
Waste Isolation Pilot Plant 

Compliance Certification Application 

Reference 152 

Croff, A.B. 1980. 
A User's Manual for the ORIGEN2 Code. ORNLITM-7175, Oak Ridge National 
Laboratory, July 1980. 

Submitted in accordance with 40 CFR 5194.13, Submission of Reference Materials. 





ORNL/TM-7175 
Dist. Category UC-70 

Contract No. W-7405-eng-26 

CHEMICAL TECHNOLOGY DIVISION 

NUCLEAR FUEL AND WASTE PROGRAMS 

Waste Management Analysis for Nuclear Fuel Cycles 
(Activity No. AP 05 25 10 0; FTP/A NO. ONL-WHO1) 

A USER'S MANUAL FOR THE ORIGEN2 COMPUTER CODE 

A. G. Croff 

Date Published: July 1980 

DISCLAIMER 

T n a  mot w r  p w r d  *an amount 01 wzt Y*)"Y)& by 

Neomm the Unalw S t n o  Coanmc mr n v  - 1-1. mr mv 01 mnr anplovco. mam am, 
wrran!", u e r a  or ~mltM, 0. lvlm anr l-pl lisbtlttv or rsmnubtl!rv tor the rmrrv. 
mmplmcng, a urblnn ol  .nv mtorrrulan, muatu,. ~rmuct. or m o m  d r y l o d ,  or 
rm-1 chat ae ur -Id mt nbnpr mlrslur c-ma remr lelnncc nnsn lo mv -lr 
mmmrr~al orcauct. w a a r ,  m -8- br ! r e  rum. ~ r . d . m r i ,  mnutaccurn, or o t e n n r .  a m  
MI m i l "  mnirute  a , w l v  ilx do lmmml ,  rcmmrraaatkan or tlmrrtnp DY !he Untlm 
Sucs Gomnmnt ov nr rpm, 1-1. T b  *i*n M am- ot u IMR .lor& nemin d0 ml 
nsc-,lv state a rellrr thorn ol t b  u n l ~ d  stam ~ar~armnt  or my qarr rm-I. 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 37830 

operated by 
UNION CARBIDE CORPORATION 

for the 
DEPARW.NT OF ENERGY 

OTSTR1BUTfON OF THIS OOCUKENl 19 UNLl&TEO 



iii 

CONTENTS 

Page 

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1 . Introduction . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
2 . General Considerations . . . . . . . . . . . . . . . . . . . . .  3 

2.1 ORIGEN2MAIN . . . . . . . . . . . . . . . . . . . . . . . .  3 

2.2 ORIGEN2 Free-Format Input . . . . . . . . . . . . . . . . . .  6 
2.3 The ORIGEN2 "Commandf' Concept . . . . . . . . . . . . . . .  8 
2.4 The Concept of an ORIGEN2 "Vector" . . . . . . . . . . . . .  9 

2.5 Description of ORIGEN2 Input/Output Units . . . . . . . . .  11 
2.6 Card Input Echo . . . . . . . . . . . . . . . . . . . . . .  11 

2.7 ORIGEN2 Nuclide Identifier . . . . . . . . . . . . . . . . .  11 
2.8 Machine Compatibility Considerations . . . . . . . . . . . .  13 

3 . Miscellaneous Initialization Data . . . . . . . . . . . . . . . .  15 
3.1 Fission Neutron Yield per Neutron-Induced Fission . . . . .  15 

. . . . . . . . . . . . . . .  3.2 (a. n) Neutron Production Rate 16 

. . . . . . .  3.3 Fission Neutron Yield per Spontaneous Fission 16 

3.4 Fractional Reprocessing Recoveries for Individual Elements . 1 6  

. . . . . . . . . . . . . . . .  3.4.1 Initialization values 16 

3.4.2 Overriding initial values . . . . . . . . . . . . . .  18 
. . .  3.5 Fractional Reprocessing Recoveries for Element Groups 19 

. . . . . . . . . . . . . . . .  3.5.1 Initialization values 19 

. . . . . . . . . . . . . .  3.5.2 Overriding initial values 13 

. . . .  3.6 Assignment of Elements to Fractional Recovery Groups 22 

. . . . . . . . . . . . . . . .  3.6.1 Initializationvalues 22 

3.6.2 Overriding initial values . . . . . . . . . . . . . . .  22 



. . . . . . . . . . . . . . . .  3.7 Elemental Chemicsl Toxicities 24 

4 . ORIGEN2 Commands . . . . . . . . . . . . . . . . . . . . . . . . .  25 
. . . . . . .  4.1 RDA -- Read Comments Regarding Case Being Input 27 

4.2 TIT-CaseTitle . . . . . . . . . . . . . . . . . . . . . .  27 
4.3 BAS-CaseBasis . . . . . . . . . . . . . . . . . . . . . .  28 
4.4 FAC . Calculate a Multiplication Factor Based on Total 

Vector Masses . . . . . . . . . . . . . . . . . . . . . . . .  28 
-- . . . . . . * . . * * . . . .  4.5 OUT Print Calculated Results 29 

4.6 INP . Read Input Composition. Continuous Removal Rate. and 
Continuous Feed Rate . . . . . . . . . . . . . . . . . . . . .  31 

. . . . . . . . . .  4.9 CUT -- Cutoff Fractions for Summary Tables 34 

4.10 KEQ -Match Infinite Multiplication Factors . . . . . . . .  36 

4.12 MOV -- Move Nuclide Composition from Vector to Vector . . . .  38 
4 . 1 3  ADD -Add Two Vectors . . . . . . . . . . . . . . . . . . .  40 
4.14 BUP - Burnup Calculation . . . . . . . . . . . . . . . . . .  42 
4.15 PCH -Punch an Output Vector . . . . . . . . . . . . . . . .  42 
4.16 LIP - Library Print Control . . . . . . . . . . . . . . . .  43 
4.17 WAC -- Nuclide Accumulation . . . . . . . . . . . . . . . . .  44 
4.18 LIB -- Read Decay and Cross-Section Libraries . . . . . . . .  45 

. . . . . . . . . . . . . . . .  4.19 PHO -- Read Photon Libraries 47 

. . . . . . . . . . . .  4.20 LPU -- Data Library Replacement Cards 49 

4.22 IRP -- Specific Power Irradiation . . . . . . . . . . . . . .  52 
. . . . . . . . . . . . . . . . . . . . . . . .  4.23 DEC -- Decay 54 



-- . . . . . . . . . . . . . . . . . . . .  4.24 PRO Reprocess Fuel 55 

. 4.25 OPTL Specify Activation Product Output Options . . . . . .  56 
4.26 OPTA . Specify Options for Actinide Nuclide Output Table . . 58 

4.27 OPTF . Specify Options for Fission Product Nuclide 
OutputTable . . . . . . . . . . . . . . . . . . . . . . . .  59 

4.29 STP -- Execute Previous Commands and Branch . . . . . . . . .  60 
-- . . . . . . . . . . . . . . . . .  4.30 END Terminate Execution 61 

5 . DataLibraries . . . . . . . . . . . . . . . . . . . . . . . . . .  62 
5.1 Decay DataLibrary . . . . . . . . . . . . . . . . . . . . .  63 
5.2 Cross-Section and Fission Product Yield Data Library . . . .  63 
5.3 Substitute Decay. Cross-Section. and Fission Product 

Yield Data . . . . . . . . . . . . . . . . . . . . . . . . .  66 
5.4 Specification of Non.Standard. Flux-Dependent Reactions . . .  70 
5.5 Photon Data Libraries . . . . . . . . . . . . . . . . . . . .  70 

6 . Specification of Initial Material Compositions. Continuous 
Nuclide Feed Rates. and Continuous Element Removal Rates . . . . .  74 

. . . . . . . .  6.1 Specification of Initial Material Composition 75 

6.2 Specification of Continuous Feed Rates . . . . . . . . . . .  76 
. . . . . . .  6.3 Specification of Continuous Reprocessing Rates 77 

. . . . . . . . . . . . . . . . .  7 . ORIGEN2 Input Deck Organization 79 

. . . . . . . . . . . . .  7.1 Source and Object Deck Organization 79 

7.2 ORIGEN2 Input Deck Organization . Nuclide Data 
Libraries on Cards . . . . . . . . . . . . . . . . . . . . .  81 

7.3 ORIGENZ Input Deck Organization . Nuclide Data 
Libraries on Tape or a Direct-Access Device . . . . . . . .  87 

. . . . . . . . . . . . .  8 . Description of ORIGEN2 Input and Output 92 

8.1 Description of Sample ORIGEN2 Input . . . . . . . . . . . . .  92 
. . . . . . . . . . . .  8.2 Generic Description of ORIGEN2 Output 95 



. . . . . . . .  8 . 2 . 1  O v e r a l l  o r g a n i z a t i o n  of IGEN2 o u t p u t  96 

8 .2 .2  D e s c r i p t i o n  of t h e  organization of  a n  o u t p u t  group . . 99 

8 . 2 . 3  D e s c r i p t i o n  of a s i n g l e  ORIGEN2 o u t p u t  page . . . . .  102 

. . . . . . . . . . . .  8.3 D e s c r i p t i o n  of  Sample ORIGEN2 Output  104 

8 . 3 . 1  ORIGEN2 o u t p u t  on u n i t  6 . . . . . . . . . . . . . . .  104 

8 .3 .2  ORIGEN2 o u t p u t  on u n i t s  1 2  and 13 . . . . . . . . . .  106 

8 . 3 . 3  ORIGEN2 o u t p u t  on u n i t  16 . . . . . . . . . . . . . .  106 

8.3.4 ORIGEN2 o u t p u t  on u n i t  1 5  . . . . . . . . . . . . . .  107 

8 . 3 . 5  ORIGEN2 o u t p u t  on u n i t  7 . . . . . . . . . . . . . . .  109 

9 . R e f e r e n c e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 
Appendixes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113  

Appendix A: Sample ORIGEN2 I n p u t  Deck L i s t i n g  . . . . . . . . . .  115 

Appendix A . 1 .  Sample ORIGEN2 I n p u t  Deck . . . . . . . . . .  117 

Appendix A.2. ORIGEN2 Over lay  S t r u c t u r e  . . . . . . . . . .  1 2 3  

Appendix B: Sample of  ORIGEN2 Output  Grouping (Output U n i t  6 )  . . 125 

Appendix B.1 .  R e a c t i v i t y  and Burnup I n f o r m a t i o n  . . . . . .  127 

Appendix B.2: Sample ORIGEN2 0 u t p u t . T a b l e s  f o r  
. . . . . . . . . . . . . . . . . . . . .  A c t i v a t i o n  P r o d u c t s  129 

Appendix B.3. Sample Neutron P r o d u c t i o n  R a t e  T a b l e s  . . . .  149 

Appendix B.4. Sample Photon P r o d u c t i o n  R a t e  T a b l e s  . . . . .  1 5 3  

Appendix C:  Sample ORIGEN2 T a b l e  of C'ontents (Output 
U n i t s 1 2 a n d 1 3 )  . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 1  

Appendix D:  Sample ORIGEN2 V a r i a b l e  Cross -Sec t ion  
I n f o r m a t i o n  (Output  Uni t  1 6 )  . . . . . . . . . . . . . . . . . . .  165 

Appendix E: Sample ORIGEN2 Debugging and I n t e r n a l  
I n f o r m a t i o n  Output  (Output U n i t  1 5 )  . . . . . . . . . . . . . . .  169 

Appendix F: L i s t i n g  o f  Sample PCH Command Output  . . . . . . . .  1 7 3  



A USER'S MANUAL FOR THE ORIGEN2 COMPUTER CODE 

A .  G. Croff  

ABSTRACT 

This  r e p o r t  d e s c r i b e s  how t o  use  a  r e v i s e d  v e r s i o n  of 
t h e  ORIGEN computer code,  des igna ted  ORIGEN2. Included a r e  
a  d e s c r i p t i o n  o f  t h e  i n p u t  d a t a ,  i n p u t  deck o r g a n i z a t i o n ,  
and sample i n p u t  and o u t p u t .  ORIGEN2 can be ob ta ined  from 
t h e  R a d i a t i o n  S h i e l d i n g  In fo rmat ion  Center  a t  ORNL. 

1. INTRODUCTION 

ORIGEN is  a  widely  used computer code f o r  c a l c u l a t i n g  t h e  bu i ldup ,  

decay,  and p r o c e s s i n g  of r a d i o a c t i v e  m a t e r i a l s .  During t h e  p a s t  few 

y e a r s , a  s u s t a i n e d  e f f o r t  was under taken  by ORNL t o  update  t h e  o r i g i n a l  
1 ORIGEN code and i t s  a s s o c i a t e d  d a t a  b a s e s .  The r e s u l t s  of t h i s  e f f o r t  

were u p d a t e s  of  t h e  r e a c t o r  models, c r o s s  s e c t i o n s ,  f i s s i o n  product  

y i e l d s ,  decay d a t a ,  decay photon d a t a ,  and t h e  ORIGEN computer code i t -  

~ e l f . ~ - j  The o b j e c t  of  i n t e r e s t  i n  t h i s  r e p o r t  i s  t h e  r e v i s e d  v e r s i o n  

of  t h e  ORIGEN computer code,  which i s  c a l l e d  ORIGEN2. S p e c i f i c a l l y ,  

t h i s  r e p o r t  c o n s t i t u t e s  a  d e t a i l e d  u s e r ' s  manual f o r  ORIGEN2. 

S e c t i o n  2 o f  t h i s  r e p o r t  d e s c r i b e s  s e v e r a l  g e n e r a l  c o n s i d e r a t i o n s  

t h a t  d i f f e r e n t i a t e  ORIGEN2 from t h e  o r i g i n a l  v e r s i o n  of ORIGEN.  ~ h e s e  

g e n e r a l  c o n s i d e r a t i o n s  a r e  v e r y  impor tan t  s i n c e  (1)  t h e i r  e f f e c t  i s  t o  

g i v e  ORIGEN2 a n  outward appearance which i s  r a d i c a l l y  d i f f e r e n t  from 

t h e  o r i g i n a l  v e r s i o n ,  and (2)  they  must be f u l l y  unders tood i f  t h e  

u s e r  i s  t o  comprehend t h e  r e s t  of  t h e  u s e r ' s  manual. 

S e c t i o n  3 d e s c r i b e s  t h e  n a t u r e  of s e v e r a l  t y p e s  of d a t a  t h a t  a r e  

i n i t i a l i z e d  b e f o r e  any i r r a d i a t i o n  o r  decay c a l c u l a t i o n s  a r e  performed. 

The methods f o r  a l t e r i n g  t h e s e  d a t a  a r e  a l s o  d e s c r i b e d  i n  t h i s  s e c t i o n .  

S e c t i o n  4 ,  which i s  t h e  h e a r t  of  t h e  u s e r ' s  manual, d e s c r i b e s  t h e  

i n s t r u c t i o n s  whereby t h e  u s e r  d i r e c t s  ORIGEN2 t o  perform t h e  c a l c u l a -  

t i o n s  r e q u i r e d  t o  a c h i e v e  t h e  d e s i r e d  r e s u l t s .  I t  i s  a t  t h i s  p o i n t .  

t h a t  t h e  i n c r e a s e d  f l e x i b i l i t y  and t h e  more voluminous i n p u t  r e q u i r e -  

ments of ORIGEN2 become most e v i d e n t .  



S e c t i o n  d e s c r i b e s  t h e  c o n t e n t s  and fo rmats  o f  t h e  decay ,  c r o s s  

s e c t i o n / f i s s i c ; n  p roduc t  y i e l d ,  and photor: l i b r a r i e s  used by ORIGEN2. 

For most u s e r s ,  t h e  r e q u i r e d  l i b r a r i e s  have been s u p p l i e d  a l o n g  w i t h  

ORIGEN2, and S e c t .  5 w i l l  be  of l i t t l e  concern .  However, t h e s e  

d e s c r i p t i o n s  a r e  v i t a l  f o r  t h o s e  u s e r s  who c r e a t e  t h e i r  own l i b r a r i e s  

o r  wish t o  o v e r r i d e  c e r t a i n  v a l u e s  i n  t h e  e x i s t i n g  l i b r a r i e s .  

S e c t i o n  6 ,  which is  r e l e v a n t  t o  a l l  u s e r s ,  d e s c r i b e s  how t h e  i n i t i a l  

m a t e r i a l  compos i t ions  used i n  ORIGEN2 a r e  s p e c i f i e d .  The format  of t h e s e  

d a t a  i s  somewhat, a l t h o u g h  n o t  r a d i c a l l y ,  d i f f e r e n t  from t h a t  of t h e  

o r i g i n a l  ORIGEN. 

S e c t i o n  7 d e s c r i b e s  t h e  o r g a n i z a t i o n  of ORIGEN2 i n p u t  decks  f o r  two 

c a s e s :  one w i t h  t h e  d a t a  l i b r a r i e s  on c a r d s , a n d  t h e  o t h e r  w i t h  t h e  d a t a  

l i b r a r i e s  on t a p e  o r  a  d i r e c t - a c c e s s  d e v i c e .  T h i s  s e c t i o n  i s  impor tan t  

because  of t h e  l a r g e  number of d i f f e r e n t  t y p e s  of i n p u t  d a t a  r e q u i r e d  by 

ORIGENZ and because  of t h e  v a r i a b i l i t y  of t h e  i n p u t  t h a t  i s  r e q u i r e d ,  

depending on t h e  o p t i o n s  t h e  u s e r  e l e c t s  t o  invoke.  

F i n a l l y ,  S e c t i o n  8 d e s c r i b e s  a  sample ORIGEN2 i n p u t  deck ( l i s t e d  i n  

Appendix A ) ,  g e n e r i c  ORIGEN2 o u t p u t ,  and sample ORIGEN2 o u t p u t  ( l i s t e d  

i n  Appendix B). T h i s  t y p e  of d e s c r i p t i o n  i s  n e c e s s a r y  because  of t h e  

l a r g e  number of i s o t o p e s  and t a b l e  t y p e s  t h a t  can be  o u t p u t  by ORIGEN2. 

A code package c o n t a i n i n g  ORIGEN2 and i t s  d a t a  l i b r a r i e s  can  be  

o b t a i n e d  a t  t h e  f o l l o w i n g  a d d r e s s :  

Codes C o o r d i n a t o r  
R a d i a t i o n  S h i e l d i n g  I n f o r m a t i o n  Cente r  
P.O. Box X 
Oak Ridge N a t i o n a l  Labora to ry  
Oak Ridge,  Tennessee  37830 



2. GENERAL CONSIDERATIONS 

2.1  ORIGEN2 M A I N  

The M A I N  r o u t i n e  of ORIGEN2 perforins f o u r  major f u n c t i o n s :  

1. p r o v i d e s  a mechanism t o  v a r i a b l y  dimension ORIGEN2 t o  accommodate 

d i f f e r e n t  problem s i z e s ,  

2 .  p r o v i d e s  much of  t h e  framework n e c e s s a r y  t o  put  some of t h e  a r r a y s  

t o  s e v e r a l  d i f f e r e n t  u s e s ,  

3. c a l l s  f o r  t h e  s u b r o u t i n e s  t h a t  perform t h e  d e s i r e d  o p e r a t i o n s ,  and 

4.  p r o v i d e s  a mechanism t o  execu te  m u l t i p l e  ORIGEN2 problems wi th  a 

s i n g l e  job .  

The t h i r d  f u n c t i o n  i s  handled a u t o m a t i c a l l y  and w i l l  n o t  be  d i scussed .  

The f o u r t h  f u n c t i o n  i s  d i s c u s s e d  i n  Sec t .  4.29. 

ORIGEN2 h a s  been v a r i a b l y  dimensioned t o  a l l o w  t h e  u s e r  t o  t a i l o r  

t h e  s i z e  o f  t h e  e x e c u t a b l e  module t o  t h e  problem s i z e  and/or  t h e  a v a i l a b l e  

computer space .  The s i z e  of t h e  ORIGEN2 e x e c u t a b l e  module ranges  from 

a b o u t  175K (1K = 1024 b y t e s  = 256 s i n g l e  p r e c i s i o n  words) t o  about 600K, 

p r i n c i p a l l y  depending on t h e  number of n u c l i d e s  be ing  cons idered .  

F i g u r e  2 .1  g i v e s  a l i s t i n g  o f  ORIGENZ MAIN w i t h  a l p h a b e t i c  c h a r a c t e r  

s t r i n g s  (e .g . ,  CCCC) s u b s t i t u t e d  f o r  numerical  a r r a y  dimensions.  A 

d e s c r i p t i o n  of e a c h  o f  t h e s e  a r r a y  dimensions i s  given i n  Table 2.1.  

The r e q u i r e d  s i z e  of t h e s e  dimensions  p r i n c i p a l l y  depends on t h e  number 

o f  n u c l i d e s  b e i n g  c o n s i d e r e d  i n  a g iven  case. These n u c l i d e s  a r e  grouped 

i n t o  t h r e e  segments as f o l l o w s  : 

1. A c t i v a t i o n  p r o d u c t s ,  which c o n s i s t  o f  n e a r l y  a l l  n a t u r a l l y  o c c u r r i n g  

n u c l i d e s ,  t h e i r  n e u t r o n  a b s o r p t i o n  p r o d u c t s ,  and t h e  decay daughte r s  

of t h e s e  p r o d u c t s .  This  segment i s  p r i n c i p a l l y  used t o  handle  

s t r u c t u r a l  m a t e r i a l s  (e.g. ,  Z i r c a l o y )  and f u e l  i m p u r i t i e s .  

2. Ac t in ides ,which  c o n t a i n  t h e  i s o t o p e s  of t h e  e lements  thorium (atomic 

number 90) th rough  e i n s t e i n i u m  (atomic number 99) t h a t  appear  i n  

s i g n i f i c a n t  amounts i n  d i s c h a r g e d  r e a c t o r  f u e l s  p l u s  t h e i r  decay 

d a u g h t e r s .  
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DIi lENSION ALPHN(GGGG1 ,NUCAN(GGGG) ,NUCSFU (GGGG) ,NY (GGGG) ,YY (GGGG) , 

S F P S P  (GGGG) .PPA (GGGG) 
COllHON /JONK/ERR,IDO ( 1 ) .  ILITE,IACT,IPP,ITOT,ILMAX,IAMAX.IPOAX, 

SITOAX,TZUAX.AXN,QXN.PIUX.POWER,INDEX,TFPPAV(4) , IPHUAX 
COMMON / O A I N 0 3 / N S T P , A N i l U L . A N E X P , N L B M A X I  1CN~BX.IAPMAX.IPYMAX 

1766 WORDS ARE NSCESSARY I N  /NUDSCR/ BEGINNING WITH S  
/NUDSCR/ I S  USED FOR MUITIPLE PURPOSES.  

COMMON /NUDSCR/DUO 1  (CCCC.BBBB1, DUB2 (HHHH,BBBB) , S  (2)  ,CIMN (BBBB) , 
S CSUn (BBBB) ,NONP (BBFB) ,NQ (BBBB) , XP (BBBB) ,XPAR (BBBB) ,XTEHP(BBBB) , 
s c ( @ B a s )  , A P ( I I I I )  , L C C P ( I I I I )  , L O N G ( B B B B )  

COOOON /BIG/VUCL (BBFBI ,Q (BBBB) , P G  ( 0 0 0 4 )  .TOCAP (BBBB) ,GEUNEU (GGGG) . 
s A L P R A N  ( G G G G )  , S P O N P  ( G G G G )  , S P N U  ( G G G G )  , P I S  ( G G G G )  , N U C A B  ( B B B B )  , 
S A R P C  ( B B B B )  , w a P c  ( s a B e )  ,XSTORE (JJJJ,BBBB) ,DIS(BBBB)  , B  (BBBB)  , 
6ABUND(KKKK) ,RON0 (BBFB) ,KD (BBBB) ,LOC (DDDD) ,NGP (BBBB) ,NGN (BBBB) , 
SNGR (LLLL)  ,GCR (LLLL)  

DR,ER, AND PR PROVIDE A CONVENIENT MECHANISM FOR I N I T I A L I Z I N G  VARIABLE 
O U L T I P L I E R  ARRAY RMULV. 

EQUIVALENCE (DR ( 1 )  ,RflULV ( I ,  I ) ) ,  (ER ( I )  ,RflULV ( 1 . 2 ) )  , 
% ( P R ( 1 )  , R M U L V ( l , 3 ) )  

EQUIVALENCE ( 3 U M l ( l . l )  ,COEPP ( 1 . 1 ) ) .  (DOH2 ( 1 , l )  , N P R O D ( I , l ) ) ,  
s ( N C N P ( I )  , a n r x ( 1 ) ) ,   RAP(^) , N Q ( I ) ) .  ( X N E W  ( ? , I ) , D U M I  ( i , i ) )  

EQUIVALENCE (XP ( I )  , ALPRN ( 1 )  ) , (ALPHN (GGGG) , NUCAN ( 1 )  ) , (NUCAN (GGGG) , 
SNUCSPU ( 1 )  ), (UUCSPU (GGGG) ,NY ( 1 ) ) .  (NY (GGGG) ,YY ( I ) ) ,  ( T I  (GGGG) , 
L F P S P  ( 1 ) ) .  ( P P S P  (GGGG),YIELD ( I ) ) ,  (YIELD (EEEE)  , N Y I E L D ( l ) )  

CALL Q 1 0 5 P  ( 6 )  
I N I T I A I I Z E  PAGE COUNTER 

NPAGE-IPAGE ( 0 )  
LX= JJJJ 
OX= A A A A  
LC- CCCC 
I t n A x =  n n n n  
IAMAX= GGGG 
I p n A x -  FPPP 
ITBAX= BBBB 
I Z O A X =  D D D D  
IPAMAX=LLLL 
I A P M A X = I I I I  
I F Y  MAX=EEEE 
NAEflAX=KKKK 
I C N O R X = 0 0 0 0  
I P C =  P F P P  
LA R=UNUN 

NEUTRONS PER NEUTRON-INEUCED F I S S I O N :  O=THERflAL SPECTRUM; l = F A S T  SPECTRUfl 
. R I ? P = 1  
u T T P = o  

CALL SUBROUTINE TO READ CARD INPUT FROO UNIT 5 ,  P R I N T  I T  ON UNIT 6 ,  AUD 
WRITE I T  ON U U I T  50. O B I T  50 I S  THEN REWOUUC AND O R I G E N 2  READS T A E  DITA 
PROM UNIT 5 0 .  

CALL L I S T I T  (5 .6 .50 )  
REWIUD 5 0  

O A I N l  HANDLES THE MISCEILANEOUS I U I T I A L I Z A T I O N  DATA 
1 CALL M A I U l  (UYTP, SPWU,ALPAU,NUCAN.NUCSPU, U1,YY .AUflUL,ANEXp) 

MAIN2 READS TAE ORIGERZ COMIIANDS 
2 CALL M A I R 2 ( N S T P )  

R A I N 3  EXECUTES THE ORIGFNZ COMMANDS 
3 CALL O A I N 3 (  

d  LONG, STTPPB. I S T O T I  , I S , R S T O T I ,  LX, MX, L C , I P D ,  
SNUCAB, NONO,KE,LOC, IGP,NGN, UGR,NYIELD, NOUP, NQ,LOCP,MMAX,KAP, 
SLOCA,UFUDFP, CIMtl.CSUH. s e  
SRUCL,Q,FG,TOCAP,GENREU,ALPHAU,SPONP,SFNU,PISS,AMPC,WBPC,XSTORE, 
S T I S .  B.GGR ,YIELD. A  ,XP,XPLR,XTEflP. D,AP,COEPP,UPROD, XUEP, 
SLLPRN.UUCAN,NUCSPD,UY ,TY,PPSP,PPA,ABUND,RMULV.LAM) 

T f l I S  "GO TO" FROVIDES TEE !!ECAANISM FOR EXECUTING MULTIPLE PROBLEMS WITAIU 
A S I U G I E  J O B .  

GO TO ( 1 , 2 , 3 , 4 ) ,  NSTF 
4  COUTINUE 

CALL Q l O S P ( 6 )  
STOP 1 0 0  
I U D  

F ig .  2.1. Generic ORIGEN2 MAIN subprogram.  



Table 2.1. Description of alphabetic array dimensions 
in Fig. 2.1 

- -  

Alphabetic 
character string 

in Fig. 2.1 Description 

AAAA Number of output vectors, i.e., MN in XNEW 
(Mx,ITMAx) 

BBBB Maximum number of nuclides = ITMAX 

CCCC 

DDDD 

Maximum number of non-zero cross-section and 
decay reactions per nuclide = LC in COEFF(LC,ITMAX) 

Total number of non-zero matrix elements 
(Array A) 

EEEE Number of non-zero fission product yields 

FFFF Maximum number of fission products = 1F'MA.X 

GGGG Maximum number of actinides + 1 = IAMAX 

HHHH 13 - LC (See C above) 

Maximum number of non-zero elements for long-lived 
nuclides (Array AP) 

JJJJ Number of storage vectors = LMX in xSTORE(MX,ITMAX) 

KKKK Number of non-zero natural abundances 

LLLL Number of non-zero photon yields 

MMMM Maximum number of light nuclides = ILMAX 

NNNN Maximum number of variable multipliers in RMULV 

0000 Number of actinides with both direct fission 
product yields - and a variable fission cross section 
(usually 3; can be 4 for plutonium-enriched thorium 
fuels) 



3.  F i s s i o n  p roduc t s ,which  c o n s i s t  of n u c l i d e s  produced by a c t i n i d e  

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

The meaning o f  t h e  word "vec to rs"  i n  Table  2 .1  i s  d i s c u s s e d  i n  S e c t .  2.4.  

ORIGEN2 k e e p s  t r a c k  o f  and p r i n t s  t h e  minimum r e q u i r e d  s i z e  o f  most 

of t h e  v a r i a b l y  dimensioned a r r a y s  ( s e e  S e c t .  8 . 2 . 2 ) .  A summary of t h e  

recommended d imens ions  f o r  s e v e r a l  problem s i z e s  i s  g iven  i n  Table  2 .2 .  

The magnitude o f  t h e  dimensions  i s  dependent  on t h e  number of a c t i n i d e  

n u c l i d e s  h a v i n g  d i r e c t  f i s s i o n  p roduc t  y i e l d s ,  which can  range  from 

z e r o  t o  e i g h t  ( s e e  S e c t .  4.18).  Dimensions are g i v e n  i n  Table  2 . 2  f o r  

c a s e s  w i t h  0,  4 ,  6 ,  and 8  a c t i n i d e s  hav ing  d i r e c t  f i s s i o n  p r o d u c t  y i e l d s .  

The v a r i a b l e  NYTF i n  MAIN ( s e e  F i g .  2.1) i n d i c a t e s  whether  the rmal  

r e a c t o r  (NYTF = 0) o r  f a s t  r e a c t o r  (NYTF = 1 )  n e u t r o n  y i e l d s  p e r  neu t ron-  

induced f i s s i o n  a r e  t o  b e  used ( s e e  a l s o  S e c t .  3 .1 ) .  

The v a r i a b l e s  RMULV, DR, ER, FR, and LAM are r e l a t e d  t o  a m u l t i p l i e r  

used by t h e  MOV ( S e c t .  4.12) and ADD ( S e c t .  4 .13)  commands. LAM i s  t h e  

number o f  p o s s i b l e  m u l t i p l i e r s  ( p r e s e n t l y  f o u r )  i n  a  g iven  s e t  o f  m u l t i -  

p l i e r s .  These are s p e c i f i e d  by i n i t i a l i z i n g  v a r i a b l e s  DR ( f i r s t  s e t ) ,  

ER (second s e t ) ,  and FR ( t h i r d  s e t )  u s i n g  DATA s t a t e m e n t s  i n  MAIN.  

V a r i a b l e s  Dl?, ER, and FR a r e  equ iva lenced  t o  t h e  a p p r o p r i a t e  p o r t i o n  

of RMULV. . The v a r i a b l e  LAM i s  passed  i n  s u b r o u t i n e  pa ramete r  l ists f o r  

v a r i a b l e  d imens ion ing  purposes .  

2.2 ORIGEN2 Free-Format I n p u t  

With few e x c e p t i o n s ,  a l l  o f  t h e  i n p u t  d a t a  t o  ORIGEN2 can  b e  

s p e c i f i e d  i n  f r e e  fo rmat .  The f ree - fo rmat  r e a d  r o u t i n e s  are m o d i f i c a t i o n s  

o f  t h o s e  w r i t t e n  by L.  M. ~ e t r i e . ~  The r e s t r i c t i o n s  on f r e e - f o r m a t  i n p u t  

are as f o l l o w s :  

1. A l l  d a t a  must a p p e a r  i n  the c o r r e c t  o r d e r .  

2 .  A l l  d a t a  must b e  o f  t h e  c o r r e c t  t y p e  (e .g . ,  i n t e g e r  o r  r e a l )  and 

may b e  i n  I, F, E ,  o r  D f o r m a t .  

3 .  Each datum must b e  s e p a r a t e d  from t h e  n e x t  b y  a comma a n d / o r  a t  least  

one  s p a c e .  



T a b l e  2 . 2 .  D i m e n s i o n s  f o r  v a r i o u s  ORICENZ r a s e  s i z e s  

P a r a m e t e r  
C a s e  

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

S e g m e n t s  c o n s i d e r e d a  

Type o f  c a l c u l a t i o n b  

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

A l p h a b e t i c  a r r a y  d i m e n s i o n s C  

AAAA 
B B B B ~  
CCCC 
ODDDd 
E E E E ~  
F F F ~  
G G G G ~  
HHHH 
1111d.e. 
JJJJ 
K K K X ~  
L L L L ~  

N N ~  
O O O O ~  

A p p r o x i m a t e  amount  o f  c o r e  
r e q u i r e d  f o r  e x e c u t i o n  
( b y t e s ) g  

Any Any Any Any Any Any Decay 

4 6  8  0  0  0  0  

Decay Decay Decay h). 

1 3  
132  

7  
2 8 0  

L 
I, 

132 
6 

SOD 
1 0  
I ?  

1 5 0 0  
I, 

4 

3 

182K 

1 3  
I no0  

7  
51)fIO 
11011 
HRO 
1 %2 

h 
2500 

10 
300 

4 7 0 0  
700 

4  
3  

336K 

aAP = a c t i v a t i o n  p r o d u c t s ;  A  = a c t i n i d e s  and  d a u g h t e r s ;  FP = f i s s i o n  p r o d u c t s .  

'Any = e i t h e r  i r r a d i a t i o n  ( 1 . e . .  IRP o r  IRF commands) o r  der,ay ( i . e . .  DEC command) c a n  h e  u s e d .  D e c i ~ y  = no i r r n d i n t l o n ;  der . .~y u n l y .  

'See TabLe 2 . 1  and  F i g .  2 . 1  f o r  d e t a i l s  o n  t h e  d e s c r i p t i o n  and  u s e  o f  t h e s e  d i r n c n n i u n s .  

d A r r n y  d i m e n s i o n  s h o u l d  b e  e v e n l y  d i v i s i b l e  by 4 t o  e n s u r e  word brrundirry a l . i ~ n r n e n c .  

e ~ a r a e r  d i m n s i o n s  may b e  r e q t l i r e d  f o r  s m a l l  i r r a d i e t l o n  o r  d e c a y  Limp s t e p .  In t h e  l i m i t  o f  z c r o  t i m e .  T I i l  - I)IlIlD. 

'Depends o n  r c a c c o r  b e i n g  c o n s i d e r e d ;  s e e  T a b l e  2 . 1 .  i t e m  0 0 0 0 .  

'can v a r y . d e p e n d i n g  o n  t h e  number  o f  i n p , ~ t l o u t p u t  u n i t s  a n d  b u f f e r  s i z e s .  



4 .  Zero d a t a  va lues  must appear  e x p l i c i t l y  ( i . e . ,  a  blank i s  no t  

equ iva l en t  t o  a  ze ro ) .  

5 .  In g e n e r a l ,  d a t a  may be continued onto mul t ip l e  r eco rds  when des i r ed .  

6 .  Ce r t a in  d a t a  must appear  a s  t h e  f i r s t  datum on a  new record .  These 

i n s t a n c e s  a r e  descr ibed  l a t e r .  

7 .  The maximum record l eng th  i s  80 by te s .  

8. I f  an end of f i l e  i s  r ead ,  c o n t r o l  i s  re turned  t o  t h e  c a l l i n g  

sub rou t ine .  

Thus, i n  g e n e r a l ,  t h e  d a t a  being read must be i n  t h e  c o r r e c t  o r d e r ,  must 

begin on a  new card  when r equ i r ed ,  and must be separa ted  by a  comma o r  

b lank .  Other than t h i s ,  t he  d a t a  may appear anyplace on an inpu t  record .  

I n  t h e  s p e c i a l  c a s e  of numbers i n  E o r  D format (e .  g . ,  3.8E 01) , t h e  space 

a f t e r  t h e  E i s  accep tab le  and i s  n o t  considered a s  t h e  end of t h e  number. 

2 . 3  The ORIGEN2 "Command I '  Concept 

The u s e  of "commands" i s  one of t h e  p r i n c i p a l  d i f f e r e n c e s  between 

ORIGEN2 and previous  v e r s i o n s  of ORIGEN. An ORIGEN2 command d i r e c t s  

t h e  computer code t o  execute  a  s i n g l e  func t ion ,  such a s  a  s i n g l e  i r r a d i a -  

t i o n  s t e p .  A s e r i e s  of i n t e r r e l a t e d  commands i s  gene ra l ly  r equ i r ed  t o  

o b t a i n  a  meaningful r e s u l t .  The series of commands t y p i c a l l y  ranges 

from 25 t o  200 i n  number and is  s i m i l a r  in l o g i c  t o  a program w r i t t e n  

i n  a computer language such a s  FORTRAN. Thus, t h e  s e r i e s  of commands 

very  much resembles  a  program which i s  read and executed by ORIGEN2. 

The implementation of t h e  command concept i n  ORIGEN2 is advantageous i n  

t h a t  i t  a l lows  a  u s e r  t o  s imu la t e  a  wide v a r i e t y  of nuc lea r  f u e l  cyc l e  

s c e n a r i o s  i n  d e t a i l ,  i nc lud ing  r ecyc le  c a l c u l a t i o n s .  The accompanying 

d isadvantage  is t h a t  t h e  r equ i r ed  inpu t  is more d e t a i l e d  and more 

s p e c i f i c  than  i n  prev ious  v e r s i o n s  of ORIGEN. The c u r r e n t l y  a v a i l a b l e  

ORIGEN2 commands a r e  def ined  and d iscussed  i n  Sec t .  4 .  



2.4  The Concept of an ORIGEN2 "Vector" 

Before a t t e m p t i n g  t o  d e s c r i b e  t h e  o p e r a t i o n a l  d e t a i l s  of ORIGEN2, 

i t  i s  impor tan t  t h a t  t h e  u s e r  unders tand t h e  concept of an ORIGEN2 
1 1  v e c t o r . "  An ORIGEN2 v e c t o r  i s  a  one-dimensional a r r a y  t h a t  s p e c i f i e s  

t h e  amount of each n u c l i d e  be ing  considered i n  an ORIGEN2 c a s e ;  i t  is  

p r i n t e d  a s  a  s i n g l e  column of  numbers i n  ORIGEN2 o u t p u t .  For example, 

i n  Case 1 i n  Table 2 . 2 ,  which i n c l u d e s  a c t i n i d e ,  a c t i v a t i o n  product ,  and 

f i s s i o n  p roduc t  n u c l i d e s ,  a  v e c t o r  might s p e c i f y  t h e  amounts of a l l  

t h e s e  n u c l i d e s  i n  a  s p e n t  PWR f u e l  assembly a f t e r  150 days pos t - i r rad ia -  

t i o n  decay t ime.  I n  t h i s  c a s e ,  . t h e  amounts of about  1676 n u c l i d e s  

(dimension BBBB i n  Tab les  2 .1  and 2.2) corresponding t o  t h e s e  c o n d i t i o n s  

would b e  s p e c i f i e d  i n  t h e  v e c t o r .  A schemat ic  diagram of t h e  conceptual  

v e c t o r  o r g a n i z a t i o n  i n  ORIGEN2 is shown i n  Fig .  2.2. Two b a s i c  types  o f  

v e c t o r s  a r e  a c c e s s i b l e  t o  t h e  u s e r :  ou tpu t  v e c t o r s ,  and s t o r a g e  vec- 

t o r s .  

Twelve o u t p u t  v e c t o r s  a r e  conta ined i n  ORIGEN2. These v e c t o r s  

a r e  w r i t t e n  when ORIGEN2 ou tpu t  i s  produced. Each o f  the  v e c t o r s  is  

d e s i g n a t e d  by u s i n g  p o s i t i v e  i n t e g e r s  corresponding t o  t h e  r e l a t i v e  

l o c a t i o n  of t h e  v e c t o r ,  w i t h  t h e  l e f t m o s t  v e c t o r  on t h e  ou tpu t  page 

b e i n g  v e c t o r  1 and t h e  r i g h t m o s t  v e c t o r  1 2 .  The in format ion  i n  t h e  

o u t p u t  v e c t o r s  is  r e t a i n e d  under a l l  c o n d i t i o n s  excep t  one. This 

e x c e p t i o n  o c c u r s  when a  new s e t  o f  ORIGEN2 commands is  read d u r i n g  a  

s i n g l e  r u n  u s i n g  t h e  STP command (Sec t .  4.29) and t h e  new set of commands 

i n c l u d e s  a  L I B  command (Sec t .  4 .18) ,  which r e a d s  new ORIGEN2 decay and 

c r o s s - s e c t i o n  d a t a  l i b r a r i e s .  I n  t h i s  c a s e ,  t h e  a r r a y  c o n t a i n i n g  t h e  

o u t p u t  v e c t o r s  is  used as s c r a t c h  space t o  read  t h e  new l i b r a r i e s  and 

t h e  n u c l i d e  mass d a t a  are l o s t .  

There a r e  a  v a r i a b l e  number (LX) of s t o r a g e  v e c t o r s  i n  ORIGEN2, 

depending on t h e  v a r i a b l e  dimensions  employed ( s e e  v a r i a b l e  JJJJ i n  

Table  2 . 1 ) .  These v e c t o r s  a r e  used t o  s t o r e  i n t e r m e d i a t e  ORIGEN2 

r e s u l t s  and cannot  be o u t p u t .  The v e c t o r s  a r e  des igna ted  by us ing  

n e g a t i v e  i n t e g e r s  from -1 t o  -LX. The in format ion  i n  t h e  s t o r a g e  

v e c t o r s  i s  r e t a i n e d  under a l l  c i rcumstances ,  i n c l u d i n g  those  where t h e  

o u t p u t  v e c t o r s  a r e  o v e r w r i t t e n .  
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Fig. 2 .2 .  Organiza t ion  of ORIGEN2 v e c t o r s .  



2.5  D e s c r i p t i o n  of ORIGEN2 Input /Output  Uni t s  

ORIGEN2 u s e s  s e v e r a l  i n p u t  and o u t p u t  u n i t s  t o  f a c i l i t a t e  o r d e r l y  

and f l e x i b l e  code o p e r a t i o n .  These u n i t s  and t h e i r  f u n c t i o n s  a r e  given 

i n  Table  2 .3 .  For a  b a s i c  ORIGEN2 c a l c u l a t i o n ,  u n i t s  5 ,  6 ,  1 2 ,  and 50 

would be n e c e s s a r y ,  and t h e  r e s t  of t h e  u n i t s  could be dummied o r  omit ted.  

The u n i t s  n o t  used i n  t h e  b a s i c  c a l c u l a t i o n  a r e  r e q u i r e d  t o  execute  c e r t a i n  

ORIGEN2 commands o r  t o  p rov ide  u s e f u l  a u x i l i a r y  in format ion .  

2.6 Card Inpu t  Echo 

ORIGEN2 h a s  inc luded  i n  it a SUBROUTINE LISTIT,which h a s  t h e  f u n c t i o n  

o f  p r o v i d i n g  a c a r d  i n p u t  echo. The c a r d s  are read  on u n i t  5 ,  p r i n t e d  on 

u n i t  6 ,  and w r i t t e n  t o  u n i t  50,  ,which is a temporary f i l e .  Cards t h a t  

have a  d o l l a r  s i g n  ($)  i n  t h e  f i r s t  column of t h e  card  a r e  p r i n t e d  (on 

u n i t  6 )  b u t  n o t  w r i t t e n  (on u n i t  5 0 ) ,  t h u s  a l lowing  f o r  t h e  i n c l u s i o n  of 

comments i n  t h e  i n p u t  s t ream t h a t  w i l l  n o t  i n t e r f e r e  w i t h  t h e  o p e r a t i o n  

o f  ORIGEN2. Uni t  50  is  t h e n  rewound, and t h e  rest of ORIGEN2 r e a d s  t h i s  

i n f o r m a t i o n  from u n i t  50. The u n i t s  5 ,  6 ,  and 50  appear  e x p l i c i t l y  i n  t h e  

c a l l  t o  LISTIT, which o c c u r s  i n  M A I N .  Thus, i f  t h e  u n i t  numbers given i n  

Table  2 . 3  a r e  a l t e r e d ,  t h e  u n i t  d e f i n i t i o n s  i n  t h e  LISTIT parameter l i s t  

i n  MAIN must a l s o  b e  changed cor responding ly .  

2.7 ORIGEN2 Nuclide I d e n t i f i e r  

The ORIGEN2 n u c l i d e  i d e n t i f i e r  i s  a  s i x - d i g i t  i n t e g e r  t h a t  

u n i q u e l y  d e f i n e s  a p a r t i c u l a r  n u c l i d e .  Th is  i d e n t i f i e r ,  which is  

i d e n t i c a l  w i t h  t h a t  i n  t h e  o r i g i n a l  ORIGEN, i s  d e f i n e d  as fo l lows :  

NUCLID = 10000*Z + 10*A + IS, 

where 

NUCLID = s i x - d i g i t  n u c l i d e  i d e n t i f i e r  

Z = atomic number of n u c l i d e  



Table  2.3. D e s c r i p t i o n  o f  ORIGEN2 i n p u t / o u t p u t  u n i t s  

Uni t  
number D e s c r i p t i o n  Remarks 

3  S u b s t i t u t e  d a t a  f o r  decay and c r o s s -  S p e c i f i e d  by LIB command, S e c t .  4.18 
s e c t i o n  l i b r a r i e s  

4 A l t e r n a t e  u n i t  f o r  r e a d i n g  m a t e r i a l  See  S e c t .  4 .6  
c o m p o s i t i o n s  

5 Card'  r e a d e r  S p e c i f i e d  i n  MAIN i n  c a l l  t o  LISTIT 

6 P r i n c i p a l  o u t p u t  u n i t ;  u s u a l l y  
d i r e c t e d  t o  l i n e  p r i n t e r  

S p e c i f i e d  i n  BLOCK DATA, v a r i a b l e s  = IOUT, JOUT, 
KOUT; see S e c t .  4.6 

7 U n i t  t o  w r i t e  a n  o u t p u t  v e c t o r  Used by PCH command, S e c t .  4.15 

9 Decay and c r o s s - s e c t i o n  l i b r a r y  S p e c i f i e d  by LIB command, S e c t .  4.18 

1 0  Photon l i b r a r y  S p e c i f i e d  by PHO command, S e c t .  4.19 

11 A l t e r n a t e  o u t p u t  u n i t ;  u s u a l l y  
d i r e c t e d  t o  l i n e  p r i n t e r  

See S e c t .  4.5 

1 2  T a b l e  o f  c o n t e n t s  f o r  u n i t  6 above; S p e c i f i e d  i n  BLOCK DATA, v a r i a b l e  = NTOCA 
u s u a l l y  d i r e c t e d  t o  t h e  l i n e  p r i n t e r  

1 3  T a b l e  o f  c o n t e n t s  f o r  u n i t  11; u s u a l l y  S p e c i f i e d  i n  BLOCK DATA, v a r i a b l e  = NTOCB 
d i r e c t e d  t o  l i n e  p r i n t e r  

1 5  P r i n t  debugging i n f o r m a t i o n  

1 6  P r i n t  v a r i a b l e  c r o s s - s e c t i o n  i n f o r m a t i o n  

50 Data set  used t o  t e m p o r a r i l y  s t o r e  S p e c i f i e d  i n  BLOCK DATA, v a r i a b l e  = IUNIT 
i n p u t  r e a d  on u n i t  5 



A = atomic mass of nuclide 

IS = isomeric state indicator 

0 = ground state 

1 = excited state 

2 or greater not permitted 

Thus, the nuclide identifier for '37~s (2 = 55, A = 137) would be 551370. 

The trailing zero (or one) is always required. A leading zero, such as 

for tritium (NUCLID = 010030),is not required. The six-digit identifier 

for an element is given by 

ELEMID = 10000*Z, 

where ELEMID is the element identifier and Z is defined as above. Thus, 

the ELEMID for cesium would be 550000. 

2.8 Machine Compatibility Considerations 

ORIGENZ has been designed to be as machine-compatible as is possible 

by using only the FORTRAN computer language, using only standard FORTRAN 

functions (e.g., SQRT, etc.), using H format specifications for literal 

data in FORMAT and DATA statements, and minimizing the number of partial- 

word (i.e., one-byte and two-byte word) arrays. However, in the interest 

of minimizing space and coding complexity, some features were used that 

may not be acceptable on non-IBM computers. Specifically, some partial- 

word arrays are used. 

Aspects of ORIGEN2 that are likely to require modification before 

implementation on other machines are as follows: 

1. All partial-length word specifications must be removed for those 

computers where they are not permitted. These specifications 

are given by cards at the beginning of each subprogram,and the 

first characters are INTEGER*2. 

2. For those computers with a word 1ength.at least twice that of 

the IBM computers (32 bits), the DOUBLE PRECISION declarations 

become optional. 



3.  I n  two p l a c e s  ( s u b r o u t i n e s  LISTIT and QQREAD), ORIGEN2 i s  

des igned  t o  r e a d  u n t i l  a n  e n d - o f - f i l e  is  encounte red  and t h e n  

branch t o  a n o t h e r  o p e r a t i o n .  Accommodation of t h i s  branch i s  

accomplished d i f f e r e n t l y  on d i f f e r e n t  computers,and t h e  u s e r  

s h o u l d  check t h i s  t o  e n s u r e  c o m p a t i b i l i t y .  

4 .  INTEGER FUNCTION QQPACK r e a d s  i n p u t  d a t a , c h a r a c t e r  by c h a r a c t e r ,  

and c o n s t r u c t s  words from t h e  c h a r a c t e r s .  A s  a  r e s u l t  of t h e  

w i d e l y  v a r y i n g  word s t r u c t u r e  on v a r i o u s  computers ,  t h i s  r o u t i n e  

must be  t o t a l l y  changed f o r  each d i f f e r e n t  t y p e  of computer.  

V e r s i o n s  of t h i s  s u b r o u t i n e  a r e '  c u r r e n t l y  a v a i l a b l e  f o r  IBM 

and CDC computers.  

5 .  Many non-IBM computers have r e l a t i v e l y  small c o r e  r e g i o n s  f o r  

t h e  e x e c u t i n g  program and a  l a r g e ,  d i r e c t l y  a s s o c i a t e d  memory 

f o r  s t o r i n g  t h e  l a r g e  a r r a y s  a s  opposed t o  t h e  IBM procedure  

o f  p l a c i n g  t h e  e n t i r e  e x e c u t i n g  job  i n  c o r e .  Thus, f o r  t h e s e  

computers ,  c a r d s  t h a t  a s s i g n  t h e  d e s i r e d  a r r a y s  t c  t h e  d i r e c t l y  

a c c e s s e d  memory must be i n c l u d e d .  A t  t h e  t ime t h i s  r e p o r t  i s  

b e i n g  i s s u e d ,  t h i s  h a s  been accomplished f o r  a  CDC 7600 

computer.  7 

6. For  computers where t h e  u s e  o f  u n i n i t i a l i z e d  "garbage" i n  

ass ignment  s t a t e m e n t s  w i l l  r e s u l t  i n  e r r o r s ,  t h e  c o r e  shou ld  

b e  p r e s e t  t o  z e r o .  



3. MISCELLANEOUS INITIALIZATION DATA 

Because the data discussed in this section are widely varied and are 

only related by their invariance from case to case, they are categorized 

as "miscellaneous initialization data." The types of data falling into 

this category, and the section in which each is discussed, can be summar- 

ized as follows: 

Sect ion Data description 

3.1 Fission neutron yields per neutron-induced 
fission 

3.2 (a,n) neutron production rates 

3 . 3  Neutron yield per spontaneous fission 

3.4 Fractional reprocessing recoveries for 
individual elements 

3.5 Fractional reprocessing recoveries for 
element groups 

3.6 Assignment of individual elements to 
fractional reprocessing recovery groups 

3.7 Elemental chemical toxicities 

All of these data are initialized in a BLOCK DATA statement using the 

types of information described in the appropriate subsection below. 

3.1 Fission Neutron Yield per Neutron-Induced Fission 

The BLOCK DATA statement supplies spectrum-weighted single-group 

fission neutron yields per neutron-induced fission for a thermal reactor 

(PWR-U) and a fast reactor (advanced-oxide LMFBR). These data are used 

in calculating the infinite neutron multiplication factor for a mixture 

of nuclides. These data cannot be altered except by changing the values 

in the BLOCK DATA routine and recompiling it. 



3.2 ( a ,n )  Neutron Product ion Rate 

The BLOCK DATA r o u t i n e  s u p p l i e s  measured ( a ,n )  neu t ron  product ion 

r a t e s  ( u n i t s  = neut rons  g-' sec-') f o r  n u c l i d e s  i n  oxide f u e l s  which 

o v e r r i d e  va lues  c a l c u l a t e d  w i t h  an e m p i r i c a l  equa t ion  i n  ORIGEN2. The 

(a ,n)  neu t ron  product ion  rates f o r  t hose  n u c l i d e s  n o t  l i s t e d  e x p l i c i t l y  

a r e  c a l c u l a t e d  from an empi r i ca l  equa t ion .  The parameters  i n  t h e  

equa t ion  and t h e  e x p l i c i t  v a l u e s  cannot be a l t e r e d  except  by changing 

t h e  v a l u e s  i n  t h e  BLOCK DATA sub rou t ine  and recompil ing i t .  

3 . 3  F i s s i o n  Neutron Yield per  Spontaneous F i s s i o n  

The BLOCK DATA r o u t i n e  s u p p l i e s  measured neut ron  y i e l d s  per  spon- 

taneous f i s s i o n  which o v e r r i d e  va lues  c a l c u l a t e d  w i t h  an empi r i ca l  

equa t ion  i n  ORIGEN2. These neut ron  y i e l d s ,  denoted a s  SF y i e l d s ,  a r e  

used t o  c a l c u l a t e  t h e  decay neut ron  a c t i v i t y  of nuc l ide  mixtures .  The 

SF neut ron  y i e l d s  f o r  those  n u c l i d e s  no t  given e x p l i c i t l y  a r e  c a l c u l a t e d  

from an e m p i r i c a l  equa t ion .  These i n i t i a l i z a t i o n  d a t a  cannot  be a l t e r e d  

except  by changing t h e  va lues  i n  the.BLOCK DATA r o u t i n e  and recompil ing 

i t .  

3.4 F r a c t i o n a l  Reprocessing Recoveries  f o r  Ind iv idua l  Elements 

3 . 4 . 1  I n i t i a l i z a t i o n  va lues  

The BLOCK DATA sub rou t ine  s u p p l i e s  r ep roces s ing  f r a c t i o n a l  r e c o v e r i e s  

(FRs) f o r  each i n d i v i d u a l  element.  The FRs a r e  used t o  s e p a r a t e  a  s p e c i f i e d  

e l emen ta l  composi t ion i n t o  two s e p a r a t e  s t reams.  The i n d i v i d u a l  element 

FRs i n i t i a l l y  p r e s e n t  i n  ORIGEN2 a r e  given i n  Table  3.1. A s i n g l e  FR - set  

s p e c i f i e s  an FR f o r  each of 99 elements .  There a r e  t e n  sets of i n d i v i d u a l  

FRs i n  ORIGEN2. 

The i n d i v i d u a l  FR sets a l s o  s e r v e  another  purpose under c e r t a i n  

c i rcumstances .  I f  one o r  more WAC commands ( s ee  Sec t .  4 .17)  are used,  

then  a t  l e a s t  one individual-element  o r  element-group ( s ee  Sec t .  3.5) 

FR set must c o n t a i n  cont inuous  removal r a t e s  f o r  t h e  elements  i n  u n i t s  
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of s ec - l .  The cont inuous removal r a t e s  s p e c i f i e d  i n  t h e  FR s e t  a r e  those  

appropr i a t e  f o r  a r e a c t o r  w i th  cont inuous f u e l  reprocess ing  (e .g. ,  an MSBR). 

The s p e c i f i e d  cont inuous removal r a t e s  a r e  used by t h e  WAC command t o  

gene ra t e  equ iva l en t  cont inuous feed r a t e s  of waste dur ing  waste  decay. 

I n  e i t h e r  of t h e  above c a s e s ,  t h e  i n i t i a l  d a t a  can be a l t e r e d  by 

using t h e  methods descr ibed  below. 

3.4.2 Overr iding i n i t i a l  va lues  

The d e f a u l t  FRs f o r  i n d i v i d u a l  elements can be over r iden  by us ing  the  

fol lowing procedure: 

A .  Function: Overr ides  individual-element  FR suppl ied  i n  t h e  BLOCK DATA 

subrout ine .  

B .  Data sequence: 

where 

NE(M) = one- o r  two-digit  element atomic number (1-99) f o r  t h e  

f r a c t i o n a l  recovery  on t h e  Mth ca rd  

NS(M) = s e t  number (1-10) f o r  t h e  i n d i v i d u a l  f r a c t i o n a l  recovery 

on t h e  Mth card  

FR(M) = f r a c t i o n a l  recovery r e p l a c i n g  t h e  i n i t i a l  va lue  f o r  

e lement  NE(N) i n  s e t  NS (N) 

MMAX = number of  individual-element  f r a c t i o n a l  r e c o v e r i e s  be ing  

ove r r iden  (can be zero)  



C. Number of cards: MMAX+l 

D. Terminate reading these data: NE(MMAX+l).LT.O 

E. Skip reading these data: One card with NE(l).LT.O 

F. Remarks: 

1. The FR(E.1) values also serve to define continuous removal rates 

for the WAC command (see Sects. 3.4.1 and 4.17). Initial 

continuous removal rates can be overriden in the same manner 

as the fractional recoveries. 

3.5 Fractional Reprocessing Recoveries for Element Groups 

3.5.1 Initialization values 

The BLOCK DATA subroutine supplies FR values for a group of elements. 

These group FRs can be employed in essentially the same manner as the FRs 

for individual elements (discussed in Sect. 3.4). That is, the group 

values can be used to separate a single, specified elemental composition 

into two different streams or to designate continuous removal rates for 

the WAC command. The FR values for the groups initially present in 

ORIGEN2 are given in Table 3.2. ORIGEN2 can contain up to 20 groups of 

elements. There are ten sets of group FR in ORIGEN2, each specifying 

the FR for all groups. 

The initial-element group FR can be altered by using the procedure 

described in the subsections that follow. 

3.5.2 Overriding initial values 

The default-element group FR can be overriden by using the procedure 

described below. 

A. Function: Override element group FR supplied by the BLOCK DATA 

subroutine. 
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B. Data sequence: 

NG (LMAX) NS (LMAX) FR (LMAX) 

where 

NG(L) = one- or  two-digit  element group number (1-20) f o r  the 

f r a c t i o n a l  recovery on card L 

NS(L) = s e t  number (1-10) f o r  the  element-group f r a c t i o n a l  

r ecove r i e s  on the  card L 

FR(L) = f r a c t i o n a l  recovery rep lac ing  the i n i t i a l  value f o r  

group NG(L) i n  s e t  NS(L) 

LMAX = number of group f r a c t i o n a l  recover ies  being overridden 

(can be zero)  

C .  Number of cards :  LMAX+l 

D. Terminate reading these  data: NG(LMAX+l).LT.O 

E .  S k i p  reading these data: One card with NG(l).LT.O 

F. Remarks: 

1. The FR(L) a l s o  serve  t o  de f ine  continuous removal r a t e s  f o r  

t h e  WAC command (see Sec ts .  3.4.1, 3.5.1, and 4 . 2 7 ) .  I n i t i a l  

continuous removal r a t e s  can be overridden i n  the same manner 

a s  t h e  group f r a c t i o n a l  recover ies .  



3.6 Assignment of Elements t o  F r a c t i o n a l  Recovery Groups 

3 .6 .1  I n i t i a l i z a t i o n  va lues  

The BLOCK DATA sub rou t ine  a l s o  a s s i g n s  each of t h e  99 elements  t o  

one of t h e  20-element groups d iscussed  i n  Sec t .  3.5. Any number of 

e lements  may be ass igned  t o  a given group, bu t  an  i n d i v i d u a l  element 

can be a  member of only one group. The i n i t i a l  membership of t he  

ORIGEN2 element group i s  given i n  Table 3 . 3 .  

The assignment of e lements  t o  FR groups can be a l t e r e d  by us ing  t h e  

procedure descr ibed  below. 

3 . 6 . 2  Overriding i n i t i a l  va lues  

The membership of t h e  d e f a u l t  element group can be over r iden  by 

us ing  the  procedure descr ibed  below. 

A .  Funct ion:  Overr ide element-group membership assignments suppl ied  

by t h e  BLOCK DATA subrou t ine .  

B. Data sequence: 

where 

NE(1) = one- o r  two-digi t  element atomic number (1-99) on Card 1 

NG(1) = one- o r  two-digit  element group number (1-20) where element 

NE(1) i s  t o  be  ass igned  

IMAX = number of element assignments being overr idden (can be ze ro )  



Table 3.3. Membership of ORIGEN2 
default element group 

Group Elements in group 

All elements except those 
in groups 2-14 

Th 

Pa 

u 

NP 

Pu 

Am 

Cm 

Bk 

Cf 

Es 

F, CI, Br, I 

He, C, N, Ne, Ar, Kr, Xe, Rn 

H 

None 



C. Number of cards: IMAX+l 

D. Terminate reading these data: NE(IMAX+l).LT.O 

E. Skip reading these data: One card with NG(l).LT.O 

3.7 Elemental Chemical Toxicities 

The BLOCK DATA subroutine supplies maximum permissible concentrations 

(MPCs) for each of the chemical elements in water. The MPC is used to 

calculate the volume of water required to dilute a given amount of an 

element to a concentration corresponding to its MPC. The volume of water 

required for each element in a mixture is assumed to yield the total vol- 

ume of dilution water required and thus a measure of the chemical toxicity 

of the elemental mixture. These data cannot be altered except by changing 

the values in the BLOCK DATA subroutine and recompiling it. 



The i n s t r u c t i o n s  d e f i n e d  i n  t h i s  s e c t i o n ,  c a l l e d  ORIGEN2 commands, 

e n a b l e  t h e  u s e r  t o  p r e c i s e l y  d e f i n e  t h e  o r d e r  i n  which any o r  a l l  of t h e  

ORIGEN2 program f u n c t i o n s  a r e  execu ted .  Th i s  procedure  i s  analogous t o  

w r i t i n g  a  FORTRAN program i n  t h a t  t h e  commands d e f i n e  a s e r i e s  of opera- 

t i o n s  which w i l l  b e  performed s e q u e n t i a l l y , w i t h  t h e  sequence being 

v a r i a b l e  a t  t h e  u s e r ' s  o p t i o n .  The u s e  of t h e  commands t o  d e f i n e  t h e  

ORIGEN2 problem f lowshee t  a l l o w s  t h e  u s e  of  a  "DO loop"  c o m n d , w h i c h  

e x e c u t e s  a s e t  of  i n s t r u c t i o n s  w i t h i n  t h e  range of t h e  loop  a  p r e s c r i b e d  

number of  t imes .  Coupled w i t h  o t h e r  o p t i o n s ,  t h i s  g i v e s  t h e  u s e r  t h e  

c a p a b i l i t y  f o r  e a s i l y  i n v e s t i g a t i n ?  f u e l  r e c y c l e  ( e . g . ,  plutonium) and 

n u c l e a r  f u e l  c y c l e  was te  p roduc t ion  r a t e s  a s  a  f u n c t i o n  of t ime.  

The g e n e r a l  format  of  t h e  ORIGEN2 commands i s  

COM PARM(l), PARM(2) ,  . . P m ( I )  , 

where COM i s  a  keyword d e f i n i n g  t h e  i n s t r u c t i o n  type  and t h e  PARM(1) a r e  

p a r a m e t e r s  supp ly ing  v a r i o u s  d a t a  n e c e s s a r y  f o r  t h e  execu t ion  of t h e  

o p e r a t i o n a l  commands. D e t a i l s  on t h e  d a t a  format a r e  g iven  i n  

S e c t .  2.2. A l is t  of  t h e  ORIGEN2 commands and a  b r i e f  d e s c r i p t i o n  

of  t h e i r  f u n c t i o n s  a r e  g iven  i n  Table  4.1. 

Before  a t t e m p t i n g  t o  u s e  ORIGEN2, i t  should  be  noted t h a t  t h e r e  a r e  

c e r t a i n  r e s t r i c t i o n s  on t h e  o r d e r  i n  which t h e  commands must occur .  The 

p r imary  r e s t r i c t i o n  i s  t h a t  t h e  LIB command (Sect .  4 .18) ,  which r e a d s  

t h e  decay  and c r o s s - s e c t i o n  l i b r a r i e s ,  must precede most o t h e r  commands 

s i n c e  i t  d e f i n e s  t h e  list of  n u c l i d e s  b e i n g  cons ide red .  Other  r e s t r i c -  

t i o n s  w i l l  be  no ted  when t h e  i n d i v i d u a l  commands a r e  d i s c u s s e d .  

Each ORIGEN2 command can be p r e s e n t  i n  a s i n g l e  i n p u t  s t r eam a  

maximum number of t imes ;  t h e  l i m i t  depends on t h e  s p e c i f i c  command. 

T h i s  l i m i t  i s  g iven  i n  t h e  s e c t i o n  (below) t h a t  d e s c r i b e s  each i n d i -  

v i d u a l  command. The l i m i t s  can  be  changed by v a r y i n g  t h e  dimensions 

of t h e  a p p r o p r i a t e  a r r a y ( s )  w i t h i n  t h e  ORIGEN2 s o u r c e  deck. The l i m i t  

on  t h e  t o t a l  number o f  ORIGEN2 commands t h a t  may be used is  300, a  

number which can a l s o  be changed by v a r y i n g  a r r a y  dimensions w i t h i n  

t h e  s o u r c e  deck.  



Table 4.1. List of ORIGEN2 commands 

Command 
keyword 

ADD 
BAS 
BUP 
CON 
CUT 
DEC 
DOL 
END 
F AC 
HED 
INP 

IRF 
IRP 
KEQ 
LIB 
LIP 
LPU 
MOV 
OPTA 
OPTF 

OPTL 
OUT 
P CH 
PHO 
PRO 
RDA 
REC 
TIT 
WAC 

Description Section Page 

Add two vectors 
Case basis 
Burnup calculation 
Continuation 
Cutoff fractions for summary tables 
Decay 
DO loop 
Terminate execution 
Calculate a multiplication factor 
Vector headings 
Read input composition, continuous removal 
rate,and continuous feed rate 

Flux irradiation 
Specific power irradiation 
?latch infinite multiplication factors 
Library print control 
Library print control 
Data library replacement cards 
Move nuclide composition from vector to vector 
Specify actinide nuclide output table options 
Specify fission product nuclide output table 
options 

Specify activation product output table options 
Print calculated results 
Punch an output vector 
Read photon libraries 
Reprocess fuel 
Read comments regarding case being input 
Loop counter 
Case title 
Nuclide accumulation 



4 . 1  RDA - Read Comments Regarding Case Being Input 

A. Function: P r i n t s  alphanumeric comments among the  l i s t i n g  of the 

ope ra t iona l  commands being input .  

B.  Data sequence: 

RDA COMMENT(S) 

where 

RDA = command keyword 

COMMENT(S) = alphanumeric message 

C.  Allowable number of RDA commands: Maximum t o t a l  number of commands. 

D. Propagation: None. 

E. Remarks: These comments a r e  p r in t ed  i n  t h e  l i s t i n g  created when 

ORIGEN2 is i n t e r p r e t i n g  the commands, which is  separa te  

from the  card input  echo descr ibed i n  Sect.  2 . 6 .  

4 . 2  T I T  - Case T i t l e  

A. Function: Supplies case t i t l e  pr in ted  i n  ORIGEN2 output .  

B. Data sequence: 

T I T  A(9) ,  . - . A ( 8 0 )  

where 

T I T  = command keyword 

A ( I )  = alphanumeric cha rac t e r s  i n  columns 9-80 only 

C. Allowable number of T I T  commands: 2 0  

D. Propagation: U n t i l  changed. 

E.  Remarks: None. 



4.3 BAS - Case Bas is  

A. Function: Suppl ies  c a s e  b a s i s  p r i n t e d  i n  ORIGEN2 ou tpu t .  

B. Data sequence: 

BAS A(9), . . . A(80) 

where 

BAS = command keyword 

A(I)  = alphanumeric c h a r a c t e r s  i n  columns 9-80 only 

C .  Allowable number of BAS commands: 10  

D. Propagat ion:  U n t i l  changed. 

E. Remarks: The BAS command only  s u p p l i e s  an alphanumeric message. 

The u s e r  i s  r e s p o n s i b l e ' f o r  t h e  cons is tency  of t h e  b a s i s ,  

t h e  i npu t  m a t e r i a l  masses,  s p e c i f i c  power, e t c .  

4.4 FAC - Calcu la t e  a M u l t i p l i c a t i o n  Fac tor  
Based on To ta l  Vector Masses 

Af Funct ion:  C a l c u l a t e s  a m u l t i p l i c a t i o n  f a c t o r ,  FACTOR[NFAC(l)], 

based on t h e  t o t a l  a c t i n i d e  p lus  f i s s i o n  product masses 

i n  one o r  two v e c t o r s  f o r  use  i n  MOV ( see  Sec t .  4.12) o r  

ADD ( see  Sect .  4.13) commands. 

B. Data sequence: 

FAC NFAC(l), . . . NFAC(~),  RFAC(1) 

where 

FAC = command keyword 

NFAC(1) = number of f a c t o r  c a l c u l a t e d  by t h i s  command (must 

be g r e a t e r  than  zero  and l e s s  than  o r  equal  t o  t h e  

maximum number of FAC commands) 

NFAC(2) = v e c t o r  number 



NFAC(3) = vector number 

NFAC(4) = method for calculating FACTORiNFAC(1)l: 

= 1 FACTOR[NFAC(l)] = T[NFAC(2)]+'T[NFAC(3)] 

= 2 FACTOR[NFAC(l)] = T[NFAC(2)]=T[NFAC(3)] 

= 3 FAcTOR[NFAC(~)] = T[NFAC(2)]*T[NFAC(3)] 

= 4 FAcTOR[NFAC(~) ] = T[NFAC(2) ] /T[NFAC(~) ] 

= 5 FACTOR[NFAC(~) 1 = T[NFAC(2) 1 
= 6 FACTOR[NFAC(~)] = T[NFAC(3)] 

= 7 FACTOR[NFAC(l)] = ~.O/T[NFAC(~)] 

= 8 FACTOR[NFAC (1) 1 = ,l. O/T [NFAC (3) 1 

where the T[NFAC(I)] are the total fission product 

plus actinide masses for the indicated vectors, 

expressed in kilograms. 

RFAC(1) = constant value to be used in place of the T[NFAC(I)]: 

.GT.O = substitute RFAC(1) for T[NFAC(2)] when 

calculating FACTOR[NFAC(l)] 

.EQ.O = use the ?C[NFAC(I)] as defined 

.LT.O = substitute [-RFAC(1) ] for T[NFAC(3) 1 when 
calculating FACTOR[NF'AC(l)] 

The units of RFAC(1) are kilograms. 

C. Allowed number of FAC commands: 20 

D. Propagation: Until another FAC command with the same value of 

NFAC (1) is executed. 

E. Remarks: Some characteristic results from this command are 

printed on unit 15. 

4.5 OUT - Print Calculated Results 

A. Function: Calls for the calculated results in some or all of the 

output vectors to be printed. 



B. Data sequence: 

OUT NOUT(l), . . . NOUT(4) 

where 

OUT = command keyword 

NOUT(1) = number of v e c t o r s  t o  be p r i n t e d  beginning wi th  the  

f i r s t  v e c t o r :  

.GT.O = output  on u n i t s  IOUT, JOUT, and KOUT (Unit 6)  

.LT.O = output  on u n i t  11 

NOUT(2) = frequency of p r i n t  i f  i n s t r u c t i o n  i s  i n  a loop 

(Sec t .  4.11) [ p r i n t  occurs  f i r s t  time through loop 

and every NOUT(2)th r ecyc le  t h e r e a f t e r ]  

NOUT(3) = p r i n t  number of p re sen t  r ecyc le :  

.GT.O = yes 

.LE.O = no 

NOUT(4) = parameter c o n t r o l l i n g  type of summary t a b l e  p r i n t e d :  

.LT.O = a l l  v e c t o r s  t e s t e d  f o r  i n c l u s i o n  i n  

summary t a b l e  except  v e c t o r  -NOUT(4) 

.EQ.O = a l l  v e c t o r s  t e s t e d  f o r  i nc lus ion  i n  

summary t a b l e  

.GT.O = only v e c t o r  NOUT(4) t e s t e d  t o  s e e  i f  a 

nuc l ide  i s  included i n  t h e  summary t a b l e  

C. Allowable number of OUT commands: 20 

D. Propagat ion:  None. 

E. Remarks: 

1. If  NOUT(2).NE.l, a REC command must be employed (Sec t .  4 .8) .  



4.6 INP - Read Input Composition, Continuous Removal Rate, 
and Continuous Feed Rate 

A. Function: Calls for nuclide composition, continuous nuclide feed 

rate,or continuous elemental removal rate to be read. 

B. Data sequence: 

INP NINP (1) , . . . NINP (6) 
where 

INP = command keyword 

NINP(1) = number of vector in which initial compositions are 

to be stored 

NINP(2) = read nuclide composition: 

.EQ.O = no . 

.EQ.l = yes; units are glbasis unit (read on unit 5) 

.EQ.2 = yes; units are g-atoms/basis unit (read on 

unit 5) 

.EQ.-1 = yes; units are g/basis unit (read on unit 4) 

.EQ.-2 = yes; units are g-atoms/basis unit (read on 

unit 4) 

NINP(3) = read continuous nuclide feed rate: 

.LT.O = no 

.EQ.l = yes; units are g/(time)(basis unit) 

.EQ.2 = yes; units are g-atoms/ (time) (basis unit) 

See NINP(5) for specification of time units. 

NINP(4) = read element removal rate per unit time: 

.LT.O = no read; no propagation 

.EQ.O = no read, but propagate previously read values 

.GT.O = read NINP(4) data pairs (see Sect. 6.3) 

See NINP(6) for specification of time units. 

NINP(5) = time units of continuous nuclide feed rate data 

(see Table 4.2) 

NINP(6) = time units of continuous elemental removal rate data 

(see Table 4.2) 



Table  4.2. Time u n i t  d e s i g n a t i o n  

1 = seconds 

2 = minutes  

3 = h o u r s  

4 = days  

5 = y e a r s  

6 = s t a b l e  

7 = l o 3  y e a r s  (kY) 

8 = l o 6  y e a r s  (MY) 

9 = l o9  y e a r s  (GY) 



C .  Allowable number of INP commands: 15 

D. P ropaga t ion :  None. 

E .  Remarks: User is  r e s p o n s i b l e  f o r  t h e  c o n s i s t e n c y  of t h e  

c a l c u l a t i o n a l  b a s i s  w i t h  t h e  i n p u t  masses.  

4 . 7  HED - Vector Headings 

A .  Func t ion :  Allows alphanumeric v e c t o r  headings  t o  be s p e c i f i e d .  

B .  Data sequence: 

HED NHED A ( l ) ,  . . A ( l 0 )  

where 

HED = ,command keyword 

NHED = number of v e c t o r  which i s  t o  b e  g iven  heading 

A(1) = t e n - c h a r a c t e r  alphanumeric heading anyplace  on t h e  

ca rd  t o  t h e  r i g h t  of NHED 

C .  Allowable number of HED commands: 50 

D. P ropaga t ion :  U n t i l  t h e  v e c t o r  i s  o v e r w r i t t e n .  

E. Remarks: 

1. The head ing  i s  moved w i t h  t h e  v e c t o r  when t h e  MOV (Sec t .  14.12) 

and ADD ( S e c t .  14.13) commands a r e  used.  

2 .  I f  a HED command i s  t o  be used t o  l a b e l  e i t h e r  a v e c t o r  of 

i n p u t  c o n c e n t r a t i o n s  [ v e c t o r  N I N P ( l ) ,  Sect. 4 . 6 1  o r  t h e  

v e c t o r s  r e s u l t i n g  from a PRO command [ v e c t o r s  NPRO(2) and 

NPR0(3), S e c t .  4 . 241 ,  t h e  HED cormnand must fo l low t h e  INP 

o r  PRO command. 

3 .  I f  A(1) is a n  apos t rophe  o r  a s t e r i s k  (*), t h e  t e n  c h a r a c t e r s  

immediately f o l l o w i n g  A(1) a r e  taken a s  t h e  v e c t o r  heading.  

Th is  a l l o w s  f o r  t h e  i n c l u s i o n  of l e a d i n g  b lanks .  



4 . 8  REC - Loop Counter 

A .  Function: Counts t he  number of t imes t h a t  a loop (DOL command, 

Sec t .  14.11) has  been executed.  

B .  Data sequence: 

REC 

where 

REC = command keyword 

C .  Allowable number of REC commands: 1 

D. Propagat ion:  None. 

E. Remarks: 

1. Thi s  counter  i s  output  a s  t h e  " ~ e c ~ c l e  #"  i n  ORIGEN2 ou tpu t .  

4.9  CUT - Cutoff F rac t ions  f o r  Summary Tables  

A. Funct ion:  Overr ide d e f a u l t  cu to f f  f r a c t i o n s  f o r  summary output  

t a b l e s .  

B.  Data sequence: 

where 

CUT = o p e r a t i o n a l  command 

NCUT(1) = number of t h e  output  t a b l e  t o  which c u t o f f  f r a c t i o n  

RCUT(1) is  t o  apply ( see  Table 4 . 3  f o r  t a b l e  numbers 

and d e s c r i p t i o n s )  

RCUT(1) = new c u t o f f  f r a c t i o n  f o r  t a b l e  number NCUT(1) 

NT = t o t a l  number of  d e f a u l t  cu to f f  va lues  which a r e  

be ing  over r idden  w i t h  t h i s  CUT command 

C.  Allowable number of CUT commands: 3 

D. Propagat ion:  U n t i l  changed. 



Table 4.3. Description of ORIGEN2 output table 

Table 
number Description of table Units 

1 Isotopic composition of each element atom fraction 

2 Isotopic composition of each element weight fraction 

3 Composition gram-atoms 

4 Composition atom fraction 

5 Composition grams 

6 Composition weight fraction 

7 Radioactivity (total) C i 

8 Radioactivity (total) fractional 

Thermal power 

Thermal power 

Not used 

Not used 

Radioactive inhalation hazard 

Radioactive inhalation hazard 

Radioactive ingestion hazard 

Radioactive ingestion hazard 

Chemical ingestion hazard 

Chemical ingestion hazard 

Neutron absorption rate 

Neutron absorption rate 

Neutron-induced fission rate 

Neutron-induced fission rate 

Radioactivity (alpha) 

Radioactivity (alpha) 

(alpha,n) neutron production 

Spontaneous fission neutron production 

Photon emission rate 

Set test parameter ERR 

watts 

fractional 

m3 air 

fractional 

m3 water 

fractional 
3 m water 

fractional 

neutronslsec 

fractional 

fissions/sec 

fractional 

C i 

fractional 

neutrons/sec 

neutrons/sec 

photonslsec 



E.  Remarks: 

1. I f  an output  va lue  f o r  a  p a r t i c u l a r  nuc l ide  i s  l e s s  than t h e  

cu to f f  f r a c t i o n  m u l t i p l i e d  by t h e  t o t a l  t a b l e  va lue  f o r  a l l  

v e c t o r s  be ing  t e s t e d  ( see  Sec t .  4 .5  f o r  a d d i t i o n a l  d e t a i l s  on 

which v e c t o r s  a r e  t e s t e d ) ,  then  t h a t  p a r t i c u l a r  nuc l ide  i s  

n o t  p r i n t e d .  

2. Table number 28 can be used t o  ove r r ide  the  d e f a u l t  va lue  f o r  

ERR, p r e s e n t l y  s e t  a t  1.OE-25. ERR i s  used i n  l o g i c a l  IF  

s t a t emen t s  i n s t e a d  of 0  . O .  

3 .  An i n t e g e r  -1 must fo l low RCUT(NT) un le s s  a l l  28 cu to f f  

f r a c t i o n s  a r e  s p e c i f i e d .  

4. The d e f a u l t  cu to f f  f r a c t i o n s  f o r  t h e  f i r s t  26 t a b l e s  ( s ee  

Table 4 .3 )  a r e  0.001; f o r  Table 27 t h e  cu to f f  i s  0.01. 

5. The [NCUT(I),RCUT(I)] may cont inue  onto  subsequent ca rds .  

No o p e r a t i o n a l  command is used on t h e  a d d i t i o n a l  cards .  

6 .  The a p p l i c a t i o n  of t h e  c u t o f f  va lue  t o  photon t a b l e s  i s  

somewhat d i f f e r e n t ;  i t  i s  d iscussed  i n  Sec t .  8.2.2.  

4.10 KEQ - Match I n f i n i t e  M u l t i p l i c a t i o n  Fac to r s  

A.  Funct ion:  Blend m a t e r i a l s  i n  two v e c t o r s  so  t h a t  t h e  r e s u l t i n g  

i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r  (IMF) matches t h a t  of 

another  v e c t o r  o r  an i n p u t  va lue .  

B.  Data sequence: 

where 

KEQ = command keyword 

NKEQ(1) = v e c t o r  whose IMF i s  t o  be  matched by v e c t o r  NKEQ(4) 

NKEQ(2) = v e c t o r  whose m a t e r i a l  i s  t o  b e  wholly included i n  t h e  

f i n a l  blended m a t e r i a l  i n  v e c t o r  NKEQ(4) 

NKEQ(3) = v e c t o r  whose m a t e r i a l  i s  t o  be apport ioned t o  o b t a i n  

t h e  proper  IMF f o r  v e c t o r  NKEQ(4) 



NKEQ(4) = v e c t o r  c o n t a i n i n g  a l l  m a t e r i a l  i n  v e c t o r  NKEQ(2) p l u s  

p a r t  o f  t h e  m a t e r i a l  i n  NKEQ(3) and having t h e  same IMF 

a s  e i t h e r  v e c t o r  NKEQ(1) o r  RKEQ(1); t h a t  i s ,  

where f i s  t h e  f a c t o r  by which NKEQ(3) must  be m u l t i p l i e d  

t o  o b t a i n  t h e  c o r r e c t  IMF f o r  NKEQ(4). 

NKEQ(5) = v e c t o r  c o n t a i n i n g  t h e  p o r t i o n  of NKEQ(3) n o t  blended 

i n t o  NKEQ(4) ; t h a t  i s ,  

I f  (1-f) i s  less than z e r o ,  then  WEQ(5) is  s e t  t o  zero .  

RKEQ(1) = d e s i r e d  f i n a l  IMF f o r  v e c t o r  NKEQ(4) i f  RKEQ(l).GT.O.O. 

I f  RKEQ(l).LT.O.O, t h e  IMF of v e c t o r  NKEQ(4) i s  matched 

t o  t h a t  of v e c t o r  NKEQ(1). I f  RKEQ(l).EQ.O.O, t h e  IMP 

i s  e q u a l  t o  RMLTLV(NREC,l). The RMULV v a l u e s  a r e  s p e c i f i e d  

i n  a d a t a  s t a t e m e n t  i n  M A I N  ( s e e  Sec t .  2 .1) ;  t h e  NREC 

parameter  i s  d e s c r i b e d  i n  Sec t .  4.8. 

C .  Allowable number o f  KEQ commands: 3 

D. P ropaga t ion :  None. 

E. Remarks: 

1. The e q u a t i o n  used t o  c a l c u l a t e  t h e  parameter  f ,  by which 

v e c t o r  NKEQ(3) i s  m u l t i p l i e d  b e f o r e  be ing  combined w i t h  

m a t e r i a l  i n  v e c t o r  NKEQ(2) and be ing  p laced  i n  v e c t o r  NKEQ(4) 

i s  g iven  by 

where 

k l  = IMF t o  be matched from v e c t o r  NKEQ(1) o r  RKEQ(1) 

k2 = IMF o f  m a t e r i a l  i n  v e c t o r  NKEQ(2) 

k3 = IMF of m a t e r i a l  i n  v e c t o r  NKEQ(3) 

DZ = n e u t r o n  a b s o r p t i o n  r a t e  of material i n  v e c t o r  

NKEQ(2) , n e u t r o n s  s e c  - 1 

D3 = n e u t r o n  a b s o r p t i o n  r a t e  of m a t e r i a l  i n  v e c t o r  

NKEQ(3), n e u t r o n s  sec-I  



2. Some c h a r a c t e r i s t i c  r e s u l t s  from t h i s  command a r e  p r in t ed  

on u n i t  15.  

4.11 DOL - DO Loop 

A .  Function: A "DO loop" which executes  t h e  commands w i t h i n  i t s  

range  a prescr ibed  number of t imes.  

B .  Data sequence: 

DOL NDOL(1) , NDOL(2) 

where 

DOL = command keyword 

NDOL(1) = number of t h e  CON command (Sect .  4.28) which d e f i n e s  

t h e  range of t h i s  DOL: Each DOL must have a unique 

CON a s s o c i a t e d  w i t h  i t .  

NDOL(2) = t h e  t o t a l  number of t imes t h e  i n s t r u c t i o n s  w i t h i n  t h e  

loop  a r e  t o  be executed 

C.  Allowable number of DOL commands: 2 

D. Propagat ion:  None. 

E.  Remarks: None. 

4.12 MOV -Move Nuclide Composition from Vector t o  Vector 

A.  Funcrion: Moves ( i . e . ,  cop ie s )  t h e  nuc l ide  concen t r a t ion  d a t a  i n  

one v e c t o r  t o  another  v e c t o r , n u c l i d e  by n u c l i d e .  

B. Data sequence: 

MOV NMOV(l), NMOV(2), NM0v(3), ~Mov(1)  

where 

MOV = command keyword 

NMOV(1) = number of t h e  vec to r  where t h e  concen t r a t ions  t o  b e  

moved a r e  p r e s e n t l y  s t o r e d  



NMOV(2) = number of t h e  v e c t o r  where t h e  c o n c e n t r a t i o n s  i n  

v e c t o r  NMOV(1) a r e  t o  be moved. May be t h e  same 

as NMOV(1). 

NMOV(3) = s o u r c e  o f  a d d i t i o n a l  m u l t i p l i e r  

.GT.O = number of v a r i a b l e  m u l t i p l i e r  v e c t o r  t h a t  

c o n t a i n s  t h e  a d d i t i o n a l  f a c t o r s  by which 

v e c t o r  NMOV(1) i s  t o  b e  m u l t i p l i e d  before  

be ing  moved t o  v e c t o r  NMOV(2). The v a r i a b l e  

m u l t i p l i e r s  a r e  i n  a r r a y  RMULV and a r e  i n i t i a l -  

i z e d  w i t h  a  DATA s ta tement  i n  MAIN.  The 

p a r t i c u l a r  element of RMULV used i s  

where NREC i s  t h e  r e c y c l e  number (Sect .  4 .8) .  

The t o t a l  m u l t i p l i e r ,  RMITLT, i s  given by 

RMULT = RMULV [NREC , NMOV (3)  ] *RMOV (1). 

NREC must be d e f i n e d  t o  use  t h e  v a r i a b l e  

m u l t i p l i e r  o p t i o n .  

.EQ.O = no a d d i t i o n a l  m u l t i p l i e r  i s  used;  t h a t  i s ,  

RMULT = RMOV(1). 

.LT.O = The a d d i t i o n a l  m u l t i p l i e r  t o  be used was 

p r e v i o u s l y  c a l c u l a t e d  by an FAC command 

( s e e  S e c t .  4.4) and des igna ted  a s  

FACTOR[NFAC(l)] a t  t h a t  t ime.  To use  t h i s  

f a c t o r ,  s e t  NMOV(3) = -NFAC(l); t h e  t o t a l  

m u l t i p l i e r  i s  t h e n  given by 

RMULT = FACTOR[-NMOV(3)]*RMOV(l). 

RMOV(1) = f a c t o r  by which v e c t o r  NMOV(1) i s  t o  be m u l t i p l i e d  

b e f o r e  b e i n g  s t o r e d  i n  v e c t o r  NMOV(2). 

C.  Al lowable  number of MOV commands: 99 

D. P ropaga t ion :  None. 



E. Remarks : 

1. Vector NMOV(2) can b e  zeroed by moving another  v e c t o r  t o  

NMOV(2) w i t h  RMOV(1) = 0.0.  

2. The informat ion  i n  vec to r  NMOV(1) i s  no t  destroyed by t h e  

MOV command. 

3 .  Vector NMOV(2) w i l l  have t h e  same heading as v e c t o r  NMOV(1) 

a f t e r  t h e  MOV command has been executed.  

4.13 ADD - Add Two Vectors  

A. Function: Adds t h e  nuc l ide  concen t r a t ion  d a t a  i n  one v e c t o r  t o  

t h a t  i n  another  vec to r ,nuc l ide  by nuc l ide .  

B.  Data sequence: 

ADD NADD(1) , NADD(2), NADD(3) , RADD(1) 

where 

ADD = o p e r a t i o n a l  command 

NADD(1) = number of t h e  v e c t o r  where t h e  concen t r a t ions  t o  

b e  added a r e  p r e s e n t l y  s t o r e d  

NADD(2) = number of t h e  v e c t o r  t o  which t h e  concen t r a t ions  i n  

v e c t o r  NADD(1) are t o  be  added 

NADD(3) = source  of a d d i t i o n a l  m u l t i p l i e r  

.GT.O = i f  NADD(3).GT.O, i t  i s  t h e  number of t h e  

v a r i a b l e  m u l t i p l i e r  vec to r  which con ta ins  

t h e  f a c t o r s  by which vec to r  NADD(1) is  t o  

be m u l t i p l i e d  be fo re  be ing  added t o  v e c t o r  

NADD(2). The v a r i a b l e  m u l t i p l i e r s  a r e  i n  

a r r a y  RMULV and a r e  i n i t i a l i z e d  w i t h  a DATA 

s ta tement  i n  MAIN. The p a r t i c u l a r  element 

of RMlTLV used is  

RMULV [ NREC , NADD ( 3 ) 1 

where NREC i s  t h e  r e c y c l e  number ( s ee  Sec t .  

4.8). The t o t a l  m u l t i p l i e r ,  RMULT, is g iven  by 



RMULT = RMULV[NREC,NADD(3)]*RADD(l) 

NREC must b e  d e f i n e d  t o  use  t h i s  o p t i o n  ( see  

S e c t .  4 . 8 ) .  

.EQ.O = no a d d i t i o n a l  m u l t i p l i e r  used; t h a t  i s ,  

RMULT = W D ( 1 )  . 
.LT.O = t h e  a d d i t i o n a l  m u l t i p l i e r  t o  be used was 

p r e v i o u s l y  c a l c u l a t e d  by a  FAC command ( see  

S e c t .  4 .4 )  and des igna ted  a s  FACTOR[NFAC(l)]. 

To use  t , h i s  f a c t o r ,  s e t  NADD(3) = -NFAC(l); 

t h e  t o t a l  m u l t i p l i e r  i s  then given by 

RADD(1) = f a c t o r  by which v e c t o r  NADD(1) i s  t o  be 

m u l t i p l i e d  b e f o r e  be ing  added t o  v e c t o r  

NADD(2) o r  a s  s p e c i f i e d  under NADD(3) above. 

C .  Allowable number of ADD commands: 30 

D.  P ropaga t ion :  None. 

E .  Remarks: 

1. Vector  NADD(1) may b e  s u b t r a c t e d  from v e c t o r  NADD(2) by s e t t i n g  

RADD(1) = -1.0. (CAUTION: Negative n u c l i d e  c o n c e n t r a t i o n s  can 

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

2.  The i n f o r m a t i o n  i n  v e c t o r  RADD(1) i s  n o t  a l t e r e d  by t h e  ADD 

command. 

3 .  Vector  NADD(2) w i l l  have t h e  same headings  a s  v e c t o r  NADD(1) 

a f t e r  t h e  ADD command h a s  been executed.  



4.14 BUP - Burnup Calculation 

A. Function: Defines the basis and calculates the average burnup, 

flux, and specific power for an irradiation. 

B. Data sequence: 

BUP 

Irradiation 

BUP 

where 

BUP = command keyword 

Irradiation = the operational commands (generally several IRPs or 

IRFs) that describe the fuel irradiation upon which 

the burnup calculation is to be based. 

C. Allowable number of BUP commands: 20 (ten pair). 

D. Propagation: Until superseded by other BUP commands. 

E. Remarks: 

1. A BUP command must appear both before and after the statements 

constituting the fuel irradiation upon which the burnup calcu- 

lation is to be based. Other commands may be present between 

the BUP statements. 

4.15 PCH - Punch an Output Vector 

A. Function: Punch a designated output vector in ORIGEN2-readable 

format or write it to a disk file. 

B. Data sequence: 

PCH NPCH(11, NPCH(21, NPCH(3) 

where 

PCH = command keyword 

NPCH(1) = control character for light nuclide and structural 

material punch 



NPCH(2) = c o n t r o l  c h a r a c t e r  f o r  a c t i n i d e  n u c l i d e  punch 

NPCH(3) = c o n t r o l  c h a r a c t e r  f o r  f i s s i o n  product  n u c l i d e  punch 

I f  NPCH(1) .EQ.O - no punch 

.GT.O - number of ou tpu t  v e c t o r  t o  be punched 

.LT.O - number of s t o r a g e  v e c t o r  t o  be punched 

C .  Allowable number o f  PCH commands: 54 

D . Propagat  ion  : None. 

E .  Remarks: 

1. Format o f  punched o u t p u t  ,is [2X,12,4(IX),I6,2X,1~~10.4)]; 

s e e  S e c t .  6 . 1  f o r  d e t a i l s .  

2. U n i t s  o f  punched o u t p u t  a r e  g-atoms. 

3 .  The las t  record  ( c a r d )  w r i t t e n  by each PCH command i s  

0  BURNUP FLUX SPECIFIC POWER. 

The burnup, f l u x ,  and s p e c i f i c  power are average v a l u e s  

produced by t h e  BUP command (Sect .  4.14) and - .  must be p resen t  

f o r  a f i l e  r ead  on u n i t  4  [NINP(2).LT.O; s e e  S e c t .  4.61.  

These pa ramete rs  a r e  n o t  n e c e s s a r y  f o r  i n p u t  m a t e r i a l  composi- 

t i o n s  read  w i t h  NINP (2)  . GT. 0. 

4.16 LIP - L i b r a r y  P r i n t  Cont ro l  

A. Func t ion :  C o n t r o l s  t h e  p r i n t i n g  o f  t h e  i n p u t  d a t a  l i b r a r i e s .  

B. Data sequence: 

LIP NLIP(1) , NLIP(2) , NLIP(3) 

where 

LIP = command keyword 

NLIP(1) = c o n t r o l  c h a r a c t e r  f o r  decay l i b r a r y  p r i n t  

NLIP(2) = c o n t r o l  c h a r a c t e r  f o r  c r o s s - s e c t i o n  l i b r a r y  p r i n t  

NLIP(3) = c o n t r o l  c h a r a c t e r  f o r  photon l i b r a r y  p r i n t  

If NLIP(I).EQ.O - no p r i n t  

.GT.O - p r i n t  l i b r a r y  



C. Allowable num'~er of LIP commands: 5 

D. Propagation: Until superseded. 

E. Remarks: None. 

4.17 WAC - Nuclide Accumulation 

A. Function: Multiplies a concentration vector by a fractional 

recovery vector and stores the result in vector B, 

which contains continuous feed rates. 

B. Data sequence: 

WAC W A C  (1) , W A C  (2) 

where 

WAC = command keyword 

NWAC(1) = number of fractional recovery vector (Sects. 3.4 and 3.5) 

which is to multiply concentration vector NWAC(2). 

Fractional recovery NWAC(1) should contain the removal 

rate of each element from the system in units of sec-I 

(equivalent to the feed rate to the next system being 

analyzed). 

NWAC(2) = number of concentration vector which is to be multiplied 

by fractional recovery vector NWAC(1) 

C. Maximum allowable number of WAC commands: 2 

D. Propagation: None. 

E. Remarks: 

1. This command will enable the continuous accumulation of waste 

from a reactor with continuous reprocessing (e.g., an MSBR) to 

be calculated. The steady-state fuel composition in vector 

NWAC(2) is multiplied by the appropriate continuous removal 

rates stored in fractional recovery vector NWAC(1); the result 

is subsequently stored in vector B. Then the waste is decayed, 



w i t h  v e c t o r  B r e p r e s e n t i n g  t h e  con t inuous  feed  of waste  t o  

t h e  w a s t e  decay s t e p  from t h e  con t inuous ly  reprocessed  

s t e a d y - s t a t e  r e a c t o r .  

4.18 LIB - Read Decay and Cross-Section L i b r a r i e s  

A. Func t ion :  Read decay and c r o s s - s e c t i o n  l i b r a r i e s ;  s u b s t i t u t e  

decay and c r o s s - s e c t i o n  c a r d s  and c a r d s  wi th  non- 

s t a n d a r d  r e a c t i o n s .  

B. Data sequence: 

LIB NLIB(l), . . . NLIB(11) 
where 

LIB = command keyword'. 

NLIB(1) = c o n t r o l  c h a r a c t e r  f o r  p r i n t i n g  m a t r i x  of non-zero 

r e a c t i o n  r a t e s  ( a r r a y  A) f o r  t h e  l i b r a r i e s  read ( see  

S e c t .  8 .2 .1 ) .  

I f  NLIB(l).GT.O - p r i n t  

.LE.O - no p r i n t  

NLIB(2) = i d e n t i f i c a t i o n  number of l i g h t  n u c l i d e  decay l i b r a r y  

t o  be  r e a d ;  s e e  Table  4.4 

NLIB(3) = i d e n t i f i c a t i o n  number of a c t i n i d e  n u c l i d e  decay l i b r a r y  

t o  b e  r e a d ;  see Table  4.4 

NLIB(4) = i d e n t i f i c a t i o n  number of f i s s i o n  product  n u c l i d e  decay 

l i b r a r y  t o  be r e a d ;  see Table 4.4 

NLIB(5) = i d e n t i f i c a t i o n  number of l i g h t  n u c l i d e  c r o s s - s e c t i o n  

l i b r a r y  t o  b e  r e a d ;  see Table  4.4 

NLIB(6) = i d e n t i f i c a t i o n  number of a c t i n i d e  n u c l i d e  c r o s s - s e c t i o n  

l i b r a r y  t o  be r e a d ;  s e e  Table 4 .4  

NLIB(7) = i d e n t i f i c a t i o n  number of f i s s i o n  product  n u c l i d e  y i e l d  

and c r o s s - s e c t i o n  l i b r a r y  t o  be r e a d ;  s e e  Table 4.4 

I f  NLIB(2-7) .EQ.O - no read  

.GT.O - normal read on u n i t  NLIB(8) 



Table 4.4. Numbers of ORICEN? data libraries 

Category of isotope 
Type of library Activation product Actinide Fission product 

(NLIBU or 5) l a  [ N L I B ( ~  or 6) l a  r N L I B ( 4  or 7) l a  NLIB(IZ)~ 

Decay 

Photon 

Cross-section libraries 

204 20 5 PWR: '15u-enriched UOz ; 
33,000 MWdImetric ton 

PWR: "'u-enriched UO. in a 
self-generated Pu recycle 
reactor 

PWR: Pu-enriched U02 in a 
self-generated Pu recycle 
reactor 

BUR: 235~-enriched fuel in a 254 
self-generaced Pu recycle 
reactor 

BWR: Pu-enriched fuel in a 257 
self-generaced Pu recycle 
reactor 

PWR: ThOz-enriched with denatured 
2 3 3" 

213 214 215 7 

PWR: Pu-enriched Tho2 216 217 218 6 

PWR: 23S~-enriched U02 ; 
50.000 MWdImetric ton 

PWR: ThOt-enriched with makeup. 
denatured 2 3 5 ~  

PWR: Tho2 enriched with 225 
recycled, denatured 2 3 3 ~  

LMFBR: Early oxide, LWR-PulUIUIU 

Core 301 

Axial blanket 304 

Radial blanket 307 

LHFBR: Advanced oxide, LWR-Pu/U/U/U 

Core 311 

Axial blanket 314 

Radial blanket 317 

LMFBR: Advanced oxide, recycle-PulU/U/U 

Core 321 

Axial blanket 324 

Radial blanket 327 

Thermal: 0.0253-eV cross sections 201 202 203 0 

a~efer to Sect. 4.18 for the use of these parameters. 



.LT.O - normal read  on u n i t  NLIB(8) and 

s u b s t i t u t e  c a r d  read  on u n i t  

NLIB (9)  

NLIB(8) = number o f  i n p u t  u n i t  f o r  normal r e a d i n g  of t h e  bulk 

of t h e  l i b r a r i e s  

NLIB(9) = number o f  i n p u t  u n i t  f o r  r e a d i n g  s u b s t i t u t e  c a r d s  

NLIB(10) = number o f  non-standard r e a c t i o n s  t o  be read 

I f  NLIB(lO).EQ.O - no read  

.GT.O - non-standard r e a c t i o n s  read on 

u n i t  NLIB (8) 

.LT.O - non-standard r e a c t i o n s  read  on 

u n i t  NLIB(9) 

NLIB(11) = c o n t r o l  c h a r a c t e r  i d e n t i f y i n g  t h e  s e t  of a c t i n i d e s  wi th  

d i r e c t  f i s s i o n  p roduc t  y i e l d s ;  s e e  Table 4.5 

NLIB(12) = c o n t r o l  c h a r a c t e r  i d e n t i f y i n g  t h e  s e t  of v a r i a b l e  

a c t i n i d e  c r o s s  s e c t i o n s  t o  be used;  s e e  Table 4 . 4  

C. Allowable number o f  LIB commands: 5 

D.  P ropaga t ion :  U n t i l  a n o t h e r  set of decay l i b r a r i e s  i s  read .  

E. Remarks: 

1. I f  s u b s t i t u t e  c a r d s  a r e  t o  b e  r e a d ,  t h e  LPU command(s) 

( S e c t .  4.20) must precede t h e  LIB command i n  which t h e  c a r d s  

a r e  t o  be read .  

2. See Sec t .  5 f o r  l i b r a r y  format d e t a i l s .  

4.19 PHO - Read Photon L i b r a r i e s  

A .  Func t ion :  Read t h e  photon p roduc t ion  r a t e  p e r  d i s i n t e g r a t i o n  i n  

1 8  energy groups.  



T a b l e  4.5. A c t i n i d e  sets with d i r e c t  f i s s i o n  p roduc t  y i e l d s  

NLIB (11) A c t i n i d e s  with d i r e c t  f i s s i o n  p roduc t  y i e l d s  



B. Data sequence: 

PHO NPHO(l), . . . NPHO(4) 

where 

PHO = command keyword 

NPHO(1) = i d e n t i f i c a t i o n  number of a c t i v a t i o n  product  photon 

l i b r a r y  t o  be read ;  s e e  Table  4 . 4  

NPHO(2) = i d e n t i f i c a t i o n  number of a c t i n i d e  n u c l i d e  photon 

l i b r a r y  t o  be read ;  s e e  Table  4 . 4  

NPHO(3) = i d e n t i f i c a t i o n  number of f i s s i o n  product  n u c l i d e  photon 

l i b r a r y  t o  b e  r e a d ;  s e e  Table 4 .4  

I f  NPHO(1-3).LE.O - no read  

.GT.O - read  

NPHO(4) = number o f  i n p u t  u n i t  on which t h e  photon l i b r a r i e s  a r e  

t o  b e  read  

C.  Allowable number o f  PHO commands: 5 

D .  P ropaga t ion :  U n t i l  a n o t h e r  s e t  of photon l i b r a r i e s  is  r e a d .  

E .  Remarks: See S e c t .  5.5 f o r  l i b r a r y  format d e t a i l s .  

4.20 LPU - D a t a  L i b r a r y  Replacement Cards 

A. Func t ion :  Read n u c l i d e  i d e n t i f i e r s  f o r  replacement decay and/or  

c r o s s - s e c t i o n  d a t a  c a r d s  t o  be read by LIB command 

(Sect. 4.18).  

B. Data sequence: 

LPU NLPU(l), . . . NLPU(MAX), -1 

where 

LPU = command keyword 

NLPU(1-MAX) = n u c l i d e  i d e n t i f i e r s  f o r  replacement  d a t a  c a r d s  

i n  t h e  o r d e r  i n  which t h e y  occur  i n  t h e  o r i g i n a l  

d a t a  l i b r a r y  

MAX = number of n u c l i d e  i d e n t i f i e r s  t o  be  read  f o r  a g iven 

LPU command; must be .LE.100 



C .  Allowable number of LPU ca rds :  9 

D .  Propagat ion:  U n t i l  another  L I B  command is executed.  

E .  Remarks: 

1. I f  l e s s  than  100 nuc l ide  i d e n t i f i e r s  a r e  s p e c i f i e d ,  a  -1 

( i n t e g e r )  must appear  a f t e r  t h e  l a s t  i d e n t i f i e r .  

2. A s  many c a r d s  may b e  used a s  a r e  r e q u i r e d .  

3 .  The LPU command(s) must precede t h e  L I B  cormnand i n  which t h e  

replacement d a t a  c a r d s  w i l l  be read .  

4 .  The f i r s t  LPU command i s  a s soc i a t ed  wi th  the  f i r s t  nega t ive  

c o n t r o l  v a r i a b l e  i n  t h e  NLIB(2-7) set of c o n t r o l  v a r i a b l e s  

(Sec t .  4 .18) .  The second LPU command i s  a s soc i a t ed  wi th  t h e  

second nega t ive  c o n t r o l  v a r i a b l e  i n  t h e  NLIB(2-7) s e t  of 

c o n t r o l  v a r i a b l e s ,  e t c .  

5. See S e c t s .  5 . 1  and 5.2 f o r  l i b r a r y  format d e t a i l s .  

4.21 IRF - Flux I r r a d i a t i o n  

A .  Funct ion:  I r r a d i a t i o n  f o r  a  s i n g l e  i n t e r v a l  w i th  t h e  neutron f l u x  

s p e c i f i e d  . 
B. Data sequence: 

IRF R,IRF ( I ) ,  RIRF (2 ) ,  NIRF (1) . . . . NIRF(4) 

where 

IRF = command keyword 

RIRF(1) = time a t  which t h i s  i r r a d i a t i o n  i n t e r v a l  ends 

RIRF(2) = i f  RIRF(2).GT.O.OY t h i s  i s  t h e  neut ron  f l u x  du r ing  
-1 t h i s  i r r a d i a t i o n  i n t e r v a l  i n  neut rons  s e c  . 

I f  RIFR(2).LT.O.OY t h e  neut ron  f l u x  i s  given by: 

NEWFLUX = OLDFLUX* [-RIRF (2) ] 

where 

NEWnUX = f l u x  t o  b e  used dur ing  t h i s  i n t e r v a l ,  

neut rons  c m 2  s e c  - 1 



OLDFLUX = f l u x  f o r  t h e  same t ime per iod  from t h e  

p r e v i o u s  i r r a d i a t i o n ,  neu t rons  cm-2 sec- ' . 
See remark 2 below. 

NIRF(1) = number o f  t h e  v e c t o r  where t h e  m a t e r i a l  composit ion a t  

t h e  beg inn ing  of t h i s  i r r a d i a t i o n  i n t e r v a l  i s  s t o r e d  

NIRF(2) = number o f  t h e  v e c t o r  where t h e  m a t e r i a l  composit ion a t  

t h e  end o f  t h i s  i r r a d i a t i o n  i n t e r v a l  i s  t o  be s t o r e d  

NIRF(3) = t ime u n i t s  of RIRF(1) ; s e e  Table 4.2 

NIRF(4) = s p e c i f i c a t i o n  of t ime a t  which t h i s  i r r a d i a t i o n  i n t e r v a l  

b e g i n s  : 

0 = s t a r t i n g  t i m e  is t h e  end of t h e  p rev ious  IRF, IRP, 

o r  DEC i n t e r v a l .  A l l  r e a c t i v i t y  and burnup informa- 

t i o n  i s  r e t a i n e d , a n d  MIRR i s  n o t  a l t e r e d .  Used f o r  

c o n t i n u i n g  i r r a d i a t i o n l d e c a y  on t h e  same ou tpu t  page.  

1 = s t a r t i n g  t ime i s  s e t  t o  ze ro .  All r e a c t i v i t y  and 

burnup i n f o r m a t i o n  i s  r e t a i n e d , a n d  MIRR is  s e t  t o  

z e r o .  Used f o r  beg inn ing  a new i r r a d i a t i o n  on t h e  

same o u t p u t  page. 

2 = s t a r t i n g  t ime  is set t o  ze ro .  All r e a c t i v i t y  and 

burnup i n f o r m a t i o n  and MIRR a r e  s e t  t o  ze ro .  Used 

t o  b e g i n  a  new i r r a d i a t i o n l d e c a ~  on a  new ou tpu t  page. 

3 = same as NIRF(4) = 0 excep t  t h a t  t h e  f i r s t  seven l i n e s  

o f  t h e  i r r a d i a t i o n  in format ion  a r e  s e t  t o  ze ro .  

Used f o r  c o n t i n u i n g  i r r a d i a t i o n  t o  a  new ou tpu t  

page 

4 = same as NIRF(4) = 1 e x c e p t  t h a t  t h e  f i r s t  seven l i n e s  

o f  t h e  r e a c t i v i t y  and burnup in format ion  a r e  s e t  t o  

z e r o .  Used t o  beg in  t h e  decay fo l lowing  i r r a d i a t i o n  

on a new o u t p u t  page w h i l e  r e t a i n i n g  t h e  average 

i r r a d i a t i o n  parameters .  

C. Al lowable  number o f  IRF commands: See remark 1 below. 

D . P r o p a g a t i o n  : None. 



E.  Remarks 

1. The t o t a l  number of IRF + IRP + DEC commands must be .LE.150. 

2. For t h i s  op t ion  t o  b e  used ,  t h e  time s t e p s  f o r  t h e  c u r r e n t  

i r r a d i a t i o n  and decay sequence must correspond e x a c t l y  t o  

those  i n  t h e  previous  sequence. The s c a l e  f a c t o r s  [-RIRF(2)I 

from previous  i r r a d i a t i o n s  & propagate .  

3 .  The " r e a c t i v i t y  and burnup information" r e f e r r e d  t o  i n  NIRF(4) 

c o n s i s t s  of seven l i n e s  of d a t a  c h a r a c t e r i s t i c  of an i n d i v i d u a l  

v e c t o r  (e .g .  t ime,  i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r ,  neut ron  f l u x )  

and t h r e e  l i n e s  con ta in ing  i r r a d i a t i o n  parameters  (e  . g . , burnup) 

averaged over  t h e  range of t h e  BUP commands (Sect .  4.14).  Also, 

s e e  S e c t .  8 . 2 . 2 .  

4 .  I n t e r n a l  ORIGEN2 parameters  r e l a t e d  t o  t h e  f l u x / s p e c i f i c  power 

c a l c u l a t i o n s  a r e  p r i n t e d  on u n i t  15  ( see  Sec t .  8 .2.1) .  

4 .22  IRP - S p e c i f i c  Power I r r a d i a t i o n  

A.  Function: I r r a d i a t i o n  f o r  a  s i n g l e  i n t e r v a l  w i t h  t h e  s p e c i f i c  power 

s p e c i f i e d .  

B.  Data sequence: 

IRP RIRP(l) ,  RIRP(2), NIRP(l), . . . N I w ( 4 )  

where 

IRP = command keyword 

RIRF'(1) = t i m e  a t  which t h i s  i r r a d i a t i o n  i n t e r v a l  ends 

RIRP(2) = power l e v e l  du r ing  t h i s  i r r a d i a t i o n  i n t e r v a l  

.GT.O = MW(t) pe r  u n i t  of f u e l  i npu t  

.LT.O = s p e c i f i c  power, MW(t) pe r  m e t r i c  ton  of 

heavy metal  

(NOTE: Both a c t i n i d e s  and f i s s i o n  products  

must be p re sen t  f o r  t h e  s p e c i f i c  power op t ion  

t o  work c o r r e c t l y . )  



NIRP(1) = number of t h e  vec to r  where the ma te r i a l  composition a t  

t h e  beginning of t h i s  i r r a d i a t i o n  i n t e r v a l  i s  s tored  

NIRP(2) = number of  t h e  vec to r  where t h e  ma te r i a l  composition a t  

t h e  end of t h i s  i r r a d i a t i o n  i n t e r v a l  i s  t o  be s tored  

NIRP(3) = time u n i t s  of RIRP(1); see  Table 4.2 

NIRP(4) = s p e c i f i c a t i o n  of t h e  time a t  which t h i s  i r r a d i a t i o n  

i n t e r v a l  begins:  

0 = s t a r t i n g  time i s  t h e  end of t he  previous IRF, IF@, 

o r  DEC i n t e r v a l .  All r e a c t i v i t y  and burnup informa- 

t i o n  is r e t a i n e d ,  and MIRR i s  not  a l t e r e d .  Used f o r  

cont inu ing  i r r a d i a t i o d d e c a y  on t h e  same output page. 

1 = s t a r t i n g  t i m e  i s  s e t  t o  zero.  A l l  r e a c t i v i t y  and 

burnup information is r e t a i n e d ,  and MIRR is  s e t  t o  

zero .  Used f o r  beginning a  new i r r a d i a t i o n  on the  

same output  page. 

2 = s t a r t i n g  t i m e  is  set t o  zero.  All r e a c t i v i t y  and 

burnup information and MIRR a r e  set t o  zero. Used 

t o  begin a new i r r a d i a t i o n l d e c a y  on a  new page. 

3 = same a s  NIRP(4) = 0 except t h a t  t h e  f i r s t  seven l i n e s  

of t h e  i r r a d i a t i o n  information a r e  s e t  t o  zero.  Used 

f o r  cont inu ing  i r r a d i a t i o n  t o  a  new output  page. 

4  = same a s  NIRP(4) = 1 except t h a t  the  f i r s t  seven l i n e s  

of  t h e  r e a c t i v i t y  and burnup information a r e  s e t  t o  

zero .  Used t o  begin t h e  decay following i r r a d i a t i o n  

on a new output  page while  r e t a i n i n g  the  average 

i r r a d i a t i o n  parameters.  

C. Allowable number of IRP commands: See remark 1 below. 

D .  Propagation: None. 

E. Remarks: 

1. The t o t a l  number of IRF + IRP + DEC commands must be  .LE.150. 

2 .  The " r e a c t i v i t y  and burnup information" r e f e r r e d  t o  i n  NIRP(4) 

c o n s i s t s  of  seven l i n e s  of d a t a  c h a r a c t e r i s t i c  of an i nd iv idua l  

vec to r  (e .g .  t ime,  i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r ,  neutron f l u x )  



and t h r e e  l i n e s  con ta in ing  i r r a d i a t i o n  parameters  (e .g . ,  burnup) 

averaged over  t h e  range of t he  BUP commands (Sec t .  4 .14) .  

3 .  I n t e r n a l  ORIGEN2 parameters  r e l a t e d  t o  t he  f l u x / s p e c i f i c  power 

c a l c u l a t i o n s  a r e  p r i n t e d  on u n i t  15  (see Sec t .  8 .2 .1 ) .  

4.23 DEC - Decay 

A .  Funct ion:  Decay f o r  a  s i n g l e  i n t e r v a l .  

B.  Data sequence: 

DEC DEC (1) , NDEC(l), . . . NDEC ( 4 )  

where 

DEC = o p e r a t i o n a l  command 

DEC(1) = time a t  which t h i s  decay i n t e r v a l  ends 

NDEC(1) = number of t h e  vec to r  where t h e  m a t e r i a l  composition a t  

t h e  beginning of t h i s  decay i n t e r v a l  is  s t o r e d  

NDEC(2) = number of t h e  v e c t o r  where t h e  m a t e r i a l  composition a t  

t h e  end of t h i s  decay i n t e r v a l  is  s t o r e d  

NDEC(3) = t ime u n i t s  of  DEC(1); s ee  Table 4.2 

NDEC(4) = s p e c i f i c a t i o n  of t h e  t ime a t  which t h i s  decay i n t e r v a l  

beg ins  : 

0 = s t a r t i n g  t ime is t h e  end of t h e  previous  I R F ,  IRP, 

o r  DEC i n t e r v a l .  A l l  r e a c t i v i t y  and burnup informa- 

t i o n  is r e t a i n e d ,  and M I R R  i s  no t  a l t e r e d .  Used f o r  

con t inu ing  i r r a d i a t i o n l d e c a y  on t h e  same ou tpu t  page. 

1 = s t a r t i n g  t i m e  i s  s e t  t o  zero .  A l l  r e a c t i v i t y  and 

burnup informat ion  i s  r e t a i n e d ,  and M I R R  is  s e t  t o  

ze ro .  Used f o r  beginning a  new i r r a d i a t i o n  on t h e  

same ou tpu t  page. 

2  = s t a r t i n g  time i s  s e t  t o  zero .  A l l  r e a c t i v i t y  and 

burnup informat ion  and MIRR a r e  s e t  t o  zero .  Used t o  

begin  a  new i r r a d i a t i o n l d e c a y  on a new ou tpu t  page. 



3 = same a s  NDEC(4) = 0 excep t  t h a t  t h e  f i r s t  seven l i n e s  

of t h e  r e a c t i v i t y  and burnup in format ion  a r e  s e t  t o  

z e r o .  Used f o r  c o n t i n u i n g  i r r a d i a t i o n  t o  a  new 

o u t p u t  page.  

4  = same a s  NDEC(4) = 1 except  t h a t  t h e  f i r s t  seven l i n e s  

of t h e  r e a c t i v i t y  and burnup in format ion  a r e  s e t  t o  

z e r o .  Used t o  beg in  t h e  decay fo l lowing  i r r a d i a t i o n  

on a  new o u t p u t  page whi le  r e t a i n i n g  t h e  average 

i r r a d i a t i o n  paramete rs .  

C. Al lowable  number of DEC commands: See below. 

D. P ropaga t ion :  None. 

E. Remarks: 

1. The t o t a l  number of IRF + IRP + DEC commands must be  .LE.150. 

2 .  The " r e a c t i v i t y  and burnup in format ion"  r e f e r r e d  t o  i n  NDEC(4) 

c o n s i s t s  of seven l i n e s  of d a t a  c h a r a c t e r i s t i c  of an i n d i v i d u a l  

v e c t o r  ( e . g .  t ime ,  i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r ,  neu t ron  f l u x )  

and t h r e e  l i n e s  c o n t a i n i n g  i r r a d i a t i o n  parameters  ( e . g . ,  burnup) 

averaged o v e r  t h e  range  o f  t h e  BUP commands (Sec t .  4 .14) .  

4 .24  PRO - Reprocess Fue l  

A .  Func t ion :  Reprocess  f u e l  i n t o  two produc t  composi t ions .  

B. Data sequence: 

PRO NPRO(1) , . . . NPRO(4) 

where 

NPRO(1) = number of t h e  v e c t o r  where t h e  m a t e r i a l  composit ion t h a t  

i s  t o  b e  reprocessed  is  s t o r e d  

NPRO(2) = number o f  t h e  v e c t o r  where t h e  m a t e r i a l  t h a t  i s  recovered 

is  t o  b e  s t o r e d .  The amount o f  an i s o t o p e  o f  element NE 

recovered  i s  g iven  by: 

[Mass o f  i s o t o p e  NE] [f (NPRO (4) 1. 



The f r a c t i o n  f[NPR0(4)] is  the  f r a c t i o n a l  recovery  

of element NE s p e c i f i e d  by v a r i a b l e  NRPO(4) below. 

See a l s o  Sec t s .  3.4 and 3.5. 

NPRO(3) = number of t h e  v e c t o r  where t h e  m a t e r i a l  n o t  recovered 

is  t o  b e  s t o r e d .  The amount of an i s o t o p e  of element 

NE n o t  recovered i s  g iven  by: 

[Mass of i s o t o p e  NEI L1.0 - f (NPRO(4)) 1. 

NPRO(4) = number of t h e  s e t  of f r a c t i o n a l  r e c o v e r i e s  which i s  t o  

be used i n  t h i s  r ep roces s ing  ope ra t ion .  I f  NPRO(~) i s  

g r e a t e r  than  ze ro ,  i n d i v i d u a l  f r a c t i o n a l  r e c o v e r i e s  

(Sec t .  3.4) a r e  t o  be used.  I f  NPRO(4) is  l e s s  than 

ze ro ,  group f r a c t i o n a l  r ecove r i e s  a r e  t o  be used (Sec t .  

3 .5) .  

C. Allowable number of PRO commands: 20 

D.  Propagat ion:  None. 

E. Remarks: None. 

4.25 OPTL - Specify Ac t iva t ion  Product Output Options 

A. Funct ion:  S p e c i f i e s  which output  t a b l e  t ypes  (nuc l ide ,  e lement ,  o r  

summary) a r e  t o  be p r i n t e d  fo r  the a c t i v a t i o n  products. 

B .  Data sequence: 

OPTL NOPTL(l), . . . NOPTL(24) 

where 

OPTL = command keyword 

NOPTL(1) = c o n t r o l  c h a r a c t e r  i n d i c a t i n g  which output  t a b l e  types  

are t o  b e  p r i n t e d  f o r  t he  a c t i v a t i o n  products ;  s e e  

Table 4 . 6  

I = t a b l e  number; see Table 4 . 3  f o r  ou tpu t  t a b l e  d e s c r i p t i o n  

C .  Allowable number of OPTL commands: 20 

D. Propagat ion:  U n t i l  changed. 



Table  4 .6 .  S p e c i f i c a t i o n  of  o u t p u t  t a b l e  t y p e s  t o  be  p r i n t e d  

NOPTL (I) 
NOPTA (I) 
NOPTF (I) 

Table  type  p r i n t e d  

Nucl ide  Element Summary 

Yes 

Yes 

Yes 

N 0 

Yes 

No 

N 0 

No 

Yes 

Yes 

N 0 

Yes 

N 0 

Yes 

No 

No 

Yes 

No 

Yes 

Yes 

N 0 

N 0 

Yes 

No 



E. Remarks: 

1. The NOPTL(1) must a l l  be on a  s i n g l e  card.  

2 .  If NOPTL(1) is  l e s s  than 1, only a  summary grams t a b l e  i s  

p r i n t e d  f o r  - a l l  nuc l ides  ( i nc lud ing  a c t i n i d e s  and f i s s i o n  

products )  u n t i l  new commands ( a f t e r  an STP, Sec t .  4 . 2 9 )  

a r e  read.  

3 .  Only the  f i r s t  2 4  t a b l e s  i n  Table 4 . 3  a r e  con t ro l l ed  by t h e  

OPTL command. 

4.26 OPTA - Speci fy  Options f o r  Act in ide  Nuclide Output Table 

A.  Funct ion:  S p e c i f i e s  which output  t a b l e  types (nuc l ide ,  e lement ,  o r  

summary) a r e  t o  be p r i n t e d  f o r  t h e  a c t i n i d e  nuc l ides .  

B. Data sequence: 

OPTA NOPTA(l), . . . NOPTA(24) 

where 

OPTA = command keyword 

NOPTA(1) = c o n t r o l  c h a r a c t e r  i n d i c a t i n g  which output  t a b l e  types  

a r e  t o  be p r i n t e d  f o r  t h e  a c t i n i d e  nuc l ides ;  s e e  Table 4.6 

I = t a b l e  number; s e e  Table 4 . 3  f o r  ou tput  t a b l e  d e s c r i p t i o n  

C .  Allowable number of OPTA commands: 20 

D. Propagat ion:  U n t i l  changed. 

E. Remarks: 

1. The NOPTA(1) must a l l  be on a s i n g l e  ca rd .  

2 .  I f  NOPTA(1) i s  l e s s  than  1, only a  summary grams t a b l e  i s  

p r i n t e d  f o r  - a l l  nuc l ides  ( i nc lud ing  a c t i v a t i o n  and f i s s i o n  

products )  u n t i l  new commands ( a f t e r  an  STP, Sec t .  4.29) 

a r e  r ead .  

3. Only t h e  f i r s t  24 t a b l e s  i n  Table 4 .3  a r e  c o n t r o l l e d  by t h e  

OPTA command. 



4.27 OPTF - Spec i fy  Opt ions  f o r  F i s s i o n  Product 
Nucl ide  Output Table 

A .  Funct ion:  S p e c i f i e s  which types  of ou tpu t  t a b l e s  ( n u c l i d e ,  element,  

o r  summary) a r e  t o  be p r i n t e d  f o r  f i s s i o n  product n u c l i d e s .  

B. Data sequence : 

OPTF NOPTF(l), . . . NOPTF(24) 

where 

OPTF = command keyword 

NOPTF(1) = c o n t r o l  c h a r a c t e r  i n d i c a t i n g  which ou tpu t  t a b l e  types  

a r e  t o  be  p r i n t e d  f o r  t h e  f i s s i o n  product  n u c l i d e s ;  

s e e  Tab le  4.6 

I = t a b l e  number; s e e  Table 4.3 f o r  ou tpu t  t a b l e  d e s c r i p t i o n  

C.  Allowable number o f  OPTF commands: 20 

D. P ropaga t ion :  U n t i l  changed. 

E.  Remarks: 

1. The NOPTF(1) must a l l  appear  on a  s i n g l e  c a r d .  

2. I f  NOPTF(1) i s  l e s s  than  1, on ly  a  summary grams t a b l e  i s  

p r i n t e d  f o r  &J n u c l i d e s  ( i n c l u d i n g  a c t i v a t i o n  products  

and a c t i n i d e s )  u n t i l  new commands ( a f t e r  an  STP, Sec t .  

4 . 2 9 )  are read .  

3 .  Only t h e  f i r s t  24 t a b l e s  i n  Table  4 . 3  a r e  c o n t r o l l e d  by t h e  

OPTF command. 



4.28 CON - Continuat ion 

A. Funct ion:  Defines t h e  ranges of t h e  DOL command (Sec t .  4 .11) .  

B.  Data sequence: 

CON NCON 

where 

CON = command keyword 

NCON = number of t h i s  CON command; must be  equal  t o  NDOL(1) f o r  

t h e  DOL command which i s  t o ' b e  a s soc i a t ed  w i t h  t h i s  CON 

command 

C.  Allowable number of CON commands: 2 

D. Propagat ion:  None. 

E .  Remarks: 

1. There must b e  one, and only  one, CON command f o r  each DOL command. 

2.  I f  t h e  DOL command is removed, t h e  corresponding CON command 

must a l s o  b e  removed. 

4.29 STP - Execute Previous Commands and Branch 

A .  Funct ion:  Execute t h e  s e t  of commands preceding t h e  STP command. 

Then read and execute  more commands. 

B. Data sequence: 

STP NS TP 

where 

STP = command keyword 

NSTP = branching  c o n t r o l  c h a r a c t e r :  

1 = read  new misce l laneous  i n i t i a l i z a t i o n  d a t a  (Sec t .  3) and 

a new s e t  of commands (Sec t .  4 ) ,  and execute  them. 

2 = read  a new s e t  of commands (Sect .  4 )  and execute  them. 



3 = execu te  t h e  p reced ing  s e t  of commands a g a i n .  

A d d i t i o n a l  i n p u t  d a t a  ( l i b r a r i e s  and i n i t i a l  n u c l i d e  

c o n c e n t r a t i o n s )  w i l l  be  r e q u i r e d .  

4 = t e r m i n a t e  e x e c u t i o n  (same a s  END). 

C .  Allowable number o f  STP commands: Unlimited.  

D.  P ropaga t ion :  None. 

E. Remarks: None. 

4.30 END - Terminate Execution 

A .  Func t ion :  Terminate e x e c u t i o n .  

B.  Data sequence: 

END 

where 

END = command keyword 

C.  Allowable number o f  END commands: 1 

D. P ropaga t ion :  None. 

E. Remarks: None. 



5. DATA LIBRARIES 

There a r e  t h r e e  s e p a r a t e  and d i s t i n c t  nuc l ide  l i s t s  i n  ORIGEN2 f o r  

which nuc lea r  d a t a  may be requi red :  t h e  a c t i v a t i o n  products ,  the  a c t i -  

n ides ,  and t h e  f i s s i o n  products .  The a c t i v a t i o n  products  inc lude  t h e  

low-Z i m p u r i t i e s  and s t r u c t u r a l  m a t e r i a l s .  The a c t i n i d e s  inc lude  a l l  of 

t h e  heavy i s o t o p e s  (Z.GT.90) p lus  a l l  of t h e i r  decay daughters ,  inc luding  

the  f i n a l  s t a b l e  nuc l ides .  The f i s s i o n  products  inc lude  a l l  n u c l i d e s  

which have a  s i g n i f i c a n t  f i s s i o n  product y i e l d  ( e i t h e r  b inary  o r  t e rna ry )  ' 

p l u s  some n u c l i d e s  r e s u l t i n g  from neut ron  cap tu re s  of t he  f i s s i o n  products .  

For each of t h e s e  t h r e e  segments , there a r e  t h r e e  d i f f e r e n t  l i b r a r i e s  t h a t  

may be  read:  a  decay d a t a  l i b r a r y  (Sect .  5 .1 ) ,  a  c ross -sec t ion  and f i s -  

s i o n  product  y i e l d  d a t a  l i b r a r y  (Sec t .  5 . 2 ) ,  and a  photon y i e l d  l i b r a r y  

(Sec t .  5 . 5 ) .  The decay d a t a  1 i b r a r y . g i v e s  nuc l ide  h a l f - l i v e s ,  decay 

modes, r ecove rab le  hea t  energy,  n a t u r a l  abundances, and t o x i c i t i e s .  

The c ros s - sec t ion  and f i s s i o n  product y i e l d  l i b r a r y  g ives  t h e  c r o s s  

s e c t i o n s  f o r  ( n , ~ ) ,  (n ,2n) ,  (n ,3n) ,  ( n , a ) ,  ( n ,p ) ,  and ( n , f i s s i o n )  as 

e f f e c t i v e ,  one-group r e a c t i o n  r a t e s  i n  ba rns  and t h e  f i s s i o n  product  

y i e l d s  from 232Th, 2 3 3 ~ ,  2 3 5 ~ ,  2 3 8 ~ ,  2 3 9 ~ ~ ,  2 4 1 ~ ~ ,  2 4 5 ~ m ,  and 2 5 2 ~ f .  

The photon d a t a  l i b r a r y  g i v e s  t h e  photons per  d i s i n t e g r a t i o n  i n  twelve 

energy groups f o r  t h e  a c t i v a t i o n  products  and f i s s i o n  products  and i n  

e igh teen  energy groups f o r  t h e  a c t i n i d e s .  

I n  a d d i t i o n  t o  t h e s e  normal d a t a  l i b r a r y  inpu t  f a c i l i t i e s  i n  

ORIGEN2, two a d d i t i o n a l  op t ions  may be used t o  extend,  update ,  o r  

c o r r e c t  t h e s e  l i b r a r i e s .  The f i r s t  of t h e s e  op t ions  (Sect .  5.3) a l lows  

t h e  u s e r  t o  i n p u t  s u b s t i t u t e  decay d a t a  c a r d s  and s u b s t i t u t e  c ross -  

s e c t i o n  and f i s s i o n  product  y i e l d  d a t a  c a r d s  which o v e r r i d e  t h e  

corresponding d a t a  c a r d s  p re sen t  i n  t h e  main l i b r a r i e s .  This  o p t i o n  

is  p a r t i c u l a r l y  u s e f u l  as a n  a l t e r n a t i v e  t o  r e b u i l d i n g  e n t i r e  d a t a  

l i b r a r i e s  s imply t o  change one o r  two i tems.  The second opt ion  

(Sec t .  5.4) a l lows  t h e  use r  t o  i n p u t  any flux-dependent r e a c t i o n  r a t e  

between any two n u c l i d e s .  While t h e  use r  can d u p l i c a t e  t h e  r e a c t i o n  

types  a v a i l a b l e  i n  ORIGEN2 [ i . e . ,  ( n , ~ ) ,  (n ,2n ) ,  (n ,3n ) ,  ( n , a ) ,  ( n , p ) ,  



( n , f i s s i o n ) ] ,  t h e  opt ion  i s  p r i n c i p a l l y  intended t o  allow f o r  t he  

i n c l u s i o n  of non-standard r e a c t i o n  types such a s  (n ,d ) ,  ( n , t ) ,  and 

(n,np) .  

5 . 1  Decay Data Library 

The f i r s t  card of each of t he  t h r e e  allowable decay da t a  l i b r a r y  

segments ( a c t i v a t i o n  product ,  a c t i n i d e ,  and f i s s i o n  product) is  a  t i t l e  

card conta in ing  t h e  number of t h e  decay l i b r a r y  segment and the alpha- 

numeric t i t l e  of t h e  segment. Following the  t i t l e  card a r e  the decay 

d a t a  f o r  t he  nuc l ides  i n  a p a r t i c u l a r  l i b r a r y  segment. The decay da t a  

f o r  each nuc l ide  a r e  spec i f i ed  on two sequen t i a l  cards.  A descr ip t ion  of 

t h e  decay l i b r a r y  conventions i s  given i n  Table 5.1. 

The decay d a t a  l i b r a r y  se rves  o the r  v i t a l l y  important func t ions  i n  

t h e  ORIGEN2 code i n  a d d i t i o n  t o  supplying decay da t a .  The nucl ide 

i d e n t i f i e r s  suppl ied by t h e  decay l i b r a r i e s  de f ine  the  t o t a l  l i s t  of 

a l l  nuc l ides  t h a t  w i l l  b e  considered in subsequent ORIGEN2 ca l cu la t ions .  

Thus, i f  a  nuc l ide  is t o  be used i n  a  c a l c u l a t i o n ,  i t  must be present  i n  

t h e  decay l i b r a r y ,  even i f  on ly  t h e  cross-sect ion o r  photon information 

is  requ i r ed .  The decay l i b r a r y  a l s o  de f ines  t he  nuc l ide  membership of 

each of t h e  t h r e e  l i b r a r y  segments ( a c t i v a t i o n  product ,  f i s s i o n  product,  

and a c t i n i d e )  considered by t h e  ORIGEN2 code. F ina l ly ,  t he  decay l i b r a r y  

d e f i n e s  t h e  o rde r  i n  which t h e  nuc l ides  w i l l  be pr in ted  wi th in  each 

l i b r a r y  segment dur ing  t h e  normal output .  A s  a  r e s u l t  of these  considera- 

t i o n s ,  t h e  decay l i b r a r y  must b e  input  before  t h e  photon l i b r a r i e s  (PHO, 

Sec t .  4.19) o r  be fo re  t h e  i n i t i a l  compositions (INP, Sect .  4 .6) .  The 

decay l i b r a r y  i s  au toma t i ca l ly  read be fo re  t h e  cross-sect ion l i b r a r y  when 

when t h e  LIB command (Sec t .  4.18) i s  invoked. 

5.2 Cross-Section and F i s s ion  Product Yield Data Library 

The f i r s t  card  of each of t h e  t h r e e  al lowable cross-sect ion and 

f i s s i o n  product y i e l d  d a t a  l i b r a r i e s  ( a c t i v a t i o n  product ,  a c t i n i d e ,  and 

f i s s i o n  product)  i s  a  t i t l e  card conta in ing  t h e  number and alphanumeric 



Table 5.1.  Descr ip t ion  of decay l i b r a r y  

A. Data sequence: 

F i r s t  card of each l i b r a r y  segment: 

NLB TITLE 

F i r s t  card  f o r  each nuc l ide :  

NLB NUCLID I U  THALF FBX FPEC FPECX FA FIT FSF 

Second card f o r  each nucl ide:  

NLB FN QREC ABUND ARCG WRCG 

where 

NLB = t he  number of t h i s  decay l i b r a r y  segment 

TITLE = a 72-character  alphanumeric segment t i t l e  beginning i n  
column 9 

NUCLID = a s i x - d i g i t  nuc l ide  i d e n t i f i e r  corresponding t o  t h e  
informat ion  on t h e s e  two decay c a r d s  (see Sec t .  2 .7 )  

I U  = t ime u n i t  des igna t ion  of t h e  h a l f - l i f e  of NUCLID (cee 
Table 4 . 2  f o r  s p e c i f i c a t i o n )  

THALF = the h a l f - l i f e  of nuc l ide  i n  u n i t s  given by I U  

FBX = the f r a c t i o n  of negatron b e t a  decay t r a n s i t i o n s  t h a t  
r e s u l t s i n  t h e  daughter  nuc l ide  be ing  i n  a  r e l a t i v e l y  
long-l ived e x c i t e d  s t a t e  

FPEC = the f r a c t i o n  of a l l  decay even t s  which t ake  p l ace  by 
p o s i t r o n  emission o r  e l e c t r o n  c a p t u r e  

FPECX = the f r a c t i o n  of p o s i t r o n  and/or  e l e c t r o n  cap tu re  decay 
even t s  t h a t  cause t h e  daughter  nuc l ide  t o  be i n  a  
r e l a t i v e l y  long-l ived e x c i t e d  s t a t e  

FA = t he  f r a c t i o n  of  a l l  decay even t s  which t ake  p l a c e  by 
a l p h a  decay 

FIT = t h e  f r a c t i o n  of a l l  t h e  decay even t s  of an e x c i t e d  nuc lea r  
s t a t e  which r e s u l t  i n  t h e  product ion of t h e  ground state of 
t h e  same n u c l i d e  

FSF = the f r a c t i o n  of a l l  decay even t s  which t ake  p l ace  by 
spontaneous f i s s i o n  

FN = t h e  f r a c t i o n  of a l l  decay even t s  t h a t  a r e  (be t a  + neut ron)  
decays  (e.g., " ~ r  decays t o  " ~ r  + b e t a  + neut ron)  

QREC = t h e  average,  t o t a l  r ecove rab le  energy ( i . e . ,  does n o t  
i n c l u d e  n e u t r i n o s )  r e l ea sed  by each decay event, i n  MeV 



Table  5 . 1  (cont inued)  

ABUND = t h e  n a t u r a l l y  o c c u r r i n g  i s o t o p i c  abundance of NUCLID i n  
atom p e r c e n t  

ARCG = t h e  r a d i o a c t i v i t y  c o n c e n t r a t i o n  guide (RCG) f o r  cont inuous  
i n h a l a t i o n  of n u c l i d e  NUCLID i n  u n r e s t r i c t e d  a r e a s  a s  given 
i n  Table  11, Column I, of  P a r t  1 0  of T i t l e  20 of t h e  Code - 
of  F e d e r a l  Regula t ions  ( t h e  lower of t h e  s o l u b l e  o r  
i n s o l u b l e  v a l u e s  i s  used) 

WRCG = t h e  r a d i o a c t i v i t y  c o n c e n t r a t i o n  guide  (RCG) f o r  cont inuous  
i n g e s t i o n  o f  n u c l i d e  NUCLID i n  u n r e s t r i c t e d  a r e a s  a s  given 
i n  Table  11, Column I1 of P a r t  1 0  of T i t l e  20 of t h e  Code - 
of  F e d e r a l  Regula t ions  ( t h e  lower of t h e  s o l u b l e  o r  
i n s o l u b l e  v a l u e s  is used) 

B. Number of c a r d s  p e r  n u c l i d e :  2 

C .  Terminate c a r d  s c a n  f o r  n u c l i d e  NUCLID: Automatic. 

D. Terminate  r e a d i n g  t h i s  decay l i b r a r y  segment: NLB.LT.0, one ca rd .  

E. Skip r e a d i n g  a decay l i b r a r y  segment: Cont ro l l ed  by LIB command 
( S e c t .  4.18).  

F. Remarks: 

1. The f r a c t i o n  o f  a l l  decay e v e n t s  which t a k e  p l a c e  by nega t ron  
b e t a  decay t o  t h e  ground s t a t e  of t h e  daughte r  n u c l i d e  is  given 
by (1.0 - FBX - FPEC - FA - FIT - FSF - FN) and i s  c a l c u l a t e d  
i n t e r n a l l y  i n  ORIGEN2. 



t i t l e  of t h e  l i b r a r y  segment. Following t h e  t i t l e  card a r e  t he  c ross -  

s e c t i o n  and f i s s i o n  product  y i e l d  d a t a  f o r  t h e  nuc l ides  i n  a p a r t i c u l a r  

l i b r a r y  segment. The c ros s - sec t ion  informat ion  f o r  a  nuc l ide  is  

s p e c i f i e d  on a  s i n g l e  card  which, i f  r e q u i r e d ,  i s  followed by a  card  

con ta in ing  t h e  f i s s i o n  product  y i e l d  d a t a .  A d e s c r i p t i o n  of t h e  cross-  

s e c t i o n  and f i s s i o n  product y i e l d  d a t a  l i b r a r y  convent ions i s  given i n  

Table 5 .2 .  The c r o s s  s e c t i o n s  used by ORIGEN2 a r e  e f f e c t i v e  one-group 

c r o s s  s e c t i o n s  which, when m u l t i p l i e d  by t h e  f l u x  c a l c u l a t e d  by o r  i npu t  

t o  ORIGEN2, r e s u l t  i n  t h e  c o r r e c t  r e a c t i o n  r a t e .  The f i f t h  and s i x t h  

parameters  on t h e  c ros s - sec t ion  card have a  dua l  meaning, depending on 

which l i b r a r y  segment i s  be ing  read.  I f  t h e  a c t i n i d e  segment i s  be ing  

r ead ,  then  t h e  f i f t h  and s i x t h  parameters  a r e  t h e  (n,3n) and ( n , f i s s i o n )  

c r o s s  s e c t i o n s  r e s p e c t i v e l y .  I f  e i t h e r  t h e  a c t i v a t i o n  product o r  f i s s i o n  

product  segments a r e  be ing  r ead ,  then  t h e  f i f t h  and s i x t h  parameters  a r e  

t h e  (n ,a )  and (n ,p)  c r o s s  s e c t i o n s  r e s p e c t i v e l y .  The f i s s i o n  product  

y i e l d  c a r d ,  which i s  p resen t  o n l y - i n  t h e  f i s s i o n  product c ross -sec t ion  

segment, s p e c i f i e s  t h e  y i e l d  of each  n u c l i d e  pe r  f i s s i o n  from each of 

e i g h t  f i s s i o n i n g  spec i e s :  2 3 2 ~ h ,  2 3 3 ~ ,  
2 3 5 ~ ,  2 3 e ~  , 2 3 9  Pu, 2 4 1  Pu, 2 4  5 Cm, 

and 2 5 2 ~ f .  The y i e l d s  a r e  g e n e r a l l y  from b ina ry  f i s s i o n ,  a l though 

t e r n a r y  f i s s i o n  y i e l d s  have been included f o r  c e r t a i n  important  low-Z 

n u c l i d e s  . 

5.3 S u b s t i t u t e  Decay, Cross Sec t ion ,  and 
F i s s i o n  Product Yield Data 

S u b s t i t u t e  decay, c ros s - sec t ion ,  and f i s s i o n  product  y i e l d  d a t a  

can b e  read  by invoking t h e  LPU command (Sec t .  4 .20) .  This  procedure 

is  an  a l t e r n a t i v e  t o  r e b u i l d i n g  an e n t i r e  d a t a  l i b r a r y  j u s t  t o  change 

a  few parameters .  It may a l s o  be used f o r  paramet r ic  s t u d i e s  of ou tpu t  

s e n s i t i v i t y  t o  i n p u t  d a t a  changes. The r u l e s  r ega rd ing  t h e  o r d e r  and 

format of t h e  s u b s t i t u t e  d a t a  c a r d s  a r e  given i n  Table 5.3. This  op t ion  

i s  in tended  f o r  u s e  when t h e  d a t a  l i b r a r i e s  a r e  on a d i r ec t - acces s  dev ice  

o r  on t ape .  S u b s t i t u t e  d a t a  can a l s o  be used i f  t h e  l i b r a r i e s  a r e  on 

ca rds ,p rov id ing  t h a t  two d i f f e r e n t  card inpu t  u n i t s  a r e  def ined .  



Table  5.2.  D e s c r i p t i o n  of c r o s s - s e c t i o n  and 
f i s s i o n  p roduc t  y i e l d  d a t a  l i b r a r y  

A .  Data sequence: 

F i r s t  ca rd  o f  each l i b r a r y  segment: 

NLB TITLE 

F i r s t  c a r d  f o r  each nuc l ide :  

NLB NUCLID SNG SN2N SN3N o r  SNA SNF o r  SNP SNGX SIi2NX YYN 

Second ca rd  f o r  each  n u c l i d e  ( f i s s i o n  product  segment only) :  

NLB Y ( I ) ,  . . . Y (8) 
where 

NLB = t h e  number o f  t h i s  c r o s s - s e c t i o n  and f i s s i o n  product  
y i e l d  l i b r a r y  segment 

TITLE = a  72-charac te r  alphanumeric c r o s s - s e c t i o n  and f i s s i o n  
p roduc t  y i e l d  l i b r a r y  segment t i t l e  beginning i n  Column 11 

NUCLID = a  s i x - d i g i t  n u c l i d e  i d e n t i f i e r  corresponding t o  t h e  d a t a  
on t h e s e  one o r  two c a r d s  ( s e e  Sec t .  2.7) 

SNG = t h e  e f f e c t i v e ,  one-group (n ,y)  c r o s s  s e c t i o n  of n u c l i d e  
NUCLID l e a d i n g  t o  a  ground s tate 

SN2N = t h e  e f f e c t i v e ,  one-group (n,2n) c r o s s  s e c t i o n  of n u c l i d e  
NUCLID l e a d i n g  t o  a ground s t a t e ;  a c t i n i d e  segment on ly  

SN3N = t h e  e f f e c t i v e ,  one-group (n,3n) c r o s s  s e c t i o n  of n u c l i d e  
NUCLID l e a d i n g  t o  a  ground s t a t e ;  a c t i n i d e  segment only  

SNA = t h e  e f f e c t i v e ,  one-group (n ,a )  c r o s s  s e c t i o n  of n u c l i d e  
NUCLID l e a d i n g  t o  a  ground s t a t e ;  a c t i v a t i o n  product  and 
f i s s i o n  p roduc t  segments o n l y  

SNF = t h e  e f f e c t i v e ,  one-group ( n , f i s s i o n )  c r o s s  s e c t i o n  of 
n u c l i d e  NUCLID; a c t i n i d e  segment on ly  

SNP = t h e  e f f e c t i v e ,  one-group (n,p) c r o s s  s e c t i o n  of n u c l i d e  
NUCLID l e a d i n g  t o  a ground state;  a c t i v a t i o n  product  and 
f i s s i o n  p roduc t  segments on ly  

SNGX = t h e  e f f e c t i v e ,  one-group (n,y) c r o s s  s e c t i o n  of n u c l i d e  
NUCLID l e a d i n g  t o  an  e x c i t e d  s t a t e  of t h e  daughte r  

SN2NX = t h e  e f f e c t i v e ,  one-group (n ,2n)  c r o s s  s e c t i o n  of n u c l i d e  
NUCLID l e a d i n g  t o  an  e x c i t e d  state of t h e  daughte r  

YYN = a c o n t r o l  c h a r a c t e r  i n d i c a t i n g  whether o r  n o t  a  f i s s i o n  
y i e l d  c a r d  fo l lows :  

YYN.GT.O.0 = f i s s i o n  y i e l d  ca rd  f o l l o w s  
YYN.LT.O.0 = no f i s s i o n  y i e l d  c a r d  f o l l o w s  



Table  5.2 ( c o n t i n u e d )  

Y ( I )  = f i s s i o n  y i e l d  of n u c l i d e  NUCLID from v a r i o u s  f i s s i l e  
s p e c i e s ,  i n  p e r c e n t  

F i s s i l e  s p e c i e s  

Th-232 
U-233 
U-235 
U-238 
Pu-239 
Pu-241 
Cm- 245 
Cf-249 

B. Number o f  c a r d s  p e r  n u c l i d e :  2  

C .  Termina te  c a r d  s c a n  f o r  n u c l i d e  NUCLID: Automatic.  

D .  Termina te  r e a d i n g  t h i s  c r o s s - s e c t 5 o n  and f i s s i o n  p roduc t  y i e l d  
l i b r a r y  segment:  NLB.LT.0, one ca rd .  

E. Sk ip  r e a d i n g  t h i s  c r o s s - s e c t i o n  and f i s s i o n  p roduc t  y i e l d  l i b r a r y  
segment:  C o n t r o l l e d  by LIB command ( S e c t .  4 .18) .  

F. Remarks: None. 



Table  5.3. D e s c r i p t i o n  o f  s u b s t i t u t e  decay,  c r o s s - s e c t i o n ,  
and f i s s i o n  product  y i e l d  d a t a  

Data sequence 

1. S u b s t i t u t e  a c t i v a t i o n  product  decay d a t a  

2 .  S u b s t i t u t e  a c t i n i d e  decay d a t a  

3 .  S u b s t i t u t e  f i s s i o n  p roduc t  decay d a t a  

4 .  S u b s t i t u t e  a c t i v a t i o n  product  c r o s s - s e c t i o n  d a t a  

5 .  S u b s t i t u t e  a c t i n i d e  c r o s s - s e c t i o n  d a t a  

6. S u b s t i t u t e  f i s s i o n  p roduc t  c r o s s - s e c t i o n  and y i e l d  d a t a  

Format 

The s u b s t i t u t e  d a t a  c a r d s  a r e  f r e e  format ,and t h e  o r d e r  of t h e  
d a t a  i s  a s  d e s c r i b e d  i n  Tab les  5 . 1  and 5.2. 

1. The LPU command ( S e c t .  4.20) used t o  i d e n t i f y  t h e  n u c l i d e s  
f o r  which s u b s t i t u t e  d a t a a r e  t o  be  read  must appear  b e f o r e  
t h e  L I B  command (Sec t .  4 .18 )  i n  which t h e  bu lk  of t h e  l i b r a r y  
i s  r e a d .  

2. The n u c l i d e s  i n  each  o f  s u b s t i t u t e  c a r d  groups  1 through 6 
above must b e  p r e s e n t  i n  t h e  i n p u t  s t r eam i n  t h e  same o r d e r  
i n  which t h e y  a r e  encountered w h i l e  r e a d i n g  t h e  o r i g i n a l  
decay l i b r a r i e s .  

3 .  A f i s s i o n  p roduc t  y i e l d  c a r d  can never  appear  a l o n e  and must 
a lways  f o l l o w  a c r o s s - s e c t i o n  ca rd  f o r  t h e  same n u c l i d e .  



5.4  S p e c i f i c a t i o n  of Non-Standard, Flux-Dependent React ions 

This  op t ion  a l lows  t h e  u s e r  t o  s p e c i f y  flux-dependent ( i . e . ,  c ross -  

s e c t i o n )  r e a c t i o n s  t h a t  cannot be accounted f o r  by us ing  one of the  s tandard  

ORIGEN2 r e a c t i o n  types [viz., (n ,y ) ,  ( n , p ) ,  (n,a.), ( n Y 2 n ) ,  (n ,3n) ,  

( n , f i s s i o n ) ] .  The format of t h e s e  non-standard, flux-dependent r e a c t i o n s  

i s  descr ibed  i n  Table 5.4. The number of non-standard, flux-dependent 

r e a c t i o n s  t o  be  read and t h e  inpu t  u n i t  number on which they  a r e  t o  be 

read a r e  def ined  by t h e  L I B  command i n  Sec t .  4.18. 

5 .5  Photon Data L i b r a r i e s  

The f i r s t  card  of each of t he  t h r e e  p o s s i b l e  photon l i b r a r y  

segments i s  a t i t l e  card  con ta in ing  t h e  number and alphanumeric t i t l e  

of t h e  photon l i b r a r y  segment. Following t h e  t i t l e  card  a r e  c a r d s  

con ta in ing  t h e  photon product ion  r a t e s  pe r  d i s i n t e g r a t i o n  i n  a pre- 

determined energy group s t r u c t u r e  f o r  each  nuc l ide .  A d e s c r i p t i o n  of 

t h e  photon l i b r a r y  format i s  given i n  Table 5.5. The predetermined 

energy group s t r u c t u r e  i s  given i n  Table 5.6. The i n p u t  of t h e  photon 

l i b r a r i e s  is  c o n t r o l l e d  by t h e  PHO o p e r a t i o n a l  command (Sect .  4.19).  



Table  5.4.  D e s c r i p t i o n  of non-standard,  
f lux-dependent r e a c t i o n  d a t a  

Data seauence 

NPAR NDAUG RATE 

where 

NPAR = t h e  s i x - d i g i t  n u c l i d e  i d e n t i f i e r  ( s e e  Sec t .  2.7) of t h e  
p a r e n t  o r  p r e c u r s o r  n u c l i d e  

NDAUG = t h e  s i x - d i g i t  n u c l i d e  i d e n t i f i e r  ( s e e  Sec t .  2 . 7 )  of t h e  
daughte r  n u c l i d e  

RATE = t h e  c r o s s  s e c t i o n  .for t h e  fo rmat ion  of n u c l i d e  NDAUG from 
n u c l i d e  NPAR i n  u n i t s  of b a r n s  

Formats 

One r e a c t i o n  p e r  c a r d .  

Remarks 

1. The number o f  non-standard,  f lux-dependent r e a c t i o n  c a r d s  t o  
be i n p u t  and t h e  u n i t  number upon which t h e y  a r e  t o  be read 
a r e  s p e c i f i e d  u s i n g  t h e  L I B  command (Sec t .  4 .18) .  



Table 5 . 5 .  Desc r ip t ion  of photon l i b r a r y  

A. Data sequence: 

F i r s t  card  of each l i b r a r y  segment: 

NLB TITLE 

F i r s t  card  f o r  each nuc l ide :  

NLB NUCLID N G P ( ~ ) ,  R P H ( ~ ) ,  . . . N G P ( ~ ) ,  ~ ~ ( 1 1  

Subsequent c a r d ( s )  f o r  each nuc l ide :  

NGP (I+1) , RPH(I+l) , . . . NGP (INAX) , RPH(IMAX) , -1 

where 

NLB = t h e  number of t h i s  photon l i b r a r y  segment 

TITLE = a 72-character  alphanumeric photon l i b r a r y  segment t i t l e  
beginning i n  Column 9 

NUCLID = a s i x - d i g i t  n u c l i d e  i d e n t i f i e r  f o r  t h e  photon informat ion  
on t h e  fol lowing c a r d ( s )  ( s ee  Sec t .  2 .7)  

NGP(1) = t he  number of a  photon energy group. Twelve groups a r e  
allowed f o r  t h e  a c t i v a t i o n  products  and f i s s i o n  products ;  
e igh teen  groups a r e  allowed f o r  t h e  a c t i n i d e s .  The energy 
group s t r u c t u r e  i s  given i n  Table 5.6.  

RPH(1) = photon i n t e n s i t y  f o r  energy group NGP(1) i n  photons per  
d i s i n t e g r a t i o n  

IMAX = t h e  number of NGP(I)/RPH(I) p a i r s  s p e c i f i e d  must be 
. LE. 18  

B. Number of ca rds  per  nuc l ide :  One " f i r s t  card" p l u s  a s  many 
'lsubsequent ca rd ( s ) "  a s  requi red  f o r  those  nuc l ides  wi th  non- 
zero  NGP (I)/RPH(I) d a t a .  

C. Terminate card scan f o r  nuc l ide  NUCLID: NGP(1MAX-t-l).LT.O i f  
IMAX is  l e s s  than  18; automatic  otherwise.  

D .  Terminate r ead ing  t h i s  photon l i b r a r y  segment: NLB.LT.0. 

E. Skip r ead ing  t h i s  photon l i b r a r y  segment: Cont ro l led  by PHO 
command (Sec t .  4 .19) .  

F. Remarks: 

1. Only those  NGP(I)/RPH(I) p a i r s  f o r  which RPH(1) is  non-zero 
need be s p e c i f i e d .  



Table  5.6.  Photon energy group s t r u c t u r e s  f o r  a c t i v a t i o n  
p r o d u c t s ,  a c t i n i d e s ,  and f i s s i o n  p roduc t s  

Group energy (MeV) 

Group Lower boundary Upper boundary Average 



6 .  SPErTFICATION O F  INITIAL MATERIAL COMPOSITIONS, CONTINUOUS 
NUCLIJL FEED RATES, AND CONTINUOUS ELEMENT REMOVAL RATES 

Th i s  s e c t i o n  d e s c r i b e s  t h e  op t ions  a v a i l a b l e  t o  t h e  use r  r e l a t i v e  

t o  t h e  s p e c i f i c a t i o n  of t h e  i n i t i a l  m a t e r i a l  compositions,  t h e  cont inuous 

nuc l ide  feed  r a t e s ,  and t h e  cont inuous element removal ( reprocess ing)  

r a t e s .  The most o f t e n  used op t ion  by f a r  i s  t h e  s p e c i f i c a t i o n  of t h e  

i n i t i a l  composition of some m a t e r i a l  (Sec t .  6 .1) .  The i n i t i a l  composi- 

t i o n  can be s p e c i f i e d  on e i t h e r  a  nuclide-by-nuclide b a s i s  o r  as t h e  

amount of a  n a t u r a l l y  occurr ing  element which i s  p re sen t .  The amount of 

a  n a t u r a l l y  occu r r ing  element is  converted t o  a  nuclide-by-nuclide b a s i s  

i n t e r n a l l y  u s ing  t h e  n a t u r a l  i s o t o p i c  abundances inpu t  w i th  t h e  decay 

l i b r a r y  (Sec t .  5 .1 ) .  The amounts of i n d i v i d u a l  n u c l i d e s  o r  n a t u r a l l y  

occurr ing  elements  may be  s p e c i f i e d  as g-atoms o r  g ,  depending on t h e  

c o n t r o l  c h a r a c t e r s  of t h e  INP command (Sect .  4 .6) .  

The cont inuous nuc l ide  feed r a t e  opt ion  (Sect .  6.2) a l lows  t h e  

user  t o  s p e c i f y  t h e  continuous feed  r a t e  of i n d i v i d u a l  nuc l ides  o r  

n a t u r a l l y  occu r r ing  elements i n  u n i t s  of g / ( t ime  u n i t ) ( b a s i s  u n i t )  

o r  g-atoms/(time u n i t ) ( b a s i s  u n i t ) .  Both the  mass u n i t s  and t h e  time 

u n i t s  a r e  s p e c i f i e d  by us ing  the  INP command (Sect.  4 .6) .  This  op t ion  

i s  u s e f u l  i n  s imu la t ing  the  cont inuous feed  of nuc l ides  t o  a  f l u i d - f u e l  

r e a c t o r  (e .g . ,  a  MSBR) o r  t o  a  r a d i o a c t i v e  waste tank.  

The conrinuous element removal op t ion  (Sect .  6 . 3 )  a l lows  t h e  user 

t o  s p e c i f y  t h e  cont inuous removal rates of elements  dur ing  i r r a d i a t i o n  

i n  u n i t s  of f r a c t i o n l t i m e  u n i t .  The t i m e  u n i t s  a r e  s p e c i f i e d  us ing  t h e  

INP command (Sect .  4 .6) .  This  op t ion  i s  most u s e f u l  when s imu la t ing  t h e  

cont inuous r ep roces s ing  which would be  expected t o  occur  du r ing  t h e  

o p e r a t i o n  of a  f l u i d - f u e l  r e a c t o r  such a s  an MSBR. I f  t h i s  op t ion  i s  t o  

be used t o  c a l c u l a t e  cont inuous element removal i n  a s i t u a t i o n  where 

i r r a d i a t i o n  i s  n o t  t a k i n g  p l a c e ,  then  a very  small neut ron  f l u x  must 

s t i l l  be s p e c i f i e d  t o  a l low t h e  cont inuous element removal op t ion  t o  be 



6.1 S p e c i f i c a t i o n  of I n i t i a l  Mater ia l  Composition 

A .  Function: Specify i n i t i a l  amounts of i nd iv idua l  nuc l ides  or  

n a t u r a l l y  occurr ing  elements.  

B.  Data sequence: 

NEXT, NUCLID(l), RCOMP(l), . . . NUCLID(IMAX), RCOMP(IMAX) 

where 

NEXT = a  c o n t r o l  cha rac t e r  i n d i c a t i n g  f o r  which segment t he  

information i s  intended and t h e  type of information: 

( i . e . ,  nuc l ides  o r  elements) 

1 = i nd iv idua l  a c t i v a t i o n  product nucl ides  

2 = i nd iv idua l  a c t i n i d e  nuc l ides  

3 = i nd iv idua l  f i s s i o n  product nuc l ides  

4 = n a t u r a l l y  occurr ing  a c t i v a t i o n  product elements 

5 = n a t u r a l l y  occurr ing a c t i n i d e  elements 

6  = n a t u r a l l y  occurr ing f i s s i o n  product elements 

NUCLID(1) = t he  s i x - d i g i t  i d e n t i f i e r  f o r  nuc l ide  o r  element I 

( see  Sec t .  2.7) 

RCOMP(1) = amount of nuc l ide  o r  element NUCLID(I) i n i t i a l l y  present .  

The u n i t s  of RCOMP(1) a r e  s p e c i f i e d  with the  INP opera- 

t i o n a l  command (Sect.  4.6). 

IMAX = maximum number of NULCID(I)/RCOMP(I) p a i r s  spec i f i ed  on 

each card must be .LE.4 

C. Terminate card scan: NUCLID(1MAX + 1 )  = 0 i f  IMAX.LT.4 

D. Terminate reading i n i t i a l  composition: Card with NEXT = 0 

E. Skip reading  i n i t i a l  composition: Alter c o n t r o l  cha rac t e r s  of 

p e r t i n e n t  INP command o r  a card wi th  NEXT = 0. 

F. Remarks: 

1. I f  a  given nuc l ide  is  spec i f i ed  more than once f o r  a  s i n g l e  value 

of NEXT, a l l  of t h e  RCOMP(1) va lues  f o r  t h a t  nucl ide on cards  

having t h a t  next  va lue  a r e  added toge ther  t o  form the  i n i t i a l  

amount of t h a t  nuc l ide  i n  a  p a r t i c u l a r  segment. 



2 .  1nitls:L composition c a r d s  w i th  d i f f e r e n t  NEXT va lues  may 

occur  i n  any o r d e r  as long as t h e  NUCLID(1) and RCOMP(1) 

v a l u e s  on any g iven  card  correspond t o  t h e  NEXT va lue  on 

t h a t  c a r d .  

6 .2  S p e c i f i c a t i o n  of Continuous Feed Rates  

A.  Funct ion:  Read feed r a t e s  of i n d i v i d u a l  nuc l ides  o r  n a t u r a l l y  

occu r r ing  elements .  

B .  Data sequence: 

NEXT, NUCLID(I), RRATE(l), . . . NUCLID(IMAX), RRATE(1MA.X) 

where 

NEXT = a c o n t r o l  c h a r a c t e r  i n d i c a t i n g  f o r  which segment t h e  

informat ion  i s  intended and t h e  type  of information:  

1 = i n d i v i d u a l  a c t i v a t i o n  product nuc l ides  

2 = i n d i v i d u a l  a c t i n i d e  n u c l i d e s  

3 = i n d i v i d u a l  f i s s i o n  product  n u c l i d e s  

4  = n a t u r a l l y  occu r r ing  a c t i v a t i o n  product  elements 

5 = n a t u r a l l y  occu r r ing  a c t i n i d e  elements  

6 = n a t u r a l l y  occu r r ing  f i s s i o n  product  e lements  

NUCLID(1) = t h e  s i x - d i g i t  nuc l ide  i d e n t i f i e r  f o r  n u c l i d e  o r  

element I ( s ee  Sec t .  2.7)  

RRATE(1) = t h e  feed  rate of nuc l ide  o r  element NUCLID(1). The 

u n i t s  of RRATE(1) a r e  s p e c i f i e d  w i t h  t h e  INP command 

(Sec t .  4.6).  

IMAX = maximum number of NUCLID(I)/RRATE(I) p a i r s  s p e c i f i e d  

on each card ;  IMAX must be .LE.4 

C. Terminate ca rd  scan:  NUCLID(IMAX + 1) = 0 i f  IMAX.LT.4 

D. Terminate r ead ing  cont inuous  feed r a t e s :  Card wi th  NEXT = 0 

E .  Skip r ead ing  cont inuous  feed  r a t e s :  A l t e r  c o n t r o l  c h a r a c t e r s  of 

p e r t i n e n t  INP command o r  a  ca rd  w i t h  NEXT = 0. 



F. Remarks: 

1. I f  t h e  f e e d  r a t e  of a g iven  n u c l i d e  i s  s p e c i f i e d  more than once 

f o r  a s i n g l e  v a l u e  of NEXT, a l l  of  t h e  RRATE(1) v a l u e s  f o r  t h a t  

n u c l i d e  on c a r d s  hav ing  t h a t  p a r t i c u l a r  NEXT v a l u e  a r e  added 

t o g e t h e r  t o  form t h e  t o t a l  feed r a t e  f o r  n u c l i d e  NUCLID(1). 

2 .  Continuous feed  r a t e  c a r d s  w i t h  d i f f e r e n t  NEXT v a l u e s  may occur 

i n  any o r d e r  as long  a s  t h e  NuCLID(I) and RRATE(I) v a l u e s  on 

any g iven  c a r d  correspond t o  t h e  NEXT v a l u e  on t h a t  ca rd .  

6 . 3  S p e c i f i c a t i o n  o f  Continuous Reprocessing Rates 

A .  Func t ion :  Read con t inuous  element removal r a t e s  d u r i n g  i r r a d i a t i o n .  

B. Data sequence: 

Group 1 (one ca rd  s e t )  

RREM (I), NPROS (1) , . . . RREM(M) , NPROS (M), . . . 
RREM (MMAX) , NPROS (MMAX) 

Group 2 [MMAX c a r d  s e t s  (M = 1 t o  MMAX)] 

NZ (M, 1 )  , . . . NZ (M, N) , . . . NZ [M. NPROS (M) ] 

where 

RREM(M) = t h e  f i r s t - o r d e r  removal r a t e  of e lements  NZ(M,l) through 

NZ[M,NPROS(M)]. The u n i t s  of RRM(M) are s p e c i f i e d  w i t h  

t h e  INP command (Sec t .  4.6). 

NPROS(M) = t h e  number o f  e lements  i n  ca rd  s e t  M of Group 2 ;  t h a t  i s ,  

t h e  number o f  e lements  which have a cont inuous  removal 

r a t e  e q u a l  t o  RREM(M). 

MMAX = t h e  number o f  con t inuous  r e p r o c e s s i n g  r a t e s  t o  be read .  

Also,  t h e  number of ca rd  s e t s  i n  Group 2 .  MMAX i s  

, s p e c i f i e d  as NINP(4) u s i n g  t h e  INP command (Sec t .  4.6).  

NZ(M,N) = t h e  two-digi t  (e  . g . ,  He = 02)  a tomic number of an 

e lement  w i t h  removal r a t e  RREM(M). 



C.  Terminate card scan:  I m p l i c i t  i n  i npu t  information.  

D. Terminate reading  cont inuous reprocess ing  r a t e s :  I m p l i c i t  i n  i npu t  

i n£  ormation. 

E .  Skip r ead ing  cont inuous r ep roces s ing  r a t e s :  A l t e r  c o n t r o l  c h a r a c t e r  

of p e r t i n e n t  INP command. 

F. Remarks: 

1. Continuous element removal w i l l  occur  only  dur ing  i r r a d i a t i o n .  

I f  cont inuous  removal i s  d e s i r e d  i n  a s i t u a t i o n  where no neutron 

f l u x  i s  p r e s e n t ,  u se  t h e  IRF command (Sec t .  4 .21)  w i th  a  very  

smal l  flux. 



7 .  ORIGEN2 INPUT DECK ORGANIZATION 

Sec t ions  7 . 1  through 7.3 desc r ibe  the  order  i n  which the  data  

discussed i n  Sec ts .  2  through 6 a r e  organized i n  the  card input  deck. 

Sec t ion  7 .1  desc r ibes  the  organiza t ion  of t he  source and objec t  card 

decks t h a t  comprise t h e  ORIGEN2 code. Section 7.2 descr ibes  the  

o rgan iza t ion  of t h e  ORIGEN2 card d a t a  input  deck, assuming t h a t  the 

nuc l ide  d a t a  l i b r a r i e s  (Sec ts .  5 .1  through 5.3) a r e  on cards.  Section 

is s i m i l a r  t o  Sect .  7.2, except  t h a t  t he  nuc l ide  d a t a  l i b r a r i e s  a r e  

assumed t o  be  on t ape  o r  direct-access-device f i l e s .  

7.1 Source and Object Deck Organization 

This  s e c t i o n  desc r ibes  t h e  organiza t ion  of t he  ORIGEN2 source and 

ob jec t  card decks. The genera l  form of t h e  ORIGEN2 code card deck i s  

given i n  Table 7.1.  

The recommended mode of opera t ion ,  which i s  r e f l e c t e d  i n  Table 7.1, 

i s  t o  p l ace  ob jec t  decks of a l l  ORIGEN2 subrout ines ,  except M A I N ,  on 

e i t h e r  a  t ape  o r  a  d i r ec t - acces s  device.  During normal opera t ion  of 

ORIGEN2, M A I N  would be recompiled each t i m e  t h e  code i s  used and would 

be t h e  only  [FORTRAN subrout ines]  present  i n  the  Table 7 . 1  input  deck 

scheme. MAIN i s  recompiled t o  f a c i l i t a t e  use of t he  va r i ab l e  dimensioning 

option' .  No [ob jec t  deck ( s ) ]  would normally be present ,  and only the  

IhCLUDE HEX card and the  over lay  cards  would be used. The [OVERLAY 

s ta tements ]  a r e  n o t  requi red .  They do, however, considerably reduce 

t h e  s i z e  of t h e  f i n a l  executab le  module. 

A somewhat l e s s  common s i t u a t i o n  occurs  when the  user  wishes t o  make 

changes i n  s e l e c t e d  o b j e c t  subrout ines  t h a t  have previously been s tored  

on t ape  o r  a  d i r ec t - acces s  device.  In  t h i s  case ,  t h e  rev ised  FORTRAN 

and/or  o b j e c t  sub rou t ines  a r e  a l s o  included i n  t h e  card deck i n  t he  

a p p r o p r i a t e  p l ace ,  a s  i nd ica t ed  i n  Table 7.1. The subrout ines  on cards  

w i l l  au toma t i ca l ly  be  s u b s t i t u t e d  f o r  those on t h e  tape o r  direct-access  

device .  



Table 7.1. Source and object deck organization 

Sect ion 
where 

Input deck Comments described 

[FORTRAN Subroutine(s)] 

FORTRAN steD 

MAIN plus FORTRAN subroutine(s) 
to be substituted for similarly 
named subroutines in a previously 
compiled version of ORIGEN2 that 
is stored on a direct-access 
device or tape. 

Link-edit step 

//LKED.HEX DD DSN=ORIGEN2.0BJECT,DISP=SHR JCL to call previously compiled 
version of ORIGEN2 from direct- 
access device or tape; not used 
if the entire ORIGEN2 code is 
present on cards. 

//LKED.SYSIN DD * 
[OBJECT Deck(s)] 

INCLUDE HEX 

[OVERLAY Statements] 

Read OBJECT subroutine(s) to be 
substituted for those in the 
previously compiled version of 
ORIGEN2; substitute FORTRAN 
subroutines compiled above and 
OBJECT subroutines for those in 
object deck on direct-access 
device or tape; read OVERLAY 
statements to arrange subroutines 
in a space-minimizing order. 
If the entire ORIGEN2 code is 
present on cards,the INCLUDE HEX 
card is omitted. 

None 

None 



I n  t h e  h o p e f u l l y  uncomon s i t u a t i o n  where t h e  e n t i r e  ORIGEN2 code 

i s  on c a r d s ,  t h e  //LKED.HEx . . . and INCLUDE HEX c a r d s  a r e  omi t t ed .  

7.2 ORIGEN2 I n p u t  Deck Organ iza t ion  - Nuclide Data 
L i b r a r i e s  on Cards 

The o r g a n i z a t i o n  o f  t h e  ORIGEN2 i n p u t  deck,  assuming t h a t  t h e  decay,  

c r o s s - s e c t i o n ,  f i s s i o n - p r o d u c t  y i e l d  and photon d a t a  l i b r a r i e s  a r e  on 

c a r d s ,  i s  g iven  i n  Table  7.2. A summary of t h e  i n p u t  deck o r d e r  i s  a s  

f o l l o w s  : 

c o n t r o l  c a r d s  d e f i n i n g  i n p u t / o u t p u t  u n i t s ;  

misce l l aneous  i n i t i a l i z a t i o n  d a t a  changes; 

ORIGEN2 c o m a n d s ;  

decay d a t a  l i b r a r y ;  

c r o s s - s e c t i o n / f i s s i o n  y i e l d  d a t a  l i b r a r y ;  

photon d a t a  l i b r a r y ;  

i n i t i a l  n u c l i d e  composi t ions  and con t inuous  feed and 
r e p r o c e s s i n g  rates; 

s u b s t i t u t e  decay,  c r o s s - s e c t i o n ,  and f i s s ion-produc t  
y i e l d  d a t a ;  

non-s tandard,  f lux-dependent r e a c t i o n s .  

It is  impor tan t  t o  n o t e  t h a t  - a l l  of t h e  n u c l i d e  d a t a  l i b r a r i e s  read w i t h  

t h e  LIB command (Sec t .  4.18) must b e  read  on t h e  same i n p u t  u n i t .  A 

similar s t a t e m e n t  can b e  made about  t h e  d a t a  l i b r a r i e s  read w i t h  t h e  PHO 

command ( S e c t .  4 .19) ,  a l t h o u g h  t h e  u n i t s  de f ined  by t h e  LIB and PHO 

commands may be  d i f f e r e n t .  The s u b s t i t u t e  d a t a  and non-standard r e a c t i o n  

d a t a  can be read  on a  u n i t  d i f f e r e n t  from t h a t  used by t h e  LIB d a t a  

l i b r a r i e s .  



Table 7.2. ORIGEN2 input organization when the libraries are on cards 

Input deck 

//GO.FT04F001 DD DUMMY 

/ / ~ 0 . ~ ~ 0 6 ~ 0 0 1  DD SYSOUT=A 

//GO.F~07~001 DD DUMMY 

//GO.F~09~001 DD DUMMY 

//GO.FTllFOOl DD DUMMY 

//GO.FT12F001 DD SYSOUT=A 

//~O.F~13~001 DD DUMMY 

//GO. FT15F001 DD DUMMY 

//GO. FT16F001 DD DUMMY 

//GO.FT50F001 DD DSN=TEMP, 
SPACE= (3200, (50,50) , RLSE) , 
DISP= (NEW, PASS) , DCB= (RECFM=FB , 
LRECL=8OYBLKSIZE=3200) 

Section (s) 
where 

Comments described 

Output unit specification Table 2.3 

Input compositions on disk or tape 
(Sect. 4.5) 

Principal print unit 

Write a material composition 
(Sect. 4.15) 

Decay/cross-section library input 
from disk or tape; not used in 
this case 

Photon library input from disk or 
tape; not used in this case 

Alternate print unit 

Print unit for unit 6 table of 
contents 

Print unit for unit 11 table of 
contents 

Debugging information 

Variable cross-section information 

Temporary space for input read on 
unit 5 
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Table 7.2 (continued) 

Input deck Comments 

Section(s) 
where 

described 

[Initial nuclide or element mass] 
0 

[Continuous nuclide or element 
feed rates] 
0 

[Continuous element removal rates] 

[Begin input with miscellaneous 
data above] 

[Begin input with ORIGEN2 
commands above] 

[Begin input with decay data 
libraries] 

Composition, feed rates, 
and removal rates 

Branch or stop 

If (NSTP.EQ.l), read new miscellan- 
eous input data, read new ORIGEN2 
commands, and execute new commands. 

If (NSTP.EQ.2), read new ORIGEN2 
commands and execute. 

If (NSTP. EQ. 3) , execute existing 
ORIGEN2 commands again. 

If (NSTP.EQ.4) or no STP command is 
used, terminate execution. 



Table 7.2 (cont inued) 

Input deck Comments 

Section (s) 
where 

described 

[Activation product decay data] 

[Actinide decay data] 

[Fission product decay data] 

[Activation product cross-section 
data] 

[Actinide cross-section data] 

[Fission product cross-sect ion 
data] 

[Non-standard, flux-dependent 
reactions] 

Substitute data 

Some or all of these data may not 
be present,depending on the 
parameters of the LIB command 
(Sect. 4.18). If the libraries 
are on cards, these substitutes 
can be manually placed in the 
appropriate library, eliminating 
the need for this section. 

Non-standard reactions 

May not be present,depending on 
parameters of the LIB command 
(Sect. 4.18) 



7 . 3  ORIGEN2 I n p u t  Deck Organ iza t ion  - Nuclide Data L i b r a r i e s  
on Tape o r  a Direct-Access Device 

The o r g a n i z a t i o n  of t h e  ORIGEN2 i n p u t  deck,  assuming t h a t  t h e  decay,  

c r o s s - s e c t i o n ,  f i s s i o n  p roduc t  y i e l d ,  and photon l i b r a r i e s  a r e  on t ape  

o r  a d i r e c t - a c c e s s  d e v i c e ,  i s  g iven  i n  Table 7 . 3 .  A summary of t h e  

i n p u t  deck o r d e r  i s  a s  f o l l o w s :  

c o n t r o l  c a r d s  d e f i n i n g  i n p u t / o u t p u t  u n i t s  and d a t a  
l i b r a r y  f i l e s ;  

misce l l aneous  i n i t i a l i z a t i o n  d a t a ;  

ORIGEN2 o p e r a t i o n a l  commands; 

i n i t i a l  n u c l i d e  compos i t ions  and cont inuous  feed  
and r e p r o c e s s i n g  rates; 

s u b s t i t u t e  decay,  c r o s s - s e c t i o n ,  and f i s s i o n  product  
y i e l d  d a t a ;  

non-standard,  f lux-dependent r e a c t i o n s .  

As i n  S e c t .  7.2,  i t  i s  impor tan t  t o  n o t e  t h a t  - a l l  of t h e  n u c l i d e  d a t a  

l i b r a r i e s  r e a d  w i t h  t h e  LIB command (Sec t .  4.18) must be  read  on t h e  

same i n p u t  u n i t .  A s i m i l a r  s t a t e m e n t  can b e  made about t h e  d a t a  l i b r a r i e s  

r e a d  w i t h  t h e  PHO command, a l t h o u g h  t h e  u n i t s  d e f i n e d  by t h e  LIB and PHO 

commands ( S e c t .  4.19) may b e  d i f f e r e n t .  The s u b s t i t u t e  d a t a  c a r d s  must 

be  r e a d  on a d i f f e r e n t  u n i t  from t h a t  used by t h e  LIB d a t a  l i b r a r i e s .  



T a b l e  7 .3 .  ORIGEN2 i n p u t  o r g a n i z a t i o n  when t h e  l i b r a r i e s  a r e  on a d i r e c t - a c c e s s  d e v i c e  

I n p u t  deck Comments 

S e c t i o n ( s )  
where 

d e s c r i b e d  

//60.FT04F001 DD DUMMY 

//GO.FT06F001 DD SYSOUT=A 

//GO.FT07F001 DD DUMMY 

//G0.FT13F001 DD DUMMY 

//GO.FT15F001 DD DUMMY 

//GO.FT16F001 DD DUMMY 

/ / G O .  FT50F001 DD DSN=TEMP , 
SPACE=(3200,(50,50),RLSE), 
DISP=(NEW,PASS),DCB=(RECFM=FB, 
LRECL=80,BLKSIZE=3200) 

Output u n i t  s p e c i f i c a t i o n  Tab le  2 . 3  

I n p u t  compos i t ions  on d i s k  o r  t a p e  
( S e c t .  4 .5)  

P r i n c i p a l  p r i n t  u n i t  

Write a material compos i t ion  
( S e c t .  4.15) 

A l t e r n a t e  p r i n t  u n i t  

P r i n t  u n i t  f o r  u n i t  6 t a b l e  of 
c o n t e n t s  

P r i n t  u n i t  f o r  u n i t  11 t a b l e  of 
c o n t e n t s  

Debugging i n f o r m a t i o n  

V a r i a b l e  c r o s s - s e c t i o n  i n f o r m a t i o n  

Temporary s p a c e  f o r  i n p u t  r e a d  on 
u n i t  5 

Decay d a t a  l i b r a r y  

A c t i v a t i o n  p r o d u c t ,  a c t i n i d e  
and f i s s i o n  p r o d u c t  decay 
1 3 b r a r i e s  i n  one f i l e  
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T a b l e  7.3 ( c o n t i n u e d )  

I n p u t  deck Comments 

S e c t  ion (s)  
where 

d e s c r i b e d  

S u b s t i t u t e  d a t a  

[ A c t i v a t i o n  p roduc t  decay d a t a ]  Some o r  a l l  of  t h e s e  d a t a  may n o t  

[ A c t i n i d e  decay d a t a ]  

[ F i s s i o n  p roduc t  decay d a t a ]  

[ A c t i v a t i o n  p roduc t  c r o s s - s e c t i o n  
d a t a ]  

[ A c t i n i d e  c r o s s - s e c t  ion d a t a ]  

[ F i s s  ion p roduc t  c r o s s - s e c t i o n  
d a t a ]  

[Non-standard,  f lux-dependent  
r e a c t  i o n s ]  

b e  p r e s e n t , d e p e n d i n g  on t h e  
p a r a m e t e r s  of t h e  LIB command 
( S e c t .  4 .18) .  

Non-standard r e a c t i o n s  

May n o t  be  p r e s e n t , d e p e n d i n g  on 4.18,  5 . 4  
pa ramete rs  of t h e  LIB command 
( S e c t .  4 .18)  



8.  DESCRIPTION OF ORIGEN2 INPUT AND OUTPUT 

Th i s  s e c t i o n  p r e s e n t s  and d e s c r i b e s  a s p e c i f i c  ORIGEN2 c a l c u l a t i o n .  

The example c a l c u l a t i o n a l l y  i r r a d i a t e s  f r e s h  3.2%-enriched uranium oxide 

f u e l  and t h e  c l add ing  a s s o c i a t e d  w i t h  t h e  f u e l ,  reprocesses  t h e  f u e l ,  

and then  decays t h e  h igh- leve l  and c ladding  wastes .  Other i n s t r u c t i o n s  

t h a t  do no t  meaningful ly c o n t r i b u t e  t o  t h e  c a l c u l a t i o n  have been included 

f o r  demonst ra t ion  purposes.  

Sec t ion  8 .1  d e s c r i b e s  t h e  ORIGEN2 inpu t  deck t h a t  i s  l i s t e d  i n  

Appendix A. Sec t ion  8.2 con ta ins  a  gene r i c  d e s c r i p t i o n  of ORIGEN2 ou tpu t ,  

which i s  neces sa ry  because of t h e  apparent  d i f f i c u l t y  many u s e r s  exper ience  

when t r y i n g  t o  read  OR1GEN2 p r i n t o u t .  Sec t ion  8 .3  d e s c r i b e s  r e p r e s e n t a t i v e  

p o r t i o n s  of t h e  ou tpu t  ( l i s t e d  i n  Appendixes B-F) r e s u l t i n g  from execut ion  

of t h e  inpu t  deck descr ibed  i n  Sec t .  8.1.  

8 .1  b e s c r i p t i o n  of Sample ORIGEN2 Input  

The sample ORIGEN2 i n p u t  deck descr ibed  he re  is l i s t e d  i n  Table A . l  

of Appendix A .  Except f o r  t h e  f i r s t  few c a r d s  (which a r e  d i c t a t e d  by 

l o c a l  computer c o n v e n t i o n s ) , a l l  of t h e  c a r d s  necessary  t o  perform t h e  

s p e c i f i e d  c a l c u l a t i o n s  a r e  p r e s e n t ,  assuming t h a t  ORIGEN2 e x i s t s  as an  

o b j e c t  deck on a d i r ec t - acces s  device  o r  tape .  I n  t h e  d i scuss ion  t o  

fo l low,  s p e c i f i c  c a r d s  i n  t h e  i n p u t  deck w i l l  be r e f e r r e d  t o  by t h e  

ca rd  number g iven  i n  t h e  lef t -hand column i n  Table A . 1 .  

Cards 1 through 5 c a l l  f o r  t h e  ca ta loged  procedure i n  which a  

FORTRAN program is compiled (opt imiz ing  compiler) ,  l i nk -ed i t ed ,  and 

executed. Cards 6 through 89 c o n s t i t u t e  "MAIN" ( s ee  Sec t .  2.1) ; they 

a r e  t h e  on ly  p a r t s  of ORIGEN2 t h a t  a r e  p re sen t  i n  t h e  FORTRAN language. 

These c a r d s  a r e  a  s p e c i f i c  c a s e  of t h e  gene ra l  v e r s i o n  of MAIN shown i n  

F ig .  2 .1 and correspond t o  ca se  1 i n  Table 2.2. The most s i g n i f i c a n t  

a s p e c t s  of MAIN a r e  descr ibed  on t h e  comment c a r d s  contained i n  t h e  

l i s t i n g  i n  Table A . 1 .  



Fol lowing M A I N  on c a r d s  90 through 105 i s  a  s e r i e s  of job c o n t r o l  

c a r d s  f o r  ORIGEN2. Cards 9 1  and 92 p o i n t  t o  t h e  compiled s u b r o u t i n e s  of 

ORIGEN2 ( i . e . ,  t h e  o b j e c t  module),  which r e s i d e  on a  d i r e c t - a c c e s s  device  

i n  t h i s  example. Card 93 p o i n t s  t o  t h e  OVERLAY s t a t e m e n t s ,  which a r e  used 

t o  a r r a n g e  t h e  ORIGEN2 s u b r o u t i n e s  i n  a  space-minimizing c o n f i g u r a t i o n .  

The OVERLAY s t a t e m e n t s  a r e  a l s o  s t o r e d  on a  d i r e c t - a c c e s s  dev ice  and a r e  

l i s t e d  i n  Tab le  A.2 of  Appendix A .  Cards 95 and 96 p o i n t  t o  the  decay 

and c r o s s - s e c t i o n / f i s s i o n  p roduc t  y i e l d  l i b r a r i e s  t h a t  a r e  s t o r e d  on a  

d i r e c t - a c c e s s  d e v i c e .  The d a t a  s e t s  a r e  conca tena ted  t o  p reven t  ORIGEX2 

from e n c o u n t e r i n g  an e n d - o f - f i l e  when i t  beg ins  t o  read t h e  c r o s s - s e c t i o n  

d a t a .  ORIGEN2 w i l l  c o n t i n u e  i f  t h e  c r o s s - s e c t i o n  d a t a  s e t  i s  not  concat -  

e n a t e d  ( i . e . ,  t h e  c r o s s - s e c t i o n  d a t a  s e t  i s  given a s  GO.FT09F002 D D ,  e t c . ) .  

However, i n  t h i s  c a s e ,  a n  e r r o r  message w i l l  be p r i n t e d .  Card 97 p o i n t s  

t o  t h e  photon l i b r a r y ,  which is  s t o r e d  on a  d i r e c t - a c c e s s  dev ice .  Cards 

98 through 102 and 105 p o i n t  s e v e r a l  ORIGEN2 ou tpu t  u n i t s  t o  the  l i n e  

p r i n t e r  ( s e e  S e c t .  2 .5) .  Uni t  6  is  a u t o m a t i c a l l y  po in ted  t o  t h e  l i n e  

p r i n t e r  by t h e  ORNL o p e r a t i n g  sys tem and must be inc luded  e x p l i c i t l y  on 

sys tems  where t h i s  i s  no t  done.  Card 94,  which is  t h e  ou tpu t  u n i t  f o r  t h e  

PCH command, is  p o i n t e d  t o  the c a r d  punch. Cards 103  and 104 d e f i n e  t h e  

s c r a t c h  d a t a  s e t  t o  which SUBROUTINE LISTIT ( s e e  S e c t .  2 . 6 )  w r i t e s  t h e  

i n p u t  d a t a  r ead  on u n i t  5 w h i l e  they  a r e  a l s o  be ing  l i s t e d  on u n i t  6 .  

Cards  106 th rough  290 c o n s t i t u t e  t h e  i n p u t  t o  ORIGEN2 t h a t  is read 

on u n i t  5. Only t h e  h i g h l i g h t s  of t h e  i n p u t  on u n i t  5 w i l l  be d i scussed  

s i n c e  many of  t h e s e  c a r d s  r e s u l t  from s t r a i g h t f o r w a r d  a p p l i c a t i o n  of 

t h e  commands i n  S e c t .  4. Cards 107 through 113 o v e r r i d e  v a r i o u s  of 

t h e  f r a c t i o n a l  r e p r o c e s s i n g  r e c o v e r i e s , a s  d e s c r i b e d  i n  S e c t s .  3.4 through 

3 .6 .  Cards 125 through 1 2 8  a r e  t h e  LPU commands t h a t  i n d i c a t e  t h e  

n u c l i d e s  f o r  which s u b s t i t u t e  d a t a  a r e  t o  be provided.  The f i r s t  LPU 

command is  a s s o c i a t e d  w i t h  t h e  f i r s t  n e g a t i v e  l i b r a r y  i d e n t i f i e r  on t h e  

L I B  command [(card 1 2 9 ) ,  i . e . ,  t h e  f i s s i o n  p roduc t  decay l i b r a r y  ( l i b r a r y  

i d e n t i f i e r  = -3)]. The second LPU command is a s s o c i a t e d  wi th  t h e  second 

n e g a t i v e  l i b r a r y  i d e n t i f i e r  ( v i z . ,  -21) ,  and s o  f o r t h .  The s u b s t i t u t e  

d a t a  c a r d s  a r e  t o  b e  r e a d  on u n i t  3 ,  a s  i n d i c a t e d  on t h e  L I B  c a r d .  

A d d i t i o n a l l y ,  t h e  LIB command c a l l s  f o r  two non-standard r e a c t i o n s  t o  

be  r e a d  on u n i t  3 .  Cards 134 through 142 read v a r i o u s  i n p u t  m a t e r i a l  

compos i t ions  and s t o r e  them i n  s t o r a g e  v e c t o r s .  Cards 143 through 158 



constitute the irradiation of the oxide fuel materiakwith specific 

power being specified. Two aspects of this section should be noted: 

(1) the use of the BUP commands (cards 146 and 158) to define the steps in 

which the characteristic burnup is to be determined; and (2) the use of 

the right portion of the IRP commands for comments, which is permitted 

on all cards after the last required character. Cards 159 through 162 

output the results of the fuel irradiation. The OPTn commands result in 

only the gram summary tables for all three output segments (activation 

products, actinides, and fission products) being printed along with all 

nuclide aggregations for the activation product curies table (see 

Sect. 8.2 for a more detailed discussion). Cards 166 and 167 are 

superfluous for the purposes of this calculation. They have only been 

included for the purpose of describing the output they produce on unit 15, 

and will be discussed further in Sect. 8 . 3 . 4 .  Cards 168 through 186 

irradiate the fuel cladding material by specifying the flux level; 

however, since the flux is given as -1.0, the flux actually used is 

taken from the appropriate step of the fuel irradiation above. Cards 

191 through 194 write several vectors in a format suitable for input to 

ORIGEN2 at a later date. Card 195 temporarily halts the reading of the 

ORIGEN2 commands and begins execution of those already read. The "2" 

in the STP command indicates that when execution of the preceding 

commands is complete, new commands, but not new miscellaneous initiali- 

zation data, are to be read. Cards 196 through 226 define the input 

material compositions read by the INP commands on cards 134 through 

142. Note the use of comments on the right portion of the cards and 

the zeroes (first character on card) that terminate the execution of 

each INP command. Card 227 begins the new set of commands required by 

the previous STP command. Cards 230 through 232 again read decay, cross- 

section/fission product yield, and photon libraries. No additional job 

control cards are required because the units are rewound after the 

libraries have been read. Cards 234 through 240 reprocess the fuel 

to generate the high-level waste (HLW) composition as well as the 

composition of the fuel residual in the cladding. Cards 243 through 

265 and 266 through 288 constitute the decay and output of the high-level 



w a s t e  and c l a d d i n g  was te .  Note t h a t  t h i s  in fo rmat ion  is  be ing  ou tpu t  

on bo th  u n i t s  6 and 11 by t h e  use  of two OUT commands f o r  each waste .  

Card 289 i n d i c a t e s  t h a t ,  a f t e r  e x e c u t i o n  of t h e  p rev ious  commands, the  

j o b  i s  completed.  

Cards  291 through 306 c o n t a i n  t h e  u n i t  3 i n p u t  t o  O R I G E N 2 .  Cards 

292 through 300 c o n t a i n  t h e  i n f o r m a t i o n  t o  o v e r r i d e  d a t a  i n  t h e  l i b r a r i e s  

b e i n g  r e a d  from a  d i r e c t - a c c e s s  d e v i c e  on u n i t  9  ( s e e  S e c t .  5 . 3 ) ,  and 

t h e i r  p r e s e n c e  i s  r e q u i r e d  by c a r d s  125 through 128.  Cards 301 and 302 

c o n t a i n  t h e  two non-standard r e a c t i o n s  ( s e e  S e c t .  5 . 4 )  r e q u i r e d  by t h e ,  

f i r s t  LIB command (ca rd  1 2 9 ) .  Cards 303 through 306 c o n t a i n  the  s u b s t i -  

t u t e  d a t a  f o r  t h e  second s e t  of LPU/LIB commands ( c a r d s  230 and 2 3 1 ) .  

Note t h a t  o n l y  t h e  decay i n f o r m a t i o n  i s  r e q u i r e d  s i n c e  only  t h e  decay 

l i b r a r i e s  a r e  be ing  r e a d .  

8.2 Gener ic  D e s c r i p t i o n  of  ORIGEN2 Output 

P r e v i o u s  e x p e r i e n c e  h a s  shown t h a t  many people  have d i f f i c u l t y  i n  

r e a d i n g  ORIGEN o u t p u t  and,  because  of  t h e  g r e a t e r  number of o u t p u t  

u n i t s  and t a b l e  t y p e s ,  even g r e a t e r  d i f f i c u l t y  w i t h  ORIGEN2 o u t p u t .  

The p r i n c i p a l  problem a p p e a r s  t o  be i n  f i n d i n g  t h e  c o r r e c t  t a b l e  i n  

t h e  g e n e r a l l y  mass ive  amount of  o u t p u t  produced by ORIGEN2. T h i s  

s e c t i o n  r e p r e s e n t s  a n  a t t e m p t  t o  a l l e v i a t e  t h e  problem by g i v i n g  a  

g e n e r i c  d e s c r i p t i o n  of t h e  o r g a n i z a t i o n  of ORIGEN2 o u t p u t .  S e c t i o n  8 . 3  

w i l l  d e s c r i b e  i n  d e t a i l  t h e  sample o u t p u t  i n  Appendix B.  

ORIGEN2 o u t p u t  is a r r a n g e d  i n  a h i e r a r c h i c a l  form c o n t a i n i n g  f o u r  

l e v e l s .  Thus, t h e  f i r s t  o b j e c t i v e  i s  t o  e s t a b l i s h  t h e  o v e r a l l  ( f i r s t -  

l e v e l )  o r g a n i z a t i o n  of  t h e  o u t p u t .  T h i s  is done i n  S e c t .  8.2.1.  Next, 

i n  S e c t .  8 .2 .2 ,  t h e  p r i n c i p a l  component of  t h e  f i r s t - l e v e l  o r g a n i z a t i o n ,  

which i s  c a l l e d  a n  "ou tpu t  g roup ing , "  i s  d i s s e c t e d .  F i n a l l y ,  i n  

S e c t .  8 . 2 . 3  a  s i n g l e  ORIGEN2 o u t p u t  page i s  ana lyzed .  



8.2.1 Overa l l  o r g a n i z a t i o n  of ORIGEN2 output  

The o v e r a l l  o rgan iza t ion  of a  t y p i c a l  ORIGEN2 output  i s  sumrrliirized 

i n  Table 8.1. The o v e r a l l  o rgan iza t ion  con ta ins  t he  f i r s t  l e v e l  of 

t h e  output  h i e r a r c h y  and, i n  some c a s e s ,  t h e  second l e v e l .  Most of t h e  

output  i n  t h e  f . i r s t  l e v e l  i s  r e l a t i v e l y  s h o r t ,  wi th  t h e  except ion  of t he  

"Output N ,  ' I  which w i l l  b e  d iscussed  l a t e r .  

The ca rd  i n p u t  echo i s  simply a  l i s t i n g  of t h e  inpu t  read on t h e  

ca rd  r eade r .  This  f u n c t i o n  i s  c o n t r o l l e d  from MAIN ( s ee  Sec t .  2 .6 ) ,  and 

t h e  u n i t  numbers can b e  changed r e a d i l y  by changing t h e  c a l l i n g  arguments 

t o  SUBROUTINE LISTIT. 

The l i s t i n g  of t h e  miscel laneous inpu t  d a t a ,  t h e  ORIGEN2 commands, 

and t h e  d a t a  l i b r a r i e s  i s  t o  ensure  t h a t  t he  informat ion  read  by ORIGEN2 

was rece ived  p rope r ly .  The l i s t i n g  of t h e  most voluminous of t hese  t h r e e  

i tems ,  t h e  d a t a  l i b r a r i e s ,  can be  c o n t r o l l e d  by the  LIP (Sec t .  4.16) 

command. The d e t a i l s  of t hese  d a t a  a r e  contained i n  t h e  s e c t i o n s  

i n d i c a t e d  i n  Table 8 .1  and w i l l  no t  be  d iscussed  f u r t h e r  h e r e .  

The ou tpu t  t a b l e s ,  which gene ra l ly  comprise t h e  l a r g e s t  f r a c t i o n  of 

t h e  ORIGEN2 ou tpu t  by f a r ,  w i l l  be  d iscussed  i n  d e t a i l  i n  Sec t .  8.2.2.  

A l l  of t h e  informat ion  p r i n t e d  on u n i t  6 is  numbered s e q u e n t i a l l y  

by page. The t a b l e  of con ten t s  p r i n t e d  on u n i t  12 lists t h e  v a r i o u s  

types  of in format ion  p r i n t e d  i n  t h e  ORIGEN2 output  and t h e  page where 

each begins .  It is  hoped t h a t  t h i s  device  w i l l  minimize t h e  amount of 

s ea rch ing  r equ i r ed  t o  f i n d  a  p a r t i c u l a r  p i ece  of in format ion  i n  a  l a r g e  

volume of output .  

The v a r i a b l e  c ros s - sec t ion  information p r i n t e d  on u n i t  16 g ives  t h e  

va lues  of each of t he  c r o s s  s e c t i o n s  t h a t  vary wi th  burnup f o r  each i r r a -  

d i a t i o n  s t e p .  Severa l  types of d a t a  a r e  g iven ,  i nc lud ing  (1) t h e  l i s t  of 

i s o t o p e s  and c r o s s  s e c t i o n s  ( i . e . ,  c ap tu re  o r  f i s s i o n )  t h a t  a r e  vary ing ,  

(2) t he  previous  and c u r r e n t  c ross -sec t ion  va lues ,  ( 3 )  t he  l o c a t i o n  of 

t h e  va lues  being v a r i e d  i n  t he  ORIGEN2 a r r a y s ,  ( 4 )  t he  l o c a t i o n  of t he  

f i s s i o n  product  y i e l d s  t h a t  must be a l t e r e d  when f i s s i o n  c r o s s  s e c t i o n s  

a r e  changed, (5) an i n d i c a t i o n  of t h e  burnup a n t i c i p a t e d  f o r  the  c u r r e n t  

i r r a d i a t i o n  s t e p  ( t h i s  i s  what t h e  v a r i a b l e  c r o s s  s e c t i o n s  depend o n ) ,  



Table 8.1. Overall organization of ORIGEN2 output 

Description of output 
Section where 

unita described 

Card input echo 6 8 .2  

Miscellaneous input 6 3 

Fission neutron yield per neutron-induced 
fission 

(alpha,n) neutron production rate 
Fission neutron yield per spontaneous 
fission 

Individual-element fractional reprocessing 
recoveries 

Element-group fractional reprocessing 
recoveries 

Assignment of elements to fractional 
recovery groups 

Elemental chemical toxicities 

Listing of ORIGENZ commands 

Data libraries 

Decay 
Activation product segment 
Actinide segment 
Fission product segment 

Cross section 
Activation product segment 
Actinide segment 
Fission product segment 

Photon 
Act ivat ion product segment 
Actinide segment 
Fission product segment 

Output 1 
b 

Output 2  b 

Output N 
b 

Table of contents 

Variable cross-sect ion informat ion 

Debugging and other internal information 15 8.2 

a 
Assuming that the unit assignments given in Table 2.3 are used. 

b ~ e e  Table 8 . 2  for a description of the organization of each output 
grouping. 

Note: If an STP command (see Sect. 4.24) is used, the output after 
"Output N" in the above table will begin with miscellaneous input 
(NSTP=l), ORIGEN instruction listing (NSTP=2), or Output N+1 
(NSTP=3). 



and ( 6 )  an i n d i c a t i o n  of which a c t i n i d e  i s o t o p e  w i t h  d i r e c t  f i s s i o n  

p roduc t  y i e l d s  i s  b e i n g  used t o  account  f o r  t h o s e  a c t i n i d e s  ( i . e . ,  2 3 7 ~ p ,  

2 4 0 ~ u ,  e t c . )  t h a t  do n o t  have a  d i r e c t  f i s s i o n  p roduc t  y i e l d .  

The debugging and o t h e r  i n t e r n a l  i n f o r m a t i o n  t h a t  is  p r i n t e d  on 

u n i t  1 5  i s  g e n e r a l l y  most u s e f u l  i n  moni to r ing  t h e  p r o g r e s s  of t h e  ca lcu-  

l a t i o n .  The e x e c u t i o n  of each command b e g i n s  w i t h  t h e  p r i n t i n g  of a  

one- l ine  message t h a t  i n d i c a t e s  t h e  number and t y p e  of command b e i n g  

execu ted .  Other  i n f o r m a t i o n  t h a t  i s  p r i n t e d  h e r e  i n c l u d e s :  

1. p a r a m e t e r s  r e l a t e d  t o  t h e  c a l c u l a t i o n  of t h e  f l u x  by an  IRP 

command ( S e c t .  4 . 2 2 ) ,  

2 .  t h e  a v e r a g e  r e c o v e r a b l e  energy  p e r  f i s s i o n  f o r  e a c h  i r r a d i a t i o n  

s t e p ,  

3 .  p a r a m e t e r s  c a l c u l a t e d  d u r i n g  t h e  e x e c u t i o n  of a  FAC command 

( S e c t .  4 . 4 ) ,  and 

4.  p a r a m e t e r s  c a l c u l a t e d  d u r i n g  t h e  e x e c u t i o n  of a KEQ command 

( S e c t .  4 .10) .  

The i n f o r m a t i o n  d i s c u s s e d  above g e n e r a l l y  c o n s t i t u t e s  t h e  o u t p u t  i n  

a t y p i c a l  ORIGEN2 c a l c u l a t i o n .  However, under  c o n d i t i o n s  where a n  

e x t r e m e l y  l a r g e  amount o f  o u t p u t  i s  d e s i r e d ,  i t  may prove u s e f u l  t o  

d i r e c t  a  l i m i t e d  amount o f  t h e  o u t p u t  t o  u n i t  6 and t h e  m a j o r i t y  of 

t h e  o u t p u t  t o  u n i t  11. Uni t  11 could  b e  a d i r e c t - a c c e s s  d e v i c e ,  t a p e ,  

o r  m i c r o f i c h e  writer. In any case, t h e  o u t p u t  d i r e c t e d  t o  u n i t  11 w i l l  

be  t h e  Output  N i n f o r m a t i o n ,  and u n i t  1 3  w i l l  be  t h e  t a b l e  o f  c o n t e n t s  

f o r  u n i t  11. 

F i n a l l y ,  t h e r e  is  one t y p e  o f  ORIGEN2 o u t p u t  which, a l t h o u g h  

r a r e l y  g e n e r a t e d ,  can  b e  v e r y  u s e f u l  f o r  some debugging purposes .  

T h i s  o u t p u t  i s  a l i s t i n g  o f  t h e  "matr ix"  o f  r e a c t i o n  rates t h a t  are t h e  

p a r a m e t e r s  i n  t h e  d i f f e r e n t i a l  e q u a t i o n s  b e i n g  s o l v e d  by ORIGEN2 and 

t h a t  connec t  e a c h  i s o t o p e  w i t h  i t s  p a r e n t s  and progeny. T h i s  o u t p u t ,  

c o n t r o l l e d  by t h e  LIB  command ( S e c t .  4.17),  would r e q u i r e  roughly  75 

pages  f o r  a n  ORIGEN2 c a l c u l a t i o n  t h a t  i n c l u d e s  a l l  n u c l i d e s .  



8.2.2 D e s c r i p t i o n  o f  t h e  o r g a n i z a t i o n  of an  ou tpu t  group 

The o r g a n i z a t i o n  of t h e  i n f o r m a t i o n  conta ined i n  one of t h e  Output N 

s e c t i o n s  i n  Table 8 . 1  i s  summarized i n  Table 8.2.  Th i s  w i l l  be c a l l e d  

an  "output  grouping" h e n c e f o r t h .  An ou tpu t  grouping r e s u l t s  from t h e  

e x e c u t i o n  o f  one OUT command ( S e c t .  4 . 5 ) .  The o u t p u t  grouping c o n t a i n s  

t h e  second,  t h i r d ,  and f o u r t h  l e v e l s  of t h e  ORIGEN2 h i e r a r c h i c a l  o u t p u t .  

An o u t p u t  grouping can  c o n t a i n  s i x  second- level  s e c t i o n s :  r e a c t i v i t y  

and burnup d a t a ,  an a c t i v a t i o n  product  segment, an a c t i n i d e  segment 

( i n c l u d i n g  d a u g h t e r s ) ,  a  f i s s i o n  product  segment, neu t ron  emiss ion r a t e s ,  

and photon emiss ion  r a t e s .  

The r e a c t i v i t y  and burnup d a t a  c o n s i s t  of l e s s  than one page of 

i n f o r m a t i o n  summarizing t h e  f l u x e s ,  burnups ,  s p e c i f i c  power, and i n f i n i t e  

m u l t i p l i c a t i o n  f a c t o r  d a t a  f o r  each of t h e  v e c t o r s  being p r i n t e d .  I n  

a d d i t i o n ,  t h e  i n f o r m a t i o n  r e l a t e d  t o  t h e  s i z e  of t h e  ORIGEN2 c a s e  ( see  

Tab les  2 . 1  and 2.2) i s  summarized h e r e .  The ou tpu t  of t h i s  in fo rmat ion  

can b e  c o n t r o l l e d  by t h e  OUT command (Sec t .  4 . 5 ) .  

The a c t i v a t i o n  p roduc t  segment c o n s i s t s  of t h e  ou tpu t  of one o r  more 

" t a b l e  types"  c o n t a i n i n g  i n f o r m a t i o n  f o r  on ly  t h e  a c t i v a t i o n  p roduc t s .  

A t a b l e  t y p e  i s  c h a r a c t e r i z e d  by t h e  u n i t s  of t h e  t a b l e ,  such as mass 

(grams) ,  r a d i o a c t i v i t y  ( c u r i e s ) ,  the rmal  power ( w a t t s ) ,  o r  neu t ron  

a b s o r p t i o n  r a t e  ( n e u t r o n s / s e c ) .  Twenty-four t a b l e  types  a r e  a v a i l a b l e  

i n  ORIGEN2; t h e s e  a r e  l i s t e d  i n  Table  4.3.  The t a b l e  types  t h a t  a r e  

p r i n t e d  are c o n t r o l l e d  by t h e  OPTL command (Sec t .  4.25).  For each t a b l e  

t y p e ,  t h e r e  a r e  f o u r  p o s s i b l e  aggrega t ions :  n u c l i d e ,  e lement ,  summary 

i s o t o p e ,  and summary e lement .  The a g g r e g a t i o n ( s )  t h a t  a r e  p r i n t e d  a r e  

a l s o  c o n t r o l l e d  by t h e  OPTL command. The n u c l i d e  a g g r e g a t i o n  lists t h e  

s p e c i f i e d  c h a r a c t e r i s t i c  o f  e a c h  n u c l i d e  i n  each of t h e  v e c t o r s  being 

p r i n t e d .  The e lement  a g g r e g a t i o n  l ists t h e  s p e c i f i e d  c h a r a c t e r i s t i c  f o r  

each  chemical  e lement  i n  each of t h e  v e c t o r s  be ing  p r i n t e d .  The summary 

a g g r e g a t i o n s  c o n t a i n  t h e  same t y p e  o f  i n f o r m a t i o n  as t h e  r e g u l a r  t a b l e s  

e x c e p t  t h a t  o n l y  t h o s e  n u c l i d e s  ( o r  e lements )  which c o n t r i b u t e  more t h a n  

a c e r t a i n  f r a c t i o n  ( i . e . ,  c u t o f f  v a l u e )  t o  t h e  t o t a l  f o r  a l l  a c t i v a t i o n  

p r o d u c t  i s o t o p e s  a r e  l i s t e d .  The c u t o f f  v a l u e s  a r e  s p e c i f i e d  w i t h  t h e  



Table 8.2. Organization of an output grouping 

Reactivity and burnup data 

Activation product segment 

Table type la 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

Table type 2a 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

Table type 24a 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

Actinide segment 
[same table types and aggregations as for activation products] 

Fission product segment 
[same table types and aggregations as for activation products] 

Neutron production rates 

(alpha, n) 
Spontaneous fission 

Photon production rates 

Activation product segment 
Summation tables 
Principal contributor tables 

Actinide segment 
[same aggregations as for activation products] 

Fission product segment 
[same aggregations as for activation products] 

a The table types that are actually printed can be controlled with 
the OPTn commands (see Sects. 4.25-4.2 7). 

Note: An "output grouping" results from the execution of a single 
OUT command (see Sect. 4.5). 



CUT command ( S e c t .  4 . 9 ) .  It shou ld  be noted t h a t  some t a b l e  types ,  such 

as f i s s i o n  r a t e  and a l p h a  r a d i o a c t i v i t y ,  a r e  no t  a p p l i c a b l e  t o  a c t i v a t i o n  

p r o d u c t s  and cannot  b e  p r i n t e d .  

The a c t i n i d e  segment and t h e  f i s s i o n  product  segment i n  Table 8 . 2  

are v e r y  s i m i l a r  t o  t h e  a c t i v a t i o n  p roduc t  segment d e s c r i b e d  above and 

w i l l  n o t  b e  d i s c u s s e d  i n  d e t a i l .  The t a b l e  t y p e s  and a g g r e g a t i o n s  p r i n t e d  

f o r  t h e  a c t i n i d e s  and t h e  f i s s i o n  p r o d u c t s  a r e  c o n t r o l l e d  by t h e  OPTA 

( S e c t .  4 . 2 6 )  and t h e  OPTF ( S e c t .  4 . 2 7 )  commands r e s p e c t i v e l y .  

The n e u t r o n  p r o d u c t i o n  r a t e  t a b l e s  a r e  r e l a t i v e l y  compact and 

s t r a i g h t f o r w a r d .  Each c o n s i s t s  of  a  one-page l i s t i n g  of the  neu t ron  

p r o d u c t i o n  r a t e s  from ( a l p h a , n )  r e a c t i o n s  f o r  each n u c l i d e  i n  each v e c t o r  

p r i n t e d  and a  one-page l i s t i n g  of  t h e  neu t ron  p roduc t ion  r a t e s  from 

spon taneous  f i s s i o n  f o r  each n u c l i d e  i n  each v e c t o r  p r i n t e d .  Both of 

t h e s e  t a b l e s  a r e  "summary t a b l e s ' '  s i n c e  t h e  c o n t r i b u t i o n  of each n u c l i d e  

t o  t h e  t o t a l  is  t e s t e d  a g a i n s t  a  c u t o f f  v a l u e  s p e c i f i e d  by t h e  CUT 

command ( S e c t .  4 . 9 ) .  I f  t h e  i s o t o p e ' s  c o n t r i b u t i o n  i s  l e s s  than  t h e  

c u t o f f ,  t h e  i s o t o p e  is  n o t  p r i n t e d .  

The f i n a l  second- level  s e c t i o n  of  t h e  o u t p u t  grouping i s  t h e  photon 

p r o d u c t i o n  rates. T h i s  i s  f u r t h e r  broken down i n t o  an  a c t i v a t i o n  product  

segment,  a c t i n i d e  segment,  and a  f i s s i o n  product  segment. Since  t h e  

pho ton  p r o d u c t i o n  r a t e  o u t p u t  f o r  e a c h  of t h e s e  segments is  s u b s t a n t i a l l y  

t h e  same, o n l y  t h e  a c t i v a t i o n  p roduc t  segment w i l l  be d e s c r i b e d  i n  d e t a i l .  

The a c t i v a t i o n  p roduc t  photon o u t p u t  c o n s i s t s  of  summation t a b l e s  and 

p r i n c i p a l  c o n t r i b u t o r  t a b l e s .  The summation t a b l e s  l i s t  t h e  photon 

p r o d u c t i o n  r a t e s  f o r  each v e c t o r  p r i n t e d  a s  a f u n c t i o n  of  1 8  photon 

energy  groups .  Summation t a b l e s  are g iven  i n  u n i t s  of pho tons / sec  and 
- 1 

MeV wat t - '  s e c  . The p r i n c i p a l  c o n t r i b u t o r  t a b l e s  l i s t  t h e  photon 

p r o d u c t i o n  r a t e s  f o r  each  n u c l i d e  t h a t  c o n t r i b u t e s  more than  a  s p e c i f i e d  

f r a c t i o n  ( i . e . ,  a  c u t o f f  v a l u e  s e t  w i t h  t h e  CUT command) t o  t h e  t o t a l  

photon p r o d u c t i o n  r a t e  f o r  each group. 



8 .2 .3  Desc r ip t i on  of a  s i n g l e  ORIGEN2 ou tput  page 

A t y p i c a l  ORIGEN2 ou tput  page, taken from one of t h e  ou tput  groupings,  

i s  shown i n  F ig .  8 .1 .  The page number, ou tput  u n i t  number, and segment 

( i . e . ,  a c t i v a t i o n  product ,  a c t i n i d e ,  o r  f i s s i o n  product )  a r e  given i n  the  

upper,  r ight-hand corner .  The page number i s  c o r r e l a t e d  wi th  t he  t a b l e  

of con ten t s ,  a s  mentioned p rev ious ly .  

Next, i n  t h e  upper l e f t  p o r t i o n  of t h e  page, t he  fo l lowing  informat ion  

i s  g iven:  

1. t h e  t i t l e  f o r  t h i s  ou tput  grouping ( s p e c i f i e d  w i th  a  

T I T  command, Sec t .  4.2) ; 

2. t h e  average  s p e c i f i c  power (MW p e r  b a s i s  u n i t ) ,  burnup 

(MWd p e r  b a s i s  u n i t ) ,  and f l u x  (neut rons  c m 2  sec"), 

t h e  c a l c u l a t i o n  of which depends on t h e  BUP command 

(Sec t .  4.14); 

3 .  t h e  agg rega t ion  ( e . g . ,  n u c l i d e  t a b l e ,  element summary 

t a b l e ,  e t c  .) and t a b l e  type  ( i . e .  , r a d i o a c t i v i t y ,  c u r i e s ) ;  and 

4 .  t h e  ou tpu t  grouping b a s i s  ( s p e c i f i e d  w i th  a  BAS command, 

S e c t .  4 .3) .  

If no real s p e c i f i c  power/burnup/flux in format ion  is  a v a i l a b l e ,  a l l  

parameters  are se t  t o  1 .0 .  

Below t h e  ou tpu t  grouping b a s i s ,  and spanning t h e  e n t i r e  page, a r e  

t h e  v e c t o r  headings .  Unless a l t e r e d ,  t h e s e  headings w i l l  be  t h e  i r r a d i a -  

t i o n  o r  decay t imes  f o r  t h e  v e c t o r .  Alphanumeric v e c t o r  headings can be  

i n s e r t e d  by u s i n g  t h e  HED command (Sec t .  4 .7 ) .  

The remainder  of  t h e  ou tput  page i s  occupied by t h e  main body of 

t h e  ORIGEN2 ou tpu t  in format ion .  The l e f t m o s t  column lists t h e  n u c l i d e  

(o r  element), and t h e  remainder of t h e  h o r i z o n t a l  l i n e  g i v e s  t h e  charac-  

t e r i s t i c  ( i . e . ,  c u r i e s )  of t h a t  i s o t o p e  f o r  each  of t h e  times o r  

c o n d i t i o n s  of  each  v e c t o r .  

A t  t h e  end of each aggrega t ion ,  v e c t o r  t o t a l s  a r e  given.  Cumulative 

t o t a l s  [ e . g . ,  t o t a l  a c t i v a t i o n  product  (AP) p l u s  a c t i n i d e  (ACT) p l u s  

f i s s i o n  product  (FP) c u r i e s ]  f o r  each v e c t o r  a r e  given a t  t h e  end of each 

t a b l e  type .  
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8.3 Description of Sample ORIGEN2 Output 

This section describes five different types of sample output produced 

by ORIGEN2: output on unit 6, units 12 and 13, unit 15, unit 16, and 

unit 7. Since the output from some of these units, particularly unit 6, 

can be extremely voluminous, only representative excerpts have been 

included in some cases. All output described in this section was produced 

by the sample input deck described in Sect. 8.1. 

8.3.1 ORIGEN2 output on unit 6 

The sample ORIGEN2 output printed on unit 6 is given in Appendix B. 

There are two principal types of output on unit 6: reactivity and burnup 

information,and the ORIGEN2 output grouping. The output grouping, in turn, 

consists of various table types (e.g., watts, grams, etc.) for each of 

the nuclide segments (activation products, actinides, and fission products), 

neutron production tables, and photon production tables. 

The sample reactivity and burnup information is given in Appendix B.l, 

Table B.1. The first seven of the ten lines present for all of the output 

vectors contain information pertinent to only the output vector to which 

it corresponds. The last three lines contain average information for the 

entire output. The "SIZE OF MMAX" information tells the number of nuclides 

that have a given number of associated nuclear reactions [i.e., MMAX(3) 

means that a nuclide has three reactions]. The information below the MMAX 

data indicates the size of the problem executed. This information is 

needed to variably dimension ORIGENZ. 

Sampies of the table types that are output for each of the nuclide 

segments are given in Appendix B.2, Tables B.2 through B.5. Because of 

the length of the output, only the activation product radioactivity table 

is included. Table B.2 is the activation product nuclide radioactivity 

table for the long-term decay of the cladding waste. This table con- 

tains the curies of the radioactive nuclides in the cladding associated 

with 1 metric ton of initial heavy metal as a function of decay time. 

This table is quite long because each of the 684 nuclides is listed, 



regardless of whether it is significant. Table B.3 is the element 

aggregation corresponding to the nuclide aggregation in Table B . 2 .  

Again, all elements are printed, irrespective of their magnitude. 

Table B.4 is the nuclide summary table aggregation. Here, only the 

most significant nuclides contained in Table B.2 are listed. Finally, 

Table B.5 gives the element summary table corresponding to Table B.4. 

As is evident, the summary aggregations are considerably shorter than 

the nuclide or element aggregations. However, the summary aggregations 

should be used with caution since omission of a nuclide because the 

cutoff fraction was too high could require the repetition of a lengthy 

(and therefore expensive) computer run. 

Appendix B.3 gives sample neutron production rate tables. Table B.6 

is the neutron production rate from (alpha,n) reactions. The neutron 

production rates are given by nuclide and in toto for the composition in 

each vector. Table B.7 is identical except that the neutron production 

rates are from spontaneous fission events. These tables are produced 

only for the actinides since only these nuclides emit significant numbers 

of spontaneous neutrons or alpha particles. It should be noted that these 

tables are summary tables (i.e., only the most significant isotopes are 

output). The neutron production rate totals for each table and for both 

tables together are given for the table as output and for all nuclides, 

whether output or not, to ensure that no significant nuclides were left 

out. 

Appendix B.4 contains the sample photon production rate output. 

Table B.8 is an example of the photon summation tables, in this case for 

the fission products in high-level waste. The upper half of Table B.8 

gives the photon production rate in each of 18 energy groups as a 

function of decay time in units of photons/sec. Totals are given in 

units of photons/sec and MeV/sec. The lower half of Table B.3 gives 

the specific energy release rate for each group as a function of decay 

time in units of MeV (of gamma power) sec-l [watt (of reactor ~ower) I- ' .  
Totals are given in units of MeV sec-' watt-' and (gamma) watts. All of 

the units, except the specific energy release rate, are per basis unit. 



a . 3 . 2  ORIGEN2 output  on u n i t s  12 and 13  

ORIGEN2 o u t p u t s  t h e  t a b l e s  of conten t  f o r  u n i t s  6 and 11 on u n i t s  

1 2  and 1 3  r e s p e c t i v e l y .  These t a b l e s  of conten t  a r e  given i n  Table C . l  

( u n i t  12)  and C.2 ( u n i t  13 ) .  The h i e r a r c h i c a l  na tu re  of t he  ORIGEN2 

output  i s  ev iden t  i n  t hese  t a b l e s  of con ten t ,  p a r t i c u l a r l y  Table C . 1 .  It 

i s  hoped t h a t  t h e  use of t h i s  ou tput  by O R I G E N 2  w i l l  g r e a t l y  a l l e v i a t e  

t he  d i f f i c u l t i e s  many u s e r s  encounter when t r y i n g  t o  f i n d  a  s p e c i f i c  

datum i n  t h e  sometimes-massive output .  

8 . 3 . 3  ORIGEN2 output  on u n i t  16 

The output  on u n i t  16 is  information r e l a t e d  t o  t h e  changing of t h e  

v a r i a b l e  a c t i n i d e  c r o s s  s e c t i o n s  included i n  ORIGEN2. Sample output  from 

u n i t  16 i s  given i n  Appendix D. The v a r i a b l e  c r o s s  s e c t i o n s  a r e  a l t e r e d  

by l i n e a r  i n t e r p o l a t i o n  based on t h e  a n t i c i p a t e d  burnup dur ing  t h e  next  

i r r a d i a t i o n  s t e p .  Thus, t h e  f i r s t  ou tput  on u n i t  16 con ta ins  parameters  

r e l a t e d  t o  t h e  a n t i c i p a t e d  burnup dur ing  t h e  next  i r r a d i a t i o n  s t e p  and 

t h e  weight ing f a c t o r s  used i n  t h e  c ros s - sec t ion  i n t e r p o l a t i o n .  Then, a  

small  t a b l e  is  output  conta in ing  s e v e r a l  p i eces  of information f o r  each 

nuc l ide  wi th  a  v a r i a b l e  c r o s s  s e c t i o n .  The p i eces  of in format ion  i n  t h i s  

t a b l e  a r e  a s  fo l lows:  

1. NUCLID: Six -d ig i t  n u c l i d e  i d e n t i f i e r .  

2. XSEC TYPE: Type of c r o s s  s e c t i o n ;  1 = (n,gamma), 2 = (n,gamrna) 

t o  an  e x c i t e d  s t a t e  of t h e  daughter ,  4 = ( n , f i s s i o n ) .  

3. TOCAP(I), I=: I is  t h e  l o c a t i o n  of t h e  c r o s s  s e c t i o n  i n  a r r a y  

TOCAP, which con ta ins  t h e  t o t a l  neut ron  abso rp t ion  c r o s s  s e c t i o n .  

Th i s  i s  meaningless f o r  f i s s i o n  c r o s s  s e c t i o n s .  

4. A(N), N = N i s  t h e  l o c a t i o n  of t h e  r e a c t i o n  r a t e  corresponding 

t o  t h e  c r o s s  s e c t i o n  being v a r i e d  i n  t h e  ma t r ix  of r e a c t i o n  

r a t e s  ( i . e . ,  A ) .  

5. FP YIELD I N D I C  ARR: Number of t h e  a r r a y  con ta in ing  t h e  loca-  

t i o n s  of t h e  f i s s i o n  product  y i e l d s  t h a t  have t o  be ad jus t ed  

when f i s s i o n  c r o s s  s e c t i o n s  a r e  va r i ed .  



6. FISS(J): Location of the fission cross section in array FISS, 

which contains all fission cross sections. 

7. A(N): Value of A(N) for the N in item 4 above; not meaningful 

for fission cross sections. 

8. TOCAP (I) : Value of TOCAP (I) for the I in item 3 above. 

9. A(N) FP YIELD: Value of A(N) for a single, arbitrarily chosen 

fission product yield; not meaningful if item 5 equals zero. 

10. FISS(J): Value of FISS(J) for the location in item 6 above. 

11. OLD XSEC: Value of the cross section during the previous 

irradiation step. 

12. NEW XSEC: Value of the cross section during the upcoming 

irradiation step. 

All of these pieces of information, in one fashion or another, serve to 

indicate whether the routines that vary the actinide cross sections are 

functioning properly. Under normal circumstances, this output is not 

useful and can be suppressed. Two sequentia1,variable cross-section 

output segments are given in Appendix D so that the movement of the 

old and new cross sections can be seen. 

8 . 3 . 4  ORIGEN2 output on unit 15 

A sample output containing debugging and internal information is 

given.in Appendix E. This output, which is printed on unit 15, serves 

three principal functions. The first function, which is useful in some 

debugging situations, is to print a single line of information just 

before each command is executed. This output immediately indicates the 

command that was being executed when the error occurred. This output 

also prints information concerning the number of each command type. With 

respect to this latter feature, it should be noted that, for the purposes 

of counting the number of commands of a particular type, the IRP, IRF, 

and DEC commands are all counted as IRF commands. This means that there 

will always be a total of zero IRP and DEC instructions. 

The second function of the output on unit 15 is to provide selected 

internal information calculated by ORIGEN2. This type of information 

is printed for the following commands: IRP, IRF, KEQ, and FAC. The 

significance of the printed information is discussed below. 



The information printed for both the IRP and IRF commands is basically 

the same. ,Most of the parameters printed are intermediate values used in 

SUBROUTINE FLUXO to calculate the flux when the power is given, or vice 

versa. These values will not be described in detail, but the nomenclature 

in the unit 15 output is the same as that in FLUXO, so that the interested 

user can readily perform the flux/power calculation with a hand calculator 

if required. The parameters printed on unit 15 that may be of more general 

interest are as follows: 

TSEC: absolute time at the end of the current irradiation step, sec 

DELT: duration of the current irradiation step, sec 

EPF1, EPF2, EPF3: recoverable energy per fission associated with 

the zero, first, and second time derivatives 

used in the fluxlpower calculation, MeVIfission 

EPFAVG: average, recoverable energy per fission for this time 

step, MeVIfission 

FLUX: calculated or specified flux for the irradiation step, 

neutrons sec-l 

POWER: calculated or specified power for the irradiation step, 

MW per basis unit 

This type of information can be useful as input to auxiliary hand calcula- 

tions or in finding errors in some situations. 

The internal information printed for the KEQ command (command number 

52 in Appendix E) is related to the calculated neutron production and 

destruction rates, the infinite multiplication factors, and fraction of 

the allocated material that is included in the final mixture. The 

parameters are defined as follows: 

NPROA, NPROB, NPROC: relative neutron production rates of vectors 

NKEQ(l), NKEQ(2), and NKEQ(3) respectively 

(see Sect. 4.10) 

NDESA, NDESB, NDESC: relative neutron destruction rates of vectors 

NKEQ(l), NKEQ(2), and NKEQ(3) respectively 

IMFA, IMFB, IMFC: infinite multiplication factors (= NPROn/NDESn) 

of vectors NKEQ(l), NKEQ(2), and NKEQ(3) 

respectively 



FRC: (IMFB-IMFA)/(IMFA-IMFC) 

FRD: FRC*NDESB/NDESC 

The neutron production and destruction rates are relative because they 

have not been multiplied by the neutron flux. 

The internal information printed for the FAC command is relatively 

simple compared with that for the irradiation and KE@ commands. The FAC 

output information on unit 15 consists of the value of NFAC(1) on the 

FAC instruction and the value of FACTOR[NFAC(l)] (see Sect. 4.4). 

The third function of unit 15 is to provide a mechanism for printing 

internal ORIGEN2 error messages. There are three general types of error 

messages contained in ORIGEN2. The first is related to the size of the 

problem being specified. If the specification requires arrays that exceed 

the size of those arrays actually present, an error message will be output 

indicating the dimension exceeded. 

The second type of message is similar to the first, except it is 

the individual command count that is checked. That is, if the number of 

a particular command actually used exceeds the allowable number, as given 

in Sect. 4, an error message will be printed. Neither of these two error 

types will stop program execution. 

The third type of error is printed when the command key word defining 

the type of command does not match one of the 30 key words contained 

internally in ORIGEN2. In this case, a message will be printed and 

program execution will be terminated. 

8.3.5 ORIGENZ output on unit 7 

A listing of the sample ORIGEN2 output written by unit 7 is given 

in Appendix F. This output is generated by the PCH commands in the 

sample problem listed in Appendix A. The format of the output written 

on unit 7 is the same as the ORIGEN2 input format for specifying material 

compositions (see Sect. 6). Note that the compositions of four different 

materials are listed in Appendix F (viz., fresh uranium oxide fuel, spent 

uranium oxide fuel, fresh cladding, and irradiated cladding). Only the 

non-zero masses (in g-atoms) are output. The PCH command also outputs 



the average burnup, flux, and poweY associated with each material on 

the termination card for each material. These values are required 

if the compositions are to be read by ORIGENZ on unit 4,and are 

ignored if the compositions are read on unit 5 (see Sect. 4.6). 
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APPENDIX A: SAMPLE ORIGEN2 I N P U T  DECK L I S T I N G  



Appendix A . l :  Sample ORIGEN2 Input  Deck 



T a b l e  A . 1 .  Sample  O R I G E N P  i n p u t  d e c k  

! // EXEC FORTQCLS,PARU. PCST=*XREF', 
// REGIOJ. FORT=UOOK, 
// V A R Y .  LKED='OVLY, LIST,PAP8, 
/ FARfl.GO=8FU=-1,DUMP=I', 

5 // !?EGION.G0=60dK 
6 //FORT.SYSIN D O  * 

C 
8 C CASE 1 CISE 1 CASE 1 CASE 1 CASE 1 CLSZ 1 CASE 1 
9 c 

10 LOGICAL LOYG 
11 INTEGER*2 LOCA ,NONO, KD,LOC,NGP,NGY, NGII,PYIELD, Wr)?lP, YC,  "1AX,KXP, 
12 bLOCP,NPUDP? 
13  DOUBLE PRECISION CIHN,CSUH 
14 DILlENSION XWEW ( 13,1676) ,COQFP ( 7 ,1676 )  , NPROD ( 7,1676) , 
15 s a n ~ x  (1676) , R A P  (1676) 
1 6  D I  MENSION STTFPB ( 10, lO)  ,ISTOTI ( 10,03)  , I S  ( 10) , RSTOTI ( 10) 
17 DIMENSION A (6500)  ,LOCI (6500) , NPUDPP ( 880,  3) 
18 DIMENSION DR( 4) ,ER(  4) ,PR ( 4)  , 

19 DIMENSION YIELD (3300) ,NYI?!L9( 88O) ,  3MULV ( 4 ,3 )  
20 DIMENSION ALVRN ( 132) ,NUCAN( 132)  ,NUCSFU( 132)  , N Y  ( 122) , Y Y  ( 132) .  
2  1 BFPSF ( 132) ,  PPA ( 132) 
22 CORMON /JUNR/ERR,IDR (1) ,ILITE,IACT,IPP,IT~T,IL~~X,IA~AX, IPMAX, 
2 3 f  ITOAX,IZNIX, bXN,QIN,PLUX,POWYR,TNDEX,TFPBAV (U) ,IPHHAX 
24 COHRON / N R I N 0 3 / N S I P , A N 4 U L , A N E X P , N A B k l R X ,  ICNRAX,IAPUAX,IFYl!AX 
2 5  C 1 7 6 6  WOBDS A R E  UYCESSARY I N  /YUDSCR/ BEGIYUIIG WITH S 
26 C /NUDSCR/ I S  USED FOR CULTIPLE PURPOSES., 
2  7 COHMON /NUDSCR/DU!!l ( 7,1676)  ,gun2 ( 6.1676) , S ( 2 )  ,CIflN(1676) , 
29 $ CSUY(l676) .NONP (1676) ,NQ(1676) ,XP(1676) . P A R  (1676) .XTE3P(l676),  
2  5, $ D (1 676 )  , AP (3500)  ,LOCP (3500) ,LONG (1  676 )  
30 COI4ROU /BIG/NUCL ( 1676) ,Q (1676) , PG (0004) , T O C A P ( l )  E N  ( 1 3 2 ) .  
3  1 SILPHAN ( 1 3 2 ) ,  SPONF ( 132) ,SFNU ( 132)  ,PISS ( 1 3 2 )  , NUCAB (1676 ) ,  
3  2 SANK (1676) ,WMFC (1676) ,XSTORE( 10 ,1676)  ,DIS (1676) .B (1676).  
3 3 $ABUND( 450),NONO(1676),KD(16~6),LOC(6500),NGP(1676) ,NGN(l676). 
34 $1GE (7900)  , G G R  (7900)  
35  C DS,ER, I U D  FR PROVIDE A CONVENIENT flECHANISM FOR INITIALIZfRG VARTABLE 
36 C IULTIPLIER A R R I Y  RRULV. 
3 7 EQUIVALENCE (DR ( I ) . I ( ~ J L V  (1 , I )  1, (ER( I )  . R ~ U L V  (1.2)) . 
3 9 S (FR ( 1 ) .  FIULV (1 ,3)  ) 
3 9 FQUTVILFUCE ( D U ~  1 (1, 1) .  COEPF (1,  1) ), (DUUZ (1 , l ) .  JPPOD (I .  I )  ). 
4 0 $ (NONP(1) , nnAX( l ) )  , (KAP(1) , U Q ( l ) )  , (XNEW (1 , I )  , D U H l ( l , l ) )  
U 1  EQUIVALENCE (XP ( I ) ,  ALPBN (1)  ) , (ILPHN ( 132) .  NUCAN (1) ) , (NUCNN ( 132)  , 
42 $ R U C S P O ( ~ )  ) ,  (NUCSPU( 132)  , N Y  ( I ) ) ,  (UP ( 132) ,PI ( 1 )  ). (TI( 1321, 
4 3 $FPSP (1)  ) , (PPSF ( 132)  ,YIELD (1) ) . (YIELD (3300) ,NYIPLD (1)  ) 
4 Q CALL Q105P (6) 
45 C INITIALIZE PAGE COUNTER 
4 6 NPAGE=IPAGE (0) 
4 7 LX= 1 0  
4 8 MX= 1 3  
49 LC= 7 
5 0 ILBAX= 700 
5 1 I A N A X =  132  
5 2 I ? M A X =  990 
5 3 ITUAX= 1676 
54  I Z M A X =  6500  
5 5 IPAY AX=7900 
5 6 IAPflAX=3500 
5 7 IPY!lBX=3390 
58 W A B V R X =  450 
59 ICNFlAX= 3 
6 0 IPD= 8 8 0  
6 1 LAR= 4 
6 2  C UEUTRCNS PER NEUTRON-INDUCED FISSION: OrTHERLlAL SPYCTRUfl; l=PAST SPECTRUM 



T a b l e  A . l  ( c o n t i n u e d )  

6 3 NYTP=l 
6 4 NYT?=O 
65 C C4LL SUSROUTINE TO REID CARD IVPOT PROY UNIT 5, PRIVT IT OY UYIT 6, AND 
66 C WRITE TT ON UNIT 50. UNTT 50 IS THSN EEWOUND AND OBIGEN2 READS THE DATR 
67 C PRO! UNIT 50. 
6 9 C4LL LISTIT (5,6,50) 
6 Q PEWIND 50 
70 C MAIN 1 HANDLES TAE MISCELLANEOUS INITTALIZATf ON DATA 
'1 1 CALL MAIN1 (NYTF.SFNU,ALPHW ,NUCAN,NUCSFU,NY,YY,ANHUL,ANEXP) 
7 2  C 'lAIN2 RPADS THE OFIGEN2 COMMANDS 
7 3 2 CALL URIN2(NSTP) 
7 U  C 3AXN3 EXECUTES T9Y ORIGENZ COYHANDS 
7 5 3 CALL NAIN3( 
76 $ LONG.STTFPB, ISTOTI, IS. RSTOTI, LX, Y X ,  LC, IFD. 
7 7 $NUCAB, NONO. KD,LOC ,NGP,NGN, NG9, NYIELD,NONP, RQ,LOCP,?lMAX,KAP, 
7 8 bZOCA .UPUDPP. CION,CSOC, s, 
7 9 $NDCL,Q,FG,TOCAP,GENNEU, ALPHAN,SPONP,SFNU,FISS,AMPC8U~PC,XSl'ORE, 
f? 0 8DIS, P,GGR,YIELD, A , XP, XPIR,XTEMP, D,AP,COEFP,NPROD, XNEW, 
q 1 S A L P H N , N ~ C ~ N , N U C S P ~ , N Y , Y Y , F P S F , F F A , A B U N D , ~ ~ O L ~ , L A ~ ~  
92 C THIS "GO TOn PROVIDES THE MECHANISM FOR EXECUTING MULTIPLS PSOBLEYS WITHIN 
83 C A STNGLE JOB. 
R U GO TO (1,2,3,4),RSTP 
Q 5 4 CONTINUE 
9 6 CALL QlOSP(6) 
8 7 STOP 100 
ea E N D  
89 /* 
90 //LKED. STEPLTB DD DSU=SISl. VSPGU .DISP=SHR 
91 //LRED.HEX DD DSN=CHEMTFCR. ~GCl4198.02OBJ,DISP-SHR 
92 // DD DISP=SHR,DSN=CHEETECH. Q105P. DUrl8YO 
93 //LKED. SYS IN DD DTSP=SAS,DSN=CHEMTECH. AGC14198.020VLY 
94 //GO.PT07F001 DD SYSOUT=B,DCB= (RECFfl=FB,LRECL=80, BLKSIZE=3520) 
95 //GO.FT09P001 DD DSN=CHEMTECH.AGC14198.DECAYIDISP=SHR 
96 // DD DSN=CHFMTECH. AGC 14198- XPWRU,DISP=SHR 
97  //CO.FTlOPOOl DD DSN=CHEMTECR. AGC14198. PHOTOU,DISP=SRR 
98 //SO.FTl lP001 DD SYSOUT=A,DCB= (RECPIl=VBA8LRECL=137,BLKSIZE=l 100) 

//GO. PTl2F001 DD SYSOUT=A. 9CB= (RECPU=VBI,LRECL=137, BLKSIZE=lloO) 
100 //GO. FT13V001 Dn SYSOUT=A, DCB= (RECP~=VBI,LRECL=1~~,BLKSIZE=llOO) 
101 //SO. FTlSP001 DD SYSOUT=A,DCB= (RECPR=VBI,LRECL=137,BLKSIZE=l 100) 
102 //GO.PT16P001 DD SYSOUT=A,DCB= (RECFH=VBA, LRECL=137, BLKSIZE=1100) 
103 //GO .PT50P001 DD DSN=&EAGC,UNIT=SYSDA, 
IOU // DCe- (RECP!=PB,LRECL=9O,BLKSIZE=3200) ,SPACE= (3200, (50850) ,RLSE) 
105 //GO.PT51?001 DV SYSOUT=R,DCS= (~ECP~=VBA,LPECL=137,BLRSIZE=llOO) 
106 //GO.F105F001 DD * 
107 9 2  1 0.99 
10R 94 1 0.994 
109 - 1  
110 5 1 0.1 
111 -1 
112 2 15 
113 -1 
l l ~  B R S  ONE IlETRTC TON OF PIP0 FUEL 
115 RDA -1 = F3ESH U FUEL CITA INPURITIES (1 MT) 
116 RDA -2 = FRESH ZIRCALOY COMPOSITION (1 KG) 
117 RDA -3 = FRESR SS 304 COMPOSITION (1 KG) 
118 RDA -4 = PRESA SS 302 COUPOSITION (1 KG) 
119 RDA -5 = FRESH INCONEL COUPOSITION (1 KG) 
120 RDA -6 = FRESH NICSOBRAZE CONPOSITION (1 KG) 
121 RDA WARNING: VECTORS AQE OFTEN CHANGED WITH RESPECT TO THEIR CONTEUT. 
122 RDA THESE CRINGES WILL BE NOTED OR ED1 CARDS. 
123 COT 5 0.01 -1 
124 LIF 1 1 1  ADR 
125 LPU 380900 551370 -1 
126 LPU 010030 060140 -1 
127 LPU 902320 -1 
128 LPU 380900 - 1 



LT B 
PAC 
DPTL 
TI 'I 
R D  A 
INP 
R D  A 
INP 
R D B  
TNP 
R D A  
TNF 
I D A  
INP 
TIT 
1ov  
HED 
BU P 
IPP 
TRP 
TR P 
IRP 
IRP 
I R "  
TRP 
I R P  
IF  P 
IRP 
TRP 
BU P 
OPTL 
OPTA 
OPTP 
OU T 
RD A 
nov 
R D A  
KE Q 
PAC 
FDA 
TIT 
R O  v 
A D D  
hDD 
ADD 
BED 
I R  Y 
IRP 
TR P 
IRF 
IRP 
I R  F 
TRP 
IRP 
IRF 
IRF 
I R  F 
OUT 
3DA 
R D l  
uov 
nov 
PC H 
PC 0 
PC A 
PC R 

T a b l e  A . l  ( c o n t i n u e d )  

0 1 2 -3  -204 -205 -206 9 3 -2 1 1 
101 102 103 10 

- 1  24*8 
INITIAL COUPOSITIONS OF UNIT AUOUNTS OF FUEL A I D  STRUCT YAT'LS 
RERD FUEL CCUPOSITION TNCLUDTNG IHPURITIES (1000 K G )  
-1  1 -1  -1  1 1 
R E A D  ZIRCALOY COllPOSITION (1.0 KG)  
-2  1 -1 -1 1 1 
R E A D  SS304 CCRPOSITION (1.0 KG) 
-3  1 -1 -1 1 1 
R E A D  INCONEL 71R COHPOSITIOU (1.0 KG) 
-5 1 -1 -1 1 1 
REID NICROBRAZE 50 C3UPOSITTON (1.0 KG) 
-6 1 -1 -1 1 1 
IRRADIATION OF ONE RETRIC TON OF PWRU FUEL 
-1 1 0 1.0 
1 CHARGE 

26.7 31.500 1 2 4 2 END OP TBIS STEP=1.000 IUD/ITIHH 
66.7 37.500 2 3 4 0 END -OF THIS STEP=2,500 UWD/HTTRn 

133.3 37.500 3 4 4 0 END OF THIS STEP-5,000 UWD/HTIHn 
266.7 37.500 4 5 4 0 END OP THIS STEP=10,000 IUD/HTTAM 
400.0 37.500 5 6 4 0 E N D  OF THIS STEP=15,000 HWD/MTIAH 
440.0 37.500 6 7 4 0 E N D  OF THIS STEP=16,500 nWD/UTIHfl 
533.3 37.500 7 8 4 0 E N D  OF THIS STLP=20,000 UVD/UTIHH 
666.7 31.500 8 9 4 0 E N D  OF TBIS STEP=25,000 RWD/UTIAU 
733.3 37.500 9 1 0  4 0 END OF TBIS STEP=27.500 flWD/3TIRn 
800.0 37.500 10 11 4 0 E N D  OF TFIS STEP=30,000 llWD/UTIRU 
880.0 37.500 11 12 4 0 E N D  OF THIS STEP=33.000 UWD/flTIBU 

8 8 8 8 7 8 1 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
8 8 8 8 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
8 8 8 8 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
12 1 -1 0 
-10 = IRRADIATED U FUEL AT DISCHARGE 
12 -10 0 1.0 
THESE IUSTROC'KIOUS ARE HERE OILY TO DENONSTBATE THEIR USE 
10 12 1 2 3 -1.0 
1 1 12 4 0.0 
IRRIDIATION O F  ZIRCALOY+ IUCOIEL + UICROBRAZE 50 I T  100% PLUX 
IRRADIATION O F  ZIRCALOY+ INCONEL + NICROBRAZE 50 AT 100% PLUX 
-2  1 0 223.0 ZIRCALOY 
-5 1 0 12.8 IUCONEL 
-6 1 0 2.6 NICROBBAZE 50 
-3 1 0 9.94 SS 304 
1 CHARGE 
26.7 -1.0 1 2 4 4 ERD OP THIS STEP = 1,000 llVD/!YTIHR 
66.7 -1.0 2 3 4 0 END OF THIS STEP = 2,500 IWD/BTIAU 

133.3 -1.0 3 4 4 0 END OF THIS STEP = 5.000 HWD/HTIRfl 
266.7 -1.0 4 5 4 0 END OF THIS STEP = ,10.000 l!VD/HTIHU 
400.0 -1.0 5 6 4 0 END OP THIS STEP = 15,000 MWD/!¶TIAI 
490.0 -1.0 6 7 4 0 END OF THIS STEP = 16,500 BWD/HTIRn 
533.3 -1.0 7 8 4 0 END OF THIS STEP = 20.000 UUD/HTIBU 
666.7 -1.0 8 9 4 0 END OF THIS STEP = 25,000 IWD/UTIRI! 
733.3 -1.0 9 1 0  4 0 EBD OF THIS STE" 27.500 ~WD/UTIER 
800.0 -1.0 10 11 4 0 END OF TBIS STEP = 30,000 IWD/HTIHR 
880.0 -1.0 11 12 4 0 END OF THIS STEP = 33.000 I!WD/HTIHLI 
12 1 -1 0 
-2 = FRESH ZIRCALOY, IUCOREL, A N D  UICROBRAZE 
-9 = IRRADIATED ZIRCALOY, IUCOUEL, AND MICROBRAZE 
1 -2 0 1.0 
12 -9 0 1.0 
-1 -1 -1 
-10 -10 -10 
-2 -2 -2 
-9 -9 -9 

ADR 



T a b l e  A .  1 ( c o n t i n u e d )  

ST P 2 
2 922340 290.0 922350 32000.0 922380 967710.0 0 0.0 FUEL ACTINIDES 
4 030000 1.0 050000 1.0 060000 89.4 070000 25.0 FUEL ICIPUR 
4 080000 134459.0 OSOOOO 10.7 110000 15.0 120000 2.0 FUEL IBPUR 
4 130000 16.7 140000 12 .1  150000 35.0 170000 5.3 FUEL IUPU6 
4 200000 2.0 220000 1.0 230000 3.0 240000 4.0 FUEL TEPUR 
4 250000 1.7 260000 18.0 270000 1.0 280000 24.0 FUEL ItlPUR 
4 290000 1.0 300000 40.3 420000 10.0 470000 0.1 POEL IUPUk 
4 4 8 0 0 0 0 2 5 . 0  4 9 0 0 0 0 2 . 0  500000 4.0 640000 2.5 FUEL IYPUR 
4 740000 2.0 820000 1.0 830000 0.4 0 0.0 FUEL IBPUR 
0 
4 400000 979.11 500000 16.0 260000 2.25 240000 1.25 ZIRC-4 
4 280000 0.02 130000 0.024 950000 0.00033 U B O O O O  0.00025 ZIRC-4 
4 060000 0.120 270000 0.010 290000 0.020 720000 0.078 ZIRC-4 
4 010000 0.013 250000 0.020 070000 0.080 080000 0.950 ZIRC-4 
4 160000 0.035 220000 0,020 740000 0.020 230000 0.020 ZIRC-4 
5 920000 0.0002 0 0.0 ZIRC-4 
0 
4 260000 688.45 240000 190.0 280000 90.0 250000 20.0 SS-304 
4 0 6 0 0 0 0 0 . 8  150000 0.45 160000 0.3 140000 10.0 SS-304 
4 070000 1.3 270000 0.8 0 0.0 SS-304 
0 
4 260000 180.0 240000 190.0 280000 525.0 130000 6.0 INC-718 
4 0600oo 0.4 270000 4.7 290000 1.0 2soooo 2.0 IUC-718 
S 420000 30.0 070000 1.3 410000 55.53 160000 0.0- IAC-7 1 8 
4 190000 2.0 220000 8.0 0 0.0 INC-718 
0 
4 260000 0.47 240000 149.5 280000 743.4 400000 0.1 UICR-50 
4 130000 0.1 050000 0 .05  060000 0.1 270000 0.38 IICR-50 
U 250000 0.1 070000 0.066 080000 0.93 150000 103.1 NICR-50 
4 160000 0.1 lUO000 0.51 220000 0.1 740000 0.1 AICR-50 
0 
9A S ONE UETRIC TO1 O F  INITIAL HEAVY mTAL 
CUT - 1 
L I  P 0 0 0  
LP U 380900 551370 -1 
LIB 0 1 2 - 3 0 0 0 9 3 0 1 1  
PHO 101 102  1 0 3  10 
elOV -9 -8 0 1.0 
R D  *** REPROCESSING MODULE .............................................. 
R C A  FUEL I S  REPROCESSED AT TEE TIUE SPECIFIED 01 THE NEXT CARD 
DEC 160.0 -10 1 4 4 
PRO 1 -9 12  -3 CALCULATE 0.05% OF FUEL 
PR 0 1 1 0  -5 -2 SEPARATE VOLATILES A N D  POT IN -5 
PR 0 10 4 -2 -1 PUT HLW I A  -1 
PRO 4 -4 - 3  -8 PUT U I N  -4 A N D  PU I1 -3 
BAS ONE TOUNE OF IBITIAL HEAVY NETAL AT A REPROCESSING TIHE OF 160 DAYS 
R D A  *** HLW DECAY flODuLE ............................................. 
TIT D E C A Y  OP HIGH-LEVEL PPR-U PASTE: BORNOP=33,000 BWD/MTIHM 
elov -2 1 0 1.0 
AED 1 * ALW 
DEC 0.5 1 3  5 4 
DEC 1.0 3 4 5 0 
DE C 3.0 4 2 5 0 
DEC 10 -0  2 3 5 0 
DEC 30.0 3 4 5 0 
DEC 100.0 4 5 5 0 
DEC 300.0 5 6 5 0 
DEC 1.0 6 7 7 0 
DEC 3.0 7 8 7 0 
DEC 10.0 8 9 7 0 
DEC 30.0 9 1 0 7  0 
DEC 100.0 10 1 1  7 0 
DE C 300.0 11 -4 7 0 
DEC 1.0 -4 1 2  8 0 
R D A  OPT CARDS HERE 



T a b l e  A . l  ( c o n t i n u e d )  

261 OPTL R 8 8 8 2 8 1 8 8 8 8 8 8 8 8 8 9 8 8 9 8 8 8 8  
262 OPT1 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8  
263 OPTF 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
264 O U T  -12 1 -1 0 ADR 
265 O U T  12 1 -1 0 8 DR 
266 R D l  *** STRUCTURIL nRTERIfiL DECAY MODULE *+**+**************************** 
267 TIT DECAY OF PUB STRUCTURAL HATERIIL WASTE: 33,000 NWD/MTAM 
263 1OV -8 2 0 1.0 
269 R D A  FUEL TS REPROCESSED hT THE TIME SPECIFIED ON THE NEXT CLRD 
270 DEC 160.0 3 1 4 4  
271 R D D  -9 1 0 1.0 
272 H E D  1 SM+O.OSX F 
27 3 DEC 0.5 1 3  5 4 
274 DEC 1.0 3 4 5 0 
2'5 DEC 3.0 4 2 5 0 
276 DEC 10.0 2 3 5 0 
2 7-' DEC 30.0 3 4 5 0 
278 oec 100.0 4 5 5 o 
579 DEC 3 0 0 - 0 5  6 5 0 
280 D E C  1.0 6 7 7 0 
2R1 D E C  3.0 7 8 7 0 
282 DEC 10.0 8 9 7 0 
293 DEC 30.0 9 10 7 0 
294 DEC 100.0 10 1 1  7 0 
285 DEC 300.0 11 -4 7 0 
286 DEC 1.0 -4 12 8 0 
297 OUT 12 1 -1 0 
288 OUT -12 1 -1 0 
289 E N D  
290 /* 
291 //GO.PT03P001 DD * 
592 3 380900 5 30.0 0.0 0.0 0.0 0.0 0.0 
293 3 0.0 0.0 0.7 0.0 0.1 0.1 
294 3 551370 5 25.0 0.0 0.0 0.0 0.0 0.0 
295 3 0.0 0.0 0.1 0.0 1.0 1.0 
296 21 010030 0.001 5*0.0 -1.0 
297 21 060140 0.01 S*O.O -1.0 
298 4 1  902320 3 .00.001 0.0001 0.02 0.0 0.0-1.0 
299 61 380900 0.08 510.0 1.0 
300 61 0.001 0.004 0.1 0.02 0.019 0.08 0.006 0.006 
301 070150 060190 1.5E-04 RlO(U,D PLUS N8UP)C14 CROSS SECTION 
302 080160 0601U0 2.OE-08 016 (N8AE3)C14 CROSS SECTION 
303 3 380900 5 30.0 0.0 0.0 0.0 0.0 0.0 0.0 
304 3 380900 0.0 0.7 0.0 C. 1 0.1 
305 3 551370 5 25.0 0.0 0.0 0.0 0.0 0-0  0-0 
706 3 551370 0.0 0.1 0.0 1.0 1.0 
I07 /* 
208 // 

ADR 
LDR 

XRC002I STOP 0 



Appendix A . 2 :  ORIGENZ Overlay Structure 



T a b l e  A . 2 .  O R I G E N 2  O V E R L A Y  s t a t e m e n t s  
' 'HCLIJDE I 'FX 

ENTRY I I N  
I N S P R T  RAIN 

OVERLAY A 
I N S E R T  L I S T I T  
OVESLAY A  
I N S E R T  N A I N 3  

OVERLAY C  
I N S E R T  NAIN1 
OVERL AT C  
I N S E R T  HAIN2 

OVERLAY P 
I N S E R T  XSECOl  
OVERLAY P 
I N S E R T  X S E C 0 2  
OVERLAY P 
I NS ERT XS EC0 3 
OVERLAY F 
I N S E R T  XS ECOU 
OVERLAY ? 
I N S E R T  X S E C 0 5  
OVERLAY P 
I N S E R T  X S E C 0 6  
OVERLAY P 
I N S E R T  XSECO7 
OVERLAY P 
I NS ERT XS ECO 8 
OVERLIY P 
I N S E R T  X S E M 9  
OVERLAY F 
I N S E R T  XS ECIO 
OVERLAY P 
I NS ERT XS E C l  1 
OVERLAY F 
I NS ERT XS E C l 2  
OVERLAY F 
I N S E R T  X S E C 1 3  
OVERLIY P 
I R S E R T  X S E C l U  
OVERLAY F 
I NS ERT XS E C 1 5  
OVERLAY F 
I NS ERT X S E C l 6  
OVERLAY F 
I NS ERT XS E C 1 7  
OVERLAY F 
I N S E R T  X S E C 1 8  
OVERLAY P 
I NS ERT XS E C 1 9  
OVERLAY F 
I N S E R T  XSEC2O 

OVERLAY C  
I I S E R T  ADDHOV 
OVERLAY C  
I N S E R T  NUDOC 
OVERLAY C 
I N S E R T  NUDAT1 , DECRED 
OVERLAY C  
I N S E R T  NUDAT2 , S I G R E D  
OVERLAY C  
I ASERT I U D A T 3  , ANSP 
OVERLAY C 
I N S E R T  P E O L I B  

OVPRLAY B  
I N S E R T  TERHD 

OVERLAY D  
I N S E R T  ILUXO,  DECAY, m D G E  
OVERLAY D  
I N S E R T  TERH, HkTREX, E Q U I L  

OVERLAY B  
I N S E R T  OUTPUT 

OVERLAY E 
I N S E R T  OUT1 
OVERLAY E  
I N S E R T  OUT2 

OVERLAY B  
I N S E R T  GAHHA 
OVERLAY B 
I N S E R T  NUTRON 



A P P E N D I X  B: SAMPLE O F  O R I G E N 2  OUTPUT G R O U P I N G  (OUTPUT U N I T  6 )  



Appendix B.1: R e a c t i v i t y  and Burnup Information 





Appendix B.2: Sample O R I G E N 2  Output Tables for Activation Products 
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Table 8 . 2  ( c o n t i n u e d )  

OUTPUT UNIT = 6 P A G E  47 
DECAY 01 PWR STRUCTURAL MATERIAL WASTE: 3 3 , 0 0 0  NWD/MTBM ACTIV ATICU PSODUCTS 

FOWEY= 1 . 0 0 0 0 0 E  0 0 0 1 ,  BURNUP= 1 . 0 0 0 0 0 E  OOUWD, FLUX= 1 . 0 0 E  OON/CM**2-SEC 

NUCLIDE TABLE: R A D I O h C T I V I T Y ,  C U R I E S  
ONE TONNE O F  I N I T I A L  HEAVY METAL AT A REPROCESSING T I N E  O F  160 DAYS 

SU+O.OS% P 3. I R  1 0 -  Y R  30.. YR 100. YR 3 0 0 .  YR 1. K T  3. K Y  1 0 .  KY 3 0 .  K Y  1 0 0 .  K Y  1. R Y  



T a b l e  0 . 3 .  Sample  ORIGENZ e l e m e n t  r a d i o a c t i v i t y  t a b l e  

OOTPUT UNIT = 6 PAGE 0 8  
DPCAT OF PWR STRUCTURAL HATERIAL WASTE: 3 3 , 0 0 0  UWD/NTHH ACTIVATICN ERODUCTS 

WWER= 1.00000E OONW,  BUBROP= 1.00000E O O R W U ,  FLUX= 1-00E OON/C8**2-SEC 

ELERENT TABLE: RADIOICTIVITY. CORIES 
ORE TOURE O F  INITIAL HEAVY METAL AT A REPROCESSING TINE OF 160 DAYS 

SB40.05X I 3. TR 10.  T R  30. Y R  100. Y R  300. Y R  1. K T  3. K Y  10. KT 30. K Y  100. K Y  1. M Y  
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Table 8.4. Sam p l e  O R I G E N 2  summary n u c l i d e  radioactivity t a b l e  

OUTPUT ONIT = 6 PAGE 50 
DECAY OF PWR STROCTURAL PIATERIAL WASTE: 33,000 )IPD/NTHfl ACTIVATICN PRODUCTS 

POWER= 1.00000E O O n U .  BURNUP= 1.00000E O O n W D ,  FLUX= 1.00E 001/Cn**2-SEC 

SUNIARY TABLE: RADIOACTIVITY, CORIES 
ONE TONNE OF INITIAL H E A V Y  METAL AT A REPROCESSING TIME OF 160 DAYS 

S U + O . O ~ X  F 3. Y R  lo. Y R  30. Y R  100. I R  300. Y R  1. K T  3. K Y  10. K Y  30. K Y  loo. K Y  I. ny 

TC'IAL 4.6672 04 8.777E 0 3  3.055E 0 3  6.743E 02 3.163E 0 2  7.598E 01  7.802E 00 7.096E 00 6.1693 00 4.70UE 00 2.446E 0 0  1.578E-01 



T a b l e  B . 5 .  Sample ORIGENZ summary e l e m e n t  r a d i o a c t i v i t y  t a b l e  

OUTPUT ORIT = 6 PAGE 51  
DECAY O E  PWR STRUCTURAL RATERIAL PASTE: 33 ,000 RUD/UTBM ACTIVATION PRODUCTS 

POPER= 1.00000E O O N W ,  BURNUP= 1.000003 00nPO. FLUX= 1.00E OON/CU**2-SEC 

SUU!IARY TABLE: RADIOACTIVITY, CURIES 
ONE TONNE OF INITIAL H E A V Y  METAL AT A REPROCESSING TIME OF 160 DAYS 

s n t 0 . 0 5 ~  F 3. Y R  10. Y R  30. YR loo.  Y R  300. Y R  I. K T  3. K Y  10. K Y  30. K Y  100. R Y  I .  ny 

9.012F-01 9.408E-01 9.000E-01 9.378E-01 9-2993-01  9.0763-01 8.3391-01 6.5073-01 2.8073-01 2. U97E-02 5.2403-06 0.0 
E.236P 02 7.7723-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 .803I  01 5.9863 00  2.073E-02 1.904E-09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4.863E 0 3  2.171E 0 3  3.359E 02 1.626E 00 1.278E-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8.7251 0 3  4.911E 0 3  1.9563 0 3  1.4093 0 2  1.9133-02 5.3112-14 0.0 0.0 0.0 0.0 0.0 0.0 
6.606F 02  6.9601 0 2  6.130E 0 2  5.2803 02 3.1371 0 2  7.352E 0 1  5.4601 0 0  5.022E 00  U.727E 00 3.9753 00  2.167E O C  9.071E-04 
8.566E 0 3  1.8653-01 1.2663-01 1.266E-01 1.2663-01 1.265E-01 1.265E-01 1.264E-01 1.260E-01 1.2493-01 1.210E-01 8.0U5E-02 
1.659I 04 1.4UlE 0 0  1.3363 00 1.378E 00 1.398E 0 0  1.390E 00 1.360E 00  1. i78E 00  1.031E 00 5.791E-01 1.571E-01 7.643E-02 
2.524L-02 2-5233-02 2.5193-02 2.5093-02 2.475E-02 2.378E-02 2.07CE-02 1.3933-02 3.080E-03 6,617E-05 6.2693-11 0.0 
4.7COE 0 3  1.909E 0 2  6.3733-01 3.7913-01 1,436E-01 8.961E-03 5.44CE-07 4.871E-19 0.0 0.0 0.0 0.0 
1.051F 03 6.8331 0 2  1 .1853 02 7.9513-01 1.962E-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.454F 02 1.668E 02  2.892E 0 1  1.9403-01 U.788E-09 4.361E-13 4.361E-13 4.361E-13 4.3613-13 4.361E-13 4.361F-13 U.361E-13 
4.659L 04 8.777E 0 3  3.0551 0 3  6.7433 02  3.1631 0 2  7.598E 01  7.801E 00  7.0951 0 0  6.168E 00  4.704E 0 0  2.445E 0 0  1.5783-01 

CUUULATIVE TABLE TOTALS 



Appendix B . 3 :  Sample Neutron Produc t ion  Rate  Tab les  



T z b l e  8 . 6 .  S a m p l e  O R I G E N Z  ( a l p h a , n )  n e u t r o n  p r o d u c t i o n  t a b l e  

------ 
TC'IALS 
T A B I F  
AC'IUIIL 

OUTPUT U N I T  = 6 PAGE 5 2  
DECAY OF PWR STRUCTURAL R A T E R I A L  WASTE: 33,000  nWD/nTAH 

( 1 L P A A . N )  NEUTRON SOURCE, UEUTRONS/SEC 
ONE TORUE OF I R I T I A L  AEAVY RETAL AT A REPROCESSING T I R E  O F  160 DAYS 

SI!+O.OSX r 3. Y R  10. Y R  30. Y R  l o o .  Y R  300. Y R  I. K T  3. K T  l o .  K Y  30. K Y  l o o .  K Y  1. n~ 



T a b l e  8 . 7 .  S a m p l e  O R I G E N Z  s p o n t a n e o u s  f i s s i o n  n e u t r o n  p r o d u c t i o n  t a b l e  

OUTPUT UNIT = 6 PAGE 53 
DECAY OF PWR STRUCTURAL UATERIAL WASTE: 33,000 UWD/UTAn 

SPONTANEOUS FISSION NEUTROU SOURCE, IEOTROAS/SEC 
BASIS= ONE TONNE OF INITIAL HEAVY UETAL AT A REPROCESSING TINE OF 160 DAYS 

SU+O.OSX F 3. T R  10. T R  30. YR 100. Y R  300. T R  I. K Y  3. R Y  lo .  K Y  30. K Y  loo. KT 1. n~ 

........................................................................................................................... 
TC'IALS 
TAELE 1.727E 05 9.7423 04 7.4573 04 3.584E 04 4.U30E 0 3  2.0202 0 3  1.880E 03 1.5863 0 3  9.646E 02 5.037E 0 2  3.982E 02 8.449E 0 1  
AC'IOAL 1.727E 05 9.742E 04 7.457E 04 3.584E 04 4.430E 0 3  2.02OE 03  1.880E 03 1.586E 0 3  9.646E 02 5.037E 02 3.982E 02 8.4U9E 01 

............................................................................................................................. 
OVERALL 
TC'IALS 
TAELP 1.777E 05 1.028E 0 5  8.042E 0 0  0.220E 04 9.9613 0 3  5.6021 03  3.397E 0 3  2.160E 0 3  1.300E 03  6-323E 0 2  4.275E 0 2  1.000E 0 2  
ACT U A t  1.777L 05 1,028E 05 8.042E O U  4.220E 00 9.961E 0 3  5.642E 0 3  3.397E 0 3  2.160E 0 3  1.300E 03  6.323E 02 U.275E 02 1.000E 0 2  





Append ix  B . 4 :  Sample P h o t o n  P r o d u c t i o n  R a t e  T a b l e s  





T a b l e  0 . 8  ( c o n t i n u e d )  

OVTPOT UNIT = 11 

PRIUCIPLL PACTON SOVPCES I N  GROW? 2,PHOTOUS/SEC 
NERU EWEKGY= 0.025H?V 

NUCLIDE 

1.1693408 1.168EtOI 1.167E*08 1.16UE+09 1.155E409 1.12124OR 1.535E409 8.129E*07 3.Uq52407 3 . 1 0 0 ~ + 0 6  6.507E+02 
2.483E*12 1.673Et12 6.660E*ll U.800P+10 U,81UE*06 1.810E-95 0.3 0.0 0.9 0.0 0.0 
8.209E+09 8.0263*05 7.613E*OO 6.509E40a 1.9FUE&09 8.5605*08 0.391E406 1.2525400 0.0 0- 0 0.3 
1.9903*06 1.9992+0€ 1.99UF*06 1.994E406 1.990'*05 1.99UE*06 1.?93!+06 l 1 , 9 lE*06  11,9953+06 1-967E406 l.Q06E+OE 
3.684E*12 2.575F407 2.u07E-05 0.0 0.0 0.0 0.9 0.0 0.0 0, !I 0.3 
7 .306340I  7.306E+OE 7.304E*09 1.299E*09 7.2'31?409 7.232W09 7.061E408 6.50EE407 5.103R*OA 2.623vt08  2.  U"3Etn7 
1.758E*12 1.415E*01 1.322E-05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.09UE405 6.0943405 6.093E*05 6.093E605 6.092E405 6.088E405 6.074E405 6.03UE605 5.909E*05 5.5L7E405 U . U 0 1 F + 0 5  
9.278E412 1.26UE410 2.601E+03 2.044E-16 0.0 0.0 0.0 0.0 0.3 '3- 0 0 .  I 
6.830Ee13 3.0783*1 i 2.229E409 2-?57E+00 0.0 0.0 0.0 0 -0  0.3 0- 0 0.3 
2.270E*13 1.072E*13 1.859E*12 1,287E+10 3.077E*02 0.0 0.3 0.0 7.3 0- 0 O.? 
1.3153+13 6.368E*12 1.104E*12 l.U06E+09 1.828E*02 9.3 0.0 0.0 0 .  J 0- 0 0.0 

P R I N C I P A L  PACTOY SOUPCES IR GPOU! 3.?ROTONS/SQC 
U E I N  E A E F G Y =  0.038tlEV 

RUCLIDE 
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T a b l e  B . 8  ( c o n t i n u e d )  

OUTPUT UNIT = 11 

PRINCIPAL PH3TON SOURCES 1'1 GROUP 9.?SOTONS/SEC 
n y a w  EREFGY= 0. 575quv 

NUCLIDE 

PRINCIPAL P90T01 SOURCES IN 
n n u  E N E I G Y -  O . B S O ~ E V  

GROUP 

NUCLIDE 
5 ~ t 0 . 0 5 ~ ~  3 . 0 ~ ~  1 0 . 0 1 ~  3 0 . 0 ~ ~  100 .0y! t  300 .018  1. OKT 

PSIICIPAL PAOTOI SOURCES I1 GROUP ll.!'AOTOIS/SEC 
nenu ENEEGT= 1 . 2 s o n e v  

PBIICI PIL PIOTOl SOURCES IN GROUP 1 2 ,  PVOTONS/SEC 
IEAY EBEFGT= 1-750UEV 



T a b l e  8 . 8  ( c o n t i n u e d )  

OUTPUT ONTT = 1 1  

P R I N C I P A L  PHOTON S O U S C E S  I N  GROOP 1 3 , P H O T O N S / S E C  
flEN!l ENEEGT= 2 . 2 5 0 N E V  

P R f N C I P A L  PAOTOU S O U R C E S  I N  GROUP lU.PHOTONS/SYC 
aEAN ENE6GT= 2 . 7 5 0 l l E V  

NUCLIDE 
~ n * 0 . 0 5 %  P 3 . 0 ~ ~  1 0 . 0 ~ ~  30.OTR 1 0 0 . 0 1 ~  300.OYR 1. ORT 3 .OKI  1O.OKY 3O.OKY 1 0 0 . O K Y  1.OYY 

YUCLCDE 

P R I N C I P A L  PAOTOU S O U R C P S  I N  GROUP l S , ? H C I T O I S / S E C  
I F A V  EAEFGT= 3 .500f lEV 

P R I I I C I  P k L  PHOTON SOURCES I N  GROUP 16, P S O T O I S / S E C  
7EAN ENEFGY= 5 . 0 0 0 0 E V  

YUCLTDE 

P R I N C I P A L  PHOTON SOURCES I N  GROUP 1 7 , P A O T 3 N S / S E C  
llEAN ENEFGT= 7 . 0 0 0 f l E V  

S M + O . O S X F  3 . 0 1 ~  1 0 . 0 ~ ~  30.OYR 1 0 0 . 0 ~ ~  3 0 0 . O Y ~  1. O K Y  ?.OUT 10 -OKT 3 0 . 0 ~ ~  1 0 0 . 0 ~ ~  I .  onr 

P R I N C I P A L  PHOTON SOURCES I N  GROUP 18, PHOTONS/SEC 
NIAN EYEFGT=l l .OOOl lEV 



APPENDIX C: SAMPLE ORIGEN2 TABLE OF CONTENTS 
(OUTPUT  NITS 1 2  AND 13) 



T a b l e  C . 1 .  S a m p l e  O R l G E N 2  t a b l e  o f  c o n t e n t s  f o r  u n i t  6 

PAGE 
1 
5 
6 
7 
8 

10 
1 1  
1 2  

TABLE OP CONTENTS ON UNIT = 1 2  FOR OUTPUT U N I T  = 6 
I N P U T  ECHO; READ ON 5 L I S T  ON 6 C 3 P Y  TO 5 0  
NEUTRON YIELD PER NEUTRON-INDUCED P I S S I O N  
(ALPAA,N) NEUTRON YIELD PER F I S S I O N  
SPONTANEOUS F I S S I O N  NEUTROR YIELD PER P I S S N  
INDIVIDUAL F L E I E N T  FRACTIONAL RECOVERIES 
GROUP ELEIIENTAL PRACTIOIAL RECOVERIES 
ELENENTAL ASSIGNNIIENT TOFRAC RECGROUP 
ELERENTAL CHEIIICAL T O X I C I T I E S  

ORIGEN INSTRUCTIONS POR T H I S  CASE 

NUCLIDE DATA L I B R A R I E S  

DECAY DATA LIBEARY-------- 
DECAY DATA LIBBAR?-------- 
DECAY DATA LIBRARY------- 
CROSS SECTION LIBRARY----- 
CROSS SECTION LIBRARY----- 
CROSS SECTION LIBRARY----- 
PHOTON LIBRABY------------ 
PHOTON LIBRARY------------ 
PHOTON LIBRARY------------ 

L I G H T  NUCLIDE DECAY LIBRARY 
ACTINIDE DECAY LIBRARY 
P I S S I O Y  PRODUCT DECAY LIBRARY 

STRUCTURAL UATERIAL t ACTIVATION PRODUCT XSEC LIBRARY- 
A C T I N I D E  AND DAUGHTER NUCLIDES XSEC LIBRARY--PWR.U 
F I S S I O N  PSODUCT XSEC AND YIELD LIBRARY--PRR. U 

UPDATED PHOTON LIBRARY: ACTIVATION PRODUCTS 
UPDATED PHOTON LIBRARY: A C T I N I D E S  AND DAUGRTE!tS 
UPDATED PHOTON LIBRARY: P I S S I O R  PRODUCTS 

OUTPUT TABLES--TITLE= IRRADIATION OF ONE METRIC TON O F  PWRU FUEL RECYCLE 8 = 0 
REACTIVITY AND BURNUP DATA 
*ACTIVATION PRODUCTS*****ACTIVATION PROD9CTS*****ACTIVATION PRODUCTS*****ACTIVATIOR PRODUCTS**** 
CO NCENTRATIOIS, GBAIIS SUIIRARY TABLE: 
RADIOACTIVITY, C U R I E S  NUCLIDE TABLE: 
R A D I O A C T I V I T Y ~  C U R I E S  ELEIIENT TABLE: 
RADIOACTIVITY,  C U R I E S  S U N H A R T  TABLE: 
*ACTINIDES DAUGHTEES***ACTINIDES + DAUGHTERS***ACTIRIDES + DAUGRTERS***ACTIUIDES + DAUGHTERS** 
CONCENTRATIONS, GRARS SURIIARY TABLE: 
* F I S S I O N  PRODUCTS********PISSION PR3DUCTS********PISSIOR PRODUCTS********PISSION PRODUCTS******* 
CONCENTRATIONS, GRAIIS SUII3ARY TABLE: 
(ALPHA.N) UEUTRON SOURCE 
SPONTANEOUS P I S S I O N  NEUTRON SOURCE 
L I T E  NUCLIDE PHOTON TABLE 
A C T I N I D E  NUCLIDE PHOTON TABLE 
F I S S I O N  PRODUCT NUCLIDE PHOTON TABLE 

OUTPUT TABLES--TITLE= I R R A D I A T I O l  O P  ZIRCALOY* INCONEL + AICROBRAZE 50 AT 1 0 0 %  FLUX RECYCLE t = 0 
R E L C T I V I T Y  AND BURNUP DATA 
*ACTIVATION PEODUCTS*****ACTIVATIOA PRODUCTS*****ACTIVATION PRODUCTS*****ACTEVATION PRODUCTS**** 
CONCENTRATIONS, GRAIIS SUIIIIARY TABLE: 
RADIOACTIVITY,  C U R I E S  NUCLIDE TABLE: 
RADIOACTIVITY. C U R I E S  ELEIIENT TABLE: 
RADIOACTIVITY. C U R I E S  SURHARY TABLE: 
* A C T I I I D E S  DAUGHTEBS***ACTINIDES + DAUGBTERS***ACTINIDES DAUGHTERS***ACTIVIDES DAUGHTERS*, 
CONCENTRATIONS, GRAHS SURUARY TABLE: 
* F I S S I O N  PRODUCTS********PISSIOU PRODUCTS********PISSION PRODUCTS********PISSION PRODUCTS******* 
C O A C E N T R A T I O N S ~  GRBIIS SUIIRARY TABLE: 
(ALPAA, N) NEUTRON SOURCE 
SPONTANEOUS F I S S I O N  NEUTRON SOURCE 



T a b l e  C . l  ( c o n t i n u e d )  

PAGE 
165 
169 
174 

TABLE O F  CONTENTS ON UNIT = 12 FOR OUTPUT U N I T  = 6 
L I T E  NUCLIDE PBOTOR TABLE 
ACTINIDE NUCLIDE PROTON TABLE 
F I S S I O N  PRODUCT NUCLIDE PAOTON TABLE 

ORIGEN I!iSTRUCTIOAS FOR T H I S  CASE 

OUTPUT TABLES--TITLE= DECAY O F  AIGH-LEVEL PWR-U WASTE; B U R N U P = 3 3 , 0 0 0  HWD/NTIHR RECYCLE I = 0 
REACTIVITY AND BURNUP DATA - ~ -  ~ - -  ...- ~- 

*ACTIVATION PRODUCTS*****ACTIVATIOU PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATIOU PRODUCTS**** 
CONCENTRATIONS, GRANS S U ~ H I R Y  T A B L E :  
RADIOACTIVITY, C U R I E S  NUCLIDE TABLE: 
RADIOACTIVITY, C O R I E S  ELEHENT TABLE: 
RADIOACTIVITY, C U R I E S  SUHHARY TABLE: 
*ACTINIDES + DAUGRTERS***ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS** 
CONCENTRATIONS,  G R A N S  S u n n A R Y  TABLE:  
* F I S S I O N  PRODUCTS********PISSION PRODUCTS********PISSION PRODUCTS********FISSION PRODUCTS******* 
CORCENTRATIONS, GRAHS SUHHARY TABLE: 
(ALPHA,N) AEUTRON SOURCE 
SPONTANEOUS P I S S I O N  NEUTRON SOURCE 
L I T E  AUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PAOTON TABLE 
P I S S I O N  PRODUCT NUCLIDE PHOTON TABLE 

OUTPUT TABLES--TITLE= DECAY O F  PUR STRUCTURAL NATERIAL PASTE: 3 3 , 0 0 0  HBD/NTHIl RECYCLE I = 0 
REACTIVITY AID BURAUP DATA 
*ACTIVATIOH PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 
COWCENTRATIONS, GRAHS SURHARY TABLE: 
RADIOACTIVITY. C U R I E S  NUCLIDE TABLE: 
R A D I O A C T I V I T I .  C U R I E S  ELEHENT TABLE: 
RADIOACTIVITY, C U R I E S  SUNNARY TABLE: 
*ACTINIDES + DAUGBTERS***ACTINIDES + DAUGATERS***ACTIUIDES + DAUGRTERS***ICTINIDES + DAUGHTERS** 
CONCENTRATIONS, GRARS SUHHARY TABLE: 
* F I S S I O N  PRODUCTS********FISSION PRODUCTS********PISSION PRODUCTS********FISSION PRODUCTS******* 
COHCENTBATIOAS, G R I N S  SUNHART TABLE: 
(ALP HA, I )  NEUTROW SOURCE 
SPOATAAEOUS F I S S I O N  UEUTRON SOURCE 
L I T E  NUCLIDE PBOTOA TABLE 
ACTINIDE NUCLIDE PHOTOU TABLE 
F I S S I O N  PRODUCT NUCLIDE PHOTOU T I B L E  



PAGE 

1 
1 

2 
4 

18 
20  

2 2 

2 4 
2 6 
2 7 
28 
33 
4 0 

1 5  
4 5 

4 6 
48 

T a b l e  C . 2 .  S a m p l e  O R I G E N 2  t a b l e  o f  c o n t e n t s  f o r  u n i t  1 1  

TABLE OF CONTENTS OH UNIT = 13 FOR OUTPUT U N I T  = 11 

OUTPUT TRBLES--TITLE= DECAY OP HIGH-LEVEL PUB-U HASTE; B U R A U P = 3 3 , 0 0 0  UWD/RTIHn RECYCLE # = 0 
REACTIVITY AND BURNUP DATA 
*ACTIVATION PRODUCTS*****bCTIVATION PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 
CONCENTRATIONS, GRAUS SUHUARY TABLE: 
RADIOACTIVITY, C U R I E S  NUCLIDE TABLE: 
RADIOACTIVITY,  C U R I E S  ELEnENT TABLE: 
RADIOACTIVITY,  C U R I E S  s u n n a R y  TABLI:  
* A C T I N I D E S  + DAUGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS***AcTINIDES + DAUGHTERS** 
CONCENTRATIONS. GRAnS S U ~ ~ A R Y  T A B L Z :  
* F I S S I O N  PRODUCTS********PISSION PBODUCTS********FISSION PRODUCTS********PISSION PRODUCTS******* 
CONCERTBATIONS, GRAUS S U B ~ A R Y  T A B L E :  
(ALPHA,A) NEUTRON SOURCE 
SPONTANEOUS F I S S I O N  UEUTBON SOURCE 
L I T E  NUCLIDE PROTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
F I S S I O N  PRODUCT NUCLIDE PAOTON TABLE 

OUTPUT TABLES--TITLE= DECAY OF PUR STRUCTURAL UATERIAL RASTE: 3 3 , 0 0 0  nWD/nTHn RECYCLE t = 0 
REACTIVITY AND BURAUP DATA 
* A C T I V A T I O I  PRODUCTS*****ACTIVATIO# PRODOCTS*****ACTIVRTION PRODUCTS*****ACTIVATION PRODUCTS**** 
COICEITRATIOUS.  G R I N S  S U ~ ~ A B Y  TABLE: 
RADIOACTIVITY,  C U R I E S  NUCLIDE TABLE: 



APPENDIX D: SAMPLE ORIGEN2 VARIABLE CROSS-SECTION INFORMATION 
(OUTPUT UNIT 16) 



IRRACIATION OP ONE RETRIC TON OF PURO FUEL RECYCLE 8 = 0 UNIT= 16 

BASIS = ONE RETRIC TON OF PWRU POEL 

INITIAL VECTCR = 4 TOTiL ACT G - A  = 4.181 E 03 OWD/G-A = 1.194E 0 0  TO 2.390E 00 ANTICIPATION PACTOR= 2.002E 00  

L NOCLID XSEC 
TYPE 

1 
1 
U 
1 
1 
1 
1 
4 
1 
4 
1 
1 
a 
1 
1 
2 
1 
2 
1 
1 

TOCAP ( I )  
I = 
7 5 0  
7 5 1  
7 5 1  
7 5 2  
754  
7 6 1  
7 6 9  
769  
7 7 0  
7 7 0  
7 7  1 
7 7 2  
7 7 2  
773  
7 8 0  
780  
7 8 3  
7 8 3  
789 
7 9 1  

A(N) PP YIELD 
N =  INDIC A R R  

1696 0 

TOCAP (I) A (N) 
PP YIELD 
3.512E-14 
3.512E-14 
8.630E-21 
8.6301-21 
8.6303-21 
8.630E-21 
8.630E-21 
8.630E-21 
8.630E-21 
4. 080E- 19 
4. 080E- 19 
4.080E-19 
1.121E 0 1  
1.121E 01  
1.121E 0 1  
1.121E 0 1  
1.121E 01 
1.121E 01  
1.121E 01  
1.121E 01  

FISS (J) 

U. 504E-01 
U.550E 0 1  
4.530E 0 1  
1 -975E-01 
l.OC4E-01 
5.2443-01 
2.396E 00  
2.39UE 0 0  
l.lU6E 0 2  
1 .1  UOE 02  
5.840E-01 
1.205E 0 2  
1.200E 02  
4.579E-01 
1.319E 00  
1.319E 00 
3.571E-01 
3.571E-0 1 
2.20UE-01 
8.529E-01 

O L D  
XSEC 

1.9353 01 
1.023E 01 
4.550E 0 1  
7 .7133 00  
8.8833-01 
3.271E 01 
3. 292E 01  
2. 3963  00 
6.518E 0 1  
1.146E 02 
1.839E 02 
U.000E 01  
1. 205E 02  
2.951E 0 1  
1.084E 02 
1.340E 01 
1.906E 00 
3.622E 0 1  
5.426E 00 
3.UOUE 00 

NEW 
XSEC 

1.936E 01 
1.020E 01 
4. 530E 01  
7.739E 00 
8.893E-01 
3.260E 01 
3 .2783 01 
2. 39UE 00  
6.486E 0 1  
1.1UOE 02 
1.820E 02 
3.981E 01 
1. 200E 02 
2.962E 01  
1.078E 02 
1 .3323 01 
1.891E 00 
3.594E 0 1  
5. U36E 00 
3.4081 00 

FP YIELD LDJtSlEENT POR ONCOUNECTED ACTINIDES: CONNECTED ACT=922350LARGEST UNCONNECTED ACT=922360NEW RLTID = 1.0002623 
CLD RATIO = 1.0000954 FP YIELD I N  A = U.86107E-17 



IRBAEIkTION OF ONE METRIC TOR 0 9  PWRO FUEL 

BASIS = ORE NETRIC TON OF PWRU FUEL 

RECYCLE # = 0 UNIT= 1 6  

INITIAL VECTCA = 5 TOTAL A C T  G-A = 4.159E 0 3  I U D / G - A  = 2 .3963  0 0  TO 3. 598E 0 0  ANTICIPATION PACTOR= 1.502E 0 0  

L NUCLID XSEC 
TYPE 

1 
1 
a 
1 
1 
1 
1 
4 
1 
4 
1 
1 
4 
1 
1 
2 
1 
2 
1 
1 

TOCAP ( I )  
I= 
7 5 0  
7 5  1 
7 5 1  
7 5 2  
7 5 4  
7 6  1 
7 6 9  
7 6 9  
7 7 0  
7 7 0  
7 7  1 
7 7 2  
7 7 2  
7 7 3  
7 8 0  
7 8 0  
7 8 3  
7 8 3  
7 8 9  
7 9 1  

A(R) PP YIELD 
N =  INDIC ARR 

1696  0 
1 7 0 1  0 

0 1 
1 7 0 4  0 
1709  0 
1 7 2 5  0 
17U9 0 

0 0 

TOCAP (I) A (N) 
PP YIELD 
3.578E-14 
3.578E-1 
8.928E-21 
8.928F-21 
8.928E-21 
8.9283-21 
8.928E-2 1 
8.9281-21 
8.928E-21 
U.092E-19 
U.092E-19 
4.092E-19 
1.115E 0 1  
1.115E 0 1  
1.115E 0 1  
1.115E 0 1  
1.115E 0 1  
1.115E 0 1  
1.115E 0 1  
1.115E 0 1  

FISS (J) OLD 
XSEC 

1.936E 0 1  
l .020E 0 1  
Q.530E 0 1  
7.739E 00  
8.893E-01 
3.260E 01 
3. 278B 0 1  
2. 394E 0 0  
6. U86E 0 1  
I .  lUOE 02 
1.820E 02 
3 .981E 01 
1. 2OOE 0 2  
2 .9623  0 1  
1.078E 02 
1.332E 0 1  
1.891E 0 0  
3.59UE 0 1  
5.U36E 00 
3.408E 0 0  

NEW 
XSEC 

1 .9323  01 
1.032E 01 
U.598E 0 1  
7.6568 00 
8.92UE-01 
3.293E 01 
3 .353E 01 
2. U16E 0 0  
6.32uE 0 1  
1.122E 02  
1.518E 02 
3.96U E 01 
1.200E 0 2  
2.9U9E 0 1  
1.062E 02  
1.312E 0 1  
1 .915E 0 0  
3 .6383  0 1  
5.U48E 0 0  
3.U18E 00  

P P  TIE LD IDJCSINENT FOR UNCONNECTED ACTINIDES: CONNECTED ACT=922350LLRGEST UNCONNECTED ACT=922360NEW RkTIO = 1.0004 61 6 
CLD RATIC = 1.0002623 PP YIELD I N  L = 5.02896E-17 



A P P E N D I X  E :  SAMPLE O R I G E N 2  DEBUGGING AND I N T E R N A L  INFORMATION OUTPUT 
(OUTPUT U N I T  15) 



NUMBER OF COMMAND= 
NUMBFR OF COMMAND= 
NUMBER OF COMMAN D= 
NUMBER OF COL!L!AND= 
NUMBER OF COMMAND= 
uunBER OP connANc= 
NUMBER OF COMHAND= 
NUMBER OF COMMAND= 
NUMBER OF COMMAND= 
NUMBER OF CONMAID= 
NUMBER OF COllMANC= 
NUMBFR OF COMMANC= 
NUMBER OF COMHAND= 
NUMBER OF COPRAND= 
NUMBER OF COMMAND= 
NUMEER OF CONMANE= 
NUMBER OF COMMAND= 
NUMBER OF COUHAN D= 
NUMBER OF COMMAND= 
NUMBER OF COMMAND* 
NUMBER OF CONMANE= 
NUMBER OF COMMAND= 
NUMBER OP COMMANC= 
NUHBER OF COEMI,ND= 
NUMBER OF COMMAND= 
NUMBER OF COPINANE= 
NUnBER OF CONMANE= 
NUMBER OF COMMANC= 
NUMBER OF COMMAND= 
NUMBER OP COMMAND= 
NUMBER OF COMMANf= 
NUflBER OF CONNAAC= 
NUMBER OF CORN A N  C= 

1 : T A I S  I S  INSTRUCTION 
2 : T H I S  I S  INSTROCTION 
3 : T R I S  I S  INSTRUCTION 
4 : TAIS I S  INSTRUCTION 
5 : T H I S  I S  INSTRUCTION 
6 : THIS  I S  INSTRUCTION 
7 : T H I S  I S  INSTROCTION 
8 : THIS  I S  INSTROCTION 
9 : TAIS  I S  INSTRUCTION 

1 0  : T R I S  I S  INSTRUCTION 
11 : T H I S  I S  INYTRUCTION 
1 2  : T H I S  I S  INSTROCTION 
1 3  : TAIS  I S  INSTROCTION 
1 4  : THIS  I S  INSTRUCTION 
1 5  : THIS  I S  INSTRUCTION 
1 6  : TATS I S  INSTRUCTION 
17 : T H I S  I S  INSTRUCTION 
1 8  : TAIS  I S  INSTROCTION 
1 9  : T R I S  I S  INSTRUCTION 
2 0  : TAIS I S  INSTRUCTION 
2 1  : THIS I S  INSTRUCTION 
2 2  : TAIS  I S  INSTROCTION 
2 3  ; T A I S  I S  INSTROCTION 
2 0  : TRIS  I S  INSTRUCTION 
2 5  : THIS I S  INSTRUCTION 
2 6  ; TAIS  I S  INSTRUCTION 
2 7  : T A I S  I S  INSTROCTION 
2 8  : TAIS  I S  INSTROCTION 
2 9  : T B I S  I S  INSTRUCTION 
3 0  : THIS I S  IUSTRUCTION 
3 1  : THIS  I S  INSTRUCTION 
3 2  : T A I S  I S  INSTRUCTION 
3 3  : T H I S  I S  INSTROCTION 

1 OUT O F  A 
1 OUT OF A 
2 OUT OF A 
3 OUT OF A 
4 OUT OF A 
5 OUT OF A 
6 OUT OF A 
7 OUT OF 4 
8 OUT OF A 
1 OUT OF A 
1 OUT O F  A 
1 OUT OF A 
2 OUT OF A 
3 OUT OF A 
4 OUT OF A 
1 OUT OP A 
1 OUT OF A 
1 OUT OF A 
9 OUT OF A 
1 OUT OF A 

1 0  OUT OF A 
2 OUT OF A 

1 1  OUT OF A 
3 OUT OF A 

1 2  OUT OF A 
O OUT OF A 

13 OUT OF A 
5 OUT OF A 
2 OUT OF A 
1 OUT OF A 
1 OUT OP A 
1 OUT OF I, 
1 OUT OF A 

TOTAL OF 1 
TOTAL OF 1 8  
TOTALOP 1 8  
TOTAL OF 1 8  
TOTAL OF 1 8  
TOTAL OF 18 
TOTAL OF 1 8  
TOTAL OF 1 8  
TOTAL OF 1 8  
TOTAL OF 1 
TOTAL OF 1 
TOTAL OP 4 
TOTAL OF 4 
TOTALOP 0 
TOTAL OF 4 
TOTAL OF 1 
TOTAL OF 1 
TOTAL OF 3 
TOTAL OF 18 
TOTAL OF 5 
TOTAL OF 18 
TOTAL OF 5 
TOTAL OF 1 8  
TOTAL OF 5 
TOTAL OP 18 
TOTAL OP 5 
TOTAL OF 1 8  
TOTAL OF 5 
TOTAL OP 3 
TOTAL OF 5 
TOTAL OF 2 
TOTAL OF 2 
TOTAL OF 0 

*BAS INSTRUCTIONS. 
*RfA * INSTRQCTTONS. 
*RCA INSTRUCTIONS. 
*RDL INSTRUCTIONS. 
*RDA INSTRIICTIONS. 
*RDA INSTRUCTIONS. 
* R C A  * INSTRUCTIONS. 
* R D A  * INSTRUCTIONS. 
*RDA * INSTRUCTIONS. 
*CUT INSTRUCTIONS. 
*ZIP  * INSTRUCTIONS. 
*LPU * INSTRUCTIONS. 
*LPU INSTRUCTIONS. 
*LPU * INSTRUCTIONS. 
*LPU INSTRUCTIONS. 
*LIB INSTRETIONS.  
*PEO INSTRUCTIONS. 
*TIT INSTRUCTIONS. 
*RDA INSTRUCTIONS. 
*INP INSTRUCTIONS. 
*RDA INSTRUCTIONS. 
*INP * INSTRUCTIONS. 
*RCA INSTRUCTIONS. 
*I NP * INSTRUCTIONS. 
*RDA * INSTRUCTIONS. 
*INP INSTRUCTIONS. 
*RCA INSTRUCTIONS. 
* INP  INSTRUCTIONS. 
*TIT  INSTRUCTIONS. 
*nov * INSTRUCTIONS.  
*AED INSTROCTIONS. 
*BUP INSTRUCTIONS. 
* I S P  INSTRUCTIONS. 

TSEC= 2 . 3 0 7 3  0 6  DELT. 2.307E 0 6  T I =  7 .461E-07 E P P l =  2 .018E 0 2  FDOT= 5 .028E-03  EPP2= 2.565E 0 2  ~ ~ ~ 0 ~ = - 9 . 9 9 1 E - 1 0  EPP3= 2 .137E  0 2  
T 2 =  3 .2293-09  T3=  5.119E-10 TIM= 1.505E-04 T2H= 5.1253-07 T31=  9 .6293-08  EPPlVG= 2.019E 0 2  FLUX= 2 .900E  1 0  POYER= 3 . 7 5 0 E  0 1  
NUMBER OF COMUANE 3 4  : THIS  I S  INSTRUCTION 2 OUT O F  A TOTAL OF 0 *IRP IUSTROCTIONS. UNIT=15 

TSEC= 5.763E 0 6  DELT= 3.456E 06 T I =  7.453E-07 EPP1= 2 .021E  0 2  FDOT= 3 .306E-03  EPP2= 2 . 8 5 2 E  02 FDDOT=-8.280E-10 EPF3= 2. 1U2E 0 2  
T 2 =  3. 1 7 3 3 - 0 9  T 3 =  9. 34CE- 1 0  TIM= 1.506E-04 T2M= 4.542E-07 T31= 1.764E-07 EPFAVG= 2 . 0 2 3 3  0 2  FLUX= 2.897E 1 4  POHER= 3.750E 0 1  
NURBER OF COt!MAND= 3 5  : T R I S  I S  INSTRUCTION 3 OUT OF A TOTAL OF 0 * IRP  INSTRUCTIONS. UNIT=15 

TSEC= 1.152E 0 7  DELT= 5.75UE 0 6  T l =  7. U58E-07 E P F l =  2 .0253 0 2  PDOT= 1 .0003-03  EPP2=  1 . 1 0 9 E  0 3  PDDOT=-5.96UE-10 EPP3= 2 .152E  0 2  
T 2 =  1. 6 0 1 E - 0 9  T3= 1 .835E-09  TIM= 1.51OE-04 T2M= 5 .9223-08  T3U= 3 .490E-07  EPPAVG= 2.029E 6 2  FLUX= 2 .899E  l u  POWER= 3 .750E  0 1  
NUMBER OF COMMANC= 3 6  : T A I S  I S  INSTRUCTION 4 OUT OF A TOTAL OF 0 * I F P  * INSTRUCTIONS. UNIT=15 

TSEC= 2.304E 0 7  DELT= 1.153E 0 7  T I =  7 .5091-07 E P P l =  2 .032E 0 2  PDOT=-1.507E-03 EPP2= 1.413E 0 2  FDDOT=-3.48UE-10 EPF3=  2.178E 0 2  
T2=-U.898E-09 !I3= U.392E-09 TIM= 1 .5263-04  T2M=-l.U31E-O6 T31= 8 .421E-07  EPPAVG= 2 . 0 3 7 3  0 2  FLUX= 2.919E 1 0  POUER= 3 .750E  0 1  
NUMBER OF COMMAND= 3 7  : T R I S  I S  INSTRUCTION 5 OUT OF A TOTAL OF 0 * I R P  INSTRUCTIONS. UNIT=l5  

TSEC= 3 .056E  0 7  CELT= 1.152E 0 7  T1= 7 .6743-07  E P F l =  2 . 0 0 l E  0 2  PDOT=-0.638E-03 EPF2=  1.8U8E 0 2  PDDOT=-8.381E-11 EPP3= 2. UO8E 0 2  
T2=-1. 5 7 3 E - 0 e  T 3 =  1.5211-09 1 1 M =  1 .5663-04  TZM=-3.545E-06 T31= 2.957E-07 EPFAVG= 2.045E 0 2  FLUX= 2.983E 1 0  POWER= 3 . 7 5 0 3  0 1  
NUlBER OF COMII,ND= 38 ; THIS  I S  INSTROCTION 6 OUT OF A TOTAL OF 0 * I S P  * INSTRUCTIONS. UNIT=15 

TSEC= 3 . 8 0 2 3  0 7  DELT= 3 . 4 5 6 3  06 T I =  8 .0551-07  EPF1= 2 .049E  0 2  FDOT=-5.804E-03 EPF2= 1.918E 0 2  PDDOT= 3.47UE-11 EPF3= 1.643E 0 2  
T 2 = - 6 . 5 0 8 3 - 0 9  T 3 =  2.524E-11 TIM= 1 .6501-04  T2ll=-l.U20E-06 T3M= U.920E-09 EPPAVG= 2.050E 0 2  FLUX= 3.131E 1 4  POWER= 3 . 7 5 0 E  0 1  
NUMEER OF COl lANt=  3 9  ; T A I S  I S  INSTRUCTION 7 OUT O F  A TOTAL OF 0 *IRP INSTRUCTIONS. ONIT=15 

TSEC= 4 .608E  0 7  DELT= 8.061E 0 6  T1= 8 .2273-07  BPPl=  2 .051E 0 2  PDOT=-5.635E-03 EPF2= 1 . 9 2 1  E 0 2  PDDOT= 4. 285E-11  EPF3= 1 . 7 2 2 3  0 2  
T2=-1. 5 3 7 E - 0 8  T 3 =  6. 8 8 4 3 - 1 1  TIM= 1.687E-04 T21=-3.3653-06 T31= 1 .2793-08  EPFAVG= 2.053E 0 2  FLUX= 3.19eE 1 4  PO!dER= 3 .750E  0 1  
NUMBER OPCOIMAND= 0 0  ; T H I S  I S  INSTBUCTION 8 O U T O P A T O T A L O P  0 * IRP*INSTRUCTIONS.  U N I T = l 5  



TSEC= 5 .760E  0 7  DELT- 1.153E 0 7  T1= 8.496E-07 EPP1= 2.056E 0 2  PWT=-6 .007E-03  EPP2= 1.94613 0 2  PDDOT= 9.5291-11 EPP3= 1 . 9 2 2 3  0 2  
T2=-2.U98E-08 T3=-5.031E-10 T l I =  1.746E-OU T21=-5.426E-06 T31=-1.100E-07 EPPAVG= 2 .0593  0 2  FLUX= 3 . 3 0 2 3  1 4  POWER= 3 . 7 5 0 1  0 1  
801BER OP COMBAID= 4 1  ; T H I S  I S  PIOU 9 OUT O? A TOTAL OF 0 * I F P  IISTRUCTIORS. UUIT=15 

TSEC= 6 . 3 3 6 E  0 7  DELT= 5.75UE 0 6  T E-07 E P P l =  2 . 0 6 2 3  0 2  PDOT=-6.2371-03 EPP2= 1 .970E  0 2  PDDOT= 1.5643-10 EPF3= 1 .998E  0 2  
T2=-1.439E-08 13=-3.841E-10 TIE=  i .uurr ; -u4 T2B=-3.106E-06 T31=-7.7683-08 EPPAlG= 2.063E 0 2  PLOI= 3.081E 1 4  POKER= 3.750E Of 
ROmER OF COBORID= 4 2  ; THIS  I S  IISTBOCTIOU 1 0  OUT O P  A TOTAL OP 0 * IRP  IUS'IBOCTIOIS. 0 U I T = 1 5  

T S I C x  6.912E 0 7  DELT- 5 . 7 6 3 3  0 6  T1= 9.2883-07 E P P l =  2 .065B 0 2  P W T = - 5 - 5 0 8 3 - 0 3  E m 2 =  1 . 9 6 5 1  0 2  IDDOT= 1.3521-10 EPF3= 1.987E 0 2  
T 2=-1. 3 6 8 1 - 0 8  T3=-3.7713-10 T i n =  1.918E-OU T2W-2.968E-06 T 3 P - 7 . 7 2 6 I - 0 8  EPFAlG= 2.066E 0 2  PLOX= 3.610E 1 4  POWER= 3.750E 0 1  
IUBBER OP COBLIAI D= 0 3  ; T A I S  I S  IISTBUCTIOII 11 OUT OP A TOTAL OP 0 * IBP  IIISTROCTIOIIS- OUIT=15 

TSECs  7 . 6 0 3 3  0 7  DELT= 6 . 9 1 2 3  0 6  T I =  9 - 5 8 0 3 - 0 7  E P P l =  2 . 0 6 8 3  0 2  PDOTz-8.987E-03 EP?2= 1.964E 0 2  PDDOT= 1.2591-10 EPF3= 1 . 9 8 6 1  0 2  
T2=-1 .5823-08  T3=-5.7161-10 TIM= 1 .9813-04  TZll=-3.444E-06 T31=-1.182E-07 E P P I l G -  2 . 0 7 0 1  0 2  FLUX= 3 . 7 2 4 1  1 U  FOWER; 3 . 7 5 0 E  0 1  
RUBBER OF CO11AIIf= 411 : THIS  I S  IIISTRUCTIOI 2 OUT 0 P  A TOTAL OF 2 *BOP IIIS'IROCTIOIIS. UIIIT=15 
UOMBFR 01 COBHAAD= 4 5  ; T H I S  I S  IUSTBOCTIOII 1 OUT OP A TOTAL OP 1 *OPTL* IUSTROCTIOIIS. Ol l IT=15 
NUUBER OP COBBANE= 4 6  : T H I S  I S  IIISTBUC'l'IOI 1 OUT OF A TOTAL OP 1 *OPTA* IIISTBUCTIOUS. O I I T = 1 5  
AOHBER OP COMBAUD= 4 7  1 T B I S  I S  IISTBOCTIOU 1 OUT O P  A M T A L  OP 1 *OPT?* IIISTROCTIOIIS. OUIT=15 
NDMBER OP COBBARD= U 8  ; THIS  I S  IllSTBOCTIOI 1 OUT O P  A TOTAL OF 2 *OUT IUSIRUCTIOUS. URIT=15 
I U U B E R  OP connanc= a 9  : THIS IS IWSTRUCTIOI 1 4  OUT O P  A TOTAL O P  18 *RDA IIISIRICTIORS. OAIT=IS 
UOHBER OP COHPIANC= 5 0  : T H I S  I S  IASTEOC'IIOII 2 OUT OP A TOTAL OP 5 *BO1 IISTROCTIORS. UUIT=15 
NUOBER OF COBHAND= 51 ; T H I S  I S  IUSTBUCTIOU 15 OUT OP A TOTAL OF 18 *RCA IUSTROCTIOUS- URIT=15 
UUMBER OP COBBAID= 5 2  ; T H I S  I S  IISTRUCTIOll 1 OUT O P  A TOTAL OP 1 *KEQ * IIISTROCTIOUS. UIIIT=15 
**UEQ IPROA= 8.341E 0 3  IIDESA= 7 . 9 5 5 3  0 3  I I P A =  1.048E 0 0  UPROB= 7.900E 0 3  RDESB= 7 .9393  0 3  IMPB= 9 . 9 5 l E - 0 1  
UIbOC;: 1 . 0 0 2 E  OU IIDESCl 7 .282E  0 3  IllPC= 1 . 3 7 7 1  0 0  PRC=PRD BEFORE I DEST SCALIIIC= 1.625E-01 PRD=PRAC OP 1ECT C IUCLUDLD= 1 .772E-01  
UUHBER OF COMMAND= 5 3  ; T B I S  I S  IUSTROCTIOII 1 OUT OP A TUTAL OF 1 *PAC IIISTROCTIOUS. UUIT-15 
**PAC LD= 1 PAC(LD)= 1.0000E 0 0  
NUMBER OF COBHAIID= 5 4  : T H I S  I S  IIISTBOCTIOII 1 6  OUT OP A MTAL OP 18 *BDA IISTROCTIOUS. 0 U I T = 1 5  
NUMBER OP COBMAAD= 5 5  ; T H I S  I S  IRSTRUCTIOU 3 OUT O F  A TOTAL OP 3 * T I T  ISS'IROCTIOIS. U R I T = l 5  
R O B B E R  OP connAnc= 5 6  ; THIS IS IIISTRUCTIOII 3 OUT O P  A TOTAL OP 5 *BOI * IISTROCTIONS. O I I T = ~ ~  

d 

AOMBER OP COO1AIIC= 5 7  ; T H I S  I S  XISTRl f iTIOI  1 OUT OP A TOTAL 0 P  3 *AED IUSTROCTIOUS. ORIT=15 
NURBER OP COUBANC= 58 ; T B I S  I S  I I ISTRl f iT IOI  2 OUT OP A TOTAL 01 3 *ADD IWSTROCTIOIS. U I I T = 1 5  U 
UOBBER OP COBBAAD= 5 9  ; T H I S  IS IIISTRUCTIOI 3 OUT O F  A TOTAL OP 3 *ADD * IUSTROCTIOIIS, 0 U I T = 1 5  
IOOBER OF COHOAID= 6 0  ; THIS  I S  IUSTROCTIOII 2 OUT O P  A TOTAL OP 2 *BED * IUSIBOCTIOUS. O I I T = 1 5  
UUMBER OP COMBAUC= 6 1  ; THIS I S  IUSTRUCTIOU 1 2  00'1 O P  A m T A L  OF 2 2  W R P  IIS'IRUCTIOUS. U I I T = 1 5  

TSEC= 2 .307E  0 6  CELT= 2.3073 0 6  T I *  1 .6908-02 E P P l =  2 .019E 0 2  PDOT= 9 .0533-10  EPPZ= 2 . 1 2 7 3  0 2  PDDOT=-5.695E-17 EPF3= 2.112E 0 2  
T 2 =  1 . 0 9 0 3 - 0 3  T3=-5.051L-05 TIM= 8.3713-05 T21= 5.1261-06 T3B=-2.392E-07 EPPAlGr: 2.025E 0 2  PLUX= 2.890E 1 0  POPER= 5 .011E-07  
UUMBER OP COCMAUD= 6 2  ; T B I S  I S  IIISTBUCTIOU 1 3  OUT OP A TOTIL OP 2 2  * IRP  IISTRUCTIOUS. U I I T = 1 5  

TSEC= 5 . 7 6 3 1  0 6  DELT= 3 .4563  0 6  T I =  1.862E-02 EP? l=  2 . 0 2 9 1  0 2  PDOT= 8.800E-10 EPP2= 2.129E 0 2  PDDVl'=-4.886E-17 EPF3= 2.112 E 0 2  
T 2 =  1 .452E-03  T3=-9 .7261-05  TIM= 9.175E-05 T21=  6 ,8188-06  T311=-4.605E-07 E P P L K =  2 .0363  0 2  FLUX= 2.888E 1 4  FOWER= 5 .5751-07  
IIUHBER OF COBIAIID= 6 3  ; T B I S  I S  IBSTROCTIOU 1 4  OUT OP A T m A L  OP 2 2  * IRP  IIISTROCTIOUS. Ul l IT=15 

TSEC= 1.152E 0 7  DELI= 5.754E 0 6  T1= 2.1231-02 E P P l =  2.001E 0 2  PDOT= 6.9828-10 EPP> 2,1331 0 2  PbDOT=-3.817E-17 EPF3= 2.113E 0 2  
T 2 =  1.997E-03 T3=-2.107E-00 TIE=  1.040E-09 T2R= 9.3663-06 T31=-9.970E-07 EPPLlG= 2.048E 0 2  FLUX= 2.900E 1 4  POKER= 6.bSOE-07 
NUMBER O? COBMAIID= 6 0  ; T H I S  I S  IIISTRUCTION 15 OUT OP A TOTAL OP 2 2  * IRP  IUS'IRUCTIOUS. UI?IT=15 

TSEC= 2.30UE 0 7  EELTI 1 .153E 0 7  T1= 2 .4541-02  E P P l =  2 .0548  0 2  PDOT= 5 .2523-10  EPP2=  2 . 1 3 9 1  0 2  PDDOT=-2635E-17  EPP3= 2.115E 0 2  
T 2 =  3 . 0 2 7 E - 0 3  T3=-5.83UE-OU T11=  1.195E-04 T21=  1.415E-05 T3W-2 .758E-06  EPFAlG= 2 .062E  0 2  FLUX= 2.955E 1 4  POWER= 7.707E-07 
N U M B E R  OP connAnD= 6 5  ; THIS IS IIISTROCTIOII 1 6  OUT OP A TOTAL OP 2 2  *IRP * IUSTRUCTIORS. OUIT=15 

TSEC= 3 . 0 5 6 1  0 7  DELT= 1.152E 0 7  T I =  2.9013-02 EPP1= 2 . 0 6 8 1  0 2  ?DOT= 3.2511-10 EPP* 2,153E 0 2  FDDOT=-1.381E-17 EPP3= 2.121E 0 2  
T 2 =  1.874E-03 T 3 = - 3 . 0 5 3 E 4 4  Tin= 1.003E-04 T2ll= 8 .704E-06 T311=-1.939E-06 E P P A E I  2.07233 0 2  FLUX= 3.050E l a  POWER= 9 . 0 1 2 8 - 0 7  
IIUMBER OF COIllAIC= 6 6  ; T R I S  I S  IBSTRUCTIOll 17 OUT O P  A m T A L  OP 2 2  * In?  * IISTROCTIOIIS- UUIT=15 

TSEC- 3 . 8 0 2 1  0 7  DELT= 3.0561 0 6  T l -  3 .1853-02 EPP1= 2.076E 0 2  PDOT= 2.100E-10 EPP2= 2.168E 0 2  PDDOTs-8.022E-18 E P P 3 r  2.130E 0 2  
T 2 =  3. 7 0 5 1 - 0 0  T3=-1 .6768-05  f l l=  1.5391-01 T2B= 1.7091-06 T31=-7.871E-08 EPIAlG- 2 .0173  0 2  FLUX= 3.1561 1 4  POWER= 9 .823E-07  
UOMBER OP COI9BAID- 6 7  ; T B I S  I S  IUSTRUCTIOII 1 8  OUT OF A TOTAL OP 2 2  * IBP  * IUSTROCTIOUS. U I I T = 1 5  



T S E C =  4 . 6 0 8 E  0 7  DELT= 8 . 0 6 1 E  0 6  T I =  3 . 2 4 6 E - 0 2  EDPI= 2 . 0 7 8 E  0 2  FOOT= 1 . 9 4 3 E - 1 0  E P P 2 =  2 . 1 7 3 E  0 2  PDDOT=-7.771E-18 E P F 3 =  2 . 1 3 3 E  0 2  
T 2 =  7. 8 3 3 E - 0 4  'I)=-B.416E-05 TIM= 1 . 5 6 2 E - 0 4  T2R= 3.60UE-06 T3M=-3.906E-O7 EPFAVG= 2 .080E 0 2  FLUX= 3 . 2 5 8 E  1U POHER= 1.OUUE-06 
NUMBER OP COMMAND= 6 8  : T H I S  I S  INSTRUCTION 1 9  OUT O F  A TOTAL OP 2 2  * I R P  * INSTRUCTIONS. UNIT=15 

T S E C =  5 . 7 6 0 1  0 7  DELT= 1 .153E 0 7  T I =  3 . 3 7 1 E - 0 2  E P P l =  2 . 0 8 2 3  0 2  FDOT= 1 .U26E-10 E P P 2 =  2 . 1 9 0 E  0 2  FDDOTZ-5.742E-18 E P P 3 =  2 . 1 U l E  0 2  
T 2 =  8 . 2 2 0 E - 0 4  T 3 = - 1 . 2 7 1 E - 0 4  TIM= 1 . 6 1 9 E - 0 4  T2M= 3 .753E-06 T 3 R = - 5 . 9 3 9 E - 0 7  EPPAVG= 2 . 0 8 4 E  0 2  FLUX= 3 . 3 9 7 3  111 POWER= 1 . 1 3 0 E - 0 6  
NUMBER OP COMMAND= 6 9  : T H I S  I S  INSTRUCTION 2 0  OUT O F  A TOTAL OP 2 2  * I R P  * I N S ' I R K T I O N S .  U N I T = 1 5  

TSECZ 6 . 3 3 6 E  0 7  CELT= 5 . 7 5 U E  0 6  T I =  3 . 4 5 1 E - 0 2  E P P l =  2 . 0 8 5 E  0 2  PDOT= 9 . U 1 2 E - 1 2  E P P 2 =  3 . 9 8 6 E  0 2  PDDOTZ 3 . 7 6 3 E - 1 8  EPF3= 2 . 0 7 6 E  0 2  
T 2 =  2. 7 0 8 3 - 0 5  1 3 =  2 . 0 7 6 E - 0 5  TIM= 1 . 6 5 5 E - 0 4  T2M= 6 . 7 9 3 E - 0 8  T 3 1 =  1 . 0 0 0 E - 0 7  EPFAVG= 2 . 0 8 6 3  0 2  FLUX= 3 . 5 3 6 E  l u  POWER= 1 . 1 8 1 E - 0 6  
NUMBER OF CORMAND= 7 0  ; T A I S  I S  INSTRUCTION 2 1  OUT OF A TOTAL OF 2 2  * I R P  INSTROCTIONS. U N I T = 1 5  

TSEC-  6 .912E 07 DELT= 5 . 7 6 3 E  0 6  T I =  3 .436E-02 E P P l =  2 . 0 8 7 E  0 2  FOOT- 3 . U S 5 E - 1 1  EPFZ= 2 . 3 9 6 3  0 2  PDDOT= 1 . 4 8 1 E - 1 8  E P P 3 =  2 .02UE 0 2  
T 2 =  9 . 9 5 6 E - 0 5  T 3 =  8 . 1 9 7 8 - 0 6  TIM= 1 . 6 6 7 2 - 0 4  T 2 n =  4 . 1 5 5 E - 0 7  T3M= U.OU9E-08 EPPAVG= 2 . 0 8 8 E  0 2  FLUX= 3 . 6 6 2 E  1 U  FOWER= 1 . 2 2 0 E - 0 6  
NURBER OF COMMANC= 7 1  : T A I S  I S  INSTRUCTION 2 2  OUT O P  A TOTAL OF 2 2  * I R F  * INSTROCTIONS. U N I T = 1 5  

TSEC= 7 . 6 0 3 E  0 7  CELT= € .912E 0 6  T I =  3 .4373-02 E P P l =  2 . 0 8 8 E  
T 2 =  1. 5 6 8 E - 0 4  T 3 =  1 . 4 2 7 E - 0 6  TIM= 1 . 6 4 6 E - 0 4  T2M= 6 . 8 0 3 3 - 0 7  
NURBER OF COMMAND= 7 2  : T A I S  I S  INSTRUCTION 2 OUT O F  A 
NOMBER OF COMMAND= 7 3  ; T A I S  I S  INSTRUCTION 1 7  OUT O P  A 
NURBER OF CORMARC= 7 0  : T H I S  I S  INSTRUCTIOU 1 8  OUT O F  A 
NUMBER O P  COMMAND= 7 5  ; T H I S  I S  INSTRUCTION U OUT OF A 
NUMBER OF CORMANC= 7 6  ; T H I S  I S  INSTROCTION 5 OUT OF A 
NUMBER OF COMMAND= 7 7  ; T A I S  I S  INSTRDCTION 1 OUT O F  A 
NUMBER OF COMMAND= 7 8  : T H I S  I S  INSTRUCTION 2 OUT O F  A 
NUMBER OP COMMANC= 7 9  ; T H I S  I S  INSTRUCTION 3 OUT O F  A 
NUMBER O F  COMMANC= 8 0  : T H I S  I S  INSTROCTIOls O OUT OP A 
NUMBER OF COMMANE= 8 1  ; T H I S  I S  INSTROCTION 1 OUT OP A 
NUMBER OF COMMAND= 1 : T R I S  I S  INSTRUCTION 1 OUT O P  A 
NURBER OF COMMAND= 2 ; T H I S  I S  INSTRUCTION 1 OUT O F  A 
NURBER OF CORRANE= 3 : T A I S  I S  INSTRUCTION 1 OUT O P  A 
NUMBER OF COMRAND= 4 ; T H I S  I S  INSTROCTION 1 OUT OP A 
NUMBER OFCOMMAND= 5 ; T A I S I S I N S T R O C T I O N  1 O U T O P A  
NUMBER OF COMMAND= 6 : T H I S  I S  INSTBUCTION 1 OUT O P  A 
NURBER OF COMMRNO= 7 ; T H I S  I S  INSTBUCTION 1 OUT O F  A 
NUMEER OF CORRANC= 8 ; T H I S  I S  INSTRUCTION 1 OUT O P  A 
NUMBER OF COMRAND= 9 ; T H I S  I S  INSTBUCTION 2 OUT OP A 
NUMBER OF CORMANC= 1 0  : T H I S  I S  INSTRDCTION 1 OUT OP A 
NUMBER OP COMMAND= 1 1  : T H I S  I S  INSTRUCTION 1 OUT O F  A 
NUMBER OP CORMAND= 1 2  : T H I S  I S  INSTRUCTION 2 OUT O F  A 
NUMBER r!' !"rMMANC= 1 3  ; T R I S  I S  INSTRUCTION 3 OUT O F  A 
NUMBER OP COORAND= 1 4  ; T H I S  I S  INSTRDCTION U OUT OP A 
NUMBER OF COMMAND= 1 5  ; T H I S  I S  I N S T R K T I O N  2 OUT OF A 
NUMBER OF COMMAND= 1 6  : T H I S  IS INSTRUCTIOU 3 OUT O P  A 
NURBER OF COMMAND= 17 : T H I S  I S  INSTRUCTION 1 OUT O F  A 
NUMBER OF CORRANC= 1 8  ; T H I S  I S  INSTRUCTION 2 OUT O P  A 
NUMBm OF COMMAND= 1 9  ; T H I S  I S  INSTRUCTION 1 OUT OP A 
NUMBER OF CORNAND= 2 0  ; T H I S  I S  INSTROCTION 2 OUT OP A 
NUMBER OF COMMAND= 2 1  : T H I S  I S  INSTRUCTION 3 OUT O P  A 
NUMBER OF COMMAND= 2 2  ; T H I S  I S  INSTRUCTION 4 OUT O F  A 
NUMBER OF CORMANC= 2 3  : T H I S  I S  INSTRUCTION 5 OUT O P A  
NUMBER OF COMMANE= 2 4  ; T H I S  I S  INSTRUCTION 6 OUT C F  A 
NUBBER OF COMMANC= 2 5  ; T H I S  I S  INSTRDCTION 7 OUT OP A 
NURBER OF CCRMAND= 2 6  ; T H I S  I S  INSTBUCTION 8 OUT O F  A 
NUMBER OF COMMAND= 2 7  : T H I S  I S  INSTRUCTION 9 OUT O F  A 
NUMBER OP CORRANC= 2 8  ; T H I S  I S  INSTRUCTION 1 0  OUT O P  A 
NUMBER OF COMRAND= 2 9  : T H I S  I S  INSTRUCTION 1 1  OUT OF A 
NUMBER OF COMMAND= 3 0  ; T H I S  I S  INSTRUCTION 1 2  OUT OF A 
NUMBER OF CCMMARD= 31 : T H I S  I S  INSTRUCTION 1 3  OUT O F  A 
NUMBER OF CORMAND= 3 2  : T H I S  I S  INSTRUCTION 1 8  OUT O P  A 
NUMBER OP COMRANC= 3 3  : T H I S  I S  INSTRUCTION 1 5  OUT O F  4 
NUMBER O F  COMMANC= 3 4  : T H I S  I S  INSTRDCTION 1 OUT OP A 

0 2  PDOT= 
T3M= 9 . 0 9 0  

TOTAL O F  
TOTAL OF 
TOTAL O F  
TOTAL OP 
TOTAL OP 
TOTAL OF 
TOTAL O F  
TOTAL O F  
TOTAL OF 
TOTAL OP 
TOTAL OF 
M T A L  O F  
TOTAL O F  
TOTAL OP 
TOTAL OF 
TOTAL O F  
TOTAL O F  
TOTAL OP 
TOTAL OF 
TOTAL OF 
TOTAL O F  
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OP 
TOTAL OF 
M T A L  O F  
TOTAL OP 
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OP 
TOTAL OF 
TOTAL OF 
TOTAL OP 
TOTAL OF 
TOTAL OF 
TOTAL OF 

0.5361-11 E P P 2 =  2 . 3 0 0 E  0 2  PDDOT= 1 . 7 9 2 E - 1 9  E P F 3 =  1. 5 7 0 E  0 2  
E-09 E P P A V G =  2 . 0 8 9 3  0 2  n o x =  3 . 7 8 3 3  l u  P O Y E R =  1 . 2 6 2 8 - 0 6  

2 *OUT INSTRUCTIONS. U N I T = l 5  
1 8  *RDA * INSTROCTIONS. U N I T = 1 5  
18 *RDA INSTROCTIONS. U N I T = 1 5  
5 *MOV INSTRUCTIONS. UNIT=15 
5 *MOV INSTRUCTIONS. U N I T = 1 5  
4 *PCH INSTRUCTIONS. U N I T = 1 5  
U *PCH INSTRUCTIONS. U N I T = 1 5  
0 *PCB * INSTRUCTIONS. U N I T = 1 5  
4 *PCA INSTRUCTIONS. U N I T = 1 5  
1 *STP INSTRUCTIONS. U N I T = 1 5  
2 *BAS INSTRUCTIONS. U N I T = 1 5  
1 *CUT I N S ' I R K T I O N S .  U N I T = 1 5  
1 * L I P  INSTROCTIONS. U N I T = 1 5  
1 *LPU INSTRUCTIONS.  U N I T = I S  
1 * L I B  INSTRUCTIONS. O N I T = 1 5  
1 *PHO * INSTRUCTIONS. U N I T = 1 5  
3 *MOV INSTRUCTIONS. U N I T = 1 5  
6 *RDA * INSTRUCTIONS. U N I T = 1 5  
6 *RCA * INSTRUCTIONS. U N I T = l 5  
0 *DEC INSTRUCTIONS. U N I T = l S  
Q *PRO INSTRUCTIONS. U N I T = 1 5  
4 *PRO INSTRUCTIONS. U N I T = l S  
4 *PRO * INSTRUCTIONS. U N I T = 1 5  
4 *PRO INSTRUCTIONS. O N I T = 1 5  
2 *BAS INSTRUCTIONS. U N I T = 1 5  
6 *RDA INSTRUCTIONS. U N I T = 1 5  
2 * T I T  INSTRUCTIONS. U N I T = 1 5  
3 *aov INSTRUCTIONS.  U N I T = I S  
2 *RED INSTRUCTIONS. UNIT=15 
0 *DEC * INSTRUCTIONS. U N I T = l 5  
0 *DEC * INSTRUCTIONS. U R I T = 1 5  
0 *DEC * INSTROCTIONS. U N I T = 1 5  
0 *DEC * INSTROCTIONS. U N I T = 1 5  
0 *DEC INSTRUCTIONS. UNIT=15 
0 *DEC INSTRUCTIONS. U N I T = 1 5  
0 *DEC * IUSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *OEC INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC INSTRUCTIONS. U N I T = 1 5  
0 *OEC * INSTRUCTIONS. U N I T = 1 5  
U *OUT * INSTRUCTIONS. U N I T = l S  



A P P E N D I X  F: L I S T I N G  O F  SAMPLE P C H  COMMAND OUTPUT 
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