  3 :  From 9.001 (MeV) to91'0OOlO (MeV) - 
F i e l d  4 :  From 1.0 -20 - t o  .2387 

COMMENTS : 
-20) To e l i m i n a t e  r e p e t i t i o n  o f  a ze ro  ( i . e . ,  10 

c ross  sec t i on .  

CARD(S) NUMBER: 39010 

CHANGE : F i e l d  I :  Energy: From 8.0 t o  8.2 - - 
COMMENTS : Second energy less  than  f i r s t .  

CARD(S) NUMBER: 43010 

CHANGE : F i e l d  i : Energy: From 8.5- t o  8.7 - - 
COMMENTS : Second neu t ron  energy less  t han  t h e  f i r s t .  A 

c l e r i c a l  e r r o r .  

CARD(S) NUMBER: 66001 

CHANGE : F i e l d  6: Energy: Changed t o  6.56 - 
COMMENTS : Energy l eve l  co r rec ted .  

CARD(S) NUMBER: 67002 

CHANGE : ( a )  F i e l d  I :  From 6.0 t o  9.00010(MeV) 
( b )  F i e l d  7: From 94 - t o  70 

COMMENTS: ( a )  Lawer l i m i t  o f  i n c i d e n t  neu t ron  energy range 
(MeV) changed t o  correspond w i t h  RTN 1015, 
where lowest enerav i s  9.0 MeV. 

( b )  Number o f  cards used t o  r ep resen t  t h i s  inc ider i t  
neu t ron  energy range, i nc l ud i ng t h  i s  card.  

CARD(S) NUMBER: 67003 t h r u  67026 

CHANGE : De le ted  s e c t i o n  o f  data.  

COMMENTS : These were t a b u l a t e d  energy and c ross  s e c t ~ o n  
da ta  f o r  r e a c t i o n s  o c c u r r i n g  below t h r e s h o l d .  
( r e f .  change on c o n t r o l  ca rd  numbered 67002) 
Data can pow be found under React ion Type 
number 13103. Lower energy l i m i t  9.00010 MeV 
t o  avo id  d u p l i c a t e  photon s p e c i f i c a t i o n  a t  
9.0 MeV. 



CP,RD(S) NUMBER: 67027 

CHANGE : ( a )  Field 2:  From 1 0  - t o  7 

( b )  - F i e l d  3 :  From 9 - 0  - t o  9,00010 (MeV) 

COMMENTS: ( a )  Number o t  s u b - s e c t ~ o n s  I n  t h e  s e c t  i o n  t o r  t h i s  
PCN , 

( b )  First energy  a t  which pho ton  p r o d u c t i o n  c r o s s  
s e c t v o n s  a r e  s p e c i t  i e d ,  

CARD(S9 NUMBER: 67036, 67045, 67055, 67065, 67075, 67085 

CHANGE : F i e l d  2: From 10  t o  7 

COMMEIUTS : Number o t  s u b - s e c t i o n s  i n  t h e  s e c t i o n  f o r  this 
PCN , 

CARD(S) NUMBER: 75001  t h r u  75035 

CHANGE : New s e c t ~ o n  t o r  RTN E3i03:  t n . ~ )  ; e a c t , o n ,  

COMMENTS : Data  w e r e d e r ~ v e d  t r o m  t h e  o r r g r n a l  c a r d s  67003 
t h r u  67026 w t h  a  change o n l y  i n  t h e  s u b - s e c h o n  
c o u n t  oarameter  , 



APPENDIX B:  A l t e r a t i o n s  t o  t h e  Data i n  Transforming t o  

ENDF/B 

As d iscussed i n  Sec t i on  2 . 3 . ,  severa l  r e v i s i o n s  were made t o  t h e  da ta  f o r  

c o m p a t i b i l i t y  w i t h  t h e  ENDF/B system. These a r e  documented i n  d e t a i l  i n  t h i s  

Append i x.  
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B " 4 . 1 .  Data  F i l e  Changes 

8.5. ENDF/B M a t e r i a l  Nbmber (MAT) 5006 * CALC~UM 

B .5 , I .  Data  F i  i e  Changes 



6.1. ENDF/B M a t e r i a l  Number (MAT) 5001 * SODIUM 

0.1.1. Data F i l e  Changes 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

. . 

F i e l d  I :  From 2,1710E+06 t o  2.1713E+06 - 
Threshold  a l t e r e d  t o  make c o n s i s t e n t  w i t h  Q 
va lue .  

8 14 

F i e l d  I :  From 3.8390E+06 t o  3.8395E+06 - 
Threshold. . . .  

869 

F i e l d  I :  From 4.6250E+06 t o  4.6255E+06 

Threshold . . .  

913 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD ( S NUMBER : 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

- 
F i e l d  I :  From 1.0950E+07 t o  1.0959E+07 - 
Threshold . . .  

955 

F i e l d  2: From -0.620E+7 t o  -0.627E+7 

Consis tency between Q va l ues i n  F i l e 3, ptl,tun 
energ ies  i n  F i l e  14, and l e v e l  energ ies  i n  t i e  
15. 

966 

F i e l d  I :  From 7.4220E+06 t o  7.4221E+06 

Threshold . . .  

977 

CHANGE : F i e l d  2: From 0.0 t o  +6.959E+6 

COMMENTS : En te r  Q va l ue  f o r  (n,y) r e a c t i o n  i n  MF = 3, 
MT = 102. (Na i s  mono iso t rop ic - -  2 3 ~ a ) .  

CARD(S) NUMBER: 5370 

CHANGE : F i e l d  2: From 2.1700E+06 t o  2.1713E+06 - 
COMMENTS : Threshold. . .  



CARD( S r NUMBER: 

CHANGE : 

COMMENTS: 

- -. - - - - - 

F l e i d  2: From E - 6 4 0 0 t t 6  - t o  " .6408E+6 

Conscsrency between Q v a l u e s  i n  F !  te 3, p h o t o n  
e n e r g ~ e s  i n  F r i e  14, and ! e v e /  e n e r g , e s  n F i e  
l 5 ?  

CARD(S1 NUMBER: 

CHANGE : 

COMMENTS : 

CARD (S ) NUMBER: 

CHANGE : 

COMMENT S : 

CARD (S)  NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S1 NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD ( S ) NUMBER : 

CHANGE : 

COMMENTS : 

5507 

F l e l a  - 2: From 2,1700Et06 t o  2 - ' 7 1 3 E + 0 6  

Th resho ld ,  - ,  , 

FieEd 2 :  From 2,8230E706 t o  2 ,8240E~06  - 
 threshold,^^ 

6148, 6258, 6368, 6478 

F i e l d  2:  From 3.8380E+06 t o  3-8395Et06 - 

F l e i a  2 :  From 4 - 0 1  70Et06 t o  4,0190Et06 - 
Thresho ia , , ,  

F i e i d  2:  From 4,0850Et06 TO 4,0870Et06 - 
1 hresho  d ,  , , 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

F ~ e r d  2:  From 4,9860Et06 t o  4-9880E406 - 

CARD( S) NUMBER: 

CHANGE : 

COMMENTS r 

F ; e ~ d  2 :  From 7,4220Ei06 t o  7,425'E106 - 
Thresho id , , ,  



CARD(S) NUMBER: 7579 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

F i e l d  2: From 0.23 - t o  0.33 

To c o r r e c t  e r r o r  i n  F i g .  I o f  Volume 2, 
(NDL-TR-89, P a r t  l I, GA-7829) ; t r a n s  i t  ion 
p r o b a b i l i t y  a r ray ,  3 r d  l eve l ,  as re fe renced  i n  
F i g .  I .  

F i e l d  I :  From 9.00E+6 - t o  9.05E+6 

To agree w i t h  MF = 3, MT = 15 where c ross  
s e c t i o n  i s  e s s e n t i a l  l v  ze ro  u n t i l  9.05 MeV. 

F i e l d  2: From 1.6400E+6 t o  1.6408E+6 - 
Consistencv.. , .  

CARD(S) NUMBER: 7851 

CHANGE : F i e l d  - 2: From 1.9520E+6 t o  1.9518E+6 

COMMENTS : Consis tency .... 
CARD(S) NUMBER: 7863 

CHANGE : F i e l d  2 :  From 2.2660E4-6 t o  2.2658E+6 - 
COMMENTS : Consis tencv .... 
CARD(S) NUMBER: 7881 

CHANGE : F i e  i d - 2:  From 2.5450E+6 t o  2.5448E+6 

COMMENTS : Consis tency .... 
CARD(S) NUMBER: 7893 

CHANGE : F i e l d  2: From 3.2390Et6 t o  3.2388E+6 - 
COMMENTS : Consis tency .... 
CARD(S) NUMBER: 7929 

CHANGE : F i e l d  2: From 3.4760E+6 t o  3.4758E+6 - 
COMMENTS : Consis tencv . . . .  
CARD(S) NUMBER: 7947 

CHANGE : F i e l d  2 :  From 4.3390E+6 t o  4.3388E+6 - 
COMMENTS : Consis tency .... 



CARD(S1 NUMBER: 7971 

CHANGE : 

COMMENTS : 



8.2. ENDF/B M a t e r i a l  Number (MAT) 5002 * MAGNESIUM 

B.2.1. Data F i l e  Changes 

CARD(S) NUMBER: 888, 1046 

CHANGE : F i e l d  1 :  From 6.0760E+03 t o  6.0823Et05 - 
COMMENTS : Threshold  a l t e r e d  t o  make c o n s i s t e n t  w i t h  Q 

va l ue. 

CARD(S1 NUMBER: 1099 

CHANGE : F i e l d  I :  From 1.0150E+06 t o  1.0165E+06 - 
COMMENTS : Consistency between l eve l  ene rg i es  ( o r  Q 

va lues)  i n  F i l e s  3.  14. and 15. 

CARD(S) NUMBER: 1144 

CHANGE : F i e l d  2: From -1.3678E+06 t o  -1.3680E+06 - 
COMMENTS : Threshold. .  .. 
CARD(S) NUMBER: 1229 

CHANGE : 

COMMENTS : 

F i e l d  I :  From 1.6760E+6 t o  1.6779E+6 - 
Threshold. . .  . 

CARD(S) NUMBER: 1265 

CHANGE : F i e l d  I :  From 1.8800E+6 t o  1.8851E+6 - 
COMMENTS : Threshold. .  .. 
CARD (S 1 NUMBER : 1 297 

CHANGE : 

COMMENTS : 

F i e l d  - I :  From 2.0400E+6 t o  2.0434E+6 

Threshold. . . .  

CARD ( S 1 NUMBER : 1 326 

CHANGE : F i e l d  I :  From 2.6690E+6 to2.6715E+6 - 
COMMENTS : Threshold. .  . . 
CARD(S) NUMBER: 1345 

CHANGE : F i e l d  - I :  From 2.8470E+6 t o  2.8496E+6 

COMMENTS : Threshold. , . .  

CARD(S1 NUMBER: 1361 

CHANGE : F i e l d  - I :  From 2.9160E+6 t o  2.9193E+6 

COMMENTS : Threshold. . . .  



CARD(S) NUMBER: I376 

CHANGE : 

COMMENTS : 

F i e i d  i : From 3,0530Et6 t o  3,0620Et6 

T h r e s h o l d + , , ,  

CARD(S) NUMBER: 1450 

CHANGE : F i e l d  I :  From 7,6200Et6 t o  7,6279E+6 - 
COMMENTS : Th resho la , ,  , , 

CARD(S1 NUMBER: 15 i8  

CHANGE : 

COMMENTS : 

F i e l d  2:  From -4,23E+06 to -4,232Et06 - 

CHRD1S) NUMBER: . - 1564 

CHANGE : F ; e l d  2 :  From -5,22Et06 tc, -5,224Et06 - 
COMMENTS : Cons! s t e n c y ,  - ,  , 

CARD(S9 NUMBER: 1566 

CHANGE : F ; e i d  1 : From 5 ,4400 t t6  - t o  5 ,4408E~6 

COMMENTS : Thresho id . ,  , , 

CARD(S) NUMBER: 6686 

CHANGE : F l e l d  2 :  Fiom i,OE50Et6 - to  1.0165Et6 

COMMENTS : T h r e s h o i d " ,  

CARD ( S ) NUMBER : 699 1 - '- 
CHANGE : F l e l d  2: From -6760Et6 - to 1.6779E+6 

COMMENTS : Th resno la , ,  , , 

CARD(S) NUMBER: 7058 

CHANGE : F r e l d  2 :  From 1-8800Et6 - to 8 ~ 8 8 5 I E t 6  

COMMENTS : T h r e s h ~ i d ~ , , ,  

CARDiS NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

F i e i d  2 :  From 2,0400Et6 - tc 2 - 0 4 3 4 E ~ 6  

F i e l d  2 :  From 3.0530Et6 - t o  3,0620E46 

T h r e s h o l d , ,  , . 



CARD(S1 NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE': 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

7194 

F i e l d  2: From 3.0530E+6 t o  3.0620E+6 - 
Threshold  .... 

F i e l d  2: From 2.735E+06 t o  2.752E+06 - 
Consis tency .... 

F i e l d  2: From 4.4080E+6 t o  4.410E+6 - 
Threshold . .  .. 

F i e l d  2: From 4.4080E+6 t o  4.410E+6 - 
Threshold  .... 

F i e l d  2: From 5.44000+6 t o  5.4408E+6 - - 
Threshold .  ... 

F i  el 'd 2: From 4.6370E+06 t o  4.6320E+06 - 
Consis tencv.  ... 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

F i e l d  I : From 1.3676E+07 t o  1.3680E+06 - 
Consistencv..  .. 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENTS : 

CARD( S NUMBER: 

CHANGE : 

COMMENTS : 

F i e l d  2: From 1.0 - t o  0.0 
c f .  Sec t i on  2.3.2. o f  t e x t .  

F i e l d  I :  From 4.1203E+06 t o  4.1260E+6 - 
Consis tencv.  ... 

F i e l d  I :  From 1.3676E+06 t o  1.3680E+6 - 
Consis tencv.  ... 



CARD(S1 NUMBER: 

CHANGE : 

COMMENTS : 

CARDiS) NUMBER: 

CHANGE : 

COMMENTS : 

CARD(S1 NUMBER: 

CPANGE : 

COI\/IMENTS : 

CARD ( S , NUMBER, 

CHANGE : 

COMMENTS : 

CARD(S1 NUMBER: 

CHANGE : 

COMMENTS : 

CARD (S J NUMBER : 

CHANGE : 

COMMENTS : 

CARD(S1 NUMBER: 

CHANGE : 

COMPI E N TS : 

CARD(S) NUMBER: 

CHANGE : 

COMMENT'S : 

CARD ( S NUMBER : 

CHANGE : 

COMMENTS : 

F i e ' d  - i :  From 1,3676E-06 t o  1,3680E.06 

Cons I stency , , 

F e l d  6 :  From 5,2200Er06 T O  5,2240E+06 - 

7 626 

F r e r d  : From .3676Er06 T .3680Et06 - 

F i e l d  - 1 :  From 4,2306Et06 tc 4,2320E46 
F ; e r d  3 :  From 4 ,203E+06  t o  4,iZOOE-r6 
F i e  i d  - 7: F-om 1,3676Et06 t o  r -3680t.6 

F " e J d i: From 4 , 2 3 0 0 t ~ 0 6  to 4 - 2320Er 06 
F l e a  2 :  From 1,3676E-06 t o  " 3 6 8 0 E ~ 0 6  

Consi s-tency , , , 

F iend  - 2:  From 2 , i 3 5 0 t t 0 6  t s  2 1520E-06 

F i e l d  - 2: From 4,637OEr06 t o  4,5320Et06 

Cons. s t e n c y  , . 

F i e l d  - 2: From 2,2100E+06 t o  2,2080Et06 



CARD(S) NUMBER: 7818 

CHANGE : 

COMMENTS : 

F i e l d  2:  From 5.0700Et06 t o  5.0720E+06 

Consis tency .... 



8.3. ENDF/B M a t e r i a l  Number (MAT, 5004 * CHLOR1NE 

B .3 . i .  Data F i l e  Changes 

CARD(S1 NUMBER: i 278  

CHANGE : F i e l d  2: From - 1 ~ 6 6 3 0 E t 0 7  - t o  -Onu265t+08 

COMMENTS : T h r e s h o l d  a l t e r e d  t o  maKe c o n s t s t e n +  w t n  Q 
Va 'ue ,  

CARD6S) NUMBER. $ 3 0 2  

CHANGE : F i e l d  1 :  From 6.5500Et06 - t o  6 - 5 5 1 2 E t 0 6  

COMMENTS : Threshed,,, 

CARDtS) NUMBER: 1329  

CHANGE : t ~ e ~ d  , :  From 6 -2720Et06  :c -6 ,2736t -06  - 
COMMENTS : Tnresho I d ,  , , 

CARD(SI NUMBER: 6 4 5 i ,  6452, 6453, 6454, 6455 

CHANGE : De l e ~ e d ,  

COMMENTS : MF = 1 4 ,  MT = 52, 53, 54 Comb~nea and cnanged t o  
MF: 14, MT 210- 

CARG(S) NUMBER: 6488 

CHANGE : F ~ e r d  I :  From 0 - 0  - tc ZZE.06 

COMMENTS : C l e r r c a ,  Er-roue 

CARD(S) NUMBER: S e c t i o n s  c r e a t e d  b s l n g  UK Data  t om RTN n ~ m b e r s  
13052, 3053, 13054  

3 7 
CCMMENTS : E x c i t a t i o n  o r  t r r s t  4 e k e l a  o t  C were e n t e r e d  

rn MT = i iO a s  photoi- p i o d b c t i c n  c r o s s  s e c t i o n s  
s t a r t q n g  a t  E = 0,0, O tne r  [ e v e i s  tM '  = 5 - ~ 4 ,  51 I 

a r e  t o i  3 5 ~ i 0  C t ,  set" 2,2,0 



8.4. ENDF/B M a t e r i a l  Number (MAT) 5005 * POTASSIUM 

8.4.1. Data F i l e  Changes 

CARD(S) NUMBER: 956 

CHANGE : F i e l d  I :  From 2.5910E+06 - t o  2.5912E+06 

COMMENTS : Threshold  a l t e r e d  t o  be c o n s i s t e n t  w i t h  0 va lue  

CARD(S) NUMBER: 1201 

CHANGE : F i e l d  - I :  From 6.3700E+06 t o  6.3702E+06 

COMMENTS : Threshold. .  . . 
CARD(S) NUMBER: 5570 

CHANGE : F i e l d  2 :  From 3.0990E+06 - t o  3.1000E+06 

COMMENTS : Threshold .  ... 



B 0 5 .  ENDF/B M a t e r i a l  Number (MAT) 5006 " CALC UM 

B.5,1, Data  F i i e  Chanaes 

CARD(S) NdMBER: 1054 

CHANGE : F i e l d  i :  From I ,  8700Et06 TO 1 . 1 8 7 2 E t 0 6  - 
COMMENTS : T h r e s h o i d  a l t e r e d  t o  m a ~ e  c ~ n s i ~ t e n t  w i t h  Q da lue ,  

CARD(S1 NUMBER: 1134 

CHANGE : F i e l d  I :  From 1 . i 8 7 0 t i 0 6  - +o i 8 7 2 t ~ 0 6  

COMMENTS : I h r e ~ h o ! d , ~ , ,  

CARD(S) NUMBER: r :62 

CHANGE : F i e l d  I : From 3,4300Et06 - 7 0  3,4344Et06 

COMMENT S : i h r e s h o ' d , , , ,  

CARD(SI NUMBER: 1246 

CHANGE : F i e i d  I :  From 4,5900Et-06 - t o  4 . 5 9 2 8 E ~  06 

COMMEN TS : T n r e s h o l d , - , ,  

CARD(S) NUMBER: 1 2 5 0  

CHANGE : F i e l d  h .  From 5,4000Et06 - to  5,4027E.06 

COMMEN T S  : T h r e s h o l d . ,  , 

CHANGE : 1 , e b d  : From 5 , 7 6 0 0 t - 0 6  - t o  5 - 4 6  5E.06 

COMMENTS : Thresh01 a . .  - 

CARD(S1 NUMBER: 1292 

CHANGE : FYeld I :  F r o m  6,7200E+06 - T O  6,725 E t 0 6  

COMMENTS : Thresho  d - ,  

CARDCS) NUMBER: 1 3 1 3  

CHANGE : F i e l d  - I :  From 1 ~ 0 2 8 E t 0 7  t o  .Oi83E-07 

COMMENTS : T h r e s h o r d o - ,  

CARD(Sj NUMBER: 1374 

CHANGE : F i e i d  I : From 8.2900Et06 - TO 8,2936Er06 

COMMENTS : T h r e s h o l d .  ., 



CARD ( S NUMBER : 1 382 

CHANGE : 

COMMENTS : 

F i e l d  I :  From 8.5800E+06 - t o  8.5807E+06 

T h r e s h o l d  .... 
CARD(S) NUMBER: 5120 

CHANGE : 

COIVIMENTS : 

F i e l d  2 :  From 3.8240Ei-06 - t o  3.8300E+06 

T h r e s h o l d . .  . 
CARD(S) NUMBER: 5521 

CHANGE : F i e l d  2 :  From 5.4000E+06 - t o  5.4027 E+06 

COMMENTS : T h r e s h o l d  ... 
CARD(S) NUMBER: 5604 

CHANGE : F i e l d  2: From 5.4000E+06 - t o  5.4027E+06 

COMMENTS : T h r e s h o l d  . .. 
CARD(S) NUMBER: 5689 

CHANGE : F i e l d  2 ;  From 5.7600E+06 - t o  5.76.1.5Ei-06 

COMMENTS : T h r e s h o l d . . .  

CARD(S) NUMBER: 5763 

CHANGE : F i e l d  6 :  From 8 t o  7 

COMMENTS : C I e r  i ca  l e r r o r  

CARD(S) NUMBER: 5764 

CHANGE : F l e i d  l : From 8 - t o  7 

COMMENTS : C l e r i c a l  e r r o r .  

CARD(S) NUMBER: 5973 

CHANGE : 

COMMENTS : 

F i e l d 2 : From 6.7200E+06 - t o  6.7251Et06 

ThVbjhdi ld . . . . 
CARD(S) NUMBER: 6029 

CHANGE : F i e l d  8 :  From 6.7200E+06 - t o  6.725 1 E+06 

COMMENTS : T h r e s h o l d .  .. 
CARD(S) NUMBER: MF = 14 MT = 15 

CHANGE : Added s e c t i o n  

COMMENTS : Add i s o t r o p i c  d i s t r i b u t i o n  f o r  photons ,  b o t h  d i s -  
c r e t e  and cont inuum,  f r o m  (n,p) r e a c t i o n s .  Con- 
t i n u u m  pho tons  f r o m  RTN 13015 ( c f .  s e c t i o n  2 . 2 . 3 ) .  





APPENDIX C :  INDEX1ed L i s t i n a  o f  PHOX 

The f o l l o w i n g  INDEX1ed l i s t i n g  o f  PHOX c o n t a i n s  o n l y  t h e  p o r t i o n s  o f  t h e  

code which were w r i t t e n  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  and does n o t  i n c l u d e  t h e  

s tandard  ENDF/B r e t r i e v a l  sub rou t i nes  d i s t r i b u t e d  by t h e  NNCSC.Th6 INDEX1ed l i s t i n g  

inc ludes  bo th  t h e  s ta tement  numbers and v a r i a b l e  names. 
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C * * * * * * * * * * * * * * * * t * * * ~ * * * * * * * * * t t * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * p H X  
C * *PHX 
C * PHOX-A FUHTRAN CDBE TO CHECK PHOTON DATA I N  ENDF/B DATA F I L E  *PHX 
C * FORMAT *PHX 
C * *PHX 
C W R I T T t N  BY *PHX 
C * *PHX 
C * JASON MI COOK *PHX 
C * DEPARTMENT OF NUCLEAR ENGINEERING *PHX 
C * U N I V E H S I T Y  O f  V I R G I N I A  *PHX 
C * THORNTON H A L L  *PHX 
C CHARLUTTESVILLE,  UA. 2 2 9 0 1  *PHX 
C TELEPHONE 7 0 9 1 9 2 4 - / I 3 6  *PHX 
C *PHX 
~ * * * * * * t * * * & * * * * * * * * * + * * j * * t * + * * * * ~ t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * P H x  
C PHX 
C PHX c-09- T?E DATA, 1N  E I T H E H  STANDARD B INARY AHRANGEMENT(M0DE 1) OR BCD PHX 

C CAR0 IMAGE FUHM(MOOE 31 ,  I S  ON I N P U T  TAPE N T C I / O  U N I T  NUMBER)* PHX 
I: PHX - 
C-- - - - I f lPUT DATA9 2 CARDS 
I' 
b 

C CARD ~"NTPMODEPNATW ENTERED I N  ( 3 1 1 1 )  FORMAT 
C N T m l / O  U N I T  NUMBER 
C MODE-MODE ARRANGEMENT OF TAPECETTHfR 1 OR 3 )  
C MATW-ENDF/B M A T E R I A L  NUMBER OF M A T E R I A L  B E I N G  USED 
L 
C CARDom2(ALL  ALPHR F I E L D )  ENTERED I N  ( 1 3 A 6 r A 2 )  FORMAT 
C T H I S  ALLOWS THE USER TO PLACE ANY HEADING HE D E S I R E S  
C UN THE OUTPUT L I S T I N G *  
C 
C-----ALL ERROR MESSAGES AWE P R I N r E D  AFTER THE RECORD I N  WHICH THE 
C ERROR I S  DETECTED, 
C 
C-- - - IN ORDER TU F A C I L I T A T C  THE EASE OF HEADING THE R E T H I V A L  SUBROIJa 
C T I N E S  AND TU HELP UNDFRSTAND THE LOGIC B E H I N D  THE PROGRAM, THE 
C FBLLOWING V A Y I A S L E S r  E N D F I B  HECOUDSr HAVE BEEN DECLARED TO BE 

INTEGER B C D P C O N T ~ F E N D ~ H E A D P H O L ~ S E N O ~ T A B I , T A B ~ ~ T E N D ~ T P I D  
C L I S T r M E N D  
C AqD HAVE BEEN ASSIGNED THE VALUES OF 

BLD 3 
CBNT = 1 
F E N 0  = 1 
HEAD = 1 
HOL = 5 
L I S T  = 2 
MBND = 1 
SBND = 1 
T 8 B 1  = 3 
TAB2  = 4 

PHX 
PHX 
PHx '  

.PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
PHX 
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TBND = 1 PHX 5 1  
T P I D  = 6 PHX 5 2  

C PHX 5 3  
C PHX 5 4  

U I M E N S I O N  A (  1 4 )  PHX 5 5  
C B M H O N / C O U N / L G ~ ~ C ~ M O , N E ~ N I ~ N K , N P ~ N T A B D N S ~  PHX 5 6  
C Q M M O N / H E C S / M A T , M F ~ M ~ ~ C ~ ~ C ~ ~ L ~ ~ L ~ ~ N ~ ~ N ~ ~ N ~ ~ O O J N T ~ O O ~ X C ~ O O O P H X  5 7  

1 Y(2000)~0~2000l~NlX~N2X~NS PHX 5 8  
N I X  = 1 0 6  PHX 59 
N2X r 2 0 0 0  PHX 6 0  

C PHX 6 1  
C-m---RBAD I N P U T  PHX 6 2  
C PHK 6 3  

RBAD ( 5 , 6 0 l # E N 0 = 1 8 )  NTIMOOEPMATW PHX 6 4  
HkAD (5 ,602 rEN0 '1d )  ( 1 ( 1 ) ~ 1 ~ 1 ~ 1 4 )  PHX 6 5  
W R I T E  (6 ,603 )  ( A ( I ) r I = 1 ~ 1 4 )  PHX 6 6  

C PHX 6 7  
C-""StiARCH FOH F I L E  3 .  PHX 6 8  
C - PHX 69 

CALL  S E A R C H ( N T I M U D ~ ~ M A T W , ~ P O P L N T )  PHX 7 0  
RACKSPACE 141 PHX 7 1  
RBAD ( N T r 6 0 4 )  NS PHX 7 2  
I P  ( L N T  .LO* 0) 60 T o  2 P H X  7 3  
G8 T O  19 PHX 7 4  

C PHX 7 5  
C*'-PROCESS F I L L  3 r  PHX 7 6  
C PHX 7 7  

1 CALL  RREC(HEAOINT,MO~KB-~.O) PHX 7 8  
2 CALL  WHEC(HEADr6 rBCD)  PHX 7 9  

I ?  ( Y F  ,Edr  0 )  GO TO 3 PHX 8 0  
A I R  = C 2  PHX 8 1  
C h L L  H R E C ( ~ A B ~ P N T , M ~ ~ E P - ~ . ~ )  PHX 8 2  
CALL  W f t E C ( T A 6 1 ~ 6 r t 3 C D )  PHX 8 3  
CALL  F I L 3 c A W H )  PHX 8 4  
CALL  HREC(SENU,NT,MODEI-~.O) PHX 8 5  
CqLL WREC(SLNUI~*HCD) PHX 8 6  
GI1 TD 1 PHX 87  

C PHX 8 8  
C-"OSBARCH FOH ~ I L E  1 4 0  PHX 8 9  
C PHX 9 0  

3 CALL  S E A R C H ( N T I M U D L ~ H A T W ~ ~ ~ I O ~ L N T )  PHX 9 1  
BACKSPACE N I  PHX 92  
Ri iAD ( N T p 6 0 4 )  NS PHX 9 3  
f F  ( L N T  of..Uo 0) 6 0  TO 5 PHX 9 4  
GI1 TO 2 0  PHX 95 

C PHX 9 6  
c ~ - - - -  PROCESS F I L L  1 4 .  PHX 9 7  

C PHX 9 8  
4 CALL  HRECLHEAUrNI,MDDE,-1.0) PHX 9 9  
S CULL WKEC(HEA0,6rBCD) PHX 1 0 0  
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I P  ( M F  ,EQ, 0) GO 10 1 2  
CALL  CKHD(MF1 
CALL  TEST2CcMT)  
I F  ( L l  . E Q e  1) G U  TO 4 
I F  ( L 2  . E Q *  1) G U  TO 9 

C 
C TABULATED FORM 
C 

I J T A  = N O  * NC 
DU 7 J = l r  WTA 
CALL  RHEC(TA82rNT,MODE,-1.0) 
CALL. WREC(TA82,6rBCD) 
CALL  F I L 1 4 ( 1 )  
D U 6  I = 1 9 N E  
CALL  H R E C ~ T A M l r N T r M O D E r ~ 1 , 0 )  
CALL  W H E C ( T A B l r 6 a B C D )  

6 CALL ~ 1 ~ 1 4 ~ 2 )  
7 CULL F I L 1 4 ( 3 )  
8 CALL  H K E C ( S E N U r N T r M O B k r * 1 ( 0 )  

C A L L  W R E C ( S t N D r 6 r B C D )  
Gd T O  4  

C  
C LtiGEYnHE PULYNOMIAL FORM 
L 

9 NTA = ND + N C  
0~ 1 1  J =  1, NTA 
CALL U H E C C T A B ~ * I ~ T ~ M U P E P - ~ . ~ ~  
CALL WREC(TAB296rUCD) 
CaLI.  F I L l Y ( 4 )  
1111 1 0  I = l r  NE 
CALI- H H E C ( L I S T r N T r ~ O D ~ r w l . 0 )  
CALL WRECCLIS l r 6 ~ R C D l  

10 CALL  F I L I Y ( 5 )  
11 CALL F I L 1 4 ( 6 )  

CALI. H H E C ( S E N L ) ~ ~ T ~ M U D B ~ ~ ~  .o)  
GALL wHEC(SLNOP b r  BCD) 
GU TI1 0 

L 
c----.. P R O C F S S  F I L E  15. 
C 

12 C n l l  R R E c ( H E A D ~ N I ~ M U D ~ ~ - ~ ~ O )  
CALL  W R E C ( H L A O ~ ~ P B C D )  
I C  (Mk '  0 )  G O  TO 17  
CALL  CKHD(MF) 
J C  ( L 1  * E U .  2) GO T O  1 6  

C  
C  O p T I n N  1 
C 

Cf iLL U H E C ~ T A B ~ ~ ~ ~ T ~ M O D ~ ~ ~ ~ ~ ~ )  
CkI.1 WKEC( I A H l r 6 r B C D )  

PHX 1 0 1  
PHX 1 0 2  
PHX 1 0 3  
PHX 1 0 0  
PHX 1 0 5  
PHX 1 0 6  
PHX 1 0 7  
PHX 1 0 8  
PHX 1 0 9  
PHX 1 1 0  
PHX 111 
PHX 1 1 2  
PHX 1 1 3  
PHX 1 1 4  
PHX 1 1 5  
PHX 1 1 6  
PHX 1 1 7  
PHX 1 1 8  
PHX 1 1 9  
PHX 1 2 0  
PHX 1 2 1  
P.HX 1 2 2  
PHX 1 2 3  
PHX 1 2 4  
PHX 1 2 5  
PHX 1 2 6  
PHX 1 2 7  
PHX 1 2 8  
PHX 1 2 9  
PHX 1 3 0  
PHX 1 3 1  
PHX 1 3 2  
PHX 1 3 3  
PHX 1 3 4  
PHX 1 3 5  
PHX 1 3 6  
PHX 1 3 7  
PHX 1 3 8  
PHX 1 3 9  
PHX 1 4 0  
PHX 1 4 1  
PHX 1 4 2  
PHX 1 4 3  
PHX 1 4 4  
PHX 1 4 5  
PHX 1 4 6  
PHX 1 4 7  
PHX 1 4 8  
PHX 1 4 9  
PHX 1 5 0  
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CALL F I L 1 5 C l )  PHX 1 5 1  
DB 15 J z l r  NK PHX 152  
CALL H R E C ( T A B l r N l r M O D E r ~ 1 ~ )  PHX 153  
C ~ L L  WHE.C(TABirbrBCD) PHX 154 
I F  ( L 2  .EO.  2) GU 10 1 4  PHX 155 

C PHX 156 
C AflRITHARY TABULATED FUNCTION PHX 157 
C PHX 158 

CHLL F I L 1 5 ( 2 )  PHX 159  
CALL R R E C ( T A B 2 r N I r M O D E r - 1 . 0 )  PHX 160 
CALL dREcL TAdZr6r  BCD) PHX 161  
CALL F I L l 3 C 3 )  PHX 162 
0 0 1 7  I = l r N t :  PHX 163 
CALL HHECCTABlrNTrHUOEp-1.0) PHX 164 
CALL WHCC(TAU1r 6rHCD) PHX 165 

13  CALL F I L l > ( Y )  PHX 166 
CALL F I L 1 5 ( 5 )  PHX 167 
(i0 TCI 15 PHX 168 

C PHX 169 
C O I S C R E T E  1 INAL ENERGY PHX 170 
C PHX 1 7 1  

14 CALL F I L 1 5 ( 6 )  PHX 172 
15 CUNTINUE PHX 173  

C ~ L L  ~ 1 ~ 1 5 ~ 7 1  PHX 174 
C A L L  H H E C ( S E N O ~  N r,HuuE,-l ,o PHX 175 
CALL WHtC(StNUr6rBCO) PHX 176 
GU TO 17 PHX 177 

C PHX 178 
C NPTIOPJ 2  PHX 179 
C PHX 180 

16 CALL RREC(LISTrNTrMOD6r"l.O) PHX 181  
CALI. WREC(LIbTr6rHCO) PHX 182 
CALI. F I L l ! J ( 8 )  PHX 183 
ChLl. ~ H E C ( S t ~ N O r N I r H 0 O E r ~ L . O )  PHX 184 
CALL WHEC(StNUr b r  B C D )  PHX 185 
(10 TO 1 2  PHX 186 

17 CALL ESEGPH(5) PHX 187 
STOP PHX 188 

18 W R I T E  ( 6 ~ 6 0 5 )  PHX 189 
>TOP PHX 190 

19 N R I T E  (6,606) NT*MUDErMAI'W PHX 1 9 1  
S T O P  PHX 192 

20 YRITE ( 6 , 6 0 0  PHX 193 
S T O P  PHX 194 

6 0 1  FURMAT ( 3 1 1 1 )  PHX 195 
632  FURYA r ( 1 JAbr A2 PHX 196 
6U3 FUHY4T ( l X ~ l j A S r A 2 / / )  PHX 197 
6u4 F U H M 4 T  ( 7 5 X r I 5 )  PHX 198 
6U5 F O H M A ~  ( 1 5 ( 1 Y * ) r 1 6 H  t l O  CAHU I N P U T *  r 7 Y ( l H * ) )  PHX 199 
6 0 6  F U R M A T  ( 1 5 C l H n I r 1 9 H  F I L E  3  NOT FOUND* r b H  N T  = r l 2 r b H  MUDL + r I l r 7 P t - i ~  200 
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.................................................................. 

1H MAT = , 1 4 ~ 5 1 ( 1 H * ) )  
1 2 3  6 U 7  FQRMAT ( l H 1 ~ 1 4 ( 1 H * ) , 2 0 H  F I L E  1 4  N O 1  FOUND@ r 7 5 ( 1 H * ) )  
1 2 4  END 

PHX 2 0 1  
PHX 2 0 2  
PHX 2 0 3 -  



I - 
2 - 
3 - 
4 9 

5 - 
6 - 

* 

A " 
9 - 
10 - 
11 
1 2  - 
1 3  " 

1 4  m 

15 - 
16 - 
17  - 
18 - 
19 - 
2 0 - 
60 1 - 
6 0 2 - 
60 3 - 
604 - 
6 0 5 - 
6 0 6  " 
6 0 7  I 

A - 
A W R  - 
8 - 
HC@ 9 

c 1 - 
C? 9 

CKHI )  - 
C ~ F I  r s. 

C [I U 14 " 

E N 0  " 

E S E G P H  
FEtJO - 
F I L I I I  " 

F I L 1 5  - 
F T L 3  - 
t i t : A r )  " 
HflL - 
1 - 
J - 
JNT " 

P A G E  6 
* r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * k * * * * * * * * * * * * * * * * * * *  



1. 1 
L 3 
L G 
L I s r  
LNT 
MAT 
MATW 
MEiJf) 
14 F 
MODE 

M T 
N 1 
N 1 X 
N 2 
N 2 X  
N U T  
N C 
N D  
N E 
N I 
N K 
N P 
IJ S 
NSI 
N T  

N T A  
NTUB 
R E C S  
R R E C  

S E A R C H  
S E N D  

S T O P  
 TAB^ 

TAB:, 
$EN@ 
T F S T 2 C  
T P I G  
WREC 

X 
Y 
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SUBRf l I !T  J N L  C K H U ( t  I L E )  CHD 
C U M V @ N / C O U N / L ~ P  NCINDCNEB I J X ~ N K # I J P C N T A H B N S ~  CHD 
C U M ~ ~ ~ / ~ ~ C S / M A T ~ Y F ~ M T , C ~ , C ~ ~ L ~ ~ L ~ ~ N ~ ~ N ~ ~ N B T ~ ~ ~ O ~ D J N T ~ ~ O ~ ~ ~ X ~ ~ O O O ~ ~ C H D  

1 Y(200O)rB(2000)~NlXcN2X~NS CHD 
IF ( F I L E  . N t *  1 4 )  bU T O  4 CHD 

C CHD 
C-"-CRECK F I L L  1 4  HEAD CARD. CHD 
C CHECK L I *  C HD 
C CHD 

I F  ( L l e E Q w O  * O R .  Ll.EQ.1) GO 1 0  1 CHD 
WRITE  ( 6 , 6 0 1 )  CHD 
L 1  = 0 CHD 

C CHD 
C CkECK L T T w  CHD 
C CHD 

1 I F  ( l ? e E Q w l  *OHw L Z I E Q w 2 )  GO T O  2 CHD 
W R I T F  ( 6 r b 0 2 )  CHD 
Li! = T C HD 

C CHD 
C ChECK NDw CHD 
C CHD 

2 1C ( N 1  .GT*  ( M T - 4 ) )  W R I T E  ( 6 , 6 0 3 )  C HD 
C CHD 
C C H E C K  N C .  C HD 
C CHD 

I F  (N2.EQ.O wORw N Z w E B w 1 )  GO TO 3 CHD 
WHITE  ( 6 , 6 0 4 )  C HD 
b 2  = 1 CHD 

3 ND = N 1  CHD 
N t  = hI? CHD 
R6TU914 CHD 

4 I f -  ( F I L E  * N E *  1 5 )  G O  T O  1 0  CHD 
C CHD 
C- - ' - -C f lE fK  F I L L  15 H E 4 D  CARD*  CHD 
C CRECK L O *  CHU 
C CHD 

I F  ( L 1  * E Q ,  2) GO TO 3 C HD 
11 ( L 1  .EWw 1) 60 TO 9 CHD 
W R I T E  ( 6 , 6 0 5 )  CHD 
L l  = 1 CHD 

5 IF ( L P  .Nt. 0 )  M H I I L  ( 6 , 6 0 6 )  C HD 
C C HD 
C CFECK Now CHD 
C CHD 

I F  ( N 1  * G T *  ( M T - 4 ) )  W R I T E  ( 6 r 6 0 3 )  C HD 
C CHD 
r CRECK N K *  CHD 
C C HD 

I B  ( N 2  * G L *  N 1 )  60 10 6 C HD 
WRITF  ( 6 ~ 6 0 7 )  CHD 
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NE! = N l  CHD 
5 ND = N l  CHD 

N U  = k 2  C  HD 
RLTUPN C  HD 

C  CHD 
C  CfiECK L G e  C  HD 
C  CHD 

7 I F  ( L 2 e E u r l  .OH. L Z e E Q e 2 )  GO TO 8 CHD 
WHITE ( 6 , 6 0 6 )  CHD 
L 2  = 3 CHD 

C  C  HD 
C  CHECK NSe C  HD 
C  CHD 

d I f  ( b l 1  . L t r  (MT"+))  GU TO 9 CHD 
WRITE  ( 6 r b U Y )  C  HD 
N b l  = MT '4 CHD 

9 I F  ( h 2  .NLe 0 )  W H I T k  ( 6 , 6 1 0 )  CHD 
LG = L 2  CHD 
RETURN CHD 

10 W R I T E  ( 6 , 6 1 1 )  CHD 
RLTURN CHD 

6 0 1  FQRPAT ( j 5 ( l H * ) r  4 6 H  L I  NOT I N  D E F I N E U  HANGEe L I  SET EQUAL TO 00 CHD 
l r  4 9 ( 1 H * ) )  CHD 

6 U 2  FfjhMAT ( l b ( l H * ) t  4Bh L T T  NOT I N  U E F I N t D  RANGE. L T T  SET E Q U A L  TO 2CHD 
1. r 0 7 ( 1 H * ) )  C  HD 

6 U 3  FORMAT ( j b ( l H * ) r  8 4 H  NO LARGER THAN S T A T E  L E V E L  W I L L  ALLOW* W I L L  CHD 
1 C b h T I k U E  PHOCESSING W I T H  NU AS G I V E N ,  r 1 1 ( 1 H * ) )  CHD 

6 U 4  FORMPT ( 1 5 ( 1 H * ) ,  46H NC NUT IN D E F I N E D  RANGE* NC SET  EQUAL TO 1. CHD 
1, 4 9 ( 1 H * ) )  CHD 

6 U 5  FORMAT ( l b ( l H * ) >  Y6H  LO NOT I N  D E F I N E D  RANGE*  L O  SET  EQUAL TO i r  CHD 
l r  4 9 ( 1 H * ) )  CHD 

SU6  T u d M 4 T  ( l > ( l t i * ) r  2fW FOURTH F I E L D  SHOULO B E  O *  r 6 b ( l H * ) )  CHD 
5 0 7  FI~HMAT ( l b ( l t i * ) ,  4 2 H  k D  GREATER T H A N  NK. NK SET EQUAL  TO NO. 6UCHD 

l ( l l l * ) )  CHD 
6 0 8  F Q Q M A T  ( 1 5 ( 1 H * ) r 7 3 H  L 6  NOT I N  D E F I N E U  HANGE. P R O C E S S I N G  UF T H I S  SCHD 

l E E T I O Y  W I L L  8 L  ATTAMPTED*  2 2 2 ( 1 H * ) )  C  HD 
bU9 F O R M A T  ( 1 5 ( 1 H * ) ,  70H M S  LArtGER THAN S T A T E  L E V E L  M I L L  ALLOW. N S  SECHO 

I T  tr) i)AL TO S T A T L  L t V E L .  s 2 5 ( 1 H * ) )  CHD 
510  F ~ H M A T  ( 1 5 ( 1 1 4 * ) ,  2 6 h  S I X T H  F I E L D  SHOULD RE  Om P 6 9 ( 1 H * ) )  CHD 
6 1 1  FBRMAT ( 1 5 ( l H * ) , 3 6 H  HEAD CARD NOT PHOCESSLD DUE TO MFe s 5 9 ( 1 H * ) )  CHD 

END C  HD 
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SUBROUTINE CKHD(F1LE) 

SYMBOL 

1 
2 
3  
4 
5  
6  
7 
8 
9 
10  
6 0  1 
6 0 2  
6 0 3  
6 0 4  
6 0 5  
6 0 6  
6 0  7 
6 0 8  
6 0 9  
6  10 
6 1  1 
B 
c 1  
c 2 
C K H O  
COUN 
F I L E  
JNT 
L 1  
L 2 
L G 
M A T  
M F 
M T 
N  1  
N I X  
N 2 
N 2 X 
N R T  
N  C 
N D 
N F: 
N 1 
N K 
N P 
:J s 
N S I  
N T A B  

PAGE 1 0  

8 * 
11*  
I S *  
18*  
2 3* 
28 *  
31*  
34*  
3  7 + 
UO* 
4 2 *  
4 3 *  
24WR 44* 
4  5  * 
46s 
4 7 * 
4 8 * 
4 9 *  
S O *  
5 1 * 
5 2 *  
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S U B R O U T I N E  F I L J ( A W R )  

St$RROUTINE FIL3(AWR)  F 3  1 
C E M M O N / R E C S / M A T ~ M F ~ M T ~ C ~ P C ~ C L ~ D L ~ , N ~ ~ N ~ ~ N B T C ~ O O J T C ~ O O D X C ~ D F  3 2 

1 Y(2000)rB12000)5NlX~N2XsNS F J  3 
C W M M O N / ~ A V E / E T H C ~ O O ) ~ P ~ ~ O O ~ L ~ ~ A B ~ ~ O O O ~ D Y T A D Y K T O D  F 3 4 

1 Y C A L ( ~ ~ ~ ~ ~ ~ Y T I L ( ~ ~ ~ ~ ) ~ E K ~ ~ O O O ) ~ Y K ~ ~ O O O ~ D E ~ ~ ~ ~ ~  f 3  5 
C F 3  6 
C-"-'TEST Qe F 3  7 
I: F  3 '  8 

I F  (MTILE.4 eUKo ( M T e Q E o 1 5  * A N D @  M T e L E e S O I  aOHo MT.GEo81)  GO T O  1 F 3 9 
I F  ( C 2  ,GEe 010) W H I T B  ( 6 r 6 O l )  F  3 10 
I F  ( A R S ( C 2 1 r L T e l e O * 1 0 * * 4  *ORa A B S C C 2 ) o G T e Z a 0 * 1 0 * * 7 )  W H I T E  ( 6 , 6 0 2 )  F 3 11 

1 I F  ( M T o N E e l S  eANDo M T ~ N E I I ~ O )  GO TO 2 F  3 1 2  
I F  (C2 .EUe OeO)  GO TO 2 f 3 1 3  
W R I T E  ( 6 , 6 0 3 )  F 3 1 4  
CQ = 0.0 F 3 19 

2 I F  ( " 7  .NLe 1 0 2 )  GO TO 3 F 3  1 6  
I F  ( C 2  ,LT.  0 e 0 )  W H I T 6  (6 ,604 )  F 3 17 
I F  ( C 2 e N E e O  .AND@ ( C Z e L T e l a Y * 1 0 + * 6  eOR. C 2 e G T . 1 * 2 * 1 0 * * 7 ) )  WRITE  C 6 F  3 1 8  

l r e 0 5 )  F 3 1 9  
C F  3 2 0  
CI---- C A L C U L A T E  AN0 T E S T  THRESHOLDe 
r 

F. 3 2 1  
F 3 2 2  - 

3 E l Y E O  = ( A W R + l ) * A B S ( C O ) / A W H  
IF ( C 2  .GTo 0 0 0 )  ETHEO a 0 1 0  
I F  ( E T H E o ~ G T I X C ~ )  .AND. C 2 e L T . 0 1 0 )  W R I T E  (6 ,606 )  ETHEO 

C 
C"'"STORE Q AND THRESHOLOe 
C 

O S M T I r C 2  
E T H ( M T 1  = X ( 1 )  
I F  (ETHEO o b T e  X ( 1 ) )  G T H ( M T 3  8 ETHEO 

C 
C - - - - -CbLCULATE 2 2 0 0  M / S t C  GROSS S E C T I O N r  MT = 1 0 2 r  
C 

I F  (MT .NEo 1 0 2 )  GO TO 8 
K = 0 
I F  ( X ( 1 1  * G T a  0 e O 2 5 3 )  GO T O  9 
D O 4  I t l r N 2  
K = K + l  
I F  ( X ( 1 )  eEQo 0 , 0 2 5 3 )  00 TO 5 

4 I F  ( X ( I ) e L T ~ O ~ 0 2 S 3  .AND* ~ ( l + i ) * G T o 0 ~ 0 2 5 3 )  GO T O  6 
5 W R I T E  ( 6 , 6 0 7 )  YCK)  

GO TO 8 
6 Ol r  7 I r l r  N l  
7 I F  ( K  . L E O  N B T ( I ) l  I N 1  J N T C I )  

ENG = O e 0 2 5 3  
C R L L  ~ E ~ P I ( X ( K ) ~ Y ( K J , K ( K + l ) ~ Y ~ K + 1 ) ~ E N G c S I G M A r I N T )  
W K I T F  ( 6 , 6 0 7 )  S IGMA 

8 R k  TIJRFi 
9 W H I T F  ( 6 r b 0 8 )  
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S U R R O U T I h E  F I L J t  AWR) 

R f  TIIRFI F  
6b1 F L l R M A l  ( 1 5 ( l H * ) r Z P I i  Q SHOULD B E  L E S S  THAN 0 1 0 1  r 6 7 ( 1 H * ) )  F  
b U 2  F U R ~ ~ A T ( ~ S ( l H * ) r 4 6 H  Q SHOULD B E  I N  1HE RANGE l r O E + 0 4  TO 2 * O E + 0 7 *  r 4 F  

1 9 ( 1 H * ) )  F  
h U 3  F I j R b f A l  ( 1 5 ( 1 H * ) ~ l b H  B SHOULD B E  E Q U A L  TO 0 a O e  Q  SET  LQUAL  TO 0 1 0  F  

l F U H  R € M A I ~ D € H  OF P H U C t S S I N G *  , 1 9 ( 1 H * ) )  F  
604 FURMAT ( l 5 ( l H * ) r 4 3 H  Q SHOULD B E  GREATER THAN OR EQUAL TO 0.0. r 5 2 ( F  

l l h * ) )  F  
6 U 5  FbRMAT ( 1 5 ( 1 H * ) r 7 4 H  WHEN Q I S  NOT EQUAL 1 0  0 1 0 1  Q SHOULD B E  I N  THEF  

1 f(ANGL 1 * / E + 0 b  TLJ l r 2 E + 0 7 *  * 2 1 ( 1 H * ) )  F  
6 U h  FLUMAT ( 1 5 ( 1 H * ) r b S H  E F F E C T I V E  THHESHOLD VALUE BELOW T H E O R E T I C A L  A L F  

1LbWt.D P Y  U V A L U E *  r 3 0 ( 1 H * ) / 1 5 ( l H * ) r l S H  T H E O R E T I C A L  = r l P E 1 2 * 5 ~ 3 8 X ~ F  
2 3 U ( l H * ) )  F 

b U 7  F b H M A 1  ( 8 1 ( 1 H * ) r 1 5 H  S I G M A ( 2 L O O )  = r l P L 1 2 q 5 p Z H  B )  F  
608 FURMAT f 8 1 ( 1 H * ) r Z Y H  S I G M A ( 2 2 0 0 )  = DATA NO1 G I V E N )  F  

E N 0  F 



I N D E X  

SYMBOL 

1 
2 
3 
4 
5 
6 
7  
8 
9 
60 1 
6 0 2  
60 3 
604 
605 
6 0 6  
6 0 7  
6 0 8  
A R S  
AWR 
R  
c 1 
C 2 

E K 
ENG 
E S 
ETAR 
E T H  
ETHEO 
F I L 3  
I 
I NT 
JNT  
K 
L 1 
L 2 
M A T  
M F 
M T 
N 1 
N I X  
N 2 
N 2 X 
NBT 
N S 
Q 
K E C S  
RETURN 

SUBROUTINE FIL3CAWR) 
PAGE 



I N D E X  
SUBROUTINE  F I L 3 ( A W R )  

S A V E  - 
S I G M A  - 
TFRPl - 
X 0 

Y  - 
Y c A L  - 
Y K  - 
Y K T A H  - 
Y  T A B  - 
Y T I L  .I 

P A G E  15  
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SUBROUTINE F I L 1 4 C N )  

S U R H O U T J N L  F I L 1 4 ( N )  F  1 4  
C O M M O N / C O U N / L C D N C , ~ O ~ N L P N ~ ~ N K ~ N P C N T A ~ ~ ~ N S ~  F  1 4  
C O M M ~ N / R E C ~ / M A T ~ M ~ P M ~ ~ C ~ ~ C ~ , L ~ ~ L ~ ~ N ~ P N ~ ~ N ~ T ~ ~ ~ O ~ D J ~ ~ ~ ~ ~ ~ ~ D X ~ ~ O ~ ~ ~ P F ~ ~  

1 Y ( ~ ~ ~ O ) ~ B ( ~ U ~ O ) S N I X P N ~ X P N S  F  1 4  
C O M M ~ ~ / S A V E ~ E T H ( ~ O O ) ~ B ~ ~ O O ~ ~ E T A B C ~ O O O ~ P Y T A B ~ ~ O ~ O ~ ~ ~ K T A B ~ ~ O O O ) ~  f 1 4  

1  YC~L(2000),~1IL(2000)rfK(2000~~YK(2000)~€~(40~ F 1 4  
C O M M O N / S A V ~ ~ / E G , L N , L S I I I L I I N  F  1 4  
6 0  ~ f i  ( 1 , 6 # Y # l r l U 1 Y ) r  N F l 4  

C F 1 4  
C--'--TEST TAR2 HkCUHDe F  1 4  
C F 14  

1 N t  = N 2  F 1 4  
CALL ~ S E G p f l ( 1 )  F 1 4  
If ( ( y T 8 G L . 5  0ANU. hToLE.14)  .OH* CMT*GE*51 .AND* MTILEOBO)) GO TOF14 

1 2  F 1 4  
C F 14  
C - M T  R A N G t  1-49  15-50,  BI'UP F  1 4  
C TEST E S  ANO LGI. F  1 4  
C F  1 4  

I F  ( C Z  .LT. 0.0) WHITE (6,601) F  1 4  
I F  ( C 1  .LT*  0.0) WHITE (6,602) F 1 4  
I F  (C l .NE*O* lJ  .AND. C 2 r G T e C 1 )  WRITE (6,603) F 1 4  

C F 1 4  
C r k S T  FUR CONTINUOUS SPECTRUM* F  1 4  
C F 1 4  

E r  = 1.0 F 1 4  
11 ( V T  .EL'. 1 1 0 )  GU T O  5 ~ 1 4  
I F  (C1.NE.O.O ,UH. C2.NEeO.O) G O  T O  5 F 1 4  
I L  = I L  + 1 F 1 4  
I F  ( I L e E 3 . 1  * A N D *  NC.NE.1) WRITE ( 6 9 6 0 4 )  F  1 4  
I t  ( I L  .GI. 1 )  4 W I r E  (0,605) F  1 4  
GO T O  5 F 1 4  

C F  1 4  
C M T  IN 4AYb€- 5 - 1 4 ?  51-gO F  1 4  
C TkST t S  AND E G I S  F  1 4  
C F  1 4  

L IF (C2 .Gt. 0 . 3 )  GU TW 3 F 14  
W H I T E  (6,601)  F 1 4  
I t  ( C I  ,LT. 0.0) W H I T E  (6,602) F  1 4  

3 I F  ( C I  . L I .  C2 )  wHllE ( o r 6 0 3 1  F  1 4  
I l -  ( C 1  .Nt. A H S ( U ( M T ) ) )  W R I T E  ( 6 ~ 6 0 6 )  F 1 4  

C F 14 
C T t S T  URrlEH O f  L S  BND EGI .  F i 4  
C F 1 4  

I N  = I N  + 1 F  1 4  
I t  ( I N  , G I .  1 )  GU T U  U F 1 4  
E b l  = C1 F  1 4  
LG = C2 F 1 4  
60  Trl 5 F 1 4  

4 I F  ( C 1  .dt. ES1) W H I T E  (6,607) F 1 4  



I N D E X  PAGE 1 7  
SUi jROUTINE F I L 1 4 ( N )  

I F  ( C ?  .GEa L G )  WRITE ( 6 , 6 0 8 )  F  1 4  
EB = C 2  F  1 4  

C  F 1 4  
C  CMECK I N T L H P O L A T I O N  SCHEME F 1 4  
C  F 1 4  

5 I F  ( N 2  ,LC. N 1 )  WRITE ( 6 . 6 0 9 )  F  1 4  
I P  ( N I r N E e l  aORa J N T ( l ) r N E a 2 )  WHITE ( 6 ~ 6 1 0 )  F  1 4  
RETURN F 1 4  

C  F l 4  
C--'--TCST T A B 1  RECORD* F  1 4  
C  TnBULATED FORM F 1 4  
C  F 1 4  

6  I P  ( N l a N E a l  r O R r  J N T ( 1 ) a N E e O )  WRITE ( 6 r 6 1 1 )  F 1 4  
I P  ( E T H ( M T 1  ~ G T I  C 2 )  WRITE (6 ,612 )  E T H t M T )  F 1 4  
I F  ( C 2  .LEa EN)  WRITE (6 ,623)  F 1 4  
E b  = C2 F  1 4  
O h l 7  I = l r N 2  F  1 4  

7 I F  ( Y ( I ) . L T r O a 4 9 9  a0Ra Y ( I ) r G T a 0 * 5 0 1 )  GO TO 8 F  1 4  
I P  ( N 2  #NE. 2 )  WHITE t 6 ~ 6 1 4 3  F  1 4  

8 d6TUQN F  1 4  
C  F  1 4  
c,-m- R E i - I N I T I A L I Z E a  F 1 4  

C f 1 4  
9  I F  (NCIEQal  aANDa I L a 6 Q e O )  WRITE (6 ,615 )  F  1 4  

I F  (EGaEQaOaO aANDa I L r E Q r O )  WRITE ( 6 ~ 6 1 6 )  F  1 4  
I F  ( ( ( M T r G E a 5  .AND, M T e L E * 1 4 )  aORa ( M T a G E a 5 1  .AND+ M T a L E a B O ) )  aANDF14 

1. N C a E Q r l )  WRITE (6 ,817 )  F l 4  
EQ = 0.0 F  1 4  
EN = 0 1 0  F  1 4  
E E I  = OaO F  1 4  
I L  = 0  F 1 4  
I N  = 0  F  1 4  
RETURN F 1 4  

C  F 1 4  
C-""TCST T A B 1  RECOROa f 1 4  
C  LEGENDRE POLYNOMIAL FORM F  1 4  
C  F  1 4  

1 0  I P  ( E T H ( M 7 )  aGTa C 2 )  WRITE ( 6 , 6 1 2 )  ETHCMT) F 1 4  
I F  ( C 2  .LLa L N )  WRITE ( 6 ~ 6 1 3 )  F 1 4  
Efl = C2 F  1 4  
R ~ T U R N  F  1 4  

6 0 1  FORMAT ( 1 5 ( 1 H * ) , 4 5 H  E Q I  SHOULD BE GREATER THAN OR EQUAL TO 0.01 ,SF14 
1 0 ( l H * ) )  F 1 4  

6 0 2  FORMAT ( 1 5 ( 1 H * ) r 4 4 H  E 5  SHOULD BE GREATEN THAN OR EQUAL TO O a O *  r 5 1 F 1 4  
l( t H * ) )  F  1 4  

6 U 3  FURMAT ( 1 5 ( l H * ) r 4 4 H  E6 SHOULD BE GREATER THAN OR EQUAL TO E G I r  r 5 1 F 1 4  
l ( l H * ) )  F 1 4  

6 U 4  FORMAT ( 1 5 C l H * l r 4 5 H  FOR A  CONTINUOUS SPLCTRUMD NC MUST EQUAL l r  # S F 1 4  
1 0 C l H * ) )  F  1 4  

6U5 FOHMAT ( l S ( l H * ) ~ 4 9 H  ONLY 1 CONTINUOUS SPECTRUM PER SECTION ALLOWEDFl4  
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SbBROUTINE F I L 1 4 C N )  

1 0  , 4 6 ( 1 H * ) )  F 1 4  1 0 1  
bu6 FUHWAT ( 1 5 ( l r ( * ) r 4 l ) H  E S  St1OULD B L  EQUAL 1 0  THL A8SULUTL VALUE UF Q o F l 4  1 0 2  

1 r U T t I H * ) )  F 1 4  1 0 3  
6 U 7  FbHMPT ( 1 5 ( l H * ) r Z 5 t 1  ALL E S  SHUULlJ d L  tOUALI  r 7 3 ( 1 H * ) )  F l 4  l o &  
6u8 Fat3MAT ( 1 5 ( l H * ) r 3 3 H  E l i 1  MUST BE I N  DECENDfNG ORDER,  r62(1H*)) F 1 4  1 0 5  
6 U 9  F L H v b T  ( l b ( l t l * ) r 2 3 M  NP MUST BE GHEATEH THAN NR. r 6 5 ( 1 H * ) )  F 1 4  1 0 6  
b 1 0  FUr7usT ( 1 5 ( l Y * ) r i 2 H  I h T E H r ' O L A T I U I J  SCYLML 1s R L Q U I H E D  10 B L  L I l J t A R  F l u  1 0 7  

l T # H [ ~ l J ~ ~ H f l ~ J T  t N l  I K t  KbNLE.  , 2 3 ( 1 H * ) )  F 1 4  1 0 8  
6 1 1  FfJHpbT ( 1 5 ( I H * ) ~ 6 4 H  I N T L H P U L A T I O N  SCHLMt SHOULD BE L I N E A H  THRUUGHOFl4 1 0 9  

1lJ1 E h 1 T I R E  K A N G L  r , j l (  l h * ) )  F 1 4  1 1 0  
61% FURVAT ( 1 5 ( 1 ~ * ) , 0 B t ~  I N C I D E N T  NEUlHON LNEHGY LESS THAN E F F L C T I V L  T H F l 4  111 

~ H L S H O L O  I h  F I L E  .i( = r l P t 1 2 . 5 , 3 H ) .  r l 2 ( l H * ) l  F 1 4  1 1 2  
6 1 3  FOSVAT ( 1 5 ( 1 H * ) , 5 5 H  1WCIl)ENT N E U f R O N  t N t H b I E S  MUST BE I N  ASCEhUINGF14  1 1 3  

1  USPFho , 4 V ( l H * ) )  F 1 4  1 1 4  
6 1 4  FUSPPT ( l 5 ( l H * ) r Q 7 H  b 1 S T R I b U T I U N  SHOULO bL L N l E H E U  I S U T R O P I C A L L Y I  F 1 4  1 1 5  

1,4!3(1Ci*1) F 1 4  1 1 6  
6 1 5  FbYhiPT ( l b ( l H * ) * 5 4 H  FUR N C  L O b A L  I r  THEHt  MUST HE A CONTINUOUS S P E F l 4  1 1 7  

1CTRUMo r 4 1 ( 1 h * ) )  F 1 4  118 
6 1 6  F3RMAT ( 1 3 ( 1 H * ) r 3 / W  FOR L G I  EQUAL TO 0.0, NC MUST BE 1, r S b ( l H * ) ) F 1 4  1 1 9  
6 1 7  FORMAT ( 1 5 ( 1 H * ) r 5 4 H  THERE CAP4 d k  h U  C U Y l I k U O U S  SPECTRUM I N  T H I S  S E F l 4  1 2 0  

1 C T I P h .  , 4 1 ( 1 H * ) )  F 1 4  1 2 1  
E D F 1 4  122- 
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S U @ R O U T I N E  F I L l 4 ( N )  

COUN 
E G 
E K 
EN 
E  S 
ESEGPR 
E S I  
E T A B  
E T H  
F I L 1 4  
I 
I  L 
I N  
J N T  
L 1  
L 2 



I h D L X  
SUBROUTINE F I L l 4 C N )  

L G I 

MAT - 
M F 9 

V T I 

N 9 

N 1  
N 1 X 0 

N 2 II 

N2X 9 

k 8 T 
N C 
NO 0 

N E  9 

N I * 

N K I 

N P 
N S  II 

P s i  0 

NTAB g 

4 9 

R E C S  - 
RETURN - 
SAV14 * 
SAVE 
X 0 

Y I 

YCAL .I 

YK 9 

YKTkB - 
Y TAR 9 

Y T I L  - 

P A G E  20 
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SUQROUTINE F I L l S ( N )  

SUBROUTINC F I L l S ( N 1  F15 1 
C B M M ~ ~ N / C O U N / L G ~ N C ~ N D B N E ~ N I D N K B N P P N T A B I N S ~  F95  2 
C O M M ~ ~ N / R E C S / M A T ~ M ~ ~ M T P C ~ ~ C ~ ~ L ~ ~ L ~ ~ N ~ ~ N ~ ~ N ~ T ~ ~ O T ~ O O P X ~ O O ~ ~ ~  3 

1 ~(2000)rB62000lrNlX~N2XrNS F15 4 
C R M M ~ N / ~ A V L / C T H ( ~ ~ ~ ) ~ ~ ~ ~ O O ~ ~ E T A B ( ~ ~ ~ ~ ) , Y T A B ~ O O O ~ Y K T ~ O O O B  F15  5 

1 Y C A L ~ 2 0 0 0 ) r ~ T ~ L ~ 2 0 0 0 ) , E K ( 2 0 0 0 ) r Y K ~ 2 0 0 0 ) r E ~ ~ ~ ~ ~  F15 6 
CUMMflN/SAv15/A(2000) F15 7 
G O  T D  ( l r J r 1 0 r l l r 1 3 r  1 9 ~ 2 6 ~ 2 9 ) r  N F15 8 

C F15 9 
C--'-STORf TABULATED LNLRGIES AN0 YIELDS, F l 5  1 0  
C ~ 1 5  11 

1 D@ 2 J = l r  N2 F15 12 
ETAPCI) = X ( I )  F15 13 

2 Y lAR(1 )  Y ( I )  F15 14 
NTAR = N2 F15 15 
If ( fTAB(1 )  eLT. €TH(MT)) WRITE ( 6 ~ 6 0 1 )  ETHCMT) F15 16 
RtTllRN F15 17 

C F15 18 
f,-----Lk = 1 F15 19 
C SIORF SFCTIUN ENLHGIES AND YIELD* F15 20 
C F15 2 1  

3 DQ 4 1 r l r  NZ F15 22 
ER(1) = X ( 1 )  C15 23 

4 Y R ( 1 )  = ~ ( 1 )  F15 24 
NP = N2 F15 25 

C F15 26 
C ThST ENERGICS* F15 27 
C F15 28 

I F  (EK(1 )  rLT.  LTHCMT)) NHITE ( 6 ~ 6 0 1 )  ETHCMT) F l 5  29 
I P  ( E K ( ~ ) . L T ~ L T A B ( ~ )  *OR, E K ( N P ) ~ G T ~ E T A B ( N T A B I )  HRITE (6,602) F15 30 
CALL FSEGPH(2) F15 3 1  

C F15 32 
C ChLCllLATE SfCTIOIq YIELDS FOR TABULATED ENERGIES, F l 5  33 
C F15 34 

00 9 1 = l r  NTAB F15 35 
L = N 2 - 1  F15 36 
K = O F l 5  37 
8 0 5  J =  l r  L F15 38 
K = K + l  F15 39 
I F  (FKCJ) r E Q a  ETABCI))  GO T O  6 f 1 5  40 

5 I F  (EK(J )eLT ,LTAH( I )  .ANDe EK(J+ l ) .GTeETAB(I ) )  GO TO 7 F15 41  
K = l c + l  F15 42 
IF (FK(N2J o E Q a  LTABCI ) )  GO TO 6 F15 4 3  
G O  TO 9 F15 44 

6 YWTARCI) = Y K ( K )  F15 45 
(ikl TI1 9 F15 46 

7 DB 8 J = l r  N1 F15 47 
H I P  (K .LE.  NBTCJ)) INT = JNTCJ) F l 5  48 

C ~ L L  T E R P ~ ( E K ( K ) ~ Y K ( K ) ~ E K ( K + ~ ) ~ Y K C K + ~ ) B E T A R ( I ) ~ Y K T A B ( I ) ~ I N T )  F15 49 
9 YEAL(1) = YCAL( I1  + YRTAR(1) F15 50 
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C  
C- - ' - -T tST T A R 2  H t C J R D *  
C 

10 N E  = F12 
IC ( N E  . N t .  N P )  W R I T E  ( 6 r 6 0 3 )  
I F  ( N l + N E e l  .OR. J N T ( l ) w N E e 2 )  W R I T E  (6,604) 
RETIJRN 

C  
C  C P l L C l l L A T E  T O T A L  Y I L L D .  
C  

11 N I  = N I  + 1 
C  
C  T t S T  E N E R G l t S .  
C  

I F  ( C 2  w L l r  E T H ( M T ) )  W R I T E  f 6 9 6 0 5 )  E T H C H T )  
I F  ( C 2  . L I w  L K C N I ) )  W R l r E  ( 6 , 6 0 6 )  
L = N 2 - 1  

C 
C  I N T E G R A T E  P H U r O N  Y I E L D  P R o B A B X L I T I E S I  
C  

DU 17 I = l r  L 
A 1  = A 1  + ( X ( ~ + ~ ) * X ( I ) ) * ( V ( I + I ) * V ( I ) ) / ~ ~  

12 A2 = A 2  + ( X ( I + I ) - X ( I  J I * ( X ( I + ~ ) * V ( I + ~ ) + K ( I ) * Y ( I ) ) / ~ W ~  
I F  ( A I ~ S ( A ~ - 1 . 0 0 0 0 )  + G T ,  0 . 0 0 0 1 )  WHITE ( 6 ~ 6 0 7 )  A 1  
A ( N 1 )  = A Z / A l  
42 = 0 .0  
A 1  = 0.0 
R k T U H N  

1 3  D M  1 4  I = 1 9  N T A B  
L r N 2 - 1  
K = 0 
UU 1 4  J = l r  L  
K = K + 1  
I F  ( E K C J )  w t Q w  t T A t I ( I I 1  Gfl T O  1 5  

1 4  If ( F K ( J ) . L T w t T A U ( l J  rANO.  E K ( J + l ) w G T o E T A B ( I ) )  G O  TO 1 6  
K = K + l  
I F  ( F K ( N 2 )  *LO. k T A H ( I ) )  60 TO 15 
tid Tfl 17  

15 A 3  = A ( K )  
GU Tfl 17  

16 C A L L  T E H P ~ ( E K ( K ) ~ A ( K ) ~ E K ( K + ~ ~ ~ A ( K + ~ ) ~ L T A B ( ~ ) ~ A ~ ~ ~ ~  
1 7  Y l I L C J )  = Y T I L ( 1 J  + Y K T A B ( I ) * A 3  
16 AJ = 0.0 

R E T U R N  
C 
c---"- L F  = 2 

C T h S T  ENERGILS. 
C 

19 I F  ( % ( I )  * L T .  E T H ( M I ) )  W H I T E  ( 6 ~ 6 0 1 )  E T H ( M T )  
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7 0 I F  ( X ( l ) e L T . E T A B ( l )  .OR. X(N2).GTaETAt3(NTAB)) WRITE ( 6 ~ 6 0 2 )  F15 101  
7 1 CALL ESEGPH(2) F15 102 

C 
C ChLCULATE SECTION YEILDS FOR TABULATED tNLRGIESm 

C 
C CALCULATE TOTAL YIkLUe 
C F15 123 

8  7 24 YCALCI) = YCAL(1) + YRTAB(I3 F15 124 
3 8 25 YTILCI )  = YTLLCI) + YNTAB(l)*C2 F15 125 
8 9  H tE T U H V F15 126 

C F15 127 
C-""TCST TOTAL YIELD* F15 128 
C F15 129 

9 0  26 DU 27 I = 1, NTAB F15 130 

9  1 YDIFF = ( Y T A B ( I )  - YCAL( I ) ) /YCAL( I I  F15 1 3 1  
92 I F  (AQS(yDIFF). .CT. 0.0001) WRITE (6,60&) Y T ~ B ( I ) ~ Y C A L ( I ) # E T A B ( I )  F15 132 
9  3  I F  (((MT.GE.5 ,AND. MT*LEm14)  * O R *  (MTqGEeS1 .AND. MT.LE.60)) rANDFl5 133 

1. Y T I L ( I ] ~ ~ T ~ A % S ( Q ( M T ) ) )  WHITE ( 6 ~ 6 0 9 )  Y T I L ( I ) ~ O ( M T ) ~ E T A B C I )  F15 134 
9  4  2 7  I P  ((MT.LL.4 eOHe(MT.GEml5 .AND* MTqLEm50) rORe MTmGEm81) *AND@ YTFl5 135 

lIL(I)eGT.CQ(MT)+tTAB(l))) WRITE ( 6 ~ 6 1 0 1  Y T I L ( I ) r E T A B ( I )  F15 136 
C F15 137 
C--'- 'Rti-IQITIALIZEe F15 138 
C F15 139 

9  5  DU 78 I = l r  2000 F15 140 
9  6 A ( 1 )  = 0.0 F15 141  
9  7 ETARCI) = 010 F15 142 
96 E h ( 1 1  = 0.0 F15 143 
99 YlARCI)  = 010 F15 144 

100 Y C A l . ( I )  = 0.0 F15 145 
101  YkTAPCI) = 0.0 F15 146 

102 Y I Q ( I )  = 0.0 F15 147 
103 28 Y T I L ( 1 )  = 0.0 F15 148 
104 N I  = O F15 149 
105 R f  T ~ J R N  F15 150 



I N D E X  
SUBROUTINE F I L l 5 ( N )  

C  
C-- - - -T t iST LG. 
C  

2 9  1211 TO ( 3 0 r  3 4 ~ 3 9 ) ~  L C  
C 
c - - - - - o t + r l n d  1 
C CMfCK 2YT = 2 * NT 
C  

3 0  IF ( 1 4 1  .EOa ( 2 * N 2 ) )  GL3 I'll 3 1  
WNITE (6 ,611 )  
N 1  = 2 * 142 

C  
C  TkST E-NERGILS. 
C  

3 1  I t -  ( H ( 1 )  e G E .  C l )  WRITE (6 ,612 )  
I F  ( C 1  .LT* A d S ( O ( M T ) ) )  WRITE ( 6 ~ 6 1 3 )  
DU 32 I = 3 ,  N I P  2 

3 2  I F  ( n ( I ) . b L . u ( 1 - 2 )  .uNDe NlwME.2 )  A H I T E  ( 6 ~ 6 1 4 )  B ( 1 )  
CALL  FTATLCLGJ  
C q L L  ESFGI'RC 3 )  

C 
C TEST TP AHHAYS* 
C 

l )O 3 3  I = 2 r  N l r  2 
1F ( P ( 1 )  w L E .  0.0) WRIT€  ( 6 ~ 6 1 5 )  B ( I - 1 )  
I F  ( Q ( 1 )  * b T e  1 - 0 1  W 8 l T E  ( 6 ~ 6 1 6 )  B ( I - 1 )  

3 3  TP = TP + i 9 C I )  
I F  ( T P  . L t c  G a Y 9 Y 9 )  WRITE ( b ~ 6 1 7 )  TP 
IP ( T P  .GTe 1 .00U1)  WRITE ( 6 ~ 6 1 8 )  TP 
T? = 0.0 
@ @ T U R N  

C  
C--'--OPTION 2 
C CHECK 3NT = 3  * SUT 
C  

34 I F  ( N 1  .E4. ( 3 x N 2 ) )  GB TO 3 5  
W R T T K  ( 6 ~ 6 1 1 1  
N 1  = 3  * N 2  

C 
C TEST E N E H G l t S .  
C 

35 I F  ( R ( 1 )  .Gt-. C 1 )  WHITE ( 6 ~ 6 1 2 )  
1 k  ( C 1  . L r *  AHS(W(MT) ) )  M R I T E  ( 6 9 6 1 3 )  
DU 3 6  I = 4 r  N l #  3 

3 6  I F  ( H ( I ) , G ~ . ~ ( I - J )  . k n o w  NI.NE*J) ~ H I I E  ( o r b i 4 )  @ ( I )  
Cfi l .1-  S T A T t ( L G )  
CALI. CSEGPHC4) 

C 
C T E S T  TP A K d A Y S .  
C 

PAGE 2 4  
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SUHROUTINE F I L 1 5 C N )  

0 0  3 7  I ; 2 r  N l r  J 
I F  ( R ( I )  w L t *  OsU)  h R I T E  ( 6 r 6 1 5 )  B ( 1 - 1 )  
I F  ( R ( 1 )  .GT* 1.0) WRITE ( 6 9 6 1 6 1  B ( l - 1 )  

3 7  TP = TP + H(1) 
I P  ( T p  . L t .  0 . 9 9 9 9 )  d R I T E  ( 6 ~ 6 1 7 )  TP 
I F  ( T p  .GT. 1 ~ 0 0 U 1 )  N H I T E  ( b r 6 1 8 )  TP 
T P  = 0.0 

C 
C  TkST CP AHHAYS* 
C 

Dl4 3 8  1 = 3 9  N l *  3 
I F  ( f l ( 1 )  r L t .  0 .0 )  WRITE ( 6 ~ 6 1 9 )  B ( I - 2 )  

38 I P  ( @ ( I )  eGTw 1.0) WRITE (6 ,620 )  B ( I - 2 )  
RtiTURN 

C  
C-""THY TO DETLHMINE L t i r  I F  NOT 1 OR 2, 
C F 1 5  2 1 7  

J Y  H A T I O  = F L U A T ( N l ) / F L O A T ( N 2 )  F 1 5  2 1 8  
I F  ( R A T I D  wGL. 2 . 5 0 0 0 )  GO TO 3 4  F l S  2 1 9  
GU T n  3 0  F 1 5  2 2 0  

6 9 1  FOHVAr  ( 1 5 I l l i * ) r 5 f H  F I R S T  ENEHGY L E S S  THAN E F F E C T I V E  THRESHOLO I N F l 5  2 2 1  
1 P I L E  3 (  = r l P t 1 2 w > ~ 3 H ) w  ~ 2 3 ( 1 H * ) )  F 1 5  2 2 %  

b U 2  FORMAT ( 1 5 ( 1 H * ) r 8 7 H  SUB-SECTION Y I E L O  ENEHGY RANGE EXCEEDS (BELOW F 1 5  2 2 3  
lA lqD/OH ASUVE.) T U I A L  Y I E L O  ENERGY HANGtw r B ( l H * ) )  f 1 5  2 2 4  

o U J  FURMAT ( I 5 ( l H * ) r 4 d H  M e  NOT EQUAL TU NP. NE ASSUMED TO BE C 0 R R E C T w F l 5  2 2 5  
l r 4 7 < J H * ) )  F 1 5  2 2 6  

6 0 4  FOPMAT ( l 5 ( l H * ) , 6 4 t i  I N T E R P O L A T I O N  SCHtME SHOULD BE L I N E A R  THROUGHOFIS 2 2 7  
l l f T  F N i I H E  HANGE* r J l ( l H * ) )  F 1 5  2 2 8  

b U 5  FORMAT ( l b ( l H * ) r b 9 H  I N C I D E N T  NEUTRON LNLHGY LESS THAN E F F E C T I V E  T H F 1 5  2 2 9  
1RtSHnL.D 111 F I L E  A (  = r l P E 1 2 * 5 r 3 H ) *  i l ( l H * ) )  F 1 5  2 3 0  

6 ~ 6  F U R H A T  ( l 5 ( l H * ) r / 2 H  I N C I D E N T  NLUTHON ENERGY NOT EQUAL TO CURRLSPONFl5  2 3 1  
IPING TOTAL Y I L L U  ENERGY. r l & ( l H * ) / l 5 ( 1 H * ) r 2 0 H  T O l A L  Y I E L D  ENEHGY r F 1 5  2 3 2  
217HASSUMF.U CORRECT* P 4 0 X , l H ( l H * ) )  F 1 5  2 3 3  

6 u 7  F w K M A T  ( 1 5 ( 1 h * ) ~ 4 Y H  FHE I N I E G R A L  OF THE PHOTON Y I E L D  P R O B A B I L I T Y  ( F 1 5  2 3 4  
1= , ~ 1 1 . 7 , l t 3 H )  NLII NUHWALIZEDw r 1 7 ( 1 H * ) )  F 1 5  2 3 5  

hut3 FUHMAT ( I > ( l H * ) r b Y H  TABULATED T O l A L  Y I E L U  NOT EQUAL TO TOTAL OF T H F l 5  2 3 6  
It S \ I R - S E C I I O ~  YltLDS. r 2 6 ( 1 H * ) / 1 5 ( 1 H * ) r 2 5 H  TABULATED TOTAL Y I E L D  nF15  237 
2 rlpE11,4r3jXr26(1H*)/15(1H*)r?6H CALCULATED TOTAL Y I E L D  = r l P E l l w F l 5  2 3 8  
34,32X,?h(lH*)/l5(lH*)r10H ENERGY = r l P E l l ~ 4 r 4 8 X r 2 6 ( 1 H * ) )  F 1 5  239 

b U 9  FbHltA7 ( I S ( l H * ) , T O H  TOTAL M E V / I N T E H A C T I U N  EXCEEDS THAT ALLOWED BY F 1 5  2 4 0  
l b .  , 4 5 ( 1 t t * ) / 1 5 ( 1 H * ) r  1 9 H  M E V / I N I E R A C T I O N  = rlPEll~4r20Xr45(lH*)/15F15 2 4 1  
2 ( l t 4 * ) , 5 H  Q = rlPLll.4~34X~45(~H*)/l5(1H*)rlOH ENERGY = r l P E l l w 4 r 2 9 F 1 5  2 4 2  
J X r 4 5 ( I H * ) )  F 1 5  2 4 3  

610  F b H k A T  t 1 5 ( l h * ) r b O h  TOTAL M E V / I N T L R A C T I U N  EXCEEDS THAT ALLOWED BY F 1 5  2 4 4  
18 + F ( I N C I D L k T  IbEUlRUN ENER6Y)w r 1 5 ( 1 H * ) / 1 5 ( 1 H * ) r 1 9 H  M E V / I N T E R A C T F I ~  2 4 5  
2 I U N  = ~ l P t 1 1 ~ 4 r 5 0 X r 1 5 ( l H * ) / l 5 ( l H * ) r l O H  LNEAGY = r l P E l l w 4 r 5 9 ~ ~ 1 5 ( l H F 1 5  2 4 6  
J*)) F 1 5  2 4 7  

6 1 1  FURMAT ( 1 5 ( l H * ) r 5 2 H  F I F T H  AND S I X T t i  F I E L U S  OF F I R S T  CARD UO NOT AGF15 2 4 8  
I R L E .  , 4 3 ( 1 H * ) )  F 1 5  2 4 9  

6 1 2  FbRMAT ( 1 5 ( 1 H * ) r 2 6 H  F S ( 1 )  NOT EQUAL TO L S N S *  r 6 9 ( 1 H * ) )  F 1 5  2 5 0  



PAGE 36 
SUBROUTINE FIL15(N) 

613 FUHMAT (15(lH*)r26H ES SHOULD BE  EQUAL TO 0. r69(lH*)) F15 251 
614 FbHMAl (15(1H*)r27H ESI O U T  OF ORDER A T  ESI = rlPEllr4r3H r r54(lHFl5 252 

I*)) F15 253 
615 FORMAT (15(lH*)r40H T P I  LESS THAN OR EQUAL TO 0.0 A T  ESI = rlPEll.FI5 254 

14j3H ,41(1H*)) F15 255 
616 FCHMbT (15(lH*)rjlH TPI GREATER lhAN 1.0  A T  ESI = rlPLllr4r3H r ,SF15 256 

IOtlH*)) F15 257 
617 F ~ R c A T  (15(1h*),26n TOTAL TP LESS ThAN 0,9999. r67(1H*)/l5(1~*),6H~15 258 

1 1 P  = rEl2.5rlOX16l(lW*>) F15 259 
b18 FURMAT (I511H*),JlH lDTAL TP GREATER THAN 1.0001. ,64(1H*)/lS(lH*)F15 260 

1 ~ 6 H  TP = rlPt1295r13Xr64(lH*)) Fl5 261 
619 FBRkAl (15(1H*)r40H b P I  LESS THAN OR tQUAL TO 0.0 A T  ESI . rlPEllmFl5 262 

1 0 ~ 3 h  . j41(1V*)) F15 263 
620 FURMAT (15(lH*)tJlH & P I  GREATER lHAN 1 . O  A T  ESI = rlPEllr4r3H r ,SF15 264 

10(1h*)) F15 265 
E h D  F15 266- 



S Y M B O L  

P A G E  2 7  
S U B R O U T I N L  F I L l S ( N 1  



I N D E X  

6 1 0  : 
6 1  1 
6  1 2  
6 1 3  i 
6 1 4  
6 1 5  
6 1 6  
6 1 7  - 
6  18  
6 1 9  
6 3 0  
A ' 
A  1 I 

A 2 - 
A 3 - 
ABS - 
8 I 

C 1  ' 

C 2 - 
COUN ' 
E K - 
E S  I 

ESEGPR - 
E T A B  .) 

E T H  ' 

F I L 1 5  ' 
FLOAT - 
I - 

I N T  - 
J - 
J N T  - 
K - 
L - 
L  1  - 
L ?  I 

L G .I 

M A T  " 

YF - 
M T - 
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I Y D E X  
SUBROUTINE  F I L 1 5 C N )  

Fc - 1AG 

N 1 .I 3C0 
126= 

N i x  - 3cm 

N 2  0 3 C  0 

0 1 
N2Y - 3 c 0 
N 0  T  - 3 C 0  
N  C . 2 C J  

N D  0 2 C 0  

N  E 1 2 C  0 

N I - 2C 0 
N  K - 2 C 0  

N P - 2 C O  
Y S  - 3CU 
N S  1 - 2 C U  
NTAB - 2 C f l  
Q .. 4  C  0 
R A T I O  1 4 4 s  
RFCS - 3Cl l  
R E T U R N  - 1 2  
S A V 1 5  - 5Cfl 
SAVE - 4 C 0 
STATE - 1 1 4  
T E R P l  3 4 
T  P  - 113= 
X 0 3CJ 

b6AG 
Y - 3 C O  

YCAL - 4 c o  

Y D I F F  - ~ 1 =  
Y Y  . 4 C 0 
YKTPH - 4 C r l  
YTAB - 4 C 0  
Y  T I L  " 4 C  (1 

PAGE 29 



I N D E X  PAGE 3 0  
SUBROUTINE ESEGPHCN) 

SURRnUTINL  ESEGPK(N1 ESG 
C O M M O N / C O U N / L G ~ N C ~ N D ~ N E ~ N I ~ N K ~ N P C N T A B ~ N S ~  ESG 
C O M ~ O N / R E C S / M A T ~ M F ~ M T ~ C ~ ~ C ~ ~ L ~ ~ L ~ B ~ ~ ~ N ~ ~ N ~ T ~ ~ ~ O ) ~ J N T ~ ~ O O ~ ~ X C ~ O O O ~ ~ E S G  

1 Y ( 2 0 0 0 ) r B ( 2 0 0 0 ) r k l X r N 2 X r N S  E SG 
C ~ M ~ ~ N / ~ S L G / N P S ~ N E S E G P ~ ~ O O ) ~ E S P ( ~ ~ ~ ~ ) ~ E G P ~ ~ O O O ~ ~ N P U C ~ Q O ~ ~  ESG 
GB TO ( 1 ~ 2 r 6 r  l o r  1 4 ) r  N ESG 

C E S 7  
C"'"STOR€ 1 ES'EG PAlR F R B M  F I L E  14, ESG 
C E SG 

1 NESEGPCMT) = NEStGPCMT) + 1 f S G  
NPS = N p S  + 1 ESG 
ESP(MPS)  = C l  ESG 
EGPCNPS) = C2 ESG 
RhTl fHN ESG 

C 
C-*--CMECK ES-EG P A I R  FKOM F I L E  1 5 .  
C OPTION 1 
C 

2 I F  (NESEGP(MT) mEQ* 0 )  G O  TO 5 
M = M T - 1  
0 8 3  I a l r M  

3 NTA = NTR + N E S E t i P C I )  
I 1  = NTB + 1 
I 2  = NTR + NESEGP(M1)  
DQ 4 I = 11, I 2  

4 I P  ( E S P ( 1 ) e L Q e C l  .ANOe E C P ( I ) e E Q * C 2 )  N P U ( 1 )  * 1 
5 RETURN 

C 
C OPTION 2 r  LG = 1 
C 

6 I F  (NESEGPCMT) mEQe 0 )  G O  TJ 9 
H m M T - 1  
D L J 7  I = l r M  

7 N T d  = NTR + YESEt iP(1 )  
I 1  n NTB + 1 
I2 = NTB + NESEGPCMT) 
DL2 8 1 = 1 s  N i r  2 
06  8 J = I l r  I 2  
EQ = C l  - B C I )  

8 I F  (ESP(J )mE.BeC l  * A N D *  E G p ( J ) e € Q m L G )  N P U ( I )  = 1 
9 R&rURN 

C 
C OPTION 29  LG = 2 
C 

10 I F  (WESEGPCMT) mEQe 0) GO TO 13 
M = M T W 1  
0 0 1 1  1 = l r M  

11 N T B  = NTR + NESEGPCI )  
I 1  = N T R  + I 
I 2  = NTB + NESEGP(CT1 

ESG 
ESG 
ESG 
ESG 
ESG 
ESG 
ESG 
ESG 
ESG 
E S.G 
E SG 
ESG 
ESG 
E SG 
E SG 
ESG 
ESG 
E SG 
ESG 
ESG 
ESG 
E SG 
ESG 
E SG 
ESG 
ESG 
E SG 
E S G  
ESG 
E SG 
E SG 
ESG 
ESG 
ESG 
ESG 
E S G 



PAGE 3 1  
SUBROUTINE ESEGPRCN) 

DW 1 2  I = 1r N l r  3  ESG 
D Q  I ?  J = I l r  I2 ESG 
EG = C l  - B(I) ESG 

1 2  I F  ( E S P ( j ) . t Q # C l  . A N D *  EGPCJIaEQnEG)  N P U C I )  = 1 ESG 
1 3  RETURN ESG 

C  ESG 
C--'-'CMECK ALL ES-EG P A I R S  USED# ESG 
C  ESG 

14 DU 17  I = l r  NPS ESG 
I F  ( N P U ( 1 )  I ~ Q .  1 )  GO 1 0  1 7  ESG 
O W  15 J = l r  3 0 0  ESG 
K = J  E S  G  
NTB = NTB + NESEGPCI )  ESG 

15 I F  ( N T B  ,GEI  I )  bO TO 1 6  ESG 
16 WRITE (6 ,601 )  K r E S P ( I ) r E G P ( I )  ESG 

NTB = 0 ESG 
1 7  CONTINUE ESG 

RETURk ESG 
6 U 1  FORMAT [ 1 5 ( l H * ) r 4 1 H  THE FOLLOWING ES-EG P A I H r  G I V E N  I N  M T  r 1 3 r 3 4 L S G  

1H , WAS NUT HtFEHENCEt l  I N  F I L E  1 5 ,  r 1 7 ( 1 H * ) / 1 5 ( 1 H * ) r 6 H  ES = r l P E 1 2 E S G  
l m S r 2 1 X ~ 6 H  EG = r l P E 1 2 , 5 r 2 1 X ~ 1 7 ( l H * ) )  ESG 

E k D  ESG 
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SYMBOL 

1 
2 
3 
4 
5 
6  
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
1 7  
6 0 1  
B 
c 1 
C 2 
COUN 
E  G  
EGP 
E S E G  
ESEGPR 
E S P  
I 

I J 
I ?  
J 
J N T  
K 
I. 1  

2 
L  G  
M 
V A T  
PF 
!.' T 



I N D E X  
S U B R O U T I N E  E S E G P R C N I  

tv c I 

N  D - 
N E - 
NESEGP - 

H E C S  - 
R E T U R N  
X - 
Y .I 

PAGE 3 3  
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S U B R O U T I N L  S T A T E C L G )  

S U B R n U T I N t  S T A T E ( L L 1  S T A  
C W M M O N / R E C S / M A T ~ M F ~ M T P C ~ ~ C ~ P L ~ ~ L ~ ~ N ~ ~ N ~ ~ N ~ T ~ ~ O O ~ # J N T ~ ~ O O ~ ~ X ~ ~ O O O ~ ~ S T A  

1 Y(2000)~0~2000)rNlXrN2XrNS STA 
C O Y Y ~ N ~ S A V E / E T H ( J O O ) ~ Q ~ ~ O O ~ ~ E T A B ~ ~ ~ O O ~ ~ Y T A B ~ ~ O O O ~ ~ Y K T A B ~ ~ O O O ) ~  S T  A  

1 Y C A L ( ~ O ~ ~ ) ~ Y T ~ L ( ~ ~ O O ) ~ E K ( ~ O ~ O ) ~ Y K ( ~ O ~ ~ ) ~ E S ~ U O )  S T A  
C STA 
C-"-'ST'JRE ES. S T  A  
C S T  A  

I F  (WT.LE.4 .JH. (MT.GE.15 . A N D *  M I o L L o ~ O I  .OR. M T o G E m 8 1 )  GO TO 3  STA 
I F  (MTqGE.5  . A N D *  MTmLE.14)  NOST = MT ' 4  STA 
I F  (MT.GE.51  * A N D *  M T o L E o 6 O )  NOST = M T  ' 4 0  STA 
E S C N ~ S T )  = C 1  STA 

C S T 4  
C-"- -TLST ES.  ST A  
C  FOR 1-G l r  N = 2. STA 
C FOH 1.G = 2 r  N = 3. S T  A  
C  ST A  

N = L G t l  STA 
00 2 I = 1 9  N l r  N  S T  A  
06 1 J = 1, NOST S T  A  

1 I F  ( R ( I )  m t Q *  E S C J I )  60 TO 2 STA 
I F  ( R ( 1 )  * L O .  0 . 0 )  GO TO 2  S T  A  
W R I T €  ( 6 r b U l I  B(I) STA 

2 C O N T I N U E  STA 
3 R ~ T I J R N  ST A  

6 U 1  F Q S M A ~  ( l b ( l H * ) r 5 6 H  E s I  MUST B E  t Q U A L  TO ONE OF THE P R E V I O U S  S T A T E S T A  
1 L E V E L S .  r J Y ( l H * ) / l 5 ( 1 H * ) , 2 3 H  THL E S I  I N  Q U E S T I O N  = r l P E l l m 4 , 2 2 X p 3 S T ~  
l P (  l H * )  STA 

E K 0 STA 



I N D E X  
SUBROUTINE  S T A T E ( L G )  

SYMBOL = = = = = r = = ~ = = P = = =  REFEKEN,CES = = = = = t = = = r = = t s = 

1  
2 
3 
60 1  
B 
c 1  
C 2 
E K 
E S 
E T A 0  
E T H  
I 
J 
J N T  
L 1  
L  2 
L  G  
MAT 
M F 
M T  
N  
N  1 
N I X  
N 2 
N 2 X  
NBT 
NOST 
N  S 
Q 
RECS 
RETURN 
SAVE 
STATE 
X 
Y 
Y C A L  
YK 
YKTAR 
YTAB 
Y T I L  

1 1 *  
1 1  
I S *  
1 6 *  
1 1  

7 
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SUBROUTINE TESTZC(MT)  

SUdHII IJTJNL TEST2C(MT)  T2C 
c = ; = = = T ~ s T  R E A C T I O N  TYPE,  MT, FUN FILE 14====ttt=srst=rs=+============== T2C 
C MT MtJST H t  I N  T H t  RANGE 3 - 2 9 ?  51-80 ,  1 0 1 - 1 0 8 ,  1 1 O r  301 '450  T2C 

C U M Y O N / T S T ~ C / N I N ~ M U L I T ~ N P I I N ~ N T ~ M A T ~ M F ~ ~ M ~ N S E O P L R D P L F I P L D D P L F P ~ Z A P A W T ~ C  
~ R , ~ A T P , Y F P , M T P P ~ ~ S E ~ ~ P , M O P T , N S E Q P ~  T2C 

V O U T  = 6 T 2C 
:JUI-'T = 0  T2C 

13 I F ( M T - 3 ) 1 5 3 , 2 0 ~ 2 9  T2C 
LO 1 F  ( M T - 2 9 )  1 ? U #  1 7 0 e 3 U  T2C 
30 I F ( M T - S 1 ) 1 5 0 r 4 0 r 4 0  T2C 
4 0  I F ( M T - t 3 0 ) 1 7 U ~ 1 7 O r 5 0  T2C 
30 J F L M T - 1 0 1 ) 1 5 0 ~ 6 0 ~ 6 0  T2C 
60 I F L M T - ~ O R I ~ ~ ~ P  1 7 0 r 1 0  T2C 
( 0  I F ( M T - ~ ~ O ) ~ ~ O I ~ ~ J I ~ O  T2C 
a0 I F ( ~ T - j 0 1 ) 1 5 0 ~ 9 0 r 9 0  T2C 
Y O  I F ( M T - 4 5 0 ) 1 1 0 *  1 7 U 1 1 5 0  T2C 

1>0 I F ~ M O P T . E ~ . O ) G ! . I  ro 1 5 8  T2C 
H R I T E ( N O U T P ~ ~ ~ ) M ~ ~ N S E Q P  T  2C 

1 3 1  F B U M ~ T ( ~ ~ X , ~ ~ M T = I ~ * Z P M  INCORRECT SEQUENCE N U M B E R P ~ X I I ~ )  T2C 
GL) TrJ 1 7 0  T2C 

1 > 2  WRITE(N1) l l l r  1 5 3 ) ~ i I  T2C 
I 3 3  F O N M G T ( 3 / X * J H M T = I 4 r  l 0 H  IWCURHECTJ T2C 
110 RETUPN T2C 

L N U  T2C 
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SUBROUTINE TESTPC(MT)  

SYMBOL = r r : r = r r s n ~ r r r r r  REFERENCES 3 = 8 = . = = = . 6 = 6 S L ~ r  

10 I 5 
2 0  m 5 6 * 
3  0 - 6 7 * 
4 0 .I 7  8 
50 .. 8 ,9 * 
6 0 m 9 l o *  
7 0  9 10 1 l* 
8 0 I 11  12* 

90 - 12 13* 

150 9 5 7  9 11  
151 I 15WR 16* 

152 1 4  l a *  
15 3 w l8WR . 19* 
170 6 8 10 11 
AWH m 2 C O  
LDD .. 2CO 
LF I I 2CO 

L F P  I 2CO 
LRD I 2CO 
MAT .I 2CO 
MATP - 2CO 
MF 9 2CO 
MFP I 2 C 0  
MM m 2CO 
M T I I A G  5 6 7 

1 5 H R  l8WR 
MTP m 

.I 

2CO 
N I N  2CO 
NOPT I 2 C 0  4 = 1 4  
NOUT 2 c o  3 8 ISWR ~ 8 n ~  
NPUN I 2CD 
NSEQ 2CO 
NSEQP 2CD 15WR 
NSEQP1 - 2 C 8  
N T I 2co 
RETURN - 20 
TESTZC - 1 
TST2C 2 C O  
Z A C ZCO 

m + m + r + - + m + m + m + - + ~ + r + ~ + * + - + - + m + - + - + ~ + m + m + - + m + m + - + - + * + - + - + - + m + - + ~ + - + - + m + - + - + - + - + - + - + - + - + - + m +  

I N D E X  

I N D E X  

END OF COMPUTATION* 
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