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ABSTRACT 

AMF'X is  a modular system f o r  producing coupled multigroup neutron- 

gamma c r o s s  s e c t i o n  sets. Basic neutron and gamma c ross - sec t ion  d a t a  

f o r  AMPX are obtained from ENDF/B l i b r a r i e s .  

t i o n s  r equ i r ed  t o  gene ra t e  and c o l l a p s e  multigroup c ross - sec t ion  sets 

are provided i n  t h e  system. 

Most commonly used opera- 

AMPX is  f l e x i b l y  dimensioned; neutron group s t r u c t u r e s ,  gamma group 

s t r u c t u r e s ,  expansion o r d e r s  t o  r e p r e s e n t  a n i s o t r o p i c  p rocesses  are a l l  

a r b i t r a r y  and l i m i t e d  only by a v a i l a b l e  computer co re  and budget.  

b a s i c  processes  provided w i l l  (1) gene ra t e  multigroup neutron c r o s s  

s e c t i o n s ;  (2)  gene ra t e  multigroup gamma c r o s s  s e c t i o n s ;  (3) gene ra t e  

gamma y i e l d s  f o r  gamma-producing neutron i n t e r a c t i o n s ;  ( 4 )  combine neutron 

c ross  s e c t i o n s ,  gamma c r o s s  s e c t i o n s ,  and gamma y i e l d s  i n t o  f i n a l  "coupled 

sets"; (5) perform one-dimensional d i s c r e t e  o r d i n a t e s  t r a n s p o r t  o r  d i f f u -  

s i o n  theory c a l c u l a t i o n s  f o r  neutrons and gammas and, on op t ion ,  c o l l a p s e  

t h e  c ros s  s e c t i o n s  t o  a broad-group s t r u c t u r e ,  u s ing  t h e  one-dimensional 

r e s u l t s  as weighting func t ions ;  ( 6 )  p l o t  c r o s s  s e c t i o n s ,  on o p t i o n ,  t o  

f a c i l i t a t e  t h e  "evaluation" of a p a r t i c u l a r  multigroup set of d a t a ;  (7)  
update and maintain multigroup c r o s s  s e c t i o n  l i b r a r i e s  i n  such a manner 

as t o  make i t  n o t  only easy t o  combine new d a t a  wi th  p rev ious ly  processed 

d a t a  bu t  a l s o  t o  do i t  i n  a s i n g l e  pass  on t h e  computer; and (8) ou tpu t  

multigroup c r o s s  s e c t i o n s  i n  convenient formats f o r  o t h e r  codes. 

The 
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COMPUTER CODE ABSTRACT 

1. Name of program: A M P X  

2 .  Computer f o r  which program is designed: IBM 360 S e r i e s .  Some ver- 

s i o n s  have been made o p e r a t i o n a l  on a CDC-6600 and a UNIVAC 1108. 

Nature of phys i ca l  problem solved: 

t h i s  modular package w i l l  gene ra t e  neutron,  gamma o r  coupled neutron- 

gamma multigroup c r o s s  s e c t i o n s .  

c a p a b i l i t y  is  provided f o r  gene ra l  use and f o r  c r o s s  s e c t i o n  co l l aps -  

i ng .  

3. S t a r t i n g  with b a s i c  ENDF/B d a t a ,  

A one-dimensional Sn c a l c u l a t i o n a l  

Treatments are included f o r  resonance s e l f - s h i e l d i n g  e f f e c t s .  

4 .  Method of s o l u t i o n :  So lu t ion  d e t a i l s  are discussed i n  r e f s .  2 

through 5 under i t e m  16 below. 

5 .  R e s t r i c t i o n s  on the  complexity of t h e  problem: The p r i n c i p l e  

r e s t r i c t i o n  i s  t h e  a v a i l a b i l i t y  of adequate core  s t o r a g e .  A l l  

l a r g e  modules are v a r i a b l y  dimensioned which means t h a t  a r r a y  s i z e s  

are set f o r  t h e  p a r t i c u l a r  problem be ing  run. 

Typical  machine t i m e :  Running t i m e s  f o r  t h i s  system are a f u n c t i o n  of 

s e v e r a l  t h ings :  (a )  t h e  number of neutron groups; (b) t h e  number 

of thermal neutron groups; (c )  t h e  number of gamma groups; (d) t h e  

number of r e so lved  and unresolved resonances;  (e )  t h e  d e t a i l  i n  a one- 

dimensional Sn c a l c u l a t i o n ;  ( f )  t h e  s p e c t r a l  weight ing op t ions ;  (g) 

t he  manner i n  which t h e  ENDF/B e v a l u a t o r  r e p r e s e n t s  h i s  d a t a ;  and 

(h) whether one Doppler broadens o r  resonance s e l f - s h i e l d s ,  e tc . ,  

e t c .  A carbon run with 1 4 1  neutron groups (no thermal) and 26 gamma 

groups generated Pg cross s e c t i o n s  in 3.14 minutes on t h e  IBM 360/91. 

A 2 1  neutron group, 18 gamma group P3 case f o r  n i t r o g e n  r equ i r ed  2.54 

minutes on t h e  CDC-6600 corresponding t o  1.06 minutes on t h e  360/91. 

6. 

7 .  Unusual f e a t u r e s  of t h e  program: A l l  major modules are v a r i a b l y  

dimensioned p e r m i t t i n g  opt imal  use of a v a i l a b l e  core .  Ce r t a in  

modules w i l l  au tomat i ca l ly  use e x t e r n a l  s t o r a g e  ( d i s k ,  tape)  if 

in-core s t o r a g e  is  inadequate .  A l l  b a s i c  d a t a  p rocess ing  modules can 

combine d a t a  from any combination of b ina ry  o r  BCD ENDF/B l i b r a r i e s .  

Very gene ra l  multigroup i n t e r f a c e s  are employed throughout.  

major modules use free-form i n p u t  d a t a  and can b e  executed i n  any 

o rde r .  

A l l  
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16.  

Related and a u x i l i a r y  programs: AMPX produces c r o s s  s e c t i o n s  

compatible w i t h  t h e  ANISN, DOT, CITATIONy KEN@, and MORSE com- 

p u t e r  codes. 

S t a t u s :  The IBM v e r s i o n  i s  i n  product ion use  a t  ORNL. Versions 

have been made o p e r a t i o n a l  on bo th  an  CDC-6600 and UNIVAC 1108. 

Machine requirements:  

IBM v e r s i o n  - requires-410K b y t e s  of s t o r a g e  i n  a d d i t i o n  t o  t h e  

u s u a l  complement of t a p e s  and d i r e c t  access dev ices .  

CDC v e r s i o n  - requires-90K words f o r  p r e s e n t  v e r s i o n .  Extended 

Core S to rage  (ECS) i s  used t o  s imula t e  t h e  IBM random access 

f a c i l i t y .  

UNIVAC v e r s i o n  - requires-90K words. 

Programming language: 

I V  H level .  

Operat ing system: IBM @S 360 w i t h  t h e  FORTRAN H compiler (MVT 

v e r s i o n  21.6).  

Other programming information:  The modules i n  t h e  p r e s e n t  system 

are on -50K source  ca rds .  Overlay f a c i l i t i e s  are employed throughout.  

Material a v a i l a b l e :  Source decks f o r  t h e  IBM v e r s i o n  of AMPX can 

be ob ta ined  through t h e  Rad ia t ion  S h i e l d i n g  Information Center 

(RSIC) a t  ORNL. 

This  work w a s  supported by t h e  Neutron Phys ic s  Div i s ion  of ORNL as 

p a r t  of t h e  Reactor and Weapons S h i e l d i n g  Program under Subtask 

PE-074 f o r  t h e  Defense Nuclear Agency. 
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1.0 INTRODUCTION 

AMPX is  a modular system f o r  producing coupled multigroup neutron- 

gamma c r o s s  s e c t i o n  sets from ENDF/B1 data .?  

manual" f o r  t h a t  system. 

d e t a i l e d  d e s c r i p t i o n s  of t h e  physics  employed by t h e  va r ious  modules 

b u t  i s  intended p r i m a r i l y  t o  d e s c r i b e  t h e  mechanics €o r  s e t t i n g  up and 

execut ing problems. 

This  document i s  a " u s e r ' s  

A s  such, i t  does n o t  n e c e s s a r i l y  con ta in  

A l l  commonly used techniques r equ i r ed  t o  gene ra t e  and c o l l a p s e  

multigroup c r o s s  s e c t i o n  sets are provided. 

AMPX planning e x i s t i n g  methods w e r e  eva lua ted  and t h e  c a p a b i l i t i e s  of 

t he  computer codes XLACSY2 MUGY3 LAP HA NO,^ and XSDRN5 were s e l e c t e d  

as t h e  nucleus f o r  AMPX development. A s  t h e s e  codes w e r e  adapted t o  

become modular components of t h e  AMPX system, t h e i r  c a p a b i l i t i e s  w e r e  

expanded and computational e f f i c i e n c y  inc reased .  These ac t iv i t ies  are 

descr ibed i n  some d e t a i l  i n  Sec t ions  3.0, 4 .0 ,  5.0, 7 .0 ,  and 8.0 of  

t h i s  document. 

I n  t h e  i n i t i a l  s t a g e  of 

A M F X  i s  f l e x i b l y  dimensioned; neutron group s t r u c t u r e s ,  gamma 

group s t r u c t u r e s ,  expansion o r d e r s  t o  r e p r e s e n t  a n i s o t r o p i c  p rocesses  

are a l l  a r b i t r a r y  and l i m i t e d  only by a v a i l a b l e  computer co re  and budget. 

The b a s i c  processes  provided w i l l  (1) gene ra t e  multigroup neutron c r o s s  

s e c t i o n s ;  (2) gene ra t e  multigroup gamma c r o s s  s e c t i o n s ;  (3) gene ra t e  

gamma y i e l d s  f o r  gamma-producing neutron i n t e r a c t i o n s ;  ( 4 )  combine 

neutron c r o s s  s e c t i o n s ,  gamma c r o s s  s e c t i o n s ,  and gamma y i e l d s  i n t o  

f i n a l  "coupled sets"; (5) perform one-dimensional t r a n s p o r t  c a l c u l a t i o n s  

f o r  neu t rons  and gammas and, an op t ion ,  c o l l a p s e  t h e  c r o s s  s e c t i o n s  t o  

a broad-group s t r u c t u r e ,  u s ing  t h e  one-dimensional r e s u l t s  as weight ing 

func t ions ;  ( 6 )  p l o t  c r o s s  s e c t i o n s ,  on op t ion ,  t o  f a c i l i t a t e  t h e  "eval- 

uation" of a p a r t i c u l a r  multigroup set of d a t a ;  (7)  update and maintain 

'The des igna t ions  ENDF and ENDF/B are used i n  t h i s  document t o  r e f e r  

both t o  a b a s i c  d a t a  l i b r a r y  and t o  t h e  o v e r a l l  Evaluated Nuclear Data 

F i l e  Procedures. 
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multigroup c r o s s  s e e t i a n  l i b r a r i e s  i n  such a manner as t o  make i t  n o t  

only easy  t o  combtw new d a t a  wi th  p r e v i o u s l y  processed d a t a  b u t  a l s o  

t o  do i t  i n  a s i n g l e  pas s  on t h e  computer; and (8) ou tpu t  mult igroup 

c r o s s  s e c t i o n s  in convenient formats  f o r  o t h e r  codes. 

This  v e r s i o n  of AMPX i n c l u d e s  t h e  fo l lowing  modules ( d e t a i l e d  

d e s c r i p t i o n s  of each are a v a i l a b l e  i n  t h e  i n d i c a t e d  s e c t i o n s  (of t h i s  

document) : 

1. DRIVER - The M X  module manager, Sec t ion  2.0.  

2. XLACS - Produces weighted multigroup neutron c r o s s  slections 

from ENDFIB, Sec t ion  3.0. 

3. LAPHNGAS - Generates multigroup secondary gama-ray  product ion 

cross s e c t i o n s ,  S e c t i o n  4.0.  

4 ,  SMUG - Generates multigroup photon c r o s s  s e c t i o n s ,  Slection 5.0.  

5. CHOX - Performs cross s e c t i o n  i n t e r f a c e  management, S e c t i o n  6 .0 .  

6 .  NITAWL - Provides  o r  resonance s e l f - s h i e l d i n g  and working 

l i b r a r y  product ion,  S e c t i o n  7.0. 

M - Provide one-dimensional Sn c a p a b i l i t y  f o r  s p a t i a l  

c r o s s  s e c t i o n  weight ing,  S e c t i o n  8.0. 

8. NPTXS - Prepa res  p o i n t  f i l e s  f o r  ENDF/B resonance n u c l i d e s ,  

9. LAVA - Prepa re  an AMPX working l i b r a r y  from an  ANISN c r o s s  see- 

y, Sec t ion  9.0. 
10. C@MAND - Collapse ANISN l i b r a r i e s  t o  c o a r s e r  group ANISN l i b r a r i e s ,  

S e c t i o n  9.0. 

11. ARID - Reduce t h e  37-21 DNA broad group l i b r a r y  (ANISN formats:), 

S e c t i o n  9.C. 

12.  GflNVERT - Transform t h e  o l d  XSDRN-formatted neu t ron  l i b r a r i e s  to 

X master neu t ron  l i b r a r y  format,  S e c t i o n  9.0. 

13. REVERT - Transform t h e  new AMPX master neu t ron  formats  t o  t h e  

o l d  X formats ,  S e c t i o n  9.0. 

14.  VASELINE - P l o t  multigroup v e r s u s  p o i n t ,  etc. d a t a ,  S e c t i o n  9.0. 

15. OCTAGN - Generate l i b r a r i e s  f o r  t h e  1, 2,  o r  3 dimensional 

 iff^^^^^ code, CITATION, S e c t i o n  9.0.  
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16. RADE - Check AMPX multigroup l i b r a r i e s  f o r  cons is tency  and reason- 

ab leness  $ Sec t ion  9.0.  

17 .  MAL@CS - Collapse any AMPX multigroup i n t e r f a c e  over  an inpu t  

spec  t r um . 
Figures  1.1 through 1 . 1 7  d e s c r i b e  t h e  s a l i e n t  f e a t u r e s  of t h e  above 

modules. 

Sec t ion  10.0 p r e s e n t s  several sample p r o b l e m  and lists t h e i r  i npu t  

and output .  

Sec t ion  11.0 desc r ibes  a miscel laneous c o l l e c t i o n  of AMPX f e a t u r e s  

and may be u s e f u l  i n  s p e c i a l i z e d  a p p l i c a t i o n s .  

The inpu t  t o  a l l  major modules i s  i n  the ANISN formats  which are 

d iscussed  i n  Sec t ion  13.0.  

s i m p l i f i e s  i npu t  d a t a  p repa ra t ion  f o r  most problems. 

A f r e e - f i e l d  op t ion  i s  a v a i l a b l e  which g r e a t l y  
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Figure 1.1. 
( I B M  version). 

AME'X DRIVER program features 

0 FULL RANGE PROCESSING 
a. Point Data 
b.ResonanceData 

.HANDS ALL ENDF FILE 4-95 

.SEVERAL BUILT-IN WEZGH'JJNG OMIONS 

.C€)MmS DKIWEOM'DIFFERFNTEhlDF 
TAPES EVEN WITH DIFFERENT MODES 

*PLOTTING 'PROVISIONS 

Figure 1.2. XLACS features. 
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Production Matrim 
&Viricty of Flux Weyhtuy Options 

An~~~tmpic PrndwtionMatrices 
Free Form Input%& 
Flexible Dimensioniy 

Figure  1 . 3 .  LAF’HNGAS f e a t u r e s .  

a 10- 15 times hter than MUG due, 
to improved Calc@d~bw. 

S Accepts ENDFData 
Completely FlexibleDimensioned 
Built-in Photon &spowT;ncttkms P 

Figure  1.4.  SMUG f e a t u r e s .  



1-6 

F 

Figure 1.5. CHOX features. 

'Resonax Self-She& 

Figure 1 . 6 .  NITAWL features. 
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Figure 1.7. XSDRNPM features. 

. Figure 1.8. NPTXS features. 



Let 

AMPXI 
Figure 1 . 9 .  LAVA f e a t u r e s  

F igure  1.10. COMAND f e a t u r e s .  
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Figure  1.11. ARID f e a t u r e s .  

CONVERT 
I 

I 

Figure  1 . 1 2 .  CONVERT f e a t u r e s .  
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Figure  1.13. REVERT f e a t u r e s .  

F igure  1.14.  VASELINE f e a t u r e s .  
/ ?  

\ 
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c 

Figure 1.15. OCTAGN f e a t u r e s .  

F igure  1.16. RADE f e a t u r e s .  



1-12 

Figure 1 . 1 7 .  MALOCS features. 
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2.0. DRIVER: THE AMPX MflDULE MANAGER 

L. M. Petrie 

The AMPX module manager, DRIVER, is a machine language module which 
has the following features: 

1. 

2 .  

3 .  

It removes any practical limitation with respect to the number 
of modules (computer programs) which can be built into AMPX. 
Except for conflicts in I/@ assignments, virtually any computer 
codes can be run I1back-to-backll in the system. 
The modules are independent of each other and communicate only 
through well-defined interfaces (tapes, disks). Each module 
can have its own overlay structure. 
Provisions are provided to allow dynamically allocating all of 
the core available in a job step to the various modules. A 

module can then use this storage for "FORTRAN arrays." (This 
requires restructuring of the programs somewhat, and all AMPX 
modules have not been converted to use this feature.) 

The execution path in AMPX is determined from the order a user inputs 
In cases where a module does not require data produced by his data. 

another module, the execution order is irrelevant; e.g., the order in 

which XLACS, LAPHNGAS, and SMUG are executed is completely flexible; 

however, these modules would all three have to be run before CH$X can 
make a coupled interface. 

point data file, etc.) is saved, the mounting of the interface eliminates 
the need for executing a particular module. 
neutron library can be saved and coupled with any number of different 
gamma structures in subsequent AMPX calculations that will not run XLACS. 

If the AMPX interface (cross section library, 

For example, an XLACS 

A module is selected by an 
= module name 

card, where the = sign must appear in column 1 and the module name or 
alias must immediately follow (without imbedded blanks). The input data 
for a module are placed immediately after the = module name card for the 

module. 
test an end-of-data, etc., exactly as they would in a stand-alone computer 

A M P X  modules will generally read input from logical 5 and can 
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code. 

s tand-alone v e r s i o n  of t h e  module. The inpu t  d a t a  f o r  t h e  v a r i o u s  AMPX 

modules are descr ibed  i n  t h e  fo l lowing  s e c t i o n s  of t h i s  document. 

The i n p u t  d a t a  f o r  a module are e x a c t l y  as they would b e  i n  a 

Module 

XLACS 

LAPHNGAS 

SMUG 

CHgX 
NITAWL 

XSDRNPM 
NPTXS 

LAVA 

CgNVERT 

REVERT 

OCTAGN 

C$&U.ND 

ARID 
MAL0cs 
RADE 
VASELINE 

Sec t ion  

3.0 

4 .O 
5.0 

6.0 

7 .O 
8.0 

9 . 1  

9.2 

9.3 

9 - 4  

9.5 

9.6 

9.7 

9.8 

9.9 

9.10 

To i l l u s t r a t e  how t h e  modules might be executed,  assume the! follow- 

i n g  h y p o t h e t i c a l  problem: 

-coupled neutron-gamma cross s e c t i o n s  f o r  sodium (MAT 4156), 

*neut ron  weight ing t o  be 1 / E a  

* p l o t s  d e s i r e d  

*coupled l i b r a r i e s  should be checked 

*ANISN l i b r a r y  of f i n e  group l i b r a r y  d e s i r e d ,  

*broad group ANISN l i b r a r y  d e s i r e d .  

a resonance n u c l i d e ,  

T’ 

I 

, 

The se tup  could be: 

=NPTXS 

Make p o i n t  sodium d a t a  from DNA f i l e  to use  i n  Z A C S  and LAPMGAS. 
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=XLACS 

Produce multigroup neutron library which is 1/Eo weighted with 
point values from NPTXS. 

T 

=SMUG 
Produce multigroup gamma library. 

=LAPHNGAS 
Produce multigroup neutron-to-gamma transfer coefficients that are 

1/Ea weighted with NPTXS results. T 

=CH$X 
Prepare master coupled library which combines libraries from XLACS, 
SMUG and LAPHNGAS. 

=NITAWL 
Prepare working library for subsequent XSDRNPM calculation and output 

fine group ANISN formatted library. 

=XSDRNPM 
Perform one-dimensional calculation and collapse to a broad group 
structure which is output in ANISN formats. 

==VASELINE 
Plot data from any multigroup library or ENDF library in this job- 

step, including the NPTXS point file. 

= W E  

Check any of the A M P X  formatted multigroup libraries produced in this 

job step. 

In certain cases there is a need to execute the same module more than 
once. There are no restrictions in doing this except that one must take 
care that subsequent runs of the same module do not overwrite desirable 
information from previous runs. Some modules have provisions to alter the 
I/$ assignments to alleviate this difficulty. 
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2 . 1  DRIVER Input/Output Assignments 

The fol lowing are r e q u i r e d  1/8 dev ices  f o r  t h e  DRIVER module: 

Log ica l  Number o r  Name 

SYSIN 

AMPXPRT 

5" 

U s e  - 
Card Inpu t  Stream 

Output from t h e  DRIVER 

Sc ra t ch  dev ice  on which t h e  SYSIN data 
are s p l i t  and w r i t t e n  on f o r  v a r i o u s  
A M P X  modules 

, 

*The d e f a u l t  s i z e  of l o g i c a l  5 i s  such t h a t  one can r ead  
approximately 1000 c a r d s  of i n p u t  d a t a  on t h i s  device.  
a l l o c a t i o n  f o r  t h i s  u n i t  should b e  inc reased  i f  t h e  number of i n p u t  
c a r d s  exceeds t h i s  amount. 

The space 



3- 1 

3 . 0 .  XLACS: A PROGRAM TO PRODUCE 

WEIGHTED MULTIGROUP NEUTRON CROSS SECTIONS FROM ENDF/B 

3. E. White N. M. Greene J. L. Lucius 

1 XLACS i s  a computer program which c a l c u l a t e s  weighted multigroup 

neutron c r o s s  s e c t i o n s  from ENDF/B da ta .2  

t i n e s  were o r i g i n a l l y  taken from t h e  SUPERTOG and t h e  FLANGE-I1 com- 

p u t e r  programs. XLACS i s  designed t o  produce ful l -energy range neutron 

c r o s s  s e c t i o n  l i b r a r i e s .  P rov i s ions  are included f o r  t r e a t i n g  f a s t ,  

resonance, and thermal ENDF/B d a t a  i n  a s i n g l e  c a l c u l a t i o n .  

s t r u c t u r e  and expansion o r d e r s  used t o  r e p r e s e n t  d i f f e r e n t i a l  c r o s s  

s e c t i o n s  can b e  a r b i t r a r i l y  s p e c i f i e d  by t h e  use r .  Smooth c r o s s  s e c t i o n s  

can b e  averaged over an a r b i t r a r y  user-suppl ied weight ing f u n c t i o n  o r  

over any of s e v e r a l  b u i l t - i n  weight ing func t ions .  

Its b a s i c  c a l c u l a t i o n a l  rou- 
3 4 

Energy group 

The ENDF/B format i s  very gene ra l .  It al lows d a t a  t o  be s p e c i f i e d  

i n  s e v e r a l  ways f o r  p r a c t i c a l l y  any nuc lea r  process .  This g e n e r a l i t y  

r e q u i r e s  a corresponding g e n e r a l i t y  on t h e  p a r t  of t h e  processing codes 

which use t h e  d a t a .  The XLACS program a t t empt s  n o t  only t o  accommodate 

t h i s  g e n e r a l i t y  b u t  a l s o  t o  a l low new processing methods t o  be e a s i l y  

added as mod i f i ca t ions  and improvements i n  d a t a  r e p r e s e n t a t i o n  are made 

Most of t h e  techniques employed i n  XLACS are b r i e f l y  d i scussed  i n  

r e f .  1. However, t h e  e las t ic  and i n e l a s t i c  r o u t i n e s  have been upgraded 

and improved5 s i n c e  t h e  o r i g i n a l  release of t h e  program. The new coding: 

a.  a l lows d i s c r e t e  i n e l a s t i c  levels t o  be t r e a t e d  a n i s o t r o p i c a l l y  

t o  any o r d e r ,  

b .  treats a l l  forms of t h e  angular  d i s t r i b u t i o n  d a t a  ( F i l e  4 ) ,  

c. a l lows producing a n i s o t r o p i c  ma t r i ces  f o r  "continuum" i n e l a s -  

t i c  processes ,  and 

d. i s  more e f f i c i e n t  both t i m e w i s e  and coding-wise than t h e  

o r i g i n a l  r o u t i n e s .  

The inpu t  d e s c r i p t i o n  f o r  XLACS i s  given below. All d a t a  w i t h  t h e  

except ion of a few t i t l e  ca rds  are read i n  the ANISN formats -- either 
f r e e  f i e l d ,  f i x e d  f i e l d ,  o r  u s e r  f i e l d  -- employed throughout AMPX. 
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3.1. XLACS Input  Data 

The f i r s t  c a r d s  f o r  XLACS w i l l  always b e  t i t l e  c a r d s ,  and t h e  number 

of ca rds  (one t o  f i v e )  w i l l  be  determined by t h e  o p e r a t i o n  t o  be performed. 

An XLACS c a l c u l a t i o n  w i l l  do one of t h e  fol lowing:  

a.  make a neu t ron  c ross - sec t ion  l i b r a r y ,  

b .  

c. s e l e c t i v e l y  p r i n t  o r  p l o t  d a t a  from a neu t ron  l i b r a r y .  

update a p rev ious ly  made neutron l i b r a r y ,  

Any reasonable  combination of t h e s e  o p e r a t i o n s  can b e  performed, Data 

w i l l  b e  r equ i r ed  according t o  t h e  o r d e r  of execut ion desc r ibed  below. 

The f i r s t  word on t h e  f i r s t  t i t l e  card is  used t o  select  a s t a r t i n g  

o p e r a t i o n  i n  t h e  sequence. 

I f  t h e  f i r s t  fou r  nonblank c h a r a c t e r s  on t h e  t i t l e  card are U P D A t e ,  

s t e p  b is  executed f i r s t .  

I f  t h e  f i r s t  fou r  nonblank c h a r a c t e r s  are PLOT o r  EDIT, st:ep c i s  

f i r s t .  

For o t h e r  group of nonblank c h a r a c t e r s ,  s t e p  a i s  f i r s t  by 

d e f a u l t .  

Step a r e q u i r e s  f i v e  t i t l e  c a r d s .  The o t h e r  s t e p s  require on ly  

one t i t l e  ca rd .  

Cards (1-5): Format (20A4) 

TITLE - one card o r  f i v e  ca rds  of H o l l e r i t h  information dependnng on t h e  

o p e r a t i o n  t o  b e  performed f i r s t .  These ca rds  are used as title informa- 

t i o n  f o r  t h e  neu t ron  l i b r a r y  t o  b e  produced. 

The d a t a  now revert t o  t h e  ANISN format .  The f irst  b lock  of d a t a  

has  a r r a y s  1$, 2$, and 3$. 

NOTE: I n  t h e  d i s c u s s i o n  which fo l lows ,  t h e  number i n  squa re  b r a c k e t s  

is  t h e  a r r a y  l e n g t h ,  t h a t  is, t h e  number of i t e m s  needed. Any c o n d i t i o n  

connected wi th  t h e  a r r a y  i s  s t a t e d  i n  b r a c e s .  

zero l eng th )  are i n p u t .  

Only r e q u i r e d  airrays (non- 

3.1.1. Input  Data t o  Create a Neutron L ib ra ry  

Data Block 1 

1$ - General Problem Information [ 51  

1. I D  - I d e n t i f i c a t i o n  number f o r  t h e  neutron l i b r a r y .  Any number 

w i l l  s u f f i c e .  This  number i s  c a r r i e d  as a u s e r  i d e n t i f i e r  on 

t h e  l i b r a r y ,  b u t  i s  n o t  a c t u a l l y  used by any module i.n AMPX. 
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2 .  NNUC - Number of ENDF materials t o  be processed. 

3. MAXG - Number of neutron energy groups ( t o t a l ) .  

4. NEG - Number of thermal energy groups ( < MAXG). 

5. I W  - Weighting op t ion .  (The one thermal group problem is t r e a t e d  

as a s p e c i a l  case.  I n  t h i s  i n s t a n c e ,  a Maxwellian spectrum is  

assumed f o r  t h e  thermal range. The Maxwellian shape i s  normal- 

i z e d  t o  t h e  requested weighting f u n c t i o n  a t  5 kT.) 

- 

0 - 1 / E .  

1 - cons tan t  [W(E) = 1.01. 

2 - 1 / E  j o ined  t o  f i s s i o n  spec t r im  above 67.4 keV jo ined  t o  a 

Maxwellian spectrum a t  5 kT. The temperature T i s  s p e c i f i e d  

i n  t h e  2$ a r r a y .  

3 - l / ( a T E ) ;  each material has  a unique weight ing f u n c t i o n ,  

determined from t h e  p o i n t  va lues  of t h e  t o t a l  c r o s s  s e c t i o n  

O f  t h e  material. (This op t ion  should n o t  b e  used for reso-  

nance n u c l i d e s .  I n s t e a d ,  t h e  I W  = 5 op t ion  i s  provided.)  
4 - a r b i t r a r y  func t ion  inpu t  i n  t h e  5$ and 6* a r r a y s .  

5 - 1/(oTE) where 0 w i l l  be  read from l o g i c a l  u n i t  31 which i s  T 
produced by t h e  AMPX module NPTXS. NPTXS w i l l  process  the  

resonance d a t a  f o r  a n u c l i d e ,  make p o i n t  a r r a y s  f o r  t he  

( n , y ) ,  f i s s i o n ,  e l a s t i c  and t o t a l  c r o s s  s e c t i o n s  and w r i t e  

t h e s e  i n  an ENDF-like f i l e  on l o g i c a l  31. The "MAT" number 

f o r  t h e  d a t a  i s  s p e c i f i e d  i n  t h e  71* a r r a y .  

6 - a r b i t r a r y  f u n c t i o n  which i s  read from an e x i s t i n g  l i b r a r y  

of weight ing f u n c t i o n s  r e s i d i n g  on l o g i c a l  u n i t  46. 

weight f u n c t i o n s  are s e l e c t e d  wi th  t h e  NPE parameter i n  the  

2$ a r r a y .  The fol lowing f u n c t i o n s  are p r e s e n t l y  a v a i l a b l e :  

These 

I d e n t i f i e r  

101  

102 

103 

104 

Function 

Inconel  (l/ECt) 

Concrete (l/ECt) 

A i r  (l/ECt) 

SS-304 (l/ECt) 

A more complete d e s c r i p t i o n  of t h e  d a t a  on l o g i c a l  46 i s  

given i n  Sect ion 11.7 of t h i s  document. 
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1 1  
)- where a. i s  given wi th  t h e  SIGP parameter of 7 -  (a t  + a. E 

t h e  71* a r r a y  desc r ibed  below. The “MAT” number and l o g i c a l  

u n i t  of t h e  at d a t a  i s  a l s o  given i n  t h e  71* a r r a y .  

2$ - Secondary Problem Information [12] 

{This a r r a y  i s  r e q u i r e d  on ly  i f  one of i t s  elements is  d i f f e r e n t  

from t h e  d e f a u l t  va lue  shown i n  pa ren theses . )  

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

8. 

9. 

LSLAB - The mean temperature  i n  degrees  Kelvin f o r  t h e  thermal 

Maxwellian Spectrum (300). 

LCYL - The maximum number of p o i n t s  contained i n  any of t h e  

ENDF/B F i l e  3 a r r a y s  (5000). Note t h a t  NPTXS w i l l  f o r  many 

n u c l i d e s  gene ra t e  more than 5000 p o i n t s  which w i l l  r e q u i r e  

i n c r e a s i n g  t h i s  parameter.  

LUNR - The dimension of an  a r r a y  used i n  con junc t ion  wi th  c r o s s  
I s e c t i o n  weight ing (5000). The worst  case i s  probably f o r  - 

weight ing of a n u c l i d e  w i t h  a l a r g e  number of p o i n t s  i n  

t h e  t o t a l  c r o s s  s e c t i o n  a r r a y  i n  which case LUNR needs t o  b e  

approximately f o u r  t i m e s  t h e  number of p o i n t s .  

MSN - The maximum number of i n t e r p o l a t i o n  r eg ions  needed t o  

d e s c r i b e  any ENDF/B F i l e  3 a r r a y  o r  t o  d e s c r i b e  any TAB1 r eco rd  

produced i n  XLACS; f o r  example, t h e  a r r a y  produced by 

mul t ip ly ing  a c r o s s  s e c t i o n  by a weight ing f u n c t i o n  (250). 

NPE - I d e n t i f i c a t i o n  of b u i l t - i n  weight ing spectrum used when 

I W  = 6 (0). 
NPEP - Not used (0). 
IDTAP - Number of r e a c t i o n  s e c t i o n s  t o  b e  punched i n  ANISN free- 

form formats .  This  o p t i o n  i s  exp la ined  below ( 4 $  a r r a y )  (0). 

MODE - ENDF l i b r a r y  mode f o r  fast d a t a  (0) .  

0 o r  1 - b i n a r y  l i b r a r y ,  

Eat 

2 - BCD l i b r a r y .  

NGMA - Logical  number of t h e  dev ice  which c o n t a i n s  I.:NDF/B neu t ron  

c ross - sec t ion  d a t a ,  i . e . ,  t h e  ENDF l i b r a r y  (11).  Data f o r  t he  

thermal energy range may o r  may no t  b e  on t h i s  device.  

d a t a  is provided i n  t h e  70$ a r r a y ,  i t e m s  6 ,  7, and 9,  t o  accom- 

modate t h e  case when t h e  thermal d a t a  r e s i d e s  i n  a s e p a r a t e  f i l e .  

Input  

, 
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10. LCSM - Number of i n t e r p o l a t i o n  r eg ions  used t o  s p e c i f y  an 

a r b i t r a r y  weighting spectrum ( I W  = 4 ) .  (0) 
MCSM - Number of p o i n t s  i n  a r b i t r a r y  weight ing spectrum 11. 

(IW = 4 ) .  ( 0 )  

1 2 .  NDNP - Trigger  used f o r  s p e c i a l  f u n c t i o n s .  (0) 

= 0 ,  no e f f e c t ,  

# 0 ,  average t h e  response f u n c t i o n s  and i n t e g r a t e  b u i l t - i n  

sources  over t h e  problem group s t r u c t u r e .  More than twenty 

f u n c t i o n s  are p r e s e n t l y  a v a i l a b l e .  These are desc r ibed  i n  

Sect ion 11 .6  of t h i s  document. These w i l l  be  c a r r i e d  as a 

s e p a r a t e  s e t  of d a t a  on t h e  XLACS neutron l i b r a r y .  

3$ - General Output Options [ 6 ]  

{Other than abbrev ia t ed  p r i n t e d  output  d e s i r e d .  1 

I@PT(i) Correspondence l i  
1 Resolved and Unresolved Resonance 

Processing 

2 Averaged Cross Sect ions by Energy 
Group and Process  

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

4 Thermal S c a t t e r i n g  Matrices 

5 I n e l a s t i c  S c a t t e r i n g  Matr ices  

6 (n,2n) S c a t t e r i n g  Matr ices  

I 

0 

u 
V 
aJ 
w 
w w 
0 z 

Value 

1 2 3 

a The P 

2 inc ludes  t h e  P d a t a .  

d a t a ,  i f  a p p l i c a b l e ,  are e d i t e d  wi th  an  I@PT( i= l ;  a v a l u e  of 
0 

0 

bThe terminology "convenient" i s  used t o  imply a convenient form from 
a p r o g r a m i n g  viewpoint.  

T Terminate t h i s  d a t a  block.  
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Data Block 2 

4$ - ENDF MT I d e n t i f i e r s  of Cross Sec t ions  t o  be Punched i n  ANISN Formats 

[IDTAP]. F i l e  3 c r o s s  s e c t i o n s  averaged by XLACS can be punched i n  

f ree-form formats f o r  any a p p l i c a t i o n s  t h a t  r e q u i r e  t h i s  t ype  

of d a t a .  

5$ - I n t e r p o l a t i o n  Schemes f o r  A r b i t r a r y  Weighting Spectrum 

(NBT(I),JNT(I),I=l,LCSM) [2*LCSM] {IW=4}. See ref.  2 f o r  format 

of TAB1 r eco rd .  Standard ENDF/B conventions should be followed. 

6* - A r b i t r a r y  Weighting Spectrum (pe r  u n i t  energy) 

(E(1) , W ( I )  ,I=l,MCSM) [2xMCSM] {IW=4}. Low-to-high i n  energy. 

See r e f .  2 .  U n i t s  are i n  e V .  

7" - Energy Group Boundaries [MAXG f 1 1  {Not a s t anda rd  set of boundaries}. 

The group boundaries  are i n p u t  (high-to-low) i n  e V .  Many "standard" 

group s t r u c t u r e s  are b u i l t  i n t o  AMPX and, when t h e s e  are d e s i r e d ,  t h i s  

a r r a y  i s  omit ted.  See  Sec t ion  11.7 f o r  a l i s t  of t h e  s t anda rd  s t r u c -  

t u r e s .  

T Terminate t h i s  d a t a  block,  

The d a t a  f o r  NNUC ENDF materials t o  be processed are s t acked  one set 

a f t e r  t h e  o t h e r .  A "set" of d a t a  f o r  a n u c l i d e  is  now descr ibed:  

Card Type A - ( 2 0 A 4 )  

This  card is a t i t l e  ca rd  f o r  t h e  nuc l ide .  Th i s  ca rd  w i l l  be  c a r r i e d  

throughout AMPX w i t h  t h e  neu t ron  c r o s s  s e c t i o n s .  The f i r s t  12  words w i l t 1  

be used as a t i t l e  f o r  A N I S N  cross s e c t i o n  sets. 

Data Block 3 

70$ - Nuclide General Information [9]  

1. ID19 - The i d e n t i f i c a t i o n  number f o r  t h i s  nuc l ide .  This number 

i s  c a r r i e d  as t h e  i d e n t i f i e r  of t h e  d a t a  on t h e  neutron c r o s s  

l i b r a r y  produced by XLACS. 

MATNO - The ENDF/B material number of t h e  set  of d a t a  t o  b e  

processed (fast d a t a ) .  

NTEMF' - The number of temperatures  a t  which a thermal s c a t t e r i n g  

k e r n e l  w i l l  b e  c a l c u l a t e d .  Doppler broadening i s  included i n  t h e  

resonance t r ea tmen t s ,  b u t  only a t  t h e  f i r s t  temperature s p e c i f i e d  

i n  t h e  73* a r r a y  of Data Block 4 .  

2 .  

3 .  
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4.  LORDER - Order of expansion f o r  t h e  s c a t t e r i n g  matrices above 

thermal.  E l a s t i c  s c a t t e r i n g  and a l l  i n e l a s t i c  l e v e l s  (MT=51-90) 

w i l l  have matrices t o  t h i s  o rde r .  

5 .  NL - Order of expansion f o r  t h e  thermal s c a t t e r i n g  matrices. 

6.  NFY - ENDF tape  mode f o r  thermal d a t a .  

0 o r  1 - Binary, 

2 - BCD. 

7. MATID - ENDF i d e n t i f i c a t i o n  f o r  S ( a , B )  d a t a  ( i f  d i f f e r e n t  from 

MATNO). 

form a Po a n a l y t i c  f r e e  gas c a l c u l a t i o n .  

k e r n e l  i s  generated us ing  r o u t i n e s  taken from t h e  THERMOS6 code. 

= -1, c a l c u l a t e  a n a l y t i c  f r e e  gas k e r n e l ,  

= -2, normalize an a n a l y t i c  f r e e  gas k e r n e l  t o  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  de r ived  from t h e  ENDF/B d a t a .  

I n  a d d i t i o n ,  t h i s  parameter serves as a t r i g g e r  t o  per- 

A f r e e  gas  thermal 

8. KMXB - Number of atoms p e r  molecule of p r i n c i p a l  scatterer f o r  

which S ( a , B )  d a t a  i n  F i l e  7 of ENDF apply.  

i s  the  p r i n c i p a l  s c a t t e r e r  i n  w a t e r  and has  two atoms p e r  molecule. 

For example, hydrogen 

9 .  KMXA - Logical  number of device con ta in ing  thermal d a t a  (MATID), 

i f  n o t  t h e  same device as MATNO. 

71* - Resonance Information [6]  {Needed f o r  a resonance nuc l ide  only}. 

1. SIG - Go,  t h e  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  i n  ba rns  p e r  

atom of t h e  resonance n u c l i d e  f o r  a n u c l i d e  (or  mixture  of 

n u c l i d e s )  which i s  admixed wi th  the  resonance n u c l i d e .  This 

parameter i s  needed i n  t h e  unresolved c a l c u l a t i o n  and can be used 

t o  mock ce l l  leakages by inc lud ing  an e f f e c t i v e  escape cross-  

s e c t i o n  va lue .  A l a r g e  

i n f i n i t e  d i l u t i o n  case .  (Default = l.OE+$) 
A J I N  - The 9, = 0 j-state f o r  which unresolved parameters w i l l  be  

passed t o  NITAWL. The NITAWL unresolved t reatment  i s  r e s t r i c t e d  

t o  one unresolved sequence. The "most important" sequence should 

be i d e n t i f i e d  and passed v i a  t h i s  i n p u t  parameter.  The resonance 

wi th  t h e  smallest mean l e v e l  spacing i s  u s u a l l y  t h e  "most i m -  

por t a n t  I' . 
RFACT - The r - f a c t o r  i n  t h e  Nordheim7 re so lved  resonance treat-  

ment. This f a c t o r  i s  used t o  determine t h e  i n t e g r a t i o n  mesh 

-- e . g . ,  l o 6  -- i s  used f o r  t h e  
P 

2. 

3 .  
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spacing ( l e t h a r g y  ) through 

E = ( r D  / rEo) ,  
0 1 

4 .  

5. 

6 .  

where E i s  t h e  mesh s i z e ,  

E i s  t h e  resonance peak energy. A va lue  of 5.0 has  been found 

adequate  f o r  most cases. (5.0) 

SFACT - The s - f a c t o r  i n  t h e  Nordheim re so lved  resonance treat- 

ment. This i s  t h e  number of p r a c t i c a l  widths  on eithler s i d e  of 

a resonance peak t o  which t h e  Nsrdheim t r ea tmen t  i s  a p p l i e d .  A 

va lue  of 5.0 has  proven s u f f i c i e n t .  (5.0) 
MATPT - The "MAT" number of t h e  p o i n t  d a t a  set used f o r  t h e  at 
i n  t h e  I W  = 5 o r  7 op t ions .  (0) 

NUNIT - The l o g i c a l  number of t h e  device which c o n t a i n s  t h e  

MATPT d a t a  desc r ibed  i n  i t e m  5. (0) 

i s  t h e  Doppler width a t  273'K and 1 

0 

T Terminate t h i s  d a t a  block.  

_L- Data Block 4 {NTEMP > 0 )  

Ignore t h i s  d a t a  b lock ,  i f  n o t  r equ i r ed .  

73* - Temperatures a t  Which t o  Evaluate  t h e  Thermal Scat ter ing;  Kernel 

[NTEMP] {NTEMP > 0).  

Temperature (OK) are i n p u t  (low-to-high). 

T Terminate t h i s  d a t a  block.  

This  concludes t h e  d a t a  f o r  s t e p  a.  Repeat t h e  sets s t a r t i n g  wi th  

Card Type A f o r  each n u c l i d e .  

3.1.2 Input  D a t a  f o r  Ed i t ing ,  P l o t t i n g ,  o r  Updating 

The i n p u t  d a t a  f o r  problem types b and c are now desc r ibed .  

I f ,  and only i f ,  s t e p  a i s  n o t  executed, t h e  d a t a  f o r  t h e s e  s t e p s  

r e q u i r e  one t i t l e  ca rd  which h a s  t h e  f i r s t  4 non-blank charact:ers i n  t h e  

sequence UPDA, EDIT, or PLOT; otherwise t h e s e  d a t a  are s t acked  without  

t i t l e  ca rd ,  behind t h e  s t e p  a d a t a .  

Data Block 5 

11$ - General Data f o r  Steps b and c [6 ]  

1. NF,WID - I d e n t i f i c a t i o n  number of t h e  neu t ron  l i b r a r y  t o  b e  c r e a t e d  

by an  UPDATE o p e r a t i o n .  
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2 .  ITRGUP - Update t r i g g e r .  

0 - do no t  update.  

1 - add t h e  n u c l i d e s  on l o g i c a l  23 t o  those on a p rev ious ly  made 

neutron l i b r a r y  ( l o g i c a l  u n i t  21) and produce an updated 

l i b r a r y  ( l o g i c a l  u n i t  22).  

o v e r r i d e  i n  t h e  case where d u p l i c a t e  i d e n t i f i c a t i o n s  are 

encountered on l o g i c a l  21 and 23. 

The new d a t a  produced i n  s t e p  a 

2 - copy t h e  neutron l i b r a r y  mounted on l o g i c a l  23.  The new 

l i b r a r y  i s  produced on l o g i c a l  22. 

-1IJJ - add 1111 n u c l i d e s  from s t e p  a ( l o g i c a l  u n i t  23) and 

d e l e t e  lJJl from l o g i c a l  2 1  t o  c r e a t e  a new l i b r a r y  on l o g i -  

cal  u n i t  22;  e .g . ,  -1100 adds I I1 I n u c l i d e s  from 23 t o  

those on 2 1  t o  create a new 2 2 ,  -JJ d e l e t e s  lJJl from 2 1  

t o  create a new 22.  A -123 adds 1 n u c l i d e  from 23 and de- 

letes 23 from those i n  21 .  A -14 would d e l e t e  1 4  n u c l i d e s  

from 21 i n  c r e a t i n g  a new 22. Affected n u c l i d e s  are spec i -  

f i e d  i n  t h e  12$ and 13$ a r r a y s .  

3. IEDIT  - Produce p r i n t e d  e d i t s  f o r  I E D I T  n u c l i d e s .  P a r t i c u l a r  

a r r a y s  t o  b e  e d i t e d  are s e l e c t e d  i n  t h e  16$ a r r a y .  

4. IPLOT - P l o t  d a t a  f o r  IPLOT n u c l i d e s .  Options are provided i n  

t h e  18$ a r r a y .  

5.  IPART - Perform IPART p a r t i a l  updates .  This ope ra t ion  is  des- 

c r i b e d  under t h e  d i scuss ion  of t h e  1 9 $  and 20" a r r a y s .  

6 .  IOLD = 0, t h i s  run does not  update a p rev ious ly  made neutron 

l i b r a r y .  

= 1, a p rev ious ly  made neutron l i b r a r y  i s  mounted on 

l o g i c a l  21. 

T Terminate t h i s  d a t a  block.  

Data Block 6 { I E D I T  + IPLOT + IPART > 0 o r  ITRGUP < 0 )  

1 2 $  - I d e n t i f i c a t i o n  Numbers of Nuclides t o  be Used from Log ica l  23 i n  

Making a New Logical  22 

ITRGUP of 11$ a r r a y ) .  

[11] { I f  -1IJJ o p t i o n  has  been used f o r  

13$ - I d e n t i f i c a t i o n  Numbers of Nuclides t o  be Deleted from Logica l  

2 1  i n  Construct ing a New Library on Logical  22 [ J J ]  { I f  -1IJJ 

o p t i o n  h a s  been s e l e c t e d ) .  
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15$ - I d e n t i f i c a t i o n  Numbers of Nuclides f o r  Which E d i t s  are Desired 

[IEDIT] { IEDIT  > 0 ) .  

16$ - E d i t  Option Array [ l o ]  CIEDIT  > 0 ) .  

The fo l lowing  are off-on t r i g g e r s .  An i n t e g e r  1 selects t h e  d a t a .  

A zero suppres ses  i t .  

1. Resonance d a t a .  (Averaged resonance c r o s s  s e c t i o n s  and resonance 

parameters  are p r i n t e d . )  

2. Averaged c r o s s  s e c t i o n s  by group and p rocess .  

3 .  Po e l a s t i c  s c a t t e r i n g  matrices. 

4 .  

5 .  Po thermal s c a t t e r i n g  matrices. 

6. 

7 .  I n e l a s t i c  s c a t t e r i n g  matrices. 

8. (n,2n) s c a t t e r i n g  matrices. 

9 .  Open. 

10. Open. 

PR ( R  > 0) e l a s t i c  s c a t t e r i n g  matrices. 

PR ( R  > 0 )  thermal s c a t t e r i n g  matrices. 

17$ - I d e n t i f i c a t i o n s  of Nuclides f o r  Which P l o t s  are Desired [IPLOT] 

{IPLOT > 0 ) .  

18$ - P l o t  Options [20]  {IPLOT > 0 ) .  

The p rocess  numbers f o r  which p l o t s  are d e s i r e d  are i n p u t  one a f t e r  

t h e  o t h e r ,  i n  any o r d e r .  XLACS uses  t h e  Calcomp CRT f a c i l i t y  avail- 

a b l e  a t  ORNL f o r  i t s  p l o t s .  ENDF p rocess  i d e n t i f i c a t i o n s  (MT numbers;) 

are used. Up t o  20 d i f f e r e n t  p rocesses  can b e  s e l e c t e d .  F i l l  unused 

p o s i t i o n s  of t h i s  a r r a y  w i t h  ze ros .  The i d e n t i f i c a t i o n s  which can be  

e d i t e d  o r  p l o t t e d  are t a b u l a t e d  below. 

- MT Desc r ip t ion  

1 Total cross section (sum of all partial cross sections). 

2 Elastic scattering cross section. 

4 Total inelastic cross section (sum of MT = 51, 52, 53, . . ., 
90, 91). 

16 (n,2n) cross section. 

18 

27 Absorption cross section (sum of MT = 18 and 101). 

Total fission cross section (sum of MT = 19, 20, 21, pllus any 
undefined part) 
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MT 

101 

Des c r i p  t ion  - 
P a r a s i t i c  abso rp t ion  (sum of MT = 102, 103, 104, 105, 
106, 107, 108, 109).  

102 (n,y) r a d i a t i v e  cap tu re  c ros s  s e c t i o n .  

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

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

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

106 (n,He3) c ros s  s e c t i o n .  

10 7 (n ,a )  c r o s s  s e c t i o n .  

10 8 (n, 2a) c r o s s  s e c t i o n .  

19$  - I d e n t i f i c a t i o n  Numbers of Nuclides f o r  Which a P a r t i a l  Update i s  

Desired [IPART] {IPART > 0 ) .  

A p a r t i a l  update c o n s i s t s  of an update of one se t  ( i . e . ,  process)  of 

averaged va lues  f o r  a nuc l ide .  S c a t t e r i n g  matrices cannot be updated. 

This op t ion  is  provided t o  b e  a b l e  t o  r e p l a c e  o r  augment sets de- 

r i v i n g  from ENDF d a t a  with a l t e r n a t e  information.  

20* - Par t ia l  Update Arrays [IPART*(WG+l) 1 (IPART > 0).  

The new a r r a y s  are s tacked one a f t e r  t h e  o t h e r  corresponding t o  t h e  

I D  numbers i n  the  19$ a r r a y  as fol lows:  

Process 1 MT Number (use ENDF/B s p e c i f i c a t i o n s )  
c r o s s  s e c t i o n  f o r  group 1 (h ighes t  energy) 

c r o s s  s e c t i o n  f o r  group MAXG 
Process 2 MT number 

Process IPART MT Number 
c r o s s  s e c t i o n  f o r  group 1 

c r o s s  s e c t i o n  f o r  group MAXG 

T Terminate t h i s  d a t a  b lock  and t h e  XLACS case.  

This concludes t h e  inpu t  d a t a  s p e c i f i c a t i o n s  f o r  XLACS. 



Table 3.1. XLACS 110 Requirements 

Logica l  Process  Update E d i t  Approximate 
Device ENDF/B Data Neutron L ib ra ry  Neutron Library  P l o t  Space (Words) 

5 
6 

11 

14 
15 

16 

17 
l a  
2 1  

22 

23 

Plo t  Tape 

Ye s 

Ye s 

Yes 

Ye s 
Yes 

Ye s 
Ye s 
Ye s 

NO 

No 

Ye s 

NO 

Yes 

Ye s 

No 

NO 

No 

No 

No 

No 

Ye s 

Yes 

Yes 

No 

Yes 

Yes 

NO 

NO 

No 

No 

NO 

No 

NO 

Yes 

NO 

NO 

Yes 

Ye s 

NO 

NO 

NO 

NO 

NO 

NO 

No 

Yes 

NO 

Yes 

Problem 
dependent 

-- 
A 

A 

A 

D 

BXD 
- -. 

CXD 

BXD 

Determined 
by p l o t s  

A = max 1 number reso lved  resonances+k6,abR 1 
B = number of nuc l ides  processed from ENDF/B 

C = t o t a l  number of nuc l ides  on f i n a l  t ape  

D = n(n  f 1)/23t(R + 50) + 2n 
ii = ri-u-i-&i- of ene-fa- gruips 

R = maximum expansion order 

w 
I 
P 
N 



3-13 

3.2. XLACS Input /Output  Assignments 

An XLACS execut ion  w i l l  gene ra l ly  r e q u i r e  some combination of  t h e  

fol lowing 1/0 devices :  

Logica l  Number Purpose 

5 Standard inpu t  

6 

11 

1 2  

14 

15 

1 6  

1 7  

Standard ou tpu t  

ENDF/B l i b r a r y  ( f a s t )  

ENDF/B l i b r a r y  ( thermal)  

Sc ra t ch  dev ice  

Scra tch  device  

Scra tch  device  

Scra tch  device  

18 Sc ra t ch  device 

21 E x i s t i n g  neut ron  l i b r a r y  (o ld )  

22 F i n a l  neut ron  l i b r a r y  produced by update  
ope ra t ion  

23 Neutron mult igroup l i b r a r y  con ta in ing  only  
t h e  n u c l i d e s  processed from ENDF/B by t h e  
XLACS run  (new) 

3.3. XLACS Er ror  Messages 

During execut ion ,  XLACS makes many checks t o  determine i f  a ca l cu la -  

t i o n  i s  proceeding c o r r e c t l y .  I f  d i f f i c u l t i e s  are encountered,  a message 

is p r i n t e d ,  and t h e  problem may b e  te rmina ted .  Some of  t h e  messages are 

p r i n t e d  by t h e  r o u t i n e  where they  are de tec t ed ;  o t h e r s  are "numbered" 

messages from one of t h e  s p e c i a l  e r r o r  sub rou t ines ,  ERR o r  ERROR. The 

fo l lowing  i s  a l i s t  of t h e  numbered messages, t h e  d e t e c t i n g  subrou t ine ,  

and a d e s c r i p t i o n  of t h e  d i f f i c u l t y .  

E r ro r  De tec t ing  
Number Sub r o u t i n e  Desc r ip t ion  

1 UPDATE Attempted t o  merge two neut ron  l i b r a r i e s  w i t h  
d i f f e r e n t  energy group s t r u c t u r e s .  

110 ECSI I n t e r p o l a t i o n  code n o t  i n  range 1-5. 

130 TERP2 Data, X(N) n o t  i n  i n c r e a s i n g  o rde r  - probable  
program bug i n  thermal  t rea tment .  
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Er ro r  
Number 

131  

132 

133 

134 

223 

224 

225 

226 

2 30 

2 31 

232 

2 33 

234 

2 35 

300 

30 1 

30 2 

30 3 

De tec t ing  
Sub r o u t i n e  

TERP2 

TERP2 

TERPl 

TERPl 

REATS 

REATS 

REATS 

REAT S 

PR@F 7 

PR@F 7 

KERC 

KERC 

KERA 

KERA 

S T ~ R E  

ST@RE 

Eu 
GPAV 
AVRG 
CRbS 
CWAX 

AVRG 
CRbS 

Desc r ip t ion  

I n t e r p o l a t i o n  p o i n t s ,  XP(N), n o t  i n  i n c r e a s i n g  
o r d e r  - probable  program bug i n  thermal treat-  
ment. 

I n t e r p o l a t i o n  t a b l e  i n c o r r e c t  - probable  pro- 
gram bug i n  thermal t r ea tmen t .  

I n t e r p o l a t i o n  code n o t  i n  range 1-5. 

X 5 0 cannot b e  i n t e r p o l a t e d  by l o g s .  

Temperature ou t  of range given on l i b r a r y  - 
S ( a , B )  d a t a  must span requested temperatures .  

Improper T dependence, l ists  d i f f e r e n t  l e n g t h s  .- 
probable  ENDF/B e r r o r .  

More than  ND7 S ( a , B )  given f o r  one 6 - 
i n c r e a s e  ND7 i n  XUCS Routine. 

More than NDR e n t r i e s  i n  a i n t e r p o l a t i o n  
t a b l e  - i n c r e a s e  NDR i n  XLACS Routine.  

Improper f3 i n t e r p o l a t i o n  t a b l e  - probable  
program bug i n  thermal t r ea tmen t .  

S c a t t e r i n g  l a w  n o t  given - f r e e  atom 
s c a t t e r i n g  va lue  of zero.  

Improper B i n t e r p o l a t i o n  t a b l e .  

S(a,B) n o t  i n t e g r a b l e  a t  s m a l l  a. 
Analy t i c  S ( a , B )  n o t  s p e c i f i e d  on ENDF/B. 

S(a,f3) n o t  i n t e g r a b l e  a t  low a. 
I l l e g a l  r eco rd  type encountered. Six types  
of ENDF/B reco rds  are allowed - probable  
program bug. 

I l l e g a l  record i d e n t i f i e r  encountered - 
i d e n t i f i e r  cannot b e  zero - probable  
program bug. 

Dense s t o r a g e  a r r a y  count overflow - 
i n c r e a s e  LUNR i n  2$ a r r a y .  

A f e t ch -ope ra t ion  w a s  a t tempted b u t  t h e  
r e q u i r e d  a r r a y  w a s  n o t  i n  dense stora.ge - 
probable  program bug. 
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Error  
Number 

308 

30 9 

310 

311 

314 

315 

701 

702 

2000 

The 

Detec t ing  
Sub r o u t i n e  

AVRG 
GPAV 
CR@S 
DWAX 

AVRG 
GPAV 
CR@S 
CWAX 

c @MB 

C@MB 

IPD S 

GRATE 

CRAV 

CRAV 

RESR 

fol lowing i s  a 

Descr ip t ion  

Overflow from a combine ope ra t ion ,  generated 
d a t a  exceeds s t o r a g e  a l l o c a t e d  - i n c r e a s e  
LUNR i n  2$ a r r a y .  

A combine ope ra t ion  w a s  a t tempted but  a 
r equ i r ed  a r r a y  w a s  no t  i n  dense s to rage  - 
probable  program bug. 

XL > XH - probable  program bug. 

I l l e g a l  record  i d e n t i f i e r  encountered - 
zero  no t  allowed - probable  program bug. 

I n t e r p o l a t i o n  t a b l e  incomplete - probable  
program bug. 

I n t e r p o l a t i o n  t a b l e  incomplete - probable  
program bug. 

Expects t o  i n t e g r a t e  over a mesh def ined  
from low t o  high i n  energy - probable  
program bug. 

Same as 701 reached by a d i f f e r e n t  computa- 
t i o n a l  p a t h .  

Encountered too  many J s ta tes  p e r  R s ta te ;  
increase t h e  v a r i a b l e  NJSPL i n  Subrout ine 
RESN. 

l i s t  of e r r o r  messages p r i n t e d  out  d i r e c t l y  by 

t h e  d e t e c t i n g  subrout ine  : 

Message: ****** ERROR XXXXXX ENTRIES REQUIRED I N  XXX ARRAY 

DATA EDIT CONTINUES 

Detec t ing  Routine: FID0 

Cause: I n c o r r e c t  number of e n t r i e s  en te red  f o r  t h e  a r r a y .  Check d a t a  

and e s p e c i a l l y  parameters  which might be  used t o  c a l c u l a t e  t h e  

l e n g t h  of t h e  a r r a y .  

Message: ****** WARNING INTERPOLATION USED I N  XX INTEGER A R M Y  

Detec t ing  Routine: FIDO 

Cause: I n t e r p o l a t i o n  has  been reques ted  i n  an i n t e g e r  a r r a y .  Care must 

b e  taken t o  ensure  e n t r i e s  are rounded c o r r e c t l y  when the  f i x e d  

p o i n t  conversion i s  made. 
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Message: ****** FILL OPTION IGNORED I N  XX ARRAY 

Detec t ing  Routine : FIDO 

Cause: An a t tempt  has  been made t o  f i l l  an a r r a y  whose l eng th  i s  zero 

o r  which i s  a l r eady  f u l l .  

Message: 

Detec t ing  Routine: FIDO 

Cause: 

****** WARNING ADDRESS XXXXXX IS BEYOND LIMITS OF XX ARRAY 

The address  opt ion  has  been used t o  modify a l o c a t i o n  beyond 

the  l i m i t s  of t h e  i d e n t i f i e d  a r r a y .  

Message: XXXX RECORD INCORRECT OR MISSING 

Detect ing Routine: CONT 

Cause: Requested a r r a y  n o t  found i n  dense s to rage  - probable  program 

bug. 

Message: DESIRED MATERIAL NUMBER XXXXX I S  NOT ON TAPE OR I S  OUT OF 

ORDER. TAPE HAS BEEN SEARCHED TO MATERIAL NUMBER XXXXX. 

Detec t ing  Routine: TMAT 

Cause: The material reques ted  i s  no t  a v a i l a b l e  on t h e  ENDF/B l i b r a r y  

designated f o r  use  ( l o g i c a l  NDFB o r  KMXA). 

Message: 

Detec t ing  Routine: TMFl 

Cause: Data e r r o r  on ENDF/B l i b r a r y  r e l evan t  t o  t h e  r e p r e s e n t a t i o n  of 

ERROR-LNU = XX, BUT MUST BE EITHER 1 OR 2 

v. Check l i b r a r y .  

Message: **** CANNOT FIT MESH I N  20 TRIES FOR RESONANCE 

x ... x 
Detec t ing  Routine: MASH 

Cause: RFACT and SFACT suppl ied  i n  71* a r r a y  should probably b e  

increased .  

Message: INSUFFICIENT STORAGE TO RUN ELASTIC SCATTERING CALClJLATION 

-- REQUIRED = XXXXXX HAVE XXXXX. 

Detec t ing  Routine: ELAS 

Cause: Not enough core  a l l o c a t e d  t o  accommodate t h e  problem. Increase  

LIMIT i n  t h e  MAIN program. 
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Message: SOMETHING IS  AMISS WITH YOUR THERMAL STRUCTURE -- I T  SHOULD 

DESCEND 

XXXXX xx ... x 
Detec t ing  Routine: REC4 

Cause: Se l f -explana tory ,  check inpu t  d a t a .  

Message: BPLOT ERROR = X 

Detec t ing  Routine: BLAB 

Cause: Complete p r i n t e d  message i s  se l f - exp lana to ry .  

Message: IMPROPER ARGUMENTS GRID NOT DRAWN 

Detec t ing  Routine : CXTGRD 

Cause: Data cannot be  p l o t t e d ,  see subrou t ine  CRTGRD f o r  d e t a i l s .  

Message: MAGIC WORD ERROR - (MW, I I G ,  IMX, IMN) XXXXX XXXXX XxxXX XxxXX 

Detec t ing  Routine: MWLS 

Cause: MWLS h a s  encountered an impossible  magic word, probably 

i n d i c a t i n g  a programming e r r o r .  

Message: ERROR I N  G R I D  SETUP 

x .... x 
Detec t ing  Routine: GbTS 

Cause: A p r e c i s i o n  problem i n  t h e  e l a s t i c  s c a t t e r i n g  c a l c u l a t i o n  w a s  

encountered.  De ta i l ed  informat ion  i s  p r i n t e d  wi th  t h e  e r r o r  

message. 

I n  a d d i t i o n  t o  t h e  above messages, "numbered" s t o p  s t a t emen t s  are 

sometimes used t o  i n d i c a t e  error condi t ions :  

STbP 1 (Subrout ine RESN) i n d i c a t e s  inadequate  space  t o  r e a d  

resonance da ta .  Increase  LIMIT i n  M A I N  Routine.  

ST@P 2 (Subrout ine RESN) i n d i c a t e s  inadequate  space t o  per- 

form reso lved  resonance c a l c u l a t i o n .  Inc rease  LIMIT 

i n  MAIN Routine.  

STbP 3 (Subrout ine RESN) i n d i c a t e s  inadequate  space  t o  per- 

form unresolved resonance c a l c u l a t i o n .  Inc rease  LIMIT 

as above. 
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STbP 0304 

ST@P 03114 

STIbP 12915 

STbP 26135 

ST0P 29142 

(Subrout ine TMF4) no t r ans fo rma t ion  m a t r i x  given t o  

t ransform Legendre c o e f f i c i e n t s  t o  r e q u i r e d  system. 

Regenerate ENDF/B d a t a .  

(Subroutine TMF3) inadequate  space a l l o c a t e d  t o  pro- 

cess temperature-dependent f i l e  3 d a t a .  Inc rease  

NDP i n  M A I N  Routine.  

(Subroutine INELAS) i n s u f f i c i e n t  space f o r  inelast ic :  

c a l c u l a t i o n  Inc rease  LIMIT i n  MAIN Routine. 

(Subroutine FLANGE) i n s u f f i c i e n t  space f o r  thermal 

c a l c u l a t i o n .  Inc rease  LIMIT i n  MAIN Routine.  

(Subroutine IMAT2) inadequate  space a l l o c a t e d  t o  

p rocess  l e v e l  model d a t a .  Inc rease  NDP i n  MAIN 

Routine. 
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4.0. LAPHNGAS: AMPX MODULE FOR GENERATING 

MULTIGROUP SECONDARY GAMMA-RAY PRODUCTION CROSS SECTIONS 

W. E. Ford, 111 J. L. Lucius 

LAPHNGAS retrieves photon product ion d a t a  from t h e  ENDF d a t a  f i l e  

and c a l c u l a t e s  e i t h e r  multigroup secondary gamma-ray product ion c r o s s  

s e c t i o n s  (SGRPXS) and/or  multigroup secondary gamma-ray y i e l d s  (multi- 

p l i c i t i e s ) .  To form coupled neutron-gamma c r o s s  s e c t i o n s ,  t h e  SGRPXS 

o r  y i e l d s  are passed t o  another  AMPX module, CH@X, t o  b e  combined 

wi th  multigroup neutron and photon i n t e r a c t i o n  c r o s s  s e c t i o n s .  When 

used as a s tand-alone code, LAPHNGAS can c a l c u l a t e  e i t h e r  f i n e  neutron 

group o r  broad neutron group SGRPXS f o r  u se  wi th  o t h e r  codes. 

D. J. Dudziak, et  a l . ,  of t h e  Los Alamos S c i e n t i f i c  Laboratory 

have w r i t t e n  a series of codes t o  p repa re  multigroup photon-production 

matrices from ENDF data.' These codes have evolved from an  e a r l y  code 

c a l l e d  LAPH,' through a series of codes which inco rpora t ed  v a r i o u s  ENDF 

format changes t o  t h e  UPHAN03 code, which served as t h e  s t a r t i n g  p o i n t  

f o r  t h e  development of LAPHNGAS. The fol lowing mod i f i ca t ions  were made 

t o  LAPHANO t o  produce LAPHNGAS: 

The code w a s  f l e x i b l y  dimensioned. 

The c a p a b i l i t y  of computing a n i s o t r o p i c  photon-production 

matrices w a s  added. 

Various weighting o p t i o n s  w e r e  provided. 

The i n p u t  format w a s  r e s t r u c t u r e d  t o  i n c o r p o r a t e  the F I D G  

(ANISN) Input  System descr ibed i n  Sec t ion  13.0. 

* A c r o s s  s e c t i o n  o r  y i e l d  ma t r ix  f o r  each r e a c t i o n  type 

processed i s  uniquely i d e n t i f i e d  and made a v a i l a b l e  t o  

o t h e r  AMPX modules. Yield matrices are c a l c u l a t e d  f o r  

t h e  f i s s i o n  and c a p t u r e  r e a c t i o n s  of resonance materials. 

This  a l lows "self-shielded" gamma product ion matrices 

t o  be formed. 

Data management changes were made t o  reduce input-output 

o p e r a t i o n s  and t o  a l low processing of both unformatted 

(binary)  and formatted (BCD) ENDF l i b r a r i e s .  
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Cross s e c t i o n  and y i e l d  matrices are p r i n t e d  and punched 

on ly  when i n d i c a t e d  v i a  inpu t  d a t a  ( s e e  2$ a r r a y ,  i t em 

7 and 8) .  

Binary sea rch  techniques w e r e  implemented t o  l o c a t e  s p e c i f i c  

energy p o i n t s  w i t h i n  energy a r r a y s  arranged i n  ascendiing 

o rde r .  

The e l i m i n a t i o n  of LAPHANO c a l c u l a t i o n s  n o t  r e q u i r e d  f o r  SGRPXS and t h e  

mod i f i ca t ions  desc r ibed  above have reduced running t i m e s  by a f a c t o r  of 

s i x  f o r  materials having l a r g e  q u a n t i t i e s  of d a t a  i n  ENDF f i l e  15. 

The LAPHANO r e p o r t ,  r e f e r e n c e  3,  should b e  used as t h e  t h e o r e t i c a l  

r e f e r e n c e  f o r  LAPHNGAS. 

4.1. LAPHNGAS Input  Data 

With t h e  excep t ion  of t h e  ENDF d a t a  and t i t l e  c a r d s ,  a l l  d a t a  f o r  

LAPHNGAS are i n p u t  i n  t h e  FIDO (ANISN) format. Input  d a t a  f o r  t h e  

code are as fol lows:  

A. T i t l e  Card (format 18A4) - Problem T i t l e .  

B. 1$ Array - General Problem Information (4 e n t r i e s ) :  

1. MCR - Number of materials t o  be processed. 

2. NFG - Number of neu t ron  f i n e  groups. 

3. NGG - Number of gamma groups. 

4 .  I M  - Neutron r e a c t i o n  c r o s s  s e c t i o n  (MF = 3) and/or  photon 

product ion c r o s s  s e c t i o n  (MF = 13) p o i n t  weight ing opt ion:  

= 1, cons tan t  weighting. 

= 2 ,  1 / E  weighting. 

= 3, f i s s i o n  spectrum weight ing f o r  E > 6.74 x lo4 IeV and 1 / E  n 4 weight ing f o r  E < 6.74 x 10 e V ,  where t h e  f i s s i o n  spectrum 

equa t ion  used is 
n -  

where 6 = 1.273 MeV. 

= 4, e x a c t  1 / E .  An a n a l y t i c  s o l u t i o n  of 
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is  programmed i n t o  LAPHNGAS. 

a n a l y t i c  s o l u t i o n  depends on t h e  i n t e r p o l a t i o n  scheme 

de f ined  f o r  a d j a c e n t  a(E) values .  The equa t ions  are 

de f ined  i n  r e f .  4 ,  pp. 29-31. 

The equat ion used f o r  t h e  

= 5, l /(Eo ) weighting. 

= 6, a r b i t r a r y  f u n c t i o n  i n p u t  i n  11$ and 13* a r r a y s .  
T 

(Enter 

a -6 t o  suppress  t h e  l i s t i n g  of t h e  a r b i t r a r y  weight 

func t ion . )  

= 7, 1 / (Eo  ) weight ing where a 

module via  l o g i c a l  u n i t  31. 

is obtained from t h e  NPTXS 
T T 

- > 100, t h e  a r b i t r a r y  weight ing f u n c t i o n  i d e n t i f i e d  by I I M I  

w i l l  b e  r ead  from t h e  weight ing f u n c t i o n  l i b r a r y  l o c a t e d  

on l o g i c a l  u n i t  4 6 .  

func t ion .  

When e i t h e r  weight ing op t ion  5 o r  7 is s e l e c t e d ,  a c o n s t a n t ,  

o may b e  en te red  i n  t h e  13* a r r a y  which is added t o  a 

This provides  t h e  c a p a b i l i t y  f o r  Bondarenko weight ing,  

I M  < 0 w i l l  d e l e t e  p r i n t i n g  of the 

NOTE: 

T' 0' 

i .e. , 
W(E) = (oT h0) (i) 

2$ Array - General Problem Information (10 e n t r i e s ) :  

A l l  parameters i n  t h i s  a r r a y  have d e f a u l t  va lues  set by t h e  code. 

For problems t h a t  can run  w i t h  t h e s e  d e f a u l t  va lues ,  t h e  2$ a r r a y  

may b e  omitted. 

1. LCSM - I f  ( I M I  # 6, e n t e r  zero.  

number of i n t e r p o l a t i o n  r eg ions  used t o  s p e c i f y  t h e  a r b i t r a r y  

weight ing spectrum. (Defaul t  v a l u e  is  0.) 

MCSM - If I I M I  # 6,  e n t e r  zero.  

of p o i n t s  i n  t h e  a r b i t r a r y  weight ing spectrum. 

is 0.) 

I f  (IMI = 6 ,  e n t e r  t h e  

2. If I I M I  = 6 ,  e n t e r  t h e  number 

(Defaul t  value 

3. I Z M  = 0, c a l c u l a t e  photon-(number) product ion c r o s s  s e c t i o n s  

(SGRPXS's). (Defaul t  va lue  i s  0.) 

= 1, c a l c u l a t e  photon-energy-production c r o s s  s e c t i o n s  

(SGREPXS'S). 
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4. MS - Thermal c a p t u r e  c r o s s  s e c t i o n  r e p r e s e n t a t i o n :  

= 0, no e f f e c t ,  i.e., weight ing scheme i d e n t i f i e d  by 

I M  is used over t h e  e n t i r e  neutron energy range, 

= 1, use  a Maxwellian weight ing on t h e  energy r eg ion  

lower than EUP ( s e e  3* a r r a y ) .  The temperature 

f o r  t h e  Maxwellian spectrum is given i n  t h e  3* 

a r r a y .  

(Defaul t  v a l u e  is  1 . )  

5. MM - Maximum number of r e a c t i o n  types (MT numbers) to1 b e  e n t e r e d  

i n  a 14$ a r r a y  f o r  t h i s  case. Defau l t  value is 1 t o  f a c i l i t a t e  

u s e  of t h e  MT = -1 o p t i o n  ( s e e  14$ a r r a y ) .  

6 .  IWO = 1, photon e f f e c t i v e  average energy f o r  each gamma group 

is assumed t o  b e  t h e  group midpoint energy (Track 1 

c a l c u l a t i o n  i n  r e f .  2 ) .  

= 2 ,  y i e l d  f u n c t i o n  is t h e  photon energy weight ing func t ion  

(Track 2 c a l c u l a t i o n  i n  r e f .  2 ) .  

= 3 ,  photon e f f e c t i v e  average energy f o r  each gamma group 

i s  i n p u t  i n  t h e  9* a r r a y  (Track 1 c a l c u l a t i o n  i n  

ref.  2 ) .  

(Defaul t  v a l u e  i s  1 . )  

7. IO0 = -9, p r i n t s  SGRPXS matrix f o r  t o t a l  only.  (Defaul t  va lue  

i s  -9). 
IO0 = 0, p r i n t  y i e l d  o r  SGRPXS matrix f o r  each r e a c t t o n .  

8. IAM = 0, no e f f e c t .  (Defaul t  v a l u e  is 0.) 

= 1, punch t h e  SGRPXS o r  SGREPXS. 

The punched d a t a  are i n  a format f o r  u se  i n  t h e  ASCC coupl ing 

code.' 

y i e l d  d a t a .  

The punched ou tpu t  w i l l  n o t  i nc lude  t h e  resonance 

9. I C K  = 0, no e f f e c t .  (Defaul t  va lue  is 0.) 

= 1, p r i n t  a d e t a i l e d  output .  

'The Sample Coupling Code (ASCC) is  documented i n  Appendix B of r e f .  5. 
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10. NNBDGP = 0, t h e  LA'PHNGAS f i n e  neutron group SGRPXS and 

resonance MT = 102 and MT = 18 y i e l d s  are passed t o  

a subsequent AMPX module. (Defaul t  v a l u e  is 0 . )  

= number of broad neutron groups. This t r i g g e r s  a 

stand-alone LAPHNGAS c a l c u l a t i o n  t o  reduce t h e  

f i n e  neutron group SGRPXS t o  t h e  broad neutron 

group s t r u c t u r e  i d e n t i f i e d  i n  d a t a  blocks E - K. 

End d a t a  block B wi th  a T. 

C. Thermal information,  group s t r u c t u r e s ,  and weight ing f u n c t i o n  da ta .  

Arrays n o t  a p p l i c a b l e  t o  problem should b e  omitted.  

3" 

1. 

2. 

3. 

7* 

8* 

9* 

11 $ 

11 $ 

13* 

Array, e n t e r  only if MS = 1 and d e f a u l t  v a l u e s  are unacceptable.  

TEMP - Mean neutron temperature of Maxwellian d i s t r i b u t i o n  

( O K ) .  Defaul t  va lue  i s  293.6.  

EUP - Upper neutron energy f o r  a p p l i c a t i o n  of t h e  thermal 

(n,y) c o r r e c t i o n  (eV). Defaul t  va lue  i s  5kT = .125. 

VNON - Not used. 

Array (NFGfl e n t r i e s ) :  Neutron fine-group energy mesh i n  

dec reas ing  magnitude of energy (eV u n i t s ) .  Many "standard" 

group s t r u c t u r e s  are b u i l t  i n t o  AMPX and, when one of t h e s e  

is  d e s i r e d ,  t h i s  a r r a y  is  omitted.  See Sec t ion  11 .7  f o r  a l i s t  

of t h e  s t anda rd  s t r u c t u r e s .  

Array (NGG+l e n t r i e s ) :  Gamma group energy mesh i n  dec reas ing  

magnitude of energy ( e V  u n i t s ) .  I f  one of t h e  "standard" gamma group 

s t r u c t u r e s  w i l l  s u f f i c e ,  t h i s  a r r a y  may be omitted.  

Array (NGG entries) - e n t e r  only i f  IWO = 3.  

E f f e c t i v e  average gamma energy, E f o r  each group. (Same 

f o r  a l l  materials and r e a c t i o n  types.  Code checks t h a t  

E < E < E .) Energies are i n  u n i t s  of e V ' s  - h igh  t o  low. 

and 13* are en te red  only if I I M I  = 6 .  

Array (2*LCSM e n t r i e s ) :  I n t e r p o l a t i o n  d a t a  f o r  a r b i t r a r y  

weighting spectrum (NBT(I), J N T ( I ) ,  I=l, LCSM). 

A r b i t r a r y  weight ing spectrum (per u n i t  energy) ,  (E(1 )  , W ( I )  , 
I = 1, MCSM) low t o  h igh  energy. Units of E ( 1 )  are eV.  

- 
g' 

g g - g+1 

End d a t a  b lock  C w i t h  a T. 
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D. 14$  Array (5+MM e n t r i e s ) ,  material-dependent d a t a .  Enter  a .L4$ 

a r r a y  f o r  each material t o  be processed. 

1. Material i d e n t i f i c a t i o n  (ENDF MAT number). 

2. IQA - Order of Pn. (Defaul t  v a l u e  i s  0.) 

3.  NDFB - Logica l  u n i t  f o r  t h e  ENDF c r o s s  s e c t i o n  l i b r a r y .  

(Defaul t  v a l u e  is  11.) 

4 .  MODE = 1, ENDF/B l i b r a r y  i n  unformatted (binary)  mode. 

(Default h e  is  1 . )  

= 2,  ENDF/B l i b r a r y  i n  formatted (BCD) mode. 

5. MTSL - The number of r e a c t i o n  types des igna ted  by t h e  u s e r  t o  

be processed. Defau l t  v a l u e  i s  1 t o  accommodate t h e  normal 

case where MT = -1. 

6. MT - Enter  t h e  ENDF/B MT's, r e a c t i o n  type i d e n t i f i e r s ,  t o  b e  

processed. I f  t h e  d e f a u l t  is n o t  be ing  used, MM ( i t em 5, 2$ 

a r r a y ,  t h i s  s e c t i o n )  e n t r i e s  are requ i r ed .  MT = -1 means use 

a l l  MT numbers f o r  which photon product ion d a t a  e x i s t .  (Defaul t  

v a l u e  i s  -1.) 

End each 14$ a r r a y  w i t h  a T. 

I f  NNBDGP (2$ a r r a y )  w a s  equa l  t o  0, t h i s  concludes t h e  inpiut t o  

LAPHNGAS. I f  NNBDGP w a s  g r e a t e r  t han  0, t h e  fol lowing d a t a  are requ i r ed .  
----------------------------------------------------------------.--------- 
E. 15$ Array - Broad Group Numbers (NFG e n t r i e s ) :  

This  a r r a y  c o n t a i n s  t h e  broad-group numbers i n t o  which t:he f i n e  

neu t ron  groups are co l l apsed .  For example, i f  t h e  f i r s t :  f i v e  

neutron groups are t o  b e  co l l apsed  i n t o  t h e  1st broad group, 

t h e  f irst  f i v e  e n t r i e s  i n  t h e  15$ a r r a y  are 1's; i f  t h e  6 t h  

through 8 t h  neu t ron  groups are t o  b e  co l l apsed  i n t o  t h e  2nd 

broad group, t h e  6 t h  through 8 t h  e n t r i e s  i n  t h e  15$ a r r a y  are 

2 ' s ;  etc. 

End d a t a  b lock  E w i t h  a T. 

F. Nonresonance Weighting Functions: 

1. T i t l e  card i n  18A4 format. 

2. 17* Array (NFG e n t r i e s )  : 

Fine-group smooth ( f l u x )  weight ing f u n c t i o n s  f o r  r e d u c t i o n  of 

t h e  nonresonance SGRPXS's t o  t h e  broad group s t r u c t u r e .  Data 

should start a t  t h e  top  group. These d a t a  are normalized t o  

1.0 i n  LAPHNGAS. 

End d a t a  b lock  F w i t h  a T. 

\ 
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If ,  and only if, one o r  more of t h e  materials w a s  a resonance material, 

enter t h e  fol lowing d a t a  block. 

resonance materials, t h e  i n p u t  t o  LAPHNGAS i s  complete.) 

G. Resonance Weighting Functions: 

1. T i t l e  card i n  18A4 format. 

2. 18* Array (NFG e n t r i e s ) :  

(If  t h e  case c o n s i s t s  e n t i r e l y  of non- 

Fine-group resonance weighting f u n c t i o n s  f o r  t h e  r educ t ion  of 

t h e  resonance SGRPXS'S t o  t h e  broad group s t r u c t u r e .  

should start  a t  t h e  t o p  group. 

1.0 i n  LAPHNGAS. 

Data 

These d a t a  are normalized t o  

End d a t a  block G w i th  a T. 

The fol lowing f o u r  d a t a  blocks are repeated f o r  each resonance 

material i n  t h e  o r d e r  which t h e  resonance material numbers appear i n  

t h e  14$ a r r a y s ,  i.e., e n t e r  d a t a  blocks H, I, J ,  and K f o r  t h e  f i r s t  

resonance material i d e n t i f i e d  i n  a 14$ a r r a y ,  r e p e a t  t h e  sequence f o r  

t h e  second resonance material, e t c .  

H. Resonance Capture Cross Sect ions:  

1. T i t l e  card i n  18A4 format. 

2. 19* Array (NFG e n t r i e s ) :  

Fine-group resonance c a p t u r e  c r o s s  s e c t i o n s  (MT = 102) s t a r t i n g  

at t h e  top group. 

End d a t a  block H w i th  a T. 

I. Resonance F i s s i o n  Cross Sect ions:  

1. T i t l e  card i n  18A4 format. 

2. 20* Array (NFG entries) : 

Fine-group resonance f i s s i o n  c r o s s  s e c t i o n s  (MT = 18) s t a r t i n g  

a t  t h e  t o p  group. 

End d a t a  block I wi th  a T. 

J. Smooth Capture Cross Sect ions:  

1. T i t l e  ca rd  i n  18A4 format. 

2. 21* Array (NFG entries): 

Fine-group smooth ( inc lud ing  unresolved resonance) c a p t u r e  

c r o s s  s e c t i o n s  (MT = 102) s t a r t i n g  a t  t h e  top  group. 

End d a t a  block J wi th  a T. 
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K. Smooth F i s s i o n  Cross Sect ions:  

1. T i t l e  ca rd  i n  18A4 format. 

2. 22* Array (NFG e n t r i e s ) :  

Fine-group smooth ( inc lud ing  unresolved resonance) f i s s i o n  

c r o s s  s e c t i o n s  (MT = 18) s t a r t i n g  a t  t h e  top. 

End d a t a  b lock  K w i t h  a T. 

This  concludes t h e  i a p u t  t o  LATHNGAS. 

4.2. LAPHNGAS Input/Output Assignments 

Inpu t /ou tpu t  dev ices  r e q u i r e d  f o r  LAPHNGAS are as fol lows:  

U s  e Logical  Number - 

5 

6 

7 

14 

15 

Input  

P r i n t e d  Output 

Punched Card Output 

Sc ra t ch  Device 

Sc ra t ch  Device 

16 Sc ra t ch  Device 

1 7  Sc ra t ch  Device 

18 Sc ra t ch  Device 

19 

24 

31 

46 

Sc ra t ch  Device 

AMPX I n t e r f a c e  

T o t a l  c r o s s  s e c t i o n  from t h e  
NPTXS module, used only when 
weight ing op t ion  7 is s e l e c t e d  

Weighting f u n c t i o n  l i b r a r y ,  
used only when s e l e c t e d  by 
i n p u t  o p t i o n  

NDFB (14$ Array) ENDF Cross Sec t ion  Library 
(Defaul t  v a l u e  i s  11)  

, 

The l o g i c a l  u n i t  numbers f o r  t h e  i n p u t ,  p r i n t e d  ou tpu t ,  and punched 

card ou tpu t  - ISO, I S I ,  and NPU, r e s p e c t i v e l y  - are "set" i n  LAPHNGAS 

subrou t ine  LAPHOR. These numbers can b e  e a s i l y  r ede f ined  f o r  LAPHNGAS 

by changing t h e  a p p r o p r i a t e  s t a t emen t  i n  LAPHOR. 

, 
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4.3. LAPHNGAS Error  Messages 

Various e r r o r  s t o p s  are included i n  LAPHNGAS which cause t h e  module 

t o  s t o p  computing and r e t u r n  c o n t r o l  t o  t h e  DRIVER module when an e r r o r  

cond i t ion  i s  encountered. The f a t a l  e r r o r  r e t u r n s  are as fol lows:  

110 

133 

134 

150 

PROBl 

TERPl 

TERPl 

MUSH 

200 

400 

501 

502 

504 

506 

I N T G  

MUSH 

PR15 

PR15 

PR15 

PRl5 

Error  Detect ing 
Number Sub r o u t i n e  Exp 1 ana t i o n  

50 LAPHOR Input  e r r o r ,  see code ou tpu t  f o r  an explanat ion.  

100 PROBl Input  e r r o r ,  t h e  neutron f i n e  and broad group 

energy boundaries  must b e  given i n  o r d e r  of 

dec reas ing  magnitude i n  energy. 

Input  e r r o r ,  a r b i t r a r y  weight ing f u n c t i o n  

e n e r g i e s  must be i n p u t  i n  ascending o rde r .  

I n t e r p o l a t i o n  code n o t  i n  range 1-5. 

X 2 0 cannot b e  i n t e r p o l a t e d  by logs.  

CI n o t  found, check ENDF l i b r a r y  f i l e  3, 

MT = 1. 

The f l a g  i n d i c a t i n g  dependence of Y(X) on X 

is 0, b u t  must b e  i n  range 1-5; e r r o r  i s  probably 

a program bug. 

Number of p o i n t s  a t  which oT is de f ined  

p l u s  number of neu t ron  groups exceeds 5000. 

Inc rease  dimension of IAUG i n  PROB1. 

The neutron energy must n o t  l i e  o u t s i d e  t h e  

range of e n e r g i e s  f o r  which t h e  photon y i e l d  

i s  t abu la t ed ,  o r  photon d i s t r i b u t i o n  given, 

check ENDF da ta .  

I n t e r p o l a t i o n  t a b l e  i n c o r r e c t  - probable  

program bug. 

F i l e  15 d a t a  incompatible wi th  mesh formed 

by merger of energy p o i n t s  a t  which CT 

def ined  and neu t ron  energy group boundaries.  

See sub rou t ine  PR15, s t a t emen t  606, f o r  addi- 

t i o n a l  information.  

Gamma group s t r u c t u r e  and f i l e  15 d a t a  incom- 

p a t i b l e .  

e r r o r  and then  ENDF/B f i l e  15 d a t a  f i l e s .  

T 

is T 

Check gamma group s t r u c t u r e  f o r  i n p u t  
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Erro r  De tec t ing  
Number Subrout ine Explanat ion 

507 P a 5  See e r r o r  message 506. 

550 MATT 

600 TRC2 E r r o r  i n  determining from which level  i n  a 

0 n o t  found, check ENDF l i b r a r y  f i l e  3 ,  MT = 1. T 

cascade a t r a n s i t i o n  occurs .  I f  a n  MT number 

f o r  i n e l a s t i c  s c a t t e r i n g  is inpu t  i n  t h e  2$ 

a r r a y ,  t h e  MT numbers f o r  a l l  lower levels 

must a l s o  b e  included.  

I n t e r p o l a t i o n  t a b l e  i n c o r r e c t ;  see code 

output  f o r  a d d i t i o n a l  information.  

Subsequent cascades f o r  F i l e  1 2 ,  LO = 2 

d a t a  exceeded t h e  co re  a l l o c a t i o n  parameter 

MNC ( s e t  i n  MATT). I n c r e a s e  MNC and resubmit 

603 

604 

TRC2 

TRC 2 

610 TRC2 

620 TRC2 

630 TRC2 

640 TRC2 

701 XSEC 

7 02 XSEC 

7 10 XSEC 

case. 

The energy range of t h e  a r b i t r a r y  weight ing 

f u n c t i o n  r ead  i n  may b e  incomplete.  

t h e  13* a r r a y .  

I n t e r p o l a t i o n  t a b l e  f o r  a r b i t r a r y  weight ing 

f u n c t i o n  r ead  i n  is probably i n c o r r e c t ,  

Check t h e  11$ a r r a y .  

Denominator w a s  I ze ro  i n  weight ing ca l cu la -  

t i o n .  Check group s t r u c t u r e s  and 3* a r r a y  

i n p u t .  

I n t e r p o l a t i o n  t a b l e  f o r  0 i n c o r r e c t ;  check 

ENDF l i b r a r y  MF = 3, MT = 1. 

I n t e r p o l a t i o n  t a b l e  probably i n  e r r o r .  See 

code ou tpu t  f o r  a d d i t i o n a l  information.  

Cross s e c t i o n s  i n  F i l e  3 cannot b e  found 

corresponding t o  t h e  MT number w r i t t e n  on 

u n i t  15 o r  u n i t  17. Check ENDF d a t a .  

The energy range of t h e  a r b i t r a r y  weig;hting 

f u n c t i o n  read i n  may b e  incomplete.  Check 

t h e  13* a r r a y .  

Check 

T 
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Er ro r  Detect ing 
Number Subroutine 

7 20 XSEC 

7 30 

7 40 

7 50 

1001 

1002 

1200 

1210 

1220 

1230 

1250 

1300 

1310 

1320 

XSEC 

XSEC 

XSEC 

PHOTON 

PHOTON 

CRAVE 

CRAVE 

CRAVE 

CRAVE 

CRAVE 

INGATE 

INGATE 

INGATE 

Explanat ion 

I n t e r p o l a t i o n  t a b l e  for a r b i t r a r y  weight ing 

f u n c t i o n  read i n  is probably i n c o r r e c t .  

Check t h e  11$ a r r a y ,  

I n t e r p o l a t i o n  t a b l e  f o r  0 may b e  i n c o r r e c t .  

Check ENDF l i b r a r y  MI? = 3 ,  MT = 1. 

Denominator w a s  5 0 i n  weight ing c a l c u l a t i o n .  

Check group s t r u c t u r e s  and 3* a r r a y  i n p u t ,  

Code is  a t t empt ing  t o  execute  an  impossible 

pa th .  Check a l l  inpu t  r e l e v a n t  t o  t h e  

weighting op t ions .  

F i r s t  card on u n i t  I E N  i s  n o t  head record.  

Ensure t h a t  t h e  proper  l i b r a r y  w a s  mounted 

on u n i t  IEN. 

F i l e s  12 and 1 3  both missing from ENDF 

l i b r a r y .  LAPHNGAS cannot p rocess  t h i s  

material. 

I n t e r p o l a t i o n  code no t  i n  range 1 - 5. 

X 1  > X2, a t t empt ing  t o  i n t e g r a t e  over a 

range where no d a t a  is  de f ined  - probable  

program bug. 

XI; < X1, a t t empt ing  t o  i n t e g r a t e  over a 

range where no d a t a  is de f ined  - probable  

program bug. 

XTJ > X 2 ,  see e r r o r  message 1220. 

XL > XU, expec t s  l i m i t s  of i n t e g r a t i o n  t o  

b e  i n  ascending o rde r  - probable  program bug, 

Lower l i m i t  of i n t e g r a l  > upper l i n i t  of 

f u n c t i o n  - probable  program bug, 

Upper l i m i t  of i n t e g r a l  5 lower l i m i t  of 

f u n c t i o n  - probable  program bug. 

No d a t a  a v a i l a b l e  w i t h i n  i n t e g r a t i o n  limits - 
probable  program bug, 

T 
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Erro r  Detect i n  g 
Number Subrout ine Explanat i o n  

1330 INGATE I n t e r p o l a t i o n  code n o t  i n  range 1 - 5. 

1400 LEGMOM L I  f l a g  from F i l e  14  d a t a  w a s  not  0 o r  1. 

1410 LEGMOM Could not  f i n d  F i l e  1 4  d a t a .  

1420 LEGMOM I s o t r o p i c  c a l c u l a t i o n  r eques t ed  via inpu t  

parameter IQA,  a t t empt ing  a n i s o t r o p i c  ca l cu la -  

t i o n  - probable  program bug. 

I n t e r p o l a t i o n  t a b l e  i n c o r r e c t ,  Check EXDF 

F i l e  14 d a t a .  

LTT f l a g  from F i l e  1 4  w a s  n o t  1 o r  2 .  

ILO > NPTS, d a t a  n o t  a v a i l a b l e  f o r  processing;  

see subrou t ine  LEGMOM i n  t h e  v i c i n i t y  of s t a t emen t  

755 f o r  d e t a i l s .  

Broad group numbers n o t  i n  i n c r e a s i n g  o rde r .  

Process  I D  numbers must b e  3, 18, o r  102 .  

KBG > NFG, r e q u e s t i n g  an impossible  ope ra t ion ;  

check i n p u t  d a t a .  

1440 LEGMOM 

1450 LEGMOM 

1460 LEGMOM 

1510 BRDGP 

1520 BRDGP 

1530 REDUCE 
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5,Q, SMLTG: AN AMPX MODULE 

FOR GENERATING MULTIGROUP PHOTON CROSS SECTIONS 

J. L. Lucius W. E. Ford, 111 

1 SMUG is  a r e v i s i o n  of t h e  MUG code inco rpora t ing  t h e  necessary 

programming changes t o  create a f u n c t i o n a l  module i n  t h e  AMPX system. 

It c a l c u l a t e s  multigroup photon c r o s s  s e c t i o n s  w i t h  t r a n s f e r  c o e f f i c i e n t s  

r ep resen ted  by a Legendre approximation of an a r b i t r a r y  o rde r .  The 
2 s c a t t e r i n g  moments are computed from t h e  Klein-Nishina 

The pho to -e l ec t r i c  and p a i r  product ion c r o s s  s e c t i o n s  are obtained 

and Claiborne,  Trubey' are b u i l t  i n  and can b e  averaged over t h e  

problem group s t r u c t u r e .  

theory used i n  SMUG and t h e  primary programming d i f f e r e n c e s  are out- 

l i n e d  below. 

equa t ion ,  

from ENDF/B 3 . Three sets of t i s s u e  dose f a c t o r s ,  Henderson 4 , S i l i c o n  5 , 

The MUG r e p o r t  is  t h e  r e f e r e n c e  f o r  t h e  

MUG s o l v e s  t h e  Klein-Nishina equat ion by t r e a t i n g  each moment 

independently.  

t age  of t h e  r e c u r s i v e  p r o p e r t i e s  of t h e  Legendre polynomial. 

reduces t h e  impact of t h e  o rde r  of P as a f a c t o r  i n  c a l c u l a t i o n  t i m e .  

Reductions by a f a c t o r  of 5 t o  10 have been observed. 

I n  SMUG t h e  programming i s  r e s t r u c t u r e d  t o  t a k e  advan- 

This 

n 

SMUG i s  f l e x i b l y  dimensioned p e r m i t t i n g  e f f i c i e n t  u s e  of c o r e  

s t o r a g e .  

r a t h e r  than the  s i z e  of any s i n g l e  parameter.  

Problem s i z e  i s  l i m i t e d  only by t o t a l  co re  s t o r a g e  a v a i l a b l e  

5.1. SMUG Input  D a t a  

The fol lowing is  t h e  inpu t  d e s c r i p t i o n  f o r  SMUG. ANISN-type i n p u t  

(Sec t ion  13.0) is  used e x c l u s i v e l y  except f o r  t h e  t i t l e  c a r d ,  

A. T i t l e  Card (20A4) 

B. General Problem Information 

1$ Array (3 e n t r i e s )  

1. 

2 .  NNUC - number of nuc l ides .  

3.  LMAX - orde r  of P . 

NGG - number of gamma groups. 

n 
2$ Array (8 e n t r i e s )  Defaul t  v a l u e s  are set f o r  a l l  parameters i n  

t h i s  a r r a y .  I f  a l l  of t h e  d e f a u l t  va lues  are a c c e p t a b l e  f o r  t h e  

c a l c u l a t i o n ,  the a r r a y  may b e  omit ted.  
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1. MF = 1, f l a t  weight ing.  

(Defaul t  = 1) 

= 6 ,  a r b i t r a r y  weight ing spectrum t o  b e  e n t e r e d  i n  6$ 

and 7" a r r a y s .  

2. NWR = number of i n t e r p o l a t i o n  r e g i o n s  used t o  s p e c i f y  t h e  

a r b i t r a r y  weight ing spectrum (Defaul t  = 0) 

3 .  NWP = number of p o i n t s  i n  t h e  a r b i t r a r y  weight ing spectrum, 

(Defaul t  = 0) 

4 .  NUF = 0, energy-dependent f l u x ,  

= 1, photon number f l u x .  

(Defaul t  = 1) 

5. NSP = number of i n t e r v a l s  i n  o u t e r  i n t e g r a l .  

(Defau l t  = 31) 

6 .  NPHI = number of i n t e r v a l s  i n  i n n e r  i n t e g r a l ,  (Default = 51) 

7.  NDS = number of downscat ters  r equ i r ed .  (Defaul t  = NGG-1) 

8. NDF = 0, no p r i n t .  

= 1, p r i n t  a set of dose f a c t o r s  f o r  t h e  problem 

group s t r u c t u r e .  (Defaul t  = 1) 

= 2 ,  p r i n t  and punch t h e  dose f a c t o r s ,  

End Data Block B w i t h  a T. 

C. Weighting Spectrum and Group Boundaries 
I 

6$ and 7" a r r a y s  are e n t e r e d  only i f  MF = 6 

6$ (2*NWR e n t r i e s ) :  i n t e r p o l a t i o n  d a t a  f o r  a r b i t r a r y  weight ing 

spectrum (NBT(1) , J N T ( I )  ,I=l,NWR). 
7* (2*NWP e n t r i e s )  a r b i t r a r y  weight ing spectrum (pe r  u n i t  ene rgy) ,  

(E(I),W(I),I=l,NWP), ascending i n  energy. Un i t s  of energy are 

e V  

8* Array (NGG-t-1 e n t r i e s ) :  Gamma group energy mesh i n  dec reas ing  

magnitude of energy. Energies  are i n  u n i t s  of e V ' s .  S e v e r a l  

s tandard" group s t r u c t u r e s  are b u i l t  i n t o  AIQX and when one 

of t h e s e  is d e s i r e d  t h i s  a r r a y  i s  omit ted.  See S e c t i o n  11 .7  

f o r  a list of t h e  s t anda rd  s t r u c t u r e s .  

ts 

End Data Block C w i t h  a T. 
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D. The fol lowing a r r a y  i s  repea ted  NNUC times, i . e ? ,  i n p u t  a 10$ 

a r r a y  f o r  each nuc l ide .  

10$ Array (5 e n t r i e s )  

1. 

2.  

3. 

4 .  

5. 

LEMNO - The ENDF/B material number. 

LORDER - The h i g h e s t  o r d e r  of Pn t o  b e  printed/punched f o r  

t h i s  nuc l ide .  (Defaul t  = 0) 

ILT - Logical  number of c r o s s  s e c t i o n  l i b r a r y  f o r  th is  

material. (Defaul t  = 11) 

MODE = 0,  i n d i c a t e s  c r o s s  s e c t i o n  l i b r a r y  is unformatted 

(b ina ry ) .  (Defaul t  = 0) 

= 2 ,  i n d i c a t e s  c r o s s  s e c t i o n  l i b r a r y  i s  formatted (BCD). 

LPUN - Controls  p r i n t i n g  and punching of P c r o s s  s e c t i o n  a r r a y s .  n 
= 0 ,  p r i n t ,  no punch. 

= 1, p r i n t  and punch. 

= -1, no p r i n t ,  no punch. (Defaul t  = -1) 

= 2, punch, no p r i n t .  

End each 10$ Array w i t h  a T. 

5.2.  SMUG Input/Output Assignments 

Smug r e q u i r e s  t h e  fol lowing INPUT/OUTPUT devices  during an execu t ion ,  

Log ica l  Number 

5 

6 

7 

1 4  

15 

26 

ILT (.supplied by u s e r  
i n  I O $  a r r a y  of 
i n p u t )  

Purpose 

Input  

P r i n t e d  Output 

Punched Card Output 

Sc ra t ch  

Sc ra t ch  

AMPX I n t e r f a c e  which Contains t h e  
Multigroup Gama L i b r a r i e s  

Cross Sec t ion  L i b r a r y  

5.3. SMUG E r r o r  Messages 

When e r r o r s  are encountered which SMUG cannot overcome, one of t h e  

fol lowing messages w i l l  b e  p r i n t e d  and c o n t r o l  r e tu rned  t o  t h e  MX DRIVER. 

Nessage: C O W  USED XXXXXXXX LIMIT XXXXXXXX 
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Detec t ing  Routine: SMUG 

Cause: Inadequate  space  a v a i l a b l e .  Reduce problem complexity o r  

i n c r e a s e  space a l l o c a t e d  i n  SMUG main program, 

Message: 

De tec t ing  Routine: FINDXS 

Cause: Se l f - exp lana to ry ,  check i n p u t  d a t a  and c o n t e n t s  of ENDF 

MATERIAL XXXXXX NOT ON ENDF TAPE 

l i b r a r y  requested.  

Message: 

De tec t ing  Routine: FINDXS 

Cause: Se l f - exp lana to ry ,  check c o n t e n t s  of ENDF l i b r a r y  r eques t ed ,  

Message: 

De tec t ing  Routine: FINDXS 

Cause: SMUG expec t s  t o  f i n d  r e a c t i o n  types  501, 502 ,  504, 516, 

602 i n  f i l e  23.  The c a l c u l a t i o n  cannot b e  performed i f  

t h e s e  d a t a  are n o t  a v a i l a b l e .  

FILE 23 OF MATERIAL XXXXXX NOT ON ENDF TAPE 

SECTION XXXX OF FILE 23 OF MATERIAL XXXXXX NO?' ON ENDF TAPE 

Message: STOP I N  FINDXS, N R I ,  XxXXXX NPI XXXXXX 

Detec t ing  Routine: FINDXS 

Cause: Programming e r r o r ,  ENDF d a t a  more voluminous than  a n t i c i -  

pated.  Programming changes are requ i r ed  i n  sub rou t ines  

SMUG and FINDXS. 

Message: DATA FOR MATERIAL XXXXXX SECTION XXX ARE TEMPERATURE 

DEPENDENT 

De tec t ing  Routine: FINDXS 

Cause: This  v e r s i o n  of SMUG does n o t  accep t  temperature  dependent 

f i l e  23 d a t a ,  

Message: ENERGY ARRAY OUT OF SEQUENCE MATERIAL XXXXXX SECTION XXXX 

De tec t ing  Routine: FINDXS 

Cause: Energies  n o t  i n  i n c r e a s i n g  o r d e r ,  check ENDF d a t a  

5.4.  SMUG Warning Messages 

,- 

When d a t a  is n o t  de f ined  by ENDF t o  cover t h e  e n t i r e  energy range 

r e q u i r e d  by t h e  problem, SMUG d e f i n e s  the c r o s s  s e c t i o n s  i n  t h e  unde- 

f i n e d  range as ze ro ,  p r i n t s  a warning message, and con t inues  t h e  

c a l c u l a t i o n .  I f  any of t h e s e  warnings should occur ,  t h e  u s e r  must 

assess t h e  v a l i d i t y  of t h e  c a l c u l a t i o n .  
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6.0. CHOX: THE AMPX MODULE FOR CROSS SECTION INTERFACE MANIPULATION 

N. M. Greene J. E.  White 

CHOX i s  a module which se rves  t o  combine t h e  v a r i o u s  c r o s s  s e c t i o n  

i n t e r f a c e s  produced i n  AMPX. AMPX can make neutron l i b r a r i e s  (XLACS), 

gamma l i b r a r i e s  (SMUG), photon production l i b r a r i e s  (LAPHNGAS), and 

coupled l i b r a r i e s  ( t h i s  module -- CHOX). A l l  t h e s e  l i b r a r i e s  are w r i t t e n  

i n  t h e  same format.  CHOX i s  mainly intended t o  t a k e  a neutron i n t e r f a c e ,  

a gamma i n t e r f a c e ,  and a photon production i n t e r f a c e  and p repa re  a coupled 

i n t e r f a c e .  I n  a d d i t i o n ,  t h e  new coupled information can b e  combined wi th  

previously prepared coupled information.  

6 .1 .  CHOX Input  Data 

The inpu t  d a t a  f o r  t h i s  module i s  desc r ibed  below: 

Data Block 1 

O$ Logical  Assignments [9]  

1. NT1 - Neutron c r o s s  s e c t i o n s  (Default=23) 

2. NT2 - Photon product ion c r o s s  s e c t i o n s  (Default=24) 

3. NT3 - Gamma c r o s s  s e c t i o n s  (Default926) 

4 .  NT4 - Coupled l i b r a r y  t o  be c r e a t e d  (Defau l t= l )  

5. NT5 - Coupled l i b r a r y  t o  b e  added t o  (Default=28) 

6. NT6 - P r e s e n t l y  n o t  used (Default=O) 

7 .  NT7 - P r e s e n t l y  n o t  used (Default=O) 

8. NT8 - Scratch dev ice  (Default=18) 

9.  NT9 - Scra t ch  device (Default=17) 

D a t a  Block 1 

1$ Control Information [21  

a. NC - number of coupled sets t o  be c r e a t e d  

b .  N L I B  - 0,  no e f f e c t ,  

1, prev ious ly  made coupled l i b r a r y  i s  mounted. 
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T Terminate this data block. 

2$ Identification numbers? for the neutron sets of  data [NC] 

3$ 

4$ Identification numbers? for the gamma sets of data [NC] 

Identification numbers? for the photon production sets of data [NC] 

5$ New identification numbers to be given the coupled sets of 

data [ N C ]  

T Terminate this data block. 

-'r A zero identification signals that no data of a particular type will 

be put in a coupled set. 

6.2. CHOX Input/Output Assignments 

CHOX uses the following logical units. 

Logical 
1 

2 3  

24 

26 

28 

Interface 

New Coupled Library 
Neutron Cross Sections from XLACS 
Photon production cross sections from 

LAPHNGAS 
Gamma Cross  Sections from SMUG 

Previously Prepared Coupled Library 
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7.0. NITAWL: A M P X  MODULE 

FOR RESONANCE SELF-SHIELDING AND WORKING LIBFURY PRODUCTION 

L. M. Petrie I'd. M. Greene J. L. Lucius J. E .  White 

A basic philosophy of A M P X  is to retain as much generality as 

possible in creating the standard data interfaces, the so-called cross 
section libraries. It is felt that this generality does not overtly 
affect the programming which has to use the data. 

it AMPX can serve many specialized needs. 
section sensitivity analyses require each partial cross section to be 
retained in full detail and identified. 

Indeed, because of 

For example, detailed cross 

The AMPX library formats, described as part of Section 11.0 of this 
document, are quite general. They allow any number of processes to be 

passed. 

They allow any scattering process to be represented anisotropically. 
They allow some temperature dependence. 
part of the data, so that libraries tend to be more problem-independent. 

They use the identification schemes from ENDF/B where possible. 

Resonance parameters comprise 

Obviously, a transport calculation does not need much of this 

detail. 
- -  And Working - Library production, has the responsibility for reading these 
general formats, for doing resonance self-shielding calculations, and 
collecting data into "workable" arrangements such as the format required 
by the ANISN, DOT, or MORSE code. 

NITAWL, which is an acronym for - Nordheim'sl - Integral - Treatment 

In particular, NITAWL will output working libraries in two forms: 
1. on cards or tape or disk for ANISN, DOT, or MORSE, and 

2. on tape or disk for the XSDRNPM module discussed in Section 8.0 

of this document. 

Of interest is the treatment of resonance nuclides. The LAPEWGAS 

module (Section 4.0) passes yields in this case for capture and fission. 
NITAWL multiplies the shielded cross section values by these yields to 
produce self-shielded gamma production matrices. The actual neutron 
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resonance self-shielding calculation generally employs the Nordheim 
Integral Treatment, though the narrow resonance and an infinite mass 

treatment are available as alternate methods. 

7.1 NITAWL Input Data 

The following is the input description for NITAWL. ANISN-type 

input (Section 13.0) is used exclusively. 

Data Block 1 
O$ Logical Assignments C9l. 

modify default values (shown in parentheses). 

1. N1 - Master Cross Section Interface (1) 
2. N2 - Working/Weighted Cross Section Interface (2) 

3 .  N3 - Working/Weighted Cross Section Interface (3) 

4 .  N4 - Working Cross Section Library made by NITAWL (4) 
S. NS - Scratch (18) 
6. N6 - Scratch (19) 
7. N7 - Direct Access Scratch (9) 

8 .  N8 - Scratch (15) 
9. N9 - ANISN Binary Library (20) 

This array is input only if a user needs to 

1$ Integer Parameters C121 

1. 

2. 

3.  

4 .  

MSCM - Number of extra cross sections to be placed above 0 
in the ANISN cross section formats. The ENDF/B MT-numbers 
for these processes are input in the 5$ array described below. 
These cross sections will appear in positions 1 through MSCM 
in the order requested in the 5$ array. 
MMT - Number of nuclides from the master cross section library 
generally mounted on logical N1. Resonance calculations can 
be made with "resonance" nuclides from a master library but not 

from a working/weighted library. 

MWT - Number of nuclides from a workingjweighted library 
mounted on logical N2. 
MXT - Number of nuclides from a working/weighted library on 
logical N3. The libraries are discussed in more detail below 
where the 2$ array is defined. 

a 



7-3 

5. 

6. 

7. 

8 .  

9. 

10. 

11. 

MCR - ANISN/DOT/MORSE output trigger. 
= 0 ,  no effect, 

= 11 I , cross sections output on cards, 
= 121, cross sections output in binary format. 

Note - If MCR is input less than zero; i.e., MCR = -1 or -2, 

NITAWL will produce a sensitivity library such as is required 
for the SWANME program. This means that every partial cross 
section becomes a set; every expansion coefficient matrix is 
set; in addition, the combined matrices normally required are 
output, so that this is a more inclusive option. 
MXX - Total cross section position in the ANISN formats [SI MSCM. 
MS - Within-group scattering cross section position in the 
ANISN formats C41 MSCM. 
IRES - Number of resonance calculations to be performed. 
Resonance data is required in the 3* array discussed below. 
IQM - Table length for cross sections in ANISN formats. 
[number of groups + MXXl 

I P M  - Is a previously prepared A N I S N  library mounted on logical 
N9? 

0 - no. 
1 - yes. Cross sections from this run will be concatenated to 

2 

this library. The old data will remain intact. E01 
IPP - Output option trigger. For large group structures, NITAWL 
can generate considerable output. The table below gives options 
for selecting or suppressing the various types of output. CO] 

Edit React ion Edit Transfer Edit ANISN 
IPP X-Sects Matricesa Mat r ices 

-1 
0 
1 
2 

No 
No 

Yes 
Yes 

No 
No 
No 
Yes 

No 
Yes 
Yes 
Yes 

~~~~ 

aThis option will edit transfer matrices in the AMPX "magic 

word" f orxnats . 
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12. IFG - print control for ANISN output. If ANISN edits alre 

selected, ANISN cross sections will be edited through this 
order. A 0 selects all orders. COl 

T Terminate this data block. 

Data Block 2 
2$ Identification Numbers of Nuclides to be placed on the Working 

Library or on an ANISN Library. [MMT+MWT+MXTI 

NITAWL can combine data from three sources to make working library 

on logical unit N4. 
selected and is intended for use by other AMPX modules, such as XSDRNPM 

module described in Section 8.0.  

will also access this library. The nuclide identifications are input in 

the order: 

This working library contains only those nuclides 

The MORSE I1 and KENO I1 programs 

1. MMT identifications for nuclides from the master library on N1, 

2. MWT identifications for nuclides from the working/weighted 
library on logical unit N2, 

MXT identifications for nuclides from the working/weighted 
library on logical unit N 3 .  

3 .  

Within these three groupings, the identifications can be in any order. 

A facility is provided for creating duplicate sets for a particular 
nuclide. For example, a resonance nuclide might occur in different 
compositions, thereby requiring different resonance calculations. To 
create a new set, place a unique negative number in the identification 
string after the nuclide's identification which is to be duplicated. 
As many sets as needed can be had, merely by stringing out negative 
numbers. All subsequent references to the new sets of data shou:Ld use 
a positive identification. The values MMT, MWT, and MXT must be in- 

creased to reflect the inclusion of these sets. 

3* Resonance Data [IRES*15] {IRES > 0 )  

For each resonance calculation, fifteen items are required. These 

blocks of data are placed, one set after the other, in any order in the 

3" array. Resonance calculations 
can only be performed on resonance nuclides from a master library. 
fifteen items are: 

Note that only one 3" array is input. 

The 
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, 

1. 
2. Temperature (OK). 
3.  Geometry for Nordheim Treatment 

Nuclide’s identification on the master library. 

0 - homogeneous, 
1 - slab, 
2 - cylindrical, 
3 - spherical. 

4. Absorber lump dimension in centimeters; i.e., the thickness 
of the slab or radius of a sphere or cylinder. A zero is used 

for the homogeneous case. 
Dancof f correction factor . 3  This factor corrects for shadowing 

effects due to the presence of other absorber lumps (e.g., fuel 
elements) in the neighborhood of the lump being calculated. 
It is zero for the homogeneous and the one lump case. 
(‘m)eff, the effect moderator cross section per absorber atom. 

5. 

6. 

= u  + a m + a e  , (‘m’eff po 

where 

Q PO 
‘m 

‘e 

= absorber potential scattering cross section 

= moderator cross section per absorber atom, 

= effective escape cross section = -- , 1 

- - 
R = mean chord length in the lump. The factor, E, is 

strongly geometry dependent and can be determined 
analytically only for very simple cases. 
routines4 are available which allow its calculation 
for very general geometries. 

Monte Carlo 

This cross section is only used in the unresolved calculation 
and does not affect the Nordheim Treatment. 
Na, absorber number density in the lump. 

Treatment of absorber’s contribution to the collision density. 

1 - Nordheim integral method. 
2 - narrow resonance approximation. 
3 - infinite mass approximation. 

7 .  

8. 



9. 

10. 

11. 

12. 
13. 

14. 

15. 
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Atomic mass of the first moderator in the lump.' 
routines have provisions for treating two moderators. 
u first moderator scattering cross section per absorber 

atom. 

The resonance 

sl ' 

N, I 
(J = -  G (moderator 1) sl Na s 

where N is the number density of the first moderator. 
Treatment of first moderator's contribution to the col.lision 
density. 
0 - no first moderator. 
1 - Nordheim's integral method. 
2 - asymptotic approximation. 
Atomic mass of the second moderator in the lump. 
u the second moderator scattering cross section per absorber s2 
atom. 

Treatment of the second moderator's contribution to the collision 

density . 
0 - no second moderator. 
1 - Nordheim's integral method. 
2 - asymptotic approximation. 
Volume fraction of the absorber lump in the cell. This parameter 

is used for calculating "cell-averaged" resonance cross sections. 

1 

4* Thermal Scattering Kernel Temperature for Nuclides Selected (OK) [MMT] 
Scattering kernels are sometimes provided at several temperatures 

for a nuclide. NITAWL will pick the one closest to the temperature input 
in this array. This array has no effect for sets of data with zero or 
one thermal kernel. 
5$ Extra Cross Section MT-numbers. CMSCM] 

These are the ENDF MT-numbers of the cross sections which are to 

be placed above the absorption cross section in the ANISN cross section 

tables. 

T Terminate this data block. 

'This is a moderator in the lump. The parameter a and the Dancoff correc- 
tion factor take intraccount the effect of a moderator surrounding a 
fuel lump in the Nordheim Treatment. 
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7.2. NITAWL Input/Output Assignments 

NITAWL typically requires the following input/output devices 

during an execution: 

Logical Number 

N1 (1) 
N2 (2) 
N3 (3) 

N4 (4) 
5 
6 
7 
9 

15 
16 
18 
19 

20 

Purpose 

Master Cross Section Library 

Previously Prepared Working/Weighted Library 

Previously Prepared Working/Weighted Library 

New Working Library 

Card Input 
Standard Output 
ANISN Punched Cards 

Direct Access I/@ (Scratch) 
Scratch Device 
Scratch Device Sensitivity Option Only 

Scratch Device 
Scratch Device 
ANISN Binary Library 
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8.0. XSDRNPM: AMPX MODULE WITH ONE-DIMENSIONAL 

S CAPABILITY FOR SPATIAL WEIGHTING 

L. M. P e t r i e  N.  M. Greene 

n 

The XSDRNPM module i s  provided i n  AMPX f o r  two purposes: 

1. t o  provide a one-dimensional t r a n s p o r t  c a l c u l a t i o n  c a p a b i l i t y  

f o r  c a l c u l a t i n g  r e a c t i o n  rates, e igenva lues ,  and c r i t i ca l  

dimens ions  , and 

t o  a l low s p a t i a l  c r o s s  s e c t i o n  weight ing t o  be performed. 2. 

XSDRNPM? d i f f e r s  from i ts  predecessor ,  XSDRNl,  i n  several important 

r e s p e c t s .  

*It w i l l  do coupled neutron-gama c a l c u l a t i o n s .  

'It al lows any mixture t o  b e  r ep resen ted  t o  an a r b i t r a r y  o rde r  

of a n i s o t r o p i c  r e p r e s e n t a t i o n .  

*It w i l l  do an  a d j o i n t  c a l c u l a t i o n .  

'It is  considerably more e f f i c i e n t  i n  t h e  manner i n  which d a t a  

s t o r a g e  i s  used and, hence, w i l l  run much l a r g e r  problems i n  less 

co re  s to rage .  

.The resonance c a l c u l a t i o n  is  removed and i s  provided i n  AMPX i n  

t h e  NITAWL module (Sect ion 7 .O) . 
'It employs improved thermal f l u x  s c a l i n g  techniques f o r  b e t t e r  

problem convergence. 

' Input s p e c i f i c a t i o n s  have been re-ordered, and more d e f a u l t s  have 

been provided t o  make t h e  use of t h i s  module easier. 

'It w i l l  c a l c u l a t e  Sn cons t an t s  f o r  any even o r d e r  f o r  any of t h e  

t h r e e  one dimensional geometries a v a i l a b l e .  

'Mixture-dependent f i s s i o n  s p e c t r a  are c a l c u l a t e d  and used i n  

XSDRNPM, which t akes  i n t o  account all f i s s i o n a b l e  n u c l i d e s  i n  a 

p rob 1 em. 

TXSDRN wi th  Eetrie Modif icat ions.  
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The co l l apsed  c r o s s  s e c t i o n s  from XSDRNPM are w r i t t e n  as  an AMPX 

weighted l i b r a r y  on l o g i c a l  3 which can b e  used d i r e c t l y  by t h e  module 

t o  do t r a n s p o r t  c a l c u l a t i o n s .  They can a l s o  b e  ou tpu t  on c a r d s  o r  i n  

a b i n a r y  format s u i t a b l e  f o r  t h e  ANISN,  DOT, o r  MORSE codes. Four 

weighting o p t i o n s  are provided: 

1. c e l l  weight ing,  which gene ra t e s  c r o s s  s e c t i o n s  c o n s i s t e n t  

w i t h  mocking up a c e l l u l a r  c o n f i g u r a t i o n  as a homogenized 

r eg ion ;  v i z . ,  t h e  s p a t i a l  "disadvantage f a c t o r s "  are taken 

i n t o  account i n  t h e  c r o s s  s e c t i o n  weight ing,  

2 .  zone weight ing,  which produces a set of c r o s s  s e c t i o n s  weighted 

over  each material  r eg ion  i n  which a n u c l i d e  occur s ,  

"region" weight ing,  which produces one set  of c r o s s  s e c t i o n s  

f o r  a nuc l ide  b u t  weighted over a composite spectrum made up 

of a l l  s p e c t r a  from zones where t h e  n u c l i d e  is  p r e s e n t ,  

3.  

4 .  "inner" ce l l  weight ing,  which performs a c e l l  weight ing as i n  

1 b u t  only over t h e  N r e g i o n s  s e l e c t e d  by t h e  i n p u t .  This  

a l lows one t o  mock-up a c a l c u l a t i o n  which can inc lude  non-zero 

leakage a t  t h e  o u t e r  boundary of t h e  c e l l ;  e . g . ,  an e x p l i c i t  

c e l l  mock-up can b e  desc r ibed  w i t h i n  a homogeneous d e s c r i p t i o n  

of a r e a c t o r .  

The i d e n t i f i c a t i o n  numbers f o r  t h e  n u c l i d e s  on l o g i c a l  3, t h e  weighted 

l i b r a r y ,  are formed from t h e  o r i g i n a l  i d e n t i f i c a t i o n  number as fol lows:  

a.  f o r  zone weight ing t h e  o r i g i n a l  i d e n t i f i c a t i o n  is p r e f i x e d  by 

the  zone number i n  which a n u c l i d e  occur s .  Note that. zone 

weight ing,  i n  many cases, w i l l  produce several sets of c r o s s  

s e c t i o n s  f o r  each n u c l i d e ,  

b.  f o r  a l l  o t h e r  weight ings,  t h e  i d e n t i f i c a t i o n  remains i d e n t i c a l  

t o  t h e  o r i g i n a l .  

A v a r i e t y  of o p t i o n s  i s  provided t o  use f o r  c a l c u l a t i n g  t r a n s p o r t  

c r o s s  s e c t i o n s  needed i n  d i f f u s i o n  theory a p p l i c a t i o n s .  For a l l  weight ing 

o p t i o n s  above, XSDRNPM c a l c u l a t e s  t r a n s p o r t  c r o s s  s e c t i o n s  based on t h e  

so -ca l l ed  " i n s c a t t e r "  and " o u t s c a t t e r "  approximations.  
co 

A 

0 
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- 
Outsca t t e r :  0 (E) = ot(E) - pOS(E) t r  

Four o p t i o n s  are provided t o  use f o r  t h e  c u r r e n t  weighting t e r m ,  

j (E)  , i n  t h e s e  approximations.  

1. 

2. 

3 .  

4 .  

In 
9 

weight ing f u n c t i o n  i s  

The f i r s t  moment of t h e  f l u x ,  CPl, i s  c a l c u l a t e d  by zone; t h e  

the  a b s o l u t e  va lue ;  

- zone 

The weight ing f u n c t i o n  is  DB'Q 

t h e  angular  f l u x  i n  each zone; 

p l u s  t h e  i n t e g r a l  of 1-1 t i m e s  0 

2 The weighting f u n c t i o n  i s  DB @ p l u s  t h e  r i g h t  leakage from 

t h e  system; 
0 

i . e , ,  j g  .2, DB CPo + j1 d pCP(g,outside,u). u 
-1 

The weighting f u n c t i o n  i s  t h e  scalar f lux  d iv ided  by a macro- 

s c o p i c  t o t a l  c r o s s  s e c t i o n ;  

cases 2 and 3 ,  i f  a c e l l  is  mocked with no o u t s i d e  leakage; e . g . ,  

i f  DBL = 0 and t h e  c e l l  has  a white  o r  r e f l e c t e d  o u t s i d e  boundary, XSDRNPM 
w i l l  u se  t h e  s c a l a r  f l u x  as a weight ing f u n c t i o n ;  

i .e . ,  j g  = 0:. 
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8.1. XSDRNPM Input  Data 
/- 

The inpu t  d a t a  t o  XSDRNPM c o n s i s t s  of a t i t l e  card and up t o  f i v e  

d a t a  b locks ,  depending on t h e  p a r t i c u l a r  problem. All d a t a  i n  t h e s e  

b locks  i s  e n t e r e d  using t h e  ANISN formats  d i scussed  i n  Sec t ion  13.0 of 

t h i s  document. 

I n  t h e  d e s c r i p t i o n  which fo l lows ,  t h e  q u a n t i t y  i n  square b r a c k e t s  

i s  t h e  number of i t e m s  i n  an a r r a y .  The q u a n t i t y  i n  b races  i s  t h e  con- 

d i t i o n  which r e q u i r e s  t h e  a r r a y  t o  be i n p u t .  I f  no cond i t ion  i s  speci-  

f i e d ,  an  a r r a y  must b e  i n p u t .  Defau l t  parameters t h a t  are used i f  an 

a r r a y  is  n o t  i n p u t  are shown i n  pa ren theses  i f  non-zero. 

T i t l e  Card - Format (20A4) 

This  i s  t h e  t i t l e  card f o r  t h e  problem. It w i l l  b e  used t o  l a b e l  

t h e  problem o u t p u t .  

Data Block 1 

This  block c o n t a i n s  information t o  set  up v a r i o u s  a r r a y  dimensions 

and most c a l c u l a t i o n a l  and e d i t i n g  o p t i o n s .  Various convergence c r i t e r i a  

and s p e c i a l  c o n s t a n t s  can be i n p u t .  

1$ General Problem Desc r ip t ion  [15] 

1. I G E  - problem geometry (1) 

0 - homogeneous 

1 - s l a b  

2 - c y l i n d e r  

3 - sphe re  

2 .  I Z M  - number of separate material r eg ions  o r  zones. (1) 

3 .  I M  - number of s p a t i a l  i n t e r v a l s  i n  t h e  problem. (1) 

4 .  IBL - t h e  boundary cond i t ion  a t  t h e  lef t -hand boundary of t h e  

s y s t e m .  (1) 

0 - vacuum boundary 

1 - r e f l e c t e d  boundary 

2 - p e r i o d i c  boundary 

3 - whi te l a lbedo  boundary 

/ \  
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5. I B R  - t h e  boundary cond i t ion  a t  t h e  right-hand boundary of t h e  

system. (1) 

0 - vacuum boundary 

1 - r e f l e c t e d  boundary 

2 - p e r i o d i c  boundary 

3 - whi te l a lbedo  boundary 

6.  MXX - t h e  number of compositions used i n  t h e  problem mockup. 

7 .  MS - t h e  number of e n t r i e s  i n  t h e  mixing t a b l e  which s p e c i f i e s  

t h e  makeup of t h e  MXX compositions.  

8. ISN - t h e  o rde r  of angu la r  quadra tu re  t o  b e  used. I f  ISN > 0 

XSDRNPM w i l l  c a l c u l a t e  a d e f a u l t  angu la r  quadrature .  

9 .  ISCT - t h e  o r d e r  of s c a t t e r i n g .  Flux moments w i l l  be calcu- 

l a t e d  through t h i s  o r d e r .  

10.  IEVT - t h e  type of c a l c u l a t i o n .  (1) 

0 - f i x e d  source 

1 - k c a l c u l a t i o n  

2 - a c a l c u l a t i o n  ( f l u x  is  assumed t o  have an  e t i m e  -at 

v a r i a t i o n )  

3 - i nope rab le  i n  p r e s e n t  v e r s i o n  

4 - zone width sea rch  

5 - o u t e r  r a d i u s  sea rch  

6 - buck l ing  sea rch  

11. I I M  - t h e  i n n e r  i t e r a t i o n  maximum used i n  an S c a l c u l a t i o n .  (10) 

1 2 .  I C M  - t h e  o u t e r  i t e r a t i o n  maximum. (10) 
n 

Af t e r  ICM o u t e r  i t e r a t i o n s ,  t h e  problem w i l l  b e  fo rced  i n t o  t h e  

t e rmina t ion  phase and t h e  program w i l l  cont inue as i f  f u l l  con- 

vergence w a s  a t t a i n e d .  A message t o  t h i s  e f f e c t  i s  p r i n t e d .  

13. ICLC - theory op t ion .  (0) 

0 - use Sn theory always 

N - use a l t e r n a t e  theory ( d i f f u s i o n  o r  i n f i n i t e  medium) f o r  N 

o u t e r  i t e r a t i o n s ,  a f t e r  which revert back t o  S, theory.  

14.  ITH - fo rward /ad jo in t  s e l e c t o r .  (0) 

0 - s o l v e  t h e  forward Boltzmann equat ion.  

1 - s o l v e  t h e  a d j o i n t  Boltzmann equat ion.  
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15. IFLU - Sn s o l u t i o n  method. (0) 

0 - use t h e  "diamond-difference" model, b u t  use t h e  "!;tep" model 

i f  n e g a t i v e  f l u x e s  are encountered. 

1 - use t h e  "diamond-difference" model e x c l u s i v e l y .  

2 - use  t h e  "s tep" model e x c l u s i v e l y .  

3 - use t h e  "weighted diamond-diff erence" model e x c l u s i v e l y .  

4 - use  t h e  "diamond-dif f erence" model, b u t  use t h e  "weighted 

diamond-difference" model i f  nega t ive  f l u x e s  are encountered. 

2$  E d i t i n g  and S p e c i a l  Options [ l o ]  
1. IPRT - f i n e  group mixture  c r o s s  s e c t i o n s .  (-1) 

-2 - no e d i t s  

-1 - e d i t  one-dimensional c r o s s  s e c t i o n s  

e d i t  through PN c r o s s  s e c t i o n s .  

N O t- One-dimensional e d i t s  are made, a l s o .  

2 .  ID1 - f l u x  e d i t i n g  o p t i o n s .  ( 0 )  

P r i n t  P r i n t  Punch'" 
ID 1 Angular Fluxes Scalar Fluxes Scalar F l i ~  

-1 No No No 

0 No Y e s  No 

1 Y e s  Y e s  No 

2 No Y e s  Yes 

3 Y e s  Y e s  Y e s  

]ID11 > 3 fluxes written on ]ID11 i n  binary format. 

The f l u x e s  w i l l  b e  punched i n  a format s u i t a b l e  f o r  r e s t a r t i n g  an 

XSDRNPM c a l c u l a t i o n .  

a 

3 .  IPBT - balance t a b l e  e d i t s .  (0) 

-1 - none 

0 - make f i n e  group balance t a b l e s  

1 - make f i n e  and broad group balance t a b l e s  

4 .  ISX - n o t  used i n  t h i s  v e r s i o n .  

5 .  ISEN - no t  used i n  t h i s  v e r s i o n .  

6.  IBLN - n o t  used i n  t h i s  ve r s ion .  

7 .  ISRC - n o t  used i n  t h i s  v e r s i o n .  

8. IDM2 - n o t  used. 
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9 .  I D M 3  - not  used. 

10. I D M 4  - no t  used. 

3$ Various Options [12] 

1. IFG - c ross  s e c t i o n  weight ing.  (0) 

0 - none r equ i r ed  

1 - co l l apse  c r o s s  s e c t i o n s  

2 .  I Q M  - volumetr ic  sources .  (0) 

0 - none 

N - N volumetr ic  source  s p e c t r a  w i l l  be  inpu t  i n  t h e  31* a r r a y  

3.  I P M  - boundary sources .  (0) 

0 - none 

N - N boundary source  s p e c t r a  w i l l  be  inpu t  i n  t h e  32* a r r a y  

4 .  I F N  - s t a r t i n g  guess.  (0) 

0 - f l u x  guess (33" a r r a y )  

1 - f i s s i o n  d e n s i t y  guess (34" a r r ay )  

>2  - unit on which fluxes are stored in a binary format 

5. ITMX - maximum t i m e  allowed f o r  t he  f l u x  c a l c u l a t i o n  i n  minutes.  

A value  of zero w i l l  n o t  te rmina te  a c a l c u l a t i o n  because of t i m e ;  

o therwise the  problem w i l l  be  forced  i n t o  t h e  te rmina t ion  phase 

when ITMX is  exceeded. (0) 

6. I D A T l  - e x t e r n a l  d a t a  s to rage .  If I D A T l  i s  inpu t  as zero ,  

XSDRNPM w i l l  au tomat i ca l ly  select  t h e  most e f f i c i e n t  means of 

s t o r i n g  d a t a .  

0 - keep a l l  a r r a y s  i n  core  i f  p o s s i b l e  

1 - s t o r e  mixture  c r o s s  s e c t i o n s  e x t e r n a l l y  on a d i r e c t  access 

device 

2 - s t o r e  c ros s  s e c t i o n s  and f i x e d  sources  e x t e r n a l l y  on d i r e c t  

access  devices  

3 - s t o r e  c r o s s  s e c t i o n s ,  f i x e d  sources ,  and f l u x  moments ex- 

t e r n a l l y  on d i r e c t  access  devices  

7.  I P N  - not  used i n  t h i s  ve r s ion .  (0) 

8. I D F M  - dens i ty  f a c t o r s .  ( 0 )  

0 - none 

1 - read  i n  d e n s i t y  f a c t o r s  i n  t h e  38* a r r a y  
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9 .  IAz - a c t i v i t y  c a l c u l a t i o n  t r i g g e r .  (0) 

0 - none 

N - c a l c u l a t e  t h e  r e a c t i o n  rates by material zone f o r  N 

d i f f e r e n t  p rocesses  s p e c i f i e d  i n  t h e  49$ and 50$ a r r a y s  

10.  I A I  - s p a t i a l l y  dependent a c t i v i t y  rates.  (0) 

0 - none 

1 - c a l c u l a t e  r e a c t i o n  rates i n  each i n t e r v a l  f o r  I A Z  processes  

11. IFCT - thermal u p s c a t t e r  s c a l i n g .  (0) 

0 - none 

1 - use u p s c a t t e r  s c a l i n g  f o r  a c c e l e r a t e d  problem convergence 

1 2 .  IPVT - paramet r i c  e igenvalue sea rch .  (0) 

0 - none 

1 - a sea rch  c a l c u l a t i o n  w i l l  be made f o r  an eigenvalue o t h e r  

than 1 .0  

4$  Cross Sec t ion  Weighting Options [ 9 ]  {IFG = 1) 

1. I C O N  - type of weight ing.  

-N - i n n e r  c e l l  (with N zones i n  t h e  c e l l ) .  C e l l  weight ing i s  

performed over t h e  N innermost r eg ions  i n  t h e  problem. 

Nuclides o u t s i d e  t h e s e  r e g i o n s  are n o t  weighted. 

-1 - ce l l  

0 - zone 

1 - r eg ion  

2.  IGMF - number of energy groups i n  t h e  co l l apsed  sets. 

3. I T P  - c o l l a p s e d  ou tpu t  format d e s i r e d .  

0-19 - c r o s s  s e c t i o n s  are  w r i t t e n  only i n  t h e  AMPX weighted 

l i b r a r y  formats  on l o g i c a l  3. A weighted l i b r a r y  

i s  always w r i t t e n  when IFG=l. 
2 20-29 - ou tpu t  i n  t h e  CCCC IS@TXS 

30-39 - ou tpu t  i n  t h e  ANISN/D@T/M@RSE card format.  

40-49 - output  i n  t h e  ANISN/D@T/M@RSE b i n a r y  format on 

Version 3 format.  

l o g i c a l  20. 

The v a r i o u s  va lues  of I T P  (modulo 10) are used t o  s e l e c t  t h e  

d i f f e r e n t  t r a n s p o r t  c r o s s  s e c t i o n  weight ing o p t i o n s  mentioned 

earlier.  The o p t i o n s  are: 
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I T P  = 0,10,20, ... a b s o l u t e  va lue  of c u r r e n t  

ITP = 1 , 1 1 , 2 1 ,  ... DB @ + zone c u r r e n t  

ITP  = 2,12,22, ... DB (D + o u t s i d e  leakage 

ITP  = 3,13,23, ... @ICt 

2 

2 

4 .  IPP - weighted c ros s  s e c t i o n  e d i t  op t ion  (-1). 

-2 - none 

-1 - e d i t  one-dimensional d a t a  

e d i t  through t h e  PN c r o s s  s e c t i o n  a r r a y s .  One-dimensional 

N O I- e d i t s  are given. 

5. IHTF - t o t a l  c r o s s  s e c t i o n  p o s i t i o n  i n  t h e  ANISN format.  (3) 

6. NDSF - within-group s c a t t e r i n g  c r o s s  s e c t i o n  p o s i t i o n  i n  the  

ANISN format. ( 4 )  

7.  NUSF - t a b l e  l e n g t h  i n  t h e  ANISN formats.  (IGMF + NDSF - 1 )  

8. IAP - ANISN c r o s s  s e c t i o n  e d i t .  (-1) 

-1 - none 

0 )  1- e d i t  through the  PN a r r a y s .  
N 

9. MSCM - e x t r a  " a c t i v i t y "  c r o s s  s e c t i o n s  i n  ANISN formats.  

extra c r o s s  s e c t i o n  types are p u t  above t h e  abso rp t ion  c r o s s  

s e c t i o n  p o s i t i o n  i n  t h e  ANISN formats .  The types are s p e c i f i e d  

i n  t h e  1 2 $  a r r a y .  

MSCM 

5* Convergence Criteria and Assorted Constants [12] 

1. 

2. 

3. 

4 .  

5. 

-4 EPS - o v e r a l l  problem convergence. (10 ) 

PTC - scalar f l u x  convergence. 

XNF - normalizat ion f a c t o r .  (1.0) 

When IEVT = 0,  t h e  f i x e d  sources  are normalized t o  XNF. 
For IEVT > 0,  t h e  f i s s i o n  ra te  i s  normalized t o  XNF. 

When XNF = 0.0,  no normalizat ion i s  made. 

EV - s t a r t i n g  eigenvalue guess.  

EVM - eigenvalue modif ier  used i n  a sea rch  c a l c u l a t i o n .  The 

fol lowing i s  a t a b u l a t i o n  of recommended va lues  f o r  EV and EVM. 
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IEVT EV EVM 

0 0 0 

1 0 0 

2 0 0 

3 

4 0 -0.1 

5 s t a r t i n g  o u t e r  r a d i u s  -O.l*EV 

6 1 . 0  -0.1 

- - 

6.  BF - buckl ing f a c t o r  (1 ,420892) .  This parameter is  two t i m e s  

t h e  m u l t i p l i e r  on t h e  r e l a x a t i o n  l e n g t h  used t o  g e t  an ex t r a -  

p o l a t e d  boundary; e . g . ,  f o r  s l a b s ,  t h e  e x t r a p o l a t i o n  d.istance 

i s  = 0 . 7 1 h  and, hence,  BF = 1 . 4 2 .  
% % 

t r  
7 .  DY - f i r s t  t r a n s v e r s e  dimension i n  cen t ime te r s  used i n  a 

buck l ing  c o r r e c t i o n  t o  c a l c u l a t e  leakage normal t o  t h e  p r i n c i p a l  

c a l c u l a t i o n  d i r e c t i o n ;  i . e . ,  t h e  h e i g h t  of a s l a b  o r  a c y l i n d e r .  

8. D Z  - second t r a n s v e r s e  dimension i n  cen t ime te r s  used f o r  a 

buckl ing c o r r e c t i o n ;  i . e . ,  t h e  depth of a s l a b .  

9 .  VSC - void s t reaming c o r r e c t i o n .  This i s  the  h e i g h t  of a 

c y l i n d e r  o r  s l a b  i n  cen t ime te r s  around a void r eg ion .  

10. PV - paramet r i c  e igenvalue.  When I P V T  = 1 and IEVT > 1, t h i s  

is t h e  eigenvalue on which t h e  s e a r c h  c a l c u l a t i o n  i s  based. 

11. EQL - eigenvalue convergence f o r  a sea rch .  

1 2 .  XNPM - new parameter mod i f i e r  used i n  sea rch  c a l c u l a t i o n s .  (0.75) 

6$  Direct Access Sc ra t ch  Make-up [ 6 ]  

1. NRC8 - number of p h y s i c a l  r eco rds  on l o g i c a l  8. 

2. LRC8 - l eng th  i n  words of a r eco rd  on l o g i c a l  8. 

3 .  NRC9 - number of p h y s i c a l  r eco rds  on l o g i c a l  9 .  

4 .  LRC9 - l e n g t h  i n  words of a record on l o g i c a l  9 .  

5 .  NRClO - number of p h y s i c a l  r eco rds  on l o g i c a l  10 .  

6 .  LRClO - l e n g t h  i n  words of a record on l o g i c a l  10 .  

It is  h igh ly  u n l i k e l y  t h a t  t h e  6$ w i l l  b e  r e q u i r e d  as i n p u t  f o r  

any except  ve ry  l a r g e  problems. 

when a change i s  needed. 

A message w i l l  b e  p r i n t e d  t o  i n d i c a t e  

The e f f i c i e n t  s e l e c t i o n  of v a l u e s  f o r  t h i s  
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a r r a y  is  a very complicated process  invo lv ing  c o n s i d e r a t i o n  of t h e  a c t u a l  

" d i r e c t  access'' programming i n  XSDRNPM and should n o t  b e  attempted by t h e  

c a s u a l  AMPX use r .  

T Terminate d a t a  block. 

Data Block 2 

This  block c o n t a i n s  information on t h e  composition of t h e  materials 

Also included is an  a r r a y  t o  select s p e c i a l  c r o s s  used i n  t h e  c a l c u l a t i o n .  

s e c t i o n s  f o r  ANISN and an  a r r a y  t o  i d e n t i f y  c r o s s  s e c t i o n s  w r i t t e n  on t h e  

CCCC ISflTXS l i b r a r y .  

1 2 $  Spec ia l  Cross Sec t ion  ENDF/B I d e n t i f i e r s  f o r  Inc lus ion  i n  ANISN 

L i b r a r i e s  [ MSCM] 

This o p t i o n  al lows t h e  placement of " a c t i v i t y "  c r o s s  s e c t i o n s  i n  

p o s i t i o n s  one through MSCM of A N I S N  formatted d a t a .  

t h a t  MSCM is  c o n s i s t e n t  w i th  o t h e r  p o s i t i o n a l  parameters given i n  t h e  4$ 

a r r a y .  U s e  ENDF MT numbers. 

The u s e r  must ensure 

The next  t h r e e  a r r a y s  (13$, 14$, and 15") comprise t h e  mixing t a b l e  

i n  XSDRNPM. The e n t r i e s  i n  t h e  a r r a y s  go t o g e t h e r  i n  a one-to-one 

correspondence t o  form t r i p l e t s :  

13$ 14$ 15" 
M N X 
- - -  

This command i n s t r u c t s  t h a t  n u c l i d e  N i s  t o  b e  added i n t o  mixture  M 

a concen t r a t ion  (atoms/barn-cm) of X. 

13$ Mixture Numbers i n  Mixing Table [MS] 

The values  range from 1 t o  MXX. 

14$ Isotope I d e n t i f i e r s  i n  Mixing Table [MS] 

wi th  

A s e t  of d a t a  wi th  t h i s  i d e n t i f i c a t i o n  must be on l o g i c a l  4 ,  t h e  

XSDRNPM working l i b r a r y .  

15" I so tope  Concentrat ions i n  Mixing Table 

16$$ CCCC I d e n t i f i c a t i o n  Numbers [MS] (20 f ITP f 2 9 )  

[MS] 

This a r r a y  i s  inpu t  i n  a one-to-one correspondence wi th  e n t r i e s  i n  

t h e  mixing t a b l e  and gives  t h e  i d e n t i f i c a t i o n  numbers which w i l l  be placed 

on t h e  CCCC l i b r a r y .  Note t h a t  one should l i m i t  t h e s e  numbers t o  s i x  

d i g i t s .  I f  l e s s  than s i x  d i g i t s  are i n p u t ,  t h e  CCCC i d e n t i f i c a t i o n  has  

t h e  f r o n t  p a r t  f i l l e d  wi th  zeros .  This is important because CCCC 
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i d e n t i f i c a t i o n  schemes are alphameric  (A6) .  A s  an example, i f  one i n p u t s  

1234 i n  t h e  16$$ a r r a y ,  t h e  a c t u a l  CCCC i d e n t i f i c a t i o n  i s  001234. 

T Terminate t h i s  d a t a  block.  

Data Block 3 {IEVT = 0 )  

This  b lock  is  used t o  s p e c i f y  f i x e d  sources .  

30$ Source Spectrum Number by I n t e r v a l  [IM] 

31* Volumetric Source Spec t ra  [IQM-kIGM] 

32" Surface Source Spec t ra  [IPM*IGM*MM] 

Each of  t h e  I Q M  o r  IPM s p e c t r a  i s  s p e c i f i e d  i n  the  31* o r  :32* a r r a y  

and are s t acked  one a f t e r  t he  o t h e r  i n  t h a t  a r r a y .  A problem cannot use 

both  f i x e d  and s u r f a c e  sou rces .  

A volumetr ic  spectrum w i l l  c o n s i s t  of I G M  (number of energy groups) 

e n t r i e s  which are t h e  r e l a t i v e  i n t e g r a t e d  va lues  of t h e  source  i n  each 

group. 

A s u r f a c e  source  i s  always assumed t o  b e  on t h e  r igh thand s i d e  of a 

s p a t i a l  i n t e r v a l .  It i s  inpu t  as w a s  t h e  volumetr ic  sou rce ,  except  t h a t  

each group con ta ins  e n t r i e s  f o r  t h e  MM ang le s  i n  t h e  Sn quadra ture  chosen 

f o r  t h e  problem. Note t h a t  a s u r f a c e  source  i s  an i n t e g r a t e d  va lue  and 

i s  a c t u a l l y  a f l u x  cond i t ion  i n  t h e  Sn equat ions .  

I n  the  30$ a r r a y ,  a zero e n t r y  s p e c i f i e s  t h a t  no source  i s  i n  an 

i n t e r v a l .  

T Terminate t h i s  d a t a  b lock .  

Data Block 4 

This  d a t a  b lock  con ta ins  s t a r t i n g  guesses  f o r  f l u x e s  and fiLssion 

d e n s i t i e s .  

33* Flux Guess [IM*IGM] {IFN = 0 )  

A guess f o r  t h e  scalar f l u x  i s  s p e c i f i e d  i n  t h e  order :  a l l -  i n t e r -  

v a l s  f o r  a group u n t i l  a l l  groups are exhausted. For f i x e d  source  prob- 

l e m s ,  i n  t h e  l a c k  of b e t t e r  in format ion ,  use zeros .  For e igenvalue  

problems, a non-zero f l u x  guess  must be  used. The f l u x e s  punched by 

us ing  t h e  I D 1  parameter i n  t h e  2$ a r r a y  can be  used h e r e  i n  restart 

c a l c u l a t i o n s .  
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34* F i s s i o n  Density Guess [IM] {IFN = 1) 

This  i s  a guess a t  t h e  number of f i s s i o n  neu t rons  produced i n  an 

i n t e r v a l .  When IFN = 1, XSDRNPM uses  d i f f u s i o n  theory f o r  t h e  f i r s t  

o u t e r  i t e r a t i o n ,  a f t e r  which i t  reverts t o  t h e  normal mode. 

T Terminate t h i s  d a t a  block.  

Data Block 5 

This block con ta ins  t h e  remaining d a t a  needed f o r  an XSDRNPM ca l -  

c u l a t i o n .  

35" I n t e r v a l  Boundaries [ I M  + 1 3  (cm) 

This  a r r a y  d e s c r i b e s  t h e  s p a t i a l  quadra tu re  i n t o  which t h e  problem 

mockup i s  d iv ided .  The boundaries are non-negative and i n  i n c r e a s i n g  

o r d e r .  

36$ Zone Number f o r  Each S p a t i a l  I n t e r v a l  [IM] 

S p a t i a l  zones should b e  contiguous.  

38* Density F a c t o r s  by I n t e r v a l  [IM] {IDFM # 0 )  

These f a c t o r s  are used t o  a f f e c t  a d e n s i t y  v a r i a t i o n  i n  a mixture  

as a f u n c t i o n  of s p a t i a l  i n t e r v a l .  Zero f o r  a d e n s i t y  f a c t o r  a f f o r d s  

a convenient way f o r  mocking a void region.  

39$ Mixture Numbers by Zone [IZM] 

The mixture t h a t  i s  i n  a zone i s  s p e c i f i e d  h e r e .  

40$ Order of S c a t t e r i n g  by Zone [IZM] 

n R  This i s  t h e  o r d e r ,  R ,  of t h e  S P c a l c u l a t i o n  which is  d e s i r e d  i n  a 

zone. This number must be no l a r g e r  than ISCT. 

41* Radius Modif iers  by Zone [IZM] {IEVT = 4 )  
These parameters s p e c i f y  t h e  re la t ive movement of t h e  width of a 

zone i n  a zone width sea rch .  A zero i n d i c a t e s  t h a t  a zone's width is  

f i x e d  . 
42* Weights of t h e  Angles i n  t h e  Discrete-Ordinates  Quadrature [mt] 

Input t h i s  se t  t o  o v e r r i d e  those provided by XSDRNPM. 

43* Cosines of t h e  Angles i n  t h e  Discrete-Ordinates  Quadrature 

Input  t h i s  set t o  o v e r r i d e  those provided by XSDRNPM. 

[MM] 

fMM = ISN+1 f o r  s l a b s  and sphe res ,  

= ISN*(ISN+4)/4 f o r  a c y l i n d e r .  
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46$ C a l c u l a t i o n a l  Option by Group [IGM] { I C L C  > 0) 

0 - perform d i sc re t e -o rd ina te s  c a l c u l a t i o n  f o r  t h i s  group. 

1 - perform a d i f f u s i o n  c a l c u l a t i o n  f o r  t h i s  group f o r  ICLC o u t e r  

i t e r a t i o n s ;  use d i sc re t e -o rd ina te s  theory a f te r  t h i s .  

2 - perform a homogeneous c a l c u l a t i o n  f o r  t h i s  group f o r  ICLC o u t e r  

i t e r a t i o n s ;  then r e v e r t  back t o  d i sc re t e -o rd ina te s  theory .  

47" Right Boundary Albedos by Group [IGM] { I B R  = 31 

A r i g h t  boundary albedo i s  s p e c i f i e d  f o r  each f i n e  group. The 

l teturn c u r r e n t  i s  d i s t r i b u t e d  i s o t r o p i c a l l y  i n  ang le .  

48* L e f t  Boundary Albedos by Group [IGM] {IBL = 31 

A s  f o r  t h e  47* a r r a y  b u t  f o r  t h e  l e f t  boundary. Note t h a t  i f  I B R  o r  

IBL i s  3 and t h e  corresponding 47* o r  48* a r r a y  i s  omi t ted ,  XSDECNPM f i l l s  

t h e  a r r a y  wi th  1 . 0 ' s  a f f e c t i n g  a boundary wi th  zero n e t  c u r r e n t  and wi th  

i s o t r o p i c  neut ron  r e t u r n .  

49$ Material Number f o r  A c t i v i t i e s  [ I A Z ]  {IAZ # 0 )  

50$ Process  Number f o r  Act ivi t ies  [ I A Z ]  { I A Z  # 01 
The 49$ and 50$ a r r a y s  provide  a means of ob ta in ing  t h e  a c t i v i t y  f o r  

any process  f o r  which c r o s s  s e c t i o n s  are a v a i l a b l e  i n  t h e  XSDRNI'M ca l cu la -  

t i o n .  A r e p r e s e n t a t i v e  a c t i v i t y  t a b l e  e n t r y  i s  shown below: 

ACTIVITY TABLE ENTRY 

This  e n t r y  s p e c i f i e s  t h a t  t h e  a c t i v i t y  N f o r  material M be  c a l c u l a t e d  f o r  

a l l  p a r t s  of t h e  system which con ta in  t h a t  material. 

51$ Broad Group Numbers [ I G M ]  IFG # 0) 

This  a r r a y  con ta ins  t h e  broad-group numbers i n t o  which t h e  f i n e  

groups are co l l apsed  i n  a flux-weighting c a l c u l a t i o n .  For example, i f  

t h e  f i r s t  f i v e  f i n e  groups are t o  be  co l l apsed  t o  t h e  f i r s t  broad group, 

t h e  f i r s t  f ive  e n t r i e s  i n  t h e  51$ a r r a y  are 1, etc. 

T Terminate t h i s  d a t a  block.  
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8 .2 .  XSDRNPM Input/Output Assignments 

The fol lowing l o g i c a l  u n i t s  can be r equ i r ed  i n  an XSDRNPM c a l c u l a t i o n .  

Logical  Unit  

3 

4 

5 

6 

7 

8 

9 

10 

16 

1 7  

18 

19 

20 

Purpose 

Weighted Library (Produced by XSDRNPM) 

Working L ib ra ry  ( Inpu t )  

Card Input  

Standard Output 

Punch Fluxes o r  ANISN L i b r a r i e s  

Sc ra t ch  Direct Access Device f o r  Ex te rna l  Cross 
Sec t ion  Storage 

Sc ra t ch  D i r e c t  Access Device f o r  Mixing and 
Weighting Operations 

Scratch Direct Access Device f o r  Ex te rna l  Flux 
Moment Storage 

Forward Angular Fluxes 

Adjoint Angular Fluxes 

Sc ra t ch  Device 

Scratch Device 

ANISN Ilinary L i b r a r i e s  o r  CCCC ISbTXS I n t e r f a c e  

8.3. Error  Messages 

During t h e  course of a problem, XSDRNPM makes many checks t o  de t e r -  

mine i f  i n p u t  d a t a  is  i n  t h e  r equ i r ed  form. 

s p o t t e d ,  a message i s  p r i n t e d ,  and t h e  problem may b e  terminated.  

of t h e s e  messages are l i s t e d  b e l o w  along w i t h  a b r i e f  d e s c r i p t i o n  of 

t h e i r  p o s s i b l e  cause.  

I f  i n c o n s i s t e n c i e s  are 

Some 

CORE 

DATA 

SN- 1 

SN- 2 

I n s u f f i c i e n t  co re  s t o r a g e ,  N = r e q u i r e d  s t o r a g e  
l o c a t i o n s .  

N a r r a y s  have been i n p u t  w i th  i n c o r r e c t  l eng th .  
t h e  messages produced as a r r a y s  are read t o  determine 
s p e c i f i c  a r r a y s .  

The Nth e n t r y  i n  t h e  Sn quadrature  d i r e c t i o n s  i s  zero.  
(43* a r r a y )  

The S ,  weights  do n o t  sum t o  1 .0 .  

See  

(42* a r r a y )  
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SN-3 0 The sum of t h e  p roduc t s  of Sn weights  and d i r e c t i o n s  
i s  n o t  0.0; i . e . ,  t h e  d i r e c t i o n s  are no t  symmetric. 
(42* and 43* a r r a y s )  

t o t a l  f i x e d  sources  are ze ro .  
FIXS 0 Fixed source c a l c u l a t i o n  r eques t ed  (IEVT = 0)  and 

Q-HI N A volumetr ic  source spectrum numbered N has  been 

B-HI N A boundary source spectrum numbered N has  been 

0 IEVT > 1 and t h e  t o t a l  f i s s i o n  source is  ze ro .  FISS 

8101 N The Nth r a d i u s  i s  nega t ive .  

8102 N The Nth r a d i u s  is  less than t h e  (N-1)th r a d i u s .  

8103 N Zone N dimensions have become n e g a t i v e  i n  a m n e  width 

M I X  N A r e q u e s t  h a s  been made t o  use t h e  Nth component from 

reques t ed  where N i s  g r e a t e r  t han  I Q M .  

r eques t ed  where N i s  g r e a t e r  than IPM. 

- 

sea rch .  

t h e  mixing t a b l e ,  b u t  t h i s  n u c l i d e  has  n o t  been requested 
from a l i b r a r y .  

Seve ra l  messages may b e  encountered du r ing  an XSDRNPM run i3S v a r i o u s  

d i s c r e p a n c i e s  are d e t e c t e d :  

THE FOLLOWING NUCLIDES WERE NOT FOUND 

( l i s t  fo l lows)  

Cause: XSDRNPM h a s  searched t h e  master l i b r a r y ,  working, and weighted 

c r o s s  s e c t i o n  t a p e s  and could n o t  f i n d  t h e  n u c l i d e s  l i s i ted .  

**./r*** WARNING INTERPOLATION USED I N  XX$ INTEGER ARRAY 

DATA EDIT CONTINUES 

Cause: I n t e r p o l a t i o n  has  been r eques t ed  i n  an i n t e g e r  a r r a y .  Care must 

b e  taken t o  ensu re  numbers are rounded c o r r e c t l y ,  when t h e  f i x e d  

p o i n t  conversion i s  made. 

****** FILL OPTION IGNORED I N  XX, ARRAY $ 

Cause: An a t t empt  has  been made t o  f i l l  any a r r a y  whose l e n g t h  i s  zero 

o r  which i s  a l r e a d y  f u l l .  

****** WARNING ADDRESS XxXXXX IS BEYOND THE LIMITS OF THE 

XXZ ARRAY 

Cause: The addres s  o p t i o n  has  been used t o  modify a l o c a t i o n  beyond 

t h e  l i m i t s  of t h e  i d e n t i f i e d  a r r a y .  
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INSUFFICIENT STORAGE FOR WEIGHTING--REQUESTED XXXXXX LOCATIONS 

AND HAVE ONLY XXXXX 

Cause: Self-explanatory.  Increas ing  I D T l  may c o r r e c t  t h i s  d i f f i c u l t y .  

SUMMARY TABLE STORAGE INSUFFICIENT SYSTEM TREATED AS ONE ZONE 

Cause: I n s u f f i c i e n t  core  is  a v a i l a b l e  t o  set up a l l  t h e  a r r a y s  needed 

f o r  balance t a b l e s .  Increas ing  I D T l  may c o r r e c t  t h i s  d i f f i c u l t y .  

TAPE N I n s u f f i c i e n t  s t o r a g e  i s  a v a i l a b l e  t o  produce a l i b r a r y  

t ape  f o r  another  code i n  t h e  form s p e c i f i e d .  

t i o n s  needed. 

N loca- 

***** CAUTION ***** CAUTION ***** CAUTION ***** 
THIS CELL HAS ZERO LEAKAGE--THE SCALAR FLUX WILL BE USED TO 

WEIGHT CROSS SECTIONS 

Cause: The d e f i n i t i o n  of a t r a n s p o r t  c ros s  s e c t i o n  r e q u i r e s  a leakage 

spectrum. A completely r e f l e c t e d  c e l l  h a s  been s p e c i f i e d .  
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9.0 .  AIQX UTILITY MODULES 

N. M. Greene 
L. M. P e t r i e  
R. Q. Wright 

During AMPX development, many s i t u a t i o n s  have a r i s e n  which r e q u i r e  

I n  some cases ,  r eques t s  i n t e r f a c i n g  wi th  codes e x t e r n a l  t o  t h e  system. 

have been made t o  convert  non-AMPX formatted l i b r a r i e s  f o r  use  i n  t h e  

AMPX environment. P l o t t i n g  r eques t s  have been rece ived .  Processed 

l i b r a r i e s  conta in ing  e r r o r s  have inadve r t an t ly  been produced suggest ing 

t h e  need f o r  more ex tens ive  checking. 

This s e c t i o n  desc r ibes  s e v e r a l  " u t i l i t y  modules" which have been 

w r i t t e n  t o  a l l e v i a t e  many of t h e  above d i f f i c u l t i e s  and t o  make AMPX 

a v a i l a b l e  f o r  a l a r g e r  number of a p p l i c a t i o n s  and use r s .  

The modules discussed are: 

Sec t ion  

9 . 1  

9.2 

9.3 

9.4 

9.5 

9.6 

9.7 

9.8 

9.9 

9.10 

Module 

NPTXS 

LAVA 

CGNVERT 
REVERT 

OCTAGN 

CGMAND 

MAL@cs 
ARID 

W E  
VASELINE 

Purpose 

Poin t  F i l e s  from Resonance Nuclides 

AMPX I n t e r f a c e s  from ANISN Data 

Convert Old XSDRN L i b r a r i e s  

Make Old XSDRN Library  

Create a CITATION Library  

Collapse ANISN L i b r a r i e s  

Col lapse DNA 37-21 ANISN Library  

Collapse AMPX I n t e r f a c e  

Check AMPX I n t e r f a c e  

P l o t  AMPX Data 
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9.1.  NPTXS -- AMPX Module t o  Produce P o i n t  Data f o r  Resonance Nuclides- 

NPTXS is provided t o  a l low one t o  "preprocess" resonance ENDF 

n u c l i d e s  and make p o i n t  f i l e s  f o r  t h e  t o t a l ,  f i s s i o n ,  e las t ic  scat- 

t e r i n g ,  and (n,y)  c r o s s  s e c t i o n s .  

The l i b r a r y  w r i t t e n  by NPTXS on l o g i c a l  31 looks  ve ry  much l i k e  

F i l e  3 of an  ENDF l i b r a r y .  It can b e  used t o  augment t h e  ENDF d a t a  

s e l e c t e d  i n  an XLACS o r  IAPHNGAS execut ion,  i n  which case, t h e s e  modules 

can completely s k i p  "resonance" processing.  One of i ts  more important 

u ses  i s  t o  a l low one t o  --weight t h e  d a t a  f o r  a resonance n u c l i d e .  

Both XLACS and LAPHNGAS can access l o g i c a l  3 1  f o r  t h i s  purpose. 

1 

E'T 

Other f e a t u r e s  of NPTXS are as fol lows:  

1. A t  p r e s e n t  i t  can p rocess  SLBW and MLBW re so lved  resonance 

d a t a .  These can b e  Doppler-broadened us ing  t h e  numerical  

i n t e g r a t i o n  techniques developed by Cullen and used i n  t h e  

MINX code. 

b e  Doppler-broadened. 

(Note t h a t  t h e  background F i l e  3 d a t a  w i l l  a l s o  

2. Unresolved p rocess ing  uses  t h e  same techniques employed i n  

XLACS and o r i g i n a l l y  developed f o r  t h e  MC-2 code. 

9.1.1 NPTXS Inpu t  Data 

ANISN i n p u t  schemes are employed throughout NPTXS. 

Block 1 

1$ Case Desc r ip t ion  [ l ]  

1. NNUC - number of ENDF n u c l i d e s  t o  b e  processed. 

T Terminate Block 1. 

Repeat t h e  fol lowing b lock  f o r  NNUC n u c l i d e s .  

Block 2 

2$ Nuclide S e l e c t i o n  Array [5] 

1. MATNO - ENDF MAT number f o r  n u c l i d e  

2. NDFB - l o g i c a l  u n i t  con ta in ing  t h e  d a t a  (Defaul t  = 11) 

3. IDTAP - check t h e  l i b r a r y  l a b e l  (O/l:  no/yes) (Defaul t  = 1 )  

4 .  M@DE - ENDF l i b r a r y  mode (0,1/2:  binary/BCD) (Defaul t  = 10) 

5. NSIGP - number of Do v a l u e s  (Defaul t  = 1 )  

I' 
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3* Nuclide Options [ 4 ]  

1. RFACT - t h e  r e so lved  resonance r eg ion  energy mesh i s  based 

d i r e c t l y  on t h i s  parameter.  P o i n t s  are chosen such t h a t  

t h e  r a t i o  of t o t a l  c r o s s  s e c t i o n  from point-to-point is  

roughly RFACT. (Defaul t  = 0.9) 

SFACT - number of p r a c t i c a l  widths  over  which t h e  RFACT 

scheme is  used f o r  a p a r t i c u l a r  resonance. 

2. 

(Defaul t  = 10) 
8 3 .  SIGP - LS f o r  t h e  unresolved c a l c u l a t i o n  (Defaul t  = 10 ) 

4 .  
0 

TDEGIC - temperature  i n  degrees  Kelvin f o r  Doppler broadening 

t h e  r e so lved  and unresolved r eg ions .  (Defaul t  = 0) 

T Terminate each Block 2 wi th  a T. 

Block 3 

4* o0 a r r a y  f o r  t h e  unresolved c a l c u l a t i o n  [NSIGP] {NSIGP > 1) 

(SIGNL(N),N=l, NSIGP) 

The Go v a l u e s  should b e  i n p u t  h igh  t o  low and NSIGP must n o t  

exceed 7. 

T Terminate each Block 3 wi th  a T .  

aIf NSIGP = 1, t h e  d e s i r e d  0, should be i n p u t  i n  t h e  3* a r r a y ,  and 

t h e  4* a r r a y  is n o t  r equ i r ed .  
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9.1.2 NPTXS Input/Output Assignments 

The fo l lowing  i n p u t / o u t p u t  assignments are requ i r ed  by NPTXS. 

Log ica l  Number 

5 

6 

11 ( o r  NDFB) 

14 

15  

16 

17 

18 

19 

31 

Purpose 

Card Input  

Standard Output 

ENDF/B L ib ra ry  

Sc ra t ch  Device 

Sc ra t ch  Device 

Sc ra t ch  Device 

Scratch Device 

Sc ra t ch  Device 

Sc ra t ch  Device 

Po in t  F i l e s  Produced by NPTXS 



9-5 

9.2. LAVA -- AMPX Module t o  Make AMPX Working 

L ib ra ry  from an ANISN Library 

LAVA (Let - -  ANISN - V i s i t  - A M P X )  is a module which can t a k e  an  ANISN 

l i b r a r y  (neutron,  gamma, or  coupled neutron-gamma) and t ransform it  t o  

an AMPX working l i b r a r y  which can b e  used i n  XSDRNPM. ANISN c r o s s  

s e c t i o n s  can be supp l i ed  on ca rds  ( f ixed  o r  free-form) o r  on a binary 

l i b r a r y .  

9 .2 .1  LAVA Input  Data 

Block 1 

O $  Logical  D e f i n i t i o n s  ( t h e s e  are d e f a u l t e d  as shown) [ 6 ]  

1. N 1  - ANISN l i b r a r y  (20) 

2. N2 - AMPX working l i b r a r y  ( 4 )  

3. N3 - Scratch (18) 

4. N4 - Scratch (19) 

5. N 5  - Input  (5) 

6. N6 - Output ( 6 )  

1$ ANISN Library Parameter Data [8] 

1. NNUC - Number of i s o t o p e s  t o  b e  pu t  on new l i b r a r y  

2.  I G M  - Number of neutron groups 

3 .  I H T  - P o s i t i o n  of 0 

4. I H S  - P o s i t i o n  of 0 

5.  IHM - Table l e n g t h  

6 .  IFTG - F i r s t  thermal group 

7 .  IPM - Number of gamma groups 

8. IFM - Format of ANISN l i b r a r y  

T 

g-tg 

-1, b i n a r y  

0 ,  free-form BCD 

1, formatted BCD 

T Terminate Block 1 

Block 2 

2$ 

3$ 

4$  

I d e n t i f i e r s  of P Parts of Nuclides on ANISN Lib ra ry  [NNUC] 

Order of S c a t t e r i n g  by Nuclides Se lec t ed  form ANISN Lib ra ry  [NNUC] 

A M P X  I d e n t i f i e r s  f o r  t h e  Nuclides Se lec t ed  from ANISN Lib ra ry  

0 

W U C l  
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7* Neutron Energy Group Boundaries? [ IGM+1] 

8* Gamma Energy Group Boundaries? [IPM+l] 

T Terminate t h i s  block.  

9.2.2 LAVA Input/Output S p e c i f i c a t i o n s  

The fol lowing devices  are normally needed i n  running t h e  LAVA 

module. 

,,-- 

Logica l  Number Purpose 

4 
5 Card Inpu t  

6 Standard Output 

A M P X  Working L ib ra ry  Wr i t t en  by LAVA 

18 Sc ra t ch  Device 

19 Sc ra t ch  Device 

20 ANISN L ib ra ry  

+Read high-to-low i n  energy ( ev ) .  
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9 . 3 .  CONVERT: AMPX Module t o  Produce AMPX Master 

Neutron Library from Old XSDRN Lib ra ry  

A f a i r l y  e x t e n s i v e  body of multigroup neutron information has  been 

generated i n  t h e  p a s t  f o r  use wi th  t h e  XSDRN program. The l i b r a r y  

formats f o r  t h i s  code are somewhat d i f f e r e n t  from those  employed i n  

AMPX. CONVERT serves t o  "convert" t h e  o l d e r  formats  t o  AMPX schemes. 

9 .3 .1  CONVERT Input  Data 

1$ Case Desc r ip t ion  123 

1. NC - number of sets of d a t a  t o  convert  (a  zero va lue  

conve r t s  t h e  whole o l d e r  l i b r a r y )  

2. IFTG - t h e  f i r s t  thermal group on t h e  o l d  l i b r a r y  (with 

t h e  s t anda rd  123 group XSDRN l i b r a r i e s ,  IFTG = 94) 

2$ L ib ra ry  Logical  D e f i n i t i o n s  [2]  

1. N 1  - Old XSDRN Library is mounted on t h i s  l o g i c a l  number 

(Default  = 2) 

2 .  N2 - New AMPX Library is  produced on t h i s  l o g i c a l  number 

(Defaul t  = 1) 

3$ Scra t ch  Logical  Assignments [2]  

1. N3 - Scratch dev ice  (Defaul t  = 18) 

2. N4 - Scra t ch  device (Default  = 19) 

T Terminate t h i s  block.  

Block 2 

4$ I d e n t i f i c a t i o n s  f o r  Nuclides t o  b e  Converted [NC] 

T Terminate t h i s  block. 

9.3.2 CONVERT Input/Output S p e c i f i c a t i o n s  

CONVERT g e n e r a l l y  r e q u i r e s  t h e  fol lowing inpu t /ou tpu t  dev ices  t o  

b e  made a v a i l a b l e .  

Logical  Number Purpose 

1 

2 Old XSDRN Lib ra ry  

5 Card Input  

6 Standard Output 

AME'X I n t e r f a c e  Produced by CONVERT 

18 Sc ra t ch  Device 

19 Scratch Device 
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9.4. REVERT -- AMPX Module t o  Produce Neutron 

L i b r a r i e s  f o r  t h e  Old XSDRN Code 

REVERT is  provided t o  a l low u s e r s  who wish t o  r e t a i n  XSDRN c a p a b i l i t y  

t o  u s e  l i b r a r i e s  produced i n  AMPX. Its f u n c t i o n  m i r r o r s  t h a t  of t h e  

CONVERT module. 

REVERT i s  n o t  f l e x i b l y  dimensioned. Its dimensions are set  t o  

handle  group s t r u c t u r e s  on t h e  o r d e r  of t h e  XSDRN 1 2 3  group struc:ture 

and smaller group s t r u c t u r e s .  

The i n p u t  d a t a  u s e s  FORTRAN fo rma t t ing  as opposed t o  t h e  ANISN- 

type  d a t a  g e n e r a l l y  used throughout AMPX. 

9 .4 .1  REVERT Inpu t  Data 

Card 1 (6112) 

1. 

2. 

3. 

4. 

5. 

6. 

Card (s) 

1. 

2 .  

3 .  

4. 

NNNC - Number of sets t o  b e  converted 

NPREL - Elas t ic  m a t r i x  p r i n t  f l a g  ( 0 / 1  = no/yes) 

NPRIN - I n e l a s t i c  m a t r i x  p r i n t  f l a g  ( 0 / 1  = no/yes) 

PPRZN - n2n m a t r i x  p r i n t  f l a g  ( 0 / 1  = no/yes)  

N8 - AMPX neutron i n t e r f a c e  (Defaul t  = 21) 

N9 - New XSDRN l i b r a r y  i n  o ld  format is made h e r e  

(Defaul t  = 22) 

2 (4112) -- NNNC Cards 

N I D i  - AMPX I d e n t i f i c a t i o n  of t h e  set of d a t a  

NIDNi  - XSDRN I d e n t i f i c a t i o n  of t h e  converted set 

I T i  - Temperature d e s i r e d  ( O K )  

IRESi - (0/1 - no/resonance n u c l i d e  d e s i r e d )  

9.4.2 REVERT Input/Output S p e c i f i c a t i o n s  

REVERT g e n e r a l l y  r e q u i r e s  t h e  fol lowing dev ices .  

Lop ica l  Number Purpose -- 

5 Card Input  

6 Standard Output 

14 Sc ra t ch  Device 

15 Sc ra t ch  Device 

16  Sc ra t ch  Device 

1 7  Sc ra t ch  Device 

18 Sc ra t ch  Device 

19 Sc ra t ch  Device 

21  Old Format XSDRN Lib ra ry  

22 New AMPX neu t ron  i n t e r f a c e  
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9.5. OCTAGN - AMPX Module t o  Produce CITATION L i b r a r i e s  

From AME'X Working L i b r a r i e s  

OCTAGN (Old _ _  CITATION - Tapes from - AMPX - Generated - Numbers) i s  a module 

t o  make CITATION l i b r a r i e s  from AMPX weighted l i b r a r i e s .  It is somewhat 

less convenient than t h e  CITATION op t ion  i n  t h e  o l d  XSDRN code and i s  

p r e s e n t l y  r e s t r i c t e d  i n  t h a t  t h e  sets w i l l  n o t  i n t e r f a c e  p rope r ly  wi th  

C I T A T I O N  d e p l e t i o n  c a l c u l a t i o n s .  However, It does a f f o r d  a way of making 

l i b r a r i e s  t o  use wi th  1, 2 ,  o r  3-D d i f f u s i o n  and p e r t u r b a t i o n  c a l c u l a t i o n s  

i n  CITATION.  

9 .5 .1  OCTAGN Input  Data 

OCTAGN w i l l  make a CITATION l i b r a r y  from an AMPX weighted l i b r a r y .  

(Note t h a t  n2n 's  are included i n  t h e  s c a t t e r i n g  matrices. This  means t h a t  

CITATION l i b r a r i e s  from OCTAGN w i l l  n o t  i n t e r f a c e  p rope r ly  wi th  d e p l e t i o n  

c a l c u l a t i o n s  i n  CITATION,  b u t  k -ca l cu la t ions ,  p e r t u r b a t i o n  c a l c u l a t i o n s ,  

e t c .  should b e  a c t u a l l y  improved.) 

T i t l e  Card (20A4) f o r  case 

Block 1 

1$ Case Desc r ip t ion  171 

1. NFILE - number of CITATION "F i l e s "  t o  b e  c rea t ed .  

2 .  NUP - number of u p s c a t t e r s  allowed. 

3. NDOWN - number of downscat ters  allowed. 

4.  

5. 

6 .  N C H I  - n o t  used. 

7. NFIRST - f i r s t  f i l e  t o  be made. This a l lows appending t h e  

LOGWT - l o g i c a l  number f o r  AMPX weighted l i b r a r y  (Defaul t  = 3 ) .  

LOGCIT - l o g i c a l  number f o r  CITATION l i b r a r y  (Defaul t  = 22) .  

new f i l e s  t o  an o l d  CITATION l i b r a r y .  

T Terminate Block 1. 

The nex t  2 blocks are repeated NFILE t i m e s .  

Block 2 

2$  NNUC - number of n u c l i d e s  i n  t h i s  "File".  

T Terminate Block 2. 

Block 3 

3$ 

4$ 

T Terminate Block 3 .  

I d e n t i f i c a t i o n s  f o r  d e s i r e d  n u c l i d e s  on AMPX working l i b r a r y .  

CITATION i d e n t i f i e r s  f o r  t h e  n u c l i d e s  i n  t h i s  "File".  
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9.5.2 OCTAGN Input/Output S p e c i f i c a t i o n s  

OCTAGN g e n e r a l l y  r e q u i r e s  t h e  fo l lowing  dev ices  t o  be  made a v a i l a b l e .  

Logica l  Number Purpose 

3 AMPX Working/Weighted Library  

5 Card Input  

6 Standard Output 

18 Scra tch  Device 

22 CITATION Library  
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9.6.  COMAND - AMPX Module t o  Col lapse 

ANISN Cross Sec t ion  L i b r a r i e s  

COMAND (Collapse - g u l t i g r o u p  - ANISN Data) is  a module f o r  co l l aps ing  

ANISN l i b r a r i e s .  It accep t s  ca rds  o r  t apes ;  i t  t r u n c a t e s  u p s c a t t e r s ,  

downscat ters ,  combines ANISN d a t a  from up t o  5 sources ,  and a l lows  f o r  

s t r i p p i n g  groups (neut rons  o r  gammas) from t h e  base  l i b r a r y .  Seve ra l  

weight ing s p e c t r a  can b e  read  i n  and used on t h e  same computer run. 

9 .6 .1  COMAND Input  Data 

Block 1 

1$ ANISN Lib ra ry  Parameters [ 8 ]  

1. I G M  - T o t a l  number of groups. 

2 .  

3 .  

4 .  IHM - Table l eng th .  

IHT - P o s i t i o n  of OT. 

IHS - P o s i t i o n  of Ohg. 
Fine Group L ib ra ry  

5. IGMF - T o t a l  number of groups. 

6 .  

7 .  IHSF - P o s i t i o n  of a 
8. IHMF - Table l eng th .  

Broad Group L ib ra ry  IHTF - P o s i t i o n  of aT. 

g+g' 

2$ More Data [81 

1. I E D I T  - 0,  almost no e d i t .  

1, e d i t  co l lapsed  da ta .  

2 ,  e d i t  f i n e  group and co l l apsed  d a t a .  

2. NCARDS - 0 ,  no BCD formatted inpu t  c r o s s  s e c t i o n s .  

N ,  use t h e  Nth s p e c t r a  t o  weight BCD format ted  

inpu t  c ros s  s e c t i o n s .  

3 .  MODE - 0 ,  BCD i n p u t  i s  f r e e  form. 

1, BCD inpu t  i s  formatted.  

4 .  NPNCH - 0, no punch. 

1, punch co l lapsed  c r o s s  s e c t i o n s .  

5. NSPEC - number of weight ing s p e c t r a  t h a t  w i l l  b e  read  

i n  t h e  4* a r ray .  

6. NSCRTH - a co l l apsed  ANISN l i b r a r y  i s  w r i t t e n  on t h i s  

l o g i c a l  number. (Defaul t  = 2) 
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7 .  NUNIT - BCD format ted  d a t a  i s  inpu t  on t h i s  l o g i c a l  u n i t .  

8. NCHI  - p o s i t i o n  of x i n  f i n e  group t a b l e s ,  i f  t h e s e  are 

inc luded  i n  t h e  ANISN l i b r a r y .  

3$ Logica l  Un i t s  of ANISN Binary L i b r a r i e s  and Weighting Spectrum 

S e l e c t o r s  [8] 

1. N T 1  - l o g i c a l  number of 1st ANISN b i n a r y  l i b r a r y  t o  be  

co l l apsed .  

2 .  NT2 - l o g i c a l  number of 2nd ANISN b i n a r y  l i b r a r y  t o  b e  

co l l apsed .  

NT3 - l o g i c a l  number of 3rd  ANISN b i n a r y  l i b r a r y  t o  be  

co l lapsed .  

3. 

4 .  NT4 - l o g i c a l  number of 4 th  ANISN b i n a r y  l i b r a r y  t o  be  

co l l apsed .  

5. N S 1  - weight ing  s p e c t r a  t o  a s s o c i a t e  w i t h  NT1.  

6. NS2 - weight ing  s p e c t r a  t o  a s s o c i a t e  w i t h  NT2. 

7 .  NS3 - weight ing  s p e c t r a  t o  a s s o c i a t e  w i th  NT3.  

8. NS4 - weight ing  s p e c t r a  t o  a s s o c i a t e  w i t h  NT4. 

(Note how NT2 might equa l  N T 1  and a l low weight ing  t h e  s a m e  

c r o s s  s e c t i o n s  ove r  d i f f e r e n t  s p e c t r a . )  

T Terminate Block 1. 

Block 2 

4* Few Group Weighting Spec t r a  [NSPECkIGM] 

Stack  NSPEC sets of I G M  numbers i n  t h i s  a r r a y .  

Broad Group Numbers by Few Group 

This  corresponds t o  t h e  28$ a r r a y  i n  ANISN and 51$ a r r a y  i n  

XSDRN. A zero  e n t r y  w i l l  d e l e t e  a group. This a l lows  s t r i p -  

p ing  neu t ron  o r  gamma groups. 

5$ 

T Terminate Block 2. 

9.6.2 COMAND Input /Output  S p e c i f i c a t i o n s  

COMANLI gene ra l ly  r e q u i r e s  t h e  fo l lowing  inpu t /ou tpu t  devices  t o  be  

a v a i l a b l e .  
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Logica l  Number 

2 

5 

6 

7 

N T 1  

NT2 

NT3 

NT4 

N U N I T  

Purpose 

Collapsed ANISN Binary L ib ra ry  

Card Input  

Standard Output 

Punched Output 

ANISN Binary L ib ra ry  Input  

ANISN Binary L ib ra ry  Inpu t  

ANISN Binary L ib ra ry  Inpu t  

ANISN Binary Library  Input  

BCD ANISN L ib ra ry  
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9.7.  ARID -- AMPX Module t o  Col lapse t h e  37/21 Group 

DNA Few Group L ib ra ry  i n  ANISN Formats 

The c o l l a p s e r  t o  go wi th  t h e  DNA Few Group L ib ra ry  is a s i m p l i f i e d  

v e r s i o n  of t h e  AMPX COMKND module. 

This  module, ARID (ANISN - Reduction - -  I f  DNA Few Group L ib ra ry  is  Your 

Base Cross Sec t ion  S e t ) ,  assumes t h e  fol lowing:  

1. An ANISN l i b r a r y  i n  card image o r  b i n a r y  format is  mounted on 

l o g i c a l  u n i t  20. 

c a r d s  i n t e r s p e r s e d  as i f  one w e r e  g e t t i n g  ready t o  run A L C l  t o  

make an ANISN l i b r a r y .  

It has  t h e  ANISN PR decks s t acked  w i t h  contro:L 

2 .  A co l l apsed  l i b r a r y  w i l l  b e  w r i t t e n  i n  ANISN b i n a r y  format on 

l o g i c a l  u n i t  18. These can b e  punched onto c a r d s  i n  t h e  ANISN 

free-form BCD format on l o g i c a l  7 .  

3. ARID assumes: 

a. t o t a l  number of groups on DNA l i b r a r y  i s  58 (37 neutron and 

21 gamma), 

b.  t h e  t o t a l  c r o s s  s e c t i o n  i s  i n  p o s i t i o n  3 ,  

c. t h e  w i t h i n  group c r o s s  s e c t i o n  i s  i n  p o s i t i o n  4 ,  

d .  t h e  t a b l e  l e n g t h  of t h e  DNA l i b r a r y  i s  61. 

4 .  One can s e l e c t i v e l y  c o l l a p s e  t h e  d a t a  over a b u i l t - i n  spectrum, 

o r  t h e  u s e r  may o v e r r i d e  t h e  b u i l t - i n  d a t a  by i n p u t t i n g  h i s  own. 

The bu i ld - in  spectrum c o n s i s t s  of a 1 / E  v a r i a t i o n  j o i n e d  t o  a 

thermal  Maxwellian (300K) f o r  neu t rons  and has  a f l a t  v a r i a t i o n  

f o r  gamma groups.  

9 .7 .1  A R I D  Inpu t  Data 

Block 1 

1$ Collapsing Case Desc r ip t ion  [8] 

1. IGMF - t o t a l  number of groups i n  broad s t r u c t u r e .  

2 .  IHTF - p o s i t i o n  of 0 i n  broad s t r u c t u r e .  

3 .  IHSF - p o s i t i o n  of Ogg i n  broad s t r u c t u r e .  

4 .  IHMF - t a b l e  l e n g t h  i n  broad s t r u c t u r e .  

5.  I E D I T  - 0 ,  almost no e d i t ,  

T 

1, e d i t  c o l l a p s e d  d a t a ,  

2 ,  e d i t  f i n e  group - and co l l apsed  d a t a .  
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6. 

7.  NPNCH - 0 ,  no punch, 

NSPEC - spectrum number t o  use i n  co l l aps ing  ( inpu t  a ze ro ) .  

1, punch co l lapsed  c r o s s  s e c t i o n s  i n  ANISN free-form 

format.  

8. NFM - -1, DNA Few Group L ib ra ry  is  i n  ANISN b ina ry  format ,  

0 ,  DNA Few Group L ib ra ry  i s  i n  ANISN BCD free-form 

format ,  

1, DNA Few Group L ib ra ry  i s  i n  ANISN BCD f i x e d  form 

format.  

T Terminate Block 1. 

Block 2 

43; Weighting Spectrum (This w i l l  ove r r ide  a s e l e c t e d  spectrum.) 

5$ Broad Group Numbers by Fine Group 

This  corresponds t o  the 28$ a r r a y  i n  ANISN o r  51$ a r r a y  i n  XSDRN. 

A zero  e n t r y  w i l l  suppress  a group. 

T Terminate Case Data 

Note t h a t  one can use A R I D  t o  convert  ANISN l i b r a r y  formats ,  e i t h e r  

BCD t o  b ina ry  o r  b i n a r y  t o  BCD. 

9.7.2 A R I D  Input/Output Spec i f - ica t ions  

ARID gene ra l ly  r e q u i r e s  t h e  fol lowing inpu t /ou tpu t  dev ices  t o  be  

made a v a i l a b l e .  

Purpose Logica l  Number - 
5 Card Input  

6 Standard Output 

7 Card Output 

18 Collapsed Binary ANISN Library  

20 37-21 DNA Few Group ANISN Lib ra ry  
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9.8. MAL#CS -- AMPX Module t o  Col lapse 

AMPX Neutron, Gamma and Coupled Neutron-Gama I n t e r f a c e s  

MALOCS (Miniature  - - AMPX L i b r a r y  o f  c r o s s  S e c t i o n s )  i s  provided t o  

a l low one t o  co l l apse  "Master" AMPX l i b r a r i e s  t o  smaller group s t r u c t u r e s .  

9.8.1 MALOCS Input  Data 

Block 1 

1$ Case Desc r ip t ion  [6]  

1. NNEUT - number of neut ron  f i n e  groups. 

2. IGMF - number of neut ron  broad groups.  

3 .  NGAMM - number of gamma f i n e  groups. 

4 .  IPMF - number of gamma broad groups.  

5. IWN - neut ron  weight ing op t ion .  Inpu t  zero .  

6. IWG - g a m a  weight ing  opt ion .  Inpu t  zero .  

2$  

T 

Block 2 

4$ 
5* 

6$ 
7* 

T 

L ib ra ry  Logica l  Numbers [ 2 ]  

1. N#LD - l o g i c a l  number of device conta in ing  finle group 

l i b r a r y  (Defaul t  = 1). 

2. NNEW - l o g i c a l  number of device con ta in ing  broad group 

l i b r a r y  (Defaul t  = 22) .  

Terminate Block 1. 

Neutron Broad Group Numbers by Fine Group 

Neutron Weighting Spectrum [NNEUT] 

Gamma Broad Group Numbers by Broad Group 

Gamma Weighting Spectrum [NGAMM] 

Terminate Block 2. 

[NNEUT] 

[NGAMM] 

9.8.2 MALOCS Input /Output  S p e c i f i c a t i o n s  

MAL#CS gene ra l ly  r e q u i r e s  t h e  fcl-lowing inpu t /ou tpu t  assignments.  

Logica l  Number Purpose 

1 Fine Group AMPX Master L ib ra ry  

5 Card Input  

6 Standard Output 

1 8  Sc ra t ch  Device 

19 Sc ra t ch  Device 

22 Broad Group AMPX Master L ib ra ry  
Produced by MAL#CS 
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9.9. 

AMPX Master Cross Sect ion L i b r a r i e s  

RADE -- AMPX Module t o  Check 

RADE (Rancid AMPX Data E x o r c i s t )  i s  provided t o  check t h e  mult i -  - - - 

group l i b r a r i e s  produced by t h e  va r ious  AMPX modules. 

neutron,  gamma, o r  coupled neutron-gamma l i b r a r i e s .  

It  w i l l  check 

I n  i t s  p r e s e n t  v e r s i o n ,  t h e  checking inc ludes :  
1. OT = ? Oa + Os 

3. Oa = ? Oc + Of 

4 .  Oc = ? O ny + Ona + Onp + Ond + . . . 

? p a r t i a l  2 .  Oin = c Oin 

I n  a d d i t i o n  t o  these  checks, t h e  code w i l l  compute an estimate of 

t he  cap tu re  binding energy f o r  each neutron group i n  a coupled neutron- 

gamma se t .  

s e c t i o n s .  

On op t ion ,  one can r eques t  a d i s p l a y  of d i f f e r e n t i a l  c r o s s  

9.9.1 RADE Input  Data 

Block 1 

1$ Checking Commands [ 4 ]  

1. MMT - Check t h e  AMPX Master I n t e r f a c e  on l o g i c a l  MMT. 

This  can b e  a neutron,  gamma, o r  a coupled neutron- 

gamma l i b r a r y .  

2 .  MWT - Check t h e  A M P X  Working/Weighted I n t e r f a c e  on l o g i c a l  

MWT. 

v e r s i o n  . 
This  ope ra t ion  i s  no t  operable  i n  t h e  p r e s e n t  

3 .  MAN - Check t h e  ANISN b i n a r y  formatted l i b r a r y  on l o g i c a l  

MAN. 
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4 .  IFM - -1, ANISN l i b r a r y  is  b i n a r y  formatted;  

0 ,  ANISN l i b r a r y  i s  BCD f r e e  form; 

1, ANISN l i b r a r y  i s  BCD f i x e d  form. 

2$ Options [20] 

1. I@PT1 - number of ang le s  a t  which a d i s p l a y  of d i f f e r e n t i a l  

c r o s s  s e c t i o n s  i s  des i r ed .  These ang le s  w i l l  b e  

e q u a l l y  spaced i n  t h e  cosine range, -1 t o  +l. These 

e d i t s  are f o r  t h e  group i n t e g r a t e d  c r o s s  s e c t i o n s  

and n o t  f o r  each group-to-group t r a n s f  e:r . 
2 .  IQPT2 - t h e  E, i n  1/1OOO's of a p e r c e n t ,  t o  which checks 

e . g . ,  IOPT2=1 is  equ iva len t  to 0.001% are made; 

checking. This i s  t h e  d e f a u l t  va lue  when I@PT2 i s  

n o t  i npu t  o r  when a zero va lue  i s  i n p u t .  

3$ 

T 

Block 2 

4$ 

5$ 

7" 

8" 

T 

3. IdPT3 

Future  checking op t ions ;  s k i p  o r  i n p u t  zeros .  

20. I@PT20 

ANISN Options [ 7 ]  (MAN # 0) 

1. NSET - number of ANISN sets t o  check. 

2. I H T  - p o s i t i o n  of u T '  
3. IHS - p o s i t i o n  of 0 

gg' 
4 .  I T L  - t a b l e  l eng th .  

5. NL - maximum o r d e r  of s c a t t e r i n g .  

6. I G M  - number of neu t ron  groups. 

7.  IPM - number of photon groups. 

Terminate t h i s  block. 

{Input  only when MAN > 0) 

I d e n t i f i c a t i o n  Numbers of Po S e t s  on ANISN Binary L ib ra ry  

on Log ica l  MAN [NSET] 

Order of  S c a t t e r i n g  f o r  S e t s  of ANISN Data on Logical  MAN 

Neutron Group S t r u c t u r e ,  high-to-low i n  e V  [ I G W l ]  

Gamma Group S t r u c t u r e ,  high-to-low i n  e V  

Terminate t h i s  b lock .  

[NSET] 

[IPM+l] 
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9.9.2 RADE Input /Output  S p e c i f i c a t i o n s  

RADE r e q u i r e s  t h e  fo l lowing  i n p u t l o u t p u t  ass ignments:  

Logica l  Purpose 

5 Card Inpu t  

6 Standard Output 

18 Scra tch  Device 

19 Sc ra t ch  Device 

MMT Master L ib ra ry  

MWT Working L i b r a r y  

MAN ANISN L ib ra ry  



9-20 

9.10. VASELINE -- AMPX Module t o  P l o t  ENDF 

P o i n t  and AMPX Group-Averaged Cross Sec t ions  

VASELINE (Visual  - Aids - SELected -- I N  Ecstasy)  i s  a p l o t t i n g  module 

f o r  AMPX. It i s  w r i t t e n  t o  p l o t  point-versus-point d a t a ,  point-versus- 

multigroup d a t a ,  o r  multigroup-versus-multigroup d a t a .  Any ENDF a r r a y  

from f i l e s  3 ,  1 3 ,  o r  23  can be p l o t t e d  as can any one-dimensilonal group 

averaged neu t ron  o r  gamma c r o s s  s e c t i o n  on a master o r  working/weighted 

c r o s s  s e c t i o n  i n t e r f a c e .  S e l e c t i o n s  can b e  made from any comlbination of 

ENDF o r  multigroup sources .  The number of curves on any p l o t  i s  a r b i t r a r y .  

9.10.1 VASELINE Input  Data 

Block 1 

1$ P l o t  S e l e c t i o n  [ 2 ]  

1. MpLflT - number of p l o t  commands given below. This i s  

p r e s e n t l y  l i m i t e d  t o  100 b u t  can b e  i n c r e a s e d  w i t h  a 

simple mod i f i ca t ion  t o  t h e  "main" VASELINE sublrout ine.  

2 .  IPL@T*-O p o i n t s  only 
1 l i n e s  between p o i n t s  
2 p o i n t s  and l i n e s  
3 histogram 

T Terminate t h i s  block.  

Block 2 This  b lock  of 3 a r r a y s  w i l l  b e  repeatec. MPLflT t i m e s .  

3$ I d e n t i f i e r s  of D a t a  t o  b e  P l o t t e d  [SI  

1. NPL@T - t h e  p l o t  number on which t h e  d a t a  s e l e c t e d  by t h i s  

b lock  w i l l  b e  p l o t t e d .  

2 .  MT - t h e  p rocess  t o  b e  p l o t t e d .  ENDF process  i d e n t i f i e r s  

are employed where a p p l i c a b l e .  

3 .  I D M  - t h e  i d e n t i f i c a t i o n  number of a set of  d a t a  on an  

AMPX Master I n t e r f a c e  which con ta ins  t h e  "MT" 

d a t a .  A zero i n d i c a t e s  t h a t  t h i s  command does not. 

se lect  from a master i n t e r f a c e .  

4 .  IDW - t h e  i d e n t i f i c a t i o n  number of a s e t  of d a t a  on an 

AMPX Working I n t e r f a c e  which con ta ins  t h e  "MT" dat:a. 

*This parameter a p p l i e s  t o  d a t a  taken from ENDF l i b r a r i e s  only.  , 
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5 .  I D E  - t he  ENDF "MAT" number f o r  t h e  s e t  of d a t a  which 

con ta ins  "MT" . 
4$ Libra ry  S e l e c t o r s  [51 

( O m i t  t h i s  a r r a y  i f  d e f a u l t  va lues  are accep tab le .  1 
1. MMTN - l o g i c a l  number of AMPX Master I n t e r f a c e  

(Defaul t  = 1 ) .  

2 .  MWTN - l o g i c a l  number of AMPX Working I n t e r f a c e  

(Defaul t  = 4 ) .  

3. MENDF - l o g i c a l  number of t h e  ENDF l i b r a r y  (Defaul t  = 1 1 ) .  

4. M@DE - tape mode of MENDF (Defaul t  = 1 f o r  b i n a r y ) .  

5. MFILE - f i l e  number con ta in ing  ENDF d a t a  (Defaul t  = 3 ) .  

(Note t h a t  d a t a  can only b e  p l o t t e d  from f i l e s  3, 13, and 

2 3  i n  the  p re sen t  ve r s ion  of VASELINE.) 

5* P l o t  Range [2]  

1. EL@ - low energy l i m i t  of p l o t  (ev) .  

2 .  E H I  - high energy l i m i t  of p l o t  (eV) . 
This a r r a y  can be omit ted,  i n  which case t h e  range i s  

au tomat i ca l ly  determined t o  be t h e  f u l l  range of t h e  d a t a  

s e l e c t e d .  

T Terminate Block 2 .  

9.10.2 VASELINE Input/Output Requirements 

VASELINE gene ra l ly  r e q u i r e s  t h e  fo l lowing  I/@ assignments:  

Logical  

5 

6 

18 

=(1> 

rnTN(4) 
MF,NDF( 11) 

CRTTAPE 

Purpose 

Card Input  

Standard Output 

S cra t ch Device 

AMPX Master I n t e r f a c e  

AMPX Working I n t e r f a c e  

ENDF L ib ra ry  

CRT P l o t  Tape 
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10.0. SAMPLE PROBLEMS 

N.  M. Greene 

This s e c t i o n  w i l l  demonstrate some of t h e  major c a p a b i l i t i e s  of t h e  

AMPX system, by p resen t ing  t h e  i n p u t  and condensed ou tpu t  of several 

sample c a l c u l a t i o n s .  I n  some cases, t h e  problems may appear "i l l-con- 

ceived" due t o  t h e  execut ion pa th  s e l e c t e d .  

designed t o  demonstrate t h e  power and f l e x i b i l i t y  of t h i s  modular system. 

To conserve space,  t h e  o u t p u t s  are p resen ted  i n  very abbrev ia t ed  

form, b u t  are ex tens ive  enough t o  serve as "check cases" t o  use  i n  making 

AMPX o p e r a t i o n a l  on ano the r  computing system. 

However, they are purposely 

10.1. Problem 1 

This c a l c u l a t i o n  w i l l  produce P5 coupled neutron-gama c r o s s  s e c t i o n s  

f o r  t h e  ENDF-IV e v a l u a t i o n s  of hydrogen and oxygen i n  t h e  37 neutron group, 

2 1  gamma group DNA s h i e l d i n g  s t r u c t u r e .  

t i e d  t o  a Maxwellian spectrum a t  $0.125 e V .  The gamma weight ing i s  f l a t .  

Cross s e c t i o n s  are produced i n  t h e  ANISN b ina ry  formats  on punched ca rds .  

On t h e  360/91 a t  ORNL, t h e  c a l c u l a t i o n  r e q u i r e s  410K b y t e s  of s t o r a g e  

The neutron weighting i s  1 / E  

and 1 .43  minutes of CPU t i m e .  AMPX modules XLACS, LAPHNGAS, SMUG, CHOX, 

and NITAWL are requ i r ed .  The FADE module is a l s o  employed t o  check t h e  

coupled l i b r a r y .  

The i n p u t  d a t a  are shown on t h e  fol lowing page wi th  an abbrev ia t ed  

and annotated l i s t i n g  of t h e  ou tpu t  fol lowing t h a t .  



THIS IS THE TOP OF AMPX 

XLACS HRS BEEN CALL EO 

SAWLE PROHCEM 1 
HYDROGEN P N D  OXYGEN 

USING ~/E-TO-MAXUEL~TAN WEIGHTING 
YfRsLpbl LY EblnF O!ILBLI~ATIYIVS 

IN ;? F w  SPIJCT\IIHK 

1 2 37 1 0 3bF 2R1 F2 T 
T THF 37 GROUP 8TRUCTUQ Is BUILT I N  
HYDROGEN 1269 
lots ZR126Y Q 5 E T 
O x Y W N  1276 
70% 281276 Q 5 E ]r 
T 
T 

XL4cs 

MODULEXL~CS 18 ~INISHFD. USER CODE o o e o  SYSTEM CQDE ooo  

HODIJLE LPPHNGAS HAS REEN CALLED 

LaPHNGAS RUN FOR HXDDOGEN hND OXYGEN 
11s 2 37 21 5 I 
T THE 37 AND 2 1  QRnUP STeUCTURES ARE BUILT I N  
149% 1269 5 E T 
icrr 1276 s E r 

MODULE LAPHNGAS 18 FINISHFD. USER CODE 0000 SYSTEM CODE on0 

MOBULE SMUG HAS REFN CALI ED 

SMUG 

NODULE CHOX I s  EIN~SHFD.  USER CODE O o B O  SYSTFM CODE on0 

MOOULE R P M  HAS ~ E F N  rAL l  ED 

MOBULE NITAWL IB FINISHFD. USER CODE $ob6  SYSTFM CODE 000 
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AN XSDRN TAPE W 1 u  6s WHITTEN WITH THE AUYPICIOUS T I T L E  

TRANSFER INTEGRATION MESH-SRCE 
TR~NSFER INTEGRATIOM MSSH-SINK 
ENDF TAPE IDENTIFICATIQN 

PEAK TEMPERATURE (MAXWGLLIAN) 
ENRF TAPE MODE (FAST D A T A )  

OUTPUT L I S T I N G  OpTIoNS 
RFSBNANCE DATA 1 
 DIMENSIONAL ARRAYS 1 
ELASTIC SCATTENLNG 2 
THERMAL SCATTERING 2 
LNUPSTU: S C A I r E R I W  2 
N2N TRANSFERS 2 

GROUP 
1 
2 
3 
4 
5 
6 
F 
8 
9 

18 
l i  
12 
13 
14 
19 
16 
17 
18 
19 

07 
07 
0 7  
07 
07 
07  
07 
0 9  
07 
O h  
Oh 
Oh 
03 
O r ,  
0 6  
Oh 
Oh 
O h  
Or, 

MuLTIGRoUP 
LETHARGV RANGE 

-0.675 - -Q.SS 
-0.525 - -0.400 
- 0 - 4 0 0  - -0.350 
-0.358 - -0.325 
-0.3p5 - -0.250 
-0.250 - -0.200 
-0.200 - -0,100 
-0.l08 - 0.0 

0.0 - 0.100 
0.108 - 0.200 
0.209 - 0.300 
0.300 - 0.450 
0.450 - 0,700 
0.700 - 0.750 
0,750 - 0.900 
0.900 - 1.200 
1.200 - 1.433 
1.433 - 1.467 
1.467 - 1.700 

STRUCTURE 
GROUP 

20 
2 1  
2 2  
23  
24  
25  
26  
27  
28 
29  

31 
3n 

32 
33 
34  
35 
36 
37  

ENERGY RANGE 
1.1080E 06 - 1.8268E 16  
5.5023E 85 - 1.i080E 06 
1.5764E 85 - 5.5023E 05  

5.247SE 84 - 1*1109E 0 5  
2.4788€ 84 5.2475E 04  
2 * 1 8 7 5 €  94 - 2.4768E 04  

3.3546F 0 3  1.0333E 1 4  
1.2341E 8 3  - 3.3546E 0 3  
5.8299F 02 - 1.2341E 13 

2.9023E 0 1  - 1.0130E 02 
1.0677E 81  - 2.9023E 01 
3.05906 00 - 1,0677E ~1 
1.1254E 00 - 3.0590E 0 0  

1.1109E 85 - 1.3764E n5 

1.0333E U4 - 2.f875E n4 

1 . 0 1 3 0 ~  82 - 5 . 8 2 9 5 ~  12  

4.1400E-fJl - 1.1254E no  
1.oOOOE-85 - 4.1400E-nl 

LETHARGY RANGE 
1.708 - 2.200 
2.208 - 2.900 
2.900 - 4.150 
4.15'3 - 4.500 
4 r 5 0 0  - 5.250 
5 .250  - 6 . 0 0 0  
6.00'4 - 6,125 
6.129 - 6.875 
6.879 - 8.000 
8.000 - 9.000 
9.000 - 9.750 
9.750 - 11.500 

11.500 - 12.750 
12.750 - 13.750 
13.750 - 15.000 
15.000 - 16.000 

17.000 - 27.631 
16.008 - 17.000 

I 
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M T # l O d ,  GAMMA R A Y  ANGULAR O I S T R I F i U T I O N  -*- ASSUMED ISOTROPIC 
A T  I L L  N t u T R n N  E N E R G I E S .  

E C A P S F D  T I M E  0915 MIN. 
NO FILE 3 D A T A  F O R  M X T E R I A !  1269 R E A C T I O N  4-- -TAPE S E A R C H E D  TO M A T = l 2 6 Y  M F =  3 MT= 1 0 2  
NQ FILE 3 D A T A  F O R  M i T E R I A I  1769 REACTION 1 6 - - - T A P F  SEARCHED T O  M A T = 1 2 6 Y  MF= 3 MT= 11-12 
NO F I L E  3 O A T A  FOR M i T E R I A t  1769 R F A C T I O N  1 7 - - - T A P E  S E A R C H F D  T O  M A T 1 1 2 6 9  MF= 3 M T =  102 
NO F I L E  3 D A T A  F O R  M X T E R I A I  1769 R E A C T I O N  2 2 - - - T A P E  s E A R C H F D  TO M A T r 1 2 6 9  MF= 3 MT= 1 0 2  
NO F I L E  3 D A T A  F O R  M i T E R I A l  1269 R E A C T I B N  2 3 - - - T A P E  S E A R C H E D  TO M A T z l a 6 Y  MF= 3 MT- 102 
NO FILE 3 D A T A  F O R  M i T E R I A !  1769 R F A C T T B N  2 4 - - - T A P E  S E A R C H F D  TO M A T z 1 2 6 Y  M F -  3 MT= 102 
NO FILE 3 ~ A T A  F O R  M i T E R I A l  l p 6 9  R F A C T f O N  2 5 - - - T A P €  S E A R C H F D  TO M A T z 1 2 6 9  MF= 3 MT= 102 
MQ F I L E  3 D A T A  FOR M I I T E R I A t  1769 RFACTION E ~ - - - T A P F  =ARCHED TO M A T - 1 2 6 9  MF= 3 MT= 1 0 2  
NO P I L E  3 D 4 T A  F O R  M f i T E R I A i  1769 R F A C T I Q N  2 7 - - - T A P F  S E A R C H F D  TO M A T - 1 2 6 9  M F =  3 MT= 102 
NO F I L E  3 D A T A  F O R  M f i T E R 1 A t  17b9 R F A C T I O N  2fl---TAPE_ S E A R C H E D  TO M A T = 1 2 6 9  MF= 3 M T =  1 0 2  
NO F I L E  3 U A T A  F O R  M X T E R I A t  1269 R F A C T ~ Q N  2 9 - - - T A P E  S E A R C H E D  TO H A T s 1 2 6 Y  MF= 3 M T z  1 0 2  
NQ F I L E  3 D A T A  U ] R  M g T E R I A l  l p 6 Y  REACTION ? Q - - - T A P E  S E A R C H E D  T O  M A T r l 2 6 9  MF= 3 M T =  102 
NO FILE 3 D A T A  F O R  M ~ T E R I A I  1269 R F A C T I O N  3 1 - - - T A P E  S E A R C H E D  TO M A T - 1 2 6 9  M F =  3 MT.: 1 0 2  
t$Q FILE 3 [IATA F O R  M d T E R I A l  1269 R F A C T I O N  32"-TAPE S E A R C H F D  TO M A T = 1 2 6 9  M F -  3 MT= 102 
NO FILE 3 D A T A  F O R  M X T E R I A t  1269 R F A C T I O N  3 3 - - - T A P E  S E A H C H E O  TO M A T = 1 2 6 Y  MF= 3 M T =  102 
NO F I L E  ? D A T A  F O R  M g T E R I A t  1769 R E A C T I O N  3 4 - - - T A P E  S E A R C H E D  T O  M A T - 1 2 6 9  MF= 3 MT= 102  
NO F I L E  3 D A T A  F O R  M ~ T E R I A I  1269 R E A C T I O N  3 5 - - - T A P E  SEARCHFI) T O  M A T 1 1 2 6 9  M F =  3 MT= 1 0 2  
NQ F I L E  3 D A T A  F O R  M i T E R I A (  1263 REACTION 3 S - - - T A P E  S E A R C H E D  T O  M A T 1 1 2 6 9  M F -  3 MT.: 1 0 2  
NO FILE 3 D A T A  FOR M;TERIAI 1269 R F A C T T O N  3 7 - - - T A P E  s E A R C H F O  TO H A T r l 2 6 9  M F =  3 MT= 102 
NO F L L E  D A T A  F O R  M ~ T E R I A L  1269 R F A C T l O N  9 1 - - - T A P E  S E A R C H E D  T O  M A T 1 1 2 6 9  M F =  3 M T =  102 
NO FILE 3 D A T A  F O R  M - T E R I A !  5 2 - - - T A P E  S E A R C H E D  T O  M A T = 1 2 6 Y  MF= 3 M T r  102 
NO FILE 3 O A T b  F O 9  M n T E R I A t  1269 R E A C T I O N  5 3 - - - T A P E  F E A R C H E D  TO M A T r 1 2 6 Y  MF= 3 M T =  102 
NO F I L E  3 D A T A  F O R  M;TERlA(  1769 R F A C T I O N  5 4 - - - T A P E  SEARCHED TO M A T 1 1 2 6 9  M F =  3 MT.: 102  
NQ F I L E  3 O A T A  FOR M i T E R I A i  1269 R E 4 C T I O N  Sfi---LAPF: S E A R C H E D  TO M A T = 1 2 6 9  MF= 3 MT= 102 
NO F I L E  3 D A T A  FOR M f i T E R I A t  1769 RFACTION 9 1 - - - r A P E  S E A R C H E D  TO M A T 1 1 2 6 9  M F =  3 MT= 1 0 2  

F I L E  3 0 4 T A  F O R  M i T E R I A (  1269 R F A C P T l l N  k03---TkPE s;EARCHEO T O  M A T s 1 2 6 Y  M F =  3 M T s  E e j l  
NO F I L E  3 D A T A  FOR M X T E R I A I  1769 REACTION 1 0 4 - - - T A P F  < € A R C H E D  TO M A T s 1 2 6 Y  M F =  3 MT= 251 
N o  F I L E  3 D A T A  F O R  M K T E R I A ~  1269 R E A C T I O N  l O S - - - T A P E  S E A R C H F D  TO M A T = 1 2 6 Y  M F =  3 MT= 251 
NO F I L E  3 D A T A  FOR N A T E R I A l  1269 REACTION 1 0 6 - - - T A P F  S E A R C H E D  TO M A T = 1 2 6 Y  MF= 3 M T =  251 
NQ EILE 3 D A T A  F Q R  M A T E R I A I  1259 R E A C T I Q N  10 '1- - -TAPE S E A P C H E D  T O  M A T s l 2 6 Y  M F =  3 *l= 251 
NO F I L E  3 O A T A  F O R  M X T E R I A I  1269 R F A C T ~ O N  b O f l - - - T A P E  S E A R C H F D  TO M A T - 1 2 6 9  M F s  3 MT= 251 
NO FILE 3 D A T A  F Q R  M A T E R I A (  1?69 R E A C T I O N  b O 9 - - - T A P E  S E A R C H F D  TO M A T = 1 2 6 Y  MF= 3 M T -  251 
NO FILE 3 D A T A  F O R  Mr,TERIA! 1269 REACTION I L O - - - T A P F  s E A R C H F D  T O  M A T z 1 2 6 9  MF= 3 MT= 251 
NO F I L E  3 D A T A  F O R  M ~ T E R I A I  1369 R E A C T I O N  I l I - - - T A P F  S E A R C H F O  T O  H A T 1 1 2 6 Y  MF= 3 M T z  251 
NO F I L E  3 D A T A  FOR M n T E R I A t  1769 R E A C T I O N  k l E - - - T A P E  S E A R C H E D  TO MAT.1269 MF= 3 M T =  251 
MO F C E  3 D A T A  F O R  Y ~ T E R I A I  1269 REPCTIQN 6 1 3 - - - T A P E  S E A R C H E D  TO M A T e l d 6 9  MF= 3 MT= 251 
NO FILE 3 D A T A  F O R  M i r T E R I A t  1269 R F A C T I O N  l I O - - - T A P E  S E A H C H F D  TO M A T = l 2 6 Y  MF= 3 M T r  251 
NO F I L E  3 D A T A  FnR M i T E R I A l  1269 R F P C T f Q N  b l S - - - T A P E  S E A R C H F D  TO M A T - 1 2 6 Y  M F =  3 MT= 251 
NO F I L E  3 D A T A  F O R  M l , T E R I A i  1369 R E A C T I O N  k l C - - - T A P F  S E A R C H F D  TO M A T 1 1 2 6 9  MF= 3 M T t  251 
NO FILE 3 D A T A  FOR M i T E R I A i  1269 R E A C T I O N  1 1 7 - - - T A P F  S E A R C H E D  T O  M A T 1 1 2 6 9  M F =  3 M T =  251 
N O  F I L E  3 D A T A  F O R  M f i T E R I A t  1769 REACTION t I A - - - T A P E  S E A R C H F D  T O  M A T 3 1 2 6 Y  M F =  3 M T =  251 
No FJLE 3 ? A T A  53R M B T E R I A :  1209  REACTIQM 1 1 9 - - - T A P €  S E A R C H E D  TO MAT=!i169 MF= 3 MT= 251 

1269 R F A C T I O N  

\ , I 

, 



ELAPSED T I M E  0 . 1 ~  IYIIN. 
NO F I L L  5 O A T A  F O R  M A T E U I A I  
NO F ILE  5 D A T A  F O R  M n T E R I A l  
NO F I L E  5 D A T A  F O R  M n T E U I A l  

NO F I L E  5 D A T A  F O R  M ~ T E Q I A I  
NO F ILE  5 U A T A  F O R  H A T E R I A I  
NO F I L E  5 IIATA FOR M ~ T E P I A I  
NO FILE C; I I A T A  F O R  M A T E Q I A I  

NO FILE 5 I>ATA F ~ R  M~TERIAI 

176~)  RFACTION 
1769 REACTIQN 
1 7 6 ~  RFACTION 

1 7 6 ~  RFACTION 
1769 RFACTION 

1769 RFACTIUl r r  

1763 R E A C T I O N  
1 7 6 Y  RFACTIQN 

TO M A T s 1 2 6 9  MF= 7 PITI 
T O  M A T - 1 2 6 9  M F t  7 M T =  
T O  M A T = 1 2 6 Y  M F =  7 M T s  
T O  MAT.1269 MF= 7 PIT= 
T O  N A 1 = 1 2 6 9  M F =  7 M T =  
T O  M A T = l L 6 9  M F -  7 MTI 
TO M A T = 1 2 6 9  M F =  7 M T -  
T O  M A T = 1 2 6 9  M F =  7 M T =  



E L A P S F D  TIME 0.2; MIN. 
No F I L E _ L ! l A I B E a R  M L T E R I A i  
NO F I L E  3 D A T A  F O R  M n T E R I A i  
N L F  LLL L n k L A r a R A ~ E R  LA! 
N O  F I L E  3 D A T A  F O R  M X T E R I A I  
N f L F I L L 1 ~ O R  M&ERLAi  
NO FILE 7 O A T A  F O R  M A T E R I A !  

NO FILE 3 D A T A  FOR M Z T E R I A I  
rw F ~ L E - ~ ~ ~ ~ A x Q R - ~ E R I A I  

NQIILLLQA~ FOR M;TERIAI 
NO F I L E  3 D A T A  F O R  M i T E R I A i  
U E & R A I A -  EaB .Mi1 a Ai 
NO F I L E  3 D A T A  F O R  M n T E R I A l  
N&+ILE .1YAU E e R N ~ T E R 1 4 i  
NO P I L E  3 D A T A  FOR M A T E R I A i  
Na-EILl-Z QAIA E R R  MZTERIAt  
NO F I L E  3 D A T A  F O R  M X T E R I A i  
Nn-ULE LRATA F O R  t4 i ; rERXAi  
NO F ILE  7 D A T A  FOR M i T E R I A i  
Nn FILE  3 D A T A  F O R  M i T E R I A i  
NO F ILE 7 D A T A  F O R  M i T E R I A i  
NO FILE 3 DATA F O R  M T T E R I A I  
NO F I L E  3 D A T A  F O R  M X T E R I A l  
NO F S E  3 D A I A . U ) B  M b T E R I A l  
NO F I L E  7 D A T A  F O R  M x T E R I A i  

NO F I L E  3 D A T A  F O R  M i T E R I A i  
NO FILE 3 D A T A  F O R  M n T E R I A t  
NO F I L E  '3 D A T A  F O R  M i T E R I A l  
NO F T L E  7 n A T A  F O R  M i T E R I A i  

??e !=:LE 3 SATE Fcj8 M;:ER!A, 

L276 REACTION l h - - - l A P ~  SEARCHED TO M A T z l d 7 6  M F =  3 M T =  5 .  
1776 RFACTION 1 7 - - - T A P F  S E A R C H E D  T O  M A T l l 2 7 6  MF= 3 MT= 5 1  
1276 REACTIPN 2 2 - z - T A P E  SEARCHED TO M A T s 1 2 7 6  MF= 3 MT= 51 
1776 REACTION 2 3 - - - T A P F  S E A R C H E D  T O  M A T 1 1 2 7 6  MF= 3 MT= 51 
1274 REACTIQN 2&-:-IAPE S E A R C H E D  TO M A T r l 2 7 6  M F =  3 M T z  51 
1776 RFACTION 2 5 - - - T A P F  SEARCHFD T O  H A T z 1 2 7 6  M F =  3 MT= 51 
1276 R E A C T I Q N  26--- ' IAPE S E A R C H E D  TO M A T x 1 2 7 6  MF= 3 MT= 51 
1776 RFACTION 2 7 - - - T A P E  S E A R C H E D  TO M A T = 1 2 7 6  MF= 3 MT= 51 
1276 R E A C T I Q N  &---TAPE SEARCHED TO M A T - 1 2 7 6  M F =  3 M T =  51 
1776 R E A C T I O N  2 9 - - - T A P E  s E A R C Y F D  TO M A T - 1 2 7 6  MF= 3 MT= 51 
1 7 2 6  RFACTIQN 30---TAPE CEAWCHEO T O  M A T z l 2 7 6  MF= 3 MT= 51 
1776 RFACTION 3 1 - - - T A P E  < € A R C H E D  T O  M A T 1 1 2 7 6  MF= 3 MT.: 5 1  
1276 RFACTION 32---TA€'E S E A R C H E D  T O  M A T s 1 2 7 6  MF= 3 MT= 51 
1?76 R F A C T I O N  3 3 - - - T A P E  C E A R C H F D  T O  M A T 1 1 2 7 6  MF= 3 M T t  51 
1276 REACTION 3&---TAPE S E A R C H E D  TO V A T - 1 2 7 6  MF= 3 M T =  51 
1776 REACTION 3 5 - - - T A P E  SEARCHED TO M A T = l Z 7 6  MF= 3 MT= 5 1  
1776 R E A C T I O N  %?--.TAPE E E A R C H F O  T O  M A T s l 2 7 6  MF= 3 P4T= 5 1  
1776 R E A C T I O N  3 7 - - - T A P F  S E A R C H F D  T O  MAT.: l276 MF= 3 MT= 51 
1776 R E A C T I O N  9Q---TAPE SEARCHED T O  M A T = 1 2 7 6  M F =  3 MT= 1 0 2  
1776 REACTION 9 1 - - - T A P F  S E A R C H E D  TO M A T = 1 2 7 6  M F r  3 M T =  102 
1776 R E A C T T Q N  bQS---TAPE SEARCHED TO M A T z 1 2 7 6  MF= 3 MT= 107  
1?76 i i F 4 C T t O N  1 0 6 - - - T A P E  S E A R C H E D  T O  MAT.1276 MF= 3 MT= 1 0 7  
1776 W A C T I O N  b P 8 - - - T A P E  s E A R C H F D  T O  M A T z l Z 7 6  MF= 3 MT= 251 
1776 R F A C T ~ O N  L 0 9 - - - T A P E  SEARCHED T O  M A T = 1 2 7 6  M F =  3 MT= 251 
:27:, ~ ~ F I c T I O : . ~  l : c= - -TAr"~  ~ E l R C r i ~ i j  i ( j  F i h T = i L i i j  fiF= 3 p j j r  25i 
1776 R F A C T T O M  I I ~ - - - T A P F  S E A H C Y E D  TO M A T 1 1 2 7 6  MF= 3 MT.: 251 
1776 REACTION 1 1 2 - - - T A P E  SEARCHED T O  M A T 1 1 2 7 6  M F =  3 MT= 251 
1776 REACTION 1 1 3 - - - T A P F  Y F A R C H E D  TO M A T z 1 2 7 6  PF.: 3 MT= 251 
1976 R F A C T T O N  I I & - - - T A P F  G F A R C H F i l  TO M A T - 1 2 7 6  MF= 3 MT= 251 



N O  FILk 7 I ) A T A  F O R  M X T E R I A I  1?76 R F A C I T O N  1 1 5 - - - T A P F  S E A R C H E D  T O  M A T 1 1 2 7 6  M F =  3 f4T= 251 
NO F I L E  7 I j A T A  FOR M n ? E R l A !  1 ? 7 6  R F A C  TON 1 1 6 - - - T A P F  c k A R C H F D  TO M A r = l 2 7 0  Y F =  3 IMT= 251 
NO F I L E  7 n P T A  F O R  M f i T E R I A t  1776 R F A C  TQN 1 1 7 - - - T A P F  F F A H C H F D  TO M A T z 1 2 7 6  MFI 3 M T =  251 
NO F I L E  3 D A T A  F O R  M s T E R I A t  1776 R F A C  I O N  ~ ~ R - - - T A P F  S E A R C H F n  TO M A T 1 1 2 7 6  MF= 3 M T =  251 
NO F I L E  7 1 l 4 T A  F O R  M,TERIfii 1376 R F A C  TON 1 1 9 - - - T A P F  S F A R C H F D  TO M A T 1 1 2 7 6  M F =  3 M T =  251 

E L A P S F D  T I W E  0.26 M l ' u *  

E L 4 P S F D  T I M E  0 . 5 4  M l N .  
NO F I L E  5 LIATA F O R  M n T E R I A !  
NO FILE 5 n A T A  F O R  M A T E R I A !  
NO F I L E  5 D A T A  F O R  M i T E R I A l  
Nil F I L E  5 D A T A  F O R  M h T E P I A i  
N O  F I L E  5 O A T A  F i l Q  M A T E R I A 1  
NO F I L E  5 1 ) 4 T A  F O R  M A T E R I A !  
NO FILE 5 D A T A  F O R  M n T E R I A l  
N O  F I L E  5 l l A T A  F O R  M A T E R I ~ I  

1376 REACTIQN 
1?76 RFACTION 
1276 R F A C T T O N  
1376 R F A C T I O N  
1776 R F B C T I O N  

1276 R F A C T I O N  
1776 R F A C T I O N  

1276 RFACTION 

1 6 - - - T A P E  S E A R C H F O  TO M A T z 1 2 7 6  M F =  7 M T =  
1 7 - - - T A P F  C E A R C H F D  T O  H A T = 1 2 7 6  M F =  7 MT= 
~ H - - - T A P E  F E A R C H F D  T O  M A T 1 1 2 7 6  M F =  7 Y T =  
2 P - - - T A P F  S E A R C H F P  TO M A T z 1 2 7 6  M F =  7 M T r  
2 3 - - - T A P E  F E A R C U E D  10 H A T = 1 2 7 6  MF- 7 M T =  
2 4 - - - T A P F  C F A R C H F O  TO M A T 1 1 2 7 6  M F =  7 MT= 
2 5 - - - T A P E  q E A H C t i E D  T O  M A T 1 1 2 7 6  MF= 7 MT= 
2 H - - - T A P F  C E A H C U F D  Ti) M A T z l i 3 7 6  M F =  7 MT= 



1 H Y ~ M O G E N  1169 
2 O X Y G E N  1276 
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x S E t  In I 
GHP. 

1 
? 
3 
4 
5 
6 
7 
R 
Q 

i n  
11 
l ?  
13 
14 
15 
16 
17 
1R 
19 
2n 
21  
22 
23 
24 
25 
26 
27 
2R 
29 

31  
37 
33 
34 
35 
36 
37 

30 

1269 

27 

2.68675E-05 
2,83341E-05 
2.93464E-05 
2.979R4F-05 
J.nO698E-05 
3.08 n;?7~-1)5  
3.13507E-05 
3.?k842€-05 
J.ZY41OE-05 
3.35593t-05 
3.42197E-U5 
3.52373E-05 
3.59930E-05 
3.63977t-05 
3,63252E-05 
3.5  9 7R 6E - 0 5 
3.5236YE-05 

6.43741E-05 
3.43694E-05 
3.53677t-05 
5.13733t-05 
8.7 lY64E-OS 
1.32163E-04 
2.21885E-04 

3.HV943E-04 
6.RLlShE-04 
1.18950E-03 

3.4 1 3 4 2 ~ - 0 5  

z.93e16t-04 

l . q l 4 n i t - 0 3  
3 .4a742~-03 
7.78390E-03 
1.?7107E-U2 

3.91591t-02 
6.45677E-02 
Z.66U29E-01 

2.244n7t-02 

1 0 1  

2.68675E-05 
2.83341F-05 
?.93464E-05 
2.979H4E-05 
3.0069RE-05 
3.06027E-05 
3.13507E-05 
3.21942F-05 
3.2941nE-05 
3.35593F-05 
3.42197E-05 
3.52773F-05 

3.63977F-05 
3.63252E-05 
3.597RhF-OS 
3.52369E-05 
3.47343F-05 
3.43741E-05 
3.43694F-05 
3.53677F-05 
5.13733E-05 

1.32163F-04 
2.218R5E-04 
7.93R16F-04 
3.89943F-04 
6.8215hF-04 
1.18950E-03 
1.81401F-03 

7 2RwOF-03 
1.27107E-02 
2.24407E-02 
3.91591E-02 
6.45677F-02 
2.66029E-01 

3.59930E-05 

a .71964~-05 

3.48742F-03 

102 

2*68675E-05 
2083341E-05 
2.93464E-05 

3.0069AE-OS 
3.06027F-05 
3 0  13507E-05 
7.21842F-05 
3.29410E-05 
3.35593E-05 
3.42197E-05 
3.52373F-05 
3.5993OE-05 
3.63977E-05 
3.63252E-05 
3059786E-05 
3.52369E-05 
3.4734?E-05 
3e43741E-05 
3e43694E-05 
3.53677E-05 
5.13733E-05 
R*71964E-05 
1032163E-04 
2*21885€-04 
2.93AlhF-04 
3.HY943E-04 
6.8.2156E-04 
1*189SOE-03 
l r 8 1 4 0 1 t - 0 3  
3.48742E-03 

1*27107E-02 
2.24407F-02 
3*91591E-02 
6045677E-02 
2r66029E-01 

2.9 7 9 a 4 ~ - o s  

7.2839n~-o3 

IDENTIFIER 1269 

1099 

1.49959E-OE 
1.25040E-01 
4.Y9605E-08 
2.50450E-02 
7.49975E-02 
4.99824E-02 
9.9~714E-02 
1.00026E-Of 
9.9997OE-02 

9.99966E-08 
1.49999E-03 
2.49993E-0 L 

1.50006E-01 
3.00015E-Ob 
2.37288E-01 
3.33783E-03 
2.33339E-QL 
5.00009E-01 
6.99975€-0& 
1.26002E 00  
3.49973E-OB 
7.50003E-01 
7.49977E-OB 
1.25015E-01 
7.50001E-OE 
1.17501E O D  
9.99990E-OL 
7.49995E-03 
1.75001E OB 
1.25000E OB 
9.99996E-01 
1.25000E 0 0  
9.99949E-01 

b.85856E 00 

1.0n004E-O& 

5 . 0 n 0 2 i ~ - e 2  

1.0n003E eo  



Po ELASTIC 

A I  
12 
13 
14 
15  
16 u 

( M T a  ~I--HYDROGEN 1269 IDENTIFIER 1269 

G W ,  a GRP. 6 GRPr -_2 GRP. 3 GRP, 4 GRP. 5 
100?00? 1003003 1004n04 1005005 1006006 1007007 

P . 6 ~ 0 3 ~ s - 0 2  i . 6 2 6 6 7 ~ - e 2  8.55910~-03 2.62491E-02 1.87714E-02 3.92816E-02 
4.8?17iE-n2 2.8091QE-82 1.61099~-02 4 .93984~-02 3.41136E-02 7.14347E-82 

'Z.13005E-aZ 1.35622~-02 4.58935E-02 3.092OOE-02 6.33226E-02 
1.02841~-02 3.86412E-02 2.87311E-02 5.73958E-92 

2.92991E-02 2.41884E-02 5933320E-Q2 
1.83417E-02 4.48997E-02 

3.40452E-02 

GRPo I n  GRP. 11 GHP. 12 
1 0 1 2 0 i 2  

9.01576~-02 
1 .54461~-01 

GRP. 13 
1013013 

1.67781E-01 
2.64924E-01 

1 .28634~-01 2.11119E-01 
1 .06944~-01 1.75817E-01 
8 .86828~-02 1.46170E-01 
7 .33300~-02 
6 .34362~-02 
5.62338-02 
5.09724~-02 
4,71592~-02 
3.98726~-02 
3.02337~-02 

G P ,  20 
1020fl20 

7,%1289~-01 

8. L4407F-0 1 
6.61764~-01 

2 .94668~-01 

1.98858F-01 
1 * 3 5 0 1 6 ~ - 0 1  
1.07505~-01 
8 - 9 6 0 3 7 ~ - 0 2  
7 .44964~-02 
6.17752~-02 
5 .10790~-02 
4 e4 1 8 9 3 ~ 0 2  
3.91716~-02 
3.54Q57~-02 
3 .29893~-02 
2.77743~-02 

1 .01093~ 00 

4. .3L312F-O L 

2-.4!!25_2F- 0 1 

~ . ~ o ~ o s F - o ~  

i ; 2 1 2 1 3 ~ - 0 i  
1.00226E-01 
8.67074E-02 
7.68598E-02 
6.96728E-02 
6.47272E-02 
5.44989E-02 
4.13232E-02 

GRP. 81 
1021011 

1.29636E 00 
1.41654E 00 
7.84457E-01 
6,31957E-01 
5.1351ZE-01 
3.34684E-01 
2.28655E-01 
1.9264%-01 
1.49652E-01 
1.04768E-01 
A.34915E-02 
6.95302E-02 
5.7H058E-02 
4.79353E-02 
3.96369E-02 
3.42903E-02 
3.03957E-02 
2.75480E-02 
2.56006E-02 
2.15519E-02 
1.63423E-02 

GRP. 14 
1014014 

4.08992E-02 
6.49842E-02 
4.54942E-02 
3.62542E-02 
3.01923E-02 
2.51098E-02 
2.081366-02 
1.72118E-02 
1.48899E-02 
1.32006E-02 
1.19638E-02 

9.35869E-03 
7.09616E-03 

1.11155E-02 

GRP. 22 
1022022 

3.24879E 00 
2.55976E 0 0  
9.97043E-01 
5.521465-01 
4.44803E-01 
3.61439E-01 
2.35570E-01 
1.60941E-01 
1.35595E-01 
1.05334E-01 
7.37429E-02 
5.87699F-02 
4.89386E-02 
4.06876E-02 
3.37398E-02 
2.70983E-02 
2.41357E-02 
2.13941F-02 
1.93914E-02 
1.80184E-02 
1.51696E-02 
1.15026F-02 

GRP. e 
loo8008 

4,39342E-02 
7.47585E-02 

5.73276E-02 
6.46753E-02 

5 s 1 9 6 3 l P Q 2  
4.82816E-02 
4 ~069O3E-02 
3.08231E-02 

GRP. 16 
1016016 

2.74697E-01 
4.31999E-01 
3.63961E-01 
2.82740E-91 
1.97941E-01 
1.57743E-01 
1.31366E-01 
1.092Q9E-01 
9.05625E-02 

6.47744E-02 
5,74268E-02 
5.20521E-02 

7 . 4 a 9 i i ~ ~ 2  

4 83647E-!l2 

3.08755E-02 
4.07188E-02 

GRPI 24 
1024824 

3e99405E 00 
5.14779E 00 
1.81269E OQ 
3.82181E-01 

8.24373E-02 

5.39641E-02 
3.51714E-02 
2.40289E-02 
2.02449E-02 
1.57267E-02 
1.10100E-02 
8.77387E-03 
7.30684E-03 
6.07484E-03 
5.03743E-03 

1.48862E-Ql 

6.64113E-02 

4.16530€'03 
3.60358E-03 
3.19422E-03 
2.89516E-03 

2.26488E-03 
1.717396-03 

2.69020E-03 

GRP. 32 ^OD GRP. 25 GR?. 27 l @ D .  zp, GRP. 29 GRP. 3 c  ,,"I-. 3: 
1026025 1 0 2 7 0 2 ~  10 28 n 28 1029029 1030030 1031031 1032Q32 

i.Oh424E n o  5.46749E 00 7 . 8 0 9 2 9 ~  0 0  7.40461E 00 6.02481F 00 1.fl7654E 81 8.77557E 0 0  
;.3R42nE no n.82474~ B O  8.87097~ 00 7.490?1F on 6.73729F On 1.182?JE Q 1  6.H7604E on 



4 
5 
6 
7 
R 
9 

1 0  
1 1  
l? 
13 
14 
15 
lh 
17 
1 R  
19 

21 
22 
23 
24 
25 
26 
27 
2R 
29 
30 
31 
37 
33 

20 

10 
11 
12 
13 
14 
15 
16 
17 
1 R  
19 
20 
21 
22 
23 
24 
25 
2h 
27 
28 
29 
3n 
31 
33 
33 
34 

5.48451E 00 
7.17844E 00 
1.013h6E 00 
3.5694OE-81 
7.52558F-82 

1.62329f-QZ 
1.30767E-82 
1.062hLF-02 
6.9256hE-03 

3.98637E-03 

2.Y3126E-RL 

4.73158~-63 

3.0 96 7 7 F- B 3 
2.168OOE-O3 
1.7Z770F-83 
1.4387YF-83 
1.19670F-03 
9.91Y4OE-04 

7.09580E-04 
h.?PYAOE-G4 
5.70099E-04 
5.2Y736F-04 
4.459RlE-OQ 
3.3fl171E-04 

~.?n107~-04 

I T R P .  35 
1035035 

7.57?54€ 00 
7.37804F 00 
2.34094E 00 
7.7769bF-01 
1.H3952t-Ul 
4.746096-02 
7.0Oflf55F-02 
h.830111~-83 
2.4S800F-03 
1.47838t - 0 3  
9.1~805~-84 
3.64948F-04 
1.h9816F-tJQ 
5.97971F-05 
1.26074E-OS 

2.71945E-06 
2.19083F-06 
lJH016E-06 
1.16024F-06 

4.91 nh I F - O ~  

7,V2670E-07 
h.67837F-07 
5.1R793E-07 
3.h3198F-67 
2.89436E-07 
2.4103hF-07 
2.0 0 39 I F  - 0 7 
1.6619UF-07 
1.3739af - U I  
1.1R89qF-07 
1.0534&F-U1 
Y.55775F-08 
~.87515~-6H 

5.335S3F 00 
3.31598~ 00 
1.31710~ 00 

2.15809~-01 
4,55003~-02 

9.81454~-03 

6.12869~-01 

1.77277~-02 

7.90669~-03 
6,42447~-03 
4.18731~-03 
2.86076~-03 
2.41075~-03 
1.87234~-03 

1.04458~-03 
8.69907F-04 
7.23233~-04 
5.99733~-04 
4.95902~-04 
4.29012~-04 
3.HU2R5c-04 
3.446R4~-04 
3,20294~-04 

2,04462~-04 

1.31079~-03 

2.63645~-04 

7.69559E 00 
1.62128E 00 
1.00762E 00 
4.00224E-01 
1.R6230F-01 
6.55771E-02 
1.38260E-02 
5.38533E-03 
2.98231E-03 
2.40253E-03 
1.95225E-03 
1.27238E-03 
R.69294E-04 
7.32374E-04 
5,6t1941~-n4 
3.98305E-04 
3.17416E-04 
2.64335E-04 
2.19765~-n4 
1.82237E-04 
1.506AAE-04 
1.3036s~-ni 
1.15557E-04 
1.04 73HE-04 
9.73237E-05 
~.19359E-05 
6.21291E-05 

GHP. 37 
1037037 

2.044A2E 01 
1.7926OE 01 
4.75518E 00 
1.57966E 00 
5.01204F-01 
1.66507F-01 
3.9384w-02 
1.01615E-02 
4,28345F-03 
1.46233F-03 
5.762666-04 
3.16577E-04 
1.96719F-04 
7.81367~-n5 
7.63581E-05 
1.2H028E-05 
?.699?8E-06 
1.0513YE-06 
5.A2243E-07 
4.690546-07 
3.81141E-07 
7.48399E-07 
l.69721E-07 
1.429R7F-07 
l.llOR1E-07 
7.77574E-08 
h.19676E-OR 
5.16103~-0~ 
4.2YlT5E-OA 
3.5575RF-OR 
2.94218~-0~ 
?,54413€-08 
7.25602F-OR 

2.30004~ 00 
8.27743E-01 
4.97854E-01 
3.09412E-01 
1.22898E-01 
5.71864E-02 
2.01370E-02 
4.24560E-03 
1.653696-07 
9.15782E-04 
7.37788F-04 
5.99482f-04 

2.66931E-04 
2.24907E-04 
1.74706F-04 

Y.74692E-05 
8.11707F-05 
6.74843E-05 
5.59606F-05 
4.6271OE-05 
4.00316~05 
3.54842E-05 
3.21627E-05 
~ . W ~ S ~ E - O S  
2.51603E-05 
1.98782E-05 

3.90716E-04 

i.22309~-04 

4.98352E 0 0  
1.70132E 80  
6.12276E-01 
3.68258E-81 
2 .?88706-01 
9.09066E-02 
4.33003E-82 
1948952E-02 
3.14044E-03 
1.22322E-03 
6e77403E-04 

4.43434E-04 
2.89009E-64 
1.97450E-04 
li66355E-04 
1.29229E-04 

7.70972E-05 
6.00409E-05 
4.99177E-05 
4.13937E-05 
3.42272E-85 
2r9610RE-05 
2.62474E-05 
2.37902E-05 
2.21060E-OS 
1.R6109E-05 

5.45689E-84 

9.n4709~-05 

1.41120~-es 

1.774076 00 
7.47832E-03 
2.55303E-01 
9.18788E-02 
5.52612E-02 
3.43445E-02 
1.36416E-02 
6.34762E-03 
2.23519E-03 
4.71259E-04 
i.e3558~-04 
1.01652E-04 
8.18893E-05 
6.65420E-05 
4.33691E-05 

1.93922E-05 
1.35762E-05 

9.00984E-06 

6.21157E-06 

3.93872E-06 

3031724E-06 
2.79278E-06 

2.96297E-05 
2.49633E-05 

1.08190E-05 

7.490726'06 

5.13615E-06 
4.443486'06 

3.56997E-06 

2.11766E-06 

w 
P 
ti 



35 
56 
37 

1 
2 
3 
c 
5 
4 
7 
8- 
9 

L 
2 
9 
4 
5 
6 
2 
A 
9 
I O  
11 
12 a 
14 
El 
16 u 

GRP. 5 
1 0 0 5 0 0 5 

7.78093E-02 
1.44619E-01 
1.31824E-01 
1.06401E-01 
7.53649E-02 

GRP. 13 
1013013 

4.84139E-01 
7.22863E-01 
S.405R2E-01 
4.28238E-01 
3.38668E-01 
2,67138E-01 
2.10178E-01 
1.74964E-01 
1.5037%-01 
1.32857E-01 
1.21195E-01 
-9.7 7 788E- 0 2 
6.92693E-02 

0 

G 9 P o  6 
1006006 

5.58347E-02 
9,92380E-02 
8.76771E-02 
8,00364E-02 
6.45324E-02 
4.57211E-07 

GAP. 14 
10 t40 14 

1.21629F-01 
1.81819E-01 
1.1480SF-01 

6.8007OE-02 
5.37976E-02 
4.34279E-02 

2.77864E-02 
2.3R834E-02 

1.92463E-02 
1.55299E-02 
1.1001OE-02 

8.5850OE-02 

3.33734E-02 

2.11146E-02 

FRPI 8 
1008008  

1.270ZZE-OJ 

1 c729ZE-0 1 

1.35102E-01 
1.23214E-01 
9 9416BE-02 

2.13636E-01 

1.52883E-01 

7.04308E-02 

GRP. 16 
1016016 

7.86914E-01 

9.327006-01 
1~15563E 00  

6.75490E-01 
4,26519E-01 
3.1896SL-01 
2.52661E-01 
1eP9822E-01 
lrS7630E-01 
1 *23989E-01 
1.03230E-01 

7.84091E-02 
7,15062E-02 

8.87269E-02 

5.76948E-02 
4,08711E-0? 

\ \ 

/ 

\ 



P5 ELASTIC (MT= <)--HYDROGEN l26Y [DENTIFIER 1269 

GYP. 1 GPP+ 7 GRP. a GRP. 4 
1 1 0 0 1 ~ 0 1  1 OU?OO:, 1003003 %004004 

3 7.71891E-01 1.4P572F-81 1 .32017~-01 
4 -1.28692E-02 4.383676-02 
5 -1,70208~-02 
6 
7 
B 
9 

2 7.7Y739t-01 7.89137E-nl 1.57893E-01 8 .839?0~-02 

FHP. 9 GHP. I n  GRP. 1 1  GRP. 12 
1 1 u09un9 101n019 1 0 1 1 0 1 1  1012012 
2 4.f l7243t-01 h.379ZciE-nl 4.75858F-01 6 .809?7~-01 
3 3,73897t-01 t,.07940E-nl 4.4388lE-01 5 . 2 9 2 7 4 ~ ~ 0 1  

5 - i m ? 2 0 2 3 t - 0 1  -1.5618nE-nl -1.70960~-81 -3 .13596~-01 
6 - 1 . 6 ~ 0 8 9 ~ - 0 1  -1 .9~861E-n l  - 2 . 2 0 0 ~ 4 ~ - 0 1  -3 .66715~-01 
7 -1 .83446Lo i  - > . 0 i u 8 n ~ - ~ l  -2.14726~-81 -3 .33076~-01 
R -1.R4085t-nl -1.9?66?F--nl -1.94651€-01 -2 .84840~-01 

11 -9.5776iE-02 - i . 2 1 0 4 2 ~ - 8 1  -1 .79449~-01 
12 -7.05746~-e2 - i .268?4F-oi  

4 R.54433k-03 9.2R9YlE-fl3 1.01071E-82 -7.36063~-02 

9 - l .h6889k-@1 - Y r 8 1 2 9 ~ E - f l l  -1.74532E-01 - 2 e 4 0 1 0 8 ~ - 0 1  
10  -1.70661t-01 -1.4R417E-nl -1.5846YF-81 -2.04579~-01 

13 -6.36930~-02 
14 
15 
16 
17 

FMP. 17 GRP. l a  FRP. 19 GRP. 20 
1 1017u17 l O l R 0 l s  1 0 1 ~ 0 1 9  1070n2O 
2 1.58458t n o  ~.42SY?E-n1 1.85412E 0 0  2 , 1 9 5 1 2 ~  00 
3 -7.64809t-01 7.4594qE-nl 1.78728F 0 0  - 2 . 0 1 4 1 3 ~  0 0  
4 -1.11758t 0 0  -~.70189E-n1 -4 .67507~-01 - 3 , 1 6 7 0 1 ~  0 0  
5 - ~ . h h 6 0 7 t - n i  -1.4?157E-fll -1.23496E 00 -2.677796 0 0  
6 -6.44962t-01 -:.oW+qE-nl -7.34339~-61 - 1 , 2 2 1 5 8 ~  0 0  

8 -1.3R571t-01 -i.An297E-n2 -2,44727E-81 -7.71173~-02 

11 4.1547ht-0? n.6n04?E-n3 7.25776E-02 2 .55505~-01 

13 6 . 9 5 7 6 6 ~ 0 2  ;.17607~-n2 9.17259~-82 2 . 2 6 3 2 5 ~ - 0 1  

7 -7.P1234t-01 -~.1413>€-f l2 -5.00922E-01 -3 ,18492~-01 

9 -4.51785t-n? -7.3R76?F-n3 -2.64561F-02 1 .23118~-01 
l f l  9.1970Ok--fl3 6.05553E-fl3 4.271A9E-02 Z.44260~-01 

12 6.24029t-02 1.00116E-n2 8.731@7E-0? 2.45430~-01 

14 7.1629flt-02 i.1700sE-n2 8.93077t-02 2 ,02442~-01 
15 7.1fl34nt-fl2 i.17HObE-nZ R.4R294F-02 1.769146-01 
16 7.0989AE-02 i .0998?E-n2 7.99063E-82 1 .57959~-01 
17 6.7101Ht-07 i.Oh03nE-n2 7.55206E-02 1.4C706~-01 
18 5.eo277tco2 9.613ehE-a3 7 . 2 0 5 0 8 ~ ~ 8 2  1 .31027~-01 
19 7.9716qF-n3 6.37401F-92 1 .22633~-01 
20 5.10548E-82 1 ,044?6~-01 
21 7 .97148~-02 
22 
23 e 
24 
25 e 

e 

GRP. 7 GRP. 8 
1005005 1006006 1007007 1008008 

G W .  5 GRP. 6 

2.39381E-01 1.82166F-01 3.36520E-61 3.68555E-01 

2,32416E-01 1.11479E-01 ls64052E-01 5.11911E-02 
4.19052E-02 5.45648F-02 2.61477E-82 -6.30670E-02 

-7.95715E-02 -2.56437E-02 -4.13135E-82 -1.23461E-01 
-6.74514E-02 -1.73137E-01 -1.47900E-01 

-1.46197E-Pl -1.65011E-01 

7 . 6 4 6 8 6 ~ - a i  2.25561~-01 4 .19965~-01 3 .41887~-01 

-1.40242E-01 

GRP. 16 
1013013 1014014 1015015 1016016 

GHP. 13 GRP. 14 GRP. 15 

9.83979E-01 3.96811F-01 9.49577E-81 1.41548E 00 
2.18733E-03 1.80607E-01 1.04803E 00 8.88027E-02 

-5.66812F-01 -1.527586-01 -1074605E-01 -9.34910E-01 
-6.99585E-01 -l.hZ307E-01 -5.25699E-01 -1.1372% 0 0  
-6,50395E-01 -1.37838F-01 -4.46080E-01 -8.22277E-01 
-5.29336E-01 -1.05989E-01 -3045254E-81 -5044948E-01 

-2.9909UE-01 -4.95701E-02 -1063358E-01 -2.10907E-01 
-2.30229E-01 -3.38125F-02 -9076801E-02 -1e02733E-01 
-1.81505E-01 -2.32679E-07 -5.94263E-02 -2s76428E-02 
-1.491hBF-01 -1.61576F-02 -3.49797F-QP 1.15937E-02 
-8.82560E-02 -1.17070E-02 -1.98962E-PE 3.42843E-02 
-2.28713F-02 -3.70322F-03 -9.08650E-03 4.79691E-02 

4.00141F-03 7.76270E-03 5.53306E-02 

-3 .93697~-01 -7.543596-07 -7 .47065~-01 -3 .57615~-01 

2 . ~ 9 0 ~ - e 2  6.57399E-02 
6.96761E-02 

GRP. d l  G9P. 22 GRP. 23 GRP, 24 
1023023 1024024 1022022 1021 021 

2.26373E 0 0  5.29695F-01 7.91229E '30 5.61796E 0 0  
-4.18954E 0 0  -5.34867F 0 0  -3.42407E 00 -1.44559E 0 1  

-8.99413E-01 1.39396F 0 0  4.39703E-01 1.34641E 00 
-2,54407E-01 1,313726 0 0  2.45392E-81 5043219E-01 

7.92601E-01 l . lh514F 00 1.93833E-01 2.76301E-01 
5.30425E-01 8.40155F-01 1.53464E-01 2.13477E-01 
5.20321E-01 5.91446F-01 9.74417E-02 1.66427E-01 
4,63048E-01 4.99008F-01 5aQ2703E-02 9.87351E-02 
3.66579E-01 3.8?008F-01 4.R1724E-02 6.15303E-02 
3.04427E-01 L.5F3940F-01 3.55225E-02 4.96940E-02 
2,58445E-01 2.00649F-01 2.29477E-02 3.63807€-0? 
?.1701HE-01 1.62869F-01 1.73635E-02 2.32908E-02 
1.80399E-01 1.31634F-01 1.78663E-02 1.75409E-02 
1.48553E-01 1.05872E-01 1.10466E-02 1.39644E-02 
1,27668E-01 8.47345E-OP 8.77091E-07 1.10924E-02 
1.12287E-01 7.14203F-02 hmQ4002F-03 8.78523E-03 
1,01034E-01 6.19353E-02 5.R0280E-03 6.93474E-03 
9.32HfllE-02 5.51141F-02 5 ~ 0 0 2 7 7 E - 0 3  5.78980E-03 
7.72521E-02 5.05136F-02 4.43084F-03 4.98481E-03 
5,67809F-02 4.l lR13F-02 4.04837E-03 4.41177E-03 

2.96093E-OP 3.37817E-03 4.02756E-03 
2.73433E-03 3.256R3E-03 

2.31447E-03 

- 1 . 9 0 6 8 7 ~  00 6.91112~-01 7 . 7 4 4 0 8 ~ - e i  - 1 . 8 1 2 4 0 ~  00 



XSEC ID 
GRP. 

1 
E 
3 
4 
5 
6 
7 
A 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1 R  
19 
20 
21 
22 
23 
24 
25 
26 
27 
Z R  
29 
30 
31 
32 
33 
34 
35 
36 
37 

XSEC In 
GHP. 

1 
2 
3 
4 
5 
6 
7 
R 
9 

io 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 

1276 

4 

5.78462E-01 
5.62718E-01 
5.16225E-01 
4.762?2€-01 
4. ?Y982E-01 
3.495056-01 
3.38555t-01 
2.75834E-01 
2.41391E-01 
2,73110E-01 
i!.?LE99E-01 
7 -64 133E-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

27 

4.95466E-02 
1.13074F-01 
1.69803E-01 
1.87716E-01 
1.8692RE-01 
1.756R7E-01 
2.13556k-01 
1,87435F-01 
1.46366E-01 
l.OR001E-01 
6.47476E-02 
1.03170E-01 
5.39460E-02 
7.46472E-02 
8.28381E-02 
H.96019E-03 

1.84863E-OR 

2,37961E-08 

5.30187E-08 

2. h0312E-07 

1.97699E-08 

3.22014E-OF 

7.79212E-08 
1.03056E-07 
1,49944€-07 

2.32240E-07 
3.73841F-07 
6.34181E-07 

1.8555~~-07 

9.77789E-07 

3.90765E-06 
i.e7461~-06 

6.81832E-06 
1.20366E-05 
2.10020E-05 
3.46265E-05 
1.4263SE-04 

101 

4.954666-02 
lr13074E-01 
1069803E-01 
1087716E-01 
1.869ZBE-01 
1075687E-01 
2r13556E-01 
1.87435E-01 
1.48366E-01 
1.08001E-01 
6 4 74 7hE-32 
lr03170E-01 
5r3946QE-02 
7046472E-02 
8r28381E-QZ 
8096019E-03 
2.60312E-Q7 
1.84863E-08 
1 97699E-08 
2.37961E-08 
3 c 220 lQE?OB 
5030187E-08 
7r79212E-06 
1.03056E-07 
1.49944E-07 
1.85552E-07 
Z 3224 OE-0 7 
3r73841E-07 
6,34181E-07 
9*77789E-07 
1-87461E-06 
3e90765E-06 
6*81832E:106 
1.20366E-05 
2*10020E-Q5 
3.46265E-05 
1r42635E-04 

IDENTXFIFR 1276 

103 

3 34322E-02 
lr954m-Il2 

L Q 9 4 7 t F - p Z  
4.6777~~02 

2.47956E-02 

1.51368E-03 
ILIl 
0.0 
Q d l  
0.0 
Qdl 
0.0 
LQ 
0.0 
11(1 
0.0 
nLn 
0.0 
Qdl 
0.0 
as 
0.0 
QLQ 

0.0 
&dl 
0 .0  
L o  
0 . 0  
49 
018 
Qdl 
0.0 
!MI 
0.0 
0.0 

3114 

9.15662E-03 
-42F-a 

Lc3696SEq2 
1.51721E-02 

?OF-@ 
l.115leE-02 
L794?9Pra 
2.778SE-05 
Q& 
0.0 
LLll 
0 .0  
QA 
0.0 
Q& 
000 
a0 
0.0 
ILIl 
0.0 
Q d  
0.0 
aa 
0.0 
QLO 
0.0 
QLO 
0.0 
0-Q 
0.0 
QkQ 

0.0 
QCQ 
0.0 
11a 
0.0 
p9 



Zfl 
21 
a? 
23 
24 
25 
26 
27 
afl 
29 
3 0  
31 
32 
33 
34 
35 
36 
37 

(1.0 
0.0 
n.0 
0.0 
0.0 
0.0 
n.0 
0.0 
0.0 
n , o 
0.0 
0.0 
0.0 
n.0 
0 . 0  
0.0 
0.0 
0.0 

1276 PO ELASTIC ( M T =  Z ) - - O X Y G E M  1279 I D E N T I F I E R  

GRP. 3 
10n3003 

5.94910F-81 

1.57343F-02 
1.56124E-01 

GRP. 1 1  
e o i f n i l  

3,09197E-01 
3.1905'tE-01 
l.HR265E-81 
2.99367E-82 

GHP. 4 
iOn4no4 

4.05869~-01 
1.57162~-01 
3.42574~-02 
5.20416~-03 

GRP. 12 
9012012 

3.69098F-01 
4.87831~-01 
2.60476~-01 
2.36916~-02 

GRP. 5 
1005005 

5.71395E-01 
3.60128E-01 
1.55617E-01 
5.53RRBE-02 
4.9OOA2E-03 

GRP. 13 
10013013 

7.75571E-01 
5.62257E-01 
1.05879E-01 
1.87999~-04 

GRP. 6 
2006006 

4.96502E-01 
1.9n785~-ni 
1.11472E-01 
5.33675E-02 
1.45755E-02 

GRP. 14 
12014014 

3.flR181E-01 
1.84536E-01 
8.19880E-05 

G R P i  8 
3008008 

4.25393E-01 
3.15901E-01 
1.22504E-01 
5.15865E-02 

6.84943E-Os 
1.48253E-02 

GRP. 16 
13016016 

1.92857E 00 
7.85979E-01 
2.14346E-01 
2.19952E-Q2 

GPP. 17 GRP. 1 R  GPP. 19 GHP. 20 GHP. 21 GRP. 22 CRP. 23 GRP. 24 
1 15017~17 l6UlSOlP 17019019 18020n20 20021021 21022022 22023022 23U24924 
2 h.134~7t-ol i.14001E-n2 6.98268E-01 2,uonn7~ 00 3.15927E n o  4.47636E 00 2.19638E 00 2.99739E no 
3 7.22447t-01 i.3610!t-n1 2.08668E-81 9.546A5~-01 0.97066E-01 4.49732E-01 3.84568E-61 1.33236E 00 
4 r.Y048lE-n3 3.07925F-01 2.082?4~-02 

RHP. 74 
1 24025U75 
2 7.07083t o n  
3 6.10411~-01 
4 

GHP. 31 
1 32933033 
? 1.79465t n o  
3 3.62744k-01 

GRP. 27 
25027027 

3.111A3F 00 
2.73750F UO 
I.S074Y€-U1 

GRP. 35 
34033035 

3.29466F 00 
3.6?743E-0 1 

GRP. 36 
35036036 

3.29469~ 00 
4.53438~-01 

GRP. 29 GRP. 30  GRP. 31 GRP. 32 
28029029 29030030 30031031 31032032 

3.29009~ on 3.14167~ 00 3.48832~ 00  3.38523E on 
4.03146E-01 4.53483E-01 6.04619E-01 2.59094E"OJ 

GRP. 37 
36037037 

3.74796~ on 
4.53414E-01 

0 

e 
0 

9 



P5 EIASTIC r M T =  2)--OXYGEN 127e IDENTIFIER 1276 

GHP. 4 GRP. 5 
r o o 4 0 0 4  1005005 

2 .14735~ 00 1.99886E 00 
*1.62961~-01 -9.95741E-02 
4.45999~-02 2.69397E-01 
6.31388~-03 7.12088E-03 - 

-7.15568E-04 

GAP. 8 
3 0 0 8 0 ~ 8  

1.23459E 00 
2.94816E-01 

-5,92993E-02 
2.87639E-02 

-6.79066E-04 
14.81582E-02 

FW,. 1 0  
2002010 

1.63859F-02 

GAP, 26 

1.64574~-08 
11012026 

GRP. 30 M P .  3b GRP. 32 
3 10220 JZ 29030030 30031031 

*3.0$216E-04 -9.96589E-85 -1.65420E-04 
2.85435F-04 3eR1120E-04 1.63514E-04 

GAP. 11 GRP. 12 
2003011 3005012 

9.15470E-03 1.09430E-02 

3.13224E-02 
1.39322E-02 4 . 2 9 i e 2 ~ - 0 2  

GRP. 19 GRPI 20 
10010019 1 O O f  1020 

4.12635E-02 3.2781%-02 
1.9533OE-02 

IDENTIFIER 1276 

GRP. 19 GRP. 1 4  
5007019 7007014 

1.09270E-62 1,82217E-02 

, 
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~~ SAMPLE PRORLEM L- 
H Y I w o G E N A N ~ - ~ Y G E N  
I N  37 GROUpSTRj iCSRE 

VERSION I v  ~ N P F  FVALUnTIONS 
~ U S ~ F F I ~ F V O ~ ~ U E L L K N  WE1 GHTING 

TAPE In 1 NUMBER OF NUILIDES 
NUHBEH OF NFUTRON GRnUPS 37 NUMBER OF GAMMA GROUPS 
FIRST T H E M H L  OROtiP 37 

TARLE OF CONTENTS 
HYDROGEN 1269 
OXYGEN la7c. 

2 
0 

IO f269 
TD 1276 

t- 

N 0 
P 



LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LLLLLI I 1 I LLLL 
LLLLLI CLLLLI-L 

OOnonoO 
0 0 0 on n 0 0 0 

00  on 
00 o u  
00  0 0  
00  0 u  
00  0 u  
no o b  
00 0u 
00 o n  

oooonn n 00 
oononnu 

55655555555KS 
55r5555555555 
55 
55 
55 
95655555S555 
55G5555555565 

55 
55 

55 55 
55i5555555575 

3;555555555 

PPPPPPPPPPPP 
PPPPPPPPRPPPP 
PP PP 
PP PP 
PP PP 
PPPPPPPPHPPPP 
PPPPPPPPRPPP 
PP 
PP 
PP 
PP 
PP 

I, 4 
4f,4 

4 4 4 4  
4 4  4 4  

4 4  4 4  
4 4  4 4  

i 4  h 4  . . . .e  

4 h 4 4 4 4 4 6 4 4 6 4  . . . . e  

4 4 h 4 4 4 4 4 4 4 4 6 4  . . . . a  

4 4  . e . . -  

4 4  
4 4  

HY HH 
HH b i  H 
HH HH 
HH HH 
HH titi 
HHHrHHHHHHHHH 
HHH~HHHHHHHHH 
HH HY 
HH HH 
HH HH 
HH HH 
HY HH 

1 1  
1 1 1  

i i i l  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  

1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1  

n O o O O n 0  
o n n o o o o o o  

0 0  00  
0 0  00 
o n  00 
0 0  0 0  
00 0 0 
0 0  0 0  
09 0 0  

00 00 
O n O O O O O O O  

0000000  

NN NN 
NNY NN 
NNNN NN 
NN NW NN 
NN NN NN 
NN NN NN 
NN NFI AN 
NN NN NN 
NN NY NPJ 
NN NNNN 
NN NNN 
NN NN 

7777777777777 
777777777777 
77  77  

77  
77 

77 
77 

7 7  
7 7  

77 
7 7 
77  

7 7 7 7 7 7 7 7 7 7 7 7 7  
7 7 7 7 7 7 7 7 7 7 1 7  
7 7  7 7  

77  
77  

77 
17 

77  
7 1  

77 
77  
7 7  

r , G R G G G G G G G G  
I ~ G G F G G G G G G G G ~  
GC G G  
RC 

or, 
G C  G G R G G G O  
~ r :  G G G G G G O  
G C  60 
Gr: G(s 
G R  G G  
G n G G G G G G G G G G G  

R G G G G G G G G G G  

A A A A A A A I A  
A A A A P A A A A A A  

A A  A4 
A b  A A  
A 4  A A  
A A A I A A A A A A A A A  
A A A A A A A A A A A A A  
P I  A A  
A A  A A  
P A  A A  
an A A  
A A  A A  

7 1 7 7 7 7 7 7 7 7 7 7 7  
7 7 7 7 7 7 7 7 7 1 7 7  
7 7  7 7  

77  
7 7  

77  
77  

7 7  
7 7  

7 7  
77  
77  

44 
444 

4444 
44 44 

4 4  44 
44 44 ..... 44 44 ..... 444444444444 ..... 4444444444444 ..... 44 

44 
44 

sssss5sssss 
s s s s s s ~ s s s ~ s s  
ss  ss 
SS 
ss 
ssssss5s5sss 

sssss~ssssss 
55 
ss 

ss  ss 
ssssss~ssssss sssss5ss5ss 

5555555555555 
5555555555555 
55 
55 
55 
555555555555 
5555555555555 

55 
55 

55 55 
5555555555555 

55555555555 

5555555555555 
5555555555555 
5s  
55 
55 
555555555555 
5555555555555 

55 
55 

55 55 
5555555555555 

55555555555 



LAPHNGAS 

LAPMNGAS RUN FOR HXDQOGEN AND OXYGFN 

1s ~ R R A Y  4 FNTRIE? RFAD 

T 

INTEGER PARAMElFRS (7s  AND 2s ARRAYS) 
HCR NIJHQER OF NUCl IDES 
NFG NO. NEUT F'IWE GPS- 
NGG NO. GAM% GRS. 
IM NON RES WT. FIINCTION 1 / 2 / 3 / 4 / 5 / 6  - 

I.O/(I/EITITIF-FISS//EXACT ( 1 / E ) l  
( I / E * S I ~ - T ) I A W R I T ~ A P Y /  

LrSR NO. INTtRPOLA?ION RFGIoNS 
HCSH NO. PTS. f N  ApB. WT. FCTN. 

WS 1711 NO EFF/MAxWELLIAN THERMAL D I S T  

I Y O  1/2/3 ?AIoPoINT/YIEL? F r T / E ( R A R )  INPUT 

I A M  O / 1  NO ~ F F E E T ~ P U N C H  SGRP DATA 

I ~ W  0 1 1  C A L  SGRBX~ICAL ~GRFPXS 

MM NO. REALTIOR ~ Y P E S  

100 n / i  PRINT ( Y  nR s T F ) / D n  NOT PRINT 

I c K  011 NO EFFEGT~OFTAI I '  CK. 
NNBeGP O/N NO EFFEeT/COI ADS€ TO N BROAD GPS. 

2 
77 
E l  

5 
0 
0 

1 
1 
1 
0 
0 

-9 
0 

n 

A STANDARD 37 NFUTRnN GROllP FTRUCTURE HAS BFEN INSERTED FOR YOU AND WXLL BE USED UvLESS YOU OVERRIDE I T  
A STANDARD 21 GAMMA GROUP SToUCTURE HAS REFN INSERTED FOR YOU AN0 WILL BE ~ J S E D  UNLFSS YOU OVERRIDE I T  

T 

MFAM TENPERATUHE OF wAXWELI I A N  DISTRIBOTION ( L E G  K )  2.93600E 02 

UPP6R ENERGY Fuk TMEDMAL (h l *G)  CORRECTION (EV)  1.2639OE-01 

NON 1 / V  FACTOR b.nooOuE 00 

\ 



1 
2 
3 
4 
5 
6 
7 
8 
9 

A0 
I 1  
I t  
13 
E4 
15 
k6 
1 7  
1 A  
19 
$n 
21 
22 
23 
24 
25 
26 
27 
2R 
29 
90 
31 
32 
33 
94 
35 
36 
37 
38 

n7 
n 7  
n6  
06 
16 
n6  
n6  
06 
n6  
06 
n6  
n6  
n5  
n5  
n5 
05 
174 
n4  
04 
n4  
n4  
n4  

NEUTRON 
F I N F  FP 

1.96400F 07 
1.69050F 07 

1.41910t  07 
1.38400E 07 

1.2214OF 07 
1.10520€ 0 7  
1.00000E 07 
9.0484OE 06 
R.lR730f 06 
7.40820F 06 
6.37630E 0 6  
4.96590F 0 6  
4.7237UE 06  
4.06570E 06  
3.0119UE 06 
2.3R570E 0 6  
2.3069OE 06  
1.82680F 06 
1.10800E 06  
5.50230F 65  
1.57640F 85 
l . l l 0 9 0 E  b s  
5.24750F 0 4  
2.47880F 0 4  
1.18750E 8 4  
1.0333OF 04 
3.35460F 03 
l.?3410E 03  
5.8795OE 0 2  
1.01300E 6 2  
2.90230F 0 1  
1.06770E 8 1  
3.059OOE 00 
1.12540E 00 

1 . 4 9 1 ~ 0 ~  a7  

1 . 2 8 4 0 0 ~  0 7  

4.14OOOt-01 
1 . 0 0 0 0 0 € - ~ 5  

c1 

N 
W 
P 



MATERIAL 1269 
IQA ORDER PtNF 5 
NnFn LOG. UNIT FQR ENOF nATb 1 1  
MODE 1 / 2  ENDF RIP~A~Y/RCD 1 
R F A ~ T I O N  TYPES 

X N  RHOTON AFTER TMATi' 1.nolnE 03 9.9917E-01 0 0 6 12 
-1 

UNDER-THE OI.'TIOw PROVIDFD WHEY TNPUT M T P 1  IS USED, THERE WILL RE 1 REACT 
M T N O ' X I < # _ 1 ~ 2  

FTLE 3 1.GlOb 03 9.9917E-01 0 0 0 0 1269 
FTLE 12 l.'JOIOE 63 Y.9917E-01 1 0 1 0 1269 

1 0 1269 FrL6 TT i X i 6 E  33 9.9~17~-01 1 0 
RFAgfCOPY ENDF/R M ~ S T E R  L IRHAQY COMPLETE FXLES PROC. 3 12 14 

1269 
DN TYPES 

3 

14 
12 

1 451 
KED 45 FOLLOWS - 

1 
1 O? 
102 

USER REoUFSTED P- 5 ~ A L C U L A T I ~ N .  HOWEVER, ALL F I L E  14 DATA ARE FOR ISOTROPIC DISTRIBUTTONS. 

0 GP 
1 
2 
3 
c 

6 BP 
L 

4- 
5 
6 
7 
9 

6 6P 
1 

7 
A 
9 

I O  

6 6P 
1 

9 
10 

B GP 
1 

9 
10 

N GP 5 
0.0 
3.00695E-05 
0.0 
0.0 

N GP 13 
O B 0  

0 LP 
3,59984E-05 
0.0 
0.0 
0.0 

N GP 29 
0.0 

1.12763E-03 
0.0 

N GP 6 
3,116n3w-05 0.0 

0.0 
0.0 

N GP 14 
0.0 

0.0 
B O O  

3.63952F-05 
0.0 
0.0 

N GP 22 
0.0 

0.0 
0.0 
4,95019F-05 
0.0 

N GP 30 
0.0 

9.10466~-04 
0.0 

N GP 7 
o.n 

0.0 
3.13469E-05 

0.0 

N GP 15 
o a n  

0.0 
0.0 
3.63t9ME-05 
0.0 
0.0 

N GP 23 
0.0 

0.0 
0.n 

0.n 
R.69303E-05 

N GP 31 
0.0 

o.n 
1.79994E-93 

N GP 8 
0.0 
0 .O 
3,21857E-05 
0.0 

N GP 16 
0.0 

o * o  
0.0 
0.0 
3.59829E-05 
0.0 

M GP 24 
0.0 

0.0 
0.0 
lr31210E-04 
0.0 

rJ GP 32 
0.0 

9.39965E-Ob 
0.0 



G GP 
1 
2 
3 
4 
5 
h 
7 
A 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 

(i GP 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
l2 
13 
14 
15 
16 

G GP 
1 

7 
8 
9 

i o  
1 1  
12 
13 

N GP 4 
0.0 
4.32790~-03 
5.252178~-02 
1.78013~-01 
0.0 
3. H 14 I 8F- o z 
1.06230~-01 
4.56879~-02 
3.75289~-03 
1.0OYfl5F-02 
6.457R7~-09 
4.21867~-04 
8.619?0~-02 
2.17076~-03 
3.85299~-02 
8.95150~-03 
0.0 

N GP 5 
0.0 
4.16575~-n3 
5.07124F-02 
1,737F5E-01 
0.0 
1.94550E-02 
1.10087F-01 
4.3971HE-02 
1.H6496F-03 
9,71999E-03 
6.62214E-09 
4.31672F-04 
9,75579~-02 
1.92341E-03 
3.59359E-02 
7.9 3 14 7 E- 0 3 
0.0 

N GP 13 
0.n 
0.0 
0.0 
0.0 

0.0 
h.33?68F-n5 
0.0 
1.01631E-08 
0 . (1 
1.01631E-08 
1.19006E-08 
3.45840E-08 
0.0 

0.0 

0.0 
0.0 

Y Gp 21 
0.0 

4.77759E-09 
0.0 
2.79456E-08 
0.0 
2.79456E-08 
3.27231E-08 
0.0 

N GP 6 
0.0 
3.R4702F-03 
4.65709E-07 
1.62013F-01 
0.0 
4.29068F-03 
1.19064F-01 
4.06073F-02 
4.89424F-04 
8,97638F-03 
6.83227F-09 
4,45873F-04 
i.o3164~-01 
1.21637F-07 
2.77716F-02 
4.91370F-03 
0.0 

1\1 R P  14 
0.0 
0.0 
0.0 

0.0 
0.0 
1.R7840F-09 
0.0 
1009874F-08 
0.0 
1.09874F-OR 
1.28657E-08 
0.0 
0.0 
0.0 
0.0 

o,o 

N GP 7 
o.n 
3.79874E-03 
4.74748E-02 
leh5453E-01 

1.40802F-04 
1.79109E-Ql 
3.58756E-02 
2.68264F-05 
7.93038E-03 
7.09131E-09 
4.941 R3E-04 
1.45667E-01 
2.02877E-03 
3.95545E-02 ' 
A.44476E-03 
0.0 

o.n 

N GP 15 
0.n 

0.0 
0.0 
0.n 
0.0 

0.0 

1.97061E-09 
0.0 
1.15266E-08 
0 0 0  
1.15266E-08 
1.34973E-OR 
0.0 
o l n  
o.n 
0.n 

Y GP 8 
0.0 
2.16164E-03 
~ . O O O ~ ~ E - W  
1.37075E-01 
0.0 
0.0 
1.56~~13~-01 
2.28175E-02 
7.45665E-09 
5 r 0 4 3 8 3 E - 0 3  

5.77842E-04 
8.35299E-02 
5.73927E-05 
1.90044E-02 
4.26764E-04 
0.0 

7.45665E-09 

N GP 16 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.22215E-09 
0.0 
1.2998iE-08 
0.0 
1.2998i~-n~j 
1.5Z202E-OR 
0.0 
0.0 

0.0 
0.0 

N GP 24  N GP 22 N GP 23 
0.0 0.0 0.0 

8.00372E-09 1.10816E-QA 1.40091E-08 
0.0 o.n 0.0 
4.68 16 1 E - O R  6 e 68 19BE-08 8- L9437E'Oe 
0.0 0.0 0.0 
4.68161E-08 6*48198E-Q8 8.19Q37E-OB 
5.4A199E-OR 7.59015E-08 9.59528E-OR 
0.0 0.0 a. o 

G GP N GP 23 N GP 26 N GP 27 N GP 2q N GP 29 N GP 31 N GP 32 N GP 3n 
1 n.0 n.0 0.0 0.0 0.0 0.0 0.0 0.0 

7 1.39508k-OR i.59YbnE-nR 2.5696jt-68 4.70959~-08 5.96046E-OR 1.31209E-07 1*91064€-07 2.224lOE-07 
A n.n n e 0  0.0 0 " 0  0.0 0.0 o e n  0.0 
9 R.lh027t-09 a.356b3E-08 1.50306F-01 2.75479~-07 3.48646E-07 7.67481E-07 1.1176OE-66 1*30094E?06 

Ill  0.0 6.0 0.0 0.0 0.0 0.0 n.0 0.0 
1 1  R.lh027t-flR n.35653E-nA 1.50306F-fl7 2.75479~-07 7.48646E-07 7.67481E-07 1.11760E-06 1.30094E-06 

6 GP 3 TMHii  G (.P 6 SAP€ AS AHOVE 



e 

e 
e 
e 

9 a 
d. QP 

1 

7 
8 

12 
13 u 
115 
Lb 

N GP 13 
0.0 

6.33250E-05 
0.0  

0.0 
3.45840E-08 
0.0 
11.0 
0.0 

N GP 6 
0.0 

A.lR139E-01 
0.0 

4.13243E-04 

0.0 
1.37717E-02 
0.0 

4 . 2 5 5 a 7 ~ 0 4  

N FP 14 
0.0 

0 . 0  
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

N GP 7 N GP 8 
0.0 0.0 

1.39005E-81 1.56883E-01 
0.0 0.0 

4e6091YE-04 5.42804E-04 
5.04684E-04 5.09284E-04 
o e n  0.0 
I . O ~ ~ Z E - W  1 . 8 0 9 3 5 ~ - 0 ~  
0.0 0.0 

N GP 15 
o * n  

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.n  

N GP 23 
0.0 

N GP 3 1  
0.0 

N GP 1 6 -  
010 

0 . 0  
0.0 

0.0 
0.Q 
0.0 
0.0 
0.0 

N C,P 2 4  
0.0 

N GP 32 
0.0 



O O n n a n O  
o o o o o o o o o  

00  0 (1 
00 a '1 
00 O U  
0 0  O U  
00  0" 
00  nu 
0 0  00 

00  no  
o o o n o n n n o  

OOnnnnO 

55;55555555*5 
55r5555545555 
35 
55 
55 
55r55555555c 
55c5555555555 

55 
c.S 

55 55 
55q5555555555 

5K55555K555 

s s s s ~ s ~ s s 5 s  
s s s s s s s ~ s s s s ~  
$5 ss 
5 s  
SS 
ssssssssssss 
ssssssssssss 

ss 
SS 

5s ss 
ssssssss~ssss 
ssss55sssss 

MY MM 
MMM MMM 
MMMhr MMMM 
MM MM Mi4 MM 
MM MM MM MM 
MM MM(Y H M  
MM M MM 
MM MM 
MY MM 
MM MY 
M M  MM 
MM MM 

/ /  1 1  
/ /  1 1 1  

/ /  1 1 1 1  
/ /  1 1  

/ /  1 1  
/ /  1 1  

/ /  1 1  
/ /  1 1  

/ /  1 1  
/ /  1 1  

/ /  1 1 1 1 1 1 1 1  
/ /  1 1 1 1 1 1 1 1  

44 
444 

4444 
44 44 

44 44 
44 1 4  

a4 44 ....* 
4L4444'444L4 . . . .e 

4 4 i 4 4 4 4 4 4 4 4 L 4  ....* 
44 ....e 

4 4  
14 

1 1  
1 1 1  

1 1 1 1  
1 1  
1 1  
11 
1 1  
1 1  
1 1  
1 1  

l i l l l l l l  
11 1 1 1 1  1 1  

uu uu 
uu uu 
uu uu 
uu uu 
uu uu 
uu uu 
uu uu 
uu uu 
uu uu 
uu uu 
UUUUUUUUUtJUUU 

UUlJUUUUUUUU 

7 77777 1 7 7 7 7 7 7  

77 77 
7rm7777777 

77 
77 

77 
17 

7 7  
7 7  

77  
7 7  
7 7  

666666666666 
6666686666666 
66 
66 
66 
666666666666 
6666666666666 
66 66 
66 66 
66 66 
6666666666666 

66666666666 

GGRGGGGGGGG 
GGGGGGGGGGGGG 

Rr, 
or, 
RG GGGGGGB 
Gc, GGGGGGG 
Gn GG 
GG GG 
fir, GG 
GQGGGGGGGGGGG 
GGGGGGGGGGG 

Rc, OG 

7777777777777 5555555555555 
77777777~777 5555555555555 
77 77 55 

l r  55 
77 55 
77 555555555555 
77 5555555555555 

77 55 
77 55 

77 55 55 
77 5555555555555 
77 55555555555 

33333333333 22222222222 
3333333333333 2222222222222 
33 33 22 22 

33 22 
33 22 

333 22 
e.... 333 22 
. . . e .  33 22 
. . e . .  33 22 
. . . .e  33 33 22 

3333333333333 2222222222222 
33333333333 2222222222222 



8 
A 

-1 
5 

PHOTOW INTEFAcTIoN CROSS SECTIONS 

1 
a 
3 
4 
5 
6 
z 
9 

1 0  
11 
12 
l3 
14 
15 
1 6  
1 7  

19 
20 
21 

e 

i e  

10s 

oT  

lslQQ00E 01 
1.0OOOOF 0 1  
8aOOQOQE 00 
7.00000E 0 0  
6.00000E 00 
5000000E 00 
4*00000€ QO 
3 .noooo~ 00  
2.50000E 00  

L.SOOOQE. 00 
1.oooooE 0 0  

2.0OOOOF 00  

7~ I! 0-00 QE-0 1 
4.50000E-01 
3.0000QE-01 
l.5OOOOE-01 
9.99999E-02 
6.99999E-02 
42 5 OQQOE-QZ 
3e00000F-02 
2000000E-02 

ARRAY 5 FNTRIEc RFAD 

SIG PE 

2.9054AE-OB 
3.95505E-06 
4.86732E-08 
5.74695F-08 
6.9786%-06 
8.93821E-06 
1.23736E-05 
1.69977E-05 

3.44117E-05 
6.30797E-05 
1.45418E-04 

1.45123E-03 
7,89173E-03 
4.19781F-08 
1,41098E-Ob 
5.21434E-Ob 

7.84057E 00 

2.27619E-05 

4.33E23E-04 

2aQ7501E 0 0  

4.93858E 0 1  

516 PP 

1.63810E-01 

1.09648E-01 
1.31387E-01 

9.52245E-02 
8.08234E-02 
6.34630E-02 

2.65031F-02 

6.36846F-03 
3.8903%-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0 . 0  

4.33364E-02 

1.57506E-02 

0.0 
0.0 

ENERGY nEP 

4r78339& 7.729206 0 0  00 

3.20092E 00 
3.866016 00 
2.537676 Q O  
2.199496 00 
1.843325 00 
1.56115E 00 
1.359436 00 
1.13897E 00 
R.85985E-01 
6.46649E-01 
4.520676-01 
?.92933E-01 
1.64319E-01 
4.02733E-02 
5.426036-02 
5.152778-02 
A.57771E-02 
1.93434E-01 
6.56467E-01 

\ 



10-29 

n
 

w
 

C
 

>
 

(3
 

!x w
 

z
 

w
 

L
T

V
 

O
C

 

I
1

 
k
' w

 
m

N
 

0
1
9
 

i
t
9

 
m

ac 

9
-
 

a
-
 

.. 0
0

0
o

C
C

c
0

0
0

 

~
5

0
3

0
0

3
0

3
0

 
.......... 

ul 
VI 
lJl 
0
 

!x 
U

 

z
 
0
 

k- C
 
I
 

x 

m
 

!- 

m
m

 
c
c
 

I
t

 
W

U
 

U
N
 

9
0

 
1

4
 

t-n
 

.. 
m
m
 

-
4

0
0

0
 

C
O

C
O

C
 o

o
o

c
o

3
 

o
o
c
c
c
o
 

L
L

L
L

L
L

L
L

L
L

b
L

L
W

L
L

 
e
o
o
o
c
 C

O
C

O
O

G
 

o
c

0
o

o
c

o
c

o
o

o
 

o
c

o
o

c
o

c
o

c
3

c
 

o
c

o
c

c
c

5
c

o
o

c
 

e
c

c
 C

C
C

 c
c
 u

c
u

 
-

-
m

c
~

 
..... ...... 

W
U
m
N
N
4
 o

d
4

4
4

N
N

N
N

N
 

s
5
3
0
5
c
c
~
3
0
 

1
1

1
1

1
1

1
l

1
 

LL 
LL iu lL, LL. IL 

LL li 
L
 LL 

o
c

c
o

c
m

u
 o
o
c
 

o
o
c
o
c
m
m
c
o
o
 

c
o

G
.

c
u

c
m

~
o

=
c

 
o

3
o

o
o

u
m

o
c

o
 

C
c

u
c

u
o

c
u

C
c

 
.......... 

r
r

f
-

4
t

m
c

m
G

.
t

m
N

 



\ 



10-31 

x
x

x
x

 
X

X
 

K
K
 

Y
X

 
x

x
 

x
x

 
x

x
 

>
I
x

 
X

 
X

 

x
x

 

m
m

ln
 

m
m

ln
m

 
m

ul 
m
m
 

m
u

7
 

ln
m

 
m

ln
 

m
m
 

m
m
 

m
m
 

m
m
 

m
m
m
 

M
 an 

* +I
-
 

+
I
-
*
 

+
IC

+
*

 
p

’p
’ 

h
i-
 

*
*
 

+
+

+
 

+
*

 
*
*
*
I
-
 

+
P
-
 

I-r-+
r-* 

*
+

 
+

-+
 

+
*

 
+
P
-
 

*
*
I
-
 

I
-
*
*
 

p
’ 
*
*
 

I
-
I
-
p

’
 

*
+

+
I
.
 

+
+

 
I
-
*
 

I
-
*
 

*
I
-
*
 

I
-
+

 
I-+*+ 

*
+

 
*
+

+
+

+
 

*
+

 
+

*
I
-
 

+
I
-
 

*
I
-
 

*
*
*
 

*
+

*
 

.... 
.... 
.... 
.... 
...* 

+
 

*
*
 

+
+

+
 

I-
p

’c
I-

 
I
-
+

 
*
I-

 
*
*
 

I
-
I
-
I
-
 

p
‘
c

 
p

’
I
-
h

k
 

+
I
-
 

p
’
+

p
’
+

p
’
 

*r- 
*+

- 
+

+
 

f-p
’ 

I
-
*
+

 
+

*
+

 

. 
.... 
.... 
.... 
.... 
.... 

1
3
3
3
3
3
3
 

C
O

O
0

C
0

0
t

 
G

O
 

6
0
 

C
C

 
C

G
 

c
o
 

c
c
 

3
0
 

0
0

 

o
c
 

0
3

 
c
c
 

C
D

 
c
c
 

c
c
 

0
0
 

0
0

 
0
0
 

c
c
 

W
O

O
a

.
O

C
0

O
 

o
o
o
o
o
c
 



10-32 

,
 

I- 

z
 

3
 

C
.( 

0
 

4
 

L
 

a
 

>
 

4
 
a
 

E
 

4
 

n
 

m
 

n
 

4
 

LL 
a
 v
 

w
 

I- z 

n
 

C
.( 

a
 

>
 

a
 

U
 

M
 * a
 
a
 

0
 

4
 

LL 
a
 v
 

W
 

U
 
t
 

z
 L
 

w
 

m
 

>
 

4
 
a
 

a
 

4
 

M
 v, 

I- O
 

I
 

I
 

w
 C
 

W
 

V
I 

0
 

W
 

c' 
z
 3
 
3
 

-1
 
0
 

IA
 

l-4
 

W
 

-%? 
c
 

+
 

4
 

W
 

V
 
a
 

i
 

-I 

3
 
I
 

+
I
D
 

4
 

t- a 
n
 

z
 
0
 

I- 
3
 

ll 
z
 

a
 

4
 

5 0 V
 



RRPHRPRRRRRP 

RR R H  
R R  R 
RR H H  
R R R H R R R R 9 H R H ~  
RRRRHRRRQHRR 
RR PR 
RR RH 
RR RH 
RR R k  
RR R h  

RRRRRRRRW?RW 

OOnnnnO 
ooooonooo 

00 on 
00 0 0  
0 0  ou 
00  OU 
0 0  0 0  
00 00 
00 00 

00 00 
oOOnnnnO0 
OOOO0"O 

nDODnDDnDDnD 
DDDDDODnUDDDD 
no D 1) 
no DO 
nr, OD 
DD DD 
n I) DD 
n L) DIJ 
on DD 
on DD 
rmDDDDDnDDnDD 
n UDODDOD UDD D 

4 4  
4 4 4  

4 4 4 4  
4 4  4 4  

4 4  4 4  
4 4  4 4  

;;4 lL4 ....a 

4 1 4 4 4 4 4 4 4 4 4 4  . e . . *  

4 6 4 4 4 4 4 4 4 4 4 4 4  . . . .a 

1+4 . . . .e 

EFEFFEEEEFFEE 
EEEFEEEEFEEEE 
EF 
EE 
EF 
E€EFEEEEE 
EFFFEFFEE 
EE 
EF 
EE 
EFEFFEEEEFFEE 
EFEFEEEEEEEEE 

1 1  
1 1 1  

I 1 1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  

1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1  

727.22222222 
2227222222222 
22 22 

22 
22 

72 
27 

22 
22 

22 
2222222222722 
2227222222222 

7777777777777  
777777777777  
7 1  7 7  

7 7  
7 7  

7 7  
77 

7 1  
7 7  

77 
7 7  
7 7  

33333333333 
3333333333333 
33 33 

33 
33 

333 
333 

33 
33 

33 33 
3333933333333 

33333337333 

..... ..... 
e.... ..... 

7 7  77  
77  

77  
77 
77 

77  
77  

77 
77  
77  

1 1  
1 1 1  

1 1 1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  

1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1  

5555555555555 
5555555555555 
55 
55 
55 
555555555555 
5555555555555 

55 
55 

55 55 
55555555555555 

55555555555 

0 0 0 0 0 0 0  
0 0 0 0 0 0 0 a 0 

00  00  
00  00  
00  00 
09 00 
00  00 
00 00 
00 00  

00 00 
000000000  

0000000  



CHECKIYG TOLEHANC63 l.0OOnOE-03 PER CENT 

& M Y 3  NllCLI!?L E249 HYDROGFN 1269 
HAS THE FOLLOYIMG D A T A  
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2 2-0 GAMMA PRBCFSSES 1 2-0 NEUT-TO-GAYMA PROEESSES 
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10.2.  Problem 2 

This  i s  an  XLACS c a l c u l a t i o n  which accesses f a s t  and thermal  sa,^) 

ENDF/B d a t a  t o  make 123 group P3 neutron c r o s s  sec t ions .  

f o r  hydrogen and n i t rogen  are used wi th  t h e  hydrogen weighted over a com- 

ENDF-IV d a t a  

p o s i t e  spectrum c o n s i s t i n g  of a f i s s i o n  spectrum t i e d  t o  1 / E  t i e d  t o  a 

Maxwellian thermal spectrum; n i t rogen  i s  weighted over a l / E C t  spectrum 

f o r  a i r .  A free gas ke rne l  i s  ca l cu la t ed  i n  the  bottom 30 groups f o r  

n i t rogen ,  and a water bound ke rne l  is  used f o r  hydrogen. Both thermal 

ke rne l s  are a t  room temperature.  

This  case used 410K b y t e s  of s to rage  and 3.11 minutes of CPU t i m e  on 

t h e  IBM 360/91. 

The inpu t  da t a  f o r  t he  case are given on t h e  fol lowing page wi th  

t h e  abbrevia ted  output  fol lowing t h a t .  



THIS IS THE TOP OF AMPX 

MOBULE xLACS nGS REEN rAL\ ED 

SdMRLE PR09LEM 2 
ENDF/B VFRSION I V  
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NITROGEN 
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T STANDPRD S T R U C T U ~ E  IJSEn 
HYDROGEN V 4 ( 1 2 6 9 )  F I s s - ~ ~ E - v A X  WT 
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73** 296 1 

MOOLILE X L A C S  IS EIINJSHFD. USER CODE 00E6 SYSTEM CODE 000  

MODULE R ~ D E  HAS REFN rALl  EO 

1JS 23 F T 

MODULE RbnE I 8  FINISHFD. USER CODF 0000  SYbTEM CODE 000 
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CALCUl A T T W  HPS HFEM PERFORMED A T  796.0 DEGREES KELVIN 
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NO FILE 3 D A T A  F O R  M i T E R I A t  1275 R E A C T T O N  P l S - - - T A P E  S E A R C H E D  T O  MAt.1275 MF= 3 MT= 251 
J 4 4 1 L E 3 - D A J i I n B  MbT€ELLAl 1275 REAcT~QLU~CZ-JAFE SEARCHED T O  M A T r 1 2 7 5  MF= 3 MT= 251 

NO FILE 3 D A T A  F O R  M ~ T E R I A I  1275 RFACTION P A 7 - - - T A P F  s E A R C H F D  T O  M A T t 1 2 7 S  M F r  3 M T =  251 
NO El!& L D A T A  FOR M & T E S I A I  1275 B E A C T L O N  ld&----.TA!% S E A R C H E D  T O  M A T = l 2 7 S  MF= 3 MT= 251 
NO FILE 3 D A T A  F O R  M d T E R I A l  1275 R E A C T I O N  k 1 9 - - - T A P E  S E A R C H E D  T O  M A T r l 2 7 S  MF= 3 MT-s 251 

E L A P S F D  TIME 2-64 MIN. 
_bl&.EIELiDMk-F~ M g T - E R I A t  12L5 R.EAC.TLON 1_7.~---iAE S E A R C H E D  TO M A T 1 1 2 7 5  MF= 7 MT= 4 
N O  FILE 5 D A T A  F O R  M A T E R I A I  1?75 REACTION l H - - - I A P F  S E A R C H E D  T O  M A T - 1 2 7 5  MF= 7 MTI 4 
No F L ! J ! 5  Q A T A F B R  M A T E R I A (  1 2 E  R E A C T L O N  2 2 y - r T A P E  S E A R C H E D  T O  H A T s l 2 7 5  M F X  7 M T =  4 

_ N o _ F L L E L B A T A  F O B  M d T E R I A l  1275 R E A C T L O N  E4--:TAPE SEARCHED T O  M A T 1 1 2 7 5  M F =  7 M T -  4 
NO FILE 5 D A T A  F O R  N n T E R I A t  1275 R E A C T I O N  2 5 - - - T A P E  q E A R C H F D  TO M A T r 1 2 7 5  MF= 7 MT= 4 

. U € L L E  5 Q A T A € ~ R _ M ~ T E S I A I  1275 R E A C I L O N  2fl---.LAPr 5 E A H C H E D  TO M A T z l 2 7 5  Y F =  7 MT= 4 

NO FILE 5 D A T A  F O R  M i T E R I A l  1275 R F A C T I Q N  L 3 - - - T A P E  s E A R C H F D  TO M A T = 1 2 7 S  MF= 7 MT= 4 

ELAPSFD TIME 2-76  MIN. 

A T&RHAL. S C A T T F R I M G  C A L C U l  A T T O N  H A S  BEEN R E R F O R M E D  A T  296.0 D E G R E E S  K E L V I N  

ELAPSED T I M E  2 -77  M I N .  

IDENTIRICATION NUMBER 

1269 
1275 



ONE OXMFNSION ~VFRAGFS FOR HYnHOGFN V4(1269) FISS-]/E-MAX WT IDLNTIFIER 1269 

XSEC In 1 
GRP. 
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11 
f.2 
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34 
35 
36 
37 
38 
3 9  
4n 
4 1  
4 2  
43 
44 
4 s  
46 
47 
4R 
49 
50 
5 1  
52 
53 

55 
5 6  
57 
58 
59 

c. 39 

27 

2.96853~-05 
3.o4305E-05 
3.1404OE-05 
3.2P374E-05 
3.29632E-05 
3.3579YE-05 
3.48575E-05 
3.51410F-05 
3.59681E-05 
3.5Y2n3E-uS 
3.62744k-05 
3.636~5t-!I5 
3,630p6E-05 
3.61456E-05 
3.59574E-05 
3.57693E-05 
3.54798E-05 
3.5083HE-05 
3,472R9E-05 
3.44376E-US 
3.48617E-05 
3.42Y71E-05 
3.412996E-05 
3.43638E.-05 
3,44535E-05 
3.44331E-05 
3.444R6E-05 
3.45449E-05 
3.47155E-05 
3.497nRE-05 
3.54920t-05 
3.6d907k-05 
3.70644E-05 
3.76985E-05 
3.8704lE-05 

4.71184E-05 
4.4E696E-05 
4.67557E-05 
4.95472E-05 
5.27575E-05 
5.63635E-05 
6.04898E-05 

4.n2798E-05 

6.51607E-05 
7.n3436E-05 
7-59810E-05 
8.20159E-05 
8.A8469E-05 
Y.5@260E-05 
1.08803t-O* 
1.3045TE-04 
1.58544E-04 
1.Bbl44E-04 
2-!93?7E-04 
2.6UZOOE-04 
3.n9YyYk-04 
3.58460E-04 
4.18138E-04 
4.A6370E-04 

1 0 1  

2.96853F-05 
3.04305E-05 
3.14n4ot-05 
3.22334F-05 
3.29632F-05 
3.35799F-05 
3.42575E-05 
3.5141OF-05 
3.5568 1 F - 05 
3.59203F-05 
3,62744E-05 
3.63695F-05 

3.61456F-05 
3.59574F-05 
3.57693F-05 

3.50A3flE-05 
3.47289E-05 
7.4 4 3 7 hF - 0 5 
3,4261 7F-05 
3.42931t-05 

3.4363PF - 05 
3.44535F-05 
3.44331F-05 
3.444AhF-05 
3.45449F-05 
3.47155F-05 

3.5492OE-05 

3.70644E-05 

3.87041F-05 

3,63n26~-05 

3.54798E-05 

3.42996F-05 

3 . 4 9 7 n ~ ~ - n 5  

3.62907F-05 

3 . 7 6 ~ 8 5 ~ - n 5  

4.0279RF-05 
4.21184E-05 

4.67557E-05 
4.95472F-05 

5.63635F-05 
6.04898E-05 

7,03438E-05 
7.598105-05 
8.20159F-05 
8.85469E-05 
9.56260E-05 
1.08R03E-04 

4.42696E-05 

5.27575E-05 

b.51607E-05 

1.30457~-04 
1.56544E-04 
leM6144E-04 
2,19??7F-O& 
2.60200E-04 
3.05999F-04 
3.5846nE-04 
4.1813SF-04 
4.H637nF-04 

1 n2 

7.96853E-05 
3.04305E-05 
3.14040E-OS 
3.22334E-05 
3.2Y632E-05 
3.35799E-05 
3r42575E-05 
3 . 5 1 4 i n ~ - 0 5  

3 . 6 2 7 4 4 ~ - ~  

3.S56RlF-05 
3.59203E-05 

3.63695F-05 
3.63026F-05 
3r61456E-05 
3.595746-05 
3.57693F-05 

3.5083AF-OS 
3.47289F-05 
3.44376E-OS 
3.42617E-05 
3.42921E-05 

3.4363HF-OS 
3.44535E-0s 
3.44331E-05 
3.4448hE-05 
3r45449E-OS 
3041155E-05 
406970flF-05 
3.54920E-05 

3r70644E-05 
3.76YR5E-05 
3r67041E-05 
4.0279AE-05 
4 ~ 2 1 1 8 4 E - 0 5  
4.42696F-05 
4.67557E-05 
4.95472E-05 
5027575E-05 
5063635E-05 
6r04898E-05 
6051607F-05 
7r03438E-05 
7.59810E-05 
8r20159E-05 
8.85469E-05 
9r56260E-05 
1 08P03E-04 
l r30457E-04 
1,56544E-04 
1.86144E-04 
Pa19727F-04 

3005999E-04 
3r58460E-04 
4r18138E-04 

3 .54798~-0s  

3.42996~-05 

3.629n7~-05 

2.6020DE-04 

4.5637OF-04 

1099 

4.8n120F-03 
1.144Y4E-02 
2.64734E-02 
5.40489E-OB 
1.01698E-01 
1.17674E-01 
2.9n357E-01 
4.46423E-01 
6,49887E-01 
8.99889E-OB 
1.1V133E 0 0  
1.5138RE 00 
1.85401E 00 
2.19587E 00 
2.52277E 00 
2.8?054E 00 
3.07516E 0 0  
3.2R173E BO 
3.42639E 00 
3.51384E 00 
3,54923F Qo 
3.52543E 0 0  
3,45450E 00  
3.34257E 00 

3.03280E 00  
2.84789E 00 
2.65276E 00 
2.45212E 00  
2.25119E 00  
2.05411E 00  
1.86428E 00 
1.68300E 00 
1.51270E 60 
1.35417E OQ 

1.07331E 0 0  
9.51141E-01 
8.40190E-Ot 
7.4n808E-Ot 
6.51274E-01 
5.71797E-01 
5.0n729E-Ok 
4.37895E-01 
3.8?491€-01 
3,37660E-08 
2.Yn665E-01 
2.53829E-01 
2.19576E-Ob 
4.3n294E-OE 
3.0n7Y4E-01 
2.49999E-63 
2.5nOOoE-OP 
2.49999E-01 
2.5n000E-01 
2.5n000E-Bk 
2,5nOOOE-Ok 
2.5n000E-OP 
7.50000E-Ok 

3.20081E 00 

1.2n726E 00 



60 a 
6 2  
63 
64 
65 
66 
67 
6 0  
49 
70 
?a 
7 2  
13 
7 4  
3s 
7 6  u 
78 
?3 
80 

8 2  
€I3 
84 
85  
8 6  
411 
88 
as 
90 
%l 
9 2  
QZ 
94 
Q5 
9 6  
Kt 
9 8  
Q9 

160 
LBL 
162 
m 
104 
lQ!i 
l a 6  
uF7 
1QR 
LBS 
110 
Ill 
112 
1U 
114 
115 
116 
u 7  
118 
ll9 
120 
e1 
122 
la3 

5.63204E-04 
6.49973E-04 
7.47355E-04 
8,55849E-04 
9.76850E-04 

1.4149AE-03 

1.11003E-03 
1.25582E-03 

1.59472E-03 
1.80331E-03 
2.04471E-03 
2,31843E-03 
2.62880E-03 
2,98071E-03 
3.37973E-03 

4.34517F-03 
~ m i a 6 ~ - 0 3  
5.58475E-03 
ha32859E-03 
7.17140E-03 

3*83217E-Q3 

8.12643E-03 
9.20R65E-03 
1.04350E-02 
1.18247E-02 
11339945-02 
1.51838E-02 
1.72059E-02 
1.94972E-02 
2~2Q937E-02 

2 ~ 8 3 7 0 2 E - 0 2  
3.21484E-02 
LL64 0 66 E- 0 2 

2.50360E-02 

3.9531RE-02 

4.3122hE-02 

4.81071E-02 
L 1 2 6 6 9 E - 0 2  

4 .1309a~-02 

42 5224 1E-0 2 

5.45785E-02 
5a 81496E-02 

6 ~ 8 2 9 6 4 F - 0 2  

8 ~ 3 8 6 1 2 E - 0 2  

6.26664E-02 

7.48817E-02 

9.27728E-02 
L 00927E-0 1 
1.11712E-01 
1 ~ 2 1 2 2 7 E - 0  1 
1.28187E-01 
1 ~ 3 6 5 0 7 E - 0 1  
1.46RRSE-01 

5463204E-04 
6 0  49973E-04 
7e47355E-04 
8 ~ 5 5 8 4 9 E - 0 4  
9.76850E-04 
1011003E-03 
1.25582E-03 
1.41498E-03 
1.59472E-03 
1e80331E-03 
2004471E-03 
~ . 3 i a 4 3 ~ - 0 3  
2.62880E-03 
2.98071E-03 
3437973E-03 
3.83217E-03 
4.34517E-03 
4e92686E-03 
5 ~ 5 8 4 7 5 E - 0 3  

7e17140E-03 
8r12643E-03 
9.20865E-03 
1 ~ 0 4 3 5 0 E - 0 2  
1.18247E-02 
1,33994E-02 
1.51838E-02 
1*72059E-O2 
1*9497?E-02 
2.20937E-QZ 
2.50360E-02 
2.83702E-02 
3.21484E-02 
3*64066E-02 
309531RE-02 
4r13098E-02 
4r31226E-02 
4*52241E-OE 
4081071E-02 
5<12669E-02 
5045785E-02 
5081496E-02 
6.26664E-02 
6s82964E-02 
7048817E-02 
8.38612E-02 
9027728E-02 
1.00927E-01 
1.11712E-01 
l rZ1227E-01 
1.28187E-01 
1*36507E-01 
1046885E-01 
1.60113E-01 
107722RE-01 
1e93038E-01 
2*07551E-01 
2 25934E-0 1 
2049682E-01 
24832535-01 
3.35617E-01 
3.997995'01 

6 r 3 2 e 5 9 ~ - 0 3  

4672878E-01 
6r09932E-01 

2.>O000t-OL 
2.50000E-Ok 
2.50000E-01 
2.49999E-03 
2.SnOooE-01 
2.5nOOo~-Oh 
2.50000E-OB 
2.50000E-Of 
2.50000E-OP 
2.50000E-01 
2.50000E-0k 
2.50000E-OP 
2.50000E-0k 
2.50000E-01 
2.50000E-01 
2.50000E-OP 
2.49999E-01 
2.5 0 0 0 OE-0 L 
2.50000E-OP 
2.50000E-QP 
2.5O000E-OE 
2.50000E-0) 
2.SnOOoE-of 
2.50000E-Qt 
2.5000OE-01 
2.49999E-Ql 
2.50000E-Ob 
2,49999E-0 L 
2.50000E-0k 
2.5000OE-OA 
2.50000E-0€ 
2.50000E-0 P 
2.50000E-OB 

8.40834E-03 
9.190_12E-41 

I. lOoO1E-o~ 

2.47522E-01 

8.0n425E-02 

1.36859E-Ob 
3.177836:08 
1.32389E-01 
1 a 2 121 3E-0 1 
1.7718OE-Ok 
1.67054E-01 
2.0n670E-OP 
2.51314E-01 
1.54151E-Ob 
1.623221E-tl k 
2,23143E-0k 
1.05361E-01 
1.17783E-Ob 
1.33531E-01 
1.67651E-OB 
2*80821ErQL 
4.96786ri-oh 
3,670085-01 
4.67644E-Ob 
5 .a 2234E-01 
7,00141E-01 
0 . 0 ~ ~ 3 3 ~ ~  
8 .38257~-01 
3,93553E-Ob 
3,40495E-01 
2,46942E-Jk 



Po THE 

1 
3 
3 
4 
5 
6 
7 
e 
9 

11 
12 
13 
14 
15 
16 
17 

i o  

1 
2 
3 
4 
5 
h 
7 
fl 9 

1 0  
11 
12 
13 
14 
15 
16 
17 
1 R  
19 
20 
21  
22 
23 
24 
25 
E6 
27 
28 
29 
30 
3 1  

GRP. 96 
941 00096 

6.74466E-LQ 
7.22194F-88 
1.93372F-05 
9.42807€-03 
2.0824% 00 
1.62233E B O  
1.34436E 00 

RHP. 11-14 
94 1231 04 

7 . 8 0 35 7 E- 0 I 
2.9h97BE-07 

2.87618F-87 
3 .19426~-07 
3.95002E-07 
5 .n7068~-07 
6.64426F-07 
8.83709E-07 
1.1973ZE-06 
1.89037E-86 
3.62346F -Oh 
7.09255E-06 

?.8?7QYF-05 
5.7370YE-03 
1.91687E-84 
1.?3412F-83 
7 12912€-03 
1.15376F-81 
5.Y5277E 0 0  
3.96366E 0 0  
3.157366 00 
2.32460F 00 
1.96733F 0 0  
1.RR97YF 00 

1.46545E (30 
1.32937E 00 
1.22063E 0 0  
1.11831E 0 0  

GHP. 112 
Y4 1231 l e  

1.4075a~-05 

1 .66194~ a o  

1.26390E-01 
1.77900F-61 
1.30032F-01 
1.50809t-01 
1.98034E-61 
2.67009F-81 
3.5984SF-01 

FISS-l/F-MAX 

GRP. 97 
941 n l n 9 7  

2.4870sF-09 
1.57156~-07 
1.97878~-05 
5.33905~-03 
2.64167~ 00 
2 .20579~ 00 
1 .85209~ 00 
1 .53693~ no 

GRP. 105 
94 1231 05 

1 .40864~-05 
1 .47347~-05 

1.45897~-05 
1 * 6 3 8 4 8 ~ - 0 5  
2.05999~-05 
2,68968~-05 
3.59352~-05 
4.86422~-05 
6.64513~-05 
1.06278~-04 

4.03455~-04 
8.05652~-04 
1,66496F-03 
3.411?8~-03 
1.03003~-02 
6 57 69 OF- 0 7 
4.44285~-01 
7.40570: on 
4.75857F 0 0  
3 .68768~ 0 0  
2 . 7 3 3 4 9 ~  00 
2 .21269~ no  
2 . 1 2 8 0 5 ~  00 
1 .87818~ 00 
i .656;2 .0~  on  
1 .46280~ 00 
1 ,32132~ 0 0  
1 .21315~ 0 0  
1.11239~ 0 0  

GRP.  113 

2.06020~-04 

941731 13 

3.039n3~-01 

2 .903?5~-01 
2 .85193~-01 

3 .52470~-01 
4.52210~-01 
5 .61197~-01 
7.48344~--0 1 

WT 

GRP. 98 
94 1030Y8 

2.56922E-10 
1.77747E-08 
1.23701E-06 
9.45314E-05 
1.19452E-02 

2 . s 7 n 7 2 ~  n o  
2 . 1 7 7 8 5 ~  n o  
i . 8 4 ~ 0 i ~  on 

3.11668E 00 

1.R6281E 00 

GRP. 106 
941231 06 

1.38142t-04 
1.31782E-04 
1.36480E-04 
1.5367bE-04 
1,94119E-04 
2.5365HE-04 
3.38151E-04 
4.57832~-04 
6.77663E-04 
1.01537E-03 
2.0087OF-03 
3.76969E-03 
7.0994OF-03 
1.43364E-02 
2 . 9 3 ~ 2 5 ~ - n 2  
i . n 2 2 1 7 ~ - 0 1  
h.11951E-01 
7,2796YE 0 0  
3.15237F 00 
T.08629F 00 
1.6751RE 0 0  
1 . 2 8 ~ 9 3 ~  on 
1.19455E no  
1.05254F 0 0  
9.36436E-01 
R.22514E-01 
7.22310E-01 
6.5 7 6 9 2 ~ - 0 1  
6.01195E-01 
5.48HRZt-01 

GHP. 114 
94 1231 14 

6.74313E-01 
6.5C?3AOE-01 
h.78OhlE-01 
7.511fl4E-01 
9.12020E-01 
1.19033E no 
1.74577E 00 

GQP. 99 
94104099 

5.36102F-08 
3.56244E-06 
3.04665E-04 
2.25469E-02 
2.85066F 0 0  
2.2573% 00 
~ . A O O ~ ~ F  on 
1.53706E 0 0  
1.54239f 0 0  
1.41237E 00  

1 .296e4~-09 

GHP. 107 
941231 07 

1.04643E-03 
9.9926OF-04 
1.03660F-03 
1.17259E-03 
1.49349F-03 
1.99348F-03 
2.66491E-03 
3.61831E-03 
4.7A398E-03 
7.26026E-03 
1.37544F-02 
2,74004F-07 
5.50996F-O? 
1.17185F-01 
2.36568F-OP 
7.43146F-01 
M.3A828~ on 
3.69851F on  
2.82037E o n  
2.18275F on 
1.59399F 00 
1.27785F on 
l . lR656F 0 0  
1.04637F 00 
9.24328F-01 
8.12046E-01 
7.14559E-01 
6.4907flF-01 
5.94525F-01 
5.44554F-01 

G4Pc 115 
94123115 

5 . 6 7 ~ 1 7 ~ - n i  

5 .37n07~-01 

i . 2 4 8 2 0 ~  no  
2 . 3 4 5 9 2 ~  no  

S.31288F-01 

5.91497E-01 
7.85654F-01 

GRP. 108 
94 1061 O D  

2.97034E-LO 
4.11762E-09 
1.57004E-87 
4.91355E-06 
5.45468E-84 
4e38395E-82 
3.36774E Q O  
7.62314E 00 
2107834E 0 0  
1.66365E 00 
1.67005E 90 
1.52782E 80 
113923% S O  

GWP. 106 
94123109 

8.70215E-83 
7.91154E-63 
4.03641E-03 
8.A6015E-03 
1.08631E-02 
i . ~ 8 6 8 6 ~ - 8 2  
1.94697E-82 
2e51262E-92 
3.45568E-82 
5r55458E-02 

2.?0515E-01 
4.44327E-01 
9.40340E-01 
Pe97910E Q O  
9.96295E GO 
4.75256E 0 0  
3.61830E 00 
2.58707E 00 
1.98569E 00 

1.74270E 00 
1.16260F 00 
1.n2982E 00 

7.Q8553E-01 

1.09035E-01 

1 . 5 1 3 2 2 ~  on 

9.07572E-01 

7 .02895~-01 
6.7920RE-81 
5.A4095E-01 
5.33280E-01 

GHP. 118 
04 123 11 6 

7.39669E-01 
heA7904E-01 
7.09599E-01 
9.476A2F-01 
1 . 3 5 9 4 ~ ~  on 
2 . 6 2 9 3 2 ~  on 
5.72225E 00 

* *  2.9605 02K IDENTIFIER 1269 

SRP. 101 
941 091 o 1 

1.54102E-10 
5.03052E-10 
3.00794E-09 

2.40469E-07 
1.04194E-05 

3.65282E-02 

1.82963E-OA 

5 1  Q414ZE-U4 

3.57949~; no 
2 . 4 6 2 2 8 ~  00 
1.99DBQE 00 
1.52751E 00 
1.47871E 0 9  
1.34505E 00 
1.23058E 0 0  
1.12664E 00 

GRP. 109 
94 123k 09 

1.15104E-02 
IeO8943E-02 
1.12838E-02 
1.27573E-02 
1.64052E-02 
2.18724E-02 
2.96411E-02 
4.06288E-02 
5.61352E-02 
9.12572E-02 
1.80834E-01 
3.40160E-01 
6.56490E-01 

7.90798E 00 
2.27854E 1.77453E 0 0  0 0  

1133252F 0 0  

1 . 8 7 6 8 9 ~  on 

1.09731E 00 
7.61143E-01 

5131334E-01 
S.88683E-01 

4.56125E-01 
4.04410E-01 
3.56679E-01 

2.75648E-01 
2.49202E-01 
2.27925E-01 
2.08196E-01 

3r11987E-01 

GRP. 117 
94123117 

9.07380E-01 

1 . 0 1 7 0 0 ~  on  
R.90658€'01 

1.45914E 0 0  

6.61457E 00 
2.95912E 0 0  

1.37388E 0 1  

\ 



94 1211 20- 
5.9061TE 00 
- 9,79127E ___-_ 80 

___ 

1.57240E 81 

5.02791E 00 
1 094% -01- 
4.40741E 00 
1.95135E 00 
1.55152E 00 
1.40240E 00 
1.1R661E 00 

7.89656E-01 
6.40271E-01 

1.00157E 00 

S .O~~QIE-~ I  
3.81385E-01 
2.83395E-01 
2.469865-01 
2.OR097E-01 

1.60515E-01 
1.41526E-01 
1.239815-01 
1,09240E-01 
9,138464E-02 
9,05997E-02 
8,27948E-02 

1,81280E-01 

GRP. 123 
94 123123 

3.62588E 01 
1.17447E 0 1  
4.97506E 00 
1.76094E 00 
6.28664E-01 
4.lR438E-01 
3.9645%-01 
4,04812E-01 
3.98722E-01 

2.71564E-01 

1.85743E-01 

1.44211E-01 

9.8343%-02 
7.84641E-02 
5.93833E-02 
4.93632E-02 
4.19042E-02 
3.64909E-02 

2.8R785E-02 
2.56969E-02 
L.26467E-02 
1.99644E-02 
1.81446E-02 
1.64245F-02 
1.52080E-02 

3.51243E-01 

2.19416E-01 

1 . 5 9 2 8 7 ~ - a i  

1.31611E-01 

3.22498E-02 



ONE DIMENSION ~ V E H A G F S  F o Y  NITROGEN-14 V4(1275) A I R  WFIGHTING 

XSEC I D  1 
GRP. 

1 
7 
3 
4 
5 
6 
7 
8 
9 

11 
17 
17 
14 
15 
16 
17 
1 A  
19 
20 
21  
2 1  
23 
24 
a5 
26 
27 
2R 
29 
3n 
3! 
32 
33 
34 

i n  

35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
4A 
49 
5 0  
5 1  
5 2  
5 3  
’44 
55 
56 
57 
5R 
5 9  

6 

4.2YQ18t-01 
4.14071E-01 
3.78637E-01 

2.1174OE-01 
3.n9933f-01 

~ . n 1 9 ) 1 E - 0 1  
2.08148t-01 
1.67266E-01 
1.23368E-01 
6.87945E-02 
4.66564t-02 
3.72302E-02 
1.604elE-Ud 
8.494]1€-03 
5.69851€-03 
3.?4221E-03 
1.49J23E-03 
4.788R7k-04 
0.0 
0.0 
0.0 
0.0 
G.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1, 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.n 
0.0 
0.0 
0.0 
0.0 
d.0 
0.9 
0.0 
0.0 
0.n 
0.n 
0.n 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

16 

b.85651E-03 
2.94567E-03 
2.77768F-04 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0 0 

0.0 
0.0 
0.0 
0.0 
0.0 
0 * 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 0 
0.0 
0 1) 

0.0 
0.0 
0.0 
0.0 
0 - 0  
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

27 

?*45527k-01 
2.523A4F-01 
2.34064E-01 
2.16146E-01 
l r88398E-01 
1.75432E-01 
1.96069F-01 
1.74024E-01 
1.80162E-01 
1.64102E-01 
2.1Y205E-01 
3.00825F-01 
4.03651E-01 
3.8702?E-01 
3.77P92E-01 
3.23851E-01 
2.51610E-01 

1.13259F-01 
9.89090E-02 
6.78579E-02 
9.39497E-02 
5.48219E-02 
l r61054F-01 
4.14165E-02 
1.16603E-02 
7.1b139E-03 
9eS6hR3E-03 
1e00061E-02 
1.874hlF-02 
5047674E-02 
1.4119RE-01 
1.69650E-02 
I re660 3F-02 
6064253E-02 
2.30319E-03 
1.55239E-03 
1*54773F-03 
1.54333E-03 
1053894E-03 
1.5357%-03 
1.53328E-03 
1.53164E-03 
l r53045E-03 
1.52964E-03 

1053175E-03 
1r53737E-03 

1e54211E-03 
1.56420E-03 
1058511F-03 
1464035E-03 
l r75641E-03 
1088110E-03 
2,07RO!E-O3 
2432061E-03 
2 ~ 6 1 6 8 4 E - 0 3  
2.96509E-03 

i . ~ 5 6 6 n ~ - o i  

1 .53021~-03 

1.535nw-03 

, 

101 

2.45527E-Of 
2.5?384E-01 
2.34064E-01 
2.16146E-01 
1.8S398E-01 
1.75431E-01 
1.96069E-01 
1.74024F-01 

1.64102E-01 
2.19205E-01 

l.Mn162F-01 

3 .nnA25~-01 
4: 0765lE-0 1 
3.87022E-01 

3.23851E-Ok 
2.5161OE-01 
1.55660E-01 
1.13258E-01 
9.69090E-08 
6.7A579E-02 
9.39497E-02 
5.4@219€-08 
1.61054E-Ob 
4.14165E-02 
1.16803E-08 
7.16139E-03 
9.55683E-03 
1.00061E-08 
1.87461E-02 
5.47674E-0d 

3 . 7 7 8 9 z ~ - o i  

1 , 4 1 1 9 8 ~ - 0 ~  
1.6965OE-08 
1.86603E-08 
6.64253E-09 
2.30319E-03 
1.55239E-03 
1.54773E-09 
1.54333E-09 
1.53894E-09 
i . ~ m ~ - 0 9  1.53575E-09 

1.53168E-03 
1.53045E-09 
1.52964E-03 
1.57021E-09 
1.53175E-09 
1.57337E-03 
1.53508E-03 
1.54211E-OJ 
1.56429E-09 
1.5R5llE-09 
1.64035E-09 
1.75641E-09 
1.8RllOE-09 
2,07841E-09 
2.32061E-03 
2.61684E-09 
2.96509E-09 

102 

1.57636E-05 

1.92592E-05 

1.92RSZE-05 1.57338E-n5 

1.82263b-05 
1.37692k-05 
1.56089t-05 

1.55813L-05 

1.8158OL-05 
2.32094k-05 
2.53929t-05 

1.43611k-05 

1.86271t-n5 

2.14112t-05 

2.24318E-05 

1.1269%-05 

2.21449k-05 

1.69600E-05 

2997577E-05 

2.16138k-05 
2.59867k-05 

3.34125E-05 
3,60264k-05 
3.67209E-05 
3r51964k-05 
3.23943k-05 
2e91919k-05 
2.6799l t -05 
2.645SbE-05 
2.61274t-05 
2.5830et- l l5 
2.554756-05 
L 5 3 169E -45 
2.50981E-05 
2349 QZ7 E- 0 5 
2.47071k-05 
Zr45473E-R5 
2 -44 044E-05 
2r42715E-05 
2.41441k-05 

2r47428E-05 
2.60Q83E-05 
2.73392E-05 
2d31396E-05 
3002069E-05 
3 * 175 18L-05 

U D  48Rk - 0 5 

3.33758E-n5 
3rS0829E-05 

4.33699E-05 
4.91239E-05 
5956772E-05 
6.30545E-05 
7.14298E-05 
B.09165E-05 
9.16820E-05 
1.03859E-04 
la17653E-04 

~ . R z ~ o ~ E - o ~  

103 

4.1718~E-02 
4.95794E-02 
4.83923E-02 
4.79678E-02 
4.45434E-n2 
3.62511E-02 
2.5116%-02 
1.97396E-02 

2.58843E-02 

3.42097E-02 

6.02908E-02 

3.4845%-02 
8.69746E-02 
5.02656E-02 2.94454E-02 

2.55774E-02 
1,3571%-n2 
1.76791E-02 

1.31120E-01 
3.06519E-172 

5.7 1 6 6 4 E - n 3 
9.35233E-03 

1.8641%-02 

1.41112E-01 

1.85897E-02 

2.24544E-03 

2.3586JE-02 

2099514E-02 

5.12308E-02 

4.11106E-02 

3.2833bE-02 

8r05245E-03 

9.89062E-03 

5i.46726E-02 

1.68871E-02 

6.63612E”OZ 

1.49YRJE-03 
~ . ~ o o o ~ E - o ~  
1,50000E-03 
1.49960E-03 
1.500OOE-03 
1.50000E-03 
1.500005-03 
1.5000JE-03 
1.50014E‘03 
1.5000UE-03 
~ . ~ o o o o E - ~ ~  
1.50U0UE-03 
1,50000E-03 
1.50383E-03 

1.53598E-03 
1,58468E-03 

1,5208jE-03 

1.69335E-n3 
1.8096!E-n3 

2.51298E-03 
2.84744E-n3 

1.9974%-03 
2.22893E-93 



60 
61 
6 2  
63 
6 4  
65 
66 
67 
6 8  
69 
TO 
ZJ 
7 2  
E3 
24 
Ei 
76 
n 
'F8 
ZQ 
eo 
&l 

83 

85 
8 6  
82 
8 8  
EL9 
9 0  
p1 
9 2  
93 
9 4  
95 
9 6  
Ql 
9 8  
94 

LBL 
102 
103 
104 
185 

Loz 

ld9 
110 
111 
112 
1U 
114 
ll5 
1 I 6  
117 

1m 
120 
l a  
122 
12s 

e2 

e4 

i e o  

1 e6 

1 ee 

1 za 

xSEC In 104 

0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
Q.0 
0.0 
0 , o  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
Q .D 
0.0 
0.0 
0 . 0  
0,Q 
0 . 0  
O . Q  
0 . 0  
0 .0  
0 . 0  
0.0 
0.0 
Q.0 
0.0 
0.0 
0.0 
4.0 
0.0 
0.0 
0.0 
P. 0 
U.0 
0.0 
0.0 
8.0 
0 . 0  
Q c~ 
U.O 
0.Q 

107 

0.0 
0 LO 
0.0 
0 9 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
Y LP 
0.0 
bQ 
0.0 
0.0 
0.0 
Q LO 

0.0 
Qd 
0.0 
Q LO 
0.0 
o* 0 
0.0 
0-9 
0.0 
Q-0 
0.0 
0 LO 
0.0 
QA 
0.0 
Q-4 
0.0 
LQ 
0.0 
L O  
0.0 
(1.0 
0.0 
QI Q 
0.0 
a. 0 
0.0 
!I LO 
0.0 

0.0 
0-Q 
0.0 
Q9 
0.0 
LQ 

n 

1 n8 

3r36010E-03 
3*8074SE-03 
4.31435E-03 
4.88874E-03 

6927711E-03 
7.11282E-03 
8.0597RE-03 
9.13699E-03 
1.03495E-02 
1.17275F-02 
1032890E-02 
10505I33E-02 
1.70633E-02 
1.93352E-02 
2.19095E-02 
2048267E-02 
2.81323E-02 
3.1887 7E-02 
3*61256E-02 
4.09355E-02 
4063859E-02 
5.25620E-02 
5e95604E-02 
6.74905E-02 

8.66590E-02 
9081957E-02 
1011272E-01 
1 2 6 0 8 7 E - 0 1  
104287SE-01 
1*61898E-01 
1.83454E-01 
2.07749E-01 
29255R3E-01 
2.35727E-91 
2.46069E-01 
2958058E-01 
2.74505E-01 
2.92533E-01 
3.11422E-01 
3.31797E-01 
3.5 7559E-01 
3.89680E-01 
4.27261E-01 
4078461E-01 
5.29319E-01 
5.75831E-01 
6.37347E-01 
6e91654E-01 
7031354E-01 
7.78817E-01 
8.38021E-01 
9r13493E-01 
1.01113E 00 
1.10132E 0 0  
1.18410E 00 
l r 2 8 8 9 7 E  00 
1042444E 00 
1061593E 0 0  
1091464E 00 
2928078E 0 0  
2.69767E 0 0  
3r47953E 0 0  

1099 

5 .s39hn~-o3 

7 .64765~-n2 

3.36010F-03 
3.80745E-03 
4.31435E-09 
4.8R874E-03 
5.57960E-03 
6.27711E-03 
7.11282E-03 
8.05978E-03 
9.17699E-03 
1.03495E-Oa 
1.17275E-OP 
1.32890E-08 
1.50583E-Oa 
1.7n633E-Oa 
1.93352E-02 
2.19095E-08 
2.48267E-02 
2.81323E-02 
3.1R873E-Oa 
3.61256E-98 
4.09355E-OB 
4.63859E-02 
5.2562OE-01 
5.95604E-03 
6.74905E-02 
7.6b765€-08 
8,6659OE-01 
9.81957E-08 
1.11272E-OB 
1.26087E-01 
1.4?875E-OP 
1.61898E-Ok 
1.83454E-0k 
2.07749E-03 
2.25583E-Ob 
2 35727E-Ql 
2,46069E-Ob 
2.59058E-Oh 
2.74505E-01 
2.92533E-Oh 
3.11422E-03 
3.31797E-Qk 
3.57559E-Ob 
3.89680E-Qk 
4.27261E-OB 
4.74461E-Ok 
5.29319E-Oi 
5.75831E-QP 
6.37347E-01 
6.91654E-01 
7.31358E-Oh 
7.74817E-Oh 
8.38021E-Ob 
9.13493E-Ql 
1.01113E 00 
1.10132E 98 
l.lR410E O B  

1.42444E 00 
1.61593E OQ 

2.20078~ QQ 

3.47953E. PO 

1,28897E 00 

1,91464~ e o  

2 . 6 9 7 6 7 ~  o e  

1.332886-04 

1.71044E-04 
1.93761L-04 
2.19495k-04 

2.41670E-04 
3.19079k-04 
3.61629k-04 
4109556k-04 
4.64057E-04 
5.25611E-04 

br75065E-Q4 
7.64898E-04 
8.66686E-04 
9.82018E-04 
I r  Ll270E-03 
1.26114k-03 
1 a42867E-03 
1.61R79E-03 
1 d 3 4 2 1 E - Q 3  
2.07829E-03 
21354B6k-03 
2.66822E-03 
3r02329E-03 
3.42561E-03 
3 rBB L40E-Q 3 
4.39798E-03 
4.9@2423E-Q3 
5.64637E-03 
633917E-QJ 
7.24913E-03 

l r50991k-04 

Zr48647E-04 

5.95782E-04 

b20860E103 
Ae91288E-03 
9*3134?&!a 
9.72189E-03 
1.01953E-02 
1.08448E-02 
L 1 1 5 L X i k Q 2  
1.23031E-02 
1 1 3 1 0 9 2 E ~ Q 2  
1.41284E-02 
1.53993E-02 
1.68865E-02 
1 Y B%28E-Q2 
2.09259E-02 
2,211ux~ni~ 
2.52026E-02 
LZ3%L!lT-42 
2.892536102 
3&rJ4&- a2 
3.31496E-02 
3a4U91L-42 
4.00070E-02 
W 5 8 0 4 E - Q 2  

mh5_Ez02 
5~63854E-02 
6.3Q259f -a2 

9&=-n2 

LJ1272&Ql 

4.68607E-02 

7.58148k-02 

1.06818E-01 

3.2264lE-S3 
3.6564%-03 
4.14371E-n3 
4.69498E-03 

6.02846E-03 
6.83115E-n3 
7.?4071E-n3 
8.77536E-03 

1.12634E-02 

1.44625E-02 
1.63882E-02 
1.85703E-02 

2.38447E-nZ 
2.70196E-02 
3.0626dE-02 
3*46969E'O2 
3.9316%-02 

5.04837E-02 
5.72056E-02 
6.48223E-02 
7.34532E-02 
8.32334E-02 
9.4314JE-02 
1.06874E-01 
1.21104~-01 

1 . 5 5 5 0 0 E - ~ l  
1.7620%-01 

2016670E-01 

2.36347E-01 
t 4 7 8 6 3 E - 0 1  
2.63661E-01 
2.80976E-01 
2.99119E-01 

3.43430E-01 

4.1037*E-o1 

5.08394E-01 

6.12144E-nl 

5032010E-OJ 

9093994E-03 

1.27632E-02 

2.10429E-02 

4.45517E-02 

1.37228E-01 

1~9954OE-1Il 

2.26413E-01 

3,18688E-01 

3,74281E-01 

4.59548E-01 

5*53064E-01 

6,6430!E-01 
7.02433E-01 
11 4BQ 1ze-0 1 

a.7735?~-01 
9,71122E-nl 

1.13724E 0 0  

1.36806E 00 
1,55196~ on 
1 .838~2E 00 
2.19047E 00 

3r14176E (10 

8.04871E-01 

1e05774E 00 

1.23?95€ 0 0  

2.59085E 00  
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Pn THE 

1 
2 
3 
4 
5 
h 
7 
8 
9 

10 
11 
12 
13 

1 
2 
3 
4 
5 
6 
7 
R 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21  
22 
23 

.@MAL SCA I TEA1 

GHP. 94 
94097094 

1.55453k-F7 
4.76817t-n5 
~ . 9 5 1 9 7 t - n 3  
2.27146f. nn 

GYP. 95 6RP. 91 
9 4 0 9 q 0 95 9 4 0 9 Y 0 96 

a.367Y5E-08 3.72734E-88 
~ .944Y?E-n5 2.7417SE -65 
1.968ZnE-n2 1.65831F-02 
7 . 4 4 4 6 7 ~  nn 2.223~3F 00 
7.27467E no 2.84497E 00 

7.7677% 0 0  

GRP. l n 4  
961 111 Oe 

3.71279F-10 
4,5953OE-09 
4.38235F-08 
1.2PA92E-06 
7.43498E-05 
7.00489E-03 
1.00543F-81 
4.99897E BO 
4 .21675~ on 
1 . 3 ~ 1 5 4 ~  a o  
2.37777F-81 
2.31353E-02 
9.152ARE-64 
1.04313E-05 
3.64506F-0d 
1.64161F-10 

6RP. 97 
Y 4 l o l n 9 7  

5 . 7 5 5 ? 0 ~ - 0 ~  

9 .23166~-03 

2 .97476~ o n  

1.06375~-10 

2.21202~-05 

2 .85877~ 00 
3 . 8 1 5 4 9 ~  00 

1.70108~ 0 0  

GHP. 105 
981 141 05 

4.35710~-10 
Y.Y7234~-09 
1.45039c-07 
1.48695~-06 
1.15303~-05 
7 * 1 1 4 ? 1 ~ - 0 5  
i . o 6 1 5 a ~ - 0 3  
2.6215%-02 
3.5451OF-01 
S.75748~ 00 
4 . 1 0 3 5 6 ~  00 
1 ,12242~ 0 0  
1 .28879~-01 
7.2398OF-oj 
2.35719~-04 
2.84791~-06 
8 .67384~-09 

GHP. 98 
941020’38 

h.32842E-10 
4.4167HE-07 
9,82269E-05 
l.RY141E-O? 
3.47547E 0 0  
4 . 3 ~ 1 2 4 ~  n o  
2.9’9385E 0 0  
1.47855E 00 
4.18301E-01 

GHP. 106 
991 171 B6 

5.30SROE-10 
3.83969E-09 
2.23224E-08 

3 .07424~-06 
2.87413E-05 
1.97349F.-04 
1.06151E-03 
4.68717E-03 
4.304ROE-02 
5 . 7 1 7 5 i ~ - n i  
4 . 3 i ~ j i ~ ~  o n  
2 . 6 1 ~ ~ 4 ~  n o  
6.04705E-01 
7.00068E-02 
2.95401E-03 
6.18602k-05 
7 . 9 0 6 2 8 ~ - 0 7  
3.52464E-09 

2.19R48E-07 

G4P. Y9 
94103099 

1.19307F-09 
1.09744F-06 
L.99665E-04 
3.47812E-07 
3.2249ZE 0 0  
3.64316F 00 
L.02208F 0 0  
7.R3957F-01 
1.9057OE-01 
2.25827F-02 

GRP. 107 
1001 19 107 

1.20613F-09 
1.2638%-OR 
Y.3357lF-OR 
5.32461E-07 
2.44798E-06 
1.82511F-05 
1.78760F-04 
1.21820F-03 
6.30154E-03 
2 . 6 2 8 7 9 ~ - 0 ~  
Y.24714F-07 
5,95476F-01 
4.51140F 00 

1.16815E 0 0  
3.44748E 0 0  

i . 3 5 2 1 6 ~ - 0 1  
7 .64762~-n3 

1,44449F-06 
Y.n9369€-09 

1.47271E-04 

GHP. l i n  GRP. 111 GAP, 118 GHP. 113 GRP. 114 
1 1 0 2 1 2 3 1 i n  1 0 ? 1 2 ~ 1 1 i  i o 3 1 2 3 i i e  1 0 3 1 ~ 3 1 1 3  104123114 

3 1.65894k-07 ? .01987~-n6 2.37671~-05 2 ,68657~-04 2 .89402~-03 8 
4 R.07117t-07 ~ . 6 3 1 2 6 E - n 6  R.85675F-05 8 .65650~-04 7.98099E-03 1 

2 i ’a17843t-08 3.12307E-07 4.367RlE-86 5.93409F-05 7.78838E-04 2 

5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20  

4;143R7€-04 
? . 2 0 7 0 3 ~ - 0 3  

6.60015E-82 

4.27000F-01 

8.41137E-83 
2,55873E-92 

1.50373F-01 

1.3H246F BO 
3.30595E 00 
2.48588E 00 
1.58731E 00 
9 . 6 2 e ? i ~ - o i  
3.61190E-01 
6.71144E-02 
9.54771E-03 
3.5606l t  -64  

3.39865F-03 
1,48550~-02 
4.80207F-02 
1 1 2 6 8 2 1 ~ - 0 1  

5 .91351~-01 
2 .89203~-01 

1 . 4 6 5 0 6 ~  00 
3,58760~ 0 0  
2 . 5 6 7 9 0 ~  00 
1 .52704~ 00 
8 * 5 9 1 3 6 ~ 4  1 
4 .57369~101 
1.36645~-01 

1.89692F-03 
1.HL939~-n2 

* . 5 4 i ? i ~ - 0 5  

2.59975E-02 
9.22228E-02 
2.51037E-01 
5.73172E-01 
1.15376E 0 0  
2.11913E 00 
3.94884E 00 
3.63317E 0 0  
1.42551E 00 
7.27331E-01 
3 , s o n 4 8 ~ - o i  
1.59335E-01 
3.64701E-02 
3.35682E-03 
2.43813E-04 
3.55090E-0h 

GHP.  115 
04123115 
53286E-03 
04861F-03 
963645-02 

5.5256%-02 
1.66743E-01 
3.9R083E-01 
8.15002E-01 
1.49720E 0 0  
2.48585E 00 
1.59482E 00 
7.94460E-01 
3.75247F-01 
1e66813E-01 
7.00023F-02 
2 .78381~-02 
5.OR277E-03 
3.42050F-04 
1.R5045E-05 
i.RnS60F-OS 

GRP. 106 
941041 08  

1eQ5863E-09 

4.48595E-84 
6.?9531E-02 
3.57303E 80 
4.03109E B O  
2.19281E 0 0  
6.n9744E-81 
1 . 1 4 1 2 5 E - ~ l  
1.78020E-02 
6.32213E-04 

1 .26126~-66 

** 2.960k 02K IDENTIFIER 1275 

GRP. 1 0 1  
941 051 0 1 

8.08826E-10 
1.08419E-06 
2.98251E-04 
5.02243E-02 
3.40565E 00 
3,57304E 00 
1.97122E 0 0  
5.59623E-01 
6.51684E-02 
5.5277OE-03 
2 .80ee5~-04 
5.81210E-06 

GRP. 109 
1021E31B9 

1.48716E-09 
1.32293E-08 
7.2R248E-08 
5.4688YE-07 
4.98834E-06 
2,99242E-05 
1.35166E-04 

1.54530E-03 

1.33372E-01 
4 . 2 6 4 8 6 ~ - n i  

4.95174E-04 

6.61135E-03 
3.41089E-02 

1.177626 0 0  

1,78510E 00 
2.94049E 0 0  

2.15687E-01 7.05709E-01 

2.41928E-02 

3.17669E-OF 

6.09239E-04 
7.89421E-06 

GRP. 117 
105123117 

3 ~ 0 3 9 9 3 E - 0 2  
7.67809E-02 

3.57048E-01 
8.56725E-01 
1 . 7 0 5 9 4 ~  a o  
2.83063E 09 
1.99909E 00 

6.91317E-01 
2.749185-01 
1.03029E-01 

3.928976-03 
5.01920E-04 
2,07099E-05 
7.097048-07 

1.56653E-01 

1.31506E 00 

3064819E-02 
1.22612E-02 

3.7i229E-09 



131 
22 
23 

1 
2 
3 
4 
5 
4 
7 
B 
9 
LQ 
31 
12 
13 
14 
k5 
14 
PI 
le 
19 
zo 

1.60107~-07 
3 35 98 9 ~ -  1 0 

GRP, 121 
10 7 1231 21 

1 . 9 3 0 6 2 ~  00 
2J309q3p 0 0  
1 .33907~ 00 
5,62332~50 1 
2 . 4 9 3 8 5 ~ - 0 1  
1dU n2E4 1 
5.02977~-02 
2 26 1105- 02 
6 .87008~-03 
1 + 3 3 9 3 8 ~ - 0 3  
2 .54519~-04 
f .n .s r*E- 05 
8.53455~-06 
1 3 1 0 7 9 E - 0 6  
7.33127~-08 
8,11690E-10 

la2744lr 00  

6.79919E-09 

GHP, 122 
108123182 

2.23792E 00 
3.4639% 00 
1.70552E 00 
7.86150E-01 
2.98141E-01 
1.18859E-01 
4+H4088E'02 
1.98743E-02 
A.18804E-03 
2.20072E-03 
3 -6 7 1 8 5E - 0 4 
6.03367E-05 
9.74953E-06 
1.54965E-06 
2.42450E-07 
9.629466-09 

GRP. 123 
108123123 

4.85371E 00 
1.68551E 00 
8.48267F-01 
9.49784E-01 
1.14996E-01 
4.01449E-02 

5.26823E-03 
1.9406%-03 
4.46064E-04 
6.10840E-05 
8.35132E-06 
1.13538E-06 
1.53262E-07 
2.05272E-08 
6.34021E-10 

1.44352E-02 
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F T S ~ - ~ / E - M A X  WT 

0 ONRESOLVED RESONANCE ROINTS 
2 2-0 VF~JT  PROCESSES 
0 1-n GAMMA PROCESSES 
0 2-0 MEUT-TO-GAMMA PROCESSES 

1269 ENDF MAT OF F4ST NEUT DATA 
1002 ENnF M A T  OF THERMAL NEUT DATA 

0 ENnF M A T  OF YIELD DATA 
0 ENnF M A T  OF GAMMA DATA 

T H I S  NUri.TnE HAS THE FOLLOYING 1-2 NFUTRON PROCESSES 
1. 2. 27. 101. 102, 1099. 

DFVIATION= 2.07332dE-03 EXrEEnS TOI.EPANCF FOR ARSORPTrON CHFCK 4VERAGE VALlJF= 3 . Y 4 4 ~ 9 6 E - 0 2  SUMMED VALUE= 30953175E-02  GROUP 9Q 

DFVIATInN= 2.082874E-03 t X r E E n S  TOLFRAhICE FOR ARSORDTTON CHFCK AVERAGF VALUFZ 4.122791E-02 SUMMED VALUE= 40130978E-02 GROUP 95 

nFVrATIOhl= 2,09?02VE,O3 t X r E E n S  TOLERANCE FOR ARSOHPTION CHECK AVERAGE VALIJFZ 4.303956E-02 SUMMED VALUE= 4031225AE-02 GROUP 96 

D F V T ~ T I D M =  2.1U156YE-03 kXrEEnS TOLERANCE FOR AR~ORPTTON CHECK AVERAGE VALUF= 4.517q21E-02 SUMMED VALUE= 4.522405E-02 GROUP 9 7  

DFVIAT InN= 2.11572lE-03 t X r F E n S  TOLtRANCF FOP AR~ORPTION CHFCK AVtRAGE VALUE= 4.800q52E-02 SUYflED VALIJE= 40810709E-02 G R O U ~  98 

VALIIF= 5.115783E-02 SUMMED VALUE= 5.126668E-OE Gqoup 

VALUF= 5.445172E-02 SUMMED VALUE- 5.457854E-02 GROUP 

VALUF= 5.MO2438E-07 SUYMFD VALUE= 5.814964E-02 GRUUP 

VALUE= 6..?53034€-02 SUMHED VALUE= 6.266642E-02 GROUP 

VALLIF= 6.d14577E-02 SUMMFD VALUE= 6.829643E-02 GROUP 

VALIJF= 7.471503E-02 SUMMED VALUE= 7.4R8167E-02 GROUP 

VALUF= 8.367360E-02 SUMMED VALIJE= A.3R6117E-02 GROUP 

VAIL I !F=  9.256133E-02 SUMMED VALUES 9.277284E-02 GROUP 

VALUF= 1.006972E-01 SUMMED VALUE= 1.009271E-01 GROUP 

99 

100 

101  

A02 

103 

104  

1 os 

1 0 6  

107  

.114549E-01 SUNMED VALUES 1.117119E-01 GSU’JP 108  

. 2 0 ~ 4 6 0 € - 0 1  SUMYED VALIJE= 1.212272E-01 GROUP 1 0 9  

.Z7Rq84E-O1 SUMMFD VALUE= 1.291874E-01 GROUP 110 

.361q70E-Ul  SUMMED VALUE= 1.365072E-01 GROUP 111 

,465774E-01 SUYMFD VALIjE= 1 -468845E-01  GQOUP 1 1 2  



___ 
THIS NUCLIDE HAS TME FOLLOWING 1-0 NEUTRON RROCESSES 

16. 27 101. 108. 103. 104. 105. 

2-0 NEUT PROCESSES 
- N t  L C ~ T M  O m  

1 2 425 3 
1 1 6  
3 51 
A 5 2  

5 53 
4 5 4  

r 55 
A 1 4  

9 5 7  
1 9 - N  
11 59 
l 2 . m  
13 61 

1 4  I52 
15 63 
16.u 
17 65 

19 6 7  
2 Q b B  
21 69 
a m  
23 7 1  
ai%! 
25 7 3  
2 A  1007 
H T I  16 GROUP 
MT' 16 GROUP 



'7 M A T R I X  SIIMS TO 
1 MA+?IX SilMS TO 
p M A T R I X  SIIMS TO 
'7 M A T R I X  SirMS T O  
4 M A T R I X  SIIMS T O  
5 M A T R I X  SIJMS T O  
6 M A T R I X  SIIMS TO 
A M A T R I X  SijMS T O  
9 M A T R I X  5ilMS T O  

1 0  M A T R I X  SIIMS TO 
1 1  MATRIX SilMS T O  
12 M A T R I X  SIIMS T O  
1 7  M ~ T R I X  SiiMS TO 
15 M A T R I X  SirMS TO 
1 6  M A T R I X  Si iYS T O  
17 M A T R I X  SIIMS TO 
l a  MA;WIX S~IMS T O  

2.777751E-04 AVERAGED VALUE= 
4.2RY839E-01 AVERAGED VfiLIJEZ 
4.140789E-0 1 AVERAGE0 VAL.(JF= 
3.7R6901E-01 AVERAGED V4LlJFr 
3.099429E-01 AVERAGED VAI.!IEz 

2.019232E-01 AVERAGED VACUFs 
1.672693E-01 AVERAGED VALUES 
1.233756E-01 AVERAGED VALllES 
6,8789hBE-02 AVERAGED VALUES 

3.72292OE-02 AVEqAGED VAL~J€*  
1.604694E-02 AVERAGED VALVE= 
5.698446E-03 AVERAGED VALIIE= 

1,499a39E-03 AVERAGED VAL(JE= 
4.7R87A4E-04 AVERAGED VALlJEz 

2.117903E-01 AVERAGED VALIJF= 

4.6f,565e~-oz AVERAGED VALIIE= 

3.242124E-03 AVERAGED VALUE= 

2.771684E-04 FHACT DEV' 
4.29617RF-01 F R A r T  nEV= 
40148708E-01 FRACT DEVI 
3.786367F-01 F ~ A C T  DEV= 
3.09Y330~-01 FHAcT DEV= 
2.117402~-01 FRACT DEV= 
2.019107E-01 FRAcT OEV' 
1.672655E-01 FRACT OEV= 
10233680E-01 FRAcT DLV' 
6.879455E-02 FHACT DEV= 
4.665844E-02 FHACT DEV' 
3.723018E-02 FRACT DEV' 
1.6048lOE-02 FRAcT DEV= 
5.699506E-03 FRACT DEV= 
3.242207E-03 FRACT O E V =  
1.499228E-03 FRArT DEV= 
4.788872E-04 FRACT OEV= 

2.k30833E-05 
-7 805276E-05 

1.957691E-05 
1.410475E-04 
3.892422E-05 
2.D67406E-04 
6.169741E-OS 
2.280623E-05 
6.329201E-05 

-7.104604E-05 
-4.800070E-05 
-2.641613E-05 
-7.k96117E-05 
-1.945970E-05 
-2.542158E-05 

-1.447524E-05 
+.e99929~-05 
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10.3. Problem 3 

This  case w i l l  weight sodium c ross  sec t ions  over  two weigh ing func- 

t i ons :  

a t  thermal i n  both cases. 

s i o n s  OR c r o s s  sec t ions .  

a l / E a t  f unc t ion  and by 1/E. A Maxwellian spectrum w i l l  be  used 

A 52  group s t r u c t u r e  i s  used wi th  P3 expan- 

Sodium is a resonance nuc l ide .  To perform 1 / E a ~  weighting i n  XLACS 

w i l l  r e q u i r e  t h e  running of NPTXS t o  genera te  p o i n t  va lues  of t h e  sodium 

c r o s s  sec t ion .  

Af t e r  XLACS i s  run,  t he  two sets are run  through NITAWL t o  make an  

A M P X  working l i b r a r y  which can be used by t h e  XSDRNPM module. 

a "fake" mixture of sodiums and d isp lay ing  c ross  s e c t i o n s ,  t h e  d i f f e r e n c e s  

i n  t h e  two sets are shown. 

By mixing 

This case requi red  540K by tes  and 1 .33  minutes on t h e  IBM 360/91. 

The input  d a t a  are shown on t h e  next  page wi th  t h e  abbrevia ted  output  

fol lowing t h a t .  



T H I S  IS THE TOP OF AMPX 

MODULE NPTXS HAS BEEN CALLED 

I $ $  1 T 
ZSS 1156 E T 

MODULE NPTXS I S  FINISHED.  USER CODE 0000 SYSTFM CODE 000  

MODULE XLACS HAS BEEN CALLED 

RUN 
TWO 
SODIUM 
CASES 
FOR PROBLEM 3 
l f b  LOO 2 52 1 0 3f5 F 1  
T USE AN EQUAL LETHARGY 
NA-23 I N F  O I L  
71** A 5  1 1 5 6  31  
?OS$ 11230 1 1 5 6  0 3 E T 
NA-23 1/E-SIGMA TOTAL WE 
1 S S  A 5  5 71** A 5  1156 31 
7055 1 1 2 3 1  1156 0 3 E T 
115s E T 

STRUCTURE 

GHTI NG 

MODULE XLACS IS FINISHED.  USER CODE 0000 SYSTEM CODE 0 0 0  

MODULE NITAWL HAS BEEN CALLED 

Ob) 23 E 1SB 0 2 E T 
2 S S  1 1 2 3 0  1 1 2 3 1  T 

MODULE NITAWL IS FINISHED. USER. CODE 0000 SYSTEM CODE 0 0 0  

MODULE XSDRNPM HAS BEEN CALLED 

RUN XSDRNPM AS PART OF SAMPLE PROBLEM 3 
1 S S  A6 3 4 A 1 2  0 E 2$$ 3 E T 
13SS 1 2 F3 1456 11230  11231 612 15** 3R1  -1 T 

MODULE XSDRNPH I S  F INISHED.  USER CODE DO16 S Y S T E M  CODE 000 

MODUL E RADE HAS BEEN CALLED 

1SS 23 E T 

MODULE RADE IS FIN ISHED+ USER CODE 0000 SYSTEM CODE 300 

\ 

, 
\ , 
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ELAPSED T I M E  0.07 M I N .  

ELAPSEQ T IME 0.07 MIN. 
* t+*LAST=29396 

9.0000E-01 i.ooaoE 01 1.0000E 08 0.0 

ELAPSED TIME 0.07 Y I N .  
START COMBR 

BEFORE CROP N2= 2753  
EPS= 0.001 
AFTER CROP NZ= 1955 

0 

1 9 5 5 7 2 ,  Nutnberokl?oints 

1.10230E 04 2.27923E 01 0.0 1.00000E 08 

2 
5 3 5  

1955  2 vTotcnlC$y~ Sectim 
1156 3 1 

**+**REsUNANCE INTEGRAL= 1.36974E 02 

0 

0 
2 2045% 

47 6 5 UUUIXX- of Poinu 
2045 2 rEWtic Scattesing 
L156 3 2 31  

1.10230E 04 2.27923E 01 0.0 1.00000E O B  

**xt*REsDNANCE INTFGRAL= 1.34322E 02 

0 

Mmber of Points 2 
813 
814 2 p g 7  a P b e  

1 1 5 6  3 10 
1.10230E 04 2.7.7923E 01 0.0 1.00000E 08 

++*+tRESflNANC E I N T E G R A L -  3.45696E-01 

\ 



xx x x  
x x  xx  

xx  xx  
x x  x x  

xx  xx  
xx x 
x x x  

x x  xx  
x x  x x  

xx  x x  
x x  x x  

xx  x x  

0000000  
000000000  

00 00 
00 0 0  
00 0 0  
00 0 0  
00  00 
00 00 
00 00 

00 00 
00 000 0 0 0 0  

0 000 000  

LL 
LL 
L L  
L L  
L L  
L L  
LL 
L I  
L l  
L L  
LLLLLLLLLLLLL 
L L L L L L L L L L L L L  

5555355555553 
55555 55555555 
5 5  
5 5  
55  
555555555555  
5555555755555 

55 
5, 

55  55 
55555 55555551 

55555555555  / 

A A A A A A A A A  
A A A  Ann A A A  4A 

A A AA 
A b  AA 
A 4  A4 
A A A A A A A A A A A A A  
A b A A A A C A A A A A A  
A A  An 
A A  nA 
A 4  A A  
A A  Ai7 
4 4  A A  

I 1  
1 1 1  

1111 
11 
11 
11 
11 
11 
11 
1 1  

11111111 
11111111 

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ 

...*. 

.*.I. ..... ..... 

C C C C C C C C L C C  
Cf  C C C C C C C C C C C  
cc cc 
CC 
cc 
CC 

cc 
cc cc 
cc ccccccccccr 

cccccCccccc 

cr  

cc 

sssss PSSSPS 
sssssssssssss 
ss s s  
ss 
S S  
ssss~sssssPs  
ssssssssssss 

sq 
ss 

S P  S C  
sssssssssssss 
ssPcssPssss 

11 6 6 6 6 6 6 6 b b h 6 h  
1 1 1  bbbbbb 6 6 6 6 6 6 5  

1 1 1 1  bb 
1 1  b h  
11 hh 
11 hhbbbb 666666  
11 bhh6hbh6b6bhh  
11 66 b h  
1 1  6 6  h h  
1 1  bh h b  

11111111 6 6  hb6h 666666 b 
1 1 1 1 1 1 1 1  6 6666 bbbbbb 

I /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ I  
/ /  

/ /  
/ /  

/ /  
/ /  

4 4  
444 

4444 
44 4 4  

44 4 4  
4 4  44  

44  44  
444444444444 

4444444444444 
44 
44  
44  

8 8 8 8 8 8 8 8 8 8 8  
8 5  9988 8 8 R 8 5 8 9  
8 R  8 9  
8 8  8 8  
8 8  R P  

9 8888 8 988R8 
8R88388888P ..... 

8 8  88  ..... 
8 9  8 8  ..... 
8 8  8 6  ..... 
88885RR88899L? 

. i 8 8 B 8 8 8 8 F 9 8  

77777 777 777 77 
77 7777777777 
77 77 

77 
77 

77 
77 
77 
77 

77 
77 
7 7  

44 
444 

4444 
44 44 

44  44 
4 4  44  

44 44  
444444444444 

44444 44444444 
44 
4 4 
44  

1% A R R A Y  5 E N T R I t S  PCAD 

r)$ A R R A Y  6 t N T p I t S  Y E A D  

OT 

A 5 2  EClJAL L E i H A a G Y  GnOUP NEIJTRCIN STRUCTURF HAS B E E U  G E Y ~ R A T I - U  AND WILL R F  U S E R  l lNLFS5  V O U  O V r R R I r F  I T  

OT 

5555555555555 
5555555555555  
55  
55 
55  
555555555555  
5455545555555  

55 
55 

5 5  55 
5555555555555  

55555555555  

2 7 7 7 2 7 2 7 7 2 7  
2 2 7 2 2 2 7 2 7 7 2 2 2  
2 2  7 2  

72 
27 

2 2  
2 2  

1 7  
2 2  

2 7  
2 2 2 2 2 2 7 2 2 7 2 1 2  
7 7 7 7 7 2 7 7 2 2 ? ? 7  



RUN 
T r i f l  
SOOIUM 
CASts 
FUR PPLJOLEK 3 

x s w N  T A P [  I C F N T I F I ~ A T I ~ N  1 o n  
NUMtjEk C f  
NLiMtiEii OF 
NUMRFR O F  
WF IGHT I Y L  

N U C L  I D F ~  
F‘JEPGV G R i l U P S  
THERMAL G k O ~ J P S  
U P T I O F ,  

OilTPUT L I S T T h ! G  I l P T I O V S  
RkQIVANCt O A T A  1 
1-DIYfNSIUNAL d q R A V S  1 
ELASTIC SCATTFP T l i G  1 
THEGMAL S C A T T E R  I q G  1 
I NEL AS T I C  SCATTER I N G  1 
N2N TRANSFERS I 

GROUP 
1 
2 
3 
4 
5 
6 
7 
8 
Y 

10 
11 
1 2  
13 
1 4  
15 
16 
17 
1 R  
19 
20 
2 1  
22 
23  
2 4  
25 
26 

2 
52 

1 
il 

TRAIISFER INTFGRATION MESH-SRCE 0 
TR ANSFfR I NTEGRAT I ON MFS H-S I N K  0 
E N O F  T A P E  IDFNTIFICATION 0 
FNOF TAPE MODE (FAST D A T A )  0 
P E A K  TFYPERATIIRE (MAXWELLIAN) 0 

MIJLTIGROUP 
LFTHAPGY RANGE 

-0.400 - -9.065 
-0.065 - 0.269 

0.269 - 0.604 
3.604 - 17.938 
C.939 - 1.273 
1.273 - 1.608 
1.608 - 1.942 
1.942 - 7.277 
2.277 - 2.612 
2.612 - 2.946 
2.9411 - 7.281 
3 . 2 0 1  - 3.6L5 
3.615 - 3,950 
3.950 - 4.285 
4.285 - 4.619 
4.619 - 4.95% 
4.954 - 5.288 
5.200 - 5.673 
5.623 - 5.959 
5.958 - 6.792 
6.292 - 6.627 
6.627 - 6.062 
0.962 - 7.296 
7.296 - 7.631 
7.631 - 7,965 
7.965 - 0.300 

STRUCTURE 
GROlJP 

27  
28 
2 9  
30 
3 1  
32 
33 
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
42  
43 
4 4  
45 
4 6  
4 7  
4 8  
‘t9 
5 0  
51 
5 2  

ENERGY RANGE 
1.7784E 0 3  - 2.4R52E 
1.2727E 0 3  - 1.7784E 
9 - 1 0 7 3 F  02 - 1.2727E 
6.5177F 02 - 9.1073F 
4 -6638E 3 2  - 6.5173E 
3.3375E 0 2  - 4,6638E 
2.3084E 0 2  - 3.3375E 
1.7091F 0 2  - 2.3884F 
1 - 2 2 3 1 E  02 - 1.7091F 
8 - 7 5 2 h F  0 1  - 1.2231E 
6.2635E 0 1  - 8.7526E 
4 - 4 8 2 2 E  3 1  - 6.2635E 
3.2075E 0 1  - 4.4822E 
2.7953E 01 - 3.7075F 
1.6426E 0 1  - 2.2953E 

03 
0 3  
03 
02 
02 
02 
02 
02 
0 2  
02 
0 1  
01 
0 1  
01 
0 1  

1 -1755E 0 1  - 1.6426F 0 1  
8.4117E 00 - 1.1755E 01 
6.0195E 00 - 8.4117E 00 
4.3076E 00 - 6.0195E 00 
3 -0826E 00 - 4.3076E 00 
2.2060E 00 - 3.0826E 00 
1 - 5 7 0 b E  00  - 2.2060E 00 
1.1297E 00 - 1.5786E 00 
0.0041E-01 - 1.1297F 00 
5-705LE-01 - 8.0841F-01 
i . n 0 0 0 ~ - 3 5  - 5 . 7 8 5 1 ~ - 0 1  

LFTHARGY RANGE 
8.300 - 8.635 
8.635 - 8.969 
8.969 - 9.334 
9.304 - 9.630 
9.638 - 9.973 
9.973 - 10.308 

10.308 - 10.642 
10.642 - 10.977 
10.977 - 11.312 
11.312 - 11.646 
11.646 - 11.981 
11.981 - 12.315 
12.315 - 12.650 
12.650 - 12.985 
12.985 - 13.319 
13.319 - 13.654 
13.654 - 13.988 
13.9R8 - 14.323 
14.323 - 14.658 
14.658 - 14.992 
14.992 - 15.327 
15.327 - 15.662 
15.662 - 15.996 
15.996 - 16.331 
16.331 - 16.665 
16.665 - 27.631 



N O  F I L E  3 D A T h  FOF' F . 4 T I - Y I A L  11'56 P f A C T I n N  1 1 5 - - - T A P t  S F A Q C H F T ,  T 0  M A T z 1 1 5 6  MF= 3 YT= 2 5 1  
NC: F I L F  3 D A T A  FOF V A T t P I 4 L  1 1 5 6  R E A C T I O N  116---lAPF S E A R C H t O  T O  Y A T = 1 1 5 6  YF= 3 Y T =  251 
NO F I L E  3 U A T P  F O P  P A T T R I A L  1 1 5 6  R F A C T I O N  1 1 7 - - T 4 P E  S F A R C H E D  T O  M A T = l l 5 6  M f =  3 MT= 251 
NU F I L E  3 D A T A  FOY P A T F Q I A L  1156 PFPCTICN L L P - - - T A P t  C F 4 q C H f l l  T O  M P T z 1 1 5 6  "F' 3 P T =  7 5 1  
NO F I L E  3 D A T A  FOR P A T C ' I I A L  1 1 3 6  R k 4 C T I C l h '  1 1 9 - - - T A D t  S F 4 Q C Y r D  T O  M A T . 1 1 5 6  Y F =  3 Y T =  7 5 1  

E L A P S t D  T I M F  0.12 K I M .  

E L A P S F O  T I M F  0. 
N O  F I L E  5 D A T A  FOP 

N O  F I L E  5 D A T A  FOP 
NO F I L E  5 D A T A  FOR 

rU0 F I L  F 5 D A T A  FOR 
NO F I L €  5 D A T A  FOP 

NC FILE 5 D A T A  F I X  

w FILE 5 O A T A  F ~ H  

~ 1 6  ' ' I Y .  
P A T t P I A L  1 1 5 6  Y F A L T l U h  1 7 - - - T A P F  T E A Q C H E D  T O  M A T - 1 1 5 6  Y F =  5 Y T =  9 1  
Y A T f Q I A L  l L 5 h  I I I A C T I W  1 9 - - - T A P E  S E A R C H F O  T O  M A T z 1 1 5 6  MF= 5 MT= 91 
M A T F R I A L  11516 K F A C T I O h  ? Z - - - T A P F  S F A P C H F D  T O  M A T Z 1 1 5 6  MF= 5 MT= 91 

P ' A T f Q l 4 L  1156  P E A C T I Q N  3 4 - - - T A P t  S F A K C H E D  T O  Y A T z 1 1 5 6  MF= 5 Y T =  91 
M n T i k I A L  1156 R F A C T I O N  2 5 - - - T A P F  S F 4 R C H E P  T O  M A T z 1 1 5 6  U F =  5 V T =  71 
Y A T F R I A L  1156 9 E S L T l n M  ? b - - - T A P C  $ E A l l C H t O  T O  M A T z 1 1 5 6  MF= 5 Y T =  91 

V A T F Q I A L  1136 R E A C T I O N  2 3 - - - T A P E  S E A R C H F D  T O  M A T = 1 1 5 h  YF= 5 U.T= 91 

E L A P S F D  T I M E  0.40 M IN. 



NO F I L E  3 D A T A  FOR 
NU F I L E  3 D A T A  FOR 
NO F I L E  3 D A T A  FOR 
N O  F I L E  3 D A T A  FOR 
NO F I L E  3 D A T A  FOR 
NO F I L E  3 D A T A  FOR 
N U  F I L E  3 D A T A  FOR 
NU F I L E  3 CIATI\ FOR 
NO F I L E  3 D A T A  FOR 
NO F I L E  3 D A T A  FOR 

0 

0 
M A T E R I A L  1 1 5 6  R E A C T I O N  1 1 0 - - - T A P k  S E A R C H F D  T(1 M A T = 1 1 5 6  
M A T E R I A L  1156 R E A C T I O N  1 1 1 - - - T A P F  S E A R C H E D  T O  M A T = 1 1 5 h  
M A T F R I A L  1 1 5 6  P E A C T I Q N  l l Z - - T A P E  S E 4 Q C H E D  T O  M A T = 1 1 5 6  
M A T E R I A L  1156 R E A C T I O N  1 1 3 - - - T A P F  S E A R C H E D  T O  Y A T = 1 1 5 6  
M A T E R I A L  1156 R E A C T I O N  1 1 4 - - - T A P E  S E A R C H F D  T O  Y A T = 1 1 5 6  
P A T E R I A L  1156 R E A C T I O N  L 1 5 - - - T A P I I  S E A R C H E D  T O  M A T = 1 1 5 6  
C A T F R I A L  1156 R E A C T I O N  1 1 6 - - - T A P F  S E A R C H L D  T O  i ' l A T = 1 1 5 6  
M A T E R I A L  1156 R E A C T I O N  1 1 7 - - - T A P F  S F A R C H E D  TO M A T = 1 1 5 6  
M A T F Q I A L  1156 R E A C T I O N  1 1 8 - - - T A P f  S E A R C H E D  TO M A T = 1 1 5 6  
M A T F R I A L  1156 R E A C T I O N  119-- -TAPE S E A R C H F D  T O  Y A T = 1 1 5 6  

MF= 3 "IT= 
MF= 3 #T= 
# F =  3 NT= 
MF= 9 MT= 
MF= 7 MT= 
Y F =  3 MT= 
MF= 3 YT= 
MF= 3 Y T =  
UF= 3 MT= 
MF= 3 MT= 

2 5 1  
2 5 1  
25 1 
2 5 1  
2 5 1  
251  
2 5 1  
2 5  1 
7 5 1  
2 5 1  

E L A P S E D  T I M E  0.59 M I N .  

E L A P S E D  T I M E  0.82 MIN. 
NO F I L E  5 D A T A  FOR M A T E R I A L  1156 R E A C T I O N  1 7 - - T A P F  S E A P C H E O  T O  Y A T = L 1 5 6  MF= 5 M T =  9 1  
NU F I L E  5 D A T A  F(lR M A T E R I A L  1156 R E A C T T O N  I R - - - T A P E  S E A R C H E D  T O  R A T = L L 5 6  MF= 5 YT= 9 2  
N O  F I L E  5 D A T A  FOR M A T E R I A L  1156 R E A C T I O N  Z 2 - - T A P E  S E A R C H E D  T O  Y A T = 1 1 5 6  MF= 5 MT= 91 
N U  F I L E  5 D A T A  FOR M A T F R I A L  1156 R E A C T I O N  2 3 - - T A P f  S E A R C H E D  T O  # A T = 1 1 5 6  YF= 5 Y T =  91 
NU F I L E  5 D A T A  FOP M A T E R I A L  1156  R E A C T I O N  2 4 - - T A P F  S E A R C H E D  T O  M A T = 1 1 5 6  YF= 5 M T =  9 2  
NO F I L E  5 D A T A  FOR M A T F q I A L  1 1 5 6  R E A C T I O N  2 5 - - T A P E  S E A R C H E D  T O  Y A T = 1 1 5 6  MF= 5 M T =  9 1  
NU F I L E  5 D A T A  FOR M A T E R I A L  1156 R E A C T I O N  2R---TAPE S E A R C H E D  T O  Y A T = 1 1 5 6  #F= 5 YT= 9 1  

E L A P S E D  T I M E  0.93 M r N .  

E L A P S E D  T I M E  0.93 M I N .  

E L A P S E D  T I M F  0 , 9 3  M ! & -  



0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0.0 
0 '0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0 '0 
0 0 
0'0 
0'0 
0'0 
0'0 
0-0 
0'0 
0'0 
0 '0 
0 '0 
0'0 
0'0 
0 '0 
0'0 
0'0 
0'0 
0 '0 
0'0 
0 '0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
U'O 
0 '0 

90-3Z9+bL'Z 
f 0-3Y80 18' I 
20-3Yfl5 1 'E 
20-3ti €16 2 '9 
ZO-ai86 1 L 'S 

EO1 

IO-369? El 'C 
10-3ZE3 20'1 
LO-3966 bY '8 
ZC-36 13 5 E '1 
ZG- 360 5 Z Z ' Y 
20-%(199 2 '5 
ZO- 35 1% 5'7 'f 
Z0-34f&9L 'E 
ZO-386161'E 
20-3ILL 69 '2 
ZO-lf9C81'2 
LO -36SSE6 * 1 
20-3Lt6bEY'l 
20-3fE68E '1 
20-3t9t 6 1'1 
20-3LZCLO'I 
€0-32 EIfL '6 
t0-3CY8 66 '8 
€0-39 T8 Zf'8 
€0-38 LL *I 1 '8 
€0-3956 16'L 
€0-38 U6L-L 
€0-30 9 10% '8 
EO-3699ES '6 
ZO-39s IO% 'I 
ZO-atZT Zf'f 
10-3E6Gb0'2 
ZO-312s tZ - 1 EO-=l56€69 'I 
t0-368L Lf '1 
CO-3E6fEZ'E 
f0-39SCfS '2 
C0-311262'2 
LO-316SLb 'E 
fG-36CVS L 'C 
LO-3983 CC *f 
f0-3E Ef 2 2'2 
€O-JS 2008 -1 
EO-3ZZSEO '1 
co-3c $2 SE * L 
f0-3EZOSY 'S 
f0-31 f 569 '2 
f0-3108 e E.€ 
fO-3b4t LS'Z 
f0-38CL 8 1 'Z 
C0-3COf00 z 
fO-UbSE8'I 
f0-366T G9.l 
f0-3S6509 '1 
f0-3E €299 'I 
fO-3LZEEL' I 
470-3169 56' I 

LD1 

10-3899€1 'C 
10-32 €820'1 
20-396869'6 
20 -36 L6SE '1 
20 -36 OS22 * 9 
LO -3s 09 92 'S 
20-35 Lf5f'f 
LO-35f8 91' E 
zo -38 8 181 'E 
20-31. 1169'2 
20 -3'19f82.7 
ZO -36 S5E6 'T 
20 -38 86E9.f 
20-3fE68E'l 
LO -3€ 9E6 I 'I 
20 -31 2C LOO1 
€0 -3ZElf1'6 
EO -3f 98 86.6 
€0-39182fB8 
EO -38 LLC1 '6 
€0-395616*L 
E 0 -38 I 161 '1 
€0 -30 9 109 '8 
EO -369YE 5.6 
20 -49 51 Of'l 
Z0-3EZ12f'f 
10-3.€8€60'2 
z 0 -31 2 SEZ - 1 €0 -45 8E69 * 1 
EO -35 8 L Lf '1 
f0-3EbfEZ'E 
Co-39sff5-z 
90-31 1282.2 
EO-31 65L6.t 
90 -38 fC1; L 'f 
EO -39 8000 'f 
CO-JE EPZZ '2 
to-35 1008'1 
EO -3225€0'1 
90 -3C€ z SE * L 
C0-3EZO 59'5 
f0-31ES 89'2 
fO -31 O88E 'E 
CO-30S1L4 'Z 
fro-38 tL8 1 '2 
f0 -~fOtOO'Z 
tO -3 L 65 E 8 * 1 
fO -3E 6601'1 

ZO-3EE51L'E 
10 -38 L EZE ' 1 
13-3fCL€O'Z 

101 

EO -33 z+ 82- z 

TO-3899E I 'f 
10 -3 ZE8 20 '1 
20-396669'8 
ZO-36185 E *L 
20-36052 2'9 
zo-3so99z '5 
ZO-45Lf5+'f 
Z0-x&89 L'E 
20-38818 1 'E 
20-31 LL69-2 

ZO-36SSE6'1 
20-2 k 86E 9 e 1 
ZG-3fE68 E'1 
IO-3E9E61'1 
20-3LZfLO'I 
EO-32ETCL'6 
E0-3f986 6'8 
€0-391 82C.8 
€0-381 Lf 1'6 
€0-39561 6'1 
€0-381 161'1 
€0-30910f'8 
€0-3 b99E S'6 
ZO-d95IOf'I 
z 0-3 E 2 12 f 'C 
IO-3E8E60'Z 
20-3LZSE Z'T 
€0-35 6E6 9'1 
EO-3S8LLf'l 
fO-3€6+rEZ 't 
f0-39SffS'Z 
'10-31 128Z'Z 
EO-316S L 6'E 
C0-38ftS L '*I 
EO-398000'f 
fU-3E€fZZ'Z 
€0-351 00 8'1 
EO-3ZZSEC'I 
CO -3fEZ S E '1 
+10-3€2059'5 
C 0 -3 1 E 5 6 9 '2 
f0-3 LO88 E 'E 
'10-3051 L s-2 
C 0-38CL 8 I ' Z 
fO-3fOf00'Z 
f0-3L6St 8'1 
t0-3€660 1.1 
€ 0 -3 8 Zf 8 2' 2 
ZO-3EES1 L'E 
10-38LE2 E.1 
10-3ffLE 0'2 

z o -a+ 9w z 2 

12 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
G.0 
0 '0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0-0 
0'0 
0'0 
0'0 
0'0 
0 '0 
0'0 
0'0 
0 '0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

E 0-3 EOO6T a 8 

91 

O'G 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0'0 
0 'G 
0 '0 
0 '0 
U '0 
0'0 
0 'G 
0 -0 
0 '0 
0 '0 
0 '0 
0 '0 
0 -0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0'0 
0 '0 
0 '0 
0 '0 
0 '0 

€0- 311 L80.i 
IO- 352fS 1'2 
IO- 38E828 'E 
10- 352 I68 '5 
50-366 150 'I; 
10-3BS??OS '9 
10-3fL81L '1 
10-38SZ6L-8 
TO- 312890'6 
10-360 LZS '8 
10-360 196 '9 

+I 

10-39 IY9k-t 
10-3519fE 't 
10-3519'zE 'E 
IO-3S19fE 'E 

660 1 

00 3L6S62'E 
00 39877Z'€ 
00 3LSfbl'E 
G3 36fZBl-E 
00 32LEL1'E 
00 js6+91*€ 
00 31295I'E 
00 3OSLfT't 
00 318BET't. 
00 2E92EI'F 
00 309IET.E 
00 3ZZEEl'E 
00 358fEI'C 
00 38f9El'E 
00 3118il'E 
00 3+L6E1 'E 
00 396Ffl'E 
00 315ZS1'E 
00 310991-F 
00 38LL81'E 
00 J01022'E 
00 389EBZ'E 
00 3LE8E5 'F 
00 i+Z'zb5'€ 
00 jEfE5L'S 
10 306005'7 
20 JSBZLQ'P 
TO 49ESfE'Z 
00 JT~ELL'G 
00 356168'5 
00 4LIEEB'f 
00 35171E.f 
00 4LBOTO'f 
00 liES6E8'E 
00 35E698.F 
00 33EEfL '9 
00 -19S5LS.E 
00 'JL628f'E 
00 30659E'E 
00 361699-f 
00 358661'E 
GO 396Z5E'E 

00 3L5lltiO'f 
00 'JG929L'Z 
00 3Ll690.Z 
00 36ZElZ'Z 
00 396Vft'l 
00 3EfS60-1 
IO-322991 '8 
10-2126 LO '9 
10-3TO1fO '1 

00 3tiyEa*+ 

Z 

7u-38 17L 1 -t 9 
EO-iI2SZLC'S E 
LO-3ZIbE6.9 2 
10-304E9C'l 1 

. d83 
ar wsx LOX 

00 3+960L'E 
00 3b9flE'E 
00 39518Z.E 
00 383952'E 
00 3965EZ'E 
00 419LlZ'E 
00 39LOOZ'E 
00 38156I'E 
00 3690Ll'E 
00 419bST.E 
30 3CCfST'E 
00 38525T'E 
00 3521ST'f 
00 3LE052'E 
uo 3+0OSl'E 
00 36fOS1'E 
uo 3OLESl'E 
00 305191'E 
00 305fLl'E 
00 326561'E 
00 2ZOPZZ'E 
00 3LV167'E 
00 3LLYfS'E 
00 3LLESb'E 
UO 3OSL9L'G 
TO 3ZESOS'Z 
20 3f6fL8'1 
TO 3099fF'Z 
00 3015LL'8 
30 3Ef66R'S 
00 3b+€€Q*f 
00 3TfZlE'f 
00 301LlO.f 
00 3KSEfB'E 
00 1E809B'E 
00 jfELfL'9 
00 38LGLS'E 
00 3LLf8t'E 
00 3Eb99€'€ 
00 3E5OL9"r 
00 3ZfOOZ'E 
00 31EBSF-E 
00 306150'5 
00 31919f'f 
00 30OZS€'E 
00 3LSfL5'2 
00 3b6E98'7 
00 306912'2 
00 316096'1 
00 365091'1 
00 310E65'1 
00 3'11219'1 

ZS 
11; 
OS 
63 
e+ 
Lf 
947 
Sf 
+f 
E+ 
Zf 
Tf 
Of 
6€ 
8E 
LE 
9E 
SE 
+?E 
E€ 
2E 
1E 
O€ 
62 
82 
LZ 
92 
52 
fZ 
EZ 
22 
12 
oz 
61 
8T 
LT 
91 
51 
CT 
€1 
22 
11 
01 
b 
8 
L 
9 
S 
f 
E 
7 
1 
'dU3 

1 a1 xsx 



5 0.0 
6 0.0 
7 0.0 
8 0.0 
9 0.0 
10 0.0 
11 0.0 
12 0.0 
13 0.0 
14 0.0 
15 0.0 
16 0.0 
17 0.0 
18 0.0 
19 0.0 
20 0.0 
21 0.0 
22 0.0 
23 0.0 
24 0.0 
25 0.0 
26 0.0 
27 0.0 
28 0.0 
29 0.0 
30 0.0 
31 0.0 
32 0.0 
33 0.0 
34 0.0 
35 0.0 
36 0.0 
37 0.0 
38 0.0 
39 0.0 
40 0.0 
41 0.0 
42 0.0 
43 0.0 
44 0.0 
45 0.0 
46 0.0 
47 0.0 
4 8  0-0  
49 0.0 
50 0.0 
51 0.0 
52 0.0 

- - - - - - 
3.34615E-01 
3.34615E-01 
3.34615E-01 
3.34615E-01 
3.34615E-01 
3.34615E-01 
3.34615f-01 
3,34615E-01 
3.34616E-01 
3. 34615E-01 
3.34616F-01 
3.34616E-01 
3.34615F-01 
3.34615E-01 
3.34615E-01 
3.34615E-01 
3.34616E-01 
3.34616E-01 
3.34615E-01 
3.34615E-01 
3.34615E-01 
3.34615E-01 
3. ?4615E-01 
3.34615E-01 
3.34616F-01 
3.34615E-01 
3.34615E-01 
3.34616E-01 
3.34615t-01 
3.34615E-01 
3.34615E-01 
3.346 15 E-01 
3.34615E-01 
3.34015E-01 
3.34616E-01 
3.34616E-01 
3. ?4616E-01 
3.346 15E- 0 1  
3-34615E-01 
3.34615E-01 
3,34615E-01 
3.34615E-01 
3.34616E-01 
3.34616C-01 
3.34616F-01 
3.3461CJE-01 
3,34615E-01 
7.19315E 00 



PO ELASTIC 

GRP.  1 
1 lO0lOPl  
2 6.51903E-03 
3 

GKP. 9 
1 8 0  09 009 
2 3.26363E 30 
3 5.42685€-01 

GRP. 17 
1 16017d17 
2 3.72937E 00 
3 4.2lY82F-01 

G R P .  7 5  
L 24025075 
2 1.41790F 0 1  
3 2.66640F 00  

GRP. 3 3  
1 32033073 
2 2.37780E UP 
3 8.1b947F-01 

G K P .  4 1  
1 40041041 
2 2.33521E OC 
3 7. 9 a 4 ~ 7 ~ - 0 1  

C R P .  4 9  
1 46049049 
2 2.37111t O'? 
3 8-09170F-01  

( M T =  2)--NA- 

sap. 2 
i o n 7 0 0 ~  

5 - 4 5 3 I 7F- 01 
5.71985E-02 

b 9 P .  10 
9310010 

3.Y2347F 00 
8.2 0749 t -01  

G R P .  18 
1701HC18 

2.Y0277t 00 
j . n i 3 9 7 t  0'1 

G Q P ,  2!, 
2 5 0 7 6 0 2 6  

1.417YOF 07 
Y.27461F 00  

G P P .  74 
33034C.34  

2 . 3 5 3 6 8 ~  0L 
8. '34471t-01 

G R P .  42 
41042C42 

2.33402t  on 
7.979'4 1F-01 

GKP.  50 

2.17941t  0) 
4 0 05 o m  n 

a. I 1333t-01 

2 3  I N F  D I L  

L o p .  3 

7.06 969E-01 
6.23935E-01 

LRP.  1 1  

7.40160F 00 
9.1Zt>71F-Gl 

Z C O ~ O ~ ?  

l o o  11  n i  1 

G P P .  1 9  
18019010 

z.i337iqi eo 
9. hh  5 82t -  01 

GRP. 2 7  
26017027 

2.227 15f 01 
4.5495CF 01 

G C P .  35  
3 403  5 c3 5 

L.35333E 00 
8.05 137b-01 

G K P .  4 3  
42043047 

2.37424C- 00 
7 . 9 7 5 7 9 ~ - 0 1  

G". 51 
50051051 

2 . 1 9 i l l F  011 
8.15152L-01 

GRP. 4 
3 004004 

9. L4133E-0 1 
1.0965JC-01 

CKP. 1 2  
11012012 

2.43939r  oo 
9 -51 3 5  5 F  -01 

G R P .  20 
1 9 0 2 J G  7 0 

2.06703F 00 
1.00234F 90 

6RP.  28 
2707 YO? 6 

4.57013E 00 
2 . 7 8 7 5 4 ~  00 

GRP. 3 6  
35036036 

2.34362F 00  
8.02 1 84  € -0 1 

G R P .  4 4  
tt3 044044 

7 . ' ~ R ~ Y + F - P I  
2.33853E 0 0  

GPP. 5 2  
51052052 

3 . ~ 9 5 ~ 7 r  0 0  
6.1974SF-01 

CRP.  5 

1.22617E 00 
4005005 

1 . 6 1 2 Y R F - 1 1  

GRP.  1 3  
12OL30 1 3  

7.56853F 90 
7.6046 1F-01 

GUP.  2 1  
2002 102 1 

1.04584E 0 0  

CPP. 7 9  
?%O290? 9 

3 , 1 7 7 7 1 ) ~  no 

1.98400F 00 
3.18335E 00 

GKP. 3 7  
560370 37 

7.74099r  00 
8.00335E-01 

G R P .  4 5  
44045045 

1.74501F 00 
0.P0276F-01 

G P P .  6 
5 0 36 0 176 

1.83940!= <JO 
7. 18t99F-01 

G K P .  I/+ 
130 140 1 4  

7 . 4 9 1 6 4 ~  o n  
1.10125F 00 

GPP.  22 
z i q ? z n z z  

1 . 1 3 4 3 7 ~  no 

L P P .  3 0  

2.66430' on 

3.54091F 00 

29'330030 

9.60236 c- 01 

GRP. 3R 
370 380  38 

z . 3 3 ~ 8 7 r  00 
7 .Y9h53 F - 1 1  

GRP.  46 
45046146 

2 . 3 5 1 5 n ~  on 
b .02491 E-01 

G P O ,  8 
7fl?Rnps 

3 .  w + i i h w - o i  
7.?17C;7€ 0 3  

G P O .  16 
15316(316, 

7.65158t  00 
c. 03741r-e1  

G P P .  '4 
2 7 ') 74 1 I 4  

6.107cor  '17 
1.63904r 0 0  

G Q P .  37 
31 0 3 7 0 3 7  

2.40315F 00 
R.79529F-31 

GRP. 40 
39041040 

2.33544F 09 
7. 9887l r -Ot  

G P P .  4q  
47048C48 

7.36453F '30 
8.06939€-01 



ONE D I M E N S I O N  AVERAGES FOR NA-23 I/E-SfGMA TOTAL WFIGHTIYG 

XSEC I D  1 
GRP 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
15 
16 
1 7  
18 
19 
20 
2 1  
22 
2 3  
2 4  
2 5  
2 6  
2 7  
20 
29  
30 
31 
3 2  
33 
3 4  
3 5  
3 6  
37 
3 8  
39 
40 
41 
4 2  
4 3  
44 
45 
4 6  
47 
4 8  
49 
5 0  
5 1  
5 2  

1.61136E 00 
1.59220E 00 
1.75325E 00 
1.94874E 00 
2.18838E 00 
2.82997E 00 
2.48513E 00 
3.26025F 00 
4.23575E 00 
4.58421E 00 
3.06644F 00 
3.07655E 00 
4,424C6E 00 
3.36356E 00 
3.47764E 00 
3.57543t 00 
4.69575E 00 
3.8568OE 00 
3.83760E 00 
4.01623E 0C 
4.30966E 00 
4.82514E 00 
5.86544E 00 
8.56031E 00 
1.97350E 01 
1.33151E 02 
1.73259E 0 1  
5.55688E 00 
3,94545E O C  
3.54412E 00 
3.29060E 00 
3.22797E 00 
3.19461E 00 
3.17291f 00 
3.16150E 00 
3.15245E 00 
3.15048E 00 
3.15004E 00 
3.15037E 00 
3.15124E 00 
3.15258E 00 
3.15444E 00 
3.15760E 00 
3.17068E 00 
3.18517E 00 
3.20075E 00 
3.21760E 00 
3,23594E 00 
3.256065 00 
3.27962E 00 
3.31466E 00 
3.70745F 00 

XSEC I D  10 7 
GRP 

1 1.46376E-01 
2 6.95708E-02 
3 5.65447E-03 
I 7 . 1 9 6 5 7 ~ - n 4  

2 

7.02818E-01 
6.07028 t -01 
8.04256E-01 
1.07338E 00 
1.41927E 00 
2.18045E 00 
1.99688E 00 
2.69008E 00 
3.85431E 00 
4.41307F 00 
3.05921: 00 
3.07597F 00 
4.42333E 00 
3.36273E 00 
3,47633E 00 
3. 57521F 00 
4.65427E 00 
3.85634F 00 
3.83621E 0 0  
4.0160d5 00 
4.3094'3E G O  
4.82487E 00 
5.86410E 00 
9.55873E 00 
1.97257E 01 
L.33OOBF 0 2  
1.72929E 01 
5.54330C 00 
3.93594E 00 
3.53573F 0 0  
3.28280E 00 
3.22005E 00 
3.1864bE 00 
3.16448E 00 
3.15251k 00 
3.14271E C O  
3.13973E 00 
3.13810F 00 

3.13484E 00 
3.1332?E 00 
3.13160E C O  
3.13065E 00 
3.13881E 00 
J.14749E CO 
3.15621E 00 
3.16494E 00 
3.17370F 00  
3.18248E 00 
3.19264F 00 
3.21184E 00 
3.2953hF 00 

3.13647E 00 

109Y 

7.2529ZE-01 
I .  >ro>rt-ai 
6. 70158F-01 
6 -  fl7975F-01 

.. _.--r,- 

4 

6.9662 7E -01 
8.52 5 61E -01 
9.0634 7E -01 
8.7 3021F -01 
7.689411; -01 
6.49334E-01 
4.88955E-01 
5.69952E -01 
3.8 11 87k-01 
1.7080 1E -01 
6.95981E -03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

16 

8.0357OF-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 3  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
O " 0  
0.0 
0 .o 
0 .n 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

77 

2.0 390 2E-0 1 
1.32614E-01 
1.76467F-0' 
2.7 3 7 9  1F-0 3 
1.7 1348E-04 
1.8 3 745E-04 
2.0 0 369F-04 
2.18036F-34 
2.52879E-04 

2 -69287F-04  
5.7 1755E-04 
7 . 3 6 6 4 8 6 0 4  
9.2553tE-04 
1.3 1087E-03 
2.2 7324F-04 
1.4 7256F-07 
4.56302E-04 
1.39296E-07 
7 - 28 126F-04 
2 e 5 4 0  34E - 0 4  
3.7287hE-04 
1.33937F-03 
1.58790E-03 
9.308ROE-03 
I .4302YE-0 1 
3.30180E-02 
1 - 3 5752E- 02 
9.5 1355E-03 
8 3 9  39 5F-0 3 
7.7 9453E-03 
7.9 1976F-03 
8.14464 E-0 3 
8.42632E-03 
8.9 88 8 1 E-03 
9.74145F-03 
1.3 74?7F-02 
1 19363F-07 
1.189336-02 
1 - 6 398 7F-02 
1.9 355 6F-0 2 
2 - 2 8 4 6  3E-0 2 
2.69589C-02 
3.18764E-02 
3.768 17E-02 
4.45447E-0 2 
5 2 6 56 5F- 0 2 
6.22462E-02 
7.35824E-02 
8.698 12E-0 2 
1.0 28 17E-0 1 
4aL2096E-01 

3.3 7 3 0 2 ~ - 0 4  

10 1 

7.039OZF-01 
1 -37  6 i 4 t - 0  1 
7.76467F-07 
2.33 7 9  IE-  07 
1,71348F-04 
1. R3745F-04 
2.00169F-04 
2.18036E-04 
2.52879F-04 
3.37302F-04 
2.6928 7E-04 
5 - 7  1 75 5F- 0 4  
7.3h6 4 8F- 0 4 
9.25531F-04 

2.77 3 2  4t- 0 4  
1.47256E-03 
4.56302F-04 
1.3929 6F- 0 3  
2.28 1 2 6 r -  04 
7.54084F- 0 4  
7.22876F- 0 4  
1. 339 3 7E- 0 3  
1.5829OF-03 
9.30880F-01 
1 - 4 3  8 2  9E- 0 1 
3.301 8OF-02 
1- 35 75 2E- 02 
9.51 35 5E- @1 
8.39395F-03 
7.7945 3F- 0 3 
7.91976F-03 
8.14464E-03 
8.4283 7F-07 
9.98881F-03 
9.74145F- 0 3  
1.07477E-0? 
1.1936 3F-02 
1.38933E-02 
1.6398 7E- 07 
L.Y3558F-02 
7.2846 3F- O? 
7. h 958 9F- q2 
3.18764F-07 
3.768 L7F-02 
4.45442f- 0 2  
5.26565F-07 

7.358 2 4F- 07 
8 - 6 9 8  12E-02 
1.028 17F-0 1 
4.12096E-01 

I. 31 0 8  7 r -  03 

6 22 4 6  zr- 0 2 

102 

1.9 5 46 7E-14 
1.73342F-04 
I .  6 6  294F-04 

1.68142F-04 

2.00 36 9E- 04  
2.18036F-04 
2.57 S79F-04 
3.37702f-04 
2.692 87E- 04 
5. 71 755F-04 
7.3h648F-04 
8.25531E-04 
1.31 C87F-03 
2.22324F-04 
1.47256F- 03 
4.5h307F-04 
I .  3929hE-03 
2.2 9 12 hE-04 
2.5 4 O84E- 04 
3.2 3 8 7 h f -  04 
1.33 53 7F-03 
1,58290E-03 
9.7 0 8  R OF- 03 
1.43 E29E-01 
7.30180E-07 
1.15 753E- 02 
9.51355E-03 
8.3 9 7 95F - 03 
7.79457f-03 
7.91976r-03 
A .  14464E-33 
8.42 83 7F-03 
9.98881F-03 
9,74145E-03 
1.0742 7F-02 
1.19363t-02 
1 - 3  8 93 3E-02 
1 e 67 $8 7F-07 
1.97558F-02 
2.2 0463E-02 
2.6958%-07 3.18764E-02 

3. 7681  7E-02 
4.4 5 447E-0 2 
5.2 h 5 6 5 f - 0 2  
6.22462F-02 
7.35824E-32 
8.69 8 1  ZF-02 
1.02 E17F-01 
4. I2 ~ 9 4 ~ - 0 1  

1 .6~016r -04  

1.33745r-04 

107 

5.73307c-07 
6.2 d 7 0 O C  -07  
3. I A76 OF-02  
1.85734F-03 
3.7 1591F-Oh 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0." 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
9.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
q. 0 

0.0 

n.0 

0.0 

0.n 

\ 
/ 



5 0.0 
6 0.0 
7 0.0 
8 0.0 
9 0.0 

10 0.0 
11 0.0 
1 2  0.0 
13 0.0 
l U  0.0 
15 0.0 
1 6  0.0 
1 7  0.0 
1 8  0.0 
1 Y  0.0 
2 0  0.0 
2 1  0.0 
22 0.0 
2 3  0.0 
2 4  0.0 
2 5  0.0 
26 0.0 
27 0.0 
28 0.0 
2 9  0.0 
3 0  0.0 
3 1  0.0 
32 0.0 
3 3  0.0 
3 4  0.0 
35 0.0 
36 0.0 
37  0.c 
38 0.0 
39 0.c 
40  0.0 
4 1  0.0 
42 0.0 
4 3  0.0 
4 4  0.0 
4 5  0.0 
46  0.0 
4 7  0.0 
4 8  0.0 
4 9  0.0 
50  0.0 
5 1  0.0 
52 0.0 

5.3 7146 t- 0 1 

4.73748'-Ol 
3.6C4731-01 
2.7742dF-01 

3.83944C-01 
3.87551F-01 
2.07591 t-01 
3.44576E-01 
3.3752Ot-CL 
3.28563E-01 
2 . 5 0 1 Y ? C - O l  
3.04563t-01 

2.92514E-01 
2. 72592F-01  
2.434825-01 
2. COL84F-Cl 
1. j7L3LF-01 
5.95247F-02 
8. E Z L 4 t i t - 0 3  
6. 78785E-02 
2.11423t-01 
2.9 7747'-01 
3.31466F-01 
3.57OO4E-01 
3.6393 I t - 0 1  
3.6773JE-01 

4. i 5 4 ~ r - 0 1  

2.5633ir-01 

3 .  o h i m r - 0 1  

3 . 7 0 2 3 a ~ - o i  

3.72730F-01 
3. 72629C-31 
3. 72523E-01 
3.72428f-01 
1. 723213F-01 
3.72227E-01 
3-71874F-01 
3.7Gl13E-01 
3.681 411-01 
3.66180F-01 
3.6423OF-01 
3 .  C2293E-01 
3.6036OF-01 

3.54442E-01 
7.23585' 00  

3 . 5 ~ 0 ~ , r - u 1  



PO E L A S T I C  

GRP. 1 
1 1001 001 
2 6.49665E-01 
3 

G R P ,  9 
1 8 0 09 009 
2 3.20809E 00 
3 4.52060E-01 

GRP. 17 
1 16017017 
2 3.49579E 00 
3 9.11352E-01 

GRP. 25 
1 24025025 
2 1.47011E 01  
3 2.18134E 00 

GPP. 33 
1 32033033 
2 2.37480E 00 
3 8.202226-01 

GRP. 41  
1 40041041 
2 2-33530E 00 
3 7.98335E-01 

GRP. 49 
1 48049049 
2 2.37254E 00 
3 8.07742E-01 

1002002 
5.4 5981E- 01 
5.3 153  2E-02 

GRP. 10 
9010010 

3.25844E 00 
6.4 62 13E-01 

G R P .  18 
i7018cil1 

2-86471E 00 
1.19848E 00 

G R P .  26 
2 5026026 

9.91375E 01 
5.02461E 00 

GRP. 34  
3 3034034 

2.35843E 00 
8-11667E-01 

G R P .  42 
41042042 

2.33409E 00 
7.979 19E-01 

G R p .  50 
49050050 

2.38046E 00 
8- 09942E-01 

.23 l/E-SIGMA TOTAL W E I G H T I N G  

GRP.  3 
2003003 

7.05755~-111 
6.10472E-02 

GRP.  11 
1001101 1 

2.36593E 00 
1.15463F 00 

Z P P .  19  
i8n i9019  

2.84643E 00 
9.91625F-01 

GRP. 27  
2602702 7 

1.28892E 01  
3.38701F 01 

GRP. 3 5  
34035035 

2.34952E 00 
8.06048E-01 

GRP. 4 3  
42043043 

2.33266E 00 
7.9750RE-01 

GRP. 51 
59051051 

2.39488E 00 
8.12183E-01 

GRP. 4 
3 0040 04 

9.21476E-01 
1 -03501E-01 

GRP. 1 2  
110 120 1 2  

2.32767E 00 
6.93283E-01 

GRP. 20 
19020020 

2.98580F 00 
9.89783F-0 1 

G R P .  28  
2702 802 8 

4.13181E 00 
4.40376E 00 

GRP. 36 
35076036 

2.34229E 00 
8-02  982 E-01 

GRP. 44  
43 04 4 044 

2.33991E 00 
7 -9698 1E-01 

GRP. 52 
5L052052 

3.29536F 00 
8.16957F-01 

GRP, 5 
4005005 

1.21458E 00 
1.51908E-01 

GRP. 13 
120130 17  

3.32397F 00 
7- 48304E-01 

GRP. 2 1  
20021021 

3.20827E 00 
1.03020E 00 

GRP.  29 
28029029 

2.93192E 00 
1.41148F 00 

GRP. 3 7  
36037037 

2.34015E 00 
8.004 18 E-01 

GRP.  4 5  
44045045 

L.?4640E 00 
7-98896E-01 

GRP. 6 

1.83465E 00 
2.046 95 F-01 

500600h  

GRP. 14 
130140 14 

2.50529F 00 
1.09936F 00 

CRP. 7 7  . . _ _  
21022022 

3.59552E 00 
1.10113F 00 

G R P .  30 
29030030 

2,63572E 00 
1,00402E 00 

GRP.  3R 
37038078 

2.33894F 00 
7,995 8 1F-0 1 

GRP.  46 
45046 046 

2.35290E 00 
R.OlO9flF-01 

GRP. 7 
6007007 

1 , 6 3 0 1 4 ~  on 
9 -45  805F-O 1 

GRP. 15 
14015015 

2.58899E 00 
5 .57438501  

G R P .  23  
2 2 0 2  3023 

4.37025f 00 
1.22929F 00 

CRP. 31 
30031031 

2.44678E 00 
9.000 11F-01 

G P P ,  39 
3 80 ?90 39 

2.33772F 00 
7.991 66E-01 

G9P. 47 
46047047 

7.35942E 00 
8.033 08F-01 

I D E N T I F I E R  11231 

GRP. 8 
7008008 

2.23802E 00 
3.667 41  F-01 

G R o .  16 
1501601 t 

2.66386F 00 
8.8734ZE-01 

GRP. 2 4  
23024024 

6.377’19E 00 
1.49385F 00 

G R P .  3 2  
31 0 32 032 

2.399536 00 
8.36026F-01 

G P P .  40  
79040040 

2.33651F 00 
7.98750E-OL 

G R P .  48  
4704904fl 

2.36596E 00 
R.05523F-01 



R U N  
TWO 
S O C I U M  
C ASFS 
F C R  PR1)5LEl" 3 

T A P ?  I D  100 IVUY6 t 9  (JF N t l C C  1 DES 
NUMRtK OF h € U T R f l N  LKCIJPL 5 2  NIJi4bFR OF GAMMA GPnlJP5  
F I R S T  T I i r R V A L  GROUP 5 2  

T A H L t  0t C O N T E ' I T S  
N A - 2 3  ihF D I L  
N A - 2 3  I / E - S I G Y 4  TOTAL k F I G H T I h r G  

E L A P S t D  T I M k  1.00 Y I V .  

118 APHAY 9 F N T V I F S  R f A ! )  

01 

GEIUERAL I N F [ 1 F M A T I n N  C W r t K N I N b  IJPDhTt r P T I l l N  

NEW I D  ICENTIFICATITN 9 F  N E 4  dMPX L I ' 3 R A P Y  0 
ITRGUP U P D A T r  T R I G G E q  0 / 1 / L  %O/A.G 2 1  TI? Z 3 / C O P Y  2 1  0 
I E D I T  P R l l D l l C r  F L I T 5  Ut L R O \ S - S t C T I [ l N S  0 
I P L O T  P L O T  CRC' S S-SE C T  I tl".! S 0 
I P A K T  UPOATF P A G T I  A 1. CRCSS- 5 t C  T I  i l i d  5 0 
i f l L O  IS A h  OL I1 AYO X L I R R A d  " YUUNTFO? I 0 / 1  :8\1P/"FS) O r  

7 
0 

ID 1 L23r) 
'In 11731 

ELAPSED TIMF l - O P  M I N .  



0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 0000000 
0000000 

N R  N N  
N h N  N Y  
N N N N  N N  
N N  N N  N N  
N N  WN NN 
N N  N N  N N  
N N  N N  N N  
NM NN N Y  
N N  NN NN 
N N  N N N Y  
N N  N N N  
MN N N  

11 I I 11 11 I I IT T T T T T T T T T T T T  
I I I I I I I I  11 I 1  T T T T T T T T T T T T  

I 1  TT 
I1  TT 
I 1  T T  
I 1  TT 
I 1  T T  
I 1  T T  
I 1  T T  
I 1  T T  

111 I I I I I T I I T  T T  
1111 I I I I I i I r  T T  

5 5 5 5 5 5 5 5 5 5 5 5 5  / /  1 1  
5 5 5 5 5 5 5 5 5 5 5 5 5  / /  1 1 1  
5 5  / /  1 1 1 1  
5 5  / /  11 
5 5  / /  11 
5 5 5 5 5 5 5 5 5 5 5 5  I /  11 
5 5 5 5 5 5 5 5 5 5 5 5 5  / /  11 

5 5  / /  1 1  
5 5  / /  

5 5  5 5  / /  
5 5 5 5 5 5 5 5 5 5 5 5 5  / /  

5 5 5 5 5 5 5 5 5 5 5  / /  

11 
1 1 1  

1 1  11 
11 
11 
11 
11 
11 
11 
11 

1 1 1 1 1 1  11 
11111111 

...*I ..... .. . . . ..... 

1 1  
11 

1 1 1 1 1 1 1 1  
lltlllll 

A A A A A A h h A  
A A A A A A A A A A A  

Ah A A  
Ah A b  
Ab, A A  
A A A A A A A A A A A A A  
A A A A A  A A B A A  A A A 
A A  A A  
A4 Ab,  
h A  A Q  
Ah hA 
An A& 

666666666666 
6666666666666 
66 
66 
66 
666666666656 
6h66666666666 
66 66 
66 66 
66 66 
666666 66666 h6 

66666666666 

5 5 5 5 5 5 5 5 5 5 5 5 5  33333333333  
5 5 5 5 5 5 5 5 5 5 5 5 5  333-3333333333 
55 3 3  3 3  
55 3 3  
55 33  
5 5 5 5 5 5 5 5 5 5 5 5  3 3 3  
5 5 5 5 5 5 5 5 5 5 5 5 5  3 3 3  

5 5  33  
5 5  3’3 

55 5 5  33 33  
5 5 5 5 5 5 5 5 5 5 5 5 5  3333333333333  

5 5 5 5 5 5 5 5 5 5 5  3 3333  3 3 3  333 

Y w W W  
w w  bl w 
WM ww 
w w  !w 
w w  W\J 
w w  w w w  
w w  w w w  Wld 
w w  w w  w w  i l w  
w w  w w  ww w w  
w w w w  w w w w  
W W W  w w l r  
w w  W W  

LI 
L L  
t i  
CL 
LC 
LL 
LL 
L L  
L L  
LL 
1 L L L L l L L L L L  LL 
L L I  LLLLLCLLLL 

11 7777777777777 
I /  777771777771 

I /  77 77 
/ /  77 

/ /  77 
/ /  77 

/ /  77 
I /  77 

/ /  77 
/ /  77 

/ /  7 7  
/ /  7 7  

3 333  33 33  733 
1333133333333  
33 3’3 

33 
33  

333  ... a. 33 3 ..... 33  *.... 3 3  ..... 33  33 
33 33  333  3 333 33 

3313333’3?33 

5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5  
5 5  
5 5  
5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5  
5 5  

5 5  5 5  
5 5 5 > 5 5 5 5 5 5 5 5 5  

5 5 5 5 5 5 5 5 5 5 5  

1 1  
111 

1111 
11 
1 1  
11 
1 1  
1 1  
1 1  
1 1  

11111111 
11 1 1 1 1 1 1  

\ 



08 b R R A Y  9 E N T 9 I t S  R E A D  

11 A R P A Y  1 2  F N T R I t S  K F A U  

O T  

M S C M  
M MT 
MWT 
MXT 
MCR 
M X X  
M S  
I R t S  
I QM 
IPM 
I P P  
I F G  

N U M r i E l i  P F  FXTYA C ?CISS S f C T I  ONS 
N I J M b f R  U F  FlUC L I O E S  F J O 4  M A S T F P  L I  HYAQY 
N d M H F P  ( IF I d I I C L I D k S  FRCJY X - S F C T  L I B P A S Y  ( L ' I G  2 )  
NlJMRFR flF ' 4 I J C L I U E S  FRr lP  Y - S F C T  L I R Q A R Y  (L1 lG 31 
A N I S N / D O T / M P P  S f  OLITPIJT I R I G G E P  
T O T A L  C C O S S  S t C T I O N  !'('SI T I O Y  
W I T H I I , - G P I I I I P  S C A T T t P I N G  C R i l S S  CFC l I O N  P f l S I T I O Y  
NUI-iSFQ P F  R F S O N A Y L E  L A L L I J L A T I U N S  
T A B L E  L F N G T H  FOA C R O S S  S F C T I C N S  
I S  A N  O L D  Ah1CE.I L t 3 R  Q Y  Y O l J h T l D  7 ( O / I : N f l / Y t S J  

P R I N T  C f l N T 9 I l L  - A N I S N  O U T P U T  
r u w u i  OPTICIF TP I G C E  

THF S T D K A G t  A L L P C A T F O  Ff lk  T H I S  C A S F  J S  1 0 3 9 3 6  WnRDS 

2% A R R A Y  2 F N T R I F S  R r h D  

OT 

G F N E K A L  I N F O K M A T I O h  C i l Y C t R Y l h T  C O i J ' r 5  S F C T I l Y  L I d R A R Y  
T A P E  I D E N T I F I C A T I O N  p,UYIIFY 100 
NUMBCH O F  NurL In ts  . 'Y T A P L  2 
N d P H E R  CIF I J E U T P O I I  F N F R G Y  GKUUPS 5 7  
F I R S T  T H F R I P A L  r?FIJTRi l  U E N C k G Y  GP13UP 57 
N U M B t R  U F  G A W A  E h F R G Y  G P D U P S  0 

X S D R N  T A P E  100 
RUN 
TAD 
SOD I U Y  
C A S F S  
FCiR PQ,L'Lf=*I 3 

N U C L I D E S  FRClY XSDRI.? T b P E  
1 N A - 2 3  T Y F  D I L  
2 N A - 2 3  l / F - S I G ' i A  T O T A L  W F I G H T I N S  

NA-23 I N F  011 

NA-23 l / ~ - S i G r h  T U T A L  W i  I L - H T I U G  

0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11730 
1 1 2 1 1  

1 1 7 3 0  

1 1 2 1 1  

E L A P S E D  T I M E  0.01 \11'4. 



xx xx 
x x  xx 

xx xx 
x x  x x  

xx  xx 
xx x 
x x x  

xx xx  
x x  xx  

xx  xx 
xx  xx 

xx  xx  

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 000 000 0 
0000000 

sssssssssss 
sssssssssssss 
ss S S  
ss 
ss 
s sss s 5s s s sss 

ssssssssssss 
ss 
ss 

ss SS 
sssssssssssss  
sssssssssss 

5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5  
5 5  
5 5  
5 5 5 5 5  5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5  
5 5  

5 5  55  
5 5 5 5 5 5 5 5 5 5 5 5 5  

555 5 5 5 5 5  5 5 5  

11 
111 

1111 
11 
11 
11 
11 
11 
11 
11 

11111111 
11111111 

DDDDDDDDDDDD 
DDDDODDDDDDDD 
DD DD 
DO DD 
DD DD 
DD DD 
DD DD 
OD DD 
DD OD 
DD DD 
DGDD ODDDODDDD 
DDDD DDDDDOOD 

RRRRRRRRRRRR 
RRRRRRRRRRRRR 
RR RR 
RR RR 
RR RR 
R R R R R R R R R R R R R  
QRRRRRRRHRRR 
RR R Q  
RR RR 
RR R P  
RP RR 
RR RR 

/ /  1 1  
/ I  111 

/ /  1111 
I f  11 

/ /  11 
/ /  11 

I /  11 
/ /  11 

/ /  1 1  
// 11 

/ /  11111111 
/ /  11111111 

5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5  
5 5  
5 5  
5 5 5 5 5 5 5 5 5 5 5 5  *.... 5 5 5 5 5 5 5 5 5 5 5 5 5  ..... 5 5  ..... 5 5  

..I*. 5 5  5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5 5 5 5 5 5 5 5 5 5  

NN V %  
NNN NY 
NNNN NN 
NN NN NN 
NN NN NN 
NN NN NN 
NN NN NY 
NN NN Nlri 
NN NN NN 
NN NNNN 
NN NNN 
NN NN 

661666666666 
b666666666666 
66  
6 6  
66 
hbbbh6666666 

.b b b 66 6 6 b 666 6 b 
66 66 
66 66 
66 bh 
6666666666666 

b66666bbb66 

4 4  
4 4 4  

4 4 4 4  
4 4  4 4  

44 4 4  
4 4  44 

44 44 
4 4 4 4 4  4 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4  
44 
4 4  

PPPPPPPPPPPP 
PPPPPPPPPPPPP 
PP PP 
PP PP 
PP PP 
PPPPPPPPPPPPP 
PPPPPP PP PPPP 
PP 
PP 
PP 
PP 
PP 

MY M M 
MMM M YM 
Y M M ‘.1 YMYM 
MM YBl MM MM 
PM Y Y  Y M  YM 

MM YPM 4M 
MM M MM 
MM Y P  
MM VM 
PM MM 
M Y  4M 
MM YM 

7777777777777 
777777777777 
77 77 

7 7  
77 

7 7  
77 

77 
77 

7 7  
7 7  
7 7  

44 
4 4 4  

4444 
44 4 4  

4 4  4 4  
4 4  4 4  

*.*.. 4 4  4 4  ..... 4 4 4 4 4 4 4 4 4 4 4 4  ..... 44444444444  4 4  ... O .  44 
4 4  
4 4  

5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5  
5 5  
5 5  
5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5  
5 5  

5 5  5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5 5 5 5 5 5 5 5 5 5  

44 
444  

6 4 4 4  
44  4 4  

44 4 4  
4 4  44 

4’1 4 4  
4 4 4 4 4 4 4 4 4 + 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4  
44 
4 4  
/+ 4 



RUN XSUKNPi* A S  P A R I  Of S A M 9 L t  D R O d L E M  7 

l b  A R K A Y  15 E N T R I t S  R t A O  

ZA B R F A Y  10 E N T P I t S  P E A D  

OT 

T H E  F f L L O k l f d G  D I R E C T  A C C E S S  SDACE I S  R E O U I R C D  
L O G I C A L  U I i I T  B H A S  53 H L L I L K S  OF LEI'IGTH 177 W077S 
L O G I C A L  U K I T  9 H A 5  9 3 L O C K S  UF L F h ' G T H  88.3 i.IC3RDS 
L l l G I C A L  L l h I T  10 H A S  156 8Li ,CKS OF L F N G T H  1 W I 1 W S  

GENERAL P R O M L E V  n F s c R i p  TIIJV D A T A  B L O C K  

C ~ N E K A L  PP,C;PLF 4 'IATA 

I G E  
I L M  
11.1 
I R L  
I R R  
M X X  
MS 
I G M  
NNG 
NG G 
I F T G  

I F G  
I QM 
I PM 
IFN 
1T MX 
I D T l  

E V  
EVM 
BF 
OY 
D2 

1/7/ 3 = P L / i h i ~ / r ~ L I ~ l I r l t K / S P H ~ F t  I 1 5 N  U I J A U R A T U R F  ' I H O E R  0 
NUMBER OF Z W E C  1 I S C T  O R O F 9  flF S C A T T F R I N G  0 
N U M R t R  f l F  S P A C I A L  I Y T E k V A L 5  1 I F V T  0 / 1/ ?/ 3 / 4 1  5 /h=Q/  K /  h L P H A / T  / Z / Q  /H 1 
O /  1 / 2 / 3  = VALUIIP' / ; ( 'FL/PEP/UJHITF 1 I I Y  I N U F k  T T t P A T I O N  W A X I M L I M  10 
R I G H T  BCiUNPAIIY C n V f l I T  Iuhi 1 I C 4  O U T F 9  I T F R A T I O N  Y A X I M U M  0 
NUMBER CiF k I X T U D E Z  7 J C CC -1 / 0  / h - - F L  AT 9 F S  / Z N /  OPT n 
M I X I N G  T A P L F  L F N G T H  4 I T H  0/1 = F O P d A Q U / A D J D I 4 T  0 
N U P H F H  O F  r h k P G Y  C2C)UPS 52  I f  LCJ 0 / 1 / 7 / 3 / 4 = L - S / L / S / W / L - W  n 
V U M B F U  O F  h F l l T P C N  S R I U r j S  5 2  I P 9 T  - 2 / - 1 / 0 / N = Y I X T l J R F  X S F T  P Q I N T  3 
& U M H t R  Q F  GAMMA GROUPS 0 101 O / l / L / ? = N O / P P T  N n / D C H  N / R r J T I I  0 
iuUYHER O F  F I P S T  T t i F f  M A L  ChCIUP 52 1 P 8 T  - L / O / I = N U ~ ~ t / F f N E / A L L  P A L .  PRT 0 

S P t C  I A L  ( I P T I O N S  

0 / 1  = I 4 I ? Y F / k F I G H I I V G  C A L C J L A l I O b l  0 I P N  DlIW'4Y P A R A Y E T F X  0 
V D L U M E T K I C  S n U f C F S  ( O / N = V O / Y C S )  0 I I J F Y  0/1 = N O N F / D F N S I T Y  FACTnR.5 38* 0 
B O U R D A R Y  S L U Q C F S  ( Q / N = N f l / Y t S l  0 I A Z  O / N  = N O Y € / Y  A C T T V I T I F S  R Y  Z n t ' F  0 
0 / 1 / L  = IIUDIJT 3 3 - / 3 4 7 / U S F  L A S T  9 I A I  O / l = N O N F / A C T I V I T I  F ?  BY T N T F R V C L  0 
M A X I b b Y  T I V F  ( M I U I J T T Z )  0 I F C T  O / l = N O / Y E S  U P S C A T T E R  ? C A L  I N G  n 
0 / 1 / 2 / 3 = h 0 / X S T C T / S ~ C E / ~ L U X - - ' I U T  n I P V T  O / l / Z = ' I O / K / A L P H A  P A R A Y F T Q I C  5 Q C H  0 

F L O A T I N G  P Q I N T  P A R A Y F T E F S  

t I G € N V A L I J F  GIJESS 0.0 P V  I D V T  = l /  7 - - K / A L  PHA n.n 
€ I G E h V  4LIJ  € YP 0 I F  I t R 0.0 E P S  q V E R A l L  C C N V E R G E N C F  1. 0000OE- C4 
B U C ~ L I N G  F A C T O P = l .  4208YL 1.4208VE 00 P T f  P f 3 I N T  C O N V F P G E N C F  1 . 3 0 0 0 O E - 0 4  

P L A N E  U E P T H  F n k  B c l C K L I ' 4 G  C.0 F f l L  t V  C H A N G F  F P 5  FOP S E A R C H  1 . 0 n 0 0 0 F - P 3  
V O I D  S T P E A I " I N G  C O P K E C T I O Y  C.0 X N P H  NEv4 P A R A Y  MOD FOR SFAQCW 7 . 5 0 0 0 0 E - 0 1  

C Y C / P L A  H T  FiiR A l J C K L I N G  0.0 XhlF N i l K U A L I Z A T l O h i  F A C T O R  l.00000E CO 



RUN XSDF'NPN AS PART OF SAMPLE PROBLEM 3 

138 ARRAY 4 F N T R I E S  HEAD 

14s ARRAY 4 F N T R I E S  R E A D  

154 ARRAY 4 E N T R I E S  R E A D  

O T  

NUCL I D E S  cccc 
ON T A P €  I D E N T I F I C A T I O N  

1 11230 
2 11231 
3 
4 

P I X I N C ,  T A a L F  
C O M  P 0 V t NT Y I X T UR F ATOW DFV 5 I T V  

1 1 1 2 3 0  1.000nOE 00 
2 1 1 2 3 1  i . o n o n o r  00 
3 11230 i.ooooor on 
3 11231 -1.0000OF 00 

F XTPA 
X S G C T  I Q ' 5  
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17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

0.0 
0.0 
0.0 
1.56596E-03 
3.87996E-03 
7.24520E-04 
1.30075E-04 
8- 54456E-05 
5.86745F-04 

GRP. 25 
0.0 
0.0 
0.0 
0.0 
1-23527E-02 
0.0 
2.34660F 01 

1.41790E 01 
2.66tr40E 00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
e. 0 
0.0 
0.0 
0.0 
0. e 
0.0 
0.0 
0.0 
0.0 
6.94227E-06 
0.0 
0.0 
0.0 
2.484 l6F-07 

1025025 

3.40570~-06 

0.0 
0.0 
0.0 
0- 0 
1.0056CE-03 
2.0 3872E-03 
4.0 345 5F-04 
6.65729E-05 
4.5456 3E-05 
3.19391E-04 

G R P .  2 6  
0.0 
0.0 
0.0 
0.0 
2.09383t-01 
0.0 
1.874’34E 02 

1.41790F 02 
9.2 746 16 On 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. n 
0.0 
0.0 
1.27307F-07 
1.7 5237E-05 

1026026 

2.329 3 7E- C3 
0.0 
0.0 
0.0 
9.0 
5.5336YE-04 
1. 07h21E-03 
2.241 56F-04 
3.47395E-05 
2.43875E-05 
1- 71011E-04 

G R P .  27 
0.0 
0.0 
0.0 
0. 0 
4.42 123F-07 
0.0 
2.50532E 01 

102702 7 
2.22215E 01 
4.54$5CE 01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
c. 0 
0.0 

0.0 
0 - 0  
0.0 
0. e 
0.0 
0.0 
0.0 

0.0 
6 - 5 2  2 40F - CR 
9.002 6 7F- 07 

n.n 

0. n 

0.0 
2.85200E-04 
0.0 
0.0 
0.9 
0.0 
2.88124F-04 
5.73353E-04 

1.52732E-05 
1.32438€-05 
9.04498E-05 

1. I ~ Y D ~ E - M  

GPP. 28 
0.0 
0 .0 
0.0 
0.0 
1.4015oE-O:! 
0.0 
5.76750E 00 

4.57013F 03 
2.78754F 90 
0.0 
0.0 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 
0 .0 
0 .0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 

1028028 

0.n 
0.0 
0.0 
0.0 
0.0 
0 .n 
0.0 
3.14132F-08 
4.62085r-07 

3.0 
0 - 0  
8.352746-05 
0.0 
0.0 
0.0 
0.0 
1.40450 E-04 
3.08 8 1 1 E-04 
5.19703E-05 
9.6 8764F-06 
6.56566F-06 
4.7417RE-05 

GRP. 29 
0.0 
0.0 
0.0 
0.0 
9.53669E-03 
0.0 
3.95377E 00 

2.98400E 00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.71153F-05 
L.37023E-37 

1029029 

1.1833~~ 00 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
6.47664E-05 
1 -6Q749E- 04 
2.2 3634E-05 
7.61459E-06 
1.R4199E-06 
2 -46916E-05 

5 .a326 1 ~ - n 6  

GRP. 39 
0.0 
0.0 

0.0 

0 .9 
3.54677F 00 

0.0 

9-40 ih0E-n 3 

1030030 
2.664~0~ 00 

0.0 

n. 0 

9. h O Z 3 6 F - D l  
0 .o 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.0 
0.0 
0.0 

0.0 
0.9 
8.76635F-19 
1.71577F-07 

0.0 

n.n 

0.0 

0 .0 
0.0 
0.0 
0.0 
0.0 
9.0 
0.0 
0.0 
0.0 
2.969 03F-05 
9- 896 69F- 05 
5 - 432 45c-96 
0.0 
9.45065E- 07 
1.27983F-05 

GRp. 31 
0 -0  
0.0 

0.0 
7.797 18F-03 
0.0 

0.0 

3.29147~ on 
1031031 

2.45515F 0’7 
8 * 7 35 74F- 0 1 
0 .0 
0.0 
0.0 
7.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0 .0 
0.0 
0.7 
0.0 
0.0 
0 -0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 -0 
0.0 
0.0 
O.n 
0.0 
0.0 
4-4R955F-09 
6 . 2 7 8 4 1 ’ - 0 0  

0.n 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.12141F-05 
0.3 

1.53qio~-n5 

4.84624€-‘37 0.0 

6.61114F-06 

GR”. 32 
0. 0 
9.0 
0.0 
0.0 
7.91 9 5hE-03 
0.0 
3.22RC7F 00 
2.40315~ 1072012 on 

R.25529F-01 
0.7 
0.0 
0.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
n. 7 
n. o 
0.0 
0.0 
0.0 
0.0 
n. 0 
n.O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

?.1?1.50€-09 
2 . 7 w ~ r - ‘ 7 0  

GRP. 33 GRP. 34 GRP. 35 GRP. 36 GRP. 1 7  GPD. 38 G R P .  4 9  G P P .  4 0  
1 0.0 0.0 0.0 0.0 iJ.0 0 .0 0.0 0.7 
z 0.0 0.q 0.0 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 0.0 0. n e -  n 0 .0 3,0 0-0 0 -0  n. n 
5 8.14778r-03 9.42R16F-03 P.98d64E-03 9.74137F-03 1.07427E-02 1.19363c-02 1.78934F-’72 l .h3<),38F-?7 
A n.n 0-  n 0-  0 0.n 0.0 0.0 0.0 n.n 

\ 
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MACROSCOPIC Po cROS 

G R P .  1 
1 0.0 
2 8.03570E-03 
3 0.0 
4 0.0 
5 2.03902E-01 
6 0.0 
7 1.6113LE 00 
8 1001001 
9 6.58245E-01 
10 
1 1  
12 
13 
14 
15 
16 

G R P -  9 
1 0.0 
2 0.0 
3 0.0 
4 0.0 
5 2.52879E-04 
6 0.0 
7 4.23576E 00 
8 1009009 
9 3.20809E 00 

LO 6.27413E-01 
11 9.91590E-02 
12 0.0 
13 7.21761E-02 
14 5.52956E-02 
15 5.26595E-02 
16 1.82800E-02 
17 2.88073E-02 
18 
19 
20 
21 
22 
23 
24 

G R P .  17 
1 0.0 
2 0.0 
3 0.0 
4 0.0 
5 1.47256E-03 
6 0.0 
7 4.69574E 00 
8 1017017 
9 3.49579E 00 

LO 9-11352E-01 
11 0.0 
12 0.0 
13 0.0 
14 0.0 
15 1.32942E-03 
!& ! . ? l ? ? S F - 9 7  

S SECTIONS FOR MIXTURE 2 

G R P -  2 
0.0 
0.0 
0.0 
0.0 
1.32614E-01 
0.0 
1-59222E 00 

LOO2002 
5.8 9677E-01 
1.00031E-01 

G R P .  10 
0.0 
0.0 
0.0 
0.0 
3.3 730 2E-04 
0.0 
4.5842CE 00 

3.25844E 00 
6.46213E-01 
3.88508E-01 
0.0 
9.2 4 34 DE- 03 
6.06963E-02 
2.3 345 EE- 02 
2.5 13 5 ?E-02 
1.08639E-02 
1.8 5162502 

1010010 

G R P .  18 
0.0 
0.0 
0.0 
0.0 
4.5 630 2E-04 
0.0 
3.85679E 00 

2.86471E 00 
1.19848E 00 
0.0 
0.0 
0.0 
0.0 
0.0 
7. i 33 i94F-03  

ioiaaia 

G R P .  3 
0.0 
0.0 
0.0 
0.0 
3.76467E-02 
0.0 
1.75323E 00 

1003003 
7. Y31156-01 

8.73799F-02 
I. a22 mz-01 

G R P .  11 
0.0 
0.0 
0.0 
0.0 
2.69287E-04 
0.0 
3.06644E 00 

2.36593E 00 
1.15463E 00 
2.24872E-01 
6. C9589E-03 
0.0 
2.05491E-07 
4.11527E-02 
1.80991E-02 
I. * 08345E-02 
b.05281E-03 
1.20336E-02 

101101 1 

G R P .  19 
0.0 
0.0 
0.0 
0.0 
1.3 92 96E - 03 
0.0 
3.8376CE 00 

1019019 
2.84643E 00 
9.91625E-01 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 

G R P .  4 
0 .0 
0 .o 
0 .0 
0 -0  
2 -33791E-03 
0.0 
1.94870E 00 

1.04691F 00 
3.112776-01 
1.36624F-01 
1.33201 E-01 

1004004 

G R P .  12 
0.0 
0.0 

0.0 
5 -71755E-04 
0.0 
3.07654E 00 

2.32767E 00 
6.93283E-01 
0.0 
1.3670YE-01 
0.0 
0 .o 
9.5 224 1 E-0 3 
2 *8"282E-02 
1.27053E-02 
4.13947E-03 
3 - 283 06E-03 
7.8439l.E-03 

o .n 

1012012 

G R P .  20 
0.0 
0.0 
0 -0 
0 .o 
2.28126F-04 
o .a 
4.01622E 00 

2.98580E 00 
9.89783E-01 
0 .o 
0.0 
0.0 
0.0 
0 .0 

1020020 

0.0 

GRP. 5 
0.0 
0.0 
0.0 
0.0 
1.71348E-04 
0.0 
2.18816E 00 

1.32728E 00 
3.32381E-01 
2.198 1 1 E-0 1 
1.86512E-01 
1 - 40389 E-0 1 

1005005 

G R P .  13 
0.0 
0.0 
0.0 
0.0 
7.36648E-04 
0.0 
4.42406E 00 

3.32397E 00 
7.48304E-01 
0.0 
7.62288E-02 
1.9617 1E-02 
0.0 

9- 13107E-03 
1.81445E-02 
7.32767E-03 
2.05192E-03 
1.6 1487 E-03 
5.0024ZE-03 

1013013 

0.0 

GRP.  21 
OIO 
0.0 
0.0 
0.0 
2.54084E-04 
0.0 
4.30966E 00 

3.20827E 00 
1.03020E 00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1021021 

G R P .  6 
0 .'3 

0.0 
0.0 
1.83745F-04 
0.0 
2.82995F 00 

1.93479E 00 
4.9 1101 F-01 
1.54242E-01 
1.33703F-01 
1.651686-01 
1.0 2959F- 01 

0.0 

100 60 06 

GRP. 14 
0.0 
0.0 
0.0 
0.0 
8.75531F-04 
0.0 
3.36356E 00 

1014014 
2.50529~ no 
1.094366 00 
0.0 
0.0 
4.31128E-02 
0.0 
0.0 
0.0 
5.76938E-03 
1.59730F-02 
4.30 427 E-03 
1.17923E-03 
6.29998E-04 
3.077 13E- 03 

G R P .  7 2  
o .n 
0.0 
0.0 
0.0 

0.0 
4.82513E 00 

3.59557E 00 
1.10113E 00 
0.0 
0.0 
0.0 
0.0 
0 -0 
0.0 

3.2287h~-n4 

1027022 

G R P ,  7 
0.0 
0.0 
0.0 
0.0 
2.0036YF-04 
0.0 
2.48513E 00 

1.63014F 00 
8.2 15 87E-01 
3.36426F-02 
1.73622F-01 

1.0 80 50E - 0 1 
6.86985E-07 

io07007 

9.236 ~ ~ - 0 2  

GRP. 15 
0.0 
0.0 
0.0 
0 .o 
1.3 1087E-0-3 
0.0 
3.47764~ on 

1015015 
2.58899E 00 
8.574 38F-0 1 
0 .0 

0.0 
4.39490F-07 
0.0 
0.0 
0.0 
3.163 14E-r)? 
1.087 70E-02 

5 e 6 8  8 286-04 

1.8 2 138F-03 

0.0 

2.60432~-03 

3. 2 5 5 8 2~ -04 

G R P .  23 
0.0 
0.0 
0.0 
0.0 
1 I 33937E- 03 
0.0 
5.86544E 00 

4.37025E 00 
1.22929F 00 
0 -0 
0.0 
0.0 
0.0 
0 .o 
0 .o 

1023027 

GRP- R 
0.0 
0.0 
0.0 

3.26075F 00 U '  
l O O R O 0 O  

2.23807t 00 
7.556 39F-01 
1.03224F-07 
7.34224E-02 
1.17362'-91 
6.821 49F-02 
4.991 96F-07 
4.5 1 5 2 2 ~ - 0 2  

G R P .  16 
0.0 
0.0 
0.0 
0.0 
2.22374E-C4 
0.0 
3.57543~ no 

1016016 
2.66386F 00 
8.8734ZF-01 
0.0 
0.0 
n. 0 
3.0 
6.26R4ZF-93 
0.0 
0.0 
0.0 
2.11745E-03 
6.406 17F-03 
1.51946E-03 
2.75558E-04 
1.66662 F-04 
1.04171E-C3 

GRP. 24 
0.0 
0.0 
0.0 
0. '3 
1.5829OF-03 
0. n 
8.56031F 00 

6.37739E 00 
1.49385F 00 
0.0 
0.0 
0.0 

1024024 

0.0 
0 ;  n 
0.0 



10-85 

3 
m

 
0
 
c
3
 

0
.c

 
0
 

O
P

4
0

0
 

0
0

 
c
 

I
1

 
u
 

L
L

L
 

U
&

 
L
 

L
C

&
L

L
. 

L
L
L
 

4
 

-
N

e
9

 
m

v
 

r- 
(

T
-

~
N

 
L

T
C

 
. 

.?
N

 
e

m
 

1
-
d

 
0

.- 
n
 

m 
1

-
c

m
c

 
u
l
-
 

a
 

- 
N

d
C

“
9

 
C

f
 

a
 

D
i
n

 
-
9
 

0
0

 
0
0
 

N
 

L
-i 

r- 
6
 

c
 
e
 

I
1

 
I

I
 

r- 
I 

m
i

 

u-ul 
C

d
 

F
-- 

u
lN

 
CL 

c
c

o
o

c
o

o
o

o
c

~
~

c
~

m
m

 
C

“
O

O
C

O
C

P
C

N
 
P

~
C

C
~

C
O

O
~

O
C

C
C

C
C

C
C

O
~

C
~

~
~

C
~

~
~

~
~

~
P

~
 

~
O

O
C

O
Q

O
 

o
~

o
o

o
c

c
o

o
c

-
*

o
c

u
c

 
O

C
C

C
P

-
C

~
 ~

~
O

C
O

O
O

~
O

C
~

O
~

C
~

O
~

~
~

~
C

C
O

C
O

O
C

O
O

O
N

~
 

o
o

c
c

r
r
c

 
................ 

....................................... 
...... 

N
 

0
 

C
 

r- 
I U
 

I” 
m

 
n
 

m 
ir 

a
 

w
o

o
c

c
m

c
 

0
0

O
o

”
o

 
...... 

0
 

r
-
u

 
m

 
L

(
\N

 
P
 

3
 
c
o
9
o
 

-m
 

m
 

r
-

9
 

c
 

m 
v

r
r
l
f
c

 
o
lf

 
... 

............................... 
m

o
p

-
 

O
O

O
O

P
-

o
m

 
N

O
~

O
O

~
~

~
O

O
O

C
O

O
~

O
G

O
C

O
~

~
~

~
~

~
~

~
~

~
Q

 

w
0

3
y

 
oqyy4”;o”: 

~
c

o
o

c
c

0
0

o
c

o
c

o
c

c
o

o
c

o
c

c
o

o
c

o
c

c
o

c
,
m

-
 

0
c
0
0
c
0
0
0
c
m
-
 

........... 
O

C
O

O
O

~
C

O
O

N
+

 

r
D

9
m

 
o
o
c
 

m
 
o
 

0
0

 
o
 

c
 

0
0

0
0

 
m

 
i

m
 

u
 

u
0

L
L

.u
 

m
 

N
o
h
&
 

D
 

-
tm

P
-
0

 
a
 

m
 

3
0

P
.7

 
p’ 

0
. 

+
-

P
O

 
c

c
o

c
c

m
c

u
l

 
.

~
c

o
c

c
o

o
o

 
O

O
C

C
~

O
~

 
N

-
c

o
o

o
o

o
 

............... 

N
 

a
 

c
 

m
 

I 
LLI 

.n m
 

I
l

l
 

u 
L

!J
J
 

v
a
c
 

a
m

w
 

3
9
m
 

o
3

m
 

i
n

s
3

 

N
A

N
 

... 
9

i
n

 
0

0
 

1
1

 
UI 

w
 

O
D

 
m

in
 

9
-
 

+
* 

i
n

9
 

9
4

.
 

.. 

5
 

n
 

V
J

C
C

O
C

-
o

 
OL 

F
 

...... 
o

c
o

o
-
c

 

o
q
o
 

*
.

 
c
o
o
 

5
 

.?*tin* 
0
 

0
0

0
0

 
I 

I
l

l
1

 
L
u
 

W
L

L
iL

L
u

 
N

 
m

m
~

c
 

c
 

+
~

i
n

m
 

N
 

V
I

O
r

O
Q

 
0
 

0
1

9
ln

P
-
 

C
O

O
C

C
O

O
m

L
T

N
Q

 

O
o

d
C

O
o

O
-

t
m

~
@

 
........... 

.
c

+
+

i
n

~
 

o
o
o
o
o
 

3
 

0
 

I
I

I
I

I
 

W
 

U
L

U
L

U
L

 
5
 

I? 
rr! 

c
 0

 r- 
N

 
c

C
c

+
r

-
-

i
 

I- 
4

.in
F

r-m
 

I- 
0

.C
o

rn
-n

 
o
 LT, o

 o
 o
 o
 C
 
(c

 T T T 
........ 

o
o

o
c

~
o

o
 

o
o
o
o
c
o
 

...... o
C

O
o

C
C

c
O

C
O

o
O

 

c
o

c
c

o
5

o
o

0
0

c
c

 
............ 

m
 
o
 

0
0

 
0
. 

0
 

c
v

o
o

 
h
’ 

I
N

 
L
L
 

W
O

L
u

W
 

c
r- 

3
0

 
I

I
 

L
L

IL
L

 

N
 

C
 

0
 

m 
I 

Lu 
C
 

N
 

m
 

i
n

~
(

u
m

 
r-5

 
0
 

3
N

-
l
f
 

O
*

 
a
 

m
 

m
o

d
-

 
.D

P
- 

CL 
4
 

4
.4

r
-

d
 

-
m
 

e
c

c
o

c
u

l
o

0
1

 
m

4
.

0
C

0
0

0
o

~
O

O
O

~
c

~
o

c
o

0
o

o
o

0
o

o
~

c
~

m
 

.................................... 
c

o
o

o
m

o
m

 
~

d
o

o
o

o
c

o
~

~
o

o
o

o
~

~
o

o
o

o
o

o
o

c
~

o
o

-
w

 

a
 

5
 

d
 

IC
 

w
c

o
c

o
o

c
 

o
c
c
c
-
c
 

...... 
Ln 
c
 I 

L
 
9
 

U
 

+ N F
 

N
 

0
 

c
o

 
cor- 

cu 
3
 

o
m
0
0
 

0
0

 
N

 
I

N
 

I
I

 
L
 

L
L

C
U

L
 

u
u
 

&
’ 

P
-m

rrrE
 

-
*
 

Ln 
m

ru
a

r- 
d

rc 
IC

 
Q
O
-
m
 

O
P

- 
O

I 
in 

in
-m

o
 

m
 in 

d
q

a
c

c
m

c
~

 
~

+
C

~
O

c
c

O
c

o
C

~
o

q
o

c
c

c
0

C
o

@
0

c
o

o
~

~
 

G
o

o
c

-
o

L
n

 
3

3
o

o
o

o
o

o
c

o
o

o
o

c
0

o
o

c
o

c
o

O
o

G
G

o
~

3
 

P
 

..... 
.......................... 

m
 

.D
 

0
 

w
 

in 
3
 

m
 

a
 

d
 

ct 
3

 
0

O
G

c
I
;
T

P
-
C

 
.. 

.
,
 

c
o

o
o

m
c

 
m

 

m
 

c
 

N
 

b
 
d
 

o
 

m
4

-
m

 
i

?
o

o
o

c
m

o
~

 ~
m

c
o

o
c

o
o

o
o

o
o

~
o

o
o

o
o

o
o

o
o

o
o

o
i
n

m
 

a
o

o
o

m
o

-
 

-
m

o
o

o
o

c
o

c
0

o
o

o
~

0
o

o
o

o
o

o
o

o
o

o
9

m
 

.................................. 
...... 

o
o

c
o

m
c

 

c\ 
3
 

0
 

m
 

I L
I, 

N
 

4
 

-4 
-
4
0
 

r
-

G
 

9
 

0
 

V
G

O
O

 
c

o
 

1
1

 
L

u
w

 
N

 
I

N
 

L
 

U
O

W
L

U
 

m
 

+
.

o
m

4
 

v
m
 

N
 

S
II\IC

.o
 

U
f*

f 
33 

d
o

m
e

 
4

W
 

m
 

I
”

d
d

N
 

P
-
N

 
a
 

C
 

O
O

Q
C

C
l
f

O
W

 
~
C
C
C
O
O
C
O
O
C
O
C
C
O
C
~
0
C
O
0
0
O
C
O
N
~
 

................................. 
o

o
c

o
-
0

”
 

F
m

o
o

c
o

c
o

c
o

o
c

o
o

o
o

o
0

o
0

c
o

c
Q

d
-

 

m
 

W
 

h
’ 

a
 

e
 C
l
C

O
O

C
5

C
 

O
O

O
O

W
C

 
...... 

3
 

P
-

9
 

o
 

O
C
 

I 
I

1
 

L
U

L
U

 
i
n
i
n
 

w
 

2 
P

-
N

 

m
 

m
 

0
 

m 
I 
LL. 

2 
5

 
J
)
 

m
o

o
d

 
m

 
u
o
 

0
 

0
.
Q

 
a: 

0
 

r
-+

r
-w

 
O

O
O

O
O

m
O

O
I

 
5
~
O
O
O
O
O
O
O
O
O
O
O
O
0
O
O
C
O
~
O
C
O
3
~
 

................................ 
O
O
O
O
P
O
~
 ~

~
o

o
o

o
o

o
o

o
o

o
o

a
o

o
o

a
o

~
o

o
o

~
m

 

a
 

+ 
cr 

3
 

i?
w

o
o

o
”

c
 

...... 
o

o
o

o
m

c
 



7 
8 
9 

1 0  
11 
12 
1 3  
14  
15 
16 
17 
18 
19 
20 
2 1  
22 
23  
2 4  
25 
26 -~ 
2 7  
28 
29 
30 
3 1  
3 2  
33 
3 4  
35 
36 
37 
38 
39  
40 
41 
42 
43 
4 4  
45  
46 
47 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

3.19461E 00 

2.37480E 00 
8-20222E-01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.18077E-09 
1.61268E-08 

10330 33 

G R P .  4 1  
0.0 
0.0 
0.0 
0.0 
1.93558E-02 
0.0 
3.15257E 00 

40041041 
2.33530E 00 
7.98335E-01 

G R P .  49 
0.0 
0.0 
0.0 
0.0 
7.35 824E-02 
0.0 
3.25606E 00 

48049049 
2.37254E 00 
8.07742E-01 

3.17291E 00 

2.35843E 00 
8,11667E-01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.047C2E-10 
8.26107E-09 

103 4034 

G R P .  4 L  
0.0 
0.0 
0.0 
0.0 
2.28463E-02 
0.0 
3.15444E 00 

41042042 
2.33409E 00 
7.97919E-01 

G R P .  50 
0.0 
0.0 
0.0 
0.0 
8.6981 2E-02 
0.0 
3.27962E 00 

49050050 
2.3804tE 00 
8.0Y942E-01 

3.16150E 00 

2.34952F 00 
8.06 048E- 0 1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.09680E-10 
4.23 1 44E -09 

1035035 

G R P .  43 
0.0 
0.0 
0.0 
0.0 
2.6958%-02 
0.0 
3.15760E 00  

Z.33366E 00 
7.97508E-01 

G R P .  51 

42 043043 

0.0 
0.0 
0.0 
0.0 
1.02817E-01 
0.0 
3,31466E 00 

50051051 
2.39488E 00 
8.12183F-01 

3.15245E 00 

2.34229E 00 
8.02982E-01 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 
0 .o 
0 -0 
0.0 
0.0 
0.0 
0.0 
0 -0 
0 -0 
0.0 
0.0 
0.0 
0 -0 
0 .o 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1 -58592E-10 
2.167275-09 

1036036 

G R P .  4 4  
0 .o 
0.0 
0.0 
0.0 
3 .l8764E-02 
0 .o 
3.17068E 00 

43044044 
2.33991E 00 
7.96 98 I E-01 

G R P .  '52 
0.0 
0 .o 
0 .0 
0.0 
4.12 0 96 E-0 1 
0.0 
3.70745E 00 

3.29536E 00 
8.1695 7F-01 

5 L u 5 i u S i  

3.15048E 00 

2.34015E 00 
8.00418 E-01 
0.0 
0.0 
0.0 
0.0 
4.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,o 
1.1099YE-09 

1037037 

G R P .  45 
0.0 
9.0 
0 .0 
0.0 
3.768 17E-02 
0.0 
3.18517E 00 

440 4504 5 
2.34640E 00 
7.98896 E-01 

3.15004E 00 

2.33894E 00 
7.995 8 1 E-0 1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0-0 
0.0 
5.68474E- 10 

10 38038 

G R P .  46 
0.0 
0.0 
0.0 
0.0 
4.45442F-02 
0.0 
3.20075E 00 

45046046 
2.35290F 00 
8,01098 E-01 

3.15037E 00 

2.33772E 00 
7.99 166E-01 
0.0 
0 -0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.082 38E-10 

1 0  39039 

G R P .  47 
0.0 
0.0 
0.0 
0.0 
5 - 265 6 5F- 02 
0.0 
3.2175YE GO 

2.35941F 00 
8.033 CRf-01 

46047047 

3.15124F 00 
39040 040 

2.33651E 00 
7.98750F-01 

G p p .  48 
0.0 
0.0 
0.0 
0.0 
6.22462E-02 
0.0 
3 . 2 3 5 9 4 ~  on  

47048 048 
2.36546F 00 
A. O5523F-01 



MACROSCOPIC P O  CROSS 5TCTIONS F O Q  MIXTURF 3 

G R P .  1 G?V. 2 GRP. 3 LRP.  4 G R P .  5 G R P .  6 G R P .  7 GR”. 8 
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. o 
2 1.54324F-04 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0 .c 0.n n. n 0.0 0.0 
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5 -1.57714E-04 -2.35796F-Or -4.933YZE-04 -5.36372F-05 -3.54619E-07 3.524LRF-07 3.44880F-78 7.12(111€-97 
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. fl 
7 6-77  I OYE- ort 1. o 4 j 7  3t-03 7. 06577c-03 1 .7  35 1 OF -02 L .  85463 E-02 7.39689 E-07 8.943 9 7 ~ - 0 7  9. I 74 54r-02 
8 1001001 
5 2-24274F-03 
10 
1 1  
12 
1 3  
1 4  
15 
16  

1002002 1 GO3003 1904004 1005005 1 o 0 7 n o 7 1008008 1 o o m n 6  
-8.7 3506F-04 -1.69937E-0‘ -1.475’33E-03 1.36555E-07 -7.63139F-03 7.41634E-02 -1.8’3473F-07 

4.8399Or-05 6.12557F-04 1.52126E-07 -4.68028F-03 -2.4R754F-07 -1.55129E-04 

-2.603 53P-04 - 7.99@00€- 04 7.07798E-04 3.58019F-Q3 
4.0 76 36E- 04 - 1.6 8 2  C4F- 04 

7. 50377F-?5 

- ~ . Z R I O O F - O +  i . 2 9 3 4 2 ~ - 0 3  6 . 9 0 6 5 1 ~ - 0 3  i . 3 7 ~ 0 7 ~ - 0 2  i . 6 1 0 2 ~ r - 0 7  4 .57512~-02  7.05553~-02 

-3 .34203~-04  6 .61016~-75  1. 230 7 2 ~ - 0 3  i . 9 7 7 5 6 ~ - ~ 1 7  1 .9263n~-n?  

3.8147or-r15 6.003 i 1 ~ - 1 4  
- 1 - 859 07 E- 04 

G P P .  9 G P P .  10 G P P .  1 1  GFP. 12 
1 0.0 0.0 0.0 0 .O 
2 0.0 0. n 0.J 0.0 
3 0.0 0. n 0.0 0 .o 
4 0.0 0.0 0.3 0 .o 
5 4.27128€-06 1.59572F-Ob -7.56467F-07 -6.73230F-Oh 
6 0. 0 0. n 0.0 0.0 

8 1009009 lt)10010 1011011  1017017 
9 5.5731EE-02 6.65028s-01 3.56750f-02 1.11719f-01 

7 2 . 3 i 9 i o ~ - o ~  4.67695t-01 2 . 9 ~ 8 7 4 ~ - 0 1  i . 2 3 ~ 7 0 r - 0 1  

io ~ . O Z + E ~ F - O L  1. 74536r-01 - ~ . 4 1 9 5 ~ ~ - 0 1  z . 5 8 0 7 2 ~ - 0 1  
11 -5-28592E-03 3.97095L-02 -2.88413F-07 0.0 
1 2  0.0 0. 0 K.34793E-04 2.4705LE-02 
13 -2.L9537F-03 -1.18491F-O> 0.0 0.0 
14 -2-56742E-04 1.12565E-0J -2.49341F-03 0.0 
15 -8.Y4435F-04 -3.479 1 2 t - 0 4  1.56608E-07 9.40859F-05 
16 -2.21256E-04 -1.4R5Illt-O’t -4.AHlC9E-04 -6-43589k-04 
1 7  3.75025E-05 4.94085F-05 4.83766t-O> -1 -32477t-04 
1 8  5.53615k-05 4.07510E-05 -1.24574t-05 
1 9  6.25513F-05 1.800(11E-05 
20 5.84577E-05 
2 1  
2 2  
23 
2 4  

L 
2 
3 
4 
5 
4 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
Ih 

GRP. 17 
0.0 
0.0 
0.0 
0.0 
2.52830E-01 
0.0 
2.05159F 00  

2- 33577F- 01 
1.06 305F-02 
0.0 
0.0 
0.0 
0.0 

1U17017 

-4.63244E-04 
- 6 -  H Q L P ~ F - ~ G  

GRP. 1 8  LRP. 1 9  
0.0 0.0 
0.0 0.0 
0. 0 0.0 
0.0 0.0 
1.9 1457C-05 2 -  581 95F-03 
0.0 0.0 
1.3031 OF-02 5.90515E-07 

3.8C545L-02 -9.23634F-07 
1.91549E 00 -2.50430E-02 
0.9 0.0 
0.0 0.0 
0. e 0. 0 
0.0 0.0 
0.0 0.0 

- 6 .  i ~ i & 4 n ~ - n +  Q - Q  

1018018 1019010 

G R P .  20 
0.0 
0.0 
0 .n 
0.0 
8.4881 3E-08 

8.745171-04 

-1.87674E-02 
1 -25578E-02 
0 .0 
0.0 
0.3 
0.0 
0.0 
0 .n 

0.n 

1020070 

G R P .  15 G R P .  1 6  CRP. 14 GRP. 1 3  
o.n 0.0 0.0 0.0 
0.0 0.9 0.0 0.0 
0.0 0.0 0.0 0.0 
3.0 0.0 0 .o 0.0 

0.0 0.0 0.0 0.0 
2.4646 3F-0 1 3.374 1Pf-03 7,123 72F-03 3.509 52F-04 

2-44569E-01 -1-46542F-02 2.41ZRCF-04 -1.07797F-02 
1.2 1576E-OZ 1.8 95QOF-03 E. 78 1 7W-02 6.398 9OF-03 

4.69245E-02 0.0 0.0 0.0 
5.77464F-03 -3.1971hF-04 0.0 0.0 

0.0 0.0 0.0 -1.08763T-03 
2- 87704F-05 0.0 0.0 0.0 

-‘+.93355€-04 -4.27432F-04 0.0 0. D 

- i . 4 1 4 4 5 ~ - ~  2.09692r-04 4 . ~ 9 7 7 8 ~ - 0 4  1.09397~-n7 

1013013 1014014 i o  150 15 1916016 

0.0 0.0 9.0 0.0 

0.0 0.0 -3 .07836~-04  0.0 

4.07893~-04  -i.4oh3oi--o4 -4 .95019~-95  0. 0 

1.37 3 1 0 ~ - 0 5  1 .06893~-05  -1. 0 9 9 a i ~ - r ) 4  5.9101 7 ~ - 0 5  
2.b6528E-05 2.3229OC-04 1.75629F-fl4 -6.221 54E-05 

4.65885€-05 -7.79389E-06 1.31256F-05 -5.06?86E-05 
3.28869F-05 -4.921RlF-Oh 2.15415€-06 

2.12293F-f15 -3.03613F-06 
1.7842nF-05 

G R P .  2 1  
0.0 
0.0 
0.0 
0.0 

0 .o 
2.75040E-03 

-3.04832E-02 
1.96419E-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0. fl 

3.71593~-07  

1021021 

GRP. 22 
0.0 
0.0 
0.0 
0.0 
6.17937F-07 
0.0 
8.35323F-03 

-5.46131E-02 - 
3,32336F-92 
0.0 
0.0 
0.0 
0.0 
0.0 

1072022 

0.0 

G R P .  23 
0.0 
0.0 
0.0 
0.0 
i .9848w-04 
0.0 
3,308 70F-02 

1023071 
-1.11341F-91 - 
6.29654E-02 
0 -0 

0.0 
0.0 
0.0 
0.0 

0.0 

CRP. 24 
0.0 

0. n 
0.0 

0.0 
1.10S49E-04 
0.0 
2,14787F-01 

2.703 81 E-01 
1.451 9OF-01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1 0 7 4  024 



17 0.0 
18 0.0 
19 0.0 
2 0  -1.12015E-05 
2 1  1.96235E-04 
2 2  -1.11880E-05 
2 3  4.21412E-06 
2 4  -1.34434E-06 
25  7,4117OF-06 
26 

2 8  
2 9  
30 
31 
3 2  

27 

0.0 -7,031 80E-04 
0.0 0.0 
0. n 0.0 
0.0 0.0 
3.14554E-05 0.0 
2.18963E-05 6.50231E-05 

-2.76370E-Ob -5-96577E-05 
9.868676-07 -5.89578E-Oh 

-4.5 2 7 1  CE-07 4.00163E-07 
4.13554E-06 -7.35890E-08 

2.25205E-Oh 

0 .o 

0.0 
0.0 
0.0 
0 .o 
8.63848E-06 

-6.5 149 0 E-0 5 
-2.95541 F-06 

9 -62609E-08 
1.21017F-08 
1 e2051 8E-06 

-7.25247E-05 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
1.0 7696  E-06 

-4.72623E-05 
-5,94868 E-07 

9.28139E-09 
1.9361 3E-08 
6.3 693  7E-07 

- 1.67444E-05 

0.0 0.0 
0.0 0.0 
0.0 0.0 

-8.44057F-07 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
8.17957F-07 0.0 

-2.9 1813E-05 7.65242F-07 
2.65180E-07 -1.801 23E-05 
1 -0Y897F-07 1.77445E-07 

3- 33617E-07 - 2  - 5 0 5  69F-09 
1 e 73638F-07 

0.0 0.0 

-4.88490E-09 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-7.53111F-06 6,2 36  17 E- 07 

0.0 
0.0 

-1.285P6F-09 
8.9953hE-OR 

GRP. 2 5  GRP. 26  GRP. 2 7  GRP. 28 GRP. 2 9  GRP. 3 0  GRp. 31 GRP. 37 
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0 .o 0.0 0.0 0.0 0.0 
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 n. o 
5 3.04390F-03 
6 0.0 
7 3 . 7 3 0 9 4 ~  00 
8 1 0 2 5 0 2 5  
9 -5.221036-01 

10 4.85056E-01 
11 0.0 
1 2  0.0 
1 3  0.0 
14 0.0 
15 0.0 
1 6  0.0 
17 0.0 

19 0.0 
20 0.0 
2 1  0.0 
2 2  0.0 
23  0.0 
2 4  0.0 
2 5  0.0 
2 6  0.0 
27 0.0 
28 3.39146E-07 
2 9  0.0 
30 0.0 
31 0.0 
32 -6.58702E-10 
3 3  4.64488E-08 - 
3 4  
35 
36 
3 7  
30 
39 
4 0  

i a  0.0 

. .  
8.31985E-03 2.65121E-03 

5.20773E-02 2.90804E-02 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 

-4.53659E-11 0.0 
3.24383E-09 -2.3249Oc-11 

1.66391 F-09 

LO29029 1030030 

- 2 . 2 8 1 3 5 ~ - 0 1  -4. 3 7 7 9 5 ~ - n 2  

0.0 0.0 

0.0 0.0 

5.43429E 01 7.72731E 00 2.10625E-01 

4 -26523E 01 9.33232F 00 4.38319E-01 
4.2500CE 00 1.1625OF 01 -1.61622F 00 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0 .o 
0.0 0.0 0 .o 
0.0 0.0 0 .o 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0 - 0  0.0 
0.0 0.0 0 .o 
0.0 0.0 0 .o 
0.0 0.0 0 .o 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0. n 0.0 0 .o 
0.0 0.0 0 -0 
0.0 0.0 0.0 
0.0 0.0 0 .o 
0.0 0.0 0.0 
0.0 0.0 0.0 
3.37530E-10 0.0 0 .o 
2- 3 9%7CF-08 -1 72 918E-10 0 -0  

1026026  102702 7 102 802 8 

1.23057E-08 -8.85940E-11 
6 -32082  E-09 

6.5553%-02 1.11943E-02 4.40437E-04 2-31415F-05 7.64430F-Oh 2.64496E-36 -2.OLL66F-07 
0.0 0.0 0.0 0.0 n.n 0.0 0.0 

8,735t6r-04 4 . 5 7 7 6 4 ~ - 0 5  
LO32032 1 0 3 1 0 3 1  

8.36849F-03 3.32165F-03 
-2.643 70F- 07 - 7.496 93F- 07 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0 .o 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
0 .o 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0 - 0  
0.0 0.0 

0 .O 0.0 
0.0 0.0 

-1.19087F-11 0.0 
8.529Y2F-10 -6.09668F-12 

0.0 0.0 

0.0 0.0 

0.0 n. o 

0.0 0.0 

4.371 6 i ~ - i n  

GRP. 33 GRP. 3 4  GRP. 35 GRP. 3 6  GRP. 37 GPP. 38 GRD. 3 9  GRP. 4 0  
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0-0  0.0 "I" 0.0 0.0 0 . 0 
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 0.0 0.0 0.0 0.0 0. n 0.0 9.0 n. n 
5 3- 13669E-06 -1.60187E-07 -1.63913E-07 -1.22935E-07 4.84288E-08 4.84288F-08 6.33299F-08 8.19564E-08 
h A - A  n.n n. n 0 -0  0.0 0.0 0.0 0.0 

n n  

\ 



10-89 

r- 
U
I 

Ln 
O

P
C

O
 

I
r

n
l

 
I 

w
n

w
l

l
 

u
P

-
0

.
 

I-rn
w

r- 
I
 

P
 

Q
O

-
I
Q

 
T

 
(
1

4
9

3
 

Ln 
G

+
~

O
~

G
O

O
~

O
C

O
O

O
C

C
o

O
O

C
~

C
0

0
0

n
0

0
C

O
O

O
O

O
O

O
O

C
O

O
O

C
o

O
o

O
o

o
c

o
~

O
~

 

0
. 

Q
C

O
O

O
C

O
O

C
O

O
C

O
C

0
0

C
0

0
0

O
O

O
O

O
O

C
C

O
d

~
d

~
C

~
d

O
d

~
 

............................. 
.

*
 

0
2
.
4
6
 

0
. 

~
-

o
O

o
C

O
o

 
....... 

n
 

s
r
-
o

c
c

c
o

o
 

I 

o
c
o
o
c
o
c
o
c
c
o
o
o
o
o
 

............... 
C

O
O

C
O

C
O

~
C

O
O

O
C

O
O

 

o
o
c
o
c
 

o
n
o
c
c
 

..... 
U

 
!n
 

m
 

cc 
0
. 

c
o

o
c

c
c

c
c

o
c

r
 

.......... 
c

c
c

c
c

0
o

o
c

r
-

 

c
o

o
o

o
c

o
o

o
 

......... 
0

0
0

3
0

0
0

0
0

 

N
 

I 
w

 

i
 

3
 

Q
 

m
L

n
 

O
b

0
0

 
l
r

n
l
 
I 

U
O

W
W

 
o

r
-
P

.4
 

-
m

o
*

 
r
f
0

.
4

0
 

.4
 
3
 

I 
L
L
 

r- 
i
 

N
 

4
 

-
4

r
-

m
 

m
 

r
-
m

c
o

o
o

o
o

o
o

c
c

o
o

c
o

c
o

o
o

o
0

0
~

0
0

~
0

o
c

o
o

o
c

o
o

o
c

o
o

o
o

m
 

.................... 
rn 

~
m

o
~

~
c

c
o

~
o

o
o

o
o

o
o

o
c

o
d

d
d

~
~

~
d

d
~

~
~

~
~

~
~

~
o

~
 

.. 
I

I
 

0
0

3
0

0
0

3
0

0
0

0
0

0
0

 

0
0

0
0

3
0

3
o

0
0

0
0

0
0

 
.............. 0

0
0

 

0
0

0
 

... 

N
 

4
 

C
1

C
c

o
0

c
O

o
o

o
o

o
o

C
o

o
o

o
c

~
O

c
~

4
~

 
0
.
3
 

....................... 
O
C
O
O
O
O
O
O
O
O
C
O
O
0
C
C
O
C
O
C
O
O
0
4
P
 

U
U
 

N
Q

 

m
-
 

0
 0

 .a 
0
 c
 4

 m
 

0
o

o
o

c
n

L
n

 

n
a

 

-
m

 

....... 
I 

Q
 

3
 

IC
IV

 
\D

 
C

 
C

9
O

G
 

.f 
I 

I
-

r
l

I
 

I-
 

L
L

c
L

u
L

L
 

ui 
W

a
C

Q
 

P- 
c
4
0
.
0
.
 

- 
R

0
-

N
 

.4
 

P
V

L
n
o
u
 

- c
 

DL 
e
o
 c
o
 o

m
 c 

P
- 4

 -r 
......... 

n
o

o
c

m
o

i
n

 
-
e
 

I 

9
 

s
 

m
q

 
in 

c
 

o
m
c
c
 

I 
l

+
l

 
I 

w
 

W
C

U
'

L
L

 
4

 

P- 
N

L
?

O
C

 
x
 

h
e

i
n

+
 

a
 

iio 
*
1
0
?
3
 

O
I 

0
 

I
c

4
c

o
3

3
 

C
c

c
c

o
i

i
o

o
~

4
r

~
 

0
0
0
C
N
O
s
 

4
-
 

......... 
I 

r- 
.3

 
r
in

 
N

 
0
 

O
N

0
0

 
\$

 
I 

l
r

f
l

l
 

iLI 
W

O
W

L
L

 
u
 

1
1

N
3

N
 

a3 
0
4
4
m
 

a
 

4
 

4
o

-
m

 
CL 

Ln 
"

2
d

.C
L

n
 

O
C

3
G

C
4

C
C

T
J

C
C

-
-
 

......... 
O
O
O
C
d
O
N
 

Q
r
-
 

I 

4
 

4
 

0. 
5
 
0
0
0
0
0
 

1
3
0
0
0
 

4
N
O
3
 

.
I

.
.

 

m
 

m
 

e
m

 
N

 
0

 
o

c
u

o
o

 
Ln 

I 
l
l
n

l
l
 

u
 

U
I

O
L

L
 

T
 

N
P

J
W

n
 

D
 

m
L

o
+

v
 

a
 

.-
(
 

L
n

0
N

.
m

 
O

I 
r- 

rn
-p

rx
 

t2 C
 
0
 c
 c
 n

 0
 
i
 u, 4

 I-
. 

......... 
O
C
O
O
3
O
N
 

Q
N

 

......... 
o

o
o

o
m

o
-
r
 

+
-
 

Q
 

io 
m

m
 

I 



RRRRRRRRRRRR 
RRRR RRRRRRRRR 
RR RR 
RR RR 
RR RR 
RRRRRRRRRRRRR 
RRRR RRRRRRRR 
RR RR 
RR R R  
RR RR 
RR RR 
RR RR 

0000000 
000000000 

00 00 
00 00 
00 00 
00 00 
00 00 
00 DO 
00 00 
00 00 
000000000 
0000000 

A A A  A A A  AAA 
A A A A A A A A A A A  

A A  A A  
4A Ah 
A A  A A  
AAAA A AAA A A A A  A 
A A A A A A A A A A A A A  
A A Ah 
A A  A A  
A A  Ah 
A A  A A  
A A  Ad 

5 5 5 5 5  5 5 5 5 5 5 5 5  
5 5 5 5 5  5 5 5 5 5 5 5 5  
5 5  
5 5  
5 5  
5 5 5 5  5 5 5 5  5 5 5 5  
5 5 5 5 5  5 5 5 5 5 5 5 5  

5 5  
5 5  

5 5  5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

555 5 5 5 5  5 5 5 5  

11 
1 1 1  

11 11 
11 
11 
11 
11 
11 
11 
11 

11111111 
11 1 1 1 1  11 

16 ARRAY 4 E N T R I E S  R E A 0  

01 

DODDDDDDDDDD 
ODDDDDODDDDDD 
DD DD 
DD DD 
DD DO 
DD DD 
DD DD 
DD DD 
DO OD 
DD DO 
DDDDDDDDDDDDD 
DDODDDDODDDO 

EEEEEEEEEEEEE 
EEEEEEEEEEEEE 
EF 
EE 
E€ 
EEEEEEEEE 
EE EEEEEEE 
EE 
EF 
EE 
EEEEEEEEEEEFE 
EEEEEEEEEEEEE 

11 11 
I 1  111 

/ I  1111 
I1  1 1  

/ I  11 
/ /  11 

/ /  11 
I 1  11 

/ /  11 
I /  11 

I f  11111111 
I1 11111111 

5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  
55 
5 5  
5 5  
5 5 5 5 5 5 5 5 5 5 5 5  ..... 5 5 5 5 5 5 5 5 5 5 5 5 5  

....* 5 5  

. I . * .  5 5  ..... 5 5  5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5 5 5 5 5 5 5 5 5 5  

666666666666 
bbb666 66666b6 
66 
66 
66 
666666 666666 
466666 666666 b 
6 6  66 
66 bh 
66 66 
666666666666 6 

666b6666666 

5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5  
55  
5 5  
5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5  
5 5  

5 5  5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5 5 5 5  5 5 5 5 5 5  

/ I  7777777777777 
I1 77777 7777771 

I1 77 77 
I I  77 

I 1  
I 1  

I 1  
I1 

I /  
I 1  

I /  
I 1  

77 
77 
77 
77 
77 

77 
77 
7 7  

7 7 2 2 2 2 7 2 7 2 7  
22  2 7  2?22272 ) 2  
22 22  

7 2  
7 2  

2 2  ..... 22 ..... 2 2  ..... 2 7  ... 1. 27 
2 2 2 2  7 2 7 7 2 7 2 2 2  
2 2 2 7 2 ? 2 7 7 7 2 2 2  

5 5 5 5 5 5 5 5 5 5 3 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5  
5 5  
5 5  
5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5  
55  

5 5  5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5 5 5 5 5 5 5 5 5 5  

11 
111 

1111 
1 1  
1 1  
11 
1 1  
11 
11 
1 1  

llllllil 
11111 111 



CHECK INC TOLFRCNCE= 1.000CCE-05 P E R  CEN1 

AMPX N U C L I D E  1 1 2 3 0  iuA-23 I N F  
HAS THE FOILOWING 3ATA 

0 RESDLVFD PTSOl’iANCFS 
10 TEMP I N D  1-I3 NFUT P i ? O C t S C , f S  

0 T tMP O F P  I-r) WCIIT P Q U C t S S t S  
0 2-1) GAMPA DROCFSSFS 
0 FISSIUEU Y I F L D S  

27 RFLC HDS FOR NUCL 17E 

D I L  

0 
2 1  

0 
0 

1156 
1 1 5 6  

0 
0 

UNRES(II_VED P FSr lb lANr F POINTS 
2-1) NFUT P W C E S S E S  
1-D GAMYA P R O C t S S E S  
2-D VFUT-TC-GAWMA PQOCFSSFS 
FYIIF MAT OF f A S T  NEUT OAT 4 
ENLIF M A T  OF THERVAL N F U T  DATA 

EN8)F MAT OF GAMf4A 0ATA 
F N ~ F  M A r  OF v I r L n  P A T A  

T H I S  NUCL I D €  HAS THE F O L L f > ~ l Y G  1-0 NFIITRON PPPCFSSFS 
1. 2. 4. l h .  27. 101. 101. 103. 107. 1 0 1 9 .  

2-D NEUT PK ICESSFS 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1 8  
19 
20 
2 1  
MT= 
MT = 
MT= 
MT= 
MT= 
MT= 

MT L f N S T H  g ~ i i r u  
2 

16 
5 1  
52 
53 
5 4  
55 
56 
57 
5 8  
5’3 
6 0  
6 1  
6 2  
6 3  
6 4  
65 
60 
6 7  
68 
91 

4 GROUP 
4 GPUUP 
4 GPUlIP 
4 GPOUP 
4 G P O U D  
4 GRCUP 

1 5 5  3 
6 2  r, 
5 1  0 
5 0  0 
4 8  c 
46 0 
4 7  0 
4 7  C 
4 5  C 

42 0 
40 C 
42 0 
40 0 
4 2  C 
4 0  0 
3 8  0 
30 C 
40 0 
3 1  0 

111 9 
1 PbTP I X  S i l d 5  TP 
2 V F T R I X  SUYS TC) 
3 Y A T K T X  SUMS T O  
4 MATPIX SUYC, TI1 
5 MATP 1 X Sub& 7 0 
6 MATRIX SUMS TU 

44 a 

x * 4 P s  
C 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
n 
0 
c 
0 
0 
0 
0 
0 
c 

6,95955 OF-01 hVt ”AGF[ I  VALIIE= 6 .96109SE-OL F P  ACT DFV= - 2  - 2 0 7 4 2 3 F - 0 4  
8 .529740F-01 AVERAGFIJ  VALUF= 8 .527094E-01 FPACT DFV= 3.113572E-74 
3.065285F-01 AVFRAGFD VALUE= 9 . 0 6 8 1  10E-01 FPACT DEV= -3 .114941F-04 
8 .733417F-01 hVE‘7AGFO VALOF= R.732578E-01 FRACT DEV= 9.610373F-05 
7.716854k-01 P V F R A G F O  VALOF= 7. 7 1 8 7 4 5 E - 0 1  F R A r T  DEV= - 2 . 4 4 9 4 3 7 F - 0 4  
6.504995F-01 AVFRAGEO VALUE= 6 .504578E-01 F R I C T  DEV= - 7 . 9 1 3 1 9 1 f - 0 5  

N U C L I D E  1 1 2 3 0  H A S  BFErd C r i E C K t i l  

ANPX hUCl  10k 1 1 2 3 1  YA-23 1 / € -  
H A S  THE FOI L[IWING DATA 

0 RESLLVFD RFSClNANlfS 
i o  TFHP i h n  1-0 N t u r  W C C F Y S I - S  

o T E W P  DEP 1-0 N E J T  P R r c t s s b S  
0 2-D GAMPA P P f l C F S S F S  
0 F I S S I O N  Y I E L D S  

27 RECORDS F fR  NUCt 1 3 E  

SIGrA TOTAl  FIGHTING 

0 ~JNPESOLVFD RfSflNANCE P O I N T S  

0 1-0 G A Y Y A  PROCFSSES 
0 2-9 NFIJT-TO-GAMMA PROCtSSES 

1 1 5 6  EN.:r)F MAT OF THFPMAL NEUT DATA 

2 1  7-0 NEtJT PROCESSES 

1 1 5 6  ENDF M A T  nF F A S T  WJT D A T A  

0 FNOr  MAT OF V I E I r )  DATA 
0 FN3F MAT OF GAMMA D A T A  

T H I S  h U C L I D E  HAS T H E  F r l L L ‘ l h l N G  I-D N f U T P O N  P R , > C E S S € T  
1. 7. 4. 16.  2 7. 101. 102. 103 

7-n w l l T  Di?nrc<<F<  

107. 1099. 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1 8  
19 
20 
21  
MT= 
m = 
MT = 
MT= 
HT= 
MT= 
MT= 

MT LENGTH ORDkR 
2 1 5 5  3 

16 6 2  0 
5 1  5 1  0 
52 50 0 
53 4 8  0 
54 4 6  0 
55 4 7  0 
56 4 7  0 
57 4 5  0 
58 4 4  0 
59 4 2  0 
60 4 0  0 
6 1  4 2  0 
6 2  40 0 
6 3  4 2  0 
6 4  4 0  0 
65 38 0 
66 30 0 
6 7  4 0  0 
68 3 7  0 
91 111 0 

4 GROUP 1 MATRIX SUMS TO 
4 GROUP 2 MATRIX SUMS T U  
4 GROUP 3 MATRIX SUMS T O  
4 GROUP 4 MATRIX SUMS TO 
4 GROUP 5 MATRIX SUMS T O  
4 GROUP 6 MATRIX SUMS TO 
4 GROUP 9 MATRIX SUMS T O  

TEMPS 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6.965587E-01 AVERAGED VALUE= 6.965267E-01 FRACT DEV= -9.762602F-05 
8.525857F-01 AVERAGED VALUE= 8.52561 !.E-01 FRACT DEV= 2.887384F-05 
9.063352E-01 AVERAGED VALUE= 9.063474E-01 FRACT DFV= -1.348153E-05 
8.729850E-01 AVERAGFD VALUE= 8.730206E-01 FPACT DEV= -4.075959F-05 
7.687243E-01 AVFRAGFD VALUE= 7.689409E-01 FRACT DEV= - 2 . 8  l 6 9 0 4 F - 0 4  
5.493129E-01 AVERAGED VALUE= 6.493341E-01 f RACT DEV= -3.767848f-05 
3.811982E-01 AVERAGFD VALLIE= 3.811872E-01 FRACT DFV= 2 -892766F-05  

NUCLIDE 11231  HAS BEEN CHECKED 

\ 
\ 



10-9 3 

10.4. Problem 4 

This  problem w i l l  produce P5 c r o s s  s e c t i o n s  f o r  carbon i n  a 50 neutron 

group, 25 gamma group s t r u c t u r e .  The neutron weight ing i s  1 / E  t i e d  t o  a 

Maxwellian; t he  gamma weighting i s  f l a t .  The RADE module w i l l  be  run t o  

check t h e  master i n t e r f a c e s  w r i t t e n  by XLACS, SMUG, LAPHNGAS, and CHOX, 

though checking t h e  CHOX i n t e r f a c e  would be s u f f i c i e n t  s i n c e  i t  i s  a com- 

b i n a t i o n  of t he  o t h e r  t h ree .  The CHOX master coupled l i b r a r y  w i l l  be  fed  

t o  MALOCS where i t  w i l l  b e  reduced t o  a 5 neutron group, 5 gamma group set ,  

using an inpu t  weighting spectrum. This  set i s  then  run through NITAWL t o  

make an  ANISN b inary  l i b r a r y .  And, f o r  a grand f i n a l e ,  t he  50 group XLACS 

l i b r a r y ,  which has  been c a r e f u l l y  preserved during t h i s  run,  w i l l  be  f e d  

i n t o  the  VASELINE module which w i l l  make several p l o t s  of multigroup 

versus  po in t  d a t a  from ENDF/B. 

This c a l c u l a t i o n  requi red  410K by tes  of co re  and 1.30 minutes on the  

IBM 360/91. 

The inpu t  d a t a  are shown on t h e  next  two pages. Following t h i s  i s  

an  abbrevia ted  and annotated output  l i s t i n g  from t h e  run. The VASELINE 

p l o t s  are a l s o  shown. 



THIS l b  l t t  T C P  T F  AMPX 

MODULE SMUG H A S  8Ektv C A L L E D  

P R C U U C t  P 5  C A k b C h  L l t k A H Y  I h  2 5  G K t U P S  
1 8 6  2 5  1 5 T 
T S T O  2 5  L S t D  
1544 0 5 40 L t 1 

MODULE srwb IS FINISHEL!. LStR  C L L t  CLUb 

MCUULk  L A P b N b A J  H A 5  U E t N  C A L L t U  

P R C U U L k  P 5  C P K P L h  b P F V A  P K U C U L T I C h  U P T b  
1 L E  1 50 25 5 T 
T STU 50  A h C  2 5  U S t U  
14fB 1274 5 E T 

MCIOULL LAPHhLAS IS F I N I S H E L ,  L S t R  LLCE (ODu 

MCDULE X L A C S  H A S  b t t t v  C A L L E D  

RUtv X L A C S  I h  STAEDAPO 
50 GfiOLP S T R L C T U F E  
FOR €NUF V4 ( 1 ~ 7 4 )  
C d K l l U h  

I$$  1 1 5 0  1 C 3 4 f  F I  T 
T U S t  S T U  50  GbOUP S T H U C T U H L  
CARBON V4 ( 1L74) 
7 0 b S  LR1274 C 5 E T 
llS$ FC T 

MLUULE XLACS I S  FINISHtU. b S L k  CCCE L O i ' i  

MCDULE KADE H A S  d t E N  C A L L E D  

15s 23 E T 

MODULE KADE IS FIhISHEC. bStK C u t > €  C O t j C  

MODULL KAOE t I A S  b t t N  C A L L k U  

IS$ 2 4  k T 

M O O U L t  K A D t  I S  F I N I b H E C .  CiStR CLOE CQ1.C 

M O U U L t  K A D E  h A S  8 t t N  C A L L E D  

f J S  2 6  E T 

H0DtJLE RAUE I S  F I N I S H t G .  USER C C L t  

MCDULE CHOX H A S  bEt I4  C A L L E D  

1 8 %  1 0 T 
288 127r 3 6 9  1274 4 2 $  6 5 S O  1 1 7 4  T 

MODULE CHOX I S  bIEUISHtL. USER C C L t  CScj\r 

MCDULE H A D E  H A C  6EEQ C A L L E D  

1 B B  1 E 7 

SYSTEM CUD€ do.! 

SYSTEM COCE 035 

S Y S  

SYS 

SYSTEM C O U t  Out, 



MODULE RADE IS FINISHED. USER CGDE CKIOO SYSTEM CODE OS0 

HODULE MALOCS HAS BEEN CALLED 

I$$ 50 5 25 5 0 C 21tb 1 15 T 
444 l C R l  10R2 10R3 10R4 10R5 5** F1  6 % 5  E R l  5 R 2  5 R 3  5R4 5R5 7 4 8  F1 T 

MODULE MALOCS I S  FINISHED. USER CODE COO0 

MODULE RADE HAS BEEN CALLED 

14s  15  E T 

MODULE RADE IS FINISHED.  USER CCCE t 0 O C  

MODULE NITAWL HAS BEEN CALLED 

OS$ 15 A 8  1 16 
1 S S  5 1 A 5  2 E T 
21% 1274 T 

HODULF N I T A h I  IS FINISHED.  USER CCCE EO00 

MODULE V A S E l I N E  HAS EFFN CALLED 

153 5 0 T 
4$$ 23 F 
365 1 1 1274 0 1274 T 
4t$ 23 F 
5** 1+6 1+8 
366 2 1 1274 0 1274 T 
466 23 E 
3%$ 3 4 1274 0 1274 T 
4$b 23 f 
36s 4 4 1274 0 1274 5*4 1t6 1+8 T 
4fS 23 E 
366 5 107 1274 0 1274 5** 1+6 1+8 T 

MODULE V A S E L I N E  I S  FINISHED. USER CQDF 0000 

SYSTEM CODE 000 

SYSlEM CODE 000 

SYSlEM COOE 000 

SYSTEM COOE 000 



2 2 2 2 2 2 2 2 2 2 2  
Z L 2 2 2 2 L L 2 2 2 2 2  
2 2  2 2  

2 2  
2 2  

2 2  
2 2  

22 
21 

2 2  
2 2 2 2 c 2 i 2 2 2 2 2 2  
2 2 2 2 2 2 L 1 2 2 L . 2 2  

5555555552555 
555555555555s 
55 
55 
55 
55:>55553555 
5555533555555 

55 
55 

55 55 
5555555555555 

55525355555 

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

I /  
/ /  

/ /  
/ /  

~ J 0 U 0 0 0 0  
c u  0 0 00 0 0 ;I 

L 0 (5b 
00 00 
OU 00 
CjCa 11 0 
00 00 ..... 
60 00  *.I.. 

G ( ?  LI G ..... 
00 0 0  ..... 
i ;GcooL.o~1 

C ’ L I  Ul IO(  

C Y  MM 
CMM MMM 
P U V M  M tl M M 
P M  MH MR Y N  
P M  Mi4 IYM M M  
PM M M K  MM 
Pl” M MM 
PM M M  
PM MM 
P M  M M 

P r M  M M  
f lM ~ r . 1  

11 
1 1 1  

1 1 1 1  
1 1  
1 1  
1 1  
1 1  
11  
1 1  
1 1  

11111111 
1 1 1 1 1 1 1 1  

2 2 2 2 2 2 2 2 2 2 2  
2 2 2 2 2 2 2 2 L L 2 2 2  
22 2 2  

2 2  
2 2  

2 2  
2 2  

2 2  
2 2  

2 2  
2 2 2 2 2 2 2 2 2 2 2 2 2  
2 2 2 2 2 2 2 2 2 2 2 2 2  

uu uu 
uu uu 
uu uu 
uu uu 
UU uu 
uu uu 
uu uu 
uu uu 
uu uu 
uu uu 
UUUUUUUIJUUUUU 

UUUUtJIJIJUUUU 

7777777717777  
77 7 7777 1 77 17 
7 7  77  

77 
77 

77 
7 7  

7 7  
7 1  

71  
77 
77 

/ /  7771717777777  
/ /  i ’71777777777 

/ /  77 77 
/ /  7 7  

/ /  77  
/ /  71 

/ /  77 
/ /  77 

/ /  1 7  
/ /  ?7 

/ /  77  
/ /  77  

..... ..... ..... ..... 

1 1  
1 1 1  

1 1 1 1  
1 1  
11 
1 1  
1 1  
I 1  
1 1  
1 1  

11111111 
1 1 1 1 1 1 1 1  

5 5 5555555 55 5 5 
5555555555555 
55 
55 
55 
555555555555 
5555555555555 

55 
55 

55 55 
5555555555555 

55555555555 

4 4  
4 4 4  

4 4 4 4  
4 4  4 4  

4 4  4 4  
4 4  4 4  

4 4  4 4  
4 4 4 4 4 4 4 4 4 4 4 4  

4 4 4 4 4 4 4 4 4 4 4 4 4  
4 4  
4 4  
4 4  



PRODUCE P5 CARBCh L I B R A R Y  IN 25 GROUPS 

LANO N W C I D E  A l O M I C  NUMBER 
LEMNO ENOF/B M A l E R I A L  NUMBER 
L P U N  0/1 hO EFFECT/PUNCH X-SECTS 
LORDER O R D E R  P L  10 BE PRINTEO 

GROUP 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20  
21 
22 
23 
24 
25 

6 
6 

-1 
5 

PHOTCN IhlERPCTICh CROSS SECTIONS 

CROUP LIMITS (MEV1 

1-OlS70E 01  
7.99E50E 00 
6.27370E 00 
4.92100E 00 

3.02770E 00 
2.37480t ii0 
1.86280E 00 
1.46110E G O  
1.14C10E 00 
8.98S6OE-01 
7.05130E-C1 
5 - 53 C90E-0 1 
4.33E30E-01 
3.40 i 90E-61  
2.66 SLOE -0 1 
2.09370E-01 
1.64220E-01 
1.26 € l O E - O l  
1.01C40E-01 
7.92519E-02 
6.21C40E-V2 
4 -8  7 600E-02 
3.82470E-02 
3.00 COOE-OL 

3 . 8 5 9 9 0 ~  oa 

1.300GOE 0 1  
1.01970E 01 
7.99830E 00 
6.27370E OC 
4.92100E 00 
3.85990E 00 
3.0277GE GO 
2.37480E 0 0  
1.86280E 00 
1.46110E 00 
1.14610E 00 
8.9896GE-01 
7.05130E-01 
5.53090E-01 
4.33830E-01 
3.40290E-01 
2.6692Ot-0 1 
2.093 70E-01 
1.64220€-01 
1.28810E-01 
1.0104CE-01 
7.92519E-02 
6.L l640E-02 
4.87600E-02 
3.8247UE-02 

S I G  ABS 

9.24969E-02 
I .  t3187E-Q2 
5.57475E-02 
4.6E656E-02 
3.50633E-02 
2.38036E-02 
1.43041E-02 
7.45094E-03 
2.70713E-03 
2.258t4E-04 
2.22011E -05 
3.70126E-05 
7.0 €2  79E -05 
1.38707E-04 
2.7792?€-04 
5.67932E-04 
l . lE42 tE-03  
2.49695E-03 
5.35921E-03 
l . l t 5 5 9 E - 0 2  
2.5556 7E-02 
5.67077E-02 
1 26(5l5E-O1 
2 .  h4504E-01 
6.41841E-01 

S I G  PE 

6. a764  1 ~ - 0 7  
8.96387E-07 
1.18499E-06 
1 - 566  76 E-06 
2.107dOE-06 
2.87361E-06 
3.98947E-06 
5.6724CiE-06 
8.51626E-06 
1.30219E-05 
2.0329 1E-O5 
3.70126E-05 
7.08279E-05 
1.38797E-04 
2.77927E-04 
5.67932E-04 
1.18426E-03 
2.49 6 9  5E-03 
5.35921E-03 
1.16559E-02 
2.55567E-02 
5.67077E-02 
1.26615E-01 
2.845C4E-01 
6.41841E-bl 

S I G  PP 

9.24962E-02 
7.631 78E-02 
5.97463E-02 
4.68641 E-02 
3.506 12 E-02 
2.38007E-02 
1.43001E-OL 
7.45327E-03 
2.69862E-03 
2.16d4ZE-04 
1.87199E-06 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
(1.0 
0.0 
u. 0 
a. 0 
0.0 
0.0 

tNERGY UEP 

3.18662E 00 

2.19496E UU 
l .85d59E 00 

1.34811E 00 
1,1480’3t 00 
9.75121E-01 
8.22621E-01 
6 .  U7340E-01 
5 .67244E-0 1 
4.61409E-01 
3.6982UE-01 
2.92045E-01 
2.2 7 162E-01 
1.73561E-01 
1.31095E-Ol 
9.71981E-02 
7.0997JE-02 
5.13428E-Ci2 
3.72360E-02 
2.7961 7E-02 
2.31578E-02 
2.30359E-02 
2.8792dE-02 

2 . 6 3 4 8 6 ~  00 

1 . 5 8 2 6 8 ~  00 



GRCUP DCSE F t C T C h S  

U N i T S  
H€NDtRSCh--FACS/HR PER P h C l T C N S / C t ' * * i / S t C  
S I L I C D A  --PAOS/hEC P t F  PHUTChS/CC**2/SEC 
H C C / D K T  --FADS/HR 

1 
2 
3 
4 
5 
6 
7 
8 
Y 
10 
11 
1 2  
13 
1 4  
1 5  
A6 
1 7  
1 8  
19  
20  
2 1  
2 2  
2 3  
2 4  
2 5  

t- EhDE k S 0 h  
1.12CCt-C5 
E.S86 1E-66 
i.20SCE-06 
t .< 42 7E-06 
5.1031E-06 

3.5b73E-IO 
2.99 1 S t - 0  t 
2 . 5 1 8 i t - 6 6  
2.1cc Ck-( t 
1 a 72 14E-06 
1.4055E-06 
1.145 EL-66 
5.125 E - 0 7  
7.14 3 EL - CI 7 
5 . 5  5 4 EE-v 7 
4.23SCE-07 
3.2 0 E tt-0 7 
2 . 3 9 i 6 t - 0 7  
1.773 5 t - C  7 
1.370Ck-07 
1 . 2 4 t  t t -0  I 
1.3C 8 5€-07 
1.723CE-b7 
2 * 64 3 I t  -0 7 

4.251 iE-06 

P t k  P h O T C h S /  CC+ 1 L /  S €C 

5 I L I L b h  
3 .72b2 t -04  
L I 9 74iiE -09 
2. j 7 2 4 t - ( Y  
1.M924E-09 
l . 5v96E-09  
1.204LE-04 
Y . 6 5 6 5 C - I C  
I .  8 T88E- id  
6.4362E-10 
5.2577L-lG 
4.295OC-lI) 
3.50MOE-13 
2.86 b 1 E- 10 
2.3413E-10 
1.9011E-10 
1.5030E- l t I  
l . l t 1 4 7 t - 1 0  
9,3383E-11 
7.7(. 5 i i E  - 1 1 
7.3687E-11 
7.8539E-11 
1. ( 3  1 8  7E - 1 0  
1 - 4 9  83E-10 
2.3592 t - l u  
3.793UE-lC 

HCC/DKT 
1 .C t t 4 t - 0 5  
8 - 6  11 1 E-00 
7.3CClt-L6 
6.2227E-C 6 
5.2581€-0t  
4.5280E-06 

3.3176t-r ib 
i .L i240t-00 
2 -375 1E-C6 
1.9924€-riE 
l.Ot17E-Cb 
1.3E84E-Ct 
1.1521c-cc 
9.lE86E-07 
7.337SE-C7 
6 . 1 C C 5 E - 0 7  
5.2255E-07 
4 * 34C3E-I, 7 
2.2404E-0 7 
2.7 1S2E-C 7 
2. t b2JE-C 7 
2.7€23E-C7 
3.4 543 E-0 7 
4.0 E E 9 E - U 7  

3 .E i t5E-C t  



CL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
LC 
L L L L L L L L L L L L L  
L L L L L L L L L L L L L  

oociru L C  
c C G C I O G D C  c 

00 1; ( 
co I C  
co c c  
LG lJo 
00 G O  

00 CG 
0 0  c o  

0ccococcC 
ooivoooo 

CO cc 

2 2 L Z L 2 L 2 L 2 2  
2 2  2 2 2  22222 2 2 2  
22 22 

L 2  
2 2  

iz 
2 L  

22 
LZ 

2 2  
i 2 2 2 2 2 2 2 2 2 L 2 2  
2 2 2 2 2 2 2 2 2 2 2 2 2  

A0 A b A d A b A  
A C  Ab Ah A A AAk 

A A  A A  
A d  A A  
aa A A  
A A C A A d A A A A d h A  
A Ab b. A A A A Ab A A A 
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THE PHOTON PRCOUCTIOIr MATRIX, MATERIAL 1214 REPCTION TYPE 1 P 0 COMPONENT 

G GP 
I 

5 
6 

G GP 
1 

G GP 
1 

G GP 
1 

G GP 
1 

4 
5 
6 
7 

10 
11 

G GP 
1 

4 
5 
6 
7 

10 
11 

G G P  
1 

4 
5 
6 
7 

10 
11 

N GP 1 N GP 2 N GP 3 N GP 4 
0.0 0.0 0.0 0.0 
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0 .o 0.0 0.0 0 .o 
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0.0 0.0 0.0 0.0 
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0.0 

N GP 4 6  
0. a 
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0.0 0.0 

THE PHOTON PACOUCTION MATRIX, MATERIAL 1274  R E P C T I O N  TYPE 1 P 1 COMPCNENr 
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AMPX N U C L I D E  1274 CARBCN V 4  11274) 
H A S  THE FCLLOWING OATA 

0 RESOLVED RESONANCES 0 UNRESOLVED RESONANCE P O I N T S  
6 r E M P  INO 1-0 NEUT PROCESSES 3 2-0 NEUT P 9 0 C t S S E S  
0 TEMP DEP 1-0 NEUT PROCESSES 0 1-0 GAMMA PROCESSES 
0 2-0 GAMMA FROCESSES 0 2-0 NEUT-TO-GAMMA PROCESSES 
0 F I S S I C N  Y I E L D S  1274 EADF MAT OF F A S T  NEUT D A T A  

1274 ENDF MAT OF THERMAL NEUT OATA 
0 ENOF MAT OF Y I E L O  OATA 

11 RECORDS FOR N U C L I O E  0 ENOF MAT Ol- GAMMA DATA 

THIS  N U C L I D E  HAS THE FOLLOLI ING 1-D NEUTPCR PFOCESSES 
1. 2- 4. 21. 101. 102 * 

2-D NEUT PROCESS€S 
MT L E N Q T H  ORDER 

1 2 18 3 5 
2 51 5 9  a 
3 91 168 0 

MT= 4 GROUP 1 M A T R I X  S U r S  TO 
WT= 4 GROUP 2 M A T R I X  SUMS TO 
MT= 4 GRObP J M A T R I X  SUNS TO 
MT= 4 GROUP 4 M A T H I X  SUMS TO 
MT= 4 GROUP t M A T R I X  SUMS TO 

TEMPS 
0 
C 
0 

4-570332E-01 PVERAGEO VALUE= 
4.438447E-G1 PVERAGED VALUE= 
3.019570E-01 PV ERAGED VALUE= 
2- EO3366E-01 PV ERACEO VALUE= 
~ . ~ ? z ~ s ~ E - c z  P V E R A G E O  VALUE= 

107. l a w .  

4.569468E-01 fRACT DEV= 1 . 8 9 0 0 9 2 E - 0 4  
4.438827E-01 FRACT DEV= -8.567073t-05 
3.01 93 5lE-01 F RACT OEV= 7.244901 E-05 
2.803dLOE-01 F KACT DEV= -1.5731 2 5 E - 3 5  
4.372485E-02 FRACT DEV= -5.384542E-05 

NUCL I DE 1274 HAS B E E &  CHECKED 



R R R R R R R R R R R R  
R H R R R R R R H K R R R  

RR R R  
RR R R  
R R R R R R R K R R R R R  
RR R R R R  RR& R R R 
RR R R  
RR R R  
RR R R  
KR F R  
R R  R K  

RR nn 

2 2 2 2 2 2 2 2 2 2 2  
222  222222 2 222 
22 22  

22 
22 

22 
2 2  

22 
22 

2 2  
2222222222222  
2222222222222  

18 A K k A Y  

G T  

P A A A A A A A A  
A A A  A A A A A P i3A 

Ad A h  
A A  A A  
A A  A A  
A h b e  A P A n A A A A A  
A A P A P A A A A C A A A  
A A  A A  
P A  A A  
A P  A A 
A A  A A  
Ab A A  

5955255555355  
5555555555555  
5 5  
5 5  
5 5  
555555555555  
5555552555555  

55  
55  

5 5  55  
555>555555555  

55355255555  

D D C C C G C L E C C E  
U C C E C C C C C C C G C  
DC D C  
D O  DO 
c I1 LC 
DC C C  
uu C C  
OD G C  
GO C C  
CD D O  
cuc ccc GE cc CD c 
C D C C C C C C C O C O  

E E t t E E t t E t t E E  
EEEEEEEE E E E E E  
EE 
€ E  
EE 
E E E E E E t t E  
EEEEEEEEE 
E E  
EE 
E E  
EEEEEEEEEEETE 
E E E E E E E E E E E E t  

/ /  1 1  
/ /  l l i  

/ /  1111 
/ /  11 

/ /  11 
/ /  1 1  

/ /  1 1  
/ /  1 1  

t /  11 
/ /  1 1  

/ /  11111111 
/ /  11111111 

3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3  33 3 3 3 3 3  
3 3  3 5  

3 3  
3 3  

3 5 3  
3 3 3  

5 3  
3 3  

3 3  5 3  
? 3 3 3 3 3 3 5 3 3 3 3 5  

3 3 3 3 3 3 3 3 3 3 3  

660666046666 
6 6 6 6 b o ~ b  666 66 
6 b  
60 
66 
666666b6666 b 
b b b b b a b b b b b o ~  
66  66 
66 66 
6 6  66 
66bo66666bbbb 

66 bbb 66666 b 

3 3 3 3 5 3 3 5 3 3 3  
3 3 5 3 3 5 3 3 3 3 3 3 3  
3 3  3 3  

3 3  
3 3  

3 3  3 
3 3  3 

3 3  
3 3  

3 3  33 
3 3 3 3 3 5 3 3 5 3 3 3 3  

3 3 3 3 3  3 3 3 3 3  3 

I /  1117 7117771?1 
/ /  7777777771rr 

/ /  77 7 7  
/ /  77 

/ /  7 7  
/ /  7 7  

/ /  77 
/ I  7 7  

/ /  7 7  
/ /  7 7  

/ /  7 7  
/ /  77 

..... ..... ...*. ..*.. 

1 1  
1 1 1  

1 1 1 1  
11 
1 1  
1 1  
1 1  
1 1  
I 1  
11 

llllllli 
11111111 

5555555555555  
5555555255555  
55  
5 5  
5 5  
555555555555  
5555555555555  

55  
55  

5 5  5 5  
2555555555555  

55555555555  

3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3  3 3  

5 3  
3 3  

3 3  3 
3 3 3  

3 3  
3 3 

3 3  3 3  
3 3 3 3 3 3 3 3 3 3 3 3 3  

3 3 5 3 3 3 3 3 3 3 3  



CHECKING TGLERACCE= 1 . 0 0 0 0 0 E - 0 3  PER CEhT 

AMPX N U C L I O E  1274 PRODUCE P5  CARRCN 
HAS THE F C L L O H I N G  DATA 

0 RESOLVED RESONANCtS 
0 TEMP I N 0  1 - U  NEUT PROCESSES 

0 2-D GAPBA FROCESSES 
0 FISSICN Y I E L D S  

0 TEMP OEP 1-0 NEUT P i l n c E s s E s  

14 RECORDS F C F  N U C L I O E  

2-0 NEUTRON TC G&HMA TRANSFERS 
MT L E h G T H  ORDER TYPES 

1 1 0 2  62 5 1 
2 51 7 5 1 

NUCL I DE 1274 HAS B E E h  CHECKED 

G4Mt’A PFOOUCTION DATA 

0 UhRkSOLYEU HESONANCE P O I N T S  
0 2-1! NEUT PROCESSES 
U 1-0 GAMMA PROCESSES 
2 2-0 NEUT-TO-6AMMA PROCtSSES 
0 €\OF MAT OF F A S T  NEUT DATA 
0 ENDF HAT OF THERMAL NEUT DATA 

1274 E h D F  MAT O F  Y I t L D  UATA 
0 E h U F  MAT OF GAMMA OATA 



RR R R R R RRR R R R  
RR R R  R K  R K R R R R f i  
RR R K  
Hh R K  
RR P R  
R R R R R R  RRK h R R K  
R R R R R R R R R R R R  
HR K i 4  
R R  R R  
RR kk 
HR kK 
RR R K  

0c0oc c c 
000000000 

00 00 
LO (0 
00 GO  
00 00  
UG L 0 
00 GO 
LO LO 

UU C (  
0000000 00 

C L ! O O ~ C ~ O  

2 2  22221 L 2 2 2  
2 2 2 L  L L 2 2 2 2 2 L 2  
22 22 

z 2  
2 2  

22 
2 2  

2 2  
22 

2 2  
2 2  22 2 2 2 L L 1 2 2 2  
2 2 2 2 2 2 2 2 2 2 2 2 2  

I $  A H I i A t  

LT 

A A A A A A A A A  
A A A A A A A A A A A  

A A  A A  
A4 Ad 
A A  An 
A P  C A A A 4 A A A A A A  
A P P P P A A A A P A A A  
A A  A 8  
A A  A A  
A A  A4 
A A  Ab 
A A  A A  

5555555555552  
5555555555555  
55  
55  
5 5  
525555555555  
5555555555555  

55 
5 5  

5 5  55 
5>5555>555555  

55555555555  

OOOOROO 
C GOC G O G G l l  

& i  03 
00 00 
cc cc 
00 0 0  
00 00 
t'< O C  
00 00 
00 110 
I( LO( U U L b  
ocuoooo 

4 E N T R I E S  H E A D  

C0CCCCCOGGGD 

DO OD 
c0 cc 
OD GC 
OD DG 
00 oc 
D0 O C  
Li0 CL 
OOCCCOCCCOCDC 
DDCCCCCCGCCD 

0occcncooocoD 

DD cn 

EEEEEEEEEEEEE 
EEEEEEEEEEEEE 
EE 
EE 
E E  
E E E t E E E E E  
EEEEEEEEE 
E €  
€ E  
EE 
EEE€EEEEEEEEE 
EEEEEEEEEEEEE 

/ /  1 1  
/ /  1 1 1  

I /  1 1 1 1  
/ /  11 

/ /  11 
/ /  1 1  

/ /  11 
/ /  11 

/ /  11 
/ /  1 1  

/ /  11111111 
/ /  11111111 

3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3  3 3  

3 3  
3 3  

3 3 3  
I . . . .  5 3 3  ..... 3 3  
o.... 3 3  ..... 3 3  3 3  

3 3 3 3 3 5 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3 3 3 3  

b b b b b b b b b 6 6 b  
b6bbbb5b bbbb6 
66  
bb 
66 
b b b b b b b b 6 b 6 b  
b b b b b b 6 b 6 b b 6 6  
6 6  bb 
bb bb 
66 bb 
bb6666bbObbbb 

b b b b b b 6 b b b b  

3 3 3 3 3 3 3 3 3 3 3  
3 3 3  3 3 3 3  3 3 3  3 3 3  
3 3  3 3  

3 3  
3 3  

3 3  3 
33  3 

3 3  
33 

3 3  3 3  
3 5 3 3 3 3 3 3 3 3 3 3 3  

3 3 5 3 3 3 3  3 3 3 3  

/ /  
/ I  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

..... *.... ..... ..*.. 

iiiirr77rriii 
777777777777 
77 77 

77 
77 

77 
77 

77 
77 

77 
77 
77 

2 2 2 2 2 2 2 2 2 2 2  
2 2 2 2 2 2 2 2 2 2 2 2 2  
22 2 2  

2 2  
2 2  

22  
2 2  

2 2  
2 2  

2 2  
2 2 2 2 2 2 2 2 2 2 2 ? 2  
2 2 2 2 2 2 2 2 2 2 2 2 2  

5 5 5 5 5 5 5 5 5 5 5 5 5  
5555555555555  
5 5  
5 5  
5 5  
5 5 5 5 5 5 5 5 5 5 5 5  
5555555555555  

5 5  
5 5  

5 5  55  
5 5 5 5 5 5 5 5 5 5 5 5 5  

55555555555  

0000ooc 
000000000 

00 00 
00 00 
00 00 
00 00 
u 0 00 
00 00 
00 00 

co 06 
000000000 SGGOOOi, 



CHECKING T C L E R A C C E =  1.OOOOOE-03 PER C E h T  

AHPI kUCLIDE e PhCTCN I h T E R P C T l O N  UATA FOR 6000.0 
MAS THE FOLLOWING O A T A  

0 RESOLVED RtSOl rA fuC€S 0 UhiRESOLVtO RESONANCE P O I N T S  
0 TEMP I N 0  1-0 FrEUT PROCESSES 0 2-0 NEUT PROCESSES 
0 T W P  GEP 1-0 kEb1 PROCESSES 6 1-0 GAMMA PROCF-SSES 
2 2-D GAPHA FROCESSES 0 2 - 0  NEUT-TO-GAMMA PROCESSES 
G FISSICk Y I E L D S  G ENOF HAT OF F A S T  NEUT DATA 

0 EhOF MAT O F  THERMAL NEUT DATA 
0 E h O F  HAT OF Y I E L O  OATA 

10 RECORGS FCF NUCLIDE 6 EhOF H A T  OF GAMMA DATA 

THIS NUCLIDE H A S  T H E  FOLLOWING 1-0 G P P P A  PROCESSES 
602. 5 16. 504 .  5 2 7 .  501  e 1527. 

2-0 G A M A  PPCCESLES 
nr LElrCTH OROER 

1 504 ill 5 0 
2 516 12 G C 

NUCL ID€ 6 H A S  BEEN CHECKED 

6 1  



2 2 2 2 2 1 2 2 2 2 L  
222222 2222222 
L2 2 2  

2 2  
L 2  

2 2  
2.2 

22 
1 2  

2 2  
LZ 2 2 2 2  222 2222 
2 2 2 2 2 2 2 2 L L C L 2  

5 5 5 5 5 5 J 5 5 5 5 5 5  
5 2 5 5 5 5 7 5 5 5 5 5 5  
5 5  
5 5  
5 5  
5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5  
5 5  

5 5  5 5  
> 5 5 5 5 5 5 5 5 5 5 5 2  

5 5 5 5 5 5 5 5 5 5 5  I 

C I C C C ( C C C C C  Ch HH 
C C C C C C C C C C C C C  kH t i t i  
c c  c c  I-t- HH 
c c  Ch HH 
cc I-H HH 
C L  khhWHHHHHHHHH 
c c  I- HHh hHhH HHHticl 
c c  k H  HH 
c c  CH HH 

ti t i  C L  C C  I-H 
C C C C C C C C C C C C C  k h  HH 

L C C C C L C C C C C  hH t i  H 

C O O O O 3 0  
c1 ( A  0Oll00 

0 0  00  
(I rJ 00 

0 0  00  
O b  'v I1 

0 0 110 
o c  uo 

I> 0 J O  
(ic t'( c 0 0 1 ' 0  

C G C C O C C  

u 4 on 

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
' /  

1 1  
1 1 1  

1 1 1 1  
11  
1 1  
11 
1 1  
11 
1 1  
11 

1 1 1 1 1 1 1 1  
l l l l l l l l  

3 3 3 3 5 3 3 3 3 3 3  
3 3 3 5 3 3 3 3 3 3 3 3 3  
2 3  3 3  

3 5  
3 5  

3 3 3  ..... 3 3 3  ..... 3 3  . . .. . 3 3  ..... 3 3  3 3  
z 3 3 3 3 3 3 5 3 5 3 5 3  

3 3 3 3 5 3 3 3 3 3 3  

666666666666 
6666666666666 
66 
66 
66 
666666666666 
6666666 6 66666  
6 6  66 
66 66 
bb 66 
6666606666656 
66665666666 

3 3 3 3 3 3 3 3 3 3 3  
3 5 3 3 3 3 3 3 3 3 3 3 3  
3 5  3 3  

5 3  
3 3  

3 3 3  
3 3  5 

3 3  
3 3  

5 3  3 3  
5 3 3 3 3 3  3 3  3 3 3  3 3  

3 3 3 3 3  3 3  3 3 3 3  

xx x x  
x x  x x  

X X  x x  
x x  x x  

x x  x x  
X X X  
x x x  

x x  x x  
x x  x x  

x x  A X  
X X  X X  

x x  X X  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

7 7  
77 
ri 

7 7  
77 

77 
7 1  
7 /  

2 2 2 2 2 L L 2 2 2 2  
2 2 2 2 2 2 2 2 2 2 2 2 2  
2 2  2 2  

2 2  
2 2  

2 2  ..... 2 2  ..... 2 2  ..... 2 2  ..... 2 2  
2 2 2 2 2 2 2 2 2 2 2 2 2  
2 2  2 2 2 2  L 2 2 L 2 2 2  

5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  
5 5  
5 5  
5 5  
5 5 5 5 5 5 5 5 5 5 5 5  
5 5 3 5 5 5 5 5 5 5 5 5 5  

5 5  
5 5  

5 5  5 5  
5 5 5 5 5 5 5 5 5 5 5 5 5  

5 5 5 5 5 5 5 5 5 5 5  

7 17777 1 7  17711 

77 77  
ririiririii7 

77 
ri 

7 7  
r i  

77 
77 

77 
77 
77 



l b  ARRAY 

OT 

2 E N T R I E S  READ 

COUPLED NECTRGL AND GAMMA-RAY CROSS-SECJIGN SETS H I L L  BE CREATED ON LUGIC4C U N I T  I 

kUWBER OF CCUPLEO SETS 1 
FOUNT PREUICCSLY MADE LIBRARY hC 

2 5  ARRAY 1 E N T R I E S  READ 

3s ARRAY 1 E N T R I E S  READ 

45  ARRAY 1 E N T R I E S  READ 

55 ARRAY 1 E k T R I E S  READ 

01 

CHUX & I L L  CREATE THE FGLLOWING CGUPLEC SETS-- 

SET COUPLED SET kEUTROEI LATA GACPA PRCCUCTIGh DATA GAMMA DATA 
I D E N T I F I E R S  

1 1274 1 2 7 4  1274 b 

/ 
I 



RRR RRRRRRR R R  
R R R R R R k R R R R R R  
RR RR 
RR RR 
RR R R  
RRR RRRRRR R R R R  
RRRRRRRRRRRR 
RR R R  
RR R R  
RR R R  
RR R R  
RR R R  

ocooooo 
oooowooo 

00 0 0  
oc co 
00 00 
CO 00 
(io CC 
co 00 
GO 00 
00 cc 

ocoooos 00  
0C 3000 0 

22222222222 
zz222zi222222 
22 22 

22 
22 

22 
22 

22 
22 

22 
2z2222z222222 
22 2 zi 2 22 2 i i 2 2 

1J A R R A Y  

GT 

PP A A A A  hhA 
AhP A A A A P A A A  

Ah A B  
AA A A  
A A  A A  
A A P P h P A A A P A A A  
A A A P A P A A P P A A A  
A A Ah 
A 4  Ah 
AA A A  
A A  A A 
A A  Ah 

5555555555555  
5555555555555  
5 5  
5 5  
5 5  
555555555555  
5555555555555  

55  
55  

55  5 5  
5555555555555  

55555555555  

ODCCCCCDCCCO 
OUOCCC CCOOCOO 
OD cc 
00 cc 
OD C D  
DO c c  
OD cc 
DO O C  
00 oc 
DO 06 
GDOC I: C ECCC C O D  
DOCCCCffCCOEO 

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

< uooooo 
C C  c c  c 0oc0 

bc, 00 
00 00 
cc 00 
GO 00 
DO 00 ..... 
OC 00 ..... 
06 00 ..... 
00 00 ..... 
L C  c c c ooco 

600GG00 

4 E h T R I E S  REA0 

E E E E E E E E E E E E E  
E E E E E E E E E E E E E  
€ E  
€ E  
EE 
E E E E E E E E E  
E E E E E E f E E  
€ E  
EE 
€ E  
E E E E E E E E E E E E E  
E E E E E E E k € E E E E  

11 ~. 

1 1 1  
1111 

1 1  
11 
I1 
11 
1 1  
11 
1 1  

11111111 
11111111 

3 33 33333333 
3333333333333 
33 3 3  

3 3  
3 3  

333  
333 

33 
3 3  

33 33 
3333333333333 

33333333333 

bbb66b6bb6bb 
6666666666666 
66 
6 6  
66  
666666666666 
6664666666666  
66 66 
6 6  66 
66 66 
6666666066666 

666 66 66 6666 

4 4  
4 4 4  

4 4  44 
4 4  44 

4 4  44 
4 4  4 4  

4 4  44 
4 4 4 4 4 4 4 4 6 4 4 6  

4444444444444  
44 
44 
4% 

/ /  
/ /  

/ /  
/ /  

/ /  
/ I  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

i 7 7 1 7 7  77 711 7 7 

77 3 7  
77777777 777 i 

7 7  
7 7  

1 7  
77 

77 
77 

77 
17 
77 

0 06 0 G 0 0 
000000000 

00 00 
CC 0 0  
00 0 0  
00 0 0  .. . *. 00 c o  ..... 00 0 0  

I.... 00 0 0  ..... 00 Cl c 
000000000 

0000000  

5555555555555  
5 555555555555  
55  
55  
55  
555555555555  
5555555535555  

55  
5 5  

55  5 5  
5555555555555  

55555555555  

CI OGO 0 0 0 
cioooouooo 

00  00 
GC 00 
0 0  00 
0 0  00 
oc  OG 
00 00 
00 00 
OG 00 

000000000  
0000000 



C H E C K I h G  T L L E R P F L E =  1.03J3dt-Cj P t R  C E h l  

AHFX k U C L I D t  I274 C A H B L h  V 4  ( 1 1 7 4 J  
h A 5  T r l t  F C L L U ~ I ~ L  L A T A  

0 K E S L L k t U  k l S L i u A l k ~ E S  0 U h R E S O L V t D  R E S U N A N L E  Pd I Y T S  
8 T t M P  I h L  1-0 \ t U T  P R - C L S S E S  3 2-0 N E U T  P R O C E S S E S  
0 T € Y P  C t C  1 - U  h t U T  P * C C t S S t S  6 l - C  G A Y d A  P K U C t S S t S  
2 2-fl L P P P A  F h I I C t S S t S  2 2 - C  I I E U T - T U - G A M M A  P d ( I C F S S E S  
G t - I S S I C h  Y l f L O 5  1 2 7 4  t h C F  M A T  Ck F A S T  N C U T  I D A T A  

1 2 7 4  t h 0 F  M A T  OF I H t K M A L  NEUT C A T A  
1 2 7 -  thCf -  M A T  OF Y I E L O  D A T A  

3 3  H t C I J k L S  I - C F  N U C L I C E  6 E h U F  M A T  OF G A Y M A  D A T A  

THIS h U C L I l l E  + ( A S  I H t  k C L L U v 4 I N b  l - U  h E L T F C h  P F O C E 5 S E S  
1. L. 4. 2 1 .  101. 102 .  

2-C h tUT  P h L C t S S f S  
M T  LChCTH I J K U t  H T C P F S  

1 L l a 3  5 0 
2 5 1  5 Y  0 C 
3 Y 1  1 6 b  0 C 

HT= 4 G K l l L P  1 P A l d I X  S 0 P S  T l i  4 . 3 7 0 3 3 2 t - 0 1  P V t K A L t U  V A L U E =  
H T =  4 b K l J U P  i H A T d I X  S U k i L  T b  4 . 4 3 8 4 4 7 E - L A  b V E R A G C D  V A L U E =  
HT= 4 C R O L P  3 R A T C I X  S U P S  T C  3 . 0 1 S 5 7 U t - 0 1  P V E H A L E U  VALUE; 
MI= 4 G K l l U P  4 M A T k I X  SUM5 TLJ 2 . 8 0 3 1 6 6 E - U l  P V E R A G t U  V A L U t =  
H T =  4 b R I l L P  t M A T h l i  S L P S  TLi 4 . 3 7 2 ~ 5 O E - G L  P V E R A G t U  V A L U t =  

1 102  
2 5 1  

NELTHLh G h C i L P  
1 
L 
3 
4 
5 
6 
7 
8 
Y 

1 11 
11 
1 2  
11 
1 4  
1 >  
16 
A T  
I t ,  
19 
21' 
2 1  
2 2  
L j  
L 4  
2 5  
26 
? I  
I'tJ 
L 9 

6 2  5 
7 5 

C A P T U R E  
C R C S S  S € C T  I L N  

0 .o 
0.0 
C .Ir 
c .c 
0 - 0  
c .0 
c .c 
0.0 
0 .O 
t .o 
0.0  
c .u 
c .o 
c .c 
0 .o 
0 .o 
c.0 
0.0 
o .o 
c .o 
L* .D 
r .(I 

L .C 
(I .G 
c .o 
c .I 
0 .0 
c .C 

c .o 

4.>69468k-01 F K A C T  D E V =  1 . 8 Y O J 9 2 t - 0 4  
4 * 4 388 2 7 E - G  1 - 8 - 5 6  7C 73 t -05 
3.01 93 5 1  F-01 F K A C  T D t V =  7 . 2 4 4 9 0 1  E - 0 5  
2. b O  36 lil E-0 1 F H A C  T DEV: - 1.5 731 2 3 € -  05 
4 .9  7 2 4  8 5 E- C 2 b k  AC T DE V= - 5.3 845 42 E- 0 5  

fi R AC T DE V =  

\ 



3V 
31 
32 
33 
34 
35 
36 

38 
39 
4 0  
41 
42 
43 
44 
45 
4 6  

48 
4 9  
5 0  

37 

4r  

Ci.6 

C.G 
0.0 
4.674317E 06 
3.570379E 06 
3.461382E 06 
3.132487E 06 
4 .266645 t  06 
3.932361E 0 6  
2.622101E 0 5  
2.543021E 0 5  
4.617609E 0 5  
5.449919E 05  
1.919135E 0 6  

3.129367E 05  
2 . 3 9 B l l d E  0 5  
4.200459E 0 5  
1.C47166E 06 
r.500527E rJ6 

(1.0 

3 . ~ 8 7 9 7 8 ~  06  

0 .o 
0 .a 
0.0 
0 .a 
1.33294 7E-06 

9 . t l S 6 7 l E - 0 6  
1.254653E-05 
1.480241E-05 
1.658052E-05 
2.116559E-05 
3.G l S 5 7 l E - 0 5  

6.515472E-05 
9.485 168E-05 
1.3801 IO€-04 

2.921822E-04 
4 .i 5122 4E-04 
6 -6 143 75E-04 
2 . 7 C t 3 4 1 E - 0 3  

5 . 8 a 2 8 5 1 ~ - 0 6  

4 . 4 a 0 7 6 0 ~ - 0 5  

2 .ooa 13  t ~ - o 4  

THIS  h U C L I O E  h A S  THE t C L L O W l N G  1-0 GPPI’P P P C C E S S E S  
602. 5 16. 504 .  5 2 7 .  501. 1527 .  

2-0 GARHA P P C C E S S E S  
PIT LEhGTH OUOER 

1 5 0 4  21 1 5 0 
2 5165 a2 n C 

NUCL IO€ 1 2 7 4  h A S  B E E h  ChECKEO 



MM P M  A A A A A A A A A  
M M M  PPM P A A A P A A A h A A  
MMHM PMPM A A  A A  
PM MM M N  PM A A  A A 
PM FLM MM MM A A  A A  
MM HMH M M  A A P A A P A A A A A A A  
MU M M M  A A A A A A A A A A A A A  
Fn PM A A  A A 
PM PM A A  A A  
FM MM A A  hA 
MM PM A A  A4 
MM MM A A  A A  

ooouaoo 
OCOROOQOO 

oa 00 
GO GO 
00 co 
cc 00 
00 CO 
00 GO 
CG CO 
00 00 

OOOOOGC 
uooaooooo 

22222222222 
2222222222222 
22 22 

22 
22 

22 
22  

22 
22 

22 
2222222222222 
2222222222222 

5555555555555 
5555555555555 
55 
55 
55 
555555555555 
5555555555555 

55 
55 

55 55 
5555555555555 
55555555555 

0000000 
coooooooo 

Oc, 00 
0 0  00 
00 00 
ao 00 
00 00 
00 00 
00 00 

00 00 

0000000 
eaooooooo 

LL 
LL 
L L  
L L  
LL 
LL 
L L  
LL 
LL 
LL 
L L L L C L L L L L L L L  
L L L L L L L L L L L L L  

/ /  
I /  

/ /  
/ /  

/ /  
I /  

/ /  
/ /  

/ /  
/ I  

/ /  
/ /  

*e*.* ... I. *.... ....* 

00000000000 
coooooooooooo 
cc 00 
C G  00 
co 00 
co 00 
cu 00 
CG 00 
cc 00 
co 00 
ccooooooooooo 
cooouoooooo 

11 
111 

1111 
11 
11 
11 
11 
11 
11 ~~ 

11 
11111111 
11 1111 11 

33333 33 3333 
3333333333333 
33 33  

33 
33 

333 
333 

33 
33 

33  33 
3333333333333 
33333333333 

ccccccc cccc 
cccccccc CCCCC 
cc cc 
cc 
cc 
cc 
CC 
cc 
cc 
cc cc 
CCCCCCCC ccc cc 

CCCCCCCCCCC 

646666666666 
6666666665666 
66 
66 
66 
646h64666666 
6664666666666 
65 66 
66 66 
A b  66 
6 6666666 66666 
66666666466 

44 
4 44 
4444 
44 44 
44 44 
44 44 
44 44 
444444444444 
4444444444444 

44 
44 
44 

sssssssssss 
sssssssssssss 
ss ss 
ss 
ss 
ssss sss sssss 
ssssssssssss 

ss 
ss 

ss ss 
sssssssssssss 

sssssssssss 

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

I /  
// 

/ /  
/ /  

/ /  
/ /  

..... ...*). ..... ..... 

171771 7777777 
7777 77171 717 
77  77 

77 
77  

77 
77 

7 7  
77  

77 
77 
77 

2 22 22222222 
22 2222 222222 2 
22 22  

22 
2 2  

22 
22 

22 
22 

22 
22222222222 22  
22 22 22 2222222 

5555555555555 
5555555555555 
55 
55 
55 
555555555555 
5555555555555 

55 
55 

55 55 
5555555555555 
55555555555 

22222222222 
2222222222222 
22  22 

22 
22  

22 
22 

2 2  
22 

22 
2222222222222 
2222222222222 



1s ARRAY 6 EhiTRIES READ 

2L ARRAY 2 E k T R I E S  READ 

GT 

4 E  ARRAY 50 E N T R I E S  REAG 

5* ARRAI  50  E N T R I E S  READ 

4 s  ARKAY 25  ENTRIES READ 

7+ ARRAY 25  E h T R I E S  READ 

01 

ANPX RASTER L I E R P R Y  1UUHBER 26 

NUMBER OF N L C L I D E S  1 

NUPBER OF N E L l R C E  GRCUPS 50 

F I R S T  T H E R H 4 L  GRCUP 50 

WUMER OF GACYA CRDUPS 25 



N t l r I R C h ;  GkULP O E F I N I T I U h S  AhJ k t l G H T I h G  FLUXES 

F I k E  L d f l i ~ P  
1 
L 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I2 
1 3  
1 4  
15 
1 6  
1 7  
18 
19 
2c 
2 1  
22  
23 
2 4  
2 5  
26  
2 7  
2 8  
29  
3u  
31  
32 
3 3  
34 
35 
36 
37 
38 
3 v  
4 0  
4 1  
4 2  
4 5  
4 4  
4 5  
4b  
41  
4M 
4Y 
5 0  
5 1  

BRCAD LKouP 
I 
2 
3 
4 
5 
6 

UPPLR ENERGY 
1 . 4 9 l b L 5 E  C 7  
l . i L 1 4 0 3 E  0 7  
1.COOOUOE 07 

6 .703202E 0 6  
5 . 4 d b 1 1 7 t  0 6  
+.453.?94€ ( 6  
3 . 6 1 8 7 9 9 t  06 
3.011545L 0 6  
2 . 4 b 5 4 1 L t  0 6  
Z . L l b F b 8 t  Ob 
1 . t 5 2 5 4 1 E  0 6  
1 . 3 5 3 3 5 5 t  00 
1.1UkIG>3E U6 
9 .L71815E d5 
7 . 4 L 7 3 7 6 t  fl5 
6 . C c i l O l 6 k  0 5  
4 - 5 l 8 7 1 b t  L,5 
4 . C 7 6 2 2 9 t  ( I >  
3 . 3 3 7 3 3 4 t  0 5  
2 . 7 3 2 5 7 Y t  05  
2 .157C83L ( 5  
1 . 8 3 1 5 o 9 E  0 9  
1 .43F562E 0 5  
1.22 7 7 j 6 E  0 5  

5 .L47553E (14 
4 . 0 d 6 7 8 l t  04 
3.18L7YOE C4 
2 . 4 7 8 7 5 9 t  (14 

1.9Jd45YE 0 4  
I .  5 0 3 4 4 3 E  0 4  
7. i i 1 1 7 6 L t  (15 
4.3J1434E 0 3  
3 . 3 5 4 1 3 5 t  0 3  
2 . t11593E 0 3  
L.U34L&YE 0 3  
1.5t46111E C3 
l . i 3 4 1 U A E  0 3  
9.61119At 0 2  
4.54COC5t  c 2  
2 .144546E d2 
1 .013012E 02 
4 . 7 8 5 1 3 0 E  0 1  
2 .2( r033>t  01 
1 . C t 1 7 d 7 E  0 1  
5 .C434YOt  00 
2.302376E 00 
l . l L 5 5 5 4 t  0 3  
4. 14O(r(l I t  -0 1 
1. COOOOOk-05 

t i . i t 7 ~ r a ~  0 6  

8 . 6 5 1 7 1 3 t  r 4  

UPPEk ENtHGY 
1 . 4 Y 1 8 2 5 t  0 7  
L.OlM56&t 06 
L . 7 3 2 3 7 Y t  95 
1.Y3U45Vt  04 
4 . 2 4 J 0 0 5 t  0 2  
1.000(,UOt -05  

UPFER L € l b l l d G Y  
-4  .CGCC C 3 t - C l  
-2.CC6CC3E-Cl1 

c.0 
1.5455 55E-C 1 
? - 5 5 5 5  S t E - 0 1  
5.5SSSSSE-01 
7.555SEEE-CI 
4.5554 e c E - 0 1  
1.1Sf5SSE 00 
1.35555SE C O  

1.755456E LO 
1.5595S@E C O  
2.155555E 00 
i . 3 5 5 5 S E E  CO 
L . S S S S S ~ E  CIU 
2.744557E 00 
i.S5SSSBE 00 
3.14SSS1E ( 0  
3.355557E 00 
3.5595511E 00 
? . I S 5 5 5 7 E  00 
3.555557E 00 
4.1SSSS7E 05 
4.35555HE 00 
4.145SSBE 00  
5.245557E G O  
5.495S57E 00 
5.744557E 00 
5.5S9557E 00 
6.245457E OU 
t . 4 5 5 5 5 7 b  C C  
7 . 2 4 5 5 5 7 t  GO 

7.55S557E C C  
E.245557E LL 
b . 4 5 5 5 5 1 E  00 
E. i45S57E c o  
E.SSS'r57E 00 
S.24SSSIE C O  
S.SSS55eE G C  
1 .0 I50COE C l  
1.15OOCGE C 1  
1.225CCCE C I  
1.3COOCOE 01 
1.335CCCE 01  
1.4SCCCCE C1 
1.525CCCE C 1  
1 . t O C C C O E  C i  
I .LS5558E C 1  

~ . L S S S S ~ E  co  

I .  i 4 9 S 5 8 E  C0 

i . i t 3 l C l E  01  

LFFER LETkOHGY 
-4.CCCCC3E-c 1 

1 . 5 5 5 5 4 b t  C C  
3.555556E 0C 
0 . 2 4 5 5 5 7 E  C C  
S . F S 5 4 4 8 t  o c  
i . 7 6 3 1 0 1 E  0 1  

GROUP FLUX 
l . L C C C > C O E  co 
1.3Gi~C~OCE 180 
1.00000CE 00 
1.GCOCCCt CL 
1 .00 ( i r . iUE 3u 
l.OOOOC0t d o  

1.Gbb33GE 00 
1.000000~ 00 
1.COGCCCE O C  
1.OOOuOOE f ib 
1.u00000t 00 
1.OCGCCCE C O  
1.000000E 00 
1.000000E 00 
1.GCCCCOt 00 
1 . 0 0 0 0 0 0 E  00 
1.000000E 00 
1.C~UOOCO~ 00  
1.0000OOF 00 
1 .000000E 00 
1 * 0 0 0 0 L c t 1 1  G 
1.000000t 00 
1.3000GUE 00 
l.CICflL1COk flu 
1.00OUGOE 00 

L.UlIOClLOE (i0 
1.000000t 00 
l.Gu00C(rE 30 
l . O C f l ~ 1 C O t  LiO 
1.000000E 00 
1.UCdtOGbE 0 0  
1 .(lClti(lCUE (10 
l.(GGCCCt O b  
1.000ll00t JO 
l .CPOO(  O E  ( * ( I  
1 . O C L G C C E  ( G  
l . U O L ) O C U t  C f U  
1.000trcCk I10 
1.CIGGC G C E  OG 
1.000uC1,t L i i )  
1.030000E IJ(J 
1 . O C O O C C t  C G  
l.JU(tlJO3t 00  
1.000000E J0 
l . rc0cJcCc OC 
i.OOOb\?UE CAI 
1.000000E 00 
1.0OGCCOt CL 

1.Ococ CCk 00 

1 . rmcmoE 00  

GKUUP FLUX 
I . C O C O 0 0 t  c 1  
1.~ioJcIouc U l  
1.000000E 01 
1.GOCC~GOE C 1  
1.000000E 01 

BROAD GRilUP 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



6 A W A  GROLP D E F I N I T I C N S  Ah0 Y E I G H T I N G  FLUXES 

F I K  GROUP 
1 
2 
3 
4 
5 
b 
7 

9 
10 
11 
12 
13 
14 
15 
i6 
17 
16 
19 
20 
21 
22 
23 
24 
L5 
26 

a 

UPPER ENERGY 
1.300000E 07 
1.C19700E 07 
7.598299E Ob 
6.273699E Ob 
4.920999E Ob 
3.659899E 06 
3.027699E Ob 
2.314799E Ob 
1.862799E 06 
1.461099E Ob 
1.146099E 06 

7.051299E 05 
5.530899E 05 
4.338299€ 05 
3.402899E 05  
2.C6Yl99E 05 
2.G93699E 05 
1.642199E 05 
l.Zd8099E 05 
1.01C399E 05 
7.525194€ 04 
6.51t400E 04 
4.E760CIOE 04 
3.&24700€ 04 
3 . O U O O O O E  04 

a.5n9599.5 05 

UPPER L E l H b R G V  
-2 .C2 3643E-01 
-1.55G841E-02 

4.6621E4E-01 
7.690734E-Cl 
9.5 1'34 41 E-01 
1.1947€1€ 00 
1 . 4 3 1 C i 2 E  GO 
1.680505E 00 
1.523356E 00 

2.409101E 00 
2.65155eE 00 
2.654815E 00 
3.137tEEE 00 
3.380542E 00 

3.E6C23EE 00 
4.109134E 00 

4.594625E 00 
4.8377CEE GO  
5 .C805t4E  00 
5.323430E 00 
5.566275E 00 
5.809143E 00 

2 2335 57E-01 

i.1662ilE 00 

3 . ~ ~ 3 3 5 1 ~  oa 

4.3520~2~ ao 

BRO&D IXOW UPPER ENERGY L P F E R  L E T H A R G Y  
I 1.300uOOE 07 - 2 .  t 2 3 t43 E-O 1 
2 3.b5S899E Ob 9 - 5  1944 1E-0 1 

1.146099k 06 2.166iZlE 00 3 
4 3.402899E 05 3.380542E 00 
5 1.010399E 05 4.554625E ( IC  
4 3.GGObOOE 04 5.804143E OC 

CARBON V4 (1274) 

XSEC ID I 2 4 
6RP. 

1 1.56204E 00 1.34622E 00 1.741COE-01 
2 2.61529C 00 2.8752% GO G . 0  
3 4.3Et77E CC 4.3€617€ CG 0.0 
4 4.71122E 00 4.71121E 00 0.0 
5 +.;129ibt 00 4.72869~ 00  0.0 

GROUP FLUX 
1.000000E 00 
1.0000CGE 00 
1.000000E 00 
1.000000E 00 
l.OG0000E 00 
1.000000E 00 
1.000000E 00 
l.OC00COE 00 
1.000000E 00 
1.000000f 00 
1.OOOOCOE GO 
1.000000E 00 
1.000000E 00 
1.000000E DO 
1.000000E 00 
1.000000E 00 
1.000000E 00 
1.000000E 00 
1.000000E 00 
1.000000E 00 
1.000000E 00 
l.000000E 00 
1 . 0 0 0 0 G O E  00 
1.000000E 00 
1.000000E 00 

GROUP tLUK 
5.000000E 00 
5. (J00000E 00 
5.000000t 00 
5.00000G€ 00 
5.000000t 00 

BROAU GROUP 
1 
1 
1 
1 
1 
2 
2 
2 
2 
z 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 

1274 

2 7  101 102 1c7 1094 

4.17223E-02 4.1 7223E-OL 0.0 4.1722jE-02 2.00000E 00 
1.99999E GO 0.(1 0 .o 0.0 0.6 
2.64499E OG 0.0 0.0 0.0 0.0 

8.19306E-06 8.19306t-06 8.19306E-06 0.0 5.744YYE 00 
l.jd585E 01 4.65 9 5 7 t - 0 4 0 . 0  4.6 5 Y 5 7 €  -04 4.65 Y 5 7t -04 

PO ELASTIC (MT= i)--CARBCk b4 (1274) 

G R P .  1 GRP. 2 G E P .  3 GRP. 4 GPP. 5 
I 1 C C l C C I  1 G 0 2 C 0 2 2 (G3CC3 3 CO 4004 4005005 
2 l.LOC38E CO 2.58354E 00 4.69154E 00 4.61097E 00 9.72869E 00 
3 1.45836E-01 2.91iE2E-01 2.55226E-01 l .On229t-01 

I O E N r  IF IEK 1274 



P 1  ELASTIC l M T =  2)--CARBCh L 4  ( 1 5 7 4 )  

G R P .  I GRP. 2 L R P .  3 G R P .  4 G R P ,  5 
1 lCOl00 1 1302002 ~ ( 0 3 ~ 0 3  3004004 4005005 
2 1.04517E CO 1 * l T Z 6 1 E  00 1.15C75E CC 8.&9725t-G1 0,02632E-01 
3 - 1.662 2 a ~ - o 1  - 2 . 3 3 4 t 4 ~ - 0  1 - 2 . 5 9 3 1 3 ~ - 0 ~  - & . 8 6 6 4 4 ~ - ~  

IOENTIFIER 1274 

P 2  ELASTIC (MT= 2t--CARBGN V4 11214) 

G R P .  1 GRP. 2 G P P .  3 GRF. 4 GRP. 5 
1 1 COlCC 1 1002002 2 (03C03 3C04G04 4005005 

3 8-2833LE-UZ -5.4CfE5f-if2 -3.45344t-U2 -1.11565E-02 
2 1 . 7 6 1 4 0 ~  cd 2 . 3 0 6 8 7 ~ - ~ 1  9 . 4 5 6 5 8 ~ - 0 ~  4.6062tj~-oz 3.42438~-02 

P3 ELASTIC (MT= ~)--CARBCN v4 11214) 

GKP.  1 GGP. L GRF.  3 G R P .  4 GRP, 5 
1 100lG01 1002002 2(03C03 3CO40Q4 4(1c5c1('5 
2 A.2257SE C O  5.55234E-OJ 3.59546E-G3 1.70447E-C't 3.12916E-05 
3 -7.C3046E-02 -4.18311E-03 -1.4142FE-03 -3.95966E-54 

P4 ELASTIC l M T =  2)--CARBI;I\ b 4  11274) 

GGP. 1 GRP. 2 G P P .  3 G R P .  4 G R P .  5 
1 lCGl0Ol 1002002 2C03C03 3cc40ca4 4005605 
2 6.92084E-Cl -3.32974E-03 7.18160E-04 8.51367E-04 -3.72168E-05 
3 1.27728E-02 -5.455CiE-C5 1.45653E-L4 1.33181E-05 

P 5  ELASTIC 1MT= 2)--CARBCN V 4  11274) 

G R P .  1 GRP. 2 GRP. 3 GHP. 4 GRP. 5 
A LCClGC 1 12302002 2IC3FG3 3CG4C204 4G05OF5 
2 2-598lSE-C1 -1.13107E-03 -2.2114FE-03 -2.96711E-03 1.39481E-04 
3 -4-79294E-Gj -1*00356E-04 -3-86C62E-04 6.02467E-05 

PD I N s N ' )  L E L E L  1 [#T= 51)--CARBCh L4 I12741 

G R P .  1 GRP. 2 GgP. 3 
1 A G C l C G  A lOQlCG2 1 CC 1CC3 
2 1.12454E-Cl 2- S6290E-02 8.71516E-04 

PO I N s N ' )  EVPP ( M T =  9 1 ) - - C A R B C N  V 4  112741 

GgP. i G K P .  2 GHP. 3 GRP. 4 GKP.  5 
1 1001001 1001002 1 C C l C G 3  1co1004 1001005 
2 9.95655E-C3 1.97335E-02 1.2194?E-03 7.33447E-06 4.09041E-UY 

12 74 IOENTIFIER 

I O E N T  I F  I ER 1274 

IDENTIFIER 1274 

IOENT If IER 1274 

IDENTIFl ER 1274 

IDENTIFIER 1274 



PO 

P1 

P2 

P3 

(PIT= 1 0 2 ) - - C b R B G h  V4  1 1 2 1 4 )  

GRP. 1 GRP. 2 GRP. 3 GRP. 4 GRP. 5 
1 4OG500 1 4005002 3co3cc3  4004004 5005005 
2 1.78€53E-C4 1 . 6 8 3 3 2 E - 0 4  0.0 0.0 0.0 
3 3.0617tE-C6 2 .90048E-06  

I # T =  1 0 2 ) - - C A R B O h  V4 11274)  

GRP. 1 GRP. 2 GRP.  3 GRP. 4 GRP. 5 
1 l C C l C C  1 2 L G 2 G O 2  3CC3C03 4004004 5005005 
2 0.0 G. 0 G.0 0 .0  0.0 

(PIT= l O i ) - - C A R B O h  V4 (12141 

GPP. 1 GRP. 2 GRP. 3 GRP. 4 GRP. 5 
1 1 L G L O O 1  2 0 0 2 0 0 2  3E03CC3 4C04004 5005005 
2 0.0 0.0 0.0 0.0 0.0 

(HT= 1 0 2 l - - C A R B C N  V4 (f2141 

C U P .  1 GFP. 2 GRP. 3 GRP. 4 G R P .  5 
1 lCOl0Ol 2 00 2 0 0 2 3CC3C03 4C04004 5005CC5 
2 0.0 0.0 0.0 0.0 0.0 

P 4  (MT= 102)--CARBCF4 V 4  ( 1 2 7 4 )  

GRP. 1 GRP. 2 GPP. 3 ORP. 4 GRP. 5 
1 1 C O l O O  1 2002002 3 (03Q03 4 C 04004 5005005 
2 0.0 0.0 0.0 0.0 0.0 

P5 I P T =  1 0 2 ) - - C A R B C N  V 4  ( 1 2 3 4 )  

GRP. 1 GRP. 2 GRP. 3 GRP. 4 GRP. 5 
1 lCOl0Ol 2 0 0 2 0 0 2  3(03C03 4C04004 5005005 
2 t.0 0. G c . 0  c.0 0.0 

[DENT I F  IER 1274 

12 74 I D E h T I F  I E R  

1274 I U E N T I F I E R  

I OENT I F  I ER 1 2  74  

I D E N T I F I E R  12 74 

I O E F i T I F I E R  1274 



PO ( N i i r ' l  L t k E L  1 ( P T =  5 1 l - - C A R B C h  \r4 I12741 
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C T  

3 1  A R R A Y  

CY 

3 )  A K h A V  

C T  

3E A R R A Y  

c F 

t i, I 

5+ A K R A Y  

01 

3 9  A K K A Y  

5* A H R A Y  

O T  

2 E h T K I t S  R t A G  

5 E N T R I E S  R E A L ;  

5 t N T h  

5 E N T K  
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ES K E A C  
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2 € N T K I E S  H E A U  

THESC PCPTS HbVE R F F Y  RTQUFSTFCI 

PLOT M T  I O M  ID# I n E  YPT PWT Y O F P  VCnF M F  FL 0 EH I 
1 1 1  1274  0 1 2 7 4  7 3  0 1 1  1 3 0.0 0.0 
2 2 1  1274  1274  23 '? 11 1 3 1 . O O O O O O C F  0 6  l . O O C C 0 0 G E  0 8  
3 3 4  1 2 7 4  0 1274  7 3  0 11 1 3 0.0 0 .o 
4 4 4  1 2 7 4  0 1274  7 3  0 11 1 3 1.0000000E 0 6  1.0000000E 08  
5 5 107 1274  0 1 2 7 4  7 3  (1 11 1 3 1.0000000E 06 1.0000000E 08 
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THE FOLLOWIQG CROSS SECTIONS 

IOENT Y T  PLT SRC NP 
1 1274 1 1 1 5 1  
2 1274 1 2 1 15  
3 1274 4 3 1 5 1  
4 1 2 7 4  4 4 1 1 5  
5 1274 1 0 7  5 1 15 
6 1274 1 1 3 4 0 1  
7 1274 1 2 3 364 
8 1274 4 3 3 9 7  
9 1274 4 4 3 99 

10 1274 1 C 7  5 3 33 

WERE FOUND TO PLOT 

NR F L V  EH I x LO X H I  

15 1 , O O O F  06 1.492F 0 7  1.16lE 00 2.554E 00 
51 1.OOfF-05 1.492F 0 7  4.372F-02 4.5696-01 
15 1.000F C6 1.492F 0 7  4.3726-02 4.569E-01 
15 L.OOR' 06 1.492F 0 7  2.866F-04 1.701E-01 
2 1.#00~-05 2.000E 0 7  7.300E-01 6.023E 00 
1 l. '30OF 06 1.000F 03 7.300E-01 6.023E 00 
1 4.80nF 06 2.000~ 0 7  8.OOFE-03 4.802E-01 
1 1.OOOF 06 1.00OE 08 8.000E-03 4 - 8 O Z E - 0 1  
1 1,COr)F C6  1.00OE 08 1-000E-03 3.288E-01 

51 ~ . O O P F - O ~  1.492~ 07 1.161~ 00 4 . 7 3 2 ~  00 

PLOT SEQ M T  SYMBOL SOURCE 

1 1 1 0  
1 6 1 1  
2 2 1 0  
2 7 1 1  
3 3 4 0  
3 8 4 1  
4 4 4 0  
4 9 4 1  
5 5 107 0 
5 10 107 1 

M 9ST 
F NnF 
PAST 
E N I F  
MAST 
FNOF 
M A S T  
E hRF 
MPST 
F NDF 

TITLE 
CARBON V 4  (1274)  
CARBON V4 ( 1 2 7 4 )  
CAUBON V4 ( 1 2 7 4 )  
CARBON V4 (12741 
CARBON V4 (1274)  

5- C- 12 ORNL €VAL-DEC73 F.G.PEREY AND C.Y.F 
6- C- 12 ORNL EVAL-OEC73 F.G.PEREY AND C.Y .F 
6- C- 12 ORNL EVAL-DEC73 F-G-PEREY AN0 C.Y.F 
6- C- 12 ORNL EVAL-DEC73 F-G-PEREY AND C.Y.F 
6- C- 12 ORNL EVAL-DEC73 F.G.PEREY AhD L Y - F  
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11.0 MISCELLANEOUS USEFUL INFORMATION 

N .  M. Greene J. L.  Lucius 
L .  M. P e t r i e  

This ca t ch -a l l  s e c t i o n  i s  intended f o r  more d e t a i l e d  d e s c r i p t i o n s  

of c e r t a i n  AMPX f e a t u r e s  which may r e q u i r e  some use r  knowledge f o r  very 

s p e c i a l i z e d  app l i ca t ions .  Included are material descr ib ing:  

1. AMPX Input/Output Assignments, 

2. AMPX Operating I n s t r u c t i o n s  wi th  t h e  IBM 360, 

3. A M P X  Master Library  I n t e r f a c e ,  

4 .  AMPX Working Library  I n t e r f a c e ,  

5. Bui l t - In  Response Funct ions,  

6. Bui l t - In  Energy Group S t r u c t u r e s ,  

7. Weighting Function Library.  

11.1 AMPX Input/Output Assignments 

An execut ion of A M P X  can r e q u i r e  a v a r i a b l e  number of I/@ devices  

t o  be  ass igned ,  depending on what modules are executed,  what ope ra t ions  

are performed, and how many ENDF/B l i b r a r i e s  are mounted. Severa l  

modules have ove r r ide  p rov i s ions  on l o g i c a l  assignments such t h a t  i t  

is  impossible  t o  abso lu t e ly  spec i fy  a l l  t h e  devices  which might b e  used. 

However, most opera t ions  w i l l  use d e f a u l t  assignments.  Table 11.1 is  

an at tempt  t o  g ive  some i d e a  as t o  t h e  i n t e r a c t i o n s  o f  t h e  va r ious  

modules i n  t h e i r  use o f  l o g i c a l  assignments.  The fol lowing abbrevia t ions  

are used: 

W - device i s  w r i t t e n  by t h i s  module 

S - s c r a t c h  device 

R - device  i s  read  by t h i s  module 

D - must be  d i rec t -access  s c r a t c h  device 

A - AMPx s tandard  multigroup i n t e r f a c e  

P - card punch 

* - over r ide  provis ion  i n  t h i s  module. 

Combinations o f  t hese  syniiols should b e  read as fol lows:  AW* -- AMPX 

i n t e r f a c e  w r i t t e n  by t h i s  module with ove r r ide  p rov i s ion ,  e tc .  
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11.2 MPX Operating I n s t r u c t i o n s  wi th  the  IBM 360 

An IBM 360 procedure f o r  execut ing AMPX h a s  been developed and 

catalogued i n  the  ORNL IBM 360 ope ra t ing  system. The ~~~~~~u~~ defi.nes 

t h e  job  con t ro l  language needed t o  execute  a p reva len t  class sf 

problems and incorpora tes  enough f l e x i b i l i t y  t o  permit  a use r  t o  s d j u s b  

the procedure t o  accommodate o t h e r  j obs  of i n t e r e s t .  

.___I 

F a m i l i a r i t y  wi th  t h e  conten ts  of t he  procedure w i l l  b e  e s p e c i a l l y  

use fu l  i n  designing the  job  con t ro l  language needed f o r  execut ing AMPX 
on computing systems e x t e r n a l  t o  ORNL. A sample procedure is l i s t e d  i n  

Fig.  11.1. 

1 1 . 2 . 1 .  U s e  of t he  A M P X  Catalogued Procedure 

A number of symbolic parameters are e s t a b l i s h e d  i n  t h e  procedure 

wi th  d e f a u l t  va lues  def ined .  By ove r r id ing  these  d e f a u l t  va lues  and 

inc luding  a d d i t i o n a l  DD ca rds  as r equ i r ed ,  t he  use r  designs a set  of  

JCL requi red  t o  so lve  a p a r t i c u l a r  problem. 

Execution of AWX i n  the  s imples t  mode via t h e  catalogued procedure 

i s  accomplished by t h e  use  c?f t h e  fol lowing job  c o n t r o l  language cards:  

accounting card 

/ /  EXEC AMPX 

//G@.SYSIN DD * 
(AMPX case da ta)  

/ *  
These cards  execute  t h e  procedure wi th  a l l  symbolic parameter d e f a u l t  

va lues  i n t a c t  and with no DD statements added o r  replaced.  I n  genera l ,  

t he  s imples t  mode l i m i t s  t h e  problem t o  one t h a t  r e q u i r e s  no compilat ion,  

uses  no tapes ,  and executes  wi th  %he d e f a u l t  a l l o c a t i o n  of d i s k  space.  

Adjust ing t h e  procedure t o  accommodate o t h e r  types  of problems w i l l  be  

i l l u s t r a t e d  f irst  by de f in ing  the  symbolic parameters and t h e i r  d e f a u l t  

va lues  followed by several s p e c i f i c  examples which ove r r ide  d e f a u l t  

va lues  and add o r  r ep lace  DD cards .  
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Figure 11.1. AMPX 360 procedure in use at ORNL. 



11-5 

Figure  11.1 (continued) 
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Symbolic Parameters 

2. FT20 These symbolic parameters are used t o  a c t i v a t e  DD ca rds  f o r  

3. FT21 t ape  units wi th  l o g i c a l  numbers 13,  20, 21, 22, and 28, 

4. FT22 r e spec t ive ly .  Defaul t  va lues  are NULLFILE. 

1. FT13 

5. FT28 

NAME c o n s i s t s  of  from one t o  e i g h t  alphameric cha rac t e r s ,  

t h e  f i r s t  of which must b e  a lphabe t i c .  Any name w i l l  s u f f i c e .  

I 
Example: / /  EXEC AMPXYFT13=NAME 

6. F13 This  i s  used wi th  FT13 t o  d e f i n e  t h e  f i l e  of i n t e r e s t  on 

l o g i c a l  t ape  13. The d e f a u l t  va lue  i s  1. The fo l lowing  

makes f i l e  6 a v a i l a b l e .  

/ /  EXEC A M P X ,  FT13=NAME, F13=6 Example: 

7.  DCB This  i s  used w i t h  FT13 t o  d e s c r i b e  t h e  DCB parameters .  

The d e f a u l t  is  DCB=(RECFM=FB3LRECL=8O,BLKSIZE=320O). 
Example: / /  EXEC AME'XyFT13=NAME, 

/ /  DCB='DCB=(RECFM=FB ,LRECL=8OyBLKSIZE=40O) ' 
8. TAPE This  i s  used t o  d e f i n e  t h e  t ape  DD parameters:  UNIT, 

LABEL, DISP, V@L f o r  l o g i c a l  numbers 20, 21, 22, and 28. 

The d e f a u l t  i s  UNIT=TAPE9,LABEL=(,NL),DISP=@LDYV@L=SER= 
Example: / /  EXEC AMPX,TAPE='UNIT=TAPE9,LABEL=(3,NL),DISP=@LD,VCbL=SER=" 
NOTE: T h i s  de f ines  the  a f f e c t e d  DD parameters  f o r  a l l  of t h e  u n i t s  

(20, 21, 22, 28) t o  b e  the  s a m e .  Uniqueness f o r  a p a r t i c u l a r  

u n i t  may be achieved by i n s e r t i n g  a DD card f o r  t h e  u n i t  i n  

t h e  G@ STEP of the  procedure.  

These d e f i n e  temporary DSNAMES i n  t h e  l inkage  e d i t o r  f o r  t hese  

t h r e e  modules. The d e f a u l t  va lues  are t h e  same as t h e  param- 

eter names. This impacts on t h e  u s e r  only when it  is  necessary  

t o  compile r o u t i n e s  t o  be  executed wi th  one of t h e  modules. 

Example: / /  EXEC AMPX,XLACS=L@ADSET 

L@ADSET is  the  data set name ass igned  by d e f a u l t  t o  t h e  

SYSLIN d a t a  set i n  t h e  F@RTHC s t e p .  

NOTE: Only one module may have compilat ion wi thout  some a d d i t i o n a l  

e f f o r t .  A method f o r  compilat ion i n  two o r  more modules w i l l  

b e  i l l u s t r a t e d  i n  later examples. 
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1 2 .  LOAD This a l lows one t o  compile a new module and execute  i t  

i n  the  AMPX system. It requ i r e s  t h a t  t he  new module be  

given a name i n  t h e  LKED s t e p .  

/ /  EXEC FORTHC 

//SYSIN DD * 
(FORTRAN f o r  the  new module) 

Example: / /  EXEC AMJ?X,L@AD==L@ADSET 

then i n  the  LKED s t e p  

//LKED.SYSIN DD * 
NAME FRESH (Note: S t a r t s  i n  column 2 of  card)  

//M.SYSIN DD * 
=FRESH 

13. UPDATE This  parameter i s  provided t o  allow ove r r id ing  computer 

r o u t i n e s  i n  NITAWL, XSDRNPM, and KEN@ ( t h e s e  modules are 

accessed as load  modules by AMPX). 

S e t  UPDATE = XSDNUPDT t o  UPDATE XSDRNPM 

One a l s o  must set L@AD=L~~ADSET. 

NITLUPDT NITAWL 

KEN~UPDT KEN@ 

14 .  ANIS@ This is  used t o  select  a ve r s ion  of XLACS which provides  

a n i s o t r o p i c  processing f o r  t he  i n e l a s t i c  s c a t t e r i n g  

r e a c t i o n .  The d e f a u l t  of ENDFILE selects t h e  s tandard  

XLACS vers ion  with i s o t r o p i c  process ing  f o r  i n e l a s t i c  

s c a t t e r i n g  . 
Example: / /  EXEC AMPX,ANIS@=ANIS@ 

15. BLKS This de f ines  the  BLKSIZE f o r  t he  s c r a t c h  d i s k s  used i n  

AMPX. The d e f a u l t  i s  921 by te s ;  t he  ove r r id ing  va lue  

must be s p e c i f i e d  i n  by te s .  

Example: / /  EXEC AMPX,BLKS=400 

16.  BLKL This  de f ines  t h e  BLKSIZE f o r  t h e  t ape  d a t a  sets, l o g i c a l  

u n i t s  20, 21,  22,  and 28. The d e f a u l t  i s  4000 bytes .  

Example: / /  EXEC AMPX,BLKL=3000 

1 7 .  SPC This implements a s p e c i a l  set of DD parameters used t o  

f a c i l i t a t e  t h e  f l e x i b i l i t y  of t h e  procedure.  Procedure 

des igners  may encounter a need t o  change t h e  d e f a u l t  of 
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18. DCBV 

UNIT=SYSDA,DISP=(MdD,DELETE),SPACE(TRK,O). Procedure 

u s e r s  should n o t  be concerned wi th  t h i s  parameter.  

This  i s  used i n  p a r t i a l  d e f i n i t i o n  of DCB parameters  

f o r  s c r a t c h  devices  and t apes  i n  t h e  AMPX procedure.  A s  

w i th  SPC t h e  use r  should n o t  ove r r ide  the  d e f a u l t  f o r  

t h i s  parameter.  

The fo l lowing  examples i l l u s t r a t e  procedure adjustments .  Symbolic 

parameter d e f a u l t  va lues  are overr idden by e n t e r i n g  t h e  new va lues  on 

t h e  EXEC AMPX card.  

Example 1. Routines are t o  be compiled f o r  execut ion i n  XLACS. 

account ing card  

/ /  EXEC FdRTHC 

//SYSIN DD * 
(FdRTRAN SGURCE CARDS) 

/* 
/ /  EXEC AMPX,XLACS=LdADSET 

//@.SYSIN DD * 
=XLACS 

(XLACS DATA) 

/* 

Example 2. Routines are t o  be compiled f o r  execut ion i n  both t h e  XLACS 

and LAPHNGAS modules. 

account ing ca rd  

/ /  EXEC FdRTHC 

//SYSLIN DD DSN=&&PILE 

//SYSIN DD * 
(XLACS FdRTRAN S@URCE CARDS) 

I* 
/ /  EXEC FgRTHC 

/ /  SYSIN DD * 
(LAPHNGAS FdRTRAN S@URCE CARDS) 

I* 
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/ / EXEC AMPX,XLACS=PILE ,LAl?H=L@ADSET 

//G@.SYSIN DD * 
=XLACS 

(XLACS DATA CARDS) 

=L APHN GAS 

(LAPHNGAS DATA CARDS) 

/* 
Example 3. 

materials l o c a t e d  i n  f i l e  7. The procedure  d e f i n e s  l o g i c a l  13 as a 

n i n e  track t a p e  and t h e  d e f a u l t  DCB d e s c r i b e s  t h e  t y p i c a l  BCD mode 

ENDF/B l i b r a r y  i n  u s e  a t  ORNL. 

Activate l o g i c a l  t a p e  number 13 and p r o c e s s  t h e  ENDF/B 

a c c o u n t i n g  c a r d  

/ /  EXEC AMPXyFT13=ATAF'E,F13=7 

//G@.SYSIN DD * 
(PROBLEM DATA) 

/* 
Example 4. 

a v a i l a b l e  on l o g i c a l  u n i t  47. 

The a d d i t i o n  o f  a DD c a r d  t o  make a n  extra ENDF/B l i b r a r y  

a c c o u n t i n g  c a r d  

/ /  EXEC AMPX 

/ /SYSIN DD * 
//G@.FT47F001 DD UNIT=TAPE9,V@L=SER=47,DISP=(@LDyPASS), 
/ /  LABEL=(1,NL),DCB=(RECFM=FB,LRECL=8OyBLKSIZE=32OO) 
//GO.SYSIN DD * 

(PR@BLEM DATA) 

I* 
Example 5 .  Update an  e x i s t i n g  l i b r a r y  l o c a t e d  on a 9 t r a c k  t a p e ,  

l o g i c a l  28, and create a new l i b r a r y  on a n o t h e r  9 track t a p e ,  l o g i c a l  

a c c o u n t i n g  c a r d  

/ /  EXEC AMPX,FT22=ANEWYFT28=AOLD 

//G@.SYSIN DD * 
(PR@BLEM DATA) 

/*  

22. 
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11.2.2. AMPX Core Storage Al loca t ion  

A d e f a u l t  a l l o c a t i o n  of 270K b y t e s  of core  s t o r a g e  is  s u f f i c i e n t  

t o  run problems i n  t h e  100-150 group class f o r  a l l  modules except  LAPH, 

NPXTS and XLACS. LAPH and XLACS r e q u i r e  410K b y t e s  f o r  t h a t  class of 

problem and NPTXS r e q u i r e s  524K bytes .  

I f  a module produces a message t o  t h e  e f f e c t  t h a t  i n s u f f i c i e n t  

s to rage  i s  a v a i l a b l e  f o r  execut ion,  a d d i t i o n a l  core  must be provided. 

How t h i s  i s  accomplished depends on t h e  module a f f e c t e d .  Many of  t h e  

modules use a dynamic core  a l l o c a t i o n  scheme where the  amount of core  

a v a i l a b l e  f o r  d a t a  s t o r a g e  i s  au tomat ica l ly  t h e  core  remaining i n  the  

reg ion  a l l o c a t e d  a f t e r  t h e  program i n s t r u c t i o n s  are loaded. 

a d d i t i o n a l  d a t a  s t o r a g e  f o r  t h e s e  modules i s  accomplished by i n c r e a s i n g  

t h e  reg ion  a l l o c a t i o n  on t h e  EXEC card .  The modules LAPH, NPTXS, SMUG, 

amd XLACS do no t  use t h e  dynamic a l l o c a t i o n  scheme. For t h e s e  modules, 

t he  number of core  s t o r a g e  words a v a i l a b l e  f o r  d a t a  s t o r a g e  is s p e c i f i e d  

by program s ta tements  i n  t h e  main programs. Providing a d d i t i o n a l  d a t a  

s t o r a g e  r e q u i r e s  changing t h e  program Statements  and recompiling t h e  

a f f e c t e d  MAIN programs. Inc reas ing  t h e  reg ion  s i z e  on t h e  EXEC card 

may a l s o  be necessary.  Data s t o r a g e  a v a i l a b l e  i n  the  s tandard  ve r s ions  

of t h e s e  i s  65000 words f o r  LAPH, 87000 words f o r  NTPXS, 35000 words 

f o r  SMUG, and 45000 words f o r  ITLACS. The fol lowing exanple i l l u s t r a t e s  

t h e  JCL requirements and a main program t o  s p e c i f y  nnnn words of 

da t a  s to rage  f o r  XLACS. 

Providing 

account ing card  

/ /  EXEC F@RTHC 

/ / S Y S I N  DD * 
C@MH@N / DATA/D (nnnn) 

CALL XLACS (nnnn) 

STOP 

END 

(Note: Should start i n  column 7.) 

/* 
/ /  EXEC AMPX,XLACS=L@ADSET,REGI@N.GO=(Based on nnnn) 

//G!$.SYSIN DD * 
(PROBLEM DATA) 

/* 
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11.2.3. Addit ion of a New Module t o  t h e  AMPX System 

This  s e c t i o n  is  intended t o  convey t o  a p o t e n t i a l  des igner  of an  

AMPX module some b a s i c  information about a module and i t s  i n t e r a c t i o n  

wi th  t h e  system. 

General c h a r a c t e r i s t i c s  of a module: 

1. Each module reads  t h e  problem d e s c r i p t i v e  inpu t  requi red  f o r  

i t s  execut ion.  

Any module r equ i r ing  ENDF/B d a t a  accesses t h e  ENDF/B l i b r a r y  

d i r e c t l y  and independently.  

2 .  

3 .  Each module may have a unique over lay  s t r u c t u r e .  

4. Subrout ines  wi th  t h e  same name may appear i n  more than  one 

module. Such r o u t i n e s  may have e i t h e r  i d e n t i c a l  o r  unique 

func t ions .  

Although t h e  AMF'X system i s  q u i t e  f l e x i b l e ,  a module must m e e t  

t h e  fol lowing requirements t o  e f f i c i e n t l y  ope ra t e  i n  t h e  system: 

1. Logical  5 should b e  the  inpu t  u n i t .  

2 .  

3. 

Logica l  6 should be  t h e  u n i t  f o r  p r i n t e d  output .  

Ce r t a in  input /output  l o g i c a l  u n i t s  are reserved  f o r  des igna ted  

func t ions .  These are descr ibed  i n  Sec t ion  11.1 and new modules 

should n o t  use t h e s e  reserved  u n i t s  f o r  another  purpose. 

Multigroup d a t a  generated by a module t o  be  passed t o  another  

module should be  formatted according t o  t h e  s p e c i f i c a t i o n s  of 

t h e  genera l  i n t e r f a c e  descr ibed i n  t h i s  chapter .  

4. 

Although n o t  abso lu t e  requirements ,  t h e  fol lowing f e a t u r e s  are 

recommended f o r  every AMFX module: 

1. Input  d a t a  should be  en tered  i n  t h e  ANISN formats  descr ibed 

i n  Sec t ion  13.0 of t h i s  document. 

2 .  F l e x i b l e  dimensioning should be  used f o r  core  s t o r a g e  a l loca -  

t i on .  

The module should execute  i n  410K b y t e s  of core  o r  less. 3.  

4. Scra tch  devices  should be  assigned l o g i c a l  numbers c o n s i s t e n t  

wi th  those designated i n  Sec t ion  11.1. 
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JCL r e q u i r e m e n t s  f o r  executing a n e w  m o d u l e  i n  AMPX are i l l u s t r a t e d  

by the fo l lowing  examples: 

E x a m p l e  1. T h e  HEX cards f o r  a m o d u l e  n a m e d  GRIME are located on a 9 

track tape.  

accounting card 

/ /  EXEC AMPX 

//LKED.GRIME DD UNIT=TAPE9,V@L=SER=47,  

/ /  DISP=@LD,LABEL=(l,NL),DCB=(~C~=~,LRCL=8O,BLKSIZE=3200) 
/ / S Y S I N  DD * 

INCLUDE GRIME 

NAME GRIME ( N o t e :  S tar ts  i n  c o l u m n  2 of card.) 

/ / G @ . S Y S I N  DD * 
=GRIME 

(GRIME DATA) 

/* 
E x a m p l e  2. The m o d u l e  G R I T  i s  a m e m b e r  of a pa r t i t i oned  data set  n a m e d  

NMG.C@DES located on t h e  NUCLIB d i sk .  

accounting card 

/ /  EXEC AMPX 

//a. STEPLIB DD 

/ /  DD 

/ /  DD DSN=NMG.C@DES,UNIT=2314,V@L=SER=NUCLIB,DISP=SHR 
/ /G@.SYSIN DD * 
= G R I T  

(GRIT DATA) 

/* 
T h e  AMPX s y s t e m  includes a l i b r a r y  of the fol lowing general purpose 

subroutines : 

ALOCAT DA F I D O  MGCWRD 

A N I S  DATIM FREAD MWLIST 

AREAD ECHECK F S I G P  P R T l D  

A l D X  ENERGY GNERGY READSG 

CLEAR ERR0 I@ RECTRY , COPY, J G E T  

CLOCK, I T I M E  FFPUN, F'LTFX IREAD SNST 

CMPS FHLPR, LETTER J L L l  TIMFAC 

F I D A S ,  FFREAD LABL WOT 

MESAGE WT08 
RANDNUM, RNDIN, RNDQIUT, FLTRN, AZIRN, G T I S ~ ,  S F L ~ ,  AN(dm 
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The l i b r a r y  rou t ines  can be  c a l l e d  by any module i n  AMPX. They are 

provided t o  perform the  types of opera t ions  common t o  s e v e r a l  modules. For 

example, several of t hese  rou t ines  are f o r  reading  o r  w r i t i n g  multigroup 

da ta .  Others a l l o c a t e  core ,  clear s t o r a g e  and i n t e r r o g a t e  the  "computer 

clock". I n t e r e s t e d  p a r t i e s  should seek out  advice from persons d i r e c t l y  

involved i n  t h e  AMPX development f o r  a d e t a i l e d  d i scuss ion  of t h e i r  

func t ion .  

11.3. AMPX Master Library  I n t e r f a c e  

The AMPX multigroup l i b r a r y  formats have been designed wi th  a 

g e n e r a l i t y  p a r a l l e l i n g  t h a t  of t he  ENDF/B po in t  d a t a  l i b r a r i e s .  

example : 

For 

1. 

2.  

3. 

4 .  

5. 

6 .  

The formats w i l l  a l low f o r  neutron l i b r a r i e s ,  gamma l i b r a r i e s ,  

o r  coupled neutron-gamma l i b r a r i e s .  

Resonance parameters can be  passed.  

Any number of r e a c t i o n  c ros s  s e c t i o n s  is  allowed. 

i d e n t i f i c a t i o n s  are r e t a i n e d  where poss ib l e .  

Any s c a t t e r i n g  process  can be represented  a n i s o t r o p i c a l l y  t o  

any o rde r .  

Any process  can have a t r a n s f e r  matrix. For example, XLACS 

produces a t r a n s f e r  mat r ix  f o r  each i n e l a s t i c  level. 

Temperature dependence i s  allowed on thermal s c a t t e r i n g  ke rne l s .  

ENDF/B 

Spec ia l  a r r a y s  designated "magic-word" a r r a y s  are used t o  compact 

These the  p o t e n t i a l l y  very lengthy t r a n s f e r  a r r a y s  on t h e  i n t e r f a c e s .  

formats e f f e c t i v e l y  e l imina te  zero and impossible  elements from t h e  

t r a n s f e r  a r r a y s .  

Four types of a r r a y s  are used i n  the  formats:  

1. The aforementioned "magic-word" a r r a y ,  

2. Temperature dependent 1-D a r r a y s ,  

3 .  Temperature independent 1-D a r r a y s ,  and 

4 .  The resonance parameter a r ray .  

11.3.1. Magic-Word Array 

The s t r u c t u r e  of a magic-word a r r a y  is as fo l lows:  

1. leng th  of magic-word s t r i n g  which fo l lows ,  

2. magic word f o r  f i r s t  non-zero group (note  t h a t  t h i s  is  n o t  

n e c e s s a r i l y  t h e  f i r s t  energy group),  
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3. 

4 .  

5. s t r i n g  f o r  next  group, 

s t r i n g  of t r a n s f e r  elements f o r  t h i s  group, 

magic word f o r  next  group, 

etc. ,  e tc . ,  u n t i l  t h e  l eng th  s p e c i f i e d  i n  t h e  f irst  word i s  

s a t i s f i e d .  

A read s ta tement  f o r  t h i s  a r r a y  would con ta in  a l i s t :  

L, (X(1)  , I = l , L )  

A magic word i s  a 9 d i g i t  i n t e g e r  c o n s i s t i n g  of t h r e e  3-d ig i t  

i n t e g e r s  (IIIJJJKKK). The number of t h e  group s c a t t e r e d  i n t o  is  KKK. 

I11 i s  t h e  lowest  numbered (h ighes t  energied)  group which scatters t o  

KKK. JJJ i s  t h e  h i g h e s t  numbered group which scatters t o  KKK.. A f t e r  

t he  magic word, t h e  t r a n s f e r  s t r i n g  t o  group KKK i s  i n  reverse o rde r :  

IIIJJJKKK 

o( JJJ-tJWX) 

o( JJJ-1-tKKK) 

cT( III+JWX) 

Note t h a t  t h e  wi th in  group term does n o t  n e c e s s a r i l y  f a l l  i n  t h e  s t r i n g .  
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11.3.2. Temperature-Dependent 1-D Arrays 

These a r r a y s  are s t r u c t u r e d  as fol lows:  

1. ENDF/B Process  I D  (MT), 

2. Temperature i n  OK, 

3. Average c ros s  s e c t i o n  f o r  each energy group, 

4 .  e t c . ,  etc. 

11.3.3. Temperature-Independent 1-D Arrays 

Temperature independent 1-D a r r a y s  are s t r u c t u r e d :  

1. 

2. 

3. 

4 .  

5. e tc . ,  e tc .  

ENDF/B Process  I D  f o r  1st - process ,  

Average c ros s  s e c t i o n s  f o r  1% process  f o r  a l l  groups, 

ENDF/B Process  I D  f o r  2 d  process ,  

Average c r o s s  s e c t i o n s  f o r  2@ process  f o r  a l l  groups, 

11.3.4. -uStructure 

The make up of t h i s  d a t a  a r r a y  i s  as fol lows:  

1. Mass r a t i o  (A) f o r  t h e  i so tope .  

2 .  CI p o t e n t i a l  s c a t t e r i n g  c ros s  sec t ion .  

3. Average s ta t i s t ica l  f a c t o r ,  g ,  i n  t he  unresolved region.  

4. Number of resolved resonances.  

PO , 

5. 

6 .  

7.  

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15.  

s - f ac to r .  This  f a c t o r  is  used t o  determine the  reg ion  over  

which the  Nordheim I n t e g r a l  Treatment i s  app l i ed  f o r  a reso lved  

resonance. 

Average energy level spacing,  (D),  f o r  t h e  R = 0 unresolved 

sequence passed. 

{I?;), average unresolved neutron width.  

cry} , average unresolved gamma width. 

{Tf) , average unresolved f i s s i o n  width.  

Energy of f i r s t  reso lved  resonance. 

Tn ,  neutron width of f i r s t  reso lved  resonance. 

Ty, gamma width of f i r s t  resonance. 

r f ,  f i s s i o n  width of f i r s t  resonance. 

r - f ac to r  (used i n  Nordheim Treatment).  

S t a t i s t i c a l  f a c t o r ,  g. 
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16. 
17. 

19. 
20. 
21. 

A s  f o r  10-15 f o r  second reso lved  resonance. 

10+6(number of reso lved  resonances) - Energies  a t  which t o  eva lua te  

t h e  unresolved "averaged" c ros s  s e c t i o n s  - low-to-high (ev). 
These ene rg ie s  w i l l  span t h e  unresolved energy range. 

11.3.5.  Master I n t e r f a c e  S p e c i f i c a t i o n  

The format of t h e  master c r o s s  s e c t i o n  i n t e r f a c e  i s  s p e c i f i e d  below. 

Reference is  made t o  t h e  a r r a y  d e f i n i t i o n s  made immediately p r i o r  t o  t h i s  

s e c t i o n .  

Record Length (Words) 

1 

2 

110 

50 

Contents 

IDT - I n t e r f a c e  i d e n t i f i c a t i o n  number 

NNUC - N u m b e r  of nuc l ides  i n  t h i s  
i n t e r f a c e  

NG - Eumber of neut ron  energy groups 

IFTG - F i r s t  thermal neut ron  group 

MSN - Zero 

I1 - Number of gamma energy groups 

I 2  - Zero 

I3 - Zero 

I 4  - Zero 

I5  - Zero 

A(l+lOO) H o l l e r i t h  information 

desc r ib ing  t h e  i n t e r f a c e  

ID(1+56) Information 
/' 
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desc r ib ing  the  f i r s t  nuc l ide  on 

the  i n t e r f a c e  

(see t h e  d e s c r i p t i o n  of record R 1  below 
f o r  a s p e c i f i c a t i o n  of t he  I D  a r r ay . )  

NNUC+l 50 A s  f o r  record  2 f o r  NNUCanucl ide 

NNuc+2 2x(NG+l) Neutron energy group boundaries  

(high-to-low i n  eV)  followed by 

corresponding l e tha rgy  boundaries .  

NNuc+3 2x( I l + l )  Gamma energy group boundaries  

(high-to-low i n  eV)  followed by 

corresponding l e tha rgy  boundaries.  

NOTE: Records 2 through NNUC+l c o n s t i t u t e  a Table of Contents f o r  

t h e  i n t e r f a c e .  Record NNUC+2 o r  NNUC+3 i s  omit ted when N G O  

o r  I1=0, r e spec t ive ly .  

The fol lowing set  of records  i s  repea ted  NNUC t i m e s ,  one nuc l ide  a f t e r  

t he  o the r .  

Re  cord 

R l  

Length 

50 

Contents 

ID(1-18) - H o l l e r i t h  information 

desc r ib ing  t h e  nuc l ide  

ID(19) - Nuclide i d e n t i f i c a t i o n  
number 

ID(20) - Number of reso lved  resonances 

ID(21) - Number of p o i n t s  a t  which 
t o  eva lua te  unresolved I' averaged" 
c ros s  s e c t i o n s  

ID(22) - Number of one-dimensional 
neutron a r r a y s  (temperature-independent) 

ID(23) - Number of two-dimensional 
neutron processes;  i . e . ,  a process  
which r e q u i r e s  a neutron-neutron 
t r a n s f e r  a r r a y  
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/' 

ID(24) - Number of  temperature-dependent 
one-dimensional neut ron  a r r a y s  

ID(25) - Number of one-dimensional gamma 
a r r a y s  

ID(26) - Number of two-dimensional gamma 
processes  

ID(27) - Number of neutron t o  g a m a  
product ion processes  

ID(28) - Not used 

ID(29) - Mass number (neutron equiva len t )  

ID(30) - ZA 

ID(31) - Neutron (XLACS) weight ing opt ion  

ID(32) - I d e n t i f i e r  of neut ron  weightnng 

ID(33) - Gamma (SMUG) weight ing op t ion  

ID(34) - Power pe r  f i s s i o n  
(watt-sec/f  i s s i o n )  

ID(35) - Energy r e l eased  pe r  ca t u r e  
(watt-sec/ c a p t u r e r  

ID(36) - Zero 

ID(37) - Number of  processes  wi th  Bon-, 
darenko f a c t o r s  

ID(38) - Number of G o ' s  

ID(39) - Number of temperatures 

ID(40) - Maximum number of groups wi th  

ID(41) - Zero 

ID(42) - I d e n t i f i e r  of gamma product ion 
weight ing func t ion  

ID(43) - Zero 

ID(44) - Gamma product ion (LAPHNGAS) 
weight ing o p t  ion  

ID(45) - ENDF material number f o r  fast  
neutron d a t a  

Bondarenko f a c t o r s  
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Record Length 

R2 ID(38)+ID( 39)+2 

R3 6 * ID(37) 

Contents 

ID(46) - ENDF material number f o r  
thermal neutron d a t a  

ID(47) - ENDF material number f o r  
gamma d a t a  

ID(48) - ENDF material number f o r  
g a m a  product ion d a t a  

ID(49) - Standard CITATION i d e n t i f i -  
c a t i o n  number 

ID(50) - Number of records  f o r  t h i s  
nuc l ide  

( a  ( i )  , i = l , I D ( 3 8 ) ) ,  (T ( j )  , j= l , ID(39))  , 
EL$,EHI where EL@ and E H I  d e f i n e  t h e  
range over  where the  Bondarenko f a c t o r s  

(MTi , i=l, ID( 37) ) , 
(NFi, i=l, ID( 37)) , 
(NLi, i=l, ID( 37) ) , 
(NXi , i=l, I D (  37) ) , 
(NYi, i=l, I D (  37) ) , 
(NZi,  i=l, ID( 37)) , 
where 

apply 

MT i s  t h e  MT number of t h e  process ,  
NF i s  t h e  f i r s t  group wi th  Bondarenko 

NL i s  the  l as t  group wi th  Bondarenko 

NX, NY, NZ are zeroes ,  p re sen t ly .  

f a c t o r s  f o r  t he  process ,  

f a c t o r s ,  and 

The fol lowing 2 records  are repea ted  ID(37) t i m e s :  

R4 NLi-NFi+l ( a W ( i )  ,i=NF,NL) 

R5 

I n f i n i t e  d i l u t i o n  va lues  f o r  t h e  c ros s  

s e c t i o n  of process  MT 

(NLi-NFi+l) * I D (  38) *ID( 39) 

( ( (BF(i ,  j ,k) , i = l , I D (  38) ) , 
j=1, ID( 39) ) ,k=NF,NL) 
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Record Length Con t e n t s  

R6 6xID(20)+9+ID(21) Resonance da ta  a r r a y  

R7 ID(22) x(NG+l) Tempera t ure-independen t one -dimensional 
a r r a y s  

R 8  ID(24) x(NG+2) Temperature dependent one dimensional 
a r r a y s  

R9 I D (  2 3) x4 (MTX(I), I = 1, ID(23)) ,  
(LX(I), I = 1, ID(23)) ,  
(NLX(I), I = 1, ID(23)) ,  
(NTX(I), I = 1, ID(23)) ,  
where MTX = t h e  ENDF/B process  i d e n t i f i -  

c a t i o n  (MT), LX = t he  maximum leng th  
of a s i n g l e  matrix f o r  t he  i t h p r o c e s s ,  
NLX = t h e  expansion o rde r  of  t h e  c r o s s  
s e c t i o n s  f o r  t h e  i& process ,  
NTX = t h e  number of temperatures  a t  
which t h e  c ros s  s e c t i o n  €or  t h e  
process  are eva lua ted  

The fo l lowing  a r r a y s  are repea ted  f o r  each two-dimensional neutron 

process ,  through ID(23) processes .  

R l O ( a )  T ( i )  

RlO(b) L(i)max 

R10 (b+l) L ( 5 )  max 

R10 (b+NL) L (i) max 

The temperature (eV) a t  which t h e  
t r a n s f e r  a r r a y s  are given f o r  t h e  
process  

NOTE: NT = 0 w i l l  n o t  r e q u i r e  t h i s  
a r r a y  

The Po a r r a y  f o r  t h e  MTi process  a t  TI, 
w r i t t e n  (X( I ) ,  I = 1, LX) 
The P1 a r ray  f o r  the MTi process  at Ti 

The P N L ~  a r r a y  f o r  t he  MTi p rocess  a t  T i  

R l O (  ) L i ( i ) m a x  The Po a r r a y  f o r  t h e  M T i  p rocess  a t  T2 
R l O (  ) Li(i )max The P N L ~  a r r a y  f o r  t h e  MTi process  

a t  T N T ~  

r- 
! 

Repeat this p a t t e r n  u n t i l  a l l  neut ron  processes  are exhausted. **** 

,' 
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Record Length 

Gamma Production Arrays 

P1 ID(27)x4 

Contents 

( m i ,  i = 1, ID(27)) ,  
(LYi, i = 1, ID(27)) ,  
( N L Y i ,  i = 1, ID(27)),  
(NNYi, i = 1, ID(27)) ,  
where mi, L Y i ,  and NLYi have meanings 

as s t a t e d  i n  record R9. 
d a t a  type  i d e n t i f i e r .  An N N Y i  of 
zero i d e n t i f i e s  t h e  product ion a r r a y s  
f o r  t h e  is process  as f r a c t i o n a l  
y i e l d  da t a .  A value  of one (1) 
des igna tes  t h a t  t h e  a r r a y s  are i n  
c ros s  s e c t i o n  u n i t s .  

NNYi i s  a 

The fol lowing records  are repea ted  f o r  ID(27) processes .  

P2 L ( i )  max Po neutron t o  gamma t r a n s f e r  mat r ix ,  
w r i t t e n  L ,  (X(I) ,  I = 1, L) 

P (24-NL-i) L ( i )  max Pmi  neutron t o  gamma t r a n s f e r  ma t r ix  

****Repeat u n t i l  t he  two-dimensional gamma processes  are exhausted. 

Gamma Arrays 

G 1  I D (  25) x(  I l + l )  One-dimensional gamma i n t e r a c t i o n  a r r a y s  

G2 ID( 26) x4 (MTZi, i = 1, ID(26)),  
(LZi, i = 1, ID(26)), 
( N L Z i ,  i = 1, ID(26)),  
(NTZi,  i = 1, ID(26)) [***NTi w i l l  always 

have a l l  zeroes]  

R9 except  t h a t  they apply t o  gammas. 
These t e r m s  are def ined  as f o r  record  

Repeat t h e  fol lowing records  f o r  each process .  

G( 3+NLi) L ( i )  

The Po a r r a y  f o r  t he  MTZi gamma process ,  
w r i t t e n  (X(I ) ,  I = 1, LZ) 

The PNLZi a r r a y  f o r  t h e  M T Z i  gamma 
process  
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11.4.  AMPX Working Library  I n t e r f a c e  
, 

The t r a n s p o r t  c a l c u l a t i o n  provided by t h e  XSDRNPM module r e q u i r e s  

i t s  c ross  s e c t i o n s  i n  r r co l l ec t ed r '  working l i b r a r i e s  w i th  resonance self- 

s h i e l d i n g  effects a l r eady  included.  An XSDRNPM c a l c u l a t i o n  can c o l l a p s e  

i t s  b a s i c  d a t a  i n t o  so-cal led weighted l i b r a r i e s .  The format of t h e s e  

l i b r a r i e s  is  i d e n t i c a l  t o  t h e  working l i b r a r y  format.  

The format d e s c r i p t i o n  fol lows.  The a r r a y  formats as descr ibed  

i n  11.4 are used. 

Record Length Con t e n t s  

1 110 IDT - Libra ry  i d e n t i f i c a t i o n  number 

NNUC - Number of  nuc l ides  on t h i s  
l i b r a r y  

NG - Number of neutron energy groups 

IFTG - F i r s t  thermal neut ron  group 

MSN - Zero 

I1 - Number of gamma energy groups 

I 2  - Zero 

I 3  - 0 working l i b r a r y  
1 weighted l i b r a r y  

I4 - Zero 

I5 - Zero 

2 

3 

4 

A( 1+lOO) H o l l e r i t h  information des  c r i b  i n g  
the  l i b r a r y  

2x(NG+l) Neutron energy group boundaries  (high- 
to-low i n  eV) followed by corresponding 
l e  t h a r  gy boundaries  

2x( I l + l )  Gamma energy group boundaries  (high-to- 
low i n  eV)  followed by corresponding 
l e t h a r g y  boundaries  

50 ( I D ( I ) ,  I = 1, 50) - Informa- 
t i o n  desc r ib ing  t h e  first nuc l ide  on 
t h e  l i b r a r y  

50 A s  with  record 2 f o r  second nuc l ide  5 

NNuc+3 50 As w i t h  record  2 f o r  nuc l ide  NNUC 
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NOTE: Records 4 through NNUC+3 c o n s t i t u t e  a Table of Contents f o r  

t he  l i b r a r y .  I f  NG o r  I1 is zero,  record 2 o r  3 i s  omit ted,  

r e spec t ive ly  . 
The fol lowing block of records  i s  repea ted  f o r  each of NNUC 

nucl ides .  

Length Contents Record 

R 1  50 ID(1-18) - Nuclide H o l l e r i t h  d e s c r i p t i v e  
information 

ID(19) - Nuclide i d e n t i f i c a t i o n  number 

ID(20) - I d e n t i f i c a t i o n  of working set 
from which t h i s  set i s  der ived  
(weighted l i b r a r y  only) 

ID(21) - Zone number i n  which t h i s  
nuc l ide  occurred (weighted l i b r a r y  only) 

ID(22) - Number of zones i n  problem 
which produced t h i s  set  (zone weighted 
l i b r a r y  only)  

ID(23) - Length of Po a r r a y  f o r  t h i s  
nuc l ide  

ID(24) - Order of expansion of c r o s s  
sect ions  

ID(25) - Sequence of t h i s  set i n  ID(26) 
sets f o r  t h i s  nuc l ide  (weighted 
l i b r a r y  only)  

ID(26) - Number of sets of zone weighted 
d a t a  f o r  t h i s  nuc l ide  (weighted 
l i b r a r y  only) 

ID(27) - Maximum l eng th  of Pg a r r a y s  
f o r  t h i s  nuc l ide  

ID(28) - Number of one-dimensional 
neutron a r r a y s  f o r  t h i s  nuc l ide  

ID(29) - Mass number (neutron equiva len t )  

ID(30) - ZA 

ID(31) - Neutron (XLACS) weight ing 
op t  ion  

ID(32) - I d e n t i f i e r  of neut ron  weight ing 
func t ion  

ID(33) - Gamma (SMUG) weight ing opt ion 
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Record Length Contents 

ID(34) - Power pe r  f i s s i o n  (watt-sec/ 
f i s s i o n )  

ID(35) - Energy release pe r  capture  (eV) 

ID(36) - Zero 

lD(37) - Zero 

ID(38) - Zero 

ID(39) - Zero 

ID(40) - Zero 

ID(41) - Number of one-dimensional 
gamma cross  sec t ions  

ID(42) - I d e n t i f i e r  of gamma production 
weighting func t ion  

ID(43) - Temperature assoc ia ted  with 
thermal s c a t t e r i n g  ke rne l ,  i f  any 

ID(44) - Gamma production (LAPHNGAS) 
weight ing opt ion 

ID(45) - ENDF material number f o r  fast  
neutron d a t a  

ID(46) - ENDF material number f o r  
thermal neutron d a t a  

ID(47) - ENDF material number f o r  
gamma d a t a  

ID(48) - ENDF material number f o r  
gamma ~ r o d u c t i o n  d a t a  

ID(49) - Standard CITATION i d e n t i f i c a t i o n  

ID(50) - Number of records  f o r  t h i s  
nuc l ide  

(watt-sec/capture) 
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Record 

R2 

R3  

R4 

R5 

Length 

I D (  28) x(NG+l) 

ID( 41) x( I l + l )  

ID(23) 

ID(27) 

I D (  2 7) max 

Con t e n t s  

One-dimensional 
neut ron  c r o s s  s e c t i o n s  

One-dimensional gamma c ross  s e c t i o n s  

Po a r r a y ,  a magic word a r r a y  w r i t t e n  
ID(23), (X(I ) ,  I = 1, ID(23)) 

P1  a r r a y ,  w r i t t e n  L ,  (X(I ) ,  I = 1, L) 

PID(24) a r r a y ,  w r i t t e n  L ,  (X(I), 
I = 1, L) 

This concludes t h e  d a t a  f o r  a nuc l ide .  
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11.5.  Bui l t - in  Response Functions 

Many s h i e l d i n g  c a l c u l a t i o n s  r e q u i r e  s tandard  sources  and response 

func t ions  i n  t h e  multigroup s t r u c t u r e  of t h e  problem. Severa l  commonly 

used func t ions  are b u i l t  i n t o  XLACS ( f o r  neutrons)  and SMUG ( f o r  gammas). 

The XLACS parameter NDNP ( 2 $ $  a r r a y ,  1 2 t h  en t ry )  can be used t o  

produce a set of 29 sources  and response func t ions  i n  a s p e c i f i e d  group 

s t r u c t u r e .  The sources  are output  as i n t e g r a t e d  va lues  by group. 

Response func t ions  are averaged over  t h e  weight ing func t ion  s e l e c t e d  f o r  

t h e  problem. When NDNP i s  i n p u t  non-zero, t h e  complete set of t h e  

sources  and response func t ions  are inc luded  as p a r t  of t h e  master neutron 

i n t e r f a c e  which SACS produces. The i d e n t i f i c a t i o n  of t he  set i s  100000. 

Its con ten t s  are l i s t e d  below: 

I d e n t i f i e r  

9001 

9002 

9003 

9004 

9005 

9006 

900 7 

9008 

9009 

9010 

9011 

9012 

9013 

9014 

9015 

9016 

9017 

9018 

9019 

9020 

Funct ion 

Hurst  dose f a c t o r s  

Snyder-Neufeld dose f a c t o r s  

Conversion f a c t o r s  f o r  neut ron  displacement i n  s i l i c o n  

Conversion f a c t o r s  f o r  neutron i o n i z a t i o n  i n  s i l i c o n  

Unc las s i f i ed  thermonuclear source spectrum 

S.S. 304 damage func t ion  (10% uniform e longat ion  a t  700 F) 

S.S. 304 damage func t ion  (10% uniform e longat ion  a t  900 F) 

S.S. 304 damage func t ion  (10% uniform e longat ion  a t  1100 F) 

S.S. 316 damage func t ion  (10% uniform e longat ion  a t  750 F) 
S.S. 316 damage func t ion  (10% uniform e longat ion  a t  950 F) 

S . S .  316 damage func t ion  (10% uniform e longat ion  a t  1.100 F) 

TSR-I1 source  spectrum a t  end of co l l ima to r  

14  MeV source  spectrum 

Response func t ion  f o r  2.06 inch  diameter  Bonner sphere  

Response func t ion  f o r  3.00 inch  diameter  Bonner sphere 

Response func t ion  f o r  3.09 inch  diameter  Bonner sphere  

Response func t ion  f o r  3.94 inch diameter Bonner sphere 

Response func t ion  f o r  4.03 inch  diameter Bonner sphere  

Response func t ion  f o r  5.02 inch  diameter  Bonner sphere  

Response func t ion  f o r  5.88 inch  diameter Bonner sphere  ,- 
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9021 

9022 

9023 

9024 

9025 

9026 

9027 
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Function 

Response func t ion  f o r  6.00 inch diameter Bonner sphere 

Response func t ion  f o r  7.86 inch  diameter Bonner sphere  

Response func t ion  f o r  9.86 inch  diameter  Bonner sphere  

Response func t ion  f o r  11.84 inch  diameter  Bonner sphere 

Response func t ion  f o r  modified 3-in Bonner sphere 

Snyder-Neufeld conversion from f l u x  t o  b i o l o g i c a l  dose 

Henderson conversion from neut ron  f l u x  t o  absorbed dose ra te  
i n  t i s s u e  

For gammas, SMUG produces ( l i s t i n g s  only)  group averaged va lues  of 

t h e  fol lowing func t ions :  

1. Henderson response,  

2.  S i l i c o n  response,  and 

3. Claiborne,  Trubey response.  

Any SMUG run w i l l  produce these  va lues .  

11.6.  Bu i l t - i n  Energy Group S t r u c t u r e s  

An AMF'X u se r  has  complete f l e x i b i l i t y  i n  s e l e c t i n g  neutron and 

gamma energy s t r u c t u r e s ,  i n  which he  ob ta ins  multigroup c r o s s  s e c t i o n s ,  

is  l i m i t e d  only  by cons idera t ions  of t i m e  and core  s i z e .  However, 

a l a r g e  f r a c t i o n  of AMPX runs  are made i n  group s t r u c t u r e s  which can b e  

r e f e r r e d  t o  a "standard" group s t r u c t u r e s ,  because they are so widely 

employed. 

I n  an e f f o r t  t o  relieve the  use r  from t h e  chore of i n p u t t i n g  these  

s t r u c t u r e s  -- sometimes s e v e r a l  t i m e s  i n  a s i n g l e  A M P X  run -- many of 

t hese  "standard" s t r u c t u r e s  are b u i l t  i n t o  AMPX. 

11.6.1. "Standard" Neutron Boundaries 

The a v a i l a b l e  neutron group s t r u c t u r e s  are l i s t e d  on t h e  fo l lowing  

pages. They inc lude  : 

1. A 16 group Hansen-Roach s t r u c t u r e ,  

2. A 22 group s t r u c t u r e  widely used f o r  a i r  t r a n s p o r t  c a l c u l a t i o n s ,  
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3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

A 37 group Defense Nuclear Agency s t r u c t u r e ,  

A 50 group s t r u c t u r e  derived from the  GAM-I1 s t r u c t u r e  and 

intended f o r  f a s t  r eac to r  app l i ca t ions ,  

A 51 group s t r u c t u r e  i d e n t i c a l  t o  the  50 group s t r u c t u r e ,  bu t  

having one extra thermal group, 

A 100 group s t r u c t u r e  cons i s t ing  of t h e  GAM-I1 s t r u c t u r e  wi th  

one thermal group, 

A 104 group s t r u c t u r e  formed by adding 4 groups t o  the  100 group 

s t r u c t u r e  t o  include important v a r i a t i o n s  i n  air  c ross  sec t ions ,  

A 105 group s t r u c t u r e  which i s  the  104 group s t r u c t u r e  with one 

group above 15 MeV, 

A 119 group s t r u c t u r e  t a i l o r e d  f o r  f a s t  r eac to r ,  air  t r anspor t ,  

and several sh i e ld ing  app l i ca t ions ,  

A 123 group s t r u c t u r e  which cons i s t s  of the  GAM-I1 boundaries 

combined with a 30 group THERMflS s t r u c t u r e  below 1.86 e V ,  

A 231 group s t r u c t u r e  based on the  238 group CSEWG s t r u c t u r e  

but  which has more thermal groups and no groups above 15 MeV. 

These 11 s t r u c t u r e s  are shown on the  following pages. 



11-29 

GROUP 
1 
2 
3 
4 
5 
6 
7 
9 
9 

1 0  
11 
12 
1 -3 
14 
15 
16 

GROUP 
I 
2 
3 
4 
5 
h 
7 
Y 
9 

1 Q  
1 1  
12 
13 

15 
16 
17 
19 
19 
20 
21 
22 

14 
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GROUP 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1Q 
l l  
12 
13 
14 
15 
16 
17 
18 
19 
28 
2 1  
22 
23 
24 
29 
26 
27 
28 
29 
38 
31 
32 
33 
3 4  
35 
36 
37 

/- 
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sTAlvOAun 5 0  GROUP hiFU’iHtr?V S T 2 J C T U R E  

GROUP 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
4 3  
44 
45 
46 
47 
48 
49 
5 0  

24 
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GROUP 
1 
2 
3 
4 
5 
6 
7 
9 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
29 
29 
30 
31. 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 
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STAhlDuRr) 1 0 4  GPOUP nlEUTdnN qT2LICTUEiE 

GROUP 
1 
2 
3 
4 
5 
6 
7 
A 
9 

16 
11 
12 
13 
14 
15 
16 
17 
1 R  
'19 
2Q 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
48 
4 1  
42 
43 
44 
45 
44 
47 
48 
49 
5 8  

D2@UP 
51 
52 
53 
54 
55 
56 
57 
58 
59 
6 0  
61  
62 
63 
b h  
65 
66 
67 
68  
69 
7 0  
7 1  

* 72 
73 
74 
75 
76 
77 
78 
79 
PO 
8 1  
82 
83 
8 4  
85 
$6 
8 7  
e8 
89 
90 
9 1  
92 
93 
94 
95 
96 
97 
96 
99 

1 0 0  

/'- , 

ENER6Y R 4 h J G E  
1.4996E 0 5  
1.3569E 05 
1.2277E 0 5  
1.1109E 0 5  

6.7380E 0 4  
5.2475E 0 4  

3.1828E 04 
2.4788E 04  

1.5634E 0 4  
1.1709E 04 

7.1818E 0 3  

4.3074E 0 3  
3.3946E 03 

RacjS17E 0 4  

4.014RE 04 

1aQ305E 04 

9a1198E 03 

505309E 0 3  

2ohE26E 03 
200347E 0 3  
105846E 03 
1.2341E 03 
9.41126 02 
7a4852E 0 2  
5.9295E 0 2  
4.5400E 02 
3.5358E 02 
2.7537E 0 2  
2a1445E 0 2  
l.6?02€ 02 
103807E 02 
loOf30E 02  
70R893E 01 
6o1442E 0 1  
4.7851E 0 1  
3a7e67E 01 
2o9623E 01 
2a2603E 01 
1.7604E 01 

l a o 8 7 7 E  0 1  
8.3E53E 00  
6o4760E 00  
5 0 0 ~ 3 5 E  00 
3a9879E 00  
3a089UE 00  
2a3@24E 00 
la8554E 00 
la44506 00 
l a12546 00  

1a3710E 0 1  

1,3569E 0 5  
1.2277E: 05 
1.1109E 0 5  
8,6517E 04 
6.7380F 04 
5.2475F 0 4  
4,0968c: n4 
3,1528E n4 
2,47R9F 04 
1,9305F 04 
1.5034E 0 4  
1.1709E 04 
9,1188E 03 
7,1018E g 3  
5.5309E 03 
4,3074E 03 
3,3544E 0 3  
2,6126E 03 
2,0347E 03 
1,5584hE 03 
1.2341E 03  
9.6112E 02 
7.4'352E 0 2  
5,8295E 02 
4,5400E 02  
3.5359E 02 
2.7537E 02  
2,1445E 02  
1,6702E 02 
1,3007F 02 

7.AF193E 0 1  
1 .0130~ n2 

6.1442E 0 1  
4,7951E 01 
3a7267E 0 1  
2,9023F Of 
2.2603E 01 
1.7604E 01 
1,3710E 01 
1,0677E 01 
8.3153E 00 
6,4760E 00 
5.0435E 00 
3a9279E 00 
3a0590E 00 
2.3824E 0 0  
laBSS4E 00 
1a4450E 0 0  /,- 

1a1254E 00 
8a7644E-01 
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42  
43  
46 
45  
46  
47 
48 
49 
50 
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sa2 
9 3  
94 
95 
96 
37 
98 
99 

1 0 0  

GROUD 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 6  
11 
1 2  
1 3  
14 
15 
16 
17 
18  
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 

G R O U P  
51 
52 
53 
54 
55 
56 
57 
58 
59 
6 0  
6 1  
62 
63 
6 4  
65 
64 
67 
68 
69 
70 
78 
72 
73  
74 
75  
76  
77  
78  

1.0677E 01 
H.3153E 00  
h.4750E 00  
5*!-?435E 00 
3.9279E 0 0  
3oO590E: 0 0  
? o . ? R ; 1 4 E  00 
leq354E 00  
1.44506 00  

3033733E 05 
3 0 0 1 9 7 E  05 
2.9!35(JE @5 
2,97206 05 
209452E 05 
2.8725E 05 
207924E 05 
204723E OS 
2.2371E 05 
2.1280E 05  
200242E 05  
1.9PSSE 05 
1.83166 05 
1.7422E 05 
1.65738 05 
1.5764E 05  
l o 4 9 9 6 E  05  
1 0 4 f 6 4 E  05  

1.2907E 05 
1.2P77E 05 
1 . 1 6 7 9 E  05 
1.11096 0 5  
9 0 ~ 0 3 7 E  04 
8.6517E 04 
8.2SOOE 04 
7 o 9 6 0 0 E  04 
7 0 2 8 0 0 E  04 

1.3369E 05  

3,0197E 05 
2,9850E 05 
2,9720E 05 
209452r  05 
2.8725E 05 
2.7324E 05 
2,47236 051 
2,237lE 051 
201280E 05 
2,0242E 05 
1.9255E 05 
1,8316E 05 
1.7422E 05 
1.6573E 05 
1.5764€ 055 
1,4996E 05  
1 . 4 2 6 4 E  05 
1,3569E OS 
1,2907E 05 
1,2277F: 05 
1,1679E OS 
1,1109E 05 
9,R037E 04 
8.6517E 04 
8.2500E 04 
7,9500E 04 
7 . 2 0 0 0 E  0 4  
6.7379E 0 4  
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29  
30 
71 
32  
3 3  
34 
35 
36 
37 
371 
39 
4 0  
41 
4 2 
4 3  
4 4  
4s 
46 
47 
48 
49 
50 

0 4  5,6562F 

0 4  4,3309F 
0 4  4,08ht3F 
04 3 ,4307E 
0 4  3,lRZRE 
(14 2.ASOOF 
0 4  2,7000F 
0 4  2.hd58E 
0 4  2.47RHE 
0 4  2.3579E 
0 4  2.15756 
04 1,9305F 
04 1,5034F 
0 4  1,1709E 
0 4  9,118AF 
03 7.1017E 
0 3  5,570SF 
OS 4,3074F 
03  3,71,74F. 
0 3  3,354hE 
0 3  3,0354F 

04 5,3475F 
0 4  
0 4  
0 4  
0 4  
0 4  
04 
0 4  
04 
0 4  
0 4  
0 4  
0 4  
0 4  
0 4  
04 
n3 
03  
03 
n3  
n3 
0 3  
03 
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STANDARD 123  GROUP iuEuTd;cnn! S T 9  JCTUPE 

GROUP 
I 
2 
3 

5 
6 
7 
8 
9 

10  
11 
12  
13 
1 4  
15 
16 
17 
18  
1 9  
28 
2 1  
22 
23 
24  
25 
26 
27 
28 
29 
30 
31 
32 
33  
34  
35 
36 
37  
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
4@ 
4 9  
5 0  

4 

SQ@UP 
51 
52 
53 
5 4  
$5 
54.5 
57  
58 
59 
60 
h l  
6 2  
63 
6 4  
65 
66 
67 
6 8  
(59 
70 
7 1  
7 2  
7 3  
74 
7 5  
7 6  
77  
78  
79 
80 
81 
02 
83 
84 
85 
86 
SY 
89 
89 
90 
91 
92 
93 
94  
9 5  
96 
97 
98 
99  

100 

8.6317E 04 
6.73F3oE 04 
5.247SE 04 
4.0866E 04 
3.1828E 0 4  
2.4758E 04  
1.9395& 0 4  
1.5034E 0 4  
1.1709E 0 4  
9.1188E 03 
7.1818E 0 3  
5,5309E 03 
4.3814E 03 
3.2346E 0 3  
2.6126E 0 3  
2,0347E 0 3  
1 .5L i6E  0 3  
1.2341E 03  
9.6112E 0 2  
7.4852E 0 2  
5.829SE 02 
4 e 5 4 0 0 E  02 
3.5358E 0 2  

2.1445E 02  
1.6702E 0 2  

2e7537E 02  

l e 3 0 0 7 E  0 2  
1eOf30E 0 2  
7.5693E 0 1  
6e1642E 0 1  
4.7141E 0 1  
3.7267E 0 1  
2.9023E 0 1  
2.26036 01 
1e7604E 0 1  
1e3710E 0 1  
1.96776 0 1  
R.3153E 00  
6.4760E 00  
5.00356 00  
3.9879E 00  
3oOS90E 00 
2.38246 00 
1.860QE 00  
1o7bOOE 00  
1056OO6 00  

1.2908E 00  
l e l 2 5 Q E  0 0  

1.4400E 00 

1.0eoo~ 00 

6,738OE 04 
5.3475E P4 
4.08696 0 4  
3.1q2RF 04 
2.4788F 04 
1,9395F 04 
1,5034F 04 
1.1709E 04  
9 . 1 1 S 8 E  0 3  
7 . 1 0 1 9 ~  n 3  
5,5309E 03 
4.3074E 0 3  
3,3544F 03 
2m6126E 0 3  
2,0347E 0 3  
1,5946E 03 
1.2341F 03 
9.6112E 0 2  
7.4952E 0 2  
5 @ 8 ? 9 5 F  02 
4.5400E 0 2  
3.53596 02 
2.7537F 0 2  
2,1445E 02 
1,6702E 0 2  
1,3007E 02 
1,0130E 02  
7,E!.993E 0 1  

4.7851E 0 1  
3,7267E 0 1  
2,9023F 0 1  
2,2603E 0 1  
1,7604E 0 1  
1,3710E 0 1  
1,0677E 0 1  
8,31535 00 
6,4760E 00 
5,0435E 0 0  
3,9279E 00 
3,0590E 0 0  
2,3824E 00 
1,8600E 00  
1,7100E 00  
1.5600E 00  
1.4400E 00 
1.2900E 00  
1,1250E 00  ,- \ 
1.0000E 00  
8,7600E-01 

6n1442E 0 1  

I 





GROUP 
1 
2 
3 
4 
4 
6 
7 
9 
9 

1 0  
11 
12 
13 
14 
15 
16  
17 
1 A  
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 
41  
42 
43 
44 
49 
44 
47 

49 
5 0  

4a 
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94 
P4 
(1 4 
0 4  
e 4  
0 4  
0 4  
0 4  
0 4  
0 4  
0 4  
04  
0 4  
0 4 
0 4  
0 4  
(14 
0 4  
0 4  
0 3  
03  
0 3  
03 
03 
0 3  
9 3  
0.3 
0 3  
0 3 
0 3 
(13 
0 3  
0 3  
03 
(13 
07 
0 3  
03 
n3 
0 3  
0 3  
0 3  
0 3  
0 2  
0 2  
oil 
O? 
02 
03 
02  
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11.6.2. "Standard" Gamma Boundaries 

The fo l lowing  gamma energy group s t r u c t u r e s  are b u i l t  i n t o  A M P X :  

1. An 18 group s t r u c t u r e  widely used f o r  a i r  t r a n s p o r t  c a l c u l a t i o n s ,  

2. A 2 1  group s t r u c t u r e ,  which is a Defense Nuclear Agency s t r u c t u r e ,  

3 .  A 25 group s t r u c t u r e ,  

4 .  A 26 group s t r u c t u r e .  

These s t r u c t u r e s  are def ined  on t h e  fo l lowing  pages. 
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sTANOARD 25 GROUP GAvM4 S T ~ W C T U R E  
GROUP 

f; 

2 
3 
4 
5 
6 
7 
8 
9 
18 
1 1  
12 
13 

15 
16 
17 
18 
19 
28 
2E 
22 
23 
2% 
29 

14 

STANDAr7D 2 4  GROUP GAVMA STQUCTURE 
GROUP 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
28 
21 
22 
23 
24 
29 
26 
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11 .7 .  AMPX Weighting Function Library 

The XLACS and LAPHNGAS modules i n  AMFX can select pre-calculated 

weighting func t ions  which have been provided i n  l i b r a r y  form. An 

ENDF-like scheme i s  used as a format. A t  ORNL, one commonly used 

l i b r a r y  conta ins  the  fol lowing func t ions :  

I d e n t i f i e r  Function 

10 1 Inconel  (l/EC t) 

10 2 Concrete (l /ECt) 

103 A i r  (I/ECt) 

104 SS-304 (1/EC t) 

These are w r i t t e n  as follows: (ENDF format d e f i n i t i o n s  are used) ,  

[8000,3,r/rr/ZA,AWR,LIS,LFS,O,O]HEAD 

[8000,3,MT/T,Q,LT,O,NR,NP/Eint/G(E)]Tabl 

[8000,3,0/0.0,0.0,0,0,0,0]SEND 

on l o g i c a l  46 one a f t e r  t he  o ther .  
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13.0. FIDO (ANISN) INPUT SYSTEM 

W. A. Rhoades 

The FIDO input method i s  especially devised t o  allow the entering 

or modifying of large data arrays w i t h  minimum ef for t .  

i s  taken of patterns of repet i t ion or symmetry wherever possible. The . 
FIDO system was patterned a f t e r  the input method used w i t h  the FLOC0 

coding system a t  Los Alamos, and was f i rs t  applied t o  the DTF-I1 code. 

Since tha t  time, numerous features requested by users have been added, 

a f ree-f ie ld  option has been developed, and the application of FIDO has 

spread t o  innumerable codes. 

Special advantage 

The data are entered i n  uni ts  called ''arrays". An array comprises 

a group of contiguous storage locations which are  t o  be f i l l e d  with data 

a t  one time. These arrays usually correspond on a one-to-one basis with 

FORTRAN arrays used i n  the program. 

with a single c a l l  t o  the FIDO package forms a "block", and a special  

delimiter i s  required t o  s ignify the end of each block. Arrays within 

a block may be read i n  any order w i t h  respect t o  each other, but an 

array belonging t o  one block must not be shif ted t o  another. The same 

array can be entered repeatedly within the same block. 

array could be f i l l e d  with "0" using a special  option, and then a few 

scattered locations could be changed by reading i n  a new s e t  of data f o r  

t ha t  array. 

delimiter alone s a t i s f i e s  the input requirement. 

A group of one or more arrays read 

For example, an 

If no entr ies  t o  the arrays i n  a block are  required, the 

Three major types of input a re  available: f ixed-field input, 

free-field input, and user-field input. 
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13.1. Fixed-Field Input 

Each card i s  divided i n t o  s i x  12-column data f i e lds ,  each of which 

i s  divided i n t o  three  subfields.  The following sketch i l l u s t r a t e s  a 

'Cy-pical data f i e l d .  The three subfields  always comprise 2, 1, and 9 

co1umns, respectively.  

To begin t h e  f i rs t  a r ray  of a block, an a r ray  or iginator  f i e l d  

i s  placed i n  any f i e l d  on a card: 

Subfield 1: An in teger  a r r ay  i d e n t i f i e r <  100 specifying the  data  

a r r ay  t o  be read in. 

Subfield 2: An array-type indicator :  

" $ * I  i f  the  a r r ay  i s  in teger  data 

llyr I1  if the a r ray  i s  r e a l  data  

Subfield 3: Blank 

Data a re  then placed i n  successive f i e l d s  u n t i l  t he  required number 

of e n t r i e s  has been accounted for .  

i l l u s t r a t e s  t h i s  input. 

A sample data sheet shown below 

I n  enter ing data, it i s  convenient t o  think of an '*index*' or 

"pointer" which i s  under control of the  user, and which spec i f ies  t he  

posi t ion in the ar ray  in to  which the  next data en t ry  i s  t o  go. 

pointer is always positioned a t  a r r ay  loca t ion  #l by enter ing the  a r ray  

The 



13-3 

originator  f i e ld .  The pointer subsequently moves according to the  

data operator chosen, Blank f i e l d s  a r e  a spec ia l  case, i n  t h a t  they 

do not cause any data modification and do not move the  pointer. 

A data f i e l d  has the following form: -- 
Subfield 1: The data numerator, an integer  < 100. We r e f e r  t o  - 

t h i s  entry as  N1 i n  the following discussion, 

Subfield 2: One of the special  data operators l i s t e d  below, - 
Subfield 3 :  A nine-character data en t ry  t o  be read i n  F9,O format. - -7 

It w i l l  be converted t o  an integer  i f  the  a r ray  i s  a 

I ,$  I1 a r r ay  or  if a spec ia l  a r ray  operator such as  Q 

i s  being used. Note t h a t  an exponent i s  permissible 

but not required. Likewise, a decimal i s  permissible 

but  not required. If no decimal i s  supplied it i s  

assumed t o  be immediately t o  the  l e f t  of the  exponent9 

i f  any; and otherwise t o  the  r i g h t  of the l a s t  column, 

This entry i s  referred t o  as  N3 i n  the  following 

d i s  cuss ion. 

A l i s t  of data operators and t h e i r  e f f ec t  on the  a r ray  being input 

follows : 

"Blank" indicates  a s ingle  en t ry  of data. The da-ba en t ry  i n  

the  th i rd  subfield i s  entered i n  the  locat ion indicated by the 

pointer, and the pointer i s  advanced by one. However, an e n t i r e l y  

blank f i e l d  i s  ignored. 

"+" or ' I - I '  indicates  exponentiation. The data e n t m  i n  the  
f N 1  

t h i r d  f i e l d  i s  entered and multiplied by LO , where ITl i s  the  
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data numerator i n  the f i r s t  subfield, given the sign indicated by 

the data operator i t s e l f .  The pointer advances by one. I n  cases 

where an exponent i s  needed, t h i s  option allows the entering of 

more s igni f icant  f igures  than the blank option. 

11 1 1  & has the same ef fec t  as  "+". 

"R" indicates t h a t  the data entry i s  t o  be repeated N times. 1 

The pointer advances by N1. 

"I" indicates l i nea r  interpolation. The data numerator, N1, 

indicates  the nmber of interpolated points t o  be supplied. The 

data en t ry  i n  the t h i r d  subfield is  entered, followed by Nl 

interpolated en t r ies  equally spaced between t h a t  value and the 

data en t ry  found i n  the t h i r d  subfield of the next non-blank 

f i e ld .  

an "I" f i e l d  i s  then processed normally, according t o  i t s  own 

data operator. 

a s p a t i a l  mesh. 

t o  the nearest  integer. 

The pointer i s  advanced by N1 + 1. The f i e l d  following 

The "I" entry i s  especial ly  valuable for specifying 

I n  "$" arrays, interpolated values will be rounded 

"L" indicates logarithmic interpolation. The e f f ec t  i s  the 

same as t h a t  of "I" except t h a t  the resu l t ing  data a re  evenly 

separated i n  log-space. 

ing  an energy mesh. 

This i s  especial ly  convenient f o r  specify-. 

"Q" i s  used t o  repeat sequences of numbers. 

the sequence i s  given by the t h i r d  subfield, N3. 

of N3 en t r i e s  i s  t o  be repeated Nl times. 

by N1*N3. 

The length of 

The sequence 

The pointer advances 

If e i the r  N1 or N3 i s  0, then a sequence of N1 f N3 is  
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repeated one time only, and the pointer advances by N + N3. 

This fea ture  i s  espec ia l ly  valuable f o r  geometry specif icat ion.  

The "N" option has the  same e f f ec t  a s  "Q", except t h a t  the 

1 

order of the  sequence is  reversed each time it i s  entered. This 

i s  valuable f o r  the  type of symmetry possessed by Sn quadrature 

coeff ic ients .  

I'M" has the  same e f f ec t  a s  "N" except t h a t  the s ign of each 

entry i n  the  sequence i s  reversed each t i m e  the  sequence i s  entered. 

For example, the  en t r i e s :  

1 2 3 2 M 2  

would be equivalent t o  

1 2 3 -3 -2 2 3. 

This option i s  a l s o  useful  i n  enter ing quadrature coeff ic ients .  

"Z" causes N1 + N3 locations t o  be s e t  t o  0. The pointer  i s  

advanced by N1 + N3. 

"C" causes the  posi t ion of the  l a s t  a r ray  i t e m  entered t o  be 

printed. This is  the  posi t ion of the  pointer, l e s s  1. The pointer  

i s  not moved. 

"@" causes the  p r i n t  t r i gge r  t o  be changed. The t r igge r  i s  

or ig ina l ly  off. Successive lr$" f i e l d s  tu rn  it on and off a l t e r -  

nately. When the  t r i gge r  i s  on, each card image i s  l i s t e d  a s  it 

is  read. 

"S" indicates  t h a t  the  pointer i s  t o  sk ip  N1 posit ions leaving 

those a r r ay  posit ions unchanged. 

the  pointer i s  advanced by N1. 

If the  t h i r d  subfield i s  blank, 

If the  t h i r d  subfield i s  non-blank 
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t h a t  data en t ry  i s  entered following the skip, and the pointer 

i s  advanced by N1 + 1. 

"A" moves the  pointer t o  the posit ion,  N3, specif ied i n  the  

t h i r d  subfield.  

"F" f i l l s  the  remainder of the  a r ray  w i t h  the  datum entered 

i n  the  t h i r d  subfield.  

I1 E It  skips over the remainder of the  array,  The a r ray  length 

c r i t e r i o n  i s  always s a t i s f i e d  by an E, no matter how many en t r i e s  

have been specified.  No more en t r i e s  t o  an a r ray  may be given 

following an "E", except t h a t  data en t ry  may be res ta r ted  with 

an "A". 

The reading of data t o  an a r r ay  i s  terminated when a new a r ray  

or ig in  f i e l d  i s  supplied, or when t h e  block i s  terminated. If' an in-  

correct  number af posit ions has been f i l l e d ,  an error e d i t  i s  given, 

and a f l a g  i s  s e t  which will l a t e r  abort  execution of the  problem. 

FIDO then continues with the next a r ray  if an ar ray  or ig in  was read. 

Otherwise, i t  re turns  control t o  the ca l l i ng  program. 

A block termination consis ts  of a f i e l d  having 'IT" i n  the second 

subfield.  

i s  returned from FIDO t o  the  ca l l i ng  program. 

All en t r i e s  following "T" on a card a re  ignored, and control  

Comment cards can be entered within a block by placing an apostrophe 

( * )  i n  column 1. 

used f o r  p r in t e r  carr iage control. 

data a r r ay  or pointer. 

Then columns 2-40 w i l l  be l i s t e d ,  with column 2 being 

Such cards have no e f f e c t  on the  
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13.2. Free-Field Input 

With f r ee - f i e ld  input, data a re  wr i t ten  without f ixed r e s t r i c t i o n s  

as  t o  f i e l d  and subfield s i ze  and posit ioning on the card. The options 

used with f ixed-f ie ld  input a r e  available,  although some a re  s l i g h t l y  

r e s t r i c t ed  i n  form. In  general, fewer data cards a re  required f o r  a 

problem, the in te rpre t ing  p r i n t  i s  eas i e r  t o  read, a card l i s t i n g  i s  

more in t e l l i g ib l e ,  the cards a re  eas ie r  t o  keypunch, and ce r t a in  common 

keypunch er rors  a re  to le ra ted  without a f fec t ing  the  problem. Data 

arrays using fixed- and f r ee - f i e ld  input can be intermingled a t  w i l l  

within a given block. 

The concept of three subfields per f i e l d  i s  s t i l l  applicable t o  

f r ee - f i e ld  input, but i f  no en t ry  f o r  a f i e l d  i s  required, no space f o r  

it need be l e f t .  Only columns 1-72 may be used, as  with f ixed-f ie ld  

input. 

The a r ray  or iginator  f i e l d  can begin i n  any position. The a r ray  

iden t i f i e r s  and type indicators  a re  used a s  i n  f ixed- f ie ld  input. 

type indicator  i s  entered twice, t o  designate f r ee - f i e ld  input (i .e. ,  

"$$" or "3*)*"). 

The 

The blank t h i r d  subfield required i n  f ixed- f ie ld  input 

i s  not required. For example: 

indicates  t h a t  array 31, a real-data array, w i l l  follow i n  f r ee - f i e ld  

format. 

Data f i e l d s  may follow the a r ray  or ig in  f i e l d  immediately. The 

data f i e l d  en t r i e s  a re  iden t i ca l  t o  the f ixed- f ie ld  en t r i e s  with the  

following r e s t r i c t ions :  
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(1) Any number of blanks may separate f i e lds ,  but a t  l e a s t  one 

blank must follow a th i rd  subfield entry if  one i s  used. 

If both f irst-  and second-subfield en t r i e s  a re  used, no blanks 

may separate them, i .e. ,  24S, but not 24 S. 

Numbers wri t ten with exponents must not have imbedded blanks, 

i .e. ,  1.0Et-4,  LO%, 1.0t-4, or even 1+4, but not 1.0 E4. 

(4 )  I n  third-subfield data entr ies ,  only 9 dig i t s ,  including 

the decimal but not including the exponent f i e ld ,  can be 

used, i. e., 123456.89307, but no& 123456.789307. 

The Z en t ry  must be of the form: 

The + or - data operators a re  not needed and a re  not available. 

( 2 )  

( 3 )  

(5) 

( 6 )  

( 7 )  The Q, N, and M ent r ies  a re  r e s t r i c t ed :  3Q4, lN4, or M4, 

7382, not 2738 or 738 Z. 

but not 4Q, 4N, or 4M. 

13.3. User-Field Input 

If the user  follows the a r ray  i d e n t i f i e r  i n  the a r ray  originator 

f i e l d  with the character "U" o r  "V", the input format i s  t o  be specified 

by the user. If "U" i s  specified, the FORTRAN FORMAT t o  be used must 

be supplied i n  columns 1-72 of the next card. The format must be en- 

closed by the usual parentheses. 

must follow on successive cards. 

as t o  exponents, blanks, etc., apply. If the a r ray  data do not f i l l  

the las t  card, the remainder must be l e f t  blank. 

Then the data for the  e n t i r e  a r m y  

The ru les  of ordinary FORTRAN input 

"V" has the same effect  as  "U" except t h a t  the format read i n  the 

l a s t  preceding "U" ar ray  is  used, 



Name General Example of Fido Input  Charge Date Page 

l l l l l 7  

IDENTIFICATION I 

3 80 

3 8 0  

I I I I I I 3 1 0  

REMARKS (DO NOT PUNCH) 

egin  t h e  1$ a r r a y ,  f i xed - f i e ld ,  i n t e g r a l  

n t e r  1 

'ill a r r a y  wi th  2 

eg in  t h e  2* a r r ay ,  f i xed - f i e ld ,  real 

, n t e r  1.234 
I I  11 

I1  I I  

I t  I 1  

7.0 

blank f i e l d  is  always ignored 

I-J 
w 

I 
\o 

lerminate t h i s  block 

lo e n t r i e s  may fol low T on a card  

3egin 3* a r r a y ,  f i xed - f i e ld  real  
' Enter  0 ,1 ,2 ,3 ,4 ,5,6,7,8,9,10,10,10 

as real  numbers 

}Repeat  3* i n  f r e e - f i e l d ,  s k i p  
I 

t o  11 th  e n t r y ,  c0rrec.t  sequence t o  

9 ,10,11,12 ---- 
3egin 4" a r r a y ,  f r e e - f i e l d ,  real 

Znter 1 , 2 , 3 , 4 ,  1,2 ,3 ,4 ,  1 ,2 ,3 ,4  

End reading t h i s  a r r a y ;  remainder of a r r a y  unchanged. 

rerminate t h i s  block 

I - I N T E R P O L A T E  S - SKIP T - T E R M I N A T E  R - R E P E A T  
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