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ABSTRACT 

The EDIT p r o g r a m  was  wr i t t en  in  FORTRAN IV Level  H fo r  

t he  IBM Sys tem 360 Model 50 (Sl360-50) compute r .  It will p ro -  

c e s s  se lec ted  m a t e r i a l s  and f i l e s  on a n  ENDFIB  EBCDIC data 

tape .  Punching a s  well a s  print ing m a y  be  reques ted  f o r  a l l  

s even  f i l e s .  Plott ing with SC-4020 equipment may  be reques ted  

f o r  F i l e  1 ( f i r s t  two sec t ions )  and F i l e s  3 through 6. EDIT input 

and  output a r e  desc r ibed .  Examples  of EDIT 'S  use  a r e  given. 
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I .  INTRODUCTION 

EDIT i s  a service routine written in FORTRAN IV Level H for  the Evaluated 

Nuclear Data F i le ,  Version B (ENDFIB)  system." Using EDIT, selected por-  

tions of an  ENDFIB magnetic tape can be punched on cards ,  printed, and/or  

plotted with SC-4020 equipment. 

The ENDFIB system i s  one phase of a l a rge r  plan for  the automated proc- 

essing of nuclear data. An ENDFIB tape contains evaluated point data and i s  

intended to be d i rec t  input to multigroup and Monte Carlo preprocessing codes. 

It contains one complete se t  of data for each mater ial .  The data on the ENDFIB 

a r e  to serve  a s  a reference c r o s s  section se t  t o  facilitate inter-laboratory com- 

parisons,  and to  provide smal l  u s e r  groups with recommended data. Nuclear 

data other than that for  neutron induced reactions required for reactor  applica- 

tions a r e  not included a t  this time. 

Currently the energy range on the ENDFIB i s  f rom 0.001 ev or  below to 
7 

1.5 x 10 ev o r  above. All required data that i s  non-zero must  be specified in 

some fashion over this range. Included in the requirements  a r e  smooth c r o s s  

sections (total, elastic,  f ission, etc.), the number of neutrons per  fission, sec-  

ondary angular distributions, and secondary energy distributions. Although some 

of the data may be represented by parameters  used in equations over cer tain 

energy intervals,  the majority of the data i s  in  tabular form. A large amount 

of data must  be prepared and processed in the generation of an ENDFIB tape. 

The plotting option in program EDIT se rves  two purposes. The f i r s t  i s  the 

need for  e r r o r  checking of the large amount of data s tored on the ENDFIB tape. 

Spurious e r r o r s  in the preparat ion of data for keypunching as  well as errors in 

keypunching generally can be easily spotted on a graph depicting the data. Sys- 

tematic e r r o r s  in the data preparation can be detected by inspection of a graph 

much m o r e  easily than by reading the printed data,  especially when the data may 

be specified a t  up to  2000 energy points. The second purpose of the plotting op- 

tion i s  to  provide a visual record  of the extent of the available data and of i t s  

gross  features.  The importance of different o r  new data can be a s sessed  by the 

inspection of a graph of the cur rent  data. 

::<Henry C. Honeck, &ecification for an Evaluated Nuclear Data Fi le  for  Reactor 
Applications, ENDFIB, Published by CSEWG, BNL, May 1966. 



11. STRUCTURE OF AN ENDF/B TAPE 

An ENDFIB tape contains a single record  a t  the beginning which identifies 

the tape and a single record  a t  the end signalling the end of the tape. The major  

subdivision between these r eco rds  i s  by mater ial .  A mater ia l  i s  either an  iso-  

tope o r  a collection of isotopes. The data for  a mater ia l  i s  divided into fi les,  

each containing cer tain c lasses  of data. The designation fi les does not mean 

physical file. A file i s  subdivided into sections,  each containing data for  a 

par t icular  reaction type. Associated with each of these subdivisions i s  a num- 

ber.  MAT i s  the mater ia l  number,  MF i s  the file number,  and MT i s  the r eac -  
.C ,,* 

tion type number. 

There  i s  no count of physical records  in a section, sections in  a file, f i les 

in a mater ial ,  o r  mater ia l s  on a tape. Sections and fi les (except for the f i r s t  

section of Fi le  1 ) which a r e  not used a r e  omitted from the tape. The end of a 

section, fi le,  o r  mater ia l  i s  indicated by a special  physical record. 

There  a r e  three tape modes in the ENDFIB system: 

Mode 1 - Binary tape, standard arrangement  (MAT, MF, MT) 

Mode 2 - Binary tape, a l ternate  arrangement  (MF, MAT, MT) 

Mode 3 - Card images on tape, st2ndard arrangement  (MAT, MF, MT) 

P rogram EDIT will handle an ENDFIB tape in Mode 3 only. 

A Mode 3 ENDFIB tape consists of one card  image per  physical record. 

For  program EDIT this means that each physical record contains 80EBCDIC 

characters .  Columns 1 through 66 contain the control information and/or  c ross  

section data required for  the par t icular  reaction type (MT) involved; columns 67 

through 80 of every physical record  except the f i r s t  and the l a s t  on the tape con- 

tain MAT, MF, MT, and ISEQ. ISEQ i s  a card  sequence number beginning a t  1 

for the f i r s t  ca rd  of each mater ia l  and being incremented by 1 for each succeed- 

ing card. The format  for  these columns i s  14, 12, 13, 15. 

Each section (MT) of a Mode 3 ENDFIB tape i s  subdivided into logical r ec -  

ords composed of one or  more  ca rds  (physical records) .  There  a r e  4 possible 

logical record  types. 

+Material  numbers ,  MAT, and reaction type numbers ,  MT, a r e  l is ted in 
Appendix A. 

NAA-SR- 12525 
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A. RECORDS 

1. CONT Logical Record 

This i s  the smal les t  possible logical record  and i s  a control record con- 

sisting of six numbers in  addition to MAT, MF, MT, and ISEQ. The format  for 

Columns 1 through 66 i s  2E11.0, 411 1. The information in this record  consists 

of constants and control parameters  needed fo r  the next logical records.  

There  a r e  six special  cases  of a CONT record  denoted by TPID, HEAD, 

SEND, FEND, MEND, and TEND. The TPID record  i s  the f i r s t  record on the 

tape and contains a tape label in the MAT position on the card.  The TEND rec-  

ord i s  the l a s t  record on the tape and contains a -1 in the MAT position on the 

card. SEND, FEND, and MEND records  signal the end of a section, file, o r  

mater ial ,  respectively. A SEND record  has MT = 0, a FEND record has MT = 

M F  = 0, and a MEND record  has MT = MF = MAT = 0. All other information 

space on these cards i s  zero except for  the HEAD record which contains the 

necessary constants and control parameters  for  the next logical records.  

2. LIST Logical Record 

This record  type i s  used to  l i s t  a s t r ing of floating point numbers for  which 

the format  for  Columns 1 through 66 i s  6E11.0. The f i r s t  card  i s  a HEAD-type 

record and i s  followed by a s  many cards  a s  necessary  to form the l ist .  The 

number of elements in the l is t  i s  given on the f i r s t  card in the fifth data position. 

TAB1 Logical Record 

This record  type i s  used for  one-dimensional tabulated functions. A one- 

dimensional function is represented a s  a s e r i e s  of tabulated values plus rules 

for interpolating between values. 

Define : 

X(N) - the N~~ value of X, the independent variable,  in increasing order  

Y(N) - the N~~ value of the function being tabulated 

N P  - the number of X , Y  pa i rs  given 

NR - the number of regions (X intervals)  having different interpolation 

schemes 

INT(M) - the interpolation scheme used in the M~~ region 

NBT(M) - the value of N separating the M~~ and the M + l s t  interpolation 

regions 
NAA-SR- 12525 
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Permiss ib le  interpolation schemes  a re :  

INT 

1 constant 

2 Y l inear  in X 

3 Y l inear  in In (X) 

4 In ( Y )  l inear in X 

5 In ( Y )  l inear  in In (X) 

The f i r s t  ca rd  of a TABl record  i s  a HEAD-type record  and contains the 

values of NR and NP in the fifth and sixth data positions, respectively. The 

next cards  contain the interpolation scheme, 

for  which the format  i s  611 1. The l a s t  group of cards  contains the tabulated 

function, 

X(N), Y(N), N = 1, NP , 
fo r  which the format  i s  6E11.0. 

4. TAB2 Logical Record 

This record  type i s  used for two-dimensional tabulated functions, Y(X, Z). 

Again the function i s  represented by a se r i e s  of tabulated values for  a given Z 

plus ru les  for  interpolating between values (TAB1 record) .  The value of Z i s  

given on the TABl HEAD-type record  in the second data position. The se r i e s  

of TABl records  must  be preceded by the TAB2 record  containing rules fo r  

interpolating between Z values. 

The f i r s t  card  of a TAB2 record  i s  a HEAD-type record  and contains the 

value of NR (the number of Z interpolation regions) in the fifth data position. 

The value NZ (number of Z values)  i s  in the sixth data position. The next cards  

contain the interpolation scheme, 

NBT(N), INT(N), N = 1, NR , 

f o r  which the format  i s  611 1. The TAB 2 record  i s  then followed by NZ TABl 

o r  LIST records.  

B. FILES 

An ENDFIB tape may have a s  many a s  seven f i les  for  each material .  Each 

file contains cer ta in  c lasses  of data. 



1. Fi le  1 

Fi le  1 contains general  information. The f i r s t  section, which must  always 

be present,  contains a l i te ra l  description of the mater ia l  on a maximum of 100 

cards.  This information i s  given in the f i r s t  66 columns of each card. Thef i r s t  

48 charac ters  on the f i r s t  card  a r e  reserved  for a title. The second sectioncon- 

tains the average number of neutrons per  fission. The energy dependence may 

be represented either by a polynomial o r  by a tabulation. The third and forth 

sections contain decay data and fission product yield data,  respectively. 

Resonance parameters  for  both resolved and unresolved resonances a r e  

given in Fi le  2. The file contains only one section. Cross  sections given in 

Fi le  3 must be added to the c ross  sections computed f rom the parameters  in 

this file to  obtain the total reaction c ross  section. P rogram EDIT does not plot 

this file. 

3. File  3 

Smooth c r o s s  section data, such a s  absorption, fission, e last ic  sca t te r ,  etc., 

a r e  contained in Fi le  3. Derived quantities such a s  the average logarithmic 

energy decrement  and the average cosine of the lab scattering angle may also be 

included. All data for  a given section a r e  given by a tabulation. 

4. File 4 

Secondary angular distributions,  expres  sed a s  normalized probability dis - 
tributions, a r e  given in Fi le  4. The distributions may be represented either in 

a tabulated form or  a s  Legendre coefficients l isted a t  var ious energies. The 

coefficient for  Q = 0 is 1 and i s  omitted, The angular variable may refer  to 

either the laboratory o r  the center -of -mass  coordinate system. A t ransforma- 

tion mat r ix  may be included. 

5. Fi le  5 

Secondary energy distributions, expressed a s  normalized probability dis-  

tributions, a r e  given in Fi le  5. The energy distribution i s  expressed a s  

NAA-SR- 12525 
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so  that par t ia l  distributions o r  different distributions in different energy ranges 

can be accommodated. Each section (react ion type) i s  composed of NK subsec- 

tions. Each subsection s t a r t s  with a tabulation of the PK(E)  and i s  followed by 

the FK(E '+  E) ,  which may be specified in a var iety of ways, including two- 

dimensional tabulated functions and pa ramete r s  for well-known spec t ra l  d is t r i -  

butions. 

6. Fi le  6 

Secondary energy-angle distributions,  expressed a s  normalized probability 

distributions, a r e  given in Fi le  6. The angular par t  of the distribution may be 

tabulated a t  a se t  of values of the angular variable o r  may be expressed a s  a 

Legendre expansion. A section (react ion type) i s  composed of subsections for  

each value of the angular variable or  for  each Legendre polynomial coefficient. 

In either case  the energy distribution of each subsection i s  t reated a s  a Fi le  5 

section. 

7. Fi le  7 

Thermal  neutron scat ter ing law data i s  given in Fi le  7. This file contains 

only one section. P rogram EDIT does not plot this file. 

8. Temperature Dependence 

Any of the data in F i les  3 through 7 may have a temperature dependence 

specified by repeating the data for  each temperature given and indicating how to  

interpolate between tabulated temperatures .  P rogram EDIT does not plot the 

temperature dependence. It plots only the data for the f i r s t  temperature.  

C. BASIC UNITS 

The basic units used on an  ENDFIB tape a r e  a s  follows: 

Energy ev 

Angle dimensionless cosine of the angle 

Cross  Section barns 

Solid Angle Steradian 

Tempera ture  "Kelvin 

Mass neutron m a s s  

NAA-SR- 12525 
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Ill. EDIT PROGRAM DESCRIPTION 

A. EDIT FUNCTIONS 

The EDIT program will punch, print,  and/or  plot selected portions of a 

Mode 3 ENDFIB tape. The processing of a tape i s  done f i r s t  by mater ia l .  Input 

information for  each mater ia l  on the tape must  be provided. If a ma te r i a l  i s  to 

be skipped the input ca rds  may be left blank. Thus,  in order  to select the 

des i red  ma te r i a l s  to be processed,  the o rde r  of mater ia l s  on the tape must  be 

known. 

F o r  a desired ma te r i a l ,  the input information s tates  which fi les a r e  to be 

processed. F i les  may be skipped; however, if  plotting i s  requested, Fi le  1 

should be processed in  order  to obtain a t i t le f o r  the plots. 

For  a desired mater ia l  and f i le ,  a l l  sections a r e  processed if possible. 

If punching and/or  printing i s  requested for  a desired mater ia l  and f i le ,  a l l  

sections will be punched and/or  printed including tempera ture  dependent records .  

If F i le  1 plotting i s  requested, the l i te ra l  information in the f i r s t  section i s  

printed by the SC-4020 equipment; 25 cards  will be printed per  f rame.  If the 

average number of neutrons per  fission given a s  a tabulation i s  present ,  i t  will 

be plotted. The other possible sections in Fi le  1 a r e  not plotted. 

If Fi le  3 plotting i s  requested, a l l  sections will be plotted. There  will be 

one f r ame  for each interpolation region. The type of plotting will depend upon 

the interpolation code for the region. Straight l ines will connect consecutive 

points. If the abscissa i s  the logarithm of the energy and if m o r e  than 10 decades 

a r e  required,  two f r ames  will be produced; the number of decades in each f r a m e  

will be approximately the same (about half the original number). When plotting 

the logarithm of the ordinate,  the range i s  limited to 10 decades.  

If Fi le  4 plotting i s . reques ted ,  a l l  sections will be plotted. If a section con- 

tains Legendre polynomial coefficients,  there  will be one f r a m e  produced for  

each coefficient. The f i r s t  se t  of f r ames  will contain the f i r s t  200 energy points. 

The re  will be a new set of f r a m e s  fo r  each additional 200 energy points. The 

ordinate will be l inear ,  and the absc issa  will be the logarithm of the energy. On 

each f r a m e  the energy axis i s  limited to 10 decades. Since the coefficients a r e  

NAA-SR- 12525 
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generally ze ro  below 1.0 x l o4  ev, a safeguard was placed in  the program to 

eliminate the possibility of exceeding 10 decades. This causes the f i r s t  energy 

value to be set  equal to  one tenth of the second energy value if the f i r s t  value 
2 

was l e s s  than 1.0 x 10 ev. If a section contains the angular distributions in a 

tabulation, there  will be one f r a m e  for  each energy. The absc issa  will be l inear 

and range f r o m  -1  to 1; the ordinate will be on a logarithmic scale.  The energy 

will be printed with the ordinate title. In either case ,  Legendre polynomial o r  

tabulation, the plotted points will be connected by straigk;t l ines.  

If Fi le  5 plotting i s  requested, a l l  sections will be plotted. The f i r  s t  plot 
I 

will be PK(E) .  The F (E-E) may  be specified in a variety of ways; however, 
K 

plotting i s  done only if tabulations a r e  used. The P (E)  f r a m e  will contain the 
1 K 

LF index indicating the way F (E  -E) i s  specified and the constant, CONS, 
I K 

involved in the FK(E--E) expression. In a l l  plots there  will be one f r a m e  fo r  

each interpolation region. The type of plotting will depend upon the interpolation 

code for the region. Straight l ines will connect consecutive points. If the absc issa  

i s  the logarithm of a var iable ,  and if more  than 10 decades a r e  required, two 

f r ames  will be produced; the number of decades in  each f r ame  will be approxi- 

mately the same (about half of the original number). When plotting the loga- 

ri thm of the ordinate, the range i s  limited to 10 decades. 

If Fi le  6 plotting i s  requested, a l l  sections will be plotted. The f i r  s t  f r ame  

will contain printed information on the method of tabulation (Legendre expansion, 

o r  tabulation). Since the subsections for  each Legendre polynomial coefficient 

or  for  each value of the angular variable (tabulation) a r e  the same a s  Fi le  5 

sect ions,  the plotting i s  the same a s  in Fi le  5; however, each subsection i s  pre-  

ceded by a printed f r a m e  giving the Legendre polynomial index o r  the angular 

var iable  index and value (MU) .  

F i l e s  2 and 7 a r e  not plotted. 

If des i red ,  a table of contents for  the tape may be printed. It will contain 

only those ma te r i a l s  selected to be processed and will contain file information 

only for  fi les selected to  be processed;  however, a mater ia l  and file may be 

selected without punching, printing, or  plotting and sti l l  be included in the table 

of contents. Information will be absent only if a mater ia l  o r  a fi le i s  skipped. 
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If a f i le  i s  reques ted  and  i t  i s  not on the  t ape ,  a m e s s a g e  will  be printed and 

the  p rog ram will  continue. 

B.  EDIT RESTRICTIONS 

The  EDIT p r o g r a m  was  wr i t t en  in  FORTRAN IV leve l  H f o r  the IBM S/360-50 

computer .  The p r o g r a m ,  including l i b r a r y  subrout ines  and data  s t o r age ,  oc - 

cupies about 113940 dec imal  bytes  of c o r e  s to rage .  Two tape d r ive s  i n  addition 

to  CRT (SC-4020 tape) ,  input, and output a r e  requ i red ;  however,  one d r ive  m a y  

be  e l iminated if the  table  of contents  i s  not des i red .  

Res t r i c t ions  on the functions of EDIT a r e :  

1) Only Mode 3 of an  ENDFIB  tape  can  be p rocessed .  

2)  F i l e  1 ,  Sections 3 and 4 ,  and F i l e s  2 and 7 a r e  not plotted. 

3)  T e m p e r a t u r e  dependent r e c o r d s  a r e  not plotted. 

4 )  On the  f i r s t  c a r d  of the  l i t e r a l  information i n  F i l e  1 ,  only the  f i r s t  

48 c h a r a c t e r s  a r e  used f o r  plot t i t l e s .  

5 )  Legendre  coefficients a r e  a lways plotted v s  log energy.  

6 )  Ordinates  plotted on a logar i thmic s ca l e  a r e  l imi ted to  10 decades .  

7 )  F i l e  6 plotting ha s  not been checked out. 

8 )  C r o s s  sect ion data mus t  contain no m o r e  than 2000 energy points. 

9)  A maximum of 30 Legendre  coefficients a r e  allowed. 

The  ave rage  running t i m e  i s  0.041 minutes  pe r  CRT f r a m e  on the  IBM 

S / 3 6 0 - 5 0 .  No informat ion on pr in t ing o r  punching running t imes  i s  available.  

C. EDIT SUBROUTINE CONSTRUCTION 

P r o g r a m  EDIT i s  composed of a ma in  p r o g r a m ,  a BLOCK DATA sub- 

p r o g r a m ,  and 20 subroutines in  addition to the l i b r a ry  subrout ines .  

The  m a i n  p r o g r a m  r e a d s  the  input, rewinds  t apes ,  controls  the  flow to other  

subrout ines ,  skips  f i l es  o r  m a t e r i a l s  not of i n t e r e s t ,  and de t e rmines  when a f i le  

of i n t e r e s t  i s  positioned proper ly  f o r  p racess ing .  
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The BLOCK DATA subprogram se t s  upabsc i s sa  and ordinate t i t le  informa- 

tion for  the CRT plots. 

The 20 subroutines a r e :  

1) Subroutine HEAD - Reads a CONT logical record ,  saves the required 

control pa ramete r s ,  and punches and/or  pr ints  the record  according to  the 

selected input option. 

2)  Subroutine TABl - Reads a TAB2 logical r eco rd ,  punches and /o r  

pr ints  the r eco rd ,  and saves the required control information. The f i r s t  

pa r t  of a TABl logical record  i s  the same a s  a TAB2 logical record ;  hence,  

a call  t o  subroutine TABl followed by a call  to XSEC, reads  a complete 

TAB 1 logical record.  

3) Subroutine XSEC - Reads x, y p a i r s  of numbers  a s  in the l a s t  par t  of 

a TABl logical record  and punches and/or  pr ints  the information; a l so  reads  

the coordinate system transformation ma t r ix  in Fi le  4 and punches and /o r  

pr ints  the information. 

4 )  Subroutine FILE 1 -Reads  the f i r s t  sect ionof  F i le  1 ( l i te ra l  informa- 

tion) and punches, pr in ts ,  and/or  plots (pr ints  on a CRT f r a m e )  the informa- 

tion; a l so  controls the flow to subroutines SC 12, SC 13, and SC 14. 

5)  Subroutine SC12 - Reads the second section of F i le  1 (NU(E)) and 

punches and/or  pr ints  the information; if NU(E) i s  tabulated, i t  m a y  be 

plotted by calling subroutine PLOT (IENTER). 

6 )  Subroutine SC13 - Reads the third section of F i le  1 and punches and /o r  

pr in ts  the information; no plotting i s  done. 

7 )  Subroutine SC14 - Reads the fourth section of Fi le  1 and punches and/  

o r  pr in ts  the information; no plotting i s  done. 

8)  Subroutine FILE 2 - Reads Fi le  2 and punches and/or  pr ints  the infor- 

mation; no plotting i s  done. 

9) Subroutine FILE 3 -Reads  a l l  sections of Fi le  3 and punches, pr ints ,  

and /o r  plots the information; plotting i s  done by subroutine PLOT (IENTER). 
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10) Subroutine F ILE  4 - Reads a l l  sect ions  of F i l e  4 and punches,  p r i n t s ,  

a n d / o r  plots the  informat ion;  contains two ca l l s  to AICRT3, f i r s t  f o r  plotting 

tabulated data and second f o r  plotting Legendre  coefficients;  u se s  subroutine 

SIX (LOOP) t o  r e a d  the  Legendre  coefficients.  

11) Subroutine SIX (LOOP) - Reads  the  Legendre  coefficient data i n  

F i l e  4; ca l led by subroutine F ILE  4. 

12) Subroutine F ILE  5 - R e a d s  a l l  sect ions  of F i l e  5 and punches,  p r i n t s ,  

a n d / o r  plots the  information;  plotting i s  done by subroutine PLOT (IENTER); 

plot t i t l e s  a r e  s e t  up by subroutine TFIX (MT,  L F ) ;  a l s o ,  r e a d s  F i l e  6 and 

punches ,  p r i n t s ,  and /o r  plots the informat ion a s  control led by subroutine 

F I L E  6.  

13) Subroutine F I L E  6 - R e a d s  heading r e c o r d  and TAB2 r e c o r d  fo r  each 

sect ion and ca l l s  F I L E  5 through F ILE  56 en t ry  point for  p rocess ing  the 

sect ion.  

14) Subroutine TFIX (MT,  L F )  - Se t s  up plot a b s c i s s a  and ordinate t i t les  

f o r  F i l e s  5 and 6 .  

15) Subroutine F I L E  7 - Reads  F i l e  7 and punches and /o r  p r in t s  the infor-  

mat ion;  no plotting i s  done. 

16) Subroutine SKIP ( L T )  - Reads  t e m p e r a t u r e  dependent r eco rds  in 

F i l e s  3, 4 ,  5 ,  and 6 and punches a n d / o r  p r in t s  the  information;  no plotting 

i s  done. 

17) Subroutine PLOT (IENTER) - Sets  up plot absc i s s a  and ordinate  t i t l e s  

f o r  F i l e  1 ,  Section 2 ,  and F i l e  3 depending upon the pa rame te r  IENTER. 

Se t s  up a rgumen t s  f o r  the AICRT3 subroutine;  controls  the plotting of one 

f r an l e  for  each  interpolation region; ca l l s  subroutine DECADE (NO, LA, K) 

to  spli t  plots  requir ing m o r e  than 10 decades  on a logar i thmic absc i s s a  ax i s .  

18) Subroutine DECADE (NO, L A ,  N) -Sp l i t s  plots requir ing m o r e  than 

1 0  decades  on a logar i thmic a b s c i s s a  ax i s .  
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19) Subroutine AICRT3 - Calls  l i b r a r y  CRT subroutines to effect the  

plottillg of data supplied in  i t s  a rgumen t s  (NAA-SR-TDR-11915, "AICRT3-3, 

SPRINTV, FLINTV - General  Purpose  Subroutines f o r  Display of Digital 

Data ," M. A. Boling and W. A. Rhoades) . 
2 0 )  Subroutine QUIT - P r i n t s  a table of contents if de s i r ed  f r o m  informa-  

t ion s to r ed  on a s c r a t ch  tape;  ca l l s  l i b r a r y  subroutine EXIT. 

Flow d i ag rams  fo r  p rog ram EDIT a r e  found in  Appendix B. P r o g r a m  l i s t -  

ings a r e  found in  Appendix C. 
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IV.  EDIT INPUT 

A l i s t  of input quant i t ies ,  t h e i r  defini t ions,  and c a r d  f o r m a t s  a r e  given below. 

A. CARD 1 - FORMAT (511 2 )  

I t em Definition 

IGRAPH = 1 if plotting is t o  be  done 

= 0 if no plotting 

ICONT 1 = 1 

= 0 

IHOL = 1 

= 0 

IPRNT = 1 

= 0 

IPU N = 1 

= 0 

i f  table  of contents i s  d e s i r e d  

if no t ab le  of contents 

if SCOUTV pr int ing of F i l e  1, Section 1, is de s i r ed  

i f  RITE2V pr int ing is d e s i r e d  

IHOL = 1 is recommended  

i f  pr in t ing of se lec ted  f i l e s  is de s i r ed  

i f  no pr in t ing (not including table of contents)  

if punching of se lec ted  f i l e s  i s  d e s i r e d  

if no punching 

B. CARDS 2 AND 3 - FORMAT (I1 2 ,  20131813) 

Th i s  s e t  of two c a r d s  i s  r e ad  f o r  each  m a t e r i a l  on the t ape  through the l a s t  

m a t e r i a l  to  be p rocessed .  An end-of-fi le  input c ause s  the p r o g r a m  to  cal l  sub-  

routine QUIT and subsequently to  t e rmina te .  

C. CARD 2 - FORMAT (112, 2013) 

Ca rd  Column I tem Descr ipt ion 

1 - 12 MAT L = 1 i f  the m a t e r i a l  is t o  be p rocessed  

= 0 if the  m a t e r i a l  i s  t o  be skipped 

1 3- 1 5 IFILE(1)  = 1 i f  F i l e  1 i s  to  be  p roce s sed  

= 0 if F i l e  1 i s  to  be  skipped 

IF ILE(1 )  = 1 i s  r ecommended  



IOPT l (1 )  for punching of F i le  1 

for  no punching 

for printing of F i le  1 

for no printing 

for  plotting of F i l e  1 

for no plotting 

if Fi le  2 is to  be processed 

if F i le  2 is to be skipped 

IOPT l (2)  for punching of F i le  2 

for no punching 

fo r  printing of F i le  2 

for no printing 

IOPT3 (2) 

IFILE (3 ) 

always (no plotting of F i l e  2) 

if Fi le  3 i s  to  be processed 

if Fi le  3 is to be s~i ipped 

IOPT 1 (3 ) for punching of F i le  3 

for  no punching 

for  printing of File 3 

for no printing 

for plotting of Fi le  3 

for no plotting 

i f  F i le  4 i s  to  be processed 

if F i l e  4 is to  be skipped 

IOPT l (4)  for punching of F i l e  4 

for no punching 
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steel  m e s h  which f i l ters  out la rge  particulates and ac ts  a s  an impingement 

crystal l izer .  The sodium i s  progressively cooled a s  it flows through the mesh ,  

by forced circulation of gas through a shroud around the tank. The cooling ra te  

i s  controlled by manual adjustment of louvers ,  and internal tempera ture  i s  con- 

trolled automatically by a cooling fan on/off controller.  The temperature con- 

t ro l le r  i s  set  to control internal temperature a s  desired,  by using plugging t em-  

perature a s  a guide. 

The major  impurity removed by cold-trapping i s  oxygen in the form of 

sodium oxide. Cold-trapping of oxides i s  very  effective, a s  evidenced by the 

rapid lowering of plugging temperature during periods of cold-trapping of pr i -  

mary  sodium. 
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FORTRAN FIXED 10 DIGIT DECIMAL DATA 
DECK N O . -  PROGRAMMER D A T E  P A G E l o f Z  JOB NO. 

FORTRAN FIXED 10 DIGIT DECIMAL DATA 
DECK N O . -  PROGRAMMER D A T E  P A G E Z o l Z  JOB NO. 

0 0 0 
-. 

Fxles 2 and 5 are t o  be sklpped. I 
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F. OPERATION O F  PROGRAM 

The operation of program EDIT on the IBM S/ 360- 50 requires  that the 

ENDFIB Mode 3 tape be written in EBCDIC on a 9- t rack tape; the data se t  

re ference  number i s  9.  The data se t  reference numbers 5, 6, 8, and 14 refer  

to card  intput, printed output, a scra tch  tape, and punched output, respectively. 
' 

An additional tape i s  needed to wri te  the data required by the SC-4020 plotting 

equipment. 

P r o g r a m  EDIT can process  only one ENDFIB tape a t  a t ime. 
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V.  EDIT OUTPUT 

Punched and printed output f rom Program EDIT consists of 80 EBCDIC 

charac ters  per card  o r  line. The information in  either case  i s  the same  and 

the format  corresponds to that for  the cards  f rom which the ENDFIB tape was 

made. 

The character  of the plotted output depends upon the contents of each file. 

Ekcept for  Fi le  4 and fo r  log absc issa  interpolation regions, there  will be one 

plot per  interpolation region; for  log absc issa  interpolation regions containing 

m o r e  than 10 decades, there  will be two plots. 

The plotting resul ts  that can be expected a r e  described for  each file. 

A. FILE 1 

The l i teral  information, MT = 451, will be printed. There  will be one line 

per record. Only the f i r s t  66 columns of the record  will be printed. There  will 

be 25 lines (or  l e s s )  printed per  CRT frame.  Since the ENDFIB tape i s  limited 

to 100 such records ,  the maximum number of f r ames  that can be expected i s  4. 

The type of printing i s  controlled by the input parameter  IHOL. If IHOL = 1, the 

printing i s  controlled by the l ibrary  subroutine SCOUTV. The charac ters  will 

be the charactron charac ters  that a r e  built into the Charactron cathode ray tube. 

If IHOL = 0, the printing is controlled by the l ibrary  subroutine RITEZV. Avec-  

tor generator will draw the charac ters ;  the resul t  i s  l a rge r  characters .  The 

IHOL = 0 option does not work a t  present. 

An example of Fi le  1 "plotted" output i s  given in Figure 1. 

If a tabulation of the number of neutrons per  fission, MT = 452, i s  given, i t  

will be plotted in the same manner a s  the c ross  sections in Fi le  3. 

B. FILE '3 

The type of grid for  the plots of Fi le  3 ffsmoothl l  c ross  sections depends up- 

on the interpolation code specified in  the TAB1 record. At the top of the grid 

will be a title consisting of the f i r s t  48 charac ters  of the f i r s t  l i t e ra l  record  in  

Fi le  1. The abscissa title i s  

ENERGY (EV) 
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F L U T O N I U H - 2 3 8 ,  E E V I S E C  CECEMCEE 2 5 , 1 9 6 6  

FAST NEUTEON CEOSS SECTIONS OASEC ON THEOEETICAL 

C A L C U L A T I O N S  U S I N G  A CEFilEMEC F O T E N T I A L  O F T I C A L  HOCEL 

ANC S T A T I S T I C A L  THEOEY Of THE COMFOUNC NUCLEUS 

THEEHAL ANC EESONANCE CATA CASEC ON E X F E E I M E N T A L  CATA 

Figure 1 .  File 1 Literal Information Plotting Example 
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The ordinate title depends upon the reaction type (the MT number). For  example, 

i t  might be 

TOTAL 

o r  

(N,  2N) , 
meaning the total o r  the n, 2n c r o s s  section. There  a r e  28 possible ordinate 

t i t les.  If an MT number i s  used that does not correspond to one of the possible 

t i t les ,  the t i t le will be left blank and a message will be printed. 

F igures  2 through 5 show examples of plotting for  Fi le  3. 

C. FILE 4 

Angular distribution data in Fi le  4 a r e  given a s  energy-dependent Legendre 

coefficients o r  a s  tabulated functions of the cosine of the scattering angle for  

various energies.  The ordinate and the absc issa  will be l inear and logarithmic, 

respectively,  for  the coefficient data and will be logarithmic and l inear ,  respec-  

tively, f o r  the tabulated data. At the top of the grid will be a title consisting of 

the f i r s t  48 charac ters  of the f i r s t  l i t e ra l  record  in Fi le  1. 

F o r  Legendre coefficient data,  the abscissa t i t le i s  

ENERGY (EV) . 
The ordinate t i t le depends upon the reaction type (MT) and the index of the coef- 

ficient. F o r  example, i t  might be 

ELASTIC LEGENDRE COEFFICIENT F 12 

which means that the data plotted i s  the twelfth Legendre coefficient for the angu- 

l a r  distribution'of e last ic  scattering. There  will be one plot for  each coefficient 

for  the f i r s t  200 energy points. If m o r e  than 200 energies  a r e  used, there will 

be one plot for  each coefficient fo r  each additional 200 energy points. F igures  6 

and 7 a r e  examples of this type of data. 

F o r  the tabulated data, the absc issa  t i t le is 

COSINE O F  THE SCATTERING ANGLE . 
The ordinate t i t le depends upon the reaction type (MT) and the energy of the inci- 

dent neutron. F o r  example, i t  might be 

DIFFERENTIAL ELASTIC E = 0.9030E 06 , 
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Figu re  2. F i l e  3 Smooth C r o s s  Section Plotting Example 1 
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Figure  3 .  Fi le  3 Smooth C r o s s  Section Plotting Example 2 
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10" 
E N E R G Y  C E V ]  

Figu re  4. F i l e  3 Smooth C r o s s  Section Plott ing Example 3 
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E N E R G Y  C E V I  

Figu re  5. F i l e  3 Smooth C r o s s  Section Plotting Example  4 
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E N E R G Y  ( E V I  

Figure 7. F i le  4 Legendre Coefficients Plotting Example 2 
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C O S I N E  O F  T H E  S C A T T E R I N G  A N G L E  

Figure 8. F i le  4 Differential Scattering Distribution Plotting Example 
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which means that the data plotted i s  the normalized differential e last ic  sca t te r -  
6 

ing c r o s s  section for a neutron with an  energy of 9.030 x 10 ev. There will be 

one plot for  each incident neutron energy. Figure 8 gives an  example of this 

type of data. 

D. FILE 5 

Plots  of the energy distribution data i n  Fi le  5 depend upon the F (E'- E )  
K 

which may be specified in a var iety of ways; the parameter  L F  i s  used to denote 

the method used. A reaction type may consist  of s e t s  of data for  one or  more  

values of LF. 

The f i r s t  plot for any value of LF contains the P (E).  Comments on File 3 
K 

plots apply he re  except for  the ordinate title. It depends upon the reaction type 

(MT), the value of L F  (the subsection), and a constant which may appear in the 

expression for  F ~ ( E ' -  E). F o r  example, i t  might be 

(N, 2N) P ( E )  L F  = 8 CONS = 1.00E + 06 , 
which means that the PK(E)  data i s  for  the (N,  2N) reaction and the F ~ ( E '  - E )  

uses  the eighth method of specification (Maxwellian distribution); the constant 8 
6 

for  the distribution i s  1.00 x 10 ev. 

The following l i s t  defines L F  and the meaning of CONS: 

Description 

1 Arbi t ra ry  tabulated function 

CONS 

Undefined; value will be 0.0 

2 Discrete  final energy The d iscre te  final energy, ev 

3 Discrete  energy loss  The d iscre te  energy loss ,  ev 

4 General evaporation spectrum tabulated The value of 8, ev 

a s  g ( ~ ' 1 8 )  

5 Same a s  L F  = 4 but 8 = 8(E)  and i s  

tabulated 

6 Simple fission spectrum 

( 4 ~  ' 1 7 8 ~ ) ~ ' ~  e x p ( - ~  '16) 

Undefined; value will be 0.0 

The value of 8, ev 
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L F  - Description CONS 

7 Same a s  L F  = 6 but 8 = 8 ( E )  and i s  Undefined; value will be 0.0 

tabulated 

8 Maxwellian distribution The value of 8, ev 

9 Same a s  L F  = 8 but 8 = 8 ( E )  and i s  Undefined; value will be 0.0 

tabulated 

10 Watt spectrum Undefined; value will be 0.0 

L F  subsections 2, 3, 6,  8, and 10 require  no fur ther  plotting; however, additional 

plotting i s  done f o r  the other L F  values. Comments on Fi le  3 plots apply he re  

except a s  noted in the following paragraphs.  

1. L F =  1 

The F K ( E P + E )  i s  plotted; there will be one or  more  plots for  each value of 

E. The ordinate t i t le will contain the reaction name and the value of E. F o r  ex- 

ample,  i t  might be 

(N, N') ALPHA F(E'  FROM E)  ARB.TAB. E = 5.25 E + 06 , 

which means that the a r b i t r a r y  tabulation of F (E '+  E )  for  the (N, N'Q) reaction 
6 i s  plotted for  a n  incident energy of 5.25 X 10 ev. 

2. L F  = 4 

A tabulated general evaporation spectrum F(E '18)  i s  plotted. The absc issa  

will be E'/8. The absc issa  t i t le will be 

The ordinate contains the reaction name. F o r  example, i t  might be 

(N, N') ALPHA F(E'/THETA) TABLE . 
3. LF = 5 

Plots  of a tabulated 8 ( E )  and a tabulated general evaporation spectrum 

F ( E / e ( E ) )  will be produced. The ordinate of the 8 (E)  plot might read 

(N, N') ALPHA THETA ( E )  TABLE . 



The  a b s c i s s a  of the  F (E /B(E) )  plot wil l  be 

ENERGY/THETA . 
The  ordinate  might  r e a d  

(N, N') ALPHA F(E'/THETA ( E ) )  TABLE . 
4. L F  = 7 

A plot of a tabulated 8 ( E )  wi l l  be  produced. The  ordinate  might r e ad  

(N, N') ALPHA THETA(E)  TAB. FOR SIMPLE FISSION S P E C  

5. L F  = 9 

A plot of a tabulated 8 ( E )  wi l l  be  produced. The  ordinate  might read 

(N, 2N) THETA(E)  TAB. FOR MAXWELLIAN DISTRIB . 

Examples  of F i l e  5 plotting a r e  given i n  F i g u r e s  9 ,  10, and 1 1 f o r  L F  = 1,  

in  F igu re  12 f o r  L F  = 3,  i n  F i g u r e s  13, 14, and 15 f o r  L F  = 5, and  i n  F i g u r e s  

16 and 17 f o r  L F  = 9. 

E. F I L E  6 

Since each  subsect ion of a F i l e  6 sect ion (MT)  is plotted a s  if it w e r e  a 

F i l e  5 sect ion,  no fu r t he r  explanation is r equ i r ed  regard ing  the  plots ;  however,  

the plots f o r  a F i l e  6 sec t ion  a r e  preceded by a f r a m e  containing pr in ted in forma-  

tion on the  method used  to  p r e sen t  the data. In addit ion,  e ach  subsect ion is 

preceded by a f r a m e  giving the  Legendre  polynomial index o r  the MU index and 

value fo r  tha t  subsection.  

F o r  a F i l e  6 sect ion tha t  is given by a Legendre  expansion,  the  f i r s t  page 

might read:  

F ILE  6 

SECONDARY ENERGY -ANGLE DISTRIBUTIONS 

LEGENDRE EXPANSION 

9, ORDER O F  LEGENDRE EXPANSION 

DATA IN CENTER O F  MASS SYSTEM 

The  l a s t  l ine might have read  

DATA IN LAB. SYSTEM . 
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L I T H I U M - ?  

E N E R G Y  C E V )  

Figure 9. F i le  5 L F  = 1 Energy Distribution plotting Example 1 
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E N E R G Y  C E V I  

Figure  10. F i le  5 LF = 1 Energy Distribution Plotting Example 2 
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E N E R G Y  C E V )  

Figure 11. File 5 L F  = 1 Energy Distribution Plotting Example 3 
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0 + 5  1  o + =  1 0 "  
E N E R G Y  [ E V I  

F i g u r e  12. F i l e  5 LF = 3 E n e r g y  Dis t r ibut ion Plott ing Example 



Figure 13. Fi le  5 LF = 5 Energy Distribution Plotting Example 1 
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E N E R G Y  C E V I  

Figure 14. Fi le  5 L F  = 5 Energy Distribution Plotting Example 2 
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E N E R G Y / T H E T A  

Figure 15. F i l e  5 LF = 5 Energy Distribution Plotting Example 3 
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E N E R G Y  C E V ]  

F i g u r e  16. F i l e  5 L F  = 9 E n e r g y  Dis t r ibut ion Plott ing Example  1 
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F i g u r e  17 .  F i l e  5 L F  - 9 E n e r g y  Dis t r ibut ion Plot t ing  E x a m p l e  2 
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F o r  a F i l e  6 s e c t i o n  t h a t  i s  g iven  by a t abu la t ion  f o r  e a c h  va lue  of t h e  c o s i n e  

of t h e  s c a t t e r i n g  a n g l e ,  MU, t h e  t h i r d  a n d  f o u r t h  l i n e s  m i g h t  r e a d  

TABULATION 

21, NO. O F  MU VALUES AT WHICH TABULATIONS A R E  GIVEN 

T h e  add i t i ona l  f r a m e  p r e c e d i n g  e a c h  s u b s e c t i o n  m i g h t  r e a d  

L E G E N D R E  POLYNOMIAL INDEX = 5 

MU INDEX = 14 MU = 3.OE-01 

T h e  u s e  of t h e  plot t ing opt ion  i n  p r o g r a m  EDIT t o  c h e c k  f o r  s p u r i o u s  e r r o r s  

i n  d a t a  p r e p a r a t i o n  is b e s t  i l l u s t r a t e d  by  s e v e r a l  e x a m p l e s .  T h e  t i t l e s  have  been  

d e l e t e d  f r o m  t h e  p lo t s  u s e d  b e c a u s e  t h e  s o u r c e  of t h e  d a t a  i s  of no c o n c e r n h e r e .  

F i g u r e s  1 8  a n d  19 show the  r e s u l t s  of a n  e r r o r  a t  1.0 x l o 4  e v  i n  both t h e  to t a l  

a n d  the  n , y  r e a c t i o n s .  In  F i g u r e  19 t h e  e r r o r  r e q u i r e d  tha t  m o r e  than  l o d e c a d e s  

be plot ted on t h e  o r d i n a t e ;  t he  10 -decade  m a x i m u m  r e s t r i c t i o n  f o r c e d  the  p lo t -  

t ing off s c a l e  a t  h i g h e r  e n e r g i e s .  F i g u r e  20 shows  t h e  r e s u l t s  of a n  e r r o r  in  a n  

e n e r g y  v a l u e  wh ich  c a u s e d  t h e  plot t ing of t he  point off s c a l e  i n  the  le f t  m a r g i n .  

F i g u r e  21 s h o w s  a n  e r r o r  i n  F i l e  4  da t a .  T h e  point  a t  M U  = 0.4 i s  s e v e r a l d e c -  

a d e s  t o o  s m a l l .  T h e  10 -decade  l i m i t  c a u s e d  the  plot t ing of the point t o  be off 

s c a l e .  

F i g u r e  18 i s  a n  e x a m p l e  of plot t ing when t h e  poin ts  a r e  too d e n s e  on a  s m a l l  

a r e a .  P r o g r a m  EDIT p lo t s  one  f r a m e  f o r  e a c h  in t e rpo la t ion  r eg ion  and  does  not 

expand a n  i n t e r v a l  by mak ing  m o r e  p l o t s ;  h o w e v e r ,  the  ENDFIB da ta  d o e s  al low 

s e v e r a l  i n t e rpo la t ion  r eg ions .  Good p lo ts  of d e n s e  poin ts  could be  ach ieved  if 

the  d a t a  spec i fy  s e v e r a l  i n t e rpo la t ion  r e g i o n s  in  the  i n t e r v a l .  

If t he  e n e r g y  i s  on  a  l i n e a r  s c a l e  a n d  if t h e  e n e r g ) -  i n t e r v a l  f o r  a n  i n t e r p o l a -  
7 

t ion r e g i o n  i s  l a r g e  ( f o r  e x a m p l e  0.001 t o  1 .5  x 10 e v ) ,  the  points  plot ted a t  the 

l o w e r  e n e r g i e s  wi l l  a p p e a r  on  the le f t  edge  of t h e  g r i d .  Again t h i s  m a y  be o v e r -  

c o m e  by spec i fy ing  s e v e r a l  i n t e rpo la t ion  r e g i o n s  in  the  ENDFIB da ta .  

T h e  in fo rma t ion  obta ined  when  the  t ab l e  of con ten t s  i s  p r in t ed  out i s  b e s t  

i l l u s t r a t e d  by a n  e x a m p l e  f o r  one of t he  m a t e r i a l s  on the  ENDFIB t ape  ( L A B E L  = 

102).  F i g u r e  22 i s  s u c h  a n  e x a m p l e  f o r  m a t e r i a l  1050,  P U ' ~ ~ .  All  f i l e s  w e r e  



E N E R G Y  C E V )  

Figu re  18. Data E r ro r s  Revealed by  EDIT Plotting Example 1 
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E N E R G *  r F v l  

F i g u r e  19. Data E r r o r s  Revea led  by EDIT Plott ing Example  2 
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N I O B I U M  

E N E R G Y  C E V )  

F i g u r e  20. Data E r r o r s  Revealed by EDIT Plotting Example  3 
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APPENDIX 2 

FUEL CLADDING SURFACE CARBURIZATION 

by 

R. W. Woodruff 

It i s  desirable  to determine the carbon distribution in  s ta inless  steel af ter  

exposure to  a carburizing environment. The distribution was not measured 

direct ly  and i t  cannot be inferred f rom microhardness  t r ave r ses  o r  f rom s i m -  

ple applications of diffusion theory. However, mean carbon was measured in 

sample tabs of various thicknesses exposed simultaneously. The following 

analysis determines the carbon distribution f rom mean carbon measurements .  

Distribution of carbon in  tabs of any thickness i s  represented by a single 

unknown mathematical function. This distribution i s  integrated to find mean 

carbon for  tabs of any thickness. Since mean carbon was measured experi-  

mentally, the integral equation can be differentiated to find the unknown dis - 
tribution. 

Let C(x )  represent  the carbon concentration in  weight percent  a t  distance x 

f rom the left  hand sur face  of a tab with thickness I . Let C I be the uniform 
0 

carbon concentration in  the virgin tab. When exposure i s  terminated, let  f l ( x )  

be the increase  in carbon resulting f rom carbon crossing the left hand surface.  

Likewise, let  f (x) resul t  f rom the right hand surface.  Then 2 

a s  shown in  Figure 14. Mean carbon 

content for  a tab of any thickness 1 i s  

given by 

O = X  X x = e  
9-8-67 UNCL 7704-5443 

Figure  14. Carbon Distribution 
Across  Thin Carburized Tabs 
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.I. -8. 

Because of symmetry, 

Transforming, 

Equation 1 becomes 

M(1) i s  known from tab measurements.  It i s  necessary to extract f l  ( x ) .  

Differentiating, 

Note the change of variable. Function f ( I )  now approximates the carbon con- 1 
centration increase a t  any point which i s  I distant from the surface of a semi-  

infinite slab of stainless steel.  M(P) i s  the mean carbon concentration of any 

tab of thickness I . For  fuel cladding, which can only be carburized from one 

::A tab exposed to the same conditions on both sides would be expected to c a r -  
burize symmetrically. However i t  should be pointed out he re  that nonsym- 
metr ical  carburization of sample tabs has been observed (see  Figure 5).  
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reques ted  in  the input data. F i l e  1 is se l f -explanatory .  F i l e  2 is p resen t  on the  

t ape  and cons i s t s  of one isotope.  F i l e s  3 through 5 a r e  p r e sen t  and the react ion 

types  a r e  l i s ted .  F i l e s  6 and 7 a r e  not on the  tape .  If F i l e  X w e r e  t o  be skipped,  

the  m e s s a g e  

F I L E  X NOT PRESENT FOR THIS MATERIAL 

would be pr inted under  the F i l e  X heading. 
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MATERIAL AND REACTION TYPE IDENTIFICATION NUMBERS 
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APPENDIX A 
MATERIAL AND REACTION TYPE IDENTIFICATION NUMBERS 

TABLE 1 

MATERIAL IDENTIFICATION NO. (MAT) 

MAT 

1030 

1031 

1032 

1033 

1034 

1035 

1036 

1037 

1038 

1039 

1040 

1041 

1042 

1043 

1044 

1045 

1046 

1047 

1048 

1049 

1050 

1051 

1052 

1053 

1054 

1055 

1056 

1057 

1058 

1059 

Ma te r i a l  

Gd 

Dy-164 

LU-175 

LU-1 76 

Hf 

Ta-18 1 

W 

Au-19 7 

Th-232 

Th-233 

Pa-233 

U-233 

U-233 F.P. 

U-234 

U-235 

U-235 F. P. 

U-236 

U -238 

Np-237 

Np-239 

Pu-238 

Pu-239 

Pu-239 F. P. 

PU -240 

Pu-241 

P u  -242 

Am-241 

Am- 2 43 

Cm-244 

Na 

1 1  

, 

Mate r i a l  

H-1 

H2° 
D -2 

D2° 
L i  -6 

Li -7 

Be-9 

B e 4  

B-10 

C 

CH2 
N-14 

0-16 

Mg 

A1 -2 7 

Ti  

V-5 1 

C r  

Mn-55 

Fe 

Ni 

Z r  

Z r H  

Nb 

Mo 

Xe-135 

Sm- 149 

EU-151 

EU-153 

I MAT 

100 1 

1002 

1003 

1004 

1005 

1006 

1007 

1008 

1009 

1010 

1011 

1012 

1013 

1014 

1015 

1016 

1017 

101 8 

1019 

1020 

1021 

1022 

1023 

1024 

1025 

1026 

1027 

1028 

1029 
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APPENDIX B 

FLOW DIAGRAMS FOR PROGRAM EDIT 

MAIN PROGRAM 

CONTROL 
PARAMETERS 

PLOTT I NG? 

REWIND 8 

N 0 

ENDF/B 
L A B E L  CARD 

WRITE OUTPUT: 
START OF 
ENDF/B EDITING 
FROM A BCD 

t 

YES WRITE OUTPUT 
ENDF/B 
L A B E L  CARD 

I 

EXECUTED FOR EACH MATERIAL I 
ON ENDF/B T A P E  U N T I L  END 
OF F I L E  ON INPUT T A P E  OR k N D  
OF ENDF/B T A P E  IS ENCOUNTERED. - 

CONTROL 
PARAMETERS 
FOR THIS 

READ 9: 
FIRST CARD 
OF THIS 
MATERIAL 

YES 

9 * 
IN IT IALIZE 

IF  T A B L E  OF 
CONTENTS IS 

F l  lE DESIRED, WRITE 
COUNTER; MATERIAL NUMBER 
I = 1 ON TAPE 8 

I 
- 

MATERIAL 
END CARD 
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THROUGH FlLE 

YES 

7 
READ 9: 

4 FIRST CARDOF 
NEXT FlLE FOR 
THIS MATERIAL 

I IF FILES ARE I 

BACKS PACE BACKSPACE CALL 
9 HEAD 

v 
READ 9: 
FIRST CARD OF 
NEXT FILE FOR 
THIS MATERIAL 

b 



F o r  10-mil  t abs ,  the data  shown in  F igure  1 7  appear  to obey a relat ion of 

the f o r m  

and, assuming complete sa turat ion occurs  a t  (C - C ) = 4.0 wt 70 carbon,  
S 0 

Equation 4 above yields 

By differentiating Equation 4 with r e spec t  to  t ime ,  the initial r a t e  of c a r -  

bon inc rease  i s  s een  to be  0.0086 wt 70 carbon  pe r  hour .  Analysis of Equation 4 

indicates that  carbon-pickup-rate  changes slowly with t ime  for lour exposure 

t imes ,  indicating that  the mean  carbon  inc rease  i s  proportional to  exposure 

t ime  a t  low values of ca rbon  inc rease .  At 0.1 wt % carbon  inc rease ,  the a s -  

sumption of proportionali ty r e su l t s  in an  e r r o r  of only +1% wt % carbon) 

compared to  Equation 4 r e su l t s .  At 0.5 wt O/o, the e r r o r  i s  t67o (0.03 wt 70 c a r -  

bon) and a t  1.0 wt  O/o, the  e r r o r  i s  t l270 (0.12 wt 70 carbon) .  

Both ho t - t raps  used during P E P  operations have a h i s to ry  of p r io r  use .  

Data resul t ing f r o m  hot-trapping operations p r io r  to P E P  modifications a r e  

shown in  Table 8 .  Hot- t rap tab carbur iza t ion  data  for  operations following P E P  

modifications a r e  shown i n  Table 4. 

It is assumed that  tabs  exposed a t  a lower carbur iz ing potential fo r  longer 

per iods  of t ime  would r e su l t  i n  a family  of cu rves  identical  in  shape to those 

shown in  F igure  17,  but with different values of the pa rame te r  t ime .  By making 

this  assumption,  equivalent exposure  t imes  c a n  be used in  Equation 4 to predict  

cumulative effects,  and the amount of ca rbon  in  4-mil  stock can  be estimated 

by extrapolation,  using the  cu rves  shown in  F igure  1 7  a s  a guide. 

F r o m  Tables  4 and 8 i t  c a n  be s e e n  that  fo r  Hot-Trap A-5, the sum of mean  

carbon  i n c r e a s e s  i n  10-mil  in le t  tabs  i s  1.90 wt 70 carbon.  This amount of c a r -  

bon would r e su l t  a f te r  a 221-hr exposure  a t  a constant r a t e  of 0.0086 wt 70 pe r  

hour ,  the init ial  r a t e  calculated f r o m  Equation 4. By using 221 "equivalent" 

hours  i n  Equation 4 i t  i s  indicated that  a 10-mil  t ab  p re sen t  during all  runs  
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would have increased  in  mean  carbon  content by only 1.5 1 wt 70. This point 

has  been converted to total carbon,  and i s  shown on F igure  17. Extrapolation 

t o  4-mils indicates that Hot-Trap A-5 get ter  foil,  a t  the inle t ,  has  increased  in 

mean  carbon content by 2.8 wt 70. 

Similar ly ,  the Hot- T r a p  B-2, 10-mil  inlet  tab,  carbon inc reases  total 

1.24 wt 70, and this i s  equivalent to  144-hr exposure  a t  0.0086 wt 70/hr.  Equa- 

tion 4 indicates that  a 10-mil  tab presen t  during al l  runs  would have increased  

i n  mean  carbon  by only 1.07 wt 70. This point i s  a l so  shown on Figure  17, and 

extrapolation indicates that the Hot-Trap B-2 foil a t  the inlet  would inc rease  in 

mean  carbon content by 2.3 wt 70. 

No carbon  inc rease  i n  outlet tabs  f o r  p r e - P E P  ( s e e  Table 8 f i r s t  footnote) 

runs  i s  in te rpre ted  to mean  that  the ho t - t raps  w e r e  gettering all  the carbon  

available f o r  carburiz ing.  Detectable carbon  inc reases  during P E P  operation 

(Table  4 )  indicate that  some  carbon  was escaping the gettering foil; hence some  

carbon  pickup was occurr ing a t  the foil d ischarge.  Based on these  data,  i t  i s  

assumed that a 10-mil  outlet t ab  presen t  during a l l  Hot-Trap A-5 runs would 

have shown an inc rease  of only 0.31 mean  wt 70 carbon  (the s a m e  a s  observed 

during P E P  operation).  Similar ly ,  fo r  Hot -Trap  B-2,  the tab would have shown 

an  inc rease  of only 0.08 mean  wt 70 carbon. Saturation effects can  be neglected 

below 0.31 wt 70 carbon  inc rease  i n  10-mil  tabs ,  and inspection of F igure  17 

indicates that  sa turat ion effects a r e  negligible f o r  4-mil  foil a s  well. The re -  

fo re ,  Hot-Trap A-5 foil,  a t  the t r a p  d i scharge ,  m u s t  have inc reased  in  mean  
10 carbon  content by approximately 0.31 x -= 0.78 wt 70. Similar ly ,  Hot -Trap  B-2 

10 m u s t  have increased  by approximately 0.08 x - = 0.2 wt 70. 
4 

End points have now been established for  hot- t rap foil axial  ca rbon  d i s t r i -  
.I. -4- 

bution. The calculation of the total amount of carbon  removed by the t r a p s  

r equ i r e s  a knowledge of axial  ca rbon  distribution,  which i s  unknown. By 

assuming a l inear  distr ibution and complete saturat ion a t  4.0 wt Ojb i nc rease ,  a s  

shown i n  Figure  18, Hot-Trap A-5 i s  es t imated to  be carbur ized  to  457" of 

saturat ion,  and Hot -Trap  B-2 i s  es t imated to  be  carbur ized  to  31% of saturat ion.  

Since a hot- t rap contains 1140 lb  of 4-mil gettering foil,  th is  cor responds  to  

:::Carbon i s  assumed to  be evenly distributed radially,  s ince  flow and t empera -  
t u r e  gradients  a r e  slight. 

NAA-SR- 1241 0 
64 



SUBROUTINE XSEC 

START Q 
DO 50 L= I ,  NP, 3 
WHERE N P  IS T H E  
NUMBER OF CROSS 

READ 9: 
ONE CARD 
I N  A FORMAT 

PUNCH 
THE 
CARD 

v 

WRITE OUTPUT, 
THE CARD 

t 

CONVERT THE 
FIRST SIX 11- 
COLUMN FIELDS 
T O  FLOATING 

NO POINT. 

STORE IN 
E(2000) AND 
SIGMA (2000) 
ARRAYS 

RETURN 

u 
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SUBROUTINE F I L E 1  

I SECT = 1 

C A L L  
HEAD 
TWICE 

SET NCRTS = 
NUMBER OF PAGES 
REQUIRED FOR 25 
F I L E  1 SECTION 1 
CARDS PER PAGE 

DO 82 
L =  1, NCRTS 

READ 9: FROM 1 T O  A MAXIMUM 
OF 25 SECTION 1 CARDS, ONE A T  
A T I E ,  PUNCHING AND/OR 
PRINTING AND/OR PLOTTING AS 
REQUESTED. 

C A L L  
HEAD 
( T O  READ 

_SECTION END CARD) 
4 A 

L 

RETURN b 

4 

I S E C T = 3  

I S E C T y 4  

L 

SC13 CALL = b 
A 

4 

I) C A L L  
SC14 



SUBROUTINE SC12 

START 

SUBROUTINE SC13 

START 0 PI TWICE 

NO. OF CARDS 
TO READ 

ONE CARD 

PUNCH 
THE CARD 

PRINT? WRITE OUTPUT 
T H E  CARD 

RETURN 2, 
NAA-SR- 12525 
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SUBROUTINE SC14 

START 0 
I CALL HEAD TWICE I 

L T ,  NO OF 
ENERGIES 

ONE CARD 

PUNCH 
THE CARD 

WRITE 
PRINT? OUTPUT, 

RETURN 

SUBROUTINE FILE2 

START 

A FORMAT 
EXCEPT MF 

PUNCH, 
THE CARD 

N 0 

4 
v 

WRITE OUTPUT, 
THE CARD 

END CARD 
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SUBROUTINE FILE3 

C A L L  
HEAD 

C A L L  
T A B 1  

CALL 
XSEC 

TEMPERATURE YES + CALL 
SKIP(LT) 

N 0 

4 v 

CALL CALL 
HEAD PLOT(IKEY) 

C A L L  
HEAD 

RETURN 
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SUBROUTINE PLOT (IENTER) 

START 0 

SET UP ORDINATE 
TITLES FOR F ILE  3 
PLOTS 

Y 

DO 100 N-1 ,  NR 
WHERE NR IS THE 
NUMBER OF INTER- 1 I POLATION REGIONS I 

I 

I DETERMINE INDEX OF LAST POINT 
IN THIS INTERPOLATION REGION; 
DETERMINE MAXIMUM ABSCISSA VALUE 

MINIMUM ORDINATE VAGE 
MAXIMUM ORDINATE VALUE 

1 DETERMINE INTERPOLATION CODE 1 
AND SELECT LOG OR LINEAR AXES 
FOR PLOTTING I 

q7F-l AIC RT3 I 

FURTHER 
INITIALIZATION 

PARAMETERS 

DETERMINE I F  THERE IS A REPEATED 
ABSCISSA VALUE AT THE BEGINNING OF 
THE NEXT INTERPOLATION REGION I 

T 
1 

IN ITlALlZE 
PARAMETERS RETURN 
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SUBROUTINE FILE4 

I CALL 
HEAD I 

PARAMETER 

NUMBER OF 
PAIRS OF 
VALUES IN MATRIX 

PLOTTING 

A CALL TAB1 

PUT REACTION 
NAME IN 
ORDINATE TITLES 

VALUE IN 
ORDINATE TITLE 

- 
CALCULATE 
PLOTTING 
CONSTANTS 

C A L L  
A I CRT3 

v 
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i 

DETERMINE ENERGY INDICES DO 120 N ' l ,  N L  
TO BE USED IN READING WHERE N L =  
LEGENDRE DATA (MAXIMUM NUMBER OF 
OF 200 ENERGIES) COEFFICIENTS 

b 

IN IT IALIZE 
COEFFICIENT 
ARRAY 

PUT COEFFICIENT 
INDEX IN 

ORDINATE T I T L E  

N 0 

b 
v CA L C  U L A T E  

MAXIMUM AND 

DO 104 L O O P = N E l i l ,  NE 
WHERE N E l l l  IS LOWER AND 
NE IS UPPER ENERGY INDEX - 

MI NlMUM 
COEFFICIENT 
VALUE 

i + 
- C A L L  

C A L L  
HEAD . 

A ICRT3 

CA LL 
SIX (LOOP) 

i 

A 
v 

C A L L  
HEAD 

CONVERT ENERGY 
TO FLOATING 
POINT AND STORE i 

IN E (2000) ARRAY DETERMINE 
ENERGY INDICES C A L L  
FOR NEXT 200 HEAD 
ENERGY POINTS 

T 

NO 
b 

CALCULATE 
PLOTTING 
CONSTANTS RETURN 



SUBROUTINE SIX (LOOP) 

( START ) 

piFmq 
WHERE N P =  NUMBER 
OF COEFFICIENTS 
A T  THIS ENERGY 

READ 9: 
ONE CARD IN 
A FORMAT I 

PUNCH 
PUNCH? 

CONVERT T H E  FIRST SIX 
l l C O L U M N  FIELDS T O  

PLOT? FLOATING POINT AND 
STORE IN COE (LOOP, 30) 

RETURN f l  
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SUBROUTINE F ILE5 

IN IT IALIZE 
PARAMETERS 

ENTRY 
FILE56 

IKEY = 2 

IN IT IALIZE 
PARAMETERS 

DO900 K = l , N K  
WHERE N K Z N O .  
O F  SUBSECTIONS 

DEPENDENT 
RECORDS SKIP(LT) 
PRESENT 
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WHERE NE IS T H E  
NUMBER OF 
I N I T I A L  ENERGIES 

C A L L  
PLOT(IKE Y) 

C A L L  
TFIX(MT, L F )  
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SUBROUTINE TFIX(MT, LF) 
ON FIRST ENTRY IENTER = 0 

PUT F(E I4E) 
DESCRIPTION 
IN ORDINATE 
TITLE - 

IENTER = 0 

PUT F(E '"E) 
DESCRIPTION 

RESTORE IN ORDINATE 
ORIGINAL TITLE 

IENTER =1 ORDINATE AND 
ABCISSA TITLES 

WRITE OUTPUT 
ERROR 

SAVE CURRENT MESSAGE 

ORDINATE AND 
ABCISSA TITLES 

STOP 

PUT REACTION 
NAME IN 

7 

ORDINATE T ITLE 
AND CHANGE 
ABCISSA TITLE 

ABCISSA TITLE 

RETURN 
0 RDINATE TITLE I 
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SUBROUTINE SKIP(LT) 

START 0 
D O 3 0 L X l  L T  
WHERE LT IS NUMBER 
OF TEMPERATURE 
DEPENDENT RECORDS FOR 
WHICH PLOTTING WILL 
BESKIPPED. I 

READ 9: 
ONE CARD I 

CALCULATE NUMBER 
OF REMAINING CARDS 
(NP1) FOR THIS 
TEMPERATURE 

PUNCH 
THE 
CARD 

I 

WRITE OUTPUT 
THE CARD 

f 

READ 9: 
ONE CARD 

FORMAT 

PUNCH 
PUNCH? 

CARD 



SUBROUTINE FILE6 

- 
C A L L  
TAB1 

CALCULATED INDICES FOR 
C A L L  OBTAINING L I T E R A L  
HEAD INFORMATION TO BE 

PRINTED ON CRT FRAMES 

I 
CALCULATE INDICES FOR 
OBTAINING L I T E R A L  
INFORMATION TO BE 

PLOT? 

YES 

I WRITE 
INFORMATION ON 
FIRST CRT FRAME I I FOR F I L E  6 I 

SUBSECTION 

OF F l L E  6 

YES 

RETURN I - i  



SUBROUTINE FILE7 

READ 9: 
ONE CARD IN 

NO 

WRITE OUTPUT 

N 0 

4 I 

RETURN 4 7 
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SUBROUTINE QUIT 

n 

INCREMENT 
NFILE 
THE FILE 
COUNTER 

r WRITE 8: 
END OF WRITE OUTPUT 
TAPE MATERIAL AND 

F ILE  NUMBER . 
I 1 I 

v 
END FILE 8 ST0 P 

WRlTE OUTPUT 
MATERIAL AND 

I REWIND 8 I FILE NUMBER 

READ 8: 
MAXIMUM OF 285 L 

1 v 
HEAD TYPE RECORDS- A- 
FOR ONE MATERIAL 

YES - 
WRlTE OUTPUT WRITE OUTPUT 
MATERIAL AND FILE NFlLE 
F I L E  NUMBER OR NOT PRESENT 
MATERIAL WAS 
SKIPPED 

NO 

WRITE OUTPUT 
t 

w 
INFORMATION 
FOR 4 SECTIONS 
OF F lLE 1 

I 

MATERIAL NO. 

WRlTE OUTPUT 
F l L E  2 NOT 
PRESENT 

NO. OF ISOTOPES 

F lLE 7 NOT 
PRESENT 

YES 

THERMAL 
NEUTRON DATA 
GIVEN, M T = 4  
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SUBROUTINE DECADE (NO, LA,  N) 

START 0 
CALCULATE UPPER AND 
LOWER INDICES OF 
ABCISSA VALUES FOR 
THIS INTERPOLATION 
REGION 

CALCULATE THE 
NUMBER OF 
DECADES IN THIS 
l NTERVA L 

NAA-SR- 12525 
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., RETURN 

A 

CALCULATE AN 
ABCISSA MIDPOINT 
ON THE INTERVAL 
(LOG SCALE) 

OBTAIN INDEX OF 
AN ABCISSA VALUE 
THAT IS CLOSEST 
T O  THE CALCULATED 
MIDPOINT - 

REVISE 
INTERPOLATION 
RECORDS NBT 
AND INT T O  
ACCOMMODATE 
NEW REGION 

i 

b 



APPENDIX C 
EDIT PROGRAM LISTINGS 
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APPENDIX C 

EDIT PROGRAM LISTINGS 

BLOCK DATA 0 0 0 0 0 5 1 0  
C 0 0 0 0 0 5 2 0  
C SET UP T I T L E S  FOR P L O T S  DONE I N  S.R. PLOT. 0 0 0 0 0 5 2 2  
C 0 0 0 0 0 5 2 4  

CUMMON / L A R E L S /  T I T L E 1  1 4 1  r A B S C l 1 4 1  1 C R 0 1 1 4 1  1 O R D S l 6 . 3 0 1  0 0 0 0 0 5 3 0  
1 / R E A C T S /  MTS 1 3 0 1  0 0 0 0 0 5 3 2  

O I M E N S I U N  R S l ( C I r K S 2 1  6 1 r R S 3 1 b l ~ k S 4 1 6 1 ~ K S 5 1 b l  1 R S 6 l b l  ~ R S 7 1 6 1 ~ R S 8 1 6 1 ~ 0 0 0 0 0 5 3 3  
1 R S Y I  ~ I ~ R 1 0 1  6 1  r R l l l 6 l  * R 1 2 1  6 1  ~ R 1 3 1 6 1  ~ R 1 4 1 b l  v R 1 5 1 6 l ~  R 1 6 1 6 1 v 0 0 0 0 0 5 3 4  
2 R 1 7 ( 6 1 r R 1 8 1  6 1  r K 1 5 1 b l ~ R Z O I b l  r R 2 1 l h l  v R 2 2 1 b 1 ~ R 2 3 1 6 l ~ R 2 4 1 6 1 ~ 0 0 0 0 0 5 3 5  
3 R 2 5 1 6 1 r R 2 t 1 6 1  l H 2 7 ( 6 1 t R 2 8 1 b l  1 H 2 9 1 6 1  t R 3 0 1 6 1  0 0 0 0 0  5 3  6 

EUUIVALENCE I O R D S ( l v  1 1  r R S l l 1 l I ~ l C R D S l 1 ~  2 1  r R S L ( l I 1 .  0 0 0 0 0  5 3 7  
l ( U R O S 1 1 r  3 l r K S 3 l  1 l l r l O R D S l l r  4 1  r K S 4 l l l l  r l O R D S 1 1 .  5 1 r R S 5 1 1 I l .  0 0 0 0 0 5 3 8  
Z I O R O S l l ~  6 1 r R S C ( 1 1 1 r 1 0 R U S 1 1 ~  7 1  v H S 7 l l l l  r l 0 R O S l l v  8 l ~ R S 8 1 1 1 1 r  0 0 0 0 0 5 3 9  
3 I O R D S l  l v  9 l r R S S l l l ) r l O H D S l l t l O l  ~ R 1 O l I ) l  t l O R C S l l r l l l  r U l l ~ l ~ ~ v  0 0 0 0 0 5 4 0  
4 l O R O S l l ~ l 2 l 1 K l i l l l l ~ l O K D S l l ~ 1 3 l ~ R l 3 l 1 l l ~ l O R O S l l ~ l 4 l ~ R l 4 l l l l ~  0 0 0 0 0 5 4  1 
5 ~ O R U S 1 1 ~ 1 5 1 ~ K 1 5 1 1 1 1 ~ I O R 0 S 1 1 ~ 1 6 1  r R 1 6 1 1 1 1  r l C R O S l l ~ l 7 l r R l 7 ~ l l l r  0 0 0 0 0 5 4 2  
b I L R O S ( 1 r  l B l r R l @ l  l I I v ( O R D S I 1 ~ 1 Y I  ~ H 1 9 1 1 1 1  ~ l O U D S l l ~ 2 O l r R 2 O l l l l r  0 0 0 0 0  5 4 3  
7 I O R O S l l ~ Z L l ~ K 2 1 (  1 l l t l O K O S l l t 2 2 l  t R 2 2 1 1 1 l  r l O R O S l 1 r 2 3 l ~ R 2 3 ~ 1 l l t  0 0 0 0 0  5 4 4  
8 ( O R O S l l v 2 4 ~ ~ k 2 4 ~ 1 l l t l O R O S ~ l r 2 5 l  r R 2 5 1 1 l l  v l O U O S l l ~ 2 6 l ~ R 2 6 l l l l ~  0 0 0 0 0 5 4 5  
Y I O K D S ( 1 . 2 7 l ~ K 2 7 1  1 1 1 t ~ O K D S 1 1 ~ 2 8 1  ~ R 2 8 1 1 l l  ~ l O R O S ~ l ~ 2 Y l ~ R 2 9 l l l l  0 0 0 0 0 5 4 6  

EQUIVALENCE I U R D S I  1 . 3 0 1  ~ R 3 0 1 1 1 1  0 0 0 0 0 5 4 7  
C 0 0 0 0 0 5 8 0  

OATA M T S I l l  / l / r  M T S l  8 1  / l Y / r  M T S ( 1 5 1  / 2 7 / r  M T S l 2 2 1  / 1 0 6 / v  0 0 0 0 0 5 9 0  
1 M T S I Z I  / 2 / ,  M T S I  9 1  / 2 O / r  M T S 1 1 6 l  / L 8 / 1  M T S l 2 3 1  / 1 0 7 / r  0 0 0 0 0 5 9 1  
L M T S l 3 l  / 3 / r  M T S I 1 0 1  / 2 1 / .  C T S l 1 7 l  / 1 0 1 / 1  M T S l 2 4 1  / 1 0 8 / r  0 0 0 0 0 5 9 2  
3 M T S l 4 1  / 4 / ,  M T S I  I 1 1  / 2 2 / ,  P T S 1 1 8 1  / 1 0 2 / ,  M T S 1 2 5 1  / 2 5 1 / r  0 0 0 0 0 5 9 3  
4 M T S I  5 1  / 1 6 / ,  M T S I  1 2 1  / 1 3 / r  b'TS1191 / 1 3 3 /  r M T S l 2 6 l  / 2 5 2 / .  0 0 0 0 0 5 9 4  
5 M T S I 6 I  / 1 7 / r  M T S l 1 3 1  / 2 4 / r  MTS(ZO1  / 1 0 4 / r  M T S l 2 7 l  / 2 5 3 / r  0 0 0 0 0 5 9 5  
6 M T S l 7 l  / l a / ,  M T S l 1 4 1  / 2 5 / r  M I S 1 2 1 1  / 1 0 5 /  0 0 0 0 0 5 9 6  
7 t M T S 1  2 8 1  / 2 S /  0 0 0 0 0 5 9 7  

C 0 0 0 0 0 6 0 0  
DATA A B S C I  1 1 / 5 4 H  tNERGY I E V I  0 0 0 0 0 6 1 0  

1 / 0 0 0 0 0 6 1  1 
DATA ORDI  1 I / 5 4 H  0 0 0 0 0 6 1 2  

1 / 0 0 0 0 0 6 1 3  
C 0 0 0 0 0 6 2 0  

DATA R S l l  1 1  / 2 4 H T O T A L  1 ,  0 0 0 0 0 6 5 0  
1 WSZI I 1  / 2 4 H E L A S T I C  11 0 0 0 0 0 6 5 1  
2 R S 3 1  1 1  I 2 4 H N O N - E L P S T I C  / I  0 0 0 0 0 6 5 2  
3 R S 4 1  1 1  / 2 4 H I N E L A S T I C  1 t 0 0 0 0 0 6 5 3  
4 U S 5 1  1 1  / 2 4 H ( N 1 2 N l  1 9  0 0 0 0 0 6 5 4  
5 K S 6 (  1 1  / 2 4 H l Y v 3 N l  / v  0 0 0 0 0 6 5 5  
6 R S 7 1  1 1  / 2 4 H F I  S S I O h  / 9 0 0 0 0 0 6 5 6  
7 R S 8 (  1 1  / 2 4 H l N . F )  / v 0 0 0 0 0 6 5 7  
8 K S Y I  1 )  / 2 4 H I h r t N D F l  / t 0 0 0 0 0 6 5 8  
9 R 1 0 1  1 1  / 2 4 H l N . Z N F l  / 0 0 0 0 0 6 5 9  

UATA R 1 1 1  1 1  / 2 4 H ( N v N ' l  ALPHA / r  0 0 0 0 0 6 6 @  
1 H 1 2 1  1 1  / 2 4 H I N . N ' l  3  ALPHA / r  0 0 0 0 0 6 6 1  
2 ( (131  1 1  / 2 4 H l N v 2 F 1 1  ALPHA / 9 0 0 0 0 0 6 6 2  
3 k 1 4 1  1) / 2 4 H l N 1 3 N l  ALPHA 1 ,  0 0 0 0 0 6 6 3  
4 K 1 5 (  1 1  / 2 4 H A B S O K P T I  ON / I  0 0 0 0 0 h h 4  
5 K l b l  1 1  / Z ~ H ( N I N ' I P  / v 0 0 0 0 0 6 6 5  
6 K 1 7 1  1 1  / 2 4 H P A K A S I  T I C  A S S O R P T I U N  / r  0 0 0 0 0  6 6 6  
7 R I B (  1) / 24H lN .GAMCAl  /. 0 0 0 0 0 6 6 7  
a KISI I / ~ ~ H I N . P )  1. 0 0 0 0 0 6 6 8  
9 R 2 0 1  1 1  / 2 4 H l N r D l  / 0 0 0 0 0 6 6 9  

C A l A  K 2 1 (  1 1  / ZCH( '4 .T)  / 9 0 0 0 0 0 6 7 0  
1 H i 2 1  1 1  / 2 4 H t N .  H E L I U M  3 1  /. 0 0 0 0 0 6 7 1  
2 M i 3 1  1 1  / 2 4 H ( N e A L P H A l  / t @ 0 0 0 0 6 7 7  
3 R 2 4 1  1 1  / 2 4 H I N e 2  ALPHA1 / v  0 0 0 0 0 6 7 3  
4 H Z 5 1  1 1  / 24HMU 1. 0 0 0 0 0 6 7 4  
5 K 2 6 1  I 1  / 2 4 H X 1  I t  0 0 0 0 0  6 7 5  
6 K 2 7 1  1 1  / 2 4 H G A M M A  / 0 0 0 0 0 6 7 6  
7 . K 2 8 (  1 1  / 2 4 H S C A T T E R I h G  / 0 0 0 0 0 6 7 7  

C 0 0 0 0 0 6 8 0  
EN 0 0 0 0 0 0 7 0 0  
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C E D I T  CONTROL PKOGHAM FOR ENOF/B DATA ON AN E B C O I C  TAPE. 0 0 0 0 1 0 1 0  
C THE TAPE HAS 1 P H Y S I C A L  F I L E .  THE 7 F l  L E S  REFFRRED T O  I N  PROGRAM 0 0 0 0 1 0 4 0  
C COMMENTS ARE FOUND FROM P O S I  T l O N  7 2  I N  EACH RECORD. 0 0 0 0 1 0 5 0  
C O P T I O N S  TO P R I N T *  PUNCH AND PLOT FOR EACH M A T E R I A L  OF I N T E R E S T  0 0 0 0 1 0 6 0  
C ARE READ IN THE INPUT'SUB-ROUTI NE. 0 0 0 0 1 0 7 0  
C 0 0 0 0 1 0 9 0  

COMMON / H C A R O / Z A l r Z A 2 ~ Z A 3 r A W R l ~ A W H 2 ~ A W R 3 ~ I Z 1 ~ I Z 2 I Z 3 I Z 4 M A T  0 0 0 0 1 0 9 4  
1MFvMT. I S E Q  0 0 0 0 1 0 9 5  

C 0 0 0 0 1 0 9 6  
COMMON /OPTS/  I P L N C H ,  I P R I N T t  I P L O T  0 0 0 0  I 1 0 0  
COMMON/lCO/ICONT. I C O N T l  1 I H O L  0 0 0 0  1 1 0  1 

C 0 0 0 0 1 1 0 2  
O l M E N S l O N  C A R O ( 2 O l s  I O P T A I  7 )  I O P T Z ( 7 I .  I O P T 3 I 7 1  1 I F I L E l 7 )  0 0 0 0 1  1 0 4  

C 0 0 0 0 1  1 0 6  
C CAMERA MLST B E  SELECTED I F  A h Y  P L O T T I k G  I S  TO BE OOhE. FRAME W I L L  0 0 0 0 1 1 7 2  
C B E  ADVANCED I N  LOOP ON MATERIALS. 0 0 0 0  1 1 7 4  
C 0 0 0 0 1  1 7 6  

READ l 5 t 2 1  I G R A P H s I C O N T I  . I H O L t I  PRNT.1 PUN 0 0 0 0 1  1 8 0  
C 0 O O O l l 8 l  
C I C U N T 1 = 1  I F  TABLE OF CONTENTENTS I S  DESIRED. =O I F  NO TARLE. 0 0 0 0 1 1 8 2  
C l H O L = l  1 F  SCOUTV P R I N T I N G  OF F I L E  1 S E C T I O N  1 I S  OESIREO 0 0 0 0 1 1 8 3  
C IHOL=O I F  R I T E 2 V  P R I N T I N G  D E S I R E D  0 0 0 0 1 1 8 4  
C I P R N T = l  I F  P R I N T I N G  D E S I R E D  0 0 0 0 1 1 8 5  
C lPUN= 1 I F  PUNCHING D E S I R E D  0 0 0 0 1  1 8 6  

2 FORMAT 1 5 1 1 2 )  0 0 0 0 1 1 8 7  
I F  IGRAPH .EQ. 1 )  C A L L  C A M R A V ( 9 3 5 1  0 0 0 0 1  1 9 0  
I F  ( I C O N T I  .EQ. 1 1  REWIND 8 0 0 0 0 1 1 9 5  
I W N T = 4 0 C  0 0 0 0 1  1 9 6  

C 0 0 0 0 1 2 1 0  
4 REWIND 9 0 0 0 0  1 2 2 0  

READ ( 9 9  1 0 1  CARD 0 0 0 0 1 2 3 0  
1 0  FUKMAT l i O A 4 1  0 0 0 0 1 2 3 2  

WRITE 1 6 . 1 2 1  0 0 0 0 1 2 3 6  
1 2  FORMAT ( 4 2 H 1  START OF E N D F l 8  E D I T I N G  FROM A BCO TAPE.] 0 0 0 0 1 2 3 8  

1 F  I Y U N  .EQ. 1 1  PUNCH 1 0 1  CARD 0 0 0 0 1 2 4 0  
I F  I I Y K N T  .EQ. 1) WRITE ( 6 . 1 4 1  CARD 0 0 0 0  1 2 4 4  

1 4  FORMAT I l H O . 2 X ~ 2 0 A 4 1  0 0 0 0 1 2 4 6  
C 0 0 0 0 1 2 5 0  
C LOOP FUR EACH MATERIAL .  ASSUME NO MORE THAN 5 0  ON ONE TAPE. 0 0 0 0 1 2 5 1  
C 0 0 0 0 1 2 5 2  

IPAGE= 1 0 0 0 0 1 2 5 9  
CO 2 0 0  LOOP= l ,SC 0 0 0 0 1 2 6 0  
I F  I I P A G E  -NE. C l  WRITE l 6 ~ 1 0 0 0 1  0 0 0 0  1 2 6  1 

1 0 0 0  FORMAT I I t i l l  0 0 0 0  1 2 6 2  
IPAGE=O 0 0 0 0 1 2 6 3  
R € A D l 5 ~ 1 5 ~ E N 0 = 1 C O Z l  M A T L v I l F I L E l M l  . I O P T l ( M l  ~IOPT2~MlrICPT3IMl~M=Ir00001264 

1 7  1 0 0 0 0  1 2 6 5  
1 5  FORMAT I I 1 Z 1  i 0 1 3 /  @ I 3 1  0 0 0 0  1 2 7 0  
1 6  I F  (MATL  .EQ. 0 1  GO TO 1 7 0  0 0 0 0 1 2 8 0  

C 0 0 0 0 1 2 8 8  
c 7 F I L E S  ARE POSSIBLE.  F I L E  1 I S  REQUIRED. 
C 

2 0 I =  1 
2 4  I P U N C k I O P T l (  I I 

I P R  I N T =  I O P T 2 l  I I 
[PAGE= I P A G E + I P R  1NT 
I P L O T =  I O P T 3 l  I I 
I F  ( L F I L E I  I I .EQ. I I G O  TC 5 0  0 0 0 0 1  3 1 0  

C 0 0 0 0 1 3 1 8  
C H k A O  LOOP TO S K I P  A F I L E  hOT OF I k T E R E S T .  0 0 0 0 1 3 2 0  
C 0 0 0 0 1 3 2 2  

3 0  READ ( 9 . 3 6 1  M A T v M F l M T  0 0 0 0  1 3 3 0  
I F  (MAT .EU. - 1 1  GO TO LOO2 0 0 0 0 1 3 3 1  

3 2  FURMAT l 7 1 X , l l J  0 0 0 0  1 3 4 0  
I F  (MAT .EQ. C l  GO TO 3 4  0 0 0 0  1 3 4 1  
I F  I I .EQ. M F I  GO TO 3 0  0 0 0 0 1  3 5 0  

C 00001 3 6 0  
C F I L E  END CARD HAS 0 FOR MF. READ THE NEXT RFCORO TO F I N O  I N C R E M E N T 0 0 0 0 1 3 7 0  
C FOR 1 AS F I L E S  MAY BE M l S S I N t  ON THE TAPE. 0 0 0 0  1 3 8 0  
C 0 0 0 0 1 3 9 0  

BACKSPACE 9 0 0 0 0 1 3 9 5  
I = I + l  0 0 0 0 1 4 0 0  
R E A 0 ( 9 , 3 t l  MAT. M F 1  MT 0 0 0 0 1 4 1 0  

3 6  FOHMAT I t 6 X .  14. 1 2 1  1 3 1  0 0 0 0 1 4 1 5  
I F  I M F  .EQ. 0 1  READ ( 9 . 3 6 )  MAT*MF*MT 0 0 0 0 1 4 1 6  
I F  1 1  .tQ. M F )  GO 7 0  4 0  0 0 0 0 1 4 2 0  

3 9  I F  I M A T  .EQ. 0 .AND. MF .EQ. 0 .AND. MT .EQ. 0 1  GO TO 4 1  0 0 0 0 1 4 2 5  
I = M F  0 0 0 0 1 4 3 0  

C NEXT F I L E  I S  ON TAPE. LAST RECORD MUST BE RETRIEVED. 0 0 0 0 1 4 5 0  
4 0  BACKSPACE 9 0 0 0 0 1 4 5 1  

GO TO 2 4  0 0 0 0 1 4 5 2  
4 1  BACKSPALE 9 0 0 0 0 1 4 5 3  

CALL  hEAO 0 0 0 0 1 4 5 4  
GO TO ZOC 0 0 0 0 1 4 5 5  

0 0 0 0 1 4 5 6  
TRANSFER TO C A L L  D E S I R E 0  F I L E  ROUTIhE.  00001 4 5 7  

0000 1 4 5 8  
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50 REAO (9 ,  3 6 1  MATNvMFNpMTN 
I F  (MATN .EO. C l  GO TO 4 1  
BACKSPACt  9  
I F  (MFN .EO. 1 )  GO TI1 5 1  
I F  IMATN .EU. - 1 )  GO TO 1 0 0 2  
h R I T t  ( 6 , 1 0 0 1 )  I t M A T N  

1 0 0 1  FORMAT ( 1 H O t 8  F I L E ' t I 3 ,  ' CALLED FOR I N  I N P U T  DATA BUT T H I S  F I L E ' ,  
1' NUT ON TAPE. M A T E R I A L  I S ' r I 5 )  

55  CALL F I L E 1  
GU 10 10C 

C HE SUNANCE PARA ME TE RS 
6 0  CALL F  I L E 2  

GO TO 1 0 2  
C  SMOOTH CKOSS SECT lGNS 

6 5  CALL F I L E 3  
GU TU 1 C 2  

c SECUIVDARY ANGULAR DI s r R I  BUTI DNS 
7 0  CALL F I L E 4  

GO TO 1 0 2  
C  SECONDARY t N E R G Y  D I S T K I B L T I L I N S  

7 5  CALL F I L E 5  
GO TO 1 0 2  

C SECOkVAKY ENERGY-AhGLE D I S T K I O U T I O N S  
80 L A L L  F I L E 6  

GU TO 1 0 2  
C THEKMAL SCATTERING LAW 

8 5  CALL F I L F 7  
GO TO 1 0 2  

C  H t A D  F I L E  t N D  CARD. I N C R E A S t  I F C R  THE NEXT F I L E .  
1 0 0  CALL t E A D  
1 0 2  1 = 1 + 1  

I F  I 1  .L t .  7 )  GO TO 2 4  
CU TO 2GC 

C 
C  MATERIAL  I S  TO UE SKIPPED. READ T I L  MATERIAL  END CARD I S  FOUND 
L  WhEN MAT=O 
C  

1 7 0  R E A L  1 9 . 3 6 )  MAT 
I F  (MAT .tQ. - 1 )  GO TU l O C 2  
I F  ( I L U N T l  .kU. 1 )  k R I T t  ( 8 . 3 7 )  MAT,PATL.MATL,MATL 

3 7  FORMAT ( 6 6 X ~ 1 4 , I Z , I 3 ~ I 5 I  
1 8 0  KEAD 15, 3 0 1  MAT€ 

I F  (MAT .EO. M A T 6 1  GO TO 1 8 0  
2 0 0  C O N T l N U t  

C  
1 0 0 2  R~WINC 5 

2 1 0  CALL Q U I T  
STUP 
END 

SLUHOLT I N E  HEAD 0 0 0 0 3 0 1 0  
C  0 0 0 0 3 0 2 0  

COMMuN / H C A R D / L A ~ , Z A ~ ~ Z A ~ , A W R ~ , A ~ R ~ , A W R ~ , I  Z l  . I Z 2 , 1 Z 3 ,  I Z 4 ,  0 0 0 0 3 0 5 0  
1 MAT, HF,  tUTr I S E O  0 0 0 0 3 0 5 1  

CUMMUN /OPTS/  I P L N C H t  I P R l   TI 1  PLOT 0 0 0 0 3 0 7 0  
CuMMOk/ I L O / I L U N T .  I C U N T 1  . I H O L  0 0 0 0 3 0 8 0  

C 0 0 0 0 3 1 0 0  
I D  FOKMAT ( Z ~ A 4 r A 4 ~ A ~ I ~ 4 1 1 1 r 1 4 1 I 2 1 I 3 ~ I 5 1  0 0 0 0 3 5 2 0  
2 0  I-UHMAT ( I X 9 2 ( A 4 . A 4 . A 3 I  , 4 I  l l t 1 4 v 1 2 ~ 1 3 ~ 1 5 )  0 0 0 0 3 5 3 0  
1 4  K L A U  (4, 1 C l  Z A 1 . Z A 2 r Z A 3 1 A h R l  v A W R Z t A W U 3 , l Z l  Z 2 Z 3  4 M A M F  O n 0 0 3 5 4 0  

1MT. I S F U  0 0 0 0 3 5 4 1  
IF I I C U N l 1 -  ICUNT .EW. 0 )  k H l  J t  I R . 1 0 )  L A 1  * L A 2  t Z A 3 r A k R l t A W R 2 p A W R 3 t  I 0 0 0 0 3 5 4 2  

l Z l .  1Z2 ,  1 Z 3 r  I L 4 r M A T v M t r M T t I S t Q  O C 0 0 3 5 4 3  
ICUNT=4OC 0 0 0 0 3 5 4 4  
1 F L l P U N C H  . E O . 0 1  GO T O 3 0  0 0 0 0 3 5 5 0  
PUkCH 1 0 1  Z A l r L A 2 . L A 3 1 A W R l  r A h R 2 1 A W R 3 * I  Z1. I  Z2v I Z 3 .  I Z M A M F  0 0 0 0 3 5 6 0  

lMT. l S € O  0 0 0 0 3 5 6 1  
3 0  I F  ( [ P R I N T  .EO. C1  GU TO 4C 0 0 0 0 3 5 7 0  

WHITE ( 6 , l C )  L A l r Z A 2 r Z A 3 1 A W R l , A W R 2 , A W R 3 ~ I Z 1 ~ I Z 2 ~ 1 Z 3 , 1 Z 4 M A T M F  0 0 0 0 3 5 8 0  
I M T .  IZFU 0 0 0 0 3 5 8 1  
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SUBROUTINE TAB 1 0 0 0 0 4 0 1 0  
C 0 0 0 0 4 0 2 0  

COMMON / H C A R D / Z A l ~ Z A 2 ~ Z A 3 ~ A W R l ~ A k R Z ~ A W I U ~ L Z l t I Z Z t 1 2 3 ~  124. 0 0 0 0 4 0 5 0  
1 MAT* MF, MTr I SEP 0 0 0 0 4 0 5 1  

COMMON / T C A R D / T l ~ T 2 ~ T 3 ~ Q 1 ~ Q 2 ~ P 3 ~ L T ~ I Z Z ~ N R ~ N P ~ N B T l 2 O N T 2 O l  0 0 0 0 4 0 6 0  
COMMON /OPTS/ IPUNCH. l P R l  NT, I PLOT 0 0 0 0 4 0 7 0  

C 0 0 0 0 4 1 0 0  
1 0  FORMAT 1 2 ( A 4 , A 4 r A 3 ) r 4 1 1 1 . 1 4 ~ 1 2 ~ I 3 r I 5 )  0 0 0 0 4 5 0 0  
1 2  FORMAT ( L X V ~ I A ~ , A ~ , A ~ I ~ ~ I  l l ~ I 4 ~ 1 2 ~ 1 3 ~ 1 5 I  0 0 0 0 4 5 1 0  
1 4  FOKMAT ( t I 1 1 . 1 4 r 1 2 . 1 3 r I 5 l  0 0 0 0 4 5 2 0  
1 6  FORMAT ( 1 X ~ 6 1 1 1 ~ 1 4 r l 2 ~ 1 3 , 1 5 )  0 0 0 0 4 5 3 0  
1 8  FORMAT ( 4 I l l . i i X ,  14.12.13.151 0 0 0 0 4 5 4 0  
2 0  FORMAT I l X ~ 4 1 1 1 r L 2 X 1 1 4 r 1 2 . 1 3 r I S )  0 0 0 0 4 5 5 0  
2 2  FOKMAT ( 2 1 1 1 , 4 4 X ~ I 4 ~ 1 2 ~ 1 3 , 1 5 )  0 0 0 0 4 5 6 0  
2 4  FORMAT ( 1 x 1 2 1  l l r 4 4 X ~ 1 4 ~ 1 2 v I  3915)  0 0 0 0 4 5 7 0  
2 6  READ 19, 101 T ~ ~ T ~ ~ T ~ ~ Q ~ ~ Q ~ ~ Q ~ ~ L T I I Z Z ~ N R I N P ~ M A T , M F ~ M T ~ I S E P  0 0 0 0 4 5 8 0  

I F  4 IPUNCH .EQ. 0 1  GU TO 3 0  0 0 0 0 4 5 9 0  
PUNCh 10, T l t T 2 ~ T 3 t Q l , Q 2 , Q 3 r L T t I Z Z t N R . N P ~ M A T . I I F ~ K T ~  ISEQ 0 0 0 0 4 6 0 0  

3 0  I F  ( I P R I N T  .EQ. 0 1  GO 1 0  5 0  0 0 0 0 4 6 1 0  
WKITE 1 6 r 1 2 )  T I r T 2 . T 3 , Q l r Q Z r P 3 ~ L T ~ I Z Z t N R , N P , M A T . M F . M T r  I S E P  0 0 0 0 4 6 2 0  

C 0 0 0 0 4 6 3 0  
C READ N B T I  J 1 AND I N T I  J )  FOR J = l  VNR. THREE PA1 RS/CARD BUT LAST CAR0 0 0 0 0 4 6 4 0  
C MAY HAVE 1, 2 OR 3 PAIRS. I F  LAST CARD DOES NOT HAVE 3 PAIRS, 0 0 0 0 4 6 5 0  
C TREAT I T  SEPARATELY. NRE ST=REMAI hOER OF NU13 0 0 0 0 4 6 6 0  
C 0 0 0 0 4 6 7 0  

50  NHEST=MOD(NR, ? I  0 0 0 0 4 6 8 0  
I F  (NU-2)  76, € 4 1  5 2  0 0 0 0 4 6 8 5  

5 2  L LM IT=NH 0 0 0 0 4 6 9 0  
I F  INREST .NE. 0 )  L I M I  T=NR-NREST 0 0 0 0 4 7 0 0  

C 0 0 0 0 4 7 1 0  
56 CO 7C L = l . L I M I T , 3  0 0 0 0 4 7 2 0  

JEND=L+2 0 0 0 0 4 7 3 0  
READ ( 9 1  1 4 )  I N a T I  J I r l N T I  J )  ,J=L,JEhD). MAT.MFIFTIISEQ 0 0 0 0 4 7 4 0  

6 0  I F  I IPUNCH .EQ. 0 )  GO TO 6 4  0 0 0 0 4 7 5 0  
PUNCH 14. 1NBTI J )  , I N T I  J )  r J = L s J E h O l r  MATIMFIMTIISEO 0 0 0 0 4 7 6 0  

6 4  I F  I I P R I N T  .EQ. 0 )  GO TO 7 C  0 0 0 0 4 7 7 0  
HRITE ( 6 . 1 6 1  (NAT( J ) r l N T I J )  ,J=L,JEhD)1 MAT,MF,MT.ISEP COO04780 

7 0  CONTINUE 0 0 0 0 4 7 9 0  
C LAST CARD FULL TEST 0 0 0 0 4 R 0 0  

I F  ( N R t S T - 1 1  ICCI 76, e4  0 0 0 0 4 8 1 0  
C 0 0 0 0 4 8 2 0  
C 1 PA lR ON LAST CARD. 0 0 0 0 4 8 3 0  
C 0 0 0 0 4 8 4 0  

76  READ ( 9 . 2 2 )  N B T ( N R l r  I N T ( N K I e  MAT, MFI MTv I S E Q  0 0 0 0 4 8 5 0  
I F  ( N B T I N R )  .NE. NP)  NET1 hR)=hP 0 0 0 0 4 8 5 5  
I F  I IPUNCH .ELI. 0 )  G O  TO 80 0 0 0 0 4 8 6 0  
PUNCH 22, ~ E I T I N R I ~  I N T ( ~ R ) ,  M A T ,  MF, MT, ISEP 0 0 0 0 4 8 7 0  

B O  I F  ( I P K I N T  .EQ. G I  GU 7 0  1 0 0  0 0 0 0 4 8 8 0  
WRITE 16.24)  N 8 T ( N R l r  I N I ( N K 1 .  MATI MF. MTI I S E P  0 0 0 0 4 8 9 0  
GO TO 10C 0 0 0 0 4 9 0 0  

C 0 0 0 0 4 9 1 0  
C 2 P A I R S  ON LAST CARD. 0 0 0 0 4 9 2 0  
C 0 0 0 0 4 9 3 0  

8 4  K t A O  19. 1 8 )  NBTINR-1) - 1  NTt NR-1) M T (  NR) *I hT INR)  PATIMF~MT. ISEQ 0 0 0 0 4 9 4 0  
I F  ( IPUNCH .EO.O) GO TO 9C 0 0 0 0 4 9 5 0  
PUNCH 189 h B T I N K - l ) r l N T ( N R - l l  v N B T ( N R ) ~ I N T I N R 1 9  PATIMFIMTI ISEQ 0 0 0 0 4 9 6 0  

9 0  I F  ( I P R I N T  .ELI. 0 1  GO TO 1 0 0  0 0 0 0 4 9 6 5  
WKITE L 6 r 2 0 )  NBT(NR-1) r I N T ( N R - 1 )  t N 8 T l N R )  * I N T ( N R ) v  VATIMF,MTI ISEQ 0 0 0 0 4 9 7 0  

100 RETURN 0 0 0 0 4 9 7 5  
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S U t 3 R O U T I N E  XSEC 0 0 0 0 5 0 1 0  
L 0 0 0 0 5 0 2 0  

COMMON / H C A R D / Z A ~ ~ Z A ~ ~ Z A ~ ~ A W K ~ ~ A W R ~ ~ A W R ~ S I  Z l t I  2 2 9 1 2 3 9  1 2 4 ,  0 0 0 0 5 0 5 0  
1 MAT. MF r MTI  I S E Q  0 0 0 0 5 0 5 1  

LOMMON / T C A R O / T l r T 2 *  T3.Ql .C2 t C i 3 . L T . I  Z Z ~ N R I N P I N B T  2  I N  2  0 0 0 0 5 0 6 0  
COMMON / O P T S /  I P U N C H .  I P R I  N T t  I P L O T  0 0 0 0 5 0 7 0  

C  0 0 0 0 5 0 7 5  
COMMON h O R D (  l E ) ~ H O L ( 4 2 5 1 r E l 2 0 O O l  r C O E ( 2 0 0 , 3 0 )  0 0 0 0 5 0 8 0  
D I M E N S I O N  S l G M A ( 2 O O C l  0 0 0 0 5 0 8 1  
k O U I V A L t N C E  ( C U E (  1.1) r S I G P A ( l I I  0 0 0 0 5 0 8 2  
C U M M U N / A K S h / A (  E C )  0 0 0 0 5 0 9 0  

C  0 0 0 0 5 1 0 0  
1 0  FORMAT ( C ( A 4 v A 4 v A 3 )  r 1 4 r I 2 1 L  3 . 1 5 1  0 0 0 0 5 5 0 0  
1 2  F O K M A T  ( 1 X ~ 6 ( A 4 r A 4 1 A 3 ) 1 1 4 ~ 1 2 t 1 3 ~ 1 5 1  0 0 0 0 5 5 1 0  
2 2  F U K M A T  ( C E l l . C I  0 0 0 0 5 5 6 0  

C  0 0 0 0 5 5 7 0  
C 3 P A I R  X , Y  V A L L E S  / CARD.  L A S T  C A R D  PAY H A V E  l r 2 1 O R  3  P A I R S .  0 0 0 0 5 5 8 0  
C L S E  T A P L  9 9  TO C O N V E R T  A 4 r A 4 v A 3  T O  E 1 l . O  F O R  PLOT.  0 0 0 0 5 6 3 0  

2 6  CO 5 0  L =  l r N P . 2  0 0 0 0 5 6 4 0  
K E N O = L + Z  0 0 0 0 5 6 5 0  
I F  ( K t N D  .GI .  2OOC) KENO-2OCO 0 0 0 0 5 6 5 5  
R E A D  ( 9 .  l U )  k O K O I M A T r M F . M T ~ I S E O  0 0 0 0 5 6 6 0  

3 0  I F  L I P U h C H  .EQ. 0 1  GO TU 3 6  0 0 0 0 5 6 7 0  
P I I N C H  1 0 9  ~ O H D , M A T , M F . M T I I S E Q  0 0 0 0 5 6 8 0  

36 I F  ( I P K I N T  .EO- 0 1  G O  TO 4 C  0 0 0 0 5 6 9 0  
W R I T E  ( 6 r l Z I  h 0 R O l P A T I M F ~ M T . 1 S E 6 1  0 0 0 0 5 7 0 0  

4 0  I F  ( I P L U T  . tO.  C) GO TO 5 0  0 0 0 0 5 7 1 0  
L A L L  I N F  I L U ( A r E C 1  0 0 0 0 5 7 2 0  

4 4  W K I T E  ( 5 5 1  1 0 )  hGRU 0 0 0 0 5 7 3 0  
L A L L  I N F I L G l A r  P C )  0 0 0 0 5 7 4 0  
K E A D  ( 9 5 . 2 2 1  I t I K l  . S I L M A ( K I  , K = L . K E h D l  0 0 0 0 5 7 5 0  

5 0  C U N T I N U t  0 0 0 0 5 7 6 0  
C  0 0 0 0 5 7 7 0  

K E T l l K N  0 0 0 0 5 7 8 0  
L-NC 0 0 0 0 5 7 9 0  

S L B K O U T I N E  F I L E 1  0 0 0  l O 0 l O  
0 0 0 1 0 0 1 2  

T P I S  R O U T I N E  t A h D L F S  S E C T 1 0 4  1 AND T E S T S  F O R  OTHER S E C T l O h S  W H I C t i  0 3 0 1 0 0 1 4  
A K E  S E P A f l A T E  K O L I I N E S .  O O O l O O l h  
P U N C H  A N D  P K I N l  U P T I U h S  ARE C H E L K E O  I h  F I L E  1. T A P E  9 = BCC T A P E  0 0 0 1 0 0 1 4  

0 0 0 1 0 0 2 0  
CUMMUN / H C A K U / Z A l  . L A 2 1 2 A 3 . A n h l  , A h R L  , A k R 3  ,I Z 1  ,I Z 2 , 1 2 3 , 1 2 4 ,  C O O 1 0 0 5 0  

1 MAT,  M F r  ' 4 1 1  I S E Q  0 0 0 1 0 0 5 1  
LOMMLN / O P T S /  I P L N C H .  I P R I A T .  I P L C T  0 0 0  1 0 0 7 0  
C L M Y O N / I C U / I L 3 N l ,  I C O N T 1 , I H O L  0 0 0  1 0 0 7 1  

0 0 0 1 0 0 7 5  
COMMGN k U K O (  I E l r H U L ( 4 2 5 )  r t l 2 0 C O )  , C U l - I 2 0 0 * 3 0 )  0 0 0  1 0 0 8 0  
C I M E N S I d N  S I G M A (  2 C 0 0 1  0 0 0  l O 0 R  1  
t U U I V A L E N C E  ( C o t (  l , l l , S I G i " A ( l l l  0 0 0 1 0 0 8 7  

0 0 0  1 0 0 9 0  
k X T E K N A L  T A B L I V  0 0 0 1 0  1 0 0  
R E A L  H t D  I Y G I  1 7 1  0 0 0  1 0 7 9 0  

C O 0 1 0 3 C "  
K t A O  SEC.1  h E A D I l Y C  CARD.  I S F C T  I S L S E D  I N  E X I T  FRClP S E C T  I C h  F N n .  O 0 0 1 0 3 1 n  

0 0 0 1 0 3 2 n  
2 0  I 5 t C T  = 1 n 0 0 1 0 3 3 0  

I C O h T = l  C.0010331 
2 4  C A L L  t E A C  0 0 0  1 0 3 4 0  

L K P =  I L 1  COO 1 0 3 5 1  
L F I = I Z i  0 0 0  1 0 3 6 0  

C  K k A O  SECOND C A K O  OF S E C T l C h r  1 C O O 1 0 4 0 0  
I C O N T =  1 0 0 0  1 0 4 C  1  

3 0  C A L L  t E A C  0 0 0  1 0 4 1 0  
L L C =  I Z 1  0 0 0  1 0 4 7 0  
L F P =  I 2 2  0 0 0  1 0 4 3 f l  
h t O L =  1 2 3  C O O 1 9 4 4 0  

C  COO 1 0 4 4 2  
C 1 0 0  C A R O S  O F  t O L L E R I T h  U A T A  A f l E  P E K P I T T E U  l h  E h D F / H .  S P A C E  HAS 0 0 0 1 0 4 4 4  
C k t t h  S A V E U  F L K  O N L Y  2 5  C A R D S  A T  A  T I M E r  S U  E A C H  S F T  O V E R L A Y S  T H E  0 0 0 1 0 4 4 6  
C P K E V I O L S  S t T .  T t E  F I R S T  CAR11 I S  R E T R I E V E D  F C R  P L O T  T I T L F  BY STI1R- 0 0 0 1 0 4 4 9  
C  1NG I T  T k M P O K A h I L Y  I N T I L  A L L  C A R D S  A h €  READ. 0 0 0  1 0 4 5 0  
C  NCRTS=NO.UF S t T S  LF 2 5  CARIJS TO BE RFAD. 0 0 0 1 0 4 5 2  
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K 2 = 1 7  
N E N 0 5 2 5  
I F  I N E N D  .GI. N H O L l I  NEND=NHOL l  

5 6  16 I I P L O I  .EO. C l  GO TO 6 2  
I F  ( I t - 0 L  .NE. 1 1  GO TO 5 7  
C M L  SCOUTV 
Y R I T E  1 1 6 . 6 4 )  

6 9  FORMAT l l H l / l H 4 / 1 H 4 1  
GO TO 6 2  

5 7  IY=SOC 
CALL  FRAMEVI  0  I 
C A L L  C P S I Z V  I i r ? l  
CALL  R I T S T V  t S , i O , T A B L l V l  

C  
6 2  CO 8 0  N = l r N E N O  
6 6  READ ( S 1 6 @ 1  I H O L I K l r  K=K l .KZ I  P C A T *  MFI M T t  I S E Q  
6 8  FUKMAT I 1 6 A 4 . A 2 ~ 1 4 r I 2 r 1 3 , 1 5 1  
6 5  FOKMAT 1 2 7 X .  l t A 4 , A Z I  

I F  ( I P U N C H  .to. 0 1  GO TO 7 0  
P U N C h  6 8 1  ( H O L I K I .  K = K l 1 K 2 I .  CATr  MFI MT. I S E Q  

7 0  I F  i I P K I N T  .EL'. O l  GO TO 7 4  
W R I T E  ( 6 . 7 2 )  I H O L I K I ,  K = K l r K 2 l v  PAT. P F t  MT, I S E Q  

7 2  FORMAT ( l X . l 6 A 4 ~ A 2 1 1 4 r 1 2 , 1 3 r I 5 )  
7 4  I F  I I P L O T  .EQ. 0 )  GO TO 75 

I F  ( I k O L  .NE. 1 1  GO TO 7 7  
W H I T E  ( 1 6 . 6 5 1  ( H O L I K I r K = K 1 . K 2 1  
GO TO 7 5  

7 7  CALL  K I T E Z V  I 2 4 ~ 1 Y ~ 1 0 2 4 r 9 0 ~ 2 ~ 6 6 r l ~ H C L l K 1 1  t I E R R l  
I Y =  I Y - 3 0  

7 5  I F  I L  .NE. 1 1  GO TO 7 8  
C  SAVE T I T L E  CARD FOR PLOTS. 

CO 76 M-1.17 
7 6  h E D I N G l M  l = H O L l M  I 

C  INCREMENT B Y  17 FOR NEXT CARD 
7 8  K l = K 1 + 1 7  
8 0  K 2 = K 2 + 1 7  

C  END OF LOOP ON 2 5  CARDS 
82 NHOL l=NHOL 1 - 2 5  

C  END OF CARDS. RESTORF T I T L E  CAHD. 
DO 8 3  W = l r 1 7  

8 3  I-OL (M  ) = H E D I N G (  W I 
C  READ S E C T I O h  END CARD. 

8 4  CALL  t t A C  
1 0 0  GO TO 41C2.  1 l C 1  120 ,  1 3 0 1 ,  I S E C T  

c 
C  S E C T I O N  2 E X I S I S  I F  L F I = l .  
C  

1 0 2  I F  ( L F I  .EQ. C I  GO TO 110 
I S E C T = 2  
CALL  S C 1 2  
GO TO 8 4  

C  S E C T I O N  3  E X I S T S  I F  L D D = l  
110 I F  ( L O O  .EQ. C 1  GO TO 1 2 0  

I S E C T = 3  
CALL  S C 1 3  
GO TO 8 4  

C  S E C T I O h  4  E X I S T S  I F  L F P = 1  
1 2 0  I F  ( L F P  .EO. C I  GO TO 1 3 0  

I S E C T = 4  
CALL SC 1 4  
CO TO 8 4  

1 3 0  RETURN 
EN 0  
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SUBKOUT I N E  SC 1 2  
- . . - . - . 

F I L E  1,SECTION 2 HANDLES N U I E I  AS  PCLY COEFF. OR TABULATED V A L U F S . 0 0 0 1 2 0 2 7  
0 0 0  1 2 0 2 4  

LUMMUN / H L A K O / L A l t Z A Z ~ Z A 3 , A k K l  t A h K 2 w A H R 3 ~ 1  Z 1 . I  Z2 ,1Z39  I Z 4 .  
1 MAT*  MF r MTI I S E Q  

COMMON / O P T S /  I P L N C H I  I P R I h T v  I P L O T  
COMMON/ ICO/ ICONTr  I C i l N T 1  t I H O L  

C 
COMMdN k U K D (  1 ~ l r H U L 1 4 2 5 1 ~ E ~ 2 0 0 0 ) r C O E ~ 2 0 0 ~ 3 0 1  
U I M E N S I O N  S I G M A ( 2 0 0 0 1  
~LIUIVPLENCE ( C O E I  11 1 1  . S I G P A l l I l  

c 
C KEAO t E A C I r 4 G  CARD. 
C 

I C U N T = l  
1 0 0  CALL  bEAC 

LNU= I Z 2  
C 
C I -EAOING CARD I S  DUNE. TEST FOR COEFF. OR TABULATED VALUES. 
C 

1 2 0  I F  ( L N U  .EQ. 2 1  GO TO 1 6 0  
C NC=NU.UF C O E F F I C I E h T S  

1 2 4  L A L L  hEAD 
N C = I Z 3  

C 
C KEAOtPUNCHvAND P K I N T  N U  C O E F F I C I E N T S .  NO MORE T H A N  1 CARD. 
C 

1 3 2  READ ( 9 ,  1 3 4 1  hOKD,MAT.MF ,MT.I SEU 
1 3 4  FORMAT ( t l A 4 e A 4 r A 3 ) t 1 4 . 1 2 r I 3 r I 5 )  

I F  ( IPUNCH .EQ. 0 1  GO TO 1 3 6  
PUNCH 134 ,  ~ O K D I M A T ~ M F  tMT.1 SEQ 

1 3 6  I F ( I P R I N T . E Q . 0 1  G O T 0 2 5 0  
WRITE  ( 6 , 1 3 8 1  ~OKOIMATIMFIMTIISEU 

1 3 8  FORMAT I 1X16~A4,A4~A3l.I4,I2~I3~I51 
GO TO 25C 

C READ TABULATED VALLES FOR N U I E I .  
C 

1 6 0  CALL T A B 1  
CALL XSEC 
I F  ( I P L U T  .EO. C l  GO TU 2 5 0  
IKEY=  I 

1 7 0  L A L L  PLOT I I K E Y  l 
I. 

2 5 0  RETURN 
t N  0 

SbbKUUT I N t  F I L E  3 0 0 0 3 0 0 1 0  
0 0 0 3 0 0 7 0  

HEAD SMOOTH L R U S S  SECTIONS ONE R E A C T I O N  A T  A TIME.  0 0 0 3 0 0 3 0  
P R I N T  AN0  PUNCH I N  T H I S  ROUTINE.  PLOT I N  S - R - P L O T .  0 0 0 3 0 0 4 0  

0 0 0 3 0 0 5 0  
COMMON / H C A K O / Z A ~ ~ Z A ~ ~ Z A ~ ~ A W R ~ , A ~ R ~ P A W R ~ ~ I Z ~ ~ I Z ~ ~ I Z ~ ~ I Z ~ ~  0 0 0  3 0  1 5 0  

1 MAT, M F t  M T s  I S E Q  0 0 0 3 0 1 5 1  
C U M M U N / T C A R U / T l ~ T 2 t T 3 ~ Q l ~ U Z t Q 3 ~ L T ~ I  Z Z t N R t N P s N B T 1 2 0 1  v I h T  1 2 0 1  0 0 0  3 0  1 5 2  
CUMMUN / O P I S /  I P L N C H .  I P R I N T ,  I PLOT 0 0 0 3 0 1 7 0  
LUMMOh/ ICO/ ICONT.  I C O N T l  r I H O L  0 0 0 3 0 1 7 1  

0 0 0 3 0 1 7 5  
READ HEADING CARD. 0 0 0 3 0 6 0 0  

I C U N T = l  0 0 0 3 0 6 0 5  
1 0  CALL t E A G  0 0 0 3 0 6 1 0  

L F S =  1 2 2  0 0 0 3 0 6 2 0  
K t A O  N B T I  I AND I N T I  I 0 0 0 3 0 6 3 0  

2 0  L A L L  T A B 1  0 0 0 3 0 6 4 0  
L A L L  XSEC 0 0 0 3 0 6 4 5  
If- ( L T  .NE. 0 1  C A L L  S K I P ( L T l  0 0 0 3 0 6 4 7  

I KEY I S  USED FOR PLOT L A B E L  C L U E . 0 0 0 3 0 6 5 0  
3 0  I+ I I P L U T  .tO. C l  GO TO 40 0 0 0 3 0 6 6 0  

1KEY.C 0 0 0 3 0 6 7 0  
CALL  P L O l  I I K E Y I  0 0 0 3 0 6 8 0  

READ S E C T I O N  END CARD. 0 0 0 3 0 6 9 0  
4 0  CALL  t L A C  0 0 0 3 0 7 0 0  

F I R S T  UF N L X T  R E A C T I O N  SET OR LAST C A R 0  OF F I L E  3. 0 0 0 3 0 7 1 0  
ICON T =  I 0 0 0 3 0 7 1 5  

50 CALL t t A C  0 0 0 3 0 7 2 0  
I t  I M F  . k t .  C l  G l l  TO 2 0  0 0 0  3 0  7 3 0  

t O  n E l l J H h  0 0 0 3 0 7 4 0  
Eh!: 0 0 0  3 0 7 5 P  
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S U B R O b T I N E  P L O T  I I E N T E R I  
C 

U I M E N S I O N  T A B N L I  6 1  
D A T A  T A M N L I  1 1  1 2 4 H N L  

C 000 3 3 0 2 5  
COMMON / H C A K D / Z A l r Z A 2 r Z A 3 . A W R l  v A h R 2  r A W R 3  .I 2 1  7 1  2 2 ,  I Z 3 ~ 1 2 4 ~  0 0 0 3 3 0 5 0  

1 MAT,  M F r  MTI I SEQ 0 0 0 3 3 0 5 1  
COMMON /TCAKD/ll,T2rT3rPlrC2,03~LTtI Z Z V N R , N P ~ N B T ~ O I I N T I ~ O  0 0 0 3 3 0 6 0  

C  0 0 0 3 3 0 7 5  
CUMMON WOHOI l E l r H O L l 4 2 5 1  * E l  2 0 0 0 1  t C 0 E 1 2 0 0 , 3 0 )  
O I M E N S I O N  S I G M A 1  2 C O O I  
E u U l V A L E N C t  I C O E (  l r l l r S I G P A l l l l  

C  
COMMON / L A B E L S /  T I T L E 1  1 4 1 ,  A B S C ( 1 4 1 .  O R O ( 1 4 1 ,  O R C S 1 6 r 3 0 1  

1 / R E A C T S /  M T S I  3 0 1  
If- I I E N T E R  .NE. C l  G C  TO 1 8  

C  
C  S E T  UP Y-AXIS  TITLE B Y  M A T C H I ~ G  F T  ~ I T H  LIST OF REACTIONS AND 
C  T H E &  M O V I N G  C U R R E S P O N D I N G  WORDS TO F I L L  OUT T I T L E .  
C A L L  P L O T  T I T L t S  ARE S E T  UP F O R  A  P A X I H U P  CF 13.5  WORDS 1 5 4  C H A R 1  
C  

4  CU 1 0  L O O P = l .  3 C  
I F  I M T  .Nt.  M T S I L O O P )  I G C  TO 10 

C M A T C H  F C U N D  
CU 6  M O V E = l r 6  

6  O K D ( M O V E t 4  ) = U K D S I  MOVE ,LOOP1 
GU TO 2 6  

C C U N T I N L t  S E A R C H  F O R  R E A C T I O h  MATCH 
10 C O N T I N U E  

C  NU MATCH. L E A V E  T I T L E  BLANK.  H R I T E  MESSAGE. 

W R I T E  1 6 r 1 6 1  M I  
16 F O R M A T  ( 4 1 H C  NO Y - L A B t L  A V A I L A B L E  F C R  R E A C T I O h  NO. = . I 3 1  

GU TO 2 6  
C  T E S T  F O R  T A B U L A T E D  V A L U E S  OF NU. 

1 8  I F  I I E N T E R  .NE. 1 1  G O  T O  2 6  
C MOVE Y - A X I S  T  I T L E =  

0 0  2 0  M O \ E = l , t  
2 0  O R U ( M U V E + 4 ) = T A B N L (  MOVE I 

C  
C  I N I T I A L I Z E  F O R  F I R S T  P L O T  OF 1 H I S  SET. 
C  

2 6  I B E G = l  
L > T A H T = 2  
XM I N = E (  1 1  
YM I N = S  I G M A I  1 I 
YMAX= S  I G M A I  1 1  
NO= 0  
L A =  1 

7 0 0  CO 7 5 C  N = l r N K  
I F  ( I N T ( N + N O i  .EQ. 3 1  GO TU 7 C 1  
I F  ( I N T I N + N O  I .NE. 5 )  GO TO 7 5 0  

7 0 1  C A L L  D E C A O E ( N O I L A S N I  
7 5 0  C O N T I N U E  

NH=NK +NO 
N P T S = N B T l  1 1  

C NR=NO.OF I N T E R P O L A T 1  C N  R E G I C N S  G I  VEh. 
30 DO 1 O C  N=l ,NR 

L A S T = N B T t N  I 
X M A X = E ( L A S T )  

C F I N D  Y-AX1 S  L I M I T S  
0 0  4 0  L - L S T A R 1 , L A S T  
Y M I N = A M  I N 1 1  YM I N I S I G M A I  L l  I 

40 Y M A X = A M A X l l  YMAX.SIGMA1 L J )  
C S E T  U P  L I N E A R I T Y  I h O I C A T O R S  

L I N E =  I N T ( N  1  
GO T O  ( 5 0 . 5 0 . 5 5 r 6 C . 6 5 1 t L I N E  

C  L i h E A R  X  A h 0  Y  
5 0  K X = O  

KY=O 
GU TO 7 0  

C LOG X L I N E A R  Y  
5 5  K X = 1  

K Y = O  

L I  h E A R  X  L O G  Y  
6 0  KX=O 

K Y =  1 
GO TO 7 0  

C  LOG X AND Y  
6 5  K X = 1  

KY= 1 
C  C H E C K  F O R  A  MIN.OF 2  P O I N T S  

7 0  I F  ( h P T S  .GT. 1 1  GO TO 7 6  
W H I T E  1 6 , 7 2 1  NI H l t  N P T S t M A T  
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7 2  bUKMAT I IOHO PLOT NO. 11 3 r 1 8 H  FOR REACTION NO- r 1 5 r 6 3 H  I S  HEING S K 0 0 0 3 4 0 4 0  
I I P P E O  BkCAUSt NU.0F PUINTS I S  LESS THAN 2. NPTS = ,13 / '  MAT=', I 5 1  0 0 0 3 4 0 5 0  

CO TI1 S C  0 0 0 3 4 0 6 0  
c n o 0 3 4 0 7 0  

76 CUNT INbE 0 0 0 3 4 9 7 1  
CALL A I C h T 3  I K ~ V K Y I  E I l B E G l  r S I G C A I I R E G I ~  NPTSt l r 2 r 1 1 3 8 r  H O L ( l l l  0 0 0 3 4 0 8 0  

1  A B S C ( l 1 r  O R D I I ) .  1 . 1 .  lb.O1lb.O1 2rXMItv,XMAXv 0 0 0 3 4 0 9 0  
2  2rYMINvYMAXl 0 0 0 3 4 1 0 0  

C 0 0 0 3 4 1 0 2  
C TEST FOK REPEATED ENEKLY VALUE BEFORE S€TTING UP NEXT PLOT. 0 0 0 3 4 1 0 3  
C 0 0 0 3 4 1 0 4  

SO I F  I N  .EO. N R I  GO TO 1 0 0  0 0 0 3 4 1 0 5  
T E S T = l A B S l E ( L A S T ) - E l L A S T + l I l  I / E ( L A S T + l l  0 0 0 3 4 1 0 6  
I F  I T t S T  .LE. 1.CE-41 GO TO 9 6  0 0 0 3 4 1 1 0  

C USE LAST ENERGY FOR X M I N 0 0 0 3 4 1 1 5  
L S T A K T = L A S T + l  0 0 0 3 4 1 7 0  
Y M I N = S I G M A I L A S I I  0 0 0 3 4 1 3 ?  
YMAX=SIGMAILASTI 0 0 0 3 4 1 4 0  
XM IN= XMA X 0 0 0 3 4 1 5 0  
N P T S = N S T ( N + l ) - L A S I + l  0 0 0 3 4 1 6 "  
It iEG=LAST 0 0 0 3 4 1 7 0  
CO TO ICC 0 0 0 3 4 1 7 2  

C RtPEA TED kNERGY VALUFS 0 0 0 3 4 1 7 4  
9 6  LSTART=LAST+2 0 0 0 3 4 1 7 6  

Y M I N = S l G M A I L A S T + I I  0 0 0 3 4 1 7 R  
YMAX=VM I N  0 0 0 3 4 1 8 0  
XM I h =  XMA X 0 0 0 3 4 1 8 1  
NIJTS=NBT(N+l )-LAST 0 0 0 3 4 1 8 2  
I B E L = L A S T + l  0 0 0 3 4 1 8 4  

100 CONTINUE 0 0 0 3 4 1 8 6  
C 0 0 0  3 4 1 9 0  

RETURN F 0 0 3 4 2 0 0  
kN C 0 0 0 3 4 2 1 0  

SUBRObTINE F I L E 4  0 0 0 4 0 0 1 0  
CIMENSION CO€FF( 14) ,FS(  3G) rXAXI  S1141 r Y A X I S l 1 4 1  0 0 0 4 0 0 2 0  
CAT A COFFF/54H LEGEhDKE C O E F F I C I E 0 0 0 4 0 0 3 0  

INT I t 0 0 0 4 0 0 3 2  
2 F S /  4HF 1 , 4HF 2  , 4HF 3  9 4HF 4  , 4HF 5  , 0 0 0 4 0 0 3 4  
3 4HF 6 r  4HF 7  r 4HF 8  r 4HF 9  r 4HF 1 0 1 0 0 0 4 0 0 3 h  
4 4HF 11,  4HF 1 2 1  4HF 13. 4HF 14, 4HF 1 5 r 0 0 0 4 0 0 3 B  
5 4HF 1 6 9  4HF 17. 4HF 1 R s  4HF 1 9 1  4HF 7 0 , 0 0 0 4 0 0 4 0  
6  4HF 21, 4HF 2 2 1  4HF 23. 4HF 24, 4HF 2 5 ~ 0 0 0 4 0 0 4 1  
7  4HF 2 6 .  4HF 2 7 ,  4HF 2 8 .  4 h F  29, 4HF 3 0 / 0 0 0 4 0 0 4 2  

CATA YA X I  S/54H D I F F E R E h T I  AL E = 0 0 0 4 0 0 4 3  
1  1 .  0 0 0 4 0 0 4 4  
2  XAXI S/54H COSINE OF THE S I  ATT ERING ANGLO0040046 
3E / r  XMIN. XCAX / -1 -09  1.0/ 0 0 0 4 0 0 4 8  

C 0 0 0 4 0 0 5 0  
COMMON / H C A R D / Z A ~ ~ L A ~ ~ Z A ~ ~ A W R ~ ~ A ~ R ~ I A W R ~ ~ I  21 v l Z 2 s I Z 3 ~ 1 Z 4 ~  0 0 0 4 0  150 

1  MATI MF1 MTr ISEQ 0 0 0 4 0 1 5 1  
CUMMON / T C A H O / T L ~ T ~ ~ T ~ ~ Q ~ ~ C ~ ~ Q ~ V L T , I  Z Z t N R ~ N ~ 1 N G T 1 7 0 1 1 h T 2 0 l  0 0 0 4 0 1 6 0  
CUMMUN /OPTS/ IPbNCH. I P R I k T ,  IPLOT 0 0 0 4 0 1 7 0  
CUNMOk/ICO/ICCNT. I C O N T I  * I H O L  0 0 0 4 0 1 7 1  
COMMON /LABELS/ T I T L E I  1 4 1  t A B S C I l 4 1  1 OR01141 P C R C S I b r 3 0 1  0 0 0 4 0  1 7 2  

1  /REACTS/MIS( 301 0 0 0 4 0 1 7 3  
C 0 0 0 4 0 1 7 5  

COMMON WOKD( 1 8 1 1 H O L I 4 2 5 l  1 E l 2 0 0 0 1  t L O E ~ Z O O v 3 0 1  0 0 0 4 0  1 8 0  
CIMENSIUN SIGMA( 2C001 1CLE P I  3 0 )  0 0 0 4 0 1 8 1  
kUUIVbLENCE l C O E l 1 ~ l l ~ S I G C A l l l l  0 0 0 4 0 1 8 2  
COMMON/ARSH/A( ECI 0 0 0 4 0  1 9 0  

C 0 0 0 4 0 5 0 0  
C KEAO tEACING CARD. 0 0 0 4 0 5 0 2  
C L V T - 0  THANFORMATION MATRI X NOT L I  VEh L V T = I  T.M. I S  GIVEN 0 0 0 4 0 5 0 4  
C LTT= 1  LtCFEt1)RE COEFFICIENT DATA LTT=2 TABULATION OO0405Oh 
C L C T = l  I L I  SYSTEM DATA LCT=2 ( C I  SYSTFM DATAF004050R 
C Nt=NO. OF ENERGY POINTS G I V F N  NL=HIGHEST L  VALUE REQ./FNERGY 0 0 0 4 0 5 1 0  
C 0 0 0 4 0 5 2 0  

ICONT= I COO40525 
1 0  CALL I -EAC 0 0 0 4 0 5 3 0  
1 1  CONTINUE 0 0 0 4 0 5 3 1  

L V r =  I 2  1 0 0 0 4 0 5 4 0  
LTT= I 2 2  PO040550 

C READ F I R S T  CARD OF L l  ST RECOKO 0 0 0 4 0 5 6 0  
1 6  CALL b€AD 0 0 0 4 0 5 7 0  

LCT- 122 0 0 0 6 0 5 8 0  
NK= I L 3  0 0 0 4 0 5 9 0  
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2 0  N M = I Z 4  0 0 0 4 0 6 0 0  
C T E S T  FOR TRANSFORMATI  ON M A T R I X  0 0 0 4 0 6 1 0  
C 0 0 0 4 0 6 2 0  

I F  ( L V T  .EQ. C l  GO TO 4 0  0 0 0 4 0 6 3 0  
C READ M A T R I X  FOR 1 T O  NK VALUES.  0 0 0 4 0 6 4 0  
C T E S T  ON L C 1  FOR M A T R I X  OR TRANSPOSE I S  NOT NEEDED. U S E  S.R. X S E C  0 0 0 4 0 6 5 0  
C BUT  ChANGE I P L O I  SO NOS.ARE NOT CONVERTED.AN0 S E T  NP. 0 0 0 4 0 6 6 0  
C 0 0 0 4 0 6 7 0  

I P L O T  I =  I P L O T  0 0 0 4 0 6 8 0  
2 6  IPLOT=O 0 0 0 4 0 6 9 0  

N P = ( N K - 1 ) / 2 + 1  0 0 0 4 0 7 1 0  
3 0  C A L L  XSEC 0 0 0 4 0 7 2 0  

[PLOT=  I P L U T  1 0 0 0 4 0 7 3 0  
C READ N E T (  J l  AND I N T I  J l  VALUES F O R  J= l .NR  0 0 0 4 0 7 5 0  

4 0  C A L L  T A B 1  0 0 0 4 0 7 6 0  
NE=NP 0 0 0 4 0 7 6  1 
CO 2 L O O P = l r  30 0 0 0 4 0 7 6 2  
I F  I M T  .NE. M T S ( L O O P I 1  GO TO 2 0 0 0 4 0 7 6 3  
DO 3 M O V E = l r 4  0 0 0 4 0 7 6 4  
COEFF(M0VE l=ORDS( M O V E ~ L O O P I  0 0 0 4 0 7 6 5  

3 Y A X I  S ( M O V E + 4 l = O R D S (  MOVE.LOOP1 0 0 0 4 0 7 6 6  
GU TO 4 0 0 0 4 0 7 6 7  

2 C O N T I N U E  0 0 0 4 0 7 6 8  
DO 5 0 0 C  MOVE=1.4 0 0 0 4 0 7 6 9  

5 0 0 0  Y A X I S ( M O V E + 4 l = O R D (  1 1 1  0 0 0 4 0 7 7 0  
W R I T E  ( 6 r 5 0 0 1 1  MT 0 0 0 4 0 7 7 1  

S O 0 1  FORMAT ( I H l .  'NO Y -LABEL  A V A I L A B L E  F O R  R E A C T I O N  NO. ='. 1 4 )  0 0 0 4 0 7 7 2  
4 C O N T I N U E  0 0 0 4 0 7 7 3  

I F  ( L T T  .EQ. 1 )  GO TO 8 6  0 0 0 4 0 7 7 4  
C TABULATED D A T A  0 0 0 4 0 7 8 0  
C LOOP OVER NE=NO. OF  ENERGIES .  L E A V E  ENERGY I N  (A4,A4.A31 FORM FOR 0 0 0 4 0 7 9 0  
C P R I N T I N G  ON Y - A X I S  L A B E L  0 0 0 4 0 8 0 0  
C 0 0 0 4 0 8 0 2  

4 4  CO 7 C  N = l r N E  0 0 0 4 0 8 1 0  
C A L L  T A B 1  0 0 0 4 0 8 2 0  
Y A X I S (  l o ) =  9 1  0 0 0 4 0 8 3 0  
Y A X I S ( 1 1 1 -  Q 2  0 0 0  4 0  8 4 0  
Y A X I S ( 1 2 ) =  Q 3  0 0 0 4 0 8 4 1  

4 6  C A L L  XSEC 0 0 0 4 0  8 5 0  
C S K I P  P L O T T I N G  TEMPERATURE OEPENDEhT  RECORDS 0 0 0 4 0 8 5 4  

I F  ( L T  .NE. 0 1  C A L L  S K I P ( L T 1  0 0 0 4 0 8 5 5  
I F  ( I P L O T  .EQ. 0 1  GO TO 7C 0 0 0 4 0  8 6 0  
0 0  4 5  I = I . N P  0 0 0 4 0 8 6 1  
I F  ( S I G M A (  I) .LE. 0.01 S I G M A ( I I = l . O E - 0 6  0 0 0 4 0 8 6 2  

4 5  M N T  I N U E  0 0 0 4 0 8 6 3  
Y M I N = S I G M A (  1 1  0 0 0 4 0 8 7 0  
YMAX=YM I N  0 0 0 4 0 8 8 0  

C F I N O  Y - A X I S  L I M I T S  0 0 0 4 0 8 9 0  
DO 5 0  I= i .NP  0 0 0 4 0 9 0 0  
V M l N = A M I N l (  YMIN .S IGMA1  1 ) )  0 0 0 4 0 9 1 0  

5 0  YMAX=AMAX l (  YMAX.SIGMA( 1 ) )  0 0 0 4 0 9 2 0  
C 0 0 0 4 0 9 3 0  

KX=O 0 0 0 4 0 9 4 0  
KY= 1 0 0 0 4 0 9 5 0  

6 0  C A L L  A I C R T 3  ( K X e K Y .  E ( 1 ) 1 S I G M A ( 1 1  .NPv 1.2.1,38, H O L ( l ) ~ X A X I S ( l I .  0 0 0 4 0 9 6 0  
I Y A X I S ( 1 1 .  1.1. 1 6 - 0 . 1 6 . 0 1  2 .  XMINIXMAXI 2 r Y U I N v Y M A X )  0 0 0 4 0 9 7 0  

7 0  C O N T I N U E  0 0 0 4 0 9 A O  

C 0 0 0 4 1 5 0 0  
C L E G E N D R E  C O E F F I C I E N T S .  0 0 0 4 1 5 1 0  
C R E A D  C O E F F I C I E N T S  FOR S E T S  OF 2 0 0  ENERGY P O I N T S I M A X I M U ~ I  0 0 0 4 1 5 2 0  
C NEZ=TOTAL  NUMBER OF  ENERGY P O I N T S  0 0 0 4 1 5 3 0  
C 0 0 0 4 1  5 4 0  

8 6  NE2=NE 0 0 0 4 1 5 5 0  
N E 1 1 1 = 1  0 0 0 4 1 5 5 5  
I F  I N E  .GT. 2 C C l  N E = 2 0 0  0 0 0 4 1 5 6 0  
N E I = N E  0 0 0 4 1 5 6 5  
GO 8 8  J=1 .30  0 0 0 4 1 5 7 0  

8 8  CLEM(J l=C .O  0 0 0 4 1  5 8 0  
91 I F  ( I P L O T  .E4. C)  GO TO 8 9  0 0 0 4 1 5 9 0  

DO 8 7  J= 1.30 0 0 0 4 1 6 0 0  
COE( 1. J )=CLE~I J I 0 0 0 4 1 6 1 0  
00 8 7  I = 2 . 2 0 0  0 0 0 4 1 6 2 0  

8 7  COE( 1. J J=O.O 0 0 0 4 1 6 3 0  
8 9  00 1 0 4  L O O P = N E l l l . N E  0 0 0 4 1 6 4 0  

C A L L  HEAD 0 0 0 4 2 0 2 0  
N L = I Z 3  0 0 0 4 2 0 3 0  
L T =  I Z  1 0 0 0 4 2 0 3 5  
NP=NL 0 0 0 4 2 0 4 0  

9 0  C A L L  S I X  ( L O O P I  0 0 0 4 2 0 5 0  
I F  ( I P L O T  .EP. 0 1  GO TO 1 0 4  0 0 0 4 2 0 6 0  

C C O h V E R T  E (  L O O P I  T O  F L O A T I N G  PO I N T O 0 0 4 2 0 7 0  
C S.R.SIX H A S  CONVERTED AND STORED COEFF. I N  COE(LOOP.KI  FOR K= l .NP  0 0 0 4 2 0 8 0  
C A W R l .  AWR2t  A N 0  AYR3  YERE READ I N  S.R.HEA0 0 0 0 4 2 0 9 0  

C A L L  I N F  I L Q (  A e 8 C l  0 0 0 4 2  100 
9 6  W R I T E  1 9 5 . 9 8 1  A h R l r A k R Z p A k R 3  0 0 0 4 2 1 1 0  
9 8  FORMAT ( 2 1 A 4 * A 4 r A 3 l l  0 0 0 4 2 1 2 0  
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C A L L  I N F  I L Q I A v  EC) 
REAO 1 9 9 , 1 0 0 1  E I L O O P I  

1 0 0  FORMAT l E l l . 0 )  
1 0 4  CUNTINUE 

C 
C A L L  COEFF.REA0 FOR EACH ENERGY. CHECK PLOT OPTION. 
C 0 0 0  4 2  1 9 0  

I F  I I P L O T  .EQ. C )  GO TO 1 2 1  0 0 0 4 2 2 0 0  
I F  ( € 1 1 )  .LT. l . O E t 0 2 )  E I 1 I = E I Z ) / l O . O  0 0 0 4 2 2 0 1  
KX= 1 0 0 0 4 2 2 1 0  
KY=O 0 0 0 4 2 2 2 0  

C 0 0  N L  P L O T S  OF NE P O I h T S .  SET 0RD.TITLE.  00 MINIMAX 0 0 0 4 2 2 3 0  
1 1 0  DO 1 2 0  N - l r  N L  0 0 0 4 2 2 4 0  

C O E F F i  I l ) = F S ( N )  0 0 0 4 2 2 5 0  
YMIN=COEI  1.N) 0 0 0 4 2 2 6 0  

1 1 2  YMAX=YHIN 0 0 0 4 2 2 7 0  
C 0 0 0 4 2 2 8 0  

CU 1 1 4  1=2,NE . . 0 0 0 4 2 2 9 0  
Y H I N = A M I N l I  YMlN.COE1 I.N)) 0 0 0 4 2 3 0 0  

1 1 4  Y M A X = A M A X l I Y M A X . C O E I I . N ) )  0 0 0 4 2 3 1 0  
C 0 0 0 4 2 3 2 0  

CALL  A I C R T 3  IKX,KY,  E l l ) , C O E I l r N ) , N E ,  1 ,2 r1 ,38 .  H O L I 1 ) ~ A B S C I l I ~  0 0 0 4 2 3 3 0  
1 C O E F F I  11.  1.1, 16.0.16.0. 2 ,  E I ~ I ~ E I N E ) , Z . Y M I N I Y M A X )  0 0 0 4 2 3 4 0  

1 2 0  CONTINUE 
1 2 1  I F  I N E 1  .GE. N E i )  GO TO 1 3 0  

N E l l = N E l  
N E l = N E 1 + 1 9 S  
I F  I N E 1  .GT. N E E )  N E l = N E Z  
N E = N E l - N E l l + l  
N E 1 1 1 = 2  
GO TO 9 1  

C R E 4 0  S E C T I O N  END CARD 
1 3 0  CALL  HEAD 

C I S  THE N E X T  CARD A F I L E  END 
ICONT= 1 
CALL  h E A D  . - -  

I F  I M F  .NE. 0 1  GO TO 11 
RETURN 
EN D 

SUBROUTINE S I X  ( L O O P )  
C 

CARO 

COMMON /HCARO/ZA l .ZA2 ,ZA3 .AHRl  ,AhR2,AWR3t I  Z 1  , I Z Z , I Z 3 ~ l Z 4 ,  0 0 0 4 6 0 5 0  
1 MAT, MF MTI I SEP 0 0 0 4 6 0 5 1  

COMMON / T C A K O / T ~ . T ~ , T ~ . Q ~ I Q ~ I Q ~ , L T , I  ZZ.NR.NP.NBT120 I N 2 0  0 0 0 4 6 0 6 0  
CUMMON / O P T S /  IPUNCH.  I P R I  NTI I PLOT 0 0 0 4 6 0 7 0  

0 0 0 4 6 0 7 5  
COMMON WORD( 1 8 ) ~ H O L I 4 2 5 l ~ E ( 2 0 0 0 1  , C O E 1 2 O O t 3 0 )  0 0 0 4 6 0 8 0  
D I M E N S I O N  S IGMA1 2 0 0 0 1  0 0 0 4 6 0 8 1  
E Q U I V P L E N C E  I C O E I  l r  l l ~ S I G E ( A 1 1 )  I 0 0 0 4 6 0 8 2  
COMMON/ARSH/A( @ G I  0 0 0 4 6 0 9 0  

0 0 0 4 6 5 0 0  
R O U T I N E  R t A D S  t DATA VALUES/CARD E V E h  I F  LAST CARO I S  NOT F U L L .  0 0 0 4 6 5 0 2  
INTERNAL F I L E  SS I S  bSED TO CONVERT DATA FROM H O L L E R I T H  T O  FLOAT- 0 0 0 4 6 5 0 4  
I N G  P O I N T  FORM, I F  P L O T  O P T I O N  WAS SELECTED. THESE VALUES ARE T H E N 0 0 0 4 6 5 0 6  
STORED I N  C O E I L O O P , K I r  LEGENDRE C O E F F I C I E N T S  FOR E I L O O P I .  0 0 0 4 6 5 0 8  

0 0 0 4 6 5 1 0  
1 0  FORMAT I t I A 4 , A 4 ~ A 3 1 ~ 1 4 . 1 2 . I 3 ~ 1 5 )  0 0 0 4 6 5 2 0  
1 2  FORMAT ( l X ~ 6 1 A 4 . A 4 . A 3 1 . 1 4 ~ I 2 ~ I 3 1 1 5 )  0 0 0 4 6 5 3 0  
2 i  FORMAT 1 C E l l . C I  0 0 0 4 6 5 4 0  

NP=NO.OF V A L L E S  TO BE READ. 0 0 0 4 6 5 5 0  
2 6  GO 5 0  L = l e N P .  C 0 0 0 4 6 5 6 0  

KENO=L+5  0 0 0 4 6 5 7 0  
I F  (KENO .GT. N P )  KENO=NP 0 0 0 4 6 5 8 0  
READ 1 9 s  1 0 )  hOKD,MAT.MF IMT.ISEQ 0 0 0 4 6 5 9 0  

3 0  IF i IPUNCH .€a. OI GO TO 3 6  o 0 0 4 6 6 0 0  
PUNCH 10 ,  hOKUeMATsMF ,WTeISEQ 0 0 0 4 6 6 1 0  

36 I F  I I P K I N T  .EQ. 0 1  GO TO 4C 0 0 0 4 6 6 2 0  
W R I T E  1 6 . 1 2 )  ~OROIMATSMF,MT~ ISEQ 0 0 0 4 6 6 3 0  

4 0  I F  I I P L O T  .EQ. C )  GO TO 5 0  0 0 0 4 6 6 4 0  
CALL  I N F  I L Q I  4, EC) 0 0 0 4 6 6 5 0  

4 4  W R I T E  ( 9 9 . 1 0 )  hORO 0 0 0 4 6 6 6 0  
CALL INF ILQI A ,  ec)  0 0 0 4 6 6 7 0  
R E A U  1 9 9 , 2 2 1  l C O E i L O O P , K ) ,  K=L,KEND) 0 0 0 4 6 6 8 0  

5 0  CONTINUE 0 0 0 4 6 6 9 0  
0 0 0 4 6 7 0 0  

I F  I L T  .NE. C 1  C A L L  S K I P I L T )  0 0 0 4 6 7 0 5  
RETURN 0 0 0 4 6 7 1 0  
EN 0 0 0 0 4 6 7 2 0  
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SUBROUTINE SC 1 3  
COMMON/HCARD/ZAl .ZA2tZA3tAYRl  rAWR2rAIIR3 ,121  1 1  22.1 2 3 r I Z 4 1  

1MAT.MFsMT. I SEQ 
COMMON/OPTS/ IPLNCH. IPRINT~IPLCT 
COMMON/lCO/lCONT. ICONT1.IHOL 
COMMON/RSHll/ON( 2 0 1  
1U3NT=1 
CALL HEAD 
CALL kEAC 
W 5 0  L ~ l r  I 2 4  
HEAD (9 .101  DN 

1 0  FORMAT ( i O A 4 1  
I F  ( I P U N C H  .EQ. 0 )  GO TO 3 6  
PUNCH lO.DN 

3 6  I F  1 I P R I N T  .EQ. 0 1  GO TO 5 0  
Y R I T E  ( 6 . 1 2 )  ON 

1 2  FORMAT l l X 1 2 O A 4 1  
5 0  CONTINUE 

SUBROUTINE SC 1 4  
C O M M O N / H C A R D / Z A l r Z A Z ~ Z A 3 ~ A Y R l  .AWR2.AIIR3.121 .122.1Z3.124. 

I M A T t M F t M T r  I SEQ 
C O M M O N / O P T S / I P L N C H ~ I P R I N T I I P L O T  
COMMON/ ICO/ lCONT. I C O N T I  v I H O L  
COMMON/RSHl l /DN( 2 0 1  
ICONT= 1 
CALL FEAO 
CALL bEAC 
L T = I Z 1 + 1  
DO 5 0  I= l .LT  
I F  4 1 .EQ. 1 1  GO TO I 
CALL FEAO 

1 N l I = l  
I F  (MOO( 1 2 3 ~ 6 1  .EQ. 0 1  N l l = 0  
N l = I Z 3 / 6 + N l l  
0 0  5 0  J = l r N l  
READ 1 9 . 1 0 )  ON 

1 0  FORMAT ( i O A 4 )  
I F  ( I P U N C H  .EQ. 0 )  GO TO 3 6  
PUNCH 10. ON 

3 6  I F  ( I P R I N T  .EQ. 0 1  GO TO 5 0  
WRITE ( 6 . 1 2 1  ON 

I 2  FORMAT ( l X . 2 0 A 4 1  
5 0  CONTINUE 

RETURN 
END 

SUBROUTINE F l L E 2  
CO~MON/OPTS/ IP I INCHI IPRINT. IPLOT 
COMMON/ICO/ICONT, l C O N T 1  , IHOL 
COMMON/RSHII/DN( L O )  
I M N T =  1 
CALL k E A 0  

2 4  READ ( 5 . 1 0 )  ON.MFION~,DN~ 
1 0  FORMAT 1 lOA4.1CA3,12.2641 

I F  ( M F  .NE. 2 1  GO TO 1 0 0  
2 5  I F  ( I P U N C H  .EQ. 0 )  GO TO 3 0  

PUNCH ~OIDN,MF.ON~.ON~ 
3 0  I F  ( I P R I N T  .EQ. 0 )  GO TO 4 0  

WRITE ( 6 . 2 0 1  DN.MF.ONlrDN2 
2 0  FORMAT ( 1 x 9  l O A 4 , l C A 3 r I 2 . 2 6 4 1  
4 0  I F  ( M F  .NE. 0 )  GO TO 2 4  

1 0 1  RETURN 
1 0 0  I F  ( M F  .EQ. 0 1  GO TO 2 5  

GO TO 1 0 1  
EN C 
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SUBROUTINE F I L E 7  
COMMON/OPTS/IP~NCH~IPRINT~I PLCT 
COMMON/ICO/ICONTI I C O N 1 1  r I H D L  
COMMON/RShl  l / O N 1  2 0 )  
ICONT= 1 
CALL  hEAO 

2 4  HEAO ( 9 1  1 0 )  O N l M F s O N l r D N 2  
1 0  FORMAT 1 1 0 A 4 1  l C A 3 r I 2 1 2 A 4 )  

I F  ( M F  .NE. 7 )  GO TO 1 0 0  
2 5  I F  ( IPUNCH .EQ. 0 )  GO TO 3 0  

PUNCH lO.ONsMF1DNl .ON2 
3 0  I F  I I P K I N T  .EQ. 0 )  GO TO 4 0  

W R I T E  1 6 9 2 0 )  DNpMFvDN11DNZ 
2 0  FORMAT I 1 x 9  l O A 4 r l O A 3 ~ 1 2 1 2 A 4 )  
4 0  I F  ( M F  .NE. 0 )  GO TO 2 4  

CALL  t E A D  
101 RETURN 
1 0 0  I F  I n F  .EQ. 0 )  GO TO 2 5  

GO TO 1 0 1  
EN C  

SUBROUTINE F I L E S  
CUMMON/OPTS/IPLNCH,IPRI)vT,IPLCT 
C O M M O N / I C O / I C O N T ~  I C O N T l  1 I H O L  
C O ~ M O N / H C A R D / Z A 1 ~ Z A 2 v Z A 3 ~ A W R l t A W R 2 ~ A ~ R 3 t I Z l ~ I Z 2 ~ I Z 3 ~ I Z 4 ~  

~MATIMFsMTv  I S E U  
COnnON/TCARD/TlrT21T3rQl.Q21Q3rLT.I Z Z r N R 9 N P v N B T ( 2 0 )  1 I N T ( 2 0 )  
COMMON WORD( 1 B ) ~ H O L I  4 2 5 )  . E 1 2 0 0 0 )  ~ C O E ( Z O 0 ~ 3 0 )  
C I M E N S I O N  S I G M A l 2 0 0 0 )  
EQUIVALENCE l C O E (  l r l ) r S I G M A ( l ) )  
C O ~ M O N / R S H 1 1 / O N (  2 0 )  
COMMON/NK 1 /NK 
I K  EY= 2 

READ I -EACING CARD 

ICONT= 1 
1 0  CALL  h E A 0  
1 5  N K = I Z ?  

J AZ= 0  
I F  1 0  .EU. 0 )  GO TO 1 6  
ENTRY F I L E 5 6  
I K E Y = 2  . -  - 
JAZ=  1 

1 6  CONTINUE 

LOOP OVER NK S L B S E C T I O N S  

O B T A I N  P l E )  VS, E  

2 0  CALL T A B 1  
CALL  XSEC 

3 0  I F  I I P L O T  .EL!. C) GO TO 4 C  
L F = - I Z Z  
CALL  TF IX1MT.LF  I 
CALL  P L O T  I I K E Y )  
CALL T F I X I M T I L F )  

4 0  L F = I Z Z  

L F  I S  I N D E X  FOR S L B S E C T I O N  STRUCTURE 

SK I P  P L O T T I N G  IEMPERATURE UEPENOEhCE OF P I E )  
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C 
I F  ( L T  .NE. 0 1  CALL S K I P ( L T )  

C  
C GO TO APPROPRIATE SUBSECTION 
L 

GO TO 1 5 C ~ S C C s S C 0 ~ 6 0 ~ 7 0 ~ 9 C 0 s 6 0 ~ 9 0 0 s 6 0 ~ 1 0 0 ~  ,LF 
C 
C ARBITRARV TABLLATEO FUNCTION 
C 

5 0  CALL T A B 1  
I 
C LOOP OVER NE I N I T I A L  ENERGIES 
C 

NE=NP 
DO 5 2  N=I.NE 
CALL T A B 1  
CALL XSEC 

C 
C S K I P  P L O T T I N G  TEMPERATURE DEPENOEhCE 
c 

I F  ( L T  .NE. 0 1  C A L L  S K I P ( L T )  
I F  I I P L O T  .EQ. C  I GO TO 5 2  
CALL T F I X I M T s L F )  
CALL PLOT(  I K E V  
CALL T F l X ( M T * L F )  

5 2  CONTINUE 
GO TO '30C 

C 
C GENERAL EVAPORATION SPECTRUM. THETA CONSTANT 
C S I M P L E F I S S I O N S P E C T R U M  
C MAXWELLIAN D I S T R l B U T l O N t  THETA I S  F U M T I O N  OF E 
c 

6 0  CALL TAB 1 
CALL XSEC 

C 
C S K I P  P L O T T I N G  TEMPERATURE OEPENOEkCE 
C 

6 1  I F  ( L T  .NE. 0 )  CALL S K I P I L T )  
I F  ( I P L O T  .EO. C )  GO TO 9 C 0  
CALL T F I X I M T v L F )  
CALL PLOT1 I K E Y  
CALL T F I X ( M T s L F )  
GO TO 40C 

C 
C GENERAL EVAPORATION SPECTRUM THETA I S  FUNCTION OF E. SAVE I Z Z .  
C  USE I Z Z  10 T E L L  SUBROUTINE T F I X I N T . L F )  THAT T H E T A I E )  I S  TO BE 
C PLOTTED ON F I R S T  ENTRY. 

7 0  CALL T A B 1  
CALL XSEC 
I F  ( L T  .NE. 0 )  CALL S K I P I L T I  
I F  I I P L O T  .EQ. 0 1  GO TO 6C 
I Z Z  l= I Z Z  
IZZ=-4CC 
CALL T F I X I M T s L F )  
I Z Z =  I Z Z  1 
CALL PLOT(  I K E  V) 
CALL T F I X ( M T s L F 1  
GO TO 6 0  

C 
C WATT SPECTRUM 
C 

1 0 0  CALL kEAD 
L T =  I Z  1 
REAO 1 9 1 1 0 1 )  ON 

1 0 1  FORMAT ( i O A 4 1  
I F  ( I P U N C H  .€Q. 0 1  GO TO 1 3 0  
PUNCH 101. ON 

1 3 0  I F  ( I P R I N T  .EO. 0 1  GO TO 1 0 3  
WRITE ( 6 . 1 0 2 )  ON 

1 0 2  FORMAT 1  lX ,20A4)  
1 0 3  I F  I L T  .NE. 0 1  CALL S K I P I L T I  
9 0 0  CONTINUE 

I F  I J A Z  .EQ. 1) RETURN 
C 
C REAO S t C T I O N  EN0 CARD 
C 

CALL +EAE 
C 
C I S  THE NEXT CARD THE L A S T  CARD I N  F I L E  5  
L 

ICON T= 1 
CALL t E A O  
I F  I M F  .Nt. 0 )  GO TO 1 5  
RETURN 
END 
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. 0 9 Q S Q r D Q  
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SUBROUTINE S K I P I L T I  
D I M t b i S I U N  A l (  l l l r A 2 1  7 )  r A 3 ( 2 C )  
CU 3 0  L = l , L T  
READ I S ,  1 0 0 C l  A l . N P 9 A 2  

1 0 0 0  FORMAT I l l A 4 r l l l ~ 6 A 4 r A l I  
N P Z = l  
I F  I M O O l N P , 6 1  .EQ. 0 1  N P Z - 0  
N P l = h P / 6 + N P  2  
I F  I IPUNCH .Eu. 0 1  GO TO 1 0  
PUNCI- lCCCsA l ,NP lA2  

1 0  I E  I I P K I N T  .EQ. C l  GO TO 2 0  
k H l T E  It, I C C L )  A l l N P v A 2  

1 0 0 1  FUHMAT I IX .  l l A 4 . I  l l r 6 A 4 r A l )  
2 0  CU 3 0  N = l r N P l  

HEAD ( 5 1  ICC.2 )  A ?  
100.2 FURMAT 1 i C A 4 1  

I F  4 IPUhCH .EO. C l  LO TO 2 2  
PUbiCH 1 0 C Z r A 3  

2 2  I F  ( I P R I N T  .ELI. 0 1  GO TO 3 0  
d K I T E  4 6 . 1 0 0 3 1  A 3  

1 0 0 3  FUHMAT 1 X 9 2 C A 4 1  
3 0  CUNTIhUE 

KETUHN 
EN C 

5 1 ~ c n u U T l h L  F l ~ t t  r of, 7p > - , r  
~ . ~ l ~ 4 ~ h / H L A k U / i ~ l , i A L , Z A 3 ~ A i r k 1 t A h ~ 2 ~ A d M ~ t I Z l , I Z 2 , l Z 3 , l Z 4 ,  f i ? r77 ( !17  

l . i i ~ T ~ * i y ~ . ~ T ,  l 5 t ~  rp,: 70::2n 
L I I . I I * I I J I U / T L ~ ~ ~ D / T ~ ~ T . ~ ~ T ~ ~ O ~ ~ ~ ~ ~ Q ~ ~ L T ~ I  i Z t ~ i i K ~ U P ~ N H T ( 2 :  ) r l h T ( ? '  I ''CiI. 701.3: 
Ll iblV(J\ . i . r ( l n ~ l  i b ) r l i L i L ( 4 i 5 1  V E (  ZL'?.,) ) C 1 E l 2 , j <  - 3 ,  1 ( \ r ~ 7 [ 1 1 4 , !  
i I n t l \ 5 I i i ; u  5 1 b ~ h L  21  C0 fs7Cr741  
t d U 1 V A L i h C t  ( L U t I  l ~ l I ~ S I L M P l 1 1 )  L C , "  7 T . 4 2  
L J I . ~ I ~ ~ ~ ~ ~ / O P T S / L P L ~ ~ I C H ,  I P n  1YT. IPLOT C.n17:1)51 
CU~I~UILIN/ICU/ILUYT. I C l ~ l r l T l  , I n o L  11; 7 x 3 5 1  
b l i ~ l t N S 1 3 h  t ~ U t > l i  i l l  , r i U b i I 2 % )  , I i L ~ l j ( l i l  . H U P L I ~ ~  I o ~ r  70-1 '1  
~,,;.l,.iuh /hn ~ / r d n  ~ ~ 0 7 n : r c g  
tt,u I V A L ~ ~ L ~  I iuA,(uL 1 r ( ' r 7 n ? 7 n  
uATA h U d 1 l  1 1  / ' t I L t  6 >cLUVOA<Y t N t  A b Y - A h a L i  ~ I S T K I R ~ ~ T I C I ~ S ' / , H I I R ~ ~ C I ~ O ~ ~ ~ ~ ~ '  

l i I / ' L E L t k . I U h t  E L P A h S l U N  , d ~ l i i (  LF Lt f lE l \ l iKt  EXPblVSICb! T A 3 U L A T l O V F ? 0 7 L ' 5 1 ~ 1  
i t :NU. LIF I*lO LALUES AT w H l i h  TAbULATIUFrS ARE L I V k N  ' / r H U r \ 3 ( 1 ) / ' C C 0 7 : 1 5 2 ' 7  
;ILATL\ I ju LCb .  SYSTtH OATA I N  C E ' d T t ?  Ct MASS SYSTLV ' / . b U R 4 ( 1 l / ' L E C 0 Q 7 l i 5 3 "  
4 ~ i l u L J i .  t POL Yi\rL,M I A L  I N 9 t  X = M L  I ' J L J t  X = I U  = ' /  0 1  1 7 0 5 4 7  

r n o 7 . 1 5 5 n  
f U? 7 3  5 6 9  

L A L L  SCOLTV r 0 n 7 0 5 9 n  
P(.Cl7?5Cl  
( ' ~ i 3 7 1 ~ .  I n  

krl.1) t t A C  L A b 3  r r 0 7 1 ' 1 2 0  
CC'?71n3r! 

l ~ u : i T =  1  r ' . 3 7 1 ' 3 5  
i b  L A L L  t c n c  r t 3 ? 7 1 ? ~ c ?  
i >  L r T . 1 ~ 2  r 1 - 9 7 1 m 5 q  

("'0 71' '6p 
T;>T S t C T I d d  SIHULTIAI r o : r 7 1 1 7 3  

r r n 7 l ; e -  
I F  ( L I T  .Lv.  2 1  ;u 7 0  3.)  C.,n717Q? 

r q n 7 1  l( r 
L i t t X C h c  ~ k P k h S l l i X  C T n 7 1 1 1 "  

C ' n 7 1 1 2 n  
L A L L  t - t i i  r ! ; ? ? 1 1 3 ~  
L,T= I L L  r - - 7 1 1 w ~  
I.;= I L 3  r",? 7 1  1 5 0  
IXL= I r n h : , 7 1  1 b n  
i X i = 5  CC.*7117P 
I x;= b p i  : 7 1  IPQ 

l U 4 = 1 3  r0()71!9f? 
I r  ( L L T  . t i .  Z I  Lu TJ 7 1  r '1 , )712"3 
l A 5 =  i r:.;,7121n 
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SUBROLT INE U L I T  0 0 0 7 5 0 0 0  
C O M M U N / H C A R U / Z A l r Z A 2 ~ Z A j ~ A W R l  tAWRZtAkR3 91 2 1  '1 Z Z v I Z 3 * I Z 4 ~  0 0 0 7 5 0 1 0  

~MATIMF~MT, I SEU 0 0 0 7 5 0 2 0  
COMMON/ ICU/ ICUNTr  ICON11 I IHOL 0 0 0 7 5 0 3 0  
LUMMON WORD( l @ l t H O L l 4 2 5 1  . E ( 2 0 0 0 1  1 C O E i 2 0 0 t 3 0 1  0 0 0 7 5 0 4 0  
CIMENSION SIGMA( 2 C 0 0 I  0 0 0 7 5 0 4  1  
tQUIVbLENCE (CUE( l r l l t S I G M A ( 1 1 1  0 0 0 7 5 0 4 2  
CCMMON/LABELS/TITLEi 1 4 1  ,ABSC( 141 .OR0(141 ~ 0 R 0 S i 6 ~ 3 0 l / U E A C T S / M T S ~ 3 0 1 0 0 0 7 5 0 5 0  
INTEGER C(4CCC) 0 0 0 7 5 0 6 0  
EOUIVALENCt ( E I 1 1 , C I l I l  0 0 0 7 5 0 7 0  
OIMENSIUN A( @I 0 0 0 7 5 0 8 0  
CATA A( 1  I / 'POLYNOMIAL TABULA T I  Oh I S NOT1/. NCOUNT/O/ 0 0 0 7 5 0 9 0  

1 I F  ( I C O N 1 1  .EQ. 0 1  GO TO 4 0 0  0 0 0 7 5 2 0 0  
ISEU=-1  0 0 0 7 5 2 1 0  
WRITE ( 8 ~ 2 )  ISEQ 0 0 0 7 5 2 2 0  

2 FORMAT ( 7 5 X ~ 1 5 l  0 0 0 7 5 2 3 0  
ENC F I L k  @ 0 0 0 7 5 2 3 5  
KECINC 8  0 0 0  7 5 2 4 0  

5 K1=-13 0 0 0 7 5 2 5 0  
3  K l = K l t l 4  0 0 0 7 5 2 6 0  

K2=K1+13 0 0 0 7 5 2 7 0  
KEAO ( 8 . 4 )  ( C i K 1 1 K = K l r K 2 1  0 0 0 7 5 2 8 0  
I F  ( K 1  .NE. 1 1  GO TO 9  0 0 0 7 5 2 8  1  
I F  ( C ( K 2 l  .NE. C l  GO TO 9  0 0 0 7 5 2 8 ?  
N K I T E  ( 6 . 9 9 9 1  0 0 0 7 5 2 8 3  
WKlTE ( 6 , l C C S I  C( 1 1 1  0 0 0 7 5 2 8 4  

1 0 0 9  FORMAT ( IH012tXI 'MATERlAL ' I15 ts  hA5 SKIPPED')  0 0 0 7 5 2 8 5  
CO TO 5  0 0 0 7 5 2 8 6  

9  CONTINUE 0 0 0 7 5 2 8 7  
4  FURMAT ~ i l A 4 ~ A 4 r A 3 1 ~ 4 I 1 1 ~ 1 4 t I 2 ~ I 3 ~ I 5 )  0 0 0  7 5 2 9 0  

I F  ( K 2  .NE. 3SSCl  GO TO 1 0  0 0 0 7 5 3 0 0  
W K I T t  ( 6 . 7 1  K 2  0 0 0 7 5 3 1 0  

7 FUKMAT ( lH0, 'EKRUR I N  SLBROLTINE QUIT, K2=' ,151 0 0 0 7 5 3 2 0  
CALL E X I T  0 0 0 7 5 3 3 0  

1 0  I F  ( C ( K 2 l  .EQ. - 1 1  GO TO 1 9  0 0 0 7 5 3 4 0  
I F  I C l l 1 )  .EU. C ( K 2 - 3 1 1  GO TO 3 0 0 0  75  3 5 0  

1 9  FACKSPALE 8  0 0 0 7 5 3 6 0  
NCAKD=K2/14 P O 0 7 5 3 7 0  
MATO=C( 1 1 1  0 0 0 7 5 3 8 0  
N F I L E - C i  1 2 )  0 0 0 7 5 3 9 0  

1 0 0  WHITE I t r  9 S 9 )  0 0 0 7 5 4 0 0  
k R I T t  ( 6 r l O C O l  MATOINFILE 0 0 0 7 5 4 1 0  

9 9 9  FORMAT ( 1H1 I 0 0 0 7 5 4 3 0  
1 0 0 0  FORMAT 1 1 H C ~ 4 7 X r ' P A T E R I A L  ' 1 1 4 9 '  F I L E  ' r l 2 1  0 0 0 7 5 4 4 0  

1 1 0  I t - = ~ C ( j t l - l 1 * ? + 1  0 0 0  7 5 4 6 0  
I t l =  I h + 2  0 0 0 7 5 4 7 0  

12G NCOUNT=7 0 0 0 7 5 4 8 0  
WRIT€ ( 6 r 1 0 0 2 )  G I 2 3 1  0 0 0 7 5 4 9 0  

1 0 0 ~  FORMAT ( l H G . 2 C X f 1 3 r '  HOLLERITH CARDS I N  SECTION 1. MT=451'1 0 0 0 7 5 5 0 0  
130 1b2= E-C(  E 1 0 0 0 7 5 5 1 0  

IH3=J+C( ill 0 0 0 7 5 5 2 0  
IP4=k?-C( 2 2 )  0 0 0 7 5 5 3 0  

1 4 0  WHITE l 6 , l C 0 3 I  A t  IH2l,AllH2l,~Aill,I=IH,IH1l~A~IH3l~A~IH3l,A~IH4l,OOO7554O 
l A (  l H 4 1  0 0 0 7 5 5 5 0  

l l =  ( C (  EJ+C( i l ) + C ( 2 2 1 1 * 1 4 + 2 9  n o 0  7 5 5 6 0  
1 0 0 3  FUKMAT I l H  r2CXs'UATA FOR NU1rA4. '  GIVEN. SECTION 2 ' 9 A 4 9 '  PRESENT00075570 

1, MT-452 ' r3A4/27X,*OECAY DATA',A4.' GIVEN. SECTION 38.A4.8 P R F 0 0 0 7 5 5 8 0  
2SENTr M T z 4 5 3  ' / 2 7 X t ' F I S S I O N  PROOLCT Y I E L D  OATA',A4.' GIVEN. SECT00075590 
31UN 4 * ~ A 4 ~ '  P R E S E N T 1  MT=454')  0 0 0 7 5 6 0 0  

2 0 0  N F I L E = C (  I l t 1 1 )  0 0 0 7 5 6 1 0  
N F I L E 2 = 2  0 0 0 7 5 6 1 5  
NIS=O 0 0 0 7 5 6 2 0  
N IP= 0  0 0 0 7 5 6 2 5  
I F  ( N F I L E  .NE. 2 1  GO TO 2 1 0  0 0 0 7 5 6 3 0  
I t - 1 = 7  0 0 0 7 5 6 4 0  
N I S = C l  l l + 8 1  0 0 0 7 5 6 5 0  
N I P =  1  0 0 0 7 5 6 5 5  
I 1 =  I 1 + 1 4  0 0 0 7 5 6 6 0  

2 1 0  NCOUNT=NCOUNTt4 0 0 0 7 5 6 7 0  
WRITE ( 6 , 1 0 0 0 )  MATUVNFILEZ 0 0 0 7 5 6 8 0  
I F  L N I S  .EQ. CJ GO TO 2 5 0  0 0 0 7 5 6 9 0  
WRIT€ ( 6 r 1 0 0 5 l  N I S  0 0 0 7 5 7 0 0  

1 0 0 5  FORMAT 1  lH0.26Xt12.  I S O T O P E S  IN THIS MATERIAL') 0 0 0 7 5 7 1 0  
CO TO 26C 0 0 0 7 5 7 2 0  

2 5 0  WRITE 16, lCC61 0 0 0 7 5 7 3 0  
1 0 0 6  FOhMAT ( I H C 1 2 t X I ' F I L E  2  NOT PRESEhT FCR T H I S  MATERIAL')  0 0 0 7 5 7 4 0  

2 6 0  NF ILE=NF I L F  +N I P  0 0 0 7 5 7 5 0  
2 7 0  I F  ( C ( 1 1 + 1 3 )  .EQ. - 1 1  GO TO 9CO 0 0 0 7 5 7 6 0  

I F  ( N F I L E  .EU. 7 1  GO TO 8CO 0 0 0 7 5 7 7 0  
I F  INCOUNT .LE. 3 8 1  GO TO 2 8 0  0 0 0 7 5 7 8 0  
NCOUN T=  C 0 0 0 7 5 7 9 0  
WHITE ( 6 r S 9 5 J  0 0 0 7 5 8 0 0  

2 8 0  NCUUNT=NCOUNTti 0 0 0 7 5 8 1 0  
WRITE ( 6 . 1 0 0 0 1  M A r O t N F l L E  0 0 0 7 5 8 2 0  
I F  ( N F I L E  .EQ. C i I 1 + 1 1 ) l  GO T O  3 0 0  COO75830 
NCOUNT=NCOUNT+i 0 0 0 7 5 8 4 0  
WRITE ( 6 . l O C 7 1  N F I L E  0 0 0 7 5 8 5 0  
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