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M C ~ - ~ :  A CODE TO CALCULATE FAST NEUTRON SPECTRA AND 
MULTIGROUP CROSS SECTIONS 

CODE ABSTRACT 

1. Program I d e n t i f i c a t i o n :  Mc2-2 

2. Computer f o r  which program i s  designed and o t h e r s  on 
which i t  is  operable :  IBM 3701195, any IBM OS system 
wi th  600K .core ,  CDC 7600. 

3.  Descr ip t ion  of Function: Mc2-2 s o l v e s  t h e  neut ron  
slowing down equat ions  t o  determine s p e c t r a  f o r  use  
i n  gene ra t ing  multigroup neut ron  c r o s s  s e c t i o n s ,  

4. Method of So lu t ion :  The extended t r a n s p o r t  P 
1, 

c o n s i s t e n t  P and c o n s i s t e n t  B fundamental mode 
1 ' 1 

ultra-f ine-group equat ions  a r e  so lved  us ing  continuous 
slowing down theory and multigroup methods. F a s t  and 
accu ra t e  resonance i n t e g r a l  methods a r e  used i n  t h e  narrow 
resonance reso lved  and unresolved resonance t r ea tmen t s .  
Multigroup neut ron  c ros s  s e c t i o n s  a r e  generated f o r  
a r b i t r a r y  group s t r u c t u r e s .  A hyper-fine-group i n t e g r a l  
t r a n s p o r t  slowing down c a l c u l a t i o n  i s  a v a i l a b l e  on op t ion  
t o  t r e a t  t h e  low energy spectrum where t h e  narrow resonance 
approximation i s  not  v a l i d .  

5 .  R e s t r i c t i o n s :  Var iab le  dimensioning i s  used throughout 
t h e  program s o  t h a t  computer co re  requirements  depend 
on a v a r i e t y  of problem parameters.. Space requirements 
range from 400K by te s  t o  800K by te s  on IBM equipment 
depending on t h e  complexity of t h e  problem, 

6.  Running Time: An 1740 group c o n s i s t e n t  P homogeneous 
1 

twelve i s o t o p e  problem w i t h  27 broad groups r e q u i r e s  
about 4.2 min. CPU and 6 min. PP t ime on an  IBM 3701195. 
The same problem requ i r e s  approxiniately 30% less CPU 
time on t h e  CDC 7600. 

Unusual Fea tures  of t h e  Program: Extreme f l e x i b i l i t y  is  
provided i n  spec i fy ing  t h e  r i g o r  of a c a l c u l a t i o n  inc lud ing  
a cholce of f o u r  d i s t i n c t  slowing down t r ea tmen t s :  
mult igroup,  improved and s tandard  Greuling-Goertzel 
continuous s lowing down, and i n t e g r a l  t r a n s p o r t  theory .  
A l l  b ina ry  d a t a  t r a n s f e r s  a r e  l o c a l i z e d  i n  s t anda rd  sub- 
r o u t i n e s  REED/RITE. Broad group c ros s  s e c t i o n  f i l e s  may b e  

generated i n  t h e  ARC System XS.ISO(') and/or  CCCC ISOTXS (2)  
formats . 



8. Rela ted  and Auxi l ia ry  Programs: Input  d a t a . f i l e s  

r equ i r ed  by Mc2-2'may be  generated from ENDF/B d a t a  (3) 

by t h e  code EToE-2(4). The hyper-fine-group i n t e g r a l  
t r a n s p o r t  theory module of M C ~ - ~ ,  RABANL, i s  an improved 

ve r s ion  of t h e  RABBLE(~) /RABID(~)  codes. Many of t h e  
(7) Mc2-2 modules a r e  used i n  the SDX code. 

9 .  S t a t u s :  

10 .  References: H. Henryson 11, B.  J. Toppel, C .  G .  Stenberg,  
"pi~'-;2: A Code, to Ca:LcuJ..at.e Fast. Neutron S p e c t r a  and 
Multigroup Cross Sec t ions , "  Argonne Nat iona l  Laboratory,  
ANL-8144 (19 76) . 

11. Machine Requirements: A l a r g e  amount of f a s t  p e r i p h e r a l  
s t o r a g e  is r equ i r ed .  Core requirements  depend on problem 
complexity b u t  v i r t u a l l y  any reasonable  problem may be 
executed on IBM equipment w i th  800K b y t e s  o r  CDC equipment 
w i th  50,000 words of SCM and .100,000 words of d i r e c t l y  
add res sab le  LCM. 

12 .  Programming Language Used: FORTRAN I V .  Both I B M  and 
CDC ve r s ions  of M C * - ~  con ta in  a  few Assembler language 
r o u t i n e s .  

13 .  Operat ing System o r  Monitor under which Program i s  
Executed: The I B M  v e r s i o n  of M C ~ - ~  may b e  executed under 
OS o r  VS ope ra t ing  systems and co~upiled us ing  the 
F o r t r a n  H o r  program product  compilers  w i t h  t h e  h i g h e s t  
l e v e l  of op t imiza t ion .  The CDC 7600 v e r s i o n  of blc2-2 
has  been implemented on both  t h e  LRL Berkeley and 
Brookhaven Nat iona l  Laboratory computers w i t h  t h e i r  
s p e c i a l  cOKE/SCOPE ope ra t ing  systems. The SEGMENTATION 
LOADER i s  requfred  and d i r e c t l y  addressable  LCM is  used.. 
The code was compiled us ing  t h e  FORTRAN Extended Compiler 
under OPT=1 op t imiza t ion .  
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MC2-2: A Code to Calculate Fast Neutron Spectra 
and Mu1 tigroup Cross Sections . 

H .  Henryson 11, B. J .  Toppel, and C .  G .  Stenberg 

Appl ied  Physics Division 
Argonne Nationa 2 Laboratory 
Argonne, I2 l inois  60439 

ABSTRACT 

MC2-2 i s  a  program t o  s o l v e  t h e  neu t ron  slowing down problem 
using b a s i c  neu t ron  d a t a  de r ived  from t h e  ENUF/B d a t a  f i l e s .  
The spectrum c a l c u l a t e d  by M C ~ - ~  is  used t o  c o l l a p s e  t h e  b a s i c  
da t a  t o  mul t igroup c r o s s  s e c t i o n s  f o r  use  i n  s tandard  r e a c t o r  
neu t ron ic s  codes. Four d i f f e r e n t  slowing down formula t ions  
a r e  used by M C ~ - ~ :  mult igroup,  cont inuous slowing down us ing  
the  Goertzel-Greuling o r  Improved Goertzel-Greuling moderating 
parameters ,  and a  hyper-fine-group i n t e g r a l  t r a n s p o r t  c a l c u l a t i o n .  
Resolved and unresolved resonance c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  
accounting f o r  s e l f - s h i e l d i n g ,  broadening and ove r l ap  e f f e c t s .  This 
document provides  a  d e s c r i p t i o n  of t h e  MC2-2 program. The 
physics  and mathematics of t h e  neutron slowing down problem 
a r e  der ived  and d e t a i l e d  informat ion  i s  provided t o  a i d  t h e  
M C ~ - ~  user  i n  prepar ing  i n p u t  f o r  t h e  program and implementation 
of t h e  program on IBM 370 ,o r  CDC 7600 computers. 



I. INTRODUCTION 

Mc2-2 is  a  program f o r  s o l v i n g  t h e  neu t ron  s lowing down problem t o  
determine a  d e t a i l e d  spectrum f o r  u se  i n  d e r i v i n g  mul t ig roup  c r o s s  s e c t i o n s .  
The code has  been developed t o  s a t i s f y  t h e  need f o r  a  r i go rous  and computa- 
t i o n a l l y  e f f i c i e n t  c a p a b i l i t y  which can  s e r v e  a s  a s t anda rd  f o r  f a s t  r e a c t o r  
c a l c u l a t i o n s .  Recent advances i n  neu t ron  slowing down theo ry ,  resonance 
theory ,  and numerical  methods have  been inco rpo ra t ed  i n t o  t h e  M C ~ - ~  c a l cu l a -  
t i o n .  A l a r g e  number o f  o p t i o n s  a r e  a v a i l a b l e  which permit g r e a t  f l e x i b i l i t y  
i n  s p e c i f y i n g  t h e  r i g o r  of a  c a l c u l a t i o n .  

The Mc2-2 code was developed a t  Argonne Na t iona l  Laboratory i n  t h e  

ARC system'') environment. ' The programming was performed w i t h  s t r i c t  
adherence t o  t h e  s t anda rds  e s t a b l i s h e d  by t h e  Committee on Computer Code 

~ o o r d i n a t i o n ' ~ ) .  A s  a  consequence t h e  mod i f i ca t i ons  r equ i r ed  t o  develop 
s tanda lone  v e r s i o n s  o f  t h e  code f o r  a l t e r n a t i v e  computer c o n f i g u r a t i o n s  a r e  
minor. Both I B M  and CDC s t a n d a l o n e  v e r s i o n s  of t h e  code have been imple- 
mented. The program i s  s t r u c t u r e d  i n  e i g h t  p r i n c i p a l  modules (ove r l ays ) :  

1)  Inpu t  Processor  (CSIO1'0) 

2) Unresolved Resonance C a l c u l a t i o n  (CSC004) 

3) Resolved Resonance C a l c u l a t i o n  (CSC005) 

4 )  Resolved-Unr esolved Resonance I n t e r a c t i o n  (CSCOO6) 

5) Macroscopic Data Process ing  (CSC007) 

6) Ul t ra -F ineGroup Spectrum C a l c u l a t i o n  and Broad-Group 
Cross S e c t i o n  Col lapse  (CSC008) 

7 )  Hyper-FineGroup I n t e g r a l  T ranspo r t  Spectrum 
C a l c u l a t i o n  - RABANL (CSC009) 

8) Broad-Group Spectrum C a l c u l a t i o n  (CSCO10) 

F igure  1 i n d i c a t e s  t h e  program f low through t h e s e  modules. The b a s i c  d a t a  
r equ i r ed  by Mc2-2 a r e  s t r u c t u r e d  i n  e i g h t  d a t a  f i l e s .  The f i l e  formats  a r e  
provided i n  Appendix C. These d a t a  f i l e s  may be  c r e a t e d  from t h e  ENDF/B 

da t a (3 )  by t h e  program E T O E - ~ ' ~ ) .  Multigroup c r o s s  s e c t i o n s  gene ra t ed  by 

Plc2-2 a r e  processed  i n  t h e  ARC System XS.ISO(~) and /o r  t h e  CCCC ISOTXS (2) 
formats .  These s t r u c t u r e s  a r e  inc luded  i n  Appendix C f o r  t h e  s a k e  of 
completeness.  

The major f e a t u r e s  of Mc2-2 inc lude :  

1. t h e  a b i l i t y  t o  s p e c i f y  t h e  r i g o r  of a c a l c u l a t i o n  
through i n p u t  o p t i o n s ,  

2. Ply B1, c o n s i s t e n t  P  and c o n s i s t e n t  B extended 
1 1 

t r a n s p o r t  t heo ry  a lgo r i t hms ,  



3.  mult igroup,  improved o r  s t anda rd  Greuling-Goertzel 
cont inuous s lowing down theory  s o l u t i o n s ,  

4.  hyper-f ine-group i n t e g r a l  t r a n s p o r t  theory  s o l u t i o n s ,  

5. f l e x i b l e  broad group s t r u c t u r e s  i n  a choice  of formats ,  

6 .  c o n s i s t e n t  t r ea tmen t  o f  a l l  ENDFIB Version 111 and 
Version I V  d a t a  formats ,  

7. f a s t  and a c c u r a t e  resonance i n t e g r a l  t rea tment  of B r e i t -  
Wigner and .Adler-Adler reso lved  resonances,  

8. f a s t  and a c c u r a t e  t r ea tmen t  of unresolved resonances 
inc luding i n t e r f e r e n c e  s c a t t e r i n g  and same-sequence 
over  1a.p e l l  ec L s  , 

9 .  i s o t o p e  dependent f i s s i o n  s p e c t r a ,  

10. inhomogeneous source  c a l c u l a t i o n ,  

11. buckl ing  s e a r c h  o r  group dependent buckl ing c a l c u l a t i o n s ,  

12. f l e x i b l e  o u t p u t  op t ions .  

Th i s  r e p o r t  i s  organized i n t o  seven chap te r s  which a r e  in tended  t o  
provide  t h e  phys ics ,  mathematics and code use r  documentation f o r  t h e  pro- 
gram MC2-2. Chapter I1 c o n t a i n s  t he  t h e o r e t i c a l  development of a l l  t h e  
methods and approximations used i n  t h e  ul t ra-f ine-group fundamental mode 
spectrum c a l c u l a t i o n  of MC2-2. Chapter I11 con ta ins  t h e  informat ion  
r e l e v a n t  t o  t h e  c a l c u l a t i o n  of  resonance . i n t e g r a l s  from reso lved  resonance 
parameters  and Chapter I V  is concerned 'wi th  t h e  c a l c u l a t i o n  of  c r o s s  s e c t i o n s  
and resonance i n t e g r a l s  from average parameters  I n  t h e  unresolved resonance 
energy regions.  Chapter V desc r ibes  the RARANL module of the' code M C ~ - ~ .  
The RABANL c a l c u l a t i o n  i s  a hyper-£ i'ne-group i n t e g r a l  transp-or t slowing down 
c a l c u l a t i o n  which t r e a t s  reso lved  resonance abso rp t ion  r igo rous ly .  The 

module is  modeled a f t e r  t h e  resonance absorp t ion  codes  RABBLE'^) add RABID. 
( 6 )  

Chapter V I  p rovides  a guide  f o r . u s e r  a p p l i c a t i o n  and Chapter V I I  con ta ins  
informat ion  r e l e v a n t  t o  t h e  programming of M C ~ - ~ .  
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11. FUNDAMENTAL MODE SPECTRUM CALCULATION 

A. P1 and B Extended Transpor t  Equat ions 
1 

The time independent t r a n s p o r t  equa t ion  is w r i t t e n  

where 9 i s  t h e  f l u x  de f ined  such  c h a t  $dVdudll i s  the f i u x  i n  che vu1u111r clV 
about  r ,  i n  t h e  element of  s o l i d  ang le  dR about  R ,  - i n  t h e  l e t h a r g y  range  du 
about  ;. The l e t h a r g y  u is  de f ined  a s  Rn(Eo/E). S i m i l a r l y  S is t h e  i s o t r o p i c  

sou rce  d e n s i t y  i n  t h e  same element of  phase space  and inc ludes  c o n t r i b u t i o n s  
due t o  f i s s i o n  a n d l o r ,  sou rces  independent of the f l u x  $. The macroscopic 
t o t a l  c ros s  s e c t i o n  i s  denoted by C and t h e  macroscopic s c a t t e r i n g  t r a n s f e r  

t 
c r o s s  s e c t i o n  by Z . If one  assumes a homogeneous mix tu re  s o  t h a t  t h e  above 

S 

q u a n t i t i e s  a r e  no t  space  dependent and makes u s e  of t h e  fundamental mode a n s a t z  

then  E q . I I . l  may b e  w r i t t e n ,  

+ S (u) /41T (11- 3) 

where v - f2 R ' .  I n  o r d e r  t o  s i m p l i f y  t h e  n o t a t i o n ,  cons ider  on ly  p lane  
o - -  

geometry. Expanding t h e  f l u x  and s c a t t e r i n g  t r a n s f e r  c r o s s  s e c t i o n  i n  
s p h e r i c a l  harmonics,  

where P ( )  is t h e  .kth o r d e r  Legendre polynomial,  s u b s t i t u t i n g  i n t o  Eq. 11.3 R 

and making use  of t h e  a d d i t i o n  theorem f o r  ~ e ~ e n d r e  polynomials y i e l d s  

*Equation numbering convent ion of t h e  form N, n is  used where N is t h e  
chap te r  number and n i s  the e q u a t i o n  number i n  Chapter Nc 



Multiplying by P (v), integrating over the range of u ,  and using the recursion 
relation gives 

R 

Two well known approximations to this infinite set of coupled equations are the 

P and B methods (8).  The P approximation assumes 
N N N 

$++l=o~ . 

and the B approximation assumes 
N 

I R 
du' ZS(ul + U) mR(ul) = 0 R > N 

which is equivalent to taking 

where Q (x) is a Legendre function of the second kind. Using Eq.II.7a or R 
II.7b, Eqs. 11.6 may be written 



The s e t  of Eqs. 11.8 . _I may be  f u r t h e r  s i m p l i f i e d  by use  of t h e  extended t r a n s p o r t  

approximation(9)  which assumes t h a t  a n i s o t r o p i c  s c a t t e r i n g  t a k e s  p l ace  without  
a  change i n  l e tha rgy  s o  t h a t  

where 
R 

d u 1 Z S ( u + u ' ) .  
S 

Using Eq.II.9 i n  Eqs.II .8  one o b t a i n s  t h e  c o n s i s t e n t  P1 and B1 o rde r  N 
extended t r a n s p o r t  equat ions.  " 

where 

The c o n s i s t e n t  P1 and B1 Eqs.II.10 w i t h  t h e  continued f r a c t i o n  d e f i n i t i o n s  of 

Eqs . I I .11  reduce t o  t h e  s t anda rd  forms programmed i n  t h e  MC 2''') and 'CAM(1?) CO, 

i f  one takes  t h e ' o r d e r  of . the extended t r a n s p o r t  approximation, N,  a s  un i ty .  
. f 



The i n c o n s i s t e n t  P and B1 equa t ions  a r e  obtained by assuming t h a t  Eq.11.9 i s  
1 

a p p l i c a b l e  f o r  R = 1. I n  t h i s  case  t he  P i n t e g r a l  of Eqs . I I .10  d i s appea r s  and 
1 

the  c o e f f i c i e n t  bo of t h e  continued f r a c t i o n  is modif ied,  

The sets of Eqs.II .10,  11.11 and 11.12 d e f i n e  t h e  f o u r  spectrum o p t i o n s ,  
c o n s i s t e n t  and i n c o n s i s t e n t  P and B1 extended t r a n s p o r t  approximations,  

1 
which a r e  a v a i l a b l e  i n  t h e  ul t ra-f ine-group spectrum c a l c u l a t i o n s  of t h e  
M C ~ - ~  code. The fo l lowing  sub-sect ions w i l l  d i s c u s s  t h e  methods by which 
these  equa t ions  a r e  so lved .  

B. Source Term 

The sou rce  t e r m  of Eqs.II .10,  S(u) ,  d e s c r i b e s  neut ron  sou rces  due t o  
f i s s i o n  and inhomogeneous sources  independent of t h e  f l u x .  The sou rce  is  
assumed t o  be  i s o t r o p i c  i n  t h e  l abo ra to ry  system. I n  M C ~ - ~  s c a t t e r i n g  
sources  due t o  i n e l a s t i c  and (n,2n) s c a t t e r i n g  a r e  a l s o  assumed i s o t r o p i c  
and i t  is convenient t o  i nc lude  these  s c a t t e r i n g  sou rces  a s  components of S (u ) .  
With t h i s  convention t h e  equa t ions  of S e c t i o n  1 I . A  above a r e  a p p l i c a b l e  i f  
R 

C (u '  + u) is taken  t o  be  t h e  e l a s t i c  s c a t t e r i n g  t r a n s f e r  c ros s  s e c t i o n  and 
9 

S(u) is def ined  

Sf (u)' E f i s s i o n  source  

Sne(u) ', non-e l a s t i c  s c a t t e r i n g  source  

f i x  
(u) E inhomogeneous sou rce  

The f i s s i o n  sou rce  has  t h e  form 

where t h e  sum is  over a l l  i so topes  i n  t he  mix ture ,  N .  i s  t h e  atom d e n s i t y  
1 

of i s o t o p e  i, X, (u) is  t h e  f r a c t i o n  of f i s s i o n  neut rons  emi t ted  i n  t h e  

l e tha rgy  range du about u  f o r  i s o t o p e  i ,  v .  (u) is t h e  number of neu t rons  
1 

emi t t ed  per  f i s s i o n  f o r  i s o t o p e  i, a (u) is  t h e  microscopic,  f i s s i o n  c ros s  
fi 

s e c t i o n  f o r  i s o t o p e  i. The f i s s i o n  spectrum d i s t r i b u t i o n  x.(u)  may a c t u a l l y  
1 

depend upon t h e  f i s s i o n  l e t h a r g y ,  bu t  such a  p o s s i b i l i t y  is  n o t  permi t ted  by 
t h e  M C ~ - ~  code. An op t ion  is a v a i l a b l e  i n  t h e  code t o  a s s i g n  l i b r a r y  f i s s i o n  



s p e c t r a  t o  problem i s o t o p e s  thus  pe rmi t t i ng  a  s i n g l e  f i s s i o n  spectrum d i s t r i -  
bu t ion  f o r  a l l  f i s s i o n a b l e  i so topes .  The s c a l a r  k of Eq.11-13 has  t h e  va lue  
un i ty  i f  Sfix(u) # 0 .  I f  Sfix (u) = 0 ,  then  ~ q s . I I . 1 0  have a  s o l u t i o n  only  i f  

k e i s  t h e  eigenvalue of t h e  system of equat ions .  

C .  Continuous Slowing. Down Theory 

Two s e t s  of a lgor i thms f o r  t h e  s o l u t i o n  of Eqs.II.10 a r e  a v a i l a b l e  i n  t h e  
M C ~ - ~  code, mult igroup and continuous slowing down theory.  I n  t h i s  s e c t i o n  
t h e  form of t h e  continuous slowing down equat ions  t r e a t e d  by M C ~ - ~  i s  der ived .  

The algori thms a r e  based on t h e  work of Stacey ( I 2 )  and a r e  inc luded  i n  t h i s  
' r e p o r t  t o  provide a. self-contained p r e s e n t a t i o n  f o r  t h e  convenience of t h e  
r eade r .  A gene ra l  review of continuous slowing down theory h a s b e e n  prepared 

(i3) by Stacey . 
The 1 - th  order  angular  component of t he  e l a s t i c  slowing down dens i ty  i s  

def ined  
u  u'+Lnl /ai 

du' I 1 
du" X s  ( u '  + u") mL(ul) (11.15). 

u  
i 

i 

where 

*i 
= niass of i s o t o p e  i l n e u t r o n  mass 

L 
P ( u '  + U) 5 macroscopic e l a s t i c  s c a t t e r i n g  t r a n s f e r  

i c ross  s e c t i o n  :or i so tope  i 

The s c a t t e r i n g  t r a n s f e r  c ross  s e c t i o n s  of Eqs.II.4 and 11.10 a r e  given by 

a s  a  consequence of t h e  conventions assumed i n  s e c t i o n  1 I . B .  It i s  convenient 

t o  d e f i n e  an e l a s t i c  t r a n s f e r  k e r n e l  P . ( u l  + u) and a slowing down k e r n e l  
L 1 

Ki(ul 3 U) i n  t h e  fol lowing manner, 

D i f f e r e n t i a t i o n  of Eq . I I .15  g ives  



A continuous slowing down approximation r e s u l t s  from assuming 

where g . ( u l )  i s  taken  t o  be  e i t h e r  t he  i s o t o p i c  s c a t t e r i n g  c ros s  s e c t i o n ,  
1 

Z ( u ' ) ,  o r  t h e  macroscopic t o t a l  c ros s  s e c t i o n  Z ( u ' ) .  The v a l i d i t y  of 
S 
i t 

e i t h e r  approximation depends upon t h e  mixture  and t h e  l e tha rgy  range i n  
ques t ion .  S i n c e  t h e  t o t a l  c o l l i s i o n  d e n s i t y  is  l i k e l y  t o  be  a  more s lowly 
varying quan t i t y  than  each of t he  i s o t o p i c  s c a t t e r i n g  c o l l i s i o n  d e n s i t i e s ,  

- t h e  l a t t e r  choice  of g . ( u l )  has a  g r e a t e r  range of v a l i d i t y .  A s  t h e  s c a t t e r i n g  
1 

band f o r  Hydrogen (% 2 1)  i s  i n f i n i t e ,  t h e  two term expansion of ~ q . 1 1 . 1 9  i s  no t  

v a l i d  i n  t h i s  case  f o r  e i t h e r  choice of g .  (u) . Hydrogen is the re f  o r e  t r e a t e d  
1 

s e p a r a t e l y  and t h e  slowing down d e n s i t y  is  r ep resen ted  as 

where n (u) is  the  Hydrogen slowing down d e n s i t y  and q  (u) i s  g iven  by Eq.II.15 C C 
with  t h e  sum excluding Hydrogen. S u b s t i t u t i o n  of Eq. 11.19 i n t o  Eqs. 11.15 and 
11.18 g lves  

wi th  t h e  moderating parameters given by 



-10- , 

rs  (u ' )  
e u i . : P P ( u l +  U) 

ei(u) = dul  (u '  - u) gi(ul) 

- i 

I f  cons ide ra t ion  is  l i m i t e d  t o  t h e  case ,  g i (u l )  = C t  (u) , then  composite 
moderating parameters  may be  def ined  . 

and Eqs. 11.20 and 11.21 may b e  combined t o  g i v e  

I f  o n e  cons iders  t h e  case  g i (u l )  = L s ( u l )  , and de f ines  t h e  composite 
moderating parameters  i 

n 

then  combination of Eqs.11.20 and 11.21 g ives  Eq.II.24 w i t h  t h e  parameter 6 R def ined  

L J 
(14) A r e s u l t  formally s i m i l a r  t o  Eq.II.24 was obta ined-by  Goer tze l  and Greul ing .  

They obtained t h e i r  r e s u l t s  by r ep lac ing  t h e  slowing down k e r n e l  K . (u l  1 +- u) by a  
s y n t h e t i c  k e r n e l  and p re se rv ing  moments. The s tandard  Goertzel-Greuling 

dy, 
approximation corresponds t o  Eqs. 11.24, II. 25, 11.27 and 11.28 w i t h  du = 0. 



The set of  Eqs. 11.23, 11.24, 11.25 and 11.26 defin;s t h e  "Improved Goer tze l -  

Greu l ing  Approximation" d e r i v e d  by Stac,ey. (:2) The m i c r o s c a p i c  moderat ing 
paramete rs  f o r  b o t h  approx imat ions  a r e  g i v e n  by Eqs.11-22 w i t h  

Goer tze l -Greu l ing  
. , 

Improved Goer tze l -Greu l ing  , 

I n  S e c t i o n  I 1 . D  of t h i s  r e p o r t  e x p l i c i t  d e f i n i t i o n s  of t h e  moderat ing paramete rs  
w i l l  be  g i v e n .  

The s lowing  down Eq.II.24 may b e  combined w i t h  t h e  P,/B, b a l a n c e  Eqs.11.10 t o  
J. J. 

o b t a i n  s o l i t i o n s  f o r  t h e  f l u x  and s l o w i n g .  down d e n s i t y .  For t h e  i n c o n s i s t e n t  
P /B approx imat ions ,  one sets 
1 1  

dql(u) . . 

du 
= 0 

which is  e q u i v a l e n t  t o  Eq.II.9 f o r  E = 1. Equa t ion  11.10 may t h e n  b e  m i t t e n  

where t h e  n o n - e l a s t i c  c r o s s  s e c t i o n  h a s  been d e f i n e d  

Cne(u) E C (u) + B~ 
t 3A1 (BY u ,  N) - Cs ( 4  

Equa t ions  11.24 and '  11.29 are combined t o  o b t a i n :  

I n c o n s i s t e n t  P  /B Approximation . 
1 1  



Equation 11.31 may b e  i n t e g r a t e d  d i r e c t l y  - 
"""" + ' "'11 

J . qo (u) = exp [- dul  qo(o) + (11.34) 
H 

o M(ul ) 

[X (ul1) + rs ( u * ~ ) ]  ]] 
t o ( u 1 )  I t ( u l )  (S (u l )  + no(u1)9 ne 1, dul  

H 
M(ul) o M(ul') 

Equat ions 11.31-11.34 have been m i t t e n  f o r  t h e  gene ra l  s i t u a t i o n  which inc ludes  
Hydrogen i n  t h e  mixture.  I f  t h e r e  were no Hydrogen, t h e  above equat ions  a r e  
applicable w i t h  C (u) = 0, rlo(u) = 0 .  

"11 

I f  one r e t a i n s  both t h e  = 0 ,  1 terms of Eqs.11.10 and 11.24, t h e  c o n s i s t e n t  
P /B coupled equat ions  a r e  obta ined ,  1 1  

Consis ten t  P /B Approximation 1 1  

and 



I n  w r i t i n g  Eqs.II .35 and 11.35 ~ ~ d r o - g e n  e l a s t i c  s c a t t e r i n g  has been assumed 
i s o t r o p i c  i n  t h e  c e n t e r  of mass system s o  t h a t  

2  c1 (u) = - C (u) 
S . H  S~ 

u  
so (u )  = I du l  Cs ( u l )  m0(u1) e  

- (u-u ' ) 
0 H 

3  - - (u-u') 1: du t  Is ( u ' )  ) l ( u l )  e 2  n l (u )  = 7 
H 

The d i f f e r e n c e  equat ions  used by M C ~ - ~  i n  t h e  s o l u t i o n  of Eqs. 11.32-11.36 w i l l  
b e  d iscussed  i n  Sec t ion  F. 

B .  Continuous Slowing Down Mod'erating-Parameters 

It i s  w e l l  known t h a t  t h e  microscopic Legendre moments of t h e  e l a s t i c  
s c a t t e r i n g  t r a n s f e r  crags s e c t i o n  def ined  i n  Eq.II.14 may be  represented  i n  

(15) t h e  form* 
-(u-u ') 

k us ( u ' )  P k [ ~ o ( ~ '  + 'u)  1 e  N 
us(u l  -+ u) = 

1-a 1 (2n + 1) f n ( u l )  
n=O 

where 
f n ( u l )  = nth  Legendre expansion c o e f f i c i e n t  a t  l e tha rgy  u '  

i n  t h e  c e n t e r  of mass system. f  (u ' )  = 1 
0 

The M C ~ - ~  code permits  a l l  N < 20. - 

lJ c  
= cos ine  of s c a t t e r i n g  ang le  i n  t h e  c e n t e r  of 

of mass system. 

(11.39) 

lJ 0 
= cos ine  of s c a t t e r i n g  ang le  i n  t h e  l abo ra to ry  system 

(52 51') 

and a l l  o t h e r  terms have been def ined  previous ly .  To s i m p l i f y  t h e  n o t a t i o n ,  
t h e  i s o t o p e  i n d e x i  has  been dropped. Equat ionI1.38 a long  wi th  Eqs-11.16, 
11.17 may be used t o  o b t a i n  e x p l i c i t  forms f o r  t h e  i s o t o p i c  moderating para- 

.meters  of Equations 11.22. 



1. Goer tze l -Greu l ing  Moderat ing Paramete rs  

S e t t i n g  g i ( u l )  = Is ( u ' )  and d ropp ing  t h e  i s o t o p e  i n d e x  i ,  
i 

E q s .  11.22 may b e  w r i t t e n ,  

1\1 u'+.?nl/n G(ul l -u f )  
a' = - 1 (2n + 1) J U  du l  (u '  - u) dull f  (u ' )  e 

1-a n n=O u-lnl /a 

Pl (uo) pn (lJc) 

: a. 
c  = 0.  

Transforming v a r i a b l e s  t o  U =  u" - u '  and s w i t c h i n g  o r d e r s  o f  i n t e g r a t i o n  g i v e s  

N u  
= 1 (2n + Y l i a d U  o Pn[pc(U) I PC[po(U) I (- 2) 1 du'  f n ( u 1 )  

n=O . , 2  u-u 

(2. + I )  j'"'Ia u  
a-e= 1 du '  (ul-U) f n ( u l )  

- *=o .2 u-u 

I f  t h e  s c a t t e r i n g  c o e f f i c i e n t s  f  n  (u) a r e  assumed c o n s t a n t  i n  t h e  s c a t t e r i n g  band 

[u - ~ n ( l / a ) , u ] , t h e  Goer tze l -Greu l ing  moderat ing paramete rs  may b e  w r i t t e n  

where 

- (2, + 1 )  j T 1 I a i  
T~ Ln (ai) 7 $ 2  dU um PL(p0(U) P n  (II c  (U) 



m 
The q u a n t i t i e s  Ten r e l a t e  Legendre moments of t h e ,  s c a t t e r i n g  c r o s s  s e c t i o n s  

i n  t h e  c e n t e r  of mass and l a b o r a t o r y  sys tems  and have been s t u d i e d  i n  

d e t a i l .  (16-18) P r e c a l c u l a t e d  v a l u e s  of T m are prov ided  i n  t h e  M C ~ - ~  l i b r a r y  
(MCC2F8 of Appendix C) f o r  each isotope? Numerical  e x p e r i e n c e  h a s  shown 
t h a t  s i x  terms i n  t h e  sums of Eqs . I I .41  s u f f i c e  t o  c a l c u l a t e  t h e  pa ramete rs  

m 
a c c u r a t e l y .  T h i s  is  a consequence of t h e  f a c t  t h a t  T ( a )  approaches  z e r o  

Rn 

a t  l e a s t '  a s  f a s t  a s  t h e  f a s t e r  o f  A - ~  and A -lR-nl ( 6 )  

2. Improved Goer tze l -Greu l ing  Moderating Paramete rs  

S e t t i n g  g.  ( u ' )  = C ( u ' )  Eqs . 11.22 may b e  w r i t t e n  
1 t 

t For heavy i s o t o p e s  which have a s m a l l  s c a t t e r i n g  band w i d t h ,  i t  is  r e a s o n a b l e  
t o  assume 



where ( )u denotes  ari average over t h e  l e tha rgy  band. With t h i s  approximation 

t h e  same ope ra t ions  which l e d  t o  Eqs.II .41 g i v e  

a. a. 
6, (u) = - ei (u> = - r (e fn) Tin  (ai) 

n=O u .  

where t h e  d e f i n i t i o n  

L has  been used. The s e t t i n g  of c , (u )  t o  zero i s  an approximation r equ i r ed  i n  
I 

Mc2-2 t o  avoid numerical  d i f f i c u l t i e s .  I n  t h e  Mc2-2 code Eqs. 11-44 a r e  used f o r  
i s o t o p e s  of mass Ai , 200 (Lnl/ai  < .02) s o  t h a t  t h e  averaging assumption is  

expected t o  b e  v a l i d .  Numerical exper ience  has  shown t h a t  fou r  terms i n  t h e  
sums of Eqs. 11.44, N = 3 ,  s u f f i c e  t o  c a l c u l a t e  t h e  parameters  a c c u r a t e l y  f o r  
t h e  heavy i s o t o p e s .  

For l i g h t e r  m a t e r i a l s  (Ai 200) t h e  Improved Goerteel-Greuling moderating 

parameters a r e  der ived  i n  t he  fo l lowing  manner. Define t h e  q u a n t i t y  
.L1 - 

where 

1 
(-) n+l-k-n ' 

i (2n - 2k) ! 
Knnl  (ai) k! (n-k) ! (114-1-2k-n') ! 

2n(n'-1)! . 

( ) "1-2" 

K 
max i ,n ( I ,  [. + : - n 1  1) 

Noting t h a t  t h e  Legendre Polynomials P n (p) may b e  expanded 

- )  (2n - 2 t )  ! n-2k 
Pn(p) = 1 v 

k=O 2" k! (n-k) ! (n-2k) ! 

and us ing  Eqs.II.39 and 11.40 i t  can b e  shown t h a t  t h e  !?, = 0 ,  1 Eqs. 11.43 

-Y b e  w r i t t e n  i n  t h e  form 



N+l u Cs (u') 
du ' i -n ' (u-u ') 

C (u') v;' (.u') e 
u-&nl /ai 

N+l Is (u') 
du ' i i 

Vn1(u1) (U - u') e -n' (u-u') 
u-&n / ai 

Zt(u1> 

1 (u') 
n' 

u S 

- a du ' i 
i Ct(ul> (U - u') Vt1 (ul) 

i I 

Cs (u0 
- - i du ' i 1 -n ' (u-u') 

C, (ur 1 Vn1(u1) e 
i 

C (u') 
S 

du ' i (ul) e -(n '+l/2) (u-u ') 
1 Ct (u') 

zs (u') 
- du ' i vnl(ul) i e -(nl-1/21 (u-u') 
2n' - 1 Ct(ul> 



-(nl-1/21 (u-u') 
(U - ul) e 



Numerical exper ience  has  shown t h a t  only four  terms need be  r e t a i n e d  i n  t h e  
sums of ~ q s .  11.48,-N = 3. The mass dependent c o e f f i c i e n t s  K ( a )  defined hy 

1111 

Eq. 11 .47  a r e  given i n  Table I. These c o e f f i c i e n t s  a r e  provided i n  t h e  M C ~ - ~  
l i b r a r y  (MCC2F8 of Appendix C ) .  



TABLE I. C o e f f i c i e n t s  Knn, (a) 



E. Narrow Resonance ~ t t e n u a t i o n  

The formalism developed i n  t h e  previous  s e c t i o n s  i s  d i r e c t l y  a p p l i c a b l e  
t o  narrow resonances provided t h a t  e f f e c t i v e  resonance c ros s  s e c t i o n s  could 
b e  ca l cu la t ed .  Such a  c a l c u l a t i o n  i s  q u i t e  time consuming a s  evidenced by 

t h e  f a c t  t h a t  t he  resonance c a l c u l a t i o n  of t h e  code Mc2 ( l o )  i s  about one-half 
- o f  t h e  t o t a l  computing time f o r  t y p i c a l  problem execut ions .  I t  i s ,  t h e r e f o r e ,  
advantageous t o  i gnore  t h e s e  resonances i n  d e f i n i n g  t h e  moderating parameters 
of Sec t ion  D and then  superimpose t h e i r  e f f e c t  by a t t e n u a t i n g  t h e  s lowing down 
dens i ty .  This  is t h e  s t r a t e g y  employed by ' t he  code Mc2-2 f o r  t h e  t rea tment  of 
narrow reso lved  resonances.  I n  p a r t i c u l a r ,  t h e  wide resonances of l i g h t  m a t e r i a l s  
a r e  t r e a t e d  by t h e  code which prepares  t h e  l i b r a r y  f o r  Mc2-2 from b a s i c  nuc lea r  

d a t a ,  e .g .  E T o E - ~ ' ~ ) .  M C ~ - ~  t r e a t s  t h e s e  resonance c ros s  s e c t i o n s  as e f f e c t i v e  
smooth c ros s  s e c t i o n s  and inc ludes  t h e i r  c o n t r i b u t i o n  i n  t h e  c a l c u l a t i o n  of 
moderating parameters .  S i m i l a r l y ,  e f f e c t i v e  smooth c ros s  s e c t i o n s  f o r  heavy' 
i s 0 t o p . e ~  a r e  c a l c u l a t e d  by M C ~ - ~  from unresolved resonance parameters  according 
t o  t h e  algori thms s p e c i f i e d  i n  Chapter IV and included i n  t h e  c a l c u l a t i o n  of t h e  

moderating parameters .  An asymptotf c  s lowing down d e n s i t y ,  qasY (u) , i s  ca l cu la t ed  L 
us ing  t h e s e  parameters  i n  Eqs. 11.34 o r  11.35 and the  e f f e c t s  of t h e  narrow reso lved  

resonances a r e  superimposed on qasY(u) by use of a t t e n u a t i o n  f a c t o r s .  The form L 
of t h e  narrow resonance a t t e n u a t i o n  fac. tors  is der ived  below. 

For t h e  sake  of s i m p l i c i t y  cons ider  t h e  P /B equat ions  f o r  a  s i n g l e  m a t e r i a l  
and assume zero  buckl ing ,  

1 1  

u 
F(u) = \ du' P O  (u - u ' )  h ( u l )  P ( u l )  + S(u) 

where 

and a l l  o t h e r  terms have been def ined  p rev ious ly .  If one n e g l e c t s  t h e  narrow 
reso lved  resonance c ros s  s e c t i o n s ,  Eq. 11-49  has  t h e  form 

u 
Fas(u) = I du' PO (U - u ' )  has (u l )  ~ ~ ( u ' j  + S(U) 

0 

where t h e  asymptot ic  c r o s s  s e c t i o n s  a r e  ' de f ined  

r 
z ~ ( u )  = Et(u) - "(u) ,  e t c .  

and r r e p r e s e n t s  t h e  narrow reso lved  resonance c ros s  s e c t i o n s .  Sub t r ac t ing  
Eq. 11.50 from Eq.II.49, 



Following t h e  methods used by Corngold, (19) d e f i n e  t h e  Laplace t ransform a s  

s o  t h a t  
% '" '"0 
~ ( s )  = F~~ ( s )  + P i s )  [ ~ ( h f )  - L(II,~F,;) 1.. 

. . 
Define 

where a s .  r 
'ne + 'ne 

g(u) = zy I- 1; 

and 
'" '" 
~ ( s )  = Fa,(s) - '"0 

1 - P ( s )  

Defining 
'"0 '" 

$(s)  = 
p ( s )  

'"0 
1 - p ( s )  

Equation 11.51 may be  i n v e r t e d  t o  o b t a i n  
. , 

F ( ~ ) , = F ~ ~ ( I J )  - du' $ ( u - u ' )  [ g ( u l )  F(u ' )  - g a s ( ~ ' ) ' F a s ( u l ) l  J: 
where t h e  k e r n e l  J, s a t i s f i e s  

It is  obvious from Eq. 11.53 t h a t  $(u)  i s  t h e  s o l u t i o n  of Eq.11.49, f o r  a d e l t a  
func t ion  sou rce  i n  t h e  absence of abso rp t ion .  It i s  w e l l  known t h a t  
asymptot ica l ly  

1 
I $(u) ' =! 

zas ne  $as 
(11.54) . 

qas 



I-., 

Using Eq.II .54 i n  Eq.II.52 an  express ion  f o r  t h e  a t t e n u a t i o n  i n  t h e  asymptot ic  
(non-resonance) c o l l i s i o n  d e n s i t y  is ob t a ined  , 

where t h e  product is  taken over a l l  resonances i n  t h e  i n t e r v a l  0  < u < u and - r -  

The method f o r  c a l c u l a t i n g  t h e  J* f u n c t i o n  w i l l  be  d iscussed  i n  Chapter 111. 

S tacey ( I 2 )  der ived  an a t t e n u a t i o n  f a c t o r  formalism by cons ider ing  t h e  resonance 
as a  p o i n t  absorber .  This  l eads  t o  Eq. 11.56 wi thout  t h e  second term i n  t h e  
b r a c k e t s ,  thus  neg lec t ing  t h e  compet i t ion  between s c a t t e r i n g  and abso rp t ion  
of t h e  resonance. 

F. Ultra-Fine-Group Equations 
I 

The l e tha rgy  (energy) domain of i n t e r e s t  i s  assumed t o  be p a r t i t i o n e d  i n t o  
equal  l e tha rgy  i n t e r v a l s  of w i d t h .  Au. The corresponding energy widths a r e  
denoted AE . By convent ion,  i n c r e a s i n g  g  r e p r e s e n t s  i n c r e a s i n g  l e tha rgy  

tz 
(decreas ing  energy) , 

The l e tha rgy  group width is  assumed t o  be  sma l l  and, fo l lowing  t h e  MC 2 (10) 

convent ions,  c a l c u l a t i o n s  performed i n  t h i s  s t r u c t u r e  a r e  c a l l e d  u l t r a - f i n e -  
group c a l c u l a t i o n s .  The group s t r u c t u r e  is  f i x e d  by t h e  MC2-2 l i b r a r y  
(Appendix C). It is  usua l ly  s e t  a t  Au - 1/120, corresponding t o  t h e  MC2 
s t r u c t u r e ,  g iv ing  2040 groups from 10 MeV t o  0.414 eV. 

F igure  2  g ives  a  schematic  r e p r e s e n t a t i o n  of t h e  M C ~ - ~  group s t r u c t u r e .  
From t h e  maximum problem energy,  Em,, t o  a  u se r  s p e c i f i e d  energy,  ECSDy t h e  

code uses  a mult igroup form of Eqs.II.10-11.12 i n  t h e  spectrum c a l c u l a t i o n .  
From ECSD t o  E  the  equat ions  of Sec t ion  I I . C ,  Continuous Slowing Down min 
Theory, a r e  app l i cab le .  The use r  s p e c i f i e d  energy E must s a t i s f y  t h e  
r e l a t i o n s h i p  CSD 
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Fig. 2. M C ~ - ~  Energy s t r u c t u r e  



.E < E < E 
R CSD - max 

where 
ER = energy of h i g h e s t  energy resolved resonance i n  

t h e  problem mixture 

T h i s  r e s t r i c t i o n  is  a  consequence of t h e  use  of t h e  a t t e n u a t i o n  f a c t o r  t rea tment  
of reso lved  resonances ( c . f .  Sec t ion  1I.E) i n  t h e  continuous slowing down energy 
domain. 

The remainder of t h i s  s e c t i o n  p re sen t s  t h e  ul t ra-f ine-group equat ions  f o r  
t h e  multigroup and continuous slowing down formula t ions .  

1. Multigroup Equations 

I n t e g r a t i n g  Eqs.II .10 and 11.11 over a  grbup one o b t a i n s  

where 

and 

Since  t h e  f l u x  moments 4 (u) a r e  unknown a spectrum must b e  assumed i n  o rde r  t o  1 
d e r i v e  t h e  u l t r a - f  ine-group c ros s  s e c t i o n s  def ined  by Eqs . 11.61.  his averaging 
is performed by the  process ing  code which prepares  t he  l i b r a r y  f i l e s  f o r  M C ~ - ~ .  
These ul t ra-f ine-group d a t a  a r e  t he  b a s i c  i n p u t  t b  MC*-2 and l a t e r  s e c t i o n s  of 
t h i s  r e p o r t  w i l l  de sc r ibe  how these  d a t a  a r e  processed t o  permit  a  s o l u t i o n  of 
E ~ s . .  11.59. 



noted e a r l i e r  i n  t h i s  r e p o r t ,  an opt ion  of' t h e  code permi ts  group dependent 
buckl ing .  I n  t h i s  ca se  one i s ~ s o l v i n g  Eqs.II.59 w i t h  B rep laced  by B g . To 

s i m p l i f y  n o t a t i o n ,  only t h e  group independent buckl ing  equat ions  w i l l  b e  
developed. 

I n  w r i t i n g  Eqs.11-59 i t  h a s  been assumed t h a t  a neut ron  cannot ga in  energy 
as a r e s u l t  of s c a t t e r i n g  thus prec luding  t h e  use  of M C ~ - ~  i n  t h e  thermal  
energy domain. 

Equations I I . 5 9  may be  w r i t t e n :  
. , 

Consis ten t  P ~ / B ~  Approximation 

and 

s g  5 1 sg + sFiX + 1 [C ine l  (g '  + g) + ~ z ~ , , ~ ( P '  + g)] m g '  
k f 

g ' < g  



II In Eqs. 11.63 explicit account has been taken.of the elastic (C ), inelastic 
S 

(Iinel) Y and (n, 2 4  , (,In. 2n ) scattering sources and the sourk'e term sg has 
been redefined to exclude non-elastic in-group scattering which has been 

incorporated in the removal cross section Ig . . ~~uations 11.62 and 11.63 define 
\ 

r 
0 

,the multigroup consistent P /B approximation. The inconsistent P /B 
1 1  1 1  equations are written: 

I ~ C O ~ S ~ S  tent P /B Approximation 1 1  

2. .Continuous Slowing Down Equations 

If one assumes 

where 
f+ r £(u ) = f(u) u > u'> u - 8Au 

g g 

f - :'f(u ) = f(u) -U <. u' < u -'8a'u 
g-1 g-1 g 

8 r integration factor 0 < 8 '< 1 - - 
A u E u  - u  

g 8-1 > 

then the inc'onsistent P /B blowing down Eq.II.34 may be written 1 1  



where 

~ n c o n s i ' s  t e n t  P /B Appfoiimation. 1 1  

g + zg ) A; 
S H 

( s g  + $) z; 
+ 

Au z g  + z g  
ne s H 

(-ee +:.. s 
1 - exp ', (11.66) 

- 

The group f l u x  .og may .be der ived  from Eq .  11,.32 

og = 
I 

or from the  ba lance  Eq. 11- 29 



The c o n s i s t e n t  P /B recurs ion  r e l a t i o n s  a r e  der ived  by d i f f e r e n c i n g  of 
1 1  

Eqs. 11.35 and 11.36 using the  approximations 

Consis t e n t  P /B Approximation 
1 1  



where 

g f3 1 g 1 Ilg t (BY!) (OX+) - (0Z+ + (OW+ + -) Au 

Expressions f o r  t h e  f l u x  and c u r r e n t  fol low d i r e c t l y  from Eqs .  36, 

' 3  
[y ( u . )  0 + y g )  ( 1  - 0) 1.1 -lnl 1 g 



where 

The c a l c u l a t i o n  of t h e  moderating parameters  r equ i r ed  i n  Eqs.II.66-11.75 w i l l  

be descr ibed  i n  Sec t ion  I. The Hydrogen slowing down d e n s i t y  ng may b e  cal-  
cu l a t ed  r ecu r s ive ly .  From Eqs. 11.37 i t  fo l lows  t h a t  R 

The i n i t i a l  condi t ions  f o r  t h e  continuous slowing down c a l c u l a t i o n  
a r e  g iven  by . ,  . 

where - u ,,, = uG = 1n (-) 



G.  E l a s t i c  S c a t t e r i n g  Trans fe r  Matrix 

The multigroup spectrum c a l c u l a t i o n  of M C ~ - ~  r equ i r e s  ul t ra-f ine-group 
e l a s t i c  s c a t t e r i n g  t r a n s f e r  ma t r i ce s .  Using Eqs. 11-38  and 11.61, t h e  t r a n s f e r  
ma t r i ce s  a r e  def ined  

1 (2n + I.) f n ( u l )  Pn[p,(u '  L + u)]  
n-0 

Noting t h a t  a (u ' )  does n o t  i nc lude  t h e  heavy element reso lved  resonance 
S 

s t r u c t u r e  s o  t h a t  i n  t h e  ul t ra-f ine-group g '  , o ( u ' )  % d g '  and assuming a 
S S 

cons t an t  weight ing func t ion ,  Eq. I I .79,may be  w r i t t e n  

The code eva lua t e s  o s (g l  + g) i n  t h r e e  d i f f e r e n t  op t ions  depending upon t h e  

mass A of t h e  s c a t t e r i n g  m a t e r i a l .  

1. Light  Elements 

For l i g h t  m a t e r i a l s  o t h e r  than  Hydrogen which s c a t t e r  more than 
t h r e e  ul t ra-f ine-groups 

a n  a lgor i thm s i m i l a r  t o  t h a t  of t h e  M C ~  code i s  used t o  eva lua t e  t h e  t r a n s f e r  
ma t r ix .  Wri t ing  ,Eq. 11.80 



i t  i s  c l e a r  t h a t  P (u '  -t g) may be  eva lua t ed  a n a l y t i c a l l y .  Consider ing t h e  L 
case = 0 ,  d e f i n e  t h e  v a r i a b l e  

s o  t h a t  

where 
N 

-)m (2n + 1) '  (n + m)! A ' '  1 fn (U ' )  (m! ( m +  I)!  (n  - m)! 
. 

m 
n=m 

Using t h e  a n a l y t i c a l  exp re s s ion ,  Eq.II.83, t h e  t r a n s f e r  ma t r ix  of  Eq.II.81 i s  
eva lua t ed  i n  t h e  fo l lowing  manner. Each u l t ra - f ine-group ,  Au, is  sub- 
d iv ided  i n t o  M hyper-£ ine-groups , a s  shown i n  F ig .  3 ,  such t h a t  

. . 

M6u = AU 

The number of hyper-fine-groups pe r  u l t ra - f ine-group ,  M y  is  chosen s o  t h a t  
( i )  M does n o t  exceed a  u se r  i n p u t  number; ( i i )  M = 1 i f  s c a t t e r i n g  i s  
i s o t r o p i c  o r  l i n e a r l y  a n i s o t r o p i c  i n  t h e  c e n t e r  of mass system (N - < 1 ) ;  
( i i i )  M = 1 i f  i s o t o p e  s c a t t e r s  a t  l e a s t  twenty u l t ra - f ine-groups ,  ( i v )  M 
i s  c a l c u l a t e d  t o  ensu re  t h a t  i s o t o p e  s c a t t e r s  a t  l e a s t  twenty hyper-f ine-  
groups,  M = -20 Au &a t h e  s c a t t e r i n g  from l e t h a r g y  u  t o  hyper-fine- 

g  'm 

group gn, Po(ug1 + g ) i s  c a l c u l a t e d  u s ing  E q .  11.83 wi th  t h e  f a c t o r i a l  n  
m 

c o e f f i c i e n t s  f o r  A p r e c a l c u l a t e d .  The t r a n s f e r  ma t r ix  i s  then obta ined  m 
u s ing  a t r a p e z o i d a l  r u l e  i n t e g r a t i o n ,  



Fig. 3. Elastic Scattering Group Structure 



For t h e  l a s t  group which can be reached from g ' ,  t h e  mat r ix  element i s  
c a l c u l a t e d  by ba l ance ,  

where 
1 

.' . < U ,  g + e n - <  a - u .g* 

For t h e  c o n s i s t e n t  P /B o p t i o ~ i s  "1 M C " ~ ,  t h e  ,ma t r ix  elements of 
1 1  

Equations 11.81-11.82 f o r  R = l  a r e  requi red .  Although i t  is  p o s s i b l e  t o  d e r i v e  
+ g) a n a l y t i c a l l y  a s  wi th  ~ q .  11.83, t h i s  exp re s s ion  i s  t ime consuming 

and d i f f i c u l t  t o  e v a l u a t e  n'umerically.  1t i s  fur thermore p o s s i b l e  t o  
o b t a i n  a f a s t  and a c c u r a t e  eva lua t ion  of t h e  i n t e g r a l  by t ak ing  

The sma l l  group s i z e ,  bu < Au % .008 makes t h i s  a good approximation. The 
code uses  t h e  energy midpoint of t h e  hyper-f ine s i n k  group i n  t h i s  ca l cu l a -  
t i o n .  From Eq. 11.40, l.~ i s  g iven  by 

0 - 

Equat ions 11.86, and 11.87 a r e  u sed  t o  c a l c u l a t e  t h e  P m a t r i x  i n  a manner 
1 

analagbus t o  t h a t  of t h e  P ma t r ix ,  
0 

M-1 
+ 2 1 P1(ug'-l + m6u -t g) ]  (11.88) 

m= 1 \ 



wh.ere agl i s  c a l c u l a t e d  from Eq. 11.45, 
S 
1 

and s c a t t e r i n g  i n t o  t h e  l a s t  group i s  c a l c u l a t e d  by ba lance  a s  i n  Eq.II.85 

The accuracy of  these  methods h a s  been documented by Henryson, e t  a l .  (20) 

For m a t e r i a l s  which s c a t t e r  l e s s  t han  fou r  ul t ra-f ine-groups 

(A > 160 f o r  Au = 1/120) t h e  method r epor t ed  by Henryson (21) i s  used. 
Equation 11.79 i s  w r i t t e n  

El (Un(U0 4 a ( U o ) g l  ~ : ( g '  -+ g) 

-r g)  = "=O (11.91) 

nu (m,(ul)'),l 

where ( )des igna tes  a  s u i t a b l e  average  over  t h e  group, and 

As w i t h  t h e  l i g h t  e lements ,  one t a k e s  t h e  g roup  wid th  t o  be  sma l l  enough 
t o  permit  a  cons t an t  weight  f u n c t i o n  s o  t h a t  

As shown i n  Ref. 21, i t  i s  p o s s i b l e  t o  change v a r i a b l e s  and swi tch  t h e  
o r d e r  t o  i n t e g r a t i o n  s o  a s  t o  w r i t e  Eq. 11.92 i n  terms of a  f u n c t i o n  

It is  no t  d i f f i c u l t  t o  show t h a t  on i n t e g r a t i n g  Eq.II.92 over  a l l  s i n k  groups, 

where the  T f u n c t i o n  was de f ined  by Equation 11.42. The ma t r ix  elements ' ' + g) a r e  g iven  i n  Table 11. These p r e c a l c u l a t e d  elements a r e  given An (g 

on F i l e  8 of t h e  M C ~ - ~  l i b r a r y  (Appendix C) f o r  each of t h e  heavy i so topes  
and a r e  used by M C ~ - ~  i n  t h e  c a l c u l a t i o n  of Equation 11.91. 

I 





3.  Hydrogen E l a s t i c  S c a t t e r i n g  

It i s  imposs ib le  t o  t r e a t  Hydrogen e l a s t i c  s c a t t e r i n g  i n  t h e  manner 
o u t l i n e d  f o r  t h e  l i g h t  elements above because of t he  computer s t o r a g e  problems 
a s s o c i a t e d  wi th  a  f u l l  ul t ra-f ine-group s c a t t e r i n g  band. Simple r e c u r s i v e  
r e l a t i o n s h i p s  e x i s t  which a r e  used by M C ~ - ~  i n  l i e u  of s t o r i n g  t h e  Hydrogen 
ma t r ix .  These r e l a t i o n s h i p s  a r e  given below. 

? 

Let S; b e  t h e  PL e l a s t i c  s c a t t e r i n g  source  i n t o  group g  from a l l  

groups above g  due t o  s c a t t e r i n g  from Hydrogen. Assuming t h e  s c a t t e r i n g  
t o  b e  i s o t r o p i c  i n  t h e  c e n t e r  of mass system, and t ak ing  A = l ,  Eqs. 11.40 and 
11.79 are used t o  g i v e  

sg z jug du ,rg-' dul SH(U1 ) 6 e ( ~ ' ) '  e  -(I  - +) (u-u') 9 (11.94) 
$3 u 0 .  

g-1 

Performing t h e  i n t e g r a t i o n  over group g  i t  i s  s imple  t o  show 

where t h e  Hydrogen slowing down dens i ty  rl (u) is  given by Eqs.II.37 and 
11.76. L 



H. I n e l a s t i c  and (n,2n) S c a t t e r i n g  

A s  noted i n  Sec t ion  B above, non-e las t ic  s c a t t e r i n g  ( i n e l a s t i c ,  (n ,2n) )  
is  t r e a t e d  a s  a  sou rce  term i n  t h e  ul t ra-f ine-group spectrum c a l c u l a t i o n .  
The development of t h e  continuous slowing down equat ions  made use of t h i s  
s e p a r a t i o n  e x p l i c i t e l y .  I n  t he  multigroup formulat ion t h i s  s e p a r a t i o n  i s  
i m p l i c i t  s i n c e  t h e  code does no t  prepare  a  non-e l a s t i c  ul t ra-f ine-group 
s c a t t e r i n g  ma t r ix  because of t h e  excess ive  s t o r a g e  requi rements . for  such 
a mat r ix .  Rather ,  t h e  non-e l a s t i c  s c a t t e r i n g  source  i s  c a l c u l a t e d  d i r e c t l y  
on each pass  through t h e  ul t ra-f ine-groups.  This  i s  the  most t ime consuming 
p a r t  of t h e  ul t ra-f ine-group spectrum c a l c u l a t i o n  i n  Mc2-2. 

For both i n e l a s t i c  and (n,2n) s c a t t e r i n g ,  t h e  Mc2-2 code permi ts  t h r e e  
d e s c r i p t i o n s  of t h e  secoridary energy d i s t r i b u t i o n s :  ( i )  t abu la t ed  func t ion ;  
( i i )  ,evaporat ion spectrum; ( i i i )  d i s c r e t e  l e v e l s .  The remainder of t h i s  
s e c t i o n  w i l l  b e  concerned wi th  t h e  methods used t o  c a l c u l a t e  t h e  u l t r a - f ine -  
group non-e l a s t i c  s c a t t e r i n g  source  f o r  each of t h e s e  d e s c r i p t i o n s .  

1. Tabulated Function . 
The fol lowing d a t a  a r e  provided on t h e  M C ~ . - ~ .  l i b r a r y  f i l e  MCC2F6 

( c . f .  Appendix C ) ,  

,g 
X t a b  

P r o b a b i l i t y  t h a t  a neutron is  
s c a t t e r e d  by process  x  ( i n e l a s t i c  
or .  (n ,2n))  from group g  t o  energy 
po in t  E 

t a b  

An a r r a y  of "sink" energy p o i n t s  

An i n t e r p o l a t i o n  law 'on  t h e  s i n k  
ene rg i e s  E 

t ab  

Cross s e c t i o n  i n  group g f o r  process  
x  m u l t i p l i e d  by t h e  f r a c t i o n  of 
s c a t t e r i n g  events  descr ibed  by t h e  
P  law 
X 

From t h e s e  d e f i n i t i o n s  . i t  i s  obvious t h a t '  t h e  non-e l a s t i c  S c a t t e r i n g  
source  i n t o  group g  descr ibed  by t h e  t a b u l a t e d  law is  given by 

The i n t e g r a l s  of Eq. 11.96 a r e  evaluated a n a l y t i c a l l y  us ing  t h e  in te rpola t ' ion  
law def ined  by t h e  KT da t a .  



2. Evaporation Spectrum 

For both i n e l a s  t i c  and (n ,2n) s c a t t e r i n g ,  t h e  Mc2-2 l i b r a r y  pro- 
v i d e s  evapora t ion  temperatures  and f r a c t i o n a l  p r o b a b i l i t i e s  such t h a t  

where t h e  s u b s c r i p t  n  i s  used t o  i n d i c a t e  a  sum over a l l  evapora t ivn  s p e c t r a  

f o r  process  x and I ~ '  is  a  normal iza t ion  f a c t o r ,  
n , x  

For (ny2n)  events  t h e  cons tan t  U is assumed to  be zero .  

The eva lua t ion  of Eq.II.97 r e q u i r e s  an  exponent ia l  f o r  each u l t r a -  
f i n e  s i n k  group, and i t  i s  t h i s  c a l c u l a t i o n  which c o n t r o l s  t he  computing time 

of an  Mc2-2 s ectrum c a l c u l a t i o n .  A f a s t  exponent ia l  $unct ion '22) (Appendix A) 
i s  used by MCq-2 t o  e v a l u a t e  t h e  r equ i r ed  exponexit.ials. Furthermore, t h e  
c a l c u l a t i o n  over  s i n k  groups g i s  terminated once t h e  c r i t e r i o n  

is  met. The i n t e g r a l s  of Eq.II.97 a r e  c a l c u l a t e d  a n a l y t i c a l l y .  

3.  Disc re t e  Levels 

The M C ~ - ~  l i b r a r y  f i l e  MCC2F6 provides Q va lues  and u l t r a - f ine -  
group l e v e l  c ros s  s e c t i o n s  f o r  a l l  i n e l a s t i c  and/or  (ny2n)  d i s c r e t e  
s c a t t e r i n g  l e v e l s .  I n  a d d i t i o n  t h e  l i b r a r y  provides t he  average cos ine  
of t h e  s c a t t e r i n g  angle  i n  t h e  cen te r  of mass system f o r  d i s c r e t e  i n e l a s t i c  
s c a t t e r i n g  by l e v e l  and group. These d a t a  a r e  processed i n  t he  manner 
i n d i c a t e d  below. 



a. Approxfmate Treatment Neglect ing Energy-Angle Cor re l a t ion  

It i s  w e l l  known t h a t  energy and momentum conserva t ion  g ive  

where 
E = l a b  energy a f t e r  c o l l i s i o n  

E' = l a b  energy be fo re  c o l l i s i o n  

p = cos ine  of c.m. angle  of s c a t t e r  

QX = -Q va lue  of r e a c t i o n  f o r  l e v e l  A 

A = mass of s c a t t e r i n g  i s o t o p e .  

The th re sho id  energy of t h e  r e a c t i o n  i s  

A r igorous  eva lua t ion  of t h e  group t o  group t r a n s f e r  p r o b a b i l i t y  accounting 

f o r  t h e  energy-angle c o r r e l a t i o n  of Eq.11-98 i s  q u i t e  complicated. (23) &o 
assumptions s e r v e  t o  s i m p l i f y  t h e  s i t u a t i o n  wi thout  much l o s s  i n  accuracy: 

( i )  ang le  of s c a t t e r i n g  i s  f i x e d ;  

With t h e s e  assumptions one can w r i t e  

It i s  c l e a r  from Eq. 11.100 t h a t  t h e  p r o b a b i l i t y  of s c a t t e r i n g  from.group j 
t o  group k f o r  d i s c r e t e  I.eve.1. X is  i d e n t i c a l l y  zero. un le s s  group k l i e s  
between t h e  energy boundaries  



max (E 
1 + .A2 + 2A <u> A + <p>) 

( 1  + Ai) 
] - ' I + .  QX 

and i t  has  been assumed t h a t  ' a t  l e a s t  a  p a r t  of group j l a y  above t h e  
t h r e s h o l d ,  . 

For t hose  groups,  k ,  which f a l l  p a r t i a l l y  o r  t o t a l l y  w i t h i n  t h i s  range,  . 

t h e  p r o b a b i l i t y  of s c a t t e r i n g  from group j . t o  group k  is  given by t h e  
f r a c t i o n a l  p a r t  of group j which s c a t t e r s  i n t o  group k .  This can be  
de r ived  d i r e c t l y  from Eq. 11.101, 

where 
( 1  + A2) EkVl + (A + 1 )  (A .I- <u>) Q X  

j-1' 1 + A" 2A i p >  

The Eqs .II. 102-I,I. 104 a r e  used by M C ~ - ~  t o  . c a l c u l a t e  t h e  d i s c r e t e .  s c a t t e r i n g  
sou rce ,  ' 

. . 

ne , d i n e  1 PX(g1 + 8) 
B' X X 

The average cos ine  of t h e  s c a t t e r i n g  angle  is  taken  t o  be  ze ro  ( i s o t r o p i c  
. i n  . c e n t e r  of mass) f o r  s c a t t e r i n g  from a l l '  (n,2n) l e v e l s .  The A , X 1  sums 

r e p r e s e n t  sums over  a l l  d i s c r e t e  l e v e l s .  

The *complete microscopic  non -e l a s t i c  s c a t t e r i n g  sou rce  i s  g iven  by 

sg = sg 
+ ste 

g  
ne ne  

t a b  CVP + 'ned 

The macroscopic sou rces  a r e  de f ined  by summing ove r  a l l  m a t e r i a l s  us ing  t h e  
a p p r o p r i a t e  atom d e n s i t i e s .  

b. Riporous Treatment Assuming I s o t r o p i c  ' Sca t t e r ing  

The approximations made above a r e  q u i t e  good f o r  sou rce  ene rg i e s  f a r  
above th re sho ld  where t h e  l e v e l  c r o s s  s e c t i o n s  a$ a r e  l a r g e . '  The s i m p l i c i t y  
of t h e  formula t ion  a long  w i t h  i t s  accuracy sugges t  t h a t  Eqs. 11.102-11.104 
p rov ide  t h e  recommended procedure f o r  eva lua t ing  t h e  d i s c r e t e  i n e l a s t i c  source.  
On o p t i o n  t h e  u se r  may, however, s p e c i f y  a  more r i g o r o u s ,  and correspondingly 
more t ime consuming, t rea tment  of d i s c r e t e  l e v e l  s c a t t e r i n g .  The o p t i o n  £01- 

lows t h e  work of Segev, (23) which accounts  



e x p l i c i t e l y  f o r  t h e  f a c t  t h a t  a  neu t ron  s c a t t e r e d  a t  energy E '  s c a t t e r s  
i n t o  a  band of ene rg i e s  def ined  from Eq. 11 -98  a s  

l + A  
E' . (11.105) 

This  band of ene rg i e s  must be  used i n s t e a d  of Eq.II.lOO t o  d e f i n e  t h e  p o s s i b l e  
s i n k  groups. S i m i l a r l y ,  a  neutron s c a t t e r e d  i n t o  energy E '  may be  s c a t t e r e d  
rrom a  range of source  ene rg i e s  def ined  by 

I \ 

and 

where 
A 

A - 1 

is a  pseudo-threshold energy def ined  t o  avoid t h e  need t o  cons ider  t h e  
double valued n a t u r e  of E! f o r  a  given E .  This  source  group band width 
r ep l aces  Eq.II .101 o f  t h e  approximate t rea tment .  Accounting f o r  t h e  above 
el.lrcgy bands l e a d s  t o  fou r  domai'ns of i n t e g r a t i o n  i n  e v a l u a t i n g t h e  
p r o b a b i l i t y  of s c a t t e r i n g  from group j t o  group k  a s  

P A ( j  + k) = 
E - E  I dE 
j-1 j group 'j group k  

I n  t h e  more r igorous  op t ion  of M C ~ - ~ ,  Eq. I.I.107 i s  eva lua ted  a n a l y t i c a l l y  
t ak ing  proper  account of t h e  fou r  domains of i n t e g r a t i o n  a s  d i scussed  
i n  Ref. 23. Because of t h e  time consuming n a t u r e  of t h e  c a l c u l a t i o n ,  
Eq.II .107 i s  so lved  assuming i s o t r o p i c  s c a t t e r i n g  i n  t he  center-of-  
mass. For  s t anda rd  f a s t  r e a c t o r  c o n f i g u r a ~ i o n s ,  i t  has  been found t h a t  
t h e  d i s c r e t e  i n e l a s t i c  c a l c u l a t i o n  us ing  t h e  approximate method def ined  
by Eqs.II.iO3-11.104 i s  q u i t e  a c c u r a t e  and s i g n i f i c a n t l y  f a s t e r  than t h e  
a lgor i thms  d iscussed  above which account e x p l i c i t e l y  f o r  t h e  energy- 
ang le  c o r r e l a t i o n  of d i s c r e t e  l e v e l  s c a t t e r i n g  a s  de f ined  by Eq.II.98. 



I. Ultra-Fine-Group Macroscopic Data 

The macroscopic d a t a  r equ i r ed  f o r  s o l u t i o n  of t h e  spectrum equat ions  
d i scussed  i n  Sec t ion  F may i n  almost a l l  cases  be der ived  from t h e  s imple 
express ion  

where Ni i s  t h e  atom d e n s i t y  of i s o t o p e  i i n  t h e  homogeneous mix and 0 g 
X 
i 

i s  t h e  ul t ra-f ine-group c ros s  s e c t i o n  f o r  i s o t o p e  i and process  x.  This  
express ion  i s  c l e a r l y  a p p l i c a b l e  t o  the  s c a t t e r i n g  matrix d a t a  d iscussed  
i n  Sec t ions  G and H above. The ul t ra-f ine-group microscopic r e a c t i o n  
c r o s s  s e c t i o n s  a r e  a v a i l a b l e  on the M C ? - ~  l . l b r a ~ ~  -1ilc hK!C?P5 
( c . f .  AppendixC).  These d a t a  a r e  gene ra l ly  processed d i r e c t l y  from t h e  
ENDFIB d a t a  f i l e s  by t h e  code ETOE-2 assuming a cons t an t  weight ing.  

The unresolved resonance c ros s  s e c t i o n s  a r e  t r e a t e d  i n  t h e  same manner 
as t h e  above da t a .  The c a l c u l a t i o n  of t h e  ul t ra-f ine-group unresolved 
c ros s  s e c t i o n s  i s  d i scussed  ia Chapter IV. The remainder of t h i s  
s e c t i o n  is  concerned wi th  the  c a l c u l a t i o n  of macroscopic d a t a  which r e q u i r e  
more process ing  than  t h a t  given by Eq. 11.108. 

1. F i s s i o n  Source Data 

The f i s s z o n  sou rce  of Eq.  11-14  may be w r i t t e n  i n  group form a s  

The number of neut rons  p e r  f i s s i o n ,  v6 i s  der ived  from t h e  express ion  
, i' 

The f i s s i o n  spectrum d i s t r i b u t i o n  is given by 

0 min 
wi th  



This combination of a Maxwellian p lus  an evapora t ion  spectrum s u f f i c e s  t o  
desc r ibe  a l l  b u t  one of t h e  f i s s i o n  s p e c t r a  f o r  t h e  most r e c e n t  r e l e a s e  of 
t h e  ENDFIB d a t a  f i l e s .  ~ n t e ~ r a t i o n  of Eq. 11.111 gives  - 

e r f  [(E /@.)'I 
g ' 1  

Equation 11.112 i s  used by M C ~ - ~  t o  eva lua t e  t h e  f i s s i o n  spectrum d i s t r i b u t i o n .  
It should be noted t h a t  t h e  "temperatures" T and Bi a r e  n o t  energy dependent 

i 
i n  t h e  Mc2-2 f o r n u l a t i o n  al though such a d e s c r i p t i o n  is  n o t  r i go rous .  I n  
p r a c t i c e  t h e  temperatures  i n  t h e  Mc2-2 l i b r a r y  a r e  those  c h a r a c t e r i s t i c  of 
t h e  average f i s s i o n  energy of a  t y p i c a l  f a s t  r e a c t o r  assembly. It i s  p o s s i b l e  
on use r  op t ion  t o  i n p u t  t h e  f i s s i o n  spectrum temperature 8 .  by i s o t o p e  which 

1 

the code w i l l  use i n  l i e u  of t h e  l i b r a r y  d a t a  t ak ing  a t o  b e  zero .  
i 

2. Ultra-Fine-Group Extended Transport  Cross Sec t ion  

The t r a n s p o r t - l i k e  c ros s  s e c t i o n s  def ined  a s  e 

a r e  r equ i r ed  i n  s o l u t i o n  of t h e  ul t ra-f ine-group spectrum equa t ions . .  
A (B, u ,  N) is  def ined  by t h e  cont inued f r a c t i o n  expansion of Eqs . I I .11  and e 
1 1 . 1 2  The ,Mc2-2 code does n o t  a c t u a l l y  perform t h e  r equ i r ed  i n t e g r a t i o n .  
Rather t h e  parameters b  a r e  simply def ined  i n  terms of t h e  group c ros s  e 

.. s e c t i o n s ,  s o  t h a t ,  f o r  example, 

g  i n  t h e  c o n s i s t e n t  B approximation. The c ros s  s e c t i o n s  Ap a r e  c l e a r l y  1 .-I - 

dependent upon t h e  buckl ing B~ which may change during t h e  coarse  of a  
c a l c u l a t i o n  i f  t h e  u se r  s p e c i f i e s  a  buckl ing  search  opt ion .  The code does 

g  n o t  r e c a l c u l a t e  A i n  t h a t  case .  Rather ,  a  s p e c i a l  u s e r  i n p u t  buckl ing ,  e 
g K2 is  used i n  t h e  c a l c u l a t i o n  of $Ae. This same va lue  of K~ i s  a l s o  used 
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i n  t h e  leakage c o r r e c t i o n  t o  t h e  background c r o s s  s e c t i o n  i n  t h e  resonance 

c a l c u l a t i o n  of M C ~ - ~ ,  as descr ibed  i n  Chapters I11 and I V .  The va lue  of K 
2 

2 
is set by t h e  u s e r  and may o r  may no t  equal  t h e  B used i n  t h e  u l t r a - f i n e  
group spectrum c a l c u l a t i o n .  

The cont inued f r a c t i o n  c o e f f i c i e n t s  depend upon t h e  r a t i o  of Legendre 
func t ions  of t h e  second k ind  which can no t  b e  c a l c u l a t e d  f o r  a l l  arguments 

u s ing  t h e  s t anda rd  forward r ecu r t ence  r e l a t i o n  wi thout  a si g n i f i c a n t  l o s s  
of accuracy. The a lgor i thms used i n  M C ~ - ~  t o  c a l c u l a t e  t h i s  r a t i o  a r e  
summarized i n  Appendix A.  

3 .  Iluproved Goertzel-Greuling Moderating Parameters 

I n  Sec t ion  D . 2  i n t e g ~ a l  e x p r r s s i ~ ~ a  were der ived  defining t h e  
L L 

i s o t o p i c  moderating parameters  <, ai, ci and e l  The numerical  eva lua t ion  
i ' 

of t h e s e  express ions  is descr ibed  below. 

The heavy i s o t o p c  'moderating parameters  a r e  given by Eq.II.44. 
The e f f e c t i v e  r a t i o s  a r e  c a l c u l a t e d  by i n t e g r a t i n g  over  t h e  s c a t t e r i n g  

' 

' bandwidth, 

. ' Ls (u  - (Ni + 4) Au) 
1 i + (Ln - - Ni Au) f  (U - Ni Au) 
"i C t  ( U  - ( N ~  + 4) Au) ni 

Lnai Lna 
where N. 1 in t h e  n e a r e s t  whole i n t e g e r  t o  t he  .agio - - AU (= [- *I) . 
The r a t i o  i s  eva lua t ed  a t  ul t ra-f ine-group boundaries  and group c ros s .  
s e c t i o n s  a r e  used s o  t h a t  

The eva lua t ion  of t h e  l i g h t  element moderating parameters  a s  
de f ined  by Eqs. 11.48 ' is .somewhat more.complex. The f i r s t  s t e p  i n  t h e  
development is  t h e  d e f i n i t i o n  of i n t e g r a t i n g  f a c t o r s  which permit an 
a c c u r a t e  numerical  eva lua t ion  of t h e  i n t e g r a l s :  

Ls ( u l )  iqi zs ( U  - (n - 4)  nu) 

jU . dul  i D ~ ( U ' ) * W  Z Z i ( U -  ( n - i 5 )  nu) vi(u m - (d. - 4)  
L t ( u l )  m u-en1 /ai 'I n = l  t 



It i s  c l e a r  from t h e  development of t h e  improved ~ o e r t z e l - G r e u l i n g  slowing 
down theory t h a t  i f  

is cons t an t  over a  s c a t t e r i n g  band, then  t h e  I G G  moderating paranieters should 
reduce t o  t h e  s t anda rd  Goertzel-Greuling form. I f  t h i s  c h a r a c t e r i s t i c  of t h e  
moderating parameters  is  r e t a i n e d ,  then i t  is  p o s s i b l e  t o  d e f i n e  i n t e g r a t i o n  
f a c t o r s  i n  t h e  fo l lowing  manner: 

The improved Goertzel-Greuling moderating parameters a r e  then  c a l c u l a t e d  by 
r ep lac ing  t h e  i n t e g r a l s  of Eqs. 11.48 b y  t h e  numerical approximations 





N~ Ls .  (u  - (n - 4) Au) 
1 i fxYm -x (n-4) Au 

i (U) = z t ( u  - (n - 4) AU) 
Dm(u - (n - 4) Au) (n - 4) e  

n = l  

The Eqs. 11.117 a r e  used t o  c a l c u l a t e  t h e  c o e f f i c i e n t s  a f t h e  l e t h a r g y  U CSD 
between t h e  multigroup and continuous s lowing down reg ions  of t h e  c a l c u l a t i o n .  
For t h e  l e tha rgy  boundaries  u  > UCSD r ecu r s ion  r e l a t i o n s  a r e  used: 

Au 
Y u + 7 )  
1 Au d;(u + Au) = d:(u) + 

Au Dm(u + 3 
Zt(u + 3 



m 
. gi(u + Au) = gy(u) + dy(u + Au) 

As  noted i n  Sec t ion  D . 2 ,  t h e  sums over  Legendre c o e f f i c i e n t s  of Eqs. 11.116 a r e  
l i m i t e d  t o  f o u r  tkrms (N  = 3) w i t h i n  t h e  M C ~ - ~  code. 

J . u l t r a - ~ i n e - ~ r o u ~  So lu t ion  S t r a t e g i e s  

Once t h e  resonance,  t r a n s f e r  ma t r ix ,  moderating parameter and c ros s  s e c t i o n  
d a t a  have been processed on an ul t ra-f ine-group mesh t h e  s o l u t i o n  of t h e  spectrum 
equat ions  presented  i n  Sec t ion  F must be  performed. I n  t h i s  s e c t i o n  t h e  
s t r a t e g i e s  involved i n  t r e a t i n g  t h e  resonance a t t e n u a t i o n ,  buckl ing  sea rch ,  
f l u x  i t e r a t i o n s  and f i x e d  source  o r  e igenvalue  problems a r e  d iscussed .  

1. ultra-Fine-Group Spectrum So lu t ion  

Given an i n i t i a l  f i s s i o n  sou rce ,  s:, and a buckl ing ,  B 2 ,  i t  i s  

p o s s i b l e  t o  s o l v e  both  t h e  mult igroup equat ions ,  11.62 o r  11.64 and t h e  
continuous s lowing down equat ions  11.66 o r  11.70 and 11.71 by sweeping 
down t h e  energy.mesh from group 1 t o  t h e - l a s t  ul t ra-f ine-group i n  t h e  
problem. Both t h e  sources  due t o  i n e l a s t i c  and/or  (n,2n) s c a t t e r i n g  and 
t h e  Hydrogen slowing'down d e n s i t y  a r e  updated a f t e r  c a l c u l a t i n g  t h e  f l u x  
(and c u r r e n t )  f o r  a given u l t r a - £  ine-group. I n  t h e  coat inuous slowing 

dovn reg ion ,  t h e  equat ions  11.66 o r  11.70 a r e  used t o  o b t a i n  q:SY(u ) from 
g 

t h e  va lues  q (u ) The qasY(u ) so  ob'tained does no t  f e e l  any e f f e c t s  of 
R g-1 0 g 

narrow resonances i n  t h e  group g. The a t t e n u a t i o n  of t h e  asymptot ic  
s lowing down d e n s i t y  is  performed i n  t h e  manner o u t l i n e d  i n  Sec t ion  E. 
One de f ines  

.where the  a t t e n u a t i o n  f a c t o r  Q is def ined  
g 

and 



I n c o n s i s t e n t  P / B  
1 1  

. C o n s i s t e n t  P ~ / B ~  

c, = - ['T? + ( 1  - 

- 

I n  t h e  absence  o f  resonances  t h e  s lowing down d e n s i t y  q  (u)  i s  assumed t o  
v a r y  l i n e a r l y  between group boundar ies ,  R 

The p r e s e n c e  of a resonance  r i n t r o d u c e s  a d i s c o n t i n u i t y  s u c h  t h a t  

qO(ur+) = ( 1  - P~~~ 

With t h e s e  conven t ions  and t h e  Eqs . I I .32  and 11.36 e x p r e s s i o n s  may b e  d e r i v e d  
f o r  t h e  u l t ra - f ine -group  f l u x  and c u r r e n t  a s  w e l l  a s  resonance  r e a c t i o n  r a t e s .  

r 
I f  A i s  t h e  r e a c t i o n  rate f o r  p r o c e s s  x ( c a p t u r e ,  f i s s i o n ,  t o t a l )  o f  

X 
resonance  r; t h e n  

A' = I Lx ( du 
X r 

which u s i n g  t h e  narrow r e s o n a n c e  approx imat ion  c a n  b e  w r i t t e n  

The f l u x  of Eq- 11.119 is  o b t a i n e d  from Eq . I I .32  o r  11.36 u s i n g  t h e  a t t e n u a t e d  
s lowing  down ' d e n s i t y  q  ( u  ), o r 

+ 9 

I n c o n s i s t e n t  P / B  1 1  '(11.120) 

1 - 0  - q  - [,T:+ (I - 0)l':lq 1 ( u )  r 

Au 

Au 

C o n s i s t e n t  P  / B  
1 1 '  



The group f l u x  eg and cur ren t  Jg a r e  obtained i n  a s i m i l a r  manner, 

( 1  - f )  qo(u) du 
g 

+ , I r icol~s is tent  pl/B1 

Consistent pl/B1 

The f l u x  depression f a c t o r  ( 1  - f )  is  defined by use of t h e  narrow resonance 
approximation, 

l- 

The thermal f l u x ,  O r h  i s  given by 



The thermal  c r o s s , s e c t i o n s  a r e  e i t h e r  provided by t h e  u s e r  o r  g iven  by t h e  
c ros s  s e c t i o n s  of t h e  laset ul t ra-f ine-group of t h e  problem (g = NG). 

2 .  Eigenvalue So lu t ion  

By decomposing t h e  source  term sg of t h e  ul t ra-f ine-group spectrum 
equa t ions ,  i t  i s  p o s s i b l e  t o  w r i t e  t h e  equat ions  i n  m a t r i x  form as 

, 
If sfix9 t h e  inhomogeneous.source v e c t o r ,  i s  ze ro  Eq.II .125 r e p r e s e n t s  an 

eigenvalue problem wi th  

From Eq.II.14 i t  i s  c l e a r  t h a t  t h e  non-zero elements of  t h e  v e c t o r  M@ have 
. the form 

I f  t h e  f i s s i o n  spectrum d i s t r i b u t i o n  i s  i s o t o p e  independent ,  then  one can 
t a k e  

s o  t h a t  no f l u x  i t e r a t i o n s  a r e  r equ i r ed  i n  t h e  spectrum s o l u t i o n .  I f  t h e  
f i s s i o n  spectrum d i s t r i b u t i o n  i s  i s o t o p e  dependent then  one assumes a  

flux, c a l c u l a t e s  s g  from ~ q .  11.127, s o l v e s  t h e  spectrum equat ions  a s  d e t a i l e d  
f  

i n  t h e  previous s e c t i o n ,  and c a l c u l a t e s  a  new f i s s i o n  sou rce  and eigenvalue 

ke f f  
. This  process  is  repea ted  u n t i l  t h e  e igenvalue  has  converged. 

Convergence is  assumed i f  on t h e  f i r s t  i t e r a t i o n  

o r  on fo l lowing  i t e r a t i o n s  

max < .001 



3. - Inhomogeneous Source S o l u t i o n  

I f  t h e r e  a r e  no f i s s i o n a b l e  i s o t o p e s  i n  t h e  problem mixture t hen  
Eq. 11.125 becomes 

which may b e  so lved  d i r e c t l y  by sweeping through t h e  ul t ra-f ine-group 
equa t ions  once i n  p r e c i s e l y  t h e  same manner a s  t h a t  used t o  s o l v e  t h e  
e igenvalue  equa t ion  w i t h  i s o t o p e  independent  f i s s i o n  s p e c t r a .  I f b o t h  
f i s s i o n  and inhomogeneous sources  a r e  p r e s r ~ l t  a d i f f e r e n t  s o l u t i o n  
s t r a t e g y  i s  r equ i r ed .  A s s d n g  an isot t ipe independent f i s s i o n  spectrum 
d i s t r i b u t i o n  f o r  t h e  sake  of s i m p l i c i t y ,  Eq. 11.25 may b e  w r i t t e n  

where 

S u b s t i t u t i n g  Eq. 11.133 i n t o  Eq.II.132 and mul t ip ly ing  through by f '  i t  i s  
easy t o  o b t a i n  

b u t  

o r  from Eq. 11- 134 
f T  H- l  S 

-1 + H- l  x f i x  
Q, = H Sfix 

I - f T  H-I X 

I f  t h e  eigenvalue equat ion  i s  def ined  

H = X 
0 

where 



Based on these  equat ions  a three-s tep  s t r a t e g y  is  invo1ve.d i n  t h e  s o l u t i o n  
of t h e  inhomogeneous equat ions :  

(a) Solve t h e  e igenvalue  problem of Eqs. 11.137 f o r  Qo and Xo 

as o u t l i n e d  i n  t h e  previous  s e c t i o n  i t e r a t i n g  on t h e  f l u x  
i f  i s o t o p e  f i s s i o n  s p e c t r a  a r e  i n  problem mixture;  

(b) Solve t h e  inhomogeneous problem of Eqs. 11.139 f o r  

Q1 and 5; 
T 

(c )  Construct  t h e  f i s s i o n  sou rce  from Eq. 11.137 a s  xf Q and 
so lve  Eq.II.135 f o r  t h e  f l u x  0. 

Step  ( c )  i s  no t  s t r i c t l y  necessary  s i n c e  t h e  f l u x  i s  g iven  by Eq.II.138 b u t  
r 

i t  is  r e q u i r e d , t o  c a l c u l a t e  t h e  resonance r e a c t i o n  r a t e s  A of Eq. 11.119 
X 

which a r e  used i n  t h e  broad-group cross-sec t ion  c a l c u l a t i o n .  

4. B u c k l i n ~  Search t o  Critical 

2 The spectrum and eigenvalue a r e  c l e a r l y  dependent upon t h e  buckl ing  
B . For eigenvalue problems (S = 0) wi th  group independent buckl ing ,  t h e  

f i x  
code M C ~ - ~  provides  an opt ion  t o  s ea rch  on B 2 

t o  keff = 1. I n  o rde r  t o  

invoke t h i s  op t ion  of t h e  code, t h e  use r  provides  two s t a r t i n g  guesses ,  
2 2  

B1, B and a convergence c r i t e r i o n  E 2 The code s o l v e s  t h e  slowing down 
B~ ' A 

L problem and c a l c u l a t e s  an eigenvalue f o r  each of t h e s e  va lues  of B . L a t e r  
2 

estimates of B a r e  based upon l i n e a r  o r  p a r a b o l i c  f i t s  t o  t h e  b e s t  a v a i l a b l e  
2 

keff  v s .  B da t a .  The sea rch  procedure ends i f  

For problems wi th  i s o t o p e  dependent f i s s i o n  s p e c t r a  d a t a ,  t h e  f l u x  i t e r a t i o n  
d iscussed  above i s  not  converged u n t i l  t h e  buckl ing  s e a r c h  has  been completed. 
The algori thms invoked i n  choosing t h e  p o i n t s  f o r  t h e  l i n e a r  o r  p a r a b o l i c  f i t  

( 4 )  a r e  based upon those  used i n  t h e  ARC System neu t ron ic s  s ea rch  modules , and 
depend upon both t h e  s i g n  and magnitude of 1 - k e f f .  S e v e r a l  checks a r e  made 

t 

t o  i n s u r e  t h a t  a search  is  no t  permi t ted  t o  cont inue  i f  a p a t h o l o g i c a l  
s i t u a t i o n  a r i s e s ,  e .  g. s ea rch  t o  c r i t i c a l  f o r  a h igh ly  s u b c r i t i c a l  (b lanket )  
composition. 



K. Group Condens a t  i o n  

The i n d i v i d u a l  m a t e r i a l  microscopic broad-group c r o s s  s e c t i o n s  a r e  
obta ined  by averaging  t h e  ul t ra-f ine-group d a t a  over t h e  f l u x  and c u r r e n t  
s p e c t r a  obta ined  by s o l v i n g  t h e  mult igroup and cont inuous s lowing down 
equat ions .  The broad groups a r e  u se r  s p e c i f i e d  b u t  must b e  def ined  'such 
t h a t  broad-group energy boundaries  f a l l  on. u l t r a - £  ine-group boundaries .  

The broad group d a t a  a r e  w r i t t e n  i n  t h e  ISOTXS(~)  and/or  XS.ISO(') formats 
a s  de f ined  i n  Appendix C. On u s e r  o p t i o n  i t  is p o s s i b l e  t'o neg lec t  t h e  
c o n t r i b u t i o n s  of r e so lved  and unreso lved  resonances i n  t h e  e d i t e d  c r o s s  
s e c t i o n s  thus making i t  p o s s i b l e  t o  u s e  M C * - ~  f o r  t h e  gene ra t ion  of f ine-  - 

group SDX 1 i h r a r i . e ~ .  ( 7 )  me broad-group averaging  a lgor i thms are  drf ined 
below. 

1. Broad-Group I n e l a s t i c  and (n ,  2n) Cross  Sec t ions  

The broad-group i n e l a s t i c  and (n ,  2n) t r a n s f e r  m a t r i c e s  a r e  cal-  
c u l a t e d  using t h e  a lgo r i thms  de f ined  i n  S e c t i o n  H above. I n  p a r t i c u l a r  

where 

- x = i n e l a s t i c  o r  (n ,  2n) 

- 1 = sum over  ul t ra-f ine-groups g conta ined  i n  broad- 
g€G group G 

Sg'+g t a b u l a t e d  l aw  c o n t r i b u t i o n  a s  g iven  i n s i d e  g' sum of 
X 

t ab  Eq.  11.96 

Sg'% evapora t ion  law c o n t r i b u t i o n  a s  given i n s i d e  g '  sum 
X 

evap of - Eq. 11.97 

s ~ " ~  d i s c r e t e  law c o n t r i b u t i o n  a s  given i n s i d e  p' sum of 
, Xd equa t ion  fo l lowing  Eq , 11.104 us ing  e ' i ther r i go rous  

o r  approximate P A 

and t h e  broad-group f l u x  i s  g iven  by 

The t o t a l  i n e l a s t i c  and (n,2n) c r o s s  s e c t i o n s  a r e  obta ined  by summing over 
t a l l  s i n k  groups 



Since the  microscopic u l t r a - f ine -  roup d a t a  r equ i r ed  by Eq.II.140 a r e  not  f saved dur ing  t h e  cou r se  of t h e  MC -2 spectrum c a l c u l a t i o n ,  t h e  d a t a  re- 
qu i red  f o r  t h e  broad-group condensat ion a r e  c a l c u l a t e d  s p e c i f i c a l l y  f o r  
t he  c r o s s  s e c t i o n  e d i t s .  It i s  t h i s  c a l c u l a t i o n  which c o n t r o l s  both t h e  
t iming and space requirements  o f  , t h e  M C ~ - ~  condensat ion c a l c u l a t i o n .  A s  
t h e  number of broad-groups i n c r e a s e s  beyond approximately 100, 110 times 
become q u i t e  l a r g e  because of t h e  d a t a  management requirements  f o r  calcu- 
l a t i o n  of Eq. 11.140. 

2. Broad-Group Absorption Cross Sec t ions  

The M C ~ - ~  l i b r a r y  f i l e  MCC2F5 (Appendix C) c o n t a i n s  u l t r a - f ine -  
group c r o s s  s e c t i o n  d a t a  which a r e  averaged over  t h e  f l u x  spectrum a s  

where x inc ludes  t h e  s i x  r e a c t i o n s  (n,H1) , (n ,Hz) , (n ,H~), (n, f )  , (n ,y)  and 
(n , a ) .  The (n ,a )  c r o s s  s e c t i o n  c a l c u l a t e d  from Eq.II.143 i s  a c t u a l l y  a  sum 
of ( n , ~ e ~ )  and ( n , ~ e ' )  c r o s s  s e c t i o n s .  This  summing was performed s i n c e  

' 

t h e  ISOTXS format  d o e s , n o t  a l l ow e d i t i n g  of both t h e  p a r t i a l s .  S ince  t h e  
m 
ox d a t a  from t h e  f i l e  MCC2F5 do n o t  i n c l u d e  e i t h e r  reso lved  o r  unresolved 

g - 
resonance c o n t r i b u t i o n s ,  t h e  f i s s i o n  and r a d i a t i v e  cap tu re  c r o s s  s e c t i o n s  
of Eq.II.143 a r e  n o t  complete. The c o n t r i b u t i o n s  from unresolved resonances 
a r e  obta ined  us ing  Eq. 11.143 w i t h  t h e  ul t ra-f ine-group (n,y)  and ( n , f )  c ros s  
s e c t i o n s  g iven  by Eq. I V .  68. The ,cont r i l iu t ion  of reso lved  resonances t o  the  
broad-group r ad ia f iv . e  c a p t u r e  and f i s s i o n  c r o s s  s e c t i o n s  i s  de r ived  from the  

resonance r e a c t i o n  r a t e s ,  A:, def ined  by Eq .II. 119. Using t h i s  equat ion  i t  

is  c l e a r  t h a t  t h e  reso lved  resonance c o n t r i b u t i o n  to.  t h e  broad group c ros s  
s e c t i o n  is  g iven  by 

Resolved Resonance Reac t ion  Rate  i n  Broad-Group G - 1 -- 
Group G Flux 1 A: ~ - 4 ~  rrG 

where t h e  sum is over  a l l  reso lved  resonances of m a t e r i a l  m which f a l l  i n t o  
group G,  

Thus t h e  broad-group (n,y) and ( n , f )  c r o s s  s e c t i o n s  f o r  a  m a t e r i a l  w i th  
both reso lved  and unresolved d a t a  would be  g iven  by 



where 
om 2 f l o o r  c r o s s  s e c t i o n s  f rom MCC2F5 

X 
. g  \ 

= u n r e s o l v e d  c r o s s  s e c t i o n s  f rom Eq.IV.68 a" - 
X 
i3 

5 r e s o l v e d  r e s o n a n c e  r e a c t i o n  ra te  from Eq.II .119.  
X 

3. E l a s t i c  S c a t t e r i n g  Cross  S e c t i o n s  

I n  S e c t i o n  (2 o f  t h i s  c h a p t e r  t h e  c a l c u l a t i o n  o f  u l t r a - i i n e - g r o u p  
e l a s t i c  t r a n s f , e r  m a t r i c e s  was d i s c u s s e d .  The u l t r a - f i n e - g r o u p  c r o s s  s e c t i o n s  

f  
d e r i v e d  from t h a t  c a l c u l a t i o n  o S ( g l  -t g )  i n c l u d e  c o n t r i b u t i o n s  from t h e  

u l t r a - f  ine-group l i b r a r y  (MCC2F5) and  t h e  u n r e s o l v e d  r e s o n a n c e s  from Chapter 
I V .  The group c o n d e n s a t i o n  o f  t h e s e  d a t a  a r e  accomplished a s  

The P c a l c u l a t i o n  i s  performed o n l y  f o r  t h e  c o n s i s t e n t  P o r  c o n s i s t e n t  
1 N 

B spectrum o p t i o n s  i n . w h i c h  c a s e  t h e  u l t r a - f i n e - g r o u p  c u r r e n t  J~ i s  c a l -  N 
c u l a t e d  d i r e c t l y  u s i n g  Eqs. 11 .62  and 11.122 and t h e  broad-group c u r r e n t  

' is g i v e n  by 

The c o n t r i b u t i o n s  o f  r e s o l v e d  r e s o n a n c e s  t o  t h e  e l a s t i c  t r a n s f e r  
m a t r i x  cannof b e  c a l c u l a t e d  by u s e  o f  Eqs.II.146-11.147 s i n c e  u l t r a - f i n e -  
g roup  r e s o l v e d  r e s o n a n c e  s c a t t e r i n g  c r o s s  s e c t i o n s  a r e  n o t  a v a i l a b l e .  An 

approx imate  method a d a p t e d  f rom t h e  work o f  S t  acey  (39) which a c c o u n t s  f o r  
t h e  p o s i t i o n  o f  t h e  r e s o n a n c e  i n  t h e  g roup  and  t h e  s h a p e  o f  t h e  resonance  
is used i n  l i e u  of r e q u i r i n g  u l t r a - f i n e - g r o u p  r e s o n a n c e  c r o s s  s e c t i o n s .  
The method a d o p t e d  assumes t h a t  r e s o l v e d  r e s o n a n c e  m a t e r i a l s  c a n  s c a t t e r  
o n l y  one broad-gro,up; S i n c e  t h e  c u r r e n t  M C ~ - ~  l i b r a r y  d e s c r i b e d  i n  T a b l e  
V I I I  h a s  r e s o l v e d  d a t a  o n l y  f o r  m a t e r i a l s  o f  mass g r e a t e r  t h a n  one hundred,  
t h i s  assumption f i x e s  t h e  s m a l l e s t  broad-group l e t h a r g y  wid th  a t  .04 (%5 
u l t r a - f i n e - g r o u p s ) .  Fol lowing t h e  methods u s e d  i n  c a l c u l a t i n g  t h e  r e s o l v e d  
a b s o r p t i o n  c r o s s  s e c t i o n s  we t a k e  



m 1 A: P ( r  - t - G 1 ) .  o0 . ( G +  G ' )  = - 
r e s  (11.149) 

N ~ $ ~  r E G  
r Em 

where 

.A': r eso lved  resonance r e l a s t i c  r e a c t i o n  r a t e  
S 

P ( r  + G ' )  p r o b a b i l i t y  of s c a t t e r i n g  a  neut ron  by resonance r 
i n t o  Group G'  . 

The resonance r e a c t i o n  r a t e  i s  c a l c u l a t e d  d i r e c t l y  from t h e  resonance 
i n t e g r a l s  d i scussed  i n  Chapter 111, 

which i s  the  s c a t t e r i n g  equiva len t  of Eq. 11.119. The resonance i n t e g r a l s  of 
Eq.II.150 t ake  account of over lap ,  s e l f - sh i e ld ing ,  and Dopp1e.r broadening 
e f f e c t s  a s  descr ibed  i n  Chapter 111. The removal p r o b > b i l i t y  i s  taken a s  

where 

1 
and E is the l a r g e r  of  u and u - en? 

G-1 G 

It is f u r t h e r  assumed t h a t  t h e  resonance i s  i s o l a t e d  and t h a t  n a t u r a l  l i n e  

shapes (26) a r e  a p p l i c a b l e  s o  t h a t  

or I 

2, $ + ax 

Ct 'L B + $ + a x  



The terms a r e  de f ined  i n  d e t a i l  i n  Chapter 111. The above assumptions make 
i t  p o s s i b l e  t o  i n t e g r a t e  Eq. 11.151 a n a l y t i c a l l y .  The i n t e g r a l s  a r e  r epo r t ed  
i n  Eqs. 12 ,  13 ,  19 ,  20, 23 of Reference 39. It i s  impor tan t  t o  n o t e  t h a t  t h e  

. above  approximations a r e  used only  t o  d i s t r i b u t e  t h e  r e so lved  e l a s t i c  reac- 
t i o n  r a t e  between in-group and removal and have ,no impact on t h e  u l t r a - f i ne -  
group spectrum o r  t h e  f a r  more g e n e r a l  resonance i n t e g r a l  c a l c u l a t i o n s  of 
Chapters  I11 and I V .  The in-group p r o b a b i l i t y  i s  g iven  by 

s o  t h a t  t h e  e l a s t i c . t r a n s f e r  ma t r ix  may be  c a l c u l a t e d  from Eqs.II.149-11.151. 
The P t r a n s f e r  m a t r i x  is  c a l c u l a t e d  i n  t h e  c o n s i s t e n t  spectrum op t ions  a s  1 

lm 2 J (ur) a ( G - t G ' )  = 
res ~ A ~ N ~ J ~  r br- $(ur) s 

P ( r  -+ G ' )  

where J ( u r )  i s  t h e  c u r r e n t  a t  l e t h a r g y  u; i n  d i r e c t  analogy w i t h  Eq.II .120. 

The t o t a l  e l a s t i c  s c a t t e r i n g  ma t r ix  i s  g iven  by t h e  sums of  11.146 and 11.149 
o r  f o r  t h e  P ma t r ix ,  11.147 and 11.153. The e l a s t i c  c r o s s  s e c t i o n  i s  obta ined  

1 
by summing over  s i n k  groups accord ing  t o  Eq.II.142. 

The Hydrogen e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n s  a r e  co l l apsed  by 
assuming t h a t  s c a t t e r i n g  i s  i s o t r o p i c  i n  t h e  c e n t e r  of mass system. With 
t h i s  assumption it is  n o t  d i f f i c u l t . t o  show 

Eq.II.155 is used only  f o r  t h e  c o n s i s t e n t  spectrum op t ions .  The c o r r e c t i o n s  
r e q u i r e d  t o  Eqs.II.154-11.155 t o  t r e a t  in-group s c a t t e r i n g  a r e  s t r a i g h t f o r w a r d .  

4. T o t a l  Cross S e c t i o n  

The f l u x  weighted t o t a l  c r o s s  s e c t i o n  i s  obta ined  by summing a l l  
of  t h e  p a r t i a l s  d i scussed  above, 



and t h e  broad-group p a r t i a l  c r o s s  s e c t i o n s  i n c l u d e  f l o o r ,  u n r e s o l v e d  and 
r e s o l v e d  resonance  c o n t r i b u t i o n s  a s  d i s c u s s e d  above. A c u r r e n t  weighted 
t o t a l  c r o s s  s e c t i o n  is c a l c u l a t e d ' a s  - \ 

0 
lm 

B~ % Jt (z: + -1 $ (u r )  (11.157) 
3 ~ f  

r izm 
where 

Jg Z ul t ra - f ine -group  c u r r e n t  c a l c u l a t e d  from Eqs. 11.62 and 
11.122 f o r  c o n s i s t e n t  o p t i o n s  and Eq.I I .64 f o r  i n c o n s i s t e n t  
o p t i o n s  . 

JG - = broad group c u r r e n t  from Eq. 11.148. 

o m .  - 
t 

= ul t ra - f ine -group  t o t a l  f l o o r  c r o s s  s e c t i o n  from l i b r a r y  
g  f i l e  MCC2F5 p l u s  u l t ra - f ine -group  t o t a l  u n r e s o l v e d  c r o s s  

s e c t i o n s  from Eq.IV.68. 

- 
g 

spec t rum c o e f f i c i e n t  

-1 B .  

z 
t c o n s i s t e n t  B  

1 
-1 B 

B 
t a n  -) 3 ( 1  - - 

z 
t PN o r  B  w i t h  N > 1  

N 
and t h e  r e s o l v e d  resonance  c o n t r i b u t i o n  i s  s imply  t h e  r e a c t i o n  r a t e  i n t e g r a l  
used w i t h  t h e  f l u x  weighted c r o s s  s e c t i o n  o f  Eq.II .156.  

For spectrum c a l c u l a t i o n s  u s i n g  t h e  extended t r a n s p o r t  appr  oxima- 
t i o n ,  h i g h e r  o r d e r  f l u x  moments $g a r e  c a l c u l a t e d  r e c u r s i v e l y  from Eq. 11.62. 2 
T o t a l  c r o s s  s e c t i o n  moments e q u i v a l e n t  t o  Eq.II .157 a r e  t h e n  c a l c u l a t e d ,  

where 

N + 1 - i B  Q~+l ( -z t l iB)  
2 N + 1  zg Q N ( - Z t / i ~ )  &fl f o r  B N 

t 

Yg 

1 f o r  P  
N 

and a l l  o t h e r  t e rms  have been d e f i n e d .  



5. Transport  Cross Sec t ion  

, ' I n  analogy wi th  t h e  t o t a l  c r o s s  s e c t i o n ,  t h e  M C ~ - ~  code c a l c u l a t e s .  
moments of t h e  t r a n s p o r t  c ros s  s e c t i o n  i f  t h e  o r d e r  of t h e  extended t r a n s p o r t  
approximation i s  g r e a t e r  than  un i ty .  The t r a n s p o r t  c ros s  s e c t i o n  a lgor i thms 
a r e  .spectrum op t ion  dependent. I n  a l l  c a ses ,  however, t h e  a lgor i thms a r e  
de f ined  t o  conserve t h e  r e l a t i o n  

o r  f o r  the s p e c j a l .  case of 4 = 1 

The a lgor i thms f u r t h e r  conserve t h e  r e l a t i o n  , 

a. I n c o n s i s t e n t  P, o r  B, Spectrum 

0 
am = P moment of t o t a l  c r o s s  s e c t i o n  given by Eq.II.157 o r  11.158. R . . t " 

0 
R ' 

= P moment of e l a s t i c  scattering c ross  s e c t i o n .  
exG R 

The e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  moments a r e  c a l c u l a t e d  from Eq.II .45 
and 11.150 and i t  is  assumed t h a t  reso lved  resonances do no t  c o n t r i b u t e  t o  
t h e  c r o s s  s e c t i o n s  f o r  moments greater than  un i ty ,  



b. Cons i s t en t  P1 o r  B Spectrum 1 

The Eqs.II .160 and 11.161 a r e  used i n  t h e  c o n s i s t e n t  spectrum 
o p t i o n s  a s  w e l l  a s  t h e  i n c o n s i s t e n t  op t ions .  f o r  moments g r e a t e r  than u n i t y  
( 2  > 1). The P moment i s  however c a l c u l a t e d  d i r e c t l y  from t h e  e l a s t i c  

1 
t r a n s f e r  ma t r i ce s  i n  d i r e c t  analogy w i t h  Eqs.II .147 and 11.153. I n  p a r t i c u l a r  

6. Average Number of Neutrons p e r  F i s s i o n  

The average number of  neu t rons  p e r  f i s s i o n  i s  g iven  by 

where 

vg number of neu t rons  per  f i s s i o n  f o r  m a t e r i a l  m i n  u l t r a -  
m fine-group g from Eq. 11.110. --.\ 

\ 

om - 
f  

= f l o o r  p l u s  unresolved ul t ra-f ine-group f i s s i o n  c r o s s  
g  s e c t i o n .  , 

om - = broad-group f i s s i o n  c r o s s  s e c t i o n .  
f~ 

A; E reso lved  resonance f i s s i o n  r e a c t i o n  r a t e  from Eq. 11.119. 

7. F i s s i o n  Spectrum D i s t r i b u t i o n  

The i s o t o p i c  f i s s i o n  spectrum d i s t r i b u t i o n s  a r e  de r ived  by summing 
the  ul t ra-f ine-group v e c t o r s  of  Eq. 11.112, 



The M C ~ - ~  code e d i t s  a  set-wide f i s s i o n  spectrum vec to r  a s  w e l l  a s  t h e  
i s o t o p i c  v e c t o r s  of Eq. 11.164. The set-wide vec to r  i s  def ined  

where 2 a r e  t h e  ul t ra-f ine-group v e c t o r s  of Eq.II.112 and S f  a r e  t h e  
m 

t i s s i o n  soutceS f o r  mawrlal  111, 

8. XS..ISO Cross Sec t ions  

The ARC ~ ~ s L e r n ( l )  c roas  s e c t i o n  f i l e  XS.IS0 (c. f .  Appendix 8) i s  
less gene ra l  than  t h e  CCCC f i l e  ISOTXS and con ta ins  de r ived  c r o s s  s e c t i o n s  
i n  a d d i t i o n  t o  t h e  s t anda rd  c r o s s  s e c t i o n s  g iven  above. The fo l lowing  
conversions for.  XS. IS0 c r o s s  s e c t i o n s  a r e  c o n s i s t e n t  w i t h  t h e  MC2 de r ived  
c r o s s  s e c t i o n s  of  Reference 10: 

p ]  - 0  lm 
t r ~  ARC t r ~  

a n i s  m 

(' - ')I ARC = elm t~ - cJom t G + o$(G + G) . 

Equations 11.168 and 11.169 a r e  c o n s i s t e n t  w i th  Equations 116-118 of Ref. ' lo .  

L. Broad Group Spectrum 

The microscopic broad-group c r o s s  s e c t i o n  d a t a  c a l c u l a t e d  accord ing  t o  
t h e  a lgor i thms of Sec t ion  K a r e  a p p r o p r i a t e  f o r  use  i n  gene ra l  mult igroup 
neu t ron ic s  c a l c u l a t i o n s .  One such c a l c u l a t i o n ,  extended t r a n s p o r t  P1 real  

and a d j o i n t  fundamental mode spectrum, i s  a v a i l a b l e  i n  MC2-2 a t  u s e r  op t ion .  
The module (over lay)  ' C S C O ~ O  s o l v e s  t h e  fo l lowing  broad-group f l u x  equat ions  



where 

1 G QG = - *  N v~~o;,. m:' + Z s : ~ ~  . 
K s e t  m G1 gEG 

1 
The i n c o n s i s t e n t  spectrum op t ion  is  def ined  by s e t t i n g  C (GI + G) t o  zero and 
t ak ing  s 

I f  t h e r e  a r e  no inhomogeneous sources ,  Sfix = 0 ,  t hen  Equations 11.170 

s p e c i f y  a n  e igenvalue  problem. I n  t h i s  c a s e  t h e  code w i l l  s ea rch  on B* 
t o  K = 1 accord ing  t o  t h e  procedures  noted i n  Sec t ion  J.4 and re ference .  
4. The f i r s t  buckl ing used w i l l  be  t he  c r i t i c a l  B2 from t h e  . 



ultra-f ine-group c a l c u l a t i o n  and t h e  second guess i n c r e a s e s  (decreases)  B* 
by 1% i f  t he  e igenvalue  of t h e  ul t ra-f ine-group c a l c u l a t i o n  i s  g r e a t e r  

I .  ( l e s s )  than  1.0. The buckl ing  sea rch  i s  stopped when 

The a d j o i n t  e igenvalue  problem i s  a l s o  so lved  by M C ~ - ~ ,  

w i th  

The s o l u t i o n  of t h e  t r i d i a g o n a l  equat ions  11.170 and 11.171 i s  erformed 
(4P)  us ing  t h e  forward elimination-backward s u b s t i t u t i o n  technique  , a 

s p e c i a l i z a t i o n  of t h e  s tandard  Gauss reduct ion .  S ince  t h e  f l u x  equat ions  
11.170 a r e  obta ined  by summing t h e  ul t ra-f ine-group equat ions  11.59 and 
us ing  t h e  flux weighted broad-group c r o s s  s e c t i o n  d e f i n i t i o n s  o f  Sec t ion  K,  
the f l u x e s ,  c u r r e n t s  and e igenvalue  c a l c u l a t e d  by t h e  module CSCOlO should 
a g r e e  w i t h  those  obta ined  from t h e  ultra-fine-group- spectrum s o l u t i o n .  I n  
p r a c t i c e  t h e  d i f f e r e n c e s  i n  resonance t r ea tmen t s ,  slowing down formula t ions  
and computat ional  p r e c i s i o n  limit t h i s  agreement. Eigenvalue agreement 
tends  always t o  b e  b e t t e r  than  0.1% and spectrum agreement i s  e x c e l l e n t  
down t o  the  r e so lved  resonance energy dornain.where t h e  ul t ra-f ine-group 
spectrum tends  t o  a t t e n u a t e  f a s t e r  than  the  broad group spectrum. Because 
f l u x  weight ing  i s  used t o  c o l l a p s e  t h e  c r o s s  s e c t i o n  d a t a ,  i t  is c l e a r  t h a t  
t h e  broad-group a d j o i n t  spectrum of Eq. 11.171 i s  no t  equ iva l en t  t o  t h e  
a d j  o i n t  of t h e  u l t r a - f  ine-group equat ions .  



111. CALCULATION OF RESOLVED RESONANCE INTEGRALS 

A. General  orm mu la ti on 

The algori thms involved i n  t h e  reso lved  resonance i n t e g r a l  c a l c u l a t i o n  

developed by R. Hwang (25) assume the. narrow resonance approximation and account  
f o r  i n t e r f e r e n c e  s c a t t e r i n g  and t h e  e f f e c t s  of over lap  w i t h  neighboring 
reso lved  resonances.  Both s i n g l e  l e v e l  Breit-Wigner and m u l t i l e v e l  Bre i t -  
Wigner o r  Adler-Adler r ep re sen ta t ions  a r e  accommodated inc lud ing  i n t e r a c t i o n  
of s i n g l e  and m u l t i l e v e l  resonances.  

The e f f e c t i v e  -macroscopic cap tu re  c ros s  s e c t i o n  over  t h e  l e tha rgy  range 

ul' u2 of width A U  due Fo resonances i f o r  an  i s o t o p e  having atom dens i ty  N can 
i 

be w r i t t e n  a s  

where F(u) is t h e  c o l l i s i o n  d e n s i t y ,  a ' i s  t h e  microscopic cap tu re  c ros s  
c, 

. . I 

s e c t i o n  due t o  resonance i ,  and C is  t h e  t o t a l  macroscopic c ros s  s e c t i o n  
t 

f o r  t h e  mixture.  I f  w e  cons ider  t h e  ca se  of Breit-Wigner s i n g l e  l e v e l  
resonances,  extend t h e  range of' i n t e g r a t i o n  t o  cover a l l  l e t h a r g i e s ,  r ep l ace  
du by - ~ E / E ,  assume E remains cons t an t  a t  t h e  resonance energy E , and 

0 
i 

assume a cons tan t  c o l l i s i o n  dens i ty  over  each resonance, we may r e w r i t e  
E q . I I I . l  a s  

r O3 

- J i m  

C = 
' C  - .  A" P f 

- - 

AuE f 
0 
i 



where C t  (u) = L + NiOoi$(Bi ,xi) + NiOo aix(ei, ,xi) + 1 Nitoo $(ei -xi '1 P i i'#i i ' 

Fi i s  t h e  cons tan t  c o l l i s i o n  dens i ty  f o r  resonance i 
and f i s  t h e  so -ca l l ed  f l u x  c o r r e c t i o n  f a c t o r  which can b e  w r i t t e n  as 

r, 

The sum i n  f extends over  a l l  resonances i n  t h e  mixture ,  and J*" is t h e  
t i  

J 

t o t a l  resonance i n t e g r a l  def ined  l a t e r  i n  Eq,.III .24. The 6 1  s u p e r s c r i p t  
*bl 

r e f e r s  t o  s i n g l e  l e v e l  and Eq. I I I .2  de f ines  t h e  resonance i n t e g r a l  J x . 
i 

Eq .I11 .2 i s  t h e  s t a r t i n g  p o i n t  i n  de f in ing  t h e  u l t r a - f  ine-group r e a c t i o n  rates 
and f l u x e s  a s  given i n  Chapter .I1 Equations 11.119, 11.121-11.123. The 
weight ing  func t ions  F i a r e  c a l c u l a t e d  from t h e  s lowing down dens i ty  
a t t e n u a t e d  by h i g h e r  energy resonances.  

I n  de r iv ing  Eq. I I I .2 ,  we have used the ap.pkoxiniation t h a t  E = Eo SO t h a t  
i 

w i t h  a s i m i l a r  exp res s ion  f o r  a where r r ep l aces  I' , and 
'i 'i Y i 

where 
= t h e  peak c ros s  s e c t i o n  of t h e  resonance 

v 

*i 
= t h e  mass number of t h e  nucieus having  resonance i 



- 
gJ 

- 2J + where J is  t h e  t o t a l  s p i n  of t h e  compound 
i 

2(2 I  + 1)  
nucleus ' and I i s  t h e  s p i n  o f ,  t h e  t a r g e t  nucleus 

r = t h e  r a d i a t i v e  cap tu re  l i n e  width 
Y i 

r = t h e  t o t a l  l i n e  width 
i 

r = t h e  neut ron  width eva lua ted  a t  t h e  resonance energy 
0 
i 

$(€I .xi) E Qi = t h e  Doppler broadened symmetric l i n e  shape 
i 

func t ion  given i n  Eq. A. 1 of Appendix A 
and c a l c u l a t e d  a s  descr ibed  t h e r e  

' i = t h e  r a t i o  of n a t u r a l  width t o  Doppler width 
r./A. eva lua t ed  a t  t h e  resonance energy 
1 1  

k = 8.6168 x eV/degree Kelvin 

Ti 
= temperature of i s o t o p e  having resonance i i n  

degrees Kelvin 

= t h e  atom p o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n  

x(oiyxi) = xi = t h e  Doppler broadened ant isymmetr ic  l i n e  shape 
func t ion  given i n  Eq.A.2 of Appendix A and cal-  
cu l a t ed  a s  desc r ibed  t h e r e  . 

The summation i n  t h e  denominator of Eq. 111.2 i s  over  a l l :  o t h e r  resonances 
if  # i i n  t h e  mixture and 



The code computes resonance i n t e g r a l s  f o r  a homogeneous mixture ,  and 
f o r  heterogeneous s l a b  geometr ies  o r  c y l i n d r i c a l  geometr ies .  Whether t h e  
system is homogeneous o r  heterogeneous,  and whether s l a b  o r  cy l inde r  
determines t h e  va lue  used f o r  C and hence f o r  f3 by use  of an equivalence 
p r i n c i p l e .  . P 

For homogeneous mixtures ,  C is given by 
F 

where t h e  sl~rmnation is over  a l l  i s o t o p e s  i n  t h e  homogeneous mixture,  N i s  m 
t h e  atom d e n s i t y  of i s o t o p e  m y  ,o t  i s  t h e  smooth t o t a l  c r o s s  s e c t i o n  l i b r a r y  

m 
d a t a  f o r  t h e  u l t r a  f i n e  group i n t o  which t h e  re'sonance i n  ques t ion  f a l l s ,  
and K~ i s  the  use r  s u p p l i e d  e x t  ended-transport  approximation buckl ing  a s  
used i n  t h e  continuous s lowing down c a l c u l a t i o n .  

For s l a b  geometr ies ,  f o r  each s l a b  k and f o r  t h e  m a t e r i a l  i whose 
.resonance i n t e g r a l  i s  be ing  c a l c u l a t e d  

where t h e  f i r s t  summation is over a l l  i s o t o p e s  m conta ined  i n  s l a b  reg ion  
k and t h e  second summation a s  i n  E q . I I I . 6  is  over  a l l  i s o t o p e s  i n  t h e  
equ iva l en t  homogeneous mixture obta ined  by homogenizing a l l  s l a b  reg ions .  
The so -ca l l ed  "escape" cross s e c t i o n  ( f o r  t h e  m a t e r i a l  i whose resonance 
i n t e g r a l  i s  be ing  c a l c u l a t e d )  in tended  to . accoun t  f o r  t h e  he t e rogene i ty  i s  
c a l c u l a t e d  us ing  

wi th  sk and vk t h e  s u r f a c e  a r e a  and volume of reg ion  k ,  a and a a r e  u s e r  
1 2 

supp l i ed  wi th  d e f a u l t  va lues  of 1 .09,  and t h e  Dancof f  f a c t o r  C! i s  given by 

.In Eq.III .10,  E i s  t h e  exponent ia l  i n t e g r a l  of o rde r  t h r e e  def ined  i n  
3 

E q . A . 3 7  of Appendix A. The o p t i c a l  t h i cknesses  t o  the l e f t  and r i g h t  of 
k 

s l a b  reg ion  k f o r  m a t e r i a l  i denoted by ,  r e s p e c t i v e l y ,  -rk and r , a r e  
computed as fo l lows  , Li Ri 



k 
T = I  - N.Axrat r 
Li j#i r t o  t h e  j 

l e f t  of k 

k 
T = I  C N T A ~  a 
Ri j#i r t o  t h e  3 r t  j 

r i g h t  of k 

where Ax i s  t h e  th ickness  of reg ion  r.  The summation over  r cont inues  u n t i l  r 
a reg ion  s is  found such t h a t  

NYAxs 

"bet' . . 
(111.13) 

. k 
NiA\ 

The c r i t e r i o n  
% e t  

i s ' a  u se r  i n p u t  parameter  and has t h e  d e f a u l t  va lue  of 
0.1. 

For c y l i n d r i c a l  geqmetry, t h e  resonance i n t e g r a l s  are .eva lua ted  only 
f o r  t h e  c e n t r a l  region.  A l l  o u t e r  reg ions  a r e  homogenized i n t o  a s i n g l e  
o u t e r  reg ion .  Denoting t h e  c e n t r a l  reg ion  wi th  s u p e r s c r i p t  0 and t h e  
homogenized o u t e r  reg ion  wi th  s u p e r s c r i p t  1, w e  have . 

where t h e  f i r s t  summation extends over  a l l  i s o t o p e s  contained i n  t h e  c e n t r a l  
region and t h e  second summation is  a s  i n  Eq . I I I . 7  over  a l l  i s o t o p e s  i n  t h e  
equ iva l en t  homogeneous mixture  of a l l  c y l i n d r i c a l  reg ions .  

/- 

The escape c ross  s e c t i o n  f o r  t h e  c e n t r a l  reg ion  Z*' i s  c a l c u l a t e d  as 
e 

where ' so = - 
e 

4v0 

0 wi th  SO a n d  V t h e  s u r f a c e  a r e a  and volume of t h e  c e n t r a l  r eg ion ,  a axid a2  
1 

a r e  u s e r  supp l i ed  wi th  d e f a u l t  va lues  of 1 .35,  and t h e  Dancoff f a c t o r  CO i s  
given by 

4 co = 1 - y  - y  ( 1  - y ) .  

I n  Eq. 111.17 
r 1 



wi th  
1 1 

It = 1 NmUt 
m E l  m 

1 
and V i s  t h e  volume of t h e  h.omogenized o u t e r  r eg ions .  The summation i n  
Eq . I I I . 19  extends over a l l  i so topes  contained i n  t h e  o u t e r  r e g i o n s , . i n c l u d i n g  
t h e  i s o t o p e  i i f  i t  should  be  p r e s e n t .  

The x on J*" i n  Eq. 111.2 r e f e r s  t o  e i t h e r ,  cap tu re  o r  f i s s i o n .  Thus the  
X; 
I 

e f f e c t i v e  macroscopic f i s s i o n  c ros s  s e c t i o n  f o r  t h e  i n t e r v a l  ul, u2 can 
s i m i l a r l y  be w r i t t e n  as  i n  ~ q .  111.2 

where Ff is  t h e  f i s s i o n  width f o r  resonance -i. 
i 

I n  t h e  case  of t h e  t o t a l  c ros s  sect ioxi ,  we have 

Now t h e  resonance i n t e g r a l s  can b e  f a c t o r e d  (25) t o  d i s p l a y  a  l e a d  term 
corresponding t o  t h e  i s o l a t e d  resonance i n t e g r a l  ( t h e  u s u a l  resonance - 

i n t e g r a l  as  d i scussed ,  e .  g. by Dresner (26)) and a  tent i  due t o  t h e -  ove r l ap  of  

o t h e r  resonances i n  t h e  mixture.  I n  p a r t i c u l a r ,  J*" x can b e  r e w r i t t e n  as 
i 

CO 

J*dR = .A Jl i $i 
X 
i 

2  dxi B~ + $i + aixi dxi B~ + qi + aixi 
--CO 

1 A i l i  + Bitxi'), 
i ' #i . - - Ji x," - ~ 9 "  (111.23) 

O i , i '  ,o 

i ' P i  

where t h e  f i r s t  i n t e g r a l  denoted by J Xyd' i s  t h e  usua l  i s o l a t e d  resonance 
x"' is  t h e  over lap  i n t e g r a l  due t o  i n t e g r a l  and t h e  second denoted by O i S i , , "  

o t h e r  s i n g l e  l e v e l  resonances i' . The ze ro  i n d i c a t e s  t h a t  resonances a r e  
a l l  of one type ,  t h a t  i s ,  a l l  s i n g l e  l e v e l .  



E q . I I I . 2 2  may be s i m i l a r l y  f ac to red  w i t h  lyi + a  x r e p l a c i n g  lyi i n  t h e  
i i 

numerators of each of t he  i n t e g r a l s  i n  Eq. 111.23. Therefore I 

Now i n  t h e  case  of m u l t i l e v e l  resonances,  i n s t e a d  of t h e  express ions  
given i n  E q s . I I I . 3  and 111.4 we have 

I n  Eqs. 111.25-111.27 we aga in  s e t  E = Eo and use  t h e  shorthand n o t a t i o n  a = 9 ( e k , q )  and x k , =  ~ ( ~ ~ 9 ~ ~ ) .  k 

The d e f i n i t i o n  of t h e  var ious  c o e f f i c i e n t s  depends upon whether t h e  
resonance k  i s  represented  by t h e  Adler-Adler o r  Breit-,Wigner forms. I n  
t h e  fo l lowing ,  we w i l l  assume the  f l u x  c o r r e c t i o n  f a c t o r  f  equals  1. 

M u l t i l e v e l  Breit-Wigner 

0 = ( s i n g l e  l e v e l  Breit-Wigner 0 ) l G t k l  where t h e  s i n g l e  
0 k  

l e v e l  Breit-Wigner 0 i s  def ined  above 
0 

G = Breit-Wigner m u l t i l e v e l  parameter  f o r  t h e  t r  .,I 
tk r e a c t i o n  which is 1 p l u s  t h e  symmetric l e u e l -  

l e v e l  i n t e r f  e rence  c o n t r i b u t i o n  

G = Breit-Wigner m u l t i l e v e l  parameter  f o r  t h e  r a d i a t i v e  
'k cap tu re  r e a c t i o n  

r t  = Breit-Wigner m u l t i l e v e l  t o t a l  l i n e  width 
k  



G = Breit-Wigner multilevel for the fission 
'k reaction 

b = O  
fk 

% = (single level  rei it-~igner a) plus the antisymmetria 
level-level interference contribution, all divided 

Multilevel Adler-Adler - I _  I 

G = 4 ~ 1  ki con 2p + sin 24% 
k Ok 5' I 
T 
Gk = Adler-Adler symmetric capture cross section 

parameter from ENDFIB 

$ = Adler-Adler ant'isymmetric capture cross 
section parameter from ENDFIB 

pe, = phase, shift 

("I= S-matrix total line width for the Adler-Adler 
k formulation 

G; = Adler-Adler symmetric capture cross section 
parameter from ENDFIB 

. . 
l-$ = Adler-Adler antisymmetric capture cross section 

parameter from ENDFIB 



cos 29 + < 0 s  2% 5' 
F .  Gk . = Adler-Adler symmetric f i s s i o n  c ros s  s e c t i o n  

parameter from ENDFIB 

F 
Hk = Adler-Adler ant isymmetr ic  f i s s i o n  c r o s s  

s e c t i o n  parameter  from ENDF/B 

F f cos 29% - G~ s i n  29 

b = - 0 . 5  
. . fk  

T - G~ s i n  29 

% = - 0.5  

Using Eqs. 111.25-111.27 i n  Eq. 111-1, we have f o r  the '  case  of a l l  Adl,er- 
Adler m u l t i l e v e l  resonances-  i n  t h e  niixture,  f o r  example 

- 
"C = 

% + bykXk 

C 
i AuE l G t k l  +L% Bk + sk$k + %xk + 1 ( skv \v$kf  + B k v x k T )  

k ' k l # k  

I 

Equation 111.28 may be compared wi th  Eq. I I I .2  a n d ' s  = G / G . The r& 
tk I 'kl 

s u p e r s c r i p t  r e f e r s  t o  m u l t i l e v e l .  I n  t h e  case  of m u l t i l e v e l  Breit-Wigner 

resonances,  rLS) i s  rep laced  by t h e  m u l t i l e v e l  t o t a l  l i n e  width and b 
Yk 

is  zero.  4 ,  Bk, and Bk a r e  def ined  a s  i n  Eq.211.5 w i t h  o and ak def ined  
0 
k -. 

as appropr i a t e  t o  t h e  m u l t i l e v e l  r e p r e s e n t a t i o n  involved.  

I n  t h e  case  of f i s s i o n ,  Eq. 111.28 becomes 

where Jfrne  is  g iven  by t h e  i n t e g r a l  of Eq. 111.28 b u t  w i th  b r ep l ac ing  b . 
£k f k  Yk 

I 
For t h e  t o t a l  c ros s  s e c t i o n  



z rLs) 
= P ,*mes (111.30) 

AuE 
Ok 

k 

As  i n  t h e  case  of t h e  s i n g l e  l e v e l  resonances,  t h e  m u l t i l e v e l  resonance 
i n t e g r a l s  may be  f a c t o r e d  i n t o  a l e a d  term and a term due t o  t h e  over lap  of 
o t h e r  resonances i n  t h e  mixture .  Thus t h e  i n t e g r a l  i n  Eq. I I I .28  can  b e  w r i t t e n  

The f ac to red  form of Eq . I I I . 29  can, by comparison w i t h  Eq. I I I .31  be  w r i t t e n  

( I I I .  32) 

Also, Eq . I I I . 30  may be  f a c t o r e d  t o  y i e l d  

So f a r  we have considered t h e  case  of a  mixture  of e i t h e r  a l l  s i n g l e  l e v e l  
(Eqs.III.23-111.24) o r  a l l  m u l t i l e v e l  (Eqs.III.31-111.33) resonances.  Two o the r  

s i t u a t i o n s  may a l s o  a r i s e ,  namely a  s i n g l e  l e v e l  resonance i n  t h e  presence 
of o t h e r  s i n g l e  and m u l t i l e v e l  l e v e l  resonances,  o r ' a  m u l t i l e v e l  resonance 
i n  t h e  presence of o t h e r  s i n g l e  and m u l t i l e v e l  resonances.  Each of t hese  
cases  may b e  w r i t t e n  i n  f ac to red  form t o  y i e l d  a  l e a d  i n t e g r a l  f o r  t h e  
i s o l a t e d  s i n g l e  l e v e l  (mu l t i l eve l )  resonance,.  minus i n t e g r a l s  r e s u l t i n g  -- 
from over lap  wi th  o t h e r  s i n g l e  l e v e l  ( , m l t i l e v e L )  and o t h e r  m u l t i l e v e l  
( s i n g l e  l e v e l )  resonances . 



Thus, f o r  a  s i n g l e  l e v e l  resonance i we have 

and 
*il - t , i l  - t $ 4 1  

J - Ji 
t il 

t , i  
- 0. '. 

o i , i l , ~  i Y i 1 , k  

x , a t  
Ji 

"' a r e  given i n  ~q  ,111.23 and Ji and O i , i l , O  t y b e  and 0:::; a r e  given i n  
9 0  

Eq . I I I .29 .  The second ove r l ap  terms which depend upon t h e  s i n g l e  l e v e l  
resonances i and i t  and upon t h e  m u l t i l e v e l  resonances k  can be  w r i t t e n  
e x p l i c i t l y  a s  rw 

k 
(111.36) 

-Bi+@i+a.~ '+  1 1  . (Ai l$ i l+Bi l~ i l )  '1 (SkAk $'+B .X ) . 
i '#i k '  i k  k i k  

and 

I n  ~ q s . I I I . 3 6  and I I I . 3 7 , A i 1  ,and Bil a r e  def ined  i n  Eq. I I I .5  and 

N 0 
Ok Ok 

%i = No G o  
i i 

s imi l a r ly . ,  f o r  a  m u l t i l e v e l  resonance k  we have 



I n  ~qs.111.37-111.41 t h e  ind ices  k  and k1 r e f e r  t o  m u l t i l e v e l  resonances and i n &  
i r e f e r s  t o  s i n g l e  l e v e l  resonances i n  the  mixture.  

a r e  given i n  Eq . 111.31. 
and Ok,k' ,o 

and Of '& a r e  t h e  
Jk k ,k1  ,o  

t ,me t ,me above expressions wi th  b  replac ing  b  . Jk and ok ,k ' ,o  a r e  given i n  
f k  Yk 

Eq.II1.33. The second overlap terms can be  w r i t t e n  e x p l i c i t l y  a s  

03 % + bUkXk 
Y =ll dZ 

O k , k l , i  2 
. 

-CD B k + s k J , k +  a k ~ k  + E (Sk141J,k1 + B k ' ~ k ' )  
k l#k  

a s  i n  ~ q . I I 1 . 4 2  wi th  b replac ing  b  , and wi th  9 4  ,i 
£k Yk 

B. Calcula t ion  of I s o l a t e d  Resonance I n t e g r a l s  

x ,nt  t , b . t  y  ,ml f ,mP. 
Each of t h e  i s o l a t e d  resonance i n t e g r a l s  Ji Y Ji Y Jk , Jk Y 

t ,me and Jk a s  given i n  Eqs. 111.23, 111.24, I .  3 1  111.32 and 111.33 rep resen t s  

a  s p e c i a l  case  of t h e  genera l  resonance i n t e g r a l  r ep resen ta t ion  

I n  p a r t i c u l a r  f o r  s i n g l e  l e v e l  resonances T  = S = 1, and b  = 0 f o r  capture  
o r  f i s s i o n ,  and equals  a  f o r  t o t a l .  S imi la r ly ,  f o r  m u l t i l e v e l  resonances 
b  = b. bf , o r  a  f o r  capture ,  f i s s i o n  o r  t o t a l ,  T = 1 f o r  capture  and 

Y '  
f i s s i o n ,  and T = S f o r  t o t a l .  



Assuming t h a t  8 9 S$.+ ax >o,  Equation 111.44 can b e  f a c t o r e d  (25) 

J(B,B,a,b) = J(B,B,O,O) + I(B,B,a) - bM(B,B,a) 

where 
3(B,B,O,O) = T 

The q u a n t i t i e s  J (8 ,8 ,0 ,0) ,  I(B,B,a) and M(B,B,a) a r e  c a l c u l a t e d  us ing  t h e  
numerical methods descr ibed  i n  Sec t ion  I V  of Appendix A involv ing  f i x e d  p o i n t  
Gauss-Jacobi quadra tu re  o r  asymptot ic  express ions  depending upon t h e  s i z e  of  B .  

The use r  may s p e c i f y  t h a t  a l l  resonances f o r  a  p a r t i c u l a r  i s o t o p e  be 
ass igned  t h e  i n f i n i t e l y  d i l u t e  resonance i n t e g r a l  l i m i t i n g  va lue  nl(2B).  
I n  t h i s  case ,  none of t h e  resonances of t h i s  i s o t o p e  w i l l  b e  involved i n  
t h e  ca' lculation of t h e  over lap  i n t e g r a l s  f o r  any o t h e r  resonance i n  t h e  
mixture.  

C. Ca lcu la t ion  of Overlap I n t e g r a l s  

1. S e l e c t i o n  of Overlapping Resonances 

I n  t h e  c a l c u l a t i o n  of t h e  va r ious  over lap  i n t e g r a l s ,  only those  
neighboring resonances are inc luded  which s a t i s f y  t h e  fo l lowing  c r i t e r i o n .  

! Two "widths" a r e  computed f o r  each resonance i 

and 

Wi = 5- 

where r i s  t h e  t o t a l  l i n e  width ( o r  S-matrix t o t a l  . l i n e  width f o r  Adler- 
i 

Adler m u l t i l e v e l  resonances)  and $(8 . ,0 )  i s  c a l c u l a t e d  a s  i n  Eq.A.15 of 
1 

2 Appendix A ,  Denoting b y  L t h e  l a r g e r  of W' and Wi 
i i 

1 I. = max l w i ,  $1 , 
1 

we inc lude  resonance i' i n  t h e  over lap  i n t e g r a l  f o r  resonance i i f  



Otherwise resonance i' is  ignored .  

The code d e f a u l t s  t o  fou r  neighbors  on each s i d e  of each resonance 
a s  candida tes  f o r  i n c l u s i o n  i n  t h e  over lap  i n t e g r a l s ,  b u t  t h e  number of over- 
l a p  candida tes  can b e  s p e c i f i e d  by t h e  use r .  

2. Asymptotic Algorithms 

(25) The code f i r s t  eva lua t e s  t h e  asymptot ic  o r  " l a rge  8" approximations 
f o r  t h e  va r ious  over lap  i n t e g r a l s .  The in t eg rands  of t h e s e  i n t e g r a l s  (Eqs ,111.23, 
111.24, 111.31, 111.32, 111.33, 111.36, 111.37, 111.42 and 111.43) c o n s i s t  of 
products  of; d.~ and x func t ions  t i n i e s  a facrur ul: L1:lle form 

where f r e p r e s e n t s  t h e  energy dependent p a r t  of t h e  denominator. I f  we add 
and s u b t r a c t  a q u a n t i t y  D*, t o  be  def ined  be,low, w e  can w r i t e  

A s  a s p e c i f i c  example, cons ider  ' 0 x'A-e a s  given i n  Eq . I11 .23. Using 
Eq. 111.54 we can w r i t e  iyiv , o  



where 

Now if we define 
r m  

with fiyi, given by ~q.II1.56, the second order term of Eq.III.55 will vanish 

and we are left with the approximation 

Similarly, the total overlap integral as given in Eq.III.24 can be 
written as the sum of two terms 

where 0~~"' is o~"' as given in Eq. 111.23 'and approximated in Eq.I11.58 
and li,i' ,o i,i',o 

where fi,iI,o is again given by Eq.III.56. 

Using the same technique as above, we may approximate Eq.III.60 as 

03 aixi 1 (Ait$it+Bit~it) 
i 'Pi 

B: + ah'** 
-03 

i,i',O 



* * 
w i t h  a def ined  a s  

i ,il $0 

This  same ' technique i s  used t o  o b t a i n  asymptot ic  express ions .  f o r  t h e  

va r ious  o t h e r  over lap  i n t e g r a l s  0  xy6e e t c .  Vhere each r e q u i r e s  k.,kl , o y  O j . , i 1  ,ky 
t h e  d e f i n i r i o n  of a corresponding a* and a** appropri .a te  t o  the  s p e c i f i c  
form of t h e  in t eg rand  involved.  Note t h a t  each of t h e  m u l t i l e v e l  over lap  
i n t e g r a l s ,  and t h e  s i n g l e ,  l e v e l  over lap  i n t e g r a l  f o r  t h e  t o t a l  c ros s  s e c t i o n  
can b e  w r i t t e n  as i n  E q . I I I . 5 8  a s  t h e  sum of a  symmetric term OV1 and an  
ant isymmetr ic  term OV 

2 ' 

Once t h e  a* and a** have been eva lua t ed ,  a s  descr ibed  l a t e r ,  the 
i n t e g r a l s  remaining i n  t h e s e  asymptot ic  express ions  a l l  involve  i n f i n i t e  
i n t e g r a l s  of products  o£ $J and x func t ions  f o r  t h e  resonance be ing  eva lua ted  
and f o r  t h e  neighboring resonances inc luded  , i n  t h e  over lap  c a l c u l a t i o n .  

( 2 7 )  These may be i n t e g r a t e d  us ing  t h e  fo l lowing  i d e n t i t i e s .  

where xij imp l i e s  t h e  same n o t a t i o n  f o r  'x as i n  t h e  case  of Eq. 111.63 f o r  

O f j  



The more compact n o t a t i o n  i d e n t i f i e d  i n  Eq . I I I . 63  i s  used f o r  Eqs.III.64-111.68. 

Making .use  of Eqs . 111.63-111.68 i n  Eqs. 111.58-111.61, and i n  t h e  analogous 
i n t e g r a l s  f o r  t h e  o t h e r  cases  d iscussed  above, we f i n a l l y  may t a b u l a t e  
t h e  asymptot ic  over lap  i n t e g r a l s  a s  fol lows.  

' i '  
I r i+ri ,  ( A ~ ~ $ ~ ~ ~ + B ~ ~ ~ ~ ~ ~  1 x,a& ,,, n i-'fi 

O i , i ' , o  T = oflya& 
a&* 

B p i  , 1 l i y i ' y o  
9 0  

r k '  .I r +r (Ski%v'$kkt+Bkl~kkl) 
y,t& , k ' f k  k  k '  

Ok,k',O 2 me* 
%*kYkl $0  



(- sk%i~ik+4Bki$ik) 
TT k i k  

iy i l  ,k 2 
Yk 

' i 

me* 



I n  t h e  above, A. and B .  a r e  def ined  i n  Eq. I I I .5 ,  Aki and B a r e  def ined  
1 1 k i  

i n  Eq. 111.38, and I) and x a r e  def ined  by Eq.III.63. Also, we u s e  t h e  i n d i c e s  i k  .ik 
i and i' t o  denote s i n g l e  l e v e l  resonances and k and k '  t o  denote m u l t i l e v e l  
resonance. 

The eva lua t ion  of t h e  o* and o** which appear  i n  Eqs.III.69-111.78 involve  
i n f i n i t e  i n t e g r a l s  of t r i p l e  products  o f  I) and x func t ions  a s  can be  seen  f o r  
example by us ing  Eq.III.56 i n  Eqs.111. 57 o r  111.62. I n t e g r a l s  over t r i p l e  pro- 
duc t s  of d i f f e r e n t  i n d i c e s  a r e  ignored i n  t h i s  process .  That is ,  f o r  example 

S i m i l a r l y ,  t h e  i n t e g r a l  

w i l l  b e  ignored s i n c e  i t  involves  t h e  t r i p l e  index  k ,  k ' ,  i. 

As a s p e c i f i c  example, we may w r i t e  out  t h e  exp res s ion  f o r  0 he* in 
i,il ,o  

d e t a i l ,  wi th  t h e  above approximation, a s  fol lows.  

where 



The denominators i n  E q . I r I . 7 9  and the , co r r e syond ing  express ions  f o r  t h e  
o t h e r  a* and a** a r e  eva lua t ed  us ing  Eqs. 111.63-111.68. The va r ious  i n t e g r a l s  of 
t r i p l e  products  i n  t h e  numerators a r e  eva lua t ed  us ing  t h e  fol lowing 

(.25) express ions  where we' use  t h e  n o t a t i o n  of Eq.III.63. Also, we use  
t h e  t r a n s £  ormation. 

The q u a n t i t i e s  I through I4 a r e  given by ('25) 
1 



where 
$ 1  e2,1 
-- 
a s k '  

- - 2 [Xkk I - kk llUkk '1 

and t h e  c o e f f i c i e n t s  A through A depend upon t h e  s i z e  of 8 3 9 k ' 

. F o r B k i 5 . 5 f i  

use is  made of the r a t i o n a l  approximation 

w Z t h ,  a = 0.3480242; a 2  = -0.0958798; a3 = 0.7478556; p = 0.47047 and 1 



' 
For Bk > 5.5 fi- 

- - ek <, as be fo re  
*3 JT (rk+rk,  

Nuee ~ l l a t  ,the e x p r e s s i o n ' f o r  A 4 when Bk > 5.5 fi and t h e  break p o i n t  
- 

5.5 J2  both d i f f e r  from t h e  va lues  r epo r t ed  i n  Ilwang's o r i g i n a l  work ( c . f .  
Eq.  B.22 of Re f .25 ) .  The va lues  used i n  t h e  code r e f l e c t  t h e  r e s u l t s  of 
numerical  s t u d i e s  aimed a t  opt imiz ing  .execution e f f i c i e n c y  and minimizing 
e r r o r s  i n  t h e  c a l c u l a t e d  r e s u l t s .  

Now i n  t h e  eva lua t ion  of t h e  q u a n t i t i e s  I through 14, t h e  qkk1 and 
A 

1 
xkk1 a s  i n  o t h e r  p a r t s  of M C * - ~  a r e  normally eva lua ted  as descr ibed  i n  

Sec t ion  I11 o£ Appendix A by a b i v a r i a t e  i n t e r p o l a t i o n  i n  p re s to red  t a b l e s .  

However, i f  l%kqekk ' l2  I > 1 2  o r  gkk , /2  > 12, where xkk, and €Ikk, a r e  d,e- 

f i n e d  i n  Eq.III .63,  then  t h e  fol lowing asymptot ic  express ions  a r e  used f o r  
, .qkk,, Sk, and t h e i r  second d e r i v a t i v e s .  



Af te r  computing t h e  asymptot ic  approximations t o  t h e  over lap  i n t e g r a l s .  
Eqs..III .69-111.78, t h e  code t e s t s  whether these  r e s u l t s  a r e  adequate  o r  r a t h e r  i f  
t h e  c a l c u l a t i o n s  should b e  performed us ing  Gauss-Jacobi quadra ture  and i f  
s o ,  how many quadra ture  p o i n t s  should be used. The l o g i c  used i n  t h e s e  
tests is  shown i n  Fig.  4. Note t h a t  t h e  s e l e c t i o n  c r i t e r i a  depend upon t h e  
r a t i o s  of f12/o*, f l 2 / ~ * * ,  and I OV2/OV I f o r  t h e  p a r t i c u l a r  over lap  i n t e g r a l  
be ing  eva lua ted .  1 

The Gauss-Jacobi quadra ture  a lgor i thms a r e  desc r ibed  below. 

3. . Gauss-Jacobi ~ u a d r a t u r e  Algorithms 

The va r ious  over lap  i n t e g r a l s  given i n  Eqs . I I I .23 ,  III .24,.111.31, 
111.32, 111.33, 111.36, 111.37, 111.42, and 111.43 a r e  eva lua ted  us ing  13 ,  
33, o r  6 1  f i x e d  po in t  Gauss-Jacobi quadra ture  determined a s  i n d i c a t e d  i n  Fig. 4. 

S ince  t h e  v a r i a b l e  of i n t e g r a t i o n  is  x o t h e r  resonances such 
a s  i' have t h e i r  x t ransformed a s  

i ' 
i ' 

The v a r i a b l e  of i n t e g r a t i o n  i s  transformed a s  i n  the  case  of t h e  Gauss- 
J acob i  quadra ture  f o r  t h e  i s o l a t e d  resonance i n t e g r a l s  as descr ibed  i n  Sec t ion  
I V  of Appendix A. Now, however, s i n c e  t h e  i n t e g r a t i o n  ranges  from -a t o  a, 

a l l  N Gauss-Jacobi p o i n t s  a r e  used. Also, a s  d i scussed  i n  Ref. 25, a f t e r  
t ransforming the  v a r i a b l e  of i n t e g r a t i o n  a s  i n  Eq.A.17 of Appendix A, ailBi 



Fig. 4.  Gauss-Jacobi Quadrature Point Selection 
. . 



is  s u b t r a c t e d  from t h e  r e s u l t  t o  provide a  b e t t e r  d i s t r i b u t i o n  of quadra ture  
absc i s sae  over t h e  d i s t r i b u t i o n  of t h e  in tegrands  involved,  which a r e  peaked 
t o  t h e  l e f t  of t h e  o r i g i n .  

A f t e r  completing t h e  i n t e g r a t i o n s  a s  i n d i c a t e d  above, t h e  asymmetric 
p a r t s  of t h e  m u l t i l e v e l  resonance over lap  i n t e g r a l s ,  o r  of t h e  t o t a l  over- 
l a p  i n t e g r a l  f o r  s i n g l e  l e v e l  resonances,  may b e  recomputed depending upon 
t h e  t e s t i n g  descr ibed  below. 

A s  a  s p e c i f i c  example, we r e w r i t e  t h e  asymmetric p a r t  of t h e  t o t a l  
over lap  i n t e g r a l  f o r .  t h e  case  of a l l  s i n g l e  l e v e l  resonances,  Eq. 111.60, a s  

The q u a n t i t y  

IEOi - E o  ( 
SEPTST = 

i' 
L, + L, 1 

is  computed f o r  each term of t h e  sum i n  Eq. 111.115, where Li and Lit a r e  obtained 

as i n d i c a t e d  i n  Eqs . 49-51. I f  SEPTST < 2 . 5 ,  t h e  va lue  obta ined  f o r  t h e  
Gauss-Jacobi i n t e g r a t i o n  of Eq.III .115 ' f o r  t h a t  i' i s  used. 

. . 

However, i f  SEPTST > 2.5, a s p e c i a l  i n t e g r a t i o n  procedure descr ibed  below 
is  used t o  re-evaluate  t h a t  .term of t h e  sum. 

By a l g e b r a i c  manipulat ion,  each term of Eq.III .115 can b e  w r i t t e n  a s  t h e  
sum of two i n t e g r a l s  

,;,.. t Y . 1  - s t,h. ] 
= 1 [ . i , i ' ,o i i o  il#i i,il ,o 

where 
03 

aixi A i l $ i ' + B i ' ~ i l  

&i 
' 

Bi+ 1 ( A i t ~ i v + B i t ~ i I )  
--00 il#i 

and 



s:?;: i s  eva iua t eh  us ing  t h e  Gauss-Jacobi quadra ture  as d iscussed  e a r l i e r .  
$ 0  

t'he MI asymyLotic r l p o r i t l ~ m  s i m i l a r  t o  t h a t  desc r ibed  i n  Sec t ion  C . 2  For Fi 
3 0  3 

i s  f i r s t  t r i e d .  That i s ,  we approximate F t,a as 
iyil  ,o 

where 1 ( A ~ ~ $ ~ ~ + B ~ I X ~ I )  

hi*** 
0 - - I . (111,121) 
i ,,i , o 03 I h i X i  pi l $  3 I + '  I .] 

iM 

Products  of t r i p l e  i n d i c e s  a r e  ignored i n  Eq.III.121 and Eq.III.120 i s  evalu- 
a t e d  us ing  Eq.III .121 and the  va r ious  Eqs.III.63-111.68 and Eqs.III.82-111.108 
as f o r  the  ca se  of t h e  e a r l i e r  U* and a**. 

A c r i t e r i o n  T4 i s  t h e n  eva lua t ed ,  namely f 

I f  T4 2 0.6 o r  i f  T - < - 3.0 t h e  asymptot ic  express ion  above i s  used f o r  
Ft '" . However, i f  n o t ,  t h e  c r i t e r i o n  T5 i s  eva lua ted  a s  
i,il y o  

I f  SEPTST 5 3.5 and,T5 1 . 0 ,  then  t h e  code r e v e r t s  t o  t h e  use  of t h e  

o r i g i n a l  Gauss-Jacobi quadra tu re  of E~ .I11 ,115. However, i f  n o t  , t hen  

Ft'" i s  f i n a l l y  approximated by 
i ,it ,o 



This  procedure i s  s i m i l a r l y  used on a l i  t h e  o t h e r  ove r l ap  i n t e g r a l s  
hav ing  an asymmetric p a r t ,  t h a t  'is a p a r t  p r o p o r t i o n a l  t o  X. 



I V .  - CALCULATION OF UNRESOLVED RESONANCE INTEGRALS 

A. General  Formulation 

The a lgor i thms invo lv  d i n  t h e  unresolved resonance i n t e g r a l  ca lcu la-  
t i o n  developed by K .  l - f ~ a ~ ~ ~ ) a s s w n e  t h e  narrow resonance approximation and 
account  f o r  i n t e r f e r e n c e  s c a t t e r i n g ,  t h e  e f f e c t s  of a c c i d e n t a l  over lap  w i t h  
resonances i n  o t h e r  s p i n  sequences,  and t h e  e f f e c t s  of s e l f -ove r l ap  w i t h  
resonances of t h e  same s p i n  sequence. The s i n g l e  l e v e l  Breit-Wigner repre-  
s e n t a t i o n  is  used f o r  t h e  resonance c r o s s  sections. 

The e f f e c t i v e  macroscopic c a p t u r e  c r o s s  Sec t ion  f o r  ma te r i a l  m within 
an a r b i t r a r y  energy i n t e r v a l  E2 - E l  can be  w r i t t e n  a s  

(IV . I.) 

where E* i s  a n  energy p o i n t  w i t h i n  t h e  i n t e r v a l  E2 - E l .  Eq. I V . l  i s  equiva- 
l e n t  t o  Eq. I11 .l. N~ is  t h e  atom d e n s i t y  of m a t e r i a l  m,  0: i s  t h e  microscopic 
c a p t u r e  c ros s  s e c t i o n  f o r  m a t e r i a l  m ,  C t  i s  t h e  t o t a l  macroscopic c ros s  s e c t i o n  
f o r  t h e  mixture,  and a s  i n  t he  case  of t h e  reso lved  resonance i n t e g r a l  ca lcu la-  
t i o n s  we assume t h a t  t h e  narrow resonance approximation i s  v a l i d .  I n  o r d e r  
t o  s a t i s f y  t h e  s t a t i s t i c a l  c r i t e r i a  descr ibed  below w e  assume no s i g n i f i c a n t  
a t t e n u a t i o n  of f l u x  i n  t h e  energy i n t e r v a l  E -E and a cons tan t  c o l l i s i o n  
d e n s i t y  . 2 1 

m 
0, and C t  correspond t o  sums over con t r ibu t ing  resonances belonging t o  

v a r i o u s  s p i n  sequences,  t h a t  is ,  resonances hav ing , a  p a r t i c u l a r  angular  momentum 
and channel  s p i n .  I f  w e  s e p a r a t e  t h e  t o t a l  c r o s s  s e c t i o n  i n  E q .  I V . l  i n t o  a 
r e sonan t  p a r t  C (E) and a remaining non-resonant p a r t  C ', we can r e w r i t e  Eq .  

r 
I V . l  a s  P 

S 

E2- - J z m  (E) + C 
r 

m s i  i P 

I n  Eq. IV.2, s r e p r e s e n t s  a p a r t i c u l a r  s p i n  sequence ,and  i r e p r e s e n t s  t h e  
resonances i n  t h a t  sequence. The sums i n  t h e  numerator of t h e  upper 
i n t e g r a l  ranges  only over t hose  sequences belonging t o  m a t e r i a l  m wh i l e  
t h e  o t h e r  sums a r e  over  a l l m a t e r i a l s .  



Now the  i n t e r v a l  E2  - El may b e  r ep l aced  by t h e  average spac ing  of 
t h e  resonances of t h e  p a r t i c u l a r  sequence being considered,  ( D ~ ) ,  t imes 
t h e  number of resonances contained w i t h i n  t h e  i n t e r v a l ,  Ns. Also, on t h e  
assumption t h a t  a  l a r g e  number of resonances i e x i s t  i n l t h e  i n t e r v a l ,  we 

1 
may r e p l a c e  - 1 by an  i n t e g r a t i o n  over  t h e  chi-squared d i s t r i b u t i o n  wi th  

Ns i 
p degrees of freedom a s  i n d i c a t e d  i n  Eq. A.30 of Appendix A. This l a t t e r  
s t e p  corresponds t o  provid ing  a  s t a t i s t i c a l  average over  t h e  d i s t r i b u t i o n  
func t ions  of t h e  resonance parameters.  Thus, a s  a n  example, we may w r i t e  

l i m  1 P ( x ) f ( x r n ( ~ * ) ) d x  = 1 WE* (Iv .  3) AE-, AE 

where x corresponds t o  t h e  r a t i o  of neut ron  wid th  a t  energy E t o  mean 

neutron width a t  E*, rn(E*) i s  t h e  mean neut ron  width a t  energy E*, and p 

is t h e  number of en t r ance  channels  f o r  neut rons  of t h e  p a r t i c u l a r  s p i n  
sequence under cons ide ra t ion .  P i s  t h e  chi-squared d i s t r i b u t i o n  of o rde r  

!J 
p given in Eq. A . 3 1  of Appendix A. The f i s s i o n  width would be  s i m i l a r l y  
averaged wi th  perhaps a  d i f f e r e n t  number of e x i t  channels  a s  a p p r o p r i a t e  
t o  t h e  d a t a  involved.  The angular  b racke t s  ( ) w i l l  be  used t o  des igna te  
t he  expec ta t ion  v a l u e  due t o  t h e  s t a t i s t i c a l  i n t e g r a t i o n .  

The mean neut ron  wid th  a t  E* f o r  neut rons  of angular  moment.um R and - 
t o t a l  channel s p i n  J i s  g iven  by 

(IV. 4 )  

where ?(E*) i s  t h e  reduced neut ron  width a t  energy E*, V i s  t h e  pene- 
R , J  R 

t r a t i o n  f a c t o r  f o r  neut rons  of angu la r  momentum R ,  and p i s  t h e  number 
of en t r ance  channels  f o r  neut rons  of t h e  R , J  sequence. $9 J 

(IV. 5) 

where R is t h e  channel  r a d i u s  and A* i s  t h e  reduced neut ron  wavelength at 
energy E*. 



Resonances i n  d i f f e r e n t  s p i n  sequences a r e  assumed. t o  be  completely 
uncor re l a t ed  whereas resonances i n  a  given s p i n  sequence a r e  assumed t o  
b e  d i s t r i b u t e d  accord ing '  t o  t h e  Dyson two-level c o r r e l a t i o n  f  unc t ion2  

03 

s i n  t 
s i ( y )  = - j - 

t 
d t  . 

Y 

(IV. 6) 

(IV. 7) 

(IV .8) 

(IV .9) 

Eqs. 111.3 and 111.4 express  t h e  reso lved  r e sonance . cap tu re  and 
t o t a l  c ross ,  s e c t i o n s  i n  terms of t h e  symmetric and ant isymmetr ic  Doppler 
broadened l i n e  shapes $ and X. Eq. 111.3 i s  s t i l l  a p p r o p r i a t e  f o r  t h e  
unresolved r eg ion  b u t  t h e  low energy l i m i t  form of Eq. 111.4 must be  re -  
w r i t t e n  f o r  u s e  h e r e  a s  

where 6 i s  t h e  phase a n g l e  f o r  angular  momentum R given  by 
i 

= m - a r c t a n  m 

62 = m - a r c t a n  [, 

(IV. 10) 

(IV .11) 

R i s  t h e  e f f e c t i v e  s c a t t e r i n g  r a d i u s  and A* i s  t h e  reduced neut ron  wave- 
l eng th  a t  energy E.*. $i and xi a r e  t h e  u s u a l  shorthand n o t a t i o n  f o r  
$ ( O i , q )  and x(ei9xi) 

I n  Eq. I V . l O ,  t h e  i n t e r f e r e n c e  f a c t o r  a  i s  g iven  by 
i 

(IV. 12) 



I f  we express  Eq. IV.2 i n  terms of t h e  $ and x f u n c t i o n s ,  perform t h e  
s t a t i s t i c a l  average over t h e  d i s t r i b u t i o n  func t ions  f o r  t h e  resonance 
parameters ,  and f a c t o r  t h e  r e s u l t i n g  equat ion  i n  a  manner t y p i f i e d  by 
Eq. 111.23, we may f i n a l l y  w r i t e  f o r  t h e  expec ta t ion  va lue  f o r  a  g iven  s p i n  
sequence 

cos 26 

(r J * )  - J(Bk,Bk,ak,0)) - yk) S + 1 r 
I 

Yk 
. (IV. 13) 

Dk Dk Ys i # k  'ki 

I n  Eq.IV.13, J i s  def ined  i n  Eqs.III.44-111.48 and Bk i s  de f ined  a s  i n  Eq. 
111.5 except  d iv ided  by ~ 0 . ~ 2 6 ~ .  S r e p r e s e n t s  t h e  f i r s t - o r d e r  c o r r e c t i o n  
f o r  t h e  a c c i d e n t a l  over lap  wi th  t h e  uncor re l a t ed  resonances i n  s p i n  sequences 
i # k g iven  by2' 

i f k  
(IV. 14)  

The r r e p r e s e n t  t h e  h ighe r  o rde r  c o r r e c t i o n s  f o r  t h e  a c c i d e n t a l  ove r l ap  
'ki 

e f f e c t  which, t o  second o rde r  i s  approximately g iven  by2 ' 

(IV. 15)  

(IV. 16)  

M C ~ - ~  assumes t h a t  r i n  Eq.IV.13 i s  n e g l i g i b l e .  
'ki . 

0 r e p r e s e n t s  t h e  cap tu re  s e l f -ove r l ap  term f o r  resonances of t h e  
Yk 

same s p i n  sequence k  and i s  approximated by 

0 = -  OD +k '$k ' d% . (IV. 17) 
Yk -03 -, Bk + qk Bk + Jlk + $ 

k and k '  

I n  Eq.IV.17 t h e  resonances k and k '  a l l  belong t o  t h e  same s p i n  sequence k .  
Q(6) i s  t h e  p r o b a b i l i t y  of f i n d i n g  a  resonance k '  a t  a  d i s t a n c e  6  = E - E 

0 
k. Ok ' 

from a  g iven  resonance k  a s  g iven  ' i n  Eq. I V .  6, $ i s  a  shorthand n o t a t i o n  
r e f e r r i n g  t o  J1.(0 

k )  and % 
k is  def ined  i n  Eq. I I I .5 .  Note t h a t  t h e  

c o n t r i b u t i o n  from t e  asymme r i c  l i n e  shape f u n c t i o n  x i s  ignored f o r  t h e  
se l f -ove r l ap  c a l c u l a t i o n .  0 i n  Eq.IV.14 is  given by Eq.IV.17 where I' 

ti ti 
J 

r ep l aces  r . 
Yk 



I n  d e r i v i n g  Eq.IV.13, i t  h a s  been e x p l i c i t l y  assumed t h a t  products  of 
more than  two JI o r  x func t ions  can b e  neglec ted .  This  i s  t h e  so-ca l led  
" n e a r e s t  neighbor" approximation,.28 A s  a  s imple  example, cons ider  

We s h a l l  a l s o  l a t e r  u se  t h e  f a c t  t h a t  Eq.IV.18 can b e  approximated by 

(IV. 18) 

where 'aga in  we have neg lec t ed  t r i p l e  products .  Eq.IV.19 makes use  of t he  
g e n e r a l  f i r s t  o rder  approximation 

The express ion  corresponding t o  Eq.IV.13 f o r  f i s s i o n  simply r e q u i r e s  
r e p l a c i n g  r wi th  r s o  t h a t  0 , r 

and c y k )  
become r e s p e c t i v e l y  

k  £k 'k 'ki 
0 , r , and ( T ~ ~  ,) . I n  t h e  c a s e  of t h e  t o t a l  r e a c t i o n ,  I? r e p l a c e s  

f k  f k i  tk  
r and J(B ,e , a  , a )  is  used inEq. IV.13 .  Also, i n  t h i s  case  t h e  f a c t o r  
Yk 

k k k k  
I 

~ 0 ~ 2 6 ~  does not  appear i n  Eq.IV.13. 

S ince  t h e  J i n t e g r a l s  and o the r  r e l a t e d  i n t e g r a l s  can b e  r e a d i l y  eva l -  
uated a s  descr ibed  i n  Sec t ion  B of Chapter 111 wi th  t h e  s t a t i s t i c a l  averaging 
accomplished as s p e c i f i e d  i n  Sec t ion  V Appendix A, t h e  main computat ional  
e f f o r t ' i s  r e l a t e d  t o  t h e  eva lua t ion  of t h e  se l f -ove r l ap  i n t e g r a l s ' .  



, As  i n  t h e  case  of t h e  reso lved  resonances,  Eq.IV.13 i s  e v a l u a t e d ' f o r  a 
, homogeneous mixture ,  and f o r  heterogeneous s l a b  geometries o r  c y l i n d r i c a l  

geometries w i t h  t h e  va lue  used f o r  C and hence f o r  B determined a s  s p e c i f i e d  
i n  Eqs.III.16-111.20. P 

B. Eva lua t ion  of t he  Self-overlap Term 

I n  o rde r  t o  eva lua t e  EqLV.17, we no te  t h a t  

-00 

(IV. 21) 

provided t h e  r e s u l t i n g  i n t e g r a l s  a r e  uniformly convergent .  I n  Eq.IV.21, 
% = I/%, . S u b s t i t u t i n g  Eq.IV:21 i n t o  Eq.IV.17, Hwang has  shownz5 t h a t  

0 = K l - K z +  ... (IV.22) 
Yk 

where K1 > > . K z  i f  t h e  s e l f - s h i e l d i n g  e f f e c t  i s  r e l a t i v e l y  weak. 

where r i s  g iven  by Eqs.IV.15 and IV.16 and 
Ykk' 

(IV. 24) 

(IV. 25) 

(IV. 26) 



I n  Eq.IV.24 and IV.25 

and i n ,  Eq.IV.26 .' 

(IV. 27) 

(IV. 28) 

'l'he computat ional  e f f o r t  now 1s centered  O i i  cRe evaluacivn of rhe reru 
L1 s i n c e  L2 can  e a s i l y  be  obta ined  once L1 is  known. 

1. Evalua t ion  of L 1 .  . , 

Using the  Four i e r  t ransform technique,  Hwang has shown t h a t  Eq.IV.24 
can be w r i t t e n  i n  t h e  form 

where P is  t h e  Four i e r  t ransform 
k 

(IV. 30) 

and w ( c ) ,  t he  Four i e r  t ransform of t h e  Dyson func't ion, i s  given 

u(S> ' = 
( D k b  ( D k b  ( ~ k  ) 

"(1-1 J?-;; 1.1 21T I ~ n [ l + l  I ] ) ;  



As u s u a l ,  i n  Eq.IV.29 t h e  q u a n t i t i e s  i n s i d e  t h e  a n g u l a r  b r a c k e t s  are t h e  
s t a t i s t i c a l l y  averaged v a l u e s  o v e r  t h e  a p p r o p r i a t e  chi-squared d i s t r i b u t i o n  
f u n c t i o n s  of t h e  resonance  p a r a m e t e r s ,  and  t h e  resonances  k  and k f  be long  
t o  t h e  same s p i n  sequence.  

Now we make a change o f  v a r i a b l e  t o  c o n v e r t  Eq.IV.29 i n t o  a  form 
amenable t o  Gauss-Hermite q u a d r a t u r e .  I f  we l e t  

(IV. 32) 

and m u l t i p l y i n g  t h e  i n t e g r a l  i n  Eq.IV.29 by exp (-q2) e x p ( q 2 ) ,  Eq. IV.29 can  
b e  c o n v e r t e d  i n t o  t h e  e q u i v a l e n t  form 

Eq. I V .  33 i s  of t h e  form 

(IV. 34) 

where a .  and y  are t h e  w e i g h t s  a n d  z e r o s  o f  t h e  Hermite polynomial  and i 
Eq. I V .  3& cor responds  t o  t h e  u s u a l  Gauss-Hermite q u a d r a t u r e  w i t h  t h e  remainder  
term RN. S i n c e  P and w are each  symmetric,  on ly  a sum o v e r  t h e  p o s i t i v e  

k  
z e r o s  y  i s  r e q u i r e d  t o  e v a l u a t e  Eq.IV.33. The code u s e s  N = 1 0  f o r  t h e  

i q u a d r a t u r e .  S p e c i f i c a l l y ,  w i t h  N = 10 we assume 



+z "I, ;"; 
(IV. 35) ' 

The eva lua t ion  of Eq.1v.35 depends upon t h e  a v a i l a b i l i t y  of t h e  
Four i e r  t ransforms P ( r  512).  Two a l g o r i t l ~ m s  a r e  used depending upon t h e  

tk 
s i z e  of f3 r e l a t i v e  t o  $(Bk,0). The l a r g e  f3 approximation o r  asymptot ic  

k 
a lgor i thms provide  s i g n i f i c a n t  computat ional  economy a s  compared w i t h  t h e  
non-asymptotic a lgo r i t l~ lns  . Since  Bk is  usua l ly  l a r g e  compared t o  $(8 ,0) k 
for  many of t h e  unresolved resonances,  t h e  l a r g e  6 approximation i s  frr- 
quen t ly  invoked f o r  r e a l i s t i c  problems wi th  subsequent s av ings  i n  execu- 
t i o n  time. 

a .  AsynpLotic Algorithms f o r  L1 

2 5 
I£ ( 8 ,  + $(e,,O))/@(e,,O) 2 2.5, Pk may b e  approximated by 

r 

2 151 Qk(E) / (Bk+  P)  + * a -  

t. I (IV. 36) 
4 

where A i s  t h e  Doppler l i n e  width a s  de f ined  below Eq.III .4  wi th  E r ep l aced  
0 

by E*. i 

e k f i  A 1 5 1  2 

uk = - [exp(= + 2)  E r f c  -+= 
2 f i  \ 2 a  / A ' r '  . h  e k )  

(IV. 38) 

(IV. 39) 

and E r f c ' a n d  Erf a r e  r e s p e c t i v e l y  t h e  complementary e r r o r  func t ion  and t h e  
e r r o r  f u n c t i o n  which a r e  eva lua ted  as s p e c i f i e d  f o r  Eq.A.15 of Appendix A. 

The asymptot ic  e v a l u a t i o n  of L1 i s  then completed wi th  t h e  
v a r i a b l e  change of Eq. I V .  32 and s u b s t i t u t i o n  of Eq. I V .  36 i n t o  Eq. I V .  35. 



b.  Non-Asymptotic Algorithms f o r  L1 

When (Bk + $(Bk, 0 ) )  /$(Bk,O) < 2.5, t h e  more e l a b o r a t e  algo- 
r i thms descr ibed  below must b e  used t o  o b t a i n  t h e  P  f o r  use i n  t h e  s o l u t i o n  
of Eq.IV.35. k  

Pk 
( y) is ;he unique s o l u t i o n  o f  t h e  i n t e g r a l  equat ion  

Making t h e  s u b s t i t u t i o n s  y  = a6 and x  = a t  and mul t ip ly ing  t h e  i n t e g r a l  by 
exp(-x2) exp (x2) ,  Eq. IV.40 may be  c a s t  i n t o  t h e  form s u i t a b l e  f o r  Gauss- 
Hermite quadra tu re  

The i n t e g r a l  i n  Eq.IV.41 can aga in  be  w r i t t e n  a s  a t e n  po in t  
Gauss-Hermite quadra ture ,  s o  t h a t  a t  each mesh p o i n t  y  we have 

i 

(IV. 42) 

Equation IV.42 can be  looked a t  a s  a  system of  10 equat ions  
i.n t h e  t e n  unknowns 

Thus we. may w r i t e  the '  ma t r ix  equat ion  



s o  t h a t  t h e  d e s i r e d  P may be  obta ined  by i n v e r s i o n . o f  t h e  A mat r ix  

Eqs.IV.42 a r e  normalized by d iv id ing  each row of t h e  A mat r ix  
by t h e  r e s p e c t i v e  d i agona l  element,  namefi , 

Theref o r e  

I n  Eq . IV. 48 we have made use of t h e  i d e n t f  t y  

(IV. 45) 

(IV .46) 

(IV. 47) 

(IV. 48) 
i 

I 

(IV. 49) 

I 

w i t h  a and y de f ined  as be fo re  i n  ~qs.1v.32.  

The i n v e r s i o n  of t he  10 x 10 m a t r i x  A can b e  cons iderably  
s i m p l i f i e d  and t h e  execut ion  t i m e  thereby s i g n i f i c a n t l y  reduced by , p a r t i -  
t i o n i n g  A i n t o  f o u r  sub-matrixes and recogniz ing  t h e  f a c t  t h a t  A i j = Aji 
a s  i s , o b v i o u s  from Eq.lV.48. I f  we l e t  D r ep re sen t  t h e  i n v e r s e  
of A ,  we can w r i t e  

(IV .50) 

where I i s  t h e  10 x 10 i d e n t i t y  ma t r ix  and each of t h e  submatr ices  is  5 x 5.  



By a l g e b r a i c  manipulation of t he  equat ions  represented  by 
Eq.IV.50, we can e a s i l y  show t h a t  

(IV. 51) 

where we have made use  of t h e  f a c t  t h a t  A l l  = A 2 2  and A12 = A21.  

Thus t h e  i n v e r s i o n  of t h e  10 x 10 A ma t r ix  can b e  accomplished 
by t h e  much f a s t e r  i n v e r s i o n  of two 5 x 5 ma t r i ce s  a s  shown i n  Eqs.IV.51. 

F i n a l l y ,  t ak ing  advantage of t h e  f a c t  t h a t  Pk i s  symmetric, 
we need be  concerned only  w i t h  t h e  p o s i t i v e  Gauss-Hermite quadra ture  p o i n t s  
so t h a t  we may o b t a i n  t h e  upper h a l f  of t h e  P v e c t o r  from (Dll D12)B. 

The non-asymp t o t i c  eva lua t ion  of L 1 i s  then  completed us ing  
t h e  P ob ta ined  a s  above i n  Eq.IV.35. k 

2. Evalua t ion  of Lp 

Using t h e  same technique a s  was used t o  conver t  Eq. IV.24 i n t o  t h e  
form of Eq.IV.29 f o r  L1, Hwang has  converted Eq.IV.26 i n t o  t h e  form 

rt 161 
a2c2 - k 

4 2 

L2 = -* @k 

-03 

(IV. 52) 

Making t h e  v a r i a b l e  changes i n d i c a t e d  i n  Eqs.IV.32 and mul t ip ly ing  
t h e  i n t e g r a l  by exp(-T12)exp(n2) a s  f o r  t h e  case  of L1, Eq.IV.52 can b e  con- 
v e r t e d  t o  t h e  equ iva l en t  form 



Eq.IV.53 a s  b e f o r e  can  b e  eva lua t ed  us ing  Gauss-Hemite quadra ture .  Note 
t h a t  a f t e r  ob ta in ing  L1 a s  desc r ibed  e a r l i e r ,  t h e  only  new q u a n t i t y  needed 
t o  o b t a i n  L2 i s  \. 

A s  f o r  L1, two a lgor i thms a r e  used t o  o b t a i n  \ dependi,ng upon 
t h e  s i n e  of Bk r e l a t i v e  t o  $(Bk7O). 

a .  Asymptotic ~ l g o r i t h m s  f o r  L2 

A s  f o r  L1, a  f a s t ,  l a r g e  f.3 approximation i s  used t o  o b t a i n  
\ i f  (Bk + ~ ( 8 k 7 0 ) ) / $ ( 8 k 7 0 )  2 2 .5 .  S p e c i f i c a l l y ,  . 

r 5 r t  1 + 2rp - u,(E)I/(B, + p) 

5' 4  2  I m  (Bk + p l 2  ( Iv .  5 5 )  

where Uk and p  a r e  g iven  i n  Eqs.IV. 38 and I V .  39. 

b. Non-Asymptotic Algorithms f o r  L g  

When (Bk + $ ~ ( 8 ~ , 0 ) ) / $ ( 8 ~ , 0 )  < 2.5, Rk is  obta ined  i n  a  manner 

s i m i l a r  t o  t h a t  used f o r . o b t a i n i n g  P k  i n  t h e  non-asymptotic case .  

I n  o r d e r  t o  o b t a i n  Rk,, we d i f f e r e n t i a t e  Eq.IV.41 wi th  r e s p e c t  
t o  Bk t o  o b t a i n  a  new m a t r i x  equa t lon  s i m i l a r  t o  Eq..IV.43, namely 

where 'A i's t h e  m a t r i x  de f ined  i n  Eqs.IV. 47 and I V .  48 and 

(IV. 57) 



0 
wi th  N t h e  previous ly  def ined  normal iza t ion  f a c t o r  given i n  Eq.IV.45. 

i 

Thus we have 

(IV. 58) 

S ince  A-' has  a l r eady  been obta ined  f o r  use i n  computing L 1 ,  LI is  a l s o  
a v a i l a b l e  w i th  l i t t l e  a d d i t i o n a l  computational e f f o r t .  

C. Evaluat ion of Unresolved Resonance Cross Sec t ions  

A s  s t a t e d  previous ly ,  'FIc2-2 n e g l e c t s  t h e  h ighe r  o r d e r  c o r r e c t i o n s  f o r  
t h e , a c c i d e n t a l  over lap  s o  t h a t ,  f o r  example Eq.IV.13-becomes 

where S i s  def ined  by Eq.IV.14 and t h e  eva lua t ion  of t h e  over lap  term 0 
has been d iscussed  i n  Sec t ion  B above. Yk 

I f  h e  d e f i n e  t h e  f l u x  c o r r e c t i o n  f a c t o r  f  as 

(IV. 60) 

where f  is  j u s t  Eq.IV.14 except  t h a t  t h e  sum extends over  a l l  s p i n  sequences,  
we may w r i t e  t h e  e f f e c t i v e  unresolved resonance c a p t u r e  c r o s s  s e c t i o n  f o r  
a  given s p i n  sequence k  a s  

I f  we accept  t he  approximation givetl i n  Eq. EV ...2 0 ,  . a depends . t o  f i r s t  o rde r  
only on t h e  resonances of sequence k s i n c e  a l l  Ck o t h e r  terms cance l  ' i n  
t h e  r a t i o  s/£.  Thus 

and 

k  

s o  t h a t  I .  



wi th  s i m i l a r  exp res s ions  f o r  t h e  f i s s i o n  and t o t a l  c r o s s  s e c t i o n s  where 
r is  rep laced  by r and r r e s p e c t i v e l y ,  
Yk f k  k 

The unresolved c r o s s  s e c t i o n s  a t  each l i b r a r y  s p e c i f i e d  E* energy a r e  
f i n a l l y  obta ined  by summing t h e  p a r t i a l  c o n t r i b u t i o n s  such as given by Eq. 
EV.64 over a l l  spi l l  sequences. Thue t h o  unresolved c ross  s e c t i o n  f o r  process  
x ( cap tu re ,  f i s s i o n  o r  t o t a l ) ,  m a t e r i a l  lu at energy p o i n t  E* is g i v o ~ ,  hy 

(IV. 65) 

where t h e  sum ranges ove r  a l l  sequences belonging t o  m a t e r i a l  m. 

D. Unresolved Resonance I n t e g r a l s  and Resolved-Unresolved Resonance I n t e r a c t i o n  

Since t h e  E* p o i n t s  f o r  which t h e  average unresolved resonance parameters 
a r e  supp l i ed  i n  t h e  l i b r a r y  v a r y  from i s o t o p e  t o  i s o t o p e  of each m a t e r i a l ,  t he  
code gene ra t e s  a f i x e d  energy g r i d  onto  which t h e  resonance i n t e g r a l s  a s  given 
by Eq.IV.59 a r e  l i n e a r l y  i n t e r p o l a t e d .  The u s e r  may s p e c i f y  t h e  energy g r i d ,  
o r  t h e  code w i l l  g e n e r a t e  t h e  g r i d  u s ing  t h e  fo l lowing  algori thm. 

The f i r s t  g r i d  p o i n t  corresponds t o  t h e  energy of t h e  top  of t h e  h ighes t  
energy broad group. For p o i n t s  2 through 25, t he  succes s ive  mesh po in t  ene rg i e s  
a r e  i n  t h e  r a t i o  exp(-0.25) ; f o r  p o i n t s  26 through 125 i n  t h e  r a t i o  exp(-0.05) ; 
f o r  p o i n t s  126 through 149 i n  t h e  r a t i o  exp(-0.25); and f i n a l l y  mesh po in t  150 
corresponds t o  EMIN, t h e  energy a t  t h e  t o p  of t h e  thermal group. I f  EMIN i s  
encountered b e f o r e  mesh p o i n t  150, t h e  g r i d  te rmina tes  wi th  p o i n t  EMIN and 
fewer than 150 p o i n t s  a r e  i n  t h e  f i x e d  energy g r i d .  F i n a l l y ,  t h e  f i x e d  g r i d  
is t runca ted  s o  t h a t  on ly  t h o s e  p o i n t s  remain which f a l l  w i t h i n  t h e  unresolved 
E* p o i n t s  of any of t h e  i s o t o p e s  i n  t h e  problem under i n v e s t i g a t i o n .  

I f  t h e r e  is  more than  one  E* p o i n t  between any of t h e  f i x e d  energy g r i d  
p o i n t s ,  t h e  unresolved resonance i n t e g r a l s  a r e  averaged over t h e  s e v e r a l  E* 
p o i n t s  s o  t h a t  t h e r e  is a s i n g l e  average resonance i n t e g r a l  a t  a s i n g l e  average 
energy E* between any two f i x e d  e n e r g y ' g r i d  p o i n t s .  These average resonance 
i n t e g r a l s  a s  w e l l  a s  t h e  f l u x  c o r r e c t i o n  f a c t o r s  f  a i e  then l i n e a r l y  i n t e r -  
po la t ed  onto t h e  f i x e d  g r i d .  

Figure 5 schemat ica l ly  r e p r e s e n t s  t h e  energy s t r u c t u r e  i f  we denote 
t h e  f i x e d  energy g r i d  p o i n t s  by ESR. w i t h  corresponding midpoint ene rg i e s  E . 

1 i 

I n  t h e  c a s e  where reso lved  and unresolved resonances a r e  p re sen t  i n  
t h e  same energy reg ion ,  t h e  code accounts  f o r  i n t e r a c t i o n  e f f e c t s  i n  t h e  
fo l lowing  way. 



I f  r e s o l v e d  resonances  j have  e n e r g i e s  l y i n g  w i t h  e n e r g i e s  E and E i i n  F i g  5, t h e n  t h e  u n r e s o l v e d  resonance  i n t e g r a l  a t  mesh p o i n t  i- 1 

ESF. is  modi f i ed  t o  
1 

(IV. 66) 

where t h e  sum i n  Eq.IV.66 i n c l u d e s  a l l  r e s o l v e d  resonances  i n  t h e  energy 

r a n g e  E - 
i Ei-l 

and JTf' i s  g i v e n  by Eq.II1.24.  I f  t h e  r e s o l v e d  resonances  
1 

41 a r e  m u l t i l e v e l  r e s o n a n c e s ,  t h e  Jt i s  r e p l a c e d  by t h e  a p p r o p r i a t e  m u l t i l e v e l  
i 

e x p r e s s i o n  g i v e n  by Eq . I I I .33 .  S i m i l a r  c o r r e c t i o n s  a r e  made t o  t h e  unreso lved  
f i s s i o n  and t o t a l  r e s o n a n c e  i n t e g r a l s .  

The r e s o l v e d  r e s o n a n c e  i n t e g r a l s  f o r  r e s o n a n c e s  i i n  t h e  energy  range  
a r e  s i m i l a r l y  modi f i ed  t o  Ei - Ei-l 

I 

(IV. 6 7) 

where f  is g i v e n  b y  Eq.IV.63 and' t h e  v a l u e  cor responding  t o  g r i d  p o i n t  ESF 
i ' 

J*" is g i v e n  by Eq. 111.23, and  E i s  t h e  energy  o f  r e s o l v e d  r e s o n a n c e  i. 
X 
i O i 

Corresponding e x p r e s s i o n s  f o r  m u l t i l e v e l  r e s o l v e d  r e s o n a n c e  i n t e g r a l s  a r e  
used where a p p r o p r i a t e .  

For r e s o l v e d  r e s o n a n c e s  f a l l i n g  w i t h i n  t h e  end p o i n t s  and  f i r s t  cor-  
r esponding  midpoin t  e n e r g i e s ,  such  a s  t h e  r a n g e  ESFl - E f o r  example, t h e  
f  i s  t h e  v a l u e  c o r r e s p o n d i n g  t o  t h e  las t  g r i d  p o i n t ,  

1 

E. Ultra-Fine-Group Unresolved Resonance Cross  S e c t i o n s  

The u l t ra - f ine -group  spec t rum c a l c u l a t i o n  d e s c r i b e d  i n  Chap te r  I1 and 
t h e  hyper-fine-group RABANL c a l c u l a t i o n  d e s c r i b e d  i n  Chapter  V make u s e  of 
group averaged  u n r e s o l v e d  r e s o n a n c e  c r o s s  s e c t i o n s .  These c r o s s  s e c t i o n s  
are d e r i v e d  by assuming a  c o n s t a n t  w e i g h t i n g  f u n c t i o n  i n  t h e  u l t r a - f i n e -  
group s o  t h a t  

(IV. 68) 



Fig. 5. Unresolved Resonance.Energy Grid. 



.and Em(E) is  d e f i n e d  by Eq.IV. 65. ~ u t u k  r e l e a s e s  o f  t h e  ENDFIB d a t a  f i l e s  
X 

w i l l  p r o v i d e  i n f o r m a t i o n  t o  s p e c i f y  t h e  f u n c t i o n a l  form of.  a r n ( ~ )  v e r s u s  E. 
X 

S i n c e  such  i n f o r m a t i o n  i s  n o t  a v a i l a b l e  w i t h  ENDFIB-IV, t h e  code M C ~ - ~  

assumes t h a t  Rn ?(E) i s  l i n e a r  i n  Rn E, 
X \ 

The a v e r a g i n g  o f  Eq. IV.68 u s i n g  t h e  Rn - Rn i n t e r p o l a t i o n  of Eq.IV. 69 i s  
performed a n a l y t i c a l l y  i n  t h e  same manner as used i n  the ,  M C ~  c o d e l l o )  



V. RABANL, HYPER-FINE GROW INTEGRAL TRANSPORT THEORY 
NEUTRON SLOWING DOWN 

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

The RABANL a lgor i thms provide  r igorous  reso lved  resonance c r o s s  s e c t i o n s  
and a r e  in tended  f o r  use i n  t h e  lower energy ranges f o r  which t h e  narrow 
resonance approximation of t he  M C ~ - ~  module CSCOO6 i s  n o t  v a l i d .  The 
methods used i n  RABANL a r e  based on t h e  e a r l i e r  work of K i e r  and Robba i n  t h e  

RABBLE code(')and t h e  improvements a f fo rded  f o r  s l a b  geometry by Olson i n  t h e  
(6 )  RABID code . The p r e s e n t  coding r e p r e s e n t s  an improvement over  t h e s e  e a r l i e r  

codes with regard  t o  accuifacy and ~ l u l u r i i c a l  s t a b i l i t y ,  and a l s o  prnvides a ' 
f u l l y  v a r i a b l y  dimensioned and CCCC compatible package w l ~ i c l i  call be wcd i n  
a  s t anda lone  mode, ( a s  wi th  RABBLE o r  RABID), o r  i n  conjunclriol~ wi th  a f u l l  
Mc2-2 execut ion .  I n  t he  l a t t e r  ca se ,  e l a s t i c  s c a t t e r i n g  sources  a s  w e l l  a s  
i n e l a s t i c ,  (n ,2n) ,  and f i s s i o n  sources  a r e .  supp l i ed  by t h e  ul t ra-f ine-group 
M C ~ - ~  c a l c u l a t i o n .  I n  e i t h e r  .mode of ope ra t ion ,  RABANL uses  t h e  s t anda rd  
Mc2-2 l i b r a r y  as der ived  from ENDFIB da ta .  Thus, e .g . ,  resonance parameters  
are l i b r a r y  s u p p l i e d  a s  opposed t o  be ing  provided by- t h e  code u s e r  a s  is  t h e  
case  f o r  t he  e a r l i e r  codes. The u s e r  may a l s o  o p t i o n a l l y  i nc lude  unresolved 
resonance, c ros s  s e c t i o n s  de r ived  from t h e  M C ~ - ~  module CSC005 i n  t h e  RABANL 
c a l c u l a t i o n  as descr ibed  below. 

RABANL may be used f o r  homogeneous one reg ion  c a l c u l a t i o n s  o r  f o r  
mult i - region c y l i n d r i c a l  o r  s l a b  heterogeneous geometr ies .  I n  t h e  l a t t e r  
c a s e s ,  t h e  s p a t i a l  f l u x  d i s t r i b u t i o n  i s  obta ined  us ing  i n t e g r a l  t r a n s p o r t  
theory methods invo lv ing  c a l c u l a t i o n  of c y l i n d r i c a l  o r  s l a b  c o l l i s i o n  
p r o b a b i l i t i e s .  

Sec t ion  B d i scusses  t h e  a lgor i thms used i n  computing t h e  e l a s t i c  
s lowing down sources .  Sec t ion  C d i scusses  t h e  ca lcu l .a t ion  of t h e  c o l l i s i o n  
r a t e s  and f l u x e s  f o r  bo th  homogeneous one reg ion  and f o r  mult i - region problems 
The a lgor i thms used f o r  t h e  c a l c u l a t i o n  of t h e  c ros s  s e c t i o n s  a r e  presented  
i n  Sec t ion  D.  F i n a l l y ,  i n  Sec t ion  E, t h e  c a l c u l a t i o n  of t h e  e d i t e d  broad 
group f luxes  and c ros s  s e c t i o n s  is descr ibed .  

B. Ca lcu la t ion  of E l a s t i c  Slowinp-Down Sources 

I n  o rde r  ' t o  accu ra t e ly  c a l c u l a t e  t h e  neut ron  s lowing down i n  t h e  presence 
of r ap id ly  vary ing  resonance c ros s  s e c t i o n s ,  t h e  hyper-fine-group (hfg)  width 
used i n  t he  c a l c u l a t i o n  must be  extremely narrow. By t h e  same token t h e  h f g  
width should be sma l l  compared wi th  t h e  maximum le tha rgy  gained p e r  c o l l i s i o n  
w i t h  t h e  h e a v i e s t  of t h e  nuc l ides  i n  t h e  mixture s o  t h a t  t h e  assumption of 
only one c o l l i s i o n  per  group i s  va l id# .  

The code determines t h e  h f g  width r e l a t i v e  t o  t h e  reso lved  resonance 
Doppler width A 



f o r  temperature T, energy E, m a s s  A, and w i t h  t h e  Boltzmann cons t an t  k e q u a l  
t o  8.61708 x 10" eV/degree Kelvin. I n  p a r t i c u l a r  

f o r  t h e  h f g  width appropr i a t e  t o  broad group J where E is  t h e  upper energy J 
of broad group J ,  N i s  s p e c i f i e d  by t h e  u s e r  on ca rd  type  14 of d a t a  s e t  
A.MCC2 with  a d e f a u l t  va lue  of 4,  and A is  obta ined  from Eq.V;l u s ing  
T = 293 degrees Kelvin,  E = EJ, and A = 250. The h f g  width is  gene ra l ly  

broad group 'dependent.  The use r  may however s p e c i f y  t h a t  a f i x e d  h f g  
width be .used f o r  t h e  e n t i r e  problem. I n  t h a t  ca se ,  E corresponds t o  t h e  

J 
upper energy of t h e  h i g h e s t  broad group i n  t h e  problem. 

I n  any case ,  t h e  code r equ i r e s  t h a t  Eq.V.2 y i e l d  a wid th  n o t  g r e a t e r  

than  0.001. nuhfg i s  then  f i n a l l y  ad jus t ed  t o  correspond t o  an i n t e g r a l  
sub-mult iple  of t h e  u l t r a - f i n e  group (ufg)  width.  This  adjustment  may 
r e s u l t  i n  a l e tha rgy  width somewhat l a r g e r  than  0.001. Thus, f o r  example, 

f o r  t h e  c u r r e n t  nuufg of 11120, t h e  l a r g e s t  p o s s i b l e  auhfg i s  0.00141667. 
h f g  is For a broad group w i t h  upper energy of 275.36 eV, f o r  example, Au 

0.00030864. A nucleus of mass 250 could e l a s t i c a l l y  s c a t t e r  neutrons a 
maximum le tha rgy  width of 0.016 which corresponds t o  about 11.3 t imes t h e  

I l a r g e s t  hyper-f ine group width.  L igh te r  n u c l e i  of course can s c a t t e r  down 
a g r e a t e r  l e t h a r g y  span and hence would con ta in  more hyper-f ine groups i n  
C l ~ e l r  s c a t t e r f n g  band. For example, a nucleus of mass 23 con ta ins  about 
62.8 of t h e  maximum width hyper-f ine groups w i t h i n  i t s  s c a t t e r i n g  l e tha rgy  
band. - 

The p r o b a b i l i t y  pe r  u n i t  l e tha rgy  t h a t  a neut ron  i s  s c a t t e r e d  from 
l e tha rgy  u' t o  l e tha rgy  u by a nucleus of mass r a t i o  A i s  given by 

where 

and A i s  t h e  r a t i o  of t a r g e t  nuc l ide  mass t o  t h e  m a s s  of t h e  neut ron .  Note 
' t h a t  f o r  hydrogen, t h e  code uses t h e  a c t u a l  A (% 0.99917) r a t h e r  than  t h e  
approximation A = 1 .O. 

I n  p a r t i c u l a r ,  t h e  p r o b a b i l i t y  of s c a t t e r i n g  down h f g  each of width 
Au i n t o  t h e  group having lower l e tha rgy  u i s  g iven  by 

0 



Equation V.6 must b e  co r r ec t ed  f o r  s c a t t e r i n g ~ i n t o  t h e  lowest  e n e r g e t i c a l l y  
p o s s i b l e  h f g  a s  i n d i c a t e d  below. 

The s c a t t e r i n g  band E i s  a d j u s t e d  by making sma l l  changes t o  t h e  mass 
A sn t h a t  

L = ~ / A 1 1  (v.7) 

is  an i n t e g e r .  Thus a  given h f g  may s c a t t e r  down i n t o  t h e  next L hf  g. 
The p r o b a b i l i t y  of s c a t t e r i n g  down i n t o  t h e  lowest  h f g  i s  given by 

u  +Au u -E+Au j 0  d u ' j O  '-(u - u t )  A U  = - du' e .  
'iowest 1-a .. Il-C 

where t h e  limits on t h e  second i n t e g r a l  account f o r  t h e  f a c t  t h a t  no t  a l l  
p a r t s  of the sou rce  h f g  may e n e r g e t i c a l l y  b e  a b l e  t o  s c a t t e r  i n t o  t h e  
lowest  hfg .  

The ingroup s c a t t e r i n g  is given by 

Now i f  l is s e t  equa l  t o  L i n  Eq.V.6, we o b t a i n  

where we make use  of t h e  f a c t  t h a t  

a = e  -Lau 



By comparing Eqs.V.8, V.9, and V.10, we s e e  t h a t  

'lowest 
= P Au - aPsAu 

L (v. 12) 

I f  we denote t h e  hf g  f l u x  pe r  u n i t  l e tha rgy  i n  h f g  k  by @k and t h e  

macroscopic s c a t t e r i n g  c ros s  s e c t i o n  f o r  t h a t  group by C , t h e  sou rce  of 
S 
k  

neut rons  p e r  u n i t  l e tha rgy  i n t o  group k due t o  e l a s t i c  s c a t t e r i n g - i n  from 
a l l  e n e r g e t i c a l l y  p o s s i b l e  lower l e t h a r g y  h f g  is  given by 

where P  and Ps a r e  obta ined  from Eqs . V . 6  and V.9, r e spec t ive ly .  S imi l a r ly ,  L 
t h e  ingroup o r  s e l f - s c a t t e r i n g  sou rce  o f . n e u t r o n s  p e r  u n i t  l e tha rgy  i s  
given by 

I n  t h e  case  of a mixture of va r ious  mass n u c l i d e s ,  t h e  previous  
equat ions  w i l l  have a  c o n t r i b u t i o n  from each of t he .  c o n s t i t u e n t s  of t h e  
composition i n  ques t ion .  I n  p a r t i c u l a r ,  f o r  a  heterogeneous problem t h e s e  
equat ions w i l l  have c o n t r i b u t i o n s  from t h e  c o n s t i t u e n t s  a p p r o p r i a t e  t o  t h e  
p a r t i c u l a r  s p a t i a l  mesh involved.  

Note t h a t  i n  t he  previous  equa t ions ,  Au, P and P have not  contained 
. L' s 

a s u b s c r i p t  r e l a t i n g  t o  h f g  number. This  i s  a p p r o p r i a t e  s o  long a s  t h e  h f g  
width is  a cons t an t .  Since i n  t h e  normal problem Au changes from broad 
group t o  broad group, P  and P become broad group dependent q u a n t i t i e s .  e s 

The d i r e c t  eva lua t ion  of S  f o r  each h f g  us ing  t h e  summation i n  
Ok 

~ ~ . V . 1 3  would be  too  time consuming s i n c e  hundreds, and  f o r ' l i g h t  nuc l ides  
thousands,  of lower l e tha rgy  h f g  c o n t r i b u t e  t o  t h e  s c a t t e r i n g - i n  sou rce  
f o r  each h fg .  By no t ing  from Eq.V.6 t h a t  

and making use  of Eq.V.ll,one can show t h a t  Eq.V.13 may b e  r e w r i t t e n  i n  t he  
form 



Thus, t h e  s c a t t e r i n g  sou rce  i n t o  h f g  k r e q u i r e s  only t h e  sou rce  i n t o  t h e  
previous  h fg  S , and t h e  s c a t t e r i n g  r a t e s  C 0 f o r  hyper-f ine groups 

Ok-1 
s 

k-1, . k-L, and k-L-1. 

When a v a r i a b l e  h f g  l e tha rgy  width is used, t h e  lower l e t h a r g y  
s c a t t e r i n g  r a t e s  r equ i r ed  i n  Eq.V.16 may occur  i n  a broad group having a 
d i f f e r e n t  h f g  width from t h a t  of t h e  r e c e p t o r  group k .  I n  t h a t  ca se ,  t h e  
r equ i r ed  C @ is  i n  gene ra l  ob ta ined  by a t h r e e  p o i n t  i n t e r p o l a t i o n  formula, 
namely . s 

where t h e  s c a t t e r i n g  r a t e s  f  f o ,  and f l  a r e  ass igned  t o  a l e tha rgy  a t  

t h e  c e n t e r  of t h e  h f g  involved .  I f  t h e  s c a t t e r i n g  sou rce  occurs  w i t h i n  
t h e  f i r s t  o r  last h f g  of a broad group having a d i f f e r e n t  h f g  width from 
t h a t  of t he  r e c e p t o r  group, then  t h e  two p o i n t  formula 

is  used f o r  i n t e r p o l a t i o n .  

RABANL h a s  p rov i s ion  f o r  s t o r i n g  a l l  e n e r g e t i c a l l y  reachable  lower 
l e t h a r g y  s c a t t e r i n g  r a t e s  i f  t h e  u s e r  s p e c i f i e s  s u f f i c i e n t  core  s t o r a g e .  
I f  t h i s  i s  n o t  t h e  case  however, t h e  code w i l l  s t o r e  averages of t h e  
s c a t t e r i n g  r a t e s  over  s e v e r a l  h f g  a s  necessary t o  accommodate t h e  a v a i l a b l e  
s t o r a g e .  Resu l t s  us ing  averaged s c a t t e r i n g  r a t e s  w i l l  of course  b e  l e s s  
a c c u r a t e  than  i f  a l l  r equ i r ed  h f g  can b e  core  contained.  However, i n  
p r a c t i c a l  problems, only s l i g h t  changes have been observed . i n  t h e  r e s u l t a n t  
broad group c r o s s  s e c t i o n s  i f  hfg averaging  is  used. 

I f  s c a t t e r i n g  r a t e s  r equ i r ed  i n  Eq.V.16 occur  a t  ene rg i e s  .above t h e  top 
of t h e  RABANL energy range,  they a r e  obta ined  i n  two ways depending upon 
whether  RABANL is  be ing  run as a s t anda lone  o r  i f  t h e  f u l l  M C ~ - Z  c a l c u l a t i o n  
is  be ing  made. I n .  t h e  former ca se ,  t h e  code assumes 0 = 1.0 f o r  a l l  ene rg i e s  
above t h e  top  of t h e  RABANL energy range  and t akes  C t o  be 

S 

cons t an t  and equa l  t o  t h e  homogenized hard  sphe re  p o t e n t i a l  s c a t t e r i n g  c ros s  
s e c t i o n s  f o r  t h e  m a t e r i a l s  i n  t h e  composition involved.  I f  t h e  f u l l  M C ~ - Z  
problem- i s  run ,  t h e  s c a t t e r i n g  r a t e s  C @ a r e  provided t o  RABANL f o r  a l l  

s 
e n e r g e t i c a l l y  reachable  u l t r a - f i n e  gr'oups above t h e  top  of t h e  RABANL energy 
range i n  a data.  set SRATES. RABANL assumes t h a t  C s Q  i s  cons tan t  w i t h i n  any 

'.. 
ufg  i n  ob ta in ing  t h e  necessary  C 4 f o r  use i n  Eq.V.16. I f  d a t a  s e t  SRATES 

S 

is saved from a previous  M C ~ - ~  c a l c u l a t i o n ,  t hen  a s tandalone  W A N L  
c a l c u l a t i o n  w i l l  similarly use t h e s e  u fg  C 0 r a t h e r  than  t h e  p o t e n t i a l  

S 

s c a t t e r i n g  c r o s s  s e c t i o n s  and f l a t  u n i t  f l u x  above t h e  top  of t h e  RABANL 
c a l c u l a t i o n .  



The sou rce  i n t o  t h e  f i r s t ,  lowest  l e tha rgy  h f g  a l s o  depends upon whether  
RABANL is  be ing  run a s  a  s t anda lone  code wi thout  access  t o  a previous ly  
supp l i ed  d a t a  set SRATES, o r  r a t h e r  i f  such d a t a  a r e  a v a i l a b l e .  I f  no 
SRATES d a t a  a r e  a v a i l a b l e ,  from Eq.V.13 w i t h  @=1.0 and C =C f o r  a l l  groups, 
one can show t h a t  S P  

where Au is  t h e  h f g  l e tha rgy  width of t h e  f i r s t  h f g  i n  t h e  RABANL energy 
range. As be fo re ,  f o r  a  mixture of m a t e r i a l s ,  Eq.V.19 r e c e i v e s  a c o n t r i -  
bu t ion  from each of t h e  c o n s t i t u e n t s  w i t h  app ropr i a t e  C , a, and Ps f o r  each.  

P  

'When d a t a  s e t  SRATES is  a v a i l a b l e ,  t h e  sou rce  i n t o  h f g  number 1 i s  
der ived  by d i r e c t l y  performing t h e  sum i n  Eq.V.13 and assuming t h a t  Cs@ i s  

cons tan t  w i t h i n . e a c h  of t h e  ufg  above t h e  t o p  of t h e  RABANL energy range.  

. I n  o r d e r  t o  minimize numerical  roundoff problems, Eq.V.13 i s  used t o  
o b t a i n  So f o r  t h e  f i r s t  h fg  of each broad group r a t h e r  than  us ing  t h e  

Eq.V.16 r e c u r s i o n  r e l a t i o n s h i p  throughout a l l  h fg  i n  t he  problem. This  has  
been found t o  be  e s s e n t i a l  f o r  heav i ly  absorbing compositions . for  which 
exc lus ive  use  of Eq.V..16 f o r  a l l  h fg  h a s  l e d  t o  t h e  genera t ion  of nega t ive  
sources  . 

I f  ingroup s c a t t e r i n g  is  omit ted,  on u s e r  op t ion ,  t hen  Ps=O and 
Eq . V. 16 becomes 

I n  t h i s  ca se ,  t h e  P  as def ined  i n  Eq.V.16 must be  a l t e r e d  i n  o rde r  t o  
1 

conserve neut rons .  I n  p a r t i c u l a r ,  one can show t h a t  
I 

us ing  Eqs.V.6, V.9, and V . l l .  That i s  t h e  sum of t h e  s c a t t e r i n g - i n  s a u r c e  
( co r r ec t ed  f o r  s c a t t e r i n g  from t h e  h i g h e s t  hfg)  p l u s  t h e  ingroup s e l f -  
s c a t t e r i n g  i s  nornialized t o  un i ty .  On t h e  o t h e r  hand i f  P  = O ,  then  one 
f i n d s  us ing  E~>V', 6  t h a t  S 

Hence i f  ingriup s c a t t e r i n g  i s  d e l e t e d  s o  t h a t  ~q .V.20  is  p e r t i n e n t ,  
t hen  t o  f o r c e  normal iza t ion  of a l l  s c a t t e r i n g  t o  u n i t y , ' P  as de f ined  i n  - AU 1 
Eq.V.6must be  d iv ided  by 1 -  e  so t h a t  



- (e-1) A U  
P,' e 

The reason why t h e  u s e r  might choose t o  accept  t h i s  more approximate 
t r ea tmen t  is  t o  reduce running t i m e  i n  t h e  case  of heterogeneous problems 
as discussed  l a t e r .  For homogeneous problems, t h e r e  i s  no running t ime 
advantage i n  d e l e t i n g  t h e  s e l f - s c a t t e r i n g .  

C. Ca lcu la t ion  of C o l l i s i o n  Rates 

1. One Repion (Homogeneous) Prob lems 

From neut ron  ba l ance ,  t h e  c o l l i s i o n  r a t e  i n  a p a r t i c u l a r  h f g  k ,  
I:H I s  given by 
k 
\ 

(V. 24) 

where P i s  t h e  non-leakage p r o b a b i l i t y ,  and S . and Ss a r e  r e s p e c t i v e l y  
n% "k k 

t h e  s c a t t e r i n g - i n  and s e l f - s c a t t e r i n g  sources .  Using E q . v ; 1 4 , . ~ q , v . 2 4  can. 
b e  r e w r i t t e n  as 

where C is t h e  macroscopic ' t o t a l  c r o s s  s e c t i o n  f o r  h f g  k ,  
k 

and from neutron ba l ance ,  C% = C t  $. 
k 

Solv ing  then f o r  C%, w e  have 



For t h e  s p e c i a l  case  of i n f i n i t e  medium, 
Pn3"1-o 

A s  d i scussed  e a r l i e r ,  

Ps w i l l  depend upon h f g  f o r  t h e  case  i n  which t h e  h f g  wid ths  a r e  v a r i a b l e .  

The h f g  index  has  been omit ted h e r e  f o r  s i m p l i c i t y .  

The non-leakage p r o b a b i l i t y  P is  taken t o  be  
nRk 

where aga in  C i s  t h e  h f g  k t o t a l  macroscopic c ros s  s e c t i o n  f o r  t h e  mixture ,  
k  

and CCr i s  t h e  macroscopic t r a n s p o r t  c r o s s  s e c t i o n  f o r  t h e  mixture where 
k , 

we assume 

I n  Eq. V. 29 t h e  sum extends over a l l  dsot.opes i n  t h e  mixture ,  each w i t h  atom 
dens i ty  Ni and microscopic t o t a l  and s c a t t e r i n g  c ros s  s e c t i o n s  g iven  by 

i -i i 
0 and oi r e s p e c t i v e l y .  11 i s  2 /  3A where i s  t h e  r a t i o  of n u c l i d e  i 

k 
S 
k 

m a s s  t o  neut ron  mass. The buck.ling, B ~ ,  is  u s e r  s p e c i f i e d  on t h e  A.MCC2 
type  09 card .  

The c a l c u l a t i o n  of t h e  S has  been d iscussed  e a r l i e r  f o r  t h e  cas'e of . 
Ok 

e l a s  t i c  s lowing down. I n  addi t , ion t o  t h e  e l a s  t i c  s c a t t e r i n g  sou rces ,  neut rons  
can a l s o  appear  i n  a  h fg  due t o  i n e l a s t i c  and (n,2n) s c a t t e r i n g  o r  t o  f i s s i o n s  
a t  ene rg i e s ' above  t h e  top  of t h e  RABANL energy range,  o r ' d u e  t o  e x t e r n a l  
sources  s p e c i f i e d  by t h e  u s e r  on t h e  A.MCC2 type  08 cards .  The former a r 5  
r e f e r r e d  t o  a s  f i x e d  sou rce  neut rons  i n  t h a t  they  do n o t  depend upon. t h e  
RABANL f l u x e s ,  wh i l e  the  l a t t e r  a r e  r e f e r r e d  t o  a s  e x t e r n a l  sou rces .  The 
f i x e d  sources  a're supp l i ed  on d a t a  set SRATES which i s  genera ted  by an M C ~ - ~  
u fg  c a l c u l a t i o n .  These sou rces ,  a s  i n  t h e  case  of t h e  e x t e r n a l  sources  are 
s p e c i f i e d  a t  an ufg l e v e l .  RABANL c r e a t e s  equ iva l en t  h f g  va lues  f o r  t hese  
ufg d a t a  by a  l i n e a r i z a t i o n  a lgor i thm as s p e c i f i e d  below. 



Suppose u f g  d a t a  a r e  a v a i l a b l e  f o r  ufg numbers 1 t o  NG where Y i s  t h e  I 
ufg  datum f o r  ufg  I. Defining 

then  t h e  va lue  ass igned  t o  a. h f g  j l y i n g  w i t h i n  ufg I ,  assuming t h e r e  a r e  
e x a c t l y  N h f g  p e r  uf g ,  i s  given 'by 

where 

A n  example is  shown , i n  Fig.  6  f o r  t h e  ca se  of N = 5 and NG = 4. The 
dashed l i n e  r e p r e s e n t s  t h e  l i n e a r i z e d  h f g  h is togram equ iva l en t  t o  t h e  s o l i d  
l i n e  ufg  his togram. 

The f i x e d  sources  a s  supp l i ed  on d a t a  s e t  SRATES a r e  given f o r  each 
i s o t o p e  i n  t h e  mixture.  RABANL homogenizes t h e s e  sources  according t o  
t h e  atom d e n s i t i e s  of t h e  m a t e r i a l s  contained i n  t h e  mixture.  I f  we denot'e 
t h e  homogenized h f g  f i x e d  sources  as S and t h e  e x r e r n a l  h f g  sources  a s  
S , Eq. V.26 i s  modif ied-: to  

f i \  
ext,-  

where ' 

From E q . V . 3 2  and t h e  macroscopic t o t a l  c r o s s  s e c t i o n  i n  h fg  k, we have 
then  t h e  h fg  k  f l u x  p e r  u n i t  l e t h a r g y  

The c a l c u l a t i o n  of t h e  4 thus  proceeds h f g  by h f g :  t h e  e l a s t i c  s lowing k 
down source  i s  c a l c u l a t e d  f o r  t h e  h f g  i n  ques t ion  us ing  t h e  methods i n  
Sec t ion  B;  t h i s  sou rce  is  augmented by S  

and 'ext 
and t h e  c o l l i s i o n  r a t e  f i x  

. i s  c a l c u l a t e d  a s  shown above; t h e  h f g  f l u x  i s  then  obta ined  from ~ q .  V.34  and 
t h e  s c a t t e r i n g  r a t e  (1 $) i s  s t o r e d  f o r  use i n  l a t e r  slowing down source  

s k  
c a l c u l a t i o n s  as r equ i r ed  i n  Eq . V .  16. 
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RABANL a l s o  provides  f o r  c a l c u l a t i o n  of c ros s  s e c t i o n s  of f o i l s  immersed 
i n  t h e  f l u x  of t h e  homogeneous composition. The f o i l  m a t e r i a l  i s  assumed t o  
have a  n e g l i g i b l e  i n f l u e n c e  on t h e  spectrum. The express ions  f o r  t h e  
c o l l i s i o n  r a t e  i n  t h e  f o i l  and hence t h e  f l u x  i n  t h e  f o i l  a r e  p re sen ted  a t  
t h e  end of Sec t ion  C.2.a. 

2.  Mult i - reg ion  (Heterogeneous) Problems 

The i n t e g r a l  t r a n s p o r t  form of t h e  Boltzmann equat ion  can b e  
w r i t t e n  i n  gene ra l  terms as 

where @(;,u) i s  t h e  f l u x  p e r  u n i t  l e tha rgy  a t  space  p o i n t  ;, is (u ' )  i s  t h e  

s c a t t e r i n g  c r o s s  s e c t i o n  a t  l e tha rgy  u ' ,  P(ul+u)  i s  t h e  p r o b a b i l i t y  of a 
l e tha rgy  change of u'. t o  u  due t o  t h e  s c a t t e r i n g  event  a t  ;', ~ ( u , ; ' )  i s  
t h e  sou rce  of neut rons  of l e tha rgy  u a t  space  p o i n t  r ' ,  and T(u , ; '+~)  i s  
t h e  t r a n s p o r t  k e r n e l  g iv ing  t h e  p r o b a b i l i t y  t h a t  neut rons  of l e tha rgy  u a t  
space  p o i n t  T 1  w i l l  reach space  p o i n t  ; without  s u f f e r i n g  a  c o l l i s i o n .  
P(ul-+u) i s  def ined  i n  Eq.V.3. The t r a n s p o r t  k e r n e l  depends upon t h e  geometry 
of t h e  problem s i n c e  i t  involves  t h e  geometr ic  d i s t a n c e  1 -  1 , namely 

exp - b t ( u y r l )  I;-;' fl 
J 

T(u,;'<) = . (V. 3 6 )  t, 

 IT 1 i-;I 1 
RABANL provides  s o l u t i o n s  f o r  mult i - region s l a b  o r  c y ' l i n d r i c a l  geometries 

as descr ibed  below. 

a .  Slab Geometry 

I n  t h e  case  of i n f i n i t e  s l a b  geometry, wi th  r e f e rence  t o  F ig .  7 , 
t h e  s p a t i a l  i n t e g r a l  i n  Eq.V.35 can be expressed a s  

m 2npdp exp [- Lt (u ,x l )  (p2+  Ix-x1 1 2 ]  '1 
= 1 dxl ~ S ( u ' ) $ ( x l , u ' ) ~  0 

4n i p2  + Ix-x1 1 2 }  

exp [ - i t ( u ; x l ) I x - x l I t  
= !s dxl C ( u f ) + ( x '  , u l )  I t 

1 



Fig.  7. Slab  Geometry Coordinates .  

. . 



where El i s  t h e  exponent ia l  i n t e g r a l  def ined  i n  Eq.A.37 of Appendix A. The 

t used i n  t ransforming t h e  v a r i a b l e  of i n t e g r a t i o n  i n  ~ ~ . ~ . 3 7  is  l / c o s  8 
where 8 is  shown i n  Fig.  7 . 

The f l u x  i s  t h e r e f o r e  given by 

Now s.ince t h e  cu r ren t  i s  $ cos 0 ,  from t h e  d e f i n i t i o n  of t h e  e*onential 
i n t e g r a l s ,  t h e  cu r ren t  is given by 

I f  now t h e  continuous-lethargy express ions  i n  Eqs.V.38 and,V.39 a r e  t rans-  
formed i n t o  t h e  equ iva len t  hyper-fine multigroup form, Eq.V.39 can be. w r i t t e n  
a s  

r 

where 5 (x) i s  t h e  h fg  k cu r ren t  a t  x ,  S ( x ' )  is t h e  h f g  k source  a t  x ' ,  
k k 

and 1 (x ' )  is t h e  t o t a l  macroscopic c ross  s e c t i o n  f o r  h f g  k and s p a t i a l  
k 

p o i n t  x ' .  The c a l c u l a t i o n  of t h e  S has  been descr ibed  e a r l i e r  i n  Sect ion  B y  k 
and Sk conta ins  t h e  source  i n t o  h fg  k due t o  slowing down from a l l  o t h e r  h f g  

p lus  t h e  ingroup o r  s e l f - s c a t t e r  source  f o r  h i g  k 

~ o t i n i  t h a t  t h e  o p t i c a l  th ickness  T is  given by C x ,  t h e  cu r ren t  a t  T 
k 

k 
k 

mean f r e e  pa ths  beyond a s l a b  of o p t i c a l  th ickness  T i s  given by 
k, 

-b 

J k (T k , kl ) = % 1:' dx' ( + S x )  E2( ik  + C r') I 6J.42) 
Ok k k 

where C i s  t h e  t o t a l  macroscopic c ross  s e c t i o n  i n  t h e  s l a b  f o r  h f g  k .  
.tk 

Assuming t h a t  t h e  s e l f - s c a t t e r  source and t h e  in - sca t t e red  source  have the  
same dependence on x' and assuming t h a t  t h e  s p a t i a l  source  pe r  u n i t  length  
i n  t h e  s l a b  is  given by a ' f l a t  component p lus  a l i n e a r l y  varying  component 



a s  shown i n  Fig.  8, Eq.V.42 may be r e w r i t t e n  a s  

- 
-+ 

t 

k  k  kl 
Sk 1 ' dx' E2(\ + P x') J ,  ) = -  
2tl 0 k 

t 
- & I ' dx1x'E2(rk + L x ' )  

2t12 0  tk 

The f i r s t  and l a s t  i n t e g r a l s  of Eq.V.44 a r e  e a s i l y  eva lua ted  us ing  Eq.A.60 of 
(29) Appendix A. The second i n t e g r a l  may b e  eva lua t ed  by n o t i n g  t h a t  

1. 

m m- i  
m! x .  E x E (ax.  + b)  dx = - E i )  ! i+l n+i+l (ax + b> . 

i = O  a  
(v. 45) 

P i n a l l y ,  one m y  show that the c u r r e n t  
- 

Now t h e  c o l l i s i o n  r a t e  i n  a  s l a b  is  t h e  d i f f e r e n c e  between t h e  uncol l ided  
c u r r e n t  i n t o  t h e  s l a b  and t h e  uncol l ided  c u r r e n t  out  of t h e  s l a b .  Thus t h e  
c o l l i s i o n  r a t e  i n  a  s l a b  of o p t i c a l  t h i ckness  T due t o  t h e  sou rce  i n  a  s l a b  

2 
of o p i c a l  t h i ckness  T , when s l a b s  1 and 2 a r e  s e p a r a t e d  by .r mean f r e e  

k, k 
I 

p a t h s .  i s ,  us ing  t h e  n o t a t i o n  of ~ q .  V.46 

The arrow above CR i n  Eq.v.47 impl ies  t h a t  s l a b  2 l i e s  t o  t h e  r i g h t  of s l a b  1. 

Now i f  t h e r e  e x i s t s  an i n f i n i t e  a r r a y  of u n i t  c e l l s  each made up of a  
number of s l a b  mesh i n t e r v a l s ,  then  t h e  c o l l i s i o n  r a t e  i n  a l l  type  2 s l a b s  
which l i e  t o  t h e  r i g h t  of the .  type  1 s l a b s  i s  given by t h e  i n f i n i t e  sum 

-t -+ 
(V.48) 

k m=o 



Fig .  8. S l a b  Geometry O p t i c a l  Dis t a n c e  



where h i s  t h e  o p t i c a l  t h i ckness  of t h e  u n i t  c e l l .  

Since neut rons  proceed both  t o  t h e  r i g h t  and t o  t h e  l e f t ,  t h e  t o t a l  
c o l l i s i o n  r a t e  i n  s l a b  j due t o  sources  i n  s l a b  i is  given by 

where t h e  arrows above t h e  CR denote t h e  d i r e c t i o n  of neut ron  motion. 
Appendix A desc r ibes  t h e  numerical methods used i n  eva lua t ing  t h e  i n f i n i t e  
sums of E func t ions  involved  i n  ob ta in ing  Eq.V.49. n  

Thus, f o r  t h e  neut ron  source  S i n  mesh i n t e r v a l  i, t h e  c o l l i s i o n  
i k 

p r o b a b i l i t y  from region i t o  k and h f g  k i s  given by 

The u n i t  c e l l  may have e i t h e r  p e r i o d i c  o r  r e f l e c t i v e  boundary cond i t i ons  
a s  s p e c i f i e d  by t h e  use r .  Thus i f  a  four  mesh i n t e r v a l  c e l l  having com- 
p o s i t i o n s  ordered a s  ABCD i s  s p e c i f i e d  t o  have p e r i o d i c  boundary cond i t i ons ,  
t h e  i n f i n i t e  l a t t i c e  w i l l  have t h e  compositions . . . ABCDABCDABCD. . . I f  
i n s t e a d  r e f l e c t i v e  boundary condi t ions  a r e  s p e c i f i e d ,  t h e  i n f i n i t e  l a t t i c e  
w i l l  correspond t o  ... DCBAABCDDCBAABCD... 

W e  w i l l  now drop t h e  h f g  index t o  s imp l i fy  t h e  n o t a t i o n .  I f  t h e  u n i t  
c e l l  c o n s i s t s  of N s l a b  mesh i n t e r v a l s ,  then  t h e  c o l l i s i o n  p r o b a b i l i t y  can 
be  represented  by an NxN square  ma t r ix  C. S i m i l a r l y ,  t h e  c o l l i s i o n  r a t e ;  t h e  
s c a t t e r i n g - i n  sou rces ,  and t h e  s e l f - s c a t t e r i n g  sou rces  a r e  a l l  N dimensional 
v e c t o r s ,  and a r e  r ep re sen ted  by CRY S and S r e s p e c t i v e l y .  

0 ' - S - 

Using ma t r ix  a r i t h m e t i c '  then  one has from neut ron  balance 

Again, a s  f o r  t h e  case  of t h e  homogeneous one reg ion  c a l c u l a t i o n ,  t h e  So are 
- 

augmented by t h e  f i x e d  and e x t e r n a l  sources  a s  i n  Eq.V. 33 s o  t h a t  we r e w r i t e  
.Eq .V.. 51  a s  

where S i s  t h e  N dimensional vec to r  r e p r e s e n t a t i o n  of Eq.V.30. Now from 
t - 

~qs .V .25  and V.34, we can r e p l a c e  t h e  s e l f - s c a t t e r i n g  source  S by s 



I n  ma t r ix  n o t a t i o n ,  & w i l l  be  a  square ,  NxN diagonal  ma t r ix  wi th  elements 
g iven  by Eq.V.25 f o r  each s l a b  mesh i n t e r v a l .  Thus we have 

Solving ~ q . V . 5 4  f o r  CR we have 

and hence 

where - I i s  t h e  u n i t  mat r ix .  

N.ote t h a t  t h e  s o l u t i o n  of Eq.V.55 r e q u i r e s  t h e  inve r s ion  of an NxN 
mat r ix .  Also, if s e l f - s c a t t e r i n g  is  ignored s o  t h a t  & i s  t h e  n u l l  mat r ix ,  
then  Eq. V. 54 reduces t o  

Now t o  t h i s  p o i n t ,  t h e  a lgor i thms f o r  t h e  s l a b  geometry problem have 
r e f e r r e d  t o  i n f i n i t e  geometry. I f  however t h e  use r  choose t o  s p e c i f y  
a  buckl ing  and .permi t  leakage from each mesh i n t e r v a l ,  t h e  code c a l c u l a t e s  
t h e  non-leakage p r o b a b i l i t i e s  a s  i n  Eq.V.27. Expressing t h e s e  i n  t he  form of 
a  squa re  N x N  d iagonal  ma t r ix  PNL where each d iagonal  element i s  t h e  non- 
leakage p r o b a b i l i t y  f o r  t h e  p a r t i c u l a r  mesh i n t e r v a l ,  we may r e w r i t e  Eq.V.54 
a s  

Again, s o l v i n g  f o r  G, we have i n  p l ace  of Eq.V.55 

CR = [I - C PNL R]- I  C PNL St - - --- -- - 

and i f  s e l f - s c a t t e r i n g  i s  omi t ted ,  

CR = C PNL St , P = 0 .  - S 

Thus, a s  noted e a r l i e r ,  t h e  execut ion  time i s  reduced i f  t h e  u se r  chooses t o  
omit t h e  s e l f  - s c a t t e r i n g  c o n t r i b u t i o n  because t h e  ma t r ix  i n v e r s i o n  i s  
e l imina ted .  

The c a l c u l a t i o n  of t h e  s p a t i a l l y  i n t e g r a t e d  h fg  f l u x  pe; u n i t  l e tha rgy  
$(i) where i denotes  s p a t i a l  mesh i n t e r v a l  proceeds a s  f o r  t h e  homogeneous 
case ,  h f g  by h fg :  t h e  e las ' t i c  slowing down sources  a r e  c a l c u l a t e d  f o r  each 
s p a t i a l  mesh i n t e r v a l ;  t h e s e  sources  a r e  augmented by t h e  l i n e a r i z e d  f i x e d  
and e x t e r n a l  sources  ; t h e  c o l l i s i o n  p r o b a b i l i t y  i s  c a l c u l a t e d  a s  i n  Eq. V.  50 
where however t h e  s e l f - s c a t t e r  source  is  no t  inc luded  i n  S ; t h e  c o l l i s i o n  

Ik 



r a t e  is  computed us ing  Eq. V.55 o r  V.56 a s  app ropr i a t e ;  t h e  h fg  s p a t i a l l y  
i n t e g r a t e d  f l u x  f o r  each.mesh i n t e r v a l  is  c a l c u l a t e d  us ing  Eq.v.34; t h e  
s c a t t e r i n g  r a t e s  C 4 a r e  computed and s t o r e d  f o r  use i n  c a l c u l a t i n g  lower 

S 

energy slowing sources .  

A s  mentioned above, i n  computing t h e  c o l l i s i o n  p r o b a b i l i t y  a s  i n  Eq.V.50, 
t h e  s e l f - s c a t t e r i n g  sou rce  is  no t  inc luded  s i n c e  t h e  h f g  k f l u x  i s  n o t  y e t  
a v a i l a b l e .  S ince  t h e  s e l f - s c a t t e r i n g  c o n t r i b u t i o n  i s  always a very sma l l  
p a r t  of t h e  t o t a l  source  i n  a h f g ,  t h e  a l t e r n a t i v e  procedure r e q u i r i n g  an 
i t e r a t i o n  procedure t o  compute t h e  t r u e  c o l l i s i o n  p r o b a b i l i t y  i s  n o t  
j u s t i f i e d .  

A s  i n  t h e  case  of t h e  homogeneous c a l c u l a t i o n ,  t h e  s l a b  geometry 
problem provides f o r  t h e  c a l c u l a t i o n  of f o i l  c ros s  s e c t i o n s .  The code 
c a l c u l a t e s  t h e  c ros s  s e c t i o n  f o r  each f o i l  s p e c i f i e d  a t  t h e  i n t e r f a c e  
between each s p a t i a l  mesh i n t e r v a l  and t h a t  immediately t o  i t s  r i g h t .  
A f o i l  is  a l s o  p l ace  a t  t h e  r ightmost  boundary of t h e  u n i t  c e l l .  

The same procedure is used f o r  t h e  f o i l  c a l c u l a t i o n s  as i n d i c a t e d  
above f o r  t h e  c a l c u l a t i o n  of t he  c o l l i s i o n  r a t e s  i n  t h e  s l a b  mesh 
i n t e r v a l s .  Thus, f o r  example, by analogy wi th  Eq.V.48, t h e  c o l l i s i o n  
r a t e  i n  a f o i l  f  due t o  t h e  sources  i n  a l l  i n t e r v a l s  i i n  t h e  i n f i n i t e  
l a t t i c e  l y i n g  t o  t h e  l e f t  of t h e  f o i l  i s  given by 

where t h e  arrows i n d i c a t e  t h a t  t h e  cu r r en t  is  r i g h t  d i r e c t e d .  The f o i l  
with o p c i c a l  t h i ckness  T i s  sepa ra t ed  from t h e  i n t e r v a l  of o p t i c a l  

f  
t h i ckness  T by t h e  d i s t a n c e  ~ + m h  where aga in  h is  t h e  u n i t  c e l l  o p t i c a l  

i 
th i ckness .  S imi l a r  c o n t r i b u t i o n s  t o  t h e  c o l l i s i o n  r a t e  a r e ' p rov ided  by 
t h e  l e f t  d i r e c t e d  c u r r e n t s  which when add t o  Eq.V.60 y i e l d  t h e  t o t a l  
c o l l i s i o n  r a t e  CRm(foil) . 

Since  t h e  c o l l i s i o n  r a t e  i n  t h e  f o i l  i s  given by 

CRw(foil) = 
f o i l  

(V. 61) 

where C is  t h e  t o t a l  f o i l  macroscopic c ros s  s e c t i o n ,  t h e  average f l u x  i n  
t f  

t h e  f o i l  can b e  w r i t t e n  as 

- - CRw(f o i l )  - 
' f o i l  T f  

Now f o r  a homogeneous one reg ion  problem, t h e  c u r r e n t  i n t o  t h e  l e f t  
s u r f a c e  of 3 f o i l  due t o  a l l  sources  t o  t he  l e f t  is  given by Eq.V.40 as 

-% 
dx' SE2(Ltx1 ')  



where S i s  th.e space  independent s,ource of neut rons  i n  t h e  homogenous mixture 
and L t  i s  the macroscopic t o t a l  c ros s  s e c t i o n .  S i m i l a r l y ,  t h e  c u r r e n t  a t  t h e  

r i g h t  s u r f a c e  of the f o i l  due t o  t h e  reg ion  t o  t h e  l e f t  of t h e  f o i l  i s  given 
by . 

rm 

i 
S 

=-E ( r )  
2Ct 3 f  

Hence t h e  c o l l i s i o n  r a t e  i n  t h e  f o i l  due t o  t h e  i n c i d e n t  f l u x  from t h e  
l e f t  h a l f  space  is  

Since  t h e  same c o n t r i b u t i o n  is  provided by t h e  i n c i d e n t  f l u x  from t h e  r i g h t  
h a l f  space ,  t h e  t o t a l  c o l l i s i o n ' r a t e  then  is  given by 

F i n a l l y ,  Eq. V . 6 6  i n  Eq.V.6-2  y i e l d s  t h e  average f  lux^ i n  the f o i l .  

b . C y l i n d r i c a l  Geometry I 

RABANL makes t h e  same approximation as does t h e   RABBLE'^) code i n  t h e  
case  of c y l i n d r i c a l  geometry. Namely, t he  f l u x  at t h e  s u r f a c e  of any 
c y l i n d r i c a l  mesh i n t e r v a l  is  assumed t o  be i s o t r o p i c  s o  t h a t  neut ron  c u r r e n t s  
a t  an i n t e r f a c e  vary as t h e  cos ine  of t h e  i n c i d e n t  ang le  ( t he  s o  c a l l e d  cos ine  
c u r r e n t  approximation) .  I n  t h i s  ca se ,  t h e  c o l l i s i o n  r a t e  i n  an i n t e r v a l  need 
b e  r e l a t e d  only t o  t h e  neut ron  c u r r e n t s  impinging on i t s  i n n e r  and o u t e r  

0 

s u r f a c e s  s o  t h a t ,  t h e  c o l l i s i o n  r a t e  is  dependent only upon t h e  ad j acen t  
mesh i n t e r v a l s .  

Following t h e  n o t a t i o n  of Ref. 5 ,  let 

+ 
Ji = t h e  c u r r e n t  impinging on t h e  i n n e r  s u r f a c e  of t h e  

( i  + 1 ) t h  c y l i n d r i c a l  i n t e r v a l  ( i n  t h e  i n c r e a s i n g  
r a d i a l  d i r e c t i o n )  

- 
i 

= t h e  c u r r e n t  impinging on t h e  o u t e r  s u r f a c e  of t h e  
i t h  i n t e r v a l  ( i n  t h e  decreas ing  r a d i a l  d i r e c t i o n )  

C 
'i = t h e  p r o b a b i l i t y  of escape through t h e  o u t e r  s u r f a c e  

of i n t e r v a l  i due t o  a f l a t  volume sou rce  

- 
'i 

= t h e  p r o b a b i l i t y  of escape  through t h e  i n n e r  s u r f a c e  
of i n t e r v a l  i due t o  a f l a t  volume sou rce  



Or 
= the t ransmiss ion  p r o b a b i l i t y  from t h e  i n n e r  t o  t h e  

Ti 
o u t e r  s u r f a c e  of i n t e r v a l  i 

I0 
= t h e  t ransmiss ion  p r o b a b i l i t y  from t h e  o u t e r  t o  t h e  

Ti 
i n n e r  s u r f a c e  of i n t e r v a l  i 

O0 
= t h e  t ransmiss ion  p r o b a b i l i t y  from t h e  o u t e r  t o  t h e  

Ti 
o u t e r  s u r f a c e  of i n t e r v a l  i. I 

I f  mesh i n t e r v a l  1 is t h e  c e n t e r  i n t e r v a l  and i f  i s o t r o p i c  r e t u r n  
is  assumed as t h e  o u t e r  boundary cond i t i on  ' f o r  t h e  c y l i n d r i c a l  u n i t  c e l l  
( t he  s o  c a l l e d  wh i t e  boundary cond i t i on ) ,  then  by neut ron  ba lance  we have 
f o r  an N c y l i n d r i c a l  mesh i n t e r v a l  u n i t  c e l l  

+ - + 
I f  w e  d e f i n e  t h e  column v e c t o r  J having 2N elements J1, J1. J 2 *  

- .t - + 
J3, . . . , J and t h e  column v e c t o r  having 2N elements PIS1, p i s 2 ,  

+ N 
p i s J ,  p3s3, - 9  p i s N ,  P G s ~ ,  0 ,  t hen  t h e  2N Eqs. V.67 plus  V.68 may b e  

represented  i n  .matrix n o t a t i o n  a s  

I 0  where T is a 2N+2N square  ma t r ix  whose elements i nvo lve  t h e  TOO, TY, and T.. . 
i 1 

' + 
The s e t  of Eqs. V.69 may b e .  solved f o r  t h e  Ji and J- e i t h e r  by i n v e r t i n g  i 

t h e  T mat r ix ,  o r  e q u i v a l e n t l y  by t h e  method of forward e l imina t ion ,  backward 
s u b s t i t u t i o n .  RABANL uses t h e  l a t t e r  procedure. ' 

+ 
. Having so lved  f o r  t h e  J and J; , t h e  c o l l i s i o n  r a t e s  f o r  each i n t e r v a l  

i 
i can b e  obta ined  from neutron ba lance  .as 

The abbve procedure i s  used i f  s e l f - s c a t t e r i n g  is  ignored.  I f  t h i s '  
approximation i s  no t  made, t h e  code f i r s t  must compute t h e  c o l l i s i o n  
p r o b a b i l i t i e s .  I n  o r d e r  t o  compute the  c o l l i s i o n  p r o b a b i l i t i e s  C RABANL 

i j  ' 
proceeds a s  i n d i c a t e d  above by s e t t i n g  S  = 1, s e t t i n g  a l l  o t h e r  S  = 0 ,  i 
and s o l v i n g  f o r  j 



This  procedure is  repea ted  f o r  each in t .e rva1  i t o  complete t h e  eva lua t ion  

Having obta ined  t h e  C t h e  c o l l i s i o n  r a t e s  a r e  c a l c u l a t e d  a s  i n d i c a t e d  
i j '  

above f o r  s l a b  geometries w i n g  Eq. V.55 wllPc11 r equ i r co  a matrix i nve r s inn .  
Note t h a t  i n f i n i t e  geometry is assumed f o r  t h e  c y l i n d r i c a l  geometry op t ion  
s o  t h a t  t h e  non-leakage p r o b a b i l i t y  i s  .always 1.0.  . , " .  

The TO' and TOO a r e  obta ined  a s  descr ibed  i n  Sec t ion  VII of Appendix A. 
The o t h e r  q u a n t i t i e s  needed i n  t h e  eva lua t ion  of t h e  CR .can b e  expressed i n  terms 
of t h e s e  t ransmiss ion  p r o b a b i l i t i e s  a s  shown i n  Ref.5. I n  p a r t i c u l a r ,  d e f i n e  

where r = 0 and 
0 

where r i s  t h e  o u t e r  r ad ius  of mesh i n t e r v a l  i and C i s  t h e  t o t a l  i 
macroscopic c ros s  s e c t i o n  i n  i n t e r v a l  i. Then 

ti 

The f o i l  c a p a b i l i t y  descr ibed  e a r l i e r  f o r  homogeneous o r  s l a b  geometry 
problems is  no t  provided i n  t h e  case  of c y l i n d r i c a l  c e l l s .  

D. Calcula t ion  of  per-fine Group Cross Sec t ions  

The c r o s s  s e c t i o n s  f o r  a p a r t i c u l a r  m a t e r i a l  i n  a  g iven  h fg  a r e  made 
up of bo th  smooth and resonance c o n t r i b u t i o n s .  The smooth d a t a  a r e  a v a i l -  
ab1.e a t  an ufg d e t a i l  from t h e  l i b r a r y  a s  provided by ETOE-2. A t  u s e r  
opt. ion, a s  s p e c i f i e d  on ca rd  t y p e  02 of d a t a  s e t  A.STP015, t h e  contr ibu-  
t i o n  from ufg  unresolved resonance c r o s s  s e c t i o n s  a s  prepared by t h e  modules 
CSC004 and CSC008 w i l l  b e  added t o  t h e  o t h e r  l i b r a r y  provided smooth da t a .  
These ufg  smooth d a t a  a r e  l i n e a r i z e d  a s  i n  t h e  case  of t h e  f ixed  and ex- 
t e rna l .  sources  u s ing  t h e  a lgor i thms given i n  Eqs.V.30 and V.31 t o  gene ra t e  
t h e  h f g  c ros s  s e c t i o n s  t o  be added t o  t he  reso lved  resonance c r o s s  s e c t i o n s .  



The c o n t r i b u t i o n s  due t o  t h e  reso lved  resonances a r e  computed i n  
RABANL dur ing  t h e  sweep down through t h e  h fg .  The code w i l l  accept  
Breit-Wigner s i n g l e  l e v e l  resonance parameters ,  o r  m u l t i l e v e l  parameters  
i n  e i t h e r  t h e  Adler-Adler o r  Breit-Wigner r e p r e s e n t a t i o n s .  The resolved 
resonance c ros s  s e c t i o n s  f o r  a given h f g  a r e  eva lua ted  a t  t h e  energy 
corresponding t o  t h e  average l e tha rgy  of t h e  h fg .  

1. Resonance S e l e c t i o n  

Due t o  t h e  l a r g e  number of h f g ,  t h e  c a l c u l a t i o n  of t h e  resonance 
c ros s  s e c t i o n s  i n  each due t o  a l l  reso lved  resonance i n  t h e  problem mixture 
may b e  r a t h e r  time consuming. The u s e r  has  t h e  op t ion  of s p e c i f y i n g  a 
reso lved  resonance s e l e c t i o n  c r i t e r i o n  us ing  t h e  type  14  card of d a t a  s e t  
A.MCC2. An in t e rmed ia t e  group i s  s p e c i f i e d  corresponding t o  an i n t e g r a l  
number of ufg ,  wi th  t h e  d e f a u l t  number be ing  two. The c o n t r i b u t i o n  of 
any resonance f a l l i n g  w i t h i n  t h e  in t e rmed ia t e  group i s  au toma t i ca l ly  
inc luded  i n  each h f g  contained i n  t h e  in t e rmed ia t e  group i n  ques t ion .  
Those resonances- ly ing  o u t s i d e  t h e  in t e rmed ia t e  group, whose resonant  
t o t a l  c ros s  s e c t i o n s  a t  t h e  in t e rmed ia t e '  group boundary equa l  o r  exceed 
t h e  c r i t e r i o n  s p e c i f i e d  on t h e  type  14 ca rd ,  a r e  a l s o  inc luded  f o r  a l l  
h f g  conta ined  i n  t h e  in t e rmed ia t e  group. The d e f a u l t  f o r  t h i s  c r i t e r i o n  
is  0.05. A l l  o t h e r  resonances are ignored f o r  t h a t  i n t e rmed ia t e  group. 
I n  c a l c u l a t i n g  t h e  t o t a l  resonant  c r o s s  s e c t i o n s  du r ing  t h e  s e l e c t i o n  
process ,  t h e  resonances a r e  Doppler broadened us ing  t h e  temperature of 
t h e  h o t t e s t  composition i n  t h e  problem. 

By s p e c i f y i n g  a c r i t e r i o n  of 0.0 on t h e  type  14 ca rd ,  t h e  u s e r  
may inc lude  t h e  c o n t r i b u t i o n s  of a l l  resonances i n  each  of t h e  h f g  i n  
t h e  c a l c u l a t i o n .  This  op t ion ,  which is  t h e  most r i go rous  is  a l s o  t h e  
most time consuming. 

2 .  Resolved Resonance Algorithms 

S i n g l e  Level Breit-Wigner 

S i n g l e  l e v e l  Breit-Wigner s-wave resonance s c a t t e r i n g ,  
cap tu re ,  and f i s s i o n  c ros s  s e c t i o n s  a r e  r e s p e c t i v e l y  eva lua ted  us ing  
t h e  express ions  



I n  t h e  above, 

= t h e  peak c ros s  s e c t i o n  of t h e  s-wave resonance 
/ \ n n S 

Eo 
= t h e  resonance energy i n  eV 

A = t h e  mass number of t h e  t a r g e t  nucleus 

g; 
- - 2J+1 where J is  t h e  t o t a l  s p i d  of ;he compound 

2 (21+1) 

nucleus and I i s  t h e  s p i n  of t h e  t a r g e t  nuc leus  

I': = t h e  s-wave t o t a l  l i n e  wid th  

rS = t h e  s-wave r a d i a t i o n  l i n e  width 
Y 

r8f = t h e  s-wave f i s s i o n  l i n e  width 

,E = t h e  l a b o r a t o r y  neut ron  energy in eV corresponding t o  
t h e  average l e t h a r g y  f o r  t h e  h f g  i n  ques t ion  

U' = t h e  t a r g e t  nucleus p o t e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n  
P 

$(<,x)  = t h e  Doppler-broadened symmefric l i n e  shape func t ion  

x(< ,x)  = t h e  Doppler-broadened anti-symmetric l i n e  shape func t ion  

Ex I) = <J;; rmw(- 2' 2  

W(z) = t h e  e r r o r  func t ion  f o r  complex arguments 

= exp(-z2) e r f c ( - i z )  where z = x + i y  



5 = A and A i s  def ined  i n  Eq. V . l  wi th  E def ined  above and 

wi th  t h e  Boltzmann cons tan t  equa l  t o  8.6168 x evldegree  
Kelvin 

The $ and x func t ions  a r e  obta ined  from b i v a r i a t e  i n t e r p o l a t i o n  i n  
. pres to red  t a b l e s  a s  descr ibed  i n  Sec t ion  111' of Appendix A. 

S ing le  l e v e l  Breit-Wigner p-wave resonance s c a t t e r i n g ,  cap tu re ,  and 
f i s s i o n  c ros s  s e c t i o n s  a r e ,  r e s p e c t i v e l y  eva lua t ed  us ing  t h e  express ions  

I n  th'e above , 

oP = t h e  peak c ros s  s e c t i o n  of t h e  p-wave resonance eva lua ted  
0 a s  be fo re  b u t  us ing  t h e  parameters  f o r  t h e  p-wave resonance 

rP = t h e  p-wave t o t a l  l i n e  width 
t 

rP = t h e  p-wave r a d i a t i o n  l i n e  width 
Y 

, 

I'Pf = t h e  p-wave f i s s i o n  l i n e  width 

b  . M u l t i l e v e l  Breit-Wigner 

M u l t i l e v e l  Breit-Wigner s-wave resonance s c a t t e r i n g ,  cap tu re ,  
and f i s s i o n  c ros s  s e c t i o n s  a r e ,  respec t ive ' ly  eva lua t ed  us ing  t h e  express ions  



I n  t h e  above 

s S obw = 0 G where G o  is  de f ined  below Eq.V.79. 
0 o t  

C, bw = Breit-Wigner m u l t i l e v e l  symmetric parameter f o r  t h e  t o t a l  . 
t r e a c t i o n  which is 1 p l u s  t h e  symmetric l e v e l - l e v e l  i n t e r -  

f e r ence  c o n t r i b u t i o n  

S bw = a  a s  de f ined  i n  Eq. V..77 p lus  t h e  asymmetric l e v e l - l e v e l  a 
i n t e r f e r e n c e  c o n t r i b u t i o n ,  a l l  d iv ided  by Gt 

Gbw = Breit-Wigner m u l t i l e v e l  symmetric parameter  f o r  t h e  
Y r a d i a t i v e  cap tu re  r e a c t i o n  

= t h e  Breit-Wigner m u l t i l e v e l  t o t a l  l i n e  width 

Gb;" = Breit-Wigner m u l t i l e v e l  symmetkic parameter  f o r  t h e  f i s s i o n  
r e a c t i o n  

M u l t i l e v e l  Breit-Wigner p-wave resonance s c a t t e r i n g ,  cap tu re ,  
q d  f i s s i o n  c ros s  s e c t i o n s  are, r e s p e c t i v e l y  eva lua t ed  us ing  t h e  s i n g l e  

l e v e l  express ions  given by Eqs . V. 80. V. 81 and V. 82 where 0: i s  rep laced  by 
bw rbw 

o$, is  rep laced  by I'y, rp is  rep laced  by G , r: i s  , r ep l aced  by 
Y Y t -  

G rbw t , and rf: i s  rep laced  by r F ( 1  - - GbW Y - G P ) .  



c. Multilevel Adler-Adler . . .  

Multilevel Adler~Adler resonance scattering, capture, and 
fission cross sections are, respectively evaluated using the expressions 

In the above 

T G: = m:[ [G~ cos 29 + H sin 29 L ,, x I 
GT = Adler-Adler symmetric total cross section parameter 

from ENDFIB 

HT = Adler-Adler antisymmetric total cross section parameter 
from ENDFIB 

. . 
= phase shift 

raa = S- matrix total line width for the Adler-Adler formulation 
. t  

T T 
H cos 2 $ 1 ~  - G sin 29 

- - - 0.5 1 a 
I qa I .  

G~~ = J I q -  [GC cos 29 + H' sin 29 
Y L L I 
GC = Adler-Adler symmetric capture cross section parameter from 

ENDFIB 

HC = Adler-Adler antisymmetric capture cross section parameter 
from ENDFIB 



C 
cos 20L - G s i n  2$L 

= - 0.5 . . .  . 
G? 

F 
G? , = 4- [ G ~  cos 2 0 ~  + H s i n  2 0 ~  I 
GF = Adler-Adler symmetric f i s s i o n  c ros s  s e c t i o n  parameter  

from ENuF/B 

H~ = Adler-Adler ant isymmetr ic  f i s s i o n  c r o s s  s e c t i o n  parameter 
from ENDFIB 

F F H cos 2@L - G s i n  20t 
- - 

bf ' -  0.5 1 aa 
f 

The va r ious  G and H parameters  a s  ob ta ined  from ENDF/B a r e  assumed 

t o  i nc lude  t h e  f a c t o r  2 g J / 4 q  . Thus t h e  f a c t o r  gJ does n o t  appear 
0a e x p l i c i t l y  i n  t h e  express ion  f o r  a . 
0 

E. Broad Group E d i t s  

The h f g  s p a t i a l l y  i n t e g r a t e d  f l u x e s  p e r  u n i t  l e tha rgy  a s  c a l c u l a t e d  
from Eq.V.34 a r e  summed over t h e  corresponding ufg  t o  o b t a i n  t h e  ufg  
f l u x e s  and t h e s e  i n  t u r n  a r e  summed over t h e  broad group involved  t o  
o b t a i n  t h e  broad group f l u x e s .  Thus t h e  broad group J f l u x . i n  mesh 
i n t e r v a l  i is g iven  by 

bg  O ( i )  = 1 @j ( i )  Au. 
j 

where t h e  sum 'over h f g  j ex tends  over a l l  hf  g  .contained i n  bg J . The 
code e d i t s  t h e  broad group f l u x e s  p e r  u n i t  volume by d iv id ing  each of 

bg t h e  ( i )  by t h e  corresponding mesh i n t e r v a l  volume. 
J 

Each s p a t i a l  reg ion  is  made up of one o r  more s p a t i a l  mesh i n t e r v a l s  
each of which con ta ins  t h e  same mixture  of i so topes .  The reg ion  R 
i n t e g r a t e d  bg f l u x e s  a r e  obta ined  by summing Eq.V.89 t o  y i e l d  

where t h e  sum over  i extends over  a l l  mesh i n t e r v a l s  contained i n  reg ion  R.  

The broad group, reg ion  dependent microscopic cap tu re ,  f i s s i o n ,  and 
s c a t t e r i n g  c r o s s  s e c t i o n s  f o r  each m a t e r i a l  m a r e  obta ined  by d iv id ing  t h e  
r e a c t i o n  r a t e  by t h e  i n t e g r a t e d  f l u x .  Therefore 



where x corresponds t o  cap tu re ,  f i s s i o n ,  o r  scattering. am ( i )  i s  t h e  
X 
j 

microscopic c ros s  s e c t i o n  f o r  m a t e r i a l  m ' i n  mesh i n t e r v a l  i and h fg  j 
eva lua ted  a s  descr ibed  i n  Sec t ion  D .  above. The sums over  j and i as 
above extend over  a l l  h fg  contained i n  bg J and a l l  mesh i n t e r v a l s  
contained i n  reg ion  R. 

Now i n  o rde r  t o  c a l c u l a t e  t he  s c a t t e r i n g  c ros s  s e c t i o n  from broad 
group J t o  braod group K, w e  r e q u i r e  t h e  p r o b a b i l i t y  of s c a t t e r i n g  from 
each h f g  j i n  bg J t o  bg K. 

I f  we l e t  u  b e  t h e  lower l e t h a r g y  of hfg  j i n  bg J ,  Au be  t h e  
j - j 

l e tha rgy  width of h f g  j ,  UK be  t h e  lower l e tha rgy  of bg K ,  and AU be  , K 
t h e  l e tha rgy  width of bg K ,  then  t h e  p r o b a b i l i t y  of s c a t t e r i n g  by m a t e r i a l  
m from h f g  j i n t o  bg K ,  i f  a l l  p a r t s  of bg K can be reached by s c a t t e r i n g  
from h f g  j ,  i s  given by 

In  t h e  case  of t h e  lowest  broad group, say  bg L which can be  reached by 
s c a t t e r i n g . f r o m  h fg  J ,  s i n c e  no t  a l l  p a r t s  of bg L may be e n e r g e t i c a l l y  
reachable  by s c a t t e r i n g  from hfg  j ,  

I n  Eqs.V.92 and V.93, c o n t r i b u t i o n s  a r e  made from,each of t h e  m a t e r i a l s  i n  
t h e  mixture.  

Using Eqs.V.92 o r  V.93 a s  app ropr i a t e ,  t h e  s c a t t e r i n g  from broad group 
J t o  broad group K f o r  m a t e r i a l  m i n  reg ion  R is  given by 

where t h e  sums over  i and j a r e  a s  above. 



For f o i l  m a t e r i l a s ,  t h e  cap tu re ,  f i s s i o n ,  and s c a t t e r i n g  c r o s s  s e c t i o n s  
a r e  obta ined  a s  i n  Eq. Vegl 'where now t h e  f l u x e s  used a r e  t h e  averaged f l u x e s  
i n  each - f o i l  as given by Eq. V ,  6 2. 

I n  a d d i t i o n  t o  t h e  reg ion  dependent c r o s s  s e c t i o n s , ,  t h e  code a l s o  
e d i t s  q u a n t i t i e s  needed t o  c a l c u l a t e  c e l l  averaged macroscopic c ros s  
s e c t i o n s .  
I 

The a l l  volume-averaged atom d e n s i t i e s  f o r  each m a t e r i a l  m a r e  com- 
puted a s  

1 nm(R) V(R) 

m 
where n  (R) is  t h e  atom d e n s i t y  of m a t e r i a l  m i n  t h e  composition contained 
i n  reg ion  R and V(R) i s  t h e  volume of r eg ion  R.  The sums extend over a l l .  
reg ions  in t h e  c e l l .  

S p a t i a l  s e l f - s h i e l d i n g  f a c t o r s  a r e  computed f o r  each broad group J 
and m a t e r i a l  m a s  

iu 
The product  of ?(c) and FJ r e p r e s e n t s  t h e  e f f e c t i v e  c e l l  averaged 

atom d e n s i t y  f o r  use  i n  c r e a t i n g  e f f e c t i v e  c e l l  averaged macroscopic 
c r o s s  s e c t i o n s .  The c o n s i s t e n t  c e l l  averaged microscopic c ros s  s e c t i o n s  

m m f o r  use  wi th  t h e  e f f e c t i v e  atom d e n s i t i e s  N (C)F a r e  given by J 

1 0; (R) nrn(R) V(R) 

zm (C) = 
R J 

X 
J 1 g b J g ( ~ )  n m ( ~ )  V(R) 

R 

Thus t h e  e f f e c t i v e  c e l l  averaged macroscopic c ros s  s e c t i o n s  can be  
m -m 

ob ta ined  from t h e  product  Nm(c) F  0 (C) . Equation V.97 is  used f o r  
X~ 

cap tu re ,  f i s s i o n ,  s c a t t e r i n g ,  and f o r  t r a n s f e r  between broad groups. 



V I  . A GUIDE. TO USER APPLICATION 

- 
.~A. Standard Path STP015 

STP015 is  a pa th  d r i v e r  of t h e  ARC System which invokes t h e  fo l lowing  
modules t o  provide t h e  M C ~ - ~  c a p a b i l i t y .  

CSIOlO (Area 4)  Processes  BCD i n p u t  from f i l e s  
A.MCC2 and A.NIP 

CSC004 (Area 5) 

CSC005 (Area 6) 

Performs t h e  unresolved resonance 
c a l c u l a t i o n  

Performs t h e  reso lved  resonance 
c a l c u l a t i o n  

CSC006 (Area 65) Ca lcu l a t e s  C and performs resolved-  
P 

unresolved resonance ove r l ap  c a l c u l a t i o n s  

CSC008 (Area 7) Ca lcu l a t e s  homogenized u l t r a - f i n e -  
group (ufg)  c r o s s  s e c t i o n s ,  e l a s t i c  
s c a t t e r i n g  m a t r i c e s ,  and moderating 
parameters  

CSC009 (Area 8) 

CSCOlO (Area 9)  

Cscoll  (RA~ANL) 

Calcu la t e s  t h e  ufg r e a l  spectrum 
us ing  i~lulLlgruup and cont inuous 
slowing down (CSD) a lgo r i t hms ,  
ob t a in s  a c r i t i c a l  buckl ing ,  and 
prepares  broad group (bg) c r o s s  
s e c t i o n s  

Ca lcu l a t e s  t h e  bg fundamental mode 
r e a l  and a d j o i n t  s p e c t r a  and o b t a i n s  a 
c r i t i c a l  buckl ing .  

Performs a hyper-fine-group (hfg)  . 

i n t e g r a l  t r a n s p o r t  c a l c u l a t i o n  and 
prepares  r igorous  resb lved  resonance 
c ros s  s e c t i o n s  

E d i t s  broad group c r o s s  s e c t i o n s  from 
d a t a  s e t  ISOTXS 

Prepares  a s i n g l e  o r  double p r e c i s i o n  
ARC System XS.IS0 d a t a  set  from t h e  
CCCC d a t a  s e t  ISOTXS 

E d i t s  d a t a  s e t  XS.IS0 



The flow through t h e  code a s  shown i n  t h e  flow diagram, F ig .  9 is  
c o n t r o l l e d  by s t anda rd  pa th  STP015 i n  conjunc t ion  w i t h  t h e  u se r  supp l i ed  
d a t a  i n  t h e  A.STP015 BCD d a t a  set  (Appendix 8). A s  can be  seen ,  t h e  
v a r i o u s  code a r e a s  may be  s e l e c t i v e l y  inc luded  o r  excluded on u s e r  op t ion .  
A s  a s p e c i f i c  example, t h e  u s e r  may s e l e c t  only CSIOlO and RABANL, thereby 

e f f e c t i n g  t h e  equ iva l en t  of a  RABBLE'^) o r   RABID'^) s t anda lone  c a l c u l a t i o n .  
S i m i l a r l y  i f  only module CSE012 is s e l e c t e d ,  a s t anda lone  XS.IS0 e d i t o r  
c a p a b i l i t y  i s  e f f e c t e d .  Also e .g . ,  i f  d a t a  s e t s  r e l a t e d  t o  t h e  unresolved 
resonance c a l c u l a t i o n  CSC004 a r e  saved ,  a subsequent  r e l a t e d  execut ion  of 
STPO15 could reduce execut ion  t i m e  by e l i m i n a t i n g  execut ion  of t h i s  module. 

A l i s t i n g  of t h e  pa th  STP015 is  provided i n  F ig .  10. 

B. Job Cont ro l  Language Procedure ARCSP015 

The Job Con t ro l  Language procedure ARCSP015 is l i s t e d  i n  F ig .  11. 
The procedure i s  c o n s i s t e n t  w i t h  I B M  JCL convent ions and w i t h  r e l e a s e  3 . 1  
of t h e  Attached Support Processor  (ASP). The d a t a  set  b locking  is  o r i e n t e d  
toward use w i t h  3330 magnetic d i s k s .  

The symbolic parameters  used f o r  t h e  va r ious  d a t a s e t s ,  ~ l l e i r  d e f a u l t  
v a l u e s ,  usage, and corresponding DDNAME a r e  given w i t h i n  t h e  l i s t i n g  of 
t h e  procedure.  I n  a d d i t i o n ,  t h e  con ten t s  of each of t h e  d a t a s e t s  i s  g iven  
on comment ca rds  i n  t h e  procedure.  

The parameters  FULLBLK, HALFBLK, and UNITS which a r e  used i n  many of t h e  
d a t a s e t s  a r e  de f ined  wi th  t h e  o t h e r  symbolic parameters .  The block s i z e  
d e f a u l t s  of 12280 and 6136 f o r  FULLBLK and HALFBLK a r e  c o n s i s t e n t  w i t h  use  of 
3330 d i s k s ,  and w i t h  t h e  f a c t  t h a t  IBM a l l o c a t e s  space  f o r  buffers i n  b locks  of 
2K cont iguous b y t e s  (256 rea l*8  words).  I n  t h e  c a s e  of unformatted F o r t r a n  
d a t a  s e t s  (double bu f f e r ed  by d e f a u l t ) ,  t h e  number of b y t e s  of core  r equ i r ed  
f o r  b u f f e r s  i s  given by 2*BLKSIZEf8 where BLKSIZE i s  given on t h e  DD card  and 
i s  rounded up t o  t h e  n e a r e s t  double word boundary. Thus, f o r  example i n  t he  c a s e  
of FULLBLK, 24576 b y t e s  would be  a l l o c a t e d  f o r  buffer space  which corresponds 
t o  e x a c t l y  1 2 ,  2K b locks .  This  is  only 8 b y t e s  more than is  r equ i r ed  f o r  t h e  
two b u f f e r s .  The use  of very c l o s e l y  an i n t e g r a l  number of 2K b y t e  b locks  
avoids  t h e  problem of p o s s i b l e  core  f ragmenta t ion  when d a t a  sets a r e  w r i t t e n ,  
c lo sed  (rewound) and then  read  aga in  s e v e r a l  t i m e s  du r ing  a run.  

The use of SASCR and BATCHDSK f o r  t h e  UNIT parameter throughout t h e  
procedure correspond t o  ANL convent ions f o r  g e n e r i c  names corresponding t o  
t h e  c l a s s  of u n i t s  involved .  SASCR i s  used t o  d e s i g n a t e  permanently r e s i d e n t  
d i s k  packs f o r  s c r a t c h  d a t a .  BATCHDSK corresponds t o  bo th  permanently 
r e s i d e n t  and s e t u p  d i s k  packs and i s  used f o r  t hose  f i l e s  which may be  saved 
on u s e r  op t ion  f o r  l a t e r  use.  The d e f a u l t  names f o r  parameters  MCC2F1, 
MCC2F2, . . . , MCC2F8 correspond t o  t h e  e i g h t  M C ~ - ~  l i b r a r y  f i l e s  c u r r e n t l y  i n  
use.  The PRELIB and POSTLIB parameters  used i n  t h e  STEPLIB DD s ta tement  a r e  
provided t o  s i m p l i f y  conca tena t ion  of program l i b r a r y  d a t a  sets. They d e f a u l t  
t o  empty p a r t i t i o n e d  d a t a  s e t s .  

Through use of t h e  ca ta logued  procedure,  t h e  amount of JCL which must be  
provided by t h e  u s e r  is v a s t l y  decreased.  I n  p a r t i c u l a r ,  F ig .  12 l ists t h e  
minimal JCL r equ i r ed  t o  execute  a problem us ing  t h e  ca ta logued  procedure 
ARCSP015. F u r t h e r  i l l u s t r a t i o n s  of t h e  use  of t h i s  procedure and of t h e  
symbolic parameters  a r e  given i n  Sec t ion  D ,  Sample Problem Input .  



PATH DRl VER ( 1 0 0 4 ,  1005 . .  . . , ID013 .  DJNREG) 

USER 
INPUT 

PROCESSING 
PROBLW SPEC1 F l  CATIONS 

PE.WLVEC'-UNRESOLVED c S C W  
OVERLAP (AREA 6.5) 

N 

W X U 9  
(AREA 7 )  

UFG MACROSCOPIC 
CROSS SECTIONS 

N 

UFG SPECTRUM AND BROAD CSCOOS 
GROUP CROSS SECTIONS (AREA 8)  

C S m I j  HYPER F INE 
(AREA 10) GROUP INTEGRAL 

TRANSPORT 

CONVERSION 

ISOTXS . SPECIFICATIONS 
EDITOR 

I 

Fig. 9 Mc2-2 Module Flow Diagram 



C 
C  S T P O 1 5  I S  A STANDARD PBTH DRIVER OF THE ARC SYSTEM VHICH 
C  CONTROLS THE MCC-2 CROSS SECTION PREPARATION CAPABILITY.  
C  
c M O D U L E S  I N V O K E D  B Y  S T P O I S  
C 
C C S I 0 1 0  NCC- 2 IMPUT PROCESSOH 
C  C S C o o 4  NCC-2/SDX UNRESOLVED RESONANCE CALCULATION 
C C S C o o 5  MCC-2/SDX RESOLVED RESONANCE CALCULATION 
C  CSCOO6 RESOLVED-UNRESOLVED RESONANCE OVERLAP 
C CSCO08 MCC-2 ULTRA-FINE-GROUP MACROSCOPIC DATA 
C PROCESSOR 
C CSCOOY MCC-2 ULTKA-PINE-GROUP SPECTRUM CALCULATION 
C AND BROAD GROUP COLLAPSE 
C  CSCOlO BR0,AD-GROUP PL SPECTRUM CALCULATION 
C  C S C o l l  HYPER-FINE-GROUP INTEGRAL TRANSPORT SPECTRUM 
C CALCULATION 
C  C S F 0 0 9  EDITOR OF F I L E  I S O T X S  
C  C S E 0 0 7  . ISOTXS TO X S . I S 0  FORMAT CONVERSION 
C C S E 0 1 2  EDITOR OF F I L E  XS. I S 0  
C  NUE003 SIMPLOTTER L I N E  PRINTER GRAPHICS 
C  
C  
C  DECLARE ALL L I T E R A L  VARIABLES TO BE DOUBLE P R E C I S I O N  
C 
C I  BM 

DOUBLE P R E C I S I O N  DSNANE,CSIO 1 0 , C S C 0 0 4 , C S C 0 0 5 , C S C 0 0 6  , N U E 0 0 3 ,  
1 CSC008,CSC009,CSC010,CSEOO9,STP015,APATHfCSE~O7, 
2  X S I S O ~ C S C O ~  1 , U N R E G , P R E C , C S E O ~ ~ '  

CIBM 
DIMENSION NSTAND(6) ,PREC ( 2 )  ,DSNAME ( 8 9 )  
COMMON /OUTPUT/NOUT 

C  
C  SET LITERAL VARIABLES I N  DATA STATEMENTS 
C  

DATA CSI010/6HCSI010/,CSC004/6HCSCOO4/,CSC005/6HCSCOO5/, 
1 CSCOO6/6HCSCOO6/,CSCO08/6HCSC008/, CSC009/6HCSCOO9/ ,  
2  CSCO lO/6HCSCO 1 0 / , C S E O 0 9 / 6 H C S E O 0 9 / f  STPO 1 5 / 6 H S T P 0 1 5 / ,  
3 NUEOO 3/6HNUEOO3/, CS EO07/6HCSEOO 7/, RPATH/8HA. STPO 151, 
4  X S I S O / ~ H X S . I  S0 / ,CSC011 /6HCSCO 1 l / , U N R E G / 6 H N R E G  /, 

\ 5  CSEO 12/6HCSEO 12/ 
DATA PREC/6HDOUBLE ,6HSINGLE/  
DATA DSNAME/ 

16HA.UCC2,6HA.NIP ,8HA.STP015,6HATNUAT,6HBC ,6HBGRES , 
26HGEON1 , 6  HGRPORD, 6HISOTXS,  6HLORENZ, 6HMACTOT, 6HMCC2F1,  
36HVCC2F2,6HMCC2F3,6HMCC2F4,6HMCC2F5,6HMCC2F6f6HMCC2F7, 
46HMCC2F8,6HMTCTOT, 6HOLDS GS , 6 H O P T f C L f  6 H P L O T I T f  6HPRBCH1, 
56HPBBSPC,6HRESINT,6HSCR001,6HSCROo2,6HSCROO3,6HSCR~~4, 
66HSCR005,6HSIGMAP,6HSMSIGS,6HSPECTR,6HSPECXSf 6HSRATES , 
76HUNREG ,6HUNRES ,6HXS.  I S O f 6 H X S I S 0 2 ,  6 H I R E S C S f  

Fig. 10. M C ~ - ~  Path Driver Listing 



8 6 H S I G X S l f 6 H B I G X S 2  , 6 H B I G X S 3 ,  6 H B I G X S 4 ,  6 H B I G X S 5 ,  6 H B I G X S 6  , 
96HBIGXS7,6HB1GXS8,6HBIGXS9,6HBIGXSAf 6 H B I G X S B f  6 H B I G X S C f  
A ~ H B I G X S D , ~ H B I G X S E ,  ~ H B I G X S F ~ ~ H B I G X S G ,  ~ H B I G X S H ,  ~ H B I G X S I  , 
B6HBIGXSJ,6HBIGXSK,6HBIGXSL,6HBIGXSM,6HBIGXSN,6HBIGXSOf 
C 6 H B I G X S P f  6HRANDOM, 6HRESDAT, 6 H A C S 0 0 9 , 6 H A C S E 1 2 , 6 H $  / 

DATA I O / O / , I D 0 4 / 0 / ,  ID05/0/,ID06/0/,ID07/0/,ID08/0/, I D O 9 / 0 / ,  
1 IDOlO/O/,IDOll/O/,I1/1/,I2/2/fIDOl2/O/,NSTAND/2*O/fIDO13/O/f 
2  IUNREG/O/ 

NOUT=6 
CALL SYSTEM(DSNANE)  
CALL BCDDS (STPO 15 , N 1 )  
I F  (N1.  LE. - 2 )  GO TO 500 

C  
C  E S T A B L I S H  LOGICAL U N I T  NUMBERS FOR F I L E S  N C C 2 F 1 - N C C 2 F 8  
C  I N  ORDER TO AVOID THE NEED FOR T H E I R  S P E C I F I C A T I O N  I N  BLOCK=OLD 
C  

DO 10 I = 1 2 , 1 9  
CALL S N I F F  (DSNAME ( I )  , IDUN,  1 1 )  

1 0  CONTINUE 
CALL S N I F F  ( X S I S O ,  I X S I S O ,  1 0 )  
CALL S N I F F  (APATH, I A P A T H ,  1 0 )  
I F  ( I A P A T H .  L E . 0 )  GO TO 110  

C  
C READ DATA S E T  A . S T P O 1 5  
C 

R E A D  ( I A P A T H , ~ O O O )  A P A T H , J J , K K ,  ( N S T A N D ( I )  , I = I , J J )  
I F  (NSTAND (1).  LE. 0 )  GO T O  100 
READ (TAPATH, 1 1 0 0 )  IDO4,ID05,ID06,ID07,ID08,IDO9,ID010, I D 0 1  1, 

1 I G 0 1 2 , 1 ~ 0 1 3  
1 0 0  CONTINLTE 

I F  (NSTRND ( 2 ) .  GT. 0 )  READ ( IAPATH,  1 1 0 0 )  IUNREG 
c********************************************************************** 

REBIND I A P R T H  
C******+*************************************************************** 

110 CONTINUE 
C  
C CHECK ON P R E C I S I O N  O F  E X I S T I N G  X S . I S 0  F I L E  
C  

I F  ( I X S I S O .  LE. 0 .  OR. ( I D 0 1  1.NE. O.AND. I D 0 1  1 .NE. 1) ) GO TO 1 3 0  
N'h'3S=6 
NSTaND ( 6 )  = 0  

C  
C  READ RECORD 1 O F  DATA S E T  X S . I S 0  
C 

CALL REED ( I X S I S O ,  11, NSTAND, NVDS, 1 0 )  
C  
C REVIND DRTR SET X S . I S 0  
C  

CALL REED ( I X S I S O ,  TO, D U M ,  1 0 0 )  
I F  (NSTRND ( 6 ) .  EQ. I D 0 1  1 )  GO TO 130 

F ig .  10. M C ~ - ~  Path Driver Lis t ing (Contd.) 



WRITE (NOUT, 1 2 0 0 )  PREC ( I D 0 1  1 + 1 ) ,  PREC ( 2 - I D 0 1  1 )  , P R E C  ( 2 - I D 0 1  1 )  
I D 0 1  l=NSTAND ( 6 )  

130 C O N T I N n E  

INVOKE ' A R E A  4  ' .  

I F  (TDO4.EQ.O) CALL L I N K ( C S I O 1 0 )  

INVOKE AREA 5 

I F  (TDOS. EQ. 0 )  CALL L I N K  ( C S C 0 0 4 )  \ 

INVOKE AREA 6 

. I F  ( I D 0 6 .  EQ.  0 )  CALL L I N K  ( C S C 0 0 5 )  

INVOKE ARE'A 6.5 

I F  ( 1 D O S . E Q .  O.OR.ID06.EQ.O) CALL L I N K ( C S C 0 0 6 )  

INVOKE AREA 7 

I F  ( T D 0 7 .  EQ. 0 )  CALL L I N K  ( C S C 0 0 8 )  

INVOKE AREA 8 

I F  ( T D 0 8 . E Q . 0 )  CALL L I N K ( C S C 0 0 9 )  

INVOKE AREA 9 

IF ( I D O ~ . E Q . O )  C A L L  L I N K ( C S C O I O )  . 
.IF ( I D 0 1 2 . . N E . 1 )  GO TO 1 2 0  
I F  (1UNREG.LE. 0) CALL S N I F F  (UNREG, IUNREG, 1 2 )  

INVOKE AREA 1 0  

CALL LT N K  (CSCO 1 1 )  
1 2 0  CONTINUE 

E D I T  BROAD GROUP CROSS SECTIO.NS 

I F  ( IDO1O.EQ.O)  CALL L I N K  ( C S E 0 0 9 )  
L 

C  PREPARE A DOUBLE P R E C I S I O N  OR S I N G L E  P R E C I S I O N  VERSION OF 
C  DATA S E T  X S - I S 0  ACCORDING.TO WHETHER I D 0 1 1  I S  0 OR 1,  R E S P E C T I V E L Y  
L 

I F  ( I D O 1 1 .  EQ.O.OR.IDO11.  EQ. 1 )  CALL LINK ( C S E O O 7 , I D O I I )  
C  - 
C  E D I T  DATF. S E T  XS. I S 0  

F i g .  1 0 .  M C ~ - ~  P a t h  D r i v e r  L i s t i n g  ( C o n t d . )  



I F  ( ID013.  NE.0) CALL LINK (CSE012) 
C 
C INVOKE THE SIMPLOTTER PRINTER GRAPHICS PRCKAGE 
C 

CALL LINK(NUEOO3,IO) 
'500 CONTINUE 

1 0 0 0  FORMAT ( A 8 , 2 1 5 / ( 1 6 1 5 ) )  
1 1 0 0  FORMAT(6X,1116) 
1 2 0 0  FORMAT (1HO,129 (IH*) /1H ,1H+, 3X,A6,46H PRECISION CROSS SECTIONS. M A Y  

1 NOT BE A D D E D  TO ,A6,45H PRECISION XS.IS0. NEW DATA A R E  PROCESSED 
21N ,A6,11H PRECISION., 4X, 1H*/1H , 1 2 9  (IH*) ) 

RETURN 
E N D  

F ig .  10. M C ~ - ~  . Pa th  Driver L i s t i n g  (Contd .) 



S P 0 1 5  PROC ATNUAT= l &ATNUAT1, DEST=A, 
DflPDEST=F, 
F U L L B L K = 1 2 2 8 0 ,  GRPDSP=l (NEW ,DELETE) , 
G R P J C L z l  , U N I T = ( S A S C R ,  SEP= (DUMHY1 ,DUNMY2) ) l ,  

GRPORD= l GGRPORD9, HALFBLK=6 136, 
I S O C Y L = l  , I S O D S P = l  (NEW,DELETE) ', 
I S O J C L = l  ,UNIT=SASCR1 , I S O T X S = l  GISOTXS l 
MCC2Fl=~C116.MCC2Fl.MEV14.V41, 
a c c 2 ~ i = ~ c i 1 6 . ~ C c 2 P 2 ~ ,  
M C C 2 F 3 = l C 1 1 6 .  YCC2F3. MEV14. V 4 l  , 
MCC2FQ=l  C 1 1 6 .  iYCC2F4. MEV14.VU1 , 
MCC2FS= 'C116.  MCC2F5. MEV14.V41, 
M C ' C ~ F ~ = ~ C ~ ~ ~ . M C C ~ F ~ . V E V ~ ~ . V ~ ~ ,  
M C C 2 F 7 = l C l 1 6 .  MCC2F7.flEVl4. V49,  
MC.C2F8=l.C116. MCC2F8.MEV14. V 4 # ,  
MCC2VOL=,flTCR bSP= (NEW ,DELETE) 1 ,  NlCHVuL=, 
M I C R X S I = l G M I ~ R X S l  l ,M1CRXS2zi  ~ M I c R X S ~ I ,  

MODLIB1=lC1 1 6 .  B09202 .MODLIB1,  
MODLIB2=1C116.ARC.MODLIB~, 
OLDSGS=NULLFILE,OLDSVOL=, P A T H = S T P 0 1 5 ,  
P O S T L I B = l S Y S I .  DOMMYLIB1, P R E L I B = l S Y S 1 .  DUMMYLIB1, 
REGN=700K,RESBLK=12280,RESDSP=l (NEW,DELETE) l , 
R E S I N T = l G R E S I N T 1  , R E S J C L = l ,  UNIT=SASCR1 
S C A T B L K = 1 2 2 8 0 ,  SCATDSP=l (NEW,DELETE) l ,  

S C A T J C L = l  ,SUBALLOC= (CYL, ( 2 0 . 3 )  , DUMNY2) 1 , 
S M S I G S = l & S f i S I G S 1 ,  SPECDSP= l (NEW ,DELETE) l , 
S P E C T R = l  GSPECTR* , S P E C J C L = l  ,UNIT=SASCR1 , 
T I H L I M = l  ( 6 0 0 , O )  l ,  UNITS=BATCHDSK, UNITSCR=SASCR, 
UNRES='EUNRES l ,XSBLK1=3156,XSBLK2=6447 

PARAMETER DEPA UL T VALUE ----- ---- ----- ---- --- ---- ------ --- ---- ------ 

PATH 
TIMLIM 
REGN 
MODLIB 1 
MODLIB2 
P R E L I  B 
P O S T L I B  
DEST 
DMPDEST 

STPO 15 
( 6 0 0 , O )  
7 0 0 K  
C 1 1 6 . B O 9 2 0 2 . M O D L I B  . 
C 1 1 6 .  ARC. MODLIB 
SYS1.DUMMYLIB 
SY S 1. DUMMYLIB 
A 
F 

USAGE ----- ----- 

PROGRAM NAME 
S T E P  T I M E  L I M I T  
S T E P  REGION S I Z E  
F I R S T  ' R E A L  LIBRARY 
RRC SYSTEM LIBRARY 
F I R S T  S T E P  LIBRARY 
LAST S T E P  LIBRARY 
0 UTPUT DEST. ( P R I  NTER) 
ROUTE DUMP TO F I C H E  

EXEC 
EXEC 
EXEC 

S T E P L I B  
S T E P L I B  

-SpEPLIB 
S T E P L I B  

0 6 
SY-SODUMP 

F i g .  11. M C ~ - ~  JCL Procedure 



GRPORD 
GRPDSP 
GRPJCL 
I S O T X S  
I S O D S P  
I SO J C L  
ISOCYL 
XSBLK2 
MCC2Fl 
MCC2F2 
MCC2F 3 
MCC2F4 
MCC2F5 
NCC2F6 
MCC2F7 
MCC 2 F  8 
MCC2VOL 
OLDSGS 
OLDSVOL 
SMSIGS 
SCATBLK 
SCATDSP 
SCA T J C L  
SPECTR 
SPECDSP 
S PEC J C L  
MICRXS1 
X SBLK 1 
MICRXS2 
MICRDSP 
MICRVOL 
ATNUAT 
R E S I N T  
UNRES 

GGRPORD DSN FOR F I L E  GRPORD 18 
(NEW, DELETE) DISPOSITION OF G R P O R D  18 
, U N I T =  (SASCR,SEP= (DUMMY1 ,DUHMY2)) GRPORD U N I T  E VOL 18 
ETSOTXS DSN FOR F I L E  ISOTXS 1 9  
(NEB ,DELETE) DISPOS.ITION O F  I S O T X S  19 
, U N I T = S A S C R  I S O T X S  U N I T  AND VOLUNE 19 
1 NO. CYL FOR X S E C T I O N S  1 9 , 5 0  
6 4 4 7  X S E C T I O N .  BLOCKING 1 9 , 5 0  
C116.MCC2Fl .HEV14.V4 LIBRARY F I L E  1 DSN 2 2  
C 1 1 6 . M C C 2 F 2  LIBRARY F I L E  2 DSN 2 3  
C116.MCC2F3.MEVlQ.V4 LIBRARY F I L E  3 DSN 2 4  
C116.MCC2F4.NEV14.V4 LIBRARY F I L E  4 DSN 2 5  
C116.HCC2F5.MEV14.V4 LIBRARY F I L E  5 DSN 2 6 
C116.MCC2F6.!lEV14.V4 LIBRARY F I L E  6 DSN 2 7  
C116.MCC2F7.  MEV14.V4 LIBRARY F I L E  7 DSN 2 8  
C 116.MCC2F8.MEV14.V4 LIBRARY F I L E  8 DSN 2 9 ------ LIBRARY VOLUME 2 2  - 2 9  
NULLFILE RESTART ELASTIC MATRICES 3 1 ------ VOLUHE FOR OLDSGS 3 1 
CS MSIGS PROBLEH E L A S T I C  MATRICES 4 3  
1 2  2 8 0  B L K S I Z E  FOR S N S I G S  4 3  
(NEW,DELETE) D I S P O S I T I O N  OF SMSIGS 4 3  
,SUBALLOC=(CYL,(20,3),DUMMY2) SMSIGS UNIT,SPACE G VOL 4 3  
ESPECTR DSN FOR SPECTRUM F I L E  4 4  
(NEW,DELETE) D I S P O S I T I O N  O F  SP,ECTRUN 4 4  
, UNIT=SASCR SPECTRUM UNIT AND VOLUME 4 4  
EMICRXSl X S . I S 0  F I L E  1 DSN 4 9  
3 1 5 6  BLOCKING FOR GMICRXSl 4 9 
GMICRXS2 X S . I S 0  F I L E  2 DSN 5 0 
(NEN, DELETE) D I S P O S I T I O N  O F  XS. I S 0  4 9 - 5 0  ------ VOLUME O F  F I L E  X S . I S 0  4 9 - 5 0  
GATNUAT DSN FOR F I L E  ATNUAT 1 4  
GRESINT DSN FOR F I L E  RESINT 3 6  
ErJNRES DSN FOR F I L E  UNRES . 4 8  

THE FOLLOWING THREE PARAMETERS ARE APPLICABLE TO THE THREE 
RESONANCE F I L E S  ATNUAT, R E S I N T  AND UNRES 

RESBLK 1 2 2 8 0  
RESDSP (NEW,DELETE) 
RES J C L  , UNIT=SASCR 

F I L E  B L K S I Z E  1 4 , 3 6 , 4 8  
F I L E  D I S P O S I T I O N  1 4 , 3 6 , 4 8  
F I L E  U N I T  AND VOLUME 1 4 , 3 6 , 4 8  

THE FOLLOWING THREE PARAMETERS DEFINE U N I T  AND B L K S I Z E  FOR A 
VARIETY O F  F I L E S  

FULLBLK 1 2  2 8 0  
HALFBLK 6 1  3 6  
UNITS BRTCHDSK 
UNITSCR SA SCR 

FULL TRACK BLOCKING 
HALF TRACK BLOCKING 
GENERIC UNIT NAME 
GENERIC SCRATCH UNIT 
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//* ........................................................................... 

//* 
/ /STPO 15 EXEC PGR=&PATH , T I R E = & T I  ULI M 8  REGION=&REGN 
//STEPLIB D D  D S N = E P R E L I B ,  DISP=SHR 
// DD DSN=&MODLIBl,  D I S P = S H R  
// DD DSN=ERODLIB2 , D I S P = S H R  
// DD DSN=&POSTLIB,  D I S P = S H R  
//DUMMY 1 DD DSN=&DUMl , U N I T = & U N I T S C R ,  SPACE= ( C Y L , 2 7 ,  ,CONTIG) 
//DUMMY2 DD DSN=&DUfl2 , U N I T = & U N I T S C R ,  SPACE= (CYL, 55, ,CONTIG) 
/ / F T 0 5 F 0 0 1  D D  DDNAflE=SYSIN 
//* BCD I N P U T  
/ / F T 0 6 F 0 0 1  DD SYSOUT=GDEST, 
// DCB= (RECFM=FBA, LRECL= 133, BLKSIZ E= 1 5 9 6 )  
//" PRINTED OUTPUT 
/ / F T 0 7 F 0 0 1  DD SYSOUT=E 
/./* PUNCHED OUTPUT 
/ / F T 0 9 F 0 0 1  DD UVIT=&UNITSCR,  SPACE= (CYL, (1,1)) , 
// DCB= ( R E C F M = F E S , L R E C ~ = ~ ~ , B L K S ~ Z E = ~ ~ ~ ~ )  
//* ARC SYSTEM SPOOLED INPUT F I L E  
/ / F T l  l F 0 0 1  DD DSN=&AMCC~,UNIT=EWNTTSCR, SPACE= (TRK, ( 1 , l )  ) , 
// DCB= (RECFM=FBS ,LRECL=80,  B L K S I Z E = 3 0 4 0 )  
//* RCC-2 ALPHANURERIC INPUT 
/ / F T 1 2 F 0 0  1 DD DSN=&ANIP,UNIT=&UNITSCR,SPACE= (TRK, ( 1  1 )  ) , 
// DCB= (RECFH=FBS, LRECL=80,  B L K S I Z E = 3 0 4 0 )  
// * GENERAL NEUTRONICS ALPHANUMERIC INPUT 
/ / F T l 3 F 0 0  1 D D  DSN=GAPF.TH, UNIT=&UNITSCR,SPACE= (TRK, ( 1 , l )  ) 8 

// DCB= (RECFN=FBS, LRECL=80,  B L K S I Z E = 3 2 0 )  
MCC-2 PATH ALPHANUMERIC I N P U T  //* 

/ / F T 1 4 F 0 0 1  DD DSN=&ATNUAT, 
// D I S P = & R E S D S P & R E S J C L ,  
// DCB= (RECFM=VBS,LRECL=X,BLKSIZE=&RESBLK) , 
// SPACE= (CYL, ( 1 , l )  ) 
// * UNRESOLVED RESONANCE ATTENUATION FACTORS 
/ / F T l  S F 0 0 1  D D  DSN=&BC,UNIT=&UNITSCR, SPF.CE=(TRK, ( 1 , l )  ) , 
// DCB= (R ECFH=VBS ,LRECL=X, BLKSIZE=&FULLBLK) 
//* BOUNDARY CONDITIONS 
/ / F T 1 6 F 0 0  1 DD DSN=EBGRES,UNIT=&UNITSCR,SPACE= (CYL, ( 1 , l )  ) , 
// DCB= (R ECFM=VBS, LRECL=X, BLKSIZE=EFUL.L.BLK) 
//" BROAD GROUP RESONANCE CROSS S E C T I O N S  
/ / F T 1 7 F 0 0 1  DD DSN=&GEONl,UNIT=&UNITSCR,SPACE= (TRK, ( 3 ,  I ) ,  RLSE) , 

I // DCB= (RECFH=VBS ,LRECL=X, BLKSIZE=&FULLBLK) 
//* GEOMETRY DATA WRITTEN BY NCC-2 I N P U T  PROCESSOR 
/ / F T 1 8 F 0 0  1 DD DSN.=&GRPORD, 
// DISP=&GRPDSP&GRPJCL,  
// SPACE= (CYL, ( 5 0 , 5 )  , RLSE) , 
./.I DCB= (RECFM=VBS ,LRECL=X,BLKSIZE=&FULLBLK, DEN=3) 
//* GROUP ORDERED I N E L A S T I C  AND (N,2N) DATA 
/ / F T 1 9 F 0 0 1  DD DSN=&ISOTXS,  
// D I S P = & I S O D S P & I S O J C L ,  
// SPACE= (CYL, (GISOCYL, 1) ) , 
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// DCB= (RECFN=VBS,LRECL=X,BLKSIZE=&XSBLK2) 
// " BROAD GROUP CROSS SECTION F I L E  I N  CCCC FORMAT I S O T X S  
/ / F T 2 0 F 0 0  1 DD DSN=&LORENZ,O NIT=EUNITSCR,  SPACE= (CYL, ( 1 , l )  ) , 
// DCB= (RECFM=VBS ,L 'RECL=X,BLKSIZE=&FULLBLK) 
/ / "  LORENTZIAN J- INTEGRALS FOR WIDE RESONANCES 
/ / F T 2 1 F 0 0 1  DD DSN=&MACTOT,UNIT=&UNITSCR,SPACE=(CYL, ( 1 , l ) )  , 
// DCB= (RECFM=VBS ,LRECL=X,BLKSIZE=&FULLBLK) 
//" MACROSCOPIC TOTAL CROSS SECTION 
/ / F T 2 2 F 0 0  1 DD DSN=&MCC2Fl,  
// U N I T = & U N I T S , D I S P = S H R ,  
// VOL= (, RETAIN, SER=&MCC2VOL) 
//* F I L E  1 OF MCC-2 LIBRARY 
/ / P T 2 3 F 0 0  1 DD DSN=&MCC2F2, 
// UNIT=&UNITS,DISP=SHR,  
// VOL= (, RETAIN, S  ER=&MCC2VOL) 
//* F I L E  2 OF RCC-2 LIBRARY 
/ / F T 2 4 F 0 0 1  DD DSN=&MCC2F3, 
// U N I T = & U N I T S , D I S P = S H R ,  
// VOL= (, RETAIN, SER=&MCC2VOL) 
// " F I L E  3 OF MCC-2 LIBRARY 
/ / F T 2 5 F 0 0  1 DD DSN=&MCC2F4, 
// UNIT=&UNITS,DISP=SHR,  
// VOL= (, RETAIN, S  ER=&MCC2VOL) 
/ / "  F I L E  4  OF MCC-2 LIBRARY 
/ / F T 2 6 F 0 0  1 DD DSN=&HCC2FS, 
// U N I T = & U N I T S , D I S P = S H R ,  
// VOL= ( ,RETAIN,  SER=&MCC2VOL) 
//* F I L E  5 OF MCC-2 LIBRARY 
/ / F T 2 7 F 0 0 1  DD DSN=&MCC2F6, 
// UNTT=&UNITS,DISP=SHR, 
// VOL= f ,  RETAIN, SER=FrHCC7VnT.) 
// " F I L E  6 OF MCC-2 LIBRARY 
/ / F T 2 8 F 0 0 1  DD DSN=&MCC2F7, 
// U N I T = & U N I T S , D I  SP=SHR, 
// VOL= (, RETAIN, SER=&MCC2VOL) 
//" F I L E  7 OF MCC-2 LIBRARY 
/ / F T 2 9 F 0 0 1  DD DSN=&VCC2F8, 
// U N I T = & U N I T S , D I S P = S H R ,  
// VOL= ( ,RETAIN,  SER=&MCCZVOL) 
//" F I L E  8 OF MCC-2 LIBRARY 
/ / F T 3 0 F 0 0 1  DD DSN=&NICTOT,UNIT=&UNITSCR,SPACE= (CYL, ( 1 , l )  ) , 
// DCB= (RECFM=VBS,LRECL=X,BLKSIZE=&FULLBLK) 
//" MICROSCOPIC TOTAL CROSS S E C T I O N S  
/ / F T 3 1 F 0 0 1  DD DSN=&OLDSGS, 
// U N I T = & U N I T S , D I  SP= (OLD,KEEP) , 
// VOL= ( ,RETAIN, SER=&OLDSVOL) 
//" MICROSCOPIC SCATTERING MATRICES SAVED FROM PREVIOUS 
/ / "  EXECUTION* FOR RESTART PURPOSES 
/ / F T 3 2 F 0 0  1 DD DSN=&OPTICL, UNIT=&UNITSCR,SPACE= (CYL, ( 1 , l )  ) , 
// DCB= (RECPM=VBS, LRECL=X ,BLKSIZE=&FULLBLK) 
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//" O P T I C A L  T H I C K N E S S  DATA 
/ / F T 3 3 F 0 0 1  DD DSN=&PLOTIT,UNIT=&UNITSCR, SPACE= ( T R K , ( l , l )  ) , 
// DCB= (RECFN=VBS,LRECL=X , B L K S I Z E = & F U L L B L K )  
//" SIMPLOTTER DATA F I L E  
/ / F T 3 4 F 0 0 1  DD DSN=&PRBCHI,UNIT=&UNITSCR,SPACE= (CYL, ( 1 , l )  ) , 
// DCB= (RECFM=VBS, LRECL=X,BLKSIZE=&FULLBLK) 
//" F I S S I O N  SPECTRUM DATA 
/ / F T 3  5 F 0 0 1  DD DSN=&PRBSPC,  U N I T = E U N I T S C R I  SPACE= (TRK ,(l, 1 )  ) , 
// DCB= (RECFf l=VBS,  LRECLxX , B L K S I Z E = & F U L L B L K )  
//" NCC-2 GENERAL PROBLEM S P E C I F I C A T I O N S  
/ / F T 3 6 F 0 0  1 DD D S N = & R E S I N T ,  
// D I S P = & R E S D S P & R E S  J C L ,  
// DCB= (RECPfl=VBS,  LRECL=X, B L K S I Z E = & R E S B L K )  , 
// SPACE= (CYL, ( 1 , l )  ) 
//" R E S O L V E D  ~ E S O R A N C E  J - INTEGRALS 
/ / F T 3 7 F 0 0  1 DD D S N = & S C R 0 0 1  ,SUBALLOC= (CYL, ( 1 ,  1 )  ,DUMMYl) , 
// UCB= (RECFM=VB 9, LRECL-X ,EiLI(SIZE-=EFULLL(LK) 
//* SCRATCH DATA 
/ / F T 3 8 F 0 0 1  DD DSN=&SCR002 ,SUBALLOC= (CYL,  (1,  1 )  ,DUMMYl) , 
// DCB= (RECFN=VBS,LRECL=X,BLKSIZE=EFULLBLK) 
//" SCRATCH DATA 
/ / F T 3 9 F 0 0 1  DD DSN=&SCR003 ,SUBALLOC= (CYL, ( 2 3 ,  1 )  , DUMMY1) , 
// DCB= (RECFN=VDS, LRECL=X,  BLKSIZE=CPULLBLK)  
//" SCRATCH DATA 
/ / F T 4 0 F 0 0 1  DD D S N = G S C R O O ~ , S U B A L L O C =  (CYL, ( 1 ,  1 )  ,DUMMY 1 )  , 
// DCB= (RECFN=VBS,LRECL=X,BLKSIZE=&FULLBLK) 
//" SCRATCH DATA 
/ / F T 4  1 F 0 0 1  DD DSN=&SCROO5,SUBALLOC= (CYL, ( 1 ,  1) , DURNYl) , 
// DCB= (RECFM=VBS ,LRECL=X ,BLKSIZE=&FULLBLK)  
//" SCRATCH DATA 
/ / F T 4 2 F 0 0 1  DD DSN=GSIGMAP,UNIT=&UNITSCR, SPACE= ( C Y L , ( l , l )  ) , 
// DCB= (RECFM=VBS,LRECL=X ,BLKSIZE=&FULLBLK)  
// " P O T E N T I A L  SCATTERING CROSS S E C T I O N S  
/ / F T 4 3 F 0 0  1 DD D S N = & S M S I G S ,  
// D I S P = & S C A T D S P & S C A T J C L ,  
// DCB= (RECFM=VBS ,LRECL=X, BLKSIZE=&SCATBLK)  
//" MICROSCOPIC E L A S T I C  SCATTERING MATRICES 
/ / F T 4 4 F 0 0 1  DD DSN=&SPECTR,  
// DTSP=&SPECDSP&SPECJCL,SPACE= (TRK, ( 1  , I ) )  , 
// DCB= (RECFM=VBS,LRECL=X,BLKSIZE=&HALFBLK) 
//" ULTRA-FINE-GROUP FLUX AND CURRENT S PECT RA 
/ / F T 4  5 F 0 0  1 DD DSN=&SPECXS , U N I T = & U N I T S C R ,  SPACE= (CYL, ( 1 , l )  ) , 
// DCB= (RECPN=VBS,  LRECL=X,BLKSIZE=&FULLBLK) 
//" ULTRA-FINE-GROUP MACROSCOPIC CROSS S E C T I O N S  AND 
//" RODER ATING PARAMETERS 
/ / F T 4 6 F 0 0 1  DD DSN=&SRA'IES , U N I T = E U N I T S C R ,  SPACE= (TRK ,(I, 1 )  ) , 
// DCB= (RECFM=VBS, LRECL=X ,BLKSIZE=&FULLBLK)  
// " SCATTERING C O L L I S I O N  DENSITY AND EXTERNAL SOURCE 
//" FOR INTEGRAL TRANSPORT CALCULATION 
/ / F T 4 7 F 0 0  1 DD DSN=&UNREG,UNIT=&UNITSCR,SP ,ACE= (CYL, ( 1 , l )  ) , 
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// DCB= (RECFM=VBS ,LRECL=X,BLKSIZE=&FULLBLK)  
//* UNRESOLVED MICROSCOPIC ULTRA-FINE-GROUP C R O S S  S E C T I O N S  
/ / F T 4 8 F 0 0 1  DD DSN=&UNRES, 
// D I  S P = & R E S D S P & R E S  J C L ,  
// DCB= (RECFiY=VBS,LRECL=X,BLKSIZE=&RESBLK) , 
// SPACE= (CYL, ( 1 , l )  ) 
//* UNRESOLVED RESONANCE CROSS SECTION-ESTAR P A I R S  
/ / F T 4 9 P 0 0  1 DD D S N = & M I C R X S l ,  
// UNIT=&UNITS,VOL= ( ,RETAIN,SER=&MICRVOL)  , 
// D I S P = & M I C R D S P , S P A C E =  (TRK, ( 1 , l )  ) , 
// DCB= (RECFM=VBS ,LRECL=X,BLKSIZE=CXSBLKl) 
//* F I L E  1 C P  BROAD GROUP X S . I S 0  C R O S S  S E C T I O N  F I L E  
/ / F T 5 0 F 0 0 1  DD DSN=&MICRXS2,  
// U N I T = E U N I T S  ,VOL= ( ,RETAIN,  SER=&MICRVOL) , 
// DISP=GMICRDSP,SPACE= (CYL,  (CISOCYT., I )  ) , 
// DCB= (RECFM=VBS,LRECL=X,BLKSIZE=&XSBLK2) 
//* F I L E  2  OF BROAD GROUP X S . I S O  C R O S S  S E C T I O N  F I L E  
/ / F T 5 1 F 0 0 1  DD DSN=&IRESCS,UNIT=&UNITSCR.SPACE= (TRK, ( 1 , l )  ) , 
// DCB= (RECFM=VBS,LRECL=X , B L K S I Z E = & F U L L B L K )  
//* BROAD GROUP INTEGRAL TRANSPORT RESONANCE CROSS S E C T I O N S  
//* ................................................................ 
/ THE FOLLOWING 2 5  P I L E S  ( B I G X S I - B I G X S P )  ARE SCRATCH F I L E S  TO 
//* CONTAIN THE MACROSCOPIC E L A S T I C  S C A T T E R I N G  MATRICES //* ................................................................ 
/ / F T 5 2 F 0 0 1  DD D S N = & B I G X S l  ,SUBALLOC= (CYL, ( 2 , l )  , DUMfiY2) , 
// DCB=(RECFM=VBS,LRECL=X,BLKSIZE=&HALFBLK) 
/ / F T 5 3 F 0 0 1  DD DSN=&BIGXS2,SUBALLOC= (CYL, ( 2 , l )  ,DUMMY21 , 
// DCB= (RECFM=VBS ,LR ECL=X,BLKSIZE=&HALFBLK)  
/ / F T 5 4 F 0 0 1  DD DSN=&BTGXS3,  SUBALLOC= (CYL, ( 2 , l )  ,DUMMY2) , 
// DCB= (RECFM=VBS,LRECL=X, BLKSIZE=&HALPBLK)  
/ / F T 5 5 F 0 0 1  DD RSN=ERTGXS4,SUBALLOC-(CYL, ( 2 , l )  ,BUMMY2), 
// DCB= (RECFH=VBS,LR ECL=X,BLKSIZE=&HALFBLK)  
/ / F T 5 6 F 0 0 1  DD DSN=GBIGXS5,SUBALLOC=(CYLt ( 2 , l )  ,DUMMY2) , 
// DCB= (RECFM= VBS ,LRECL=X ,BLKSIZE=&HALFBLK)  
/ / F T 5 7 F 0 0 1  DD DSN=&BIGXS6,SUBALLOC= (CYL, ( 2 , l )  ,DUMMY2) , 
// DCB= (R ECFM=VBS, LRECL=X, BLKSIZE=&HAL FBLK) 
/ / F T 5 8 F 0 0 1  DD D S N = & B I G X S 7  ,SUBALLOC= (CYL, ( 2 , l )  , DUMMY2) , 
// DCB= (RECFM=VBS,LRECL=X,BLKSIZE=&HALFBLK) 
/ / F T S 9 F 0 0 1  DD DSN=&BIGXS8,SUBALLOC= (CYL, ( 2 , l )  ,DUt lHY2) ,  
// DCB= (R ECFM=VBS,LRECL=X,BLKSIZE=&HALFBLK) 
/ / F T 6 0 F 0 0 1  DD D S N = & B I G X S 9  ,SUBALLOC= (CYL, ( 2 , l )  , DUMMY2) , 
// DCB= (RECFM=VBS, LRECL=X,BLKSIZE=&HALFBLK) 
/ / F T 6 1 F O O l  DD DSN=&BIGXSA,SUBALLOC= (CYL, ( 2 , l )  , DURMY2) , 
// .DCB= (RECFN=VBS ,LRECL=X ,BLKSIZE=&HALFBLK)  
/ / F T 6 2 F 0 0  1 DD DSN=&BIGXSB,SPACE= (CYL, ( 0 , l )  ) ,UN. IT=&UNITSCR,  
// DCB= (RECPM=VBS, LRECL=X,BLKSIZE=&HALFBLK) 
/ / F T 6 3 F 0 0  1 DD DSN=&BIGXSC,SPACE= (CYL, ( 0 , l )  ) , U N I T = & U N I T S C R ,  
// DCB= (RECFM=VBS, LR ECL=X,BLKSIZE=&HALFBLK) 
/ / F T 6 4 F 0 0  1 DD DSN=&BIGXSD , S P A C E =  (CYL, ( 0 , l )  ) , U N I T = & U N I T S C R ,  
// DCB= (R ECFM=VBS , LRECL=X , BLK SIZE=&HALFBLK)  
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/ / F T 6 5 F 0 0  1  D D  DSN=&BTGXSE,SPACE= (CYL, ( 0 , l )  ) , UNIT=&UNITSCR,  
// DCR= (S EUFfl=VBS ,LRECL=X,BLKSIZE=GHALFBLP] 
/ / F T 6 6 F 0 0 1  DD DSN=&BIGXSF,SPACE= (CYL, ( 0 , l )  ) , UNIT=&UNITSCR,  
// DCB= (FECFN=VBS, LRECL=X,BLKSIZE=&HALFBLK) 
/ / F T 6 7 ! ? 0 0 1  D D  DSN=&SIGXSG,  SPACE= (CYL, ( 0 , l )  ) ,UNIT=&UNTTSCR, 
// DCB= (RECFM=VSS, LR E C L = X , R L K S I Z E = t ! l A L F B L K )  
/ / F T 6 8 F 0 0  1 D D  DSN=SBIGXSH,SPACE= (CYL* ( 0 , l )  ) ,UNIT=&UNITSCR,  
// DCB= (B ECFM=VBS, LR ECL=X, BLKSI:ZE=& HRLFBLK) 
/ / F T 6 9 F 0 0  1  D D  U S N = & B I G X S I ,  SPACE= (CYL, ( 0 , l )  ) , I INTT=&UNITSCR, 
// DCB= (RECFM=VaS,LRECL=X,BLKSIZE=&HALFBLK) 
/ / F T 7 0 F 0 0 1  D D  DSN=&BIGXSJ,SPACE= (CYL, ( 0 , l )  ) , UYIT=GUNITSCR,  
// DCB= (RECPM=VBS , L R E C L = X , B L K S I Z E = t ; H A L F B L R )  
/ / P T 7 1 F n O  1 D D  DSN=&E?IGXSK,SPACE= (CYL, ( 0 , l )  ) ,UNIT=&UNITSCR,  
// DCB= (R ECFM=VBS, LRECL=X, HLKSIZE=CHALFDLK) 
/ / F T 7 2 F 0 0 1  D D  D $ N = & R I G X S L , S P A C E =  (CYL, ( 0 , l ) )  , U N I T = & U N I T S C R ,  
// DCB= (RECFN=VBS,LR ECL=X, BLKSIZE=tHALFBLK) 
/ / F T 7 3 F 0 0 1  D D  DSN=GRIGXSM,SPACE= (CYL, ( 0 , l )  ) pUNIT=&UNITSCR,  
// DCB= (RECFM=VBS, LRECL=X, BLKSIZE=GiiALFBLK) 
/ /FT74FOO 1  D D  DSN=GRIGXSN ,SPACE= ( C I L ,  ( 0 , l )  ) ,UNIT=&UNITSCR,  
// DCB= (RECFM=VBS, LRECL=X ,BLKSILE=&HAIFBLK)  
/ / F T 7 5 F 0 0 1  D D  DSN=&BIGXSO,SPACE= (CYL, ( 0 , l )  ) ,UNIT=EUNITSCR,  
// DCB= (RECFH=VBS , L R E C L = X , B L K S I Z E = & H A L F B L K )  
/ / F T 7 6 F 0 0  1 DD DSN=&BIGXSP,SPACE= (CYL, ( 0 , l )  ) ,UNIT=RUNITSCR,  
r'/ DCB= (RECFM=VBS,LRECL=X,BLKSIZE=&HALFBLK) 
/ / F T 7 7 F 0 0 1  DD DSN=&RANDOfl,SUBALLOC= (CYL, ( 1 5 , l )  , DUFflY2) , DCB=RECFM=U 
/ / F T 7 8 F 0 0 1  D D  DSN=&RESDAT, UNIT=&UNITSCR,SPACE= (TRK, ( 1 , l )  ) , 
// DCR= (RECFN=VBS ,LRSCL=X , B L K S I Z E = &  HALFBLK) 
//* RESOLVED RESONANCE PARAMETERS 
/ / F T 7 9 F 0 0 1  DD DSN=&ACS009,UNIT=&UNITSCR,SPACE=(TRK,(l,l)), 
// 3CB= (RECFM=FBS,LRECL=80 , B L K S I Z E = 3 0 4 0 )  
//" RLPHANUMERIC INPUT FOR I S O T X S  EDITOR MODULE C S E 0 0 9  
/ / F T 8 0 F 0 0 1  DD DSN=GACSE12,UNIT=&UNITSCR,SPACE= (TRK, ( 1 , l )  ) , 
// DCR= (PECFM=FB S , L R E C L = 8 0 ,  B L K S I Z E = 3 0 4 0 )  
//" ALPHP-NUMERIC INPUT FOR X S . I S 0  EDITOR NODULE C S E 0 1 2  
//SYSUDUflP D D  SYSOUT=GDMPDEST 
//" CORE DUMP FROM ABNORMAL TERMINATION 
//" 
//" 08*8*******8**8*****9:*9:*****8**9:*t**************************** 

//" 
//* 
//" * * 8 8 8 * * * * * * * 8 * * * * 8 * * * * * * 9 : * 4 t * t * * * 9 : " 8 8 . 4 : * * * " * * * * * * * * * * * * * * * * * * * "  

//" 
// PEND 

Fig. 11. M C ~ - ~  JCL P r o c e d u r e  ( C o n t d . )  



. C .  Problem S p e c i f i c a t i o n  

The u s e r  i n p u t  t o  t h e  Mc2-2 code is s u p p l i e d  on v a r i o u s  c a r d  t y p e s  from 
t h e  BCD d a t a  s e t s  A.STP015, A.MCC2, A.NIP, ACS009, and ACSE12. These d a t a  
sets are d e s c r i b e d  i n  t h e  l i s t i n g s  g i v e n  i n  Appendix B .  Tab le  I11 summarizes 
t h e  use  of t h e  v a r i o u s  BCD d a t a  s e t s .  T h i s  . f i r s t  r e l e a s e  of M C ~ - ~  l a c k s  a 
f u l l  he te rogeneous  t r e a t m e n t  i n  t h a t  he te rogeneous  b r o a d  group c r o s s  s e c t i o n s  
a r e  n o t  y e t  g e n e r a t e d  by CSC009. 

The i n p u t  d a t a  deck f o r  t h e  e x e c u t i o n  of M C ~ - ~  f o l l o w s  t h e  g e n e r a l  ARC 
System format  as d e s c r i b e d  on pages  42-45 of Refe rence  1. A . d a t a  s e t  
i n i t i a l i z a t i o n  b l o c k  (DSIB) g i v e n  t h e  b l o c k  name "OLD" i s  used i f  any d a t a  
sets are t o  b e  used which were  g e n e r a t e d  i n  p r e v i o u s  j o b s .  I n  t h e  c a s e  of 
t h e  e i g h t  M C ~ - ~  l i b r a r y  f i l e s  (MCC2Fl-MCC2F8), t h e  p a t h  d r i v e r  STP015 h a s  
been  w r i t t e n  s o  t h a t  t h e s e  f i l e s  need n o t  be named i n  a  DSIB. The format  
of t h e s e  l i b r a r y  f i l e s  which a r e  normal ly  w r i t t e n  by t h e  ETOE-2 code are 
g i v e n  i n  Appendix C .  One common use  of t h e  DSIB w i t h  M C ~ - ~  i s  t h e  a d d i t i o n  
of m a t e r i a l  c r o s s  s e c t i o n s  t o  an  e x i s t i n g  XS.IS0 f i l e  by t h e  module CSE007. 
I n  t h i s  c a s e  t h e  c a r d  DATASET=XS.ISO app'ears i n  t h e  d a t a s e t  i n i t i a l i z a t i o n  
b l o c k .  

The DSIB, i f  any ,  i s  fo l lowed  i n  t h e  i n p u t  deck by a d a t a  b l o c k  g i v e n  
t h e  name STP015. Th is  b l o c k  nwy i n c l u d e  t h e  p a t h  dependent d a t a  set  A.STP015 
and t h e  d a t a  s e t s  A.MCC2, A.NIP, ACS009, and ACSE12. These d a t a  s e t s  are 
d i s c u s s e d  below i n  g r e a t e r  d e t a i l  and examples of BCD i n p u t  d a t a  a r e  g i v e n  i n  
S e c t i o n  D ,  Sample ~ r o b l e ' m s  . 

The BCD i n p u t  p r o c e s s o r  h a s  been w r i t t e n  w i t h  p a r t i c u l a r  a t t e n t i o n  t o  
e a s i n g  t h e  burden on t h e  u s e r  when p r e p a r i n g  problem i n p u t .  By u s i n g  ' d e f a u l t s ,  
many of  t h e  c a r d  t y p e s  may b e  o m i t t e d  f o r  a g i v e n  problem. Thus f o r  example,  
as a minimum f o r  homogeneous problems,  on ly  t y p e  06 c a r d s  of d a t a  s e t  A.MCC2 
need b e  s u p p l i e d  i f  t h e  d e f a u l t s  s u p p l i e d  a r e  a c c e p t a b l e  t o  t h e  u s e r .  
S i m i l a r l y ,  f o r  he te rogeneous  problems,  as a  minimum one t y p e  0 3  c a r d  of d a t a  
set A.MCC2 and t h e  t y p e  06 ,  1 4 ,  and 1 5  c a r d s  of d a t a  set  A.NIP need b e  
s u p p l i e d .  

I n  o r d e r  t o  e a s e  u s e r  s p e c i f i c a t i o n  work. l o a d ,  e l e v e n  p r e s t o r e d  b road  
group s t r u c t u r e s  a r e  a v a i l a b l e  on o p t i o n  i n  Mc2-2. These s t r u c t u r e s  a r e  
s e l e c t e d  as i n d i c a t e d  on c a r d  t y p e  03 ,  c o l s .  31-36. I f  any t y p e  05  o r  t y p e  07 
c a r d s  a r e  s u p p l i e d ,  t h e  c a r d  t y p e  03  s e l e c t i o n ,  i f  any ,  i s  i g n o r e d .  S i m i l a r l y ,  
i f  a n  o l d  XS.IS0 d a t a  s e t  i s  i n c l u d e d  i n  t h e  DSIB a s  d i s c u s s e d  above,  t h e  c a r d  
t y p e  0 3  s e l e c t i o n  i s  i g n o r e d .  I f  c a r d  t y p e  03  i s  n o t  s u p p l i e d  o r  i f  c o l s .  
31-36 a r e  b l a n k  and no type  05 o r  07 c a r d s  a r e  s u p p l i e d ,  a  b u i l t  i n  d e f a u l t  
s t r u c t u r e  w i l l  b e  used.  

The .g roup  s t r u c t u r e s  f o r  each  of t h e  e l e v e n  s e t s  a r e  g i v e n  i n  Tab le  I V  
which l i s t s  t h e  b road  group l e t h a r g y  w i d t h s  and upper  energy b o u n d a r i e s .  The 
upper energy o f  a l l  of t h e  sets i s  10 MeV e x c e p t  f o r  s e t  USS226 which h a s  a n  upper 
energy of 14.190675 MeV.  Note t h a t  t h e  l a s t  group f o r  t h e  BOND26 and t h e  l a s t  two 
groups  f o r  t h e  HANS16 s e t s  have been  changed r e l a t i v e  t o  t h e  o r i g i n a l  s t r u c t u r e s .  
Th i s  was r e q u i r e d  due t o  t h e  f a c t  t h a t  t h e  c u r r e n t  Mc2-2 l i b r a r y  h a s  a lower  energy - 
of 0.41399 e V .  Also ,  t h e  t h i r d  from t h e  l a s t  group i n  t h e  sets USS212 and USS226 
was a l t e r e d  s l i g h t l y  i n  o r d e r  t o  f a l l  on an  i n t e g r a l  m u l t i p l e  of a n  Mc2-2 u l t r a  
f i n e  group.  



TABLE 111.' BCD Input  Data S e t s  

Data Se t  Name Condit ion 

Needed'only i f  va r ious  of t h e  code 
Areas 4 - 9 a r e  t o  b e  omi t ted ,  i f  
RABANL is t o  be  executed,  i f  broad 
group c r o s s  s e c t i o n s  a r e  not  t o  b e  
e d i t e d ,  i f  d a t a  s e t  XS .IS0 i s  not  t o  
be'  w r i t t e n ,  o r  i f  XS .IS0 is  t o  be  
e d i t e d .  

' A .  MCC2 ' Always p re sen t  un less  only d a t a  s e t  
. XS.130 a ~ ~ c l / o r  I60TXS i c  t o  b e  ed i  t ~ d .  

A .  NIP Needed nn1.y i.f a heterogeneous problem 
i s  involved .  

Needed only i f  d a t a  s e t  XS.IS0 i s  t o  
b e  e d i t e d ,  and then only i f  a non- 
s t anda rd  e d i t  is  des i r ed .  

Necded only i f  d a t a  s e t  ISOTXS i s ' t o  
b e  e d i t e d ,  and ' then only i f  a  non- , 

s t anda rd  e d i t  is  d e s i r e d .  



TABLE I V .  P r e s to red  Broad Group S t r u c t u r e s  

ANL9 

Lethargy 
Group Width 

1 1 .5  

2 1 .0  

3 1.5 

4 1 .5  

5 1 . 5  

6 1 . 5  

7 1.5 

ANLll 

Lethargy 
Group Width 

1 1.0  

2 1 .0  

3 1 .0  

4 1 . 0  

5 . 1 .0  

6 1 .0  

7 1 .0  

. . ANL27 

Lethargy 
Group Width 

1 0.5 

2 0.5 

3 0.5  

4 0.5 

5 0.5 

6 0.5 

7 0 . 5 '  

ANL28 

Lethargy 
Group Width 

1 0.5 

2 0.5  

3 0 .5  

4 0.5 

5 0.5 

6 0.5 

7 0.5 

BOND26 

,Lethargy 
Group Width 

1 0.425 

2 0.483333 

3 0.475 

4 0.575 

5 0.56666 

6 0.6916666 

7 0.6916666 



TABLE I V  . Contd. 

HANS 16 USS212* 

Lethargy Lethargy , Lethargy 
Group Width Group Width Group Width 

1 0.025 34 U.05 67 0.05 

Lethargy 
Group width 

1 0.5 

Lethargy 
Group Width 

1 1 . 2  



TABLE I V .  Contd. 

Lethargy Lethargy 
Group Width Group Width 

100 0.05 133  0.05 

Lethargy Lethargy 
Group Width Group Width 

166 0.058333 199 0.25 

*USS226 is  t h e  same a s  USS212-except t h a t  an a d d i t i o n a l  14 groups w i th  Au = 0.025 
a r e  added above group 1 up t o  an upper energy of 14 .I90675 MeV.  



TABLE I V .  Contd. 

, Group 

1 

Lethargy 
Width 

0 . 1  

Group 

1 

Lethargy 
Width 

1 . 5  



D. Sample Problems 

A number of examples of t y p i c a l  M C * - ~  problems w i l l  b e  g iven  i n  t h i s  
s e c t i o n  a l o n g  w i t h  a l i s t i n g  of t h e  u s e r  s u p p l i e d  BCD d a t a .  

1. Homogeneous Refe rence  Problem 

The u s e r  i n p u t  deck i s  shown i n  F i g .  1 3  . 
This  problem c r e a t e s  t h e  = . I S 0  d a t a  s e t  h a v i n g  t h e  d a t a  set  names 

C116.BXXXXX.XSISOFl and C116.BXXXXX.XSISOF2 f o r  f i l e s  1 and 2 r e s p e c t i v e l y  as 
s p e c i f i e d  i n  t h e  symbol ic  pa ramete rs  MICRXSl and MICRXS2. The d a t a  set  w i l l  
b e  c a t a l o g u e d  as s p e c i f i e d  i n  t h e  symbol ic  pa ramete r  MICRDSP. No d a t a  s e t  
i n i t i a l i z a t i o n  b l o c k  is s p e c i f i e d .  

The t y p e  0 1  c a r d  of d a t a  set  A.STPO15 is  set  t o  e x e c u t e  Areas  4 ,  5 ,  6 ,  
6 . 5 ,  7 ,  8 ,  and 9 ,  t o  e d i t  t h e  b r o a d  group c r o s s  s e c t i o n s ,  and t o  c r e a t e  a double  
p r e c i s i o n  XS.IS0 d a t a  se t .  Th is  cou ld  a l s o  have been  accomplished by s u p p l y i n g  
a c a r d  w i t h  o n l y  0 1  i n  columns 1 and 2.  Also ,  t h e s e  same c h o i c e s  c o u l d  have 
been  s e l e c t e d  by o m i t t i n g  t h e  DATASET=A.STP015 c a r d  and t h e  t y p e  0 1  c a r d  which 
f o l l o w s  i t  s i n c e  t h e  s t a n d a r d  d e f a u l t s  a r e  used.  

The d a t a  set  A.MCC2 t y p e  0 1  c a r d s  p r o v i d e  t i t l e  i n f o r m a t i o n  d e s i r e d  
by t h e  u s e r .  

The t y p e  02 c a r d  s p e c i f i e s  a BPOINTER main c o r e  c o n t a i n e r  of 25000 
rea1*8 words. 

The t y p e  0 3  c a r d  uses  d e f a u l t s  f o r  a l l  f i e l d s  e x c e p t  f o r  columns 
7-12 and 31-36 i n  which a c o n s i s t e n t  P 1  fundamental  mode c a l c u l a t i o n  and t h e  
s t a n d a r d  ANL27 b r o a d  group s t r u c t u r e  a r e  s p e c i f i e d .  

The t y p e  06 c a r d s  s p e c i f y  t h e  f i v e  i s o t o p e s  i n  t h e  problem a l o n g  w i t h  
t h e i r  atom d e n s i t i e s .  The problem m a t e r i a l  names were  o m i t t e d  from columns 19-24 
and w i l l  d e f a u l t  t o  t h e  names g i v e n  i n  columns 13-18. A l s o ,  t h e  t empera tu res  a l l  
d e f a u l t  t o  300 d e g r e e s  K and a l l  c r o s s  s e c t i o n s  w i l l  b e  added t o  t h e  o u t p u t  c r o s s  
s e c t i o n  d a t a  se t .  

The t y p e  16 c a r d  s p e c i f i e s  t h a t  t h e  f i s s i o n  spec t rum of  PU2394 b e  used 
f o r  a l l  f i s s i o n a b l e  n u c l i d e s .  

The t y p e  22 c a r d s  c l a s s i f y  t h e  problem i s o t o p e s  and a s s i g n  v a l u e s  f o r  
MeVIf iss ion f o r  U-2384 and PU2394. 

2. Hyper-fine Group Homogeneous I n t e g r a l  T r a n s p o r t  Problem 

The u s e r  i n p u t  deck is  shown i n  F i g .  14 .  

This  problem' cor responds  t o  a s t a n d a l o n e   RABID'^) c a l c u l a t i o n  f o r  t h e  
homogeneous composi t ion g i v e n  i n  t h e  p r e v i o u s  example.  



The type  0 1  card  of d a t a  s e t  A.STP015 i s  set  t o  execute  only 
t h e  i n p u t  p rocessor  Area 4 and t h e  RABANL module. 

A s  i n  example 1, a c o n t a i n e r  of 25000, rea l*8  words i s  s p e c i f i e d  
on ca rd  type  02 of d a t a  set  A.MCC2. 

The same type  06 ca rds  a r e  used a s  i n  example 1. 

A f i x e d  buckl ing  of 0.0011466 i s  s p e c i f i e d  on t h e  type  09 card .  
I 

The type  14  ca rd  s p e c i f i e s  3354.4.eV a s  t h e  upper energy f o r  t h e  
c a l c u l a t i o n  w i th  a11  o t h e r  f i e l d s  on t h a t  card u s ing  t h e  d e f a u l t  va lues  
s p e c i f i e d .  

T l ~ c  mixtiire temperatiire i s  s p t c i f L e r l  a5 300 degi'eaa K ULI L11e Lype 
21  ca rd .  

3. Hyper-fine Group Heterogeneous I n t e g r a l  Transpor t  Problem 

The use r  i n p u t  deck is  shown i n  F ig .  15 .  

This  problem corresponds t o  a s t anda lone   RABID'^) c a l c u l a t i o n  f o r  a 
s ix  s l a b  reg ion  heterogeneous problem. 

A s  i n  example 2 ,  t h e  d a t a  set  A.STP015 type  0 1  ca rd  is  set  t o  execute  
only Area 4 and RABANL . 

A l a r g e r  c o n t a i n e r  of 30000 rba1*8 words i s  s p e c i f i e d  on t h e  d a t a  se t  
A.MCC2 type  02 card .  S ince  t h i s  i s  t h e  d e f a u l t ,  t h e  t ype  02 ca rd  could have 
been omit ted . 

The type  03 ca rd  a g a i n  s p e c i f i e s  t h e  ANL27 broad group s t r u c t u r e  and 1 
i n  column 42 i n d i c a t e s  s l a b  geometry. 

No d a t a  set  A.MCC2 t y p e  06 ca rds  are s u p p l i e d  s o  t h a t  t h e  mixture  
composition w i l l  be  de r ived  from t h e  d a t a  s e t  A.NIP i n p u t .  

The upper energy of t h e  problem i s  s p e c i f i e d  t o  be  275.36425 e l e c t r o n  
v o l t s  on t h e  type. 14  ca rd .  

The type  15  ca rds  d e f i n e  two f o i l s .  

The type, 21 ca rd  a s s i g n s  a tempera ture  of 293 degrees  K t o  each of t h e  
compositions de f ined  i n  t h e  d a t a  se t  A.NIP type  14 ca rds .  

The h a t a  set  A.NIP type  04 ca rd  i n d i c a t e s  ' t h a t  t h e  l e f t  and ' r i g h t  c e l l  
boundaries  have r e f l e c t i v e  boundary cond i t i ons .  

The A.NIP type  06 ca rds  d e f i n e  t h e  dimensions of t h e  t h r e e  reg ions  i n  
t h e  problem. Because of t h e  r e f l e c t i v e  boundary c o n d i t i o n s ,  bofh reg ions  MATX 
and CLAD 1 w i l l  have double t h e  t h i cknes se s  a s  g iven  on t h e  t ype  06 cards .  

The t h r e e  compositions MATX, U308, and CLADA a r e  de f ined  on t h e  type  
14 ca rds .  



The composition - reg ion  assignments a r e  made on t h e  type  15 c a r d s .  

E.  E r r o r  Messages 
. , 

Er ro r  messages i s s u e d  by va r ious  sub rou t ines  'of t h e  modules of M C ~ - ~  a r e  
l i s t e d  i n  Table V.  The sub rou t ines  a r e  presen ted  a l p h a b e t i c a l l y  w i t h i n  each 
module, and t h e  e r r o r  messages f o r  each sub rou t ine  a r e  l i s t e d  i n  numerical  o r d e r .  

The convention used i s  t h a t  f a t a l  e r r o r s  a r e  nega t ive ,  w h i l e , n o n - f a t a l  
e r r o r s  a r e  p o s i t i v e .  

A s  a g e n e r a l  r u l e ,  f a t a l  e r r o r s  w i l l  n o t  h a l t  execut ion  u n t i l  t h e  
p a r t i c u l a r  module involved has  been completed. This w i l l  n o t  b e  t r u e  i n  
t hose  cases  i n  which t h e  e r r o r  r e s u l t s  i n  some subsequent  computer system 
e r r o r  such a s  a d i v i d e  check, core  r eg ion  v i o l a t i o n ,  e ' t c .  

Also inc luded  a r e  t h e  e r r o r  messages i s s u e d  by t h e  ANL v e r s i o n  of t h e  

CCCC compatible  110 r o u t i n e  REED/RITE. (2) 



Figure 12 

Minimum JCL Execution Deck 

//MINJCL JOB (FXXXXX,20,,MM),1YO~~ CHOICE1,MSG~EVEL=l,CLASS=A, 
/ / REGION=6OOK 
ACCOUNTING INFORMATION 

/ /  EXEC ARCSPO15 
//SYSIN DD * 
PROBLEM INPUT DATA ' 

/ * 

Figure 13 

Input for Sample ~20blem 1 

   SAMPLE^ JOB (FXXXXX,2OY,05),'YOUR CHOICE1,MSGLEVEL=l,CLASS=A, 
/-/ REGION=550K 
ACCOUNTING INFORMATION 

/ /  EXEC ARCSP015, \ 

/ /  MIcRxS~='C~~~.BXXXXX.XSISOF~', 
/ /  MICRXS2='Cll6.BXXXXX.XSISOF2', 
/ / MICRDSP= ' (NEW, CATLG) ' 
//SYSIN DD * 
BLOCK=STP015 
DATASET=A.STP015 
01 0 0 0 0 0 0 0 0 0 '0 
DATASET=A.MCC2 
01 ................................................................ 
01 * ENDFIB-IV DATA * 
01 * FIVE ISOTOPE HOMOGENEOUS REFERENCE PROBLEM * 
01 * BPOINTER CONTAINER IS SET TO 25000 WORDS k 

01 * CONSISTENT P1 FUNDAMENTAL MODE CALCULATION * 
01 * STANDARD ANL2 7 BROAD GROW STRUCTURE * 
01 * DEFAULT TEMPERATURES OF 300 DEGREES K . * 
01 * ALL FISSIONABLE ISOTOPES USE PU239 FISSION SPECTRUM * ' 

01 x MEIV/FISSION SET TO 201.8150613 FOR U238 * 
01 * MEV/FISSION SET TO 215.7333414 FOR PU239 * 
01 ................................................................ 
0 2 25000 
03 3 ANL27 
06 U-2384 .006383 
0 6 PU2394 .001086 
0 6 NA23 4 .01041 - 

06 0-16 4 .01419 
0 6 FE 4 .01814 
16 PU2394 
22 U-2 384 2 201.8150613 
22 PU2394 1 215.7333414 
2 2 NA23 4 6 
22 0-16 4 0 
2 2 FE 4 5 
I* 



F i g u r e  1 4  

I n p u t  f o r  Sample Problem 2 

 S SAMPLE^ J O B  (FXXXXX,~O, ,O~) , 'YOUR CHOICE',MSGLEVEL=~,CLASS=C, 
I /  REGION=55OK 
ACCOUNTING INFORMATION 

/ /  EXEC ARCSP015 
//SYSIN DD * 
BLOCK=STP015 
DATASET=A. STP015 
0 1  0 1 1 1 1 1 1 -1 1 
DATASET=A .MCC2 
0 1 ................................................................. 
01 * ENDFIB-IV DATA * 
0 1  * FIVE ISOTOPE HOMOGENEOUS FEFERENCE PROBLEM A 

01 * STANDALONE HYPER-FINE-GROUP INTEGRAL TRANSPORT (RABANL) * 
0 1 ~t CALCULATION * 
0 1  * BPOINTER CONTAINER I S  SET TO 25000 WORDS * 
0 1  * STANDARD ANL27 BROAD GROW STRUCTURE * 
0 1  * FIXED BUCKLING I S  SET TO .0011466 * 
0 1 * TOP ENERGY OF PROBLEM I S  SET TO 3354.4 ELECTRON VOLTS * 
0 1  * MIXTURE TEMPERATURE I S  SET TO 300 DEGREES KELVIN * 
0 1  ................................................................. 
0 2 25000 
0 3 ANL27 
06 U-2384 .006383 
06 PU2394 . 00 10  86 
06 NA23 4 .01041 
06 0-16 4 .01419 
06 FE 4 .01814 
09 .0011466 
14  3354.4 
2 1  300 .O 
I* 



Figure 15 

Input for Sample Problem 3 

 S SAMPLE^ JOB (FXXXXX,20,,08),'YOUR CHOICE',MSGLEVEL=l,CLASS=C, 
/ /  RECION=650K. 
ACCOUNTING INFORMATION 

/ /  EXEC ARCSP015 
//SYSIN DD * 
BLOCK=STP015 5 

DATASET=A. STP015 
0 J. 0 1 1 1 1 1 1 -1 1 
QATASET-A.MCC2 
01 ********************j,d(************~~~~#***********k*k*k*******h*h 

0 1 * ENDFIB-IV DATA * 
01 * SIX REGION HETEROGENEOUS PROBLEM * 
01 * STANDALONE HYPER-FINE-GROUP INTEGRAL TRANSPORT (RABANL) * 
01 * CALCULATION * 
01 * BPOINTER CONTAINER IS SET TO 30000 WORDS d: 

0 1 * STANDARD ANL27 BROAD GROUP STRUCTURE , * 
01 * TOP ENERGY OF PROBLEM IS SET TO 275.36426 EV * 
01 * ALL COMPOSITION TEMPERATURES SET TO 293 DEGREES K * 
01 ................................................................ 
0 2 30000 
0 3 ANL27 1 
1.4 275.36425 
15 FOILA U-2354 .00003 .00036 
15 FOILB P~2394 .00015 PU2414 .000025 .00044 
21 ~ T X  293. U308 293. CLADA 293. 
DATASET=A. NIP 
0 4 10 10 
0 6 MATX 0.0 0.286 1 
0 6 U308 0.286 0.921 1 
06 CLAD1 0.921 0.959 1 
14 MATX MO 4 0.00005 0-16 4 0.00025 'FE 4 0.04474 
14 MATX NI 4 0.005479 CR 4 0.01257 . MN55 4 0.00101 
14 U308 U-2354 0.0000336 U-2384 0.01572 0-16 4 0.04201 
14 CLADA NI 4 0.009832 CR 4 0.01939 MN55 4 0.00147 
14 CLADA MO 4 0.000075 0-16 4 0.00038 FE 4 0.06811 
15 MATX MATX 
15 U308 U308 
15 CLADA CLAD 1 ,-. 

/ * 



TABLE V. M C ~ - ~  E r r o r  Messages 

~ ~ 1 0 1 0  (AREA 4) 

Subrout ine  CARD05 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 05 NOT FOUND 

F a t a l  E r r o r  -10200. THE FIRST GROUP NUMBER AND UPPER ENERGY OF THAT 
GROUP MUST BE GIVEN ON THE FIRST TYPE 05 CARD 

F a t a l  E r r o r  -10300. BROAD GROW ENERGIES MUST ALL BE SPECIFIED 

Fatal E r r o r  -10400. THE HIGHEST ENERGY BROAD GKOUP I N  THE PROBLEM 
MAY NOT LIE ABOVE THE HIGHEST ENERGY I N  THE LIBRARY 

Fat  a 1  'E r ro r  -10500. ALL GROUPS MUST BE SPECIFIED 

F a t a l  E r r o r  -10600. BROAD GROUP ENERGIES MUST ALL BE UNIQUE 

F a t a l  E r r o r  -10700. 

F a t a l  E r r o r  -10800. 

F a t a l  E r r o r  -10900. 

F a t a l  E r r o r  -11000. 

Subrout ine  CARD06 

F a t a l  E r r o r  -10100. 

F a t a l  E r r o r  -10200. 

F a t a l  E r ro r  -10400. 

Subrout ine CARD07 

F a t a l  E r r o r  -10100. 

F a t a l  E r ro r  -10200. 

F a t a l  E r r o r  -10300. , 

THE SPECIFIED BROAD GROUP STRUCTURE EXTENDS BELOW 
THE BOTTOM OF THE LIBRARY GROW STRUCTURE 

IF ONLY ONE UPPER ENERGY IS GIVEN; IT MUST 
CORRESPOND TO GROUP 1 

THE HIGHEST BORAD GROUP SPECIFIED LIES BELOW THE 
LOWEST ENERGY I N  THE LIBRARY 

THE ADJUSTED BROAD GROUP ENERGY BOUNDARIES MUST 
ALL BE UNIQUE. 

CARD PRESUMED TO BE TYPE 06 NOT'FOUND 

EACH MATERIAL MUST CORRESPOND TO SOME LIBIURY MATERIAL 

MATERIAL NAMES MUST BE NON-BLANK 

CARD PRESUMED TO BE TYPE 07 NOT FOUND 

LETHARGY WIDTHS SPECIFIED ON TYPE 07 CARDS MUST 
BE GREATER THAN ZERO 

FINAL BROAD GROUP NUMBERS I N  COLS. 31-36 ON TYPE 07 
CARDS MUST BE .GE. INITIAL BROAD GROUP NUMBERS GIVEN 
I N  COLS. 25-30 



TABLE V. C o n t d .  

CSIUlO (AREA 4) ( c o n t d . ) .  . 

- S u b r o u t i n e  CARD07 ( c o n t d . )  

F a t a l  E r r o r  -10400 .  FINAL BROAD GROUP NUMBERS I N  COLS. 55-60 ON TYPE 0 7  
CARDS MUST BE .GE . INITIAL BROAD GROW NUMBERS GIVEN 
I N  COLS . 49-54 

F a t a l  E r r o r  - 1 0 5 0 0 .  THE FIRST BROAD GROUP NUMBER MUST BE 1 

F a t  a1 E r r o r  - 1 0 6 0 0 .  THE BROAD GROUP NUMBERS MUST ALL BE SPECIFIED 

F a t a l  &rrar - 1 0 7 0 0 .  TIIEm MAY BE NO MORE BROAD GROWS THAN THERE ARE 
UL'I'M FINE GROUFB I N  TIIE L1BW.Y 

F a t a l  E r r o r  -10800 .  THE PRESTORED BROAD GROUP STRUCTURE SELECTED I S  NOT 
CONSISTENT WITH THE LIBRARY ENERGY STRUCTURE 

F a t a l  E r r o r  -10900 .  THE PRESTORED BROAD GROUP STRUCTURE SELECTED I S  NOT 
CONSISTENT WITH THE LIBRARY ENERGY STRUCTURE 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 0 8  NOT FOUND 

F a t a l  E r r o r  -10200 .  LOWER ENERGY BROAD GROUP NUMBER IN COLS. 31-36 
ON TYPE 0 8  CARDS MJST BE .GE. HIGHER ENERGY 
BROAD GROUP NUMBER I N  COLS. 25-30 

F a t a l  E r r o r  -10300 .  LOWER ENERGY BROAD GROUP NUMBERS I N  COLS. 55-60 
ON TYPE 0 8  CARDS MUST BE .GE. HIGHER ENERGY 
BROAD GROUP NUMBERS I N  COLS . 49-54 

F a t a l  E r r o r  - 1 0 4 0 0 .  MATERIAL SPECIFIED I N  COLS. 25-30 ON TYPE 08 CARD 
DOES NOT CORRESPOND TO ANY FISSION SPECTRUM MATERIAL 
NAME ON DATA SET MCC2F7 

F a t a l  E r r o r  -10500 .  ONLY INITIAL ENERGY INDEPENDENT FISSION SPECTFU.  
I ~ Y  BE SPECIFIED ON TYPE 08 CARDS 

. 
F a t a l  E r r o r  - 1 0 6 0 0 .  MATERIAL SPECIFIED I N  COLS. 25-30 ON TYPE 08 CARD 

DOES NOT CORRESPOND TO ANY PROBLEM MATERIAL 

S u b r o u t i n e  CARD09 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 0 9  NOT FOUND 

F a t a l  E r r o r  -10200 .  THE ULTRA FINE GROUP 'NUMBER I N  COLS . 55-60  ON TYPE 
0 9  CARDS MUST BE GREATER THAN OR EQUAL TO THE ULTRA 

' FINE GROUP NUMBER I N  COLS. 49-54 

F a t a l  E r r o r  -10300 .  CARD PRESUMED TO BE TYPE 0 9  NOT FOUND 

\ 
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TABLE V. Contd. 

CSIOlO (AREA 4) Contd. 

S u b r o u t i n e  CARD09 (con td . )  

F a t a l  E r r o r  -10400. THE ULTRA FINE GROUP NUMBERS I N  COLS. 49-54 ON TYPE 
09 CARDS MUST BE .GT.O 

F a t a l  E r r o r  - 10500. THE ULTRA FINE GROUP NUMBER I N  COLS. 55-60 ON TYPE 
09 CARDS MUST BE GREATER THAH OR EQUAL TO THE ULTRA 
FINE GROUP'NUMBER I N  COLS. 49-54 

E r r o r  10600. THE CONVERGENCE CRITERION ON THE TYPE 09 CARD 
MUST BE .GE. 0 .  

F a t  a1 E r r o r  -10 700. BUCKLING ITERATION IS NOT POSSIBLE FOR AN 
INHOMOGENEOUS SOURCE PROBLEM 

F a t a l  E r r o r  -10800. BUCKLING ITERATION I S  NOT ALLOWED FOR GROUP DEPENDENT 
BUCKLINGS 

F a t a l  ~ r r o r  -10900. BUCKLING ITERATION IS NOT ALLOWED FOR INHOMOGENEOUS 
SOURCE PROBLEMS 

S u b r o u t i n e  CARD10 , 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 10 NOT FOUND 

F a t a l  E r r o r  -10200. NUCLIDE IDENTIFICATION LABELS ON TYPE 1 0  CARDS 
MUST CORRESPOND TO SOME PROBLEM MATERIAL 

- S u b r o u t i n e  CARD11 . 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 11.NOT FOUND 

F a t a l  E r r o r  -10200. NUCLIDE IDENTIFICATION LABELS ON TYPE 11 CARDS 
MUST CORRESPOND TO SOME PROBLEM MATERIAL 

S u b r o u t i n e  CARD1.2 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 12 NOT FOUND 

F a t a l  , E r r o r  -10200. MATERIAL NAMES MUST BE NON-BLANK 

E r r o r  10300. MATERIALS SPECIFIED ON TYPE 1 2  CARDS MUST BE PRESENT 
I N  THE PIN REGION 

E r r o r  10400. MATERIALS SPECIFIED ON TYPE 1 2  CARDS MUST BE 
RESONANCE MATERIALS 

F a t a l  E r r o r  -10500. ALL MATERIALS SPECIFIED ON TYPE 1 2  CARDS MUST 
CORRESPOND TO SOME PROBLEM MATERIAL 

F a t a l  E r r o r  -10600. CARD PRESUMED TO BE TYPE 12 NOT FOUND 
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TABLE V. Contd. 

CSIOlO (AREA 4) Contd. 

S u b r o u t i n e  CARD12 (con td .  ) 

F a t  a1 E r r o r  -10 700. MATERIAL NAMES MUST BE NON-BLANK 

F a t a l  E r r o r  -10800. CARD PRESUMED TO RE TYPE 1 2  NOT FOUND 

F a t a l  E r r o r  -10900. MATERIAL NAMES MUST BE NON-BLANK 

Er ror  11000. ONLY ONE TYPE 12 CARD MAY BE SUPPLIED FOR A GIVEN 
MATERIAL WITH COLS. 13-18 BLANK 

F a t  a1 E r r o f  -11160. ALL REQIO?JE IUPERRED TO CCOLS. 1 Y - 24 ,  31-36, 4 3 - 4 8 ,  
55-60, AND 67-72 ON TYPE 12 CARDS MUST CORRESPOND TO 

' SOME REGION ON THE DATA SET A.NTP TYPE 06 CARDS 

F a t a l  E r r o r  -11200. ALL MATERIALS REFERRED TO ON TYPE 12  CARDS MUST 
CORRESPOND TO SOME PROBLEM MATERIAL 

F a t a l  E r r o r  -11300. ALL REGIONS REFERRED TO I N  COLS. 13-18, 25-30, 37-42, 
49-54, AND 61-66 ON TYPE 12 CARDS MUST CORRESPOND TO 
SOME REGION DEFINED ON THE DATA SET A.NIP TYPE 06 
CARDS 

F a t  a1 E r r o r  -11400. NO REGION REFERRED TO I N  COLS. 19-24, 31-36, 43-48, 
55-60, OR 67-72 ON TYPE 1 2  CARDS MAY ALSO BE REFERRED 
TO I N  COLS . 13-18, 25-30, 37-42, 49-57, OR 61-66 

S u b r o u t i n e  CARD14 

F a t a l  E r r o r  -3.0100. CARD PRESUMED TO BE TYPE 1 4  NOT FOUND 

F a t a l  E r r o r  -10300. THE ENERGY SPECIFIED I N  COLS. 13-25 OF CARD 
TYPE 1 4  OR THE DEFAULT VALUE OF 300.0 VOLTS 
FALLS INTO THE THERMAL GROUP 

F a t a l  E r r o r  -10400. THE ENERGY SPECIFIED I N  COLS. 13-25 OF CARD TYPE 14 
OR THE DEFAULT VALUE OF 300.0 VOLTS FALLS ABOVE THE 
HIGHEST ENERGY I N  THE PROBLEM 

s u b r o u t i n e  CARD15 
\ 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 1 5  NOT FOUND 

F a t a l  E r r o r  -10200. FOIL LABELS MUST BE NUN-BLANK 
, 

F a t a l  E r r o r  -10300. THE FIRST.MATERIAL LABEL ON A TYPE 1 5  CARD WAS BLANK 

F a t a l  E r r o r  -10400.. MATERIALS I N  FOILS MUST CORRESPOND TO LIBRARY MATERIAL- 

F a t a l  E r r o r  -10500. MATER1AJ.S MAKING UP A GIVEN FOIL MUST BE DISTINCT 

F a t a l  E r r o r  -10600. CARD PRESUMED TO BE TYPE 1 5  NOT FOUND 



TABLE V. Contd. 

CSIOlO (AREA 4) ~ o n t d .  

S u b r o u t i n e  CARD15 (cok td . )  

F a t a l  E r r o r  -10700. FOIL LABELS MUST BE NUN-BLANK 

F a t a l  E r r o r  -10800. THE FIRST MATERIAL LABEL ON A TYPE 15 CARD WAS BLANK / 

F a t a l  E r r o r  -10900. POSITIVE FOIL THICKNESSES MUST BE SPECIFIED 

F a t a l  E r r o r  -11000. POSITIVE FOIL THICKNESSES MUST BE SPECIFIED 

S u b r o u t i n e  CARD16 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 16 NOT FOUND 

F a t a l  E r r o r  -10200. FISSION SPECTRUM NUCLIDE IDENTIFICATION LABELS 
ON TYPE 16 CARDS MUST CORRESPOND TO LIBRARY FISSION 
SPECTRA LABELS 

F a t a l  E r r o r  -10300. ONLY ONE TYPE 16 CARD MAY BE SPECIFIED WITH COLS . 
13-18 BLANK 

F a t a l  E r r o r  -10400. FISSIONABLE NUCLIDE IDENTIFICATION LABELS ON TYPE 
16 CARDS MUST CORRESPOND TO PROBLEM NUCLIDE 
IDENTIFICATION LABETS 

S u b r o u t i n e  CARD17 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 17  NOT FOUND 

F a t a l  E r r o r  -10200. LETHARGY WIDTHS SPECIFIED ON TYPE 1 7  CARDS 
MUST BE GREATER THAN ZERO 

F a t a l  E r r o r  -10300. FINAL FIXED MESH POINT NUMBERS I N  COLS. 31-36 
ON TYPE 1 7  CARDS MUST BE .GE. INITIAL FIXED 
MESH POINT NUMBERS GIVEN I N  COLS. 25-30 

F a t a l  E r r o r  -10400. FIXED MESH POINT NUMBERS I N  COLS. 55-60 ON 
TYPE 1 7  CARDS MUST BE .GE. INITIAL MESH POINT 
NUMBERS GIVEN I N  COLS . 49-54 

F a t a l  E r r o r  -10500. THE FIRST FIXED MESH POIIIJT NUMBER MUST BE 1 

F a t a x  E r r o r  -10600. THE FIXED MESH POINT NUMBERS MUST ALL BE SPECIFIED 

F a t a l  E r r o r  -10700. . A MAXIMUM OF 500 FIXED ENERGY MESH POINTS ARE PERMITTED 

F a t a l  E r r o r  -10800. THE UNRESOLVED ENERGY REGION FALLS BELOW THE FIXED 
ENERGY G R I D  , 
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TABLE V. Contd,  

CSIOlO (AREA 4) Contd. 

S u b r o u t i n e  CARD18 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 18 NOT FOUND 

E r r o r  10200. ALL MATERIALS NAMED ON TYPE 18 CARDS MUST CORWSPOND 
TO SOME PROBLEM MATERIAL 

S u b r o u t i n e  CARD21 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 2 1  NOT F O ~ D  

F a t a l  E r r o r  -10200. CARD PWEUMED TO BE TPPF. 7.1 NOT FQWP 

F a t a l  E r r o r  -10300. EACH COMPOSITION LABEL ON TYPE 2 1  CARDS MUST 
CORRESPOND TO SOME COMPOSITION LABEL ON DATA 
SET A.NIP TYPE 14 CARDS 

F a t a l  E r r o r  -10400. THE FIRST COMPOSITION LABEL ON THE TYPE 21  
CARDS MUST BE NON-BLANK 

S u b r o u t i n e  CARD22 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 2'2 NOT FOUND 

F a t a l  E r r o r  -10200. MATERIAL LABELS ON TYPE 22 CARDS MUST CORRESPOND 
TO LIBRARY MA'I'EKIALS 

Sub r o u t i n e  CARD23 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 23  NOT FOUND 
, 

F a t a l  E r r o r  -10200. MORE THAN NPRMAT+MSORS FISSION SPECTRA TEMPERATURES WERE 
SPECIFIED ON THE TYPE 23 CARDS 

F a t a l  E r r o r  -10300. THE MATERIALS NAMED ON THE TYPE 23  CARDS MUST 
CORRESPOND TO MATERIALS SPECIFIED ON THE TYPE 06 

, CARDS AND/OR THE MATERIALS SPECIFIED ON THE DATA 
SET A.NIP TYPE 14  CARDS, OR THE LABELS FOR THE 
LIBRARY FISSION SPECTRA DATA 

S u b r o u t i n e  CSIOlO (MAIN)' 

F a t a l  E r r o r  -10100. INPUT DATA SET A.MCC2 NOT FOUND 

. F a t a l  E r r o r  -10200. CARD PRESUMED TO BE TYPE 02  NOT FOUND 

F a t a l  E r r o r  -10300. CARD PRESUMED TO BE TYPE 04 NOT FOUND 

F a t a l  E r r o r  -10400. CARD PRESUMED TO BE TYPE 0 3  NOT FOUND 
, - 

F a t a l  E r r o r  -10500. INPUT DATA SET A.NIP NOT FOUND 



TABLE V. C o n t d .  

CSIOlO (AREA 4) C o n t d .  

CSIOlO (MAIN) ( c o n t d . )  

F a t a l  E r r o r  -10600 .  CARD PRESUMED TO BE TYPE 01 NOT FOUND 

F a t a l  E r r o r  -10700 .  TYPE 0 6  CARDS MUST BE SUPPLIED FOR HOMOGENEOUS 
PROBLEMS 

F a t a l  E r r o r  -10800 .  CARD PRESUMED TO BE TYPE 1 9  NOT. FOUND 

F a t a l  E r r o r  -10900 .  EXTENDED TRANSPORT APPROXIMATION ORDER MUST BE 1 
FOR INCONSISTENT FUNDAMENTAL MODE OPTION 

F a t a l  E r r o r  - 1 1 0 0 0 .  LEGENDRE ELASTIC SCATTERING TRANSPORT APPROXIMATION 
PERMITTED ONLY FOR NON-CONSISTENT FUNDAMENTAL MODE 
OPTIONS 

F a t a l  E r r o r  - 1 1 1 0 0 .  CARD PRESUMED TO BE TYPE 2 0  NOT FOUND 

F a t a l  E r r o r  -11200 .  THE BROAD GROUP STRUCTURE SPECIFIED ON THE TYPE 03 
CARD W E S  NOT CORRESPOND TO ONE OF THE PRESTORED 
GROUP STRUCTURES 

S u b r o u t i n e  RDANIP 

F a t a l  E r r o r  - 1 0 1 0 0 .  CARD PRESUMED TO BE TYPE 0 4  OF DATA SET A.NIP 
- NOT FOUND 

E r r o r  1 0 2 0 0 .  ONLY REFLECTIVE OR PERIODIC BOUNDARY CONDITIONS 
ARE ALLOWED AND THE SAME CONDITION APPLIES TO 
BOTH SIDES OF THE CELL. THE PERIODIC CONDITION 
I S  BEING USED 

F a t a l  E r r o r  - 1 0 3 0 0 .  DATA SET A.NIP TYPE 0 6  CARDS MUST,BE SUPPLIED I F  
COLS. 37-42 ON CARD TYPE 03 OF DATA SET A.MCC2 
ARE NON-ZERO 

F a t a l  E r r o r  -10400 .  DATA SET A.NIP TYPE 1 4  C-s MUST BE SUPPLIED I F  
COLS. 37-42 ON CARD TYPE 03 OF DATA SET A.MCC2 
ARE NON-ZERO 

F a t a l  E r r o r  -10500 .  DATA SET A.NIP TYPE 15 CARDS MUST BE SUPPLIED I F  
COLS. 37-42 ON TYPE 0 3  CARD OF DATA SET A.MCC2 
ARE NON-ZERO 

E r r o r  1 0 6 0 0 .  

Error 10700. 

ONLY THE REFLECTIVE BOUNDARY CONDITION I S  ALLOWED 
AT THE LEFT BOUNDARY OF A CYLINDRICAL CELL 

ONLY WHITE BOUNDARY CONDITIONS ARE ALLOWED FOR 
THE RIGHT BOUNDARY OF A CYLINDRICAL CELL. 



TABLE V.  C o n t d .  

CSI'010 (AREA .4) C o n t d .  

S u b r o u t i n e  STRTCH 

F a t a l  E r r o r  -10100. I F  THE ATOMIC DENSITY OF SOME MATERIAL I S  NOT 
SUPPLIEU UN T H ~  TYPE 0 6  C A R D S ,  THE PIATERIAL MUST 
APPEAR I N  SOME HETEROGENEOUS REGION 

F a t a l  E r r o r  - 1 0 2 0 0 .  EACH MATERIAL MUST CORRESPOND TO SOME LIBRARY MATERIAL' 

S u b r o u t i n e  TESTBG 
. - - .  . 1 .  

F a t a i  E r r o r  -iOi60., THE HIGHEST BROAD GROUP AS READ PKUM UA'l'A SKI 
XS . I S 0  MAY NOT L I E  ABOVE THE HIGHEST ENERGY I N  
THE LIBRARY 

F a t a l  E r r o r  -10300 .  THE HIGHEST BROAD GROUP ENERGY AS READ FROM 
DATASET XS.ISO DOES NOT FALL ON AN ULTRA-FLNE- 
GROW BOUNDARY 

F a t  a1 E r r o r  -10500 .  THE SPECIFIED BROAD GROUP STRUCTURE AS READ FROM 
DATASET XS.ISO DOES NOT FALL ON ULTRA-FINE-GROUP 
BOUNDARIES C 

S u b r o u t i n e  TYPE06 

F a t a l  E r r o r  -10100 .  CARD PRESUMED TO BE TYPE 0 6  OY DA'l'A SET A.NIP 
NOT FOUND 

F a t a l  E r r o r  -10200  ., REGION L F E L S  MUST BE.NON-BLANK 

F a t a l  E r r o r  -10300 .  INVALID REGION B~UNDARY COORDINATES GIVEN ON DATA 
SET A.NIPaTYPE 0 6  CARDS. EACH REGION LOWER BOUNDARY 
COORDINATE MUST BE .GE.O. AND .LT. THE CORRESPONDING 
UPPER BOUNDARY COORDINATE FOR THAT. @GI.ON 

F a t a l  E r r o r  -10400 .  THE LOWEST MESH POINT FOR CYLINDERS MUST FALL AT 0 .  

F a t a l  E r r o r  -10500 .  .REGION BOUNDARIES FOR SEQUENTIAL REGIONS MUST AGREE 
TO AT LEAST 1. E-4 - 

s u b r o u t i n e  TYPE14 
I 

F a t a l  E r r o r  -10100 .  CARD PRESUMED TO BE TYPE 1 4  OF DATA SET A.NIP NOT 
FOUND 

F a t a l  E r r o r  -10200 .  . COMPOSITION LABELS MUST BE NON-BLANK 

F a t a l  E r r o r  -10300 .  THE FIRST MATERIAL LABEL ON A TYPE 1 4  CARD OF DATA 
SET A.NIP WAS BLANK 

F a t a l  E r r o r  -10400 .  MATERILS I N  HETEROGENEOUS REGIONS MUST CORRESPOND 
TO LIBRARY MATERIALS 



TABLE V. Contd. 

CSIOlO (AREA 4) Contd. 

S u b r o u t i n e  TYPE14 (con td . )  

F a t a l  E r r o r  -10500. MATERIALS MAKING UP A GIVEN COMPOSITION MUST BE 
DISTINCT 

F a t a l  E r r o r  '10600. CARD PRESUMED TO BE TYPE 1 4  OF DATA SET A.NIP 
NOT FOUND 

F a t a l  ~ r r o r  -10700; COMPOSITION LABELS MUST BE NON-BLANK 

F a t a l  E r r o r  -10800. THE FIRST MATERIAL LABEL ON A TYPE 1 4  CARD OF DATA 
SET A.NIP WAS BLANK 

S u b r o u t i n e  TYPE15 

F a t a l  E r r o r  -10100. CARD PRESUMED TO BE TYPE 1 5  OF DATA SET A.NIP NOT 
FOUND 

F a t a l  E r r o r  -10200. COMPOSITION LABELS MUST BE NON-BLANK 

F a t a l  E r r o r  -10300. THE FIRST REGION LABEL ON A TYPE 1 5  CARD OF DATA 
SET A.NIP MUST BE NON-BLANK 

F a t a l  E r r o r  -10400. A COMPOSITION REFERRED TO ON A DATA SET A.NIP TYPE 
1 5  CARD MUST CORRESPOND TO SOME COMPOSITION DEFINED 
ON A TYPE 1 4  CARD 

F a t a l  E r r o r  -10500. A REGION REFERRED TO ON A DATA SET A.NIP TYPE 
1 5  CARD MUST CORRESPOND TO SOME REGION DEFINED 
ON THE TYPE 06 CARDS 

F a t a l  E r r o r  -10600. ONLY ONE COMPOSITION MAY BE ASSIGNED TO A GIVEN REGION 

F a t a l  E r r o r  -10700. CARD PRESUMED TO BE TYPE 1 5  OF DATA SET A.NIP NOT 
FOUND 

F a t a l  E r r o r  -10800. COMPOSITION LABELS MUST BE NON-BLANK 

F a t a l  E r r o r  -10900. A COMPOSITION REFERRED TO ON A DATA SET A.NIP 
TYPE 1 5  CARD MUST CORRESPOND TO SOME COMPOSITION 
DEFINED" ON A TYPE 1 4  CARD 

F a t a l  E r r o r  -11000. THE FIRST REGION LABEL ON A TYPE 1 5  CARD OF DATA 
SET A.NIP MUST BE NON-BLANK 

F a t a l  E r r o r  -11100. A REGION REFERRED TO ON A DATA SET A.NIP TYPE 1 5  
CARD MUST CORRESPOND TO SOME REGION DEFINED ON 
THE TYPE 06 CARDS 

F a t a l  E r r o r  -11200. EVERY REGION ON AN A.NIP TYPE 06 CARD MUST ALSO 
BE PRESENT ON A TYPE 1 5  CARD 
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cSCOO4 (AREA 5) 

S u b r o u t i n e  CSC004 (MAIN) 

F a t a l  E r r o r  -10100. PROBLEM MATERIAL NOT I N  THE LIBRARY 

F a t a l  E r r o r  -10200. PKOBLEM MATERIAL I S  NOT I N  THE LIBRARY 

S u b r o u t i n e  MATRIX 

F a t a l  E r r o r  -10100. DETEKMINANT I S  SINGULAR 

CSCOU5 (AREA' 6 )  

S u b r o u t i n e  ADMSTR 

F a t a l  E r r o r  -10100. PROBLEM MATERIAL IS NOT I N  THE LIBMRY 

S u b r o u t i n e  CSC005 (MAIN) 

F a t a l  E r r o r  -10100. PROBLEM MATERIAL NOT I N  THE LIBRARY 

CSC006 (AREA 6 .5) 

S u b r o u t i n e  CSC006 (MAIN) 

F a t a l  E r r o r  -10100. PROBLEM MATERIAL I S  NOT I N  THE LIBRARY 

CSC008 (AREA 7) 

S u b r o u t i n e  CSC008 (MAIN) 

F a t a l  E r r o r  -999 .  ERROR I N  BPOINTER ALLOCATION 

S u b r o u t i n e  SETCHI 

' F a t a l  E r r o r  -1 THE FISSION DISTRIBUTION SPECIFIED FOR THE PROBLEM 
IS  NOT ON THE LIBRARY 

F a t a l  E r r o r  -2 ALL FISSION DISTRIBUTI0,NS WERE NOT FOUND 

F a t a l  E r r o r  -3 ALL FISSION DISTRIBUTIONS WERE NOT FOUND 

S u b r o u t i n e  SETSCT 

F a t a l  E r r o r  -1 ALL PROBLEM MATERIALS COULD NOT BE FOUND 



TABLE V. C o n t d .  

CSC008 (AREA 7) C o n t d .  

S u b r o u t i n e  SETSCT ( c o n t d .  ) 

E r r o r  2 

E r r o r  3 

E r r o r  4 

NONE OF THE MATERIALS ON THE OLD DATASET OLDSGS 
ARE USED I N  THIS PROBLEM. ALL MICROSCOPIC CROSS 
SECTIONS MUST BE CALCULATED 

THE OLD DATASET OLDSGS HAS A DIFFERENT ENERGY 
STRUCTURE THAN THE PRESENT PROBLEM (DIFFERENT 
NUMBER OF GROUPS OR DIFFERENT STARTING ENERGY). 
MICROSCOPIC CROSS SECTIONS WILL BE RECALCULATED 

FIRST ORDER SCATTERING MATRICES ARE REQUIRED BY 
PROBLEM BUT ARE NOT AVAILABLE ON OLD DATASET OLDSGS. 
ALL MICROSCOPIC CROSS SECTIONS MUST BE RECALCULATED 

F a t a l  E r r o r  -999 ERROR I N  BPOINTER ALLOCATION 

S u b r o u t i n e  SIGMAC 

F a t a l  E r r o r  -1 ALL PROBLEM MATERIALS COULD NOT BE FOUND ON LIBRARY 
FILE 

CSCOO9 (AREA 8) ----~-...-.-.-.- -~ 

S u b  r o u t i n e  BGFLEl 

F a t a l  E r r o r ' - 1 7 0  ALL PROBLEM MATERIALS COULD NOT BE FOUND 

S u b r o u t i n e  BGFLE2 

F a t a l  E r r o r  -200 ALL PROBLEM MATERIALS COULD NOT BE FOUND ON F I L E  
MCC2F5 

F a t a l  E r r o r  -320 NO CORRESPONDENCE CAN BE FOUND BETWEEN PROBLEM 
MATERIAL AND INELASTIC MATERIAL 

F a t a l  E r r o r  -500 ALL PROBLEM MATERIALS TO BE EDITED COULD NOT BE 
FOUND 

S u b r o u t i n e  BSQITR 

E r r o r  1001 

S u b  r o u t i n e  DRIVER 

E r r o r  515 

BUCKLING ITERATION NOT FEASIBLE-ZERO BUCKLING I S  
AS S UME D 

INHOMOGENEOUS SOURCE CALCULATION I S  MEANINGFUL 
ONLY FOR SUBCRITICAL CONFIGURATION 



TABLE V. C o n t d .  

CSC009 (AREA 8) C o n t d .  

S u b r o u t i n e  F I L E 1  

F a t a l  E r r o r  -1000 ALL PROBLEM MATERIALS COULD NOT BE FOUND 

S u b r o u t i n e  F ILE6  

F a t a l  E r r o r  -9000 , ALL PROBLEM MATERIALS COULD NOT BE FOUND 

F a t a l  E r r o r  -9010 ALL PROBLEM MATERIALS WITH INELASTIC AND/OR 
(N ,2N) DATA COULD NOT ' BE FOUND 

F a t a l  E r r o r  -9020 ALL PROBLEM MATERIALS WITH INELASTIC AND/OR 
(N,ZN)  DATA COULD NOT BE FUUND 

S u b r o u t i n e  I N I T  

F a t a l  E r r o r  -1000 ALL FISSION SPECTRA MUST BE VECTORS 

E r r o r  1 0 0 1  
I 

PROBLEM CHI VECTORS ARE NOT PROPERLY NORMALIZED 

S u b r o u t i n e  ISOCHI 

F a t a l  E r r o r  -500 FISSION SPECTRUM FOR PROBLEM MATERIAL M COULD 
NOT RE FOUND. 

S u b r o u t i n e  CSC009 (MAIN) 

F a t a l  E r r o r  -999 AN ERROR HAS OCCURRED I N  ALLOCATING VARIABLY ' 

DIMENSIONED ARRAYS . , 

S u b r o u t i n e  REORDR 

F a t a l  E r r o r  -1000 .  ALL UNRESOLVED RESONANCES' WERE NOT PROCESSED 

S u b r o u t i n e  RESCAT 

F a t a l  E r r o r ,  -300 

S u b r o u t i n e  RESCS 

E r r o r  1001 
/ 

S u b r o u t i n e  SETBG 

E r r o r  2 0 0  

4a ta l  E r r o r  -999 

.ALL RESOLVED RESONANCE MATERIALS COULD NOT BE 
'POUND 

THERE ARE UNRESOLVED MATERIALS I N  PROBLEM BUT 
UNRESOLVED ULTRA-FINE-GROUP CROSS SECTIONS ARE 
NOT AVAILABLE FROM FILE UNREG 

FIXED SOURCE CANNOT BE WRITTEN TO F I L E  SRATES 

ERROR I N  BPOINTER ALLOCATIONS 



TABLE V. C o n t d .  

cscoio (AREA 9 )  ' 

S u b r o u t i n e  SETIN 

F a t a l  E r r o r  -999 

S u b r o u t i n e  BGPN 

E r r o r  2 8 0  

S u b r o u t i n e  BSQTR 

E r r o r  1 0 0 1  

S u b r o u t i n e  HOMOG 

E r r o r  1 

F a t a l  E r r o r  -2 

, E r r o r  3 

AN ERROR HAS OCCURRED I N  ALLOCATING VARIABLY 
DIMENSIONED ARRAYS 

INHOMOGENEOUS PROBLEM I S  POSSIBLE ONLY ' I F  
EIGENVALUE I S  LESS THAN UNITY 

BUCKLING ITERATION NOT FEASIBLE-ZERO BUCKLING IS 
ASSUMED 

AT LEAST TWO ISOTOPES ON FILE ISOTXS HAVE THE SAME 
NAME. ONLY THE CROSS SECTIONS OF THE FIRST ARE 
PROCESSED 

SCATTERING TYPE I S  NOT DEFINED 

NO UPSCATTER I S  PERMITTED. UPSCATTER MATRIX 
ELEMENTS WILL NOT BE PROCESSED . , 

F a t a l  E r r o r  -4 ALL PROBLEM ISOTOPES COULD NOT BE FOUND ON FILE 
I S  OTXS 

S u b r o u t i n e  CSCOlQ (MAIN) 

F a t a l  E r r o r  -1 + SET FISSION VECTOR MUST BE PRESENT ON FILE ISOTXS 
I F  NO EXTERNAL SOURCE I S  PROVIDED 

F a t a l  E r r o r  -999 ERROR I N  BPOINTER ALLOCATION 

I 
I cs co 11 (RABANL) 

S u b r o u t i n e  CSCOl l  (MAIN) 

. F a t a l  E r r o r  - 1 0 1 0 0 .  PROBLEM MATERIAL NOT I N  THE LIBEWXY 

F a t a l  E r r o r  - 1 0 2 0 0 .  FOIL MATERIAL NOT I N  THE LIBRARY 

S u b  r o u t i n e  MANAGR 

F a t a l  E r r o r  - 1 0 1 0 0 .  ' INSUFFICIENT STORAGE PROVIDED FOR AREA 10 
EXE CUT 1011 

S u b r o u t i n e  MATRIX 

F a t a l  E r r o r  -10100 .  DETERMINANT I S  SINGULAR 



TABLE ' V. C o n t d .  

CSCOl l  (RABANL) C o n t d  . 
S u b r o u t i n e  MERGER 

F a t a l  E r r o r  - 1 0 1 0 0 .  THE PROBLEM CONTAINS NO RESOLVED RESONANCES 

F a t a l  E r r o r  - 1 0 2 0 0 .  THE DATA SET SRATES I S  NOT CONSISTENT WITH THE 
AREA 1 0  UPPER ENERGY OF THE CURRENT PROBLEM 

F a t a l  E r r o r  - 1 0 3 0 0 .  THE DATA SET SRATES I S  NOT CONSISTENT WITH THE 
NUMBER OF ULTRA FINE GROWS I N  THE CURRENT 
PROBLEM 

S u b r o u t i n e  RATES 

F a t a l  E r r o r  -10100. A NEGATIVE COLLISION RATE HAS BEEN ENCOUNTERED 

S u b r o u t i n e  SOARCE 

F a t a l  E r r o r  -10100. A NEGATIVE SOURCE HAS BEEN COMPUTED 

~ ~ ~ 0 0 9  (ISOTXS ~ d i t o r )  

S u b r o u t i n e  CSE009 (MAIN) 

E r r o r  1 0 0 0 0  CARD I S  OF WRONG TYPE. SHOULD BE CARD OF TYPE 0 1  

S u b r o u t i n e  XSEDIT 

B a t a l  E r r o r  -10000 CARD I S  UF WRONG TYPE. SHOULD BE CARD OF TYPE 0 2  

F a t a l  E r r o r  -20000 REQUESTED ISOTOPE NOT FOUND I N  LIBRARY 

CSE007 ( G e n e r a t e  XS . I S 0  f rom ISOTXS) 

S u b r o u t i n e  CTD 

F a t a l  E r r o r  -998  SET YOU HAVE ASKED TO ADD TO I S  INCOMPATIBLE I N  
ENERGY STRUCTURE OR GROWS 

F a t a l  E r r o r  -999 ERROR I N  BPOINTER ALLOCATION 

S u b r o u t i n e  CTS 

F a t a l  E r r o r  -998 SET YOU HAVE ASKED TO 'ADD TO I S  INCOMPATIBLE I N  
ENERGY STRUCTURE OR GROUPS 

F a t a l  E r r o r  -999 ERROR I N  BPOINTER ALLOCATION 

S u b r o u t i n e  PRINXD 

E r r o r  5 0 0  FILE ISOTXS CONTAINS UNDEFINED SCATTERING TYPE 



TABLE V. Contd. 

CSE007 (Genera te  XS.IS0 from ISOTXS) Contd. 

S u b r o u t i n e  PRINXS 

E r r o r  500 FILE ISOTXS CONTAINS UNDEFINED SCATTERING TYPE 

, CSE012 (XS . IS0  E d i t o r )  

S u b r o u t i n e  CSE012 

F a t a l  E r r o r  -10000. DATA SET XS . IS0  NOT PROVIDED 

F a t a l  E r r o r  -10100. TYPE 0 1  CARD NOT FOUND 

F a t a l  E r r o r  -10200. TYPE 02 CARD NOT FOUND 
I 

S u b r o u t i n e  SORTNM 

F a t a l  E r r o r  -10000. CARD TYPE 0 1  NOT FOUND 

F a t a l  E r r o r  -10100. CARD TYPE 0 1  NOT FOUND 

F a t a l  E r r o r  -10200 : ISOTOPE LABELS MUST BE NON-bLANK 

F a t a l  E r r o r  -10300. EACH ISOTOPE SPECIFIED ON AN ACSE12 CARD MUST 
CORRESPOND TO SOME ISOTOPE I N  THE XS.IS0 DATA SET ' 

F a t a l  E r r o r  -900 LOGICAL UNIT NUMBER I S  OUT OF RANGE 

F a t a l  E r r o r  -910 MODE INDEX OUT OF RANGE 

F a t a l  E r r o r  -920 RECORD NUMBER OUT OF RANGE 

F a t a l .  E r r o r  -930 NUMBER OF WORDS I S  NEGATIVE 

F a t a l  E r r o r  -940,  MISSING DD CARD FOR FILE LUN 

F a t a l  E r r o r  -950 SIO ACCESS ERROR 

E r r o r  960 WRITING A RECORD WITH NWDS=O 

F a t a l  E r r o r  -999 ATTEMPTING TO READ PAST END OF FILE 



. V I I  . PROGRAMMING INFORMATION 

The M C ~ - ~  code system was developed w i t h i n  t h e  ARC System modular 

environment") on IBM hardware wi th  an OS ope ra t ing  system. Great ca re  
was taken  i n  t h e  programming t o  l i m i t  t h e  deg ree 'o f  system dependence. 
A number of l o c a l  conventions were adopted t o  permiC ease,  of code con- 
ve r s ion .  These . loca1  conventions supplemented t h e  procedures adopted 

by t h e  CCCC(Z) . Two s tandalone  ve r s ions  of Mc2-2'were c r e a t e d  based on 
t h e  ARC System modular program; ( i ) '  an I B M  ve r s ion  f o r  u se  on any I B M  
360 o r  370 ope ra t ing  system wi th  a t  l e a s t  GOOK by te s  of s t o r a g e  and 
( i i )  a CDC ve r s ion  f o r  use  on CDC 7600 hardware w i t h  50K words of SCM, 
6 0 K  words of d i r e c t l y  addressable  LCPf, and SECMEMTATION L O A W R  
c a p a b i l i t y  a s  o f f e r e d  wi th  SCOPE 3 . 4 .  I n  chfs c l ~ a p t e r  some of t h e  
d e t a i l s  of t h e  Mc2-2 code a r e  given along wi th  a  d e s c r i p t i o n  of t h e  
d i f f e r e n c e s  between t h e  IBM and CDC ve r s ions  of t h e  code. A guide f o r  
t h e  implementation of bo th  s t a n d a l o n e ~ v e r s i o n s  of t h e  code i s  provided.  

A .  Program S t r u c t u r e  

The s tandalone  ve r s ions  of t h e  Mc2-2 code were adapted from t h e  ARC 
System modular programs by c r e a t i n g  a  primary over lay  f o r  each of t h e  
M C ~ - ~  modules ( c .  f  . Chapter VI) . Figure  '16 shows t h e  overlay c o n t r o l  
ca rds  f o r  t h e  I B M  versio; and Figure 17 shows t h e  d i r e c t i v e s  r equ i r ed  f o r  
a segmented load of t h e  CDC vers'ion of t h e  code. The segmentation loade r  
a v a i l a b l e  wi th  t h e  SCOPE 3 . 4  ope ra t ing  system was used ,by  Mc2-2 t o  avoid 
t h e  need t o  i n s e r t  s p e c i a l  OVERLAY and PROGRAM sta tements  and t o  permit  
t h e  pass ing  of arguments ac ros s  ove r l ays .  

The programming language used i n  M C ~ - ~  i s  almost e n t i r e l y  FORTRAN. 
The few machine language subprograms used a r e  d iscussed  i n  Sec t ion  D 
below. There'  i s  a  one-to-one correspondence between t h e  FORTRAN source  
code of t he  I B M  and CDC ve r s ions .  Changes r equ i r ed  ' t o  account f o r  word 
l eng th  d i f f e r e n c e s ,  l a r g e  core  memory use ,  o r  ENTRY p o i n t  d i f f e r e n c e s  , 
f o r  example, a r e  f lagged  by CDC* and/or  C I B M  comment ca rds .  Tes t ing  of 
t h e  FORTRAN code was performed us ing  t h e  I B M  FORTRAN H ,  OPT=2, compiler ' 

whereas t he  CDC code was compiled using t h e  FTN 4 .5 ,  OPT=l compile'r. 
Extensive use  is  made.of comment cards  throughout t h e  FORTRAN source  code 
i n  an at tempt  t o  make t h e  code a s  self-documenting a s  p o s s i b l e .  

I B. ARC System Routines 

The use r  s p e c i f i e d  BCD (card)  i n p u t  t o  MC*-2 fo l lows  t h e  ARC System 

conventions(') a s  d i scussed  i n  Chapter V I .  The FORTRAN rou t ines  
SCAN and STUFF read and 'process  t h e  i n p u t  a s  d i scussed  i n  Reference 1. 
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ENTRY M A I N  
I N S E R T  M A I N  
I N S E R T  S N I F F ,  SEEK,REED,TIMER, ERROR 
TNSPRT POTNTR,PUTPNT,BULK,FREE,BIPOUT, GETPNT , I G E T ,  I P T 2 ,  PUTM 
I N S E R T  I P T E R R ,  I L A S T ,  REDEF, REDEFM,PURGE,STATUS,PRTIl , P R T I l E  
I N S E R T  PRT12,PRT12E,PRTR1,PRTR1Ef P R T R 2  R E  
I N S P R T  ALLOC$,I.OCF,TIME,CLOCK#,DATE, ABEND,TRACER,SECOND, J O B I D  
I N S E R T  P R N T l E ,  PRNTIA,  P R N T 1 I  
I N S E R T  M1XERfSIGMAX,QUICK1,CSLAB1,SIGESC 
I N S E R T  Q L f F X P 1 ,  GRAPH 
I N S E R T  MATRIX 
I N S E R T  LENGTH,OUTPUT,NUMBER,ARRAY, SPECS,  E D I T S , R E A I ' M W , I N T E G L  
TNSERT TIMING,  OPTU!?R,IOPUT,STFARC,LOCATE,TABLZS, PTESi? ,  L C N S I Z ,  BFLAGS 
OVERLAY ELPHA 
I N S E R T  CODE 
TNSERT SCAN 

, 

I N S E R T  S T O F F , S T U F F l  
OVERLAY ALPHA 
I N S E R T  C S I O l O , S P A C E R ,  PRNTlD,PRNTAE,  D I S P O S  , GOWEST 
I N S E R T  U N I T S ,  CRDCNT, LBSPEC 
OVERLAY BETA 
I N S E R T  TESTRG, CARD05, CARD06,  CARD07,  CARD09 
OVERLAY BETA 
I N S E R T  R D A N I P , T Y P E ~ ~ , T Y P E ~ ~ , T Y P E ~ ~ , E D G E O ' M , G E O M  
OVERLAY BETA 
I N S E R T  STRTCH,~ETERO,CARDIOfCARD1 1, CAKUIZ, S X L S X R , C S ~ N G I ,  CRRD14 
I N S E R T  C A R D I S ~ C A R D I ~ ,  C A R D I  ~ , C A R D ~ ~ , F O I L S , C A R D ~ ~ ,  C A R D ~ ~ ~ C A R D O ~ ,   CARD^^ 
OVERLAY BETA 
I N S E R T  WRITER, EDTPRB 
I N S E R T  R E C l  
OVERLAY !i>PAE 
I N S E R T  C S C 0 0 4 ,  SETUPU,UNRINT ,DRCTOR, EDITUN 

. I N S E R T  ESMESH,PACKER a 

I N S E R T  VZER O,QrJ ICKJ , INTERP 
I N S E R T  RATION, NULTIP,  F I L E 3 ,  BOUNDY , DRCUNR 
OVERLAY ALPHA 
I N S E R T  C S C 0 0 5 ,  ADMSTR, S E T U P R , S I F T E R , R A T N L  ' 
TNSERT RFORDR, S T U F I T ,  NSIGO 
I N S E R T  .YINTf OVRLAP, WINNER, J I N T G L ,  T R I P L E ,  LORENT, E D I T L Z  
I N S E R T  BOUNDE, P H I L E I  , F I L E 4  , 

I N S E R T  T R I P I N  
OVERLAY ALPHA 
I N S E R T  CSC006,EDITSP,EDITAT,EDITRS,POTNTLf W R I S I T ,  INTRAC 
I N S E R T  M A I N I N  
OVERLAY ALPHA 
I N S E R T  C S C 0 0 8  
I N S E R T  NSCR7 
OVERLAY BETA 
I N S E R T  SIGAVG, SIGNAC,  S E T C H I  

Fig. 16. IBM Overlay Control, 



OVERLAY BETA 
I N S E R T  S E T S C T ~ S E T C S D ,  C A L C F N ,  F N A V G ,  E L S C A T ,  XTRN, M O D P A R  
OVERLAY BETA 
I N S E R T  E D I T  1 , E D I T 2  
OVERLAY ALPHA 
INSERT C S C 0 0 9 ,  DRIVER, SETBG,T!!BINT, PROBIN 
TNSERT NSCRSfRESINP,LUN8,TNDATA,THDATA, ARGUE 
OVERLAY BETR 
I N S E R T  STYSRC,REORDR,EGRID 
OVERLAY RETA 
I N S E R T  S E T I N , F I L B l  , F I L E 6 ,  MATCH,INIT 
OVERLAY RETI! . 

I N S E R T  TMSCAT, NGSPEC ,CSDSPC , F I S S O R ,  B S ~ I T R , P A R A B  
OVERLAY BETA 
I N S E R T  EDTUPG,ORIGIN 
OVERLAY BET A 
I N S E R T  BGSPEC, INSBG,DOIO 
OVERLAY BET A 

, 

. I N S E R T  BGFLE1 , F I L B I D ,  RESCS,  RESCAT 
OVERLAY BET E 
I N S E R T  BGFLE2 ,PRINXS ,CVD,BGSCAT, I S O C H I  
OVERLAY BETA 
I N S E R T  SRATE 
OVERLAY bLPHA 
I N S E R T  CSCO1 O,HOMOG,BGPN,BSQTRfCRAIERf BGSORS 
I N S E R T  WSCR9 ,LUN9 
OVERLAY AL-T?HA 
' I N S E R T  C S E O 0 9 , X S E D I T  
TNSERT CONT,INPUT,NUMBRE,ISOCNT 
OVERLAY ALPHA 
TNSERT C S C O l  l f E 2 E 3 E 4 , F R E E U P  
OVERLPY BET4 
I N S E R T  .MERGER, S P O O L . , F L I P I T ,  SY H 
OVERLAY BETA 
I N S E R T  S I F T T T  

.OVERLAY G R I M ? !  
TNSERT STUFER,REARNG 
OVERLAY GAMM?! 
I N S E R T  RESXSC,QATES,  SOARCE, MANAGR, E\Z3,YZ3 ,YZ4,XTRAPf PFUNC 
I N S E R T  GAUSS, E X T R N L f R T S 3 S 4  
OVERLAY' GAMVA 
T WSERT PRXEDT, EDTTCS, PREFOL , EDTFOL, DRIVED 
I N S E R T  RIGLUN 
OVERLAY G A M M A  
I N S E R T  P R E E D I , E D T I C I , P R E F O I  , E D T F O I ,  D R I V E 1  

F i g .  16. IBM Overlay Control  (Contd.) 



ROOT T ~ F E  RLLOC1-. (CODE,  M4, I M T E R P ,  EDITL? . ,  P F T E C S ,  !!7, M!?,SSPN, XSEOT: 
, ? , M 1 0 )  

?Il l  T H E  F: GOVEST- ( C B - 3 0 9 ,  XDGEOI4,CARD23,EDTPRB) . 
M 7 T 3 E E  C S C 3 0 8 - , ( S E ; T C H I ,  NOili?AR, E D I T 2 )  
!F;. 8 TR SS !?!?OSIN- ( E G R I D , I N T T , P A R A B ,  E D T U F G , D O I O , F E S C A ? ,  I S O C H 1 , S B  

, A T E )  
M 1 0  T9TE F P E E U P -  ( S Y M , M l O A 2 1 )  1 

M10F.21 Tli F E  S T F T I T -  (REEFING, PFYNC, D R I V E D ,  D R I V E I )  
. ALLOC1 1 8 2 L r J D E  ~ C C 2 , P R N T 1 E , P H N T 1 A , 2 R F f  C V D , S N I F F ,  S E E K ,  REED,D!3211f T I N 3 8  
, , KIPOUT,GET?!~!T,TGET,  I P T 2 ,  PUTM, I?TEi-IE?, ILASi ' ,  ilZDEE'M,?VRGE, P R T 1 1 ,  P 3 T 1 1 3 ,  PFt 
' 7 1 2 ,  P R T I 2 E , P R T ? 3 1 ,  @ R T E l E , P R T R 2 , P R . Z X 2 E , P R N T I I ,  ERROR, l !EEND,POTNT9,PUTPNT,B 
, ULK, PREB, F F Z Z 1 ,  ??ENGET,BUO?EN,ZEROIO~,  MATRIX, S Y A T U S , Q U I C K l ,  FXP 1 , Q L  , Y I X E B ,  
,GBAPH , S I G M E X , C S L A B l ,  S I G E S C  

CODE I N C L U D E  S C A N , S T U F F , S T U P F l  
GOFIEST I N C L l J D E  CSI01O,SPECER,PRNTlD,PBNTAE,DIS?OS 
C A R D 0 9  I N C L ' J D E  T E S T B G , C A R D ~ ~ , C A R D O ~ , . C B R D O ~  
EDGEOM ' TNCLUDE R D A N I P , T Y P 2 0 6  , T Y P E 1 4  ,TY P E 1 5  
C A R D 2 3  T S C L D Q E  S T S T C E , Z E T E R O , C A R D l O , C A R D l  1 , C B R D 1 2 ,  SXLS:{S,CSD!IGT,CARD 
, 1 4 , C A B D 1 5 , C . ~ R D ~ 6 , C . l E D 1 7 , C A R D 1 8 , F O I L S , C A R D 2 1  , C A R ? I 2 2 , C A F 2 0 8  

SDTPiiS I N C L U D E  !qFTTEZ 
I N T E R ! ?  In?C:Z,!TDE C S C 3 0 1 ) ,  SETUPrJ,DRCTOE(, i2DITUN,TJNETNT, ESMFS'n', PACKER, YZER 

, O , Q U T C K J  
E D I T L I ,  I V C L U D E  CSCOO5,ADMSl'B , S E T U P R ,  S I F T E R ,  RATNL, REORCf i ,STr . JFIT ,  N S I G O  
, ,SIG!l?!X, J I N T ,  OVXLEP,  YINNNEF,, J I i J T G L , T R I P L E ,  LORENT 

DRTECS I N C L U D E  C S C 0 0 6 ,  E D I T S P , E D I T A T ,  E 3 I T R S  , P O T N T L , V R I S I T ,  I V T 9 . 4 C  
S E T C H I  I V C L U D E  S I G Y A C ,  S I G A V G  
?IOD?AR I N C L U D E  S E T S C T , S T T C S D  , C A L C F N , F N A V G , E L S C A T , X T F N  
E D I T 2  I N C L U D E  E D I T 1  
P R O B I N  I Y C L U D E  C S C 0 0 9 ,  D R I V Z S , S E T B G ,  T A B I N T  
B G R I D  I N C L U D E  ATNSRC,REOBDR 
I N I T  I N C L U D E  S Z T I N , F T . L E l ,  F I L E 6 ,  Pl?!TCS 
-PAR AB L 3 C L U D 9  INSCAT,flGSPEC,CSDSPC,FISSOR,BSQITR 
D O 1 0  I N C L U n E  BGSPEC,  I N S B Z  
BESCAT I?TCLUDE BCYLL1 , F I L E 1 3  , R E S C S  
I S O C 3 1  T'ICLU3E P 3 I N X S ,  B G E L E 2 , a G S C A T  
RGPN TYCLV2E C S C 0 1 O , H 3 Y O G .  5SQTR,CFlAi ' l3R ,EGSOPS 
X S B 3 I T  LNCL!J3E C S E 0 0 9  
F R E E U P  I ' Y C L Y D E C S C O I  1 , E 2 E 3 E 4  
SYPI I N C L U D E  PiEEGER,SPOOL,  F L I P I T  
RYARNG INCLUDE S T U F E B  
PFUYC LNCLiJDS RESXSC,SATES,SOL!RCE, ?lAWAG9, E Z 3 , Y Z 3 , Y Z U , X T 2 3 ?  
DRI'JSD I N C L U D E  P R E E D T , E D T I C S  , ? R E S O L ,  EDTFOL 
D B I V 3 I  I g C L O g E  P B E E D I ,  Z D T I C I , P R E F O I ,  .SD.?FQI 

GLO3AL LENGTH,OUTPUT,NUNBER,ABRAY,SPECS, E D I T S ,  I N T E G L ,  ! ? I ! " l I N G ,  
,OPTUNR, U N I T S , L B S P Z C f  CRDCNT, WRRAY2, CRALOC, STFAIIC,  B ? L A G S , L C ? l S I Z , P T E R R ,  TAB 
, L E S , L O C A T E , I N I T I O ,  NSCR7,ARSrJE , .T I l i )ATA, I  NDATA,LUNY, R E S I N F ,  Y S C S 9 ,  I O P r J T ,  REA 
, I n 3  , N S C 2 1 O , S A V E R ,  F I N D E R , L G U N I T ,  i jPNTRS,  GEO?l!3C 

EN I! YCC2 

Fig. 17. CDS Segmentation Loader Directives 



The code Mc2-2 uses  t h e  dynamic s t o r a g e  c a p a b i l i t y ,  BPOINTER, 
descr ibed  i n  Reference 1, t o  manage a l l  v a r i a b l e  dimension a r r a y  a l l o c a t i o n s .  
A one-to-one correspondence between t h e  I B M  and CDC ve r s ions  of t h i s  
subprogram package has  been r e t a i n e d  except  f o r  t h e  machine dependent 
r o u t i n e s  ALLOC and LOCF which a r e  d iscussed  i n  Sec t ion  D below. The 
bu lk  s t o r a g e  c a p a b i l i t y  of t h e  IBM v e r s i o n  of BPOINTER has  been modified 
, t o  manage a r r a y s  i n  l a r g e  core  memory of t h e  CDC 7600. Appendix E 
d e s c r i b e s  some of rhe c l l a r a c t e r i o t i a s  of t h e  BPOINTER subprogram package. 

The ARC System r o u t i n e  SNIFF is  used throughout t h e  code t o  a s s i g n  
l o g i c a l  u n i t  numbers t o  named d a t a  f i l e s .  Both t h e  I B M  and CDC s tandalone  
ve r s ions  of t h e  code use a  modi f ica t ion  of t h e  r o u t i n e  SNIFF which c a l l s  
t h e  CCCC sub rou t ine  SEEK descr ibed  i n  Sec t ion  C below. 

C . CCCC Standard SubYautines 

The Committee on Computer Code Coordinat ion has  s p e c i f i e d  a  number of 

s t anda rd  rou t ines (2 )  t o  b e  used i n  RRD funded code development. I n  p r i n c i p l e  
t h e  rou t ines  may b e  i n s t a l l a t i o n  dependent. The Mc2-2 code uses t h e  
s t anda rd  rou t ines  REED, RITE, TlmK and SEEK as  s p e c i f i c d  i n  Reference 2. 
While i t  i s  p o s s i b l e  t o  s u b s t i t u t e  i n s t a l l a t i o n  dependent code, s imple 
ve r s ions  of t h e s e  r o u t i n e s  a r e  provided wi th  both t h e  I B M  and CDC s tand-  
a lone  ve r s ions  of Mc2-2. 

SEEK 1. - 

The sub rou t ine  SEEK i s  used by Mc2-2 t o  r e t u r n  t h e  l o g i c a l  u n i t  
number a s s o c i a t e d  wi th  a named d a t a  f i l e .  With only two excep t ions ,  a l l  
f i l e s  re ferenced  by Mc2-2 a r e  ass igned  u n i t  numbers through c a l l s  t o  sub- 
r o u t i n e  SEEK. The two except ions  a r e  t h e  BCD f i l e s  i npu t  (5) and p r i n t e d  
output  . (6) .  While i t  should b e  p o s s i b l e  t o  use  i n s  t a l l a t i o n  dependent 
ve r s ions  of SEEK, i t  i s  obvious t h a t  any changes i n  u n i t  a l l o c a t i o n  must 
a l s o  b e  r e f l e c t e d  i n  t h e  Job Cont ro l  Language r equ i r ed  f o r  t h e  I B M  ve r s ion  
of Mc2-2 (Fig.  11) o r  t h e  program card of t h e  CDC ve r s ion .  A s i n g l e  
i n i t i a l i z a t i o n  c a l l  t o  SEEK is  made from t h e  main program d r i v e r  of Mc2-2. 
I n  Table V I  in format ion  is  provided about t he  va r ious  f i l e s  re ferenced  
by Mc2-2. De ta i l ed  formats f o r  t h e  i n t e r f a c e  f i l e s  MCC2F1 - MCC2F8, ISOTXS 
and XSISO, ca rd  i n p u t  f i l e s  A.MCC2, A.NIP, A.STP015, ACS009 and ACSE12, 
and some of t h e  o t h e r  important  f i l e s  a r e  given i n  t h e  Appendices B y  C and D. 
It should be  noted from Table V I  t h a t  each named f i l e  i n  t h e  IBM ve r s ion  of t h e  
program i s  ass igned  a  unique l o g i c a l  u n i t  number. R e s t r i c t i o n s  on t h e  
number of u n i t  d e f i n i t i o n s  permi t ted  by CDC 7600 sof tware  made i t  necessary  
t o  use t h e  same u n i t  number f o r  more than  one f i l e .  This equiva lenc ing  of 
f i l e s  was s p e c i f i e d  t o  r e t a i n  f u l l  program g e n e r a l i t y .  The f i l e  assignment 
i s  s p e c i f i e d  i n  t h e  i n i t i a l i z a t i o n  c a l l  t o  SEEK from t h e  main program d r i v e r .  
I n  s p i t e  of t h e  l a r g e  number of f i l e s  r equ i r ed ,  even t h e  l a r g e s t  problem 
r e q u i r e s  t h a t  a  maximum of seven  f i l e s  be  open a t  any p a r t i c u l a r  t ime i n  
t h e  c a l c u l a t i o n .  

I n  Table V I  t h e r e  is a  column i n d i c a t i n g  t h e  modules (over lays)  
which r e fe rence  a  p a r t i c u l a r  f i l e  f o r  ' reading and/or  w r i t i n g .  Many of 
t h e s e  r e f e rences  a r e  c o n d i t i o n a l  and depend upon t h e  p a r t i c u l a r  problem 
s p e c i f i c a t i o n s .  Extensive use i s  made of t h e  va r ious  SEEK op t ions  t o  
determine whether a  p a r t i c u l a r  f i l e  is  a v a i l a b l e  for reading  and/or  
w r i t i n g .  



TABLE V I .  M C ~ - ~  F i l e  Information 

Logica l  Unit  Number 
IBM (CDC) 

Modules Referencing 
F i l e *  Name 

Input  

Contents 

BCD Input-Not Referenced by 
SEEK 

CSIOlO (R) 

Output P r i n t e d  Output-Not Referenced by A l l  Modules (W) 
SEEK 

ARC Processed BCD Input-Not Referenced SCAN (W) 
by SEEK ' ' STUFF (R) 

~ ~ ~ 1 2  General BCD Input  STUFF (W) 
, CSIOlO (R) 

Geometry and composition BCD STUFF (W) 
CSIOlO (R) , 

I 
Input  r 

03 
V 

Path BCD Input  STUFF (W) I 

DRIVER (R) 
CSIOlO (R) 

ATNUAT Unresolved At tenua t ion  Fac to r s  cscoo4 (W) 
CSC006 (R,W) 
CSCOO9 (R) 

Boundary Conditions CSIOlO (R,W) 
CSCOO4 (R) 
CSCOO5 (R) 
CSCOO6 (R) 
CSCOll (R) 

BGRES Broad Group ~ e s o n a n c e  Cross 
Sec t ions  



Name 

GE O M 1  

GRP ORD 

ISOTXS 

LORENZ 

MACTOT 

TABLE V I .  M C ~ - ~  F i l e  Information (Contd.) 

Logica l  Unit Number 
I B M  (CDC) 

17 (17)- , Geometry Data 

Contents 
Modules ReTerencCng 

F i l e *  

CSIO10- (R,W) 
CSCOO4 (R) 
CSCOO5 (R) 
CSCOO6 (R) 
CSCOll (R) 

Group Ordered I n e l a s t i c  Data CSC009 (R,W) 

I n t e r f a c e  Broad Group Cross 
Sec t ions  

cscoo9 (W) 
C S C O l O  (R) 
CSE009 (R) 
CSE007 (R) 

Lorenzian D i s t r i b u t i o n  CSC005 (R,W) 

Ultra-Fine-Group Macroscopic 
T o t a l  Cross Sec t ion  

Administrat ive Data CSIOlO (R) 
CSCOO4 (R) 
,CSCOO5 (R) 
CSCOO6 (R) 
CSCOO'S (R) 
CSCOO9 (R) 
CSCOll (R) 

Tabulated Data 

Unresolved Resonance Data 
< " 9 

CSCOO4 (R) 
CSCOO5 (R) 
CSCOO6 (R) 
CSCOO9 (R) 
CSCOll (R) 

CSIOlO (R) 
CSCOO4 (R) 
CSCOO6 (R) 



M C ~ - ~  F ' i le ,  Information (Contd .) TABLE VI. 

Logica l  Unit  Number 
IBM (CDC) 

Modules Referencing 
F i l e*  Name 

MCC2F4 

Contents 

Resolved Resonance Data CSIOlO (R) 
CSCOO5 (R) 
CSCOO6 (R) 
CSCOll (R) 

Ultra-Fine-Group Non- 
Resonance Cross Sec t ions  

CSCOO4 (R) 
CSCOO5 (R) 
CSCOO6 (R) 
CSCOO8 (R) 
CSCOO9 (R) 
cscoii  (R) 

I n e l a s t i c  and (n,2n) Data CSCOO9 (R) 

F i s s ion  Spectrum Data CSIOlO (R) 
CSCOO8 (R) 

E l a s t i c  . S c a t t e r i n g  D i s t r i b u t i o n  
Data / 

CSCOO8 (R) 

MICTOT Ultra-Fine-Group Microscopic 
To ta l  Cross Sec t ion  

OLDS GS 

OPTICL 

Ultra-Fine-Group E l a s t i c  
Matr ices  f o r  R e s t a r t  

CSCOO8 (R) 

Opt ica l  Distance Data CSC004 (R,W) 
CSC005 (R,W) 
CSCOO6 (R) 

Dummy F i l e  f o r  P l o t t i n g  Output CSCOO8 (W) 
cscoo9 (W) 



TABLE VI. M C ~ - ~  F i l e  I n f o m a t t o n  (Contd. ) 

L o g i c a l  Uni t  Number Modules Refe renc ing  
Name IBM (CDC) Contents  F i l e *  

PRBCHI 

PRBSPC 

RESINT 

Problem Dependent F i s s i o n  
S p e c t r u n  Data  

. . 
Problem S p e c i f i c a t i o n s  CSIOlO (R,W) 

CSCOO4 (R) 
CSCOO5 (R) 
CSCOO6 (R) 
CSCOO8 (R) 
CSCOO9 (R) 
CSCOlO '(R) 
CSCOll (R) 
CSE009 (R) 
CSE007 (R) 

36 (38) Resolved Resonance. I n t e g r a l s  . CSCOO5 (W) 
CSC006 (R,W) 
CSCOO9 (R) 

37 (39) S c r a t c h  

38 (40) S c r a t c h  

39 (41) S c r a t c h  

40 (42) S c r a t c h  

CSC005 (R,W) 
CSC008 (R,W) 
CSC009 (R,W) .* 

CSCOll (R,W) 

CSC005 (R,W) 
CSC008 (R,W) 
CSC009 (R,W) 
CSCOll (R,W) 

CSC004 (R,W) 
CSC005 (R,W) 
CSC006 (R,W) 
CSC009 (R,W) 
CSCOll (R,W) 



TABLE V I .  M C * - ~  F i l e  I n f o r m a t i o n  (Contd.) 

L o g i c a l  Uni t  Number 
I B M  (CDC) 

Modules Refe renc ing  
F i l e *  Name - 

SCROO5 

Contents  

4 1  (43) S c r a t c h  

S I GMAP Ultra-Fine-Group Background 
Cross S e c t i o n  

SMSIGS 43  (45) Ultra-Fine-Group E l a s t i c  
. T r a n s f e r  M a t r i c e s  

CSC008 (R,W) 
CSCOO9 (R) 

SPECTR 44 (46) Ultra-Fine-Group Spectrum cscoo9 (W) 
CSCOlO (R) 

SPECXS Ultra-Fine-Group Cross S e c t i o n s  
and Moderating Parameters  

' Ultra-Fine-Group -\licroscopic 
S c a t t e r i n g  C o l l i s i o n  Densi ty  
and ' s o u r c e s  

CSC008 (R,W) 
CSCOO9 (R) 

I 
I-' 
a 
I-' 
I S RATES cscoo9 (W) 

CSCOll (R) 

Unresolved Resonance Ultra- 
Fine-Group Cross S e c t i o n s  

UNREG 
, 

CSCOO8 (W) 
CSCOO9 (R) 
CSCOll (R) 

unreso lved  Zross S e c t i o n s  
a t  E* P o i n t s  

CSC004 (R,W) 
CSCOO8 (R) 

UNRES 

XSISO F i l e  1 of ARC System Broad 
Group ' F i l e  

CSIOlO (R) 
C S E O O ~  (R,W) 7 

CSE012 (R) 

50 (52) . F i l e  2 of ARC System Broad 
Group F i l e  

XSISO5 

IRESCS 

CSE007 (R,W) 
CSE012 (R) 

I n t e g r a l  Transpor t  Derived 
  road Group Cross S e c t i o n s  

CSCOll (R,W) 



Name 

BIGXSl 

RANDOM** 

RE SDAT 

*R ' Read 
W Wri'te 

TABLE V I .  M C ~ - ~ '  F i l e  Information (Contd.) 

Logical  Unit Number 
IBM (CDC) Contents . 

Ultra-Fine-Group Macroscopic 
S c a t t e r i n g  Data,  F o i l  .Data 
i n  I n t e g r a l  Transport  Module 

For I B M  25 F i l e s  a r e  def ined  
BIGXSl - BIGXSP wi th  u n i t  
Numbers 52-76- 

For CDC 14 F i l e s  a r e  def ined 
BIGXSl - BIGXSE wi th  u n i t  
Numbers 54, 55, 11, 12 ,  13, 20, 
21, 30, 32, 33, 44, 51, 52 ,  53 

Random Access Data F i l e  Not Used 
I n  Standalone Code Releases  

Se lec ted  Resonance Parameters 

BCD Input  f o r  ISOTXS Ed i to r  

BCD Input  f o r  XS.ISO E d i t o r  

Modules Referencing 
F i l e*  

CSC008 (RyW) 
CSC009 (R) , 
CSCOll (R,W) 

cscoo5 (W) 
CSCOO9 (R) 

STUFF (W) 
CSE012 (R) 

** Not Referenced i n  Standalone Version of M C ~ - ~  



The s t anda rd  r o u t i n e s  REED and RITE a r e  used t o  perform t h e  
non-formatted (b inary)  110 ope ra t ions  f o r  M C ~ - ~ .  The ARC System modular 
ve r s ion  of REED~RITE makes use of t h r e e  access  methods, s t anda rd  FORTRAN, 

asynchronous FORTRAN and a  s p e c i a l  random access  110 package ~ 1 0 ' ~ ~ ) .  The 
IBM and CDC s tandalone  ve r s ions  of M C ' - ~  con ta in  a  f a r  s impler  ve r s ion  of 
REEDIRITE which uses  s tandard  FORTRAN 110. The CCCC s p e c i f i c a t i o n s  of 
REED and RITE d id  no t  account f o r  t h e  p o s s i b i l i t y  of m u l t i l e v e l  d a t a  t r ans -  
f e r s  a s  r equ i r ed  by t h e  CDC ve r s ion  of' M C ~ - ~  t o  permit  t h e  t r a n s f e r  of 
d a t a  between l a r g e  co re  memory and d i s k  f i l e s  wi thout  use  of a  b u f f e r  
a r r a y  i n  sma l l  core  memory. I n  o rde r  t o  permit such t r a n s f e r s  t h e  r o u t i n e s  
DRED and DRIT were used i n  t h e  CUC ve r s ion  of t h e  code. The argument l i s ts  
t o  DRED~DRIT a r e  p r e c i s e l y  t h e  same a s  t h e  c a l l s  t o  REED/RITE b u t  t h e  a r r a y  
address  i n t o  (from) which d a t a  a r e  t r a n s f e r r e d  is  assumed t o  b e  i n  l a r g e  
core  memory. This convention d i f f e r s  from a  r e c e n t  proposa l  t o  t h e  CCCC 
where a  p o i n t e r  r a t h e r  than  an address  was recommended. Changes t o  conform 
wi th  t h e  recommended ve r s ions  of DRED/DRIT would b e  ' q u i t e  s imple because of 
t h e  l i m i t e d  number of c a l l s  t o  t h e s e  r o u t i n e s .  

3 .  TIMER 

The s t anda rd  sub rou t ine  TIMER is  used by M C ' - ~  t o  provide t iming 
and problem i d e n t i f i c a t i o n  informat ion .  These d a t a  are no t  e s s e n t i a l  t o  t h e  
execut ion  of t h e  M C ~ - ~  program. A s  a  consequence, t h e  CDC ve r s ion  of TIMER 
is  i n  l a r g e  p a r t  a  dummy program. It c a l l s  only t h e  s t anda rd  CDC system 
code SECOND t o  provide CPU t iming d a t a .  The IBM ve r s ion  of TIMER makes 
use of a  number of assembler language r o u t i n e s  t o  provide time and e d i t  
in format ion .  These assembler r o u t i n e s  a r e  descr ibed  i n  Sec t ion  D below. 

D.  Machine Language Routines 

Machine language r o u t i n e s  a r e  used i n  M C ' - ~  t o  provide  c a p a b i l i t y  which 
does not  e x i s t  i n  t h e  FORTRAN language. A b r i e f  d e s c r i p t i o n  of t h e s e  sub- 
programs i s  provided i n  t h i s  s e c t i o n .  

1. ALLOC 

The sub rou t ine  POINTR of t h e  dynamic a l l o c a t i o n  subprogram package 
BPOINTER as s igns  s t o r a g e  dynamically a t  run time based on use r  i npu t  s p e c i f i -  
c a t i o n s .  The r o u t i n e  ALLOC i s  c a l l e d  t o  a s s i g n  and f r e e  t h i s  s t o r a g e .  The 
IBM ve r s ion  of t h e  code ALLOC makes use  of t h e  OS macros GETMAIN and FREEMAIN 
t o  perform t h i s  func t ion .  The' CDC ve r s ion  of ALLOC is  a  FORTRAN func t ion  which 
c a l l s  t h e  COMPASS' r o u t i n e  MEMGET t o  perform t h e  a l l o c a t i o n .  

2. LOCF - 
The func t ion  subprogram LOCF i s  used by sub rou t ine  POINTR t o  o b t a i n  

t h e  address  of t h e  dynamic s t o r a g e  con ta ine r  and t h e  common b lock  /ARRAY/. 
This  func t ion  i s  a  s t anda rd  r o u t i n e  of CDC FORTRAN. The I B M  ve r s ion  of t h e  
func t ion  is  coded i n  assembler language. Since t h e  CDC ve r s ion  of LOCF does 
not  o b t a i n  t h e  address  of LCM v a r i a b l e s ,  t h e  CDC ve r s ion  of POINTR assumes 
t h a t  t he  LCM common b lock    ARRAY^/ i s  loca t ed  a t  t h e  s t a r t  of LCM (address  1 )  . 



3.  GOWEST 
\ 

The sub rou t ine  GOWEST is used t o  l e f t - j u s t i f y  H o l l e r i t h _ v a r i a b l e s .  
The IBM ve r s ion  of t h e  r o u t i n e  i s  w r i t t e n  i n  assembler ,language. The CDC 
v e r s i o n  of t he  r o u t i n e  is  w r i t t e n  i n  FORTRAN and uses  t h e  s t anda rd  CDC 
FORTRAN ve r s ion  of t h e  func t ion  SHIFT. 

4 .  FILEID 

The sub rou t ine  FILEID is used i n  sub rou t ine  BGFLEl of module CSC009 
t o  o b t a i n  the  d a t a s e t  name a s s o c i a t e d  w i t h  t h e  f i l e  ISOTXS. It is  an 
assembler language r o u t i n e  i n  t h e  IBM v e r s i o n  of t h e  code and a dummy FORTRAN 
r o u t i n e  i n  t h c  CDC codo. 

The sub rou t ine  CVD is  used i n  sub rou t ine  BGFLE2 of module CSC009 
t o  conver t  a  v a r i a b l e  from i n t e g e r  t o  H o l l e r i t h  format.  The IEM ve r s ion  of 
CVD is  w r i t t e n  i n  assembler  language and t h e  CDC v e r s i o n  of t h e  r o u t i n e  uses  
t h e  FORTRAN ENCODE c a p a b i l i t y .  

TIME 6 .  - 
TIME is  used by t h e  I B M  v e r s i o n  of sub rou t ine  TIMER t o  r e t u r n  t h e  

w a l l  c lock  time i n  t h e  form HH.MM.SS. TIME i s  no t  r e f e renced  i n  t h e  CDC 
v e r s i o n  of t h e  code. 

7 .  CLOCK 

CLOCK i s  used by t h e  I B M  ve r s ion  of sub rou t ine  TIMER t o  r e t u r n  t h e  
w a l l  c lock  time i n  u n i t s  of . O 1  seconds. CLOCK i s ' n o t  re ferenced  i n  t h e  CDC 
v e r s i o n  o f  t h e  code. 

. < 

8. DATE 

The func t ion  subprogram DATE is  c a l l e d  by t h e  I B M  ve r s ion  of sub- 
r o u t i n e  TIMER t o  r e t u r n  t h e  c u r r e n t  d a t e  i n  t h e  form MM/DD/w. DATE i s  not  
re ferenced  by t h e  CDC ve r s ion  of t h e  code. 

9 .  SECOND 

The sub rou t ine  SECOND is  c a l l e d  by TIMER t o  r e t u r n  th.e e lapsed  CPU 
t ime i n  seconds. An IBM assembler language v e r s i o n  of SECOND whi'ch uses  t h e  
STIMER and TTIMER macro-instruct ions i s  provided. The CDC ve r s ion  of t h e  
code r equ i r e s  t h e  s t anda rd  system ve r s ion  of t h e  sub rou t ine  SECOND. 

10. ABEND 

The sub rou t ine  ABEND is  c a l l e d  by sub rou t ine  ERROR t o  f o r c e  an 
abnormal te rmina t ion  of t h e  job wi th  . a  DUMP. The IBM v e r s i o n  of ABEND is 
an assembler language r o u t i n e  which invokes t h e  macro-instruct ion ABEND. 
An abnormal t e rmina t ion  code USER 16 is  g iven  and a  dump i s  w r i t t e n  t o  t h e  
f i l e  SYSUDUMP o r  SYSABEND. The CDC ve r s ion  of ABEND i s  a  FORTRAN r o u t i n e  
which c a l l s  t h e  FORTRAN r o u t i n e  EXIT. 



11. J O B I D  

J O B I D  is  used by t h e  I B M  ve r s ion  of sub rou t ine  TIMER t o  r e t u r n  
t h e  job name supp l i ed  on t h e  user ' s  job card .  J O B I D  is no t  re ferenced  by 
t h e  CDC ve r s ion  of t h e  code. 

FXP 

FXP is a f a s t  exponent ia l  func t ion .  The a lgor i thm is  descr ibed  
i n  Appendix A .  The I B M  ve r s ion  of FXP is programmed i n  assembler language. 
An equiva len t  FORTRAN r o u t i n e  i s  provided wi th  t h e  CDC ve r s ion  of t h e  code. 

13. DISPOS 

The sub rou t ine  DISPOS i s  used by t h e  module CSIOlO t o  determine 
whether t h e  f i l e  SRATES i s  given a permanent o r  temporary d i s p o s i t i o n .  
The IBM ve r s ion  of DISPOS i s  programmed i n  assembler language. The CDC 
ve r s ion  of DISPOS is  a dummy FORTRAN r o u t i n e  which r e t u r n s  a f l a g  t o  t h e  
c a l l i n g  r o u t i n e  i n d i c a t i n g  a temporary d i s p o s i t i o n  f o r  t h e  f i l e .  

14. TRACER 

TRACER is  used by t h e  IBM ve r s ion  of '~EUIKTTE t o ' p r o v i d e  t r ace -  
back informat ion  i n  ca se  of an e r r o r  i n  REEDIRITE. The I B M  ve r s ion  of 
TRACER is  programmed i n  assembler language. TRACER i s  not  re ferenced  i n  
 he Cbe ve r s ion  of t h e  code. 

E . Program Implementat i o n  
\ 

Both t h e  IBM and CDC ve r s ions  of t h e  program M C ~ - ~  a r e  a v a i l a b l e  from 
the  Argonne Code Center .  Each ve r s ion  of t h e  code r e q u i r e s  a program t a p e  
and a l i b r a r y  tape .  A d e s c r i p t i o n  of t h e  tapes  a long  w i t h  a step-by-step 
implementation s t r a t e g y  f o r  each ve r s ion  of t h e  program is  descr ibed  below. 

1. I B M  Code Implementation 

The I B M  program t ape  is  w r i t t e n  a s  descr ibed  i n  Table V I I .  The 
source  code f o r  M C ' - ~  is  contained on F i l e s  1 and 2 of t h e  program t ape .  
A b r i e f  d e s c r i p t i o n  of each of t h e  subprograms of F i l e  1 is  given i n  
Table V I I I .  The assembler language subprograms on F i l e  2 of t h e  t ape  were 
d iscussed  i n  Sec t ion  D above. Crea t ion  of o b j e c t  code f o r  i n p u t  t o  t h e  
l i nkage  e d i t o r  i s  t h e  f i r s t  s t e p  r equ i r ed  f o r  implementation of t h e  M C ~ - ~  
program. It is  recommended t h a t  t h i s  s t e p  b e  performed i n  t h e  fol lowing 
manner: ( i )  p r e a l l o c a t e  an o b j e c t  module d a t a s e t ;  ( i i )  compile F i l e  1 
For t r an  code; ( i i i )  assemble F i l e  2 assembler code. The p r e a l l o c a t i o n  
may be  performed by submi t t ing  t h e  job shown i n  F ig .  18.  The use r  may 
c l e a r l y  s p e c i f y  any DSN, VOL o r  UNIT in format ion  c o n s i s t e n t  w i t h  l o c a l  
naming convent ions.  I n  a l l  of t h e  examples which fo l low,  ANL conventions 
w i l l  b e  used b u t  t h e  e s s e n t i a l  n a t u r e  of each s t e p  i s  intended t o  b e  system 
independent.  The compilat ion of t h e  F i l e  1 subprograms should be  performed 
us ing  t h e  h i g h e s t  l e v e l  of op t imiza t ion  a v a i l a b l e .  Routinely t h i s  means 
use of t h e  FORTRAN H compiler wi th  OPT=2 s p e c i f i e d .  It should b e  noted t h a t  
FORTRAN compilers a r e  o f t e n  system dependent i n  t h e  sense  of r e l e a s e  
i d e n t i f i c a t i o n  and system genera t ion  (SYSGEN) op t ions .  The Level 21.7 



compiler  i s  c u r r e n t l y  i n  u se  a t  ANL b u t  o t h e r  r e l e a s e s  of IBM compilers  have 
been used wi thout  problem. The SIZE parameter  on t h e  s t anda rd  ANL For t r an  H 
compiler  was se t  a t  215K a t  SYSGEN t i m e .  Seve ra l  of t h e  M C ~ - ~  sub rou t ines  
are too  l a r g e  t o  compile w i t h  t h i s  s p e c i f i c a t i o n .  A second F o r t r a n  H 
compiler  is  a v a i l a b l e  a t  ANL which was s p e c i f i e d  wi th  SIZE=450K a t  SYSGEN time. 
This compiler is  used a t  ANL t o  compile t h e  sub rou t ines  CSIO10, DRCTOR, 
ELSCAT, CSC009, SETBG, CSCO11, RATES and SIFTIT s i n c e  t h e s e  r o u t i n e s  w i l l  
n o t  compile (ADCON TABLE EXCEEDED) w i t h  t h e  s m a l l e r  compiler .  The com- 
p i l a t i o n  of F i l e  1 code may be  performed i n  one job s t e p  a s  shown i n  
F ig .  19 o r  by b reak ing  up t h e  code i n t o  a  number of s m a l l e r  b locks .  The 
l a t t e r  procedure i s  recommended a s  i t  permi ts  one t o  work w i t h  s m a l l e r  
b locks  of source  code. I n  o r d e r  t o  break  up t h e  f i l e  i n t o  such manageable 
b l o c k s ,  one can use  t h e  IBM u t i l i t y  IEBGENER t o  c r e a t e  a  p a r t i t i o n e d  d a t a  
set (PDS) and then  compile each member of t h e  PUS s e p a r a t e l y  i n t o  the PDS 
c r e a t e d  by t h e  p r e a l l o c a t i o n  s t e p  of F i g .  18. I f  t h i s  mode of o p e r a t i o n  
is used,  a  recommended breakup of t h e  source  language is  by module a s  
i n d i c a t e d  i n  Table  V I I I .  Whether one uses  a  PDS o r  t h e  t a p e  a s  i n p u t ,  i t  
is recommended t h a t  t h e  code b e  compiled and l i n k  e d i t e d  (with NCAL 
s p e c i f i e d )  a s  shown i n  F ig .  19. The f i n a l  s t e p  i n  t h e  p roccs s ing  of t h e  
sou rce  language t ape  i s  t h e  assembly of t h e  assembler  language r o u t i n e s  on 
F i l e  2  of t h e  t a p e .  This i s  done i n  a  s t r a i g h t f o r w a r d  manner a s  i l l u s t r a t e d  
i n  F ig .  20. The F i l e  2  r o u t i n e s  should  no t  be broken i n t o  b locks  a l though 
a l l  of F i l e  2  (944 source  ca rds )  may b e  copied a s  a s i n g l e  member of t h e  
sou rce  language PDS i f  d e s i r e d .  

I f  t h e  u s e r  does no t  wish t o  work d i r e c t l y  w i t h  sou rce  code a s  
recommended above, an o b j e c t  l i b r a r y  PDS i s  a v a i l a b l e  on F i l e  3 of t h e  
program t ape .  One may bypass t h e  s t e p s  above and use  t h e  IBM u t i . l i t y  
IEHMOVE t o  l oad  t h e  o b j e c t  l i b r a r y  t o  a  d i s k  pack as shown i n  F ig .  21. 
The b l o c k s i z e  of  t h e  o b j e c t  module was set  t o  6K s o  t h a t  i t  may be  moved 
t o  e i t h e r  a  2314 o r  3330 d i s k  pack. This  is no t  t h e  recommended procedure 
un l e s s  t h e r e  a r e  p a r t i c u l a r  problems involved i n  ope ra t i ng  wi th . . t he  two 
f i l e s  of sou rce  code. 

A sample problem i n p u t  deck is  provided on F i l e  4  of t h e  program 
t a p e .  P r i o r  t o  execut ing  t h i s  sample problem t h r e e  f u r t h e r  s t e p s  a r e  
r e q u i r e d  : ( i )  p r e p a r a t i o n  of Mc2-2 b ina ry  l i b r a r i e s  ; ( i i )  mod i f i ca t i on  
of sample problem l i nkage  e d i t o r  i n s t r u c t i o n s  t o  conform w i t h  t h e  o b j e c t  
l i b r a r y  p repa ra t i on  completed above; ( i i i )  mod i f i ca t i on  of t h e  JCL 
procedure provided w i t h  sample problem. 

A l i b r a r y  t a p e  i s  provided a long  w i t h  t h e  Mc2-2 program t ape .  This  
second t a p e  con ta in s  e i g h t  b ina ry  s e q u e n t i a l  f i l e s  i n  t h e  format of f i l e s  
MCC2F1 - MCC2F8 descr ibed  i n  Appendix C .  These f i l e s  must b e  copied t o  a  
d i r e c t  access device  (e.g.  d i s k  pack) a s  t h e  next  s t e p  i n  program 
implementation. A sample of t h e  job c o n t r o l  r equ i r ed  t o  copy t h e s e  f i l e s  
is  g iven  i n  F ig .  22. The space  requirements  f o r  t h e s e  f i l e s  (on a 3330 disk.  
pack) are given i n  Table  V I I .  The d a t a  a v a i l a b l e  on t h e s e  l i b r a r y  f i l e s  were 
processed from t h e  ENDFIB-IV d a t a  f i l e s  by t h e  code ETOE-11. A summary of 
t h e  l i b r a r y  s p e c i f i c a t i o n s  i s  g iven  i n  Table  I X .  The Argonne Code Center  a l s o  
h a s  a v a i l a b l e  f o u r  BCD t apes  which c o n t a i n  t h i s  same e i g h t  f i l e  l i b r a r y  i n  
BCD format a long  w i t h  a  F o r t r a n  program, Mc2-2 LIBGEN, which r eads  t h e  BCD 
f i l e s  and writes t h e  e i g h t  b i n a r y  f i l e s .  This l i b r a r y  gene ra t i on  program 
i s  descr ibed  i n  Appendix F. 



Having copied t h e  e i g h t  l i b r a r y  f i l e s  t o  a d i r e c t  access  device ,  
t h e  only remaining s t e p s  i n  implementation involve  modi f ica t ion  of t h e  
sample problem l inkage  e d i t  and JCL procedure t o  conform wi th  l o c a l  con- 
vent ions .  The l inkage  e d i t  s t e p  of t h e  sample problem deck b u i l d s  an 
executable  l oad  module from t h e  ob jec t  l i b r a r y  segments c r e a t e d  by com- 
p i l a t i o n  and assembly of F i l e s  1 and 2 of t h e  l i b r a r y  t a p e  r e s p e c t i v e l y  
( o r  a l t e r n a t i v e l y  copy of F i l e  3 ) .  The use r  must modify t h e  sample 
problem deck t o  r e f e rence  t h i s  o b j e c t  l i b r a r y  on t h e  JCL card wi th  t h e  
DDNAME MYLIB. Following t h e  l i nkage  e d i t  SYSIN ca rd  t h e  u s e r  must 
INCLUDE a l l  members of t h e  o b j e c t  l i b r a r y .  The INCLUDE cards  provided 
wi th  the ' sample  problem deck r e fe rence  t h e  members a v a i l a b l e  on t h e  PDS 
of F i l e  3 of t h e  l i b r a r y  t ape .  It is obvious t h a t  t h e  u s e r  must a l s o  
modify t h e  procedure name FTHEP and s t e p  names t o  conform wi th  l o c a l  
conventions. I f  d e s i r e d  t h e  load  module c r e a t e d  i n  t h i s  s t e p  may b e  
given a permanent d i s p o s i t i o n  s o  t h a t  t h e  e d i t  s t e p  may b e  bypassed on 
f u t u r e  problem execut ions  thus  sav ing  a cons iderable  amount ( s  2 minutes) 
of I/o t i m e .  

The JCL procedure ( c . f .  F ig .  11)  ARCSP015, which fol lows t h e  
l inkage  e d i t  s t e p  of t h e  sample problem i n p u t  must b e  modified t o  conform 
with l o c a l  convent ions.  Symbolic parameters  have been provided t o  e a s e  
t h e  burden of t h i s  modi f ica t ion .  For  example t h e  parame-ter UNITSCR should 
b e  changed i n  t h e  PROC s ta tement  t o  r e f e rence  t h e  s t anda rd  system d i r e c t  
access  s c r a t c h  u n i t ,  FULLBLK should b e  s e t  t o  6136 i f  3330 disk packs a r e  
not  a v a i l a b l e ,  e t c .  I n  a d d i t i o n  t h e  parameters MCC2F1 through MCC2F8 should 
b e  modified t o  conform wi th  t h e  d a t a  s e t  names ass igned  t o  t h e  e i g h t  M C ~ - ~  
1i .hrary f i l e s  copied from t h e  l i b r a r y  t ape .  The parameter PIELIB should 
b e  s e t  t o  t h e  d a t a  s e t  name (permanent o r  temporary) ass igned  t o  t h e  M C ' - ~  
load module. 



, . T a b l e  V I I  

IBM Code Cente r  Tape D e s c r i p t i p n  

1 )  Program Tape (Non-Labelled, 9 t r k ,  800 b p i )  

F i l e  D e s c r i p t i o n  - RFCFM - LRECL BLKSIZE 

1 F o r t r a n  Source  (EBCDIC) FB 80 3200 

2 Assembler Source  (EBCDIC) FB 80 3200 

3 Load Module ( ~ i n a r y )  FB 80 80 0 

4 Sample Problem (EBCDIC) . FB 80 3200 
I n p u t  

L i b r a r y  Tape (Non-Labelled, 9 t r k ,  1600 b p i )  

F i l e  Space ( u n i t s  of 3330 - RECFM - LRECL 
Tracks )  

1 1 VBS X 

2 9 VBS X 

3 6 VBS X 

4 11 VBS X 

5 223 VBS X 

6 289 VBS X 

7 1 VBS X 

8 334 VBS X 

BLKSIZE 

644'7 



Figure 18 

Preallocation of Object Library 

/ /  EXEC PGM=IEFBR14 
//OBJECT DD DSN=MCC~.~BJLIB,DISP=(NEW,CATLG),UNIT=SHRT~~~O, 
/ /  SPACE= (CYL, (.5,3,1)) ,VOL=SER= ,DCB=BLKSIZE=6144 
/ * 

Figure 19 

Compilation of 'Fortran Subprograms 

/ / EXEC FTHCEP , OPTIONS= 'OPT=2 ' , COMPILE=FORTH~~O, 
/ /  EDTOPTS='LET,LIST,MAP,DCBS,NCAL~ 
//FTH.SYSIN DD UNIT=TAPE9TRK,DISP=OLDyIABEL=(1,NL), 
/ ' VOL= ( , RETAIN, SER=nnnnnn) , 
//  DCB= (RECFM=FB ,LRECL=~O ,BLKSIZE=~~OO   DEN=^) 
//EDT.SYSLMOD DD DISP=OLD,DCB=BLKSIZE=6144, 
/ /  DSN=MCC2.0BJLIB(anyname ) 

1' 
/ * 

I 

Figure 20 

Assembly of File 2 CSECTS 

/ /  EXEC ASMCEP,EDTOPTS=~LIST,MAP,DCBS~ 
//ASM.SYSIN DD UNIT=TAPE9TRK,DISP=OLDyLAI3EL=(2,NL), 
/ / VOL= ( , RETAIN, SER=nnnnnn) , 
/ /  DCB= (RECFM=FB , LRECL=80 ,BLKSIZE=3200 ,DEN=2) 
//EDT.SYSLMOD DD DISP=OLD,DCB=BLKSIZE=6144, , 

/ DSN=MCC2.0BJLIB(anyname2) 

Figure 21 

Copy Object Module from File 3 of Program Tape to Disk 

/ /  EXEC PGM=IEHMOVE 
//SYSPRINT DD SYSOUT=A 
//SYSUTl DD DISP=SHR,UNIT=~~~O,VOL=SER=SCRO~~ 
//OBJECT DD DISP=OLD,UNIT=3330,VOL=SER=PACKxx 
/ /TAPE DD DISP= (OLD ,PASS) , UNIT=TAPESTRK,VOL= (.,RETAIN, SER=nnnnnn) , 
/ /  DCB= (RECFM=FB , LRECL=80 ,BLKSIZE=800,DEN=2) , 
/ / .  LABEL= (3 ,NL) ,DSN=FILE3 
//SYSIN DD * 
COPY F R O M = ~ ~ ~ ~ = ( ~ ~ ~ ~ ~ ~ , ~ ) , T O = ~ ~ ~ O = P A C K ~ ~ , F R O M D D = T A P E ,  

DSNAME=MCC2 .OB JL IB 
/* 



. / /LIBCOPY PROC T A P E = 1 1 9 3 6 1  ,TUNIT=TAPFI~OO,~"IIE=~,NAME=, 
// PRTYARY= 1 ,  S P C E = T R K ,  UN=33330,  DSF=KEEF 
// EXEC P S V = I E B S X K F R  
. / / S Y S P R S V T  nn s y s o a T = a  
/ /SYS!JTl  Q D  D I S ? = O L D , D C B =  ( R E C F M = V B S ,  L R E C L = X , B L K S I Z E = )  , 
// U N I T = & T U N I T ,  L ; - ~ E L =  (&FILE, NL) , V O L =  ( , R E T A I N ,  S E R = b T A 2 5 )  
/ / S Y S U T 2  D D  D S N = G N A M E , U N I f =  C U 3 ,  Ills?= (NEY , & D S i ! )  , DCB=*. S Y S V T l ,  
.I/ S ? A C E =  ( E S P C E ,  ( 6 P B I M A H Y ,  1 )  ) 
/ / S Y S I N  3 D  DUMMY 
// P E N D  
// EXEC L T S C O P Y ,  MAME=YCC2F1 
// ' E X E C  L T B C O P Y ,  BF.YJIE=MCC2F2,FILE=2,PRIMA.RY=9 
/,I EXEC TOT K O P Y ,  E J A ~ E = N C C ~ F ~ ,  F I L E = 3 ,  P H I M A R Y ~ 6  
// E X E C  L 'RCoPY,  EiAflE=YCC2k'4, , 4 ' ~ L E = l i ,  P R T Y R R Y  7.11 
// EXEC L T S C O P Y ,  N a Y E = M C C 2 F 5 , F I L E = 5 ,  P H I ? l A R Y = 1 2  , S P C E = C Y L  
// E X E C  ?. ,TF~coPY, N A Y %  M C C ~ F S ,   FILE=^, ~ f i 1 i 4 ~ R Y = 1 6 ,  S P C E = C Y L  
// EXEC L I S C O P Y , N A M E = M C C ~ F ~ , ~ I L E = ~  
// E X E C  L I S C O P Y ,  !7RM3=MCC2?3,  F I I , E = 8 ,  P R I ~ ~ A ~ Y  = ~ ~ , S P C E = C Y L  

F i g .  22. Copy of Mc2-2 IBM Binary  L i b r a r y  F i l e s  
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TABLE V I I I .  ' Funct ion of M C ~ - ~  .Subprograms 

Dr iver  and Sys tem Subprograms 

M A I N  (000010 - 002110)* 

Main program d r i v e r  f o r  M C ~ - ~ .  I n i t i a l i z e s  SEEK, c a l l s  system 
r o u t i n e s  t o  read  and spoo l  BCD i n p u t  and c a l l s  a l l  modules. 

SEEK (002120 - 004290) 

CCCC r o u t i n e  r e t u r n s  l o g i c a l  u n i t  numbers a s s o c i a t e d  w i t h  named 
d a t a  f i l e .  

CCCC r o u t i n e  performs a l l  b ina ry  110 d a t a  t r a n s f e r  ope ra t i ons .  

TIMER (006510 - 007830) I 

CCCC r o u t i n e  performs a l l  t iming and system dependent e d i t i n g  
( d a t e ,  I D ,  e t c . )  ope ra t i ons .  

ERROR (007840 - 008450) 

P r i n t s  e r r o r  numbers and c a l l s  ABEND f o r  job t e rmina t ion  i n  
c a s e  of FATAL e r r o r .  \ 

SNIFF (008460 - 008700) 

Dummy ARC System i n t e r f a c e  r o u t i n e  c a l l s  SEEK t o  o b t a i n  u n i t  . 
in format ion .  

BPOINTER (008710' - 021230) 

Dynamic a l l o c a t i o n  subprogram package - c . f .  Appendix . 
CODE (021240 - 022650) 

Reads a BCD ca rd  image and i n s p e c t s  i t ;  c a l l e d  by SCAN and 
STUFF modules. 

SCAN (022660 - 024880) 

Reads e n t i r e  BCD i npu t  stream from l o g i c a l  u n i t  number 5 and 
spoo l s  t h e  d a t a  t o  f i l e  ARC. C a l l s  SEEK t o  i n i t i a l i z e  f i l e s  
i n  BLOCK=OLD. 

"Numbers i n  b racke t s  a r e  sequence numbers .o f  r o u t i n e  on M C ~ - ~  program tape .  
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STUFF (024890 - 026270) 

Locates  nex t  b lock  of d a t a  from f i l e  ARC f o r  process ing .  

Reads and process  n e x t ' b l o c k  of BCD d a t a  from f i l e  ARC. 
I 

Edits one-dimensional H o l l e r i t h  a r r a y s .  

PRNTlE (031030 - 032250) 

I E d i t s  one-dimensional f l o a t i n g  p o i n t  s i n g l e  p r e c i s i o n  a r r a y s .  

E d i t s  one-dimensional i n t e g e r  a r r a y s .  - 
\ 

MIXER (033480 - 034950) 

Homogenizes smooth u . f . g .  t o t a l  c r o s s  s e c t i o n s  f o r  homogeneous 
mixture  and each heterogeneous r eg ion .  

SIGMAX (034960 - 036560) I 

Calcu la t e s  o p t i c a l  t h i cknes s  t o  l e f t . a n d  r i g h t  of each s l a b  
reg ion .  

Ca lcu l a t e s  t h e  r e a l  and imaginary p a r t s  of t h e  complex W 
func t ion  .' 

MATRIX (038080 - 039830) 

Mat r ix  i n v e r s i o n  r o u t i n e .  

Ca l cu l a t e s  Dancoff f a c t o r  f o r  s l a b  r eg ion .  

SIGESC (040470 - 040800) 

Ca lcu l a t e s  escape  c ros s  s e c t i o n  f o r  c y l i n d r i c a l  two-region 
p i n  c e l l s .  
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QL (040810 - 043580) 

c a l c u l a t e s '  r a t i o  of Legendre func t ions  of t h e  second k ind ,  
/ Q  - c . f .  Appendix A. 

%+1 N 

GRAPH (043590 - 043650) . 

Dummy r o u t i n e  t o  s u b s t i t u t e  f o r  S imp lo t t e r  d r i v e r .  

Main program d r i v e r  f o r  M C ~ - ~  i n p u t  p rocessor .  

Reads t ype  06 ca rds  of f i l e  A.MCC2 and o rde r s  m a t e r i a l s  
cons is  t e n t  w i t h  l i b r a r y .  

Reads and processes  type  15 cards of f i l e  A.MCC2. 

Reads Type 22 ca rds  of f i l e  A.MCC2 and loads  a r r a y s .  

Reads and processes  t ype  09 ca rds  of f i l e  A.MCC2. 

CARD14 (071110 - 072970) , 

Reads and processes  type  14  cards  of f i l e  A.MCC2. 

CARD18 (072980 - 074070) . 

Reads and processes  type  1 8  cards  of f i l e  A.MCC2. 

Reads and processes  type  10 ca rds  o f .  f i l e  A..MCC2. 

TYPE06 (075340 - 078580) t 

Reads and processes  t ype  06 cards  of f i l e  A.NIP. 

TYPE14 (078590 - 081610) t 

Reads and processes  type  '14 ca rds  of f i l e  A.NIP. 
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Reads and processes  type  1 5  ca rds  of f i l e  A.NIP. 

Reads and processes  type  16 cards  of f i l e  A.MCC2. 

CARD21 (087870 - 089690) 

Reads , and processes  t ype  21  cards  of f i l e  A.MCC2. 

SPACER (089700 - 090260) 

Reads p a s t  c a rds  i n  a BCD f i l e .  

Reads and processes  type  23 cards  of f i l e  A.MCC2. 

CARD11 (091970 - 093130) 

Reads and processes  t ype  11 cards  of f i l e  A.MCC2. 

Reads and processes  t ype  08 cards  of f i l e  A.MCC2. 

HETERO (097080 - U98250) 

Generates  homogeneous atom d e n s i t i e s  from A.NIP d a t a .  

Reads and processes  type  17 ca rds  of f i l e  A.MCC2. 

CSDMGI (102380 - 103130) 

Determines i n t e r f a c e  energy between mult igroup and 
cont inuous s lowing down s o l u t i o n  a lgor i thms .  

PRNTAE (103140 - 103860) 

E d i t s  H o l l e r i t h  and s i n g l e  p r e c i s i o n  f l o a t i n g  p o i n t  
a r r a y s .  

TESTBG (103810 - 105610) 

Tes t s  broad group energy s t r u c t u r e  f o r  c o m p a t i b i l i t y  
w i t h  u l t r a - £  ine-group e n e r g i e s .  
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CARD12 (105620 - 112160) 

Reads and p r o c e s s e s  t y p e  1 2  c a r d s  o f , f i l e  A.MCC2. 

Reads and p r o c e s s e s  t y p e  07 c a r d s  of f i l e  A.MCC2; 
p r o c e s s e s  pres  t o r e d  broad-group s t r u c t u r e s .  

Reads and p r o c e s s e s  t y p e  05  c a r d s  o f  f k l e  A.MCC2. 

RDANIP (122290 - 127690) 

C o n t r o l s  t h e  r e a d i n g  of t y p e  0 6 ,  1 4 ,  1 5  c a r d s  of 
f i l e  A.NIP. 

EDGEOM (127700 - 129190) 

E d i t s  b i n a r y  f i l e  GEOMl 

FOILS '(129200-129640) 

Loads f o i l  atom d e n s i t y  a r r a y  FOILDN 

STRTCH (129650 - 131600) 

Assures  t h a t  a l l  materials i n  he te rogeneous  problem appear  
i n  homogeneous m i x t u r e .  

PRNTlD (131610 - 132830) 

E d i t s  one-dimensional double  p r e c i s i o n  f l o a t i n g  p o i n t  a r r a y .  

WRITER (132840 - 135310) 

Writes t h e  b i n a r y  f i l e  PRBSPC. 

SXLSXR (135320 - 137340) 
r 

C a l c u l a t e s  a r r a y s  SXL, SXR used t o  o b t a i n  s l a b  o p t i c a l  t h i c k n e s s .  

EDTPRB (137350 - 145270) 

E d i t s  f i l e  PRBSPC. 

Main d r i v e r  f o r  M C ~  -2.  unreso lved  resonance  c a l c u l a t i o n .  
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Ca lcu la t e s  t h e  s i n g l e  l e v e l  unresolved resonance i n t e g r a l  
i nc lud ing  i n t e r f e r e n c e  s c a t t e r i n g  and s e l f  over lap .  

PACKER (165780 - 167120) 

Reads unresolved resonance d a t a  from l i b r a r y  f i l e  MCC2F3 
and processes  d a t a .  

L inea r ly  i n t e r p o l a t e s  i n p u t  a r r a y  onto a second a r r a y  on a 
d i f f e r e n t  energy g r i d .  

SETUPU (168300 - 168760) . , 

I d e n t i f i e s  mixture m a t e r i a l s  w i t h  unresolved d a t a .  

QUICKJ (168770 - 171960) 

Ca lcu la t e s  t h e  i s o l a t e d  J i n t e g r a l . w i t h  o r  wi thout  i n t e r -  
f e r e n c e , s c a t t e r i n g  us ing  a s i n g l e  l e v e l  r e p r e s e n t a t i o n .  

DRCTOR (171970 - 180300) 

A l l o c a t e s ,  l oads  a r r a y s  and d i r e c t s  ca lcu la t . ion  of unresolved 
resonance c ros s  s e c t i o n s .  

EDITUN (180310 - 182320) 

E d i t s  f i l e  UNRES . 
ESMESH (182330 - 183710) 

S e t s  up correspondence between inpu t  and co l l apsed  energy mesh. 

WZERO (183720 - 184170) 

Ca lcu la t e s  r e a l  p a r t  of t h e  func t ion  W(o,x) u s i n g ' a  r a t i o n a l  
approximation. 

........................................................................... 
CSCOO5 (184180 - 187700) 

Main d r i v e r  f o r  Mc2-2 reso lved  resonance c a l c u l a t i o n .  
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Reads M C ~ - ~  l i b r a r y  d a t a  and c o n t r o l s  c a l c u l a t i o n  of r e so lved  
resonance i n t e g r a l s .  

STUFIT (191760 - 193860) 

Reads r e so lved  d a t a  from f i l e  MCC2F4 and l oads  a r r a y s  i n  
compressed form. 

JINT (193870 - 2042'90) 

C a l c u l a t e s  i s o l a t e d  resonance i n t e g r a l s  i n c l u d i n g  i n t e r f e r e n c e  
s c a t t e r i n g  u s ing  e i t h e r  s i n g l e  l e v e l  o r  mu l t i - l eve l . f o rma l i sms .  

EDITLZ (204300 - 205880) 

E d i t s  f i l e  LORENZ. 

NSIW (205890 - 206950) 
/ 

C a l c u l a t e s  NO f o r  homogeneous and he te rogeneous  mix tu r e s .  
0 

C a l c u l a t e s  u l t ra - f ine-group  i n t e g r a l s  of Lo ren t z i an  shape  
resonance i n t e g r a l s .  

WINNER (209080 - 210390) 

Determines which ne ighbor ing  r e so lved  resonances  c o n t r i b u t e  
t o  ove r l ap  i n t e g r a l .  

OVRLAP/OVRLOP (210400 - 216960) 

C a l c u l a t e s  ove r l ap  i n t e g r a l s  f o r  each  r e s o l v e d  resonance.  

RATNL (216970 - 217510) 

C a l c u l a t e s  r e a l  p a r t  of W(o,x) u s ing  a r a t i o n a l  approximat ion.  

SETUPR (217520 - 217990) 

1 d e n . t i f i e s  mixures w i th  r e so lved  resonance d a t a .  

TRIPLE (218000 - 219450) 

C a l c u l a t e s  i n f i n i t e  i n t e g r a l s  of p roduc ts  of $ and X. 
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JINTGL (219460 - 222330) 

- C a l c u l a t e s  i s o l a t e d  J i n t e g r a l  i nc lud ing  i n t e r f e r e n c e  s c a t t e r i n g  
f o r  t h e  s i n g l e  l e v e l  r e p r e s e n t a t i o n .  . 

SIFTER (222340 - 228020) 

S e l e c t s  m a t e r i a l s  from reso lved  d a t a  f i l e  MCC2F4, con t rv lb  
r eo rde r ing  of , resonances and s e l e c t s  over lap  candida tes .  

Arranges reso lved  resonances i n  o rde r  of decreas ing  energy and 
d e l e t e s  those  t h a t  f a l l  o u t s i d e  range of problem. 

CSCOO6 (231260 - 239090) 
- 

Main d r i v e r  f o r  resolved-unresolved resonance i n t e r a c t i o n  module. 

INTRAC (239100 - 242260) 

Reads f i l e s  ATNUAT and RESINT and c a l c u l a t e s  i n t e r a c t i o n  f a c t o r s .  

POTNTL (242270 - 245890) 

Ca lcu la t e s  resonance background c ros s  s e c t i o n s  and w r i t e s  f i l e  
SIGMAP . , . 

, EDITAT (245900 - 248660) 
- 

E d i t s  f i  l e  ATNUAT. 

EDITRS (248670 - 250540) 

E d i t s  f i l e  RESINT. 

WRISIT (250550 - 251560) 

Ca lcu la t e s  reso lved  over lap  f a c t o r s  t o  be  a s s o c i a t e d  wi th  each 
g r i d  p o i n t .  

EDITSP (251570 - 252880) 

E d i t s  f i l e  SIGMAP. 

........................................................................... 
CSCOO8 (252890 - 259500) 

Main d r i v e r  f o r  macroscopic da t a  c a l c u l a t i o n s .  
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SIGMAC (259510 - 265370) 

C a l c u l a t e s  macroscopic  t o t a l ,  e l a s t i c  and VC u l t r a - f i n e - g r o u p  
c r o s s  s e c t i o n s .  f 

SETCHI (265380 - 269330) 

C a l c u l a t e s  f i s s i o n  s p e c t r a  d i s t r i b u t i o n s  and w r i t e s  f i l e  PRBCHI. 

SETSCT (269340 - 278160) 

C o n t r o l s  c a l c u l a t i o n  of e l a s t i c  m a t r i c e s ,  t r a n s p o r t  c r o s s  s e c t i o n s  
and modera t ing  paramete rs .  

C a l c u l a t e s  Po and P1 u l t r a - f i n e - g r o u p  e l a s t i c  t r a n s f e r  m a t r i c e s .  

CALCFN (290790 - 292630) 

C a l c u l a t e s  (2n+l)f  (u) a t  a l l  hyper-fine-group b o u n d a r i e s .  
n 

FNAVG (292640 - 294260) 

C a l c u l a t e s  group averaged  v a l u e s  of e las t ic  expans ion  c o e f f i c i e n t s .  

SIGAVG (294270 - 296400) 

C a l c u l a t e s  group averaged  c r o s s  s e c t i o n s  from d a t a  p a i r s  
u s i n g  i n t e r p o l a t i o n  l aws .  -. 

SETCSD (296410 - 298790) 

P r e p a r e s  c o e f f i c i e n t s  f o r  c a l c u l a t i o n  of moderat ing p a r a m e t e r s .  

MODPAR (298800 - 305270) 

C a l c u l a t e s  con t inuous  s lowing  down modera t ing  paramete rs .  

XTRN (305280 - 308120) 

C a l c u l a t e s  u l t ra - f ine -group  ex tended  t r a n s p o r t  c r o s s  s e c t i o n s .  

EDIT1 (308130 - 309270) 

E d i t s  e l a s t i c  t r a n s f e r  m a t r i c e s .  

EDIT2 (309280 - 311930) 

E d i t s  macroscopic  u l t ra - f ine -group  vec to rs . .  

........................................................................... 



\ 
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Main program d r i v e r '  f o r  ul t ra-f ine-group spectrum and bruad- 
group c ros s  s e c t i o n  c a l c u l a t i o n .  

Loads d a t a  from record  5 of f i l e  MCC2F1 t o  determine s t o r a g e  
requirements  f o r  i n e l a s t i c  da t a .  

Reads t h e  f i l e  MCC2F6 i n e l a s t i c  and (ny2n)  d a t a  and w r i t e s  t h e  
- f i l e  GRPORD. 

ATNSRC (331150 7 332070) 

Reads f i l e  ATNUAT t o  determine number of s p i n  s t a t e s  and resonances.  

EGRID (332080 - 333080) 

S e t s  up ene rg i e s  a t  which unresolved a t t e n u a t i o n  f a c t o r s  a c t .  

Reads unresolved resonance i n t e g r a l s  from f i l e  ATNUAT and o rde r s  
them by energy .  

MATCH (336360 - 339070). 

Reads.resolved~resonance i n t e g r a l s  from f i l e  RESINT and s e t s  up 
problem m a t e r i a l  - resonance m a t e r i a l  correspondence. 

SeLs i n i t i a l  f i s s i o n  source d i s t r i b u t i o n .  . 
\ 

S e t s  up s t o r a g e  f o r  i n e l a s t i c  and (ny2n)  d a t a .  

DRIVER (347580 - 354540) 

Cont ro ls  ul t ra-f ine-group spectrum c a l c u l a t i o n .  ' 

\ 

Solves mult igroup spectrum equa t ions .  

Solves continuous s lowing down spectrum equat ions .  
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FISSOR/FISORl (363440 - 366990) 

Ca lcu la t e s  ul t ra-f ine-group f i s s i o n  source  and eigenvalue.  

BSQITR (367000 - 368940) 

Tes t s  on convergence of buckl ing  sea rch  and s e t s  next  buckl ing  
guess .  

PARAB (368950 - 369350) 

Computes c o e f f i c i e n t s  f o r  pa rabo l i c  f i t  t o  t h r e e  p o i n t s .  

Ca lcu la t e s  i n e l a s t i c  and (n,2n) ul t ra-f ine-group s c a t t e r i n g  
source .  

PROBIN (376100 - 378370) ' 

Calcula tes  d i s c r e t e  i n e l a s t i c  s c a t t e r i n g  source  t ak ing  account 
of energy-angle c o r r e l a t i o n .  

TABINT (378380.- 3811702 

Ca lcu la t e s  i n e l a s t i c , ( n , 2 n )  s c a t t e r i n g  p r o b a b i l i t y  from t a b u l a t e d  
func t ion .  

EDTUFG (381180 - 381600) 

E d i t s  u l t r a - f i n e  va lues  of a r r a y ' i n p u t .  

SETBG (381610 - 391130)- 

Controls  c a l c u l a t i o n  of broad-group c ros s  s e c t i o n s .  

BGSPEC (391140 - 394860) 

Ca lcu la t e s  broad-group f l u e s  and cu r ren t s ;  s e t s  correspondence 
between broad- and u l t r a - f  ine-groups . 

INSBG (394870 - 402660) 

Calcula tes  i n e l a s  t i c  and (n,2n) broad group s c a t t e r i n g  source .  

RESCS (402670 - 408030) 

, 
Calcu la t e s  homogeneous broad group resonance cap tu re ,  f i s s i o n  
and t o t a l  c ross .  s e c t i o n s .  
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Ca l cu l a t e s  r e so lved  resonance broad group e l a s t i c  t r a n s f e r  
ma t r i ce s .  

BGFLEl (412070 - 415090) 
I 

S e t s  d a t a  and writes f i r s t  t h r e e  r eco rds  of f i l e  ISOTXS. 

PGBLK? (61 51nn - 421560) 

Wri tes  i s o t o p e  dependent d a t a  t o  f i l e  ISOTXS. 

ISOCHI (421570 - 422650) 

Ca lcu l a t e s  broad-group chi  v e c t o r s  by i s o t o p e .  

Ca lcu l a t e s  broad-group non-resonance c r o s s  s e c t i o n  v e c t o r s .  

BGSCAT (429670 - 434230) 

Ca lcu l a t e s  non-resolved resonance broad-group e l a s t i c  s c a t t e r i n g  
t r a n s f e r  ma t r i ce s .  

'SRATE (434240 - 435890) 

Wri tes  t h e  f i l e  SRATES f o r  use by RADANL. 

Prepares  d a t a  f o r  f i l e  SRATES. 

O R I G I N  (438790 - 438840) 

Dummy r o u t i n e  t o  r e p l a c e  SIMPLOTTER sub rou t ine .  

........................................................................... 
CSCOIO (438850 - 444400) 

Main d r i v e r  f o r  broad-group fundamental mode spectrum 
c a l c u l a t i o n .  

HOMOG (444410 - 448100) 

Prepares  macroscopic broad group d a t a .  
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BGPN (448110 - 451640) 

Solves  broad-group PN equa t ions .  

BSQTR (451650 - 453570) 

Cont ro ls  buckl ing  s e a r c h  c a l c u l a t i o n .  

Ca lcu l a t e s  c o e f f i c i e n t s  f o r  p a r a b o l i c  f i t  t o  t h r e e  s e t s  
d a t a  p o i n t s .  

Ca l cu l a t e s  inhomogeneous broad-group sou rce  by summing 
ul t ra-f ine-group sou rces .  

Main d r i v e r  f o r  e d i t o r  of broad-group c r o s s  s e c t i o n  f i l e  ISOTXS. 

XSEDIT (458220 - 463840) 

E d i t s  i s o t o p e  c ros s  s e c t i o n  d a t a  from f i l e  ISOTXS. 

........................................................................... 
CSCOll (463850 - 481310) 

Main d r i v e r  f o r  i n t e g r a l  t r a n s p o r t  theory r e so lved  resonance 
c a l c u l a t i o n .  

This  func t ion  o b t a i n s  t h e  exponen t i a l  i n t e g r a l s  E2 (,X) , E3(,X) , 
and E ~ ( X )  by i n t e r p o l a t i o n  on t a b u l a r  va lues  o r  asympto t ic  
expansions a s  a p p r o p r i a t e .  

Closes d a t a  s e t s  MCC2FlY.MCC2F4, and SRATES. 

MERGER (483770 - 489790) 

Forms t h e  union of a l l  unique problem and f o i l  m a t e r i a l s  and 
computes a r r a y s .  . 



TABLE V I I I .  Function, of M C * - ~  Subprograms (Contd.) 

SPOOL (489800 '- 495000) 

Reads i n  t h e  e l a s t i c ,  f i s s i o n ,  cap tu re ,  and t o t a l  u l t r a  f i n e  
group c r o s s  s e c t i o n s  from s c r a t c h  d a t a  s e t s .  

FLIPIT (495010 - 495630) 

Converts a s l a b  c e l l  wi th  r e f l e c t i v e  boundary condi t ions  t o  
t h e  equ iva l en t  c e l l  w i t h  p e r i o d i c  boundaries .  

Determines symmetrical. mesh i n t e r v a l  p a i r s  f o r  ' s l a b  geometry: 

S e l e c t s  m a t e r i a l s  from d a t a  s e t  MCC2F4, c a l l s  STUFER t u  Load 
a r r a y s ,  and c a l l s  MANAGR t o  proceed w i t h  , t h e  i n t e g r a l  theory 
reso lved  resonance c a l c u l a t i o n .  

STUFER (507760 - 510000) 

Reads d a t a  s e t  MCC2F4, loads  a r r a y s ,  m u l t i p l i e s  SIGO by t h e  
i s o t o p e  abundances, and ob ta ins  t h e  square  r o o t s  of t h e  
reso lved  resonance e n e r g i e s .  

REARNG (510010 - 511040) 

Arranges resonances i n  o r d e r  of decreas ing  energy. 

This func t ion  o b t a i n s  S3(Z,H) def ined  a s  t h e  sum of E3(Z+KH) f o r  
K between ze ro  and i n f i n i t y .  EZ3 Is used f o r  o p t i c a l l y  t h i n  . 
u n i t  c e l l s .  

Obtains t h e  d i f f e r e n c e  i n  t h e  sums of E3(Y+KH) and 
E3(Y+DEL+KH) f o r  K equa l  zero  t o  i n f i n i t y ,  S3(Y ,H) - 
S3(Y+DEL,H). 

Obtains t h e  d i f f e r e n c e  i n  t h e  sums of E4(Y+KH) and 
E4(Y+DEL+KH) f o r  K equa l  zero  t o  i n f i n i t y ,  S4(Y ,H) - 
S4 (Y+DEL ,H) . 

Obtains S3(Z3,H) def ined  a s  t h e  sum of E3(Z3+KH) f o r  
K between zero  and i n f  i n 1  ty us ing  gauss ian  quadra ture ,  



TABLE V I I I  . Funct ion of M C ~ - ~  Subprograms (Contd.) 

PFUNC (514520 - 515070) 

'Obtains t h e  s l a b  c o l l i s i o n  escape p r o b a b i l i t y .  

Computes t h e  s c a t t e r i n g  source  i n t o  t h e  c u r r e n t  hyper- 
f  ine-group . 

MANAGR (523740 - 539000) 

Acts a s  t h e  d r i v e r  t o  complete t h e  i n t e g r a l  t r a n s p o r t  theory 
c a l c u l a t i o n .  

Determines t h e  reso lved  resonances t o  b e  inc luded  f o r  t h e  . 

c a l c u l a t i o n  of t h e  hyper-fine-groups within each in t e rmed ia t e  
' 

group, and computes t h e  reso lved  resonance r e l a t e d  c r o s s  
s e c t i o n s  f o r  each hyper-fine-group. 

RATESIRATESF (544430 - 559260) 

Obtains t h e  c o l l i s i o n  r a t e s  fox t h e  cu r r en t  hyper-fine-group 
and f o r  each mesh i n t e r v a l  of each reg ion  i n  t h e  c e l l .  

PREEDT (559270 - 561730) 

Reads t h e  d a t a  s e t  IRESCS and w r i t e s  ou t  t h e  rear ranged  d a t a  
onto s c r a t c h  d a t a  s e t s ,  one f o r  each r eg ion ,  i n  p repa ra t ion  
f o r  e d i t i n g  t h e  i n t e g r a l  t r a n s p o r t  resonance c r o s s  s e c t i o n s .  

Reads s c r a t c h  d a t a  s e t s ,  loads  a r r a y s ,  and e d i t s  t h e  reso lved  
resonance c ross  s e c t i o n s .  

PREFOL (567660 - 569850) 

Reads d a t a  s e t  SCR005 and w r i t e s  ou t  t h e  rear ranged  d a t a  onto 
s c r a t c h  d a t a  s e t s ,  one f o r  each f o i l ,  i n  p repa ra t ion  f o r  e d i t i n g  
t h e  resonance f o i l  c ros s  s e c t i o n .  

EDTFOL (569860 - 572050) 

Re.ads s c r a t c h  d a t a  s e t s ,  load a r r a y s ,  and e d i t s  t h e  reso lved  
resonance c ros s  s e c t i o n s  f o r  f o i l  m a t e r i a l s .  
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T A B ~ E  V I I I .  Funct ion of M C ~ - ~  Subprograms (Contd.) 

Acts a s  t h e  d r i v e r  f o r  t h e  e d i t i n g  func t ions  of t h e  i n t e g r a l  
t r a n s p o r t  theory c a l c u l a t i o n .  

PREEDI (576620 - 577880) 

Reads t h e  d a t a  s e t  IRESCS and loads  a r r a y s  f o r  t h e  ca se  when 
a r r a y s  can b e  core  conta ined  i n  p repa ra t ion  for e d i t i n g  t h e  
i n t e g r a l  t r a n s p o r t  theory resonance c ros s  s e c t i o n s .  

EDTICI (577890 - 583220) 

E d i t s  t h e  reso lved  resonance t r a n s p o r t  theory resonance c r o s s  
s e c t i o n s  when a r r a y s  can be  core contained.  

PREFOI (583230 - 584500) 

Reads s c r a t c h  d a t a  s e t  and loads a r r a y s  f o r  t h e  ca se  when 
a r r a y s  can be  core  conta ined  i n  p repa ra t ion  f o r  e d i t i n g  f o i l  
c ros s  s e c t i o n s .  

EDTFOI (584510 - 585960) 

E d i t s  reso lved  resonance c ros s  s.ecLions f o r  f o i l  m a t e r i a l  when 
a r r a y s  can be core  conta ined .  

Acts as  t h e  d r i v e r  f o r  t h e  e d i t i n g  func t ions  of t h e  i n t e g r a l  
t r a n s p o r t  theory  c a l c u l a t i o n  when. a r r a y s  can be  co re  conta ined .  
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TABLE Ix. M C ~ - ~  ENDFIB-IV L i b r a r y  F i l e s  

Maximum Energy - 1.419 x l o 7  eV 
Lethargy Width . - 11120 
Number of groups  - 2082 
Number o f  M a t e r i a l s  - 104 

M C ~ - ~  I D  ENDFIB Mat Number Comments 

1262 U-238B U, R,  F, 
ENDFIB-IV Mat 
1262 p l u s  back- 
ground c o r r e c t i o n s  

U-2 38M 126 2 U ,  R ,  F ,  
ENDFIB-IV M a t  
1262 w i t h  MLBW 
r e s o l v e d  resonance  
f l a g  



TABLE IX. M C ~  -2 ENDFIB-IV L i b r a r y  F i l e s  (Cont  'd .) 

M C ~ - ~  I D  ENDFIB M a t  Number Comments 

MG 4 

N I  4 

CR 4 

FE 4 

SM14 9 4 

G D '  4 

RE1854 . 

RE1874 

RH1034 ' 

TC99 4 

AGlO 74 

AG1094 

CS1334 

CL 4 

K 4 

NA23 4 

B-11 4 

MN55 4 

U-2384 



TABLE I X .  M C ~ - ~  ENDFIB-IV L i b r a r y  F i l e s  (Cont Id.) 
, 

M C ~ - ~  I D  ENDFIB M a t  Number Comments 

AU19 74 

ZIRC 4 

U-2 35 4 

PU2394 

PU2414 

PA2334 

C-12 4 
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TABLE IX. M C ~ - ~  ENDFIB-IV Library Files (Cont Id.) 

M C ~ - ~  ID ENDFIB Mat Number Comments 

P9FP13. 1052 

U3FP23 1066 

R,  F, 
ENDFIB-111 
Fission Spectrum 

U This material has unresolved resonance data 

R This material has resolved resonance data 

F This material has fission spectrum data 



2. CDC Code Implementation 

The implementation of t h e  M C ~ - ~  code has been performed a t  two 
CDC computer l a b o r a t o r i e s  - Lawrence Berkeley Laboratory and Brookhaven 
Nat iona l  Laboratory. Each l abo ra to ry  has one CDC 7600 computer w i th  
65,536 (60-bi t )  words of sma l l  core  memory and 512,000 (60-bi t )  words of 
l a r g e  core  memory. Also each l abo ra to ry  has two CDC 6600 computers w i th  
65,536 (60-bi t )  words of c e n t r a l  memory. Mc2-2 w a s  implemented only on 
t h e  CDC 7600 computers. The examples i n  t h i s  s e c t i o n  d i sp l ay  t h e  c o n t r o l  
cards  s u i t a b l e  f o r  each i n s t a l l a t i o n .  The e s s e n t i a l  n a t u r e  of each s t e p  
is intended t o  be  system independent.  Each CDC i n s t a l l a t i o n  has l o c a l  
conventions but Brookhaven Nat iona l  Laboratory adheres  almost e n t i r e l y  
t o  s tandard  CDC conventions. The u s e r  w i l l  f i n d  a l l  t h e  necessary  CDC 
c o n t r o l  card informat ion  and FORTRAN usage i n  t h e  fo l lowing  f o u r  manuals. 

1. FORTRAN Extended 4 Reference Manual (Pub l i ca t ion  No. 
60305600, Rev. G) 

2. SCOPE 2.1 Reference Manual (Pub l i ca t ion  No. 60342600, 
Rev. H) 

3. Loader Reference Manual (Pub l i ca t ion  No. 60344200, 
Rev. G )  

4 .  Update Reference Manual (Pub l i ca t ion  No. 60342500,. 
Rev. E) 

The CDC program t ape  is w r i t t e n  a s  descr ibed  i n  Table X. The 
source  code f o r  Mc2-2 is  contained on F i l e s  1 and 2 of t h e  program t a p e .  
A b r i e f  d e s c r i p t i o n  of each of t h e  FORTRAN subprograms of F i l e  1 is  given 
i n  Table V I I I ,  and t h e  subprograms and sequence numbers i n  t h i s  t a b l e  a r e  
t h e  same f o r  both I B M  and CDC codes. The source  code d i f f e r s  i n  t h a t  a l l  
cards  between two cards  wi th  CDC* i n  columns 1-4 have a C i n  column 1 on 
t h e  IBM tape  and a blank i n  column 1 on t h e  CDC t ape .  The oppos i t e  change 
i s  t r u e  of cards  between two cards  w i th  C I B M  i n  columns 1-4. The 14 
subprograms on F i l e  2 of t h e  t ape  a r e  d iscussed  i n  Table X I .  The f i r s t  13 
subprograms a r e  w r i t t e n  i n  FORTRAN, and t h e  las t  subprogram, MEMGET, is  a 
COMPASS r o u t i n e .  Crea t ion  of o b j e c t  code f o r  i npu t  t o  t h e  segmentat ion 
loade r  i s  t h e  f i r s t  s t e p  r equ i r ed  f o r  implementation of t h e  Mc2-2 program. 
The compilat ion of F i l e  1 subprograms and t h e  f i r s t  13 subprograms of 
F i l e  2 should be  performed using t h e  h i g h e s t  l e v e l  of op t imiza t ion  a v a i l a b l e  
t h a t  w i l l  g ive t h e  c o r r e c t  o b j e c t  code. Curren t ly ,  t h i s  means use  of t h e  
FORTRAN extended compiler wi th  OPT=1 s p e c i f i e d .  The FORTRAN extended 
compiler i s  necessary  because of t h e  presence of LEVEL 2 s t a t emen t s .  A t  
t h e  p re sen t  time t h e r e  a r e  e r r o r s  i n  code generated wi th  t h e  OPT=2 FORTRAN 
extended compiler.  Also t h e  CDC FORTRAN compiler r e l e a s e  of 4.4 o r  l a t e r  
was used. E a r l i e r  r e l e a s e s  generated i n c o r r e c t  o b j e c t  code f o r  a l l  
a v a i l a b l e  op t imiza t ions .  Figure 23 d i sp l ays  t h e  c o n t r o l  cards  necessary  f o r  
reading  t h e  two f i l e s  of t h e  source  program t ape ,  compilat ion of t h e  
FORTRAN code, assembly of t h e  one COMPASS r o u t i n e  and w r i t i n g  of t h e  ob jec t  
code onto a magnetic t ape .  Depending on t h e  i n s t a l l a t i o n ,  i t  may b e  
necessary  t o  i s o l a t e  t h e  one COMPASS r o u t i n e  i n  F i l e  2 b e f o r e  assembly. 



This  is  c u r r e n t l y  a requirement  a t  t h e  Berkeley s i t e  because of i n t e r f a c e  
problems wi th  t h e i r  FORTRAN extended compiler .  Therefore  t h e  CDC UPDATE 
r o u t i n e  was used t o  s e p a r a t e  t h e  FORTRAN,and COMPASS sou rce  code. Genera l ly  
f o r  CDC computers,  sou rce  code can be  mixed FORTRAN and COMPASS subprograms. 
The FORTRAN compiler  w i l l  recognize COMPASS r o u t i n e s  and invoke t h e  COMPASS 
assembler  and then  c o n t r o l  w i l l  b e  r e tu rned  t o  t h e  FORTRAN compiler.  

F igure  24 d i s p l a y s  t h e  c o n t r o l  ca rds  which read  t h e  genera ted  o b j e c t  
code from t h e  magnet ic  t a p e .  The segmented l o a d e r  is  then  invoked and i t  
b u i l d s  t h e  segments from t h e  o b j e c t  code i n  accordance w i t h  t h e  d i r e c t i v e s  
i s s u e d  t o  t h e  segmented loade r .  These d i r e c t i v e s  a r e  provided 
on F i l e  3 of t h e  program t ape .  The INCLUDE d i r e c t i v e s  must be  s p e c i f i e d  i n  
a manner which i s  dependent on t h e  CDC 7600 computer o p e r a t i n g  system. For  
an ope ra t i ng  system l e s s  ( g r e a t e r )  t han  SCOPE 2.0, a s u b r o u t i n e  s p e c i f i e d  i n  
t h e  verb f i e l d  must (must no t )  b e  s p e c i f i e d  i n  t h e  s p e c i f i c a t i o n  f i e l d .  For 
example, i f  sub rou t ines  A,  B ,  and C a r e  t o  appear  i n  t h e  same segment, t hen  
t h e  d i r e c t i v e  s t a t emen t  under a SCOPE o p e r a t i n g  system equa l  o r  g r e a t e r  t han  
2.0 w i l l  b e  expressed  a s  

A INCLUDE B , C  

For a 7600 computer ope ra t i ng  system less than  2.0 o r  t h e  Berkeley 'BKY' 
o p e r a t i n g  system, t h e  e q u i v a l e n t  d i r e c t i v e  s t a t emen t  must be  s t a t e d  a s  

' A INCLUDE B , C , A  

The segmented l o a d e r  r e so lves  110 r o u t i n e s  and mathematical  sub rou t ines  wi th  
t h e  sys  tem l i b r a r y  c a l l e d ,  FTN4LIB (Berkeley) o r  FORTRAN (Brookhaven) . The 
execu tab l e  code now r e s i d e s  on t h e  f i l e  des igna ted  as MCCA. Th i s  f i l e  i s  
w r i t t e n  onto a magnetic t a p e .  

Two l i b r a r y  t a p e s  a r e  provided a long  w i t h  t h e  M C ~ - ~  program t ape .  These 
l i b r a r y  tapes  c o n t a i n  e i g h t  b ina ry  s e q u e n t i a l  f i l e s  w i t h  a t o t a l  of 4559 - 
r eco rds  and 2,767,155 words i n  t h e  format of t h e  f i l e s  MCC2F1-MCC2F8 
desc r ibed  i n  Appendix C . These l i b r a r y  t apes  were w r i t t e n  a t  t h e  Berkeley 
Laboratory on 7 t r a c k  unlabe led  t apes  a t  a d e n s i t y  of 800 BPI and x-mode 
b i n a r y .  Appendix F d e s c r i b e s  t h e  process  used f o r  gene ra t i ng  t h e  Mc2-2 
l i b r a r y  f i l e s  on a s i n g l e  1600 BPI t a p e  from t h e s e  two 7 t r a c k  t a p e s .  These ' , 

f i l e s  must b e  copied t o  a d i r e c t  acces s  device  (e .g .  d i s k  pack) as t h e  next  
s t e p  i n  program implementat ion.  S ince  no p r i v a t e  d i s k  space  was a v a i l a b l e ,  
t h e  l i b r a r y  w a s  copied from t ape  t o  d i s k  f o r  each problem execut ion  a s  
i l l u s t r a t e d  i n  F ig .  25. The d a t a  s e t  names a s s igned  t o  t h e  e i g h t  b ina ry  M C ~ - ~  
l i b r a r y  f i l e s  a r e  TAPE22-TAPE29 a s  d i sp l ayed  i n  F ig .  25. The d a t a  a v a i l a b l e  
on t h e s e  l i b r a r y  f i l e s  w e r e  processed from t h e  ~ ~ ~ l ? / B - I v ' d a t a  f i l e s  by t h e  
co.de ETOE-2. A summary of t h e  l i b r a r y  s p e c i f i c a t i o n s  is  g iven  i n  Table  I X .  
The Argonne Code Center  a l s o  has  a v a i l a b l e  f o u r  BCD t a p e s  which c o n t a i n  t h i s  
same e i g h t  f i l e  l i b r a r y  i n  BCD format a long  w i t h  a FORTRAN program, Mc2-2 
LIBGEN, which reads  t h e  BCD f i l e s  and w r i t e s  t h e  e i g h t  b ina ry  ' f i l e s .  

' Appendix F i l l u s t r a t e s  t h i s  p rocess .  The b i n a r y  l i b r a r y  t a p e s  genera ted  a t  
Berkeley Laboratory were made from t h e  FORTRAN program M C ~  -2 LIBGEN. 

The c o n t r o l  cards used t o  execu te  an M C ~ - ~  problem a r e  g iven  i n  F ig .  25. 
The execu tab l e  code genera ted  by t h e  segmented loade r  and t h e  e i g h t  b i n a r y  
l i b r a r y  f i l e s  a r e  copied from. t a p e  t o  a d i s k  pack. Note t h a t  t h e  e i g h t  



b ina ry  l i b r a r y  f i l e s  a r e  copied from t a p e  t o  d i s k  f o r  every problem 
execut ion .  For t h e  Berkeley example t h e  TAPE c o n t r o l  card and i t s  
appropr i a t e  d i r e c t i v e s  r e q u i r e  34 charge u n i t s  (one charge u n i t  c o s t s  t h e  
use r  about 7  cen t s )  t o  t r a n s f e r  t h e  b ina ry  l i b r a r y  f i l e s  from t ape  t o  
d i s k  pack and a s s i g n  a  d a t a  s e t  name t o  each f i l e .  Brookhaven does not  
have a  comparable c o n t r o l  card .  The c o n t r o l  cards  used t o  t r a n s f e r  t h e  
l i b r a r y  f i l e s  from t a p e  t o  d i s k  pack i n  t h e  Brookhaven example a r e  very 
i n e f f i c i e n t .  S tag ing  t h e  d a t a  and us ing  t h e  COPYBF c o n t r o l  cards  
t o  a s s ign  a  d a t a  s e t  name t o  each of t h e  e i g h t  f i l e s  r e q u i r e s  twice  t h e  
d i s k  space s i n c e  two copies  of t h e  l i b r a r y  e x i s t  on d i s k  packs. 
.Idhen t h i s  method was used a t  Berkeley f o r  comparison purposes t h e  STAGE 
command r equ i r ed  8 charge u n i t s  t o  t r a n s f e r  a l l  t h e  b ina ry  d a t a  from 
t ape  t o  d i s k '  and t h e  COPYBF c o n t r o l  cards  which a s s i g n  d a t a  s e t  names t o  
each f i l e  r e q u i r e  an a d d i t i o n a l  267 charge u n i t s .  The u s e r  should b e  
aware of t h e  BPOINTER con ta ine r  a r r a y  s i z e  a l l o c a t e d  i n  SCM and LCM and 
t h e  app ropr i a t e  f i e l d  l eng th  s p e c i f i e d  on t h e  CDC c o n t r o l  card  preceding 
M C ~ - ~  problem execut ion.  The s i z e  of t h e  dynamic s t o r a g e  c a p a b i l i t y ,  
BPOINTER, descr ibed  i n  Reference 1 and b r i e f l y  i n  Appendix E, used t o  manage 
a l l  v a r i a b l e  dimension a r r a y  a l l o c a t i o n s ,  is  provided f o r  on ca rd  type  
02 of d a t a  set A.MCC2. For t h e  CDC v e r s i o n  of t h e  code, a con ta ine r  
a r r a y  i s  a l l o c a t e d  i n  SCM (up t o  22,000 decimal words a v a i l a b l e  i n  sma l l  
core p lus  another  10,000 decimal words i f  no sma l l  core  b u f f e r s  e x i s t )  
a s  w e l l  a s  a  con ta ine r  a r r a y  i n  LCM (up t o  131,072 decimal words i n  
d i r e c t l y  addressable  l a r g e  core  memory). Almost a l l  of t h e  l a r g e  
BPOINTER a r r a y s  i n  t h e  CD.C ve r s ion  of t h e  M C ~ - ~  code a r e  p laced  i n  t h e  
con ta ine r  a r r a y  i n  LCM. A t  t h i s  t ime,  no known l i m i t a t i o n s  due t o  co re  
s i z e  a r e  placed upon execut ions  of t h e  CDC ve r s ion  of t h i s  code. 

Two BCD sample problem i n p u t  decks a r e  provided on F i l e  4 of t h e  
program t ape .  The f i r s t  problem d i s p l a y s  t h e  execut ion  of a  homogeneous 
c o n s i s t e n t  P problem. The type 0 1  card of d a t a  s e t  A.STP015 i s  s e t  t o  

1 
execute  Areas 4 ,  5 ,  6 ,  6.5,  7, 8, and 9 and t o  e d i t  t h e  broad group 
cross  s e c t i o n s .  The second sample problem shows t h e  execut ion  of a  
homogeneous reso lved  resonance i n t e g r a l  t r a n s p o r t  c a l c u l a t i o n .  The 
type 0 1  card of d a t a  s e t  A.STP015 is  s e t  t o  execute  Areas 4 and 10. 
Data s e t  UNREG, t h e  unresolved resonance u1tra;fine-group c r o s s  s e c t i o n s ,  
( c a l l e d  TAPE 49) was saved from t h e  f i r s t  problem. This  d a t a  s e t  is  
inpu t  t o  t h e  second problem by s p e c i f y i n g  DATASET=UNREG under t h e  d a t a  
set i n i t i a l i z a t i o n  BLOCK=OLD. 



F i l e  Number 

1 

TABLE' X. CDC Code Center Tape ~ e s c r i ~ t i o n  

Number of 
Contents Card Images 

M C * - ~  Subprograms 58907 
See Tab1.e .I7111 

M C * - ~  Subprograms 
f o r  CDC Code . 

See Table X I  

D i r ec t ives  Required 
f o r  Segmented Loader 
See F i g .  17  . 

Two   am pie M C ~ - ~  
Problem Input  ,Decks 



TABLE X I .  Funct ion of M C ~ - ~  Subprograms f o r  CDC Code 

ALLOC~/ALLOC~? (000010 - 000760) * 
Assign s t o r a g e  f o r  t h e  dynamic a l l o c a t i o n  subprogram package 
BPOINTER. 

Dummy FORTRAN r o u t i n e  t h a t  r e l e a s e s  t h e  s t o r a g e  of t h e  dynamic 
s t o r a g e  c o n t a i n e r  a r r a y  t h a t  was a l l o c a t e d  by t h e  sub rou t ine  
ALLOC~/ALLOC~. 

Cal led  by sub rou t ine  ERROR t o  f o r c e  an  abnormal t e rmina t ion  of 
t h e  job w i th  a DUMP. 

F a s t  exponen t i a l  f u n c t i o n .  

Lef t-j u s t i f y  H o l l e r i t h  v a r i a b l e s .  

Used by module CSIOlO t o  determine whether t h e  f i l e  SRATES is  
g iven  a permanent o r  temporary d i s p o s i t i o n .  CDC code always, 
sets a temporary d i s p o s i t i o n  t o  t h e  f i l e .  

FILEIDt' (001960 - 002110) 

A dummy r o u t i n e  t h a t  i s  used i n  sub rou t ine  BGFLEl of module 
CSC009 t o  o b t a i n  t h e  d a t a s e t  name a s s o c i a t e d  w i t h  t h e  f i l e  ISOTXS. 

Used i n  sub rou t ine  B G F L E ~ ' ~ ~  module CSC009 t o  convert  a v a r i a b l e  
from i n t e g e r  t o  H o l l e r i t h  format .  

FORTRAN r o u t i n e  t h a t  performs t h e  non-formatted (binary)  110 
ope ra t i ons  between LCM and d i sk  f i l e s  w i thou t  use  of a b u f f e r  
a r r a y  i n  sma l l  core  memory. 

FORTRAN r o u t i n e  t h a t  i n i t i a l i z e s  t h e  common b lock  / I N I T I O /  which 
is common t o  subroutines REED and DRED. 



TABLE X I .  Function of M C ~ - ~  Subprograms f o r  CDC Code (Contd.) 

A dummy FORTRAN r o u t i n e  t h a t  is' in tended  t o  open/close d a t a s e t  
buffers . 

ERF (004210 - 005130) 

A FORTRAN wiritten func t f  on t h a t  eva lua t e s  the.  e r r o r  func t ion .  

PRTECS (005140 - 006320) 

A FORTRAN subrout ine  t h a t  e d i t s  a one-dimensional f l o a t i n g  po in t  
s i n g l e  p r e c i s i o n  a r r a y  l o c a t e d , i n  LCM. 

A COMPASS r o u t i n e  t h a t  performs t h e  a l l o c a t i o n  f o r  ALLOCl/ALLUC2. 

* 
Numbers i n  b racke t s  are sequence nurubers of r o u t i n e  on F i l e  2  of CDC 
program tape.  

t ~ h i s  i s  a  FORTRAN r o u t i n e  f o r  t h e  CDC code. See Sec t ion  D above f o r  a, 
f u r t h e r  d e s c r i p t i o n  of t h i s  r o u t i n e .  



BERKELEY BROOKHAVEN 

( JOBCARD) 
SCF(R=BCDIN,RL=80,BF=40,D8,nnnnn) 
COPYBF (BCDIN   TAPE^ ,I) 
COPYBF(BCDIN,TAPE2,1) 
REWIND(BCDIN,TAPEl,TAPE2) 
RFL,100000,100000. 
FTN4,I=TAPEl,OPT=l,L=O,B=FILEl. 
REWIND(TAPE~,FILE~) 
UPDATE (N) 
UPDATE(F ,P=NEWPL) 
REWIND(COMP) 
FTN4,I=COMPYOPT=1,B=FILE2A. 
REWIND (COMP ,NEWPL ,FILE2A) 
UPDATE(F,P=NEWPL) 
REWIND ( COW) 
COMPASS, I=COMP ,B=FILE2B. 
lU3WIMD (COMP , FILE 2B) 
COPY(FILE1,1FXF,FILE2Ay1FXFyFILE2By1FyPG) 
REWIND (PG) 
STAGE(PG,D9,NT,P3,W,nnnnn,lF) 
7/8/9 
*DECK MC 
*READ TAPE2 
7/8/9 
*COPY MCYMC.2,MC.633,COMP 
7/8/9 
*COPY MCYMC.634,MC.655,COMP 
718 /9 

( JOBCARD) 
ACCOUNT (Name, NNNN) 
STAGE (B CDIN ,HY , VSN=Nnnnnn) 
STAGE(PG,POSTyPE,E,VSN=Knnn) 
FILE(BCD1N ,RT=F, FL=80 , RB=40 ,BT=K , CM=YES) 
COPYBF(BCDIN,TAPE~, 1) 
COPYBF(BCDIN,TAPE2,1) 
REWIND(TAPE1 ,TAPE2) 
RETURN (BCDIN) 
FTN(I=TAPEl,OPT=1,L=O,B=FILE1,SYSEDIT,PL=70000) 
REWIND(TAPE1 ,FILEl) 
FTN(I=TAPE2,0PT=l,B=FILE2,SYSEDIT,PL=70000) 
mWIND(TAF'E2 ,FILE2) -. 
COPYBF (FILE1 ,PG, 1) 
COPYBF (FILE2 ,PG, 1) 
REWIND (FILE1, FILE2 ,PG) 
6/7/8/9 

/ . 
Fig. 23. Compilation and Assembly of.CDC Source Code to Generate O3ject Code 



BERKELEY 

(JOBCARD) 
STAGE,PG,D9 ,NTP3,RYnnnnn. 
RFL, 100000,1000 . 
SEGLINK(F=PG,P=FTN~LIB,B=MCCA,LO=BEX) 
REWIND (MCCA) 
STAGE,MCCAyD9,NT,P3,W,nnnnn. 
71819 

(Insert directives required for 
the segmented loader. See Fig. 17) 

71819 0 

6171819 

( JOBCARD) 
ACCOUNT (N~~~,NNNN) 
STAGE (FLE1 ,PE ,E ,vSN=Knnn) 
STAGE (MCCB ,POST ,PE ,E ,VSN=Knnn) 
COPYBF(FLE~,PG~,~) 
COPYBF (FLE1 ,PG2,1) 
REWIND(PG1 ,PG2) 
RETURN (FLEI.) 
RFL(140000 ,L=l) 
SEGLOAD (B=MCCA) 
LOAD(PG1) 
LOAD (PG2) 
NOGO. 
REWIND (MCCA) 
COPY(MCCA,MCCB) 
REWIND(MCCB) 
71819 

(Insert directives required for the 
segmented loader. See Fig. 17) 

71819 
6171819 

Fig. 24. Build the Segments from Object Code Using the Segmentazion Loader 



BERKELEY BROOKHAVEN 

(JOB CARD) 
DISKHOG, 12000. 
TAPE,TAPE22,D9,X,NT,RYnnnnn. 
STAGE ,MCCB ,D9 ,NT ,P3 ,R,nnnnn . 
RFL, 170000,400000. 
MCCB (PL=70000) 
71819 
*READ 
*FILE ,TAPE23 
*READ 
*FILE ,TAPE24 
*READ 
*FILE,  TAPE^^ 
*READ , 
*FILE, TAPE 26 
*READ 
*FILE ,TAPE27 
*READ 
*FILE,TAPE28 
*READ 
*FILE, TAPE29 
*READ 
71819 

(BCD M C ~ - ~  problem input deck) 
71819 
6/7/8/9 

(JOB CARD) 
ACCOUNT(Name,NNNN) 
STAGE(LIB,PE,E,VSN=Knnn) 
STAGE(MCCA,PE,E,VSN=Knnn) 
COPYBF (LIB, TAPE22,l) 
COPYBF(L1B , TAPE23,l) 
COPYBF(LIB,TAPE24,1) 
COPYBF (LIB, TAPE25,l) 
COPYBF (LIB ,TA2E26, 1) 
COPYBF (LIB, TA2E27, 1) 
COPYBF (LIB,  TAPE^^, 1) 
COPYBF(LIB , TAPE29,l) 
R E W I N D ( T A P E ~ ~ , T A P E ~ ~ , T A P E ~ ~ , T ~ ~ P E ~ ~ , T A P E ~ ~ , T A P E ~ ~ )  
REWIND(TAPE28,TAPE29) 
RETURN (LIB) 
COPY(MCCA,MCCB) 
REWIND(MCCB) 
RETURN (MCCA) 
RFL (160000 ,L=400) 
MCCB . 
71819 

(BCD M C ~ - ~  problem input deck) 
71819 
6171819 

Fig. 25. Execution 'of MC*-~ Problem 
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APPENDIX A

SPECIAL FUNCTION EVALUATIONS



I. Legendre Funct ions of t h e  Second Kind 

I n  t h e  B approximation t h e  extended t r a n s p o r t  c r o s s  s e c t i o n  depends 
N 

on a r a t i o  of Legendre func t ions  of t h e  second k ind ,  

where 

l L N ( 9  

and the buckl ing  can be e i t h e r  r e a l  o r  imaginary. 'L'he c a l c u l a t i o n  of 
t h e  r a t i o  R depends upon both N and z. I n  Table X I 1  t h e  computat ional  
op t ion  i s  i d e n t i f i e d  wi th  t h e  va lues  of N and z. I n  t h e  express ions  
below d e f i n i n g  t h e  op t ions  B i s  used t o  r ep re sen t  t h e  r e a l  o r  imaginary 

p a r t  of m. 
1 )  Option 1 (Analyt ic)  

3E: 
-1 B --I t a n  7-- - 

L 
- -1 B 
n t  t a n  7 - 1 

2) Option 2 (Analyt ic)  

3) Option 3 (Hypergeometric S e r i e s )  

QN and lQN+I a r e  c a l c u l a t e d  us ing  &I e leven  term hypergeometric 

s e r i e s  expansion, 
'(30) 



wi th  t h e  c o e f f i c i e n t s  of t h e  e leven  term sunrmation p reca l cu la t ed .  The 
r a t i o ,  R3, is  then  c a l c u l a t e d  from Q (x) /QN(x).  N + l  

4 ) '  Option 4 (Backward Recursion) 

The r a t i o  R4 is  c a l c u l a t e d  us ing  ~ a u t s c h i ' s  backward r ecu r s ion  

r e l a t i o n (  31) . S e t t i n g  

t h e  r e c u r s i v e  r e l a t i o n s h i p  

is used t o  d e f i n e  r The r a t i o  R is  then  given by 9 ' 

L 
5) op t ion  5 (Foryard Recursion) 

The r a t i o  R is  c a l c u l a t e d  us ing  t h e  s t anda rd  forward r ecu r s ion  
r e l a t i o n .  S e t t i n g  

5 



t h e  r ecu r s ive  r e l a t i o n s h i p  - 

i s  used ,and R is  def ined  

6  Option 6  (Rela t ionship  wi th  P  ) N 

Use is made of t h e  r e l a t i o n s h i p  between Legendre func t ions  of 
t h e  f i r s t  k ind  P  (2) and t h e  second k ind  Q (2) t o  c a l c u l a t e  t h e  r a t i o  

n  N 

R6. 
Since t h e  forward r ecu r s ion  r e l a t i o n  is  s t a b l e  f o r  a l l  P  t h e  

n  ' 
Legendre func t ions  of t h e  f i r s t  k ind  a r e  c a l c u l a t e d  d i r e c t l y  from i t ,  

n  = 2, 3 ,  ..., N + 1 
. . 

From t h e  Pn (z) , t h e  non-singular  ' p a r t  of Q (z) and Q (2) i s  c a l c u l a t e d ,  
N N + l  

The func t ions  QN and QN+l a r e  then  c a l c u l a t e d  a s ,  





. , TABLE XI1 Legendre 'Function Evalua t ion  

N R* I z t / ~  1 Option 

1 > 0 a l l  1 Ana ly t i c  

< 0 1 a l i  2 . Ana ly t i c  . 

> 1 <. 0 (1.0, 1 . 1 5 1  3 Hypergeometric s e r i e s  

> 1 . <  0 l . i 5  4 Backward r e c u r s  i on  

> 1  > 0 > 1.0  4 Backward r e c u r s i o n  - 

> 1 < 0 < 1.0  5 . Forward r e c u r s i o n  - 
' 4  > 0 < 1.0 5 Forward r ecu r s ion  - 
> 1 > 0 (0.0,  0.451 5 Forward r ecu r s ion  

> 4 - > 0 (0.45, 1.01 6 Rela t ionsh ip  w i th  PN , 



11. A Fas t  Exponential  Subroutfne - FXP 

Approximately h a l f  of t h e  c e n t r a l  p rocessor  time i n  a  heterogeneous 
s l a b  c a l c u l a t i o n  i n  t h e  RABANL module of M C ~ - ~  i s  devoted t o  t h e  ca l -  

c u l a t i o n  of exponen t i a l s ,  e  - I x ]  . ~n t h e  ul t ra-f ine-group c a l c u l a t i d n ,  
about 25% of t h e  CPU time f o r  a problem wi th  many i s o t o p e s  is  spen t  i n  
t h e  c a l c u l a t i o n  of exponen t i a l s  t o  t r e a t  the  i n e l a s t i c  and (n,2n) 
evapora t ion  laws. The s t anda rd  IBM For t r an  exponen t i a l  func t ion  is  
q u i t e  g e n e t a l  with regard Lu permissable  argumcntc and q u i t e  accurate .  
On t h e  o t h e r  hand i t  i s  r e l a t i v e l y  816W (% 9 x 10-"ec. 011 a 3401195) , 
Large ga ins  i n  speed a t  t h e  expense of accuracy and co re  s t o r a g e  a r e  ! 

obta ined  by use  of an assembler language r o u t i n e  FXP. For arguments i n  
t h e  range 0 5 x 5 18,  t h e  program FXP uses  a l i n e a r  i n t e r p o l a t i o n  scheme 

where 

" i = y t  + iAmi 0  < i < 1022 - - 

(.2 2 1 
This approximation was shown by Olson t o  b e  s u f f i c i e n t l y  a c c u r a t e  f o r  

( 6 )  
c a l c u l a t i o n s  of c o l l i s i o n  p r o b a b i l i t i e s  i n  t h e  RABID code . . The pro- 
gramming of t h e  assembler  language r o u t i n e  FXP was opt imized t o  a  195 
by A .  Hinds of ANL. Computation times. l e s s  than h a l f  t h a t ' o f  t h e  Fo r t r an  
exponent ia l  func t ions  a r e  t y p i c a l  of FXP on an IBM 3701195. A For t r an  
equ5valent  of FXP is  a v a i l a b l e  with t h e  CDC code.   he F o r t r a n  r o u t i n e  
is approximately 20% f a s t e r  than  t h e  CDC l i b r a r y . e x p o n e n t i a 1  rou t ine .  



111. Calcu la t ion  of Doppler-Broadened Line Shape Funct ions 

I n  t h e  computation of Doppler-broadened resonance c r o s s  s e c t i o n s ,  use 
is  made of t h e  symmetric and anti-symmetric l i n e  shape func t ions .  These 
func t ions ,  u sua l ly  denoted a s  I) and X, a r e  def ined  i n  terms of t h e  r e a l  
and imaginary p a r t s  of t h e  e r r o r  func t ion  f o r  complex arguments a s  

(A. 2) 

where 

and z = x + i y .  

ReW(x,y) and ImW(x,y) were p reca l cu la t ed  us ing  t h e  methods descr ibed  
i n  Ref. 32 and s t o r e d  i n  coa r se  and f i n e  mesh t a b l e s  a s  i n d i c a t e d  below. 
I n  t h e  f i n e  mesh t a b l e s ,  y ranges between -0.02 and 0.5 wi th  t h e  mesh 
-0.02(0.02)0.5 wh i l e  i n  t h e  coarse  mesh t a b l e s  y ranges between 0.4 and 
3.0 wi th  t h e  mesh 0.4(0.1)3.0. I n  both t a b l e s ,  x ranges between -0.1 and, 
3.9 wi th  t h e  mesh -0.1(0.1)3.9. 

I f  I X I  < 3.9 and y I_ 3.0, t h e  ReW and ImW a r e  obta ined  us ing  t h e  
s ix-poin t  b i v a r i a t e  i n t e r p o l a t i o n  formula (25.2.67) of Ref. 33 i n  e i t h e r  
t h e  f i n e  o r  coa r se  mesh t a b l e s  a s  app ropr i a t e  t o  t h e  va lue  of y .  

I f  1x1 > 3.9 o r  y > 3.0 bu t  1x1 < 6.0 and y ( 6.0,  ~ ( z )  i s  - 
.(34) approximated by 

3 ai 
W(Z)  = i z  1 

i=l z2- 
, bi 

where 

S e t t i n g  z = x + i y ,  Eq. A. 4 ~ i e l d s  



3 . a i  [-Y (,x2 - y2 - bi) + 2 x2 Y] 
KeW = 1 

i=l . (X2 - y2  - bi)2 + 4 x2 y2  

I f  1x1 > 6.0 o r  y  > 6.0 b u t  1x1 5 1 0 0 . 0  a n d y < 1 0 0 . 0 ,  W(z) i s  
(34) 

approximated by 

where 

Thus , 2 c2 [-y (x2 - Y 2  - di*) + 2 x2 Y] . 
1 

ReW = 1 
i=l, cX2 - y 2  - + 4 x2 y2  

If 1x1 > 100.0 o r  y  > 100.0, t h e  code uses  an asympto t ic  approximation. 
The i n t e g r a l  r e p r e s e n t a t i o n  of W(z) is g iven  by formula 7.1.4 of Re f .33  a s  

i e 2  d t  
W(z) = 71 

- 0 3 .  
z - t  

. N 
L L 
' j=l  z - t  

j 

(A. 10) 

(A. 11)  

where t h e  w and t a r e  t h e  weights  and absc i s sae '  f o r  t h e  Hermite quadra ture .  
j j 

I n  p a r t i c u l a r ,  f o r  very l a r g e  x  o r  y ,  w e  set  N = 2 and igno re  t i r e l a t i v e  
t o  z  s o  t h a t  

where w = &/2. S e t t i n g  z  = 'x + i y  , we have f i n a l l y  

(A. 12) 

ReW = -----Y------- 
(x2 + y2)  

(A.  13) 



For t h e  s p e c i a l  c a se  of x = 0, Eq. A.3 becomes 

e r f  c (y) . 

(A. 14)  

I f  y  < 2.0, Eq.A. 1 5  i s  eva lua ted  u s ing  t h e  r a t i o n a l  approximation (7.1.26) 
of  Ref. 33. If 2.0 < y  < 6.0, Eq.A.15 is! eva lua t ed  u s ing  Eq.A.5 w i t h  x set  
equa l  t o  zero. If ' 6 3  c y  < 100.0, Eq.A. 1 5  i s  eva lua ted  us ing  Eq.A. 8 w i t h  
x set  equa l  t o  zero. ~ i n a l i ~ ,  f o r  y  > 100.0, Eq.A.15 i s  eva lua t ed  u s ing  
Eq.A.13 w i t h  x set equa l  t o  zero.  



1: Numerical Methods Used i n  Ca lcu la t inp  t h e  I s o l a t e d  Resonance I n t e p r a l  

The t h r e e  terms of t h e  f a c t o r e d  i s o l a t e d  resonance i n t e g r a l  
J(B ,€I, 0 ,  0) , I (B ,0 ,  a )  , and M(B,€I, a )  given r e s p e c t i v e l y  i n  Eqs ,111.46- 
111.48 a r e  eva lua ted  us ing  f i x e d  p o i n t  Gauss-Jaeobi quadra tu re  o r  
asymptot ic  a lgor i thms depending upon t h e  va lue  of 6.  The code c a l c u l a t e s  
t h e  quan t i t y  

(A. 16) '  

T f  T1 ? 4.5, asymptot ic  express fans  are eva lua ted  ns descr ibed  1 p t p . r .  

Otherwise, t h e  code eva lua t e s  t h e  i n t e g r a l s  as fo l lows  . (25) 

The v a r i a b l e  of i n t e g r a t i o n  is changed from x t o  u us ing  t h e  
t r a n s £  o m a t  i o n  

U 
x = K  (A. 17) 

c-7 
s o  t h a t  i n  gene ra l  - 

f  (x) dx = - f (x(u)) 

0 1 - u 2  

The Gauss-Jacobi quadra tu re  p o i n t s  u a r e  given by 
i 

( 2 i  - 1)  IT 
u = C O S  
i 2N 

(A. 18) 

(A. 19) 

t h e  quadra tu re  weights  a r e  cons tan t  and equal  t o  n/N, and t h e  remainder i s  
given 

(A. 20) 

The va lue  s e l e c t e d  f o r  N ( e i t h e r  9 o r  13) and t h e  va lue  f o r  K i s  determined' (25) 

a s  shown i n  F ig .  26 based upon t h e  v a l u e s  of 0 and B. . 

(25) Now when T1 2 4.5,  Hwang has  shown t h a t  one may w r i t e  

IT j $ ' ( ~ Y x )  dx 

a + s 2 0  - (A. 21) 
B + P  

(B + P) (B + P) ' 



ASYMPTOTIC ALGORITHMS 

Fig.- 26. Gauss-Jacobi Quadrature Selection 

5 0 K = - -  
9 POINT 8 

GAUSS - JACOBI 
QUADRATURE I 

13 POINT 
GAUSS - JACOBI 

QUADRATURE 

- - 

B = 8 1.8971 +,?n (I + 0 . 7 5 3 2 9 2 9 1 ) l  P 

t 
T 2  = BP , 

, 

NO 

K =  0 . 7 0 7 1 h x  
P 

1 

- 

F = I + 0.018 
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I n  Eqs . A. 21-A. 23, . . 

P = ! ~(f i  0 ,  0)  (A. 24 )  

and '$(fi 8 ,  0)  is eva lua t ed  us ing  Eq .A. 15. 

The t h i r d  o rde r  i n t e g r a l !  which appears  i n  Eqs. A.21-A-23 is  eva lua ted  
us ing  a power s e r i e s  expansion,  o r  i f  8 > 2.5,  an asymptot ic  expansion. 

For 8 5 2.5 . , 

where 
1 

6 n 

1 
= a +  1 An m 

n= 1 m= 1 
and 

For  8 > ' 2 . 5  

(A. 26) 

(A. 27) 



where 

E i s  t h e  exponential  i n t e g r a l  defined i n  Eq.A.37 and 
1 ... 

(A. 29) 

For x < 10,  E (x) i s  evaluated using the  r a t i o n a l  expression 5.1.54 of Ref. 33 
1 

and f o r  x 2 1 0 ,  t h e  r a t i o n a l  expression 5.1.55 of Ref. 33. 

For the  case of B > 10 , the  code uses t h e  f i r s t  .term i n  Eq. A. 21 f o r  
. J a n d s e t s  I a n d M e q u a i t o O .  



Quadratures  f o r  S t a t i s t i c a l  I n t e g r a t i o n  v. 

I n  t he  c a l c u l a t i o n  of unresolved resonance c ros s  s e c t i o n s ,  i n t e g r a l s  
of t h e  form 

0 0 .  00 

a r e  r equ i r ed  where P 1-I i s  t b e  Chi-squared , ,  d i s t r i b u r i o n  of urdrr P 03.-ven by 

Eq. A. 30 i s  eva lua ted  us ing  . t h e  method descr ibed  by Hwang (35) as 

(A. 30) 

(A. 31) 

(A. 32) 

where t h e  A and X. have been ca1,culated f o r  1-1 = 1 ,2 ,3 ,  and 4. The t e n  
j J 

p o i n t  quadra ture  i s  used f o r  bo th  neut ron  and f i s s i o n  w i d ~ h  d i s t r i b u t i o n s .  

For  odd -p 

whi l e  f o r  even p 

(A. 33) 

(A. 34) 

(A. 35) 

(A. 36) 

S I n  Eqs.A.33 and A.34, Z .  and W a r e  r e s p e c t i v e l y  t h e  o r d i n a t e s  and weigh'ts 
J j 

of t h e  half-range ~ a u s s - H e r r d t e  quadra ture  der ived  by Steen,  e t  a l .  (36) 
.. 

whi l e  i n  Eqs. A. 35 and A. 36, S . and WL a r e  r e s p e c t i v e l y  t h e  usua l  Gauss- 
J j 

Legendre o r d i n a t e s  and weights .  

Table X I 1 1  l i s ts  A .  and X f o r  v = 1 ,2 ,3 ,  and 4 and j = 1 ,2 ,  ..., 10.  
J j 



Table X I I I .  Ten P o i n t  Quadrature Weights and Abscissae 
f o r  S t a t i s t i c a l  I n t e g r a t i o n  

One Degree of Freedom Two Degrees of Freedom 

Weight Abscissa Weight Abscissa 

1 1.11204133-01 3.00134653-03 3.37734183-02 1.32192033-02 

Three Degrees of Freedom 

Weight Abscissa 

3-3376.2143-04 1.00044883-03 

Four Degrees of Freedom 

Weight Abscissa 

1.76237883-03 1.32192033-02 

2.15177493-02 7.23496243-02 

8.09798493-02 1.90894733-01 

1.87979983-01 3.95288423-01 

3.01563353-01 7.40834433-01 

2.96160913-01 1.34982933+00 

1.07756493-01 2.52979833+00 

2.51719143-03 5.23848943+00 

8.96303883-10 1.38217723+01 

0.0 7.56475253+01 



V I .  Numerical Methods Used i n  Ca lcu la t ing  Slab CollTsion Rates  

a. Exponential  I n t e g r a l s  

The exponent ia l  i n t e g r a l  E (x) is  def ined  a s  n 

The i n t e g r a l s  E2(x ) ,  E3(x),  and E (x) a r e  obta ined  us ing  t h e  fo l lowing  
a lgor i thms.  

4  

E2(x) is  eva lua ted  us ing  t h e  s e r i e s  expausion (5.1.11) of t h e  

Handbook of Mathematical Functions wi th  Formulas, Graphs, and 

Mathematical Tables  (33) f o r  E. ( s )  a long  w i t h  t h e  r ecu r s ion  r e l a t i o n s h i p  
1 8  

t o  y i e l d  

(A. 38) 

(A.  39) 

where E u l e r ' s  cons tan t  y has  t h e  va lue  y = 0.5772156649 . . . 
For x < 0 .6 ,  E (x) as i n  t h e  case  of E2(x) uses (5.1.11) of Ref. 33 

3 
wi th  succes s ive  a p p l i c a t i o n  of Eq.A.38 t o  y i e l d  

(A. 40) 

For 0.6 5 x 2 6.4,  E (x) i s  obta ined  by l i n e a r  i n t e r p o l a t i o n  i n  a  t a b l e  3 
of E3 wi th  t a b u l a r  e n t r i e s  0  (0.01) 2(0 -02) 4(0.08) 6.4.  The t a b l e  va lues  a r e  

c a l c u l a t e d  us ing  t h e  polynomial approximation (5.1.53) of Ref. 33 i f  
0  2 x 1 and t h e  r a t i o n a l  approximation (5.1.56) of Ref. 33 i f  x > 1 t o  
o b t a i n  El(x),  and succes s ive  a p p l i c a t i o n  of Eq.A.38. 

For 6.4 < x ( 80,  E (x) i s  ;valuated us ing  t h e  f i r s t  t h r e e  terms of t he  3 
s e r i e s  r e p r e s e n t a t i o n  of En(x) f o r  l a r g e  n (5.1.52) of Ref. 33 so  t h a t  

(A.  41) 

Beyond x = 80, E i s  assumed t o  b e  zero .  
3  



For 0 - < x - < 6.4 ,  E (x) is obta ined  by l i n e a r  i n t e r p o l a t i o n  i n  a  
4  

Table of E wi th  t a b l e  e n t r i e s  t h e  same a s  f o r  t he  E t a b l e  mentioned 4 3 
above. The t a b l e  va lues  were obta ined  a s  i n  t h e  case  of E w i th  one 
more a p p l i c a t i o n  of t h e  r ecu r s ion  r e l a t i o n  Eq.A.38. 

3  

For 6 .4  < x 5 80, E is  eva lua ted  a s  i n  t h e  case  of E us ing  (5.1.52) 
of Ref. 33 s o  t h a t  4  3 

Beyond x = 80, E i s  assumed t o  be  zero .  
4  

b. Slab C o l l i s i o n  Escape P r o b a b i l i t y  

The p r o b a b i l i t y  of escape wi thout  a  c o l l i s i o n  from a s l a b  wi th  o p t i c a l  
t h i ckness  x i s  given by 

0.5 - E3(x) 
P = 

X 
(A. 43) 

I f  x  2 0.6,  P is  eva lua ted  wi th  E (x) being obta ined  a s  descr ibed  e a r l i e r  
3  

us ing  t a b l e  i n t e r p o l a t i o n  o r  us ing  Eq.A.41 a s  a p p r o p r i a t e  t o  t h e  range  of x. 

For x < 0 .6 ,  use of Eq.A.40 i n  Eq.A.43 y i e l d s  

X x2 x3 x4 x5 x6 P 2 1 - - ( 1 . 5 - y  - 1 n x )  - - + - - -  + - - -  
2 3! 2*4! 3-5!  4*6! 5*7!  (A. 44) 

i 

C .  I n f i n i t e  Sums of Exponential  I n t e g r a l s  

I n  t h e  case  of a u n i t  c e l l  of o p t i c a l  t h i ckness  h ,  t h e  c o l l i s i o n  r a t e  
c a l c u l a t i o n  involves  eva lua t ion  of i n f i n i t e  sums of exponen t i a l  i n t e g r a l s .  

Numerical procedures have been developed(6) f o r  eva lua t ing  t h e  func t ions  
00 

m -zt  
Sn(z,h)  = 1 E (z + kh) e  

n = I  - h t n  
d t  (A. 45) 

k=O , 

1 
( 1 - e  ) t  

which make use  of f a s t  and a c c u r a t e  Gaussian quadra ture  formulas.  

The code eva lua t e s  S (z ,h)  us ing  
3 

1 - exp(- 
exp(- z t  ) + C(z,h) 

i ,3 (A. 46) 
i=l 

where 
~ ( z , h )  = (0.004126 + 0.00628 exp(- 19.8h) } exp(- 1 8 . 2 ~ ) ~  z  < 0 .3  

= 0 ,  z  - > 0 . 3  (A. 47) 



and t h e  a b s c i s s a e  t iY3 and, weights  w ~ , ~  a r e  p reca l cu la t ed  a s  descr ibed  i n  

Ref. 37 da t a  and stored as d a t a  i n  the code. 

The number of terms M used i n  t h e  sum i n  Eq.A.46 l a y  between 1 and 4 
depending upon t h e  va lue  of z.  I f  

z 2 3.16, M i s  determined by t r u n c a t i n g  t o  an i n t e g e r  

M ~ ' 0 . 6 3 3  (7.89 - z ) .  (A. 48) 

For 3.16 < z ( 1 3 . 7 ,  M is  determined from 

M = 1 .0  + 6.2/2. 
For z > 13.7, S (z,H) is assumed t o  be  zero .  3 

S (z  ,h) i s  eva lua t ed  a s  4 

(A.  4 9 )  

(A. 50) 

with the a b s c i s s a e  and weights  aga in  p r e c a l c u l a t e d  and s t o r e d .  

N l a y  between 1 and 4 depending upon z.  I f  z - < 3.64, M i s  determined 
by t r u n c a t i n g  t o  an i n t e g e r  

N = 0.549 (9.10 - z )  . (A. 51) 

For 3.64 < N - < 15.6,  M i s  determined from 

N = 1 .0  + 6.81/z .  

For z > 15.6 ,  S (z H) i s  assumed t o  be zero .  
4 .' 

I n  a d d i t i o n  t o  t h e  i n f i n i t e  sums Sn(z ,h ) ,  t h e  code r e q u i r e s  d i f f e r ences  
of t h e s e  sums 

Dn(y,A,h) = S,(Y, h)  - S,(Y + A ,  h) . (A, 5 3 )  

The D (y,A,h) a r e  eva lua ted  us ing  va r ious  a lgor i thms depending upon t h e  
n 

c e l l - o p t i c a l  t h i ckness  and t h e  incrementa l  l eng th  A ,  I n  p a r t i c u l a r ,  t h e  
method-of Gaussian quadra ture  f o r  t h e  eva lua t ion  of t h e  S descr ibed  above 

n 
is  l e a s t  accu ra t e  f o r  e i t h e r  z o r  h smal l .  

For P > 0.02 and h 0 .2 ,  i f  a > 1 .147h lw4 ,  t h e  S3(z,h) of Eq-A.53 a r e  
eva lua t ed  us ing  t h e  ~ u l e r - ~ a c l a u r i n  s e r i e s  

(A. 54) 



1 .4  
I f  z - < 1.147hlw4 b u t  z + h > 1.147h , 

S3(z,h) = E3(z) + S3(z + h ,  h )  

where S ( z  + h ,  h)  i s  eva lua ted  us ing  Eq.A. 54. 
3 

I f  z + h - < 1.147hlw4 bu t  z + 2h > 1.147h1'4, 

S3(z,h) = E3(z) + E3(z + h)  + S3(z + 2h, h)  

(A. 55) 

(A. 56) 

where aga in  s ( z  + 2h, h )  uses  E ~ .  A. 54. I n  Eqs .A. 54-A. 56, .the 
3 

E (z)  and E (z )  a r e  obta ined  using t h e  methods descr ibed  above f o r  2 3 
ob ta in ing  t h e  exponen t i a l  i n t e g r a l s .  

I f  A > 0.02 and h > 0.2 ,  t he  S ( z ,  h )  of Eqs.A.53 a r e  eva lua ted  us ing  3 
Gaussian quadra ture  a s  descr ibed  e a r l i e r  i n  t h e  d i scuss ion  r e l a t i n g  t o  
Eq.A.46 w i t h  t h e  number of terms used i n  t h e  quadra tu re  determined us ing  
Eqs.A.48 and A.49. 

I f  A is  - < 0.02,  a Taylor  s e r i e s  expansion is  used t o  o b t a i n  

A A 
D3(y,A,h) = S3(y, h)  - S3(y + A ,  h )  = S3(z - T ,  h)  - S3(z + 7 - 3  h)  

For y + A/2 < 0.6 ,  only t h e  S and t h e  S a r e  r e t a i n e d  and t h e  f i r s t  
2 0 

few terms of t h e  s e r i e s  i n  Eq.A.57 a r e  eva lua ted  by d i r e c t l y  summing t h e  E 
and Eo func t ions  as 2 

(A. 58) 

where t h e  d i r e c t  summation i n  Eq.A.58 i s  cont inued a s  long as.  
y + A / 2  + kh < 0 .6 ,  and Eo(z) = exp(- z)/z.. 

When y + A/2 + kh > 0.6,  t h e  remainder of t h e  s e r i e s  of Eq.A,57 is- 
obta ined  a s  fol lows.  S- is  obta ined  us ing  t h e  Gaussian quadra ture  a lgor i thm 

2 

b (A. 59) 



us ing  p reca l cu la t ed  and s t o r e d  weights  and absc i s sae .  Then, us ing  t h e  f a c t  
t h a t  

(A. 60) 

we may r e w r i t e  Eq. A.57 a s  
\ A 

S 2  = A *  S2(y + A/2 + kh,  h)  t2 + - tl! 
i , 2  1920 1 , 2  

(A. 61) 

w i th  Eq. 23 used t o  o b t a i n  S2. Thus f i n a l l y  

The D (y,A,h) a r e  s i m i l a r l y  eva lua ted  using va r ious  a lgor i thms 
4 

depending upon t h e  c e l l  o p t i c a l  th ickness  h and t h e  incrementa l  l e n g t h  A .  

For A > 0.02 and h < 0.2 ,  i f  z  > l . 8 1 8 h ~ ' ~ ,  t h e  S4(z,h)  of Eq.A.53 
a r e  eva lua ted  us ing  t h e  z u l e r - ~ a c l a u r i n  s e r i e s  

S4(? ,h)  = E4(z) + S4(z  + h ,  h )  (A. 64) 

where S (z + h ,  h)  i s  eva lua ted  using Eq.A.6.3. I n  Eqs.A.63 and A.64, t h e  E3(z) 4  
and E ( z )  . a r e  obta ined  us ing  t h e  meth9ds descrfbed e a r l i e r  f o r  ob ta in ing  4 
t h e  exponen t i a l  i n t e g r a l s .  

I f  A > 0.02 and h > 0 .2 ,  t h e ' s  ( z ,h )  of Eq.A.53 a r e  eva lua ted  us ing  
4 

Gaussian quadra ture  a s  descr ibed  e a r l i e r  i n  t h e  d i scuss ion  r e l a t i n g  t o  
Eq.A.50 wi th  t h e  number of  terms used i n  t h e  quadra ture  determined.using 
Eqs.A.51 and A.52. 

If A is < 0.02,  a  Taylor  s e r i e s  expansion is  used a s  i n  t h e  case  of 
D (y,A,h) t o  z b t a i n  3 

D4(y,A,h) = S4(y,  h )  - S4(y + A ,  h) 

(A.  65) 

w i t h  S being obta ined  us ing  t h e  Gaussian quadra ture  of Eq,,A.46. 3 



VII. C y l i n d r i c a l  Transmission P r o b a b i l i t i e s  

A s  given i n  Ref. 5, f o r  a c y l i n d r i c a l  reg ion  i having o u t e r  r ad ius  r i s  - 
i n n e r  r a d i u s  r 

i-1 ' and macroscopic c ros s  s e c t i o n  C t h e  t ransmiss ion  
i ' 

p r o b a b i l i t i e s  from i n n e r  s u r f a c e  t o  o u t e r  s u r f a c e  To' and from o u t e r  s u r f a c e  

t o  o u t e r  s u r f a c e  TOO a r e  given by 
i 

(A. 66) 

1 ~ 1 2  r i-1 
1 IT Ki 1 1  (A. 67) 

0 . i 3 

where 

= - ri-l c o s  6 + {r: - r2 s i n 2  t 1% i-1 

(A. 68) 

(A. 69) 

The TO' and Too a r e  t a b u l a t e d  as a func t ion  of x and z where. 

z = Ci ( r i  - ri-l) i (A. 73) 

w i th  x ranging  between 0.0 and 1 .0  and z between 0.0 and 8.0.  For bo th  

To' and Too, t h e  mesh f o r  z is 0(0 .01)0 .4 (0 .02)1 .0 (0 .04)2 .6 (0 .06)5 .0 (0 .10)8 .0 .  

For TO' , t h e  x mesh increment is  0.04,  and f o r  TOO, t h e  x mesh increment is  
0.02. 

The Ki used i n  Eqs. A.66 and A.67 were o b t a h e d  from a n  extended p r e c i s i o n  - 
3 

(real*16) func t ion  K I N  which computes K (x) f o r  1 5 N 2 10 and x 2 0 
i 

' us ing  t h e  fo l lowing  a lgor i thms.  N 

For x > 39.0, K I N  r e t u r n s  t he  va lue  0.0 f o r  a l l  N.  For 0 .0  < x - < 39.0, 

Ki 
and Ki a r e  eva lua t ed  us ing  t h e  r a t i o n a l  express ions  given by i 

2 3 
(38) I. Gargantine and T. Pomentale . 



For 0.0 < x - < 2.0, K. (x) = K (x) is  obta ined  from t h e  polynomial 
1 0 

0 

approximations (9.8.5) and (9.8.1) of t h e  Handbook of Mathematical Functions 

w i t h  Formulas, Graphs, and Mathematical Tables (33) and f o r  x > 2.0, K i s  
obta ined  from t h e  polynomial approximat i on  (9.8.6) of Ref. 33. 

i 
0 

i s  ob ta ined  f o r  0.0 < x 1  7.0 i n  t e r n s  of Ki and Ki a s  . 
-1 2 

(A,  74) 

where Ki i s  ob ta ined  as i n d i c a t e d  above and K (x) = K (x)  i s  obta ined  
7 i -1 1 

us ing  t h e  polynomial approximations (9.13.7) and (9.8.3) of Ref. 33' when 
0 .0  < x < 2.0, and us ing  t h e  polynomial approximation (9.8.8) of Ref.33 
when x >'2.0. For x > 7 . O ,  K is  obta ined  from t h e  polynomial approxi-  

i 
mation (11.1.18) of ~ e f  .33. 1 

For n > 3, t h e  r ecu r s ion  r e l a t i o n s h i p  

n Ki (XI = (n - 1 )  K~ (XI + X pi (XI - K~ (XI J (A. 7 5) 
n+l n-1 n-2 n 

i s  used. 

For x = 0.0 ,  K I N  uses  s t o r e d  p r e c a l c u l a t e d  d a t a  t o  r e t u r n  

(A. 76) 

where 
r (h )  = 

I 

The extended p r e c i s i o n  (real*16) x l m e r i c a l  i n t e g r a t i o n  of Eqs.A.66 and 
A. 67  was accomplished us ing  a n  a d a p t i v e  Simpson's r u l e  quadra ture  wi th  con- 
vergence c r i t e r i a  a d j u s t e d  f o r  d i f f e r e n t  ranges of x and z t o  achieve  a t  
l e a s t  s i x  s i g n i f i c a n t  f i g u r e  agreement w i th  very sma l l  convergence c r i t e r i o n  
r e s u l t s .  

For a g iven  x and z ,  TO' and TOO a r e  obta ined  us ing  t h e  s i x  p o i n t  
b i v a r i a t e  i n t e r p o l a t i o n  formula (25.2.67) of Ref.33 w i t h i n  t h e  body of t h e  . 
t a b l e  and t h e  f o u r  p o i n t  formula (25.2.66) of Ref .33 i n  t h e  f i r s t  x o r  z 
i n t e r v a l s .  

Outside t h e  range of t h e  t a b l e  TO' i s  s e t  t o  zero a i d  an  approximate 
00 polynomial f i t  s i m i l a r  t o  t h h t  used i n  t h e  RABBLE code(5) i s  used f o r  T . 
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M C ~ - ~  BCD INPUT FILES 



APPENDIX B. M C ~ - ~  BCD Input  F i l e s .  A.MCC2 

~ * * * * ~ * * * * * * * t + * t t * 8 4 : t t  ***tt**t****************************************k 
C - 
C P ~ ~ Z P A Z E D  3 / 8 / 7 6  AT P-NL - 
C  I - 
CF li. M Z C 2  , - 
C E -  GFNF?AL BCD I N P U T  FOP, ? I C * * 2 - I 1  AND SDX CALCULATIONS - 
C  - 
c EJ T H I S  I S  A U S E R  S U P P L I E D  B C D  D A T A  SET.  - 
C X  ' THE L I S T  FOR EACH RECORD I S  GIVEN I N  TEFMS - 
TN O F  THE BCD FOB'MAT OF THAT DATA CARD. - 
CN COLUMNS 1 - 2  CONTAIN THE CARD TYPE YYMBZ!?. - 
C!N DLbNit I 'TELDS FRODUCE TIIE DEFAULT O?TIO?JS .  
L' - 
ct*98**6$*0**t*t****813:tt***********9**#********************************* 

CR PROBLEM T I T L E  ( T Y P E  0 1 )  
C  
C L  F O R M A T - - - - -  ( I 2 , 4 X ,  1 1 A 6 )  
C 
CD COLUVNS CONTENTS. .  , I M P L I C A T I O N S ,  I F  A N Y  

1 - 2  0 1  

7 - 7 2  P-NY ALPHANUMERIC CHBRACTERS.  

P . N Y  NUMBER O F  T Y P E  0 1  CARDS MAY BE USED. 

C O N T A T Y E R  A ~ R A Y  S ~ E C I F I C A T I O N S  ( T Y P S  0 2 )  - - 
F O ~ Y A T - - - - -  ( T 2 , 4 X ,  3 1 6 )  - 

- 
C 0 5 3 Y N S  CONTEMTS..  , I M P L I C A T I O F S ,  I F  A N Y  - 
------- ------- ....................................................... --_-_--_------------------------------------------------ 
1 - 2  02  - 

STlZE O F  M A I N  CORE C O N T A I N E R  ARRAY , I N  8 BYTE VORDS, 
T Y P I C A L L Y  3 0 0 3 0  ( D E F A U L T = 3 0 0 0 0 ) .  
PO9 CDC U S E R S  T Y P I C A L L Y  2 0 0 0 0 '  ( D E F A U L T = 2 0 0 0 0 )  . 

- 
S I Z E  ,OF BULK CORE C O N T A I N E R  ARRAY I N  8 RYTE IJORDS, 
TY?TCALLY 0 ,  (DEFAULT=()) . 
FOR CDC U S E R S  T Y P I C A L L Y  I O O O O O  ( D E F A U Z . T = I  O O O O O )  . 
YAXIMrJPl A L L O B A B L E = 1 3 1 0 7 2 .  
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CI! 1 9 - 2 4  POTNTR DkBLJGGTNG E l I I T ,  T Y P I C A L L Y  0 .  - 
CD O.. . . NO DEBTJGGIYG P X I N T O ' J T  (DEFAULT) . - 
CD 1 . .  . DEBUGGING DUMP P R T I T O U T .  - 
C 3  2 . .  .3E9!JGGING TF.ACY PRINTOUT.  - 
CD 3 . .  . ?VLL C3RUGGING PFlIXTOUT. - 
C - 
C?I NC) T Y P E  0 2  CA3D !{ILL G I V E  THE TO1,LOXING I)EFA!JI? - 
CN VALUES T O 2  IS;! f J S E R S .  - 
C  N YBTN C 0 3 9  C O ? ? T > I N Z R = 3 0 0 0 0  , - 
CN E7LK CORZ CONTAINES=O - 
C  ?? F 9 I N T  O ? T I O N  PLAG=O - 
CN 'TFIE 3fFACri.T VALUBS OiJ TYE T Y P E  0 2  CAIID, T H Y  - 
C  N a!?C-ION PaRAMETER O F  THE J O B  CARD SHOULD ' R E  - 
CN P T G I O N = 7 0 0 K  - 
CN - 
CN N 3  TYPY 0 2  CARD J I L L  G I V E  T E E  FGLLOWTNG DEFA1JLT - 
CE; VALUES PO? CDC V S E R S .  - 
CN YATN C 0 9 E  C O N T A I N E i 3 = 2 0 0 0 0  - 
CN EULK C G 3 9  C O N T A I N E i i = 1 0 0 0 0 0  - 
CN P q I N T  O P T I O N  PLAG=O - 

. c !? F O R  T 9 E  DSPfiULT VRLUES ON THE TYPE 0 2  C f i 9 3 ,  PH9 - 
CN R E D E F I N E  E Y L D  LENGTA CONTROL. CAFID SHOULD S P E C ' I F ' I  - 
CN 3PL ( 1 6 0 0 0 0 , L = 4 0 0 )  - 
C - 
c ................................................ - ------ --------------- - 

GFN?BBS ?SOBLEY S P E C I F I C A T I O N S  ( T Y P E  0 3 )  - - 
F O ? M  AT----- ( ? 2 , 4 X , 4 1 6 , A 6 , 6 T 6 )  - - 
CC)LY ??NS CONTENTS..  . I M P L I C A T I O N S ,  I F  A N Y  - 
------- ------- ....................................................... _-------------__-_-------------------------------------- 
1 - 2  0  3 - 

- 
7-1 2  "TJNDEMFNTAL MODE T Y P E .  - 

1.. . P 1  (DEFALTLT) . - 
2. .  . B l .  - 
3 . .  . C O N S L S T E ~ T  P A .  - 
4 . .  . C O N S I S T 3 N T .  B1.  - 

- 
13-'IF! 09DSR O F  EXTENDED TRANSPORT APPROXIMATION ( D E F A U L T = 1 )  . - - 
1 9 - 2 4  CONTINUOUS SLOYING DO>JN MODERATING PAXAMETSR O P T I 3 N .  - 

0.. . IMPdOVYD GREULING GOERTZEL (DEFAULT) . - 
1. .  . GREULING GOERTZEL.  - 

- 
2 5 -  30  M A X I M U P ?  NU33ER OF H Y P E Z F I N E  GFOUPS P Z 9  UI,T!?A7INE G??I)F!P - 

TJS7D I N  EVALUiiTIOK O? Z L A S T I C  S C A T T E E I N G  !I!!T??TCES - 
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(r)TFA!JLT= 1 )  . - - 
SROAD GROUP STRUCTURE T Y P E .  - 
AYL9.. .ANL 9 GaOUP STR3CTURE.  - 
ENLI 1.. . ANL 11 GROUP STRYCTURE. - 
ANL27. . .ANL 27 GROUP STRUCTUFE.,  - 
BNL28. .  . ANL 29 GROUP S T E U C T U F E .  - 
BOND26. .  . BONDARENKO 2 6  GaOU!? STRUCTUR??. - 
? F T F 3 0 . .  . FPTF 30 GROUP STRUCTURE. - 
S A N S 1 6 . .  . HANSEN-ROACH 1 6  GROUP STBUCTURY. - 
S D X 1 5 G . .  . SDX 1 5 6  GROUP STRUCTURE.  - 
U S S 2 1 2 . .  .UNIVERSAL SrJPEFGFnTlP 71  2 ' G H f l l I ?  S T 9 U C T V P E .  - 
TJSS225 . .  . U N I V E R S A L  SUPERGROUP 2 2 6  GROUP STRT!CTiJRE. - 

- SARD9..  . WARD 9 GROUP STRUCTURE. - 
- FTJYL GEOMETBY. 

0..  . HOMOGENEOUS. - 
1. . .SLAB.  - 
2 . .  . CYLINDER.  - 

- 
RESOLVED RESONANCE OVERLAP O P T I O N .  - 
0.. . INCZUDE OVERLAP CALCULATION FOR T H E  N!JNBSR OF 4 

NEIGHBORING RESONANCES DESIGNATED I N  C O L S .  5 5 - 6 0  - 
( D E F A U L T ) .  - 

1.. . OMIT OVEBLAP CALCULATION. - 
- 

UNRESOLVED RESONANCE SELF-OVERLAP O P T I O N .  - 
0 . .  . I N C L U D E  SELF-OVERLAP CALCULATION ( D E P A 3 L T )  .. - 
1.. . OMIT SELF-OVERLAP C A L C U L a T I O N .  - 

- 
N U N B E R  O F . S E S O E V E D  ~ E S O N A N C E S  TO B E  T E S T B D  F O B  O v z S L a P  - 
ON EACH S I D E  O F  EACil RESOLVED RESONANCE (DXPhr!LT=4) .  - 
T H I S  F I E L D  I S  IGNORED I F  COLS.  4 3 - 4 8  P-RY 1 .  - 

- 
RESE3VED FOR FUTURE USE 

I N E L A S T I C  AND ( N , 2 N )  ULTRA-FINE-GROITP TREA'TMEWT. - 
0 .  . . APPROXIMATE TREATMENT ( D E F a U L T )  . - 
1.. . RIGOROUS ENERGY-ANGLE COFRELATION ACC3!!NTED FOE. - 

- 
I F  CARD TYPE 0 3  I S  NOT SU.J?PLIED, E L L  DEFRULT OPTTONS - 
P T L L  BE U T I L I Z E D .  - 
I F  COLS.  3 7 - 4 2  ARE YON-ZERO, CARD T Y P E S  0 4 ,  0 6 ,  1 4 ,  aND-  
15 O F  D A T A  SET  A .  N I P  M U S T  BE S U P P L I E D  T O  SPFCIFY ?my - 
HETEROGENEOUS PROBLEM GEOMETRY AND C O M P O S I T I O Y S .  - 
I F  C O L S .  7 - 1 2  ARE 1 OR 2 ,  COLS. 13-18 MUST 53 1 .  - 
COLS. 31-36 ARE IGNORED I F  A N Y  T Y P E  0 5  OR 97 CAFDS - 
ARE S U P P L I E D  OR I F  THE DATA S E T  X S . I S 0  I S  DECLRRED TO - 
BE OLD I N  THE EXECUTION DECK. 
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c----------------------------------------------------------------------- 
CF GZNEQAL PROBLEM CONSTANTS ( T Y P E  0 4 )  - 
C  - 
CL FORMAT----- ( T 2 , 1 0 X , 5 E 1 2 .  5 )  - 
C  - 
CD COLUVNS CONTENTS. .  . I M P L I C A T I O N S  , I F  A N Y  - 
CD - - - - - - - - - - - - - - ........................................................ ....................................................... 
CD 1 - 2  0 4  - 
CD - 
CD 1 3 - 2 4  CONTINUOUS SLOWING DOWN I N T E G R A T I O N  FACTOR THETA - 
CD (DEFAUL9T=0. 5 )  . - 
CD - 
CD 2 5 - 3 6  XASS OF MATERIAL USED I N  DETFRMINATION OF TYE DATA - 
CD MAVAGZMENT STRATEGY FOR THE SPECTRUM CALCYLATION. - 
CD COLS 2 5 - 3 6  SHOULD BE L E S S  THRK OR EQT.?RL TO T9E Y A S S  OF - 
CD THE L I G H T E S T  Y A T E R I A L  I N  THE PRORLEM (EXCL!J91NG H ) .  - 
CD TP COLS. 2 5 - 3 6  Ai3E BLANK, THE MBNAGEMENT STR.!TEGY T S  - 
CD S2LEC.TED BY THE B U I L T  I N  ALGORITHM. I F  C O L S .  25 -36  - 
C D  C O N T A X N  A V A L U ' E  L A X G E R  T H A N  T H E  L I G H T E S T   ASS Y A T E R T A S  - 
CD I N  THE PROBLEM, THE LATTER W I L L  B E  USSD I N S T E A D .  - 
cn - 
CI! 37 -49  BO!.JNDbKY J 3 N E H G Y  I N  EV. BETPEEN THE K U L T I G 2 O U P  I L 7 X  - 
CD SOLUTION AND T H E  CONTINUOUS SL.OPING DO2N FLUX - 
CD SOLUTION.  T H E  BOUNDARY ENERGY MUST F E  GREATE2 TY?!N - 
CD THT ENEHGY O F  THE H I G H E S T  RESOLVED RESONAYCP I N  THE - 
CD PROBLEM. T H Z  DEFAULT VALUES WILL S A T I S F Y  T H I S  - 
CD REQUIREMENT. - 
CD - 
CD 4 9 - 6 0  C O N S T A ' N T  A I  'USED I N  T H Z  E Q U I V A L E N C E  P R I N C I P L E .  - 
CD - 
CD 6 1 - 7 2  CONSTANT A2 USED I N  THE EQUIVALENCE P R I N C T P L F .  - 
C  - 
CN I F  C O L S .  4 9 - 6 0  ARE BLANK, COLS.  4 9 - 6 0  A N D  - 
CN COLS. 6 1 - 7 2  ARE S E T  EQUAL TO 1.35 I F  COLS 3 7 - 4 2  O N \  - 
CN CARD T Y P E  0 3  CONTAIN A 2  AND THEY ARE S E T  EQUAL T O  - 
CN 1 . 0 9  I F  COLS. 3 7 - 4 2  ON CARD T Y P E  0 3  CONTAIN A 1 .  - 
CN I F  C O L S .  4 9 - 6 0  ARE NON-BLANK A N D  COLS.  6 1 - 7 2  A 9 E '  - 
CN BLANK, COLS. 6 1 - 7 2  ARE S E T  EQUAL TO COLS.  4 9 - 6 0 .  - 
CN TF NO CARD  TYPE'^^ I S  S U P P L I E D ,  ALL DEFAULT O P T I O N S  - 
CN ? ? I L L  B E  U T I L I Z E D .  - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

c----------------------------------------------------------------------- 
Ii BROAD GROUP E N E R G I E S  ( T Y P E  0 5 )  - 

- 
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- 
COL!JFINS CONTENTS. . . I M P L I C A T I O N S ,  I F  A N Y  - ------- ------- ....................................................... -----------_-----_-------------------------------------- 
1 - 2  0 5  - 

13-18 BROAD GROUP NUMBER, 

1 9 - 3 0  VPPFR ENERGY O F  GROUP (EV)  . 
71-36  B R O A D  GROUP NUMBER. 

3 7 - 4  8 U2PE4 ENERGY OF GROUP ( E V )  . 
4 9 - 5 4  BROAD GROUP NUMBER. 

55-65 UPPER ENERGY O F  GROUP (EV) . 
- 

THE BROAD GROUP STRUCTURE M A Y  BE S P E C I F I E D  USING T Y P ?  
0 5  CARDS OR TYPE 07 CARDS ' O R  A COMBINATION OF Y A C Y .  - 
ALTERNATIVELY, ONE O? THE PRESTORED GROUP STRUCTURES - 
S P E C I F I E D  I N  COLS.  3 1 - 3 6  ON T H E  T Y P E  0 3  C A R D  OR THY - 
B U I L T  I N  DEFAULT D E S C R I B E D  BELOW M A Y  BE USED. - 
GROUP' 1 I S  THE GROUP OF H I G H E S T  ENERGY. TFIB TYPRMAL - 
GROUP HAVING T H E  LARGEST GROUP NUMBER HES AS UF"???2 - 
ENERGY THE INTERFACX BETWEEN THE TRERMAL GROVP AND - 
E P I - T H E R M A L  GROUPS.  a s  M A N Y  T Y P E  05  C A R D S  A B E  U S E D  A S  - 
AYE NECESSARY TO S P E C I F Y  THE E N E R G I E S .  I F  C O L S .  3 1 - 3 6  - 
OR 4 9 - 5 4  ARE !3LF.NK, T H E  R E S T  O F  THE DATA C)N T H E  T Y P Z  0 5 -  
CAi3DS E R E  IGNORED. - 
I F  ONLY THE BROAD GROUP NUNBFE ONE UPFER 9NFYGY IS - 
S P E C I F I E G  AND. I F  NO TYPE 0 7  CEt?DS ARE S U P P L I E D ,  A PIXFD- 
0 . 5  LETHARGY ?l*IDTB BROAD GROUP STRUCTURE IS CONSTR!JCTED- 
EXTENDING DOWN FROM THE S P E C I F T E D  ENBRGY TO T 9 E  LOXEST - 
YNXRGY I N  THE LIBRARY. I F  T Y P E  07 CARES ARE SUVFLTED,  - 
T9E  T Y P E  0 7  DATA ARZ USED W I T P  THE SDECTFTED TJPPER - 
ENERGY TO CONSTRUCT THE BROAD GBOUP STRTJCTURE. - 
IF MORE THAN ONE BROAD GROUP ENERGY BOUNDARY I S  - 
S P E C I F I E D  ON. THE T Y P E  0 5  CARDS,  A N Y  TYP"7 C A 2 D S  - 
S U P P L I E 3  W I L L  BF IGNORED. - 
I F  COLS.  3 1 - 3 6 .  ON CRRD T Y P E  0 3  P.EE BLANK A N D  - 
I F  N3 T Y P E  0 5  CARDS ARE S U P P L I E D '  AND NO T Y D E  07 CAF9S  - 
ERE S U P P L I E D ,  A F I X E D  0 . 5  LETHARGY VIDTH 9 R O R L I  (;ROrT? - 
STZUCT!IRE I S  CONSTfiUCTED COVERING T H E  ENEaGY RANGE - 
OF T H E  LIBRARY.  - 

- 



CP, 
C  
C L  
C  
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
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C 9  
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CD 
CD 
cn 
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HOFOGENEOrJS C O M P O S I T I O N  S P E C I F I C A T T O N S  (TYP??  0 6 )  - - 
FO??lP-T----- ( T 2 , 1 0 X , 2 A 6 , 3 ~ 1 2 . 5 , 1 6 )  - 

- 
COLOMNS CONTENTS. .  . I M P L I C A T I O R S ,  I F  A N Y  - 
------- - - - - - - - ....................................................... - - _ _ - _ _ - _ _ - - - - - - - - - - . - - - - - - - - - - - _ - - - _ - - - - - - - - - - - - - - - - - - - -  

1 - 2  0 6  - 
1 3 - 1 8  V U C L I D E  I D E N T I F I C A T I O N  LABEL ON L I B R A R Y .  

1 9 - 2 4  P R O E L E M  MATERIAL L A B E L .  T H I S  1,ABBL CAN RE ANY A L I A S  
NAME. I F  COLS.  1 9 - 2 4  A a E  BLANK, T H E  F A T E R I A L  NAMED 
I N  C O L S .  13-18 W I L L  EX USED.  

2 5 - 3 6  YP.TERIP-L ATOMIC CONCENTRATION USED TG COYPrJTS 
HOl?OGENEOUS C R O S S  S E C T I O N S  F O R  U S E  I N  T H E  
SPECTRUM CALCTJLATION (ATO! lS /CC*1 .  E - 2 4 )  . 

3 7 - 4 8  MATER1P.L TEMPERATURE I N  D E G R E E S  K (DEFP.:JLT=3OO.) . - 
49-50  E P S H E T ,  USED T O  D E T E R M I N E  NEF.REST N E I G H R O S I N ! ;  P I , F T F  - 

C O N T A l N I M G  MATEBIAL N A Y E 9  I N  COLUMNS 1 3 - 1 8 . 1 '  A PLA'rF: K -  
COWTAIN S  M A T E S I A L  I ,  THEN N E I G H B O R I N G  PLATYS ARE - 
SEARCHED T O  F I N D  T H E  NEAREST P L A T E  M Y H J C Y  S L T I S F T P S  - 
THE C O M D I T J O N  IJ ( I ,  M) *DX (?I) . GF. EPS[IET*N ( I ,  K )  *?X (K) , - 
XYZRE: N (T,Pl) '  I S  T H E  ATOM DENSTTY O F  IYrETEPT7i.L T  I N  - 
P L A T E  M AND DX(M) I S  T H E  T H I C K N E S S  O F  P L A m E  T .  - 
( D E F A U L T  VALUE=O. 1 )  . - 

- 
6 1 - 6 6  OUTPUT C R O S S  SEC. l ? ION DATA S E T  FLAG. I F  COLS.  6 7 - 5 6  A 3 E  - 

BLCNK, T H E  ! lP_TERIF.L N k C D  I N  C O L S .  13-18 'TTLL 5E: F .3T)ED - 
T O  T 9 S  O U T P U T  C R O S S  S E C T I O N  DATA S E T .  I? C O L S .  6 1 - 6 6  - 
ARE NON-BLANK, T H E  BROAD GHOUP CROSS.SECTIO!l .TS ? @ a  THE - 
PIATERIAL NAYED W I L L  NOT BE CALCDLTEU E N D  9 E N C E  ?r)T FcB - 
ADDED T O  TBE O U T P U T  DATA S E T .  - 

- 
ONE TYP.3  0 6  C A R D  MUST BE G I V F N  FOR PACH !JJA'rE?TAl - 
P S E S E N T  I N  T H E  MACROSCOPIC MTXTlJ3E O F  TYE SP!?CT3!JR - 
C O M P O S I T I O N  I F  COLS.  3 7 - 4 2  ON CAEID T Y P E  0 3  A 3 E  Z3RO - 
OF I F  CARD T Y P E  03  I S ' N O T  S U P P L I S D .  I F  NO TYPY Of, CARD - 
I S  G I V E N ,  T H E  MACROSCOPIC M I X T U F E  I S  l i F ? T V S D  PRO* - 
TYE DATA ON Ti-iZ F . . N I P  CARD T Y P E S  0 6 ,  1 4 ,  -AND 15. TN - 
T H I S  C A S E ,  RLL M A T E R I A L S  WILL B E  ASSUMF!) ?'r! Fl!!VF ! - 
T Y F P E 2 A T U R E  OF 300 D E G R E E S  K AND L I B R A R Y  ?JTJCLID.? - 
InENT 'CFICAT ' ION LABFJLS T I L L  BE USED F O P  THE ~i?OEIL.E!l - 
KA7'ERIAL L A B Z L S .  I F  C O L S .  25-36 AEB BLANK 9 3  Z Z F O  T O R  - 
f iEJY MP.TERTAL 'I'BE l 'I 'OMTC D E N S I T Y  FOR THAT M.??BRTP.T ,  - 
I S  D E T I V E D  FROM THE k . ? T I P  DATA F O F  T H E  3 F : S T O H S  - 
aLTHOU GM MATERIAL L k B E L S  AND TEMPERATUi??S  -.?TLL B 2  - 
S E T  EY THE T Y P E  06 3ATA.  A N Y  ATOMIC DE:NSTTY b!I1TCb1 I S  - 
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GIVEN A S  L X S S  THAN 1 .  E - 2 0  WILL B E  S E T  TO 1 .  E-2C. - - 

c--- - -- -- --- - --- ---- -- - ----- -- ------ ------ -. -------- ------ -- -- -------- --- 
CR E P I - T E E R H A L  B R O A D  G R O U P  L E T H A R G Y  W I D T H S  ( T Y P E  0 7 )  - 
C  - 
C L  FO?yf iT- - - -  - ( I 2 , 1 O X , 2  ( E 1 2 . 5 , 1 6 , 1 6 ) )  - 
C - 
~n C0L:JMNS CONTENTS..  .I MPLICATLONS,  I F  A N Y  - 
CD - - - - - - - __--_-_-------_P----- "- - - -==- - -  -------- - - - - = - - - - -  --------- - - -----__------_---__- - all= ------------------------- 
CD 1- 2 0 7  - 
C 9  - 
CD 1 3 - 2 4  LETHARGY WIDTH. - 
CI! - 
CD 2 5 - 3 0  I N I T I A L  BROAD GROUP NUMBER. - 
CD - 
CD 3 1 - 3 6  PTNAL B3OAD GROUP NUMBER. - 
CD - 
CD 37-48 LETHARGY F I D T H  . - 
CD - 
CD 4 9 - 5 u  T N T T I A L  BROAD GROUP NUMBEit. - 
CD - 
CD 5 5 - 5 0  F I N A L  EROAD GROUP NUMBER. - 
C  - 
CM SEY NOTES FOR THE TYPE 0 5  C A R D S .  . - 
CN DATA S H O U L D  BE S U P P L I E D  FOR ONLY THE EPf-TSSRM?!l, - 
CN GROUPS. THfJS ,  KO LETHARGY WIDTH SHOULD R E  GIVEN - 
CN FOR T H E  TBERMbL GROUP. - 
CN AS Y A N Y  TYPE 0 7  CARDS AS N E C E S S A R Y '  M A Y  BF: USED. - 
CN AS A M A X I M U M ,  THERE M A Y  BE AS MPNY BROAD E2T-THERMP-L - 
CN GROUPS A S  T H E 3 E  ARE ULTRA F I N E  GFOIJPS IId THE LIBRARY. - 
CM THE LETHARGY N IDTH S P E C I F I E D  I N  C O L S .  1 3 - 2 4  I S  VSE? - 
CN FOR BROAD GROUPS S P E C I F I E D  I N  COLS. 25-30 TYROUGE - 
C  N 3 1 - 3 6 .  T H E  LETHARGY WIDTH S P E C I F I E D  I N  COLS.  3 7 - 4 8  T S  - 
CN USED FOR BBOAD GROUPS S P E C I F T E D  I N  COLS.  4 9 - 5 4  THROUGH - 
CN 5 5 - 6 0 .  I F  COLS.  2 5 - 3 0  OR 4 9 - 5 4  ARE BLBMK, T U F :  LETHARSY - 
CN YIDTH S P E C I F I E D  I N  COLS.  1 3 - 2 4  OF. 3 7 - 4 8  T S  USE9 FOR ALL- 
CN REMAINING BROAD GROUPS DObJN T O  THE T A E  ROTTON OF T H E  - 
CN L T B R 8 R Y  ENERGY S'PRUCTURE A N D  THE !?EST OF' T 9 E  D&TA ON - 
CN THY TYPE 0 7  CBitDS ARE 1GN.ORED. I F  NO T Y P E  0 5  CARDS ARE - 
CN S ? P P L I E D ,  THEBRROAU GROUPS B E G I N  F.T,sTHE TOP O F  THE - 
CN 1,TFFIARY. IF' AN UPPER ENERGY I S  S P E C I F I E D  ON A - 
CN TYPE 0 5  CARD, THE BROAD GROUPS WILL EXTTND DOVN FROM - 
CN THAT ENERGY. I F  C O L S .  3 1 - 3 6  AND/OR COLS.  5 5 - 6 0  A 2 E  - 
CN BLfiNK, THE VALUE S P E C I F I E D  I N  COLS.  1 3 - 2 4  AND/OS 37-48 - 
CN TS USEG TOR Ti-IE BROAD GEOUPS S P F C I F I E D  I N  COLS.  2 5 - 3 0  - 
CN AND/OR COLS.  4  9-54. LETHARGY F?IDTHS S P E C I F J E D  I N  COLS.  
C N 1 3 - 2 4  hND 37-48 ARE l D J U S T E D  TO C O R R E S P O N 3  TO A 
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M U L T I P L E  O F  THE L I B R A R Y  GROUP LETHARGY R I D T H .  

S X T T E N A L  SOrJRCE S P E C I F I C A T I O N S  ( T Y P E  0 8 )  - 

- 
COLi lYNS C O N T E N T S . .  . I Y P L I C A T I O R S ,  IF A N Y  - 
- - - - - - - - - - - - - - ------------------------------------------------------- -------------------------------------------------------- 
1 - 2  oe - 

- 
1 3 - 2 4  MAGNITUDE O F  EXTERNAL SOURCE.  - 

- 
2 5 - 3 0  HIGHEit  EN3RGY U L T R A F I N S  GROUP NUMBER T O  V S I C H  SOr!3CE - 

TN COLS.  1 3 - 2 4  A P P L I E S .  - - - 
3 1 - 3 6  LOWEE ENERGY U L T S A F I N E  G S O U P  NUMBER T O  " Y I C R  SOTJQCB - 

I N  C O L S .  1 3 - 2 4  A P P L I E S .  - - 
37- 4  8 M9GNITUDE O F  E X T E R N A L  SOURCE.  - 

- 
4 9 - 5 4  YIGHEH TNEBGY U L T R A F I N E  GROUP N U 3 B E F  TO W Y I C S  SOTJRCF - 

TN COLS.  3 7 - 4 8  A P P L I E S .  - - 
5 5 - 6 0  1,O"E.R FNESGY UL ' I 'RAFINE GROUP NUNBER T O  >Ti-ITCH S!lI?QCZ - 

I N  C O L S .  3 7 - 4 8  A P P L I E S .  - 
" - 

I F  C O L S .  1 3 - 2 4  OF T H E  F I R S T  T Y P E  08  cAan A R Y  E L A Y Y  0 9  - 
ZERO T H E N  COLS.  2 5 - 3 0  O F  T H I S  CARD MUST C . O N T ' A I N  T S R  - 
F I S S I O N  SPYCTFtUY N U C L I D E  I D E N T I F I C A T I O N  L  ASFL OK 187 - 
L I R R A R Y  ( A 6  FORMAT) S P E C I F Y I N G  T H E  EXTE3NAL SOTJRCE. - 
T Y I S  O P T I O N  SHOULD B E  USED WHEN A F I S S I O N  SPECTRiJM - 
SOURCE I S  D E S I 8 E D  F O R  A PROBLEM MHICH C O N T A I N T  NO - 
F I S S I O N A b L E  N U C L I D E S .  A L L  OTHEE T Y P E  OF! C 4 R 3 S  ?.KT - 
I JEGLECTED I F  C O L S .  1 3 - 2 4  O F ,  T H E  F I R S T  T Y P E  !IS C A Y 9  - 
AFE BLBNK OR ZERO.  - 
I F  C O L S .  3 7 - 4 8  OR 4 9 - 5 4  ON ANY T Y P E  0 8  CARD ARE S L A N Y  - 
OF ZERO,  OR I F  COLS.  1 3 - 2 4  O R  2 5 - 3 0  ON A N Y  TY?E 38  CAYD- 
A F T E E  T H E  F I H S T  ARE BLANK OR ZERO,  T B E  R E S T  O F  TYF - 
T Y P E  0 8  DATA ARE I G N O R E D .  - 
I F  C O L S .  25-30 AXE BLANK ON T H E  F I R S T  T Y P E  0 9  CARD - 
ENCOUNTERED, T H E  S O U R C E  S P E C I F I E D  I N  C O L S .  - 
1 3 - 2 4  IS A S S I G N E D  TO ALL U L T R A F I N E  GEOUPS AYD THS R E S T  - 
O F  T H E  CARD T Y P E  0 8  DATA I S  I G N O F E D .  I F  C O L S .  , 3 1 4 6  - 
AND/OR 5 5 - 6 0  ARE BLANK, THE SOIJRCE VALUE S I V Z N  IN - 
COLS.  1 3 - 2 4  AND/OR 3 7 - 4 8  A P P L I E S  TO T B E  GROUP - 
G I V E N  I N  C O L S .  2 5 - 3 0  AND/OR 49-5Q. ANY GROUP NOT - 
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CN COVERED BY T F I S  3ATA F I L L  B E  ASSTGNBE TFlT Y'XT.E?biP.I: - 
C  T? S O ~ J R C T  V A L V E  0. ES PIANY' TYPE 0 8  CF .5DS P.S I.J;;'SES:jF.3Y Y 4 Y  - 
Ch' ! . !SED S P E C I U Y  T E E  Z X T P R N A L  S O U P C E  DATA. - 
C  - 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c ---------- - ..................... - - ----------- 
CR B'JCKLIYG S P E C I F I C A T I O N S  ( T Y P E  09)  I - 
C  - 
CL ~ 9 7 ~  a ? - - - - -  ( I 2 , 1 O X , 3 E 1 2 ' .  5 , 2 1 6 ,  E 1 2 . 5 )  - 
C - 
CCI COT.:? ?"N 5 CO?I'I'L?l4l'S.. . I M P L I C A T I O N S ,  I F  A N Y  
CD I =======. ------------------- ha-- - - - - - - - - - - . - - - - - - - - -  -.--- -_  -_-___--  _ _ ._- -__- - -_- - - -_- -_-_-__ -_ -  - - - -  _ - 
CD 1 - 2  09 - 
CD - 
CD 1 3 - 2 4  T N L T I A L  BUCKLING G U E S S .  - 
CD - 
CD 2 5 - 3 5  SECOND B U C K L I N G  G U e S S .  - 
CD - 
CD .37-UFj  COMVEQCIGENCS C R I . T E R I O N ,  E P S ,  FOR BUCKXaING ITE3 ATTOFI - 
CD TO K E F ? = 1 .  AIISOLUTF VALUE OF ( K E F F - 1 - ) . L S . E P S .  - 
CD - 
CD 49-51r  H T G Z E R  2 N E 3 G Y  U L T S A P I N E  GROUP NUFBER TO 'JHTCH - 
CD V?.IaUES O F  E13CKLING A P P L Y .  - 
CD - 
CD 55-50  LO:.~E? E N E R G Y  U L T R A F I N E  G . ~ O ~ P  N U M B E R  T O  Y H I C ; ! ~  - 
CD VALUFS OLE' BUCKLING A P P L Y .  - 
CT! - 
CL! 5 1 - 7 2  EXTENDLD TRANSPORT A P P S O X I M A T Z O ~ I  BUCKL TVS, XA?!?A - 
CD SQUARED. - 
C  - 
CN AS Y A N Y  T Y P E  0 9  CARDS MAY B E  U S F D  B S  N Z C F S S P 3 Y  TO - 
CN S P T C T S Y  THE BUCKLING DATA. I F  COLS.  4 9 - 5 4  ABE RLANX, - 
P 
L, THP B U C ~ L I N G  D A T A  W I L L  B E  ASSIJMED TO B E  G 2 3 0 P  - 
CN I N 3 E P E N 3 E N T .  I F  C O L S .  55-60 ARE B L A N K , . m S Y  - 
C N DfiTP- I N  COLS.  7 3 - 2 4  P I L L  R P P L Y  T O  - 
C !J T H E U L T R A P I N E  GfiOUD G I V E N  I N  C O L S .  4 9 - 5 4 .  I p  COL,S. - 
CN 6 1 ~ 7 2  A R E  BLANK, T 9 E  3 l J C K L I N G  G I V E N  TIT, COLS.  1 3 - 2 4  - 
CN ON T H E  FIRST T Y P E  0 9  C A R D  ENCCUNTFRED 7:JIL.L. - 
CN R E  USED FOE KAPPA SQIJARED. NOTE THAT THZ S"COND - 
r!d  E U C K L I N S  G U E S S  I N  C O L S .  25-36 RND T H E  CONVERGENCY - 
Ch! C R I T E R I O N  I N  COLS.  37-48  A R E  P E R T I N E N T  OIJLT! FOa - 
CN ENZRGY I N D Y P E N  DENT 3 U C K L I N G  .PROBLEMS R H T C H  - 
Cl\i TTXRATE ON 3 U C K L I N G  TO K E P F = l .  TF  C O L S .  3 7 - 4 8  ARE BLANK- 
CN OF Z E Z O ,  THE SECOND BUCKLING GUFSS I S  IGNORZD P-ND NO - 
CN BUCKLING T'I 'ERIATION I S  .PERFORMED. C O L S .  2 5 - 4 9  BILL - 
CN RE I G N O R E D  I F '  COLS.  4 9 - 5 4  ARE NON-BLRNK. - 
CN A N Y  G 3 O V P  NOT COVERED BY T H I S  DRTA ! J I L L  R ? 3  A S S I G N E D  - 
C?1 T H Y  B I J C X L I N G  VAL.!JE 0. 
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COLS.  6 1 - 7 2  ARE I G N O R E D  AFTER R E A D I N G  THE F I R S T  - 
TYZE 0 9  CARD. - 

- 

TH?RMAL GROUP C R O S S  S E C T I O N  DATA ( T Y P F  1 0 )  

P O V M A T - - - - -  ( 1 2 , 4 X , A 6 , 5 E : 1 2 . 5 )  
- 

COLIJYN S C O N T E N T S . ,  . I M P L I C A T I O M S ,  I F  ANY . - 
- - - - - - - - - - - - .- ....................................................... ---_--_----_-_--_--------------------------------------- 
1 - 2  10 - - 
7 - 1 2  N Y C L I D E  I D E N T I F I C A T I ' O N  L A B E L  ON T H E  L I B R A R Y  - 

(COLS.  1 3 - 1 8  ON T Y P E  05  C A R D S ) .  - 
- 

1 3 - 2 4  M I C R O S C O P I C  THEBMAL GROUP C A P T U R E  C R O S S  S E C T I O N  ( 9 B R Y S )  - 
25-35 MTCROSCOPIC T!IERMAL GROUP F I S S I O N  C R O S S  S Z C T I  011 (BAi3VSI - - 
3 7 - 4 9  NTJMBER O F  NEUTRONS E M I T T E D  P E R  F I S S I O N  I N  T H E  - 

T??ERNEL GROUP. - 
- 

4 9 - 5 0  !?ICROSCC)E'IC T 9 Z R Y A L  GROUP T O T P L  C R O S S  S B C T I O N  (BF.RNS)  . - 
\ - 

6 1 - 7 2  THEi??IAL GROUP AVERAGE R E C I P R O C A L  V E L O C I T Y  (SZC, /ZM) - 
( D E F A T J L T = 1 . / 2 . 2 E + 5 )  . - - 

AS M A N Y  T Y P S  1 0  CARDS ERE USED AS N E C F S S a 9 Y  T O  - 
S P T C I P Y  THE Ti-IERYAL GROUP VAL,UES. ANY MATZFRIAL VOT - 
S P S C I F I E D  ON A T Y P E  10 CARD V I L L  BE & S 3 I G N E D  T H E 3 M b L  - 
GROUP C R O S S  S E C T I O N S  EQUAL TO THE L A S T  EPT-TYEhP!nTA - 
GROUF VALUES.  - 
T H E  F I R S T  P O S I T T V E  VALUE ENCOUNTEEBD I N  C O L S .  6 1 - 7 2  - 
OF A N Y  TYPE 1 0  CARD WILL B E  T!SED FOR T H E  ATIF!?AGP - 
T H E F Y P L  GROUP R E C I P R O C A L  . V E L O C I T Y .  T H E  ? H Z 3  NF_ L GROUP - 
V E L O C I T Y  I S  N O T  Y A T E S I A L  DEPENDENT.  I - 

- 

c----------------------------------------------------------------------- 
C E  A7T.YTLI 4.R" THEi3MP.L GROUP C R O S S  S E C T T O N  D b T P  (TYPE: 1 1 )  - 
C  - 
C L  - 8 ,  r \ ) ! ? f l f i ? - - - - -  ( I 2 , 4 X ,  P.6, 5 E 1 2 . S )  - 
C  - 
: D  Cl)L?J S N S  CONTI3!TS..  . I V 2 L I C A T I O N 5 ,  I F  A N 1  - 
: 0 - - - - - - - - - . - - - - - - - - - - - - - - - - - - .- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ -  _ _  - 
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CD 1 - 2  11 - 
C  D  - 
CD .7-12 N V C L I D E  I D Z N T I F I C A T I O N  LABEL ON T H E  L I E R A B Y  - 
CD , (COLS.  13-18 ON T Y P E  0 5  CARDS)  . - 
CD - 
CD 1 3 - 2 4  M I C R O S C O P I C  TBERPlAL, Gi iOUP N-RLPHA C R O S S  S E C T I O V  ( R R N S )  - 
CD - 
CD 25-36 . M T C R O S C O P ' I C  THERMAL GROUP N-I! C R O S S  SECTTON ( B A R N S ) .  - 
CD - 
CD 3 7 - 4 2  M I C R O S C O P I C  T U E R M A L  G R O U P  N-D C R O S S  S E C T I O N  ( R A B N S )  . - 
CD - 
CD 49-60  F S C R O S C O P I C  THERlrAL G R O U P  N - H 3  C F O S S  SECIY.TON ( Y A K ? I S )  . - 
CD - 
CD 6 1 - 7 2  MICR 'OSCOPIC  THERMAL GROUP N-HE3 C F O S S  S E C T I O N  (RARNS)  . - 
C  - 
CN AS M A N Y  T Y P 3  1 1  CARDS ARE U S E D  AS NECESSARY T O  . - 
CN S P F C I F Y  T H E  A V X I L I f i R Y  THERMAL. GROUP DATA. P- M Y  M P T E R I A L  - 
CN NOT S P E C I F I E D  ON A T Y P 3  11  CARD b ? I L L  E E  ASSIGN??Z  - 
CN THERMAL G R 9 U P  C R O S S  S E C T I O N S  EQUAL T O  THY L A S T  - \- 

CN F P T - T H E R F C L  G d O U P  VALUES.  - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CR BPSOKANCZ H H T E S O G E N E I T Y  S P E C I F I C A T I O N S  (TY P P  1 2 )  - 

CONTENTS. .  . I M P L I C A T I O N S ,  I F  BNY 

- 
N ~ J C L I D E  IDENI ' I .F ICATION L A B E L  O N  T H E  L I B R A R Y  - 
(COLS.  1 3 - 1 ' 8  ON . T Y P E  0 6  CARDS OR IF NO TYPE 0 6  C A 4 D S  - 
P.FE S . U P P L I E D ,  COLS. 1 9 - 2 4 ,  37-42, A N D  55-60 ON DATA - 
SET A. N I P  T Y P E  1 4  CARDS)  . - 
R E G I O N  L A B E L .  

F E G I O N  LABEL.  - 
RSGIOM L A B E L .  

R Y G I O N  LABEL.  

S E G I O N  LABEL.  

.?FGIOV LABEL.  
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! -, 

4 9 - 5 4  REGION LABSL.. - 
5 5 - 6 3  9 5 G I O N  LABEL. 

6 1 - 6 5  REGION LABEL. 

6 7 - ? 2  REGION LABEL. 

M E T E R I A L S  NOT S P E C I F I E D  ON T H E  TYPE 1 2  CARDS T 1 . L  - 
R P C E I V E  A HOMOGENZOUS RESONANCE TREATEEKT.  - 
FOi( CY L I N D H I C A L  GEOMETRY (NGEON=2) ONLY COLS.  1 - 2  - 
AND 7 - 1 2  ARE P E R T I N E N T .  MATERIALS NAMED - 
I N  C O L S .  7 - 1 2  B I L L  R E C E I V E  A RESONANCP HETEROGZNXTTY - 
TREATMENT I N  T H E  CENTXAL P I N  REGTON OF' THE CYL1YT)RTCF.L - 
CELL I F  THEY ARE P R E S E N T  I N  THE P I N  REGION AND IF - 
THEY ARE RESONANCE MATERIALS.  - 
P O 3  SLAB GEOMETRY (NGEOM=1) O.NE OR MORE - 
TYPE 1 2  CASDS ARE S U P P L I E D  FOB EACH MATERIAL - 
NAPIED I N  COLS.  7 - 1 2  P H I C H  I S  TO RECETVE - 
J! RESONANCE HETEROGENEITY TREP.TlENT.  I F  M09P THgN - 
ON3 CARD I S  NEEDED FOR A G I V E N  F A T E R I A L ,  T 9 9  MITE??TAL - 
LRBEL I S  REPEATED ON EACH CARD. THE REGION LABELS - 
APPEAR I N  P A I S S  STARTING WITH THE P A I R  I N  COLS.  1 3 - 1 8  - 
?iND 1 9 - 2 4 .  I F  COLS. 13-18 ARE BLANK, THE REST OF THE - 
DgTA ON THE CARE I S  IGNOBED AND THE NATERIAI .  N A M Y 3  - 
I N  CGLS.  7 - 1 2  ! J ILL BE TREATED HETEROGENFOUSLY - 
I N  P-LL REGIONS I N  WHICH I T  APPEARS.  R E G I O N S  NFMF3 I N  - 
C 0 I : S .  1 3 - 1 8 ,  2 5 - 3 0 ,  3 7 - 4 2 ,  4 9 - 5 4 ,  AND 6 1 - 6 6  I N D I C A T P  - 
RBGTONS I N  S H I C H  T H E  MATEHIAL I S  NCT TO BE T R E a T E D  - 
HETEROGENEOUSLY. I F  A N Y  OF T H E S E  COLTJMNS ARE BLANX, - - THE R E S T  O F  THE DATA ON THE CARD I S  IGNORY3.  
I F  COLUMNS 1 9 - 2 4 ,  3 1 - 3 6 ,  4 3 - 4 8 ,  5 5 - 6 0 ,  - 
OR 6 7 - 7 2  ARE NON-BLANK, THEN THE MATERIAL !:'ILL - 
R E C E I V E  THE SAME TREATtYENT I N  THE REGION NAMED IN - 
COLS,  13-18 AS I N  THE REGION NAMED I N  COLS. 1 9 - 2 4 ,  TFIE - 
SgME I N  REGION 2 5 - 3 0  AS I N  THE REGION 3 1 - 3 6 ,  ETC.  - 
NO REGION NAMED I N  COLS.  19-24,  3 1 - 3 6 ,  4 3 - 4 8 ,  5 5 - 5 0 ,  - 
OR 6 7 - 7 2  MhY R E  NAMED I N  C O L S .  13-18, 2 5 - 3 0 ,  3 6 - 4 2  - 
4 6 - 5 4 ,  OR 6 1 - 6 6 .  - 
h S  A N  EXAMPLE, L E T  YATZRIAL MI APPEAR I N  REGTCNS - 
R 1 ,  R 2 ,  R 3 ,  R 4 ,  AND R 5 ,  I F  M1 I S  TO B E  T Q E A T E D  - 
HOMOGENEOUSLY I N  R E G I O N S  R 2  KND R 5  A N D  I F  I T  I S  - 
TO R E C E I V E  THE SAM2 SE,TE,ROGENEITY TEEAmYYIFNT I N  REGION - 
R 1  AS I N  R 3 ,  THEN CARD T Y P E  1 2  WOULD CONTAIY THE - 
FOLLOWING: - 
COLUMNS CONTENTS - ------- -------- - 

1 2  1- 2 - 
7-12 M 1 - 
1 3 - 1 8  112 - 
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. CN 1 9 - 2 4  (BLANK) - 
CN 2 5 - 3 0  R 5  - 
CN 3 1 - 3 6  (BLANK) - 
C  N 3 7 - 4 2  R  1 - 
CN 4 3 - 4 8  R3 
CN 4 9 - 5 4  (BLRNIZ) - 
CN S I N C E  BEGION 3 4  I S  NOT MENTIONED, MATERIAL !'¶I 91L?d - 
CN EE TREATED HE.TEROGENEOUSLY I N  REGION h 4 .  S I N C E  COLS.  - 
CN 4 9 - 5 4  ABE RLANK, T H E  R E S T  O F  THE DATP., IF ?!YY, ON THE - 
CF CZLRD A R E  IGNORED. - 
c N T H E  R E S . O X F . N C E  R E ~ S O N  R O D U L E S  t i I I L  N O T  G E N E R A T E  - 
CN RESONANCE C R O S S  S E C T I O N S  FOR MATEaIAL 31 IN R Z G I O N  R 1  - 

, CN BUT [.!ILL GENESATE RESONANCE C R O S S  S E C T I O N S  F O R  - 
CN MATERIAL M I  I N ' R E G I O N  R3.  - 
CN NOTE THAT A N Y  MATERIAL I N  A G I V E N  REGION BHICH I S  - 
CN E I T H E R  TO R E C E I V E ' A  HOMOGENEOUS TBEATMENT OR I S  TO - 
CN R E C E I V E  T H 3  SAME HETEROGENEOUS TREATMENT AS I N  SOME - 
CN OTHER REGION X I L L  NOT .HAVE A N Y  RESONANCE OVESLAP - 
CN I N F L U E N C E  ON A N Y  OTHER RESONANCE MATEHIALS I N  THE 
CN REGION I N  Q U E S T I O N .  - 
C - 
c----------------------------------------------------------------------- 

CEi I N T E G S A L  TRANSPORT S P E C I F I C A T I O N S  ( T Y P E  1 4 )  - 
C  - 
CL FOP.?I.9T----- ( 1 2 , 1 O X , 2 E 1 2 . 5 , 4 1 6 )  - 

\ C  - 
C D  C O L ~ J M N S  C O N T E N T S . .  . I M P L I C A T I O N S ,  IF A N Y  - ------- 

I CD ------- ------------------------------------------------------- ............................................... - ----- --- 
CD 1 - 2  1 4  - 
CD - 
CD 1 3 - 2 4  ENERGY AT 'd H I C H  INTEGRAL TRANSPORT THEORY TREATMSNT - 
CD S E G I N S .  ( D E F A ! J L T = 3 0 0 . 0  EV) . - 
CD - 
CD . 2 5 - 3 6  ' C R I T E R I O N  USED FOR T E S T I N G  FOR I N C L I J S I O N  OF RESONANCES - 
CD . FOH HYPEE F I N E  GROUPS Y I T H I N  A N  I N T E R M E D T a T E  GROUP - 
CD ( D E F A U L T = O . 0 5 )  . A 0 . 0  MUST B E  S P E C I F I E D  IN C O 5 S .  - 
CD 2 5 - 3 6  I F  RLL RESONANCES ARE TO BE INCLUDED. - 
CD - 
CD 3 7 - 4 2 ,  NUMBER O F  ULTRA F I N E  GROUPS PER I N T E R M E D I A T E  GROUP - 
CD (DEFAULT=2)  . - 
CD - 
CD 43-.4 8 NUMBER O F  HYPER F I N E  G R O g P S  P E R  DOPPLER !JIDTH - 
CD (DEFAULT=4)  . - 
CD - 
CD 4 9 - 5 4  TRANSVERSE LEAKAGE' O P T I O N .  - 
CD 0 . .  . O M I T  TRANSVERSE LEAKAGE CORRECTION (DEFAULT) . - 
CD 1.. . I N C L U D E  TRANSVERSE LEAKAGE CORRECTION D S I N G  THE 
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BUCKLING S P E C I F I E D  I N  COLS.  61-72 ON THE TYPE 0 9  - 
CARD. -. 

5 5 - 6 0  INGROUP S C A T T E R I N G  O P T I O N .  
0 .  . , INCLUDE INGROUP S C A T T E R I N G  (DEFAULT) . 
1 . . . O M I T  INGROUD SCATTERING.  

I F  INVOKED B Y  THE PATH D R I V E R ,  RESOLVED RESONANCY BRDAD- 
GROUP C S O S S  S E C T I O N S  W I L L  BE RECOFPUTED U S I N G  , - 
I N T 3 G S A L  TRANSPORT THEORY ALGORITHRS FOE ALL BROAD - 
GROUPS IJHOSE LOVER E N E R G I E S  !!RE . L T .  THE VRLUE - 
S P E C I F I E D ,  TFIE I N T E R M E D I A T E  GROUPS AFiE USED TO - 
DETERMINE WHICH RESONANCES ARE TO RE INCLrJDED FOR THE - 
SYPER F I N E  GROUPS CONTAINED I N  THAT I N T E R M E D I A T E  GR(DrTP - 
USING THE C R I T E R I O N  S P E C I F I E D  I N  COLS.  25-36. - 
THE CODE W I L L  ADJUST THE HYPER F I N E  GROUP WIDTH TO BF - 
A N  I N T E G R A L  SUB-MULTIPLE OF THE ULTRA F I N E  GRO'JP V I D T P  - 
VTTH A YEXIMUM HYPER F I N E  GROUP X I D T F  OF 0 . 0 0 1 .  - 
I F  COLS.  4 3 - 4 8  ARE NEGATIVE,  A CONSTANT HYPER F I N E  - 
GROUP WIDTH I S  USED FOR ALL BROAD GROUPS BfiSFD ON THE - 
ABSOLUTE VALUE OF THE QUANTITY G I V E N  I N  COLS.  4 3 - 4 8 .  - 
T F  THE PATH INVOKES AREA 1 0 ,  THE PROBLEM PITXTUR?? MUST - 
CONTLIN E A T E B I A L S  HAVING RESOLVED RESONANCES. - 

................................................................... 
FOTL S ? 2 C C I P I C A T I O N S  ( T Y P E  1 5 )  - - 

FOQYBT-----  ( T . 2 , 4 X f A 6 , 2  ( A 6 , E 1 2 . 5 )  , 2 E 1 2 . 5 )  - 
- 

COLVMN S  CONTENTS. .  . I M P L I C A T I O N S ,  I F  A N Y  - ------- - - - - - - - ....................................................... ....................................................... - 
1 - 2  15 - 

- 
7 - 1 2  F O I L  I D E N T I F I C A T I O N  LABEL. - 

- 
1 3 - 1 8  NrJCLIDE I D E N T I F I C A T I O N  I N  THE LIBRARY.  - - 
1 9 -  30 NUCLIDE ATOMIC D E N S I T Y  ( ATOMS/CC* l . Z - 2 4 )  . - 
3 1 - 3 6  NUCLIDE P D Z N T I F I C B T I O N  I N  THE L I B R A R Y .  

3 7 - 4 8  NUCLIDE P-TONIC D E N S I T Y  (ATOMS/CC*l .  E - 2 4 )  . 
4 9 - 6 0  F O I L  T H I C K N E S S  I N  CM. 

- 
6 1 - 7 2  F O I L  TEYPSRATUEE I N  DEGREES K .  ( D E ? P . U L T = 3 0 0 . 0 )  . - 
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C  - 
CN AS M A N Y  TYPE 15 CARDS M A Y  BE USED. F.S NECESSflRY TO - 
CN S P E C I F Y  THE F O I L S .  I F  MORE THAN ONE T Y P E  1 5  CAR9 TS - 
C P  NEEDED T O  S P E C I F Y  R  PARTICULAR F O I L ,  THE F O I L  LAB3L - 
CN KlJST BE REPEATED I N  COLS.  7-12 ON SUBSEQrJENT CARDS. - 
CN COLS. 49-72  ARE P E R T I N E N T  ONLY FOR THE FTEiST T Y P F  15  - 
CN CAPD FOR A G I V E &  F O I L .  ALL F O I L S  S P E C I F I E D  ON TYPE 1 5  - 
CM CARDS W I L L  B E  E i l I T E D  AT EACH MESH I N T E 9 V A 1 ,  ROUNDABY AS - 
CN S P E C I F I E D  ON T H E  DRTR S E T  A . N I P  T Y P E  0 6  C b S D S  FOH - 
ChT HETEROGENEOUS PROBLEMS, O h  FOR T H E  HOMOGENEO!JS SFFCTRUY-  
CN FOR HOMOGENEOUS PROBLEMS KHEN RESOLVED FESONB,NCF CRC)SS - 
CN S E C T I O N S  ARE RECOMPUTED U S I N G  I N T E G R A L  TIIANSF'r?RT - 
CN THEORY. - 
CN I F  THE PATS INVOKES AREA 1 0 ,  THE PROBLEM YIXTU!??? VUST - 
CN C O N T A I h  K A T E h I A L S  HAVIYG RESOItVED RESONP.NCYS. - 
C  - 
c-& ............................................................ & ------- - 

c--------------------------------------------.--------------------------- 
CFI F I S S I O N  SPECTHUM S P E C I F I C A T I O N S  ( T Y P E  1 6 )  - 
C - 
C  L. FORYAT----- ( I 2 , 4 X V 1 1 A 6 )  - 
C  - 
CD COT,ITYN S CONTENTS..  . I M P L I C A T I O N S ,  I F  A N Y  - 

- - - - - - - C[! -. - - - - - - ....................................................... ---------------------------- - ------ - ------------------- - 
CD 1 - 2  1 5  - 
CD - 
CD 7-1 2 F I S S I O N  SPECTRUM N U C L I D E  I D E N T I F I C b T I O N  LABEL OM - 
CD THE L I B R A R Y .  - 
CD - 
CD 1 3 - 1 5  F I S S I O N A B L E  NUCLIDE I D E N T I F I C A T I O N  LABEL ON T H E  ? ,TSRAEY- 
CD - 
CD 1 P - 2 4  F I S S I O N A B L E  NUCLIDE I D 3 N T I F I C A T I O N  LABEL ON T H E  LTBRARY- 
CD - 
CD 25-30  F I S S I O N A B L Y  N U C L I D ' E  I D E N T I F I C A T I O N  LABEL ON T H E  LTYRARY- 
CD - 
CD 3 1 - 3 6  u ~ ~ ~ ~ ~ h ~ ~ ~ ~  N U C L I D E  I D E N T I F T C A T I O N  L A B E L  O N  T H F  L I B R A R Y -  
Cf) - 
CD 3 7 - 4 2  F T S S I O N A B L E  NLJCLTDE I D Z N T I F T C A T I O N  LABEL ON T B ~  LTSRf iSY-  
CD - 
cn 4 3 - 4 8  F I S S I O N A B L E  N Y C L I D E  I D E N T I F I C ~ ~ T I O N  L A B E L  O N  T H B  L T A R P - E Y -  
Cr! - 
CD U G - 5 9  F X S S I O N A R L E  N 3 C L I D c '  I D E N T I F I C R T I O N  LABEL ON T H 9  1, IBRfiFY- 
CD - 
CD 5 5 - 6 0  F I S S I O N A B L E  NUCLIDE I D E N T I F I C A T T O N  LABEL ON THE LTRBlEtY - 
CD - 
cn 6 1 - 6 6  F I S S I O N A B L E  NUCLIDE I D E N T I F I C A T I O N  L A S E L  ON THE LIBFlASY- 
CD 

- CD 6 7 - 7 2  F T S S I O N A B L Z  NUCLIDE I D Z N T I F I C A T I O N  L A E E L ;  OH T  HE LIBRARY 



-269- 

APPENDIX B. M C ~ - ~  BCD Inpu t  F i l e s .  A.MCC2 (Contd.) 

C  - 
CN I F N O  T Y P E  1 6  CBBDS Ai?E S I V E N ,  T E E  F I S S I O N  SPBCTRTJM - 
CN 'dh'TLL BE 013TAINED FRON A MIXTVRE OF ALL S P E C T S A  - 
CN SEPRESENTED BY THE MA'IIERIALS P R E S E N T  TN THZ SPSCTRrJX - 
CN COMPOSITION.  THE F I S S I O N  SPECTRUM S P E C I P I  ED I N  - 
CN COLS.  7 - 1 2 ' T u ' I L L  B E  U S E D  FOR T H E  F I S S I O N A B L Z  NUCLIDES - 
CN S P 2 C I F I E D  I N  COLS. 1 3 - 1 8 , 1 9 - 2 4 , E T C .  I F  COLS.  1 3 - 1 5  OF - 
CN A N Y  TYPE 1 6  CARD ARE BLANK, THE R E S T  O F  TBAT TYPE 1 6  - 
C N  CARD I S  IGNORED A N D  THE F I S S I O N  SPECTRUY S P E C I F I E D  IN - 
CN COLS.  7 - 1 2  ' J I L L  BE USED FOR A N Y  F I S S I O N A S L E  N V C L I D E S  - 
CN N O T  S P E C I F I E D  ON OTHER T Y P E  16  CARDS. ONLY ONF TYDE 1 6  .- 
CN . CARD Y I T H  A BLANK F I E L D  I N  COLS'. 13-18 I S  PFRYTT'?ED. - 
CN I F  NO SUCH C A R 2  I S  G I V Z N  A N Y  F I S S I O N A B L E  - 
CM NUCLIDE NOT S P E C I F I E D  ON A T Y P E  16 C A R D  RTLI ,  BZ - 
CN ASSIGNED I T S  OWN F I S S I O N  SPECTRUPS. AS M A N Y  T Y P 3  1 6  - 
CW CERDS AS NECESSARY M A Y  B E  USED. THE F I S S I O N  SPFCTRU?I - 
CN I D E N T I F I C A T I O N  LABEL SHOULD BE REPEATED ON - 
CN ADDITIONAL CARDS. COLS.  13-18, 1 9 - 2 4 ,  ETC.  SY OULD - 
CN CONTAIN L A 8 E L S  CORRESPONDING TO 1.ABELS I N  COLS. 13-18 - 
CN OF THE T Y P E  06  CARDS. - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

c----------------------------------------------------------------------- 
CR UN42SOLVED RESONANCE F I X E D  ENERGY MESH ( T Y P E  1 7 )  - 
C  - 
C I, ?oavAp- - - -  ( 1 2 , 1 O X , 2 ( E 1 2 . 5 , 1 6 , 1 6 ) )  - 
C - 
CD COLrJFlNS . CONTENTS..  . I M P L I C A T I O N S ,  I F  A N Y  - 
CD ------- ....................................................... ------- ........................................................ 
CD 1 - 2  1 7  - 
CD - 
CD 1 2 - 2 4  LETHARGY IJIDTH. - 
CD - 
CD 2 5 - 3 0  I N I T I A L  F I X E D  MESH P O I N T  NUMBER. - 
C D  - 
CD 3 1 - 3 6  ' FTNAL F I X E D  MESH P O I N T  NUMBER. - 
CD - 
CD 3 7 - 4 8  LETHERGY WIDTH. - 
CD - 
CD 4 9 - 5 4  T N I T I A L  F I X E D  MESH P O I N T  NUMBER. - 
CD - 
CD 5 5 - 6 0  F I V A L  F I X E D  MESH P O I N T  NUMBER. - 
C  - 
CN T! M A X I M U M  O F  5 0 0  F I X E D  ENERGY MESH P O I N T S  Y A . Y  B E  rJSE3.  - 
CN AS M A N Y  TYPE 1 7  CARDS AS NECESSARY N A Y  B E  ITSZD. I F  YO - 
CN TYPE 1 7  CARD I S  S U P P L I E D ,  THE BUI1 ,T  I N  YTXBD ENEFGY - 

J MESH STRUC.lUZE I S  USED. THE LETEARGY WIPT?I  S P E C I F T E D  - 
J I N  COLS.  1 2 - 2 4  I S  USED FOR P O I N T S  S P E C I F I E D  I N  COLS.  - 
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CN 2 5 - 3 0  THROUGH 3 1 - 3 6 .  THE LETHARGY WIDTH S P Y C I F I F D  - 
CN TN C O L S .  3 7 - 4 8  I S  USED POI? P O I N T S  S P E C I F I E D  I N  COLS.  - 

. CN 4 9 - 5 4  THROUGH 5 5 - 6 0 .  I F  COLS.  2 5 - 3 0  O? 4 9 - 5 4  ARE. BLP.MK,-  
CN. THE LETHARGY, WIDTH S P E C I F I E D  I N  COLS.  1 2 - 2 4  OF!  3 7 - 4 8  I S -  
CN ' . TJSZD FOB ALL R E M A I N I N G  P O I N T S  - 
C N  A N D  T H E  R E S T  OF T H E  D A T A  O N  T H E  T Y P E  17 - 
CN CARDS ARE IGNOHED. THE F I X E D  ENESGY MESH COVERS !?FIT - 
CN . E N T I R E  ENE8GY RANGE AS S P E C I . F I E D  ON T H E  T Y P E  05 CARDS. - 
CN I p  COLS.  31-36 AND/OR COLS. 5 5 - 6 0  ARE BLANK, TBE - 
CW VF.LUE S P E C I F I E D  I N  COLS.' 1 2 - 2 4  P.ND/OR COLS. 37r .40  I S  
CN U s K O  dl'HE ,VILSH Y O x ~ ~  S P E C l r ' l E U  IN cOL,s . 2 3 - 3 0  A@"!.)/'OR- 

CN COLS. 49-54. - 
C  - 
c--- ------------ ........................... ------""--"-- -----"------ 

c----------------------------------------------------------------------- 
CP. HO?IOGENEO!JS I N F I N I T E L Y  D I L ' J T E  S P E C I F I C A T I O N S  ( T Y P E  1 3 )  - 
C  - 
CL FORMAT----- (T2,4X, 1 1 A 6 )  - 
C  - 
CD * COL3YNS CONTENTS, .  . I M P L I C A T I O N S ,  I F  A N Y  - 

------- ------- - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - CD ----_--_-----_----- ------------------------------------ - 
CD 1 - 2  , 1 8  - 
CD - ,  

.C D 7- 1 2  NUCLIDE I D B N T I F I C A T I O N  LABEL ON T H E  LISRARY - 
CD (COLS. 13-18 ON T Y P E  0 6  C A R D S ) .  - 
CD - 
CD 1 3 - 1 8  NUCLIDE I D E N T I F I C A T I O N  LABEL ON T H E  LIERARY - 

(COLS. 1 3 - 1 8  ON T Y P E  0 6  C A R D S ) .  

NTJCLIDE I D E N T I F I C A T I O N  LABEL ON THE LIBRnf iY 
(COLS. 13- 18 ON TYPE 0 6  CARDS) . 
NlJCLI.DE I D E N T I F I C A T I O N  LABEL ON T H E  LTEgASY 
(COLS. 13-18 ON T Y P E  06  C A R D S ) .  

N1JCLIDE I D E N T I F I C A T I O N  LABEL ON T H E  L I E 3 A R Y  
(COLS. 13-18 ON T Y P E  06  C A R D S ) .  

NUCLIDE I D E N T I F I C A T I O N  LABEL ON THE LTBRARY 
(COLS.  13-18 ON TYPE 0 6  C A R D S ) .  

NTJCLIDE I D E N T I F I C A T I O N  LABEL ON THE LTERASY: 
(COLS. 13-18 ON T Y P E  0 6  C A R D S ) .  

NDCLIDE I D E N T I F I C A T I O N  LABEL ON THE LIBRARY 
( c n L s .  13-18 O N  TYPE 0 6  C A R D S ) ,  

NUCLIDE 1 D E N T I F I C R T . I O N  LABEL ON THE LIRRF-RY 
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CD (COLS. 1 3 - 1 8  ON T Y P E  0 6  CARDS) . - 
CD - 
CD 6 1 - 6 6  NTJCLIDE I D E N T I F I C A T I O N  LABEL ON THE L I B R P R V  ' - 
CD (COLS. 13-18 ON TYPE 0 6  C A R D S ) .  - 
CD - 
CD 67-72 NUCLIDE I D E N T I F I C A T I O N  LABEL ON T H E  LIBRARY - 
CD (COLS. 13-18 ON T Y P E  0 6  C A R D S ) .  - 
C  - 
CN MYTERIALS NAMED O N . T H E  T Y P E  18  CARDS W1L.L. !3F ASSIJPIED - 
CN TO BE I N F I N I T E L Y  D I L U T E  FOR T H E  I~OMOGENFOUS ZESOLVED - 
CN RESONANCE CALCULATION, MATERIALS WHICH ARB ASSUrIZD TO - 
CN BE I N F I N I T E L Y  D I L U T E  WILL NOT BE INVOLVRD I N  THE - 
CN OVERLAP CALCULATION FOR A N Y  OTHER E A T E R I A L .  - 
CN T H E I R  RESONANCE INTEGRALS W I L L  BE S E T  TO THE - 
CN I N F I N I T E L Y  D I L U T E  L I M I T  OF P I /  ( 2 .  *BETA) . - 
C N  S E E  C A R D  T Y P E  1 2  FOFI T H E  H E T E R O G E N E O U S  SPECIFICA'TIONS.  - 
C  - 
c ..................................................................... - -  

c----------------------------------------------------------------------- 
CR SESONANCE E D I T  O P T I O N S  ( T Y P E  1 9 )  - 
C  - 
C L  FORM BT----- ( 1 2 , 4 X , 6 1 6 )  - 
C  - 
CD COLUMNS CONTENTS..  , I M P L I C A T I O N S ,  I F  A N Y  - 
CD ------- ------- ........................................................ 
CD 1 - 2  1 9  - 
CD - 
CD 7 - 1 2  DATA S E T  UNRES E D I T  FLAG. - 
CD - 
CD 1 3 - 1 8  DATA S E T  ATNUAT E D I T  FLAG. - 
CD ' 

- 
CD 1 9 - 2 4  DATA S E T  E E S I N T  E D I T  FLhG.  - 
CD - 
CD 2 5 - 3 0  DATA SE,T S I G M R P  E D I T  FLAG. - 
CD - 
CD 3 1 - 3 6  DETA S E T  LOEENZ E D I T  FLAG, - 
CD . - 
CD 3 7 - 4 2  BROAD GROUP RSSONANCE CROSS S E C T I O N  TLRG. - 
CD 0 . .  . I N C L U D E  RESONANCE C R O S S  S E C T I O N S  I N  THE BROAD GROIIP- 
CD CROSS S E C T I O N S  ( .DEFAULT).  - 
CD 1..  . OMIT ALL RESONANCE C R O S S  S E C T I O N S  FROM THE B9ORD - 
CD GROUP C R O S S  S F C T I O N S .  - 
CD 2 . . . O M I T  RESONANCE CAPTURE AND FTSSTOM C R O S S  SECTTONS - 
CD FROM THE BBOAD GROUP CROSS S E C T I O N S .  - 
C  - 
CN EACH DATA S E T  XHOSE E D I T  FLAG I S  NON-ZFRO ::ILL F F  - 

N EDITED.  OTHERTJISE I T  % I L L  NOT BE EDIr.?ED. - - 
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c----------------------------------------------------------------------- 
CR G E N T R n L  P R O B L E ~  E D I T  O P T I O B S  ( T Y P E  2 0 )  - 
C - 
C L  FOBM AT----- (12,4X,616) - 
C  - 
CD COT,rJH?IS CONTEN,TS..  . I M P L I C A T I O N S ,  I F  A N Y  - 
CD ------- ------- ....................................................... _-__---------------------------------------------------- 
CD 1-2 2 Q - 
CD - 
cn 7 - 1 2  U L T R A - F I  N E - G K O U P  MACROSC'OPIC FISSION,  TOT AL, T B A N S P O S T  - 
CI) AND S C R T T E 3 I N G  CBOSS S E C T I O N S .  - 
CD 0 . .  . DO NUT E D I T  DATA ( D E F A U L T ) .  - 
CD 1 . .  . E D I T  DATA. - 
CD - 
CD 1 3 - 1 8  ULTRA-FINE-GROUP MACROSCOPIC MODERATING PARAMETERS. - 
CD O.. .DO NOT E D I T  DATA ( D E F A U L T ) .  - 
CD . l .  . . E D I T  DATA. - 
CD - 
CD 1 9 - 2 4  , ULTRA-FINE-GROUP M I C R O S C O P I C  PL S C A T T E R I N ' G  CROSS - 
CD S E C T I O N S ,  PO AND P I  E L A S T I C  T R B N S F E F  MATRTCES. 
CD.  0 . .  .DO NOT E D 1  T DATA (DEFAULT) . - 
CD N . .  . E D I T  Da'ri? AT U L T R A - F I N E - G R O U P ' S  1 , N + 1 , 2 * N +  I , . .  . - 
CD - 
CD 25- 3 0  ULTRA-FINE-GhOUP SPECTRUM. - 
CD 0. . . E D I T  DATA (DEFAULT) . - 
CD 1. .  .DO NOT E D I T  DATA. - 

- CD 
CD 31- 36 BROAD GROUP 'RESONANCE CROSS SECTTUN . E D I T  FLAG. - 
CD O . . .  DO NOT E D I T  DATA ( D E F A U L T ) .  - 
CD 1 . .  . . E D I T  DATA. - 
CI! - 
CD 3 7 - 4 2  , BROAD GROUP REACTION RATE E D I T  FLAG. - 
CD 0 . .  . E D I T  DATA. - 
CD 1.. .DO NOT EDTT DATA. - 
C - 
CN COLS.  1 9 - 2 4  SHOULD ROUTINELY BE S E T  AT Z E R O  (DEFATJLT) - 
CN g S  THE EDIT OF TRANSFER METRICXS PRODUCES A 5RTPT 
C N  D E A L  O F  PAPER OUTPUT. - 
C - 
c----------------------------------------------------------------------- 
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COLTJYNS CONTENTS..  . I M P L I C A T I O N S ,  I F  A N Y  - 
------- ------ ------ --- ........................................ - - - - - - - ___-__-------------------------------------------------- 
1- 2 2 1 - 

1 3 - 1 8  COPIPOSITION LABEL. 

1 9 - 3 0  TEMPERATURE I N  DEG3RES K (DEFAULT=3OO. 0 )  . 
3 1 - 3 6  C O M P O S I T I O N  LABEL. 

CD 3 7 - 4 8  TEYPERATDRE I N  DEGR&ES K ( D E P I ! U L T - 3 0 0 . 0 )  . 
CD 

55-66 Y?EMPERF_TURE I N  DEGREES K ( D E F A U L T = 3 0 0 . 0 )  . 
AS IYANY TYPE 2 1  CARDS AS NECESSARY M A Y  R E  !JSEL! TO 
S P Y C I F Y  THE C O M P O S I T I O N  TEYPERATURES.  
C O f l P O S I T I O N  LRBELS I N  COLS. 13-18, 3 1 - 3 6 ,  A N D  3 9 - 5 4  
MUST CORZESPOMD TO LABELS G I V E N  I N  COLS.  1 3 - 1 8  ON DbTA 
S S T  F_ .NIP  TYPE 1 4  CARDS. THE C O M P O S I T I O N  T2MPERhTrl 'RES 
ARE USED ONLY FOB THE I N T E G R A L  TRANSPORT THFORY 
C g  LCULATIONS.  
T N  TBE CASE OF HOMOGENEOUS PROBLEMS FOR r J A I C H  C O L S .  
3 7 - 4 2  O Y  'I 'iiE 'PYPE 0 3  CARD ARE ZERO, THE TEYPERATVRF: 
USED FOR A N  I N T E G R A L  TRANSPORT THEORY CALC!JLATTON 'TILL 
B E  T H E  VALUE S P E C I F I E D  I N  COLS 1 9 - 3 0  ON THE F I R S T  
TYPE 2 1  CARD PROVIDED.  I F  NO T Y P E  2 1  CARDS ARE G I V E N ,  
?'I-'!? .TEYPERATIJRB FOR Ti HOMOGENEOUS PROBLYX ??ILL BR TYRT  
S P E C I F I E D  ON T H E  TYPE 06 CARD FOR T H E  F I R S T  Y A T F E I A L  
AFTER T H Z  I N P U T  I S ' R E O H D E R E D  TO CGRRYSPOND TO TEE 
ORDER 03  MATERIALS I N  THE L I S R C R Y .  
I F  THE PATH INVOKES AREA 1 0 ,  THE PROBLSM YIXT!JR4 MUST 
CONTAIN MATERIALS HAVING RESOLVED RESONFNCES.  

c----------------------------------------------------------------------- 
CE T S O T Q P E  1 D E N T I : F I C A T I O N  (TYPE 2 2 )  - 
C - 
CI; FORMAT----- ( 1 2 , 1 0 X , A 6 , 1 6 , 2 F 1 2 . 5 )  ' - 
c - 
CD COILTYNS CONTENTS. .  . I Y P L I C A T I O W S ,  I F  ANY - 
CI: ------- ------- ----- - ---- -------------------- ------ -------------- ----- - -  --_- _ ------- _-- ----- - -------------------------------- - 
CD 1-2 2 2  - 
CD - 
CD 1 3 -  1 8  YUCLIDE I D E N T I F I C A T I O N  LABEL ON L I B R A B Y .  - 
CD - 

1 9 - 2 4  I S O T O P E  C L A S S I F I C A T I O N .  - 
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0.. . UNDEFINEG ( D E F A U L T ) .  
l . . . F I S S I L ? .  
2 . .  . F E R T I L E .  
3 . .  . OTHER A C T I N I D E .  
4 . .  . F I S S I O N  PRODUCT. 
5 . .  . STEUCTURAL. 
6 . .  :COOLANT. 
7.. . CONTROL. 

2 5 - 3 6  'TOTAL THERPIAL ENERGY Y T E L D / F I S S T O N  (KEV/FIS  S I O N )  . 
CD - 

3 7 - 4 3  TOTAL THEilMAL ENERGY Y IELU/CAPTUHE. (MEV/Cfi.?T!IRE) . - C'D 
r. - L 

I F  COLS.  2 5 - 3 6  O R  3 7 - 4 8  ARE BZ.I!NK, THE COII.3.ESPONDIM? - CN 
DATA I S  OBTAINED FROM DATA S E T  MCC2F1.  - CN - C 

c ------------------- --- ------------------------------------------------- 

c----------------------------------------------------------------------- 
F I S S I O N  S P E C T R A  T E M P E R A T U R E S  ( T Y P E  2 3 )  - CR - C  

FOSMRT----- ( 1 2 , 4 X f 3 ( A 6 , E 1 2 . 5 ) )  - C L  - C  
COLUMNS CONTENTS..  . I F l P L I C A T I O N S ,  I F  l M Y  - CD 

CD __--_-- ------- _________-___-__-__---------------------------_---_---- - - _ _ _ _ _ _ _ _ - _ _ _ _ _ - - -  __-__-------_----_------------------ - 
2 3  - CD 1 - 2  - CD 

7 - 1 2  NUCLIDE I D E N T I F I C A T I O N  LABEL ON L I B B h R Y .  - c rj 

- CD 
2 5 - 3 0  N U C L I D E  I D E N T I F I C A T I O N  L A B E L  O N  ' L I B ~ A R Y .  - CD - CD 
3 1 - 4 2  F T S S I O N  SPECTRUM TEMPERATURE, E. V .  - c'3 

NUCLIDE I D E N T I F I C A T I O N  LABEL ON L I B F l P Y .  

F I S S I O N  SPECTRUM TEMPERATURE, E. V .  

NOTE THAT THE TYPE 2 3  DATA ARE P E R T I N E N T  O N L Y  FOR 
F I S S I O N A B L E  I S O T O P E S .  
THE TEYPERATURES ON THE TYPE 2 3  CARDS ARE USED TO 
OVERRIDE THE CORRESPONDING TEMPERATURES OF' ?S09LY!4 
MP.TER1AL.S ON T H E  LIBRARY FOR USE I N  GENERATING 
F T S S I O N  SPECTRA.  I F  A N  EXTERNAL SOURCE I S  S D E C I P I E D  
SiJCH THAT ON T H E  T Y P E  08 CARD COLS.  1 3 - 2 4  R R E  BLnNK 
A N D  COLS.  2 5 - 3 0  CONTAIN THE F I S S I O N  SPECTRUM NUCLIDE 
I D E N T I F I C A T I O N  LABEL ON THE L I B R A R Y ,  THEN THAT L I B T L  
P . N D  THE CORiiESPOWDING LABEL I N  COLS.  7 - 1 2  OY THE TYPE 
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. % 

CN 2 3  CARD NEED NOT CORRESPOND TO O N E  O F  THE PROBLZM - 
CN MATERIALS.  A N Y  L I B R A R Y '  MATERIAL NOT R E P E P E N C E 9  - 
CN OM T.HE 'TYPE 23 CARDS W I L ~ L  USB THE L I B R A R Y  S P E C I F I E D  - 
CN F I S S T O N  SPZCTRUM TZMPERATURE. - 
CN I F  COLS.  7-12, 2 5 - 3 0 , .  OR 43 -48  ARE BLANK ON & N Y  TYPF ' - 
C .N 2 3  CARD, T H E  3 E S T  OF ANY S U P P L I E D  T Y P E  23  DATA F I L L  R E  - 
CN IGNORED. - 
C - 
c----------------------------------------------------------------,------- 

CEOF 
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C  - 
C  P R E P A a E D  6/13/75 AT CNL - 
C  - 
C F  F . .  F!TP - 
C E  BCI) I N P U T  F O R  H E T d R O G E N E O U S  N C * * 2 - I 1  AND SDX CALCrJLATTONS - 
C  - 
CN T H I S  I S  F. U S E R - S r J P P L T E D  BCD D'ATP, S E T .  IT TS - 
CN A N  A B B R E V I A T E D  V E R S I O N  OF T H E  DATA S E T  - 
CN A. N I P .  - 
CN T H E  L I S T  F O R  EACH RECORD I S  G I V E N  T V  T E R Y S  OF - 
CN T H E  BCD FORMAT O F '  THE DPTA CARD. - 
CN C O L U ~ I I ~ S  1 2 C O N T A I N  T I I C  C A R D  T Y ~ Z  ~ U Y ~ C F .  . - 
C - 
C*****f******* t*S********* t*********** t*#*********************:k*********  

CR E Y T E R N P L  BOUNDARY C O N D I T I O N S  ( T Y P E  04) - 
C - 
C L  FOBMnT--- - -  ( 1 2 , 1 0 X , 2 1 6 )  - 
C  - 
CD COL?YN 7 COiJTENTS. .  . I  M P L I C A T I Q N S ,  I F  ANY ' - 
CD ------- ------- ,_--_---__-__--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  --__---__-___-_____------------------------------------- 
CD 1- 2 Ou - 
CD - 
C D  ' 1 3 - 1 8  SOVNDAEY C O N i l I T I O N  AT LO??El? " X "  BOUNDARY OF C ELL,. - 
CL! .'-. , - 
C C  19- 7 4  ROiJNDARY C O N D T T I O N  AT TJPPER " X u  BOUNDAEY OF CELL..  - 
CD - 
CD 10.. . R F F L E C T I V E .  - 
CD 11..  . P E R I O D I C .  - 
CD 1 2 . .  . 7 H I T E .  - 
CD - 
CN THY L E F T  BOrJNDARY C O N D I T I O N  MUST BE R E F L Z C T T V  9 A Y 3  - 
CN Ti-lF R I G H T  EOUNDA3Y C O N D I T I O N  MUST B E  PHITE FOR - 
CN C Y L I N D R I C A L  GEOMETRY. THZ L E F T  AND FIG!!?' 130rJXDARY - 
CN C O Y T D I T I O N S '  Y U S T  Bi2 THE S A N E  AND M A Y  BF CVLY REE 'LSCTITrE  - 
CN 0 3  ? E R I O D I C  FOR S L A B  G E O M Z T E I F S .  - 
C - 
C- - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

CR FIEC-TDN BOUNDARY C O O R D I N A T E S  AND 'MFSE SI 'RUCTURE - 
CR (?n P E  06)  ' 

- 
. C  - 

C L  FOS"T----- ( 1 2 , 4 ~ , ~ 6 , 2 ~ 1 2 . 5 , 1 6 )  - 
C  - 
CD COL '1 M.N S C O N T E N T S . .  . I M P L I C A T I O N S ,  I F  A N Y  - 
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CD ------- ------- ---------- --------------------------------------------- _----__----------_-------------------------------------- 
CD 1 - 2  0 6  - 
CD - 
CT! 7-12  F Z G I O N  LABEL ( 2 E P E A T E D  ON A D D I T I O N A L  T Y P E  0 5  CF.RDS) . - 
CD - 
CD 1 3 - 2 4  " Y " - D I R E C T I O N  LOYER-BOUNDARY C O O P D I N A T E .  - 
CD - 
CD 25- 36. " X u - 9 I R E C T I O N  UPPER-BOUNDARY C O O R D I N A T E .  - 
CD - 
CD 3 7 - 4 2  NCYBER O F  I N T E R V A L S  I N  " X "  D I R E C T I O N .  - 
CD - 
CN l l X t l  R E P R E S E N T S  X OR R. . - 
CN - 
CN R E G I O N S  M A Y  B E  D E F I N E D  U S I N G  T H E  OVERLAY PROCEDUL?E, - 
CW YTTH T H E  L A T E S T  R E G I O N  A S S I G N M E N T  O V E F L A Y I A G  TBE - A 

CN ? ? ? E V I O U S  C O N F I G U R A T I O N ,  OR U S I N G  T H E  VSUSFLL FRF:CED!Ji(E, - 
CN V I T H  EACH S E G I O N ' S  B O U N D A R I E S  G I V E N  E X P L I C T T L Y .  - 
CN R 3 G I O N  L A B E L S  MUST B E  NON-BLANK. - 
CN ONLY T H E  " X " - D I R E C T I O N  U P P E R  FOU'NDA!?TES NEED - 
CN , RE G I V E N  FOR R E G I O N S  A F T E R  T H E  F I R S T .  - 
C  - 
C ----------------------------------------------------------------------- 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CR COiVIPOST'rTON S P E C I F I C A T I O N S  ( T Y P E  1 4 )  - 
C  - 
C i  FORMAT----- ( T 2 , 1 0 X , A 6 , 3 ( A 6 , E 1 2 . 5 ) )  - 
C  - 

8 - CD CC)L!.J?lNS C O N T E N T S . .  . I M P L I C A T I O N S ,  I F  A N Y  
CD ------- - - - - - - - ------------------------------------------------------- ------------------------------------------------------- - 
CD 1-2  1 4  - 
CD - 
CD 13-18 C O M P O S I T I O N  L A B E L  ( R E P E A T E D  ON A D D I T I O N A L  TV?E 1 4  - 
CD C!!!?DS) . - 
CD - 
CD 1 9 - 2 4  T S O T O P E  LABEL. - 

- 
CD . - 
CD . 2 5 - 3 6  I S O T O P E  ATOM D E N S I T Y .  

- 
CD - 
CD 3 7 - 4 2  I S O T O P E  LABEL.  - 
CD - 
CD 4 3 - 5 4  T S O T O P E  ATOM' D E N S I T Y .  - 
CD - 
CD 55-60 I S O T O P E  LABEL. - 
CD - 
CD 6 1 - 7 2  T S O T O P E  'ATOM D E N S I T Y .  - 
CD - 
" N  C O N P O S I T I O N  L A B E L S  MUST RE NON-BLRNK. - 

N ISOTOPE:  L A B E L S  I N C O L S .  1 9 - 2 4 ,  3 7 - 4 2 ' ,  A N D  55 -60  3U5T - 
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CY CORRESPOND T'O NUCLIDE I D E N T I F I C A T I O K  LABFLS ON T?F - 
CN LIBRAElY I F  THEY DO NOT CORRESPOND TO ?!NY - 0 P  THP - 
CN MATERIALS NAKED ON THE DATA SET A.NCC2 T Y P S  0 6  CARDS. - 
CN I N  OTHER C A S E S ,  THEY MUST CORFESPOND 1'0 SOMF PR03LE?l  - 
CN YATERIAL LARET.. IN C0L.S. 1 9 - 2 4  ON TIIE; DATA S E T  A .  MCC:! - 
C  N TYPE 06  CARDS. - 
C  - 
c - - - -- - - - - -- - - - - - --- - -- - - - - - - - ---'---- - - - -- - - -- - - - - - - - - -- - - - - - - - - -- - - - 

c----------------------------------------------------------------------- 
CF! C O Y P C 3 T T I O N  A N D  REGION A 3 S f G N b . ! E N T C  ( T Y F B  15) - 
C  - 
C L  FORMAT----- ( 1 2 , 4 X , 1 1 A 6 )  - 
C  - 
CD C@L?JMN S  CONTENTS..  . I M P L I C A T I O N S ,  I F  A N Y  - 

- - - - -0 -  CD ------- ------------___---------------------------------------- ------------___----------------------------------------- 
CD 1 - 2  15 - 
CD - 
CD 7 - 1 2  C O Y P O S I T I O N  L A B 3 L  ( R E P E A T E D  ON ,liDDITTONF.L T Y P E  15 - 
CD CAPDS) . - 
CD - 
CD 13-18 REGION LABSL O F  REGION C O N T A I N I N G  S P E C I F I E D  - 
CD C O M P O S I T I O N .  - 
rn - 
CD 1 P - 2 4  REGION LABEL O F  REGION C O N T A I N I N G  S P E C I F I X D  - 
CD CO! ' IPOSITION. - 
CD - 
6 2 5 - 3 0  RYGION LABEL OF 3 E G I O N  CONTAINTNG S P F C I F I E r )  - 
CD . COMPOSITION.  - 
CD - 
C  D  3 1 - 3 6  PEGION LABEL O F  REGION C O N T P I N I N G  S P E C I F I E D  

- 
c D  C O M P O S I T I O N .  

- 
CD - 
CD 37 -  4 2 REGION LABEL OF REGION C O N T A I N I N G  S P E C I F I F 9  - 
CD COYPOS I T I O N .  - 
CD - 
CD 4 3 - 4 8  PEC-ION LABEL O F  REGION CONTAININ(;  S P E C I F ' T  Ell  - 
CD C O M P O S I T I O N .  - 
CD - 
CD 4 9 - 5 4  REGION LABEL O F  REGION C O N T A I N I N G  ' S P E C I F I E D  - 
C P  COMPOSITION.  - 
CD - 
CD 5 5 - 6 0  REGION LABEL O F  REGION C O N T A I N I N G  S P E C T F T E D  - 

C O M P O S I T I O N .  CI! - 
CD - 
CD 6 1 - 6 6  RYGION LABEL OF REGION C O N T A I N I N G  S P E C I F I E D  - 
CD COMPOS I T  I O N .  - I 

CD - 

CD 67-72  R Y G I O N  LABEL O F  REGION CONTATNIFG S P F C T F ' I  YD 
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...................................................................... 

C  - 
PREPARED 2 / 2 5 / 7 6  AT ANL C  - 

c. - 
. . 

C F  F . . S T P 0 1 5  - 
CE SENRRAL BCD INPUT FOR ' M C * * 2 - I 1  PATH DRTVF!!? - 
C  - 
CN ' T H I S  I S  A USER S U P P L I E D  BCD DP.TP. SET.  - 
CN THE L I S T  F O R  E A C H  R E C O P D  I S  G I V E N  I N  T Y ~ Y S  - 
CN OF THE BCD FOEPIAT O F  THAT .DP-TE CE!?9. - 
CN COLUMNS' 1 - 2  CONTAIN THE CARD TYPE N U M H Y R .  - 
CM BLANK P I U L D S  PRODUCE TIIE D B F F  l!LT OPTI015? .  - 
C - 

, . 
C******** t********************* t****************************************  

c----------------------------------------------------------------------- 
CR PATH O P T I O N S  (TYPT 0 1 )  - 
C  - 
CL FORM AT----- ( 1 2 , 4 X f 9 1 5 )  - 

CONTENTS. .  . I M P L I C A T I O N S ,  I F  A N Y  

7 - 1 2  E C * * 2 - I 1  I N P U T  PROCESSOR CALCULATION 
8REA 4  ( C S I 0 1 0 ) .  
0.. . INVOKE I N P U T  PEOCESSOR ( E E F A U L T )  . 
1 . .  . DO NOT INVOKE I N P U T  PHOCESSOR. 

1 3 -  1 5  O N R Y S O L V E D  R E S O N A N C E  C A L C U L A T I O N  - 
A R Y R  5 (CSCOOU) .. - 
0. . , D O  UNRESOLVED RESONANCE CALCULATION (DEFA ,IT>?) . - 
1 . .  . DO NOT DO UNBESOLVED RESONANCE CALCULATION. - 

- 
1 9 - 2 4  RESOLVED RESOW ANCE CALCULATION - 

A?EA 6 (CSCOOS)  . - 
0 . .  .DO RESOLVED RESONANCE CALCULATION (DE?A1!LT) . - 
1 . . . D O  NOT DO RESOLVED RESONANCE C E L C O L I T I O N .  - 

- 
2 5 - 3 0  MACROSCOP'IC CROSS S E C T I O N  AND MODEB-ATING PAR!. YEPER - 

c a L c u L a . r  I O N  - 
APEA 7 (CSCOCiS) .  - 
0.. .DO CALCULATION OF MACROSCOPIC CI3OSS SECTIONS - 

A N D  CONTINUOUS S L O t J I  NG DOKN MOCERATIV", PAPAMETERS - 
(DEFRULT)  . - 

1 , .  . DO YOT CALCULATE MODERATTNG PP.FAEF:TE:R S - 
M A C ~ ~ O S Z O P I C  C R O S S  S E C T I O N S .  - 

- 
3 1 - 3 6  UFG SPECTRYY AND BROAD GROUP CROSS S E C T I O N S  - 
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A8EA 8 ( C S C 0 0 9 )  . - 
0 . .  . DO U L T E n - F I N E - G a O U P  CALCULATION ANC BR0P.D 'GF.3TJP - 

C R O S S  S E C T I O N S  ( D E F A U L T ) .  - 
1 . .  . DO NOT DO ULTRA-FINE-GROUF C A L C U L A T I O N  A??D ER0P.D - 

GROUP C R O S S  S E C T I O N S .  - - 
3ROAD GROUP SPECTRUM CALCULATION - 
RRFA 9  ( C S C O l g ) ,  . - 
0 . .  .DO BROAD GROUP SPECTRUM CALCULATICN (OEFAULT) . - 
1 . .  . DO NOT DO BR0P.D GROlJP SPECTRUM CAI.CIILlr.i 'ION. - - 
BROAD G R O U P  CROSS S E C T I O N  E D I T S  ( C S E 0 0 9 )  . - 
0 .  . . E D I T  BROAD GROUP CROSS S E C T I O N  F I L E  T S O T X S  - 

( D E F A U L T ) .  - 
1 . .  . D O  N O T  EDIT' B R O A D  G R O U P  C R O S S  S E C T I O N  w~~~ T S O T X S ' .  - 

- 
TSOTXS TO X S . T S 0  CONVE,?SION ( C S E 0 0 7 )  . - 
O.. .CREATE EQUIVALENT OF D A T A  SET! I S O T X S  I N  THE DOUBLE - 

P R E C I S I O N .  DATA S E T  XS. I S 0  (DEFAULT)  . - 
I . . . C R E R T E  E Q U I V A L E N T  O F  D A T A  S E T  I S O T X S  I N  A S I N G L E  - 

P R E C I S I O N  VEBSION OF DATA S E T  X S . I S O .  - 
- 1  ... DO NOT CREATE DATA S E T  X S . I S 0 .  - 

(0PT.IOM NOT AVAILABLE I N  ARGONNE CODE CENTS?  VERSION - 
OF MC**2-11.)  - 

- 
EIYPER S I N E  GROUP INTEGRAL TRAKSPORT CPLCrJ I ,4TION - 
AREA 1 0  (CSCO1 1 )  . - 
O.. .DO NOT DO HYPEEi F I N E  SROrJP I N T E G R A L  TQANSPORT - 

CALCULATION (DEFAULT)  . - 
1 . .  . DO d Y P E R  F I N E  GZOU? INTEGRAL THANSPORT CALC?JLATION. - 

- 
DATA S E T  X S . I S O  E D I T  , ( C S E O 1 2 ) .  - 
0 .  ..DO NOT EXECUTE C S E 0 1 2  ( X S . I S 0  E D I T O R )  . - 
1 . . . E X E C U T E  C S E 0 1 2 .  - 
(OPTION NOT A V A I L A S L E  I N  ARGONNE CODE CENTER V E 9 S I O N  - 
O F  P C * * 2 - I T . )  - 

- 
I F  C O L S .  1 3 - 1 8  OR C O L S .  1 9 - 2 4  ARE 1 ,  AREA 6 . 5  ! J I L L  BY - 
EXECUTED TO OBTAIN THE RES0LVED:UNRESOLVED OV FIRLA!? - 
CALCULATION. - 

- 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CR UNRESO1,VED RESONANCE O P T I O N  (TYPE 0 2 )  - 
C  - 
CL FORM AT----- ( I 2 , 4 X , 1 6 )  - - 
D COLrJYNS CONTENTS. .  . I Y P L I C A T I O N S ,  I F  A N Y  - 



APPENDIX B. M C ~ - ~  BCD Input Files. A.STP015 (Contd.) 
/ 

------------------------------------------------------- ---_------------_- _ .................................... - 
02  - 

- 
A R R A  1 0  UNSESOLVED RESONANCE OPTTON (CSCO 1 1 )  . .. - 
0.. .EXCLUDE UNRESOLVED RESONANCE C R O S S  S E C T I O N S '  F8OV - 

T H E  HYPER P I N E  G R O U P  I N T E G R A L  TRANSPOFT - 
CALCULATION ( D E F A U L T ) .  - 

l . . . I N C L U D E  UNRESOLVED R E S O N l N C E  C R O S S  S E C T I O N S  I N  T E E  - 
HYPER F I N E  GROUP I N T E G R A L  T.RANSPORT CALCULATION. - - 

-------------- -------------------- & ------ ----- -& ------ -- - 
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C*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C - 
C PREPARED 1 2 / 0 9 / 7 4  AT ANL - 
C - 
C F  ACS.Y.l2 - 
CE BCD I N P U T  FOR X S . I S 0  E D I T O R  C S E 0 1 2  - 
C - 
CN T H I S  I S  A U S Z R - S U P P L I E D  BCD DP-TA S E T .  - 
CN THE L I S T  FOR EACH RECORD I S  GIVEN I N  TERNS OF - 
CN THE BCD FORMAT O F  THE DATA CRED. - 
CN COLUMNS 1 - 2  CONTAIN THE CARD TY?E NTJMBBR. - 
C - 
C * * * * * * * * * * * * * * * * * f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

c----------------------------------------------------------------------- 
CR EDTT S P E C I F I C A T I O N S  ( T Y P E  0 1 )  - 
C .  - 
C L  FORMAT----- ( 1 2 , 4 X , A 6 , 1 6 )  - 
C - 
CD COLUMNS CONTENTS. .  . I M P L I C A T I O N S ,  I F  A N Y  - 
CD ------- ------- ........................................................ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CD 1 - 2  0 1 - 
CD - 
CD 7- 1 2  TSOTOPE LABEL. - 
CD - 
CD 1 3 - 1 8  FDTT FLAG. - 
CD - 
CN IF C O L S .  7-12 ON THE F I R S T  TYPE.  01 .  CARD A!?E BLANY, ?HZ - 
CN F V T I R E  XS. I S 0  DATA S E T  WILL B E  E D I T E D .  I F  COLS.  1 3 - 1 8  - 
CN ARE 0 ,  ALL C R O S S  S E C T I O N  T Y P E S  WILL B E  B D I T E D .  IF - 
CN COLS. 13-18 ARE 1,  ONLY THE P R I N C I P A L  CROSS S E C T I O N S  - 
CN V I L L  BE E D I T E D .  I F  COLS.  13-18 ARE 2 ,  ONLY THE - 
CN SCF-TTERING ARRAYS W I L L  BE. E D I T E D .  I F  COLS.  1 3 - 1 8  ABE - 
CN 3 ,  ONLY F I L E  1 OF DATA S E T  X S . I S 0  W I L L  RE E D I T E D .  - 
CN I F  COLS.  7 - 1 2  ARE BLANK ON THE F T R S T  TYPE 0 1  CnRD 9YJT - 
CN ADDITIONAL TYDE 0 1  CARDS ARE S U P P L I E D ,  THE I S O T O D E  - 
CN NfiMED I N  COLS. 7-12 O F  EACH R D D I T I O R A L  CERD B I L L  9 E  - 
CN E D I T E D  .ACCORDING T O  THE FLAG S E T  I N  COLS.' 1 3 - 1 8  OF TBA'T- 
CN S l Y E  CABD. A N Y  I S O T O P E  NOT S P F C I F T C A L L Y  REFERENCED ':'ILL- 
CN BE E D I T E D  ACCORDING TO THE VP.L:UE I N  COLS.  . 1 3 - 1 8  ON TPE - 
CN F I R S T  TYPE 0 1  CARD (WHICH HAS COLS. 7 - 1 2  BLANK). I F  - 
CN COLS. 13-18 ON A N  A D D I T I O N A L  TYPE 0 1  CARD ARE -1 ,  THE - 
CN I S O T O P E  NAYED I N  COLS.  7 - 1 2  O F  THAT CARn : J I L L  NOT B E  - 
CN EDITED.  I F  THE F I R S T  TYPE 01 CARD I S  NON-3LANK I N  - 
CN COLS. 7 - 1 2 ,  ONLY TH.E I S O T O P E S  NAMED ON THY TYPE 0 1  - 
CN CARDS B I L L  B E  E D I T E D ,  EACH ACCORDING TO THE F L 9 G '  I N  - 
CN COLS. 13-18 ON THE SAME CARD. I F  DATA S E T  A C S E 1 2  I S  - 
CN NOT S U P P L I E D ,  THE E N T I R E  S E T  I S  E D I T E D  A N D  E L L  CROSS - 
: N S E C T I O N  T Y P E S  ARE E D I T E D  FOR EACH I S O T O P E .  - 
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SF NO T Y P E  -01 CARDS ARE S U P P L I E D ,  T H E  E D I T  WILL. - 
C O R R E S P O N D  T O  H A V I N . G  P U T  I N  .A S I N G L E  B L A N K  T Y F E  01 - 
CA3D. - 

- 

c- -- -- - -- - -- - -- - -- -- --- - --- - ------- -- - - ---- - ---- - ------ -- --- ---- --- - - --- - - - 
CR R P n T N T E R  E D I T  O P T I O N  ( T Y P E  02). - 
C  - 
C L  P C R M 4 T - - - - -  (12,4X, 1 6 )  - 
C - 
CW COL!J MNS CONTENTS..  . I M P L I C A T I O N S , .  I F  R N Y  - 
en ------- ------- ....................................................... - --------- ---_- _--_------------------------------------ - 
CD 1 - 2  0  2 - 
CD - 
CD 7-1 2 B P O I N T E R  E D I T  FLAG. - 
CD 0 . .  .NO B P O I N T E R  DEBUGGING PRINT'S. .  - 
CD 1 . .  . DEBUGGING DUMP P R I N T O U T .  - 
CD 2.'. . DEBUGGING TRACE PRINTOUT.  - 
c D 3. .  . -FULL DEBUGGING P R I N T O U T .  - 
C  - 
c----------------------------------------------------------------------- 

CEOF 
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C * S * * * t * * * * * * * * * * * * * * * * * 4 * * * * * * * 8 * # * * 9 : * * * * * * * * * * * * # * * * * * * * * * * * * * # * * * * * * *  

C - 
C PFEPAZED 2 / 2 7 / 7 5  AT ANL. - 
C - 
C F  acsooQ - 
C F  7CD TNPUT F 0 9  E D I T I N G  I S O T X S  D A T A  S E T  ( C S F O C 9 )  - 
C - 
CN T H I S  I S  A USER S U P P L I E D  ECD DATA SET.  - 
CN THE L I S T  FOR EACS RECORD I S  GIVTN I N  TERMS - 
CN OF THE BCD FORYAT OF THAT DATA CARD. - 
CN COLUM!iS 1 - 2  CONTAIN THE CARD TYPE NUYIBTR. - 
CN ELANK F I E L D S  PRODUCE THE DEFAULT O P T I O N S .  
C - 
C9*4***4**;Kt**8*+***94:4:6**4:#********tt#******************************** * 

C F  COYJI?U:I'FR CON?AINER ARRAY (TYPE'  01)  - 
C - 
CC OPTIOKAL CARD TYPE - 
C - 
CL FORMAT-- - - . -  (12,4X,316) - 
C - 
C D  C O S ~ J V N  s C O N T E N T S . .  . I M P L I C A T I O N S ,  I F  A N Y  - 
CD - - - - - - - - - - - - - - ....................................................... ----- ------_------ - .................................... - 
CD 0 1 1- 2 - 
CD - 
CD 7 - 1 2  S T Z E  O F  M A I N  STORAGE ARRAY I N  REAL*8 POR.DS - 
CD ( D E F ' A U i T = 3 0 0 0 0 ) .  - 
CC - 
CD 1 3 - 1 8  S I Z E  OF BULK COEiE STORAGE ON REAL*8 VORDS (DEF41!LT=0) . - 
CD - 
CC 1 9 - 2 4  POTNTR DEBVGGING E D I T .  - 
CD 0. . . NO DEBUGGING P R I N T O U T  (DEFAULT) . - 
CD 1 .  . . DEBUGGING DUMP P R I N T O U T .  - 
CI! 2 . .  . DEBUGGING TRACE .PRINTOUT. - 
CD 3. . .FULL 9ZBUGGING PRINTOUT.  - 
C - 
CN T H I S  CARD TYPE I S  USED ONLY AFTER T H F  B P O I N T E R  - 
CN C O N T h I N E B  ARRAY CAN NOT SE ALLOCETFD BY: - 
CN ( 1 ) '  ATTEMPTINS TO CALCULATE T H E  S I Z E :  O F  TFIS CONTATNER - 
CX AF???AY FROM THE F I L E  CONTFCL RECORD OF TH.3 TSOTXS - 
CN DATA S E T ,  OR - 
CN (7 )  O B T A I N I N G  THE S I Z Z  O F  THE CONTAINSR A R Z A V  S P E C I F T Z D -  
CN I N  DATA S3T P R B S P C  ( I F  I T  E X I S T S )  :!ETC:I CONTAINS - 
CN THE S I Z E  O F  T E E  CONTAINER ARRAY S P E C I F I Y D  3Y THE - 
CN DATA S Z T  A .  MCC2. - 
C - 
c---------------------------------T--Z---------------------------------- 
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c----------------------------------------------------------------------- 
1SOTO.PES TO EE E D I T E D  ( T Y P E  02 )  C!? - 

C  - 
CC O P T I O N A L  CRHD T Y P E  - 
C  - 
C L  FOR!!AT----- ( T 2 , 4 X ,  1 '2A6)  - 
C  - 
CD COLlJYNS C O N T E N T S . .  . I M P L I C A T I O N S ,  I F  A N Y  - 
CD ------- - - - - - - - ....................................................... _-_-__----__-__----------------------------------------- 
CD 1-2 [ 1 2  - 
CD - 
CD 7-12-  I S O T O P E  T O  B E  E D I T E D .  - 
CD - 
CD 13-18 I S O T O P E  TO BE E D I T E D .  - 
CD - 
CD 1 9 - 2 4  I S O T O P E  TO BE E D I T E D .  - 
CD - 
CD 2 5 - 3 0  I S O T O P E  TO BE S D I T E D .  - 
CD - 
CD 3 1 - 3 6  TSOTOPE TO BE E D I T S D .  - 
CD - 
CD 3 7 - 4 2  I S O T O P E  TO BE E D I T E D .  - - 
CD - 
CD 4 3 - 4 2  I S O T O P E  TO BE E D I T E D .  - 
CD - 
CD 4 9 - 5 4  I S O T O P E  TO B E  E D I T E D .  - 
CT) - 
CD 5 5 - 6 0  I S O T O P E  TO. SE E D I T E D .  - 
CD - 
CD 6 1 - 6 6  TSOTOPE TO BE E D I T E D .  - 
CD - 
CD 6 7 - 7 2  ' I S O T O P E  TO B E  ED.ITED. - 
c!3 - 
CD 7 3 - 8 0  I S O T O P E  TO B E  E C I T E D .  - 
C  - 
CN TSOTOPE NAME MUST BE L E F T - J U S T I F I E D  X N  FORMAT F I E L D  - 

WITH IM3EDDED BLhNKS PRESERVED. Ch' - 
CN , AS LYI-ANY T Y P E  0 2  CARDS AS NECESSARY K A Y  i3E rJSEr?. - 
CN NO TYPE 0 2  CA2D Y I L i  RESULT I N  ALL T H E  I S O T O P E S  T Y  - 
CN T 4 E  I S O T X S  DATA S E T  TO BE EDTTED. - 
CN 1 P. TYPE 0 2  CARD WTTH NO I S O T O P E  MANES I\iIT,L RESULT I N  - 
CN ONLY I S O T O P E  INDEPENDENT DATA T O  BE E C I T E D  E. G . ,  FLM - 
CN E D T T ' O F  THE F I R S T  THREE OH FOUR RECORDS O F  DATA SYT - 
CN I S O T X S .  - 
C  - 
c - - - - - - - - - - - - - - - - - - - ,- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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C * * * t t * * t * * * * $ * 8 * * * * * * * * * * * * * * * * * * * * * 4 : * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * T  
C  - 
C  PREPARED 03/03/75 - 
C - 
C F  I S O T X S  - 
CE M I C R O S C O P I C  GROUP NEUTRON C R O S S  S E C T I O N S  
C  - 
CN T H I S  . F I L E  P R O V I D E S  A  B A S I C  BROAD GFOUP - 
CN LTRRA.RY, ORDERED BY I S O T O P E  - 
C  - 
C********~******************************************************~**~:**** 

CD M UT, T 2 FOR TBM MACHINES,  1 O T H E R K I S E  

c----------------------------------------------------------------------- 
C S  P I L E  STRUCTURE - 
C S  - 
C S  RECORD T Y P E  P R E S E N T  I F  - 
C S  ................................ -------- ---------- ---- ---------- --------------- - - - - - - - - - - - - - - - - 
C S  F I L E  I D E N T I F I C A T I O N  ALWAYS - 
C S  FILE CONTROL ALGIAYS - 
C S  F I L E  DATA ALWAYS - 
C S  S E T  C H I  D A T A  I C H I S T .  GT. 1 - 
C S  * * * * * * * * * *a  ( R E P E E T  F 0 9  ALL I S O T O P E S )  - 
C S  4 L S O T O P E  CONTROL AND GROUP ALWAYS - 
C S  * I N D E P E N D E N T  DATA . - 
C S  * P R I N C I P A L  C S O S S  S E C T I O N S  ALWAYS - 
C S  % T S O T O P E  C H I  DATA I C H T . G T  - 1  - 
C S  * ******** ( R E P E A T  TO NSCMAX S C A T T E R I N G  BLOCKS) - 
C S  * * *****  ( R E P E A T  FROM . I  T O  NSBLOK) - 
C S  * * * SCATTERIN,G SUB-BLOCK ->  LORD ( N )  .GT. 0 - 
C S  *********** - 
C  4 

c----------------------------------------------------------------------- 

c--------------------------------------------------------------------------- 
ca F I L E  T D E N T I F I C A T T O N  ( T Y P E  1) - 
C  - 
C L  !!NF.YE, (HrJSY (I) ,I= 1 , 2 )  , I V E R S  - 
C  - 
CW 1 + 3 * Y U L T  - 
C  - 
CD I-INRYY HOT..T.8ERITH F I L W A M E  - I S O T X S .  - (P .6)  - 
CD H'JSE H O L L E R I T H  USE!? I D E N T I F I C A T I O N  ( A 6 )  - 
CD TVERS - F I L E  V E 8 S I O N  NUMBER - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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/ 

C -------------------------------------- - ................................ 
CR F I 1 . E  CONTROL ( T Y P E  2 )  - 
C  - 
C L  NGROLJ?, N T S C ,  NAXOP ,MAXDNI MAXORD,ICHTSTf NSCNAX, NSBLOK - 
C  - 
c 51 8 . . -  
C  - 

. CD N G D O U ?  NUNBER OF .ENEbGY GROUPS I N  S E T  - 
CD NISC) NIJYBER 0%' ISO'I 'UPES I F  S E T  - 
CD M A X ' J "  MAXIPIUM NUMBER O F  UPSCATTER GROUPS - 
CD M ?! D nJ FIBXIMUM NUPIBER O F  DOVNSCATTER GROrJPS - 
CD 3 4 Y O R r )  M A X I M U M  NUMBER OF SCATTERTNG ORDEBS - 

, CD TCT!IST S E T  F I S S I O N  SPECTRUM FLAG - 
CD I C H I S T . E Q . 0 ,  NO S E T  F I S S I O N  SPECTRIJM - 
CD . . I C H I S T .  EQ. 1 ,  S E T  VECTOR - 
CD 1 C d I S T . G T .  1 ,  S E T  NATRIX - 
CD NSCM,.4X M A X I M U M  NUMBER O F  BLOCKS Oh' S C A T T E R I N G  D?TF. - 
C D  N S S L O K  B L O C K T  N G  C O N T R O L  F O R  S C A T T E R  E A T R I C E S  . T H E  - 
CD S C A T T E R I N G  DATA ARE ELOCKED I N T O  NSBLOK - 
CD ZEZORDS PER S C A T T E R I N G  BLOCK - 
C  - 
c----------------------------------------------------------------------- 

C P  F I L E  DATA ( T Y P Z  3 ) .  - 
C  - 
CL ( Y S E ' T I D  (TI , T = l  , l i )  , ( i i ISONM ( I )  , I= l ,  N I S O )  , - 
C L  1  ( C V I  ( J \  , J =  1 ,  NGROU P )  , (VEL (J )  , J =  1, NG.ROUP) , - 
CL 2 ( E X A X  ( J )  , t J = 1  ,NGi?,OUP) ,EMTN, (LOCA ( I )  , I = I ,  N I S O )  - 
C  - 
CV ( 1 2 + N I S O )  *?I!ILT+1 + N I S O +  ( 2 + I C H I S T *  (2 /  ( I C H I S T + 1 )  ) ) *NG!?OUF! - 

CD HSFTTD 
CD HISONM ( I )  
C D  cs r  ( J )  
CD VEL ( J 1  
CD EM A X  ( J )  
CD % M I X  
CD LOCP. ( J )  
CD 

- 
H O L L E R I T H  I D E Y T I F I C A T I O N  OF S E T  ( A 6 )  - 
H O L L E R I T H  I S O T O P E  LABEL FOR I S O T O P E  T ( P S )  - 
S E T  'F ISSION SPECTRUM ( P R E S E M T  I F  1 C H I S T . Y Q .  1 )  - 
MZAN NEUTRON VELOCITY , I N  GROUP J (C,M/S??C) - 
1"lRXIMUM ENERGY BOUND O F  GROUP J ( E V )  - 
HINTNUN ENERGY BOUND O F  S.ET (EV) - 
NUMBER O F  R E C O R D S . T O  BE S K I P P E D  "0 READ DAT! - 
FOR I S O T O P E  I. L O C A ( 1 )  = O  - 

S E T  C H I  DATA (TYPE 4 )  



APPENDIX C .  M C ~ - ~  B i n a r y  Interface F i l e s .  ISOTXS (Contd. ) 

CC F R E S E N T  I F  I C H I S T .  GT. 1 - 
C  - 
C L  ( ( C ? I  (K, J )  , K = 1  , I C H I S T )  , J = l , ' N G R O U P )  , ( I S S P E C  ( I )  , I = 1  ,NG3OUP) " - 
C  - 
C  Ti' NGROTJP* ( I C H I S T + l )  - 
C  - 
CD C H I  ( K , J )  F R n C T I O N  OF NEUTRONS EMITTED I N  G R 0 3 P  J AS A ' - 
CD RESULT OF F I S S I O N  I N  A N Y  GROUP USING SPECTS!JPII K -  
CD I S S ? E C  I S S P E C  ( I ) = K  I M P L I E S  THAT SPECTRl!M Y I S  IJSED - 
CD TO C R L C U L A T E  E M I S S I O N  SPECTRUM PROE F I S S T O N  - 
CD I N  CJiOUP T - 
C - 
c-----------------------------------"----------------------------------. 

c----------------------------------------------------------------------- 
CR T S O T O P E  CONTROL A N D  GROUP INDEPENDENT DAT& ( T Y P E  5) - 
C - 
C L  HAB31D,TDENT,MAT,AMASSfEFISSf ECAPT,  TEMP, S I G P O T f A D F N S f K B R f T C H I f  - 
C L  l I F T S , I A L F ,  TNP,IN2N,IND,INT,LTOT,LTRN,,ISTRFD, - 
C L  2 (TDSCT (N) , N =  1 ,  NSCMBX) , (L'ORD (N) , N = 1 ,  NSCM L X )  , ' . - 
C L  3 ( ( J Q A N 3  ( J ,  N) , J=1, NGROUP) , N = l  , NSCHAX) , - 
C L  4 ( ( I J J ( J , M )  ,J=1 ,NGROUP) ,N=l ,NSCMAX) - 
C  - 
Ch7 (2*NGROUP+ 2) *NSCMAX+17+MULT*3 - 
C  I 

- 
CD HABSID HOLLi'ERITH ABSOLUTE I S C T O F E  L A E E I ,  - S A Y 2  FO3 - 
CD ALL V E R S I O N S  OF THE SAME I S O T O P E  'T.N S E T  ( A s )  - 
CD T3ENT I D E N T I F I E R  O F  LIBRARY FROM B H I C F  BASTC DATA - 
CD CAME ( E . G .  ENDF/B) ( A 6 )  
CD I S O T O P E  I D E N T I F I C A T I O N  (E .  G. ENDF/S M&T Y O . )  - P! AT 
CD (A61 - 
CD AMnSS GRAM ATOMIC X E I G H T  - 
CD E F I S S  TOTAL THEP,?IAL ENERGY Y I E L D / F I S S T O ? I  (:I. S E C / P X S S )  - 
CD ECAPT TOTAL THERMAL ENERGY YIELD/CAPTrJRE (14. SEC/CAPT)  - 
CD ' TEM? I S O T O P E  TEEPERATURE (DEGREES KELVIN)  - 
CD S I G P O T  AVERAGE E F F E C T I V E  P O T E N T I A L  SCATTEEIING I N  - 
CD RESONANCE RANGE (BARNS/ATOM) 
CD RDENS D E N S I T Y  OF I S O T O P E  I N  MIXTURE I N  WFIICY TSOTOPE - 
CD C R O S S  S E C T I O N S  WERE GENERATED (A/RARN .CM) - 
CT! K B 9  I S O T O P E  C L A S S I F I C A T I O N  - 
CD KBF=O, UNDEFINED - 
CD = I ,  F I S S I L E  - 

- CD =2, F E R T I L E  
CD = 3 ,  OTHER A C T I N I D E  - 
CD = 4 ,  F I S S I O N  PRODUCT - 

=5, STRUCTURE CD - 
CD .' =6, COOLANT - 

=7, 'CONTROL CD 
CD I C  H T I S O T O P E  F I S S I O N  SPECTRUM FLAG 
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C.P I C H I . E Q . 0 ,  USE S E T  C H I  - 
C D  ICHI.EQ. I ,  I S O T O P E  CHI  V E C T O R  - 
CD 1 C H I . G T .  1 ,  I S O T O P E  C H I  MATRIX - 
CD I F 1  S  (N, F) CROSS . S E C T I O N  FLAG - 
CD I F I S = O ,  NO F I S S I O N  DATA I N  P R I N C I P R L  CROSS - 
CD S E C T I O N  RECORD - 
CD = 1 ,  F I S S I O N  DATA P R E S E N T  I N  P R I N C I P A L  - 
CD C R O S S  S E C T I O N  RECORD - 
CD I A L F  (N,  ALPHA) - C R O S S  S E C T I O N  FLAG - 
CD SAME O P T I O N S  AS I F I S  - 
C D  I N P  ( N ' , P )  CROSS S E C T I O N  F L A G  - 
CD SAME O P T I O N S  AS I F I S  - 
CD I N 2  N ( N , 2 N )  C R O S S  S E C T I O N  FLAG - 
CD SAME O P T I O N S  AS I F I S  - 
CD I ND (N,D)  CROSS S E C T I O N  FLAG - 
CD SAME O P T I O N S  AS I F I S  
CD I.NT ( N , T )  CROSS S E C T I O N  FLAG - 
CD SAME O P T I O N S  AS I F I S  - 
CD L T  OT NUMBER O F  MOMENTS O F  TOTAL C R O S S  S Z C T I O N  - 
CD PROVIDED I N  P R I N C I P A L  C R O S S  S E C T I O N S  RECORD - 
CD LTRN ' NUMBER. OF MOMENTS OF TRANSPORT CROSS SECTTON - 
CD P R O V I D E D  I N  P R I N C I P A L  C R O S S  S F C T I O N S  RECOSD - 
CD I S T R P D  NUMBER OF COORDINATE D I R E C T I O N S  FOR 'JHICW - 
CD COORDINATE DEPENDENT TRANSPORT C 3 O S S  S E C T I O N S  - 
CD ARE G I V E N .  I F  I S T R P D = O ,  NO COORDINATE DEPENDSNT- 
CD TRANSPORT C R O S S  S E C T I O N S  ARE G I V E N  - 
CD I D S C T  (N)  S C A T T E R I N G  N A T 4 I X  T Y P E  I D E N T T F I C A T I O N  P O 3  - 
CD S C A T T E R I N G  BLOCK N .  S I G N I F I C A N T  ONLY I F  - 
CD LORD (N)  .GT. 0 - 
CC I D S C T  (N)  = 0 0 0  + N N ,  TOTAL S C A T T E R I N G  - 
.CD = I 0 0  + N N ,  E L A S T I C  S C A T T E 3 I N G  - 
CD = 2 0 0  + N N ,  I N E L A S T I C  S C A T T E R I N G  - 
CD = 3 0 0  + N N ,  ( N , 2 N )  S C f i T T T R I N G  PEF - 
CD E M I T T E D  NEUTFON, - 
C D  W H E R E  , N N  IS T H E  L E G E ~ J D R E  E X P A N S I O N  I N D E X  OF , 

- 
CD THE F I R S T  MATRIX I N  BLOCK N - 
CD LORD (N) NUYBER O F  S C A T T E R I N G  ORDERS I N  BLOCK N. TF - 
CD LORD ( N ) = O ,  T H I S  BLOCK I S  NOT PRESENT FOB T H I S  - 
CD I S O T O P E .  I F  N N  I S  THE V ~ L U E  TAKEN FROM - 
CD I D S C T ( N ) ,  THEN THE MATRICES Ih' TF1IS RLOCK - 
CD HAVZ LEGENDRY E X P A N S I O N  I N D I C E S  O F  N N ,  N N + 1 ,  - 
CD N N + 2 , .  . . ,NN+LORL, (N)  -1 - 
CT) JB!!ND (J, N) S C A T T E H I N G  BANDYIDTH FOR GROUP J, SC?!TTPRT!iG - 

BLOCK N CD - 
CD I J J  (J, N )  P O S I T I O N  OF IN-GROUP S C A T T E F I N G  CEO SS SECTIO?I  - 
CD I N  SCATTEk'ING DATA FOR GROUP J ,  S C A T T E 2 I X G  - 
CD. BLOCK N, COUNTED FROES THE F I R S T  T O R 9  OF - 
CD GROUP J DATA - 
C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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c----------------------------------------------------------------------- 
CR P R T N C I P A L  C R O S S  S E C T I O N S  ( T Y P E  6)  - 
C  - 
CL ( ( S T R P L  ( J  ,,I.), , J=1, NGROUP) , L = 1  ,LTRN)  , - 
C L  I ( ( S T O T P L  ( , J , L ) ,  J = I ,  N G R O U P )  , L = I , L T O T )  , ( S N G A M  ( J )  , J = I  , N G R O D P )  , - 
CL 2 ( S W S S  ( J )  , J=1  ,NGROUP) ' ,  (SNUTOT ( J )  , J= 1,NGROUP) , - 
C L  3 ( C H T I S O  ( J )  ,:7=1 ,NGROUP) , ( S N A L F  ( J )  ,J=1 ,NGROUP).,  - 
C L  4 (SN? ( J )  ,J= l , N G R O U P ) ,  ( S N 2 N ( J )  , J=1, NGROUF) , - 
C L  5 (S1\TD ( J )  , J =  1 ,  N G R O U P )  , ( S N T  ( J )  , J=1, NG ROUP) , - 
C L  6 ( ( S T R P D  ( J ,  I) , J=1, N G R O U P )  , I = 1  ,IsTRPD') - 
C  - 
cv (1+LTRN+LTOT+IALF+INP+IN2N+IND+INT+ISTRPD+2*IFTS+ - 
CW I C H I *  ( 2 / ( I C H I +  1) ) ) *NGROUP - 
C  - 
CD S T R P L  P L  N E I G H T E D  TRANSPORT CROSS SECTION - 
CD THE F I R S T  ELEMENT OF ARRAY S T R P L  TS THE - 
CT) CURRENT ( P I )  WEIGHTED TRANSPORT CBOSS S E C T I O N  - 
CD STOTPL, P L  WEIGHTED TOTAL CROSS S E C T I O N  - 
CD 'THE FIRST ELEMENT OF AREBY S T O T P L  I S  TBE. - 
CD FLUX ( P O )  WEIGHTED TOTAL CROSS S E C T I O N  
CD SNGkM (N,  GAMMA) .. 

CD S P S S  (Nr  F) ( P R E S E N T  I F  I F I S . G ' T . 0 )  - 
CD SNUTOT TO,TAL NEUTRON Y I E L D /  ( P R E S E N T  I f  I F I S . G T . 0 )  - 
CD F I S S I O N  - 
CD CFIISO I S O T O P E  C H I  ( P R E S E N T  T F  I C Y T . S g . 1 )  - 
CD S N E L F  (N, ALPHA) ( P R E S E N T  I F  I A L P . G T . 0 )  - 
CD SN? (N, P )  ( P R E S E N T I F  6 N P . G T . O )  - 
CD SM2N ( N t  2N)  ( P R E S E N T  I F  TY2N.GT.O) - 
CD SND ( N ,  D) ( P R E S E N T  I F  I N D . G T . 0 )  - 
CD SNT ( N t T )  ( P R E S E N T  I F  I N T . G T . 0 )  - 
C D  STRi?D COORDINATE D I R E C T I O N  ( P R E S E N T  I F  I S T H P D .  TT. 9) - 
CD I TRANSPORT C R O S S  - 
CD S E C T I O N  - 
C  - 
C-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c----------------------------------------------------------------------- 
C!? TSOT'@!?E C H I  DATA ( T Y P E  7) - 
C - 
CC PRYS ENT I F  I C H I .  GT .1  - 
C - 
C L  ( ( C 9 ? 1 S O ( K , J )  , K = l , I C H I )  , J = l , N G R O U P ) ,  ( I S O P E C ( 1 )  , I=l ,NGRO!l ;?)  - 
C  - 
CW NGROTJP* ( I C H I + 1 )  - 
c - 
CD C Y T T S O  I S O T O P E  F I S S I O N  SPECTRUW 
CD ISDPEC F I S S I O N  SPECTRUM USED FOR A GIVFN SQURCF GROiT? 
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c----------------------------------------------------------------------- 
CF! S C A T T E R I N G  SUB-BLOCK ( T Y P E  8 )  - 
C - 
CC ? R F S E N T  I F  LORD (N) .GT. 0 - 
C  . - 
CL ( ( S O T  ( K , L ) . , F = ~ , K M A X )  , L = I  , L O H D N )  - 
r: - 
CC KYAX=ST!!I OVY? J O F  JBAND ( J )  I I T H I N  THE J - G R O U P  RANGE Q?? T H I S  - 
CC S V 3 - R L 9 C K .  I F  Y I S  T r I E  INDEX O F  T H E  SUR-BLOCK, THF J - ? % O r ? P  - 
CC RANGE CO??TAINED W I T H I N  T H I S  SUB-BLOCK T S  - 
CC J L =  (PI-1)" ( ( N G R O i J ? - l ) / N S B L O K + l )  + I  TO JU=M* ( ( N G R O U P - I ) , / N S 3 L O Y + 1 1  - - CC LORDN=L.OS,D (N)  
C  - 
CW KMI\X*LORT?F? 

t - 
C  - 
CD S C R T  (K, L )  S C A T T E R I N G  M E T 2 I X  O F  S C A T T E R I N G  O 9 D E 3  L ,  FOG - 
cn - R E A C T I O N  T Y P E  I D E N T I F I E D  BY I D S C T ( N )  FOR T Y I S  - 
CD BT,OCK. J B A N D  (J)  VALUES FOR S C A T T E R I N G  INTO - 
CT) GROUP J ARE S T O R E D  AT L O C A T I O N S  K=S!JM FFOY I  - 
CD TO ( J - 1 )  OF J B A N D  ( I ) ,  P L U S  1 TO K . + J S A N D ( J )  -1. - 
CD T H 9  SUM I S  Z E R O  WHEN J=1. J - T O - J  SC!!?TBF I S  - 
CD T H E  I J J  ( J )  -'TH E N T R Y  I N  THZ R A N G F  JBAN-D(J )  . - 
CD VF.L'JE3 ARE S T O R E D  I N  T H F  ORDER ( J + Y F . X r J P ) ,  , - 
cn ( J + M A X L J P - 1 )  , . . . , ( J + I )  , J ,  ( ' J - I )  , . . . , ( J - M A X D N )  , ,.:- 

CD BHYRE M A X I J P = I J J  ( J )  -1 AND NAXDN=JBAND ( J )  -1JJ ( J )  - 
C - 
c ----------------------------------------------------------------------- 

C E O F  
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C************t tS*************t******************************************  

C  - 
C  . PREPARED 2 / 1 1 / 7 5  AT A N I ,  - 
C  - 
C F  MCC2F1  - 
CE A D M I N T S T R A T I V E  - 
C  - 
C * * 8 * * * * t * * * * $ * * b O t t 4 : * * * * * * * * * * * * * 4 * * * 9 : * * * * * * * * * * * * * * * * * t * * * * * * * * * * * * * * *  

N M A ' P  NUMBEB OF MATERIALS I N  T H E  LIBRAYY \TIT9 
I N E L A S T I C  AND/OR ( N , 2 N )  DATI! (C .F .  DATF! SFT 
m c u E ~ 6 )  

P? :J L'T 2  FOR IBM MACHINES,  1 O T H E R I ? I S E  
NMAT NUMBER OF H A T E R I A L S  I N  L I B R E R Y  
NMAX MAXIMUM NUMBER OF GROUPS O F  I N E L A S T I C  OF! 

( N , 2 N )  DATA FOR A N Y  P I A T E R I A L  1 N  THY LTSHF.flY 
(.EQ. M A X  ( N I N E L ,  N2NTA) \'HERE N I N E L  AND 
N2NTH ARE T H E  THRESHHOLD GROUP NUMBERS. FOR. 
I N E L A S T I C  AND (N,  2 N )  S C A T T E R I N G  RESDECTTVELY)  

NRFSYT NUYBE2 OF MATERIALS I N  L I F R A R Y  R I T H  RESOLVED 
RESONANCE PARAMETERS (C. F .  DETR S E T  i l C C 2 P 4 )  

NLJNRYT NUMBEli OF MATERIALS I N  L I B R A R Y  WITH 
UNBESOLVED RESONANCE PARAMETESS 
(C. F. UATA S E T  M C C 2 F 3 )  

Cl? S P F C T F I C A T I O N S  ( T Y P E  1)  - 
C  - 
CC ALYAYS P R E S E N T  - 
C  - 
CL NMAT,NGRODP,N~ESNT,NUNRMT,MSORS,NPASS,NPL,IPTMAX,FTOP, D E L T A ~ J ,  - 
C L  INANY1 ,YMaT,NNAX - 
C  - 
cv 1 3  - 
C  - 
CD NGFO'JP NUMBER O F  ENEaGY GROUPS TN LTBSARY - 
CD MSOXS NUMBER O F  F I S S I O N  S P E C T R A  S P E C I F I E D  I N  L I B R E R Y  - 
CD ( C . F .  DATA S E T  M C C 2 F 7 )  - 
CD N P 9 S S  NUMBER - O F  BLOCKS1 OF, LEGENDRE DATA I N  L I B R A R Y  - 
CD ( C . F .  DATR S E T  M C C 2 F 8 )  - 
CD NPL H I G H E S T  ORDER P E R M I T T E D  FOR EXTENDED d 

CD TRANSPORT APPROXIMATION - 
CD ( C . F .  UATA S E T  MCC2F8)  - 
CD I P T Y ~ X  M A X I M U M  N U M B E R  O F  L E G E N D R E  C O M P O N E N T S  - 
CD PROVIDED I N  THE L I B R A E Y  - 
CD ( C . F .  DATASET MCC2F8)  - 
CD E T O P  H I G H E S T  ENERGY P O I N T  I N  L I B R A R Y ,  I . E .  ENERGY - . 
CD AT T O P  O F  F I R S T  ENERGY GROUP 
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CD DELTAU GROUP LETHARGY WIDTH FOR ALL ENERGY GROUPS - 
CD I N  LIBRARY - 
CD M A N Y  1 NUMBER OF ENERGY L E V E L S  FOR EACH. 'BLOCK'  - 
CD O F  'DATA - 
C - 
c--------------------------------------------------------------------:--- 

CR MATERIAL NAMES ( T Y P E  2 )  
C 
CC ALLIA YS P R E S E N T  
C 
CL (NAME ( I )  ,1=1 ,NMAT) 
C 
CW MULT*NYAT 

CD NAYF DOUBLE P R E C I S I O N  (R*8)  MATERIAL I D E N T I F I C A T I O N  - 
I 

C - 
c----------------------------------'------------------------------------ 

CR MATERIAL 1 D E N T . I F I C A T I O N  ( T Y P E  3 )  
c .  . ' 

CC AL7'AYS P R E S E N T  . 

C 
CL ( A ( I )  ,!:=I ,NMAT) , ( I Z . ( I )  , I=1  ,NMAT) ,  ( M A T , ( I )  , I = l  ,NMAT) , 
C L  1 ( E F I S S  ( I )  , I = l , N M A T ) ,  ( E C A P T  ( I )  , I = 1 ,  NNAT) 
C 
CW 5*N??AT 
C 
CD A MATERIAL YASS/NEUTRON MASS 
CD TZ . ATOMIC NUMBER O F .  MATERIAL 
CD MAT ENDF/B MATERIAL I D E N T I F I C A T I O N  NlJMBER 
CD EFTSS M E V / F I S S I O N  FOR YACH MATERIAL 
CD ECAPT.  MEV/CAPTURE FOR EACH E A T E R I A L  WH<ERE CAPTrJB!? 
CD R E F E R S  T O  N O N - F I S S I O N  AB.SORPTION 

C F  RXSONANCE CONTROL I NFORKATION (TYPE 4 )  
C 
CC P R E S E N T  I F  NRESMT.GT.0 OR I F  NUNPMT.GT.0 
C 
C L  ( N R E S  ( T )  , T = 1  ,NBESMT) , ( N R E C ( 1 )  , I=  1; NRESMT) , 
CL 1 (EMILXR ( I )  , T = l , N R ! ? S M r r )  , (EMAXU ( I )  ,I= 1 ,NUNFMT) , 
C L  2 (EMIVTJ ( I )  , T= 1, NUNRMT) 
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C  - 
CW 3*NRFSMT+2*NIINRMT - 
C  - 
CD NRES NUMBER OF RESOLVED RBSONANCES FOR EACH d 

CD RESOLVED R E S O N A N C E  M A T 3 B I A L .  NRES I N C L U D E S  ALL - 
C D  R E S O N A N C E S  F O R  A L L  ISOTOPES O F - A  M ~ J L T I - I S O T O T E  - 
CD MATERIAL - 
CD NRSC NUMBER OF 2ECORDS FOR EACH RESOLVED RYSONANCE - 
CD MATERI bL - 
CIT EPIAXS ENERGY OF THE H I G H E S T  R E S O L V E F  RESONANCE - 
CI! FOR EACH MATERPAE - 
CD EM?!XTJ ENERGY O F  T H E  HI.GHES'J! P O I N T  AT SHTCH - 
CD U N 3 E S O L V E D  RESONANCE CALCIJT.,ATTONS A R T  - 
CD PERFORMED, FOR EACH MATER1A.L - 
CD EMIMU ENERGY OF THE LOWEST P O I N T  AT WHICH UNqESOLVED - 
CD RESONANCE C A L C U L A T I O N S  ARE PERFORMED, - 
CD F 0 3  EACH MATERIAL - 
C  - 
CN THE I N F O R M A T I O N  I N  T H I S  RECORD R E F F S S  TO THE - 
CN STR.UCT'URE O F  DATA. S E T S  M C C 2 F 3  AND MCC2F4 - 
C  - 
c .............................................................. a. -------- 

c----------------------------------------------------------------------- 
CR T N Y L A S T I C  AND N2N D I S T 2 I B U T I O N S  CONTROL INFORMATION - 
CR (TYPE 5) - 
c - 
CC P R E S E N T  I F  YMAT. GT. 0 - 
C - 
C L  ( F . N A Y 2  ( I )  , T = l , M Y R T ) ,  ( N I N E L ( 1 )  , I = 1 ,  MMAT) , (M2NTH ( I)  , T = 1  ,Mi?4T) , - 
C L  1  (NX.EVLS (I)  , Z = 1  ,MMAT) , (N2NLEV ( I )  ,1=1, M N A T )  , (MAX1 ( I )  , T = 1 ,  F7MP.T) , - 
CL 2 ( M A X 2 ( T )  , T = l f ! Y M . 9 T )  , (MAX3 ( I )  , I = 1 ,  NMAT) , ( M A X 4  ( I )  , I = l , M M A T ) ,  - 
C L  3 ( N 5 I Y K 1  ( I )  ,1=1  ,!IF AT) , ( N S I N K 2  ( I ) . , I =  1 ,  MNAT) , - 
CL 4 (NTIM!?FC ( I )  , T.=1, NHAX) , MAXREC - 
C  - 
CP ' . 10*MYAT+MTJI T+MMAT+ 1+1JMAX - 
C  - 
CD A N A Y ?  DOUBLE P R E C I S I O N  ( R * 8 )  F A T E B I A L  I D E N T  I F I C A T T O N  - 
CD NT !?.TSL TH.l?ESHOLD GROUP NTJMBEF FOR I N E L A S T I C  - 
CD S C A T T E R I N G  (=0  I F  NO I N E L A S T T C  S C A T T E ? I K G )  - 
CD N2NTH THRESHOLD GROUP NUMBER FOR ( N , 2 N )  d 

CT: S C A T T E R I N G .  (=O I F  NO (N, 2N) S C A T T E R I N G ) .  - 
CD NLZVLS NUNBE3 OF D I S C R E T E  I N E L A S T I C  S C A T T E ? I N G  - 
C C  L E V E L S  FOE. EACH MATERIRL - 
CD N2NLEV NUHBER OF D I S C R S T E  (N,  2N) S C A T T E R I N G  - 
CD LEVELS FOB EACH M A T F P I A L  - 
CD F " I A X 1  PIAXSYTJM SUMEES O F  I N E L A S T I C  TVA?O!?A'?TO!! - 
CD S P Z C T R A  FOR EACH MATERIAL 
CD M A  if 2 H A X I M U L l  NUMBER O F  TABULATED I N E L A S T I C  
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9 I S T R I B U T I O N S  FOR EACH MATERIAL - 
flAX2.EQ. ZERO OP ONE - 
N A X I M 8  M NUMBER OF (N, 2N) EVAPORATION - 
S P E C T R A  FOR EACH E 8 T E P I A L  - 
MAXTMUM NUMBER OF TABI!LATED ( N , 2 N )  - - 
D I S T R I B U T I O N S  F O 2  ZACH M A T E R I J L  - 
MAX4.EQ. ZERO OR ONE - 
NUMBER O F  E N E R G I E S  P F O V I D E D  I N  TP.S!ILATED - 
I N E L A S T I C  D I S T R I B U T I O N S  FOR EACI! Y.!T?EIfi I, - 
I F  MAX2.EQ.0 THEN N S I N K 1 . E Q . O  - 
NUMBER O F  E N E R G I E S  PFOVIDEI!  I N  TABULfiTED - 
(N, 2N) D I S T R I B U T . I O N S  FOP EACH MATE31R L - 
I F  MAX4.EQ. 0 T d E N  N S T N K ~ .  EQ. 0 - 
M A X I M U M  RECORD LENGTH (KOBDS) IY FTLE MCC2F6 - 
F O 9  A N Y  RECORD T Y P E  - 
NUMBER OF RECORDS O F  I N E L A S T I C  A N D  (!!,2F) - 
DATA FOE EACH GROUP. EQUAL TO 2 OR 3 - 
FO!? EACH GROUP - 

- 
THE INFORMATION I N  T H I S  FECOFD REFERS TO - 
THE STRUCTURE OF DATA S E T  MCC2F6 - 

C------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - '  

C F  H A R D  SPHERE P O T E N T I A L  S C A T T E R I N G  CROSS S F C T I O N S -  (TYPFI 6 )  - 
C  - 
CC ALTAYS P R E S E N T  - 
C - 
CL ( S I G P  ( I )  , T = l  ,NNAT) - 
C  - 
c b? NYnT - 
C  - 
CD S I G ?  H A R D  S P H E R E  P O T E N T I A L  S C J T T E R I N G  C R O S S  S E C T T O P S -  
C  - 
CN T E E  S I G P  ARE T 9 E  ENEEGY INDEPENDNT V a L r J E S '  - 
CN OBTAINED F3OM THE NUCLEAR RADTUS TJSING - 
CN 4 * P I *  ( RADIUS) **2 - 
C  - 

CEOF 
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CD V R F  REAL PART O F  # (X ,Y)  TABULATED AT INCREMENTS - 
CD O F  0 . 1  FOR -0.1. LE.X. L E . 3 . 9  A'MD AT INCRFYENTS ' - 
CD OF O..O2 FOR - 0 . O 2 . L E . Y . L E . 0 . 5  - 

CH T Y A T I N A a Y  W F I N E  ( T Y P E  4 )  
C .  
CC ALY.J.9 YS P R E S E N T  

c L ( (;'IF ( T ,  J )  , I = 1 , 4 1 )  , J = 1 , 2 7 )  
C  
CB 1 1 0 7  
C  

I M A G I N A R Y  P , A R T  O F  w ( x , Y )  T A E T J L A T E D  A T  . . 
INCREMENTS O F  0 . 1  FOE - 0 . 1 .  L E .  X. LE,r3. 9 A'JD 
AT INCREMENTS Oi? ' 0 . 0 2  FOR - 0 . 0 2 . L E . Y .  L E . 0 . 5  

C-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

CF EYDONENTIAL INTEGRAL E 3  ( T Y P E  5)  - 
C  I - 
CC AL-alAYS P Z E S E N T  - 
C - 
CL ( F ?  (T )  , ? = 1 , 1 0 0 1 )  - 
C  - 
c re1 1 0 0 1  - 
C  - 

E X P O N E N T I A L  I N T E G R A L ,  E 3  (X)  , TASULATED AT - 
TNCRENENTS OF 0 . 0 1  FOR 0 . O . L E . X . L E .  1 0 . 0  , - 

FX?ONYTYTIF.I. FUNCTION ( T Y P E  6)  

F.L?F.YS P 9 2 S  ENT 

K1=2*NGROUP-1 !(HERE NGROUP I S  T F E  NUPIPER @F Z I I ? H A R ' I  
ENwRGY GROUPS A S  S P E C I F I E D  I N  THE ADMINISTRATTVP FIT.. E 
?lCC?F1 



APPENDIX C.  M C ~ - ~  Binary I n t e r f a c e  Files. MCC2F2 (Contd.) 

C  - 
CD EXPON EXPON ( I )  = (1 .  + (1  . / C )  ** (NGROUP-I) ) * - 
CD EXP ( -  (1./C) **  (NGROUP-I) ) WHESF - 
C D  C=EXP(-DELTAU) A N D  DELTAU I S  TB3 LIRRA3Y - 

G R O U P  LETHARGY WIDTH AS SPECTFIBD I N  THY - CD 
CP ADMINIST2ATIVE F I L E  MCC2F1 - 
C  - 
c--------------------------------------------L-------------------------- 

c--- --..----------' ---------- '-------- -----, -------------- ------------------ - -  
CR F I R S T  F L I G H T  T R A N S M I S S I O N  P R O B A B I L I T I E S  - 
CR (TYPE 7)  - 
C - 
CC F.T,\' !!YS PRES ENT - 

- C 

C L  ( ( T I  (1,J) , T = l , l € ? l ) , J = 1 , 2 6 )  , ( ( T 2 ( I , J )  , 1 = 1 , 1 8 1 )  , J = 1 , 5 1 )  - 
C  - 
Ctl . 1 3 9 3 7  . # - 
C  - 
CD T1 (7 : ,  J )  TRANSMISSION PROSABIL.TTY, INNER TO OUTER - 
CT) SURFACE FOR 'ANNIJLAR F.EGION, F03  I - . ? H  VALTJE OF - 
C D  Z E N D  J -TH VALUE OF X, WHERE THE X TNCREMFNT - 
CD I S  0 . 0 4  - 
CD T 2  (T., J )  TRhNSMISSION PROBABILITY, OU.TER TO OUTER - 
C D  S U R F A C E  FOR X N N U L A R  R S G I O N ,  F O R  I-TH V R L I I Y  OF - 
CD Z A N D  J-TH VALTJX OF X ,  WHERE THE X INCREYFNT - 
CD I S  0 . 0 2  - 

- c 
Z=TOTAL CEOSS ' SECTION * (OUTER RADIUS-INNER - CY 

CN EIADIUS)', A N D  - 
C N  x= ( I N N E R  R A D I U S )  / ( O U T E R  R A D I U S )  . - 
CN X TAKES ON VALUES BETVEBN 0 . 0  A N D  1 .0  - 
CN - 
CM RANGE .OF Z 7 INCREMENT - 

---------- ----------- - CN 
CN 0 .0  TO 0 . 4  0 . 0 1  - 
C N 014 TO 1 .0  0 . 0 2  - 
CN 1 . 0  TO 2.6 0 . 0 4  - 
CN 2.6 TO .5.0 0 . 0 6  - . , 
CN 5 .0  TO 8 . 0  0 .10  - 
C  - 
C--- ----------------------- --- .......................................... 

CP EX?ONFNTIAL INTEGRALS A N D  FUNCTIONS (TYPE 8) 
C  
CC' ALLTA YS PRESENT 
C 
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CL (EXPY ( I )  , 1 = 1 , 1 ' 0 2 3 ) ,  (EXPM ( I )  , I = 1 ,  1 0 2 2 ) ,  ( E 3 ( I )  , 1 = 1 , 3 3 1 ) ,  
CL 1  ( E 4  (I) , I= 1 , 331)  
C - 
C B  2707 . - 
C - 
C D  E 3  . , .EXPONZNTIAL INTEGeAL, E3 ( X )  , TABULATED AT ., - 
CD 0 ( 0 . 0 1 ) 2 ( 0 . 0 2 ) 4 ( 0 . 0 8 ) 6 . 4 .  - 
CD E 4  EXPONENTIAL INTEGRAL, E 4 ( X ) ,  TABULgTED P.T. - 
CI! O(O.01) 2 ( 0 . 0 2 )  4 ( 0 . 0 8 )  6.4, - 
CD EXPY ' , ORgINATES Y ( I )  'FOR EXP ( - X )  = Y  ( I )  - M  (I) f X - 
C D  TBBULATED'FOR'O.O.LE.X.LY. 1 8 . 0  W I T H  T A B U L ~ R  - 
CD . I N T E R V A L  18 .0 /1022 .  ' . - 
C D  EXPM S L O P E S  M (I) F O R '  E X P  (-X) = Y  ( I )  -'H ( I )  *X - 
CD TABULATED FOR 0,O.LE. X.LE. 1 8 . 0  V I T H  TT!BUI,BR - 
C D  INTERVAL '18 .0 /1022 .  - 
C - 
c-----------------------------------------.------------------------------ 

I 

CEOF 
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C * * * * * * * * 4 * * * $ * * 4 * b * * * * * * * * * * 8 * * * * * 8 * 8 f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * a  

C  - 
C  PREPARED 2 / 1 1 / 7 5  AT ' A N L  - 
C  - 
C F  M C C 2 F 3  - 
C E  SINRESQ1,VED R E S O N A N C E  DATA - 

JST N U M B E R  O F  C H A N N E L  SPIN S T A T E S  A S S O C I ~ T E D  ?ITTE 
A PARTICULAR ANGULAR MOMENTUM STATR T N  
U N ? B S O E V E D  RESONANCE C A l C U L A T l V N  
NUMBER O F  ANGULAR MOMENTUM S T A T B S  C O N S T D Z E E 9  
FOR A G I V E N  I S O T O P E  I N  ,UNRESOLVED CALCULATTON 
2 FOR IBM MACHINES,  1 O T H E R W I S E  
NVBBER OF ISOTOPES I N  MATERIAL. 
NUflBE2 O F  E N E R G I E S  AT B H I C H  UNRESOLVSD 
C A L C U L A T I O N  IS  D O N E  
NUMBER O F  M A T E R I A L S  R I T H  UNRESOLVED RESUNANCZ . 
PARAMETERS A S  S P E C I F I E D  I N  THE AD?lINISTF.ATTVE 
F I L E  N C C 2 F 1  

P T L E  STRUCTURE 

RECC)RC T Y P E  ---------------------- ------------- ....................... ------------ 
3 N 2 E S O L V E D  RESONANCE MATERIAL NAMES 
Y A T E R I A L  S P E C I F I C A T I O N S  

******** (YEPEAT FOR ALL MATERIAT,S WITH 
* UNFESOL.VED RESONANCE PARAMETERS.) 
* T S O T O ? E  CONTROL . 

* *****  (??PEAT FOR ALL I S O T O P E S )  
* * UNgESOLVED S P I N  S T A T E ,  AND 
* * TV!?RGY DATA 
* * S T A T I S T I C A L  UNRESOLVi3D RESONANCE 
* * TNFO!?MI!TION 1 

******** 

- 
P R E S E N T  TF - ..................... _------_--- _---_--_--- I 

ALWAYS - 
ALWAYS - - 

ALRAYS 

ALVAYS 

CF! U N R E S O L V E D  R E S O N ~ N C E  M A T E R I A L  N A M E S  ( T Y F E  1 )  
C 
CC F.Li:IAYS P R E S E N T  
C  . 
C L  ( N A Y F  ( T )  ,T=1 ,NUNRYT) 
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C  - 
C  !J N!JLT*NVNRMT - 
C - 
CD NAY?!! DOTJBLE P R E C I S I O N  (R*8) N A T E S I A L  I D E N T I F I C A T I O N  - 
C  - 
c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
CR MATFBIi!L S P E C I P I C A T I O N S  ( T Y P E  2) - 
c - 
C C  F.L7.!AYS P R E S E N T  - 
C  - 
C L  ( N T S O  ( I )  , T = 1  ,NUNRNT) , ( I F 1  ( I ) ,  I = l , N U N R M T )  , - 
C I  1 ( I S K  ( I)  , I = 1  ,!fUNRNM) ,LST'MAX; J S T N A X ,  NPTMAX - 
C  - 
CW 3*N~J I JRMT+ 3 - 
c ,  - 
CD I F 1  F I S S I L E  I S O T O P E  INDEX - 
CD I F I = O  FOR N O N - F I S S I L X  MATERIAL - 
CI! I F I = l  FOR F I S S I L E  MATERIAL - 
CD I S u  NUMBER O F  L O G I C A L  RECORDS O F  UNEiSSOLVED - 
CD RESONANCE DATA FOR EACfl MATBRIAL, - 
CD L S T U X  M A X I M U M  VALUE O F  L S T  OVER ?-LL M?.T!?3IF.I...Ci TN P I L E -  
CD JSTFlAX M A X I M U M  VALUE OF J S T  OVER ALL MATEZIALS IN FILY- 
Cl? NDTMA!! M A X I M U M  VALUE OF NPT OVER ALL Y R T E R I a L S  T N  FILE- 
C  - 

r S 0 T ' O P E  CONTROL DF.TA ( T Y P E  3 )  

P.Lb:AYS P R E S E N T  

(P_R7JN ( T )  ,I= 1 , N I S O )  , ( A  ( I )  , I= l ,  N I S O )  , (RP!: ( T )  , I= 1 ,  N I S O )  , 
1 ( L S T  (I) , T = 1  , N I S O )  , ( N P T  ( I )  , I = I ,  N I S O )  , ( R P S  ( I )  , I = 1  , N I S O )  

- 
ABDNDANCE O F  EACH I S O T O P E  - 
I S O T O P I C  NASS/NEUTRON MASS - 
RPF=K*R/SQRT ( E )  , K =  KAVE NUNRE'R, - 
R=CHANNEL RADIUS,E=EYERGY.  F O P  IJSE TY - 
O B T A I N I N G  P A N 3  D I?IRVE PENETRP.TTON F3CT07:  - 
RPS=I(*II /SQRT ( E )  , K =  WAVE NUNEYR, - 
R = Z F F E C T I V E  S C A T T E R I N G  R A D I U S , Z = ? > ? % Q S Y .  ??C!i? U S E -  
I N  O I ? T A I N I N G  THE S , ? ,  AND D WAVE PlIf!SB S T i I T T S  - 

- 
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c .................................. A. - - - - - , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , -  

CR TJNRESOLVED S P I N  S T A T E  AND ENERGY DATA ( T Y P E  4 )  - 
C - 
CC ALYF-YS P R E S E N T  - 
C  - 
C L  (BS ( T )  , -1=1, NPT)  , ( D E L  ( I )  , I=1 ,  NPT)  , ( J S T  ( I )  , I = 1 ,  L S T )  - 
C  - 
C  G? 2*YPT+ TJST - 
C - 
CD F!s ENEHGLES AT >lHIC*H U N H  E Y U L V  E U  cnECUEhTlUN . - 
CD . I S  T O  BE DONE, I N  EV. E N 0  ORDER O F  D E C R E A S I N G  - 
CD ENYRGY ,. E S  ( I )  . G T . E S  ( 1 + 1 )  - 
CD D  E 1, DOPPLER B I D T H /  ( S Q U A R E  ROOT O F  THT ?EM PZFfiTTJ9T) - 
C  - 
c----------------------------------------------------------------------- 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C R  S T A T I S T I C A L  U N R E S O L V E D  R E S O N A N C E .  I'NFOPMATION ( T Y P E  5 )  - 
C - 
CC A L 7 A Y S  P R E S E N T  - 
C  - 
CL ( ( ( G A  ( I ,  J,L) , I= l ,  NPT) , J = 1 ,  J S T )  , L = l  , L S T )  , - 
CL 1 ( ( (!I (l:, J ,  L )  , I = ? ,  N'PT) , J = 1 ,  J S T )  , L = l ,  L S T )  , - 
CL 2 ( ( ( G F  ( I , - !  , L )  , I= l ,  NPT) , J=1 ,  J S T )  , L = l  , L S T )  , - 
CL 3(((S~0(T,~J.~~),1=1,~J?'l!),J=1,JST),i=~l,LST), - 
CL 11 ( ' ( G  (J,I .)  , J = l , J S T )  , L = l  , L S T )  , ( ( N D F F  (J,L) , J=1,  J S T )  , L = l  , L S T ) ,  - 
C L  IS ( ( h J 9 F N  ( , J ,  L )  , J= 1 ,  J S T )  , L = 1 ,  L S T )  - 
C  - 
C '.I (4*?1FJPT+3) * ( J S T  ( 1 )  + J S T  ( 2 )  +. . . +JST ( L S T )  ) - 
C  - 
CD GA AVERAGE R A D I A T I O N  V I C T H ,  EV. , - 
CD FOR EACH ENERGY E S  - 
CD D AVEBASS S P A C I N G ,  E V . ,  FOR E A C F  ENERGY 3s - 
CD SD AVEEATE F I S S I O Y  V I D T H ,  EV. ,  F C R  ERCF! ENFBSV E S  - 
CD G KQ AVERAGE .!?ED[JCE3 NEUTRON V I G T H ,  FV. ,  - 
CD FOB EACH ENEBGY E S  - 
CD ?\1DFi? NUYEER OF DEGREES OF FREEDOM I N  F I S S I O N  719TH - 
CD D I S T R I S U T I O N  ( 1 , 2 ,  3 OR 4 )  - 
CD G S T A T I S T I C A L  FACTOR - 
CD NDFW NUMBZR O F  DEGRSES OF FREEDOM I N  Y E U T Z O N  Y I D ? 9  - 
cn D I S T R I S U T I O N  ( 1  O R  2) . NU'SBER OF E M T Z A N C E  - 
CD CHANKELS FOR NEUTRONS I N  AN L ,  J SEQYEMCE - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - -  - 
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,'*C:*****tt**4:*9***.~:*9t**t*(r+8*bt*t**0:**$****$**$*****4:****9***98+9***9*~;9**- 

C  - 
C  PBEPARED 1/13/76 AT ANL - 
C  - 
C F  Y C C 2 F 4  - 
CE R E S O L V E D  R Z S O N A N C E  D A T A  - 
C  - 
CS*t* t********* t*S***4:*****************8********************************  

GTT,GTF,GTC 

GRT,  GRF,G!?C 

I V ' 7  

EULm 
NTSO 
N3TSYT 

R E S P E C T I V E L Y ,  T H E  ASYMMETRICAL ADLER- ADLFB 
TOTAL,  F I S S I O N ,  AND CAPTTJRE CEiOSS SJ3CTIO.N 
PARAMETERS S U P P L I E D  BY ENDF/B 
R E S P E C T I V E L Y ,  T H E  SYMMETPTCI-L ADLER-aDLBH 
TOTAL,  F I S S I O N ,  AND CAPTURE CROSS S B C T I O N  
PARAMETERS S U P P L I E D  BY EMDF/B 
RESOLVED RESONANCE PARAMETER INDEX 
I B R = l  MATERIAL HAS RESOLVED RESONANCE 

S I N G L E - L E V E L  R R E I T - 6 I G N E P  I?.F.RAYETERS 
IWR=2 NATEBIAL HAS MULTI-LEVYL ADLE8-ADLE4 

RESOLVED RESONANCE PARAMETESS 
IiJ3=3 MATERIAL HAS MULTI-LEVEL B R E I T - i j I G N E R  

RESOLVED RESONRNCE PARAMETSRS 
2 ?OR IBM MACHINES,  1 O T H E R W I S E  
NUMBER OF I S O T O P E S  I N  MATERIAL 
NU3BER OF M A T E R I A L S  WITH !?ESOLVED RPSONAFC? 
PARAMETERS AS S P E C I F I E D  I N  THE P.DMINISTF?!TTVE 
F I L E  MCC2F1  
NUMBER OF RESOLVED RESONRNCES "3 A N  TSOTOPE 
S  SAVE PHASE S H I F T  EQUAL TO K*R. TYE NEIJ?QO!d 
WAVE NUMBZR K=2. 1 9 6 7 7 1 E - 3 *  (A/ ( A + 1 ) )  *SQ!JA8E 
ROOT O F  RESONANCE ENERGY, A I S  THE R A T I O  OF 
THY MASS OF THE PARTICULAR I S O T O P E  TO THAT O F  
THE NEUTRON, AND R  I S  THE E F F E C T I V E  SCbT?!3RING 
R A D I U S .  A AND R  ARE S U P P L I E D  EY E?IDF/B 

FILE STRUCTURE 

RECORD T Y P E .  
----------------------------------- ................................... 
RESOLVED RESONANCE MATERIAL NAMES 
MATERIAL S P E C I F I C A T I O N S  

******** (REPEAT FOR ALL MATERIALS WITH * RESOX.VED RESONANCE PARAMETERS) 
8 T S O T O P F  CONTROL 
* ***** ( R T P E A T  FOR ALL I S O T O P E S )  
* * RESOLVED RESONANCE ENERGY DATA 
* * RESOLVBD RESONANCE PEAK C R O S S  

- 
P R E S E V T  ' IP - 
-------- ----- --- ----- _---_---_-_------_--- - 
ALWAYS - 
ALWAYS - 

IF7R.GE. 1 
I K R .  GE. 1  
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C S  * * SSCTTOY 
C S  * * MODTFTED R ~ S O N A N C E  NATURAL T O .  
C S  * * D O P P L F B  :?IDTH 
C S  * * T N T E S P E R E N C E  S C A T T E R I N G  FACTOR 
C S  * * RZSOLVED RESONANCE TOTAL AND 
C S  * * NF"!TRON L I N E  B I D T H S  
C S  * * RESONP-RCE R A D I A T I O N  L I N E  WIDTH 
C S  * * !???SOVANCE F I S S I O N  L I N E  YIDTH 
C S  * * S-YATRTX TCTAL L I N E  WIDTH 
C S  * * SY"METBIC PARAMETSR FOR CAPTURE 
(- S * * S T E C T T O N  
C S  * * SY?l! lETRIC PARANETER P O 9  F I S S I O N  
C S  * * 3 Y 3 C T I O N  
C S  * * S Y I M S T R I C  PARAMETER FOR TOTAL 
C S  * * REbCTTON 
C S  * * ADT.??!?-AI)LZR FACTOR .FOR J CAPTURE 
C S  * * INTErJRf iL  
C S  * * hDLsEE-bDLEE FACTOR FOE J F I S S I O N  
C S  * .  * I IJTYGRAL 
C S  * * R!?ETT-BIGNER MULTI-LEVEL TOTAL L I N E  
C S  * * YSTDTH 
C S  * * 3 R E I T - V I G N E R  MULTT-LEVEL SYMMETRIC 
C S  * * DABAYETER FOR CAPTURE REACTION 
C S  * * B!??IIT-XIGNER M g L T I - L E V E L  SYMMETRIC 
C S  * * P A ~ A E E T Z R  FOR F I S S I O N  REACTION 
C S  * * B 3 E T T -  TIGNEE( MULTI- LEVE.L SYMMETRIC 
C S  * * P A S a Y F T E R  FOR TOTAL REACTION 
C S  * * B q Z I T - V I G N Z R  MULTI-LEVEL R E L A T I V E  
C S  * * l S Y M M E T R I C  C O N T R I B U T I O N  TO CAPTURE 
C S  * * REACTION 
C S  * * 3 P E T T - V I G N E R  MULTI-LEVEL R E L A T I V E  
C S  * * A S P M Y E T 2 I C  CONTRI i3UTION TO F I S S T O N  
C S  * * FED-CTTON 
C S  *** 9 * * * *  

. . 
C 
c ---------------------------- --- ----------------- 

IWR.  EQ. I? . - 
- 

I W F .  FQ. 2 

I F R . E Q . 2  

I W R .  EQ.  3 

I B R .  EO.  3 

I Y R .  SQ.  3 

c ....................................................................... 
CR T".OLVXD E?!?SONANCE MATERIAL NAMES ( T Y P E  1 )  - 
C  - 

&LT~T?!YS P R E S E N T  - CC 
C  - 
C I  ( N P - Y Z  (I) , T= 1 ,NRES IqT) - 
C  - 
CB ElJLT*NFRSHT 
C  - 
CD N A M  !? DOVBLE P R E C I S I O N  ( R * 8 )  NATERII!L I D E N T I P I C A T I O N  - 

- 
C  
c--- -------------------------------"" '--------------------------*--, 
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C 
CC P R E S E N T  I F  1WR.GE. 1 
C  

( S I G O  ( J )  , ~ = l  ,NRGYS) C L  
P 
L 

NFnGYS - C 1.: - C 
STGO CROSS S E C T I O N  AT RESONANCE - CD - C 

CN FOR I V R .  EQ. 1 ,  S I G O  I S  b*PI*G*I,AMBDA-BAR SQTJAFED- 
* ( ( G A M T - C A M G A R - G E _ F )  , /GANT) * (  ( A + 1 )  /A) S Q U A 9 E n .  - CN 
( S E E  RECORD TYPES 8,9, P-MB 10)  - CN - CN 

CN FOR 1WR.EQ. 2 ,  S I G O  I S  4*PI*LAMBDA-BAR SQ!JAaED* - 
( ( A + 1 )  /A) SQUARED*ABS ( G T )  / (2*GAMS)  . ( S E F  - CN 
RECORD TYPES 11 AND 1 4 )  - CN - CN 

CN FOR IWI?.EQ. 3 ,  S I G O  I S  THE VALUE COYDUTED FO9 - 
1WR.EQ. 1 M U L T I P L I E D  BY GT. ( S E E  RECORD - CN 
T Y P E  2 0 )  - CN - C 

c----------------------------------------------------------------------- 

c------------------"----------------------------------------------------- 
R A T I O  OF RESON.ANCE NATURAL T O  DOPPLEH WIDTH (TVPE 6 )  - CR - 

L 

CC F R S S E N T  I F  I W X . G E . 1  
C  
C  L (THETA? ( J )  ,J=1 ,NRGYS) 
C 
C !lj NRGYS 
P 
L 

.THETAP R A T I O  OF NATURAL WIDTH TO DOPPLER B I D T H  * - cn , .  

S Q R T  (TEMPERATURE) I F  IWE;.EQ. 1 O R  I;\'!?. EQ. 3 .  - CD 
CD R A T I O  OF S-MATRIX TOTAL L I N E  V I D T H  TO DOPPL,ER - 

!?IDTH*SQRT (TEMPERATURE) I F  I P f i  .EQ . 3  . - CD - C 
c--- -------------- "-""'-""""--- ................................................. - 

C ------------- --.---'-""----------------------------------------------------- 
I N T E F F E R E N C E  S C A T T E R I N G  FACTOR (TYPE 7 )  - CR - C 
? R E S F K T  I F  I V R . G E .  i - CC - C 

( A F S C  ( J )  , J = l  ,NRGYS) - CL - C 
IJRGY S - CW 

C 
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AFAC FACTOR TO Y U L T I P L Y  C E I  TO O B T A I N  TNTERFERENCE - 
S C A T T E R I N G  - 
FO!? I i J B . E Q . 1 ,  APAC I S  THE SQUARE SOOT O F  
( G *  ( ( G A N T - G A M G A M - G A F )  /G,P.NT) * R T O M  P O T E N T I F - L  
S C A T T E R I N G  C R O S S  S E C T I O N  / S I G O )  . G, TEE 
S T A T I S T I C A L  FACTOR, I S  ( 2 J +  1 )  / ( 4 1 + 2 )  WFIESE J 
I S  T H E  S P I N  O F  THE COMPOUND NlJCLE3S BESONANCF 
AND I I S  T H E  TARGET NUCLEUS S P I N .  
( S E E  RECORD T Y P E S  5 , 8 , 9 , A N D  1 0 )  

AFAC I S  S E T  TO 0 FOR P ANG D  W A V E  RESONfl!jCES 
- 

FOR I W R .  EQ. 2 ,  AFAC I S  -0 .5*  ( G I T * C O S  ( 2 * ? H I )  - - 
G R T * S I N  ( 2 * P H I )  ) / (GRT*COS ( 2 * P H I )  + G I T * S  I N  (2*4F1I) ) - - 
FOH I W R . E Q . 3 ,  AFAC I S  THE VnLUE COMPUTED FOR - 
TWS. EQ. 1 P L U S  THE ASYMMETRIC LEVYL-LEVEL - 
I N T E R F E R E N C E  C O N T R I B U T I O N ,  ALL DIVTDED BY - 
GT. ( S E E  RECORD T Y P E  2 0 )  - 
AFAC I S  S E T  'TO 0 FOR J? AND D FAVE RESONANCPS - - 

c----------------------------------------------------------------------- 
CR RESO1,VFD RESONANCE TOTAL AND NEUTRON L I N E  2 I D T Y S  (TYP!? 8) - 
C  - 
CC P R E S E N T  I F  1WR.EQ. 1 - 
C  - 
C L  (GAP!T(J) , J = 1  ,NRGYS)  , (GAMN (J) , J=1, NRGYS) - 
C  - 
CB 2*NRGYS , - 
C  - 
CD GAYT RESOLVED RESONANCE TOTAL L I N B  WIDTH - 
C D  G ~ Y N  R E S O L V E D  R E S O N A N C E  N E U T R O N  LCNE W I D T H  - 
C - 
c -------------------------------------------------------- --------------- 

c----------------------------------------------------------------------- 
CEI SBSONANCE R A D I A T I O N  L I N E  WIDTH ( T Y P E  9 )  - 
C  - 
CC P R E S E N T  I F  1 V R . E Q .  1 - 
C  - 
CL (GA'YGAY ((J , , ?=I  V E J R G Y S )  - 
C  - 
CW NFGY S  - 
C - 
"D GAYGAM RESOLVED RESONANCE R A D I A T I O N  L I N E  ' J I D T H  - 

- 
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c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
RFSONANCE F I S S I O N  L I N E  WIDTH ( T Y P E  10) . - CE - C 
? R T S F N T  I F  I B R . E Q .  1 - CC - C 

( G A P  (J) , J =  1 ,NRGYS) - C I. - C 
W R G Y S  ' C 131 - 

- c 
RESOLVED RESONANCE F I S S I O N  L I N E  BIDTFI - CD GAP . . . . ,- 

C 
c------------------------------------*---------------------------------- 

c------------------------------;.------;.;.-------------------------------- 
S-YATRIX TOTAL L I N E  SJIDTH ( T Y P E  1 1 )  - C 9  

P R E S E N T  I F  IWR. EQ. 2  

C  1. (GP.rlS ( J )  , J=1 ,NRGYS) 
C  

S-MATRIX TOTAL L I N E  WIDTH FOR ADLE??-ADLER - 
FORMIJLATION ( . E Q . 2 . 0 * N U )  - 

- 

c----------------------------------------------------------------------- 
SY?lMETT7IC PARAMETER FOR CAPTURE R F A C T I O N  ( T Y P E  1 2 )  - Cf: .- - 

C 
P R E S E N T  I F  I V R .  EQ. 2 CC 

. . - C 
(GC (,T-) ,J= I , VRGYS) - C L  - C 

L 

SYMMETRIC PARAMETER FOR CAPTURE R E A C T I O N .  - CD GC - C 
CN GC = (GRC*COS ( 2 * P H I )  + G I C * S I N  ( 2 * P H I )  ) * SQUARE - 

ROOT O F  THE RESONANCE ENPRGY - CN - C 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 



APPENDIX C. EIc2-2 Binary I n t e r f a c e  F i l e s .  MCC2F4 ( C o n t d .  ) 

SYMNPTRIC PARAMETER FOR F I S S I O N  REACTION ( T Y P E  1 3 )  

P R F S Y N T  I F  I W R . E Q . 2  

(GF (J) , J = ~ , N R G Y S )  

NRGY S 

GF SYMMETRIC PARAMETER FOR F I S S I O N  !?FACTION 

GF = (GRF*COS ( 2 * P H I )  + G I F * S I N  ( 2 * D H I )  ) * SOUARE 
ROOT O F  THE RESONANCE ENERGY 

CR S Y Y f l E T B I C  PAHAMETER FOR TOTEL REACTION ( T Y P E  1 4 )  
C . . 

CC DRESENT I F  IYR.  EQ. 2  
C 
CL (GT ( J )  , J= 1 ,NRGYS) 
r 
CTri M R G Y  S 
C 
CD GT SYMMETRIC PARAMETER FOR TOTAL REACTION - 
C - 
CN GT = (GRT*COS ( 2 * P H I )  + G I T * S T N  (2*PF!I)  ) * SQIIP-EE: - 
CN ROOT OF THE RESONANCE ENERGY - 
C - 

C------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -&---- - - - - - - - - - - - - - - - - - -  

CR ADLEF-AJLSl?  FACTOR FOR J CAPTURE I N T E G R A L  (TY?? 15)  - 
C - 
CC ? R E S E N T  I F  I N B . 9 Q . 2  - 
C - 
CL ( R C  ( J )  , J = l  ,NRGYS) - 
C - 
C !J NRGvS - 
C - 
CD 9 C  -0. 5* ( G I C * C O S  ( 2 * P H I )  -GBC*SIN (2*!?FI )  ) * SQ!JARF - 
CD ROOT O F  T K E  BESONEYCE E N E R G Y / G C ,  W!1ERE GC IS - 
CD D E F I N E D  I N  RECORD TYPE 1 2  - 
C - 
.c----------------------------------------------------------------------- 



APPENDIX' C .  M C ~ - ~  B i n a r y  Interface Files. MCC2F4 ( C o n t d . )  

ADLER-ADLXR FACTOR F O R .  J F I S S I O N  I N T E G R A L  ( T Y P E  1 6 )  

DRESEVT I F  I V R .  EQ. 2 

( 5 F  (J) , J= 1 ,Ni3GYS) 

NRGYS 

BF , 

CR - 
C - 
CC - 
C - 
C L  - 
C  - 
C? ' - 
C  - 
CD -0. 5* (GIF*CO.S  (2*PHI) - G R F * S I N  ( 2 * P H I )  ) * SQ!JARE . - 
CT) ROOT OF THE RESONANCE ENEFGY/GF,  WHE!?P G F I I S  - 
c:' 0 ' . n E Y 1 N E D  IN RECORD T Y P E  13 - 
C , - 
CN B F  I S  S E T  T O  ZERO FOR U N F I S S I O N E B L E  - 
CN MULTI-LEVEL MATERIALS - 
C - 
c .......................................... - ---------- -------- ---------- 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C P  S R E I T - X I G N E R  MUL'TI-LEVEL TOTAL L I N E  K I D T H .  (TYPE 1 7 )  - 
C - 
CC P R E S E N T  I F  I R R . E Q .  3 . . . - 
C  - 
C L  (G$.MS ( J )  , J=l ,NRGYS) - 
C  - 
C  I{ NRGYS - 
C - 
CD GAMS B R E I T - B I G N E R  MULTI-LEVEL TOTAL L I N E  YTDTH - 
C - 
C-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

CR RREIT-;?IGNER MULTI-LEVEL SYMMETRIC PARAMETER FOB 
CR CAPTURE REACTION ( T Y P E  18) 
C  
CC D R E S E N T  I F  I W R .  EQ. 3 
C 
C L  (GC ( J )  , J= 1 ,  NQGYS) 
C  - 
C B NRG\IS - 
C - 
CD GC BREIT-WIGNER MULTI-LEVEL SYMMETRIC PARAMETER - 
CD F03 CAPTUHS R E A C T I O N ,  THE R A T I O  OF GAMGAY TO - 
CD G A Y S .  ( S E E  RECORD T Y P E  9 AND 1 7 )  - 
C  - 
C ----------------------------------------------------------------------- 



I
I

I
I

1
I

I
I

,
I

I
I

I
1

I
I

 
I 

I
 

I 
I 

I 
I
 

I
 

lY
 

1 
I 

w
 

I
 

1 
P

 
,Y

! 
I 

I 
I 

I 
c
 u

 
I
 

I
 

4
 
k
i 

I
 

I
 

ffi ffi 
I 

I 
4

M
Z

 
I 

I 
P

<
 

&
K

O
 

I 
I 

G
 

F
k

' 
I 

I 
k
 

U
Z

C
F

 
I 

I 
H

t
(
3

 
1 

I 
ffi 

ffirn
c

c
 

I 
I 

W
 

E
: 

H
 

I 
I e

 
E

r
jW

f
f

i 
I 

I 
W

 
Z

X
H

 
I 

I
 
C
 

=
H

z
 

I 
I a: 

*
O

I
 

I 
ffi 

r
n

m
u

 
I 

l 
a: 

3
 

I 
I 

@
 

I4
,L

iF
ii 

I 
I
 

W
G

I
U

 
I 

I 
U

 
3

2
1

 
I 

H
 

F
i

l
r

W
 

I 
I 

ffi 
4

E
l

 
I
 
I3
 

I 
-

W
 

I
 

I 
W

 
H

Z
k

 
I
 

1 
E

 
W
O
"
;
 

1 
1 = 

4
H

W
 

I
 

I 
W

 
3

E
-

(
H

 
I 

I 
v
)
 

s
:
U

Z
 

I
 

I
 

U
'H

 
I 

I 
A

-
 

P
;

W
 

I 
I 

W
O

 
W

E
I

4
 

1 
I
 

>
C

V
 

Z
W

I
 

1 
W
 

a
t
4
3
 

I
 

I 
I-lW

 
9
4
t
4
 

I 
l 

1
0

,
 

m
 

,
?

€
-

I
d

 
I 

I
H

*
 

•
 

1
0

1
 

1 
I
h

b
 
0
 

h
&

d
 

I 
I

d
Y

 
W

 
H

W
I

 
I

D
 

rrl 
iZ

 >
 

I 
I

C
Z

 
0: 

f
f

i
o

w
 

1 
1

0
3

:
 

1
1

3
k

c
-1

 
I 

1
f

f
i

H
 

H
 

I
 

I
 

W
S

 
A

 
I 

I
Z

U
 

I%
 

rn 
1 

I
W

4
 
H
 

* 
1 

I
l

l
 

I 
E.: 
I-! Er7 
Cr; 
a
:
 

a
 

0
 

h
 

0
 

0
 
E: 

* rn 
I4

 
H

 
I4

 I4
 

4
,
 4

 
U
 
E
: 

H
 ai 

w
 0

 
Z

 
Erc 

W
 

c3 
4
 

H
W

 
>

 
rn W

 
H

 t-l I 
U
 
H

 
m

 ~
-

c
 

4
 

E-t 
3

 
a
'
 C
 

x
 

H
 ffi 
4

 
W

 2
 

I3
 r-9 

0
 
H

 
2
 3

 

u
:
 

I 
ffi 

&
I 

I 
a: 

I 
14 u

 
I I 

U
 I%

 
I 

k-, 
0
 

I
 

I 1 
U

 
I 

H
 

I 
P

i 
I w

 
I
 

W
 

I 
Z

 
I 

E
: 

I * 
I 
V
)
 

I 
a: 

I I 
W

 
I
 >

 
I
 
H

 
I
 
b
 

I 
a
:
-
 

l
4

r
 

l 
W

C
V

 
1 

ffi 
1 

W
 

I I 
W

*
 

I 3
5
 

I
 
W
 

I 
I4

 
1

1
2

 
I
 
H

O
 

I 
h

H
 

I -4
.E

-c
 

I
3

U
 

I I
 

W
 

1 
Z

f
f
i 

I
 
W
 

I 
Z

W
 

1 
U

P
:

 
H

 
C!! 

z
z
z
 

K
 

U
 

1
0

 
2. 

z
 

X
 

p
H

 
P

I 
r
 

H
 

w
v

,
 

V
: 

F
 

FI 
L

r
r
: 

Fi! 
It 

z
 

ffi 
r: 

W
 

! 
tL 

r
 

3 
- 5 

W
l 

- 
P- 

EL; 
C3 
E

 
p
. 

Z
 

a
 



APPENDIX C. M C ~ - ~  Binary I n t e r f a c e  F i l e s .  MCC2F4 (Contd.) , 

TO F I S S I O N  3EACTTON (TYPE 2 2 )  

PQYSSYT IF I:*?R-. EQ. 3 

(E? (J) , J= 1 ,?l!?GYS) 

L 

CD RF BREIT-WIGNEH MrJLTI-LEVEL RELATLVF ASY NMYTRTC , - . 

CD C O N T R I B U T I O N  TO FISSTON R E E C T I O N  - 
C  - 

C N  NOTE THAT BF I S  I D E N T I C R L L Y  0.0 FOR S R F I T -  - 
VIGNER MULTI-LEVEL F O E g  ALISM CY - 

C  - 
c----------------------------------------------------------------------- 

CEOF 
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APPENDIX C. M C ~ - ~  B i n a r y  Interface F i l e s .  MCC2F5 ( ~ o n t d  .) 

C  - 
Ckr 1 4  - 
C  - 
CD NEI, FLAG FOR E L A S T I C  CROSS S E C T I O N S  - 
CD NF FLRG FOR F I S S I O N  C R O S S  S E C T I O N S  7 

CD NGAY FLAG FOR (N,  GAMMA) CROSS' S E C T I O N S  - 
CD NP . FLAG FOR ( N , P )  C R O S S  S E C T I O N S  - 
CD '. N D  FLAG FOii  (N ,D)  C R O S S  S E C T I O N S .  - 
CD NH3 FLAG FOR ( N , H 3 )  CROSS S E C T I O N S  - 
CD N I I C J  FLAG FOR (N,H.E3) CROSS SECTIONS - 
Cll  N A T , P H A  FLAG F O R  ! W  , A L P H A )  CROSS SECTIONS - 
cn N T O T  F L A G  F O R  T O T A L  C R O S S  S E C T I O N S  - 
CD - 
CD FOR EACH OF THE ABOVE REACTION T Y P E S  THE - 
CD FLAGS ARE ZERO I F  NO C R O S S  S E C T I O N  DATA A R E  - 
CD G I V E N  AND EQUAL TO T H E  HIGHE,ST ENERGY GHO!J? - 
CD NUMBER (LOWEST BNEHGY) FOR WHICH C R O S S  S E C T I O N  - 
CD DATA ARE G I V E N  - 
CD - 
CD A O , A 1 ,  A2, A3 C O E F F I C I E N T S  FOR CALCULATION O F  N!J(E) , THE - 
CD NU9BEB OF NEUIRONS P E R  F I S S I O N .  I F  T H E  - 
CD I S O T O P E  I S  NOT F I S S I O N A B L E ,  THEN THE - 
CD C O E F F I C I E N T S  W I L L  BE S E T  TO ZERO - 
C  - 
c------------------------------------------------------------a---------- 

caoss S E C T I O N S  ( T Y P E  3) 

PRESENT I F  NKEP-C. GT. 0 - - 
( X S I G  ( J )  , J = l  , N L A S T )  - 

- 
NGRO'JP - 

- 
X S I G  CROSS S E C T I O N  A S S O C I A T E D  WITH ULTRAFTNE - 

GROUP J FOR A G I V E N  REACTION T Y P E  - 
NLP.ST F L R G  F O P  REACTION T Y P E  I N  Q U E S T I O N .  (THAT - 

I S ,  NEL,NF,ETC. )  - 
NGPOrJP NUMBER O F  ENERGY GROUPS I N  LIBRARY - 

- 
THE C 3 O S S  S E C T I O N  RECORDS FOR T H F  D I F F E R E N T  - 
REACTION T Y P E S  WHICH ARE P R E S E N T  !qlIL.L BE I N  THC- 
FOLCLOTJING 0RDE.R: E L A S T I C ,  F I S S I O N ,  (N,  GAMMA) , - 
(N, P I ,  (N,D) , ( N , H 3 )  , ( N , H E 3 )  , ( N , f i L P H A )  , - 

A N D  TOTAL. - 
THZ TOTAL C R O S S  S E C T I O N  FOR ULTaA-  - 
F I N E  GROlJP J = E L A S T T C  S C k T T E R I N G + L N E L B S T I C  
S C A T T E R I N G +  (N, 2 N )  S C A T T E l ? I N G + F I S S I O N +  (N,  GAMNA) + 



APPENDIX C. &ic2-2 B i n a r y  Interface F i l e s .  MCC2F5 ( C o n t d .  ) 

( N , P )  + (N ,D)  + ( N , H 3 )  + (N,HE3) + ( N ,  ALPHA) . T H E  
E L A S T I C  SCATTERING=SNCOTH (TABULP-TBD) E L A S T I C  
S C A T T E R I N G + U N R E S O L V E D  R E S O N A N C E  S C A T T E R I N G +  
RESOLVED RESONANCE S C A T T E R I N G .  THF E L A S T I C  
S C E T T E B I N G  DOES N O T  I N C L U D E  THE 1JNRESOLVED 
RESONANCE S C A T T E R I N G  AND RESOLVFD RYSONANCY 
SCATTXHING C O N T R I B U T I O N S  FOR R A T E R I A L  S .  Y I T H  
'HEAVY'  MASSES. A ' H E A V Y '  MASS MATERIAL I S  
DESIGNATED BY THE USER.  E L A S T I C  S C A T T E H I N G  
E X P L I C I T L Y  I N C L U D E S  T H E  POTENTIAT., S C A T T E R I N G  
C R O S S  S E C T I O N  

ONE C R O S S  S E C T I O N  RECORD T S  PRESENT FOP EACH 
NOH-ZERO FLAG 

CEOF 



APPENDIX C . M C ~ - ~  B i n a r y  Interface F i l e s .  MCC2F6 

(3 - 
C  P R E P A S E D  1 0 / 2 7 / 7 5  AT ANL - 
C  - 
C F  MCC2FS - 
C E  . T N F L A S T I C  AND N 2 N  D I S T R I B I J T I O N S  - 
C . . 

- 
C*****t t* t**4*t4# t**8****4:*Ft* t***'4****9********************************  

NI?IEVP 

NTN'TCB 

NLVS 

NSTYK1 

N S I  NK2 

NST!?T1 

N S T Y T 2  

NUMBER O F  H A T E R I A L S  I N  THE 1,TRRAPY XITY 
I.Nf.'l;AS'l?lc A N U , f U H  ( N ,  2 N )  DA'I'A A S  S P E C 1  ?TED T N  
TIIZ A D M I M I S T R A T I V Z  F I L E  MCC2F1 I 

N I J ~ S E R  OF M A T E R I A L S  T H A T  H A V Z  I N E L A S T I C  ? N D / C ) H  
( N , 2 N )  DATA FOR THE ENERGY GROUP B E I N G  

PROCESSED.  I F  THE VALUE O F  N I N S L  09 N 2 N T 9  
FOR A MATERIAL I S  L E S S  THAN T.HE ENYRGY GHOrIP 
N I I M R F R  B E I N G  P R O C E S S E D ,  THEN NO DIT?. A R E  
P R E S E N T  FOR T H I S  MATERIAL.  THE CONTROL 
INFORMATION N I N E L  AND N2NTH ARE S P Y C T F T E D  I N  
RECORD T Y P E  5 O F  MCC2F1  
IJU:.1SER O F  LAST S I N K  ENERGY P O I N T  ( E I N )  FC!!? 
WHICH 'THE TABULATED. I N E L A S T I C  P P O B A B I L I T Y  
I S  NON-ZERO FOB THE SOURCE GEOUP I N  Q U E S T I O N  
NUMBER O F  L Y S T  S I N K  ENERGY P O I N T  (EN2N)  FO!? 
W H I C H  THE TA HIIT,ATED ( N ,  2N)  P R O B A B I T J T Y  
I S  NON-ZERO FOR T H E  SOURCE GROUP I N  QTJESTION 
N U ' M B E R  OF I N E L A S T I C  E V A P O R A T I O N  SPECT.RF_ .  
FOR ENERGY GROUP I N  Q U E S T I O N .  
NUMBER O F  TABULATED I N E L A S T I C  D T S T S I B U T I O N S  
E O R  ENERGY GROUP I N  Q U E S T I O N  
N I N T A B . E Q . Z E R 0  OR ONE 
NUMBES OF D I S C R E T E  I N E L A S T I C  S C A T T Z R I Y G  L E V E L S  
F O 2  EACH MATERIAL FOR THE ENERGY GROUP I N  
QUS S  T I  ON 
M A X I M U M  NUMBER. O F  GROUPS O F  I N E L P . S T T C  OR 
( N , 2 N )  DATA FOR A N Y  MATERIAL I N  T H E  LIBRARY 
(. EQ. Y A X  ( N I N E L , N 2 N T H )  AS . S P E C I F I E D  I N  '?HE 

A D Y I N I S T R A T I V E  F I L E  M C C 2 F 1 )  
NUMBER O F  E N E R G I E S  P R O V I D E D  I N  TARTJLATED 
I N E L A S T I C  D I S T R I B U T I O N S  FOR EACH PIATSRIPL 
AS S P E C I F I E D  I N  THE A D M I N I S T R A T I V E  F I L E  MCC2F1 
NUMBER O F  E N E R G I E S  PBOVIDED I N  TABULATED 
( N , 2 N )  D I S T R I B U T I O N S  FOR EACH MATERIAL 
AS SP 'ECIPIED I N  THE A D M I ' N I S T R A T I V S  F I L E  MCC2F 1 
NUMBER O F  F I R S T  S I N K  E'NERGY P O I N T  ( E I N )  FOR 
IJHICH THE TABULATED I N E L A S T I C  P P O B A R I  L I T Y  
I S  NON-ZERO FOR THE SOURCE GROUP I N  Q U E S T I O N  
NUMBER OF F I R S T  SINK ENERGY P O I N T  ( E N 2 N )  F O R  
B H I C H  THE TABULATED ( N ,  2N)  P R O B A B I L I T Y  m 



APPENDIX C. M C ~ - ~  B i n a r y  Interface F i l e s .  MCC2F6 ( C o n t d  .) 

CD I S  NON-ZERO FOR THE SOTJRCE GEOUP I N  Q U E S T I O N  
CD N2NEOP NUMBER OF ( N , 2 N )  EVAPORATION S P E C T Z A  
CD FOR ENERGY GROUP I N  Q U E S T I O N  
CD N2YLV NUMBER OF D I S C R E T E  ( N ,  2N) S C A T T E R I N G  L E V E L S  
CD FOR EACH MATERIAL FOR THE ENERGY G R O U P  I N  
CD Q U Y S T I O N  
CD N2NTAB NUWBER OF TABULATED ( N , 2 N )  D I S T R I 5 1 J T I O N S  
CD FOR ENERGY GROUP I N  Q U E S T I O N  
CD N2NTAB. EQ.  ZERO OR ONE 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C S  FT7:E STRUCTURE - 
C S  - 
C S  RECORD TY?E P R E S E N T  IT - 
C S  ................................... - -  ----- - ----------- ---- ---- ---- ---- ----------------- ---- ..................... - 
C S  GROTJP INDEPENDENT I N E L A S T I C  MNAT. GT.0 - 
C S  P.NQ ( N , 2 N )  DATA - 
C S  ******.*a ( R S P E A T  FOR NMAX GROUPS)  - 
C S  f CONTSOL INFORMATION AND C R O S S  NN?!X.GT. 0 - 
C S  R S S C T I O N  DATA - 
C S  * SECONDA3Y D I S T R I F U T I O N  DATA (MLVS.GT. 0 )  O D  - 
C S  * (N2NLV.GT.O)  0 3  - 
C S  * ( N T N E V I J .  C;':. 0) U 9  - 
C S  8 ( N 2 N E V P  .GT.  0) - 
C S  f F O F  AMY YATEYIAL - 
C S  8 T!!BULATED I N E L A S T I C  AND ( N , 2 N )  ( N I N T A B . G T .  01 92 - * C 3  F R O B A B I L I T I E S  (N2NTAB.GT.  0 )  - 
C S  * TOR A N Y  MATE31  AL - 
C S  **+***** - 
C  - 

c----------------------------------------------------------------------- 
Cl? GROUP INDEPENDENT I N E L A S T I C  AND ( N , 2 N )  DATA ( T Y P E  1.) - 
C  - 
CC P R Y S E N T  IF MMAT.GT. 0 - 
C  - 
C L  ( (EGAM (I, J . )  , I = 1  , N L . S J )  , (U (I, J) , I - = I ,  WAXIJ )  , - 
C L  1  (G!i?lN2V ( I ,  J )  , I='l ,  N 2 N L J ) ,  ( E I N  ( I ,  J )  , I = l , N S b I K I J )  , - 
CL 2(9NZN(I,J),T=1,NSNK2J),J=1,MMAT) - 
C  - 
CI?' S  TJ J - 
C  - 
CD EGA M GAMMA RAY ENERGY P_S\SOCIATED WITH TiIE L ' T H  - 
CD , R E S O L V E D  SCA'TTERING .LEVEL.  I F  C, I S  T?-lU - 
CD A S S O C I A T S D  Q-VALUE OF THE R E A C T I O N ,  T H E K  - 
: D ,EGAM=-Q (EGAM. GT. 0 )  - 
13 EGAM I S  ORDERED SUCH THAT EGAM (1) . L E .  ES! :I ( 2 )  . . . - 
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D E F I N E S  I N E L A S T I C  UPPER ENERGY L I M I T  POR THE - 
SECONDARY NEUTRON ENERGY E 1  SUCH THAT - 
0.  LE.  E-' . L E .  E-U ( G I V E N  I N  .'THE LABOHaTOFY) '?HERE - 
E I S  THE I N C O M I N G  NEUTRON ENERGY - 
GAYMA RAY ENERGY A S S O C I A T E D  WITH THE L I T H  - 
( N , 2 N )  RESOIiVED S C A T T E R I N G  LEVEL.  TF Q I S  THE - 

ASSOCIATED Q-VALUE OF THE R E A C T I O N ,  THEN - 
GA?lN2N=-Q (GAMN2N. GT. 0 )  . - 
GAMN2N I S  O R D E R E D  SUCH THAT - 
GAMN2N'(1) . LE.GAMN2N ( 2 )  . LE.GAYN2N (3) . . . . . - 
S I N K  E N E R G I E S  FOR 7 H I C H  TABULATED I N E L A S T I C  - 
bC&T'T"E3ING P R O B A B P L I T I E 3  ARE O I V E N  - 
S I N K  E N E R G I E S  F O R  WHICH TABULATED ( N ,  2N) - 
S C A T T E R I N G  P R O B A B I L I T I E S  ARE GIVEN - 
SUM OF (NLSJ+MAXIJ+N2NLJ+NSNKlJ+NSNK2J) O V E 3  - 
ALL MMAT M A T E R I A L S  - 
= N L Z V L S ( J ) ,  FOR CURRENT MATERIAL J - 
= PIAX1 ( J )  FOR CURRENT MATERIAL J - 
= N2NLEV ( J )  FOX CURRENT MATERIAL J - 
= N S I N K 1  ( J )  FOR CURRENT MATERIAL J - 
= N S I N K 2 ( J )  FOR CUiiRENT MATERIAL J - 

- 
THE TNE.LASTIC A N 9  ( N ,  2N) CONTROL IMFORMATTON - 
N L E V L S ,  MAXI, N2NLEV, N S I N K 1 ,  AND N S I N K 2  ARE - 
S P E C I F I E D  I N  RECORD T Y P E  5 ' 0 ~  MCC2F1 - 

- 
DATA ARE P R E S E N T  ONLY FOR MATERIALS THAT HAVE - 
E I T H E R  I N E L A S T I C  O R  ( N , 2 N )  D A T A  , 

- 
- 

CONTROL I N F q R M A T I O N  AND C R O S S  S E C T I O N  DATfl- ( T Y P E  2 )  - - 
P R E S E N T  I F  N M A X .  GT. 0  - .  

- 
( S T G I N  ( I )  ' , S I G N 2 N  ( I ) ,  N I N E V P ( 1 )  , N I N T A B  ( I )  ,N2NEVl? (I)  ,W2NTAB ( I )  , - 

1 N S T 2 T l  ( I )  , NENDI ( I )  , N S T R T 2  ( I )  , NEND2 ( I )  , K T 1  ( I )  , K T 2  (I) , - 
2NLVS ( 7 )  , N2NLV ( I )  , I = 1 ,  MMAT1) - 

- 

STGTN GROUP TOTAL I N E L A S T I C  S C A T T E R I N G  C 9 O S S  S E C T I O N  - 
S I G N 2 N  GROUP (N,  2N)  S C A T T E R I N G  C R O S S  S S C T I O N  - 
K T 1  I N T E R P O L A T I O N  L A 9  FOR CALCTJLATING GROUP T O  - 

GROUP TABULATED I N E L A S T I C  S C A T T E R I N G  - 
P R O B A B I L I T I E S  FROM T H E  GROUP T O  ENEFGY ( D I N T A B )  - 
P R O B A B I L I T I E S  GIVEN I N  RECORD T Y P E  4 
KT=O CONSTANT P R O B A B I L I T Y  
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CD 
CD 
CD 
CD 
CD KT? 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD SUM.7 
CD 
C  
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CW 
CN 
CN 
CN 
CN 
CN 
C  N 
CN 
CN 
CN 
CN 
CN 
CN 
C ?1 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
C  El 
CN 

K T = 1  LN (ENERGY) VS. LN ( P R O B A E I L I T Y )  - 
KT=2 LN (ENERGY) VS. P R O B A B I L I T Y  - 
K T = 3  ENERGY VS. P S O B A B I L I T Y  - 
KT-4  SNERGY VS. LN (PROBABXLITY)  - 
I N T E H P O L A T I O N  LAW FOR CALCULATING G R 0 3 P  TO - 
G R O U P  T A B U L A T E D  ( N ,  2 ~ )  S C A T T E R I N G  - 
P R O B A B I L I T T E S  FROM THE GROUP TO EVERGY (PNMTAR) - 
P R O B A B I L I T I E S  G I V E N  I N  RECORD TYPE 4  - 
KT=O CONSTANT P R O B A B I L I T Y  - 
KT= 1 LN (ENERGY) VS. LN ( P R O B A B I L I T Y )  - 
KT=2 LN (ENERGY) VS. P R O B B R I L I T Y  - 
K T = 3  ' ENERGY VS. P R O B A B I L I T Y  - 
KT=4 ENERGY VS. LN ( P R O E A B I L I T Y )  - 
SUM OVER I FOB ALL 1 4  ARRAYS FOR ALL - 
MMAT1 MATERIALS - - 
CROSS S E C T I O N  DATA AND CONTROL INFORMATION - 
DATA ARE PRESENT FOR A F E T E R I A L  ONLY I F  T H E  - 
MATERIAL HAS T H E S E  DATA P R E S F N T  AS S P E C I F T E D  - 
I N  RECORD T Y P E  5 O F  MCC2F1.  ALSO T H E S E  DATI! - 
ARZ PRBSENT ONLY I F  THE GROUP BEING P R O C E S S Z 9  - 
I S  ABOVE THE THRESHOLD ENERGY OF THB REACTTOY - 
B E I N G  CONSIDERED - - 
S I G I N  I S  P R E S E N T  FOR MATERIALS THAT H P - V E  - 
I N E L A S ' T I C  DATA FOR THE ENERGY GROUP B E i N G  - 
PROCESSED. N I N E V P  I S  P R E S E N T  FOR ALL N A T T E I E L S  - 
THAT HAVE PlAX1.GT.O. NLVS I S  PRESENT FOB ALL - 
MATERIALS THAT HAVE N L E V L S . G T . 0 .  I N  4DDITTON - 
s I G I N ,  N I N E V P ,  A N D  MLVS ABE PRESENT ONLY FOR - 
GROUPS . L E .  N I N E L  - 

- 
S I G N 2 N  I S  PR'ESENT FOR MATERIALS T 9 3 T  FIBVE - 
( N , 2 N )  DATA !?OR THE ENERGY GROUP S E I N G  - 
PROCESSED. N2NEVP I S  P R E S E N T  FOR ALL M?.TYRIALS - 
THAT HAVE MB13.GT.O.  N2NLV I S  P R E S E N T  FOR ALL - 
MATERIALS T d A T  HAVE N2NLEV.GT.O. I N  ADDITTOV - 
S I G N 2 N ,  N2NEVP,  AND N2NLV ART2 P R E S E N T  ONLY - 
FOB GSOUPS.  LE.  N2NTI-i - 

- 
NINTAi3, N S T R T I ,  NEND1, A N D  K T 1  ARE P R E S E N T  F 0 3  - 
ALL MATERIALS THAT HAVE MAX2.GT.O. DPTE - 
P R E S E N T  FOR ALL G R O U P S . L E . N I N E L  - - 
N2NTAB, NSTRT2,  NEND2, AND K T 2  ARE P R E S E N T  - 
FOR ALL MATERIALS THAT HAVE MAX4. GT. 0 .  DATA - 
PRESENT FOR ALL GROUPS.LE.N2NTH - - 
N I N E L ,  N2NTH, NLEVLS, N2NLEV,  M A X 1 ,  KAX2, - 
NAX3, AND MAX4 ARE PRESENT I N  RECORD 5 - 
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C----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

CP , SECOYDARY D I S T R I B U T I O N  DATA ( T Y P B  3) - 
C - 
C C  P R E S E N T  I F  ( N L V S . G T . 0 )  OR (N2NLV.GT.  0 )  OF. - 
CC ( N I N E V P . G T . 0 )  OR (N2NEVP.GT.O)  - 
CZ FOR ANY HAT'CRIAL - 
C - 

CL ( ( S I G L F V  ( I ,  J j  , I = l ' , N L V S J )  , (AVGMU ( I ,  J )  , I = 1  , N L V S J )  , - 
C L  1  ( S T S N  ( T , J )  , 1 = 1 , N 2 N L V J )  , ( T S T A T  ( I ,  J )  ,1=1, N I W V P J )  , - 
CI,  2 (PIN ( 1 , J )  , I = l , N I N V P J )  , ( T N 2 N ( I ,  J )  , I = l , N 2 N V P J )  , - 
CL 3 (?N2!J ( T , J )  , I = l , ? I 2 N V P J )  , J = l , M M A T l )  - 
C  - 
C ;.? S  !J iq ;1 - 
C  - 
CD S I S I . S V  GROUP C R O S S  S E C T I O N  A S S O C I A T E D  4 I T H  TRE - 
CD L ' T B  RESOLVED I N E L A S T T C  S C A T T E R I N G  L E V E L  - 
CD S I G N  GROUP CROSS S E C T I O N  A S S O C I A T E D  WITS THY - 
CD L ' T H  RESOLVED ( N ,  2N) - S C A T T E R I N G  LEVEL - 
CD A v $ 57 'J AV33AGE C O S I N S  OF THE S C A T T E R I N G  ANGLP I N  . - 
CD T H E  CENTSR O F  PlASS SYSTEM F O P  THE GROUP I N  - 
c. n Q Y E S T I O N  F O R  D I S C R E T E  ~ N B L A S T I C  SCATTERING - 
CD T S T ? T  GROUP AVZRA3ED " S T A T I S T I C A L "  I N E L R S r C I C  - 
CD TEMPEHAT3RE - 
CD P I Y  F R A ' C T I O N R L  P R O B A B I L . I T Y  THAT THE: I ' T Y  INET..ASTT C  - 
C  .TI EVn-DOBATION L A I  CAN B E  USED P O 3  THE GROUP TN - 
C 3  Q U S S T I O N  - 
CD TY2N AVE8AGE GBOUP TEMPERETTJRE A S S O C I f i T Z D  ?* l ITu  !4 - 
CC S T A T I S T I C A L  CALCULATIGN O F  ( N ,  2N) SCATTERTWS - 
CD F 0 9  T H E  I ' T H  D I S T E I B U T I O N  - 
C !I ?!???I F R A C T I O N A L  P R O B A B I L I T Y  THAT THE 1'7'3 (1J,2M) - 
c z  E V A ' P O R A T I O N  L A Y  C A N  B E  U S Y D  F O R  T H E  S P O U ?  T N  - 
r P  QIJYSTION - 
C 9  SUMJ S?JM O? ( 2 *  ( N L V S J + N I N V P J + N 2 N V P J )  +N2NLV J )  OVFR - 
C  ij ALL Mi4AT MATERIALS - 
CD WL'J3,? = NLVS ( J )  FOR CURRENT MATERIAL J - 
C Q  NZ??!LVJ = N 2 N L V ( J )  FOR CURRENT MATEETP.L J - 
C D  V T 3 V P J  = N I N E V P ( J )  FOR CURRENT M A T E P I A L  ' J  - 
CD N2 N V  P J  = N Z N E V P ( J )  FOR CURRENT MATEEIAT, J - 
C  - 
C N  THE I N E L A S T I C  AND (N,  2N)  C O N T R O L  I?IFORMF.TTON - 
CN NLVS,  N2NLV, N I N E V P ,  AND N2NEVP A R E  S P F C I F I E D  - 
CN I N  RECORD T Y P E  2  O F  MCC2F6 - 
cw - 
CN I F  FOR A G I V E N  MATERIAL J, T H E  VALUS OF S L V S J ,  - 
CN N 2 N L V J ,  N I N V P J ,  OR N 2 N V P J  ARE ZERO, THEN THE 



APPENDIX C . M C ~ - ~  B i n a r y  I n t e r f a c e  Files : MCC2F6 ( C o n t d .  ) 

CN DATA I N  THE ARRAY I N  Q U E S T I O N  ARE NOT P R E S E N T  - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CR ' / T A B U L A T E D  I N E L A S T I C  AND ( N , 2 N )  P R O B A E I L I T I E S  ( T Y P E  4) - 
C  - 
CC ? R T S E N T  I F  (NINTAB ,GT.O) OR (N2NTAB.GT.O) - 
CC FOR A N Y  MATERIAL - 
C  - 
CL ( ( ? I N T A B ( I , J )  , I = l  , K 1 ) ,  (PNNTAB ( 1 , J )  , I=l ,K2) , J = l , ? l M A T l )  - 
C  - 
C v  ( K ? + K 2 )  *MMATl - 
C  - 
CR ?ITaTAB T A B U L A T E D  P R O B A B I L I T Y  OF A N E U T R O N  B E I N G  - 
CD I N E L A S T I C A L L Y  SCATTERED FROM THE GPO!JP I N  - 
CT! Q U E S T I O N  TO ALL P O S S I E L E  S I N K  E N E R G I E S  ( E I N ) .  - 
CD .PINTAB ( 1 )  = P R O B A B I L I T Y  O F  S C A T T E R I N G  PROP! - 
CD GROUP I N  Q U E S T I O N  T O  ENERGY E I N ( N S T R T 1 )  - 
CD P I N T A B  ( K 1 )  = P R O B A S I L . I T Y  OF S C A T T E S I N G  FROM GRO!?? - 
CD I N  Q U E S T I O N  I N T O  ENEFGY E I N ( N E N D 1 )  - 
CD P I N T A B  I S  CALCULATED AS T H E , S U M  OVER ALL - 
CD (ENDF/R)  GTVRN TP  RITT,A TET) TNFL A S T T C  - 
CD D I S T R I B U T I O N S  O F  THE P A R T I A L  ENERSY - 
CD D I S T R I B U T I O N * F R A C T I O N  AL P R O B A B I L I T Y  - 

. CD K 1 NEND1 ( J )  - N S T R T 1  ( J )  + 1  - 
CD PNYTAB TABULATED P R O B A B I L I T Y  OF A NEUTRON R E T N G  - 
CD ( N , 2 N )  SCATTERED FROM THE G R O U P  I N  - 
CD Q U E S T I O N  I N T O  ALL P O S S I B L E  S I N K  E N E R G I E S  ( E N 2 R ) . -  
CD PNNTAB ( 1 )  = P R O B A B I L I T Y  .OF SCATTERING FROH - 
CD GROUP I N  Q U E S T I O N  TO ENERGY E N 2 N ( N S T R T 2 )  - 
CD PNNTAS ( K 2 ) = P H O S A B I L I T Y  O F  S C A T T E F I N G  FROY GBOUP- 
CD I N  QUESTION I N T O  ENERGY BN2N (NEND2) - 
CCI PNNTAB I S  CALCULATED AS THE SUM OVER ALL - 
CT) (ENDF/B) G I V E N  TABULATED (N,  2 N )  - 
CD D I S T R I B U T I O N S  OF THE P A R T I A L  ENERGY - 
CD D I S T R I B U r ~ I O N * F R A C T I O N A L  P R O B A B I L I T Y  - 
CD K 2  NEND2 ( J )  - N S T R T 2  (J)  + 1 - 
C  - 
CN P I N T A B  I S  P R E S E N T  ONLY ' I F  NINTAE.GT.O - 
CN PNNTAi3 I S  PRESENT ONLY I F  N2NTAS. GT. 0  - 
CM - 
CN NEND1, N S T R T I ,  NEND2, N S T R T 2 ,  NINTAR, A N D  - 
CN N2NTAB ARE S P E C I F I E D  I N  R F C O R b  TYPE 2  - 
CN OF MCC2F6 4 

C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 



APPENDIX C .  MC'-2 . B i n a r y  Interface F i l e s .  MCC2F7 

PREPARED 2 / 1 1 / 7 5  AT ANL 

i l C C 2 F 7  
F I S S I O N  S P E C T R E  DATA 

JCYI FLAG I N D I C A T I N G  WHETHER' PARAMETERS I N  
G E N E R A L I Z E L \  I + l  s s  l O N  srh:L:ThiiPl R B E  E l V % R G Y  
( Q R O U F )  DEPENDENT OR MOT 
I C H I =  1 PARAMETERS NOT ENERGY DEPEqDE NT 
I C H I - N G R O U P  P A R A M E T E R S  A R E  E N E R G Y  D E P E N D ~ Y T  

AND NGROUP, THE NUMRES OF GROTIPS 
I N  THE L I B R A R Y  I S  S P E C I F T E D  I N  TH? 
A D M I N I S T R A T I V E  F I L E  Y C C 2 F 1  

M SOR S  NUMBER OF F I S S I O N  S P E C T R A  I N  L I B R A R Y  
AS S F E C I F I E D  I N  THE A D M I N I S T R A T T V F  

' F I L E  MCC2F1  
KULT 2 FOR IBM MACHINES,  1 O T H E R W I S E  

"laTl?RIP.L NAYES ' ( T Y P E  1 )  

AL7RYS P R E S E N T  

( N b Y E  ( I )  , T = 1  ,MSORS)  

MULT*MSODS 4. 

- 
NRMR DOUBLE P R E C I S I O N  (R*8)  MATERIAL I D E N T I F I C A T I O N  - 

A S S O C I A T E D  WITH THE G I V E N  F I S S I O N  SPECTRYM - 
PARAMETERS 
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S P E C I F I C A T I O N S  

CC ALVP.YS P R E S E N T  
C 

( T Y P E  

CL ( I C H T  (I) , I= 1 ,  NSORS) 
C  ! - 
CW MSORS 
C 

F I S S T O N  SPECTRA ( 'TYPE 3 )  

ALYA YS P R E S E N T  

C L  (BETA ( I ) ,  T = l , I C H I ) ,  (ALPHA ( I )  , I = 1  , I C H I )  , (TAU ( I )  , I=1 ,  I C H I )  
C  
CW 3*TCFII 
C  
CD BETA ,ALPHA ,TAU PARAMETERS I N  G E N E R A L I Z E D  F I S S I O N  SPECTRVM - 
C - 

CEOF 
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C**#********;k******h****** t** t*9****084:*********************************  

C  - 
C ' P R E P A R E D  2/11/75 AT ANL - 
C  - 
C F  Y C C 2 F 8  - 
C E  LEGENDRE DITI!  - 
C - 
C*t****S*t+*8*t****t** trD:*#3*4:***9***4:***********************************  

N l l Y n E R  nF QI.OCKS OF 'DATA FOR A G T V 3 M  MATEPIAL 
NO D A ' l ' A  Akh: PHUVIDED FOR E N E R G I E S  BELGV 
NHXCH SCATTERING I S  I S O T R O P I C  
NUMBER O F  LEGENDRE C O E F F I C I F N T S  P R O V I D E 9  FOR 
EACH BLOCK OF DATA BY NATBEIAL 
N U M R ~ H  O F  I N T E R P O L A T I O N  R E G I O N S  FOR L F G E N D R R  
DATA RECORD 
2 FOR I B H  MACHINES, 1 O T H E R G I S E  
H I G H E S T  OkDER P E R M I T T E D  FOR EXTENDTD TRANSPORT 
APPROXIMATION AS S P E C I F I E D  I N  THE 
A D M I N I S T R A T I V E  F I L E  MCC2F1 

C S  F I L E  STRUCTURE - 
C S  - 
cs ~ E C O R D  T Y P E  P R E S E N T  IF - 
C S  ----- .............................. ------------------------------------ ------------------- --- ------------------- -- 
C S  S P E C T F I C A T T O N S  P.LVRYS - 
cs ******** ( R E P E A T  F O R  A'LL M A T E R I A L S )  - 
C S  t MATEZIAL I D E N T I F I C A T I O N  ALWAYS - 
C S  rp: T 3 k T R T X  AND INSESPOLFiTION DATA ALhTP-Y S  - 
C S  * *****  (FEPSAT I L  T I M E S )  - 
C S  * * L E G E N D R E  C O E F F I C I E N T S  I L . G T . 0  - 
C S  ******** - 
C - 
C--- - - - - - - - - - - - - - - - - - - - - - - - - - - ' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

C F  S ~ E C I F I C A T ~ O N S  (TY PE 1 )  
C  
cc ~ L B P . Y S  P R E S E N T  
C 
CL ( 1 . G T Y  ( T )  , I= 1 ,  NMAT) , ( I R  ( I )  , I= 1, NMAT) , ( I L  ( I )  , I= 1 ,  NM!!T) , 
C L  1 ( ( I ! ? T ( T , J )  , I=l  , N P A S S )  , 3 = 1 , N M A T )  
c \ 

C  7.1 NMRT* ( 3 + N D R S S )  
C 
CD ' LGTA LENGTH ( I N  WORDS) OF 
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/ 

CD T  MATRIX AND I N T E R P O L A T I O N  .DATA S E C O a D  - 
CD N Y A T  NUMBER OF MATERIALS I N  L I B R A R Y  AS S P E C I F I E D  - 

I 

CD I N  THE A D M . I N I S T R A T I V E  F I L E  MCC2F1 - 
' CD NPASS NUHSER OF 'BLOCKS'  OF LEGENDRE DATA - 

CD AS S P E C I F I E D  I N  THE B D M I N I S T R B T I V E  F T L F .  - 
CD MCC2F1 - 

- C  , - 
c----------------------------------------------------------------------- 

c--- ----- - --- -- - -- ----- --'----------- --------- ---- -- -- ---- ---- ------ -- -- - 
C R  M l ' ? E E I h L  I D E N T I F I C A T I O N  ( T Y P E  2) - 
C  - 
CC l!I,TzAYS P R E S E N T  - 
C  
C L  N!!N? - 
C  - 
CW MULT*1 - 
C  - 
C D  NEYE DQUBLE P R E C I S I O N  (!3*8) F l T E R I A L  I D E N T I P I C P . T T O N  - 
C - 
C----- - - - - - - - - - - - - - - - -&---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c----------------------------------------------------------------------- 
CF T MaTBIX AND I N T E R P O L A T I O N  DATA ( T Y P E  3 )  .- 

C - 
CC l L X B Y S  PRESENT - 
C  - 
C L  (KT (1) , I=  1 ,TI?) , (WG ( I )  , I= 1,  IF.)  , - 
CL 1 ( ( T L J ( L , J )  ,L=l,N!!L) , J = l , M A X ( I P T ) + l ) ,  - 
C 5  2 ( ( T J ~ J 1 ( L , J ) , L = I r 2 ) , J = 1 , M A X ( I P T ) + 1 ) ,  - 
CL 3 ( ( T L s 7 2  ( L , J )  ,L=  1 , 2 )  , J=l., 6 )  , ( (FACK ( I ,  J )  , 1 = 1 , 6 )  , J = 1 , 6 )  , - 
CI, 4((FAC(1:,J),1=1,4),J=l,MAX(IPT)+l) - 
C .  - 
CZ 2*TF?+P?ULT* (54+M!!X ( I P T )  * ( N P L + 6 )  + N P L )  FOR D E ~ Z T A U .  GE.9 ( S S E  B"c0W) - 
G;.! E*TP+IYTJL.T* (5O+?lAX ( I P T )  * ( N ? L + 2 )  +NPL)  FOR Dl2LTAU.LT.Q ( S Y E  BELOW) - 
c - 
CD KT I N T E R P O L A T I O N  LAW USED TO OBTP-IN HYDERFINF - 
CD . GROUP VALUES OF THE LEGENDRF C O E F F I C I E N T S ,  - 
CD F 1 , F 2 ,  .,. . , F N ,  I N  THE INTERPOLATTOV 2"oG'TON I - 
CD . KT=O CONSTANT - 
CD KT=1 LN E VS. LN FN - 
CD KT=2 LN E  VS. FN - 
CD KT=3 E' VS. FN - 
CD KT=4 E  VS. LH. FN - 
CT) NG LOFES'T ENERGY GROUP NUMBER ( H I G 9 9 S . T  ENERGY) - 
CD FOA 5 i - l I C H  I N T E 2 P O L A T I O N  LAW A P P L I E S  - 
3 D  T L J  STANDARD ZERO ORDER T  MATRIX ELEMENTS - 
Z D  TT.J 1 STANDARD F I i 3 S T  ORDER T F B T R I X  ELEVENTS - 
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CD T L J 2  STANDARD SECOND ORDER T  MATRIX ELEMENTS - 
CD FACK MASS DEPENDENT CONSTANTS USED I N  CALCULATION - 
CD O F  CONTINIJOUS'  SLOWING DOWN MODERATING - 
CD PARAMETERS - 
CD FAT: I N C O M P L E T E '  T  MATRIX ELEMENTS - 
CD THE ARRAY FAC I S  P R E S E N T  ONLY FOR T H O S F  - 
CD ELEMENTS THAT HAVE - 
CD DELTAU-GE.  Q - 
CD .BI.IERE (2=LOG ( ( (A+ 1 )  / ( A -  1 )  ) * * 2 )  / 3 .  - 
CD DELTAU AND A  ARE THE GROUP LETHARGY - 
CD W I D T H  A N D  M A T E R I A L  M A S S / N E U T R O N  M ~ S S  - 
CD R E S P E C T I V E L Y .  BOTH ARE S P E C I F I E D  T N  THE - 
CD A D M I N I S T R A T I V E  F I L E  M C C ~ F I '  - 
C  - 
CN ALL REAL ARRAYS, T L J f ' I L J 1 , T L J 2 , F A C K ,  AND FAC ' - 
CN ARE WRITTEN I N  DOUBLE P R E C I S I O N  (REF.L*8)  - 
C - 
c--- -- ---- -- - ------,---- ------------- ----------------- ---"-"--"'-'- -- - 

GR L E G E N D R E  C O E F F I C I E N T S  ( T Y P E  4 )  - 
C  - 
CC P 3 E S E N T  I F  I L . G T . 0  - 
C - 
CL ( ~ 1  ( J )  , F ~ ( J )  ,... , F N ( J )  , J = I , M A N Y I )  - 
C  - 
c r? MANY1*TPI1 - 
C - 
CD F 1 , F 2 ,  ... ,PN F I 3 S T ,  S E C O N 3 , .  . . , N ' T P .  ORDER EXPANSION ' 

- 
CD C O E F F I C I E N T  AT T H E  ENERGY L E V E L  S  P E C I F I F - D  - 
CD BY T H E  INDEX J .  FOR EXAMPLE, ON THE THTRD - 
CD P A S S ,  THE T H I R D  BLOCK O F  DATA, F 1  ( 1 )  T?TOU,LD - 
CD R E  T H E  F I R S T  ORDER C O E F F I C I E N T  FOR ENERGY - 
CD LEVEL 2 * M A N Y 1 - 1  - 
CD THE NTJMBER O F  C O E F F I C I E N T S  (.N) FOR A G I V E N  - 
CD 'BLOCK', OF DATA I S  G I V E N  BY TI33 ARRAY IPT - 
CD I N  THE TABLE OF CONTENTS.  NOTE THAT - 
CD F O ( J ) = l . O  AND I S  THEREFORE NOT TABULPTED.  T H I S  - 
CD RECORD I S  NOT PROVIDED FOE T H O S E  ENERGY BLOCKS - 
CI! CORRESPOND.1NG TO E N E R G I E S  BELOB V Y I C H  - 
CD S C A T T E R I N G  T S  I S O T R O P I C  I N  T H E  CENTER O F  - 
CD MASS SYSTEM.  . - 
CD MANY 1  NUMBER OF ENERGY L E V E L S  FOR EACB 'BLOCK'  OF - 
cn D A T A  ( E X C E P T  T H E  L A S T )  A S  SPECIFIED I N  T H E  - 
CD A D M I N I S T R A T I V E  F I L E  N C C 2 F 1  I - 
CD RECOMPIENDED MAXIHUM V.AI,UE FOR MANY1 WOU1,D BZ - 
CD M A N Y  1-126  - 
C  
c--- ------------------- --------------------------------------------- - -. 
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C*******t********t**********t* t*****************************************  
C - 
C PREPARED 3/11/76 AT ANL - 
C - 
C F  > ( S . T S O  - 
C E  M I C i l O S C 0 , P I C  GROUP C R O S S  S E C T I O N S ,  F I L E  1 - 
C - 
CN T H I S  IS  F I L E  - 1  O F  A T W O - F I L E  D A T A  S E T  ' - 
CN C O N T A I N I N G  M I C R O S C O P I C  GROUP C R O S S  S E C T I O N S .  - 
C - 
~ * * * * * * * 8 * * * * * * 9 6 * * r 0 r * * *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CD MGFOUD 
CD NTSO 
CD PI UL 'l' 

NUMBER OF BROAD ENERGY GROUPS I N  SJ3.T. 
NUMBER O F  I S O T O P E S  I N  S E T .  
2  FOR I B M  MACHINES,  1 OTHERWISE.  

c----------------------------------------------------------------------- 
. . 

CR ' F I L E  S I Z E  ( T Y P E  1 )  - 
C - 
CC AL.T!!YS P R E S E N T  - 
C - 
C L  NGROUJ?,N?SO, MAXUP, MbXDN, MAXORD, I P R E C  - 
C - 

6 C - 
C - 

1 CD MAYTJP . MAXIMUM NUMBER O F  GROUPS O F  U P S C A T T E R  I N  THE - 
CD S E T .  - 
CD EAXDN M A X I M U M  NUMBER O F  GROUPS OF DOWNSCATTER I N  THF - 
CD S E T .  - 
CD MF-XORD (MAXIMUM OF L E L ,  L I N ,  OR L N 2 N  FOR THE S E T )  -1 - 
CT) ( S E E  I S O T O P E  HEADING RECORD O F  DATA S E T  X S . T S O ,  - 
CD F I L E  2 )  . - 
CD I !?RZC 0 ??OR DOUBLE P R E C I S I O N  V E R S I O N  O F  DATA S E T  - 
CD XS. I S O ,  1 FOR S I N G L E  F R E C I S I O N  V E R S I O N  O F  THE - 
CD DATA S E T .  - 
C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CR T S O T O P E  NAMES ( T Y P E  2 )  - 
C - 
CC ALrJAYS P R E S E N T  - 
C - 
C L  (ISONAM ( I )  ,1=1 ,NISO)  , (LOCA ( I )  , I = 1 ,  N I S O 1 )  , ( T E M P ( 1 )  , I = 1 ,  N I S O )  , - 
C L  1 (TNF.ME(1)  , T = I , N I S O ) ,  (AMASS ( I ) ,  I=l,  N I S O )  - 
C - 
:C N I S O l = N I S O + l  - 
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ISON?!!! ( T )  LOCAL NAME O F  I - T H  I S O T O P E  ( R E A L * g ) .  - 
t O C A  ( I )  NrJilRER OF REC0RD.S I N  F I L E  2 O F  X S . T S 0  TO B E  - 

S K I P P E D  TO READ DATg FOR I S O T O ? ! ?  T.. LOCA ( 1 )  =O. - 
T Y , ? I P ( I )  . TEMPERATURE O F  I - T H  T S O T O P E .  - 

I - T H  I S O T O P E  NAME AS G I V E N  I K  ENDF/S  F I L Z S .  TNFLMY - 
A?IASS GRAY ATOMIC W E I G H T S  O F  THE I S O T O P E S . -  - 

CR GROr?.P ST,RUCTURE ( T Y P E  3 )  - 
C  - 
C C  ' ALtT4YS P R E S E N T  - 
C - 
C L  I C ? l I ,  ( E ( T )  , I = I , N G P I )  , ( U ( 1 )  , I = I , N C U P I )  , ( V E L ( I )  , I = l f N G R O I J P )  - 

- C 
NGPI=NG30UP+ 1  - CC 

C  - 
C u  1 + ( ? * N G R O O P + 2 )  * (2-IPBEC) . - 
C  - 
CD I C Y 1  F I S S I O N  SPECTRUM FLAG FOR S E T .  - 
CD I C H Z = O ,  NO S E T  CHI. - 
CD , = I f  S E T  C H I  VECTOR. - 
CD =NGROUP, S E T  C H I  FATRLX. - 
CD E (1) ENERGY BOUNDARJES O F  GROUPS. E ( 1 )  I S  - 
CD THE MAXIMUM ENERGY. - 
C , U ( T )  LETHARGY BOUNDAR'IES O F  GROUPS.  TJ ( 1 )  = O .  - 
CD VEL (I)  , NEUTRON SPEED FOR GROUP I ,  - 

S P E E D  l . / ( l . / V ) .  CD - 
C  - 
c----------------------------------------------------------------------- 

S E r  F I S S I O N  SPTCTRUM ( T Y P E  4 )  

P B E S Z N T  I F  I C H I .  NE. 0 

C  - 
CD C Y I  (T ,  J) PROMPT F I S S I O N  F R A C T I O N  I N T O  G R 0 3 P  J - 
CD FROM GROUP I .  - 
C  - 
c--------------------------'---------d----a-d------&---------------------= 

CEOF . . 
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C********S************************************************************** 

C' - 
C  PREPAEED 3/11/76 AT ANL - 
C  . > - 
C F  X S T S O 2  - 
CE M I C R O S C O P I C  GROUP C R O S S  S E C T I O N S ,  F I L E  2 - 
C  - 
C  N T H I S  I S  F I L E  2 O F  A T W O - F I L E  DATA S E T  - 
CN CONTAIN1,NG H I C R O S C O P ' I C  GROUP C R O S S  S E C T I O N S .  - 
C - 
C****t**t****+********************************************************** 

c----------------------------------------------------------------------- 
. . 

C S  ' F I L E  STRUCTURE - 
C S  - 
C S  RECORD T Y P E  P R E S E N T  I F  - 
C S  ............................... ------------------------------- ..................... ~~~~~~~~~~~~~~~~~~~~-- 

************ ( R E P E A T  FOR A L L  I S O T O P E S )  C S  - - 
cs *. I S O T O P E  ' N A M E  A L W A Y S  - 
C S  s TSOTOPE HEADING AL7'BYS - 
C S  * I S O T O P E  F I S S I O N  SPECTRUM ICl-!I.GT.O - 
C S  * *********(REPEAT FOR ALL GROUPS) - 
C S  * * P R I N C I P A L  C R O S S  SECTIONS ALVAYS - 

* ********* C S  - 
C S  * - 
C S  ********* ( R E P E A T  FOR EACH S C A T T E R I N G  ORDER 
C S  4 * L = 1 ,  LMAX, J H E R E  LMAX ' I S  THE - 
C S  * * LARGEST O F  L I N ,  L E L ,  AND L N 2 N .  - 
C S  8 * S E E  I S O T O P E  EEADING RECOBD.) . - 
C S  * * ******(REPEAT FOR ALL GROUPS) - 
C S  * * P TNDEX FOR S C A T T E R I N G  GROUP ALt7AYS - 
C S  * * * T N E L A S T I C  S C A T T E R I N G  L I N . G Z .  L  - 
C S  * * * E L A S T I C  S C A T T E R I N G  L E L .  G9.  L - 
C S  * * * (N, 3 N )  SCAT'TEEcING L N 2 N . G F . L  . - 
CS * $ * * * * 6 9 f  ***  - 
C  - 
c----------------------------------------------------------------------- 

L E L 9 N  
LEZ.'l P 
LINDN 
LTNiJP 
LN?NDN 
LN 2NTJP 
N G R O g P  
M UT, T 
i Q ? e C  - ,. 

N U M B E R  OF ELA'STIC D O G J N S C A T T E R  . G R O ~ J P S .  
NUMBER O F  E L A S T I C  UPSCATTER GROUPS. 
NUMBZR OF I N E L A S T I C  DOVNSCATTER G S O U P S .  
NUMBER OF I N E L A S T I C *  UPSCATTER GROTJPS. 
N!JIYBER O F  ( N ,  2N) DOWNSCP.TTER GPOYPS. 
NUMBER OF ( N , 2 N )  UPSCATTER GROUPS.  
KUYBER O F  ENERGY GROTJPS I N  THE SF.'!'. 
2 FOR IBM MACHINES,  1 O T H P R W I S E .  
0 FOR DOUBLE P R E C I S I O N  VERSTON O F  D.ATA S B T  
X S . I S 0 ,  1 FOR S I N G L E  P R E C I S I O N  VS!?SION 0.7 THP 
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DATA S-ET.  

C  R  I ' S o T O p E  N A N 3  (TYPE 1 )  
C  
CC ALGAYS P B E S E N T  
C  
C L  ISONRM . . 

C  
CW MULT . 
m 
L 
CD ISONAM I S O T O P E  NAME ( R E A L s 8 )  . - 
C  - 
c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
CR I S O T O P E  HEADING 3ZCORD ( T Y P E  2) - 
C  - 

A L v a y s  . P R E S E N T  - CC .. 

C  - 
C L  I C H T , L I N ,  L E L , L N 2 N ,  E F I S S ,  ECAPT - 

- C  
CW 4 + 2 *  ( 2 - I P R E C )  
C - 
CD , . . I S O T O P E  F I S S I O N  SPECTRUM .FLAG. - I C H I  
CD I C H I = -  1, I S O T O P E  USES PROMPT F I S S I O N  SPECTRIJ[f - 
CD F O R  S E T .  - 

. . 
CD = O r  I S O T O P E  I S  NOT F I S S I O N A R L S .  - 
CD =1 ,  I S O T O P E  U S E S  OWN PROMPT F I S S I O N  - 
CD SPECTRUM. WHICH I S  NOT INCIDENT-ENERGY - - 
CD DEPENDENT (VECTOR) . - 
CD .=!?GROUP,  I S O T O P E  U S E S  OWIi FROYPT F I S S I O N  - 
CD SPECTRUM WHICH IS INCIDENT-FNEFIGY- - 
CD DEPENDENT (MATRIX) . - 

- CD L I  N M A X I M U M  ORDER OF I N E L A S T I C  SCBTTEBTNG. 
CD L I N = O ,  NO S C A T T E R I N G .  - 
CD = 1 ,  I S O T R O P I C  S C A T T E R I N G .  - 
C D  = 2 ,  L I N E A R  ' A N I S O T R O P I C  SCF.TTERING.  - 
CD = N ,  0RDE.R N - 1  A N I S O T R O P I C  S C A T T E R I N G . .  - 
CD M A X I M U M  ORDER OF E L A S T I C  SCRTTERTVG. - L E L  
CD L E L = O ,  KO S C A T T E R I N G .  - 
CD = 1,  I S O T R O P I C  S C A T T E R I N G .  - 

= 2 *  L I N E A R  A N I S O T R O P I C  S C A T T E R I N G .  - CD 
CD , = N ,  ORDER N - 1  A N I S O T R O P I C  S C A T T E 9 I N G .  - 
CD LN2 N M k X I M U M  ORDER OF ( N ,  2N) S C A T T E R I N G .  - 
CD LN2N=O,  NO S C A T T E R I N G .  - 

=1 ,  I S O T R O P I C  S C f l T T E R I N G .  - CD 
CD = 2 ,  L I N E A R  A N I S O T R O P I C  S C A T T E S I N G .  
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CD N ,  OiiDER N- 1 A N I S . O T R G P I C  S C A T T E R I N G .  - 
CD E F T S S  WATT-SECONDS/FISSION.  - 
CD ECAPT WATT-SECONDS/CAPTURE GHERE C A P T U S E  R S F E R S  TO - 
CD N O N - F I S S I O N  ABSORPTION.  - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

c----------------------------------------------------------------------- 
CR I S O ' T O P F  F I S S I O N  SPECTRUM ( T Y P E  3) - 
C  - 
CC PRYSENT I F  I C H I .  G T . 0  ( S E E  I S O T O P E  HEADING FIECORD) ' - 
C  - 
C L  ( ( C H I  ( I ,  J )  , T=l, I C H I )  , J=1, NGROUP) 4 - 
C  - 
CB I C H I * N G R O U P *  ( 2 - I P R E C )  - 
C  - 
CI) CHI: (T, J )  F I S S I O N  SPECTRUM I N C I D E N T  I N  GROUP J ,  BORN - 
CD I N  GROUP I. - 
C  - 

c----------------------------------------------------------------------- 
CR P R I N C I P A L  C R O S S  S E C T I O N S  ( T Y P E  4 )  - 
C  - 
CC ALbJAYS P R E S E N T  - 
C  - 
C L  J , S T 9 ,  SCAP,SNALF,SNP,ANISO,SFIS,FISNU - 
C  - 
Clu' 1+7* ( 2 - I P H E C )  I F  I C H I  .NE.O - 

. CkT 1 + 5 *  ( 2 - I P R E C )  I F  1 C H I . E Q . O  - 
C  - 
CD J GROUP INDEX. - 
CD ST8 TRANSPORT CR0S.S  S E C T I O N .  - 
CD S C A P  R A D I A T I V E  CAPTUB E ( N ,  GAMMA) C R O S S  S E C T I O N .  - 
CD SNALw (N,ALPHA)  C R O S S  S E C T I O N .  - 
CI! S N P  ( N ,  P )  C R O S S  S E C T I O N .  - 
CD ANTSO I S O T R O P I C  E L A S T I C  SELF-SCJ!TTERING C O N S I S T E N T  - 
CD WITH A N I S O T R O P I C  TOTAL C R O S S  S E C T I O N .  . - 
C D  A N I S O ,  W H E N  A D D E D  TO T H E  S U M  O F  ~ L L  E V E N T S  - 
CD WHICH REMOVE A NEUTRON FROM T H E  GROUP, - 
CD Y I E L D S  THE TOTAL GROUP C R O S S  S E C T I O N .  - 
CD S F I S  F I S S I O N  C R O S S  S E C T I O N  , P R E S E N T  I F  I C H I .  NE. 0 .  - 
CD F T S  N U  NUMBER O F  F I S S I O N  NEUTRONS PER F I S S I O N  T I M E S  - 
CD F I S S I O N  C R O S S  S E C T I O N ,  P R E S E N T  I F  I C H I .  NE. 0. - 
C  - 
c ----------------- ----- ---------------- - ................................ 
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> 

c .  - 
ci? ( L ? 7 2 m ? . ! U P + L N 2 ~ ~ ~ +  1) * ( 2 - I p R E C )  - 
P 
L - 
CD S N2 N ( K )  ( N , 2 N )  S C A T T E R I N G ,  GROUP K TO GRO'JP J .  - 
C - 
c----------------------------------------------------------------------- 

CEOF . , 
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APPENDIX D. MC'-2 Binary F i l e s .  ATNUAT 

- ....................................................................... 

C  - 
C  PREPARED 3/05/75 AT ANL - 
C  - 
C F  ATNU AT - 
C E  UNRESOLVED RESONANCE I N T E G R A L S  - 
C  - 
CN T H I S  DATA S E T  I S  WRITTEN BY MC**2-IT ASEA 5 - 
CN ( C S C 0 0 4 )  I F  UNRESOLVED M R T E R I A L S  ARE P S E S E N T  - 
C  - 
C***+**********************jr******************************************** 

CD I F 1  
CD 

' CD 
CD J L  
CD M UL T  
CD N E S F  
CD NREG 
CC 
CD 
CD 
CD 
CD 
CD 
CD 
CD N!JMRTS 
CD NUNRES 
CD 
CD 

P I S S I L E  MATERIAL I N D E X .  
I F I = O  FOR N O N - F I S S I L E  MATERIAL. 
I F I = l  FOR F I S S I L E  MATER3AL 
NUMBER O F  S P I N  S T A T E S  FOR CURRENT I S O T O P E  
2  FOR IBM MACHINES,  1 O T H E R W I S E  
NUMBER OF F I X E D  ENERGY MESH P O I N T S  
NU?IBER O F  R,EGIONS 
NRZG=1 FOR HOMOGENEOUS PFEOBLEMS (NGEOM=O) 
N R E G = ~ * F O R  P I N  C E L L S  (NGEOM=2) AND I F  

MAXHTM. GT. 0 
NREG=1 + NUMBER OF S L A B  R E G I O N S  FOR S L A B  

PROBLEMS (NGEOM=1) AND I F  MAXHTM.ST. !! 
(MAXHTM I S  THE MAXIMUM NUMBER O F  MATERTALS I N  

A N Y  HETEROGENEOUS R E G I O N )  
NUMBER OF UNRESOLVED RESONANCE M A T 9 I A L S  
NUNRES=O I F  UNRESOLVED RESONANCE C 3 O S S  S  ECTTONS 
ARE GENERATED. NUNRES=1 I F  UNRESOLVED RESONANCE 
I N T E G R A L S  ARE GENERATED 

C----------------------------------------------------------------------- 

C S  F I L E  STRUCTTJRE - 
C S  - 
C S  RECORD T Y P E  P R E S E N T  I F  - 
C S  ................................ .............................. -- ------- -------------- --_-----------_-_---- - 
C S  S P E C I F I C A T I O N S  ALWAYS - 
C S  MATERIAL NAMES ALWAYS - 
C S  F I X E D  UNRESOLVED RESONANCE ALVR YS - 
C S  ENERGY MESH 
C S  *********** ( R E P E A T  FOR NUMRES MATERIRLS)  - 
C S  4: MATERIAL S P E C I F I C A T I O N S  ALYAYS - 
C S  * ** * *a* * *  (REPEAT FOR N I S O  I S O T O P E S )  - 
C S  + * S P I N  S T A T E  DATA ALKAYS - 
C S  * * LEVEL S P A C I N G  ALWAYS - 
C S  + * ****a  ( R E P E A T  FOR 1+NO. OF R E G I O N S  - 
C S  * 4 : 9 *  I N  WHICH M.ATER1F.L I S  TREATED - 
C S  * * $  HETEROGENEOUSLY) - 



APPENDIX D. M C ~ - ~  Binary F i l e s .  ATNUAT (Contd.) 

C S  * * * CA?TU3E J I N T E G R A L  ALXAYS - 
C S  * * * TOTAL J I N T E G R A L  ALt! A Y  S  - 

- C S  . *  *. * F I S S I O N  J INTEGE(AL I F T .  EQ. 1 
C S' *********** - 

TOTAL FLUX CORRECTION F h C T O R  PLYP-Y S  - cs 
C  - 
c--- ............................... --""-'---"-----,"--------"------- 

c----------------------------------------------------------------------- 
- S P E C T P I C A T I V N S  ( T Y P E  I )  - C  F. - C 

CC ALr4?AYS P R E S E N T  - 
C  - 
CL N V I R T S , N E S F , N R E G ,  JLMrAX , f l A X I S O  - 
C - 

5 - C  77 
C  - 
C D  L S T M A X * J S T M A X  W H E R E  L S T M A X  IS T H E  M A X  T M U Y  - JT,!!AY 
CD VALUE OF T H E  NUMBER O F  ANGU.LAF, MOMFNTUM - 
CD - S T A T E S  OVER ALL MATERIALS I N  THE F I L E  AND - 
CD JS.TMAX I S  THE M B X I M U N  VALUE O F  TFIE N U M B E R  OF - 
C D  C H A N N E L  S P I N  S T A T E S  E S S O C I I ~ T E D  V I T Y  B - 
CD PARTICULAR ANGULAR MOMENTUM S T A T ?  O V E R .  ALL - 
CD MATEaTALS I N  THE F I L E  - 
CD MILXISO M A X I M U M  NUMBER O F  I S O T O P E S  I N  THE MTXTTJR?? - 
C  - 
c----------------------------------------------------------------------- 

MATERTIiL NAYXS ( T Y P E  2) - C'P 
C - 

ALT.:AYS P R E S  ENT CC - 
C - 
C L  (UNRNAT (I) ,I= 1 ,  NY MRES) - 
C - 
CW MT.JLT*NTJ MBES - 
C  - 
CD DOUBLE P E E C I S I O N  ( R *  8)  UNRESOLVED RESONP. NCE - UNgY ?!? 
C D .  MATERIAL NAMES - 
C - 
c--------------------------'-'--------------------------------------------- 

. .  . c----------------------------------------------------------------------- 
CT! F I X E D  U N R E S O L V E D  R E S O N A N C E . '  E N E R G Y  M E S H  ( T Y  PF 3) - 
C  - 
CC . A L 7 A Y S  P R E S E N T  - 
C 



APPENDIX D. M C ~ - ~  Binary ~ilch. ATMJAT (Contd.) 

CL ( E S F  ( I )  , I= I ,  NESF)  
I - 

C  - 
C  tJ N E S F  - 
C  - 
CD E S F  F I X E D  ENERGY MESH P O I N T S  G I V E N  I N  ORDER OF - 
CD DECREASING ENERGY - 
C  - 
c ................................................. - -------- ------------ - 

c --------------- ............................. - --------------------------- 
CR YATERTAL S P E C I F I C A T I O N S  ( T Y P E  4) - 
C  - 
CC - ALWAYS P R E S E N T  
c - 
C L  N T S 0 , I F I  - 
C  - 
C  G? 2 - 
C - 
CD ' N I S O  N U M B E R  OF ISOTOPES  - 
C - 
c----------------------------------------------------------------------- 

J 

CR S P I N  STATE DAT.A ( T Y P E  5) - 
C  - 
cc A L T J A Y S  P R E S Z N T  - 
C  - 
C L  J L  - 
C  - 
CW . 1 - 
C .  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - - - - - - - -  ---------- - 

c-------------------------------------------------*--------------------- 
C 9  L E V E L  S P A C I N G  (TYPE 6) - 
C - 
CC ALL!'AYS PRESENT - 
C  - 
C  1; ( ( F  ( T , J )  , T = l , N Z S F )  , J = l , J L )  - 
C  - 
cv N E S F * J L  - 
C  - 
CD il AVERAGE LEVEL S P A C I N G  - 
c ' - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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c-----------------------------*----------------------------------------- 
CR CAPTURF: J I N T E G R A L ,  ( T Y P E  7) - 
C - 
CC AL5?AYS P R E S E N T  FOR THE HONOG.ENEOUS MIXTURE.  - 
CC ALSO P P E S E N T  FOR EACH HETEROGENEOUS REGION I N  WHICH - 
CC C!JBRENT MATERIAL I S  TREATED HETEROGENEOUSLY . - 
C - 
C L  ( ( l J C J ( T , J )  , I = l , N E S F )  , J = l , J L )  - 
C - 
CR N E S F * J L  - 
C - 
CD U CJ UNRESOLVED RESONA'NCE CAPTITRE TNTRGR AL - 
C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C----------------------------------------------------------------------- 

CR TOTAL J I N T E G R A L  (TYPE 8 )  - 
C - 
C C  ALWAYS P R E S E N T  FOR THE HOMOGENEOUS MIXTURE.  - 
CC ALSO P R E S E N T  FOR EACH HETEROGENEOUS REGION I N  VHICH - 
C C  CURRENT MATERIAL I S  TREATED HETEROGENEOUSLY - 
C - 
CL ( (rJT:Y ( I ,  J )  ,1=1 , N E S F )  , J=1, J L )  - 
C - 
Ck! N F S F * J L  - 
C - 
CD U T J  UNRESOLVED RESONANCE TOTAL INTEGRAL - 
C 
c----------------------------------------------------------------------- , 

CF F I S S I O N  J I N T E G R A L  ( T Y P E  9 )  - 
C 
CC I F  I F I . E Q . l ,  ALWAYS P R E S E N T  FOR THE HOMOGENEOUS MIXTIIRE. - 
CC ALSO P R E S E N T  FOR EACH HETEROGENEOUS REGION I N  XHTCH - 
CC C ' U R K E N T  MATERIAL I S  TREATED HETEROGENEOUSLY - 
C - 
C L  ( ( : J F J ( T , J )  , 1 = 1 , N E S F )  , J = l , J L )  - 
C - 
CW NES? *J%, - 
C - 
CD U F'J UNRESOLVED RESONANCE F I S S I O N  INTEGRAL - 
C - 
c-------------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
C? TOTf iL  FLUX CORRECTION FACTOR ( T Y P E  1 0 )  
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C  
CC ALWAYS P R E S S N T  
C  
C L  ( T O T P C F  ( I ,  J )  , I = 1 ,  N E S F )  , J=1 ,NREG) 
C  
C  1.' N E S F t N 9 E G  
C  
CD TOTFCF TOTAL FLUX CORRECTION FACTOR 
C 

- CEO!? . . 



APP-NDIX D. M C ~ - Z  Binary Files. BC , 

C  - 
C  PREPARXD '6/13/75 AT ANL - 
C  - 
C F  ' BC - 
CE BC)r!NDP.RY C O N D I T I O N  S P E C I ' F I C A T I O N S  - 
C  - 

T H I S  I S  A N  ABBREVIATE'D V E R S I O N  OF THE CN - 
DATA S E T  BC. I T  I S  USED FOR MC**2-IT - CN . 

CN CALCULATIONS.  - 
C - 
C * t * * * * t t t t * * * * * * S t * * t * * * * t 8 * # t * * 9 : * * 9 * # * * * * * * * * * * * * * # * * * * * * * * * * + * * * * * * * *  

CR S P E C T P T C A T I O N S  ( T Y P E  1 )  - 
C - 
C L  NRCT,, NSCF - 

- c .  
CW 2 - ,. - L 

CD NECL B O U N D A R Y  C O N D I T I O N  T Y P E  NUMBER FOR L E F T  . - 
CD BOUNDARY O F  THE C E L L  ( S E E  B E L O S ) .  - 
CD NECR BOUNDARY C O N D I T I O N  T Y P E  NUMBER F 0 9  RIGSF - 
CD BOUNDARY O F  T H E  C E L L  ( S E E  EELOY) ., - 
CI! - 

D E S C R I P T I O N  CD TY PZ - 
CD ---- ....................... ---- -- ---- ------- - 
CD 8 R E F L E C T I V E  - 
CD 9 P T E I O D I C  - 

1 0  WHITE - CD - c 
c----------------------------------------------------------------------- 

J 

C E O F  
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i .  - 
C PREPARED 3/10/75 AT ANL - 
C - 
C F  S I G X S l  THHOUGH B I G X S ?  - 
C F  MACROSCOPIC E L A S T I C  S C A T T E R I N G  - 
C- - 
CN T H E S E  F I L E S  ARE WRITTEN BY H C * * 2 - I 1  ARYA 7 - 
CN ( C S C O O 8 )  - 
C - 
C**********9******8$:**6*****.9:***8***3r*******************************F** * 

NUMBER OF SOURCE GROUPS O F  DATA 
R E P R E S E N T E D  I N  EACH C R O S S  S E C T I O N  RECORD 
NUMB32 OF GZOUPS O F  DOWNSCATTER C H R B A C T E 9 I S T I C  
OF T H E  P R O B L E M  I S O T O P E  OF L I G H T E S T  MASS 

c----------------------------------------------------------------------- 
CR S P E C I F I C A T I O N S  ( T Y P E  1 )  - 
C 1 

- 
CC ALWAYS P R E S E N T  FOR F I L E  B I G X S l  - 
CC NEVER P R E S E N T  FOR F I L E S  B I G X S ~ '  THROUGH B T G C S P  - 
C - 
CL NDOrJN, ND05T!71 ,NUMSPC \ - 
C - 

3 CK 
C - 
CD NTJYSPC NUMBER O F  B I G X S  ( I . E .  B I G X S l  THBOUGH BIGXS?)  - 
CI) FILSS R E Q U I R Z D  F O R  P R O B L E M .  T E E  M A X .  WJEBE? OF - 
CD F I L E S  ALLOilSD I S  25. THE VALUE .OF NUPlSPC - 
CD DEPENDS UPON THE NUMBER O F  ULTRA-FINE-GEOrJPS - 
CD I N  THE UULTIGROUP P O R T I O N  O F  THE S?FCTRUV - 
CD CALCULATION AND THE MASS O F  T H E  MATERIAL - 
CD USED T O  DETERMINE THE DATA MANbGEYENT S T 8 B T E G Y . -  
CD THE VALUE OF NlJNSPC I S  S E T  BY TUY CODE AT 9UN - 
CD T I M E  - 
C - 
c -------------- ........................................................ 

c----------------------------------------------------------------------- 
CR C R O S S  S E C T I O N  ( T Y ? E  2 )  - 
C - 
CC AL?AYS P S E S E N T  - 
C - 
CL ( ( S T G S ( 1 )  , 1 = 1 , N O E i 3 1 ) ,  ( S I G O ( 1 )  , I = l , N D N l ) ,  ( S I G l  (I) , I = l f M 3 N 1 ) ,  - 
C L  1 J = I f N D 0 4 N )  - 
C I - 
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CW NDOWN* ( N O R D l + I S P * N D N l )  - 
C - 
CD I S P = 1  FOR I N C O N S I S T E N T  SPECTRUM O P T I O N S  ( 1 S P O P T . L E .  2) - 
CD IS!?=:! FOR C O N S I S T E N T  SPECTRUM O P T I O N S  ( I S P O P T .  GE. 3) - 
CD NOR91 ORDER OF EXTENDED TRANSPORT A P P R O X I N B T I O N + 1  - 
CD NDNl=NDOBN 1 + 1  - 
CD - 
CD S I G S  LEGENDRE 'MOMENTS O F  MACROSCOPIC S C A T T E B I N G  - 
CD C R O S S  S E C T I O N .  THE THE J I T H  GROUP. - 
CD 1=1  CORRESPONDS TO THE NORDER COMPONERT - 
CD I=NORDER CORRESPONDS T O  T H E  P I  CONPONENT - 
CD I - N O R D 1  CORRESPONDS TO T E E  PO COMPONENT .m 

. cD SP130 , ,, ' I I A C ~ R ' O S C O P I C  ,PO SCATTERTNG MATRIX ORDERED A3 - 
CD 'J T O  J + I - 1  S O  THAT I=l I S  THE IN-GROUP TESM - 
C D  S I L ~  M A C R O S C O P I C '  P I  S C A T T E R I N G  M A T F I X  O R D E R E D  A S  - 
CD J T O  J + I - 1  S O  THAT 1=1 I S  THE IN-GROUP TERM - 
C - 
CN THE J ' T H  GROUP I N  THE ABOVE L I S T S  COSRESPOYDS - 
CN TO A P A R T I C U L A R  ULTRA-FINE-GROUP I N  T H E  - 
CN PROBLEM. THAT I S ,  FOR B I G X S I  THE J ' T H  - 
CN GROUP CORRESPONDS TO T H E  J ' T H  ULTRA-FTNE GRQU!?. - 
CN FOR B I G X S 2  THE J ' T H  GEOUP CORRESPONDS TO TYE - 
CN ULTRA-FINE-GROUP I N  THE PROBLEE? O F  J+N!lOIJN, - 
CN AND S O  ON THROUGH B I G X S P .  - 
CN THE ARRAY S I G l  I S  P R E S E N T  ONLY FOR I S P = 2  - 
C - 

. . c ...................................................................... * 

C E O F  
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REGTON-INTERVAL CORRESPONDENCE ( T Y P E  3) - 
C  - 
C L  (MP (T) , T = l  , N I N T I )  . - 
C  - 
CW N I N 7 ' 1  - 
C  - 
C D  ~ r 7  R E S T 0 3  INDEX.  I F  MR ( I )  =N, THEN RFG(N) 1 5  - 

THE REGION LABEL I N  I N T E R V A L  J 
( S E E  LADELS RECORD DELOK) r 

C O ? l P O S T T I O N - I N T  EHV AL CORRESPONDENCE ( T Y P E  4 )  - CR 
C , 

C  I. (MC ( I )  ,I= 1  ,NINTI) 
C  
C  $1 NTNTT 
C  
CD MC C O M P O S I T I O N  INDEX.  IF' M C ( 1 )  = N ,  TFIEN .CNAME (?I) 
CD I S  THE C O Y P O S I T I O N  LABEL I N  TNTERVnL I 
CD ( S E E L A B E L S  RECORD RELOW). 

c----------------------------------------------------------------------- 
C 2  C O Y P O S I T I O N - R E G I O N '  COilRESPON DENCE ( T Y P E  5 )  - 

C O M P O S I T I O N  INDEX.  I F  N C ( I ) = N ,  THEN CNABZ(N)  - 
I S  THE C O M P O S I T I O N  LRREL I N  REGION I - 
( S E E  LABELS RECORD BELOW) . - 

- 

c----------------------------------------------------------------------- 
C P  LABELS ( T Y P E  6)  - 

- C  - 
C L  , (REG ( I )  , T= 1 ,NREG) , (CNAME: ( I )  , I = 1 ,  NCMP) - 
C  - 
c l.' NUTAT* ( N R E G  +NCMP) 
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C - 
CD REG REGION L A B E L S  (REAL*8)  . - 
CD CNAYE, C O M P O S I T I O N  LABELS ( R E A L * 8 ) .  - 

. . 
C - 
c--- --- -------. ................................. - ---------- d --------- -- -- - 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
REGTON VOLUMES ( T Y P E  7) - CR 

C - 
(VOI, (I)  , I= 1,  N R  EG) C L  - 

C 
CW MULT*NREG, - 
C - 
CD VOL VOLUME O F  REGION R E G ( 1 )  ( R E A L * 8 )  ( S S E  L P B E L S  - 
CD . RECORD A.BOVE). VOL EQUALS T H E  VOLUME PEF - 
CD U N I T  HEIGHT.  I N  THE T R A N S V E R S E  D I R E C T I O N .  - 
C - 
c - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -.- - - - - - - - - 
CEOF 
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~ * * * * * * * ~ * * * * t t * * * * * * * * 4 : * a * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * *  
C - 
C P R E P A R E D  4 / 2 6 / 7 6  A T  A N L  - 
C - 
C F  T R E S C S  - 

I N T E G R A L  TRANSPORT RESONANCE C R O S S  S E C T I O N S  C E  - 
. C - 

CN BROAD G R O U P .  RESONANCE CAPTURE,  F I S S  I O N ,  - 
CN S C A T T E R I N G  AND TRAN.SFER C R O S S  S E C T I O N S  A C  - 
CN CALCULATED IIi MC**2- I1  AREA '10 ( C S C O 1  1 )  - 
C N I N T E G R A L  TRANSPORT THEORY - 
C - 
r99 * f99 *$ *9 * * * * * * * * * * * * * * * * * * * * * * *$ * *9 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *%* * *  

CD MULT 
CD NBFiOAD 
CD 
CD NCNTY 
CD 
CD 
CD NGEOM 
CD 
CD 
CD 
CD NREG 

2 FOR IBM YACHSNES,  1 O T H E R W I S E  
NU.MBER O F  BROAD GROUPS I N  THE RABANL ( C S C O 1 1 )  
ENERGY RANGE 
NUMBER O F  RESOLVED RESONANCE MATERTALS I N  THE . 
PROBLEM NIXTURE E ' X C L U D I N G  ANY UNTQUE FOTL 
M A T E R I A L S  
GEOMETRY T Y P E  
NGEOM=O FOR HOMOGENEOUS PROBLEM 
NGEOM=1 FOR SLAB GEOMETRY 
NGEOM=2 FOR C Y L I N D R I C A L  GEOMETRY 
NUMBER O F  R E G I O N S  I N  THE C E L L .  NREG=1 FOR 
~ O M O G E N E O U S  PROBLEMS 

c----------------------------------------------------------------------- 
C S  F I L E  STRUCTURE - 
C S  - 
C S  RECORD T Y P E  P R E S E N T  I F  - 
C S  ................................... ___-r-_--__-_-----_---------------- 

--------------------- - -____-__---  _ -------- - 
C S  S P E C I F I C A T I O N S  ALF'R.YS P R E S E N T  - 
C S  . PIATERIAL NAMES ALFTAYS PRES ENT - 
C S  B E G I O N  NAMES NGEOM.GT. 0 - 
C S  ..******** ( R E P E A T  N B R ' O A D  T I M E S )  - 
C S  * DO'JNSChTTZRS ALWlr.YS P R E S E N T  - 
C S  * RESONANCE C R O S S  S E C T I O N S  ALWAYS P R E S E N T  - 
C S  * TRANSFER C R O S S  S E C T I O N S  A L W A Y S  PRESENT - 
C S  ******+* - 
C S  C E L L  - C R O S S  S E C T I O N S  NGEOM. GT. 0 - 
C S  GROUPS S C A T T E R E D  NGEOM. GT.  0 - 
C S  C E L L  TRANSFER C R O S S  S E C T I O N S  NGEOM. GT. 0 - 
C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 





/ 
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CD .NBGVnX MAXIMUM NUMBER O F  BRObD GROUPS DOWN-SCATTERED - 
C D  F O ~  E A C H  M A T E R I ~ L '  A N D  C U R R E N T  B R O A D  G R O I T P  - 
C - 

CF. RESONANCE C R O S S  S E C T I O N S  ( T Y P E  5) - 
C - 
CC AJJIJA YS P R E S E N T  - 
c .  - 
CL ( ( P E S C A P  ( M , I O  , M = , l  ,NCNTM) , K = l ,  NREG) , ( ( R E S F I S  (M,K) ,M=l ,NCNTM) , - 
' C L  1 :7= 1 ,  N g E G ) ,  ( ( R E S S C T  (M , K )  , M= 1, NCNTM) , K = 1 ,  NREG) - 

C - 
C 3*NCNTM*NREG - 
C - 
CD RESCRP (M, K )  RESONANCE CAPTURE CROSS S E C T I O N  FOR MATBRIAL N - 
C D  A N D  R E G I O N  K F O R  T H E  C U R R E N T  B R O A D  G H O ' J P  - 
C D  R E S F I S  ( M , K )  R E S O N A N C E  F'ISSI,ON CROSS' S E C T I O N  F O ~  M A T E R I A L  M - 
cn A N D  R E G I O N  K . F O R  T H E  C U R R E N T  B R O A D  G R O T T P  - 
CD 2 E S S C T  (M,K) . RESONANCE S C A T T E R I N G  C R O S S  S E C T I O N S  ??OR - 
CD '. MATERIAL M AND REGIO'N K FOR THE CURRENT BROAD - 

GROUP 

c--- -- -- ---- - -- - ---------- ----- - ------- ------ ----------- ------ -- --- ----- -- - 
CR TRANSFER C R O S S  S E C T I O N S  ( T Y P E  6 )  - 
C - 

/ .. I 

CC ALVAYS P R E S E N T  - 
C - 
CL ( ( ' ( T ~ N S F R ~ ( M . K ,  J )  ,P!=I,NCNTM) , ~ = 1 ,  N R E G )  , J = 1  , NMAX) - 
C - 
cb? NC?JTM*NREG*NMAX - 
C - 
CD TRNSFR (N, K ,  J) RESONANCE MATERIAL M TRANSFER CROSS S E C T I O N  , 

- 
CD FOR RE.GION K FROM THE CURRENT BR0F.I) GROUP, SAY - 
CD 1 , - T O  BROAD GROUP I + J  - 
CD N M R Y  . LARGEST O F  THE ,NBGMI!X FOR THE ClTRBENT BROAD - 
c ? GROUP FOR ANY O F  T H E  NCNTM MATERIALS 

- 

C E t L  CROSS S E C T I O N S  ( T Y P E  7) 

P R E S E N T  I F  NGEOM.GT.0 ' 
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C L  ( ( C E L C A P ( Y , K )  ,M=1 ,NCNTM) , K = 1 ,  NBROAD) , ( ( C E L F I S  (M,K) , M=1, NCN.TM) , - 
CL 1 K = l  ,NBROAD) , ( ( C E L S C T  (M,K) , M=l,NCNTM) ,K=l ,NBRO.AD) - 
C  & 

CW '3*NCNTM*NBROAD - 
C  - 
CD LCELCAP (M, K) CELL AVERAGED 3.ESOLVED RESONANCE CAPTURE - 
CD CROSS S E C T I O N  FOR MAT-ERIAL M AND BROAD GROUP K - 
C D  CELFIS  (PI, R )  CELL A V E R A G E D  R E S O L V E D  R E S O N A N C E  FISSION - 
CD CROSS S E C T I O N  FOR MATERIAL M AND BROAD GROUP K - 
CD C E L S C T  ( M ,  K) C E L L  AVERAGED RESOLVED RESONANCE S C A T T E R I N G  - 
CD CROSS SECT' ION FOR MATERIAL M AND BROAD GROUP K - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

c----------------------------------------------------------------------- 
CR GROUPS SCATTERED ( T Y P E  8 )  - 
C  - 
CC P R E S E N T  I F  NGEOM.GT. 0 - 
C - 
CL - ( (EG'EIPDN ( M  ,K) , M = ?  , N C N T M )  , K=I  , N B R O A D )  .- 

C  - 
C  tl NCNTM*NBROAD - .  
C  - 
CD NGRPDN (M, K) NUMBER OF BROAD GROUPS DOWNSCATTFRED EY - - CD M A T E R I l L  M I N  BROAD GROUP ' K  
C  - 
c ................................................ ---------------------- - 

CR C E L L  TRANSFER C R O S S  S E C T I O N S  ( T Y P E  9 )  - 
C  - 
CC DRESENT I F  NGEOM.GT.0 - 
C  - 
CL ( ( ( C E L T F F  ( M , X ,  J )  ,M=1 ,NCNTM) , K = 1 ,  NBROAD) , J=1 ,MOST) - 
C  - 
CW NCNTM*NBROAD*MOST - 
C  - 
CD CELTFR ( M , K , J )  C E L L  AVERAGED TRANSFER CROSS S E C T I O N  FOR - 
CI! MATERIAL M FROM BROAD GROUP K TO B R O A D  GBOr!? - 
CD K + J  . - 
CD MOST L A R G E S T  OF T H E  N B G M A X  FOR A N Y  B R O A D  G R O U P  - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CEOF 
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C**t* t4+**++*++*******4:*8**8******* t* t***********************+****+***~  

C  - 
C  PREPARED 3 / 0 5 / 7 5  AT ANL - 
C  - 
C F  LORENZ - 
C E  LORENTZIAN S H A P E  RESONANCE I N T E G R A L S  - 
C  - 
CN T H I S  I N T E R F A C E  DATA S E T  I S  WRITTEN - 
CN BY N C * * 2 - I 1  AREA 6 ( C S C 0 0 5 )  - 
CN T H I S  DATA S E T  I S  P R E S S N T  ONLY I F  flAXNOL.SY.0 - 
C  - 
C*+** * * * * * * * * * *++** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *+** * * * *+** *  

CD NOLINT 
CD 
CD 
CD NOLRES 
CD 
CD NRXG 1. 
CD 
CD 

NUMBER O F  ULTRA F I N E  GROUPS HAVING 
LORENTZIAN SHAPE RESONANCE I N T E G R A L S  FOR 
EACH RESONACE. SO . T R E A T E D  
NUMBER OF R'ESONANCES G I V E N  A LORENTZIAN SHAPE 
TREATMENT FOR EACH REGION 
1 FOR HOMOGENEOUS PROBLEMS, 2 FOR C Y L I N D R I C A L  
PROBLEMS, 1 + T H E  NUMBER O F  S L A B  R E G I O N S  P O 3  
SLAB GEOMETRY PROBLEMS 

c----------------------------------------------------------------------- 
C S  F I L E  STBUCTURE - 
C S  - 
cs R F C O R D  T Y P E  P R E S E N T  Z F _  - 
C S  ----------------------------------- ----------------------------------- ----------- ---------- ..................... - 
C S  S P E C T F I C A T I O N S  ALWAYS - 
C S  +***+**+ ( R E P E A T  NREG1 T I M E S )  - 
C S  4: RESONRNCE S P E C I F 1 , C A T I O N S  ALG?AYS - 
C S  * RESONANCE NUMBERS NOLRES.  GT. 0 . - 
C S  * ***** ( P E P T A T  NOLRES T I M E S )  - 
C S  + + TJLTRE P I N E  GROUP NUMBERS NOLRES.  GT. 0 - 
C S  * * J 2 0 2 R N T Z I A N  R E S O N A N C E  I N T E G R A L S  NOLRES. GT. 0 - 
C S  ***+**++ - 
C  - 

CR S P E C I F I C A T I O N S  ( T Y P E  1 )  
C 

ALTJAYS P R E S E N T  c c  
C 
CL MAXNOL ;YAXGRP,MAXGPH 
C  
CW 3 
C  
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CD MAYNOI. M A X I M U M  VALUE OF NOLRES OVER ALL RYGIONS - 
CD MAXGRP NAXIPlll N VALUE, OF NOLINT OVER ALL REGTONS - 
CD Y R 9 G  PH PIAXIIUM VALUE OF N O L I N T  OVER THE HOPIOGSNEOTJS - 
CD MIXTURE ( R E G I O N  1 )  1- - 
C - 
c -------------------------------------------------------- -------------- 

CR RESONANCE S P E C I F I C A T I O N S  ( T Y P E  2 )  
C  
CC fiTdi4 P.Y S  P R E S E N T  
C 
CL NOSR??S,N1MTNfN2YAX 
C 
CW 3 
C  - 
CD N 1  MT?J H I G H E S T  ENERGY ULTRA F T N E  GROUP F R V I N G  - 
C D  LORENTZIAN SHAPE RESONANCE I N T E G Y A L S  - 
CD N2YAX L 0 7 E S T  ENERGY ULTRA F I N E  GROUP HAVING - 
CD LORENTZIAN SHAPE RESONANCE I N T E G R A L S  - 

CR FESONANCE NUMBERS ( T Y P E  3) 
C 
CC PRESENT ONLY I F  NOLRES. GT. 0 

LRBSVO (I) , I = J ,  NOLRES 

I. 
LRESNO RESOLVED R E S O N J N C E  NUMBERS FOR RESONANCES - 

HAVING A L O R E N T Z I A N  S H A P E  TREATMENT - 
- 

CR 'JLTRA F I N E  GROUP NUMBERS ( T Y P E  4) - 

P E E S E N T  ONLY I F  NOLRES. GT. 0 

NOLTNT , N 1  , N 2  

3 

N 1 H I G H E S T  ENERGY ULTRA F I N E  GROUP H b V I N G  
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LORENTZIAN SHAPE RESONAWCE I N T E G Z  A'LS - 
LO'N'EST' ENERGY. ULTRA'  F I N E  GROUP HAVING - 
LOREN'TZIAN SHAPE RESONANCE 1NTEC;RALS 1 - 

- 

c----------------------------------------------------------------------- 
. L O R S N T Z I A N  BZSONANCE I N T E G R A L S  ( T Y P E  5 )  CI, - 

.C - 
C C  ?RRSl?NT O N L Y  IF N O L R E S I G T ~ O  - 
C 
CL C ~ T N T L  ( I )  , I = ~ , N O L I N T  - 
C 5 

C  !J NOTLINT - 
C . , - 
CD C J T N T L  LOQENTZIAN SHAPE RESONANCF: INTEGRALS - 
C 1 - 
c----------;------------------------------------------------------------ 

C E O F  
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C  - 
C  E R E P A S E D  3 / 1 0 / 7 5  AT ANL - 
C  - 
C F  MACTOT - 
C E  UL'TRJ! F I N E  GROUP TOTAL CBOSS S E C T I O N S  - 
C  - 
CN BOTH C O N F I G U R A T I O N S  O F  . T H I S  SCRATCH DATA S E m  - 
CN MACTOT ARE WRITTEN BY MC**2-11. AREA 1 0  - 
CN ( C S C O I  1 )  .. T H E  F I R S T  C O N F I G U R A T I O N  C O N T A I N S  - 
CP . U L T R h  F I N E  GROUP M I C R O S C O P I C  TOTAL C R O S S  - 
CN S E C T I O N S .  T H E  R E C O N ?  C O N F I G U R A T I O N  C O N T A I N S  - 
CN U L T R A  F I N E  G H U U P  MACKUSL'UPIC 'l'O'1'UZ CROSS = 

CN S E C T I O N S  . - 
C - 
........................................................................ 

F I R S T  ULTRA F I N E  GROUP READ FOR CLlR3YVT P A S S  
LAST ULTRA F I N E  GROUP R E b D  FOR CURRENT P A S S  
NUHBER OF T Y P E  1 RECORDS P R E S E N T  I N  THF E I L F .  
I F  NULTRA. GT. NUFGi3D*NPASS, THERE !'ILL BE ON7 
A D D I T I O N A L  R E C O R D  R E A D  FOR T H E  . ??Er lAINING 
NULTRA-NPASS*NJFGRD ULTRA F I N E  GROUPS 
NUiJIBER OF MATERIALS I N  T H E  P R O B L E M .  MIXTURE 
WHICH HAVE T,ABULATED TOTAL C R O S S  S E C , r I O N S  
I N  THE AREA 10 ( C S C O 1 1 )  ENERGY 3ANGE 
N U M B E R  OF U L T R A  F I N E  G R O U P S  R E A D  PER PASS.  
N U F G R D z I 2 - I 1 + 1  

c ***********t.** **8***9:**9*9:***9:* 

C  * , * 
c========* F I R S T ,  C O N F I G U R A T I O N  .................................. 
C  * * 
c * * t t * b * * * t R * * * t * t * t * * * * * * 4 : * * * * *  

,- 
c ------------------------------------ - ---------------------------------- 
CS F T L 3  STRUCT[JRE - 
C S  - 
C S  SECORD T Y P E  P R E S E N T  IF - 
C S  ___-__-________-_-P---------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ..................... ------ - ------ - ------- - 
C S  ******** ( R Y P E B T  NPRMTO T I M E S )  - 
C S  * THE CURRENT MFTERTAL - 
C S  * gLTnA F I N E  GROUP TOTAL HAS TOTAL CROSS - 
C S  * C R C S S  S E C T I O N S  S E C T I O N S  I N  THE A R E A  - 
C S  * 1 0  ( C S C O l l )  ENRRGY - 
C S  * RANGE - 
C 5  ******** 
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ULTRA F I N E  GROUP TOTAL CROSS S E C T I O N S  ( T Y P E  1) 

BLT?AYS P R E S E N T  

(STGTOT (I) , I=NITCTFG, NGROUP) 

NGDOTJP-MI TUFG+ 1 

S I G T O T  ( I)  ULTRA F I N E  GROUP M I C R O S C O P I C  TOTAL CROSS - 
S E C T I O N  FOR ULTRA F I N E  GROUP I - 

NITUPG H I G H E S T  ENERGY ULTRA F I N E  GROUP O N  THE ABET! 1 0  - 
- ( C S C O l l )  ENERGY RANGE - 

NG ROiJ? LOWEST ENERGY ULTRA F I N E  GROUP I N  THE PROBLEY - 

CEOP 

C ............................... 
C  * * 
c======== * SYCOND CONFIGURATION ................................. 
C  9 * 
C  ............................... 

C S  F I L E  STRUCTURE - 
C S  - 
C S  RECORD TYPE PRESENT I?? - 
C S  ................................... ................................. -- ------- -------------- -----_----------_---- - 
C S  ******** ( R E P E A T  NPASS T I M E S )  - 
C S  t ULTRR F I N E  GROUP MACROSCOPIC TOTfiL RLWP-YS PRESEYT - 
C S  4: C R O S S  S E C T I O N S  - 
C S  ******** - 
C S  DLTYA F I N E  GROUP MACROSCOPIC T O T A I  NULTRA. GT. - 
C S  C R O S S  S E C T I O N S  NUFGRDaNPASS - 
C  - 
c ............................................................... , ------- - 

ULTRR F I N E  GROUP MACROSCOPIC TOTAL C R O S S  S E C T I O N S  ( T Y P E  1 )  - 



APPENDIX D. M C ~ - ~  Binary F i l e s .  MACTOT (~ontd . ' )  

' C  ' - 
CL ( ( S I G T O T  (M ,  T) , M = l  ,NCMPFL) ,I=I1 , I 2 )  

1 - 
C  I - 
CW N.CMPFL*NIJFGSD - 
c - 
C.D STGTOT (!I, I) ULTi3A F I N E  GROUP NACF!OSCOPIC TOTAL C3OSS  - 
c b  SECTION FOR C O M P O S I T I O N  . M  B N D .  U L T R A  F I N E  - 
CD . . ' GROUP .I - 
CD NCV PPL NUMBER OF COMPOSITIONS PLUS.  NUMBER OF F O I L S  - 
CD I N  T H E  PROBLEM - 
C  - 
CN NUFGRD U L T R A  F I N E  C R O U P S  ARE BEAD PUH' E A C H  PASS- 
CN NHERE N U F G R D z I 2 - I 1  + I .  THERE WILL WE - 
C N ONE P.DDITIC)NAL RECORD AFTER THE N P A S S  RECORDS - 
CN WHICH CON-TAINS NULTRA-NPASS*NUFGRD ULTRA FTNE - 
CN GROUPS I F  NULTRA I S  NOT i!N INTEGRAL MULTIPLE OF- 
CN NUFGRD.. NULTRA I S  THE NUMBER OF ULTRA PINE - 
CN GROUPS I N  THE AREA 10 (CSCO11)  ENERGY RANGE - 
C  - 

CEOF 
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APPENDIX D. M C ~ - ~  Binary. Files. OLDSGS 

C  - 
C  PREPARED 3/19/75 A T  ANL - 
C  - 
C F  O L D S G S  - 
C E  N I C R C S C O P I C  E L A S T I C  S C A T T E R I N G  - ,  - 
c - 
CN TH1.S F I L E  I S .  REED BY N C * * 2 - I 1  A R E A  7 ( C S C 0 0 8 )  . - 
CN , THE FORMAT. OF T H I S  DATA S E T  I S  1DENTZCA.L - 
CN TO THAT O F  DATh S E T  S f l , S I G S  - 
c - 
C * * * * * * * f 9 * * * * & * * * * * * * * * * * * * * * * * * * 8 * , * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * # # * * *  

C E O F  



APPENDIX D. M C ~ - Z  Binary Files. OPTICL 
: * * * * t * t t t * * * * $ 8 * * * . * 6 t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * > k * # * * * * *  

C - 
C PREPARED 3 / 0 6 / 7 5  AT ANL - 
C - 
C F  O P T 1  CI, - 
C E  S L A B  G E O M E T R Y  O P T I C A L  T H I C K N E S S E S '  - 
C - 
CM T H I S  DATA S E T  I S  V R I T T E N  BY MC**2- I1  AREA 5 - 
CN ( C S C o o 4 ) ,  AREA 6 (CSCOOS)  AND/OR AREA 6 .5  - 
C El ( C S C 0 0 6 )  AND I S  PRESENT I F  NGEOM.TQ.1 - 
CN (SLAB GEOMETRY) - 
C - 
C * 8 * * * * t * 6 * * * 4 : * 8 * * O , t * * * O : * * # * r D : * * * + * * * * * * 9 * * 9 : * * * * * * * * 4 : * * * * * * * * * * * * * * * * * * * * *  

. CD NREG NUMBER OF SLAB REGIONS 

- C S  P I L E  STRUCTUEE 
C S  - 
C S  RECORD TYPE PRESENT I F  - 
C S  ................................... ................................... ------------------ --- _ _  --------- - --------- - 
C S  ******** ( R E P E A T  FOR NREG SLAB REGIONS)  
C S  * SIGLXT., S I G R X R  ALWRYS 
C S  ******** 

CR S I S L X L  S I G R X R  ( T Y P E  1)  - 

E L V l Y S  PRESENT 

( ( S I G L X L ( 1 , K )  , I = l , M A X H T M )  , K = l , N G R O U P )  , 
1  ( (STGRXF ( I  ,K) ,I=1 ,MAXHTM) , K = l ,  NGHOUP) 

S I G L X L  O P T I C A L  T H I C K N E S S  TO THE L E F T  OF THE CDRHENT 
SLAB REGION FOR MATERIAL I AND GROUP K .  THE 
CONNECTION BETWEEN I AND PROBLEM Pl?!TERThL 
I S  DETERMINED BY THE ARRAY MATHET ( S E E  
DATA S E T  P R B S P C )  

SIC-RXR O P T I C A L  T H I C K N E S S  TO THE R I G H T  O F  T H E  CYYRENT 
S L A B  REGION FOR MATERIAL I ANC GBOTJP K .  THE 
CONNECTION BETWEEN I AND PROBLEM MATERIAL IS 
DETERMINED BY THE ARRAY MATHET ( S E E  
DATA S E T  PRBSPC)  
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8 A P P E N D I X  D. M C ~ - ~  Binary F i l e s  .' . OPTICL (Contd.) 

. " . / 

M A X H T M  M A X I M U N  N U M B E R  OF M A T E R I A L S  I N  AN!! 
H E T E R O G E N E 0 U . S  R E G I O N  

N G B O ' J P  N U M B E R  OF E N E R G Y  G R O U P S  - 
S O M E  R E G I O N S  WILL. H A V E  S I G L X L  A N D  S I G S X R  - 
FILLED OUT V I T H  Z E R O S .  I F  T H E R F  & R E  F E W E R  - 
M A T E R I A L S  T H A N  M A X H T N  T R E A T E D  H E T E R O G E N E O U S L Y  - 
I N  T H A T  R E G I O N  - 
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APPENDIX D. MC'-2 Binary Files. PRBCHI (Contd.) 

c----------------------------------------------------------------------- 
DROBLEY MATERIAL CORRESPONDENCE ( T Y P E  2) . - - - CR 

C - 
CC , A L s b Y S  P R E S E N T  - 
c ,  - 

( I F I S  (I) , I= 1, NPRM AT) CL - 
C - 

P4PFtr"lF.T ( ' W  - 
C ( '  I - 
CD IFT S F I S S I O N  SPECTRUH I D E N T I F I C A T I O N  - 
CD I F I S = O  PROBLEM MATERIAL IS NOT F I S S I O N A B L E  - 
CD I F I S = N  PROBLEM MATERIRL U S E S  THE N 'TH F I S S I O N  - 

CR F I S S T O N  SPECTRUM FLAG ( T Y P E ,  3) - 
C - 
CC R L ~ T ~ ~ S  P R E S E N T  - 
C - 
C L  (NCYI (I) , T = 1  ,NUMCHI)  - 
C - 
CW NTJYCYI - 
C - 
c--------------------------------"""--------------------------------- 

CR F I S S I O N  S P E C T R U M  USE COUNT ( T Y P E  4 )  - 

ALTCAYS P R E S E N T  

(LCHT ( T )  , I = 1 ,  NUYCHI)  

NU?lBER' OF PROBLEM MATERIALS U S I N G  A G I V E N  
F I S S I O N  SPECTRUM D I S T R I B U T I O N  

c----------------------------------------------------------------------- 
CR F I S S I O N  SPECTRlJM VALUES ( T Y P E  5 )  - 
C - 



APPENDIX D. MC'-Z Binary Files. PRBCHI (Contd.) 

CC P R E S E N T  I F  NCHI.  EQ. 1 
C  
CL ( C H I  ( I )  ,I= 1 ,NGRP) 
C: 
C  b? NG fiP 
C  
CD C H I  F R A C T I O N  O F  F I S S I O N  NEUTRONS BORN I N  GDOOP 
C  

c----------------------------------------------------------------------- 
C!? F I S S T O N  SPECTRTJM PARAMETERS ( T Y P F  6)  - 
C  - 
CC P R E S E N T  I F  NCHI .  GT. 1 - 
C  - 
CL (BPTA ( I )  , 1=1 ,NGROUP) , (ALPHA ( I )  1 = 1  r NGROUP) , - 
CL l(TATT(T)fT=lfNGRO;IP)r(ANORM(I)fI=lrNGRP) - 
C  - 
CW 3*WGROTJP+YGRP - 
C  - 
CD ALPS ?! FRACTIONAL P R O B A B I L I T Y  O F  U S I N G  EVAPORATION - 
CD SPECTRUM LAW. 1-ALPHA I S  FRACTIONAL - 
CD P R O B A B I L I T Y  O F  U S I N G  F I S S I O N  D I S T I I I R U T I O h J  LAW. - 
CD BETA NUCLEAR TEMPERATURE ( E V . )  FOR EVAPORATIOV - 
CD SPECTRUM LAW - 
C!, T9rJ NUCLEAR TEMPERATURE (EV. )  FOR F I S S I O N  - 
CD DISTRTJBUTION LAW - 
CD ANOFlJI F I S S I O N  SPECTRUM NORMALIZAYION FACTOR - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 
c----------------------------------------------------------------------- 
CR F I S S I O N  CROSS S E C T I O N S  ( T Y P E  7) - 
C  - 
CC P R E S E N T  I F  NUMCHI. GT. 1 - 
C  . , - 
C L  ( E S I G F  ( I )  , I=l ,  NGRP) - 
C  - 
CW NG RP - 
C  - 
CD B S I G F  I S O T O P I C  ATOM DENSITY*NUMBER O F  NX[JTROYS - 
CD PER F I S S I O N * M I C R O S C O P I C  F I S S I O N  CROSS S E C T I O N  - 
C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
f CEOF 



APPENDIX D. . M C ~ - ~  Binary Files. PRBSPC 

C*************t*t******************************************************* 
C - 
C PREPARED 1 0 / 2 9 / 7 5  AT ANL - 
C - 
C F  P R B S P C  - 
C E  R I N A 3 Y  VERSION O F .  MC**2-I1  BCD I N P U T  DATA - 
C - 
C - 
C t t * * b * t * * t * * + * S t * * * 4 : 8 * 9 * * * * * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

MAXHTM 

MULT 
NRG 1 
NCV P 

NESF 

NPLM AT 

NG ROrJP 
NPRMAT 

F I X E D  OR F I R S T  GUESS FUh BUCKLING 
I C H I = O ,  USE LIBRARY F I S S I O N  SPECTRF. PO!? 

MATERIALS I N  THE PROB1,EM 
= I ,  11SE F I S S I O N  SPECTRUM O F  MATBRIAL 

I D E N T I F I E D  I N  F I S S I O N  SPECTRUM RECOYD 
FOB RLL HATER1AL.S I N  THE PROBLEM 

=NPRMAT, USE F I S S I O N  SPECTRUM O F  M A T E R I A L  
G I V E N  I N  F I S S I O N  SPECTRUM RECORD 

/ FOR THE PROBLEM MATERIAL I 
M A X I M U M  NUMBER O F  MATERIALS TREATED 
HETEROGENEOUSLY I N  ANY R E G I O N .  FOB 
C Y L I N D R I C A L  PROBLEMS, ONLY REGION 1 I S  
CONSIDERED 
2 FOR IBM MACHINES, 1 OTHERWISE 
1 + T H E  NUMBER . O F  EPI-THERMAL BROAD GROUPS 
NUMBER OF C O M P O S I T I O N S  FQK l lSE  I N  H E T E R O G E N O U S  
REGIONS AS D E F I N E D  ON DATA S E T  A . N I P  TYPE 1 4  
CAR.DS 
NU.MBER' O F  POINTS I N  THE F I X E D  UNRESOLVED 
RESONANCE ENERGY MESH 
NUMBER OF MATERIALS.  USED I N  F O I L S  I N  THE 
I N T E G R A L  TRANSPORT THEORY CALCULATION 
NUMBER OF F O I L S  TO BE E D I T E D  I N  THE I N T E G R A L  
TRANSPORT THEORY CALCULATION 
NUMBER OF' UFG'  I N  THE PROBLEM 
NUYBER OF MATERIALS I N  THE HOMOGENEOUS 
,MIXTURE OF THE PROBLEM 
NUMBER OF HETEROGENEOUS REGIONS.  NREG=1 F O R  
A HOMOGENEOUS PROBLEM (NGEOM=O),  NREG=2 FOR 
C Y L I N D R I C A L  GEOMETRY (NGEOM=2) , J!XD NREG EQUF. LS 
THE NUMBER OF P L A T E S  F O R  S L A B  GEOYETRY . (NGEOM=l)  

CD S P E C I F I C A T I O N S  ( T Y P E  1 )  - 
C - 
CC A L ~ I ~ . Y S  P R E S E N T  - 
C I - % 

C L  NPRYnT,  NGROOP, NGCSD, NGROP, NORDER, I S P O P T ,  I C S O P T ,  I T R A N S ,  NGEOPl, 



APPENDIX D. M C ~ - ~  B inary  F i l e s .  .PRBSPC (Contd.)  

EG,NHFGf  I C H I ,  I B S Q ,  MAXSIZ,MAXBLKf T H E T A J A P S Q R ,  A M I N ,  MAXHTM, 
TSLB,NOHET,NESF,NUNRES,NBGI , N O V R L P , N C A N D , I P R I N T ,  N C S D ,  N C M P ,  
, A2 , I S O R S , N I T B G , N U F G I G ,  NHFGDW,NFOILS,NINGRP,NLEAK,NFLNA?, 
S T S T ,  HOMTEM, I N E L A S ,  NHYDRO 

NGROP 

YOPDER 
I S P O P T  

I C S O P "  

I T R A N S  

NGEO?! 

N HFG 

I B S Q  

THSTA 
CAPSOR 

A M T N  

UFG NUMBER AT WHICH T H E  CONTINUOUS S L 0 7 I N G  
CALCULATION B E G I N S  
L I a R A R Y  UFG NUMBER CORRESPONDING TO THE 
H I G H E S T  UFG O F  T H E  PROBLEM 
ORDER O F  THE EXTENDED TRANSPORT APPROXIMATION 
SPECTRUM O P T I O N  
I S P O P T = 1 ,  21 

= 2 ,  B1 
= 3 ,  C O N S I S T E N T  P I  
= 4 ,  C O N S I S T E N T  B 1  

CONTINUOUS- SLOWING DOWN PARAMETER O P T I O N  
I C S O P T = O ,  IMPROVED GOERTZEL-GREULING 

= I ,  ORDINARY GOERTZEL-GRETJLING 
TRANSPORT A P P R O X I M A T I O N  
I T R A N S = O ,  U S E  ALL LEGENDRE COMPONENTS 

= 1 ,  U S E  STANDARD TRANSPORT APPROXIMATION 
=2 ,  U S E  IMPROVED TRANSPORT APPROXIMATION 

GEOfiETRY O P T I O N  
NGEOM=O, HOMOGENEOUS 

=1 ,  S L A B  GEOMETRY 
= 2 ,  C Y L I N D R I C A L  GEOMETRY 

M A X I M U N  NUMBER O F  HYPER F I N E  GROUPS PPR 
ULTRA F I N E  GROUP TO B E  USED I N  CALCULATI'MG 
E L A S T I C  S C A T T E R 1  NG MATRICES 
BUCKLING O P T I O N  
I B S Q = - 1 ,  DO NOT I T E R A T E  ON BUCKLING AND 

BUCKLING I S  NOT ENERGY DEPENDENT 
= 0 ,  I T E R A T E  ON BUCKLING ANC HTJCKLING I S  

NOT ENERGY DEPENDENT 
=1 ,  DO NOT I T E R A T E  ON BUCKLING AND 

w BUCKLING I S  GROUP DEPENDENT 
NUMBER OF REAL*8 WORDS A S S I G N E D  T O  T F I E . M A I N  
CORE CONTAINER ARRAY 
NlJMBEB OF REAL*8 YORDS A S S I G N E D  T O  TYE B!rI,r< 
CORE CONTAINER ARRAY 
CONTINUOUS SLOW1 NG DOVN I N T E G R A T I N G  F A C T 0 2  
KAPPA SQUARED, T H E  BUCKLING USED I N  
CALCULATING THE EXTENDED TRANSPORT C R O S S  
S E C T I O N  AND THE LEAKAGE TERM FOR THE 
RESONANCE I N T E G R A L  C A L C U L A T I O N S  
MASS OF MATERIAL USED I N  D E T P R M I N A T I O N  O F  T H E  
DATA PI KNAGEMENT STRATEGY FOR THE SPECTRUY 
CALCULATION. A.MIN. LE. THE MASS O F  T H E  
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MATSLB 
NOHET 
NUNRES 

NOVRLP 

I P R I N T  

NCS D 

A 1 
F. 2 
T S Q S S  

NSTBG 

L I G H T E S T  MATERIAL I N  T H E  PRORLEM (EXCLrJDTWS H) - 
MATSLB=NPRMAT I F  NGEON. EQ.  1 .  OTHERWTSX M>TSLB=1-  
NOHET=NPRMAT I F  NGEOM. GT. 0.  OTHER';\TISE NOHET=l  - 
RESOLVED RESONANCE OVERLAP O P T I O N  - 
NUNRES=O,, I N C L U D E  OVERLAP CALCULATION FOR VP - 

T O  NCAND N E I G H B O R I N G  RESO3ANCES - 
=1,  O M I T  OVERLAP CALCULATION - 

UNRESOLVED RESONANCE SELF-OVEHLAP O P T I O N  - 
NOVRLPzO,  I NCLUDE SELF-OVERLAP CALCULATION - 

=1, O M I T  SELF-OVERLAP CfiLCULATION - 
NUYBER OF RESOLVED RESONANCES TO. RE T E S T E D  - 
FOR OVERLAP ON BACH SIDE OF BACU RCSOLVFD - 
RESONANCE. NCAND W I L L  BE 1 IF N U N B B S z l  - 
B P O I  NTER DEBUGGING P R I N T  FLAG - 
TPRINT=O;  NO DEBUGGING P R I N T O U T  .. - 

= I ,  DEBUGGING DUMP P R I N T O U T  - 
=2, DEBUGGING TRRCE P R I N T O U T  - 
= 3 ,  F U L L  DEBUGGING P R I N T O U T  - 

NUMBER O F  . U L T R A  F I N E  GROUPS P E R  CONTINDOUS - 
S L O B I N G  DOWN GROUP - 
C O N S T A N T  USED I N  THE EQUIVALENCE P R I N C I P L E  - 

. CONSTANT U S E D  I N  THE EQUIVALXNCE P R I N C I P L E  - 
I F  0 ,  NO EXTERNA-L SOURCES ARE TJSED. I F  1 ,  - 
EXTERNAL SOURCES ARE USED - 
H I G H E S T  ENERGY BROAD GROUP NUMBEZ FOR IPHICH - 
I N T E G R A L  TKhNSPURT THEORY RESOLVED RE S O Y A N C E  - 
C R O S S  S E C T I O N S  M A Y  BE CALCULATED. I F  N I T B r J = @ ,  - 
THE I N T E G R A L  TRANSPORT THEORY C 3 L C U L A T I O N  ? l I L L  - 
NOT BE INVOKED. - 
NUJRER OF ULTRA F I N E  GROUPS P E R  INTE!?MEDIATE - 
GROUP FOR T H E  I N T E G R A L  TRANSPORT CAL.CULATTON - 

' NUlYBER O F  KYPER F I N E  GROUPS PER DOPPLER NIDTH - 
USED FOR T H E  INTEGRAL TRANSPORT CALCTJLATION - 

' I N G R O U P  S C A T T E R 1  NG O P T I O N  - 
NINGRP=O,  I N C L U D E  INGROUP S C A T T E R I N G  I N  TAE - 

I N T E G R A L  TRANSPORT CALClJLATION - 
= 1 ,  O M I T  THE I N G E O U P  S C A T T E R I N G  - 

TRANSVERSE LEAKAGE O P T I O N  - 
NLEAK=O, O M I T  THE TRANSVERSE LEbKAGB COFRECTTON- 

I N  THE I N T E G R A L  TRANSPORT CALCULATIOX - 
= I ,  I N C L U D E  TRANSVERSE LEBKAGE CORRECTTOV - 

U S I N G  C A P S Q R  FOR T B F  BUCKLING - 
C R I T E R I O N  U S E D  ??OH S E L E C T I O N  O F  RESONANCES TO - 
RE I N C L U D E D  I N  T H E  I N T E G R A L  TRANSPORT - 
CALCULATION - 
TEMPERATURE OF HOMO.GENEOUS MIXTURE FOR TNTEGR AL - 
TRANSPORT CALCULATIONS - 
I N E L A S T I C  AND ( N , 2 N )  ULTRA-FINE-GROUP TFZATMEHT- 
INELF.S=O,  RIGOROUS TREATMENT 

=1,  APPROXIMATE TREATMENT 
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CD NEYT)RO HYDROGEN, TREATMENT - 
C D  N H Y D H O = O ,  H Y D R O G E N  IS NOT I N  T H E  P R O B L E M  - 
CD MIXTURE - 
C D  = I ,  H Y D R O G E N  IS P R E S E N T  I N  T H E  P R O R L E Y  - 
CD MIXTURE - 
C - 

c----------------------------------------------------------------------- 
CR PROBLEM NAMES ( T Y ? E  2 )  - 
C - 
CC ALT,TAYS P R E S E N T  - 
C  - 
CL (PRRNAM ( I )  , T = 1  ,NPRMAT) , ( A L I A S  (I)  , I = l , N P R F A T )  , - 
C L  1 ( I E D I T  (I) , T = 1  ,NPRMAT) , ( I S T Y  PE ( I )  , I = 1 ,  NPRMET) , - 
CL 2  ( E F I S S  (I) , I = l , N P F . M A T )  , ( E C A P  ( I )  , I = 1  ,NPRMAT) - 
C  - 
C  1.7 2*MULT*NPRMAT+4*NPBMAT - 
C  - 
CD PRSIiA M  REAL*^ N A M E S  OF L I B R A R Y  N U C L I C E S .  C O P R E S P O N D I N G  - 
CD T O  PROBLEM MATERIALS - 
CD A L I A S  REAL*8 A L I A S  NAMES OF PROBLEM MATERIAZS - 
CD I E D T T  ( I )  0  I F  M n T E H I A L  I I S  TO BE ADDED T O  THE O U T P 3 T  - 
CD CROSS S E C T I O N ,  DATA S E T ,  1 I F  M E T E S I R L  I I S  NOT - 
CD TO BE ADDED TO THE OUTPUT DATA S E T  - 
CD I S T Y  DE MATERIAL T Y P E S  - 
CD I S T Y P E = 1 ,  F I S S I L E  - 
CD = 2 ,  F E R T I L E  . - 
CD = 3 ,  OTHER A C T I N I D E  ' - 
CD = 4 ,  F I S S I O N  PRODUCT - 
CD = S f  STRUCTURAL - 
CD =6, COOLANT - 
CD =7,  CONTROL - 
CD - E F I S S  ENERGY R E L E A S E  FOR F I S S I O N  ( M E V / P I S S I O N )  - 
CD ECA? ENERGY R E L E A S E  FOR CAPTURE (MEV/C?!PTURE) - 
C  - 
c----------------------------------------------------------------------- 

HOMOGENEOUS ATOM D E N S I T I E S  ( T Y P E  3)  - - 
ALWAYS P R E S E N T  - 

- 
( A T Y 9 E N  (I)  , I=1  ,NPRPJAT) - - 

NPRMAT - - 
A T M D E N  A T O M I C  DENSITISS OF P R O B L E M  M A T E R I A L S  IN T H E  - 
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T Z M P E f ( A T 3 R E S  ( T Y P E  4 )  

( T B Y P ( 1 )  , ? = I  ,NPHMAT) , (.CHITEM ( I )  ,I= 1,  NPRMfiT) 
. . 

2*NF'RMP.T 

TEMPERATURES o U Y  PKUBLEi'i M A T E R I A L S ,  DEGREE3 It 
F I S S I O N  SPECTRUM T E N P P R R T U R E S  I N  E. V .  FOR THE 
PROBLEM MATERIALS.  C H I T P M ( I ) = O . O  I F  MliTERTAT, 
I WAS NOT S P B C I F I E D  O N  THE DRTA SET A.MCC2 
T Y P E  2 3  CARDS 

c----------------------------------------------------------------------- 
CR H E T E R O G E N O U S  ATOM D E . N S I T I E S  ( T Y P E  5) - 
C - 
CC P B E S E N T  ONLY I F  MAXHTM.GT.0 1 

- 
C - 
C L  ( (HETDZN ( 1 , K )  , I = ?  ,NPRMAT) , K = l ,  NREG) - 
C - 
CW NDRMAT*NREG - 
C - 
CD HE.TDEW ATOMIC D E N S I T I E S  OF HATER1 ALS I N  HETEROGENOTJS - 
CD R E G I O N S  . - 
C - 
c----------------------------------------------------------------------- 

c ....................................................................... 
CR HETERCGBNOUS M A T E 8 I A L  D E S I G N A T I O N S  ( T Y P E  6) - 
C - 
CC P R E S E N T  ONLY IF NGEOM.GT.0 - 
C - 
C 1, ,( ( Y  ATHET (I , K )  ,I= 1 ,  NPRMAT) , K = l ,  NREG 1) - 

C :  - 
CW NF!3MAT*!dP??G1 - 
C - - 
CD NfiTHET MATHET ( 1 , K )  I S  .GT.O I F  M A T E R I I L  I I S  - 
CD A RESONANCE MATERIAL AND I S  TREATZD - 
CD HETEROGENOUSLY I N  REGION F. O T H E R V I S E  MATHFT=( 
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CD MATHET ( 1 , K )  I S  INDEXED BY 1 FOR EACH NETERTBL 
CD I T O  B E  TREATED HETEHOGENOUSLY I ' N  E R C S  REGION 
c.D K. A N Y  MATERIAL HAVING NATHET=O WILL NOT 
CD BE INVOLVED I N  T H E  CALCUELTION OF RESONANCE 
CD OVERLAP FOR A N Y  OTHER MATERIAL I N  THAT REGION 
CD NREGl 1 I F  NGEOM=2, NREG I F  NGEOM=1 
C ' 
c--------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
C R  B T O M  D E N S I T I E S  TIMES '  L E F T  SLA'B T H I C K N E S S E S  ( T Y P E  7) - 
C 
CC P R E S E N T  ONLY I F  NGEOM.EQ.1 AND MnXHTM.GT.0 - 
C - 
C L  ( ( ( S X L  ( T ,  J , K )  ,1=1  ,MAXHT?l) , J=1 ,NPRMAT) , K = l  ,NREG) - 
C - 
Ck' MAXHTM*NPBYAT*NREG . - 
C - 
CD SXL SUY OF ATOM D E N S I T Y * T H I C K N E S S  OF SLAB REGIONS - 
CD FOR ALL MATERIALS AND REG1ON.S TO THE L E F T  - 

- CD OF EACH SLAB REGION-  S X L . ( I f J f K )  I S ' T H E  VfiLrJ?? - 
CD FOR MATERIAL I I N  S L P B  REGION K, FOB ELL - 
CD MA'TEIIIALS J I N  ALL S L A B  REGIONS T O  T H E  LSFT - 
CD OF REGION K .  SXL I S  F I L L E D  WITH ZEROS I N  - 
CD R E G I O N S  K I N  WHICH THERE ARE FEVER THAN YAXHTM - 

' CD MATERIALS TREATED HETEROGENEOULSY - 
C - 
c ................................................................... ---- 

I 

c----------------------------------------------------------------------- 
CR ATOM D E N S I T I E S  T I Y E S  R I G H T  S L A B  T H I C K N E S S E S  (TYPE 8 )  - 
C - 
CC P R E S E N T  ONLY I F  NGEOM. EQ. 1 AND NAXHTM. GT. 0 - 
C - 
CL ( ( (SXR ( I ,  J ,  K )  , I= 1 , MAXFTM) , J=1,  NPRMAT) , K = l  , NREG) - 
C - 
CK MAXHTM*NPRNAT*NREG - 
C - 
CD SXR SUM OF ATOM D E N S I T Y * T H I C K N E S S  O F  SLAB REGIONS - 
CD FOR ALL MATERIALS AND R E G I O N S  TO TYE FTGHT - 
CD OF EACH SLAB RXGION. SXR ( I , J , K )  I S  T H E  VAT,rJE - 
CD F O R  MATERIAL I I N  SLAB REGION K ,  FOR RLL - 
CD MATSHIALS J I N  ALL S L A B  R E G I O N S  TO THE E I G H T  - 
CD O F  REGION K .  SXR I S ,  F I L L E D  K I T H  ZEROS I N  , - 
CD REGIONS K 1 N . W H I C H  THERE ARE FEVER THAN !!?!XHTM - 
CD MATERIALS TREATED HETEROGENEOULSY - 
C - 
c----------------------------------------------------------------------- 
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c----------------------------------------------------------------------- 
CF? HETEROGENOUS MATERIAL E D I T S  ( T Y P E  1 2 )  - 
C  - 
CC P R E S E N T  ONLY I F  MAXHTM. GT. 0  - 
C  - 
CL ( ( L O C H E T ( 1 , K )  , I=1  ,NPRMAT) , K = 1  ,NREG)  - 
C - 
C P  NPRMAT*NREG - 
C  - 
CD LOCHYT ( I ,  K )  LOCHET ( I ,  K) '0, I F  MATER,IAL I I S  NOT A RESONANCE- 
CD M A T E R I E L  OR I S  NOT P R E S E N T  I N  - 
CD REGION K - 
CD = - I ,  I F  MATEFIAL I I N  REGTON K U S S S  - 
CD THE HOMOGENEOUS C S O S S  S E C T I O N S  - 
CD FOR M E T E R I A L  I - 
CD = L ,  I F  MATERIAL I TN R E G I O N  K D S S S  - 
CD THZ HETEROGENOUS C R O S S  S E C T I O N S  - 
CD FOR MATERIAL I I N  REGION L - 
C  
CN . I F  LOCIIET ( 1 , K )  .NE.K THEN M A T H E T ( 1 , K )  . EO.0  - 
CN NOTE ALSO THAT FOR NGEOM=2, L O C H E T ( 1 , 2 )  I S  - 
CN EQUAL T O  0 OR -1 .  MATHET I S  NOT D E F I N E D  FOR - 
CN , K=2 I N  T H I S  C A S E  - 
C  - 
c -------------------------------------------------------------------,-  --- 

CR FIXED PUCKLING GUESS ( T Y P E  1 3 )  - 
C - 
,C C  P R E S E N T  ONLY I F  I B S Q = - 1  - 
C  - 
C L  R S Q l  - 
C  - 
CW 1  - 
C  - 
C .................................................................... -- - 

CB VARIABLZ BUCKLING G U E S S E S  ( T Y P E  1 4 )  - 
C  
CC  RESENT ONLY I F  I B S Q = O  
C  
C L  E S Q I , B S Q 2 , E P S  
C 
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CW - 3 
C .  - 
CD BSQ2 SECOND G U E S S  FOR BUCKLING - 
CD E P S  CONVERGENCE C R I T E R I O N  F O R  BUCKLING I T S 2  ATION - 
C  - 
c--- ----------- ----a&-- ------ --- -------------- &------- ---------- -------- -- - 

GRQrJP DEPENDENT BUCKLINGS ( T Y P E  15) 

PRESENT ONLY IY l d S ( j = l  

( B S Q  (I) , T = 1  ,NGROIlP)  

NG3OTlP 

9s9 BUCKLINGS FOR ULTRA F I N E  G R O U P S  

C O Y P O S I T I O N  D E N S I T I E S  ( T Y P E  1 6 )  

P R E S E N T  ONLY I F  NCMP.GT.0 - 
- 

( (COMDEN ( T  ,K) , I = 1 ,  NPRMAT) , K = 1 ,  NC'MP) , (COMTEM (K)  , K = 1 ,  NCMP) - 
- 

(NPRMAT+1)  *NCMP - 
- 

COMDEN ( 1 , K )  ATOM D E N S I T Y  O F  MATERIAL I I N  C O M P O S I T I O N  K - 
COrJ1TEM (K)  C O M P O S I T I O N  TEMPERATURES I N  DEGREES K - 

COMTEM I S  USED ONLY BY THE INTEGRAL TRANSPORT - 
THEORY CALCULATION. ALL M B T E R I A L S  I N  I! REGTON - 
CONTAINING A P A R T I C U L A R  C O M P O S I T I O Y  ARE - 
A S S I G N E D  T H E  TEMPERATURE O F  THAT C O Y P O S I T I O N .  - 
NOTE THAT NOT ALL D E F I N E D  COP?POSITTONS NEED - 
BE A S S I G N E D  TO R E G I O N S  I N  A G I V E N  PROBLEM. - 
THE -COMPOSITION-REGION ASSIGNMENTS ARE G I V E N  - 
I N  DATA S E T  GEOM - 

CR EXTERNgL SOURCES ( T Y P E  1 7 )  
C 
CC P R E S E N T  ONLY I F  I S O R S .  GT.  0 
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C - 
CL (SOTJRCE ( I )  , I=1 ,  NGROUP) - 
C  - 
C  I? NGYOTJP - 
C  - 
CD SO!JilCE EXTERNAL SOURCES FOR EACH ULTRA F I N E  GROrJP - 

CR BROAD-GROUP E N E R G I E S  ( T Y P E  1 8 )  
C  
CC ALWAYS P R E S E N T  
C  
CL ( E B G ( 1 )  , T = l , N B G l )  
C  
Ck' NRG 1  
C  - 
CD EBG (T) UPPER ENERGY OF BROAD GROUP I. E B G ( N B G 1 )  I S  THE- 
CD ENERGY AT T H E  I N T E R F A C E  BETWEEN THE T H E 2 E A L  - 
CD GROUP AND LOVEST EPI -THERMAL BROAD GROUP - 
C  - 
c-----------------------------'--------------------------------------------- 

c----------------------------------------------------------------------- 
CR THERMAL GROUP C R O S S  S E C T I O N S  ( T Y P E  1 9 )  - 
C  - 
CC ALBAYS P R E S E N T  - 
C  - 
C L  ( S I G C A ?  ( I )  , T = 1 ,  NPRMAT) , ( S I G F I S  ( I )  , I = l , N P R M A T )  , - 
C L  1 (GN U (I.) , I= I ,  NPRMAT) , ( S I G T O T  ( I )  , I= 1 ,  NPRMAT) , - 
CL 2 (STGWA ( I 1  , I = l , N P R M A T )  , ( S I G N P  ( I )  ,I= 1 ,NPRMAT) , - 
C L  3 ( S I G t J D  ( I )  , I = 1  ,NPRMAT)' , (S IGN113  ( I)  , I = 1  ,NPRMAT) , - 
CL 4 ( S I G F I E 3  ( I )  , I=1  ,NPRMAT) ,RECVEL)  - 
C  - 
CB 9*NPRMAT+ 1 - 
C  - 
C  I? S I G C A P  THERMAL GROUP CAPTURE C R O S S  S E C T I O N S  - 
CD S I G F I S  THERMAL GROUP F I S S I O N  C H O S S  S E C T I O N S  - 
CD GNU THERMAL GROUP NUMBER O F  NEIJTRONS P 9 R  F I S S I 3 N  - 
CD S I G T O T  THERMAL GROUP TOTAL C R O S S  S E C T I O N S  - 
CD S I G V A  THERMAL GROUP N-ALPHA C R O S S  S E C T I O Y S  - 
CD S I G N P  THERMAL GROUP N-P C R O S S  S E C T I O N S  - 
CD S I G N 9  THERMAL GROUP N-D C R O S S  S E C T I O N S  - 
CD SSGVH3 THERMAL GROUP N - H 3  C R O S S  S E C T I O N S  - 
CD S I G H 9 3  THERMAL GROUP N-HE3 C R O S S  S E C T I O N S  - 

THERMAL GROUP R E C I P R O C A L  V E L O C I T Y  rD RECVEL - 
- 
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A N Y  QUANTITY HAVING T H E  VALUE -1. O E - 2 0  WILL RE - 
A S S I G N 3 D  THE CORRESPONDING L A S T  EPI -THFFMAL - 
GROUP VALUE FOR THE THERWRL GBOUP - 

- 

c----------------------------------------------------------------------- 
CR HONOGENEOUS I N F I T I T E L Y  D I L U T E  S P E C I F I C A T I O N S  ( T Y P P  20)  - 
C  - 
C C  ALWAYS P R E S E N T  - 
L :  - 
CL ( I N F ' I N T  ( I )  , 1=1  ,NPRNAT) - 
C  - 
CW NFRPI?!T - 
C  - 
CD I N P I N T  IF 0 ,  M A T E R I A L  I IS N O T  ' I N F I T E L Y  !?ELUTE. k 

- 
CD I F  1 ,  MATERIAL I I S  ASSUMED TO BE I N F I N T T E L Y  - 
CD D I L U T E  FOR THE HOMOGENEOUS RESOLVED RkSONANCE - 
CD CALCULATION.  M A T E R I A L S  HAVING I N F I N ' ? = l  E R E  - 
CR NOT INVOLVED 1 . N  THE OVERLAP CALCULATION OF A M Y  - 
C D  OTHER RESONANCES.  T H E I R  RESONANCE I N T E Z P A L S  - 
CD Y I L L  BE S E T  TO' THE I N F I N I T E L Y  DILrJTE L I M I T  - 
CD OF PI/ (2 .  *BETA) - 
C  - 
c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
CR EDIT O P T I O N S  ( T Y P E  2 1 )  - 
C - 
CC A L 7 A Y S  P R E S E N T  - 
C  - 
C L  KUNYES,KATN!JA, K R E S I N ,  KSIGMA, KLORNZ, KUFGCS,KUFGMP,KTJFGPL , K R E S E D ,  - 
CL I K S P E C ,  KRGRES,  KBGRR - 
C - 
C  !? 1 2  - 

. c - 
CD KrJN?.ES I F  0 ,  DO NOT E D I T  DATA S E T  UNRES. OTHERIJ ISY - 
CD E D I T  T H E  DATA S E T  - 
CD KATNLJA I F  0 ,  DO NOT E D I T  DATA S E T  ATNTJAT. OTHES't!ISE - 
CD E D I T  T H E  DATF. S E T  - 
C D  K R F S I N '  I F  0 ,  D O ' N O T  E D I T  DATA S E T  R E S I N T .  OTHERWISZ - 
CD E D I T  T H E  DATA S E T  - 
CD KSIGYA I F  0, DO NOT E D I T  DATA S B T  SIGMA!?. OTHERSYISF - 
CD E D I T  T H E  DATA S E T  - 
CD KLC19NZ I F '  0 ,  DO NOT E D I T  DATA S E T  LOFENZ.  OTHERVTSE - 
CI? E D I T  T H E  DATA S E T  - 
CD KUFGCS I F  0  E D I T  ULTRA F I N E  GROUP MACROSCOPIC - 
CD F I S S I O N ,  TOTAL,  TRANSPORT,  AND S C A T T E R I N G  C R O - -  
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CD S E C T I O N S .  O T H E R W I S E  DO NOT E D I T  TffYSE DFTA - 
CD KTJFGYP I F  0  E D I T  ULTRA F I N E  GROUP MACROSCOPIC - 
CD MODEFATING PARAMETERS. OTHERWISE DO NOT - 
CD E D I T  T H E S E  DATA - 
CD KLlFG PL I F  0 ,  DO NOT E D I T  ULTRA F I N E . G R O ? J P  M I C R O S C O P I C  - 
CD P L  S C A T T E R I N G  CROSS S E C T I O N S ,  PO AND P 1  - 
CD E L A S T I C  TRANSFER MATRICES.  OTHERWISB E D I T  - 
CD THESE DATA - 
C D  K R E S E D  IF 0 ,  R E S O N A N C E  CEOSS S E C T I O N S  P - R E .  A D D E D  TO T H E -  
CD BROAD GROUP OUTPUT DATA S E T .  I F  1,  RESOWANCE - 
CQ CROSS S E C T I O N S  ARE O M I T T E D  F.ROM THE BROAD GROTID- 
CD C R O S S  S E C T I O N S .  I F  2, RESONANCE CAPTYRE P-FD - 
CD F I S S I O N  C R O S S  S E C T I O N S  ARE OMITTED PROM THE - 
CD ERObD GROUP C R O S S  S E C T I O N S  - 
CD K S P Z C  I F  0 ,  E D I T  ULTRA-FINE-GROUP FLUX, CURRENT AN3 - 
CD SLOWING DOWN D E N S I T I E S .  OTHERWISE DO NOT E D I T  - 
CD T H E S E  DATA - 
CD K E C R S S  I F  0 ,  DC NOT E D I T  BROAD GROUP RESONANCE C R O S S  - 
CD S E C T I O N S .  O T H E R V I S E  E D I T  T H E S E  DATA - 
CD KBGRS T F  0 ,  E D I T  BROAD GROUP REACTION RATES.  - 
CD O T H E R V I S E  DO NOT E D I T  T H E S E  DATA \ - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C  - 
CC P R B S E N T  I F  N F O I L S . G T . 0  - 
C  - 
C L  (FOTLNM (K )  , K = 1  , N F O I L S )  , ( F O I L N T  ( I )  ,151, NFLMAT) , - 
C L  1 (FO1,LDX ( K )  , K = l , N P O I L S )  , ( ( F O I L D N  ( 1 , K )  , I = l , N F L M A T )  , K = l , N F O I L S )  , - 
CL. 2  (FC)TLTM (K) , K = l  , N F O I L S )  - 
C  - 
CTJ ( N F I , N A T + 2 )  * N F O I L S + N U L T *  ( N F O I L S t N F L N A T )  
C  - 
C D  F O T L N Y   REAL*^ L A B E L S  O F  FOILS - 
CD FOTLMT REAL*8 LABELS OF L I B R A R Y  N U C L I D E S  U S E D  IN F O I L S -  
CD FOTLDX F O I L  T H I C K N Z S S E S  I N  CM - 
CD FOILDW (I, K) ATOMIC D E N S I T Y  O F  MATERIAL I I N  F O I L  K - 
CD (ATOMS/CC*l .  E - 2 4 )  - 
cn F OI L T M  FOIL T E M P E R A T U R E S  I N  D E G R E E S  K - 
C  - 

c--.--------------------------------------------------------------------- 
CR . NOY-CELL AVERAGED C R O S S  S E C T I O N  S P E C I F I C A T I O N S  ( T Y P E  2 3 )  - 
C  - 
CC P R E S E N T  I F  NGEON .GT.  0 - 
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C  - 
C L  ( ( A L E D I T  (N,T) , N = l  , N R E G 2 )  , I = l , N P R M A T )  - 
C - 
C F  NESG2*NPRMAT*NULT - 
C - 
CD A L E D I T  ( N ,  T) R.EAL*8 A L I A S  NAWE FOR PROBLEM MATERIAL T TO - 
CD BE E D I T E D  FOR R E G I O N  N - 
CD N R ~ G ~  NREG+1 - 
C  - 

. . c ----- - -----------------T---TT--T-T------------------------------------- 

CEOP 
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C PREPARED 3 / 0 7 / 7 5  
C 
C F  R E S D 8 T  
C E  9ESOLVED RESONANCE DATA 
C 
CN T F I I S  DATA S E T  I S  
CN (CSCOO5)  
c. 

AT ANL 

- 
WRITTEN BY MC**2-IT ' AREA 6 - 

- 
- 

CD NRES 
CD 
CD 

TOTAL NUMBER O F  RESOLVED RESONANCES I N  T E E  
PROBLEM. T H E  ' R E S O N A N C E S  ARE ORDERED RCCCRDING 
TO D E C R E A S I N G  ENERGY 

CR RESONANCE ENERGY - TOTAL WIDTH R l T I O S  ( T Y F E  1 )  - 
C - 
CC A L V A Y S  P R E S E N T  - 
C - 
C L  ( X  (I)  , I= l  , NRES) - 
C - 
CW YFTS - 
C * 

CI! , X  2. il*RESO.NANCE ENERGY/GAMMA, J H E R E  GAWMP. I S  THE - 
CD TOTAL LI .NE WIDTH FOR S I N G L E  LEVEL RESONANCES - 
CD OR THE S-MATRIX TOTAL L I N E  B I D T H  FOR - 
CD ADLEB-ADLER MULTILEVEL RESONAYCES - 
C - 
c--- ----- ------ -------- ------- --------- --- ------------------- ---- ---- -- - 

c .................................. - .................................... 
CR . TOTAL TO NEUTRON L I N E  NIDTH R A T I O S  ( T Y P E  2)  - 
C - 
CC ALVAYS P R E S E N T  - 
C - 
CL (GAYTN (I)  , T : = l , N R E S )  - 
C - 
C r,' NRES - 
C - 
CD G A W K  I F  A EQUALS ZERO, WHERE A I S  THE FACTOP .7HIC!I - 
CD M U L T I P L I E S  C H I  T O  OBTP I N  THE INTE3FYFIENCE - 

S C A T T E R I N G  ( S E E  RECORD T Y P E  4), 7'YFN G P H T N  - CT, 
CD EQUALS ZERO - 
CD - 
C.D FOR S I N G L E  LEVEL RESONANCES,  - 
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CD GAMTN = GAMT/GAHN, KHERE GAMT AND,GAMN A R E  - 
CD R E S P 3 C T I V E L Y  THE TOTAL AND NEUTRON L I N E  !?TDTHS - 
CD - 
CD FOR ADLEH-ADLER MULTILEVEL RESONANCES,  - 
CD GAPlTN = - 0 . 5 +  (HT-HC-HF) / f  A *  (GT.-GC-GF) ) , LIHw2E - 
CD HT, HC, AND HF ARE ASYMMETRIC A D I . o l ? S - ~ D ~ ~ 9  - 
CD PARAMETERS FOR TOTAL, CAPTURE, AND F I S S I O N ,  . - 
CD E N D  GT, GC, AND GF A R E  THE CORRESPONDING - 
C D  S Y ? I M E T R I C .  P A R A M E T E R S  - 
C - 
c -------------- ---- ---------- - .......................................... 

CR R E S O L V E D '  RESON.ANCE PEAK CROSS S E C T I O N  ( T Y P E  3 )  
C  
CC ALVAYS P R E S E N T  
C 
CL ( S I G O  ( I )  , T = 1  , N R E S )  
C  

CD S I G  0 
C .  

SESOLVED RESONANCE C R O S S  S E C T I O N  AT RESONANCE - - 

c----------------------------------------------------------------------- 
CR TNTERFERENCE S C A T T E R I N G  FACTOR ( T Y P E  4 )  - 
C  - 
CC B.L?JRYS P R E S E N T  - 
C  - 
CL ( A ( 1 )  , I=1, NRES) - 
C  - 
Cb! NRES - 
C  - 
CD A FACTOR TO MUTLIPLY C H I  TO O B T A I N  I N T E B P E R E N C F  - 
CD S C A T T E R I N G  . . - 
C  - 
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C * * * * * * * * * * * * * t * * t * 9 * 8 4 : * * 8 * * * * 4 . t * * * * * * * * * * * * * * * * * % * * * # * * * * * * * * * * * * * * # * * *  

C  - 
C  P R E P L R E D  3 / 0 5 / 7 5  AT ANL - 
C  - 
C F  r 7 F S I P T  - 
C E  RESOMBNCE I N T E R F A C E  DATA S E T  - 
C - 
CN T H I S  I N T E R F A C E  DETA S E T  I N  WRITTEN - 
CN BY MC**2-TI AREA 6 ( C S C 0 0 5 )  - 
C  - 
C**********$********** t************************************************#  

CD NRYG NUMBER OF S E G I O N S  
CD NREG=1 FOR HOMOGENEOUS PROBLEMS 
CD NREG=2 FOR C Y L I N D R I C A L  P I N  PBOBLEYS AND TF  
CD NAXiiTM-GT. 0  
CD NREG=1 + T H E  NUMBER O F  SLAB P E G I O N 5  FOB 
CD SLAB PSOBLi2MS AND I F  MAXHTM.GT.0 
CD NRES NVMBER OF RESOLVED RESONfiNCES 

c------------------------------'-------------------------------------------- 
C S  F I L E  STRUCTURE - 
C S  - 
C S  - RXCOsD TYPE P R E S E N T  TF - 
C S  ................................... ................................... ---------- ----------- ___----  - ---------- ----  
C S  S P E C I F I C A T I O N S  A L W A Y S  - 
C S  2 E S O L V E D  RESONANCE GROUPS P-LGTR YS - 
C S  RESOLVED RESONANCE MATERIALS ALWAYS - 
C S  3ESOLVED RESONANCE E N E R G I E S  ALPAYS - 
CS ******** ( R E P E A T  NREG T I M E S )  - 
C S  * RES'OLVED 'CAPTURE I N T E G Z A L S  AI.::'AYS - 
C S  * RFSOLVBD F I S S I O N  I N T E G R A L S  E L V E Y S  - 
C S  * TOTAI, 9ESONANCS I N T E G g A L S  ALVAYS. - 
C S  ******** - 
C S  ******** ( R E P E A T  N R E G  T I  PIES) - 
C S  6 1J NRESQLVED OVERLLP CORRECTED UNRESOLVXD !IfiT?- . - 
C S  * C.!?TTI?E I N T E G R A L S  I S .  PRFSBYT - 
C S  * UNPESOLVED OVERL4.P CORRECTED UNRESOLVED DaTA - 
C S  t F I S S I O N  ' I N T E G R A L S  I S  P R E S F V T  - 
C S  9 U  NRESOI.VED 0.VFRLRP CORRECTED UNRESOLVED D?!T?. - 
C S  * TOTAL I N T E G R A L S  I S  PRFSFlNT - 
C S  ******** - 
c - 
c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
CI7 S P E C I F I C A T I O N S  ( T Y P E  1 )  - 

)r 
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ALr.YAYS P R E S E N T  

N R F S , N S E G ,  NRESMT - 
3 - 

- 
NR??S?lT NUMBER OF RESOLVED RESONANCE P R C B S E Y  M A T E R I L L S  - - 

c----------------------------------------------------------------------- 
CR RESO1,VED 2ESONANCE GROUPS ( T Y P E  2 )  - 
C  - 
C C  ALL7AYS P R Y S E N T  - 
C  - 
CL (NGDRES ( I)  , T = 1  , N R E S )  - 
C  - 
CK NRFS - 
C  - 
CD IJGPRES NUMBER OF RESOLVED RESONANCE GROUPS - 
C  L 

c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
C R  R E S O L V E D '  R E S O N A N C E  M A T E R I A L S  ( T Y P E  3) - 
C  - 
CC AL?'bYS P R E S E N T  - 
C 
CL (MATRES (I) , I = I  ,NRES) - 

. C - 
C  \7 I J R Y S  - 
C  - 
CD MAT!?ES ( I )  PROBLEM MATEHIAL N U M B E R  CORRESPONDING TO - 
CD RESONANCE I - 
C  - 

c----------------------------------------------------------------------- 
CR RESOLVED RZSONANCE E N E R G I E S  ( T Y P E  4 )  - 
C  . . - 
CC . . a  ALVAYS P R E S E N T  - 
C  - 
C L  (EN (I)  , I= 1 ,NRES)  ' - 
C  - 
Cw N R 3 S  
C  
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CD EN RESOLVED RESONANCE E N E R G I E S  - 
C - 

. . 
C - 
c------------.---------------------------------------------,-------------- 

c----------------------------------------------------------------------- 
C R '  R E S O L V E D '  C A P T U R E  I N T E G R M L S  ( T Y P E  5 )  - 
C - 
CC AL'JAYS P R E S E N T  FOR HOMOGENEOTJS MIXTURE. ALSO P R E S E N T  - 
CC FOR ZACH HETEROGENEOUS REGION - 
C - 
CL ( C J  ( I )  , I= 1 ,  NRES) - 
C - 
C!J 'NRES - 
C - 
CD C J  RES:OLVED CAPTURE I N T E G R A L S  - 
C - 
c----------------------------------------------------------------------- 

CR PESOLVED F I S S 1 , O N  I N T E G R A L S  ( T Y P E  6) - 
C - 
CC f i L a A Y 3  PRESENT FOR H O I I O G E N E U U S  NIXTIJRE.  A L S O  P R E S E N T  - 
CC FOB EACH HETEROGENEOUS REGION - 
C - 
C L  ( F J  ( T )  , I= 1 ,NBES) - 
C - 
CW NRFS - 
C - 
C D  FJ R.ESOLVED FISSION I N T E G R A L S  - 
C - 
c----------------------------------------------------------------------- 

CR TOTAL RESONANCE I N T E G R A L S  ( T Y P E  7) - 
C 
C C  R L 7 A Y S  P R E S E N T  FOB HOMOGENEOUS MIXTURE.  ALSO P R E S E N T  
CC F O P  EACH HETEROGENEOUS REGION 
C 
CL (T,T ( T )  , I= 1 , NRE S )  
C  
C tl NFZS 
C 
CD T J  TOTAL RESONANCE I N T E G R A L S  
C 
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C * P * t * * 8 * f * 9 * $ * 9 t * * t t * 9 8 * # 4 : 9 : * # * * # r 9 : * * * * # * * * * * * * * * * * * * * # * * * * * * * * * * * # * * * # * *  

C - 
C: PBEPARED 3/05/75 AT ANL - 
C - 

S C R O O l  C F  - 
C S C O O ~  S C R A T C H  D A T A  S E T  S C R O O I  CB - 

C - 
CN T H I S  SCRATCH DATA S E T  I S  WRITTEN BY - 
CN M C * * 2 - I 1  AREA 6 ( C S C 0 0 5 )  - 
C - 
C * * * * * B * t 8 * * * + * * * * * * t * 8 * 8 * 8 8 * * * * * * * * * * * 8 * * * * * * * # * * * # * * * * * * * * * * * # * * * * * * * *  

NUMBER. OF ULTRA F I N E  GROUPS .HAVING 
LORENTZIAN SHAPE RESONANCE I N T E G R A L S  FOR 
EACH RESONACE S O  TREATED 
NUMBER OF RESONANCES G I V E N  I! L O R E N T Z I R N  SHAPE 
TREATMENT FOR EACH REGTON. N0LRR.S I S  W9.ITTEN 
I N  DATA S E T  S C R 0 0 2  

c----------------------------------------------------------------------- 
C S  S I L E  STRUCTURE . - 
C S  - 
C S  REC-O?D T Y P E  P R E S E N T  T F  - 

------- - ---- ....................... C S  ................................... - ---- -------------- -- _ _ _ _  ----- - ----_------ - 
C S  ******** ( 3 E P E b T  NOLRES T I M E S )  - 
C S  * U L T P 3  F I N E  GROrJ? NUMBEBS . ALWAYS - 
C S  * LC!RENTZIAN RESONANCE I N T E G B A L S  ALRF.YS - 
C S  ******** - 
C - 
c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
CR YJLTRA - F I N E  GROUP NUMBERS ( T Y P E  I )  - 
C - 
CC A L 1 J 4 Y S  P R E S E N T  - 
C - 
C L  ? ? O L I N T , N l ,  N2 - 
C - 
C t: 3 - 
C - 
CD N 1 HTGHEST ENERGY ULTRI! F I N E  GROUP HAVING - 
CD LORENTZIAN SHAPE RESONANCE I N T E G R A L S  - 
CD N 2  LO>?EST ENERGY ULTRA F I N E  GROUP HAVING - 
0 LORENTZIAN SHAPE RESONANCE I N T E G R A L S  

- 
C - 
c-------------------------------------------------------------------------- 
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c----------------------------------------------------------------------- 
CF L O R E X T 7 . I A N  RESONANCE I N T E G R A L S  (TYPE 2)  - 
P 

I 

L 

CC .F_LLTA'IS PRES TNT - 
C - 
C L  CJ.T'!.!TL (I) , Ir'l, N O L I N T  - 
c - 
C !.? N O L I  ?IT - 
C - 

- -. . - .- - 
CB C: Jr NTI, L O R E M F Z I A N  SHAPE R E S O N A N C E  INTEG?A?AS - 
C - 
c--------------i-------------------------------------------------------- 
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PREPARED 3/07/75 AT ANL 

S C ? O O 1  
' JLTRA F I N E  GROIJP'  'SCATTERING C R O S S  S E C T I O N S  

C - 
CN BOTH C O N F I G U R A T I O N S  O F  T H I S  SC3ATCH DATA S E T  - 
CN S C 9 0 0 1  ARE WRITTEN BY MC**2-TI AREA 1 0  - 
CN ( C S C O 1 1 )  - 
C - 
Ct****S* t******************8**8~8**************************************8  

I1 . 
I 2  
NPASS 

I 

NPR Pl SC 

F I R S T  ULTRA F I N E  GROUF READ FOR CURRENT P A S S  
L A S T  ULTRA F I N E  GROUP READ FOR CURRENT P A S S  
NUMBER OF'' T Y P E  1 RECORDS P R E S E N T  I N  THE F I L E .  
IF  N U L T R A . G T . N U F G R D * N P B S S ,  T H E R E  V I L L  B E  O N E  
A D D I T I O N A L  RECORD READ FOR T F E  REMAINING 
NULTRA-NPASS*NUFGRD ULTRA F I N E  GROUPS 
NUMBER OF M A T E R I A L S  I N  THE PROBLEM MIXTURE 
WHICH H A V E  TABULATED S C A T T E R I N G  C R O S S  S E C T I O N S  
I N  THE AREA 10 ( C S C O I I )  ENERGY RANGE 
NUMBER O F  ULTRE Z I N E  GROUPS READ PER P A S S .  
N U F G R D = I 2 - I  1 + 1  ' 

C S  P I L Y  S T R U C T U R E  - 
C S  - 
C S  SECORD T Y P E  P R E S E N T  I F  - 
C S  ................................... 

- - - - - - - - - - - - - - - - - -we-- - - - - - - - - - - - - -  
--------------------- __---- - ---- _____-__-- -  

C S  ******** ( R E P E A T  NPRMSC T I M E S )  - 
C S  * .  T H E  CURRENT Y A T E R I A L  - 
C S  8 TJLTRA FINE GROUP S C A T T E R I N G  HAS SCATTERING C R O S S  - 
C S  5 C F O S S  SECTIO.NS S E C T I O N S  I N  THE ARTA - 
C S  9 10 ( C S C o l l )  ENERGY - 
C S  * RANGE - 
C S  ******** - 
C - 
c-----------------------------------------------------------------------  
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c ...................... ----- ................................. ---- - ---- -- - 
C R  U L T R A  F I N E  G R O U P  S C A T T E R I N G  C R O S S  SECTIONS ( T Y P E  1) - 
C  - 
CC ALrJAYS P R E S E N T  - 
C  - 
C L  ( S I G S C T ( T )  , I = N I T U F G , N G R O U P )  - 
C  - 
C  18: NGROUP;NIT?JPG+ 1 - 
C  - 
CD S T G S C T  ( I )  ULTRA F I N E  GROUP M I C R O S C O P I C  S C A T T E R I N G  CROSS - 
CD S E C T I O N  FOR ULTRA F I N E  GROUP I Z 

CD 8 IT!JFG H I G H E S T  ENERGY 1IT.THA FTNR GHOrIP ON THE AaEA 1 0  - 
' CD ( C S C o l l )  E N E R G Y !  RANGE 

CD NGSOlTP LOYEST ENERGY ULTRA PINE GROUP I N  THE PROBLEM - 
C 

\ - 
c----------------------------------------------------------------------- .' 
CEOE' 

C  *******t*******t**t*tt*t***t*t* 
c 8 t 
c======== * SECOND C O N F I G U R A T I O N  *===================== =========== 
C  * * 
C  ~**t*t****t******t**t*****t*tt* 

cs ~f L E  S T R U C T U R E  - 
C S  - 
C S  RECORD TYPE PRESENT IF - 
C S  --------- --------- ------ ----------- ----------- ------- ----- - ---- ------- ..................... ----- ---------------- - 
C S  ******** (REDEAT NPASS T I M E S )  - 
C S  * IJLTRA T I N E  GROUP S C A T T E R I N G  C R O S S  ALWAYS P R E S E N T  - 
C S  * S E C T I O N S  - 
C S  ******** - 
C S  ULTRA F I N E  GROUP, S C A T T E R I N G  CROSS NULTRA. GT. - 
C S  S E C T  I0  NS NUFGRD*NPI!SS - 
C  - 
c--------------------------------------*--------------------------------- 

C----------------------------------------------------------------------- 

CR T!J,TRA P I N E  GROUP S C A T T E R I N G  CROSS SEC:TTONS (TYPE 1)  - 
C - 
CC ALPAYS P R S S E N T  - 

a 

C  \. 
- 

CL ( ( S T G S T T  (M,T) , M = 1  ,NPRMAT) ,I=I 1 , 1 2 )  - 
C  
CB NPRMAT*NIJFGRD 
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C  - 
CD S I G S C T  (!I, 1) ULTRA F I N E  GROUP S C A T T E R I N G  C R O S S  S E C T I O N  FOR - 
CD MATERIAL M AND ULTRA F I N E  GROUP I - 
CD NPFYAT NUYBER O F  M A T E R I A L S  I N  THE PROBLEM - 
C  - 
CN NUFGRD ULTRA F I N E  GROUPS ARE REED F O 3  EACH - 
CN P A S S  W H E R E '  N U F G R D = I ? - I 1 + 1 .  T H E R E  V1L.L FS - 
CN ONE A D D I T I O N A L  RECORD AFTER THE NDP-SS RECORDS - 
CN WHICH C O N T A I N S  NULTRA-NPASS*NUFGRD ULTRA F I N E  - 
CN GROUPS I F  NULTRA IS NOT P-N I N T E G R A L  M U L T I P L E  OP - 
CN NUFGBD. NULTRA I S  THE NUMBEF O F  ULTRA F I N E  - 
CN GROUPS I N  THE AREA 10 ( C S C O 1 1 )  ENERGY RANGE - 
C  - 
C----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ' - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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~4*9**8t~~t*4*#*t*9*9**t*****8i9**9*t*t*********************t**S*****4 

C - 
C  P R E P A S E D  3 / 0 5 / 7 5  AT ANL - 
C  - 
CF scsoqz: - 
C E  C S C O O S  SCRATCH DATA S E T  ~ ~ 9 0 0 2  - 
C  - 
CN THIS  S C R A T C S  D A T A  SET I S  W R I T T E N  BY - 
CN M C * * 2 - I 1  AREA 6 (CSCOOS)  - 
C  - 
~ * * * * * * * * * * * * * * * * * * * * # * 4 * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

CD N O L  K ? S  NU!qHEH OF B E S O N A N C E S  G I V E N  P. T.-ORFNTZIAN S 3 A F E  
CD N P F G ~  i FOE H O ~ O G ~ N E O U S  P R O B L E M S ,  z P ~ H  C Y  L J - N L ' K I . C A L  
6D P R O R L E P I S ,  I + T H E  N U M B ' E P  OF  S L A E  R E G I O N S  .FOR 
CD SLAB GEOMETRY PROBLEMS 

C--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

C S  P I ? > E  STRUCTURE - 
C S  - 
C S  RECORD T Y P E  P R E S E N T  I F  - 
C S  ----------------------------------- ------------------ ------ ----------- - ------ -- ,,.- -- ----------- --========- 
C S  ******** ( R E P E A T  NREG1 T I M E S )  - 
C S  .4 RSSONANCE S P E C I F I C A T I O N S  ALWAYS - 
C S  * 1 RESON.4NCE NUMBERS ALVAYS - 
C S  * * * * * * * a %  - 
C  - 
c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
CR R ~ S O N A N C E  S P E C I F I C A T I O N S  ( T Y P E  1) - 
C  - 
CC ALWAYS P R E S E N T  - 
c . - 
CL N O I R E S ,  N l M I N , N Z M A X  - 
C  - 
c T" 3 - 
C - 
CD N l l T N  H I G H E S T  ENEBGY ULTRA F I N E  GROUP HAVTNG - 
CD LORENTZIAN S H A P E  RESONANCE I N T E 6 9 8 L S  - 
CD N 2 M A X  LOYEST ENERGY ULTRA F I N E  GROUP HAVING - 
CD LORENTZIAN S H A P E  RESONANCE I N T E G R A L S  - 
C  - 
c----------------------------------------------------------------------- 
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CR 3ESONANCE NUNSERS ( T Y P E  2 )  - 
C - 
CC A L 7 A Y S  P R E S E N T  - 
C 0 

- 
CL LBESNO (I)  , I = l , N O L R E S  - 
C - 
CW NOLRES - 
C - 
CD LRTSNO RESOLVED RESONANCE NUMBERS FOR RESONANCES - 
CD HAVING A L O R E N T Z I A N  S H A P E  TREATMENT - 
C - 
c----------------------------------------------------------------------- 
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C**********t*******4:*8********t***88t*9:******************t************** 

C  - 
C  PREPARED 3/10/75 AT ANL - 
C  - 
C F  S C F 0 0 2  - 
C E  ULTRP F I N E  GROUP F I S S I O N  C R O S S  S E C T I O N S  - 
C  - 
CN BOTH C O N F I G U R A T I O N S  O F  T H I S  S C R A Y Z  DETJ! S E T  - 
CN SCROO2 ARE WRITTEN BY MC**2- I1  AREA 1 0  - 
CN (CSCO 1 1 )  - 
C  - 
C*t**t*t**t*9*****19*********8****8**8***************************9****t* 

CD I 1  
CD I 2  
CD N P A S S  
CD 
CD 
CD 
CD NPRPlFS 
CD 
CD 
CD NUFGRD 
CD 

F I R S T  ULTRA F I N E  GROUP READ FOR CURBSNT P A S S .  
LAST U L T R A  F I N E  GROUP READ FOR CUERENT P A S S  
NUNBER OF T Y P E  1 RECORDS P R E S E N T  I N  T H E  F I L E .  
I F  NULTRA. GT. NUFGRD*NPESS,  THERE Y I L L  BE ONE 
A D D I T I O N A L  RECORD READ FOR T H E  REMAINING . 

NULTRA-NPASS*NUFGRD ULTRA F I N E  GROUPS 
N U M B E R  OF M A T E R I A L S  I N  T H E  P R O B L E Y  M I X T U R S  
WHICH HAVE TABULATED F I S S I O N  CROSS S E C T I O N S  
I N  T H E  AREA 1 0  ( C S C O 1 1 )  ENERGY R&NGE 
NUMBER OF ULTRA F I N E  GROUPS READ PER PASS.  
N U F G E D = I 2 - I 1 + 1  

C  ************** ***************** 
C * * 
c========* F I R S T  CON F I G U R A T I O N  * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --------------_-------------- -- - 
C  * * 
C  ****************q**************  

c----------------------------------------------------------------------- 
C S  F T L E  STRYCTURE - 
C S  - 
C S  RECORD T Y P E  P R E S E Y T '  I F  - 
C S  ................................... 

, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
----.,.--------- --___----__------_--- - 

cs ******** ( E ~ E P E A ' T  N P R M F S  TIMES) - 
C S  * T H E  CURRENT MATERIAL - 
cs t I ~ L ~ R F .  F I N E  G R O U P  FISS.ION H A S  FISSION C R O S S  - 
C S  * C R O S S  S E C T I O N S  I S E C T I O N S  I N  THE AREA - 
C S  * 10 ( C S C O 1 1 )  E N E R G Y  - 
C S  * RANGE - ******** C S  - 
C  - 
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c----------------------------------------------------------------------- 
CR ULTRA F I N E  GPOIIP F I S S I O N  C 3 O S S  S E C T I O N S  ( T Y P E  1 )  - 
C  - 
CC AL%TAYS P R E S E N T  - 
C  - 
CL ( S I G F I S  (1) , I = N I T U P G , V G R O U P )  - 
C  - 
CW NGSOrJP-NITUFGt  1 - 
C  - 
CD S I G F I S  ( I )  ULTRA F I N E  GROUP M I C R O S C O P I C  F I S S I O N  CROSS - 
CD S E C T I O N  FOR ULTRA F I N E  GROVP I - 
CD NITrJFG H I G H E S T  ENERGY ULTRA F I N E  GROUP ON T H E  AREA 1 0  - 
CD (CSCO 1 1) ENERGY RANGE - 
CD NGRO!lP L O i E S T  ENERGY ULTRA F I N E  GROUP I N  THE' PROBLEM - 
C  - 
c----------------------------------------------------------------------- 

CEOF 

C  *****+*t*********t*tt********** 
C * * 
c======== 9 SECOND CON.FIGURATION ................................. 
C  * * 
C  ............................... 

c ...................................................................... 
C S  F I L E  STRUCTURE - 
C S  - 
C S  RECORD T Y P E  P R E S E N T  I F  - 
C S  ................................... ................................... ...................... 
C S  ******** (REPEAT.  NPASS T I M E S )  - 
C S  * IJLTRA P I N E  GRO!JP F I S . S I O N  C R O S S  ALWAYS PRES ENT - 
C S  * S E C T I O N S  - 
C S  ******** - 
C S  ULTRR F I N E  GROUP F I S S I O N  CROSS NULTRA. GT.  - 
C S  SFCTTONS NUFGRDsNPAS S  - 
c - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

CR ULTRA F I N E  GROUP F I S S I O N  CROSS S E C T I O N S  ( T Y P 3  1 )  - 
C  - 

. . 
CC ALWAYS P R E S E N T  - 
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C 
CD S I G F I S  ( M ,  I )  
CD 

. CI! NPRMBT 
C 
CN 
CN 
CN 
CN 
C N 
CN 
CN 
C 

- 
ULTRA F I N E  GROUP F I S S I O N  C R O S S  S E C T I O N  FOR - 
MATERIAL M AND ULTRA F I N E  GFOU? T - 
NUMBER O F  N B T E 3 I A L S  I N  THE PROBLEM - 

- 
NUFGRD ULTRA F I N E  GROUPS ARE READ FOR EACH P A S S -  
WHERE N U F G R D = I 2 - I 1 + 1 .  T H P R E  WILL BE - 
ONE A D D I T I O N A L  RECORD AFTER THE NPASS RECORDS - 
WHICH C O N T A I N S  NULTRA-NPASS*NUFGBD TJLTRA F I N E  - 
GROUPS I F  NULTRA I S  NOT A N  IN?EGRI!L M U L T I P L E  OF- 
NUPSRD. NULTRA I S  THE NUMBER OF ULTRA F I N E  - 
GROUPS IN THE A R E A  10 ( C S C U ' I ' I )  ENEKtiY K A N G E  - 

CEOF 
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C . - 
C PREPARED 3/05/75 AT ANL - 
C - 
C F  S C R 0 0 3  ,. - 
C E  C S C 0 0 4  SCRATCH DATA S E T  S C R 0 0 3  - 
C - 
CN T H I S  SCRATCH DATA S E T  I S  WRITTEN BY - 
CN M C * * 2 - I 1  AREA, 5 ( C S C 0 0 4 )  I F  UNRESOLVED - 
CN MATERIALS ARB PRBSENT - 
C - 
C * * * * P t t * * t t * S S * * S S * * * 9 * * 9 * * * + 8 * * * 8 * 8 * 9 : * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * *  

J L  
NESF 
N I S O  
NRFG. 

F I S S I L E  MATERIAL I N D E X  
I F I = O  FOR N O N - F I S S I L E  \ ' A T E R I A L  
I F I = 1  FOR F I S S I L B  MATERIAL 
NUMSER OF S P I N  S T A T E S  FOR CURRENT I S O T O P E  
NUMBER OF F I X E D  ENERGY MESH P O I N T S  
NUMBER OF I S O T O P E S  
NUMBEZ OF R E G I O N S  
NREG=1 FOR HOMOGENEOUS PROBLEMS 
NREG=2 FOR C Y L I N D R I C A L  GEOMETRY 
NftEG-1 + THE NUMSER O F  SLAB REGIONS FOR 

SLAB GEOMETRY 

F I L E  STRUCTURE , / 

RECORD T Y P E  
-------------------------------- ................................ 

* a * * * * * * * * *  ( R E P E A T  ~ O H  N P R M A T  MATERIALS)  
* UATERXAI, S P S C I T I C A T I O N S  
* ******** (REPEAT FOR N I S O  I S , O T O P E S )  
* * S D I N  S T A T E  DATA 
* 9 LEVEL S  PECI?TG 
* * ***** ( ,REPEAT FOR 1+NO.  OF R E G I O N S  
* 0 *  I N  RHICI! METERIAL I S  TREATED 
* + *  HETEROGENEOUSLY) 
* * * CAPTURE J INTEGRAL 
* * 4 TOTAL 1.7 TNTZGXAL 
* * * F I S S I 0 4  J INTEGRAL **<<**** t*** 

- 
PRESENT I F  - 
..................... ..................... - 

- 
AL?AYS - - 
A L F A Y S  - 
ALWAYS - - 

- 
ALWAYS - 
ALBAYS - 
I F I . E Q .  1 - 

c----------------------------------------------------------------------- 
CR IVIETEFTfiL S P E C I F I C A T I O N S  ( T Y P E  1) - 
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C 
cc P R S S E N T  IF N U N R E S .  E Q .  1 - 
C I 

- 
N I S O ,  IF1 CL - 

C - 
CW 2 - 
C - 
c----------------------------------------------------------------------- 

CE SPIN S T A T E S  ( T Y P E  2 )  
C 
C C  ? Y E S E N T  I F  NUNZES. EQ.  1 
C  
C L  J L  
C  
CW 1 
C 

ca L E V E L ,  S P A C I N G  ( T Y P E  3 ) .  , 
- 

C 
C C  P R E S E N T  I F  NUNRES. EQ. 1 
C 
C 1. ( ( D  ( T , J )  , T = l , N E S F )  , J = l , J L )  ' 

C 
CW N E S F * J L  
C  
CD D AVERAGE LEVEL S P A C I N G  

C F  CAPTURE J I N T E G R A L  ( T Y P E  4 )  
C 
CC AL7AYS P R E S Z N T  FOR HOMOGENEOUS MIXTURE.  
C C  BLSO P R E S E N T  FOR EACH HETEROGENEOUS REGION I N  BHICH 
CC C 3 9 B E N T  Y A T E R I A L  I S  TREATED HETEROGENEOUSLY 
C 
CL ( ( C J E S F  (I:, J) ,I=l , N E S F )  , J=1, J L )  
C  
CV N E S P W L  
C 
CD C J F S P  UNRESOLVED RESONANCE C A P T U R E  INTEGRAL 



-.397- 

APPENDIX D. M C ~ - ~  Binary F i l e s .  SCR0,03 (Contd.) 

c----------------------------------------------------------------------- 
CR TOTAL J I N T E G R A L  ( T Y P E  5) - 
C 1 

I - 
CC ALVAYS P R E S E N T  FOR HOMOGENEOUS MIXTURE. - 
CC ALSO P R E S E N T  FOR EACH HETEROGENEOUS REGION I N  WHICH - 
CC CURSYNT'  MATERIAL I S  TREATED HETEROGENEOUSLY - 
C - 
CL ( ( T J Z S P  (I, J )  , I=l , N E S F )  , J=1, J L )  - 
c - 
C B NEY?*JI,  . .  - 
C - 
CD T J X S F  UNRESOLVED RESONANCE TOTEL I N T E G R A L  1 - 
C - 
c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
C R' F I S S I O N  J I N T E G R A L  ( T Y P E  6). - 
C - 
CC T ?  I F 1  .EQ. 1 ,  ALBAYS P R E S E N T  FOR HOM0,GENEOUS MIXTURE.  - 
CC bL.SO P P E S E N T  FOR EACH HETEROGENEOUS REGION I N  WHICH - 
CC CURRENT MATERIAL 1's TREATED HETEROGENEOUSLY - 
C - 

, C L  ( ( F J R S F  ( 1 , J )  , I = I , N E S F )  , J = l , J L )  - 
C - 
c? N E S F * J L  - 
C - 
CD F J E S "  UNilESOLVED RESONANCE F I S S I O N  I N T E G R n L  - 
C - 
c----------------------------------------------------------------------- 

C E O F  
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C * * * * + * * * * * * t * * S * + f 8 4 : * * * 8 * * * 8 t * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * # ,  

C  - 
C PREPARED 3/05/75 AT ANL - 
C  - 
C F  . S C ? 0 0 3  - 
C E  C S C 0 0 5  SCRATCH DATA S E T  S C R 0 0 3  - 
C - 
CN T H T S  SCRATCH DATA S E T  I S  W F I T T E N  - 
CN BY. MC**2-I1 AREA 6 ( C S C O O S )  - 
C  . - 
C*** * * * * * * * * * * * * * * * * * * * * * * * * * * *+** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * *  

N U M B E R  'OF RE(:I ( I N S  

N R F G - I  FOR HOHOGENEOUS F R O B L E V ?  
NREG=2 FOR C Y L I N D R I C A L  GEOMETKY 
NREG=1 + T H E  NUPiSER O F  S L A B  REGTONS 

FOR S L A B  GEOMETRY 

c----------------------------------------------------------------------- 
C S  F I L E  STRUCTURE , 

- 
C S  - 
C S  PECORD T Y P E  P R E S E N T  IF - 
C S  ----------------------------------- ----------------------------------- - - - - - - - - - - - - - - - - - - _ - - - ----- ----- ----------- 
C S  I ******** ( R E P E A T  NREG T I M E S )  - 
C S  * PEfiK CROSS S E C T I O N  ALWAYS P R E S E N T  - 
CS ******** - 
C - 
c----------------------------------------------------------------------- 

c--------------------------------------------.--------------------------- 
CR PEAX C ~ O S S  S E C T I O N  ( T Y P E  1) - 
C  - 
CC AL7AYS P R E S E N T  - 
C  - 
C L  ( N S I G O  ( I )  ,I= 1 ,  MAXRES) - 
C  - 
CW M A Y  RES - 
C  - 
CD F A X R E S  M A X I M D M  N U M B E R  O F  R E S O L V E D  R E S O N P N C E S  - 
C D .  NSTGO . HOMOGENIZED MACROSCOPIC S I G M A  ZERO, - 
CD PEAK RESONANCE C R O S S  S E C T I O N S  - 
C - 
CN N S I G O  I S  F I L L E D  WITH Z.EROS AS NECESSARY - 
C  - 
c ------------- -- ................................................. ------ - 

C E O F  
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C*****t9*******$***8***4:**8********************************************* 

C - 
C  PREPARED 3 / 1 0 / 7 5  AT ANL - 
C  - 
C F  S C R 0 0 3  - 
C E  ~ J L T R A  P I N E  G R O U P  C A P T U R E  C R O S S  S E C T I O N S  - 
C  - 
C N  B O T H  C O N F I G U R A T I O N S  O F  T H T S  SCRATCH D A T E  S E T  - 
CN S C R 0 0 3  ARE WRITTEN BY MC**2-I1  AREA 1 0  - 
CN ( C S C o 1 1 )  - 
C  - 
C** * * * * * * * * * * ( r * * * * * *$ * * * * * * t * *$ * *88* * * t8 *4* * * * * * *$+* * rOc89* * * *0 (8  $*4:8*'*+*** * 

I 2  
NPASS 

F I R S T  ULTRA F I N E  GROUP READ FOR CDRRENT P A S S  
L A S T  U L T R A  F I N E  G R O U P  R E A D  FOR C D S R E N T  PRSS  
NUMBER OF T Y P E  1 RECORDS P R E S E N T  I N  T H E  F I L E .  
I F  NULTRA.GT.NUFGRD*NPASS, THERE - J I L L  B E  ONE,  
A D D I T I O N A L  RECORD READ FOR T H E  RE! lAINING 
MULTRA-NPASS*NUFGRD ULTEA F I N E  GROUPS 
NUNBER OF M A T E R I A L S  I N  T H E  PROBLSM V I X T U E T  
KHTCH HAVE TABULATED CJ!PT.URR C R O S S  S E C T I O N S  
I N  THE AREA 10 ( C S C O 1 1 )  ENERGY RANGE 
NUMBES OF ULTRA F I N E  GROUPS R E A D  PER PASS.  
N U F G R D = I Z - I  1 + 1 

C  8*******************8**9*8***** 

C  * * 
c========* F I R S T  C O N F I G U R A T I O N  ................................. 
C * * 
C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C S  P I L E  STRUCTURE - 
C S  - 
C S  RECOBD T Y P E  P R E S E N T  I F  - 
C S  -------------- ---- ----------------- ---- ---------- ---- ----------------- --------- ------------ ----_-__---- _ -------- - 
C S  * * * * a * * *  ( R E P E A T  NPRMCP T I M E S )  - 
C S  * T H E  CCBRENT VA?ERTAL - 
C S  * UZTilR F I N E  GROUP CAPTURE HES CP-PTU!?E C R O S S  - 
cs 9 C R O S S  SECTIONS S E C T I O N S  IY T H E  E ~ E A  - 
C S  * 1 0  ( C S C O 1 1 )  ENERGY - 
C S  * RANGE - 
C S  ******** - 
C  - 
c----------------------------------------------------------------------- 
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CR ULTRA F I N E  GROUP CAPTURE C R O S S ,  S E C T I O N S .  (TYPR 1 )  - 
C  - 
CC AJ,%IAYS P R E S E N T  - 
C - 
CL (STGCA!! ( I )  , I = N I T U F G  ,NGROUP) - 
C  - 
c TJ N G R O U P - N T T U F G +  1 - 
C - 
C  D. S I G C A P  (T) ULTRA F I N E  GROUP MICR,OSCOPIC CAPTTJRE CXOSS - 
(7 r, S E C T I O N  F O R  U L ' I ' H A  PINE GROUP f - 
C D  N T T U P G  H I G H E S T  E N E R G Y  U L T R A '  F I N E  G R O U P  O N  T H E  A F E A  ' IU - 

( C S C 0 1 1 )  ENERGY RANGE CD - 
CD NGROUP LOWEST ENERGY ULTR*A F I N E  GROUP I N  T E E  PROBLEM - 
C  - 
c----------------------------------------------------------------------- 

CEOF 

C S  P I L E  STRUCTTJRE - 
CS 
C S  RECORD T Y P E  P R E S E N T  I F  

C S  **st**** ( R E P E A T  N P R S S  T I M E S )  ' 
- 

C S  * ' ULTRA F I N E  GROUP CAPTURE C R O S S  . ALSAYS PRESENT - 
C S  * ,  S E C T  I O N S  - 
C S  st****** - 
cs ~ J L T R P  F I N E  G R O U P  C A P T I I R E  C R O S S  N U L T R A .  ST. - 
C S  S E C T I O N S  NUFGRD*NPbSS - 

- c 
c----------------------------------------------------------------------- 

!ILT9A F I N E  GROUP CAPTURE C R O S S  S E C T I O N S  ( T Y P E  1 )  - 
C  . - 
CC AL.>TAVS P R E S E N T  - 
C  - 
CL ( ( S I G C A P  (?l,T) ,M=1 ,NPRMAT) ,I=I1 , I 2 )  - 
C  
CB NP9YIT*NrYFGRD 
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C - 
CD S I G C A P  (4,I) ULTRA F I N E  GROUP CAPTURE C R O S S  S Y C T I O N  F O R  - 
CD MATERIAL M A N 3  ULTRA F I N E  GROUP I - 
CD NPRM AT NUMBER O F  M A T E R I A L S  I N  T E E  PROBLBN - 
C - 
CN NUFGRD ULTRA F I N E  GROUPS ERE RERD FOR ERCH ?ASS- 
CN KHERE N U F G R D z I 2 - I 1 + 1 .  T E E E E  W I L L  BE - 
CN ONE A D D I T I O N A L  RECORD AFTER THE N P A S S  3 E C O S D S  - 
CN WHICH C O N T A I N S  NULTRA-NPASS*NUFGRD ULTRA FTNE - 
CN GROrjPS I F  NULTRA I S  NOT A N  I N T E G R A L  Y U L T T P L 3  O F -  
CN NUFGRD. NULTRA I S  THE NUMBER O F  ULTRA F I N E  - 
CN GROUPS I N  THE AREA 10 ( C S C O 1 1 )  ENEgGY 2ANGE - 
C - 
c ............................ - ---- - ---------- - --------------- ------ ----- 
CEOF 
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C - 
C PREPARED 1 0 / 2 9 / 7 5  AT ANL - 
C - 
CF SC!?C)T)? - 
C E  C S C 0 0 6  SCRATCH DATA S E T  - 
C - 
CN T H I S  SCRATCH DATA S E T  I S  !JFiITTEN BY MC**2-11. - 
CN . BOTH C O N F I G U R A T I O N S  O F  T H I S  SCRATCH DATA S E T  - 
CN S C H O O ~  A R E  W R I T T E N  BY MC**~-11 A R E A  6.5 - 
( : N  (CS CO b G )  = 

C - 
C*********&************ .................................................. 

I F T  F I S S I L E  MATERIAL I N D E X  
I F I = O  FOR N O N - F I S S I L E  MATERIAL 
I F I = ' l  FOR F I S S I L E  MATERIAL 
NUMBER OF S P I N  S T A T E S  FOR CURRENT I S O T O P E  
NUMBER OF F I X E D  ENERGY MESH P O I N T S  
NUMBER OF R E G I O N S  
NREG=1 FOR HOMOGENEOUS PROBLEMS 
NREG=2 FOB C Y L I N D R I C A L  GEOMETRY 
NREG=1 + T H E  NUMBER O F  SLAB REGIONS FOR 

SLAB GEOMETRY 
NTJMBXR OF RESOLVED RESONANCES 
NUYBER OF UNRESOLVED RESONANCE MATERIALS 

C * * * * * * * * * * * * * * * * * * * * * * s : * * * * * * * *  
C * * 
c========* F I R S T  CONFIGURATION .............................. === 
C 8 * 
C ............................... 

F I L E  STRUCTURE 

RECORD TYPE ................................... ................................... 
*********** (REPEAT FOR NUMRE,S MATERIALS) 
* MATERIAL S P E C I F I C A T I O N S  
* ******** (REPEAT FOR N I S O  1SOTOP.ES)  * * S P I N  S T A T E  DATA 
* 9 L F V E L  S P A C I N G  
* * a * * * *  ( R E P E A T  FOR 1+NO. OF R E G I O N S  
* * +  I N  W H I C I  MATERIAL I S  TREATED 
4: * * HETEROGENEOUSLY) 
* * * CEP.TURE J INTEGRAL 
* * * TOTAL J I N T E G R A L  

ALWAYS 

ALWAYS 
ALWAYS 

ALKAY S 
ALWAYS 
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C S  * * * F T S S I O N  J I N T E G R A L  I F I .  EQ. 1 - 
C S  * * * * * * * * * S t  - 
C - 
c .............................. -- ......................................... 

c----------------------------------------------------------------------- 
CR MATEBIAL S P E C I F I C A T I O N S  ( T Y P E  1 )  - 
C - 
CC ALBAYS P R E S E N T  - 
C 4 

CL N I S 0 , I F I  - 
C - 
C7 2 - 
C - 
C D  N I S O  N U M B E R  OF . I S O T O P E S  - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

c----------------------------------------------------------------------- 
CR LEVYL S P A C I N G  ( T Y P E  3 )  - 
C - 
CC AL:TAYS P R E S E N T  - 
C - 
CS ((7 ( T , J )  , I : = l , N E S F )  , J=1 , J L )  - 
C  - 
C 7  NESF*JL - 
C - 
CD D A V ~ R A G E  L E V E L  S P A C I N G  - 
C - 
c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
CR CAPTURE J I N T E G R A L  ( T Y P E  4 )  - 
C - 
cc A L ~ J A Y S  P R E S E N T  FOR T H E  H O M O G E N E O U S  F I X T U R S .  - 
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CC RLSO P R E S E N T  FOR EACH HETEROGENEOUS R E G I O N  I N  WHICB 
C C  CURRENT MATERIAL I S  TREATED HETEROGENEOUSLY 
C 
C L  ( ( I J C J ( 1 , J )  , T = l , N E S F )  , J = l , J L )  
C  
CB N E S F * J L  L 

C 
CD U C:T UNRESOLVED RESONANCE CAPTURE- INTEGYRL T I M E S  
CD THE TOTAL REOLVED OVERLAP FACTOR 

c----------------------------------------------------------------------- 
CR TOTAL J I N T E G R A L  ( T Y P E  5 )  - 
C - 
CC \ AZ.'~AYS P R E S E N T  FOP, THE HOMOGENEOUS MIXTURE.  - 
cc ~ L S O  P R E S E N T  F O R  E A C H  H E T E R O G E N E O U S  R E G I O N ' I N  T b ~ ~ ~ ~ ~  

- 
CC CURRENT MATERIAL I S  TREATED HETEROGENEOUSLY - 

c----------------------------------------------------------------------- 
CF F I S S I O N  J I N T E G R A L  ( T Y P E  6 )  - 

- C 
CC T F  T F I  .EQ. 1 ,  ALWAYS P R E S E N T  FOR THE HOMOGENEOUS MIXTURE.  - 
C C  BLSO P R E S E N T  FOR EACH HETEROGENEOUS REGION .TN YHICH - 
CC CDRRENT M A T E R I A L  I S  TREATED HETEROGENEOUSLY - 
C - 
C L  ( ('JFJ (T,U7) ,?='I ?NESF) , J=1 J L )  - 
C - 
CV N E S F s J L  - 
C - 
CD U 9J UNRESOLVED RESON,ANCE F I S S I O N  INTEGRAL T I M E S  - 
CD THE TOTAL REOLVED OVERLAP FACTOR - 
C - 
c--*--------------------------------------------------------------------  
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APPENDIX' D. M C ~ - ~  Binary Files .. SCR003 (~ontd.) 
\ 

c--------------------------"-""-------------------------------- 
CR TOTAL RESONANCE INTEGRAL (TYPE' 3) - 

- C 
CC E L 9 h Y T  P R E S E N T  FOR HOMOGENEOUS NIXTURB. ALSO P n E S E N T  - 
CC FO? EACH RE'TEROGENEOUS REGION - 
C - 
C L  (TJ (I) , I=l ,NRFS) - 
C - 

NRES - c ?< 

C 
CD . TJ TOTAL R E S O N A N C E  I N T Z G F A L  T I N E S  THE 
CD A P P R O P R I A T E  OVERLAP' F R C T O R S  - 
C - 
C --- . - - - - - - - - - - -  -------- ---- - " ~ ~ - ~ - " - " " ' - - - ~ ' ~ - - " " - "  "" -"' ---- -- - 

CEOF 



APPENDIX D. M C ~ - ~  Binary Files. SCR004 . 

........................................................................ 
C - 
C PREPARZD 3 / 1 0 / 7 5  AT ANL - 
C - 
C F  S C 9 0 0 4  - 
C E  ULTRA F I N E  GROUP F I X E D  SOURCES - 
C - 
CN SCRATCH DATA S E T  WRITTEN B Y  M C * * 2 - I 1  AREA 19 - 
CN (CSCO 1 1 )  - 
C - 
C***9****t**9**+**********9*******8*8*;OI*****************************#*** 

CD I 1  F I R S T  ULTRA F I N E  GROUP READ FOR CURRENT P A S S  
CD I 2  LAST ULTRA F I N E  GROUP RERD FOR CURRENT P A S S  
CD N'P A S S . NUMBER OF T Y P E  1 RECORDS PRESENT I N  T H E  FIL?? .  
CD I F  NULTRA. GT. NUFGRD*NPASS, THERE WILL BE ONE 
CD A D D I T I O N A L  RECORD READ FOR T H E  REMAINING 

CD . 
NDLTRA-NPASS*NUFGR D ULTRA F I N E  GROUPS 

'CD NlJnGR3 NUM'BER OF ULTRA F I N E  GROUPS RFAD PER P A S S .  
CD N U F G R D z I 2 - I 1 + 1  

c----------------------------------------------------------------------- 
C S  P I L E  STRUCTURE - 
C S  - 
C S  RECORD T Y P E  P E E S E N 1  I F  - 

................................... ................................... ..................... C S  . ---_ ----------------- - 
, C S  ******** ( 3 E P E A T  NPASS T I N E S )  - 

C S  t ULTRA F I N E  GROUP F I X E D  SOURCES ALYAYS PYESENT - 
C S  * * * * o r * * * *  - 
C S  ULTSA F I N E  GROVP F I X E D  S O U R C E S  NITLTRA. GT. - 
C S  NUFGRD*NPhSS - 
C - 
c----------------------------------------------------------------------- 

C------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ' - - - - - -  

C 9  IJT,TRA F I N E  GROUP F I X E D  SOURCES (TYPE: 1 )  - 
C 
CC A L 7 A Y S  P R E S E N T  
C 
CL ((sFrx (M,I) , M = I , N ? R M A T )  ,1=11,12)  
C  - 
CV NPRF AT*NTTFGRD - 
C - 
CD S F I i  ( M , I )  U L T R A  F I N E  GROUP F I X E D  SOURCES FOR - 
CD MATERIAL N AND ULTRA F I N E  GROUP T - 
C - 
CN .NU.FGRD ULTRA F I N E  GROUPS ARE READ FOR YPCFI PA'SS- 
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A P P E N D I X  D. M C ~ - ~  Binary Files. SCR004 (contd.) 

W H E R E  N U F G R D = I 2 - I 1 + 1 .  T H E R E  W I L L  B E  - 
O N E  A D D I T I O N A L  R E C O R D  A F T E R  T H E  N P A S S  R E C O R D S  - 
W H I C H  C O N T A I N S  N U L T R A - N P A S S * N U F G R D  U L T R A  F I N E  - 
G R O U P S  I F  N U L T R A  I S  N O T  AN I N T E G R A L  'MTJLTIPLE O F -  
N U F G R D .  N U L T R A  I S  T H E  N U M B E R  O F  U L T R A  F I N E  - 
G R 0 , U P S  1 . N  T H E  A R E A  10 ( C S C O 1 ' 1 )  E N E R G Y  9 A N G E  - 



APPENDLX D. M C ~ - ~  Binary Files,' SCR005 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C - 
C  P R E P A s E D  3/10/75 AT ANL - 
C - 
C F  S C F O O S  
CE RESONANCE F O I L  C R O S S  S E C T I O N S  - 
C  - 
C - 
C+****************t*****8*Sr********************************************* 

I 

CD NBROAD NUMBER OF BROAD GROUPS I N  T H E  AREA 1 0  (CSCO11. )  
CD ENERGY R-ANGE 
CD NCNTF NUYBER O F  ZESONANCE F O I L  MATERIP .LS  
CD N F O I L S  NUPlBEB OF F O I L S  
CD NINT'T: NUMSER 0.F MESH I N T E R V A L S  I N  THE C E L L .  N I N T I = l  
CD FOR HOMOGENEOUS PROBLEMS 

C S  ******** (REPEAT NBROAD T I M E S )  - 
C S  * F O I L  CAPTURE C R O S S  S E C T I O N S  ALWAYS " - 
C S  J# F O I L  F I S S I O N  CROSS S E C T I O N S  ALWAYS - 
C S  4: F O I L  SCATTERING C R O S S  S E C T I O N S  ALWAYS - 
C S  ******** - 
C - 
c----------------------------------------------------------------------- 

CR F O I L  CAPTURE C R O S S  S E C T I O N S  ( T Y P E  1) - 

C  - 
CD F O L C E P  (M, K ,  L) RESONANCE CAPTURE C R O S S  S E C T I O N  FOR M b T E R I A L  - 
CD M I N  F O I L  L AT THE R I G H T  EDGE OF MSSH - 
C!3 I N T E R V A L  I - 

c-------------------------------""-------------------------------- 
CR FOTL F I S S I O N  C R O S S  S E C T I O N S  ( T Y P E  2 )  - 



APPENDIX .D. M C ~ - ~  Binary. F i l e s .  . SCR005 . (Contd . )  

C  - 
CC ALvAYS P S E S E N T  . - 
C  1 - 
CL ( ( ( F O L P I S  ( M , K , L )  , M = l ,  NCNTF) , K = l , N I N T I )  , L = l , N F O I L S )  . - 

. . . . c - 
c I! N C N T P * N I N T I * N F O I L S  - 
C  - 
CD ' F O L F I S  (M, K , L)  RESONANCE F I S S I O N  C R O S S  S E C T I O N  ??OR MATERIAL - 
CD M I N  F O I L  L AT THE R I G H T  EDGE O F  MESH - 

I N T E R V A L  I 

F O I L  S C A T T E R I N G  CROSS S E C T I O N S  ( T Y P E  3 )  

( ( ( P O L S C T  ( M , K , L )  , N = 1 ,  NCNTF) , K = l , N I N T I )  , L = l , N F O I L S )  

F O L S C T  (Y, V , L )  RESONANCE S C A T T E R I N G  C R C S S  S E C T I O N  FOR MATERIAL- 
I I N  F O I L  L AT THE RIGHT EDGE 0 .F  YESH - 
INTERVAL I 



APPENDIX D. M C ~ - 2  Binary F i l e s .  SZGMAP 

......................................................................... 

C  - 
C PREPAFtED 3/06/75 AT ANL - 
C  - 
C F  SIGWA? - 
C E  BaCKGROUND SMOOTH S C A T T E R I N G  C R O S S  S E C T I O N S  - 
C  - 
CN T H I S  DATA S E T  I S  WRITTSN BY MC**2- I1  - 
CN AREA 6 .5  ( C S C O 0 6 )  AND P R E S E N T  I!? DATA S E T  - 

I 

CN R E S I N T  HAS BEEN WRITTEN,  OR I F  DATA S E T  - 
CN ATNUAT HAS BEEN Y R I T T E N  - 
C  - 
~******+**************t 8 + * * * * * * * * . * 8 * * * * * * * * * 4 * * * * * * 9 : * $ $ * 9 * * * *  *********** 

CD 'llX.vTM 
CD 
CD MGCUT 
CD 
CD 
CD NGROUP 
CD NPYYAT 
CD NREGl 
CD 
CD 

MAXIMUX NUiYBER O F  MATERIALS I N  ANY 
HETEROGENEOUS REGION 

-UFG ABOVZ THE H I G H E S T  RESONANCE E N E R G Y '  I N  THE 
PROBLEM (RESOLVED OR UNRESOLVED) 
MULTIGROUP TO CONTIN.UOUS SLOWING DORN 
NUMBER O F  ENERGY GROUPS . 

NUMBER OF PROBLEY MATERIALS 
.REGION INDEX 
N R E G 1 = 1 .  FOR C Y L I N D E R S  
NREGl=NUMBER Of' S L A B  R E G I O N S  FOR S L A B S  

c----------------------------------------------------------------------- 
C S  F I L E  STRUCTURE - 
C S  - 
c s. RECORD T Y P E  P R E S E N T  IF . - 
C S  ................................... ............................. ------ ----------- ---------- ---__ --__-_--____---- - 
C S  S ? E C I F T C A T I O N S  ALWAYS - 
C S  HOMOGENEOUS SNOOTS S C A T T E R I N G  ALVAYS - 
C S  C R O S S  S E C T I O N S  - 
C S  ******** ( R E P 3 A T  FOR NREGl  HETEROGENEOUS - 
C S  4: R E G I O N S )  - 
C S  + ***** ( P E P E A T  FOR NPRMAT MATERIALS - 
C S  * + O M I T T I N G  THOSE WHICH ARE NOT - 
C S  * i TSEA.TED HETEROGENEOUSLY I N  THE - 
C S  8 * CURRENT REGION. FOR C Y L I N D E R S ,  - 
C S  *. * ONLY 1 RECORD I S  P R E S E N T  S I N C E  - 
CD * * ALL M A T E R I A L S  HAVE THE SAME - 
CD * * E S C A P E  CROSS S E C T I O N )  - 
C S  * * HETEROGENEOlJS SMOOTH S C A T T E R I N G  MAXHTPI. GT. 0 - 
C S  + + C R O S S  S E C T I O N S  - 
CS ******** ' 

- 
C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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APPENDIX D. M C ~ - ~  B i n a r y  . F i l e s .  . SMSIGS 

C * * * * + * * * t * * t t t t t * * 8 * * 8 * * * * 9 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C  - 
. C  P R E P A 2 E D  3/10/75 AT ANL - 
C .  - 
C F  . S V S I G S  . . - 
CE YTCBOSCOPIC E L A S T I C  S C A T T E R I N G  - 
.C - 
CN T H I S  F I L E  I S  W R I T T E N . B Y  :MC**2-IT ARE?! 7 - 
CM ( C S C O 0 8 )  - 

. C  - 
C**4 $ * * * 9 * 8 * 8 * * * * 8 * * * * * * 8 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  ********** * 

CD I S P O D T  
CD 
CD 
CD 
CD 
CI) M rJ J, T 
CD N G R P  
CD NORDYR 
CD NPFY l!T 

SPECTRUM O P T I O N  
I S P O P T = 1  FOR P 1  
I S P O P T - = 2  F O a  B 1  
I S P O P T = 3  FOR C O N S I S T E N T  P 1  
I S P O F T = 4  F0.R C O N S I S T E N T  B 1  
2 FOR I B N  MACHINES, 1 OTHERCTSE 
NUMBER OF GROUPS I N  PROBLEM 
ORDER OF EXTENDED TRANSPORT AFPROXIMATION 
N U Y B E S  OF P R O B L E M  M A T ~ R I A L S  

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C S  ? I J J F  STRUCTURE - 
C S  - 
C S  RECOFD TYPE PRESENT I F  - 

................................... C S  ................................... ..................... ..................... - 
C S  S ? E C I F I C A T I O N S  'ALWAYS - 
C S  MATE??T?!L NAMES ALWAYS - 
C S  ******** (E.EPEAT FOR NPHHAT MATERIALS) - 
C S  * ***** (RYPEAT FOR NGRP GROUPS) - 
C S  * * Y L A S T I C  S C A T T E R I N G  DATA ALWAYS - 
C S  ******** - 
C  - 
c- -- -- - - - -- - - - - - - -- - - -- - -- - - - - - -- -- - - - - - -.- - -- - - - - - - - -'- -- -- - - -- - - -- - - - - - 

C!? S P E C I F I C A T I O N S  ( T Y P E  1 )  
C 
CC AL1$bYS PRYSENT 
C  
C L  NPSM9Tf NGRP, TSPOPT,NORDER,  NGROP, I T R A N S  
C 
CSr' 6 
C  
CD. NGROP LIBRABY UFG NUMBER CORRESPONDING TO THE 
CD H I G H E S T  UFG I N  THE PROBLEM 



APPENDIX D. M C ~ - ~  Binary Files. SMSIGS (Contd.) - 

CD I T R A N S  
CD 
CD 
CD 

T R I N S P O R T  APPR3XIMATTON - 
IT3!!NS=O USE ALL LEGENDRE COMPONENTS - 
IT!3ANS=1 USE STANDARD TRANSPORT APPSOXIMATION - 
I T R A N S = 2  USE IMPROVED TRANSPORT APPSOXTMATTOY - 

CR MATERIAL -NAMES ( T Y P E  2 )  - 
L: d 

CC ATJr?AYS PRESENT - 
C  - 
C L  (P3RNF.M (I) , 1=1 , NPRNF.T) - 
C - 
Cbi . NrJLT*NPR;VIAT . . - 

FLA.S!IIC S C A T T E R I N G  DATA (TYPE 3) 

k L 4 A Y S  P R E S E N T  

( s I ( ; S ' ( I )  , I = 1  ,YORD1)  , S I G U N i l , B E T A ,  ( S I G O  ( I )  , I= l  , N D N I )  , 
1 ( S T G l ( T )  , I = l , N ! I N I )  

NORQ I=NOBDER+1 
I S ? = I  I F  T S P O P T .  LE.  2 
I S ? = ?  T!' T S P O P T .  GT. 2 
NDNl=NUMRER OF GROUPS O F  DO?JNSCATT.XH PLUS 1 - 

ZOEGENDRE MOPIENTS O F  NONRESONANCY SCATTERING - 
C R O S S  S E C T I O N  - 
I = ?  COR.RESPONDS TO THE NORDER CONPONE.NT - 
I=NORDER CORRESPONDS T O  T P E  P I  COMPONENT - 
T=NORDl  CORRESPONDS TO THE PO COMPONENT - 
U N ~ E S O L V E D  RESONANCE ,SCATTERING CROSS S E C T I O N  - 
TRAYSPORT COHRECTION FACTOR - 
PO S C A T T E R I N G  MATRIX ORDERED. AS - 
J T O  J + I - 1  SO ' T H A T  I = I  IS T H E  I N - S R O ~ J P  T E R Y  - 
P I  SCATTEHING MATRIX ORDERED AS - 
J T O  J + I - 1  S O  THAT I=l I S  T H P  IN-GR.OUP TERM - 



APPENDIX D. M C ~ - ~  Binary Files. SMSIGS CContd. ) 

CN THE MA7T.RIX ELEMENTS S I G O  AND S I G l  ARE - 
CN NORMALIZED T O  THE TRANSPORT CORRECTED SMOOTH - 
CW PLUS UNRESOLVED S C A T T E R I N G  C R O S S  S E C T I O N ,  I _ 
CN THAT I S  ( ( S I G S  ( N O R D I )  + S I G U N R )  * (1. -BETA) ) - 
C - 
c ................................ '--- ...................................... 
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APPENDIX D. M C ~ - ~  ~ i n a k ~  F i l e s .  SPECTR (Contd. ) 

CR FLUX (TYPE 2 )  
C  
cc A L W A Y S  P R E S E N T  
C 
CL ( P H I  (I) , I = 1  ,NGRP) .  
C  
CW NGRP 
C  
CD P H I  ULTRA FINE GROUP FLUX 
C  

CR CURRENT ( T Y P E  3) - 
C  - 
CC PRESENT I F  I S P .  EQ.2  - 
C  - 
CL (C!JRNT ( I )  , I=l ,  NGRP) - 
C  - 
CW NGRP - 
C  . - 
CD CURNT ULTRA FINE GROUP CURRENT - 
C - 
c ................................... - ----,----- ......................... 
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APPENDIX D. M C ~ - ~  B i n a r y  ~ i l k s .  SPECXS 

C***45**5****55t******% ~ * 5 5 $ * * + 8 * + + 9 * * , t 9 : * * 9 * * * * * 4 * * * * * 5 * 4 : * * * * * * * 4 + * t * * * t  

C - 
C h  ' .  P R E P A R Z D  3 / 1 2 / 7 5  AT ANL - 
C - 

I 

C F  S P E C X S .  - 
CR ' ?IACRCSCOPTC' CROSS S E C T I O N S  A N D  KODEERTING Pfl.RF.Ml?TERS - 
C . - 
CN T H I S  F I L E  I S  X R I T T E N  RY PIC**?-I1 bREh 7 - 
CN (CSCOO8)  - 

1 c - 
C * * * * f * * * * * * * * * * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

CD I[ S 
CD 
cn 
CD' 
CD NCSD 
CD 
CD NGR? 

SPZCTFiUM 0 P I " I O N  
I S p =  1 FOR I M C O N S I S T T N T  O P T I G N  ( Z S P O F T .  EE. 2 )  
I S P = 2  FOR C O N S I S T E N T  SPECTRUM OPTTON 

( I S P O P T .  GE~. 3 )  
NUYBEK O F  ENERGY P O I N T S  I N  CONTIPIUOOS SLOBTNG 
DO5.N S E G I O N  (=NGRP-MGCSD+2) 
NUVRER OF UFG I N  PROBLEM 

c-----------------------------------------------------------------------  
CR NOSIGMA F I S S I O N  ( T Y P E  1 ) )  - 
C - 
CC BLTP-YS PRESENT - 
C - 
C L  ( R N S I G F  ( T I  , I = 1  ,NGRP)  - 
C - 
CE) NGFP - 
C - 
CD R IJS T GP MACROSCOPIC UFG F I S S I O N  C R O S S  S E C T I O N *  - 
CD AVERAGE NUMBER O F  NEUTRONS P E E  F I S S I O N  - 
C - 

-c----------------------------------------------------------------------- 
\ 

c----------------------------------------------------------------------- 
CR N i l  C U E F F T C I E N T S  ( T Y P E  2) - 
C - 
CC F L 1 , ; B Y S  PRESENT - 
C - 
C L  ( P I C  ( I )  , A 1  (1) ,A2 ( I )  ,F.3 (I) , I=l, NPRVAT) - 
C - 
c TJ 4*NP9PIP-T - 
C I - 

2 

CD NPRMAT NUMBER OF PROBLEM MATERIfl-LS - 
CD A O f A 1 , A 2 , A 3  MATERIAL DEPENDENT C O E F F I C I E N T S  USED I N  - 
CD - F I T  OF AVERAGE NUMBEB OF NEUTRONS PER F I S S I O N  - 
CD VERSUS ENERGY 
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C----------------------------------------------------------------------- 

CR TOTAL CROSS S E C T I O N  ( T Y P E  3) - 
C  - 
CC BLr'AYS PR..ESENT - 
c - 
CL ( B S I G T  (I) , I= 1, NGRP) - 
C  - 
c y  NGRF! - 
C  " - 
CD BSTGT MACROSCOPIC UFG. TOTAL CROSS S E C T I O N  - 
C  - 
c----------------------------------------------------------------------- 

c----------------------------------------------------------------------- 
CR S C R T T E R I N G  CROSS S E C T I O N  ( T Y P E  4) - 
C - 
CC ALVAYS P R E S E N T  - 
C .  - 
C L  (RSTGS (I) , I=l ,  NrJEiP) - 
C  - 
ew S G R P  - 

c----------------------------------------------------------------------- 
CR EXTTNDED T R A N S P O R T .  C R O S S  SECTI .ON ( T Y P E  5) - 
c - 
c C' A14!7AYS ? R E S E N T  -, 

C  - 
CL ( ( A L  ( 1 , K )  , I = l , N G R ? )  , K = l , N O R D E R )  - 
C  - 
CE NG?P*NORDER - 
C  - 
CD IJORQER ORDER O F  EXTENDED TRANSPORT A P P 3 O X I M A T I O N  . -  

CD AL MACROSCOPIC UFG EXTENDED TRANSPORT C R O S S  - 
CD S E C T I O N  - 
C  - 
c----------------------------------------------------------------------- 

-_--_ ------------------------------------------------------------------- 
3 R P 1  S C n T T E R I N G  (TYPE 6) - 
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\ALUBYS P R E S E N T  

( S T G T R N  ( I ) .  , I=l  ,NGRP)  

NGRP 

S I G T R N  

, - 
- 

MACROSC.OPIC UFG P 1  S C A T T E R I N G  CROSS S E C T I O N  - 

MODERFTING PARAMETER ZETA ( T Y P E  7) CR - 
C  - 
CC F.LTJAYS P R E S E N T  - 
C - 

t 

C L  ( ( Z E T A  (I ,  J )  , T = 1 ,  NCSD) , J = l , I S P )  - 
- c 

CW I S P * N C S D  - 
C  - 
CD ZETA CONTINUOUS SLOWING DOWN MODERATING PA>?-METBS - 
CD ZETA AT EACH ENERGY P O I N T  I N  C S D  REGION - 
CD PO AND P 1  S C A T T E R I N G  - 
C  - 
c ....................................... ................................ , 

CR MODERATING PARAMETER E P S  ( T Y P E  8) . - 
C  - 
CC ALUAYS P R E S E N T  . - 

CONTINUOUS SLOWING DOWN MODERATING FASAMETER - 
1 ./GAYMA AT EACH ENERGY P O I N T  f N  CSD REGTON FOR- 
PO AND P 1  S C A T T E R I N G  - 
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C****************************t****************************************** 
C  = - 
C  PREYAHED 3 / 0 6 / j 5  AT ANL - 
C - 
C F  S R A T E S  - 
CE S C R T T E B I N G  RATES AND SOURCES - 
C  - 
CN S C A T T E R I N G  RATES AND SOIJRCES FOR USE - 1 V  - 
CN AREA 1 0  ( C S C O 1 1 )  I N T E G R A L  TRANSPORT THEORY - 
CN CALCULATIONS - 
C  .- - 
Ct******Q&************* **4:***8*******449******************************** 

CD MAXUPG' 
CD 
CD 
CD 
CD 
CD 
CD M I M U F G  
CD 
CD NPASS 
CD NPRMAT 
CD NUFSTID 
CD 

L0WES.T ENERGY ULTRA F I N E  GROUP F 0 9  WHICH 
S C A T T E R I N G  RATES ARE P R O V I D E D .  ULTRA ? I Y 3  
GROUP MAXUFG I S  THE ULTRA F I N E  GROUP 
IMMEDIATELY ABOVE THE T O P  O F  THE H I G H E S T  
ENERGY BROAD GROUP I N  T H E  AREA 1 0  ( C S C O 1 1 )  

I ENERGY RANGE 
H I G H E S T  ENERGY ULTRA F I N E  GROTJP NUMBER F O R  
WHICH S C A T T E R I N G  RATES. ARE PROVTDEn 

' N U M B E R  OF T Y P E '  2 R E C O R D S  P R E S E N T  I N  T H E  F I L E  
' . NUYSER O F  MATERIALS I N  T H E  PROBLEM 

NUMBER O F  ULTRA F I N E  .GROUPS R E A D  FOR EACH P A S S  
OP RECORD 2 .  N U F G R D = I 2 - I 1 + 1  ( S E E  RECORD 2 )  

c----------------------------------------------------------------------- 
C S  F I L E  STRUCTURE - 
C S  - 
C S  RECORD T Y P E  P R E S E N T  I F  - 
C S  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ..................... _-----__---__----__-- - 
C S  S P E C T F I C A T I O N S  ALWP.YS - 
C S  ******** ( R E P E A T  NPASS T I M E S )  - 
C S  * S OTJ R CRS .. . N P A S S . G T .  0  1 .  . .  . - 
C S  ******** - 
C S  S C A T T E R I N G  RATES ALWAYS PRESENT - 
C S  HYDSOGFN S C A T T E R I N G  RATES P R E S E N T  I F  NHYDRO=1 . - 
C S  / ( S E E  RECOB9 1 OF DATA- 

C S  S E T  P R B S P C )  - 
C  . - 
c--------------------------------------------------------------A-------- 

c-------------------------------------------.---------------------------- 
Cl? 5 P E C I F I C A T I O N S  ( T Y P E  1 )  - 
C - 
CL H I N U F G ,  MAXUPG,NUFGRD,NPASS - 
C  - 
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CR SO!JRCYS ( T Y P E  2 )  - 
C - 
CC D R E S F H T  I F  Y P A S S . G T . 0  - 
C - 
CL ((SFIX (Y,Tl ,M=l,NPEiMA.T) , 1 = 1 1 , 1 2 ) '  , - 
I : - 
cn NT?PGPD*NPR MAT - 
C  - 
CD S P I X  (M,T) M I C R O S C O P I C  SOURCE I N T O  ULTRA F I N E  GROYP I - 
CD DUE TO F I S S I O N ,  I N E L A S T I C  S C A T T B R I N G ,  A N n  - 
CD N f 2 N  S C A T T E R I N G  I N  MATERIAL M .  - 
CD I KbNGES O V E 3  THE ULTRA F I N E  GROTJPS I N  THY - 
CD AREA 1 0  ( C S C O I I )  ENERGY RANGE, NAXrJFG+l  - 
CD THR0UGi-I NGROUF, WHERE NGROUP I S  THE 
CD LOWEST ENERGY ULTRA F I N E  GROUP I N  TBE PROBLEM. - 
C D  N U P G R D  U L T R A  F I N E  G R O U P S  P-RE I N C L U D E D  FOR E Y C H  - 
CD P A S S .  - 
CD I 1  F I R S T  ULTRA F I N E  GROUP READ FOR CURSENT PF_.SS . - 
CD 12 L A S T  YJLTRA F I N E  GROUP READ FOE C!JRRENT P A S S  - 
C  - 
c ...................... ------------------- - .................... - ------- - 

c----------------------------------------------------------------------- 
CR S C A T ' T Z R I N s  RATES ( T Y P E  3) - 
C  .. 
CC AL'vlP.YS P R E S E N T  - 
C  . .  . - 
C  1, ( ( S S  ( I ,  !I) , I = l ,  M I N  MAX) , N= 1,  NPRO) - 
C - 
C g  NPRO*NINNAX - 
C - 
CU S S  PRODUCT OF M I C R O S C O P I C  SCA1l"l 'ERING CROSS - 
CD S E C T I O N  T I M E S  ULTRA P I N E  GROUP FLUX D I V T D E n  B Y  - 
CD THE ULTRA F I N E  GROUP LETHARGY B13TH FOB T9B - 
CD F I N E  GROUPS MINUFG THROUGH MEXUFG FOR EACH - 
C P  MATERIAL - 
CD MTNFlhX MAXUFG-MINUFG+ 1  - 
CD N PRO NPRMAT I F  HYDROGEN I S  NOT P R E S E N T  f~ THE - 
CD PROBLEM 'NIXTTJHE. NPRMRT-1 I F  HYDROGEN I S  I N  - 
CD PROBLEM MIXTURE - 
C  - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 
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I 

C------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

C  R HYDROGEN S C A T T E R I N G  RATES ( T Y P E  4 )  - 
C a 

CC P R E S E N T  I F  NHYDRO=1 ( S E E  RECORD 1 O F  DATA S E T  P R B S F C )  - 
C  - 
CL (SFIYDRQ ( T )  , I=l , MAXSTFG) - 
C  - 

, c y  7 
M A X  VF'G - 

C - 
CD SHYDRO PRODUCT O F  HYDROGEN M I C E O S C O P I C  S C A T T E g I N G  . - 
CD CROSS S E C T I O N  TTMES ULTRA F I N E  CROUP FLUX - 
C 9 .  D T V T D S D  BY THE ULTRA F I N E  GkOUP LETHbRGY B I D T H  - 
CD ?OR ALL ULTRA P I N E  GROUPS ABOVE TYE AREA 1 0  - 
CD ( C S C O 1 1 )  ENERGY RANGE ' - 
C  - 
c----------------------------------------------------------------------- 

CEOF 



APPENDIX D. M C ~ - ~  Binary F i l e s .  UNREG 

C** * * * * * * * * * * * * * * *+ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C - 
C PREPARED 3/10/75 AT ANL - 
C - 
C F  UNRBG - 
C E  UYBESOLVED UFG C R O S S  S E C T I O N S  - 
C - 
CN T H I S  F I L E  I S  V R I T T E N  BY MC**2- I1  AREA 7 - 
CN ( C S C O O 8 )  - 
C - 
C********************** ................................................. * 

I M A X  1  

M ITTAT 
K B F G  

FISSION FLAG 
I F I = O  MATERIAL I S  NOT F I S S I O N A B L E  
IFI= 1' MATERIAL I S  F I S S I O N A B L E  
LOYEST ENERGY UFG FOR WHICH MATEPIAL HAS 
NOH-ZEBO UNRESOLVED C R O S S  S E C T I O N  
H I G H E S T  ENERGY UPG FOE WHICH MATERIAL HAS 
NON-ZERO UNRESOLVED C R O S S  S E C T I O N  
2 FOR IBM MACHINES,  1 O T H E R K I S E  
NUMBER OF R E G I O N S  
NREG= 1 FOR HOMOGENEOUS PROBLEMS (NGEOM=O) 
NREG=2 FOR P I N  C E L L S  (NGEOM=2) AND IF 

MAXHTM.GT. 0  
N R E G = l  + NUMBER OF S L A B  R E G I O N S  FOR SLP-B 

PROBLEMS (NGEOM=l)  AND I F  MAXHTM. GT.  0  
(MIXHTM I S .  THE MAXIMUM NUMBER OF MATERIELS I N  

AYY HETEROGENEOUS REGION)  
NUMBER OF UNRESOLVED RESONANCE MATERIALS 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
C S  F I L v 9  STRUCTURE - 
C S  - 
C S  FECORD T Y P E  P R E S E N T  I F  - 
C S  ................................... -- - . - - - - - - - - - - - - - - -  --- ------ -- ------ ..................... --------------------- - 
C S  S P R C I F I C A T I O N S  ALk7P.YS - 
C S  rJNR?!SOLVED MATSRIAL NAMES ALWF-YS - 
C S  ******** (!3!??EAT FOR NUMRES M A T E a I A L S )  - 
C S  6 ! ? ~ ? ? E T  AL S P E C I P I C . ~ T I O N S  F.LPPY!? - 
C S  * * ( F E D E A T  FOR I + N O .  O F  R E G I O N S  - 
C S  * * IK V H I C H  MATERIAL I S  TREATED - 

* * C S  HETEROGENEOUSLY) - 
C S  * * CAPTURE CROSS S E C T I O N  I R I K 1  .GT. O - 
C S  * * F I S S I O N  C R O S S  S E C T I O N  I M I N 1  .GT. 0, 1 P T . G T .  0 
C S  * * T O T n I .  C g O S S  S E C T I O N  I f l I N 1 . G T . O  - 
C S  ******** - 
C - 
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c ........................... --------- ................................... 
CR S P E C I F I C A T I O N S  ( T Y P E  1) - 
C  - 
CC ALT.'J!YS P R E S E N T  - 
C  - 
C L  NUM R E S ,  NBBG - 
C - 
CW 2 - 
C  - 
c ------------------ - ---- - ......................... - ..................... 

c----------------------------------------------------------------------- 
CR U N R E S O L V E D  Y A T E R I E L  N A M E S  ( T Y P E  2) - 
C - 
CC RLVAYS P R E S E N T  - 
C  . - 
C L  ( U N R M A T  (I) , T=l ,NUNRES) - 
C  - 
C  17 MULT*NlJM??ES , - 
C  - 
CD UNRMCT NF.!JI E  O F  UNRESOLVED Ml iTERIAL (DOUBLE P R E C I S I O N )  - 
C  - 

c---r --------------- ---- ------------- ---- --------- - --------------------- 
CR MATERIAL S P E C I F I C A T I O N S  ( T Y P E  3 )  - 
C  - 
CC A T d L J A  YS P R E S E N T  - 
C - 
CL I F T ,  I M I N ~ ,  I M A X I  - 
C - 
CW 3  - 
C  - 
c ................................... - ------ - ------ - ..................... 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CR C R P T U B E  C R O S S  S E C T I O N  ( T Y P E  4)  - 
C - 
CC P R E S E N T  FOR HOMOGENEOUS .MIXTURE I F  I M I N 1 .  GT.  0. - 
CC ALSO P R E S E N T  FOR EACH HETEROGENEOUS REGION I N  U H I C H  CURRENT- 
CC MATSHIAL I S  TREATED HETEROGENEOUSLY - 
C - 
CL ( S I G C  ( T )  , I= IMIN1 ,  IMAX1) - 
C  - 
CC I M J ! X 1 - I f l T N 1 + 1  - 
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C - 
CD S I C ?  UNFtYSOLVED RESONANCE CAPTURE C P O S S  S E C T I O N S  - 
C C - 
c-----------------------------------------------------------------------  

CT! P I S S T O N  CROSS S E C T I O N  ( T Y P E  5)  
C .  

P R Y S E N T  FOR H O M O G E N E O U S  M I X T U R E  I F  I M I N I .  G T . O ,  I F I . G T . ~ .  - 
A I . S Q  PRESENT FOR EACH HETEROGENEOUS REGION I N  RHICH CURREMT- 
M A T E R T . A L  I S  TRZATED IIETEROGE NEOUSLY AND I F I .  GT. 0  - c 

- 
S I G F  UN-RESOLVED RSSONANCE F I S S I O N  CROSS S E C T I O N S  - 

c----------------------------------------------------------------.------, 
Cp TOTAL CROSS S E C T I O N  ( T Y P E  6 )  - 
P .  - 

P R E S E N T  FOR. HOMOGENE0U.S MIXTURE I F  I M I N 1 . G T . O .  - 
ALSO P R E S E N T  FOR EACH HETEHOGENEOUS REGION I N  WHICH CURRENT- 
?I A T E R T n L  'IS TREATYD HETEROGENEOUSLY - 

S I C  :-T 

- 
UNRESOLVED RESONANCE TOTAL C R O S S  S E C T I O N S  - 
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C  - 
C  PREPARED 3 / 0 5 / 7 5  AT ANL - 
C  - 
C F  UNHES - 
CE U N R E S O L V E D  R E S O N A N C E  CROSS S E C T I O N S  - 
C  - 
CN T H I S  DATA S E T  I S  WRITTEN BY K C * * 2 - I 1  AREA 5 - 
CN ( C S C 0 0 4 )  I F  UNRESOLVEC MATERIALS ARE PRESENT - 
C  - 
C * * * * * * * * * $ * 9 * * 6 * * 9 * & * * * * * * * * * * * * * * * * * * 8 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

CD MULT 
CD N I S O  
CD NPTS 
CD 
CD NREG 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD NlJTlRXS 

2 FOR IBM MACHINES,  1 O T H E R W I S E  
NUMBER OF I S O T O P E S  F O R . E A C H  nATXRIAL 
N U M B E R  OF E N E R G Y  ( E S T A R )  P O I N T S  'FOR 
EACH ISOT'OPE \ 

NUMBER O F  R E G I O N S  
NREG=1 FOR HOMOGENEOUS PROBLEMS (NGEOM=O) 
NREG=2 FOR P I N  C E L L S  (NGEOM=2) AND I F  

MAXHTM.GT. 0  
eNSEG=1 t NUMBER OF S L A B  R E G I O N S  FOR S L A B  

PROBLEMS ( N G E O I = I )  AND I F  MAXHTY.ST.0 
(MAXHTM I S  THE MAXIM,UN NUMBER O F  MATERIALS IY 

A N Y  HETEROGENEOUS R E G I O N )  
NUMBER OF UNRESOEVEU RESONANCE MATERIALS 

c ----------------------------------------------- d ....................... 
I I 

cs . F I L S  S T R U C T U R E  - 
C S  - 
C S  RECORD T Y P E  P R E S E N T  I F  - 
C S  ................................ ................................ ------ --------------- --- - - - - - - .  ------------ - 
C S  S P E C I F I C A T I O N S  A L W A Y S  - 
C S  MBTERIAL NAVES ALWAYS - 
C S  a***** * * * * *  ( R E P E A T  FOR NUMRES - 
C S  * M A T E R I A L S )  - 
C S  t ?I A T E R I A L  S P E C I F I C A T I O N  ALYBYS - 

AL?*?AYS C S  * ENERGY P O I N T  I N D E X  - 
C S  . * ***a****  ( R E P E A T  N I S O  T I M E S )  . 

\ - 
C S  + * E N E R G Y  S P E C I F I C A T I O N S  ALVAYS - 
C S  * * ***** ( R E P E A T  FOR 1+NO.  O F  R E G I O N S  - 
C S  8 * *  I N  K H I C H  MATERIAL I S  TREATED I 

- 
C S  * * t  HETEROGENEOUSLY) - 
C S  , *  * * CAPTURZ C R O S S  S E C T I O N S  ALWAYS - 
C S  * * * F I S S I O N  CROSS S E C T I O N S  IFI.EQ. 1 - 
C S  * * * TOTAL C R O S S  . . S E C T I O N S  R'LPAY S  - 
C S  *********** - 
C  - 
c ----------------------------------------------------------------- * ----- 
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CR ENERGY P O I N T  I N D E X  ( T Y P E  4 )  - 
C - 
C C  ALFAYS P R E S E N T  - 
C - 
CL ( N P T S  ( I )  , I = l , N I S O )  - 
C - 
CV N I S O  - 
C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

----==------------------------------------------------------------ 

EKF'RGY S P E C I F I C A T ~ U ~ S  (?YPE 5 )  - 
- 

EL77AYS P R E S E N T  - 
- 

(??STAR (I) , 1 1 , N P T S )  - 
NPTS - 

- 
E S T A R  ENERGY P O I N T S  - 

CR CAPTURE C R O S S  S E C T I O N S  ( T Y P E  6 )  - 
C - 
CC A L q A Y S  P R E S E N T  FOR HOMOGENEOUS MIXTURE,  ALSO PRESENT - 
CC FOB EACH HETEROGENEOUS REGION I N  WHICH CURRENT MATERIAL , - 
C C  I S  TREATED HETEROGENEOUSLY - 
C - 
C L  ( S I G C A P  (7:) , I = 1  , N P T S )  - 
C - 
C !d NDTS - 
C - 
CD S I G C A P  UNRESOLVED RESONANCE CAPTURE CROSS S E C T I O N S  ' 

- 
C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .- - - - - - - - - - - - 

CF? F I S S I O N  C R O S S  S E C T I O N S  ( T Y P E  7) - 
C - 
CC ALYAYS P R E S E N T  FOR HOMOGENEOUS MIXTURE I F  1 F I . E Q .  1 - 
C C  ALSO P R E S E N T  FOR EACH HETEROGENEOUS R E G I O N S  I F  T F I .  EQ. 1 - 
cc E N D  C ~ J R R E N T  M A T E R I A L  IS T R E A T E D  H E T E H O G E N E O U S L Y  I N  R F G T O N  - 
C - 
C L. ( S T  GFT S  ( I )  , T= 1 ,  N P T S )  - 
C 
, 
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c----------------------------------------------------------------------- 
CR S P Z C I F T C A T I O N S  ( T Y P E  1 )  - 
c -  
CC . ALSAYS P R E S E N T  - 
C - 
CL N U M ? ? E S , N R E G , N P T M A X , M A X I S O  - 
C  - 
C P  . 4 - 
C  ? , - 
CD NPTIil A X  MAXIMUM NUMBER O F  P O I N T S  FOR ANY MATERIAL - 
CD I N  THE L I B R A R Y  - 
CD MAYTSO MRXIMUM NUMBER O F  I S O T O P E S  I N  THE MIXTURE - 
C - 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

c----------------------------------------------------------------------- 
CR MATERIAL N A M E S ' ( T Y P E  2 )  - 
C - 
CC ALVAYS P R E S E N T  - 
C - 
CL (TJNRYAT ( I )  , I=l ,NUMRES) - 
C  . . - 
CW MULTsNYMRES - 
C  - 
CD lTNRMAT DOUBLE P R E C I S I O N  (R*8)  UNRESOLVED RESONANCE - 
CD MATERIAL NAMES - 
C - 
c & .............................. - - - - .  

CR MATERIAL S P E C I F I C A T I O N  ( T Y P E  3 )  - 
C  - 
CC ALYAYS P R E S E N T  - 
C  - 
C L  N I S 0 , l P I  - 
C  - 

\ 

CW 2 - 
C - 
CD I F 1  F I S S I L E  MATERIAL I N D E X  - 
CD I F I = O  FOR N O N - F I S S I L E  MATERIAL - 
CD I F I = 1  FOR F I S S I L E  MATERIAL - 
C  - 
C------ - - - ' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  



APPENDIX D. ' M C ~ - ~  Binary F i l e s .  UNRES (contd.)' 

I 
\ 

C P  NPTS - 
C  - 
CD S I G F T S  UNRESOLVED RESONANCE F I S S I O N  C R O S S  S E C T I O N S  - 
C  - 
C ----- - ................................................................. 

CR TOTAL CROSS S E C T I O N S  ( T Y P E  8 )  - 
. . 

' C  - 
CC ALWAYS P 3 E S E N T  FOR HOMOGENEOUS MIXTURE,  ALSO P R E S E N T '  - 
C C  FOR EACH HETERUGENEOUS R E G I O N  IN WFTCH CURRENT MATERTAL - 
CC . . TS TFSATED HETEROGENEOUSLY 01 

C  - d - 
CL ( S I . G T O T  ( I )  ,I=1 , N P T S )  - 
C  - 
CB NDTS - 
C - 
CD S I G T O T  UNRESOLVED RBSONANCE TOTAL C R O S S  S E C T I O N S  - 
C  - 

t c .................................................................... --- 
1 

, . 
C E O F  

$ 
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APPENDIX E 

BPOINTER, A Dynamic S torage  Al loca t ion  Program 

1. Descr ip t ion  of Subprogram Package 

BPOINTER is a FORTRAN subprogram package which was developed t o  
a l l e v i a t e  bookkeeping h r e s  a s s o c i a t e d  wi th  t h e  use  of dynamic s t o r a g e  
a l l o c a t i o n  techniques .  F r? 

Programs which use  t h e  BPOINTER c a p a b i l i t y  tend t o  b e  s t r u c t u r e d  
i n  sub rou t ine  form. A c o n t r o l  r o u t i n e  i s  used t o  d e f i n e  one o r  two l a r g e  
b locks  of s t o r a g e  ( c a l l e d  t h e  con ta ine r  a r r a y s ) ,  and make t h e  app ropr i a t e  
c a l l s  t o  BPOINTER t o  c o n t r o l  t h e  a l l o c a t i o n  of s t o r a g e  w i t h i n  t h e s e  
b lock  ( s )  . Calls t o  c a l c u l a t  i o n a l  sub rou t ines  t r ansmi t  p o i n t e r s  cor resy  orlrlillg 
t o  app ropr i a t e  a r r a y  l o c a t i o n s  through t h e  c a l l i n g  sequences.  A l l  BPOINTER 
c a p a b i l i t i e s  a r e  accessed  through an a p p r o p r i a t e  c a l l  t o  an  e n t r y  p o i n t ,  
sub rou t ine ,  o r  f u n c t i o n  subprogram. The fo l lowing  c a p a b i l i t i e s  a r e  a v a i l a b l e  
i n  t h e  BPOINTER sys  tem: 

. (a )  S torage  of d a t a  i n  and r e t r i e v a l  of d a t a  from t h e  
con ta ine r  a r r a y ,  v i a  u se r  defin'ed v a r i a b l e  a r r a y s .  

(b) Purge of v a r i a b l e  a r r a y s  s t o r e d  i n  t h e  con ta ine r  
a r r a y .  

(c)  Automatic "cleanup" of t h e  con ta ine r  a r r a y  when 
more s t o r a g e  is  r equ i r ed .  

(d) Re-def in i t ion  of a r r a y  s i z e s  wi thout  l o s s  of d a t a  
a l r eady  s t o r e d  i n  t h e  a r r a y .  

(e )  Array dump of s e l e c t e d  i n t e g e r ,  f l o a t i n g  po in t  o r  
BCD a r r a y s  i n  a  p re sc r ibed  format .  

( f )  Trace dumps of BPOINTER a c t i v i t i e s ,  

(g) S t a t u s  r e p o r t s  of t h e  BPOINTER t a b l e s ,  

De ta i l ed  program documentation inc lud ing  flow c h a r t s ,  common 
b lock  informat ion  and subprogram d e s c r i p t i o n s  is a v a i l a b e  i n  Reference 1. 
This  Appendix is  in tended  t o  provide  a b r i e f  d e s c r i p t i o n  of how t h e  
program package ope ra t e s .  The major d i f f e r e n c e s  between t h e  I B M  and 
CDC s tandalone  ve r s ions  of t h e  program package a r e  a l s o  noted ,  

The s h o r t  example l i s t e d  i n  F ig .  27 i s  intended t o  i l l u s t r a t e  t h e  
s t r u c t u r e  of a program us ing  t h e  BPOINTER package. This  example demonstrates 
t h e  manner i n  which a con ta ine r  is  a l l o c a t e d ,  p o i n t e r s  def ined  and used, and 
t h e  con ta ine r  r e l ea sed .  

Br ie f  d e s c r i p t i o n s  of a l l  t h e  BPOINTER e n t r y  p o i n t s ,  sub rou t ines  
and func t ions  a r e  given i n  Table XIV.  



A l l  dynamically a l l o c a t e d  a r r a y s  a r e  addressed r e l a t i v e  t o  t h e  common 
block /ARRAY/ which con ta ins  a s i n g l e  a r r a y  element ,  BLK(1). I n  t h e  IBM 
ve r s ion  of t h e  code t h e  element must b e  dec lared  a s  DOUBLE PRE'CISION. A 
second common block   ARRAY^/ i s  used i n  t h e  CDC ve r s ion  of BPOINTER t o  
address  a r r a y s  a l l o c a t e d  t o  a l a r g e  core  memory con ta ine r .  This common 
block a l s o  conta ins  a s i n g l e  a r r a y  element BLKECS(1) which must be  
dec lared  a LEVEL 2 v a r i a b l e .  The equ iva l en t  of t h e  l a r g e  co re  memory 
con ta ine r  on IBM equipment is  a second con ta ine r  which may b e  given a 
HIARCHY 1 l o c a t i o n  b u t  is  addressed i n  p r e c i s e l y  t h e  same manner as t h e  
f i r s t  (SCM) con ta ine r .  The one word ass igned  t o  t h e  con ta ine r  by t h e  
source  language program provides a r e f e rence  addres s ,  A t  execut ion  
time machine language rou t ines  (ALLOcl, ALLOC2 on IBM, MEMGET1, MEMGET2 
on CDC) a r e  used t o  o b t a i n  the ' add res ses  of co re  which a r e  a v a i l a b l e  t o  
t h e  program f o r  t h e  a l l o c a t i o n  of d a t a  a r r a y s .  These blocks of co re  are 
a l l o c a t e d  i n  t h e  fol lowing manner. 

( a )  IBM a l l o c a t i o n  

The s t anda rd  I B M  macro i n s t r u c t i o n s  GETMAIN and FREEMAIN are 
used t o  a l l o c a t e  and f r e e  consecut ive words of core  which a r e  a v a i l a b l e  
t o  t h e  program. The des igna t ions  subpool 1 and 2 a r e  ass igned  t o  t h e  
bulk (LCM) and f a s t  (SCM) con ta ine r s  r e s p e c t i v e l y  ., Since  a l l o c a t i o n s  
a r e  performed i n  u n i t s  of 256 ( e i g h t  by te )  words, i.t i s  most e f f i c i e n t  
t o  r eques t  blocks of core  i n  such m u l t i p l i e s ;  

(b) CDC a l l o c a t i o n  

The COMPASS r o u t i n e  MEMGET uses t h e  s t anda rd  CDC macro 
i n s t r u c t i o n  MEMORY t o  determine t h e  jobs SCM and LCM f i e l d  l eng th .  
The core  a v a i l a b l e  a s  a con ta ine r  f o r  t h e  BPOINTER SCM a r r a y s  i s  
determined by s u b t r a c t i n g  t h e  address  of b lank  common from t h e  SCM 
f i e l d  l eng th .  Thus a program us ing  t h e  CDC ve r s ion  of BPOINTER should 
not  use b lank  common. Blank common is used f o r  t h i s  purpose because of 
t h e  CDC l oade r  convention which p laces  b lank  common a f t e r  a l l  o t h e r  pro- 
gram s e c t i o n s  i n  core .  Although b lank  common is  used i n  t h i s  manner t o  
determine t h e  a v a i l a b l e  core f o r  a con ta ine r ,  a r r a y s  i n  t h e  con ta ine r  
a r e  addressed r e l a t i v e  t o  t h e  common b lock  /ARRAY/ a s  noted above, The 
BPOINTER program package* accounts f o r  t h e  o f f s e t s  between t h e  address  of 
/ARRAY/ i n  core  and t h e  address  of t h e  con ta ine r .  It should a l s o  b e  noted 
t h a t  t h e  conventions used by BPOINTER a r e  such t h a t  t h e  f i r s t  word of t h e  
con ta ine r  is  no t  i n  gene ra l  s e t  t o  t h e  f i r s t  word of b lank  common. This  
is  important  s i n c e  t h e  loade r  convention noted above is  n o t  adhered t o  by 
a l l  CDC Systems. The u s e r  is t h e r e f o r e  r e spons ib l e  f o r  provid ing  enough 
SCM memory t o  accommodate t h e  program, any SCM b u f f e r s ,  and t h e  BPOINTER 
con ta ine r  a s  t h e r e  is  c u r r e n t l y  no e f f e c t i v e  check t o  make s u r e  t h a t  d a t a  
s t o r e d  i n  t h e  BPOINTER con ta ine r  do not  over lap  code. It is  assumed by 
t h e  CDC ve r s ion  of BPOINTER t h a t  t h e  LEVEL 2 common block /ARRAY2/ is 
addressed a s  t h e  f i r s t  word of LCM and t h e  e n t i r e  LCM f i e l d  l e n g t h  is  
assumed t o  Le a v a i l a b l e  t o  BPOINTER f o r  i t s  LCM con ta ine r .  



The l e t t e r s  M and B a r e  used a s  neumonics w i t h i n  BPOINTER t o  
des igna te  rou t ines  which ope ra t e  on t h e  SCM and LCM con ta ine r s  r e s p e c t i v e l y .  
Thus PUTM a l l o c a t e s  an a r r a y  i n  t h e  SCM con ta ine r  wh i l e  PUTB a l l o c a t e s  ad 
a r r a y  which must b e  re ferenced  on CDC equipment a s  a LEVEL 2 a r r a y .  On 
IBM equipment wi thout  HIARCHY.support (e.g.  3701195) t h e  two con ta ine r s  
a r e  equ iva l en t .  The d i s t i n c t i o n s '  noted above between t h e  two dynamic con- 
t a i n e r s  a r e  important  on CDC equipment where t h e ' c o n t a i n e r s  a r e  addressed 
q u i t e  d i f f e r e n t l y  and on IBM equipment w i th  HIARCHY suppor t  where access  
t o .  t h e  BULK co re  con ta ine r  (HIARCHY 1, subpool 1 )  is s i g n i f i c a n t l y  s lower 
than  access  t o  the  MAIN co re  c o n t a i n e r  (HIARCHY 0 ,  subpool  2) . 



BPOINTER EXAMPLE 
DEFINE CONTAINER COMMON BLOCK 

REAL*8 BLK, FLUX, POWER 
COMMON/ARRAY/BLK ( 1 )  
DIMENSION BLK4 ( 1 )  
EQUIVALENCE (BLK ( 1 )  ,BLK4 ( 1 )  ) 
DATA FtUX/6HFLUX /, POWER/6HPOWER /, M A X S I Z / 1 0 0 0 0 /  
DATA I 4 / 4 / ,  I8/8/,  I 0 / 0 / ,  NG/27/ 

ALLOCATE CONTAINER WITH NAXSIZ WORDS OF SCM AND NO LCM 

CALL BULK ( 1 0 )  
CALL POTNTR (BLK, MAXSIZ,  1 .0)  

ALLOCATE SPACE FOR ARRAYS POWER, FLUX AND CURRENT 

CALL PUTM (POWER, I 8  ,NG, IPOWR) 

< ,  CALL P"TY (PLOX,I4 ,2*NG , I F L U X )  

DETERMINE POINTER FOR SUB-ARRAY CURRENT WHICH FOLLOWS THE 
NG SINGLE P R E C I S I O N  WORDS FOR THE ARRAY FLUX 

I C U R N T = I P T 2  ( I F L U X ,  N G , I O )  

CHECK ON BPOINTER ERROR 

I F  ( I P T E R R  (DUN). GT. 0  ) P R I N T  5 0 0  
5 0 0  FORMAT ( l H 0 , l U H B P O I N T E R  ERROR) 

CALL SUBROUTINE I N I T  TO USE THESE ARRAYS 

CALL I N I T  (BLK ( I F L U X )  ,BLK (IPOWR) , BLK4 ( ICURNT)  , NG) 

FREE CONTAINER AND RETURN 

CALL FREE 
RETURN 
END 
S U B R O U T I N E  INIT (PHI, P O W E R , C U R E N T , N G )  - 

USE BPOINTER ARRAYS J U S T  AS A N Y  OTHER VARIABLES 
0 

REAL*8 POWER 
D I I E N S I O N  P H I  ( 1 )  ,POWER ( 1 )  ,CURENT ( 1 )  
DO 1 0  1 = 1 , N G  
P H I ( 1 )  = l .  0 
POWER ( I )  = 3 .  1 E + 0 6  
CURENT ( I )  =. 333  

1 0  CONTINUE 
RETURN 
END 

F i g .  27. BPOINTER Example  



TABLE XIV.  BPOINTER Subprogram Desc r ip t ions  

POINTR (008710 - 010270)* I n i t i a l i z e s  t a b l e s  of dynamic 
a l l o c a t i o n  program package and c a l l s  
ALLOCl and ALLOC2 t o  a l l o c a t e  con- 
t a i n e r  ( s )  f o r  v a r i a b l y  dimensioned 
a r r a y s  . 

PUTPNT/PUTBLK (010280 - 010590) Dummy r o u t i n e  c a l l s  PUTM t o  a l l o c a t e  
a r r a y  s t o r a g e .  

RULK (010600 - 010720) S e t s  number of words of BULK(LCM). c o r e  
to 'he a l l o c a t e d ,  

FREE (010730 - 011020) C a l l s  FREE1 and FMH2 Lo relcasa codr 
t a i n e r s  a l l o c a t e d  by c a l l s  from sub- 
r o u t i n e  POINTR. 

WIPOUT/CLEAR (011030 - 011780) Dele tes  a named a r r a y  from BPOINTEK 
t a b l e s ;  zeroes  a l l  l o c a t i o n s  ass igned  
t o  a named a r r a y .  

GETPNT/GETN/DUMP (011790 - 013310) R e t u r n s , p o i n t e r  f o r  a named a r r a y s  
r e t u r n  index i n  BPOINTER t a b l e s  of a 
named a r r a y ;  c o n t r o l s  p r i n t i n g  of a 
named a r r a y .  

IGET (013320 - 013730) - Returns p o i n t e r  f o r  a n m e d  a r r a y ,  

Returns p o i n t e r  t o  a sub-array r e l a t i v e  
t o  a s i n g l e  p r e c i s i o n  word l e n g t h  
con ta ine r .  

PuTM/PuTB (013880 - 015460) ~ n t e r s  named a r r a y s  i n t o  f a s t  and 
bulk(LCM) con ta ine r s  r e s p e c t i v e l y ,  

IPTERR/NNAMSF (015470 - 015740) Returns number of BPOINTER e r r o r s 5  
r e t u r n s  number of named a r r a y s  i n  
BPOINTER t a b l e s ,  

ILASTIILASTB (015750 - 015940) Keturns word number o.f f i x s t  a v a i l a b l e  
word i n  SCM/LCM con ta ine r ,  

REDEF (015950 - 016130) Dummy r o u t f  ne c a l l s  REDEFM t o .  r e d e f i n e  
s i z e  and/or  l o c a t i o n  of named a r r a y ,  

REDEFM/REDEFB (016140 - 017990) Redefine t h e  s i z e  and/or  l o c a t i o n  of 
named a r r a y  w i t h i n  'BPOINTER t a b l e s  and 
con ta ine r s  . 

* 
Numbers i n  b racke t s  are card  sequence numbers of r o u t i n e  on M C ~ - ~  program 
t ape .  



TABLE XIV. BPOINTER Subprogram Desc r ip t ions  (Contd.) 

PURGE/PURGEB (018000 - 019270) 
' 

, S i f t  s t o r a g e  i n  SCMILCM con ta ine r s  t o  
e l i m i n a t e  unused b locks  c rea t ed  by 
WIPOUT c a l l s .  

STATUS (019280 - 019660) E d i t s  s t a t u s  of BPOINTER t a b l e s .  

PRTIl (019670 - 019790) P r i n t s  h a l f  word i n t e g e r  a r r a y  from 
SCM con ta ine r .  

PRTIlE (019800 - 020000) P r i n t s  h a l f  word i n t e g e r  a r r a y  from 
LCM con ta ine r .  

PRTI2 . (020010 - 020090) P r i n t s  f u l l . w o r d  i n t e g e r  a r r a y  from 
SCM con ta ine r .  

PRTI2E (020100 - 020270) P r i n t s  f u l l  word i n t e g e r  a r r a y  from 
LCM con ta ine r .  

PRTRlIPRTAl (020280 - 020450) P r i n t s  f u l l  word r e a l  a r r a y  from 
SCM con ta ine r  .. 

PRTRlE/PRTAlE (020460 - 020720) P r i n t s  f u l l  word real array from 
LCM con ta ine r .  

P R T R ~ / P R T A ~  (020730 - 020930) P r i n t s  double word read  a r r a y  from 
SCM con ta ine r ,  

PRTR~EIPRTA~E (020940 - 021230) P r i n t s  double word real a r r a y  from 
LCM con ta ine r  .- 
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APPENDIX F . 

Mc2 -2 Library  Generat ion 

The Mc2-2 l i b r a r y  con ta in s  ' e i g h t  f i l e s ,  MCC2F1-MCC2F8, t h a t  were pro- 
cessed from t h e  ENDFIB-IV d a t a  f i l e s  by t h e  code E W E - I i .  Appendix C 
con ta in s  a d e s c r i p t i o n  of t h e s e  f i l e s .  The u s e r  has  t h e  op t ion  of 
ob t a in ing  t h e  b ina ry  Mc2-2 l i b r a r y  o r  gene ra t i ng  t h e  Mc2-2 l i b r a r y  from 
BCD card images on magnetic t apes .  The l i b r a r y  d a t a  a r e  b r i e f l y  summarized 
i n  Table  I X .  

The b i n a r y  l i b r a r y  f o r  I B M  u s e r s  is  conta ined  on one 9 t r a c k ,  non- 
l a b e l e d ,  LRECL=X, RECFM=VBS, and BLKSIZE=6447 magnetic t a p e  w i t h  a r eco rd ing  
dens i ty  of 1600 BPI. The e i g h t  f i l e s  a r e  w r i t t e n  i n  s e q u e n t i a l  o r d e r  
MCC2F1-MCC2F8. A sample of t h e  job c o n t r o l  cards  r equ i r ed  t o  copy t h e s e  
f i l e s  from t a p e  t o  a d i r e c t  access  device  (e .g .  d i s k  pack) is  g iven  i n  
F ig .  22. The b i n a r y  l i b r a r y  f o r  CDC u s e r s  i s  conta ined  on two 7 t r a c k ,  

'non-labeled,  and x-mode b ina ry  t apes  w r i t t e n  w i t h  a r eco rd ing  d e n s i t y  of 
800 BPI. The f i r s t  b i n a r y  t ape  con ta in s  t h e  f i l e s  MCC2F1-MCC2F4, MCC2F7, 
and MCC2F8. The second t ape  con ta in s  t h e  f i l e s  MCC2F5 and MCC2F6. These 
two b i n a r y  t apes  were genera ted  a t  BERKELEY. F igu re  28 d i s p l a y s  t h e  c o n t r o l  
cards  necessary  t o  read  t h e  t w o  7 t r a c k  x-mode b ina ry  t apes  and w r i t e  a 9 
t r a c k  1600 BPI t a p e .  The BERKELEY example d i s p l a y s  t h e  gene ra t i on  of a1 
non-labeled,  phase encoded, and x-mode binary-odd p a r i t y  t ape .  The 

I 

BROOKHAVEN example d i s p l a y s  t h e  gene ra t i on  of a l a b e l e d ,  SCOPE s t anda rd  
format t a p e .  The 9 t rack t ape  which i s  genera ted  i n  each c a s e  i s  used 
d i r e c t l y  i n  t h e  execut ion  of t h e  Mc2-2 problem a s  d i sp layed  i n  F ig .  25. 

The u s e r  may gene ra t e  t h e  Mc2-2 l i b r a r y  from t h r e e  BCD d a t a  t apes  which 
con ta in  t h e  same e i g h t  f i l e  l i b r a r y  d a t a  i n  BCD format a long  w i t h  a BCD t a p e  
which con ta in s  a F o r t r a n  program, Mc2-2 LIBGEN, which reads  t h e  t h r e e  BCD 
d a t a  t apes  and writes t h e  e i g h t  b ina ry  f i l e s .  A l l  f o u r  t apes  a r e  7 t r a c k ,  
un labe led ,  40 ca rd  images pe r  p h y s i c a l  b lock ,  and w r i t t e n  a t  800 BPI. 
F igure  29 d i s p l a y s  t h e  CDC c o n t r o l  ca rds  used t o  read  t h e  t h r e e  BCD d a t a  t apes  
a s  w e l l  a s  t h e  BCD program t a p e ,  Mc2-2 LIBGEN. The c o n t r o l  ca rds  a l s o  show 
t h e  compilat ion and execu t ion  of t h i s  program which genera tes  t h e  e i g h t  
b i n a r y  MC*-2 l i b r a r y  f i l e s .  The d a t a  t apes  which a r e  p h y s i c a l l y  l a b e l e d  
MC2BCDLIB1, MC2BCDLIB2, and MC2BCDLIB3 a r e  ass igned  t h e  d a t a  set  names 
TAPE11, TAPE12, and TAPE13 r e s p e c t i v e l y  i n  t h e  program execut ion .  The e i g h t  
b ina ry  l i b r a r y  f i l e s  a r e  w r i t t e n  on one d a t a  se t  named TAPE21, and ' t he se  
d a t a  a r e  w r i t t e n  on to  a 9 t r a c k  1600 BPI t ape .  This  b ina ry  l i b r a r y  t a p e  i s  
used d i r e c t l y  i n  the execut ion  of t h e  M C ~ - ~  problem a s  shown i n  F ig .  25. 
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(JOB CARD) 
STAGE(IN1,D8,P3,MT,R,nnnnny6F) 
STAGE (IN2 ,DbYP3,MT,R,nnnnn,2F) 
COPYBF(INl,BINLIB,4) 
COPYBF (IN2 ,BINLIB, 2) 
COPYBF (IN1 ,BINLIB, 2) 
REWIND(INl,IN2,BINLIB) 
STAGE (BINLIB ,D9 ,P~,NT ,W ,nnnnn ,8F) 
6/7/8/9 . . 

(JOB CARD) 
ACCOUNT (Name, NNNN) 
STAGE (IN1, HY , VS N=Nnnnnn) 
STAGE (IN2 ,HY ,VSN=Nnnnnn) 
STAGE(BINLIB,POST,EyPEyVSN=hnn) 
FILE (IN1 ,RT=X,BT=C ,MBL=5120) 
FILE(IN2 ,RT=X,BT=C ,MBL=512@} . 
COPYBF(IN1 ,BINLIB, 4) 
COPYBF(IN2,BINLIB,2) 
COPYFB (IN1, BINLIB, 2) 
REWIND(INl,IN2,BINLIB) 
6171819 

Fig. 28. Generation of M C ~ - ~  Library from Two X-Mode Binary Librazy Tapes 
that were Generated at ~e&ele~ 
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(JOBCARD) 
SCF(R=TAPEll,RL=8O,BF=40,D8,nnnnn) 
SCF (R=TAPE12 ,RL=80 ,BF=40 ,D8 ,nnnnn) 
S C F ( R = T A P E ~ ~ , R L = ~ O , B F = ~ O , D ~ , ~ ~ ~ ~ ~ )  
SCF(R=LIBGN ,RL=80 ,w=40 ,D8 ,nnnnn) 
FTN (I=LIBGN , OPT=l) 
LINK, X . 
STAGE(TAPE21,Dg ,P3,NT,W ,nnnnn,8F) 
61718 19 

( JOBCARD) 
ACCOUNT(Name,NNNN) 
STAGE(TAPEAl,HY,VSN=Nnnnnn) 
STAGE (TAP EA2 , HY , VSN=Nnnnnn) 
STAGE (TAPEA3, HY , VSN=Nnnnnn) 
STAGE(LIBGNl,HY,VSN=Nnnnnn) 
STAGE(TAPE21,POST ,E ,PE ,VSN=Knnn) 
FILE(.TAPEAl,RT=F,I?L=80,RB=40,BT=K,CM=YES) 
FILE(TAPEA2,RT=F,FL=8O,RB=40,BT=K,CM=YES) 
FILE(TAPEA3,RT=F,FL=8O,RB=40,BT=K,CM=YES) 

COPYBF(TAPEA2,TAPE12,1) 
COPYBF (TAPEA3 ,TAPE13,1) 
COPYBF (LIBGN1, LIBGN ,1) 
EEWIND(TAPEll,TAPEl2,TAPE13,LIBGN) 
RETURN (TAPEA1 ,TAPEA2 ,TAPEA3 ,LIBGNl) 
PTN(I=LIBGN,OPT=l) 
FEWIND (LGO) 
LOAD (LGO) 
EXECUTE. 
REWIND(TAPE21) 
6/7/8/9 

Fig. 29. Generation of M C ~ - ~  Library from Three BCD Data Tapes Using the 
Fortran Program M C ~ - ~  LIBGEN 
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