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A USER'S MANUAL FOR THE O K I G E N 2  COMPUTER CODE _. ................................. __I 

A .  G .  Croff  

ABSTRACT 

T h i s  r e p o r t  d e s c r i b e s  how t o  u s e  a r e v i s e d  v e r s i o n  of 
t h e  ORIGEN computer code,  d e s i g n a t e d  O R I G E N 2 .  Included are 
a d e s c r i p t i o n  of LIE 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 .  O R I G E N 2  can be  ob ta ined  from 
the 1iacliati.on S h i e l d i n g  In fo rma t ion  Cen te r  a t  ORNL 

1. INTRODUCTION 

ORLGEN i s  a widely used computer code f o r  c a l c u l a t i n g  t h e  bui. 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  iiiat:eri.als. 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  w a s  undertaken by ORNL t o  update  the  o r i g i n a l  

O R I G E N  code' and i t s  a s s o c i a t e d  d a t a  b a s e s ,  

were upda te 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 ie l -ds ,  decay d a t a ,  decay photon d a t a ,  and t h e  O K I G E N  computer code i t -  

s e l f . 2 - 5  

of  t h e  O R I G E N  computer code, which i s  c a l l e d  O R I G E N 2 .  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  O K L G E N 2 .  

The resul-ts of t h i s  e f f o r t  

The object: 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  

Sec t i -on  2 of t h i s  r e p o r t  d e s c r i ~ b e s  several 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 O R I G E N .  These 

g e n e r a l  cons ide ra t i . ons  are v e r y  impor t an 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  O R I G E N 2  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  version, and ( 2 )  they must be  ful.1.y utlderstood i f  t h e  

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

S e c t i o n  3 d e s c r i b e s  the n a t u r e  of s e v e r a l  t ypes  of d a t a  t h a t  are  

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 cal.culat:i.ons are performed. 

The methods f o r  a l t e r i n g  t h e s e  d a t a  are  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  ORZGEN2 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  the d e s i r e d  r e s u l t s .  It i.s a t  t h i s  p o i n t .  

t h a t  the i n c r e a s e d  f l e x i b i l i t y  and the m o r e  vo1.uminous i n p u t  r e q u i r e -  

ments o f  O R I G E N 2  become most e v i d e n t .  
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Sec t ion  5 d e s c r i b e s  t h e  c o n t e n t s  and formats  of t h e  decay,  c r o s s  

s e c t i o n / f i s s i . o n  product  y i e l d ,  and photon l i b r a r i e s  used by OlIIGEN2. 

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 long  w i t h  

OKICEN2, and S e c t .  5 w i l l  be  of I . i t t l e  concern.  However, t h e s e  

d e s c r i p t i o n s  are v i t a l  f o r  t hose  u s e r s  who create 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 i s  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  

material  composi t ions used i n  ORIGEN2 are spec i f i - ed .  The format  of t h e s e  

d a t a  i s  somewhat, a l t hough  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 

cases :  one w i t h  the  d a t a  l i b r a r i e s  on cards ,and  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  dev ice .  This  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 ypes  of i n p u t  d a t a  r e q u i r e d  by 

ORIGEN2 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 the o p t i o n s  t h e  u s e r  e lec ts  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.a Appendix E ) .  T h i s  type  of d e s c r i p t i o n  is  necessa ry  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  types  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  

ob ta ined  a t  t h e  following addres s :  

Codes Coordina tor  
Rad ia t ion  S h i e l d i n g  Informat ion  Center  
P.O. Box x 
Oak Ridge National. Labora tory  
Oak Ridge, Tennessee 37830 

.^ 

(61.5) 574-6176 
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2, GENERhL C O N S I D E R A T I O N S  

2 . 1  ORIGEN2 MAIN 

The MAIN r o u t i n e  of OKIGEN2 performs f o u r  major f u n c t i o n s :  

1. prov ides  a mechanism t o  v a r i a b l y  dimension O R I G E N 2  to  accommodate 

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

2 ,  p rov ides  much of t h e  framework necessa ry  t o  put  some o f  t h e  a r r a y s  

t o  several d i f  fereiit 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 .  prov ides  a mechanism t o  execu te  m u l t i p l e  ORI.GEN2 problems w t t h  a 

s i n g l e  j o b .  

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 . 1  no t  be  d i scussed .  

The f o u r t h  f u n c t i o n  i s  d i scussed  i n  Sec t .  4 .29 .  

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

t h e  s i z e  of t h e  execu tab le  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  ORTGEN2 execu tab le  niodu1.e ranges  from 

about  1 7 5 K  (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, 

pz-incipal-ly depending on t h e  number of n u c l i d e s  be ing  consi.dered. 

F igu re  2 . 1  g i v e s  a l i s t i n g  of O R I G E N 2  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  numer ica l  a r r a y  dimensions.  A 

d e s c r i p t i o n  of each  of t h e s e  a r r a y  dimensions is  g iven  i n  T a b l e  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 the  number 

of n u c l i d e s  be ing  cons idered  i n  a g iven  c-ase. These n u c l i d e s  are grouped 

i n t o  t h r e e  segments as fo l lows :  

1. A c t i v a t i o n  p roduc t s ,  which c o i i s i s t  o f  n e a r l y  all 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  neu t ron  a b s o r p t i o n  p roduc t s ,  and the  decay daugh te r s  

of t h e s e  p roduc t s .  This  segment i s  principal1.y used t o  handle  

s t r u c t u r a l  materials ( e . g . ,  Z i r ca loy )  and fuel.  i m p u r i t i e s .  

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 9 0 )  through 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 scha rged  r e a c t o r  f u e l s  p l u s  t h e i r  decay 

daugh te r s .  

2 
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1 LOGICAL LONG 
2 INTEGER*? bOCA.NON0 ,KD,LOC, NGF, W G N ,  NGR,NYI EI.I),NONP, NQ, MPIAI,KAP, 
2 SLOCF,NPUDPP 
4 DOOELE P R E C I S I O N  CIrN,CSUK 
5 DIKENSION XNEU(AAAA,RBRBl ,COEFP (CCCC,BBBB) ,NPROD(CCCC,BBBB) , 
t bMMAX(BRR8) ,KAP(BBBB) 
1 DIREASION S T T F P B  ( J J J J , 1 0 )  , T S T O T I  ( J J J J , 0 3 ) , T S  ( J J J J )  , R S T O T I  ( J J J J )  
P DIHENSION A(DDDD) ,LCCA [DDDD) ,NFUCFP(FFFF,OOOO) 
9 DIMENSION DR(NNNN) , E R  (NANN) ,PR(NNNN) 

1 0  DIMENSION YIELD (EEEE)  . N Y I E L D ( P F F F )  , R K U L V  (NNNM.3) 
11 
l i  S F P S P  (GGGG) ,PFA (GGGG) 
1 3  COHtlO?l /JUNK/ZRR ,IDM ( 1 )  , I L I T E ,  I A C T , I F P , I T O T ,  TLRAX ,IAKAX,TPO&XI 
1 4  
15 COMYON / M A I N O ~ / N S T P , A N I O L , A N E ~ P , ~ A B ~ A X ~  ICNfl A X ,  IbP K A X ,  IfY K AP 
1 6  C 1 1 6 6  WORDS ARE NZCESSARI I N  /NUDSCR/ BEGINNING WITH 5 
17 C /NUDSCR/ I S  USBD FOR H U I T I P L E  PURPOSES. 
i e  COWMOH /NUDSCB/DOMl (CCCT,BBBB) ,DURZ/HH€iii,HBBR) ,S(2) ,CIHN(BBBR) I 

1 9  

2 1  
2 2  
2 3  
24 
2 5  SNGR (LLLL) .GdR (LLLL)  
2 6  C DRIER,  A N D  PR PROVIDE A CONVENIENT NECHANISK FOR I N I T I A L I Z I N G  VARIABLE 
2 1  C MULTIPLIER l R I i A Y  RRULV. 
2 R  EQOTVALENCE ( D R ( l ) , R R V L V ( l , l ) )  , ( E B ( I )  , R f l U L V ( l . Z ) ) ,  
2 9  S ( P R ( 1 )  .RKOLV(I,3)) 
30 EQUIVALENCE (DUfll  ( l , l ) , C O E ? P ( l , l ) ) ,  (DUHZ ( 1 , l )  , N P R O D ( l , I ) ) ,  
31  
3 2  EQUIVALENCE ( X P ( 1 )  , A L P H N ( l ) ) ,  (ALPHN(GGGG) , N U C A N ( l ) ) ,  (hUCBN(GGGG), 
33 dNUCSFU ( 1 ) ) , ( A U C S P U ( G G G G ) , N n ( l ) ) .  I * u ( G G G G ) , Y Y ( l ) ) , l n Y ( G G G G ) ,  
3 4  $ F P S P ( l ) ) ,  ( P P S P ( G G G G ) , Y I E L D ( l ) ) ,  ( Y I E L D ( E E E E ) , N Y I E L D ( l ) )  
3: CALL Q 1 0 5 P  (6)  
3 6  C I N I T I A L I Z E  PAGE COUNTER 
37 NPAGE-IPAGE (0) 
3 e  I X =  JJJJ 

u a  LC= cccc 
4 i  I A H A I =  GGGG 
4 2  I P M A X =  F P F P  
44 ITNAX- BRBB 
45 IZMAX- D D D D  
U t  IPAMAX=LLLL 
4 1  I A P H A X = I I I I  
u e  IPYMAX =EEEE 
4S N A E M A A = K K R K  
5 0  ICNMAX=0000 
51  I P c =  FPPF 
5 2  LA F=NNNN 
53 C NEVTRONS PER NEUTRON-INCUCED F I S S I O N :  O=THERMAL SPZCTROIP; l = F A S T  SPECTRUH 
5 4  N I ' I P = l  
5 5  NYTP=O 
56 C CALL SUBROUTINE TO READ CARD INPUT F B O M  UNIT 5 ,  PRCNT IT ON UNIT 6, A N D  
5 7  C WRITE I T  ON UNIT 50. UNIT 50 I S  THPN XESlOUNC AND ORIGENZ BEADS THE DATA 
5 f  C PROK UNIT 50. 
5 9  CALL L I S T I T ( 5 , 6 , 5 0 )  
6 0  REWIND 50 
6 1  C M A I N 1  HANDLES THE RISCEILANEOOS I N C T I B L I Z A T I D N  DATB 
6 2  1 CALL R A I N 1  (NYTP,SPNO,ALPflN,NUCAN,NCICSPU,NY,YY,ANflUL,ANEXP) 
6 3  C H h I N 2  READS THE ORIGENZ COKHANDS 
6 4  2 CALL f lAINZ(NSTP)  
6 5  C M A I N 3  EXPCUTES THX O R I G I N 2  CONKANDS 
66 3 CALL H A I N 3 (  
6 7  8 LONG, STTPPR,ISTOTI,IS,RSTOTT, LX, M X ,  LC,IPD,  
6 8  S N U C ~ B , N O N O , K C , L O C , N G P , N G N , N ~ R ~ N Y I E L D , ~ O N P , N ~ , L O ~ ~ , H H A X , K A P ~  

i o  SNUCL,Q ,PG,TOCAP,GENNEU, ALPHAN,SPONP,SFNU,PISS.RBPC.YnPC,HMPC,XSTORE, 
71 SDIS,B,GGR,YIELD. A , X P , X ? A R , X T F O P . D , A P , C O E P P , ~ P R ~ D ,  XNEY, 
1 2  SALPSli,  R U C A N , N U C S F U , N Y , Y Y , P F S P , ~ ~ ~ , ~ B U N D , ~ ~ U T ~ ~ , Y . A ~ ~  
1 3  C T H I S  " G O  TO" FROVIDES T F E  MECHANISR FOQ EXPCUTING R O I T I P L E  PROBLEMS HITHPN 
7 4  C A S I N G I E  JOB. 
7 5  GO TO (1 ,2 ,3 ,0 )  , NSTF 
1 C  4 CONTINOE 
7 7  CALL Q 1 0 5 P  (6) 
1 8  STOP 100  
7 9  END 

DIMENSION ALPHN (GGGG) ,NUCAN(GGCG) ,ROCJFU (GGGG) , N Y  (GGGG) ,YY (GGCG) , 

$ ITHAX, I Z H A X . A X N ,  QXN,PIUX. POXER, INDFK,TFPEAV (4) , IPHHAX 

$ CSUH(BBB8) ,NONP ( B B E R )  ,SQ ( B B E B )  ,XF (BBBB) ,XPAR (BBRB) .XTEBP(BRRB),  
2 0  d c ( e m e )  ,AP(IIII)  .LCCP(IIII) , L o r q G ( m ~ B )  

COMYON /BIG/YUCL ( B B E B )  # C )  ( R B R B )  , FG ( 0 0 0 4 )  , M C A P  ( B a s s )  #GEN?lEW (GCCG) , 
SALPHAN (GGGG) ,SPONF (4GGG) ,SFNU (GGGG) , P I S S  (GGGG) ,NUCAB ( B B B B )  , 
(AKPC (BEIBB) ,UOPC ( 8 B B P )  ,XSTORE ( J J J J , B B B B )  , D I S ( B R B B )  , B  ( B B B B )  , 
SABOND(6KKK) ,NONO (BEEi39 .KB(BB9B) ,LOC(DDDD),NGS (BERB9 , ICN[ABBB) I 

$ ( N C I P  ( 1) , H R A X  (1) ) , (RAP ( I )  ,NQ ( 1 )  ) , (XNEU ( 1 , l )  , D u a l  / 1 , 1 )  ) 

3$ n x =  A A A A  

4 1  ILHAI= nnMn 

6 9  d LOCA , N  PUDFP, C I H  R, CSBM , S, 

Fig.  2 . 1 .  Generic OKIGEN2 M A I N  subprogram. 
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Table 2.1. D e s c r i p t i o n  of a l p h a b e t i c  a r r a y  dimensions 
i n  P i g .  2 .1  

A lphabe t i c  
c h a r a c t e r  s t r i n g  

i n  F-fg. 2 .1  D e s c r i p t i o n  __-. _-......______I_ ...... ... -~ 

AAAh Number of o u t p u t  v e c t o r s ,  i . e . ,  MN i n  XNEW 
(MX, ITK4X) 

BBBB Maximum number of n u c l i d e s  := L ' T M M  

cccc 

DDDD 

Maximum number of non-zero c ros s - sec t ion  and 
decay r e a c t i o n s  per  n u c l i d e  = LC i n  COEPP(LC,ITKU) 

T o t a l  number of non-zero m a t r i x  e lements  
(Array A)  

EEEE Number of non-zero f i s s i o n  prodlict  y i e l d s  

FFFF Maximum number of f i s s i o n  products  = LE'PlAX 

GGGG Maximum number of a c t i n i d f s  f 1 = IAMAX 

HIifM 13 - LC (See C above) 

1111 Maximum number of non-zero elements f o r  long- l ived  
n u c l i d e s  (Array AP) 

JJJJ Number of s t o r a g e  v e c t o r s  = LMX i n  XSTOKE(MX,IT'N!LX) 

KJCKK Numbe-r of non-zero n a t u r a l  abundances 

LLLL Number of non-zero photon y i e l d s  

m1 Maximum number of  l i g h t  nuc1.ide.s = LLMAX 

NNNN Maximum number of v a r i a b l e  m u l t i p l i e r s  i n  KMULV 

0000 Number of a c t i n i d e s  w i t h  bo th  d i r e c t  f i s s i o n  
product  y i e l d s  and a v a r i a b l e  f i s s i o n  cross s e c t i o n  
( u s u a l l y  3;  can b e  4 f o r  plutonium-enriched thorium 
f u e l s )  

.____. ___.. I.--I.- __ ~ I__-.- 
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3. F i s s i o n  products ,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 roduc t s .  
- 

The meaning of  t h e  word "vec tors"  i n  Table  2 .1  i s  d i s c u s s e d  i n  S e c t .  2 . 4 ,  

OKIGEN2 keeps  t r a c k  of and p r i n t s  t h c  minimum r e q u i r e d  s i z e  of m o s t  

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

recommended dimensions f o r  several problem s i z e s  i s  given i n  Table  2.2.  

The magnitude of  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  having  d i r e c t  f i s s i o n  product  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 iven  i n  Table  2.2 f o r  

cases w i t h  0,  4 ,  6 ,  and 8 a c t i n i d e s  having  d i r e c t  f i s s i o n  product  y i e l d s .  

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

r e a c t o r  (NYTF = 0) o r  fas t  r e a c t o r  (NYTF = 1) n e u t r o n  y i e l d s  per  neutron- 

induced f i s s i o n  are t o  be  used ( s e e  a l s o  Sec 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 (Sect. 4.12) and ADD (Sect .  4 . 1 3 )  commands. LAM is  t h e  

number of  p o s s i b l e  i i i 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  s2t of mul 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  DK ( 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 ing  DATA s t a t emen t s  i n  M A I N .  

V a r i a b l e s  DR, ER, and FR are equiva lenced  to t h e  a p p r o p r i a t e  p o r t i o n  

of W L V .  

v a r i a b l e  dimensioning purposes .  

Tb.e v a r i a b l e  LAM i s  passed  i n  s u b r o u t i n e  parameter  l i s t s  f o r  

2.2 ORIGEN2 Free-Format Inpu t  

With f e w  excep t ions ,  a l l  of t h e  i n p u t  d a t a  t o  ORIGEN2 can be  

s p e c i f i e d  i n  free format .  The f ree- format  r ead  r o u t i n e s  are m o d i f i c a t i o n s  

of t h o s e  w r i t t e n  by L.  M. P e t r i e . 6  

are as fo l lows:  

The r e s t r i c t i o n s  on f ree- format  i n p u t  

1. All d a t a  must appear  i n  t h e  c o r r e c t  o r d e r .  

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

may be i n  I, P,  E ,  o r  D Eormat. 

Each datum must b e  s e p a r a t e d  from t h e  next. by a comma and /o r  a t  l eas t  

one space .  

3. 

7. .. 
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... 

N
 

N
 

i 
I1 
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4 .  Zero d a t a  v a l u e s  mist appear  e x p l i c i t l y  ( i . e .  a b lank  i s  n o t  

e q u i v a l e n t  t o  a z e r o ) .  

5.  I n  general.,  d a t a  may be cont inued  on to  mul.tip1.e r e c o r d s  when d e s i r e d .  

6 .  Certain d a t a  must appear  as the f i r s t  datum on a new reco rd .  These 
iast iznces  are d e s c r i b e d  la te r .  

7 .  The maximum record  I.eiagth is 80 b y t e s .  

8. If a n  end of f i l e  i s  r e a d ,  c o n t r o l  is  r e t u r n e d  t o  t h e  c a l l i n g  

subrou t ine .  

Tnus, i n  g e n e r a l ,  the. d a t a  be ing  r ead  must be i n  t h e  c o r r e c t  o r d e r ,  must 

begin  on a n e w  c a r d  when r e q u i r e d ,  n91d must b e  s e p a r a t e d  by a comma o r  

b lank .  Other  t han  t h i s ,  t h e  d a t a  may appear  anyplace  on an. i n p u t  record.  

I n  t h e  s p e c i a l  case of numbers i n  E o r  D format  (e .g . ,  3 . 8 3  Ol), t h e  space  

a f t e r  t h e  E i s  a c c e p t a b l e  and is  n o t  cons ide red  as t h e  end of the number. 

2 .3  The ORIGEN2 "Command" Concept 

The u s e  of "commands" is  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 p rev ious  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  execu te  a s i n g l e  f u n c t i o n ,  such  as a s i n g l e  i r r a d i a -  

t i o n  s t e p .  A series of  i n t e r r e l a t e d  commands i s  g e n e r a l l y  r e q u i r e d  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  simi.lar i n  l o g i c  t o  a program w r i t t e n  

i n  a computer language such as FUIUXAN. Thus, the series of commands 

v e r y  m u c h  resembles  a program which i s  read  and executed  by O R I G E N 2 .  

The implementat ion of t h e  command concept  i n  OKIGEN2 is advantageous i n  

t h a t  i t  al.lows a use r  t o  s i m u l a t e  a w i d e  v a r i e t y  of n u c l e a r  fue l  c y c l e  

s c e n a r i o s  i n  d e t a i l  , i n c l u d i n g  r e c y c l e  ca l cu la t i . ons .  T'ne accompanying 

d i sadvan tage  is t h a t  t h e  r e q u i r e d  i n p u t  is  more d e t a i l e d  and more 

s p e c i f i c  t han  i n  p rev ious  v e r s i o n s  of ORIGEN.  The current1.y a v a i l a b l e  

ORIGEN2 commands are  defi-ned and d i s c u s s e d  i n  S e c t .  4 .  
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2 - 4  'The Concept of at1 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  details o f  ORIGEN2, 

i t  is impor tan t  t h a t  t h e  u s e r  unders tand  t h e  concept  otr' a.n ORIGEN2 

v e c t o r  a 'I An ORTGEN2 vector i s  a one-diulensiona7. a r r a y  tha t  speicif i e s  I 1  

tiine amoirnt of each n u c l i d e  b e h g  cons idered  i n  an ORTGEN2 case; i t  i s  

p r i n t e d  as a s i n g l e  column. of  numbers i n  ORJGEN2 o u t p u t .  

i n  Case 1 in 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  p roduc t ,  and 

f i s s i o n  product  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 spent PWR fuel- assembly a f t e r  1.50 days p o s t - i r r a d i a -  

t i o n  decay t i m e .  I n  thi .s  case, t h e  amounts of about 1676 n u c l i d e s  

(dimension BBBB i n  T a b l e s  2 . 1  and 2.2) cor responding  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 schematic  diagram of t h e  concep tua l  

v e c t o r  o r g a n i z a t i o n  i n  OR.IGEN2 i s  shown i n  F ig .  2 . 2 .  Two basic: t y p e s  of 

v e c t o r s  are  access ib l - e  t o  t h e  user :  
t o r s  (. 

For example, 

ou tpu t  v e c t o r s ,  and s t o r a g e  vec- 

T w e l v e  ou tpu t  v e c t o r s  are contairled i n  ORIGEN2.  These vect:ors 

are written when ORIGEN2 o u t p u t  is  produced. E a c h  o f  t he  v e c t o r s  :is 

des igna ted  by w i n g  p o s i t i v e  i n t e g e r s  cor responding  to t h e  r e l a t i v e  

location of t h e  v e c t o r ,  w i t h  t h e  leftmost v e c t o r  on t h e  ou tpu t  page 

b e i n g  vec:t:or 1 and t h e  r igh tmos t  v e c t o r  1 2 .  T h e  i n fo rma t 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  

except ion occurs  when a new set of OR'I.GEN2 commands is read d u r i n g  a 

s i n g l e  run  usFng t h e  STP command (Sect. 4.29) and the new set  o f  commands 

Includes a L I B  corrmand (Sec t .  4 . 1 8 1 ,  which r e a d s  n e w  O R I G E W  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 .  In  t h i s  case, t h e  i2rTay 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 the new l i b r a r i e s  and 

the n u c l i d e  mass d a t a  a r e  l o s t ,  

There are a variable number (LX) of s t o r a g e  v e c t o r s  i n  ORT.GEN2, 

depending on t h e  v a r i a b l e  dimensions ernplgyed ( see  v a r i a b l e  JJJJ i t 1  

Table 2 . 1 ) .  These v e c t o r s  are used to s t o r e  i n t e r m e d i a t e  ORZGEN2 

r e s u l t s  and cannot  be  o u t p u t .  The v e c t o r s  are des igna ted  by u s i n g  

n e g a t i v e  i n t e g e r s  from -1 t o  -LX, T h e  -information i n  the s to rage  

v e c t o r s  is  r e t a i n e d  under  a l l  c i r cums tances  i n c l u d h g  those whti!re t h e  

o u t p u t  vectors are o v e r w r i t t e n .  
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ORNL [MIG 73-179 

OUTPUT VECTORS ( 12) 

'1 2, ~ 4 ~ I 5 ,  6 i ,  7 ,  0 , 9  , , I O i  I:: [ 
\ DETAIL OF A VECTOR 

'u STORAGE VECTORS ( L X  = AS MANY AS REQUIRED) 

- I  -2 - ( L X - I )  - L X  

- 
GRAM -ATOMS OF I H 
ACT1 YATlON e 
PRODUCTS e 

e 
*I'PO 

- - I - - - - - 
GRAM - ATOMS 4He 
OF ACTINIDES e 

2SEf 
-_I_ - - - - - -  
GRAM - ATOMS 3H 
OF FISSION e 
PRODUCTS e 

e 

I7*Yb 

. .  

Fig. 2.2 .  Organization of OR.IGEN2 vectors.  



11 

2 . 5  Desc r ip t ion  of O R E E N Z  Znput/Output U n i t s  

ORIGEN2 u s e s  s e v e r a l  i n p u t  and ou tpu t  u n i t s  t o  f ac 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  are g-iven 

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  ‘2, 6 ,  1 2 ,  and SO 

would be necessa ry ,  and t h e  rest of t he  u n i t s  could be dummied o r  omi t ted .  

T h e  u n i t s  n o t  used i n  t h e  b a s i c  ca l euLa t ion  are r e q u i r e d  t o  execute  c e r t a i n  

OH LGEN2 commands o r  t o  provide  u s e f u l  a u x i l i a r y  informat ion .  

2.6 Card Input  Echo 

ORIGEN2 has  inc luded  i n  i t  a SUKKOUTINE LISTIT,which has the f u n c t i o n  

of p rov id ing  a ca rd  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 

i m i t  6 ,  and w r i t t e n  t o  unit 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 he  f i r s t  column of t h e  card  are p r i n t e d  (on 

u n i t  6 )  but  n o t  w r i t t e n  (on u n i t  50) ,  t hus  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  inpu t  stream t h a t  w i l l  noL 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  

or ORIGEN2. Unit  50 i s  then  rewound, and t h e  rest of ORIGENZ rc1ads t h i s  

i n fo rma t ion  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  

caJ 1 t o  L I S T I T ,  which O C C I I ~ S  i n  MAIN.  T h u s ,  if t h e  u n i t  numbers g iven  i n  
Table  2 .3  are 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  L I S T I T  parameter  l i s t  

i n  M A I N  must a l s o  b e  changed cor respondingly .  

2 - 7 ORIGEN2 Nucl ide I d e n t i f  i.er 

The ORIGEN2 n u c l i d e  i d e n t i f i e r  i s  a s ix-d ig i t :  i n t e g e r  that  

un ique ly  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 .  T h i s  i d e n t i f i e r ,  which i s  

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

NUCLID = 1000O*Z -t- lO*A f 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 numher of n u c l i d e  



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

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

3 

4 

5 

6 

7 

9 

1 0  

I1 

12 

13 

1 5  

1 6  

5 3  

S u b s t i t u t e  d a t a  f o r  decay and c ross -  
s e c t i o n  l i b r a r i e s  

Alternate u n i t  f o r  r e a d i n g  material 
composi t ions 

Card r e a d e r  

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

Unit  t o  w r i t e  an o u t p u t  v e c t o r  

Decay and c r o s s - s e c t i o n  l i b r a r y  

Photon l i b r a r y  

A l t e r n a t e  ou tpu 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  

Table  of c o n t e n t s  f o r  u n i t  6 above; 
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  

Table of c o n t e n t s  f o r  u n i t  11; 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  

P r i n t  debugging in fo rma t ion  

P r i n t  varia'ble c r o s s - s e c t i o n  in fo rma t ion  

Data set  used t o  t empora r i ly  s t o r e  
inpu t  r ead  on u n i t  5 

S p e c i f i e d  by L I B  command, S e c t .  4.18 

S e e  Sec t .  4.6 

S p e c i f i e d  i n  M A I N  i n  c a l l  t o  LISTIT 

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

Used by PCH command, S e c t .  4.15 

S p e c i f i e d  by L I B  command, S e c t .  4.18 

S p e c i f i e d  by PHO command, Sec t .  4.19 

See Sec t .  4.5 

S p e c i f i e d  i n  BLOCK DATA, varia'ble = NTQCA 

s p e c i f i e d  i n  BLOCK DATA, v a r i a b l e  = NTOCE 

S p e c i f i e d  i n  BLOCK DATA, varia'ble = IUNIT 
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A = atomic mass of nucl.ide 

I S  = i somer i c  s t a t e  i n d i c a t o r  

0 = ground s t a t e  

1 = e x c i t e d  s t a t e  

2 or g r e a t e r  n o t  perm:it.ted 

Thus,  t h e  n u c l i d e  i d e n t i f i e r  f o r  1 3 7 C s  ( Z  = 55, A = 137) would h e  551370. 

The t r a i l i n g  ze ro  ( o r  one) i s  always r e q u i r e d .  A l e a d i n g  z e r o ,  such as 

f o r  t r i t i u m  (NUCLID I= 010030), i s  n u t  r e q u i r e d .  

f o r  an  element  i s  g iven  by 

The s i x - d i g i t  i d e n t i f i e r  

ELEMID = '10000*2, 

where ELEMID i s  the  element  i d e n t i f i e r  and Z i s  def ined  as above. 'Thus, 

thta ELEMID f o r  cesium would be 550000. 

2 .8  Machine Compa t ib i l i t y  Cons ide ra t ions  

ORLGEN2 has  been  des igned  t o  b e  as machine-compatible as i s  p o s s i b l e  

by us ing  o n l y  t h e  FOK'I'RAN computer langua.ge, u s i n g  o n l y  standard FOK'i'RAN 

f u n c t i o n s  (e .g .  , SQRT, e t c . ) ,  u s i n g  II format  s p e c i f i c a t i o n s  f o r  l i t e r a l  

d a t a  i n  FORMAT and DATA s t a t e m e n t s ,  and minimizing t h e  number of  par t ia l . -  

word (i . e , ,  one-byte and two-byte word) a r r a y s .  IIowever, i n  t h e  i n t e r e s t  

o f  minimizing space  and coding complexi-ty, some. f e a t u r e s  w e r e  used that 

may n o t  b e  a c c e p t a b l e  on non-IBM cni i iputers  a 

word a r r a y s  are used .  

S p e c i f i c a l l y ,  some p a r t i a l -  

Aspec ts  o f  ORIGEN2 t h a t  are l i k e l y  t o  requi re  modi - f ica t ion  before  

implementat ion on o t h e r  machines are  as f o l l o w s :  

1. Al.1. p a r t i a l - l e n g t h  word s p e c i f i c a t i o n s  must b e  removed f o r  t hose  

computers where they  a r e  n o t  pe rmi t t ed .  'These s p e c i f i c a t i o n s  

are g iven  b y  c a r d s  a t  tile beginning of each subprogram,and t h e  

f i r s t  c h a r a c t e r s  are TNTEGER"2. 

2. F o r  those computers w i t h  a word l e n g t h  a t  l e a s t  twice  t h a t  of 

t h e  IBM computers ( 3 2  b i t s ) ,  t h e  DOUBLE PRECISION d e c l a r a t i o n s  

bccorne op t ional.. 



1 4  

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

des igned  t o  read u n t i l  a n  end-o f - f i l e  i s  cncountered and then  

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  

should  check t h i s  t o  ensu re  c o m p a t i b i l i t y .  

4 .  INTEGER FUNCTION QQPACK r eads  i-nput da t a ,  c h a r a c t e r  by cha rac 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 .  As a r e s u l t  of t h e  

wide ly  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 ype  of computer. 

Vers ions  of t h i s  s u b r o u t i n e  are  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-TBM 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  execu t ing  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  as opposed t o  t h e  IBM procedure  

of p l a c i n g  t h e  e n t i r e  execu t ing  j o b  i n  co re .  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  tc the d i r e c t l y  

accessed  memory must b e  inc luded .  A t  t h e  t i m e  t h i s  r e p o r t  i s  

be ing  i s s u e d ,  t h i s  h a s  been accomplished f o r  a CDC 7600 

computer. 

For computers where t h e  u s e  of u n i n i t i a l i z c d  "garbage" i n  

ass ignment  s t a t emen 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  should  

be  p r e s e t  to zero.  

7 

6 .  

I 

.. .. 
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3 .  MISCELLANEOUS IN1TIP;LIZATION DATA 

- -  

Because t h e  d a t a  d i s c u s s e d  i n  t h i s  s e c t i o n  are wide ly  v a r i e d  and are 

on ly  r e l a t e d  by t h e i r  i n v a r i a n c e  from case  t o  case, they are c a t e g o r i z e d  

as "misce l laneous  i n i t i a l i z a t i o n  d a t a . "  The types  o f  d a t a  f a l l i n g  i n t o  

t h i s  c a t e g o r y ,  and t h e  s e c t i o n  i n  which each  i s  d i s c u s s e d ,  can be summar- 

i z e d  as fo l lows :  

Sec t  i o n  Data d e s c r i p t i o n  

3.1 F i s s i o n  neu t ron  y i e l d s  p e r  neutron-induced 
f i s s i o n  

3.2 ( a , n )  neu t ron  p roduc t ion  rates 

3 . 3  Neutron y i e l d  p e r  spontaneous f i s s i o n  

3.4 Frac t iona l -  r e p r o c e s s i n g  r e c o v e r i e s  f o r  
i n d i v i d u a l  el-ements 

3.5 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  f o r  
element groups 

3 . 6  Assignment of i n d i v i d u a l  e lements  t o  
P r a c t i o n a l  r e p r o c e s s i n g  r ecove ry  groups 

3.7 Elemental  chemical t o x i c i t i e s  

A l l  of t h e s e  d a t a  are i n i t i a l i z e d  i n  a BLOCK DATA s t a t emen t  u s i n g  t h e  

types  of in fo rma t ion  d e s c r i b e d  i n  the a p p r o p r i a t e  s u b s e c t i o n  below. 

3.1 F i s s i o n  Neutron Yie ld  p e r  Neutron-Induced F i s s i o n  

The BLOCK DATA s t a t emen t  s u p p l i e s  spectrum-weighted s ingle-group 

fission n e u t r o n  y i e l d s  p e r  neutron-induced f i s s i o n  f o r  a thermal  r e a c t o r  

(PWK-U) and a fast  r e a c t o r  (advanced-oxide LMFBR). These d a t a  are used 

i n  c a l c u l a t i n g  t h e  i n f i n i t e  n e u t r o n  m u l t i p l i c a t i o n  factor f o r  a mix tu re  

of n u c l i d e s .  

i n  t h e  BLOCK DATA r o u t h e  and recompi l ing  i t .  

These d a t a  cannot  b e  a l t e r e d  excep t  by changi-ng t h e  values 
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The RI,OCK DATA r o u t i n e  s u p p l i e s  iiieasuzed (a ,n)  neu t ron  product  ion 

ra tPs  ( u n i t s  = neu t rons  8-l sec-l) f o r  n i ic l ides  i n  oxide  f u e l s  which 

o v e r r i d e  val-ues 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 e 

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

are c a l c u l a t x d  from a n  e m p i r i c a l  e q u a t i o n .  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  eannot  b e  a l t e r e d  excep t  3y changing 

t h e  v a l u e s  i n  t h e  BLOCK DA'CA s u b r o u t i n e  and recompi l ing  i t  - 

The 

3 . 3  F i s s i o n  Neutron Yie1.d p e r  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 neu t ron  y i e l d s  pe r  spon- 

taneous  f i s s i o n  which o v e r r i d e  v a l u e s  c a l c u l a t e d  wi.th an e m p i r i c a l  

equa t ion  i n  ORIGEN2.  These neu t ron  y i e l d s ,  denoted as SF y i e l d s ,  are 

used .to c a l c u l a t e  t h e  decay neu t ron  a c t i v i t y  of n u c l i d e  mixtures .  

SF neu t ron  y i e l d s  f o r  those oucl. ides n o t  g iven  e x p l i c i t l y  are ca l c iAa ted  

from an  e m p i r i c a l  equa t ion .  These ini1:inl: i .zntion d a t a  cannot  be a l tered 

except  by changing t h e  v a l u e s  i n  t h e  HLOCK DATA r o u t i n e  and recompil.i.ng 

i.t * 

The 

3.4 F r a c t i o n a l  Reprocessing Recover ies  f o r  Indivi .dual  Elements 

3 .4 .1  I n i t i a l i z a t i o n  v a l u e s  

The BLOCK DATA s u b r o u t i n e  s u p p l i e s  r ep rocess 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 ind iv idua l .  e lement .  The FKs are  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  streams. T h e  i n d i v i d u a l  e lement  

F R s  i n i t i a l l y  p r e s e n t  i n  ORIGEN? arc: give-n i n  Table  3.1. A s i n g l e  FR - set  

s p e c i f i e s  a n  FK f o r  each of 99 e lements .  There are t e n  sets of i n d i v i d u a l  

F R s  i n  ORXGEN2. 

The i nd iv5dua l  FR sets a l s o  serve ano the r  purpose under  c e r t a i n  

c i rcumstances .  I f  one o r  more WAC commands ( s e e  Sect. 4.17) are used,  

then  a t  least one ind iv idua l -e lement  o r  element-group (see Sect.  3.5) 

FR set must c o n t a i n  cont inuous  removal rates f o r  t h e  e lements  i n  u n i t s  
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of sec-’. 

a p p r o p r i a t e  f o r  a r e a c t o r  w i t h  cont inuous  f u e l  r e p r o c e s s i n g  ( e . g . ,  a n  MSBR). 

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

g e n e r a t e  e q u i v a l e n t  con t inuous  feed  rates of w a s t e  du r ing  w a s t e  decay.  

The  cont inuous  removal rates s p e c i f i e d  i n  t h e  FR se t  are those  

I n  e i t h e r  of t h e  above cases, t h e  i n i t i a l  d a t a  can be  a l t e r e d  by 
us ing  t h e  methods desc r ibed  1)elow. 

3.4.2 Overr id ing  i n i t i a l  v a l u e s  

The d e f a u l t  FKs f o r  i n d i v i d u a l  e lements  can be  ove r r iden  by us ing  t h e  

fo l lowing  procedure:  

A. Funct ion:  Over r ides  ind iv idua l -e lement  PR supp l i ed  in t h e  RIAOCK DATA 

s u b r o u t i n e .  

B. Data sequence:  

NE(U N S  (1) PR(1) 

-1 

where 

NE(M) = one- o r  two-dig i t  e lement  a tomic number (1-99) €o r  t h e  

f r a c t i o n a l  r ecove ry  on t h e  M t h  c a r d  

NS(M) = set number (1-1.0) 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  r ecove ry  

on t h e  Mth c a r d  

FR(M) = f r a c t i o n a l  r ecove ry  r e p l a c i n g  t h e  i n i t i a l  v a l u e  f o r  

e lement  NE(N) i n  set NS(N)  

MMAX = number of ind iv idua l -e lement  f r a c t i o n a l  r e c o v e r i e s  be ing  

o v e r r i d e n  (can  be  ze ro )  
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C.  Number o f  ca rds :  MFWL+l 

D. Terminate  r ead ing  t h e s e  d a t a :  NE(MMAX+1) .LT.O 

E. Skip r e a d i n g  t h e s e  d a t a :  One c a r d  w i t h  N E ( l ) . L T . O  

E'. Remarks: 

1. The FR(K) v a l u e s  a l s o  serve t o  d e f i n e  cont inuvus  removal r a t c s  

f o r  t h e  WAC command (see S e c t s .  3 . 4 . 1  and 4 . 1 7 ) .  I n i t i a l  

cont inuous  removal rates can be o v e r r i d e n  i n  t h e  same manner 

as the f r a c t i o n a l  r e c o v e r i e s .  

3.5 F r a c t i o n a l  Reprocess ing  Recover ies  for Element Groups 

3.5.1. I n i t i a l i z a t i o n  values  
.ll_-.l___ _.-... 

'The BLOCK DATA subrout i r ie  s u p p l i e s  FR v a l u e s  f o r  a group o f  e lements .  

These group FRs can be employed i n  e s s e n t i a l l y  t h e  s a m e  manner as t h e  FRs 

f o r  i n d i v i d u a l  e lements  (d i scussed  i n  Sec t .  3 . 4 ) .  That: i s ,  the  group 

values  can  be used t o  separate a s i n g l e ,  s p e c i f i e d  e l emen ta l  composi t ion 

i n t o  two d i f f e r e n t  streams o r  t o  d e s i g n a t e  cont inuous  removal ra tes  f u r  

the WAC command. The FR v a l u e s  f o r  t h e  groups i n i t i a l l y  p r e s e n t  i n  

OKIGEN2 are g iven  i.n Table 3 . 2 .  OKIGEN2 can c o n t a i n  up  t o  20 groups of 

e lements .  

t h e  FR f o r  al.1 groups.  

There are  t e n  sets of group FK i n  ORIGEN2,  each s p e c i f y i n g  

The i n i t i a l - e l e m e n t  group FR can  b e  a l t e r e d  by u s i n g  the procedure 

d e s c r i b e d  i n  t h e  s u b s e c t i o n s  t h a t  fo l low.  

3 .  S. 2 Over r id ing  i n i t i a l .  v a l u e s  
-II.- -.____I-._ 

The defaul t -e lement  group FR can be  o v e r r i d e n  by us ing  the procedure 

d e s c r i b e d  below. 

,4. Funct ion:  Overr ide  element  group FR s u p p l i e d  by t h e  BLOCK DATA 

s u b r o u t i n e  I 
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B. Data sequence:  

NC (LMAX) NS ( L M X )  FR(LMAX) 

-1 

where 

NG(L) = one- or two-dig i t  element group number (1.-203 f o r  the 

f r a c t i o n a l .  recovery  on card T, 

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

r e c o v e r i e s  on thtl ca rd  L 

FR(X,) = f r a c t i o n a l  r ecove ry  r e p l a c i n g  the i n i t i a l  value f o r  

group NG(L) i-ri set  NS(L) 

LElAx = number of group f r a c t i o n a l  r e c o v e r i e s  be ing  over r idden  

(can be zero) 

C .  Number of  c a r d s :  LK4X+1. 

D. Ter i i i i r i a t e  r ead ing  these data: NG(LMKY-1-1) .LT.O 

E .  Skip r ead ing  t h e s e  da ta :  One ca rd  with N G ( 1 )  .LT.O 

F. Remarks: 

1. The FR(L) a lso s e r v e  t o  d e f i n e  continuous removal rates for 

t h e  WAC command (see Sects. 3.4.1,  3.5.1, and 4 . 2 7 ) .  Initial 

con t inuous  removal rates can  be over r idden  i n  the s a m e  manner 

as t h e  group f rac t iona l  r e c o v e r i e s .  
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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  v a l u e s  

The BLOCK DATA subrou t ine  a l s o  a s s i g n s  each of t h e  99 e lements  t o  

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

e lements  may be a s s igned  t o  a given group, b u t  an ind iv idua l .  element 

can be a member of on1.y one group. The i n i t i a l  membership of t h e  

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

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

procedure desc r ibed  below. 

3 . 6 . 2  Overr id ing  i n i t i a l  v a l u e s  

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

u s i n g  t h e  procedure desc r ibed  below. 

A. Funct ion:  Overr ide  element-group membership assignments  supp l i ed  

by t h e  BLOCK DATA subrou t ine .  

B. Data sequence: 

NE ( I )  NG(l) 

-1 

where 

NE(1) = one- o r  two-digi t  e lement  a tomic number (1-99) on Card 1 

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

NE(1) is t o  b e  a s s igned  

IMAX = number of element ass ignments  be ing  ove r r idden  (can be zero)  
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Table  3 . 3 ,  Membership of ORIGIEN2 
d e f a u l t  element group 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15-20 

All elements except those 

Tli 
i n  groups 2-14 

Pa  

U 

NP 

PI1 

Am 

Cm 

Bk 

Cf 

ES 

F, C1, B r ,  I 

H e ,  C ,  N, Ne, A r ,  K r ,  Xe, Rn 

H 

None 



C. Number of  cards :  T.MA4X+I 

D. Terminate reading  t h e s e  d a t a :  NE(1MAX-t-1) .I,T.O 

E. Ski.p r ead ing  t h e s e  da t a :  One card  w i t h  NG(l).LT.O 

3.7 Elemental  Chemical- Tox ic i t i e s  

The BT,OCK DATA subrou t ine  s u p p l i e s  maximum permissible c o n c e n t r a t i o n s  

(MPCs) f o r  each of t h e  chemical e1ement.s i n  wa te r .  Thc MPC is  used t o  

c a l c u l a t e  t h e  volume of water  r equ i r ed  t o  d i l u t e  a given amount of an 

element t o  a concen t r a t ion  corresponding t o  i t s  MPC. The volume of water 

r equ i r ed  f o r  each element i n  a mixture  i s  assumed t o  y i e l d  t h e  total vol -  

ume of d i l u t i o n  water  r equ i r ed  and thus  a measure of the chemical t o x i c i t y  

of t h e  e lementa l  mixture .  These d a t a  cannot be a l t e r e d  except  by changing 

t h e  values i n  t h e  BLOCK DATA subrou t ine  arid recompil ing i t .  

J 



T h e  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  the o r d e r  i n  which any or a11 of t h e  

ORIGEN2 program f u n c t i o n s  are executed .  This  procedure  i s  analogous t o  

writing a FORTRAN program i n  t h a t  the. commands de f i r i e  A series 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 be ing  

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

BRIGEN2 problem f lowshee t  al.l.ows t h e  u s e  of a "DO l o o p f a  command, which 

e x e c u t e s  a set of i n s t r u c t i o n s  w i t h i n  the range  of tile 1 . 0 0 ~  a prescrhbed 

number of times. 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  the 

c -npab 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 2  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  waste produc t ion  rates as a f u n c t i o n  o f  t i m e .  

The general. format  of t h e  O K I G E N 2  commands i s  

where COM i s  a k e - F o r d  d e f i n i n g  t h e  in s t : ruc t ion  type  am1 the PARM(1) are 

parameters  suppl.ying v a r i o u s  d a t a  necessa ry  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. De[:ails on t h e  d a t a  forinat a r e  g iven  i n  

S e c t .  2 . 2 ,  A list of t h e  OKT.GEN2 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  are givcto i n  Tab1.e 4.1. 

Before  att:enipting t o  u s e  ORIGEN2,  i t  should be noted t h a t  t h e r e  are 

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  in which the comma]-ids must occur .  The 

pr imary r e s t r i c t i o n  i s  t h a t  t h e  L I B  comniand (Sec t .  4 . 1 8 ) ,  which reads 

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 

si.nee i t  def:i.nc!s t h e  list of n u c l i d e s  be i-ng cons ide red .  Other  restric- 

t i o n s  w i l l  b e  noted when the i n d i v i d u a l  commands are discrussed. 

Each ORLGEN2 command can be p r e s e n t  i n  a s i n g l e  i .nput  stream a 

maximum number o f  times; tlw J . i . m i t  depends on t h e  s p e c i f i c  command. 

Thi-s limit i s  given  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 va ry ing  t h e  dimensions 

of t:he a p p r o p r i a t e  a r r a y ( s )  within t h e  ORIGEPJ2 source deck. The 1.i.mj.t 

on t:he t o t a l  nunher t ) E  O K I G E N Z  commands t h a t  may be used i s  300, a 

number which can a l s o  be changed by va ry ing  a r r ay  climens:ions w i t h i - n  

t h e  sou rce  deck. 
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Table  4.1. L i s t  0.l ORIGEN2 commands 

~ . .. . .. . . . . ._ ._. . . 

Command 
keyword 

ADD 
BAS 
BUP 
CON 
CUT 
DEC 
DOL 
END 
FAC 
HED 
INP 

IRF 
IRP  
KEQ 
LIB 
L I P  
LPU 
MOV 
OPTA 
OPTF 

OPTL 
@UT 
PCH 
PHO 
PRO 
RDA 
REC 
T I T  
WAC 

, 
D e s c r i p t i o n  Sec t  i o n  Page 

Add two v e c l o r s  
Case b a s i s  
Burnup c a l c u l a t i o n  
Con t inua t ion  
Cutoff  f r a c t i o n s  f o r  summary t a b l e s  
Decay 
DO loop  
Terminate  execu t ion  
Calculate a m u l t i p l i c a t i o n  f a c t o r  
Vector  headings  
Read i n p u t  composi t ion,  cont inuous  removal 

F lux  i r r a d i a t i o n  
S p e c i f i c  power i r r a d i a t i o n  
Match 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 s  
L i b r a r y  p r i n t  c o n t r o l  
L i b r a r y  p r i n t  c o n t r o l  
Data l i b r a r y  replacement  c a r d s  
Move n u c l i d e  composi t ion from v e c t o r  t o  v e c t o r  
Spec i fy  a c t i n i d e  n u c l i d e  ou tpu t  t a b l e  o p t i o n s  
Spec i fy  f i s s i o n  product  n u c l i d e  o u t p u t  t a b l e  

Spec i fy  a c t i v a t i o n  product  o u t p u t  t a b l e  o p t i o n s  
P r i n t  c a l c u l a t e d  r e s u l t s  
Punch a n  ou tpu t  v e c t o r  
Read photon l i b r a r i e s  
Reprocess f u e l  
Read comments r ega rd ing  case be ing  i n p u t  
Loop coun te r  
Case t i t l e  
Nucl ide accumula t ion  

r a t e , a n d  cont inuous  f eed  ra te  

o p t i o n s  

4 .13  
4 . 3 
4.14 
4.28 
4.9 
4.23 
4.11. 
4.30 
4.4 
4.7 
4 . 6 

4.21 
4.22 
4.10 
4.18 
4.16 
4.20 
4.12 
4.26 
4 . 2 7  

4 . 2 5  
4 . 5 
4.1.5 
4.19 
4.24 
4 . 1. 
4.8 
4.2 
4 . 1 7  

40 
28 
4 2  
60 
34 
54 
48  
6 1  
28 
33 
31 

50 
52 
36 
45 
43  
49 
38 
58 
59 

56 
29 
42 
47 
55 
27 
34 
27 
44 

- 
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4 . 1  KDA - Read Comments Regarding Case Being Input  

A .  Funct ion:  P r i n t s  a lphanumeric  comments among t h e  l i s t i n g  of t h e  

o p e r a t i o n a l  commands be ing  i n p u t .  

H. Data sequence: 

RDA COMMFNT(S) 

where 

RDA = comand keyword 

COMMENT(S) = alphanumeric  message 

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

D. Propagat ion:  None. 

E. Remarks: These comments are p r i n t e d  i n  t h e  l i s t i n g  created when 

ORIGEN2 i s  i n t e r p r e t i n g  t h e  commands, which i s  s e p a r a t e  

from t h e  c a r d  i n p u t  echo d e s c r i b e d  i n  Sect. 2.6. 

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

A .  Funct ion:  Suppl ies  case t i t l e  p r i n t e d  i n  ORIGEN2 o u t p u t ,  

€3. Data sequence: 

T I T  A(9) ,  . A(80)  

where 

TIT = command keyword 

A ( 1 )  = alphanumeric  characters i n  columns 9-80 on1.y 

C. Allowable number of TIT cormnands: 20  

D. P ropagat ion:  U n t i l  changed. 

E .  Remarks: N o w .  
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4.3 BAS - Case Basis 

A. Function: S u p p l i e s  case b a s i s  p r i n t e d  i n  ORIGENZ o u t p u t .  

B. Data sequence: 

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

where 

BAS = command keyword 

A ( 1 )  = 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 i o n  : U n t i l  changed. 

E .  Remarks: The BAS command on ly  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  c o n s i s t e n c y  of t h e  b a s i s ,  

t h e  i n p u t  material masses, s p e c i f i c  power, etc.. 

4.4  FAC - C a l c u l a t e  a M u l t i p l i c a t i o n  Fac to r  
Based on T o t a l  Vector Masses 

A: 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 ,  FAGTOR[NFAC(l)], 

based on t h e  t o t a l  a c t i n i d e  p l u s  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  u s e  i n  MOV (see Sec t .  4 .12)  or 

ADD (see Sec t .  4.13) commands, 

B. Data sequence: 

FAC NFAC( l ) ,  . . . NFAC(4), RFAC(1)  

where 

FAG = command keyword 

NFAC(1) = number of € 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  t han  ze ro  and less than or equal to the 

maximum number of FAC commands) 

NFAC(2) = v e c t o r  number 
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NFAC(3) = v e c t o r  number 

NFAC(4) = method for e a l c u l a l i n g  FACTOR[NFAC(l)] : 

= I FACTOR[NFAC(l)] = 7’[WFAC(2) ]+T[NFAC(3) I 
= 2 FACTOK[NFAC(l)] = T[NFAC(2>]-T[NFAC(3>] 

= 3 FACTOK[NFAC(l)] T[N~AC(2>]”T[NUAC(3>1 

= 4 FACTOR[NFAC(l) 1 = T[prFAt:(2) ] / ‘~[NaAC(3)]  

= 5 PACTOR[NFAC(l)] -= T[NFAC(2)] 

= 6 FACTOR[NFAC(l) 1 = T[NFA6(3) ] 

= 7 FACTOR[NFAC(l)] = ISO/T[NFAC(2)] 

= 8 FACTOK[NFAC(l)] = l.O/T[NFAC(3)] 

where t h e  T[NFAC(I)] are the  to ta l .  f i s s i o n  product  

p l u s  acLinlide masses f o r  t h e  i n d i c a t e d  v e c t o r s ,  

expressed i n  kilograms. 

RFAC(1) = c o n s t a n t  v a l u e  t o  be  used in p l a c e  of t h e  T[NFAC(T)]: 

.GT.O = s u b s t i t u t e  RFAC(1) f o r  T[NFAC(2)] when 

c a l c u l a t i n g  FACTOR[NFAC(l ) ] 

.EQ.O = u s e  tlle T[NPAC(T) ]  as d e f i n e d  

.LT.O = substitute [-KI?AG(I) ] f o r  T[NFAC(3) ] when 

c a l c u l a t  i ng FACTOR[ NEAC (1) ] 

The u n i t s  of RFAC (1 ) are ki lograms.  

C .  Allowed number of FAC commands: 20 

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

,. 

NFAC (1) is executed .  

Remarks: 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  cotimand are 

p r i n t e d  on u n i t  15.  

4 . 5  OUT - P r i n t  Ca lcu la t ed  R e s u l t s  

Function: Calls f o r  the calculatecl resul ts  i.n some o r  a l l  o f  the  

ou tpu t  v e c t o r s  t o  b e  printed. 
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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  w i t h  t h e  

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

.GT.O = o u t p u t  on u n i t s  I O U T ,  JOUT, and KOUT (Unit  6 )  

.LT.O = o u t p u t  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  is  i n  a loop 

( S e c t .  4 .11)  

and eve ry  NOUT(2)th r e c y c l e  t h e r e a f t e r ]  

[ p r i n t  occu r s  f i r s t  t i m e  through l o o p  

NOUT(3) = p r i n t  number of p r e s e n t  r e c y c l e :  

.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  for  i n c l u s i o n  i n  
summary t a b l e  excep t  v e c t o r  -NOUT(I) 

.EQ.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  

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

n u c l i d e  i s  inc luded  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.1, a REC command must be  employed (Sec t .  4 . 8 ) .  
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4.6 INP - Read Inpu t  Composition, Continuous Removal Rate, 
and Continuous Feed Rate  

A .  Funct ion:  Calls f o r  n u c l i d e  composi t ion,  cont inuous  n u c l i d e  feed  

r a t e , o r  cont inuous  e l emen ta l  removal ra te  t o  be  read .  

B.  Data sequence: 

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

where 

1 N Y  = command keyword 

NIW(1) = number of v e c t o r  i n  which i n i t i a l  composi t ions are. 
t o  b e  s t o r e d  

NINP(2) = read  n u c l i d e  composi t ion:  

.EQ.O = no 

.EQ.1 = yes;  u n i t s  are g / b a s i s  u n i t  ( read  on u n i t  5 )  

.EQ.2 = yes; units are g-atoms/basis  u n i t  ( read  on 

u n i t  5) 

.EQ.-l = yes;  u n i t s  are g /bas i s  u n i t  ( read  on u n i t  4 )  

.EQ.-2 = yes ;  u n i t s  are g-atoms/basis  u n i t  ( read  on 

u n i t  4 )  

NJNP(3) = r ead  cont inuous  n u c l i d e  feed  rate: 

.LT.O = no 

.EQ.1 = yes ;  u n i t s  are g / ( t i m e ) ( b a s i s  u n i t )  

.EQ.2 = yes ;  u n i t s  are g -a toms / ( t ime) (bas i s  u n i t )  

See NINP(5) f o r  s p e c i f i c a t i o n  of time u n i t s .  

NINP(4) = read element removal rate pe r  u n i t  t i m e :  

.LT.O = no read; no propagat ion  

.EQ.O = no r ead ,  bu t  propagate  p rev ious ly  r ead  v a l u e s  

.GT.O = read NINP(4) d a t a  p a i r s  ( s e e  Sec t .  6.3) 

See NINP(6) f o r  s p e c i f i c a t i o n  of  t i m e  u n i t s .  

NINP(5) = t i m e  u n i t s  of cont inuous  n u c l i d e  feed rate d a t a  

(see Table  4 . 2 )  

NINP(6) = time u n i t s  of cont inuous  e lementa l  removal ra te  d a t a  

( s e e  Table  4 .2)  
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Table 4.2 .  T i m e  u n i t  designat i -on -_ _____I__.._ _l_.____l---.- 

1 = seconds 

2 = minutes 

3 = h o u r s  

4 = days 

5 = years 

6 = s t ab le  

7 = I O 3  years (kY) 

8 = lo6  years (MY) 

9 = io9 yea r s  (GY) 

I 
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C .  Allowable number of  INP commands: 15  

D. Propagat 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  o f  t h e  

calcul.ationa1 b a s i s  w i t h  t h e  i n p u t  masses. 

4.7 HED - Vector  Headings 

A .  Funct ion:  A l l o w s  alphanumeric  v e c t o r  headings  t o  b e  s p e c i f i e d .  

E .  D a t a  sequence: 

HED NHED A ( 1 ) ,  . . . A ( 1 0 )  

where 

HED = cormand keyword 

NHED = number of v e c t o r  whikh i s  t o  be  g iven  heading 

A ( 1 )  = t en -cha rac t e r  a lphanumeric  heading  anyplace  on t h e  

c a r d  t o  t h e  r i g h t  of NIIED 

C .  Allowable number of HED commands: 59 

D. Propagat ion:  U n t i l  the v e c t o r  i s  o v e r w r i t t e n .  

E .  Remarks: 

1. 

2 .  

3 .  

T'ne heading  i s  moved w i t h  t h e  v e c t o r  when the MOV ( S e c t .  14.12) 

and ADD (Sec t .  1 4 . 1 3 )  commands are used.  

I f  a HED command is t u  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  NINP(l), S e c t .  4.61 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  NPKO(2) and 

N P R O ( 3 ) ,  S e c t .  4 . 2 4 1 ,  t h e  HED command must fo l low t h e  INP 

o r  PRO comiand . 
If A ( 1 )  i s  a n  apostrophe o r  a s t e r i s k  ( A ) ,  t h e  ten c h a r a c t e r s  

immediately f o l l o w i n g  A ( l )  are  taken  as  t h e  Vector  heading.  

'This a l l o w s  f o r  t h e  i n c l u s i o n  o f  l e a d i n g  b l anks .  
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4.8 REC - Loop Counter 

A. Function: Counts t h e  number of t i m e s  t h a t  a loop (DOL command, 

S e c t .  14.11) has been executed .  

B.  Data sequence: 

REI: 

where 

REC = command keyword 

C .  Allowable number of REC commands: 1 

D. Propagat ion : None. 

E .  Remarks: 

1. Th i s  coun te r  i s  o u t p u t  as t h e  "Recycle #'I i n  OKIGEN2 o u t p u t .  

4.9 CUT - Cutoff F r a c t i o n s  f o r  Summary Tab les  

A .  Funct ion:  Overr ide  d e f a u l t  c u t o f f  f r a c t i o n s  f o r  sumiiary ou tpu t  

t a b l e s .  

B.  Data sequence: 

CUT[NCUT(l), RCUT(1)], . . . [NCUT(NT) ,  RCUT(NT)] ,  -1 

where 

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

NCUT(1) = number of t h e  o u t p u t  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  for 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(I )  

NT = t o t a l  number of d e f a u l t  c u t o f f  values which are 

be ing  o v e r r i d d e n  w i t h  t h i s  CUT command 

C .  Allowable number of CUT commands: 3 

D. Propagat  i o n  : U n t i l  changed 
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Table 4 . 3 .  Description of ORIGEN2 output table 

Table 
Units __ ........................... W!?kz Description of table 

1 

2 

3 

4 

5 

6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

I.. 6 
17 

18 

1.. 9 

20 

21 

22 

2 3  

24 

25 

26 

2.7 

28 

Isotopic composition of each element 

Isotopic composition of each element 

Composition 

Composition 

Compos i t i on 

Composition 

Radioactivity (total) 

Kadioactivity (total) 

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 

atom fraction 

weight fraction 

gram-atoms 

atom fraction 

grans 

weight fraction 

C i  

f ra c t i  ona 1 

watts 

fractional 

m 3  air 

fractional 

m 3  water 

f rac. t tonal. 

m water 

f rac t i ona l  

neutronslsec 

fractional 

fissions/sec 

fractional 

Ci 

fractional 

neutrons/sec 

neutrons/sec 

photons/scc 

3 

- 
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E .  &marks: 

1. 

2 .  

3 ,  

4 

5.  

6 *  

I f  an  ou tpu t  v a l u e  f o r  a p a r t i c u l a r  n u c l i d e  i s  less than  t h e  

c u t o 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  v a l u e  f o r  a l l  

v e c t o r s  be ing  t e s t e d  ( see  Sect. 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  are t e s t e d ) ,  then t h a t  p a r t i c u l a r  n u c l i d e  i s  

n o t  p r i n t e d .  

Table number 28  can be used t o  o v e r r i d e  t h e  d e f a u l t  value f o r  

ERR, p r e s e n t l y  se t  a t  1.0E-25. ERR i s  used i n  l o g i c a l  I F  

s t a t e m e n t s  i n s t e a d  of 0.0.  

An i n t e g e r  -1 must follow RCUT(NT) unless  all 2 3  c u t o f f  

f r a c t i o n s  are specif ited. 

The d e f a u l t  c u t o f f  f rac t i .o t i s  f o r  t h e  f.i-rst 26 t a 1 ) I . e ~  ( see  

Table 4 . 3 )  a're 0.001; f o r  Table  2 7  the c u t o f f  5.s 0.01. 

'ffie [NCUT(:I:) ,RCUT(I) ] m a y  con t inue  onto  subsequent  c a r d s .  

N o  o p e r a t i o n a l  command is  used on t h e  a d d i t l o n a l  ca rds .  

The a p p l i c a t i o n  of t h e  c u t o f f  value 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 i scussed  i n  S e c t ,  5.2,2. 

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  F a c t o 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) inatclws t h a t  of 

ano the r  v e c t o r  o r  ail i npu t  va lue .  

B.  Data sequence: 

KEQ NKEQ(l.), N K E Q ( 2 ) ,  N K E Q ( 3 ) ,  NKEQ(4), NKEQ(5), K K E ( J ( 1 )  

where 

KEQ = comm,m.d keyword 

N K E Q ( 1 )  = v e c t o r  whose IMF i s  t o  b e  matched by v e c t o r  NKEQ(4)  

N K E Q ( 2 )  = v e c t o r  whose m a t e r i a l  i s  t o  b e  wholly incl-uded i n  t h e  

f i l ial  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 i i ia ter ja l  i s  t o  be appor t ioned  t o  o b t a i n  

the proper  IMF f o r  vector NKEq(4) 

, 



37 

NKEQ(4) = v e c t o r  c o n t a i n i n g  all material i n  v e c t o r  NXEQ(2) pl.us 

part of  the material i n  NKEQ(3) and having t h e  same IMF 

as e i t h e r  vector NKEQ(1.) o r  RKEQ(1); that i s ,  

where f i s  the  f a c t o r  by which NXEQ(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  IPlY f o r  N K E Q ( 4 ) .  

NKEQ(5) = v e c t o r  conta in ing  t h e  p o r t i o n  o f  NKEQ(3) riot blended 

i n t o  NKEQ(4) ; that is ~ 

If (1-f)  is less ehan ze ro ,  then N K E Q ( 5 )  is se t  t o  zero .  
RKEQ(1) = d e s i r e d  f ina l .  7MF €or  v e c t o r  NKEQ(4) i f  IcKKQ(l) .GT.O.O.  

Lf RKEQ(l).LT.O.O, the IMP of v e c t o r  NKEQ(4) i s  matched 

(10 t h a t  of vector NKEQ(1).  I f  RKEQ(l).EQ.U.O, t h e  IN? 

i s  equal to IWULV(NRF:C,l.) e The P,MJI,V valses are 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  MAIN (see Sec t  e 2 .l) ; the  N W C  

parameter i s  descr ibed  i.a Sect. 4 . 8 .  

C. Allowable number of KEQ commands: 3 

D I Propagat ion  : None. 

E .  Remarks: 

1. The equat ion used t o  c a l c u l a t e  the parameter f ,  by which 

v e c t o r  NKEQ(3) i s  mul-tiylied b e f o r e  being combined w i t h  

material i n  v e c t o r  NKEQ(2) and b e h g  placed in vector NKEQ(4) 

i s  g iven  by 

where 

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

k2 = IMF of material. i n  v e c t o r  NKEQ(2) 

k3 = TEiF of macerial i n  v e c t o r  NKEQ(3) 

D2 = neu t ron  a b s o r p t i o n  rate of material i n  v e c t o r  

N K E Q ( 2 ) ,  n e u t r o n s  see-’ 

D3 =: neu t ron  a b s o r p t i o n  ra te  of material i n  v e c t o r  
- 1  NKEQ(3), neut rons  sec 
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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 are p r i n t e d  

on u n i t  15. 

4.11 DOL - DO LOOP 

A .  Funct ion:  A "DO loop" which execu te s  t h e  commands w i t h i n  i t s  

range  a p r e s c r i b e d  number of t i m e s  

B. Data sequence: 

DOL NDOL(1) NDQL(2) 

where 

DOL = command keyword 

NDOL(1) = number of t h e  CON command (Sec t .  4 . 2 8 )  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 i m e s  t h e  i n s t r u c t i o n s  w i t h i n  the 

loop are 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 .  Funct ion:  Moves ( i . e . ,  c o p i e s )  t h e  n u c l i d e  c o n c e n t r a t i o n  d a t a  i n  

one v e c t o r  t o  a n o t h e r  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), NMOV(3) nzMoV(1) 

where 

MOV = command keyword 

NMOV(1) = 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  t o  be  

moved are p r e s e n t l y  s t o r e d  
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NNOV(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) are t o  be moved. May be the  same 

as NMOV(1). 

NplsV(3) = source  05 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  that 

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  NiYOV(1) is  to  be m u l t i p l i e d  b e f o r e  

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  are i n  a r r a y  KMULV and are i n i t i a l -  

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

p a r t i c u l a r  element of W , V  used is  

where NREC is t h e  r e c y c l e  number (Sec t .  4 . 8 ) .  

The t o t a l  m u l t i p l i e r ,  RMXLT, is  given by 

RMTJLT = FWULV [ NREC , NMOV ( 3) ] *WIQV ( 1) . 
NREC must be  d e f i n e d  t o  u s e  the v a r i a b l e  

m u l t i p l i e r  op t ion ,  
--__ 

.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 ,  

.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 w a s  

p r e v i o u s l y  c a l c u l a t e d  by an PAC comma.nd 

( s e e  S e c t .  4 . 4 )  aid des igna ted  a5 

FACTOR[NFAC(I)] at  t h a t  t i m e .  To u s e  t h i s  

f a c t o r ,  set NMOV(3) = -NF'AC(l); the  t o t a l  

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

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

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

C .  Allowable number of MQV commands: 99 

ID Propaga t ion  : None. 
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E. Remarks: 

1. Vector NMOV(2) can be zeroed by  moving a n o t h e r  v e c t o r  t o  

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

2.  The in fo rma t ion  i n  v e c t o r  NMOV(1) i s  n o t  des t royed  by t h e  

NOV command. 

Vector mOV(2) w i l l  have t h c  same heading as vector NMOv(1.) 

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

3 .  

4.13 ADD -Add Two Vectors  

A. Funct ion:  Adds t h e  n u c l i d e  c o n c e n t r a t i o n  d a t a  in one v e c t o r  t o  

t h a t  i n  ano the r  v e c t o r ,  n u c l i d e  by n u c l i d e .  

B. Data sequence: 

ADD NAl)l~(l), NADD(2) , NADD(3), RADD(1) 

where 

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

NADD(1) = number of the v e c t o r  where t h e  c o n c e n t r a t i o n s  t o  

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

NADD(2) = number o f  t h e  v e c t o r  t o  which 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  NADD(1) are t o  h e  added 

NADD( 3 )  = source  of a d d i t i o n a l  mul . t ip l ie r  

.GT.O = I f  NADD(3).G'['.O, i t  i s  the number of the  

v a r i a b l e  m u l t i p l i e r  v e c t o r  which c o n t a i n s  

t h e  factors  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). The v a r i a b l e  m u l t i p l i e r s  are i n  

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

s t a t emen t  i n  M A I N .  The p a r t i c u l a r  element 

o€ W L V  used i s  

E';IyULV [ NREC , NADD ( 3 )  ] 

where NREC i s  t h e  recycle number (see S e c t .  

4 . 8 ) .  The to ta l .  multipl . i .er ,  R14ULT, i s  g iven  by 
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NREC must be defit ied t o  use t h i s  o p t i o n  (see 

Sect.  4 . 8 ) .  

.EQ.O 2 no a d d i t i o n a l  m u l t i p l i e r  used;  that. i s ,  

.LT,O = the a d d i t i o n a l  n 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  

Sect ,  4 .4 )  and des igna ted  as FACTOR[NFAC(l)]. 

To use t h i s  factor,  set NAllD(3)  -- - N F A C ( l ) ;  

t h e  t o t a l  m u l t i p l i e s  is  then g iven  by 

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

m u l t i p l i e d  before  be ing  added to vector 

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

C ,  Allowable. number of ADD commands: 30 

D .  Propagat ion  : None. 

E. Remarks: 

1.. Vector  NADD(1) may b e  sub t r ac t ed  from vector NADD(2) by s e t t i n g  

€7ADD(l.) I- -1 -0.  (CAUTION : Negati.ve 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  errors . )  

2 ,  The inf0-rmairiorr i n  vccCor KADD(1.) is n o t  al . tered by t h e  ADD 

command 

3 .  Vector NADD(2)  w i l l  have the  same headings as vector NADD(1) 

a f t e r  the ADD command has  been executed  
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4.14 BUP - Burnup Calcul-at ion 

A .  Funct ion:  Def ines  t h e  b a s i s  and c a l c u l a t e s  t h e  average hurnup, 

f l u x ,  and s p e c i f i c  power f o r  a n  i r r a d i a t i o n .  

B.  Data sequence: 

BUY 

I r r a d i a t i o n  

BUP 

where 

BUP = command keyword 

L r r a d i a t i o n  = t h e  o p e r a t i o n a l  coinmands ( g e n e r a l l y  several I R P s  o r  

LRFs) t h a t  d e s c r i b e  the f u e l  i r r a d i a t i o n  upon which 

t h e  burnup c a l c u l - a t i o n  i s  t o  be  based.  

C. Allowable number of BUP commands: 20 (Len. p a i r ) ,  

D. Propagat ion:  U i n t i l  superseded hy o t h e r  BUT? commands. 

E. Remarks: 

.. 
1 

” .  

1. A BUP command m u s t  appea r  bo th  ___. b e f o r e  and a f t e r  t h e  s t a t e m e n t s  

c o n s t i t u t i n g  t h e  f u e l  i r r a d i a t i o n  upon which t h e  burnup calcu-  

l a t i o n  i s  t o  be  based. O t h e r  commands may be p r e s e n t  between 

t h e  BUP s t a t e m e n t s .  

4.1.5 PCH - Punch an  Output Vector  

A. Function: Punch a d e s i g n a t e d  o u t p u t  v e c t o r  i n  ORICEN2-readable 

format  o r  write i t  t o  a d i s k  f i l e .  

R .  Data sequence: 

PCII NPCH (I) , N-PCH (2) , NPCH ( 3 )  

where 

PCH = comriiand keyword 

NPCH(1) = c o n t r o l  c h a r a c t e r  f o r  l i g h t  n u c l i d e  and s t r u c t u r a l  

material punch 
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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  nuc l jde  punch 

If NPCH(1.) .EQ.O - ~ C I  P U I I C ~  

.GT.O - number of out-put v e c t o r  t o  be punched 

.LT.O - nuinber of s t o r a g r  vector t o  be punched 

C .  A1.lowable number of  PCH commands: 54 

2) .  Propagat  ion : Noae . 
E:. Remarks: 

1. Format of punched o u t p u t  i s  [2X,L2,4(IX),I6,2X,IPELO.4)]; 

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

2 .  U n i t s  of punched o u t p u t  are g-atoms. 

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

0 BURNUP F%UX 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 the BUP conunand (Sec t .  4.14) and m u s t  b e  p r e s e n t  

f o r  a file r ead  on uni t :  4 [NINP(2).LT.O; see Sect .  4 . 6 1 .  

These pa rame te r s  are not necessa ry  f o r  i n p u t  material composi- 

t i o n s  r ead  with NINP(2) .GT.O. 

4 . 1 6  L I P  - L i b r a r y  P r i n t  Control  

A .  Funct ion:  C o n t r o l s  t h e  p r i n t i n g  of t he  i n p u t  data l i b r a r i e s .  

B. Data sequence: 

LIP N L I P ( 1 )  , NLIP(2) , NLIP(3) 

where 

LIP = cormnand keyword 

NIAIP(l) = 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  

NLLP(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) = cont ro l .  c h a r a c t e r  for 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  
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C. Allowable number 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 NWAC(l ) ,  NWAC(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-’ 

(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 . Propagat ion : None. 

E. Remarks: 

1. This command will enable the continuous accumulation of waste 

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

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 r e s u l t  

is subsequently stored in vector B. T h e n  the waste is decayed, 
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w i t h  v e c t o r  B r e p r e s e n t i n g  the  con t inuous  f eed  of waste t o  

t h e  waste decay s t e p  from the con t inuous ly  r ep rocessed  

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

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

A .  Funct 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 ;  subst i t i . i te  

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  w i t h  non- 

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

E!. Data sequence: 

LIB N L I B ( l ) ,  . . . NLIB(11) 

where 

LIB = command keyword 

N L , l B ( l )  = 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  o f  nun-zero 

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

S e c t .  8.2.1) f 

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

.LE.O - no p r i n t  
t 

NT,IB(2) = i d e n t i f i c a t i o n  nuniber 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 ;  see Table  4 . 4  

NLIR(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  

N L I B ( 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  to  be  r e a d ;  see Table 4.4 

NL CH(5) = i d e n t i f i c a t i o n  number of L igh 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  be  r ead ;  sec Table 4 . 4  

NL,IB(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  cwuss-section 

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

N L I B ( 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 ;  see Table  4.4 

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

.GT.O - normal read on u n i t  N L I B ( 8 )  



Table 4.4. Numbers of ORICEW2 d a t a  l i b r a r i e s  

____ Category of  isotope.....-^.......-.- 
F i s s i o n  product Type of l i b r a r y  Act iva t ion  product Actinide 

[NLIB(2 o r  5 ) l a  [NI.LB(3 o r  6)la [NLIB(4 o r  7 ) l a  NLIB(12)a 
............... ........ ~ - .  .~~I.__ ........... - 

Decay 
Photon 

FWR: 

PWR : 

PWR: 

BWR : 

BWR: 

BWR: 

PWR: 

PWR: 

PWR: 

PUR : 

PUR: 

U-enriched UO?; 
33,000 MWd/mctric ton 

235U-enrichcd UOi i n  a 
self-generated Pu recyc le  
r e a c t o r  

Pu-enriched UO2 i n  a 
self-generated Pi1 recyc le  
r e x  t o r  

2 3 6  

'LT-enriched U 0 2  

235U-enriched f u e l  i n  a 
sel f-generated Pu recyc le  
r e a c t o r  

Pu-enriched f u e l  i n  a 
self-generated PI, recyc le  
r e a c t o r  

'rh02-enriched wi th  denatured 
L 3 3u 

Pu-enri ched Th02 

sel enriched U O ~  ; 
50,000 M!Jd/m?tric ton 

T h O z  -enriched wi th  m a k w p ,  
denat i red  235b 

ThOZ enriched wi th  
recyc led ,  denatured 2 3 3 U  

LMFBR: Ear ly  oxide,  L'WR-Pu/U/U/U 

Core 
Axial b lanket  

Radial  blanket 

LMFBR: Advanced oxide,  LWR-Pu/U/U/U 
Core 
Axial  blanket 
Radia l  b lanket  

LMFBR: Advanced oxlde,  recycle-Pu/U/U/lJ 

Core 
Axial  blanket 
Radial  b lanket  

Thermal: 0.0253-eV cross s e c t i o n s  

1 

101 
2 

102 

~ Cross-section ......... _.I__ l i b r a r i e s  .... 

204 

207 

210 

251 

254 

257 

213 

216 

219 

222 

225 

301 
304 

307 

311 
314 

317 

321 
324 
327 

201 

.....___.I_____ ....... ___ 
-__I- 

aReLer t o  Sect .  4.18 for t h e  use of these  parameters. 

205 

208 

211 

252 

255 

256 

214 

21 7 

220 

223 

226 

302 
305 

308 

312 
315 

318 

322 
325 
328 

202 

....I__-. 

3 - 

103  - 

206 1 

209 2 

212 3 

253 4 

2 56 5 

259 6 

215 7 

216 6 

221 9 

224 10 

227 11 

303 18 

316 19 

309 20 

313 12 
316 13 

319 1 4  

323 1 5  
326 1 6  
329 17  

203 0 
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.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  r ead  on u n i t  

NLIB (9)  
NLIB(8) = number of 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  1 i b r a r i e s  

NLIB(9) = number of  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  

NLIR(10) = number of non-standard r e a c t i o n s  t o  b e  r ead  

I f  NLIB(lO).EQ.O - no r e a d  

.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  r ead  on 

u n i t  N L I B ( 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  se t  of 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  product  y i e l d s ;  see 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  set 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; see Table 4 . 4  

C .  Allowable number of L I B  commands: 5 

1). Propagat 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  r e a d .  

E. Remarks: 

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

( S e c t .  4 . 2 0 )  must precede  t h e  L I B  command i n  which the  c a r d s  

are t o  be r e a d .  

2. See S e c 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 .  Funct ion:  Read t h e  photon p roduc t ion  rate p e r  d i s i n t e g r a t i o n  i n  

18 energy groups.  
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Table 4 . 5 .  A c t i n i d e  sets w i t h  d i r e c t  fission product  y i e l d s  

NLIB (11) A c t i n i d e s  w i t h  d i rect  fission product  y i e l d s  

I 2 3 5 ~ 2 3 8 ~  2 3 9 ~ 2 4 1 ~ ~  
9 

232Thy 2339235uy 239pu 2 

3 232Thy 2 3 3 ~ 2 3 5 9 2 3 8 u  Y 233,241 Pu 

4 2 3 2 T h y  2 3 3 > 2 3 4 > 2 3 8 ~  ¶ 2399241pu 245 Cm, 2 5 2 ~ f  
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H .  Data sequence: 

where 

PHQ = command keyword 

NPHQ(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 r ead ;  see Tab1.e 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 r ead ;  s e e  Table 4.4 

NPHQ(3) = i d e n t i f l 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  read;  see Table 4.4 
If  NPHO(l-3).LE.O - no read 

.GT,O - r ead  

NPHQ(4) = number of i n p u t  u n i t  on which t h e  photon l i b r a r i e s  are 

t o  b e  r ead  

C. Allowable number of PIiO commands: 5 

D. Propagat ion:  U n t i l  a n o t h e r  set 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 -- Data L i b r a r y  Replacement Cards 

A .  Funct 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 /o r  

c ros s - sec t i -on  d a t a  c a r d s  t o  be r ead  by L I B  command 

(Sec t .  4 .18 ) .  

B. D a t a  sequence: 

LPU N L P U ( ~ ) ,  . . . 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 they  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 



50 

C .  Allowable number of I,PU c a r d s :  9 

D .  Propagat ion:  U n t i l  a n o t h e r  L I B  command i s  execu ted .  

E .  Remarks: 

1. If less than  100 n u c l i d e  i d e n t i f i e r s  arc 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  las t  i d e n t i f i e r .  

As many c a r d s  may b e  used as are required. 2. 

3 .  The LPU command(s) must precede  t h e  L I B  command i n  which t h e  

replacement d a t a  c a r d s  will be read. 

4 .  'The f i r s t  LPU command i s  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  

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 control.  v a r i a b l e s  

( S e c t .  4 .18 ) .  The second LPU command i s  a s s o c i a t e d  with t h e  

second n e g a t i v e  c o n t r o l  v a r i a b l e  i n  t h e  NLIB(2-7) se t  of 

c o n t r o l  v a r i a b l e s ,  e tc .  

5 .  See S e c t s .  5 .1  and 5.2 f o r  l i b r a r y  forniat 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 t h  t h e  neu t ron  . f lux  

s p e c i f i e d  . 
B. Data sequence: 

IRF R I R F ( ~ ) ,  R I R F ( 2 ) ,  NIRF(1).  . . . NIRF(4)  

where 

IN? = 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  

RIRF(2) = i f  RIRF(2).GT.O.O, t h i s  i s  t h e  neu t ron  f l u x  d u r i n g  
- 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  n e u t r o n s  cm-' sec 

I f  RIFR(2).LT.O.O, t h e  neu t ron  f l u x  i s  g iven  by: 

. 

NEWFLUX = OLDFLUX* [ - K I R F  (2) ] 

where 

NEWFLUX = f l u x  t o  b e  used d u r i n g  t h i s  i n t e r v a l ,  

n e u t r o n s  cm-' sec -1 
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OLDmUX = f l u x  f o r  t h e  same t i m e  pe r iod  from t h e  

p r e v i o u s  i r r a d i a t i o n ,  n e u t r o n s  cmm2 sec-’. 

See remark 2 below. 

NIRF(1) = number of t h e  v e c t o r  where t h e  material composition 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  is  s t o r e d  

NIRF(2) = number of t h e  v e c t o r  where t h e  material  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 stored 

NIRF(3) = t i m e  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 i m e  at which t h i s  i r r a d i a t i o n  i n t e r v a l  

beg ins  : 

0 = s t a r t i n g  t - i m e  i s  t h e  end of the  p rev ious  IRF, IRP,  

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  i s  r e t a i n c d , a n d  MTKK 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  time is set t o  ze ro .  All r e a c t i v i t y  and 

burnup in fo rma t ion  i s  r e t a i n e d ,  and MIliR i s  set  t o  

z e r o .  Used f o r  beginning  a new i r r a d i a t i o n  OR t h e  

same o u t p u t  page. 

2 = s t a r t i n g  time is set t o  zero.  All r e a c t i v i t y  and 

burnup in fo rma t ion  and MIRR are set t o  z e r o .  Used 

t o  beg in  a new i r r a d i a t i o n l d e c a y  on a n e w  output 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  

of t h e  i r r a d i a t i o n  in fo rma t ion  are set 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 o u t p u t  

pagc. 

4 = same cis N I R F ( 4 )  = I except that 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 in fo rma t ion  are set: t o  

ze ro .  Used t o  begin  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  pa rame te r s  

C. Allowable number of IRF commands: See remark 1 below. 

D. P ropaga t ion :  None. 
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E .  Remarks 

1. The t o t a l  number of IRF + I W  -f- DEC commands must be .LE.150. 

2. For t h i s  o p t i o n  t o  be used,  t h e  time s t e p s  Eor 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 cor respond e x a c t l y  t o  

t h o s e  i n  t h e  p rev ious  sequence. The scale f a c t o r s  [-RIRF(2)] 

from p rev ious  i r r a d i a t i o n s  do propagate .  

The " r e a c t i v i t y  and burnup informat ion"  r e f e r r e d  t o  i n  NIW(4) 

c o n s i s t s  oE 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 i m e ,  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 over  t h e  range  of t h e  BUP commands (Sect .  4.14).  Also, 

see Sect. 8.2.2.  

I n t e r n a l  ORIGEN2 p a r a m e t e r s  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  are p r i n t e d  on u n i t  15 (see Sec t .  8 . 2 . 1 ) .  

3. 

4 .  

4.22 IRP - S p e c i f i c  Power 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 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 R I R P ( l ) ,  RIRP(2), NIRP(1), . . . NIRP(4) 

where 

I- = command keyword 

R I R P ( 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  d u r i n g  this i r r a d i a t i o n  i n t e r v a l  

.GT.O = MW(t) p e r  u n i t  of fue l  i n p u t  

.LT.O = s p e c i f i c  power, MW(t) pe r  metric t o n  of 

heavy m e t a l  

(NOTE: Both a c t i n i d e s  and f i s s i o n  p roduc t s  

must be p r e s e n t  f o r  t h e  s p e c i f i c  power o p t i o n  

to  work c o r r e c t l y . )  

_ -  

4 
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NIRP(1) = number of t h e  v e c t o r  where t h e  material composi t ion a t  

t h e  beginning  of t h i s  i r r a d i a t i o n  in t e rva l .  is  s t o r e d  

NIRP(2) = number of t h e  v e c t o r  where t h e  material compositioii  a t  

t he  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 t o r e d  

N I R P ( 3 )  = time u n i t s  of RIRP(1); see Table 4 . 2  

NIT(P(4)  = s p e c i f i c a t i o n  o f  t h e  t i m e  a t  which thf.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  t i m e  i s  the end of the p rev ious  IRF,  :LKY, 

or 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 MIRR is n o t  a l t e r e d .  U s e d  for  

con t inu ing  i r r a d i a t i o n / d e c a y  on the  s a m e  ou tpu t  page. 

1 = s t a r t i n g  time is  set  to ze ro .  A l l  r e a c t i v i t y  and 

burnup in fo rma t ion  i s  . r e t a ined ,  and M I R X  is  s e t  to 

ze ro .  Used f o r  beginning  a new i r r a d i a t i o n  on the 

same ou tpu t  page. 

2 = s t a r t i n g  t i m e  is  set t o  ze ro .  Al.1. r e a c t i v i t y  aid 

burnup in fo rma t ion  and M L I a  are set t o  ze ro .  TJsed 

t o  beg in  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 as NIRP(4)  = 0 except  t h a t  the  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  in fo rma t ion  are set  t o  ze ro .  Used 

f o r  Cont inuing i r r a d i a t i o n  t o  a new ou tpu t  page. 

4 = same as N I R P ( 4 )  = 1 except  t h a t  the  f i r s t  seven l i n e s  

of the r e a c t i v i t y  and bumup informat ion  are set t o  

ze ro .  Used t o  beg in  t h e  decay fol-lowing i r r a d i a t i o n  

on a new ou tpu t  page wh i l e  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 I R P  commands: See  remark 1 below, 

D .  P ropagat ion:  None. 

E .  Remarks: 

1. The t o t a l  number of IRF f IKF 3- DEC commands m u s t  be .LE.150.  

2 .  The "reactivity and burnup inforrnaLion" referred 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 n d i v i d u a l  

vector ( c . g .  t i m e ,  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 )  



5 4  

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 over  t h e  range  of t h e  BUP commands (Sec t .  4 . 1 4 ) .  

3. 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  are p r i n t e d  on u n i t  15 ( s e e  Sect. 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 .  

R .  Data sequence: 

DEC D E C ( l ) ,  NDEC(l), . . . NDEC(4) 

where 

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

DEC(1)  = t i m e  a t  which t h i s  dccay i n t e r v a l  ends 

NDEC(1) = number of t h e  v e c t o r  where t h e  material composition a t  

t h e  beg inn ing  of t h i s  decay i n t e r v a l  i s  s t o r e d  

NDEC(2) = number of  t h e  v e c t o r  where t h e  material composition a t  

t h e  end of t h i s  decay in te rva l .  i s  s t o r e d  

NDEC(3) = time u n i t s  of D E C ( 1 ) ;  see Table 4.2 

NDEC(4) = s p e c i f i c a t i o n  of t h e  t i m e  a t  which t h i s  decay i n t e r v a l  

begins : 

0 = s t a r t i n g  t i m e  i s  t h e  end of t h e  p rev ious  I R F ,  IRE', 

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  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 / d e c a y  on t h e  same o u t p u t  page. 

1 = s t a r t i n g  t i m e  i s  set t o  ze ro .  A l l  r e a c t i v i t y  and 

burnup in fo rma t ion  i s  r e t a i n e d ,  and MlER is set t o  

ze ro .  Used f o r  beg inn ing  a n e w  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 i m e  is  set t o  ze ro .  All r e a c t i v i t y  and 

burnup in fo rma t ion  and MIRR are set t o  ze ro .  Used to  

beg in  a new i r r a d i a t i o n / d e c a y  on a new o u t p u t  page. 

. 
- 

. 

.+ 
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3 = same as N D E C ( 4 )  = 0 excep t  t h a t  the f i rs t  seven l i n e s  

of t h e  r e a c t i v i t y  and burnup in fo rma t ion  are set t o  

ze ro .  Used f o r  con t  iriuing i r r a d i a t  ion t o  a new 

o u t p u t  page 

4 = same as 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 fo rma t ion  are se t  to  

ze ro .  

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  pa rame te r s .  

Used t o  begin  t h e  decay fo l lowing  i r r a d i a t i o n  

C .  Allowable number of DEC: commands: See below. 

I). Propaga t ion :  None. 

E .  Remarks: 

1. The t o t a l  number of IRP + IRP + DEC commands must be  .LE.150.  

2 .  The " r e a c t i v i t y  and burriup in fo rma t ion"  r e f e r r e d  t o  i n  NDEC(4) 

c o n s i s t s  o f  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 i m e ,  i n f i n i t e  mult ipl . i .cat ion factor, 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 l o n  pa rame te r s  ( e  .g . ,  bumup)  

averaged ove r  t h e  r ange  of the HUP commands (Sec t .  4 . 1 4 ) .  

4 . 2 4  PRQ - Reprocess Fuel  

A. Funct ion:  Reprocess fue.'i. i n t o  two product  composi.tions . 
B ,  Data sequence: 

PRO NP'RO(I ) ,  . . . NPRO(4) 

NPRO(1) = number of t h e  v e c t o r  where t h e  material composition t h a t  

i s  t o  b e  r ep rocessed  i s  stored 

NPRO(2) = number of t h e  vector w h e r e  t h e  n a t e r i a l .  t h a t  i s  recovered  

i s  t o  be  s t o r e d .  The amount of an i s o t o p e  of element NE 

r ecove red  is  g iven  by: 

[Mass of i s o t o p e  NE] [ f (NPRO ( 4 )  1. 



56 

The f r a c t i o n  f[NPR0(4)] is  t h e  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  NlZPO(4) below. 

See a l s o  S e c t s .  3.4 and 3.5. 

NPRO(3) = number of t h e  v e c t o r  where t h e  material n o t  recovered  

is t o  be s t o r e d .  The amount of an i s o t o p e  of element 

NE no t  recovered  is g iven  by: 

[Mass of i so tope  NE][1.0 - f(NPRO(4))l. 

NPRO(4) = number of t h e  set  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 e p r o c e s s i n g  o p e r a t i o n .  I f  N P R O ( 4 )  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 )  are t o  be used .  I f  NPRO(4) i s  less than  

ze ro ,  group f r a c t i o n a l  r e c o v e r i e s  are t o  be  used (Sect. 

3.5).  

C.  Allowable number of PRO commands: 20 

D. Propagat ion:  None. 

E .  Remarks: None. 

4.25 OPTL - Speci fy  A c t i v a t i o n  Product  Output Options 

A .  Funct ion:  S p e c i f i e s  which ou tpu t  t a b l e  t y p e s  ( n u c l i d e ,  e lement ,  o r  

summary) are t o  be p r i n t e d  for t h e  a c t i v a t i o n  products .  

B .  Data sequence: 

OPTL NOPTL(l), . . . NOYTL(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 ou tpu t  t a b l e  types  

are t o  be  p r i n t e d  f o r  t h e  a c t i v a t i o n  p roduc t s ;  see 

Table  4.6 

I = t a b l e  number; see Table  4 . 3  f o r  o u t p u t  t a b l e  d e s c r i p t i o n  

L 

. 
L 

c 

_ -  

C. Allowable number of OPTL commands: 20 

D. Propagat ion:  U n t i l  changed. 
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Table  4.4.  Specification of output table types to be p r in t ed  

NOPTL (I) 
NOPTA (I) 
NOPTF (I) 

Table type printed 

Summary Nuclide E l e m e n t  

I 

7 

8 

Yes 

Yes 

Yes 

No 

Yes 

N o  

No 

No 

Yes 

Y e s  

No 

Y e s  

N 0 

Yes 

No 

No 

Y e s  

NO 

Yes 

Y e s  

No 

No 

Y e s  

N o  
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E. Remarks: 

1. The NOPTL(1) must a l l  be on a s i n g l e  ca rd .  

2 .  Lf NOPTL(1) is  less than 1, on1.y a summary grams t a b l e  i s  

p r i n t e d  f o r  all_ n u c l i d e s  ( i n c l u d i n g  a c t i n i d e s  and f i s s i o n  

p roduc t s )  u n t i l  new commands ( a f t e r  an STP, S e c t .  4 .29)  

are read.  

3 .  Only the 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  

OYTL command. 

4.26 OPTA - Spec i fy  Options f o r  A c t i n i d e  Nucl ide  Output Table 

A .  Funct ion:  S p e c i f i e s  which o u t p u t  t a b l e  types  ( n u c l i d e ,  e lement ,  o r  

summary) are t o  be p r i n t e d  f o r  t h e  a c t i n i d e  n u c l i d e s .  

B. Data sequence: 

OPTA NOPTA(1), . . . NOPTL4(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 ou tpu t  t a b l e  t y p e s  

are t o  be p r i n t e d  f o r  t h e  a c t i n i d e  n u c l i d e s ;  see Table 4.6 

I = t a b l e  number; see Table 4 . 3  f o r  o u t p u t  t ab le  d e s c r i p t i o n  

C.  Allowable number of OPTA comands: 20 

D. Propagat ion:  Until changed. 

E.  Remarks: 

1. The NOPTA(1) must  a l l  be on a s i n g l e  ca rd .  

2.  If NOPTA(1) i s  less than 1 ,  o n l y  a summary grams t a b l e  i s  

p r i n t e d  f o r  a l l  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  and f i s s i o n  

p roduc t s )  u n t i l  new commands ( a f t e r  an STP,  S e c t .  4 . 2 9 )  

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  are c o n t r o l l e d  by t h e  

OPTA commad. 

c 
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4 .27  OPTF - Speci 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 t y p e s  o f  o u t p u t  t a b l e s  ( n u c l i d e ,  element, 

o r  summary) are t o  be pr ' lnted f o r  f i s s i o n  product  n u c l i d e s .  

H.  D a t i a  sequence:  

OPTY NOPTP(l),  . . . NOPTF(24) 

OPTF = command keyword 

NOPTF(1) = c o n t r o l  c h a r a c t e r  indicating which o u t p u t  t a b l e  t y p e s  

are t o  be p r i n t e d  f o r  the f i s s i o n  product  n u c l i d e s ;  

see Tab le  4 . 6  

I = t a b l e  number; see Table  4.3  f o r  o u t p u t  table descript: i .on 

C .  Al lowable number of  OPTF commands: 20 

D. Propagat 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  ca rd .  

2 .  I f  NOPTF(1) is  less than  1, o n l y  a summary grams table i s  

p r i n t e d  f o r  n u c l i d e s  ( i .ncluding a c t i v a t i o n  p roduc t s  

and a c t i n i d e s )  u n t i l  11ew commands ( a f t e r  an STP, Sec t .  

4 . 2 9 )  are read. 

3 .  Only the f i r s t  24 t a b l e s  i n  Table  4 . 3  are con t ro l . l ed  by t h e  

OPTF cormand. 
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4.25 CON -- Cont inua t ion  

A. Funct ion:  Def ines  t h e  r anges  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 b e  e q u a l  t o  NDOL(1) f o r  

the  DOL command which i s  t o  be a s s o c i a t e d  w i t h  this CON 

command 

C. Allowable number of CON commands: 2 

D. Propagat ion:  None. 

E. Remarks: 

1. 

2. I f  the  DOL command is  removed, the cor re spond ing  CON command 

There must b e  one, and only one, CON command € o r  each  DOL command. 

must also be removed. 

4.29 STP - Execute P rev ious  Commands and Branch 

A. Funct ion:  Execute t h e  set  of commands preceding  the STP command. 

Then r ead  and execu te  more commands. 

B. Data sequence: 

STP NSTP 

where 

STP = command keyword 

NSTP = branch ing  c o n t r o l  c h a r a c t e r :  

1 = r ead  new misce l l aneous  i n i t i a l i z a t i o n  d a t a  (Sect .  3 )  and 

a new set of  commands (Sect .  4 ) ,  and execu te  them. 

2 = read a new set of comrriands (Sec t .  4 )  and execu te  them. 

. 

.. 
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3 = execu te  t h e  p reced ing  s e t  of commands aga in .  

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  executi-on (same as E N D ) .  

C .  Allowable number of STP commands: Unlimited.  

D.  P ropaga t ion :  None. 

E.  Remarks: None. 

4.30 END - Terminate Execution 

A .  Funct ion:  Terminate e x e c u t i o n .  

B. Data sequence: 

END 

where 

END = command keyword 

C ,  Allowable number oE END commands: 1 

D. P ropaga t ion :  None. 

E.  Remarks: None. 
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5. DATA L I B W R I E S  

There are t h r e e  separate and d i s t i n c t  n u c l - l e  l ists  i n  ORIGEN2 f o r  

t h e  a c t i v a t i o n  p roduc t s ,  t h e  a c t i -  which n u c l e a r  d a t a  may be  r e q u i r e d :  

n i d e s ,  and t h e  f i s s i o n  p roduc t s .  The a c t i v a t i o n  p roduc t s  i n c l u d e  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  materials. The a c t i n i d e s  i n c l u d e  a l l  of 

t h e  heavy i s o t o p e s  (Z.GT.90) p l u s  a l l  of t h e i r  decay daugh te r s ,  i n c l u d i n g  

t h e  f i n a l  s t a b l e  n u c l i d e s .  The f i s s i o n  p roduc t s  i n c l u d e  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 i n a r y  o r  t e r n a r y )  

p l u s  some n u c l i d e s  r e s u l t i n g  from neu t ron  c a p t u r e s  of t h e  f i s s i o n  p roduc t s .  

For each  of t h e s e  t h r e e  segmen t s , t he re  are 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  r e a d :  a decay d a t a  l i b r a r y  (Sect. 5 .1) ,  a 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  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  

( S e c t .  5 .5) .  

modes, r e c o v e r a b l e  h e a t  energy ,  n a t u r a l  abundances, and t o x i c i t i e s .  

The 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  g i v e s  t h e  c r o s s  

s e c t i o n s  f o r  ( n , y ) ,  ( n , 2 n ) ,  ( n , 3 n ) ,  ( 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  rates i n  b a r n s  and t h e  f i s s i o n  product  

The decay d a t a  l i b r a r y  g i v e s  n u c l i d e  h a l f - l i v e s ,  decay 

y i e l d s  from 232Th, 233U, 235U, 238U , 239 Pu, 2 4  1 Pu, 245Cm, and 252Cfe 

The photon d a t a  l i b r a r y  g i v e s  t h e  photons p e r  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  p roduc t s  and f i s s i o n  p r o d u c t s  and i n  

e i g h t e e n  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  i n p u 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  o p t i o n s  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  o p t i o n s  (Sec t .  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  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  c a r d s  which o v e r r i d e  t h e  

cor responding  d a t a  c a r d s  p r e s e n 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 an 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 t e m s .  The second o p t i o n  

( S e c t .  5.4) a l lows  t h e  u s e r  t o  i n p u t  any flux-dependent r e a c t i o n  ra te  

between any two n u c l i d e s .  While t h e  u s e r  can d u p l i c a t e  t h e  r e a c t i o n  

t y p e s  a v a i l a b l e  i n  ORIGEN2 [ i . e .  , (n,y) , (n ,2n ) ,  (n,3n) , (n ,a)  , (n ,p)  , 

. 
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( n , f i s s i o n ) ] ,  t h e  o p t i o n  i s  p r i n c i p a l l y  in t ended  t o  a l low f o r  t h e  

inc1us i .m  of non-standard r e a c t i o n  t y p e s  such as ( n , d ) ,  ( n , t ) ,  and 

( n , n p > .  

5 .1  Decay Data L i b r a r y  

The f i r s t  c a r d  of e a c h  of t h e  t h r e e  allowable decay d a t a  l i b r a r y  

segments (ac t iva t i .on  p r o d u c t ,  a c t i n i d e ,  and f i s s i o n  p roduc t )  is  a t i t l e  

ca rd  c o n t a i n i n g  t h e  number of t h e  decay l i b r a r y  segment and t h e  a lpha-  

numeric t i t l e  of  t h e  segment. Following t h e  t i t l e  c a r d  are t h e  decay 

d a t a  f o r  t h e  nucl- ides  i n  a p a r t i c u l a r  l i b r a r y  segment. The decay data.  

f o r  each n u c l i d e  are s p e c i f i e d  on two s e q u e n t i a l  c a r d s .  A d e s c r i p t i o n  of 

t h e  decay l i b r a r y  conven t ions  i s  g iven  i n  Table 5.1. 

The decay d a t a  l i b r a r y  serves o t h e r  vita1.l.y impor tan t  f u n c t i o n s  i n  

t h e  ORIGEN2 code i n  a d d i t i o n  t o  supp ly ing  decay d a t a .  The n u c l i d e  

i d e n t i f i e r s  s u p p l i e d  by t h e  decay l i b r a r i e s  d e f i n e  t h e  t o t a l  l i s t  of 

a l l  n u c l i d e s  t h a t  w i l l  b e  cons ide red  i n  subsequent  ORIGEN2 c a l c u l a t i o n s .  

Thus, i f  a n u c l i d e  i s  t o  b e  used i n  a c a l c u l a t i o n ,  i t  must be  p r e s e n t  i n  

t h e  decay l i b r a r y ,  even i f  o n l y  t h e  c r o s s - s e c t i o n  o r  photon in fo rma t ion  

i s  r e q u i r e d .  

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  p roduc t ,  f i s s i o n  p roduc t ,  

and a c t i n i d e )  cons ide red  by t h e  ORIGEN2 code. F i n a l l y ,  t h e  decay l i b r a r y  

d e f i n e s  t h e  o r d e r  i n  which the. n u c l i d e s  w i l l  b e  p r i n t e d  w i t h i n  each  

l i b r a r y  segment d u r i n g  t h e  normal. o u t p u t .  A s  a r e s u l t  of t h e s e  cons ide ra -  

t i .ons ,  t h e  decay  l i b r a r y  must b e  i n p u t  b e f o r e  t h e  photon l i b r a r i e s  (PHO, 

S e c t .  4 .19 )  o r  b e f o r e  t h e  i n i t i a l  composi t ions  (INP, S e c t .  4 . 6 ) .  The 

decay l i b r a r y  i s  a u t o m a t i c a l l y  r ead  before  t h e  c r o s s - s e c t i o n  l i b r a r y  when 

when t h e  L I B  command (Sec t .  4.18) is  invoked. 

The decay l i b r a r y  a l s o  d e f i n e s  the n u c l i d e  membership of 

5.2 Cross - sec t ion  and F i s s i o n  Product  Y ie ld  Data L i b r a r y  

The f i r s t  c a r d  of  each  of  t h e  t h r e e  a l l o w a b l e  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 i e s  ( a c t i v a t i o n  p roduc t ,  a c t i n i d e ,  and 

f i s s i o n  p roduc t )  i s  a t i t l e  c a r d  c o n t a i n i n g  the. number and alphanumeric 
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Table 5.1.  D e s c r i p t i o n  of decay l i b r a r y  

A. Data sequence: 
t 

F i r s t  ca rd  of each  l i b r a r y  segment: 

NLB TITLE 

F i r s t  ca rd  f o r  each  nuc l ide :  
-__I_- 

NLB NUCXID I U  THALF FBX FPEC FPECX FA F I T  FSF 

Second c a r d  f o r  each  nuc l ide :  

NLB 

where 

NLB = 

TITLE = 

NUCLID = 

I U  = 

THALF = 

FBX = 

FPEC = 

FPECX = 

FA = 

FIT = 

FSF = 

FN = 

QREC = 

FN QREC ABUND ARCG WRCG 

t h e  number of t h i s  decay l i b r a r y  segment 

a 72-charac te r  alphanumeric segment t i t l e  beginning  i n  
column 9 

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  co r re spond ing  to t h e  
in fo rma t ion  on t h e s e  two decay c a r d s  ( s e e  Sect. 2 .7 )  

time u n i t  d e s i g n a t i o n  of t h e  h a l f - l i f e  of NUCLID ( see  
Table 4 .2  f o r  s p e c i f i c a t i o n )  

the h a l f - l i f e  of n u c l i d e  i n  u n i t s  g iven  by I U  

the f r a c t i o n  of nega t ron  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  n u c l i d e  be ing  i n  a relatively 
long- l ived  e x c i t e d  s ta te  

the f r a c t i o n  of a l l  decay e v e n t s  which t a k e  place by 
p o s i t r o n  emiss ion  o r  e l e c t r o n  c a p t u r e  

the f r a c t i o n  o f  p o s i t r o n  and /o r  e l e c t r o n  c a p t u r e  decay 
e v e n t s  t h a t  cause  t h e  daughter  n u c l i d e  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 ta te  

the  f r a c t i o n  of a l l  decay e v e n t s  which t a k e  p l a c e  by 
a l p h a  decay  

t h e  f r a c t i o n  of a l l  t h e  decay e v e n t s  of an e x c i t e d  nuc lea r  
s tate which r e s u l t  i n  t h e  p roduc t ion  o f  t h e  ground state o f  
t h e  s a m e  n u c l i d e  

the 
spontaneous f i s s i o n  

t h e  f r a c t i o n  of all decay e v e n t s  t h a t  are ( b e t a  + neu t ron )  
decays  (e .g . ,  69Br decays  t o  "Kr + beta f neu t ron )  

t h e  average,  t o t a l  r e c o v e r a b l e  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 e a s e d  by each  decay event, i n  M e V  

f r a c t i o n  of  a l l  decay e v e n t s  which t a k e  p l a c e  by 

z 

. .  
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Tab l e  5.1 ( con t inued)  
___ __.l_____l 

ABUND = t h e  n a t u r a l l y  o c c u r r i n g  i . so topic  abundance of NUCLID i n  
atom p e r c e n t  

i n h a l a t i o n  of n u c l i d e  NUCLII9 i n  u n r e s t r i c t e d  areas as g iven  
i n  Table 11, Column I, of P a r t  10 of T i t l e  20 of t h e  Code 
of F e d e r a l  Regu la t ions  
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  gu ide  (RCG) €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  areas as g iven  
i n  Table 11, Column I1 o f  P a r t  10 of T i t l e  20 of t h e  Code 
of Fede ra l  Regu la t ions  ( the  lower of t h e  s o l u b l e  5r 
i n s o l u b l e  v a l u e s  i s  used) 

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  (KCG) f o r  cont inuous  

(the lower of t h e  s o l u b l e  o r  

.. 

B. Number of c a r d s  p e r  n u c l i d e :  2 

C .  Terminate card scan f o r  n u c l i d e  NUCLTD: 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: 
(Sec t .  4.18). 

Con t ro l l ed  by L I B  conimand 

P. Remarks: 

1. The f r a c t i o n  of a l l  decay e v e n t s  which t a k e  place by nega t ron  
b e t a  decay t o  t h e  ground s t a t e  of t h e  daugh te r  n u c l i d e  is  g iven  
by (1.0 - FBX - FPEC - FA - FIT - FSP - FN) and is  c a l c u l a t e d  
i n t e r n a l l y  i n  ORTGEN2. 



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  ca rd  are t h e  c ros 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  f o r  t h e  n u c l i d e s  i n  a p a r t i c u l a r  

l i b r a r y  segment. The c r o s s - s e c t i o n  in fo rma t ion  f o r  a n u c l i d e  i s  

s p e c i f i e d  on a s i n g l e  ca rd  which, i f  r e q u i r e d ,  i s  followed by a c a r d  

c o n t a i n i n g  t h e  f i s s i o n  p roduc t  y i e l d  d a t a .  

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 g iven  in 

Table  5 .2 .  The c r o s s  s e c t i o n s  used by ORIGEN2 are 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 multipS.i.ed by t h e  f l u x  c a l c u l a t e d  by o r  i n p u 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  rate.  The f i f t h  and s i x t h  

parameters on the c r o s s - s e c t i o n  ca rd  have a d u a l  meaning, depending on 

which l i b r a r y  segment is  b e i n g  rend. If  t h e  a c t i n i d e  segment i s  be ing  

r e a d ,  t hen  t h e  f i f t h  and s i x t h  pa rame te r s  are 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 .  If  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 are be ing  r e a d ,  t h e n  t h e  f i f t h  and s i x t h  parameters  are 

t h e  (n ,a )  and (n,p)  c r o s s  s e c t i o n s  respecti.ve1.y. The f i s s i o n  product  

y i e l d  c a r d ,  which i s  p r e s e n t  on ly  i n  t h e  f i s s i o n  product  c r o s s - s e c t i o n  

segment., s p e c i f i e s  the y i e l d  of each  n u c l i d e  p e r  € i s s i o n  from each of 

A d e s c r i p t i o n  of t h e  c ros s -  

e i g h t  f i s s i o n i n g  s p e c i e s :  232Th,  2 3 3  U, 23s U, 2 3 8  U, 2 3 9  Yu, 2 4  1 Pu, 245Crn, 

and 252Cf .  The y i e l d s  are g e n e r a l l y  from b i n a r y  f i s s i o n ,  al . though 

t e r n a r y  f i s s i o n  y i e l d s  have been inc luded  f o r  c e r t a i n  impor tan t  low-Z 

n u c l i d e s .  

5.3 S u b s t i t u t e  Decay, Cross S e c t i o n ,  and 
F i s s i o n  Product Yie ld  Data 

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  p roduc t  y i e l d  d a t a  

can b e  r ead  by invoking  t h e  LPU command (Sec t .  4 .20 ) .  This  procedure 

is 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  an e n t i r e  d a t a  l i b r a r y  just t o  change 

a f e w  parameters .  It may a l s o  be used f o r  p a r a m e t r i c  s t u d i e s  of  o u t p u 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 e g a r d i n g  the 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  are g iven  i n  Table 5.3. 

i s  in t ended  f o r  u s e  when t h e  d a t a  l i b r a r i e s  are on a d i r e c t - a c c e s s  dev ice  

o r  on t a p e .  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  are on 

cards ,  p rov id ing  t h a t  t w o  d i f f e r e n t  ca rd  i n p u t  u n i t s  are d e f i n e d .  

Th i s  o p t i o n  

" 

. 

.. 
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Table 5 . 2 .  D e s c r l 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  

__ _.___....._._.l.l._. . ......_..__._..I - 
A .  Data sequence: 

I..-- F i r s t  ca rd  of each .-.- library--s-egment: 

NLB TITLE 

F i r s t  c a r d  f o r  each  nuc l ide :  
---.̂ . - , ----.- 

NLB NUCLZD SNG SN2N SN3N o r  SNA SNF o r  SNY SNGX SN2NX YYN 

Second ca rd  f o r  each  n u c l i d e  ( f i s s i o n  __I-.._II_ product  segment only): 
___lI_--I_I_L-I__-__-l_l-̂  

NLB Y ( 1 ) ,  . . . Y ( 8 )  

NLB = t h e  number of 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  
yie1.d l i - b r a r y  segment 

product  y i e l d  l i b r a r y  segment t i t l e  beg inn ing  i n  Column 11. 

on t h e s e  one o r  two c a r d s  ( s e e  Sec t .  2 . 7 )  

TITLE = a 72-charac te r  alpho.numeric c r o s s - s e c t i o n  and f i s s i o n  

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  cor responding  t o  the d a t a  

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  2 ground s ta te  

SN2N = t h e  e f f e c t i v e ,  one-group (n,2n)  c r o s s  sect: ion 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 n i d e  segment on ly  

SN3N = the 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 groutid state;  a c t i n i d e  segment on ly  

SNA = the  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  
NUCLZD l e a d i n g  t o  a ground s ta te ;  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  

n u c l i d e  NUCLID; a c t i n i d e  segment on ly  

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  product  segments on ly  

NUCLID l e a d i n g  t o  an e x c i t e d  state of t h e  daugh te r  

NTJCLID 1eadi.ng t o  an e x c i t e d  s ta te  of t h e  daugh te r  

y i e l d  ca rd  f o l l o w s :  

SNP = 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 

SNP = the  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  

SNGX = the  e f f e c t i v e ,  one-group (n ,y)  cross s e c t i o n  of n u c l i d e  

SN2NX = the 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  

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  

YYN.GT.O.0 = f i s s i o n  y i e l d  c a r d  f o l l o w s  
YYN.LT.O.0 = no f i s s i o n  y i e l d  ca rd  f o l l o w s  
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Table 5 .2  (cont inued)  P 

l.__......l. I -. .. .- 

Y ( I )  = f i s s i o n  y i e l d  of iiiicli.de NUCLID from v a r i o u s  f iss i le  
spec ie s ,  i n  p e r c e n t  

I 

1 
2 
3 
4 
5 
6 
7 
8 

- F i s s i l e  sDecies 

Th-232 
U-233 
U-235 
U-238 
Pu-239 
Pu-241 
CUI-245 
Cf-249 

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  scan  f o r  n u c l t d e  NUCLTD: Automatic. 

D.  Terminate  r ead ing  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: NLB.LT.0, one card .  

E. Skip r ead ing  this c r o s s - s e c t i o n  and f issiun product  y i e l d  library 
segment : Cont ro l l ed  by LIB command (Sect .  4 . 1 8 )  . 

F. Remarks: None. 

c 
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Table 5.3.  Desc r ip t ion  of 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  

_..______._.. ____ ..___- _.______I c_I.-. .. . . 
Data sequence 

1. 

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  product  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  product  c r o s s - s e c t i o n  and y i e l d  d a t a  

- 

S u b s t i t u t e  a c t i v a t i o n  product  decay da.ta 

The s u b s t i t u t e  d a t a  c a r d s  are f r e e  format ,and t h e  o r d e r  of t h e  
d a t a  i s  as d e s c r i b e d  i n  Tables  5 .1  and 5 . 2 .  

- Remarks 

1. The LPU command (Sec t .  4 . 2 0 )  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 a p p e a r  b e f o r e  
t h e  L9:B command (Sec t .  4.18)  i n  which the bulk 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  of s u b s t i t u t e  ca rd  groups  1 through 6 
above must b e  p r e s e n t  i n  the i n p u t  stream i n  t h e  same o r d e r  
i n  which t h e y  are encountered  wh i l e  r e a d i n g  the o r i g i n a l  
decay l i b r a r i e s .  

A f i s s i o n  product  y i e l d  c a r d  can neve r  appear  a l o n e  and must 
always fo l low R c r o s s - s e c t i o n  c a r d  f o r  t h e  same n u c l i d e .  

3 .  



5.4 S p e c i f i c a t i o n  of Non-Standard, Flux-Dependent Reac t ions  

This o p t i o n  allows t h e  u s e r  t o  s p e c i f y  flux-dependent (f..e., c r o s s -  

s e c t i o n )  r e a c t i o n s  t h a t  cannot  he accounted f o r  by u s i n g  one of t h e  s t anda rd  

ORTGEN2 r e a c t i o n  types  [viz. , (n ,y)  , (n ,p> , (n,cl) , (~3,2111, (n ,3n)  , 
( n , f i s s i o n ) ] .  The format of t h e s e  non-standard,  f lux-dependent r e a c t i o n s  

is  d e s c r i b e d  i n  Table 5.4. The number of non-standard,  flux-dependent 

r e a c t i o n s  t o  h e  read  and t h e  i n p u t  u n i t  number on which they  are t o  be 

r ead  are d e f i n e d  by the L I B  command i n  S e c 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 h e  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  c a r d  c o n t a i n i n g  the  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  c a r d  are c a r d s  

c o n t a i n i n g  t h e  photon p roduc t ion  rates p e 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  n u c l i d e .  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  g iven  i n  Table 5.5. The predetermined 

energy  group s t r u c t u r e  is  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).  
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Table 5 . 4 .  Desc rkp t io r i  of non-standard,  
f lux-dependent  r e a c t i o n  d a t a  

Data sequence 

NPAR NDAUG RATE 

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  ( see  Sec t .  2 . 7 )  of t h 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  (see Sec t .  2 , 7 )  of the  

p a r e n t  of precursor n u c l i d e  

dsugh ter n u c l i d e  

n u c l i d e  NPAR i n  units of b a r n s  
RATE = t h e  c r o s s  sect ion f o r  t h e  formation of n u c l i d e  NDAUG from 

Formats 

One r e a c t i o n  p e r  c a r d .  

Remarks --- 

1. The number of non-standard,  f lux-dependent r e a c t i o n  cards t o  
be i n p u t  and t h e  u n t t  number upon which they are t o  be  read  
are s p e c i f i e d  us ing  t h e  L I B  comniand (Sec t .  4.18). 
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Table  5.5. D e s c r i p t i o n  of photon l i b r a r y  

A. Data sequence:  

F i r s t  c a r d  of each  l i b r a r y  segnierkt-: 

NLB TITLE 

F i r s t  c a r d  f o r  each  n u c l i d e :  
I_--- 

NZB NUCLID N G P ( 1 ) ,  R P H ( 1 ) ,  . . . NC'rP(1), RPH(1) 

Subsequent c a r d ( s )  I__ f o r  each  nuc l ide :  

NGP (1i-1) R P I i ( 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-charac te r  a lphanumeric  photon l i b r a r y  segment t i t l e  
beginning  i n  Column 9 

NIJCLID = 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 in fo rma t ion  
on t h e  fo l lowing  c a r d ( s )  (see S e c t .  2 .7 )  

N G Y ( 1 )  = the  number of a photon energy  group.  Twelve groups are 
al lowed f o r  t h e  a c t i v a t i o n  p roduc t s  and f i s s i o n  p roduc t s ;  
e i g h t e e n  groups are allowed f o r  t h e  a c t i n i d e s .  
group s t r u c t u r e  i s  g iven  i n  Table  5.6.  

The energy  

.- 

RPH(1) = photon i n t e n s i t y  f o r  energy  group NGP(1) i n  photons pe r  
d i s  i n  t e g r a t  i on  

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 b e  
. LE. 18 

K ,  Number O E  c a r d s  p e r  nuc l ide :  
"subsequent card  ( s ) "  as r e q u i r e d  f o r  t h o s e  n u c l i d e s  wi th  non- 
zero  NGP(I)/RPH(I) d a t a .  

One " f i r s t  card ' '  p l u s  as  many 

C .  Terminate  ca rd  scan f o r  n u c l i d e  NUCLID: NGP(IMAX+l).LT.O i f  
IMAX i s  less  than  18; au tomat ic  o therwise .  

U. T e r m h a t e  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: Control.I.ed by PBO 
command (Sec t .  4 .19) .  

F. Remarks: 

1. Only those  NGP(I)/RPH(I) p a i r s  f o r  which R P H ( 1 )  i s  non-zero 
need be s p e c i f i e d .  
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Table 5.6. Photon energy group structures for activation 
products, actinides, and f i s s i o n  products  

1 
7 
3 
Q 
5 
6 
7 
9 
9 

10 
11 
12 
1 3  
1 4  
15 
16 
'I '7 
18 

c.0 
2 - 0 0  COF-02 
3 . 0 0 0 0 F - 0 2  
Y -  50 COF- 03 
7.00COF-03 
1 . O O O O F -  (3 1 
1.2oooE;-o1 
3.OOOOP-01 
4 . 5 0 00 E- 0 1 
5 . 00 COE- 0 1 
1 . 0 0 0 0 F  09 
1.5000E 00 
2 . 0 0 0 0 F  00 
2-5000F 00 
? . 0 0 0 0 F  00 
4.0000F 00 
6.00OOF 00 
t?.OOCOF 00 

2.0000l?-02 
3 -  0000F-02 
4.5000E-02 
7.0000E-02 
1.0000F-01  
1.50OOE-01 
3.00(POE-01 
4.SOOOE-01 
7.OOOOF-01 
1.OBUOE 00 
1.5oooF: 00 
2.0000E O D  
2.5000F 00 
3-0000?! 08 
4,OOOOF 00 
6.0000E 00 
8.0OOOP 00 
1 .1000F  01 

1.000OE-02 
2 50 OOE-0 2 
3.75 OOE- 0 2  
5.7509E-02 
8 . 5 O Q O E - 0 2  
1.25OOE-0 1 
2.25OOE-0 1 
3.75 OOE-0 1 
S J 5 0 0 E -  0 1 
8.TOOOE-01 
1.2500E 0 0  
1 . 7 5 O O E  0 0  
2.2500E 0 0  
2.7500E 0 0  
1 , 5 0 0 0 E  0 0  
5.0000E 0 0  
7.0000E 0 0  
9.5000E 0 0  
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6 .  SPECIFICATION OF I N I T I A L  MATERIAL COMPOSITIONS, CONTINUOUS 
NUCLIDE FEED RATES, ANI) CONTINUOUS ELEMENT REMOVAL U T E S  

T h i s  s e c t i o n  d e s c r i b e s  t h e  o p t i o n s  a v a i l a b l e  t o  t h e  u s e 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  material composi t ions ,  t h e  cont inuous  

n u c l i d e  feed rates, and t h e  cont inuous  element removal ( r e p r o c e s s i n g )  

rates. The most o f t e n  used o p t i o n  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 material. (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 nuc l ide-by-nucl ide  b a s i s  o r  as t h e  

amount of a n a t u r a l l y  o c c u r r i n g  element which i s  prese.nt .  The amount of 

a n a t u r a l l y  o c c u r r i n g  element i s  conver ted  t o  a nuclide-by-nuclide b a s i s  

i n t e r n a l . l y  u s i n g  t h e  n a t u r a l  i s o t o p i c  abundances i n p u t  w i t h  t h e  decay 

l i b r a r y  ( S e c t .  5.1). The amounts of i n d i v i d u a l  n u c l i d e s  or  n a t u r a l l y  

o c c u r r i n g  e lements  may b e  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 (Sec t .  4 .6 ) .  

The cont inuous  n u c l i d e  f eed  ra te  o p t i o n  (Sec t .  6 .2)  a l lows  t h e  

u s e r  t o  s p e c i f y  t h e  cont inuous  f eed  r a t e  of i n d i v i d u a l  n u c l i d e s  o r  

natural.1.y o c c u r r i n g  e lements  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 ) .  

u n i t s  arc! s p e c i f i e d  by us ing  the INP command (Sec t .  4 . 6 ) .  'This o p t i o n  

is  u s e f u l  i n  s i m u l a t i n g  the cont inuous  feed of n u c l i d e s  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 t ank .  

Both t h e  mass u n i t s  and t h e  t i m e  

The cont inuous  element removal o p t i o n  ( S e c t .  6.3) a l lows  t h e  u s e r  

t o  s p e c i € y  t h e  con t inuous  removal. rates of e lements  du r 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 d t i m e  u n i t .  The t i m e  u n i t s  are s p e c i f i e d  us ing  t h e  

INP command ( S e c t .  4 . 6 ) .  This o p t i o n  is  most u s e f u l  when s i m u l a t i n g  t h e  

cont inuous  r e p r o c e s s i n g  which would be expec ted  t o  occur  d u r i n g  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 as an MSRR. If t h i s  o p t i o n  i s  t o  

be used t o  c a l c u l a t e  con t 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  taking place,  then a v e r y  small neu t ron  flux must 

s t i l l  be  s p e c i f i e d  t o  a l l o w  t h e  cont inuous  element removal o p t i o n  t o  b e  

used.  
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6 . 1  S p e c i f i c a t i o n  of I n i t i a l  M a t e r i a l  C o m p o s  i cion 

A .  Funct ion:  S p e c i f y  i n i t i a l  arnuunts 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  o c c u r r i n g  e l emen t s .  

B.  Data sequence: 

NEXT, N U C L I D  (1) , KCOMP (1) , . . . NUCIAID (IWC) , RCOMB ( W A 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  

i n f o r m a t i o n  i.s i-ntended and t h e  type of information:  

( i . e .  , n u c l i d e s  o r  e l emen t s )  

1 = i n d i v i d u a l  a c t i v a t i o n  product  nuc1.i.des 

2 = ind iv i .dua 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  o c c u r r i n g  a c t i v a t i o n  product  e lements  

5 = n a t u r a l l y  o c c u r r i n g  a c t i n i d e  e l emen t s  

6 = n a t u r a l l y  o c c u r r i n g  f i s s i o n  prodiact e lements  

NUCLPD(1) = t h e  s i x - d i g i t  i d e n t i f i e r  f o r  n u c l i d e  o r  element I 

(see Sect.  2 .7 )  

KCOMS(1) = amount of n u c l i d e  o r  element NUCLID(1) i n i t i a l l y  p r e s e n t .  

The u n i t s  of KCOMP(1) are s p e c i f i e d  w i t h  t h e  INP opera- 

t i o n a l  command (Sec t .  4 . 6 ) .  

IMAX = maximum number of NULCII)(I)/RCOMP(I) pal rs  s p e c i f i e d  on 

each ca rd  m u s t  be .LE .4  

C .  Termina te  ca rd  scan :  NUCLID(1MAX i l )  = 0 i f  IMAX.LT.4 

D. Terminate r e a d i n g  i n i t i a l  composi t ion :  Card w i t h  NEXT = 0 

E ,  Skip r e a d i n g  i n i t i a l  composi t ion :  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  I N P  command o r  a ca rd  with NEXT = 0. 

F. Remarks: 

1. If  a g iven  n u c l i d e  is 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  RCOMP(1) values f o r  t h a t  n u c l i d e  on c a r d s  

having  t h a t  nex t  v a l u e  are added t o g e t h e r  t o  form t h e  i n i t i a l  

amount of t h a t  n u c l i d e  i n  a p a r t i c u l a r  segment. 
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2. I n i t i a l  composi t ion  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  as t h e  NUCLID(1) and RCOMP(1) 

v a l u e s  on any g i v e n  ca rd  correspond t o  t h e  NEXT v a l u e  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 f eed  rates 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  

o c c u r r i n g  e l emen t s .  

B. Data sequence: 

NEXT, NUCLID(I), RRATE(1), , . . NTJCLID(IMAX), RMTE(1MAX) 

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  

in fo rma t ion  is  in t ended  and t h e  type of i n fo rma t ion :  

1 = i n d i v i d u a l  a c t i v a t i o n  p roduc t  n u c l i d e s  

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  p roduc t  n u c l i d e s  

4 = n a t u r a l l y  o c c u r r i n g  a c t i v a t i o n  product  e lements  

5 = n a t u r a l l y  o c c u r r i n g  a c t i n i d e  e lements  

6 = n a t u r a l l y  o c c u r r i n g  f i s s i o n  product  e l emen t s  

NUCLID(1) = 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  f o r  n u c l i d e  o r  

element 1 ( s e e  Sect. 2 .7 )  

RRCITE(1) = t h e  feed ra te  of n u c l i d e  o r  element NUCLID(1). The 

u n i t s  of KRATE(1) are s p e c i f i e d  w i t h  t h e  INP command 

( S e c 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 c a r d ;  IMNT must b e  .LE.4 

C.  Terminate ca rd  scan :  NUCLID(1MAX + 1) = 0 if IMAX.LT.4 

D. Terminate r e a d i n g  con t inuous  feed rates: Card w i t h  NEXT = 0 

E.  Skip r e a d i n g  con t inuous  f e e d  rates: 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 c a r d  w i t h  NEXT = 0. 
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F. Remarks: 

1. I f  t h e  f e e d  rate of a g i v e n  n u c l i d e  is  s p e c i f i e d  I I ~ I X ~  than once 

f o r  a s i n g l e  v a l u e  of NEXT, all of t h e  RR4TE(I) 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  are added 

t o g e t h e r  t o  form t h e  t o t a l  feed rate f o r  n u c l i d e  N U C L I D ( 1 ) .  

2 .  Continuous f e e d  rate 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 order as long  as  t h e  NUCLID(1) and RRATE(1) v a l u e s  on 

any g iven  ca rd  cor respond t o  t h e  NEXT v a l u e  on t h a t  c a r d .  

6 . 3  S p e c i f i c a t i o n  of Continuous Reprocess ing  Katcs 

A. Funct ion:  Read con t inuous  element removal rates d u r i n g  i r r a d i a t i o n .  

B. Data sequence: 

Group l (one c a r d  s e t )  
-I.-__ .- 

RREM (1) , NPROS (1) , . . . RREM(M) , NPROS (M), . . . 
RREM(M.PIAX) , NPROS (PPIAX) 

Group 2 [MMAX c a r d  sets (M = 1 t o  MMAX)] 
_l__ll -__^__-_-1-1 I___.._ .... _c_ --II 

NZ(M,l), . . . NZ(M,N), . . . NZ[M,NPROS(M)] 

where 

RKEM(M) = t h e  f i r s t - o r d e r  removal rate of e lements  NZ(M,l) through 

NZ[M,NPROS(M)]. The u n i t s  of RREM(M) are s p e c i f i e d  w i t h  

t h e  INP command (Sect .  4 . 6 ) .  

NPROS(M) = t h e  number of e l emen t s  i n  ca rd  set M of Group 2 ;  t h a t  is, 

t h e  number of e l emen t s  w h i c h  have a con t inuous  removal 

rate e q u a l  t o  RREM(M). 

MMAX = t h e  number of  con t inuous  r e p r o c e s s i n g  rates t o  be  r ead .  

Also,  t h e  nnmlier of ca rd  sets i n  Group 2 .  MMAX is  

s p e c i f i e d  as NINP(4) u s i n g  t h e  INP command ( S e c t .  4 . 6 ) .  

NZ(M,N) = t h e  two-dig i t  ( e . g . ,  H e  = 02)  atomic number of an 

element w i t h  removal rate RREM(M). 
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C. Terminate card scan: Implicit in input information. 

D. Terminate reading continuous reprocessing rates: Implicit in input 

information. 

E. Skip reading continuous reprocessing rates: Alter control character 

of pertinent INP command. 

F. Remarks: 

1. Continuous element removal will occur only during irradiation. 

If continuous removal is desired in a situation where no neutron 

flux is present, use the IRF command (Sect. 4.21) with a very 

small f l u x .  



7 .  ORIGEN2 INPUT DECK ORGANIZATLON 

S e c t i o n s  7 . 1  th rough 7 . 3  d e s c r i b e  t h e  o r d e r  i n  which t h e  d a t a  

di-scussed i n  S e c t s .  2 th rough 6 are o rgan ized  i n  t h e  ca rd  i n p u t  deck. 

S e c t i o n  7 . 1  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 t h e  sou rce  and o b j e c t  c a r d  

decks  t h a t  comprise t h e  ORIGEN2 code. S e c t i o n  7 .2  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 t h e  ORIGEN2 ca rd  d a t a  i n p u t  deck,  assuming t h a t  she 

n u c l i d e  d a t a  l i b r a r i e s  ( S e c t s .  5 . 1  through 5.3) are on c a r d s .  Sec t ion  7.3 
is  s i m i l a r  t o  S e c t .  7 .2 ,  excep t  t h a t  t h e  n u c l i d e  d a t a  l i b r a r i e s  are 

assumed t o  b e  on tape o r  d i r ec t - access -dev ice  files 

7 . 1  Source and Objec t  Deck Organ iza t ion  

Th i s  s e c t i o n  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 t h e  ORTGENZ source  and 

o b j e c t  c a r d  decks .  The g e n e r a l  form of t h e  ORIGEN2 code c a r d  deck i s  
g ivcn  i n  Table 7 .l. 

The recommended mode of o p e r a t i o n ,  which is  r e f l e c t e d  i n  Table 7.1,  

is t o  p l a c e  o b j e c t  decks  of all ORIGEN2 s u b r o u t i n e s ,  excep t  M A I N ,  on 

e i t h e r  a t a p e  o r  R. d i r e c t - a c c e s s  d e v i c e .  During normal o p e r a t i o n  of 

ORIGENZ, MAIN would be recompiled each  t i m e  t h e  code is  used and would 

be  t h e  o n l y  [FORTRAN s u b r o u t i n e s ]  p r e s e n t  i n  t h e  Table 7 . 1  i n p u t  deck 

scheme. M A I N  i s  recompiled t o  f a c i l i t a t e  u s e  of t h e  v a r i a b l e  dimensioning 

o p t i o n .  No [ o b j e c t  d e c k ( s ) ]  wou1.d normal ly  be p r e s e n t ,  and o n l y  t h e  

INCLUDE HEX card and t h e  o v e r l a y  c a r d s  would b e  used. The [OVERLAY 

s t a t e m e n t s ]  are n o t  r e q u i r e d .  

t h e  s i z e  of  t h e  f i n a l  e x e c u t a b l e  module. 

They do, however, c o n s i d e r a b l y  reduce  

A somewhat less common s i t u a t i o n  o c c u r s  when t h e  u s e r  wishes  t o  nlake 

changes i n  s e l e c t e d  o b j e c t  s u b r o u t i n e s  t h a t  have p r e v i o u s l y  been s t o r e d  

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 .  I n  t h i s  case, t h e  r e v i s e d  FORTRAN 

and /o r  o b j e c t  s u b r o u t i n e s  are a l s o  inc luded  i n  t h e  ca rd  deck i n  t h e  

a p p r o p r i a t e  place, as i n d i c a t e d  i n  Table 7.1. The s u b r o u t i n e s  on c a r d s  

w i l l  a u t o m a t i c a l l y  b e  s u b s t i t u t e d  f o r  t h o s e  on the tape o r  direct-access 

d e v i c e .  



Table 7.1. Source and object deck organization 

Section 
where 

Comments described Input deck 

FORTRAN step 

//FORT.SYSIN DD * 
[FORTRAN Subroutine ( s )  1 

/* 

MAIN plus F O R T W  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 steE 

//LKED.HEX DD DSN=ORIGEN2.0BJECT,DISP=SHR 3CL to c a l l  previously compiled 
version of OKIGEN2 from dirrct- 

//LKED.SYSIN DD * 
[OBJECT Deck(s>] 

INCLUDE HEX 

[OVERLAY Statements] 

I" 

access device or tape; not used 
if the entire ORIGEN2 code is 
present on cards. 

Read OBJECT subroutinefs) to be 
substituted for t hose  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. 

2.1 

None 

None 

M 
0 



I n  t h e  h o p e f u l l y  uncommon s i t u a t i o n  where t h e  e n t i r e  ORIGEM2 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  O R I G E N 2  I n p u t  Deck Organ iza t ion  - Nucl ide  Data 
L i b r a r i e s  on Cards 

The o rgan i - za t ion  of  t h e  O R I G E N 2  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 ion -p roduc t  y i e l d  and photon d a t a  l i b r a r i e s  are on 

c a r d s ,  i s  g iven  i n  Table 7 .2 .  

f o l l o w s  : 

A summary of t h e  i n p u t  deck o r d e r  i s  as  

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 l o u t p u t  u n i t s ;  

mi sce l l aneous  i n i t i a l i z a t i o n  d a t a  changes; 

O R I G E N 2  commands ; 

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 

s ub s t i t u t  e decay ,  c r o s  s-se c.t i o n  and f is s ion-produc t 

r e p r o c e s s i n g  ra tes ;  

y i e l d  d a t a ;  

non-standard 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  L I B  command (Sec t .  4 . 1 8 )  m u s t  b e  r ead  on t h e  s a m e  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 ead  w i t h  t h e  PHO 

command ( S e c t .  4.191,  a l though  t h e  u n i t s  d e f i n e d  by t h e  L I B  and PHO 

coinmands may b e  d i f f e r e n t .  

d a t a  can  be r ead  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  T,IB d a t a  

l i b r a r i e s .  

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  



Table 7.2. ORIGEN2 input organization when the libraries are on cards 

Section (s) 
where 

Input deck Comments described 

Table 2 . 3  Output unit specification 

//GO.FT04F001 DD DUMMY Input compositions on disk or tape 
(Sect. 4 . 5 )  

//GO.FT06F001 DD SYSOUT=A Principal print unit 

//GO.FT07F001 DD D'LIMMY 

//GO.FTOgFOOl DD DUMMY 

/ /GO.FTlOFOOl DD DUMMY 

Write a material composition 
(Sect. 4 . 1 5 )  

Decay/cross-section library input 
from disk or tape; not used in 
this case 

Photon library i n p u t  from disk or 
tape; not used in this case 

/ /GO.FTLlFOOl DD DUMMY Alternate print unit 

//GO.FTlZFOOl DD SYSOUT=A 

//GO.FT13F001 DD D L I  

Print unit for unit 6 table of 
contents 

Print unit f o r  unit 11 table of 
contents 

//GO.FT15F001 DD DUMMY Debugging information 

//GO.FT16F001 DD DUMMY Variable cross-section information 

//GO. FT50F001 DD DSN=TEW, Temporary space for input read on 
SPACE=(3200,(50,50),RLSE), unit 5 

LRECL=80,BLKSIZE=3200) 
DISP=(NEW,PASS),DCB=(RECFM=FB, 
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. .  . .  

0 ab le 7 . 2  (continued) 

Section (s) 
where 

Input deck Comments described 

Composition, feed rates, 
and removal rates 

[Initial nuclide o r  element mass] 

[Continuous nuclide o r  element 

0 

feed rates] 
0 

[Continuous element removal rates] 

[Begin input w i t h  miscellaneous 
data  above] 

[Begin input with ORICEW2 

[&gin input with decay data 

comands above j 

libraries] 

Branch or stop 

If (NSTP.EQ.1), read new miscellan- 
eous input data, read new ORIGEN2 
comands, and execute new comands. 

If (KSTP.EQ.2), rezd new ORIGEN2 
commands and execute. 

If (NSTP.EQ.3), execute existing 
ORIGEN2 commands a g a h .  

If (KSTP.EQ.4) or no STP cormand is 
used, terminate execution. 

4 . 6 ,  6.1 

4 . 6 ,  6 . 2  

4 . 6 ,  6 . 3  

1°C 
//GO.FT03F001 DD * 



Table 7 . 2  (cont inued)  

Sec t  i o n  (s ) 
where 

Inpu t  deck  Comments d e s c r i b e d  

S u b s t i t u t e  d a t a  4.18, 4.20 

[Ac t iva t ion  product  decay d a t a ]  

[Ac t in ide  decay d a t a ]  

[ F i s s i o n  product  decay d a t a ]  

[Activation product  c ros s - sec t ion  

[Act in ide  c ros s - sec t ion  d a t a ]  

[ F i s s i o n  product  c ros s - sec t ion  

d a t a ]  

d a t a ]  

[Non-standard, f lux-dependent 
r e a c t i o n s ]  

Some o r  a l l  of t h e s e  d a t a  may n o t  
b e  p re sen t ,depend ing  on t h e  
parameters  of t h e  L I B  command 
(Sec t .  4 . 1 8 ) .  If t h e  l i b r a r i e s  
are on c a r d s ,  t h e s e  s u b s t i t u t e s  
can be  manual ly  p laced  i n  t h e  
a p p r o p r i a t e  l i b r a r y ,  e l i m i n a t i n g  
t h e  need f o r  t h i s  s e c t i o n .  

Non-standard r e a c t i o n s  

May n o t  be present ,  depending on 
parameters  o f  t h e  L I B  command 
(Sec t .  4 .18)  

4 .18 ,  5.4 

I . r '  > .. I 
1 
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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 T a p e  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  are on t a p e  

or 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 s u m r y  of t h e  

i n p u t  deck o r d e r  i s  as 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  

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  comiancls ; 

i n i t i a l  n u c l i d e  composi t ions  arid con t inuous  f eed  

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  p roduc t  

aon-s tandard ,  f lux-dependent r e a c t i o n s .  

l i b r a r y  f i l e s  ; 

and r e p r o c e s s i n g  rates; 

y i e l d  d a t a ;  

As i n  S e c t .  7 . 2 ,  i t  i s  impor t an t  t o  note t h a t  -_ a l l  of t h e  nucli-de d a t a  

l i b r a r i e s  r ead  w i t h  the L I B  command ( S e c 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  be 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 though  t h e  u n i t s  d e f i n e d  by t h e  L I B  and PI10 

commands ( S e c t .  4.19) 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  c a r d s  m u s t  

be  r ead  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 .  



Tab le  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  are on a d i r e c t - a c c e s s  d e v i c e  

Inpu t d e c k Comments 

S e c t i o n  (s )  
where 

described 

//GO.FT04F001 DD DUMMY 

//GO.FTOfjFOOl DD SYSOUT=A 

//GO.FT07F001 DD DUMMY 

//GO.FTllFOOl DD DUMMY 

//GO.FT12F001 DD SYSOUT=A 

//GO.FT13F001 DD D L W  

/ / G O .  FTl5FOOl. DD D L W  

//GO.FT1SP001 DD DUMMY 

/ / G O .  FT50F001 DD DSN=TEY!, 
SPACE=(3200,(50950),RLSE), 
DISP=(NEW,PASS),DCB=(REFX=FB, 
LRECL=80,BLKSIZE=3200) 

Output u n i t  s p e c i f i c a t i o n  

I n p u t  composi t ions  on d i s k  o r  t a p e  
(Sec 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 it  i o n  
(Sec t .  4 . 1 5 )  

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 in fo rma t ion  

V a r i a b l e  c ros s - sec t ion  in fo rma t ion  

Temporary space f o r  i n p u t  r ead  on 
u n i t  5 

Decay d a t a  l i b r a r y  

//GO.FT09001 DD DSN=ORIGEN2.DECAY, A c t i v a t i o n  p roduc t ,  a c t i n i d e  
D I  SP= SHR and fission product  decay 

l ibraries i n  one f i l e  

Table  2.3 

4.13, 5.1 

I .* < < .  , . 



Table  7 .3  (cont inued)  

Sect i o n  (s  1 
wher e 

d e s c r i b e d  Input  deck Comments 

/ /  DD DSK=ORIGEN2.XSEC,DISP=SHR 

//GO.FTlOFOOl DI) DSN=ORIGEN2.PHOTON, 
D I S P=S HR 

Cross-sec t ion  d a t a  l i b r a r y  

A c t i v a t i o n  p roduc t ,  a c t i n i d e ,  and 4 . 1 8 ,  5.2 
fission product  c r o s s - s e c t i o n  
l i b r a r i e s  i n  one f i l e  

Photon d a t a  l i b r a r y  4 .19 ,  5.5 

A c t i v a t i o n  p roduc t ,  a c t i n i d e ,  and 
f i s s i o n  p roduc t  photon da t a  i n  
one f i l e  

//GO.FTO5FOOl DD * 
Misce l laneous  i n i t i a l i z a t i o n  d a t a  

[Overr ide  d e f a u l t  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 ]  
-1 

f r a c t i o n a l  r e c o v e r i e s ]  
-1 

[Overr ide  d e f a u l t  element group 

[Overr ide  d e f a u l t  element group 
mernb er s h i p  ] 
-1 

Data need n o t  b e  p r e s e n t ;  -1 
r e q u i r e d  

Data need n o t  b e  p r e s e n t ;  -1 
r e q u i r e d  

Data need not be p r e s e n t ;  -1 
r e q u i r e d  

3 . 4  

3 . 5  

3 . 6  



90 

n
 

2
2

 

m 
Y-4 

a
 

'74 
x w 
c3 
H

 
p: 
0

 

m
 

u
 i: 

a, 

u
 

u
 

I-r 0
 

i
-
-
-
?

 
x 

U
 

=i 
m 

N
 

z
 

w 
c.3 
b-4 

0
 

cr, 



Table 7.3 (cont inued)  

Inpu 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  4.18, 4.20 

[ A c t i v a t i o n  product  decay d a t a ]  Some o r  a l l  of these d a t a  may n o t  

[Ac t in ide  decay d a t a ]  

[ F i s s i o n  product  decay d a t a ]  

[ A c t i v a t i o n  product  c r o s s - s e c t i o n  

[Act h i d e  c ros s - sec t  ion d a t a ]  

[ P i s s i o ~  product  c ros s - sec t ion  

d a t a ]  

d a t a ]  

b e  p re sen t ,  depending on the 
parameters  of t h e  L I B  command 
(Sec t .  4.18).  

Non-standard r e a c t i o n s  

[Eon-standard,  f lux-dependent 
react i o n s ]  

May nuc be present ,  depending on 
parameters  of the L I B  command 
(Sect. 4.18) 

4.18, 5 . 4  

/ *  
/ /  
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8.  D E S C R I P T I O N  OF O R I G E N 2  TNPUT 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  O R I G E N 2  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  

fueS 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 ,  r e p r o c e s s e s  t h e  f u e l ,  

and t h e n  decays  t h e  h i g h - l e v e l  and c l add ing  wastes. Other  i n s t r u c t i o n s  

t h a t  do n o t  meaningfu l 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 inc luded  

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  OKTGEN2 i n p u t  deck t h a t  i s  l i s t e d  i n  

Appendix A. Sec t ion  8 .2  c o n t a i n s  a generic.  d e s c r i p t i o n  o f  O R I G E N 2  o u t p u t ,  

which i s  n e c e s s a r y  because  o f  t h e  appa ren t  d i - f f i c u l t y  iiiany u s e r s  expe r i ence  

when t r y i n g  t o  read  O R I G E N 2  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  o u t p u t  ( l i s t e d  i n  Appendixes 8-F) r e s u l t i n g  from execu t ion  

of  t h e  i n p u t  deck d e s c r i b e d  i.n Sect. 8.1. 

8.1 D e s c r i p t i o n  of  Sample ORTGEN2 Inpu t  

The sample ORIGEN2 i n p u t  deck desc r ibed  h e r e  i s  l i s t e d  i n  Table  A . 1  

of Appendix A .  Except f o r  the f i r s t  few c a r d s  (which are 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  necessa ry  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  are p r e s e n t ,  assuming t h a t  O R I G E N 2  e x i s t s  as an  

object:  deck on a d i r e c t - a c c e s s  dev ice  o r  t a p e .  I n  t h e  d i s c u s s i o n  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  

c a r d  number g iven  i n  t h e  l e f t -hand  col.umn i n  Table  A . 1 . .  

Cards 1 through 5 c a l l  f o r  t h e  ca t a loged  procedure i.n which a 

FORTRAN program is  compiled (op t imiz ing  compi-ler) , l ink-edi . ted ,  and 

executed .  Cards 6 through 89 c o n s t i t u t e  "MAIN"  ( s e e  Sec t .  2 . 1 ) ;  t hey  

are t h e  o n l y  p a r t s  of O R I G E N 2  t h a t  are p r e s e n t  i n  t h e  FORTRAN language.  

These c a r d s  are R s p e c i ~ f i c  case of t h e  g e n e r a l  v e r s i o n  of MAIN shown i n  

F i g .  2 . 1  and correspond t o  case 1 i n  Table  2 .2 .  The most s i g n i f i c a n t  
aspects of MAIN are desc r ibed  on t h e  comment c a r d s  conta ined  i n  t h e  

.Lis t ing i n  Table  A . l .  
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Following M A I N  on c a r d s  90 through J.05 i s  a series of j ob  c o n t r o l  

c a r d s  f o r  O R I G E N 2 .  Cards 91 and 92 p o i n t  t o  t h e  compiled s u b r o u t i n e s  o f  

8 K I G E N 2  ( i . e . ,  t h e  o b j e c t  module), which reside on. a d i r e c t - a c c e s s  dev ice  

in t h i s  example. Card 93 p o i n t s  t o  the OVERLAY s t a t e m e n t s ,  which a re  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 OVEKLAY s t a t e m e n t s  are  a l s o  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  and are  

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  t h e  decay 

and c r o s s - s e c t i o n / f i s s i o n  product  y i e l d  l i b r a r i e s  t:hat are  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  sets are conca tena ted  t o  p reven t  ORICEN2 

from encoun te r ing  a n  end-o f - f i l e  when i t  b e g i n s  t o  read t.he c r o s s - s e c t i o n  

d a t a .  O R I G E N 2  w i l l  c o n t i n u e  i f  t h e  c . ross-sect ion d a t a  set  is n o t  c-oncat- 

ena ted  ( i . e . ,  the c r o s s - s e c t i o n  data se t  i s  given as GO.FT09F002 DD, e t c . ) .  

However, i n  t h i s  case, a n  e r r o r  message wil.1. be  p r i n t e d .  Card 37 poi-nts 

t o  t h e  photon l i b r a r y ,  which is  stored on a d i r e c t - a c c e s s  d e v i c e .  Cards 

93 through 1 0 2  and 105 p o i n t  s e v e r a l  ORICEN2 o u t p u t  u n i t s  t o  t h e  l i n e  

p r i n t e r  ( see  S e c t .  2 . 5 ) .  Uni t  6 i s  a u t o m a t i c a l l y  po in t ed  t o  t.he line. 

p r i n t e r  by t h e  ORNL o p e r a t i n g  system and must  be inc luded  e x p l i c i t l y  on 

systems where this is no t  done. Card 9 4 ,  which i s  t h e  o u t p u t  u n i t  f o r  t h e  

PCH command, i s  p o i n t e d  t o  t h e  c a r d  punch. Cards 103 and 104 d e f i n e  the 

s c r a t c h  d a t a  se t  t o  which SUBICOUTINE L I S T I T  ( s e e  S e c t .  2 . 6 )  w r i t e s  the  

i n p u t  d a t a  read on u n i t  5 w h i l e  t h e y  are also be-ing l i s t e d  on u n i t  6 .  

Cards 106 through 290 const i t :ute  t h e  t n p u t  to  O K I G E N 2  t ha t  is r ead  

on u n i t  5.  O n l y  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 s c u s s e d  

sirice many of t h e s e  c a r d s  resu1.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  Sec t .  4 .  Cards 107 through 113 o v e r r i d e  v a r i o u s  o f  

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 ,  as  d e s c r i b e d  i n  S e c t s  I 3.4 through 

3 . 6 .  Cards 1.25 through 128 a re  t h e  LJU conimarids 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  are t o  b e  provided. The f i r s t  LPU 

command i s  a s s o c i a t e d  with 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  

LIB' command [(card 1 2 3 ) ,  i. e . ,  t h e  f i s s i -on  product 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  wit:h 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 iz . ,  - 2 l ) ,  and so for t -h .  The s u b s t i t u t e  

d a t a  cards are t o  b e  read on u n i t  3 ,  as i n d i c a t e d  o n  the L I B  c.ard. 

Addi. t ionall .y,  the  L I B  command c a l l s  f o r  t w o  tion-s tandard r e a c t i o n s  t o  

be  r e a d  on u n i t  3 .  Cards 134 th rough  1 4 2  read v a r i o u s  i n p u t  material 

composi 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 1.43 through 158 
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c o n s t i t u t e  t h e  i r r a d i a t i o n  of t h e  o x i d e  f u e l  material, w i t h  s p e c i f i c  

power be ing  s p e c i f i e d .  

(1) t h e  u s e  of t h e  BUP coiiirnands ( ca rds  146 and 1 5 8 )  t o  d e f i n e  t h e  s t e p s  i n  

which t h e  c h a r a c t e r i s t i c  burnlip i s  t o  be  determined;  and ( 2 )  t h e  u s e  o f  

t h e  r i g h t  p o r t i o n  of t h e  LKP commands f o r  comments, which i s  pe rmi t t ed  

on al.1 c a r d s  a f t e r  t h e  l as t  r e q u i r e d  c h a r a c t e r .  Cards 159  through 1 6 2  

o u t p u t  t h e  r e s u l t s  o f  t h e  lue l  i r r a d i a t i o n .  The OPTn commands r e s u l t  i n  

on ly  t h e  gram summary t a b l e s  f o r  a l l  t h r e e  o u t p u t  segiiients ( a c t i v a t i o n  

p roduc t s ,  a c t i n i d e s ,  and f i s s i o n  p r o d u c t s )  b e i n g  p r i n t e d  a l o n g  w i t h  a l l .  

n u c l i d e  a g g r e g a t i o n s  f o r  t h e  a c t i v a t i o n  product  c u r i e s  t a b l e  ( see  

S e c t .  8 . 2  f o r  a more d e t a i l e d  d i s c u s s i o n ) .  Cards 165 and 167 are  

s u p e r f l u o u s  f o r  t h e  purposes  of t h i s  c a l c u l a t i o n .  'They have o n l y  been 

inc l~uded  f o r  the purpose of d e s c r i b i n g  t h e  o u t p u t  they produce on u n i t  15, 

and wi.11 be  d i s c u s s e d  f u r t h e r  i n  S e c t .  8 . 3 . 4 .  Cards J.68 through 1-86 

i r r a d i a t e  t h e  f u e l  c l a d d i n g  mater ia l  by s p e c i f y i n g  t h e  f l u x  l e v e l ;  

however, s i n c e  t h e  f l u x  i s  given as - l . . O ,  t h e  f l u x  a c t u a l l y  used i s  

t aken  from t h e  a p p r o p r i a t e  s t e p  of t h e  f u e l  i r r a d i a t i o n  above. Cards 

1.91 through 1.94 w r i - t e  s e v e r a l  v e c t o r s  i n  a format  s u i - t a b l e  f o r  i n p u t  t o  

ORIGEN2 a t  a l a t e r  d a t e .  Card 1.95 temporari.1-y h a l t s  t h e  r e a d i n g  of t h e  

O R I G E N 2  commands and b e g i n s  e x e c u t i o n  of  t hose  a l r e a d y  r e a d .  The "2" 

i n  t h e  STP coiiunand i n d i c a t e s  t h a t  when e x e c u t i o n  of t h e  preceding 

coiumands i s  complete,  new commands, b u t  not: new mi.scellaneous i n i t :  i a l i -  

z a f i o n  d a t a ,  are  t o  be  r e a d .  Cards 1 9 6  through 226 d e f i n e  t h e  input: 

iiiaterial composi t ions r ead  by t h e  INP commands on c a r d s  134  through 

1.42. Note t h e  u s e  of comments on t h e  r i g h t  p o r t i o n  oE t h e  c a r d s  and 

t h e  ze roes  ( f i r s t  c h a r a c t e r  on c a r d )  t h a t  t e r m i n a t e  t h e  e x e c u t i o n  o f  

each INP coiiunand. Card 227 beg ins  t h e  new se t  of coiiunands r e q u i r e d  by 

t h e  p rev ious  STP command. Cards 230 through 232 a g a i n  r ead  decay, cross-  

s e c t i o n j f i s s i - o n  product  y i e l d ,  and photon l i b r a r i - e s .  No addi t ionaJ.  j o b  

c o n t r o l  c a r d s  are  r e q u i r e d  because the u n i t s  are  rewound after t h e  

l i b r a r i e s  have been r e a d .  Cards 234 through 240 r e p r o c e s s  t h e  Euel 

t o  g e n e r a t e  t h e  h igh - l eve l  waste (HLW) coniposit ion as w e l l  as t h e  

composition of t h e  f u e l  res idua l .  i n  tile c l a d d i n g .  Cards 243  through 

265 and 266 through 288 c o n s t l t u t e  the decay and o u t p u t  of  t h e  h igh - l eve l  

Two aspects of t h i s  s e c t i o n  should b e  noted:  
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w a s t e  and c l a d d i n g  waste. Note t h a t  t h i s  i n fo rma t ion  is be ing  ou tpu t  

on b o t h  u n i t s  6 and 11 by t h e  u s e  of two OUT commands f o r  each was te .  

Card 289 i n d i c a t e s  t h a t ,  a f t c r  execut-ion of tlie p rev ious  commands, t h e  

j o b  i s  completed.  

Cards 291 through 304 c o n t a i n  t h e  u n i t  3 i n p u t  t o  OKTGEN2. Cards 

292 through 300 c o n t a i n  t h e  i n t o r m a t i o n  to  override d a t a  i n  t he  l i b r a r i e s  

bcing r ead  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 ~ .  5 . 3 ) ,  and 

t h e i r  p re sence  i s  r e q u i r e d  by cards  125 through 128. Cards 301 and 302 

c o n t a i n  t h e  t w o  non-standard r e a c t i o n s  ( see  Sec t ,  5 . 4 )  r e q u i r e d  hy the 

f i r s t  L I B  command (ca rd  129) .  Cards 303 through 306 c o n l a i n  t h e  s u b s t i -  

t u t e  d a t a  f o r  t h e  second set  of LPU/LlB commands ( c a r d s  230 and 231). 

N o t e  t h a t  o n l y  t h e  decay in fo rma t ion  i s  r e q u i r e d  s ince  on ly  t h e  decay 

l i b r a r i e s  are be ing  r ead .  

8 . 2  Gener ic  D e s c r i p t i o n  of OtIIGEN2 Output 

... . 
Prev ious  expe r i  rncc. has shown t h a t  many people  have tl if  f i c u l t y  i n  

re, tding ORIGEN o u t p u t  and,  because o f  t h e  g r e a t e r  number o f  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  O R I G E N 2  ou tpu t .  

‘l’he p r i n c i p a l  problem appea r s  t o  be i n  f i n d i n g  t h e  co r rec t  t a b l e  i n  

t h t  g e n e r a l l y  massive anlourit of o u t p u t  produced by QRIGEN2. Th 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 u  a l l e v i a t e  tht. 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 .  Section 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 E .  

ORIGEN2 o u t p u t  i s  a r ranged  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  rou r  

levels.  Thus, t h e  f i r s t  o b j e c t i v e  is  t o  e s t a b l i s h  t h e  o v e r a l l  (first- 

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 .  Th i s  is done i n  Secr. 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 is  c a l l e d  a n  ”ou tpu t  grouping ,”  i s  d i s s e c t e d .  F i r in l ly ,  i n  

Sec t .  5 . 2 . 3  a s i n g l e  ORICEN2 ou tpu t  page is  ana lyzcd .  
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8 . 2 . 1  Overall o r g a n i z a t i o n  of ORIGEN2 ou tpu t  
.- ...-. 

'l%e o v e r a l l  o r g a n i z a t i o n  of a t y p i c a l  ORIGENZ o u t p u t  i s  summarized 

i n  Table  8.1.. The overal l .  o rgani .za t ion  conl:a.ins t h e  f i r s t  level of 

t h e  outpur  h i e r a r c h y  and,  i n  some cases, t h e  second level .  Most o f  t h e  

ou tpu t  i n  tiie f i r s t  l eve l  i s  r e l a t i v e l y  s h o r t ,  w i t h  t h e  excep t ion  o f  t h e  

"Output N , "  which w i l l  b e  d i s c u s s e d  la ter .  

The c a r d  i n p u t  echo i s  s imply a l i s t i n g  of t h e  i n p u t  r ead  on t h e  

c a r d  r e a d e r .  This  f u n c t i o n  i s  c o n t r o l l e d  f r o m  MAIN ( s e e  Sec t .  2 . 6 ) ,  aid 

the 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  SUBKOUTINE L I S T I T .  

The l i s t i n g  o f  t h e  misce l l aneous  i n p u t  dai: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  e n s u r e  t h a t  tile in fo rma t ion  r ead  by ORIGEN2 

w a s  r e c e t v e d  p r o p e r l y .  The l i s t i n g  oC t h e  most voluminous of t h e s e  t h r e e  

i t e m s ,  t h e  d a t a  l i b r a r i e s ,  can b e  con t ro l l - ed  by t h e  L I P  (Sec t .  4 .15)  

command. The d e t a i l s  of t h e s e  d a t a  a r e  con ta ined  i n  the s e c t i o n s  

ind i .ca ted  i n  Table  8.1 and wi.11 n o t  b e  d i scussed  f u r t h e r  h e r e .  

Tlw o u t p u t  t a b l e s ,  which g e n e r a l l y  comprise  t h e  l a r g e s t  f r a c t i o n  of 

t h e  ORIGEN2 o u t p u t  by f a r ,  w i l l  h e  d i s c u s s e d  i n  d e t a i l  i n  S e c t .  8.2,2. 

A l l  of t h e  in fo rma t ion  p r i n t e d  on u n i t  6 i.s numbered s e q u e n t i a l l y  

by page. The t a b l e  of c o n t e n t s  p r i n t e d  on u n i t  12 l i s ts  t h e  v a r i o u s  

t y p e s  of  i n fo rma t ion  p r i n t e d  i n  t h e  ORIGEN2 ou tpu t  and t h e  page where 

each begins .  I t  i s  hoped that: t h i s  dev ice  w i l l  mini.mize t h e  amount of 

s e a r c h i n g  r equ i r ed  t o  f i n d  a p a r t i c u l a r  p i e c e  of i n fo rma t ion  i n  a l a r g e  

volume of  ou tpu t .  

The v a r i a b l e  c ros s - sec t ion  in fo rma t ion  p r h t e d  on u n i t  1.6 g i v e s  t h e  

va lues  of each of  t h e  c r o s s  s e c t i o n s  t h a t  va ry  wi.t 'n burnup f o r  each i r r a -  

d i a t i o n  s t e p .  Seve ra l  t ypes  of d a t a  art-. g iven ,  i n c l u d i n g  (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 a p t u r e  o r  f i s s i o n )  t h a t  are  va ry ing ,  

(2 )  t h e  p rev ious  and c u r r e n t  c r o s s - s e c t i o n  v a l u e s ,  ( 3 )  t h e  l o c a t i o n  of 

t h e  v a l u e s  be ing  v a r i e d  i n  t h e  OKPGEN2 a r r a y s ,  ( 4 )  t h e  1.ocation of  t h e  

f i s s i o n  product  y i e l d s  t h a t  m i l s t  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  

are  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  t h e  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 ) ,  
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Table 8.1. O v e r a l l  o r g a n i z a t i o n  of ORIGEN2 o u t p u t  

... 

c 

- 

S e c t i o n  where 
D e s c r i p t i o n  of  o u t p u t  Un i t a  d e s c r i b e d  - 

Card i n p u t  echo 6 8.2 
M i s c e l l a n e o u s  i n p u t  6 3 

F i s s i o n  n e u t r o n  y i e l d  p e r  neu t ron - induced  

( a l p h a , n )  n e u t r o n  p r o d u c t i o n  rate 
F i s s i o n  n e u t r o n  y i e l d  p e r  spon taneous  

I n d i v i d u a l - e l e m e n t  f r a c t i o n a l  r e p r o c e s s i n g  

Element-group f r a c t i o n a l  r e p r o c e s s i n g  

Assignment of elements t o  f r a c t i o n a l  

E lemen ta l  chemica l  t o x i c i t i e s  

f i s s i o n  

f iss ion  

r e c o v e r i e s  

r e c o v e r i e s  

r e c o v e r y  groups 

L i s t i n g  of ORIGEN2 commands 

Data l i b r a r i e s  

Decay 
A c t i v a t i o n  p r o d u c t  segment 
A c t i n i d e  segment 
F i s s  ion p roduc t  segment 

A c t i v a t i o n  p r o d u c t  segment 
A c t i n i d e  segment 
F i s s i o n  p r o d u c t  segment 

Cross  s e c t i o n  

Photon 
A c t i v a t i o n  p r o d u c t  segment 
A c t i n i d e  segment 
F i s s i o n  p r o d u c t  segment 

b 

b 
Output 1 

o u t p u t  2 

b Output  N 

6 

6 

6 
6 

4 

5 

8 . 2 . 1  

8 . 2 . 1  

6 8 .2 .1  

Tab le  of  c o n t e n t s  12 8.2 

V a r i a b l e  c r o s s - s e c t  ion i n f o r m a t  ion  16  8 .2  

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  15 8 .2  

a 

bSee Table 8.2 f o r  a 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 each  o u t p u t  

Note: I f  an STP command ( s e e  S e c t .  4 . 2 4 )  i s  used ,  t h e  o u t p u t  a f t e r  
“Output  N” i n  t h e  above t a b l e  w i l l  beg in  w i t h  m i s c e l l a n e o u s  i n p u t  
(NSTP==l), ORIGEN i n s t r u c t i o n  l i s t i n g  (NSTP=2), o r  Output  N + l  
(NSTP=3). 

Assuming t h a t  t h e  u n i t  a s s i g n m e n t s  g iven  i n  Tab le  2.3 are used. 

group ing .  
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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  wi th  d i r e c t  f i s s i o n  

product  y i e l d s  i s  be ing  used t o  account  f o r  t hose  ac t in i -des  ( i - e . ,  237Np, 

240Pu, e t c . )  t h a t  do no t  have a d i r e c t  f i s s i o n  product  y i e l d .  

T h e  debugging and o t h e r  i n t e rna l .  i n fo rma t ion  that 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 useful i n  moni tor ing  t h e  p rogres s  o f  the  ca l cu -  

l ~ a t i o i i .  The execu t ion  of each command beg ins  w i t l i  t h e  p r i n t i n g  of a 

one- l ine  message that:  i n d i c a t e s  t h e  number and type  of command be ing  

executed .  Other  i n fo rma t ion  t h a t  is p r i n t e d  h e r e  i n c l u d e s :  

1. parameters  re l .a ted  t o  t h e  c a l c u l a t i o n  of t h e  fl.ux by an  IRP 

cormnand ( S e c t .  4 . 2 2 )  ~ 

2 .  t h e  average  r e c o v z r a b l e  energy  p e r  f i s s i o n  f o r  each  i r r a d i a t i o n  

s t e p  , 
3 .  parameters  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 

( s e c t .  4 . 1 0 ) .  

4. parameters  c a l c u l a t e d  d u r i n g  t h e  execut ior i  of a KEQ command 

The in fo rma t ion  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  output: 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 an  

ex t remely  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 ec t  a l i m i t e d  amount of 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 

the o u t p u t  t o  u n i t  11. U1ij.t 11 could be a d i - rec t - -access  d e v i c e ,  t a p e ,  

o r  mic ro f i che  writer. Ti1 any case, the o u t p u t  di.Yrected t o  u n i t  1 3 .  will 

be  the Output N i n fo rma t ion ,  and u n i t  13  w i l l  b e  t h e  t a b l e  of c o n t e n t s  

Tor unit: 11. 

F i n a l l y ,  t h e r e  i s  one type  o f  ORTGEN2 o u t p u t  which, a l though  

r a r e l y  gene ra t ed ,  can be  ve ry  u s e f u l  f o r  some debugging purposes .  

This o u t p u t  i s  a I - i s t i n g  o f  t h e  "matrix" of r e a c t i o n  rates t h a t  are t h e  

pa rame te 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  be ing  so lved  by ORIGEN2 and 

t h a t  connect  each  i s o t o p e  w i t h  i t s  p a r e n t s  and progeny. This output ,  

c o n t r o l l e d  by t h e  L I B  command (Sec t .  4 . 1 7 ) ,  would r e q u i r e  roughly 75 

pages f o r  an ORIGEN2 c a l c u l a t i o n  t h a t  incSudes a l l  nucl . ides .  



8.2.2 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 an * -  o u t p u t  g r o u l  - --. - 

The o r g a n i z a t i o n  OF t h e  in fo rma t ion  con ta ined  i n  one of t h e  0u.tput N 

s e c t i o n s  i n  Table 8 .1  i s  summarized i n  Table 8 .2 .  This w i l l  b e  c a l l e d  

a n  "output  grouping" h e n c e f o r t h .  

e x e c u t i o n  of 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  levels 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 results from t h e  

An ou tpu t  grouping  can  cnntai-n s i x  second- leve l  s e c t i o n s :  

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, n e u t r o n  emi-ssion rates, 

and photon emiss ion  rates. 

r e a c t i v i t y  

'The r e a c t i v i t y  and burnup data c o n s i s t  of less than one page of 

i n f o r m a t i o n  summarizing rhe f l u x e s ,  burnnps,  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  o f  t h e  v e c t o r s  be ing  p r i n t e d .  

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  o f  t h e  QRIGEN2 case ( see  

Tables  2 . 1  and 2 . 2 )  is summarized h e r e .  

can b e  c o n t r o l l e d  by t h e  OUT command (Sect .  4 , 5 ) .  

I n  

Tlie o u t p u t  of this i n f o n n a t i o n  

The a c t i v a t i o n  product  segment c o n s i s t s  of t h e  o u t p u t  of one o r  more 

I f  t a b l e  types"  conta-ining i n f o r m a t i o n  f o r  only the a c t i v a t i o n  p roduc t s  .) 

A t a b l e  type  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 the t a b l e ,  such as m a s s  

(grams),  r a d i o a c t i v i t y  ( c u r i e s ) ,  thermal  power ( w a t t s ) ,  o r  neu t ron  

a b s o r p t i o n  ra te  ( n e u t r o n s l s e c )  . Twenty-four t a b l e  types  a r e  avai1abl.e 

i n  ORIGENL; t h e s e  are l i s t e d  i n  Table 4 . 3 .  The t a b l e  t y p e s  t h a t  are 
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 . 2 5 ) .  For each  table 

t y p e ,  t h e r e  are f o u r  p o s s i b l e  a g g r e g a t i o n s :  n u c l i d e ,  e lement ,  summary 

i s o t o p e ,  and summary e l emen t .  The a g g r e g a t i o n ( s )  t h a t  are p r i n t e d  are 

also c o n t r o l l e d  by t h e  OWL cornland. 

s p e c i f i e d  c h a r a c t e r i s t i c  of  each  n u c l i d e  i n  each  of t h e  v e c t o r s  be ing  

p r i n t e d .  The element 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 element 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 type  of 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  

excep t  t h a t  o n l y  t h o s e  n u c l i d e s  (or  elements) which c o n t r i b u t e  more t han  

a certain fraction (t.e., c u t o f f  value) t o  t h e  to ta l .  f o r  all a c t i v a t i o n  

p roduc t  i s o t o p e s  are l i s t e d .  The c u t o f f  v a l u e s  are s p e c i f i e d  w i t h  t h e  

The n u c l i d e  a g g r e g a t i o n  lists t h e  
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Table 8 . 2 .  Organ iza t ion  o f  a n  oiltptlt grouping 

R e a c t i v i t y  and burnup d a t a  

A c t i v a t i o n  product  segment 

Table  type la 
Nuclide aggrega t ion  
I.: 1 ern(;? n t  a g g r  e g a t i. on 
Sunmar y i s u t ope a g g r  e g a t  i o n  
Summary element  aggrega t ion  

Table  type 2" .~ 

Nuclide aggrega t ion  
Element aggrega t ion  
Summary i s o t o p e  aggrega t ion  
S u nima r y e 1 erne n t a g g r e g a t i o 11 

a 
Table  t y p  24 __- 

Nuclide aggrega t ion  
E lenie n t a g g re ga t i o n  
Summary i s o t o p e  aggrega t ion  
Summary element  aggrega r ion  

Ac t in ide  segnent  
[same table t ypes  and aggrega t ions  as f o r  a c t i v a t i o n  p roduc t s ]  

F i s s i o n  product  segment 
[same t a b l e  types  and aggrega t ions  as f o r  a c t i v a t i o n  p roduc t s ]  

Neutron product ion  rates 

( a lpha ,  n )  
Spontaneous f i s s  ion 

Photon product ion  rates 

A c t i v a t i o n  p-roduct SegECnt 
Summat.i.on t a b l e s  
P r i n  c i p a 1 c on t r i b  u t o  1- t ab 1 e s 

_. Act h i d e  segmecL 

F i s s i o n  product  s e g m e s  

[same aggrega t ions  as f o r  a c t i v a t i o n  p roduc t s ]  

[same aggrega t ions  as f o r  a c t i v a t i o n  p roduc t s ]  
...___. 

_....... ~ _____-..-____---.---- 
a The t a b l e  types  t h a t  are a c t u a l l y  p r i n t e d  can be c o n t r o l l e d  wi th  

t h e  OPTn commands ( s e e  Sects. 4 . 2 5 - 4 . 2 7 ) .  

Note: An "output  grouping' '  r e s u l t s  from the execu t ion  of a s i n g l e  
OUT command ( s e e  S e c t .  4 . 5 ) .  



CUT command (Sect. 4 .9)  e It should  be noted t h a t  some t a b l e  types ,  such 

as f i s s i o n  ra te  and a l p h a  r a d i o a c t i v i t y ,  are n o t  a p p l i c a b l e  t o  a c t i v a t i o n  

p roduc t s  arid cannot  be  p r i n t e d .  

The a c t i n i d e  segment and the f i s s i o n  p roduc t  segment i n  Table 8 .2  

are v e r y  s i m l l a r  t o  t h e  a c t i v a t i o n  product  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 .  

f o r  the a c t i n i d e s  and t h e  f i s s i o n  p roduc t s  a r e  c o n t r o l l e d  by thc! QPTA 

(Sec t .  4 . 2 6 )  and t h e  OPTP ( S e c t .  4 . 2 7 )  commands r e s p e c t i v e l y .  

The t a b l e  t y p e s  arid a g g r e g a t i o n s  p r i n t e d  

The neutron produc t ion  rate t a b l e s  are 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 t h e  neu t ron  

product ion  ra tes  from (a lpha ,n )  r e a c t i o n s  f o r  each n u c l i d e  i n  each vector 

p r i n t e d  and a one-page l i s t i n g  of t h e  neutron p roduc t ion  ratcis from 

spontaneous  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 .  

t h e s e  t a b l e s  are  "summary t a b l e s "  s i n c e  the  c o n t r i b u t i o n  of each  n u c l i d e  

t o  the t o t a l  i s  t e s t e d  a g a i n s t  3 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 ) .  If the i s o t o p e ' s  c o n t r i b u t i o n  i s  less 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 .  

Both of 

The f i n a l  second-level s e c t i o n  of t h e  output  grouping  is  the photon 

p roduc t ion  rates. This 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. S ince  t h e  

photon p roduc t ion  rate o u t p u t  f o r  each  of t h e s e  segments is  s u b s t a n t i ' i 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  product  photon o u t p u t  c o n s i s t s  of summation tab les  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  I The summation t a b l e s  1 ist the photon 

p roduc t ion  rates f o r  each v e c t o r  p r i n t e d  as a f u n c t i o n  o f  18 photon 

energy  g roups .  

H e V  watt-' sec 

produc t ion  rates 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 th  t h e  CU'I' command) t o  the t o t a l  

photon p roduc t ion  rate f o r  each group. 

Summation t a b l e s  are g iven  i n  u n i t s  of photons /sec  and 

. T h e  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  the photon -1 
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8.2.3 F e s c r i p t i o n  of a sipgle... .ORIGEN2 ou"cut page 

A t y p i c a l  OKIGEN2 ou tpu t  page,  t aken  froiii one of t h e  o u t p u t  groupings,  

is shown i n  F ig .  8.1. 

( i . e . ,  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 ,  o r  f i s s i o n  p roduc t )  are given in t h e  

upper ,  r ight-hand c o r n e r .  

of  c o n t e n t s ,  as mentioned p r e v i o u s l y .  

The page nuifber , o u t p u t  u n i t  nurrher, and segruent 

Tlie page number i s  c o r r e l a t e d  w i t h  t h e  t a b l e  

Next, i n  t.11.e upper l e f t  p o r t i o n  of the page, tl-re foJ.J.owing in fo rma t ion  

i s  given:  

1. t h e  t i t l e  Tor this o u t p u t  grouping ( s p e c i f i e d  w i t h  a 

L'IT commarid, Sec t .  4.2); 

2 .  t h e  zve rage  s p e c i f i c  power (MW per  b a s i s  u n i t ) ,  burnup 

(IiWd per b a s i s  u n i t ) ,  and f l u x  (neuLrons ern-' sec-l), 
t h e  c a l c u l a t i o n  o €  whirh depends on Lhe 8UP command 

( S e c t .  4.14); 

3 .  the a g g r e g a t i o n  ( e  .g . ,  n u c l i d e  t a b l e ,  element surrrrnary 

t a b l e ,  e tc . )  and t a b l e  t y p e  (i.e-> r a d i o a c t l v i t y ,  c u r i e s ) ;  and 

the o u t p u t  grouping b a s i s  ( spec i  f i e d  wihh a 8A5 command, 

S e c t .  4 . 3 ) .  

If no real  s p e c i f i c  powes/burnup/flux in fo rma t ion  i s  a v a i l - a b l e ,  a l l  

pa rame te r s  are  s e t  t o  1 .0 .  

Relow t h e  o u t p u t  grouping b a s i s ,  and spanning t h e  e n t i r e  page, are 

t h e  v e c t o r  headings.  Un les s  a l t e r e d ,  t h e s e  head ings  w i . 1 1  b e  the  i . r r a d i a -  

t i o n  or  decay t i m e s  f o r  t:he v e c t o r .  Alphanumeric v e c t o r  headings can be 

i -nser ted  by usi-ng the RED corninand (Sec t .  4 - 7 ) .  

The remainder o f  t h e  o u t p u t  page i.s occupied by t h e  main body of 

the ORIGEN2 o u t p u t  i n fo rma t ion .  The lef tmost column l i s t s  the nucli.de 

( 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  the  cha rac -  

t e r i s t i c  ( i . e . ,  c u r i e s )  o f  t h a t  i s o t o p e  f o r  each  of t he  times o r  

cond i - t i ons  of each v e c t o r .  

A t  t h e  end of each a g g r e g a t i o n ,  v e c t o r  t o t a l s  are  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  are given a t  t h e  end of each 

t a b l e  type .  
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8.3 D e s c r i p t i o n  of Sample O R I G E N 2  O u t p u t  

T h i s  s e c t i o n  d e s c r i b e s  f i ve  d i f f e r e n t  t ypes  of sample ou tpu t  produced 

by QRLGEN?.: o u t p u t  on u n i t  6 ,  u n i t s  1 2  and 1 3 ,  u n i t  15 ,  u n i t  1 6 ,  and 

u n i t  7 .  S ince  t h e  ou tpu t  from some of t h e s e  u n i t s ,  p a r t i c u l a r l y  u n i t  6 ,  

can be ex t remely  voluminous,  on ly  r e p r e s e n t a t i v e  e x c e r p t s  have been 

inc luded  i n  some cases. A l l  ou tpu t  desc r ibed  i n  t h i s  s ec t io i i  w a s  produced 

by t h e  s a m p l e  i n p u t  deck desc r ibed  i n  Sect .  8.1. 

8 .3 .1  ORIGEN2 ou tpu t  on u n i t  6 
...c__I_____ 

The sample ORIGEN2 ou tpu t  p r i n t e d  on u n i t  6 is given  i n  Appendix B .  

There a r e  two p r i n c i p a l  t ypes  of ou tpu t  on unit: ti: r e a c t i v i t y  and burnup  

informat ion ,and  t h e  ORIGEN2 ou tpu t  grouping.  The ou tpu t  grouping,  i n  t u r n ,  

c o n s i s t s  of v a r i o u s  t a b l e  t y p e s  ( e . g . ,  wat ts ,  grams, et@.) f o r  each of 

t h e  n u c l i d e  segments ( a c t i v a t i o n  p roduc t s ,  a c t i n i d e s ,  and f i s s i o n  p r o d u c t s ) ,  

neu t ron  product ion  t ab l . e s ,  and photon producti .on tabl.es 

The sample r e a c t i v i t y  and burnup informat ion  i s  g iven  i n  Appendix 3.1, 

Table  B . I .  The f i r s t  seven of t h e  t e n  l i n e s  p r e s e n t  f o r  a11 of t h e  ou tpu t  

v e c t o r s  c o n t a i n  in fo rma t ion  p e r t i n e n t  t o  only  the ou tpu t  v e c t o r  t o  which 

i t  cor responds .  The l a s t  t h r e e  l i n e s  c o n t a i n  average  in fo rma t ion  f o r  t h e  

e n t i r e  ou tpu t .  The " S I Z E  OF KHA.X" i n fo rma t ion  te l ls  t h e  number of n u c l i d e s  

t h a t  have a g iven  number of a s s o c i a t e d  n u c l e a r  r e a c t i o n s  [ i . e . ,  MMAX(3) 

means t h a t  a n u c l i d e  has  t h r e e  r e a c t i o n s ] .  The in fo rma t i an  below t h e  NMAX 

d a t a  i n d i c a t e s  t h e  s i z e  of t h e  problem executed .  This  i n fo rma t ion  i s  

needed t.o v a r i a b l y  dimension QRIGEN2.  

Samples of  t h e  t.nb1e types  t h a t  are o u t p u t  f o r  each o f  t h e  n u c l i d e  
Because of segments arc  g iven  i n  Appendix B . 2 ,  Tables  B . 2  throtlgh 6 .5 .  

t h e  l e n g t h  of t h e  o u t p u t ,  o n l y  t h e  a c t i v a t i o n  product  r a d i o a c t i v i t y  t a b l e  

is inc luded .  T a b l e  B. 2 i.s the  act ivat i -on product  nucli .de r a d i o a c t i v i t y  

t a b l e  Eor t h e  long-term decay of  t h e  c l a d d i n g  w a s t e .  

t a i n s  t h e  c u r i e s  of t h e  r a d i o a c t i v e  n u c l i d e s  i n  iihe c l add ing  a s s o c i a t e d  

with 1 m e t r : i c  t on  of i .n i t ia1 heavy metal as a f u n c t i o n  of  decay t i m e .  

This  tab1.e i s  q u i t e  l o n g  because each of the 584 n u c l i d e s  i s  l i s t e d ,  

T h i s  t ab l e  con- 



r e g a r d l e s s  of whether  i t  i s  s i g n i f i c a n t .  Table  B . 3  i s  the  element  

aggrega t ion  cor responding  t o  t h e  n u c l i d e  a g g r e g a t i o n  i n  T a b l e  13.2. 

Again, a l l  e lements  are p r i n t e d ,  i r r e s p e c t i v e  of t h e i r  magnitude. 

Tab le  B . 4  i s  t h e  n u c l i d e  summary tab1.e aggrega t ion .  .[-rere, on1.y the  

most s i g n i - f i c a n t  n u c l i d e s  con ta ined  i n  T a b l e  B.  2 are 1 :i.s t e d .  

T a b l e  B. 5 g i v e s  t h e  element summary tab1.c: cor responding  t o  Tab1  e B. 4 .  

As is  e v i d e n t ,  the summary aggrega t ions  are cons ide rab ly  s h o r t e r  t han  

t h e  n u c l i d e  o r  e lement  a g g r e g a t i o n s .  However, t h e  summary aggrega t ions  

should  be used wi th  c a u t i o n  s i n c e  omission of a n u c l i d e  because t h e  

c u t o f f  f r a c t i o n  w a s  too h igh  could r e q u i r e  t h e  r e p e t f t i o n  o f  a l e n g t h y  

(and t h e r e f o r e  expens ive)  c.oinputer run .  

F i n a l l y ,  

Appendix B . 3  g i v e s  s a m p l e  neu t ron  p roduc t ion  ra te  tab l -es .  Table  B.6  

i s  t h e  neu t ron  p roduc t ion  r a t e  from (a lpha ,n )  r e a c t i o n s .  The neu t ron  

p roduc t ion  rates are g iven  by n u c l i d e  and i n  t o t o  f o r  t h e  composi t ion i n  

each v e c t o r .  

ra-tes are from spontane.ous f i s s i o n  even t s .  

o n l y  f o r  t h e  a c t i n i d e s  s i n c e  only these n u c l i d e s  e m i t  s i g n i f i c a n t  numbers 

of spontaneous neu t rons  o r  a l p h a  p a r t i c l e s .  I t  should be noted  t h a t  t h e s e  

tables  are summary t a b l e s  ( i . e . ,  on ly  t h e  most s i g n i f i c a n t  i s o t o p e s  are 

o u t p u t ) .  The neu t ron  product ion  ra te  t o t a l s  f o r  each t a b l e  and f o r  bo th  

tables t o g e t h e r  are g iven  f o r  t h e  t a b l e  as o u t p u t  and f o r  a l l  n u c l i d e s ,  

whether o u t p u t  o r  n o t ,  t o  e n s u r e  t h a t  no s i g n i f i c a n t  n u c l i d e s  were l e f t  

o u t .  

Table  B . 7  is i d e n t i c a l  excep t  t h a t  t h e  neut ron  p roduc t ion  

These t a b l e s  are produced 

Appendix B . 4  c o n t a i n s  t h e  sample photon p roduc t ion  ra te  o u t p u t .  

Table  B.8  i s  a n  example of t h e  photon summation t a b l e s ,  i n  t h i s  case f o r  

the f i s s i o n  p roduc t s  i n  h igh - l eve l  waste. 

g i v e s  t h e  photon p roduc t ion  ra te  i n  each o f  18 energy groups as a 

fuxlction of decay t i m e  i n  u n i t s  of  photons /sec .  

u n i t s  of photons /sec  and MeV/sec. 

thC: s p e c i f i c  energy release r a t e  f o r  each group as ii f u n c t i o n  of decay  

t i m e  i n  u n i t s  of M ~ V  (of gamma power) sec-1 [ w a t t  ( o f  r e a c t o r  power j l - l .  

Tot:als are  g iven  i n  u n i t s  o f  MeV sec-l wat : t - '  and (ganma) w a t t s .  A l l .  of 

t h e  u n i t s ,  except t h e  specif:i.c: energy reiease r a t e ,  are p e r  b a s i s  u n i t .  

The upper half of Table  B.8  

Totals are g iven  i n  

T h e  lower h a l f  of Table  B . 3  g i v e s  
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8.3 .2  O g E N 2  ou tpu t  -on un_its 1 2  a n d . - z  

ORIGFN2 o u t p u t s  t h e  iables  of con ten 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 J y .  

( u n i t  1 7 )  and C.2 (uniL 13). Thc h i e r a r c h i c a l  n a t u r e  of the  OKTGEN2 

o u t p u t  i s  e v i d e n t  i n  tbese i a b l p s  of c o n t e n t ,  pa rC icuJa r ly  Table  C . l .  It 

i s  hoped t h a i  t h e  use  of t h i s  o u t p u t  b y  O R i G E N 2  w i l l  g r e a t l y  a l l ev ia t e  

t h e  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 o u t p u t .  

These t a b l e s  of c o n t e n t  are given in Table C.1 

8.3.3 OKTGEN2 ou tpu t  011 u n i t  15 

The ou tpu t  on u n i t  1 6  i s  infor ina t ion  rc1.ated t o  t h e  changing of tlie 

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  inc luded  i n  O R I G E N 2 .  Sample o u t p u t  from 

u n i t  16 i s  g iven  in Appendix D. 

by l i n e a r  i n t e r p o l a t i o n  based on the a n t i c i p a t e d  burnup dur ing  t h e  nex t  

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 tpu t  on u n i t  I6 c o n t a i n s  parameters  

r e l a t e d  t o  the a n t i c i p a t e d  burnuy dur ing  the nex t  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 r o s s - s e c t i o n  interpolation. Then, a 

s m a l l  tab1.e is  ou tpu t  c o n t a i n i n g  s e v 2 r a l  pieces of i n fo rma t ion  f o r  each 

n u c l i d e  w i t h  a v a r i a b l e  c r o s s  s e c t i o n .  The p i e c e s  of i n fo rma t ion  i i l  t h i s  

table.  are as fo l lows :  

The v a r i a b l e  c r o s s  s e c t i o n s  are a l t e r e d  

1. 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 .  

2 .  X S E C  TYPE: 'Type oE c r o s s  s e c t i o n ;  1 = (n,gamma), 2 = (n,ganiiia) 

t o  an e x c i t e d  s ta te  of t h e  daugh te r ,  4 = ( n , f i s s i o n ) .  

3 .  T O C k P ( T ) ,  I=: I i s  t h e  l o c a t i o n  of t h e  c ross  s e c t i o n  i n  a r r a y  

TOCAP, which c o n t a i n s  the t o t a l  neu t ron  a b s o r p t i o n  c r o s s  s e c t i o n .  

T h i s  is  meaningless  f o r  f i s s i s n  cross s e c t i o n s .  

4 .  A ( N ) ,  N = N is the l o c a t i o n  of t he  r e a c t i o n  rate cor responding  

t o  t h e  c r o s s  s e c t i o n  be ing  v a r i e d  i n  t h e  m a t r i x  of r e a c t i o n  

rates (i.e., A ) .  

5. FP YIELD T N D I C  ARR: Number of  t h e  a r r a y  c o n t a i n i n g  tlie 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  a d j u s t e d  

when f i s s i o n  c r o s s  s e c t i o n s  are v a r i e d .  
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6 .  FISS(J ) :  

which contains a l l  fission cross sections. 

Location of the fission cross section in array FISS,  

7. A ( N ) :  Value of A(N) for the N in item 4 above; not meaningful 

for fission cross sections. 

8 .  TOCAP(1): Value of TOCAP(1) 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 F ISS(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 sequential, 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  ORIGENZ output on unit 15 

A sampie output containing debugging and internal information is 

given in Appendix E. This output, which is printed on unit 15, serves 

three principal functions. 

debugging situations, is t o  print a single line of information just 

before each command is executed. This output immediately indicates the 

command that w a s  being executed when the error occurred. 

also prints information concerning the number of each command type. With 

respect to this latter feature, it should be noted that, f o r  the purposes 

of counting the number of commands of a particular type, the IKP,  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 first function, which is useful in s o m e  

This  output 

The second function of the output on unit 15 is t o  provide selected 

internal information calculated by ORIGEN2. This type  of information 

is printed for the following commands: IRP ,  T R Y ,  KEQ, and FAC. The 

significance of the printed information is discussed below. 
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The in fo rma t ion  p r i n t e d  for b o t h  t h e  PKP and IRF commands i s  b a s i c a l l y  

t h e  sane .  Most of t h e  parameters  p r i n t e d  are i n t e r m e d i a t e  v a l u e s  used i n  

SUBROUTINE FLUXO t o  c a l c u l a t e  t h e  f l u x  when t h e  power i s  given,  o r  v ice  

vessa .  These v a l u e s  wi.1.1 no t  be desc r ibed  i n  d e t a i l ,  b u t  t h e  nomenclature  

i n  t h e  u n i t  15 ou tpu t  i s  t h e  same as t h a t  i n  FEUXO, so t h a t  t h e  i n t e r e s t e d  

u s e r  can r e a d i l y  perform t h e  f lux/poru.er c a l c u l a t i o n  wi th  a hand calcul.ator 

i f  r e q u i r e d .  The parameters  p r i n t e d  on u n i t  1 5  t h a t  .may be  of more g e n e r a l  

i n t e r e s t  are as fo l lows :  

TSEC: a b s o l u t e  t i m e  at t h e  end of the c u r r e n t  i r r a d i a t i o n  s l e e p ,  sec 

DELT: d u r a t i o n  of t h e  c u r r e n t  i r r a d i a t i o n  s t e p ,  sec 

EPF1,  EPF2, EPF3:  r ecove rab le  energy p e r  f i s s i o n  a s s o c i a t e d  wi th  

the. z e r o ,  f i r s t ,  and second Lime d e r i v a t i v e s  

used i n  t h e  f luxJpower c a l c u l a t i o n ,  MeVIfiss ion 

EPFAUG: average ,  r ecove rab le  energy p e r  f i s s i o n  f o r  t h i s  t i m e  

s t e p ,  MeV/fission 

FLUX: c a l c u l a t e d  o r  s p e c i f i e d  f l u x  f o r  t h e  i r r a d i a t i o n  s t e p ,  

neu t rons  sec-1 cm-7 

POWER: c a l c u l a t e d  o r  s p e c i f i e d  power f o r  t h e  i r r a d i a t i o n  s t e p ,  

MW p e r  b a s i s  u n i t  

This  t ype  of i n fo rma t ion  can b e  u s e f u l  as i n p u t  t o  a u x i l i a r y  hand cal-cula- 

t i o n s  o r  i n  f i n d i n g  e r r o r s  i n  some s i t u a t i o n s .  

The i n t e r n a l  i n fo rma t ion  p r i n t e d  f o r  t h e  KEQ command (command number 

52  i n  Appendix E) i s  r e l a t e d  t o  t h e  c a l c u l a t e d  neu t ron  product ion  and 

d e s t r u c t i o n  rates, t h e  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 s ,  and f r a c t i o n  o f  

t h e  a l l o c a t e d  material t h a t  i s  inc luded  i n  t h e  f i n a l  mix ture .  The 

parameters  are d e f i n e d  as fo l lows:  

NPROA, NPROB, NPROC: r e l a t i v e  neu t ron  product ion  rates of v e c t o r s  

NKEQ( 1 )  , NKEO ( 2 ) ,  and N K E Q  ( 3 )  r e s p e c t i v e l y  

( s e e  Sec t .  4.10) 

NDESA, NDESB, NDESC: r e l a t i v e  neu t ron  d e s t r u c t i o n  rates of  v e c t o r s  

NKEQ(l), NKEQ(Z), and NKEQ(3) r e s p e c t i v c l y  

IMFA, IMFR, IMFC: 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 s  (= NPROnJNDESn) 

of v e c t o r s  NKEQ(l), NKEQ(2>> and NKEQ(3) 

r e s p e c t i v e l y  
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FRC : (IMFB-IMFA) / (IMFA-IMFC) 

FRD : FRC”NDESB/NDESC 

The n e u t r o n  p roduc t ion  and d e s t r u c t i o n  rates are r e l a t i v e  because they 

have n o t  been m u l t i p l i e d  by  t h e  n e u t r o n  €lux.  

The i n t e r n a l  i n fo rma t ion  p r i n t e d  For t h e  FAG command i s  r e l a t i v e l y  

s imple  compared w i t h  tha t  f o r  the i r r a d i a t i o n  and KEQ commands. ‘The FAC 

o u t p u t  i n f o r m a t i o n  on u n i t  15 c o n s i s t s  of the v a l u e  of N F h C ( 1 )  on t h e  

FAC i n s t r u c t i o n  and t h e  v a l u e  of  FACTOR[NFAC(l)] ( s e e  S e c t .  4 . 4 ) .  

The t h i r d  f u n c t i o n  of u n i t  15 i s  t o  p rov ide  a mechani-sm f o r  p r i n t i n g  

i n t e r n a l  O R I G E N 2  e r r o r  messages. There are t h r e e  g e n e r a l  t ypes  of  e r r o r  

messages con ta ined  i n  O R I G E N 2 .  The f i r s t  i s  r e l a t e d  t o  t h e  s i z e  of t h e  

problem b e i n g  s p e c i f i e d .  l f  t h e  s p e c i f i c a t i o n  r e q u i r e s  a r r a y s  t h a t  exceed 

t h e  s i z e  of t h o s e  a r r a y s  a c t u a l l y  p r e s e n t ,  a n  e r r o r  iiiessage w i l l  be  o u t p u t  

i n d i c a t i n g  t h e  dimension exceeded. 

The second t y p e  of message i s  s imi l a r  t o  the f i r s t ,  except  i t  i s  

t h e  i n d i v i d u a l  command count  t h a t  is  chevked. That  i s ,  i f  t h e  number o f  

a p a r t i c u l a r  command a c t u a l l y  used exceeds t h e  a l l o w a b l e  number, as given 

i n  Sec t .  4 ,  a n  e r r o r  message w i l l  b e  p r i n t e d .  N e i t h e r  of t h e s e  two e r r o r  

t y p e s  will s t o p  program e x c c u t i o n .  

‘The t h i r d  t y p e  of e r r o r  i s  p r i n t e d  when t h e  command key word d e f i n i n g  

t h e  type  o f  conmiand does no t  match one O F  t h e  30 key words con ta ined  

i n t e r n a l l y  i n  O R I G E N 2 .  I n  t h i s  case, a message w i l l  b e  p r i n t e d  and 

program e x e c u t i o n  w i l l  be  t e rmina ted .  

8.3.5 O K Z G E N 2  o u t p u t  on u n i t  - 7 - _ _  

A l i s t i n g  o f  thcl sample OKIGCN2 o u t p u t  w r i t t e n  by u n i t  7 i s  g iven  

in Appendix F .  T h i s  o u t p u t  i s  gene ra t ed  by t h e  PCH commands i n  t h e  

s a m p l e  problem l i s t e d  i n  Appeodix A .  T h c  format of t h e  o u t p u t  w r i t t e n  

on u n i t  7 i s  t h e  same as t h e  ORIGEN2 i n p u t  furmat  f o r  s p e c i f y i n g  mater ia l  

rompos i t ions  ( sec  Sec t .  6 ) .  Note t h a t  t h e  composi t ions o f  f o u r  d i f f e r e n t  

materials are  l i s t e d  i n  Appendix F ( v i z . ,  f r e s h  uranium ox ide  f u e l ,  s p e n t  

uranium ox ide  f u e l ,  f r e s h  c l a d d i n g ,  and i r r a d i a t e d  cladding) .  Only t h e  

non-zero masses ( i n  g-atoms) are o u t p u t .  The PCH command a l s o  o u t p u t s  
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t h e  ave rage  burnup, Llux, and power a s s o c i a t e d  w i t h  each mater ia l  on 

t h e  t e r m i n a t i o n  c a r d  f o r  each m a t e r i a l  e These v a l u e s  are r e q u i r e d  

i f  t h e  composi t ions are t o  be  r ead  by ORTGEN2 on u n i t  4 ,  and are  

ignored i f  t h e  composi t ions arc read on u n i t  5 ( see  S e c t .  4 . 6 ) .  
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Appendix  A . l :  Sample ORZGEN2 I n p u t  Deck 

I -  

- -  
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T a b l e  A . l .  S a m p l e  O R I G E N E  i n p u t  d e c k  

1 // EXEC F O R T Q C L ; , e A R M . P C ~ T = q ~ ~ ~ ~ l ,  

3 // PARM.LnED=90VLY,LIST~PAP1, 
4 // FRSM.GO=' E U = - . d ,  DUMP=T 1 , 
5 // 9F'G 10N. GO-6Or)K 
6 / / P O R T . S Y S P N  DD * 
' C  
8 c C A S E  1 cnsE 1 CASE 1 C R S F  1 CASE 1 C U E  1 CASE I 
q c  

2 // REGIOV.FORT-bOOK, 

10 LOGICAL LOVG 
11 
12 $EOCP,NPUDPP 

INTE GEW*2 L O C A  I NO NO, KD , Lor,  NGP, Y G l ,  NG3, YYIE LD , Y Q V ? ,  V Q ,  Y Y  AX, K 4?, 

13 DOUBLE P R E C r S T O I  CItlP7FrCSUR 
14 DIPR'lSICN XIEW { 13,1676) , C O V I (  7,1656)  , N P X O D (  7 ,  1 6 7 0 ) ~  
15 CPlIAlC (1676) , K A P  (1676) 
1 6  D I N I J I S T C E N  STTFPA { 10,lO) , I S T U ' P I  10.03) ,IS( 10) ,RSTOTI  10)  
17 DINENSION R (6500) ,LOCA(5500)  ,WFUDPP 8 8 0 ,  3 )  
18 DIME PSI019 DB ( 4 )  ,EB 4 4) ,PR ( 8 )  

20 D I H E N S T O N  BLPHN ( 132) ,NLTCKhi( 732) ,WUCSFU( 132)  , V Y [  "123 .YY{ 1321, 
21 $PFSF ( 1321, PPW ( 132)  
22 COPlrIOl p ' JVN%C/ERR,  XDM (1) , I L P ' I B ,  PACT, IPP,ITDT,iLW 9 X , I ? i K A X ,  IFMAX, 
23 $ I T n B X , P Z ~ B L , b X B , Q X N , ~ ~ ~ X , ~ ~ ~ ~ ~ , ~  tiUEW,FFPBAV ( 4 )  , IPHMAP 
24 C O H M 6 1  / f l A I N 0 3 J t ? S % P , A N V O E ,  A 2 l E X P , N b B M P X ,  ICNMAX,IAP?InAX,I tTHAX 
25 C 9 7 6 6  WBFDS & R E  Y W E S S A P Y  PI /'WUDSCR/ B E G I Y N I Y G  WIT4 S 
20 C /# l iDSCR/  I S  USED P U R  I'ULTPEPLE PnXPOSES. 
27 C0HM9M /NODSCB/DUYI ( 7,1676) ,9U?l2 6,1676) , S ( 2 )  , C I f l N ( 1 6 7 6 )  , 
29 % CSUfl(1676) ,YONP (1676) ,NQ(1676),XP(1676) ,YO&R(l576j . X T E Y P ( l h 7 f i ) ,  
2 s  $ D(1676) ,AP (3500)  ,LOCP(35OO) ,C0h7G (1676) 
30 CDkPIOW #BIG/WOCL(l676) ,Q(1676) ,%(0004) ,TOCAP (1676) ,GB#NV 13) ) ,  
31 $&LPRRIV[(  132),SPONF( 132),SFNU( 132) ,FESS[ 132),SUCBB(16761, 
3 2  $ran~(l676).WYPC(lE76),XlSTnREI 10,1676)  ,DIS(1676) ,B(1676), 

10 DIKEUSION YIELD(33OO) , A Y I I * " L ? J [  890) ,yflULV [ 4,3) 

33 
34 $NSP (7900) ,GSR (79oop 

saerrsra( 450) .NONO (16761 , ~ 9 ( 1 f ; 7 6 )  ,Lnc qssooi , N G F ( ~ ~ ' ? ~ I  .868(1676) , 
35  C D S , B R ,  A N D  FR F'ROOLCE 4 CORVENfENT MFCWAATSPI F O R  I N I T I B E I Z I N G  V A R Y A B L E  
36 C YUZTliPtSER I I R R R Y  R H U k B .  
3 7  PQoIVkLENCE (DR(l),SIOEV ( I  , I )  1 ,  (ZR(1) .BflUIEt (1,2)), 
3 9  
3', EQUTVALEFICE ( D U N 1  (1,1),COEFF[1,1)),  (DOH2(1,1) , 3 ? p O D ~ l , 1 ) ) ,  
60 
r s ?  EQUXVALENCE (XP(l),ACPRN ( l ) ) ,  (ALPH&( 132) ,N~CAN( l ) )  .(WiaC&N( 132) , 
4 2  BNfJCSFU ( I ) ) ,  ( ! i O C S F O (  132)  ,VvY (1) ) , (WY( 132) , P r Y ( l )  1 ,  (3Y ( 1329 
43 $FPSP(l)),(PFSF( 132),YIELD(l) ) ,  ( l l E L D ( 3 3 0 0 )  ,YYZPID(l)) 
4 4  CALL Q105F (6) 
45 C T I I T H A L T Z E  PAGE COUNTER 
46 N P A G F = f P A G P  (0) 
6 7  LT= 1 0  
48 H X =  1 3  
a 9  LC= 7 

53 ILBXK= T O O  
51 I A P I B X =  132 
52 n ? ¶ a x =  990 
53 ITFLL!I= 1676 
54 I Z M A X -  5500 
55 IPHrq AX=7900 
56 IAPflAX-3500 
5-l n m n x = 3 m o  
5 8  alABlrlAX= 450 
59 ICN?4BX= 3 
60 IPD= 880 
6 1  LAM- 9 
6 2  C NEZTTRCWS P E R  NEOTBON-I?JDUCZD FISSION: O=THERNAL SPFCTROH; 1;=PAST SEPECTRUM 

$ (FR ( I ) ,  FqUOZV (1.3) ) 

B ( I O N C  (1)  , I H A X (  1) ) , (KAP (1) ,NQ ( I ) ) ,  (XIEB ( I  , I )  ,DUPgT ( 1 , l ) )  



119 

c 

T a b l e  A . l  ( c o n t i n u e d )  
6 3  N P T P = I  
64 W Y T F 4  
6 5  ": S 4 L L  SUBRQUTTNE TO REA9 CllRD I l ITpfS'T F R O 7  OHXT 5 ,  PRIYT IT 09 O N I T  6 ,  A N D  
66  C aRTTF TT ON nNIT 50. UNIT 50 I S  THYV REWOUND AND ORIGEWZ READS THE D A T A  
67 IT PRO% rlWTT 50. 
53  C3LL LISTTT 15,6,50) 
h '-4 R E W I N D  50 
70 C B A I N l  HANDLES TUE MTSCELLANEOITS T N I T T b t Z Z A T T O N  DATA 
71 1 CALL R A I N 1  ( IPITF,SE~U8ALPHM.QIDCAI , IUCSP~8WY,YY, .9N~UL,AUEXP)  
?2 r ?.%IN2 PPADS THF Q F I G E H 2  C O R R R I D S  

74 C 1 A T N 3  EXECUTES TV? O R I G E N Z  CQYERNDS 
75  3 C41L H A I N 3 (  
7.5 gi L O N G , S T T F P 3 , I S T O I I v X S , R S T O T I ,  IK, XX, LC.XFD, 
77 

7 0  

91 
a2 C THTS "GO TO" D R O V I O E S  THE flECHAWTSR FOR E X E C U T I N G  HrJLTIPLE PROBLENS WITHIN 
8 3  C A STNFLR JOE. 

e 5  4 CONTTNUP 
36 CALI. Q l 0 5 F f 6 )  
87  STOP 100 
8 R  END 
39 /" 
' ) O  //EKED, STEPCTB DD DSW=S YS1, VSPGN,DXSF-SBR 
9 1 //LRED - HEX D D  USN=CHEATZCB. ACCl a198 e 0 2 0 8 5 ,  DTSP=SMR 

7 3  2 CALL narwz(wsm) 

F NUCBB, NONO, KD, LOC .NGF, WGN, NGR, NYIELD ,NONP, tqQ,LOCP, M1Y AX ,RAP, 

BWUCL ,Q, FG,TOCA P, GEWNECI, A L P H A N ,  SPONP,  SFWU,FISS, ELHPC, OMPC, XSTORE, 

$ B LPH W , NUC %N, NU CS P 0, NP, Y Y , F PS P , P FA, A B UND, E! MU LV , L AM) 

7 8  P;ZOCA , IFODFP, crns,csnn, s, 
99 $DlS, B , G G R , I I B L D ,  R X P , X P U ? , X T E R P ,  D*AP,COEFP,NPROD, KWEW, 

9U 60 TO (1.2,3,Q)q?pSTP 

92 // 
0 3  //CKl?D. SYS IN DD D~SPrSBS,DSN=~HEnTECH. AGC14198.02QVLY 
94 //GO. PT07F00 1 D D  SPSOUT=B,  DCB= (RECF?l=P%.LRECL=YO, BLKSIZE=3520]  
95 /'/GO. F T 0 9 F O 0 1  DD DSH=CHEHTECH. A G C 1 4 1 9 8 .  DCCAY,DISP=SIiR 
46 /r' OD DSW=CHEMTESH. AGC 1 4 7 9 %  X P W R U , D I S P = S H R  
97 J/GO.FT 1 0 F O O l  DD DSN=CHEMTECH. AGC14 1 9 8 .  PHOTON, DISP=SH% 
98 //TO . F T 1  IF001 DD SYSOUT=A,DCB= (RECFH=VBA, L R E C L = 1 3 7 ,  RLKSXZI= 1100) 
V //GO.FT12FOOl CD SPSODT=A,dCB= (RECPA~V%~,LR~CL=137,SLKSfZE=1T00) 
PO0 //GO. FT 13P001 Dr) S Y S O U T = A ,  DCB= (RECFIJ=VBA L B E C L = 1 3 7 ,  BLKSIZE=l100) 
101 / / S O .  ET15F001 DD SYSOUT=A,DCB= ( R E C F M = V B A , t R E C L = 1 3 7 , B L K S I Z ~ = ~ l O O ~  
10 2 /JGO,PT I6FOOl DD S Y S O U T = A  ,DCB= ( R  ECFM=VBA, LRECf=137, BLKSIZE=I  1001 
103 / / W .  "T5OFO01 09 D S N E ~ E A G C , U N I T = S P S D A ,  
108 / J  Dee-. ( R E C F M = F S , L B E C L = R O , B ~ ~ S l Z ~ = ~ 2 0 ~ ~  ,SPACE= (3200, [50,50) . R U E )  
605 / / G O - Q T S  lPOOl DO SYSOOT=I ,  DC9= ( L l E C F ~ = V 5 X , L P E C L = l 3 7 , B L K S T Z E = l l O O )  
106 //GO.FI05F051 O D  * 
107 

DI? 01s Pz SHR, DSI=CH E ETEECB. Q 1 0 5F. DU14 3 YO 

108 
109 
110 
112 
112 
113 
1111 
115 
11s 
117 
118 
119 
120 
12 1 
322 
3 2 3  
1214 
125 
126 
127 
1 %R 

9 2  7 0.99 
94 1 0,994 
- 1  
5 1 0 . 1  
-1  
2 1 5  
-1 
9iis 
R D  R 
RD A 
BDA 
BDII 
RD A 
B D A  
R D B  
R Q A  
CWT 
LI F 
dPtl 
T,PU 
1, P IJ 
LPrg 

DIE METRTC TO1 OF PWRU FUEL 
- 1  = FRESH 1J FUEL UITH I B P U P I T I E S  (1 MT) 
-2 = FRESH ZIPCALOY COMPOSITION ( 1  KG) 
-3 = FRESH SS 304 C O H P O S I T I O N  ( 1  KG] 
-U zz FRESH SS 302 CQMPOSITKOI ( 1  KG) 
-5 = FRESH X N C O I E L  COUPOSITION ( 1  KG) 

WRRIIWC: VECTORS AQE OPTEN CHANGED WITH R E S P E C T  TO THEIR CONTENT. 

5 0.01 -1 
1 1 1  ADR 
380900 559370 -1 
010030 060140 - 1  
902320 -1 
385900 -1  

-6 = P m s n  BZCWBRAZE COMPOSITION 4 1  KG) 

THESE CHABGES W I L L  BE NOTED OH RDA CABDS. 
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129 
130 
12 1 
132 
133 
1 3 4  
135 
135 
137 
138 
13O 
140 
141 1 
102 
143 
144 
145  
I S 6  
1 41 
148 
1 e9 
150 
1s 1 
1s  2 
153 
15Y 
155 
156 
157 
158 
ISQ 
160 
16 1 
162 
163 
164 
16C 
166 
16 7 

16'4 
169 
170 

17 2 
173 
17U 
175 
176 
177 
178 
179 
180 
181 
192 
193 
184 
18 5 
186 
145 
188 
189 
190 
19 1 
192 
193 
19 ld. 

1 7 3  

LT B 
PWC 
OPTL 
TIT 
R D A  
I N P  
RD A 
IWP 
RDi3 
INP 
B D A  
IN€ 
R D A  
IU P 
TT T 
VOV 
f i E U  
BO F 
IPP 
I B P  
TR e 
TP P 
IEP 
T R D  
Ii?P 
i B F  
IF P 
I R P  
T R P  
BiJ P 
OPTL 
OPTW 
OPTP 
00 T 
R D  1 
R O Y  
RD A 
KEQ 
FZLC 
F9& 
TIT 
M O V  
A D D  
ADD 
A D D  
R E  C 
IB F 
I R Y  
TR F 
IR P 
IRF 
IR IF 
i B B  
IRF 
I R  F 
IR F 
IR F 
OUT 
P D A  
RDB 
rpOV 
UOV 
PC B 

PC B 
PC B 

PC m 

T a b l e  A . l  ( c o n t i n u e d )  

0 1 2 -3 - 2 O Y  - 2 0 5  -206 9 3 -2 1 1 
101 102 103  10 

INITIAL C O N P O S I T I O N S  OF U W X F  ilFIOUITS OF FUEL 8x8 STRUCT ?I.9TuLS 
R E h D  FUEL CCHPOSITION TICbODTWG I M P U R I T I E S  (1 000 K G )  
-1 1 - 1  - 1  1 1 
READ 'ZIRCALOP COYPOSITION (1.0 KG) 
-2 1 -1 -1 1 1 
R E A D  SS304 CCMPOSTTIOW (1.0 KG) 
- 3  1 -1  -1 1 1 
READ INCOBEL 71R COYPOSITPOH (1 .0 KG) 
-5 1 - 1  -1 1 1 
R E A D  ATCROBRALZE 50 C3k lPOSiTIOW (1.0 KG) 
- 6  1 - 1  -1 1 1 
I R R B D I A T I O B  OF ONE BETRIC TOR OF PWRU PUZL 
-1 1 0 1.0 
1 CHARGE 

- 1  24*8 

26.7 37.500 1 2 4 2 E N D  OF TBES STEP-?,OOO PfWD/PITIHR 
66.7 37.500 2 3 1) 0 E N D  O F  TITIS STEP=2,500 HWD/MTIHB 

133.3 37.500 3 Y 4 0 END OF T H I S  STEP-5,000 EWD/aTIHE 
256.7 37.500 4 5 I! 0 END OF THIS STEP=10,000 IWD/LSTIYM 
400.0 37.500 5 6 I( 0 END OF TBIS STgP=l5,000 i\lUD/HTIHS 
YlbO.0 37.500 6 7 4 0 EWD OF T H I S  STE?=lb,SOO EWD/HTIRM 
5 3 3 - 3  37.500 7 8 4 0 END OF T H I S  STEF'=20,000 HWD/MTIYH 
666.7 37.500 9 9 4 0 EBD OF THIS STEP=25,000 flWDa/aTIflH 
733.3 37.500 9 10 9 0 ERD OF TBIS STW=27,500 MIB/?¶TIBH 
800.0 37.500 10 1 1  Y 0 END OF TIIIS STEP=30,000 HWD/i\lT'IRPY 
880.0 37.500 11 12  9 0 E N D  OF THIS  STEP=33,000 MUD/NTIHFI 

8 8 8 B 7 8 1 8 8 8 8 8 9 8 8 8 8 8 8 8 R 8 9 8  
8 8 8 8 7 8 B 8 8 8 8 8 8 8 8 8 8 8 8 R 8 8 8 8  
8 8 8 8 9 a 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 ~  
12 1 - 1  0 RDR 
-10 = I R R A D S I T E D  U FUEL b T  DISCHARGE 
12 -10 0 4.0 
THESE I N S T R U C T I O N S  A P E  HERE ONLY TO DEROBSTB&TE THEIR USE 
10 12 1 2 3 -1.0 
1 1 12 4 0.0 
I F R A D T A T I O N  OF ZI!?CALOY+ TN'COIEL i N I C R O B R A Z E  50 AT 100% FLUX 
I A B A D I B T T O N  OF ZIRCALOYo I N C O N E L  + N I C R O B R A Z E  5 0  AT 100% FLUX 
-2 1 o 223.0 m:'Rcai.oY 
-5 1 0 12.8 IWCOlFL 
-6 1 0 2 - 6  N I C R O B R A Z E  50 
-3 1 0 9.94 ss 304 
1 CHkRCE 
26.7 -1.0 1 2 4 Is W D  OF TEXS STEP 1#,000 f l W D / W ' I H f l  
66-7 -1.0 2 3 4 0 END OF THIS STEP = 2 # 5 0 0  % H D / B T I H H  
133.3 -1.0 3 4 4 0 EHD OF T H I S  STEP = 5o000 ~ ~ ~ D / ~ T ~ H ~  
266-7  -1.0 4 5 4 0 END OF THIS STEP = 10,000 aWD/HTIHN 
400.0 -1.0 5 5 4 0 END OF TifHS SZEP = 95,000 AWD/3TIBX 
440.0 -1.0 6 7 4 0 END O F  THIS STEP = 16.500 BWD/UTIHW. 
533.3 -1.0 7 8 4 0 EWD OP THiS  STEP = 20.000 flUD/HTIHH 
666.7 -1.0 8 9 4 0 END OF THIS STEP 25,000 IYWD/HTPBPI 
733.3 -1.0 9 1 0  4 0 END OP THIS STEP = 27,500 MWID/RTIHR 
800.0 -1.0 10 11 B 0 E N D  OF THIS STEP 30,000 BUD/f lTIHf l  
880.0 -1.0 11 12 I( 0 EWB OF THIS STEP = 33,000 ~ ~ ~ ~ M ~ X ~ ~  
12 1 -1 0 ADW 
- 2  = PRUSB ZIRCALOT, LRCOAEL, A N D  N I C R O S R h Z E  
-9  = I R R R D I L T E D  ZTBCALOY, INCDHEL,  AND EIICBUERAZE 
1 -2 0 1.0 
12 -9 0 1.0 
-1 -1  -1 
-10 -10 -10 
-2 -2  -2 
- 9  -9  -9 
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T a b l e  A . l  (continued) 

J 

195 
196 
19 7 
199 
l? 9 
206 
20 1 
202 
20 3 
20 U 
20 I; 
206 
207 
209 
204 
2 10 
21 1 
2 12 
213 
21 Q 
215 
216 
217 
s 19 
219 
220 
221 
222 
223 
224 
225 
i 26 
2 27 
220 
229 
230 
23 1 
232 
233 
234 
235 
236 
237 
23 R 
239 
240 
24 1 
24 2 
243 
i l r U  
295 
266 
247 
248  
249 
2 50 
25 1 
252 
253 
254 
255 
256 
257 
25 8 
259 
26 0 

ST P 2 
2 
4 
4 
4 
4 
4 
4 
4 
4 
0 
4 
4 
0 
4 
4 
5 
0 
4 
4 
4 
0 
4 
4 
4 
4 
0 
4 
4 
4 
4 
0 
BAS 
CUT 
t 3 :  P 
LP U 
LIB 
PBO 
BO V 
R D  R 
REA 
DEC 
PRO 
PRO 
PB c 
PRO 
BAS 
R D A  
TIT 
HO V 
H E C  
DEC 
DEC 
DEC 
DEC 
DZC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
RD A 

922340 290.0 922350 32000.0 922380 967710.0 
030000 1.0 050000 1.0 
080000 134454.0 090000 10.7 
130000 16.7 140000 12.1 
200000 2.0 220000 1.0 
250000 1-7 260000 18.0 
290000 1-0 300000 YO.? 
U80000 25.0 490000 2.0 
740000 2.0 820000 1-0 

UOOOOO 979-11 500000 16,O 
280000 0.02 130000 0.024 
060000 0.120 270000 0.010 
010000 0.013 250000 0.020 
160000 0.035 220000 0,020 
920000 0.0002 0 0.0 

260000 688.45 240000 190.0 
060000 0.8 150000 0.U5 
070000 1.3 270000 0.8 

260000 190.0 240000 190.0 
060000 0.4 270000 4.7 
420000 30.0 070000 1.3 
140000 2.0 220000 8.0 

260000 0.47 240000 149.5 
130000 0 - 1  050000 0.05 
250000 0-1 070000 0.066 
160000 0.1 140000 0.51 

DUE RETRIC TON OF IWITXlL 
-1 
0 0 0  
380900 551370 -1 
0 1 2 - 3  0 0 0 9 3 0 I 1 
101 102 103 10 
-9 -8 0 1.0 

060000 89.4 
110000 15.0 
150000 35.0 
230000 3.0 
270000 1.0 
U%OOOO 10.0 
500000 4.0 
836000 0.4 

260000 2.25 
350000 0,00033 
290000 0.020 
070000 0.080 
7410000 0.020 

280000 90.0 
160000 0 . 3  
0 0-0 

2810000 525.0 
290000 1.0 
410000 55.53 
0 0.0 

250000 743.4 
060000 0.1 
080000 0.43 
220000 0.1 

A E A VY HETA L 

0 0.0 
Of0000 
120000 
170000 
240000 
280000 
470000 
640000 
0 

FUEL RCTINIDES 
25.0 PUE1 IRPUR 
2-0 FUEL IRPOII 
5.3 P0EL f M P U B  
Q.0 FUEL 1 H P U R  
24.0 POEL INPUB 
0 - 1  FUEL I H P O B  
2.5 F0Et  IFlPOR 
0.0 FUEL THPOR 

240000 1-25 ZTRC-4  
480000 0.00025 Z I R C - 4  
720000 0.078 ZIRC-4 
080000 0 ,950  Z I R C - 9  

ZltRC-4 

250000 20.0 55-304 
1~0000 10.0 SS-300. 

SS-304 

230000 0.020 zmc-(I 

130000 6.0 INC-718 
250000 2.0 IWC-718 

IU C-7 18 140000 0.01 
LBTC-7 18 

400000 0.1 WICB-50 
IICR-50 270000 0-38 

150000 103.1  NICR-50 
~ u o o o o  0.1 I T C R - 5 0  

*** R E P R O C E S S I # G  NODlJLE +**********************************+*****~****** 
160.0 -10 1 4 4 
1 -9 12 -3 CSLCULRTE 0.05% OF FUEL 
1 10 -5 -2 SEPARilLTE V O L A T I E E S  A l l D  PUT 313 -5 
10 tl -2 -1 PUT BLW TI -1 
4 -4 -3 -8 PUT IJ IN -4 AND PU IN - 3  
ONE TONNE OF IUITIILL HEAVY BETAL AT A REPROCESSING TIME OF 160 DAYS 

FUEL rs REPROCESSED AT THE TISE SPECIFIED QR TBE NEXT C A R D  

*** RLW DECAY EODuLE ********~***************+***+***s********************** 

DECAY OF RIGI-LEVEL PWR-U WASTE; BURUOP=33,000 YYD/UTIHY 
-2  1 0 1.0 

0 - 5  1 3 5 4 
1.0 3 4 5 0 
3.0 4 2 5 0 
10.0 2 3 5 0 
30.0 3 4 5 0 
100.0 u 5 5 0 
300.0 5 6 5 0 
1-0  6 7 7 0 
3 .0  7 I3 7 0 
10.0 8 9 7 0 
30.0 9 10 7 0 
100.0 10 11 7 0 
300.0 1 1  -4 7 0 
1.0 -4 12 8 0 
OPT CARDS HERE 

1 * HLU 
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T a b l e  A . l  ( c o n t i n u e d )  

261 OPTE 8 8 8 8 2 8 1 8  8 8 8 8 B 8 8 8 8 8 8 8 8 8 8 B 

263 OP’IF 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 OUT -12 1 -1 0 RDB 
265 OUT 12 1 -1 0 1DR 
266 RDA *** STRWCTIJRhI MATERIAL DECRY HODOLE *******k*++*+*S***+****+********* 
267 TIT DECAY OF P I 3  STRUCTURAL MATEBILL WASTE: 33,000 MWD/HTRM 

269 R D A  F U E L  TS R E P R O C E S S E D  RT THE TIME S P E C I P T E D  O N  T E E  NEXT CARD 
270 DEC 160.0 3 1 4 4 
2’1 ADD -9 1 0 1.0 
272 NED 1 SM+O.OSX P 
is 3 DEC 0.5 1 3 5 4 
214 DEC 1.0 3 4 5 0 
275 DEC 3.0 4 2 5 0 
27’6 DEC 10.0 2 3 5 0 
277 DEC 30.0 3 4 5 0 
27R DEC 100.0 4 5 5 0 
27’9 DEC 300.0 5 6 5 0 
280 DEC 1.0 6 7 7 0 

282 DEC 10.0 8 9 7 0 
293 DEC 30.0 9 10 7 0 
284 DEC 100.0 10 11 7 0 
285 DEC 300.0 11 -4 7 0 
286 DEC 1.0 -4 12 8 0 
297  O U T  1 2  1 -1 0 
288 OWT - 1 2  1 - 1  0 
289 END 
i90 /* 
291 //GO.FT03P001 DD * 
2 9 2  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 2 5 . 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 
43’ 2 1  060140 0 - 0 1  5*0.0 -1.0 
298 4’1 902320 3.0 0,081 0.0001 0.02 0.0 0.0 -1.0 

262 O P T A  a 8 8 8 R EI rj 8 8 a a a 8 8 8 a 8 8 s a  8 s 8 8 

269 1 O V  -a 3 o 1.0 

2 R 1  DEC 3.0 7 a 7 o 

2 9 9  61 380900 0.08 w 0 . 0  1.0 
300 6 1  0.001 o.oou 0 .1  0.02 0.019 0.08 0.006 0.006 
301 070150 060140 1 . 5 2 - 0 4  N 1 4 F ( N 0 D  P L U S  N01P)C14 C R O S S  S E C T I O N  
302 080160 060140 2.OE-08 016 (N,HE3)C14 C R O S S  S E C T I O N  
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 . l  0.1 
305 3 551370 5 25.0 0.0 0.0 0.0 0.0 0.0 0.0 
306 3 551370 0.0 0.1 0.0 1.0 1.0 
t07 /* 
208 // 

ADR 
ADR 

IHCOOZP STOP 0 



1 2  3 

Appendix A.2:  OR'LGEN2 Overlay Structure 
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T a b l e  A . 2 .  O R I G E N Z  O V E R L A Y  s t a t e m e n t s  
I N C L U D E  HEX 

ENTRY M A I N  
I N S P R T  R A I N  

OVE6LAY A 
I N S E R T  L I S T T T  

I N S E R T  N A I N 3  
O V E B L A Y  n 

OVERLAY C 
I N S E R T  N A I N I  
OVERLAY C 
I N S E R T  f 5 A I N 2  

OVERLAY F 
I N S E R T  X S E C O l  
OVERLAY P 
I N S E R T  KSECO2 
OVERLAY P 
I NS ERT XS ECO 3 
OVERLAY P 
I N S E R T  XSECO4 
OVERLAY P 
I N S E R T  XSEC05 

INSERT X S E C 0 6  
OVERLAY P 
T N S E R T  X S E C 0 7  
OVERLAY P 
INSERT X S E C O B  
OVERLAY P 
I N S E R T  X S E C 0 9  
OVERLAY P 
I N S E R T  XS E C l O  
OVERLAY P 
I N S E R T  X S E C l l  
OVERLAY P 
I NS ERT XS E C 1 2  
OVERLAY P 
I N S E R T  X S E C 1 3  
OVERLAY P 
I N S E R T  X S E C l U  
OVERLAY P 
I N S E R T  X S E C 1 5  
OVERLAY P 
I N S E R T  X S E C 1 6  
OVERLAY P 
I NS ERT XS E C 1 7  
OVERLAY P 

OVERLAY P 
I N S E R T  X S E C 1 9  
OVERLAY P 
I N S E R T  XSECZO 

o v E a L x Y  P 

INSERT xszcia 

OVERLAY C 
I N S E R T  ADDHOV 
OVERLAY C 
I N S E R T  NUDOC 
OVERLAY C 
I N S E R T  NODAT7 ,DECHFD 
OVERLAY C 
I N S E R T  N U D A T 2 , S I G R E D  
OVERLAY C 
I N S E R T  N U D L T 3 , A N S P  
OVERLAY C 
I N S E R T  P H O L I B  

O V P R L A Y  a 
I N S E R T  T E R R D  

OVERLRY D 
I N S E R T  PZUKO,DECAP,PWDGE 
O V E R L I Y  D 
I N S E R T  T E R f l , F l A T R E X , E Q O 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  OWT2 

OVERLAY B 
I N S E R T  GANHA 
OVERLAY B 
I N S E R T  WDTRON 



APPENDIX B: SAMPLE OF OK'IGEN2 OUTPUT GTCOUPlNG (OUTPUT U N I T  6)  
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Appendix B . l :  Reactivity and Burnup Information 

4 

e 



T a b l e  B . 1 .  S a m p l e  O R I G E N Z  r e a c t i v i t y  a n d  b i i r n u p  i n f o r m a t i o n  

OUTPUT U N I T  = 6 

I R R R D P I T I O H  OF ONE METRIC TON OF PWRE FUEL 
FOOfdFR= 3.750COE 0 7 M B .  B O R N U P =  3.30000E O 4 l f W D .  PLcIX= 3 . 2 0 E  IUS/C!l+*2-SEC 

CtiARGE 

T I M E ,  S 2 C  0.0 
N E U T .  FLUX 0.0 
SP POH,F!W 0.0 
3i lFNUT,F!WC 0.3 
K I N F I N I T Y  0.0 
NEDT PRODN G.3 
NEOT DESTN 0.0 
TOT B U R N U P  0.0 
A V G  N FLUX 0.0 
A Y G  SP €'OR C.0 

BASIS= 

27. D 

2.31E 06 
2.893 10 
3.753 07 
1.00E 0 3  
'8,357dO 

1.0015 04  
7.402 03 
3.302 o u  
3 . 2 U E  ?!I 
3.753 01 

R E A C T I V I T Y  A N D  B U R N U P  DATA 
ONE E E T R I C  TON OP D W R O  FUEL 

67. D 133. D 267. D 400. D 

5.763 06 
2.89E '14 
3 . 7 5 2  07 
1.502 0 3  
1.33617 

1.0YE 0 4  
J . 5 6 E  0 3  
3.302 0 8  
3.2bE t U  
3.752 01  

3 . 1 5 E  07 2.303 07 
2.902 'I4 2.95E 7 4  
3.753 01 3.753 01 
2.533 03 5.039 0 3  
4.30318 7.22935 

4 . O l E  0% 9.87E 0 3  
7 . 7 5 2  03 8.03'2 03 
3.30E 04 3.30B OU 
3.243 IO 3.2UE ?ir 
3.752 04 3.75E 0': 

3.463 07 
3.052 14 
3.752 07 
5.003 0: 

1. 16477 
9 .483  C3 
8.143 0 3  
3.303 64 
3.24E 14 
5.75E 09 

U40. D 

3.80E 07 
3 .162  I $  
3.75E 01 
1 .503  03 

7. 4 5465 
9.342 03 
8.0932 03 
3.30E ou 
3.21bE 14 
3.75F 0 1  

533. D 

4.64E 0 7  
3.262 1 U 
3.7515 01 
3.50E 03 

4 . 1 1 Q S B  
9.03E 0 3  
8.102 0 3  
3.30E 04 
3.242 3 b  
3.753 01 

667. D 

5.76E 07 
3.laOE 9 i l  
3.952 07 
5.03E 6 3  
1.05376 
8,583 03 
B . 1 7 E  03 
3.3032 OLi 
3.2432 lib 
3.753 07 

733. D 

6.3s)E 07 
3.54E 1 4  
3.752 01  
2.50E 03 

4.03349 
8.343 0 3  
8.072 03 
3.30E O b  
3.2415 44 
3.752 G l  

P K G E  91 

800.-  D 

6.972 07 
3.64E II; 
3.74E 0.1 
4.533 0 3  
1.31075 

8,13Z 03 
8.OUE 03  
3.30E 04 
3.242 l u  
3.753 01  

880. D 

7.60E 07 
3 . 7 8 3  I 4  
3 . 7 5 E  01  
3.00E 0 3  

0.98805 
7 .902  0 3  
8.033 03 
3.303 04 
3.24E 'le 
3.75& 01 

SIZE O F  3nRX41): nn%X= 7 #= 8 4 8  BI I IAX= 2 d= 437 ?IMAX= 3 #= 146 ENAX= U P =  52 BE A X =  5 *= 108 f i R A X =  6 55 
P,?IAX= 7 # =  1 1  MNAP= 8 (I= 3 E N A X =  9 #= 0 ! l M A X = 1 0  #= 0 B P . A X = I ' l  R =  0 ?l?lAX=72 4= 0 

T R E  NUMBER O F  IION-ZERO TERES I N  A=6374 
THE N U M B E R  CP NON-ZERO PISSIDN P B O D U C T  P7EtDS=3242 
I L ? T E =  58U 1 4 C T =  1 2 9  IFP= 85E ITOT= 167 1 
T H E  NCMBER OP 3OEI-ZERO 3ATURAL ABUNDAMCES= U 3 i l  
T i i I  NUMBER 0 5  NON-ZEYO P H O M N  YIELDS= 4725 
T E E  E t X I E U H  l C t l B S ?  OF TEEHS IN *E'= 3358 

N 
W 
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Appendix B . 2 :  Sample O R I G E N 2  Ou tpu t  Tables f o r  Activation Products 



0'0 
0'0 
0'0 
0'0 
0 '0 
0 '0 
0'0 
0 '0 
0'0 
0'0 
0'0 
C -0 
0'0 
0'0 
0 '0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0 'e 
0'0 
0'0 
0'0 
0'0 
0'0 
0 '0 
0'0 
0'0 
0'0 
c 'C 
O'C 
O'C 
0'0 
0'0 
0 '0 
0'0 
0-0 

80-8ZEh'l 
0'0 
c - 0 
c - I? .. 
0'0 
0'0 
0 -0 
0 '0 
0'0 
0'0 
0-0 
0 '0 
0 '0 

0 '0 0 '0 
0'0 0 '0 
C'G 0 '0 
0 -I? 0 '0 
0 '0 c '0 
O'C 0 '0 

0'0 0 '0 
0 -0 0 '0 
0'0 0 '0 
0'0 0 '0 
C'O 0 '0 
c '0 0 'C 
0 'C 0 '0 
0 'C c '0 
0'0 0 '0 
0'0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
C -0 0 '0 
0'0 0 'C 
0 'C 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0'0 0 '0 
0'0 0 '0 
O'Q 0 '0 
0 '0 0 '0 
0'0 0 '0 
0 '0 0 '0 

90-2otIz-s ZO-aL6ti-z 
0 '0 0 'C 
0 '0 0 '0 
0'0 0 '0 
0 '0 0 '0 
0'0 0 '0 
0 '0 0 '5 

80-8911'Z 80-ZiEL'Z 
0'0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0 '0 0 'C 
0'0 0 '0 
0 '0 0 '0 
0 '0 c '0 
0'0 0 '0 
0'0 0 '0 
0 -0 c '0 
0'0 0 '0 
0 '0 0 '0 

0'0 o -0 

0'0 0 '0 0 '0 
0'0 0 '0 c '0 
0'0 0 '0 0 '0 
0'0 0 '0 0 '0 
G '0 0 '0 0 '0 
0 '0 0 '0 0 '0 
0 '0 0 '0 0 '0 
0 -0 0 -0 0 '0 
0'0 0 '0 0'0 
0 '0 0 '0 0'0 
0'0 0 '0 0 '0 
0 '0 e -0 0 'e 
0'0 0 '0 0 '0 
Q '0 0 '0 0'0 
0 '0 0 '0 0 '0 
0 '0 0 '(I 0 '0 
5'0 0 '0 0 '0 
0 '0 0'0 0 '0 
0'0 0 '0 0 '0 
0 'C 0 '0 0'0 
0 '0 c '0 0 '0 
0 '0 0 '0 0 '0 
C '0 c '0 c '0 
0 '0 0 '0 0 '0 
C'Q 3 '0 0 '0 
5 'C 0'0 0 '0 
0'0 0 '0 0 '0 
0 '0 0'0 0 -0 
0 '0 0'0 0 '0 
0'0 0 '0 0'0 
0 '0 0 '0 0 '0 
0 '0 0 '0 0 '0 

I0-3LOB'Z LC-3LbS.9 LO-86Ef '8 
0 '0 0 '0 C '0 
0'0 0 '0 0 '0 
I: '0 0 '0 0'0 
0 '0 0 '0 0 '0 
0 '0 0'0 0 '0 
0 '0 0 '0 0 '0 

80-XQOZ'Z 80-8902'2 $0-380Z.Z 
0 '0 0'0 0 '0 
0 '0 0 '0 0 '0 
0 '0 0 '0 O'C 
0 '0 0'0 0 'C 
0 '0 0 'Q 0 'C 
c -0 0 '0 0.0 
0 '0 0 '0 0 '0 
0 '0 0 '0 0 '0 
0 '0 0 '0 0 '0 
0'0 0'0 92-BOLC'S 
0 '0 0 '0 0'0 
0 '0 0 '0 0'0 

0 '0 0'0 
9 '0 0 'C 
0 '0 0 'r, 
0 '0 0 '0 
0 '0 0'0 
0-0 0 '0 
0'0 0 '0 
0 '0 0 '0 
0'0 0 '0 
0 '0 0 '0 
0'0 0'0 
0 '0 0 '0 
0'0 O'C 
0'0 0 'C 
0'0 0 '0 
0'0 c '0 
0 '0 0 '0 
0'0 0 '0 
0'0 0 '0 
0'0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0'0 0 '0 
0'0 0 '0 
0'0 c-0 
0 '0 0 '0 
0-0 0 '0 
0'0 0 '0 
0 '0 0 '0 
0'0 0'0 
0'0 0 '0 
C'O 0 '0 

L O-Z9&0 - 6 L 0 -Z66 Z '6 
0'0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0'0 0 '0 
0'0 0 '0 
0'0 0'0 

60 -3 602 '2 8 0 -36 0 Z 'Z 
0 '0 0'0 
0'0 0 '0 
0'0 0 '0 
c '0 0 '0 
0'0 0 '0 
0 '0 0 '0 
0'0 0 '0 
0'0 0 '0 
0 '0 0'0 

60-XE ZZ '9 h O-3ZL9 'R 
0 '0 0 'C 
0'0 0 '0 

0 '0 0 '0 
0 '0 0 '0 
0 'C 0'0 
0 '0 9-c 
C 'C 0 '0 
0 '0 0 '0 
0 '0 0'0 
0 '0 0 '0 
0 '0 0-0 
0 '0 0'0 
0 '0 0 '0 
0 '0 0 'I) 
c. '0 0 'C 
0 '0 O'C 
0 '0 0'0 
0 '0 0'0 
0 '0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0 '0 0'0 
0 '0 0 '0 
0 '0 O'C 
0 '0 0 'C 
0 '0 0 '0 
c 'C 0 '0 
0 '0 0'0 
0 '0 0 '0 
0 '0 0 '0 
0 '0 0'0 
0 '0 0'0 
0'0 0 '0 

L 0-EOOf '6 
0 '0 0 '0 
0 '0 0'0 
0 '0 0 '0 
0 '0 0'0 
0 '0 0 'I) 
0 '0 0 '0 

80-8602 'Z 80-3602 'Z 
0 '0 0 '0 
0 '0 0 '0 
0 '0 C'O 
0 '0 0 '0 
a -a O'C 
0 '0 0 'C 
0 '0 0 'C 
0 '0 0 '0 
0'0 0 '0 

LO-39L.E-2 20-3EOf 'L 
0 '0 0 '0 
0 '0 0 '0 

10-38 LF '6 

0'0 3'0 
0'0 0'0 
C'O 0'3 

6'0 0'0 
C'0 C'G 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0-0 C'O 
0'9 0'0 
0-0 0'2 
0'0 0-2 
C'C C'0 
0-0 2 '0 
0'0 C'C 
0'0 0-3 
0'0 0'0 
0'0 0'0 
0'0 3'0 
0'0 3-0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0 '0 3'0 

L 0 -8 65 h '6 t 0 -a Z b tl' 5 
0'0 0-0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 3'0 

80 -3 602 * Z 
0'0 0'0 
0'0 0'0 
0'0 C'O 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 

tO-iIZ8O'L 60-3082'1 
0'0 0'0 
0'0 0'0 

0'0 0-3 

80 -8 60Z 'Z 

OE IS 
62 IS 
82 IS 
OE TQ 
62 
82 18 
LZ IB 
8Z 38 
LZ 3w 
9z 3E 
sz 311 
hZ 3w 
52 88 

:I* z B N 
hZ Pi3 
EL \rx 
zz rx 
E2 Zd 
zz 3h 
LZ Xfi 
02 IN 
02 J 
6L J 
5L 3 
9L 3 
LL 3 
91 3 
9L ii 
St N 
hb K 
EL tk 
SL 3 
bb 3 
EL 3 
ZL 3 
Zt 2 
1.i E: 
OL !l 
Ll 18 
01 IB 

8 iK 

L 1': 
9 1': 
9 2H 
9 3H 
F ZH 
hH 
EY 
ZH 
bH 

6 €a 

8 r7 



T a b l e  8 . 2  ( c o n t i n u e d )  

OUTPUT ORIT = 6 PF.GE 35 
DECAY OF EHR STROCTURAL BATERIBL WASTE: 33,000 NWD/MTAM ACTIVATION PRO DOC TS 

POPER= 1.00000E OOMP, BURNUP= 1.OOOOOE OOBWO. FLUX= 1.00E OON/CM**2-SEC 

N U C L I D E  TAELB: EADIOACTIVI'IY, CURIES 
ONE TONNE OF I N I T I A L  H E A V Y  HETRL AT A REPROCESSING TINE OF 160 CAYS 

9ktO.05X F 3, YR 10. YR 30. YR 100, YR 300. YR 1. K X  3. K Y  10. KY 30. KY 100. KY 1. BY 

S I  3 1  

F 3 1  
I: 3 2  
P 33 
E 34  
s 32 
s 33 
s 3 4  
s 3 5  
5 36 
S 37 

CI 35  
C L  36 
c z  37  
Cl 38 
CI 38M 
A I I  3 6  
nr 37 

A E  39 
A 6  4 0  
AS 4 1  
A R  4 2  
K 3 9  
v. 40  
R 4 1  
K 42 
K 4 3  
K 4 4  

CA 40 
CA 4 1  
CA 4 2  
CA 4 3  
CA 44  
CA 45  
CA 4 6  
CA 47 
CA 4 8  
CB 4 9  
5 c  4 5  
Sf 4 6  
S C  46R 
sc 47 
sc 4 8  
sc  4 9  
S C  50  
T I  46  
T I  47  
T I  4 8  
T I  49 
TI 50 

s r  32  

A R  3 8  

0.0 0.0 0.0 0.0 
2.482E-08 2.4742-08 2.456E- 08 2.404E-08 
0.0 0.0 0.0 0.0 
3.EC3E-01 2.4743-08 2.4563-08 2.4043-08 
3.9661-05 2.5333-18 0.0 0.0 
0 .o 0.0 0.0 0.0 
C.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
c .o 0.0 0.0 0.0 
5.479E-CT 9.8183-05 1.762E-13 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
6 . 0 2 0 ~ 0 6  6.020E-06 6.0208-06 6.020E-06 
C.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
c.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
2.E34F-06 1.006E-15 
0.0 0.0 
l.BG5E-08 1.592E-08 
0 - 0  0.0 
0.0 0 .0  
4.OS7E- 17 3.  E 472- 1 7  
0 -0 0.0 
2.346E- 1 3  2 - 3%E- 13 
0.0 0.0 
4.097E- 17 3 84?E- 17 
C - 0  0.0  
0 .o 0.0 
0.0 0.0 
9.051E-OS 9.05lE-08 
0.0 0.0 
0.0 0.0 
C .O 0.0 
1.849E-03 1.749E-05 
0.0 0.0 
9.6SlE-16 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.16 0 E-0 1 
0.0 0.0 
6.671E-15 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 .o 0 .o 
0.0 0.0 
0.0 0.0 
0.0 0.0 

1 - 308E- 05 

.. . 
0.0 0.0 
0.0 0.0 
1.564E-08 1.405E-0% 
0.0 0,O 
0.0 0.0 
3.321E-17 2.162E-17 
0.0 0.0 
2.34673-13 2.3463-33 
0.0 0.0 
3.321E-17 2.182E-17 
0.0 0.0 
0.0 0.0 
0.0 0.0 
9.051E-C8 4.049E-08 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.310E-10 1.061E-23 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
8.805E-15 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 
2.2 3 1 E- 0 E 1.8 0 3E-08 
0.0 0.0 
2.2 3 1 E- 0 8 1 I 80 3E-08 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
6.019E-06 6.0161-06 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0  
1.24GE-0 8 7.407E-09 
0.0 0.0 
0.0 0.0 
5.0152-18 7.5592-20 
0.0 0.0 
2-345E-13 2.3462-23 
0.0 0.0 
5.0 1 5 E -  1 E 7.559E-20 
0.0 0.0 
0.0 0.0 
0.0 0.0 
9.044E-08 9.0283-08 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0 . 3  
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 
8.545E-09 1.0133-09 5.802E-13 3,171E-22 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
8.5461-09 1.013E-09 5.8033-13 3.171E-22 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.3 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
6.00EE-06 5.979E-06 5.883E-06 5.6183-06 4 . 7 3 2 3 - 0 6  6.019E-07 
0.0 0.0 0.0 0.0 0.0 3 . 3  
0.0 0.0 0.0 3.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
1.2ZOE-09 7.057E-'12 7.035E-39 0.0 0.0 0.0 
0.0 0.0 0.0 3.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
3.11 ?E-26 1.773E-44 0.0 0.0 0.0 0.0 
0.0 o *  0 0.0 0.0 0.0 0.0 
2.346E-13 2.346E- 1 3  2 . 3 4 6 3 - 1 3  2 . 3 4 6 ~ 1 3  2.3463-1 3 2 . 3 4 5 2 - 1 3  
0.0 0.0 0.0 0.0 0.0 0.0 
3.112E-26 1.7733-44 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 3.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0-  0 0.0 0.0 0.0 
0.0 0.0 0. 0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0. 0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.3 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0 - 0  0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

8.wm-08 ~ . 8 2 2 ~ - a 8  8 . 3 0 9 ~ - 0 8  7.0023-08 3 . 8 ~ 7 ~ - 0 8  i . n a ~ - i i  
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0.0 0.0 0.0 0.0 
0.0 0.0 0.3 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.3 0.0 
0.0 0.0 0.0 0. 0 
0.0 a. 0 0.0 0.9 
0.0 0.0 0.3 3 . 3  
0.0 0.0 0.0 0.0 



T a b l e  8 . 2  ( c o n t i n u e d )  
OUTPUT UNIT = 6 PAGE U 1  

DPCAT OE PUR STRUCTURAL MATERTAL WASTE: 33 ,000  FfWD/MTH8 ACTIVATICH PRODUCTS 
EC)UE?= 1.00000E OOBW, BURBUP= 1.00003E OOMWD, P L U X S  1.OOE 00N/CP1**2-SEC 

NUCLIDE TABLE: RADIOBCIIVI4Y, CURIES 
O S E  TCRNE CB INITIAL H E A V Y  BETAL AT A REPROCESSING T I n E  OF 160 DAYS 

SMt0.05X F 3 .  Y R  10. YE 30. PR (00. PR 300. YR 7 .  KY 3. K Y  10. RP 30. R Y  103. K Y  1. f i Y  

SHl2C 
SN121 
SN121N 
SN122 
SN123 
Sti1233 
51124 
SX125 
Sf11257 
SE121 
SE122 
SB122H 
S E I 2 3  
S E l i 4  
SE124M 
S E l i S  
SE126 
S E l26X 
TE120 
TE121 
TP121p1 
T E  122 
TE123 
TE 1231 
TE124 
TE125 
TE1259 
TE126 
TE127 
T E 127X 
TEl28  
TE129 
TE129M 
TE130 
TE131 
TE137K 

I 1 2 5  
I 1 2 6  
I 1 2 7  
1128 
1129 
1 1 3 0  
1130M 
1131  
1132  

3E124 
I F 1 2 5  
XE1253 
XE126 
XE127 
XE127K 
XE128 

O"0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5.7485-01 5.514E-01 5.004E-01 3.791E-01 1.4361-01 8.961E-03 5.44CE-07 4.87113-19 0.0 0.0 0.0 
c .a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.920E 02 3.968E-01 4.365E-07 4.123E-24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 - 0  0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
c.0 0.0 0.0 0-0 0.3 0.0 0 .0  0.0 0.0 0.0 0.0 
2.2932-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
C.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O " 0  0.0 0.0 
6.4691-16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 a. o 0.0 0.0 3.0 0 - 0  
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.576E 00 9.863E-06 1.616E-18 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 
c - 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 . 4 ~ 8 ~  03 6.833E 0 2  1 . 1 8 5 ~  02  7.951E-01 1.9622-08 0.0 0.0 0.0 0.0 0.0 0.0 
6 .79OI -03  1.667E-29 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
C.0 0.0 0.0 0. a 0.0 0.0 0.0 3.0 0. 0 0.0 0 * 2  
2.877E- 13 ( 1 . 3 6 0 ~  13  4. 36 1 E- 13 4-36 IS- 13 4.3 6 1E- 1 3  4.36 IE- 13 4.36 1E-13 4.361 E- 13 4.36 1E- 13 (1.36 1E- 13 4.36 1E- 1 3 
1.173~ 00 2.05m-a3  7.6zii+io 3.2152-28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
c.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 a. 0 0.0 0.0 o * o  0.0 0.3 0.0 
3.4Q3E 02 1.668E 0 2  2.89213 O f  1.940E-01 7.7883-09 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 9.0 0.0 
9.113E-03 8.582E-06 7.4612-13 5.002E-33 0.0 0.0 0.0 0.3 0.0 0.0 0.0 
9-3C3E-03 8.761E-06 7.6373-13 5.1071-33 0.5  0.0 0.0 0.0 0.0 a. 0 0.0 
0 .0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 
5,4561-10 8 .3 t lE -20  0.0 0.0 0.0 0 "  0 0,o 0.0 0.0 0.0 0.0 
8.381E-10 1.277B-19 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 
c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 
0.C 0.0 0.0 0. r) 0.0 0.0 0.0 0 - 0  0.0 0.0 0.0 
0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
c.0 0.0 0.0 0.0 0.0 0.0 0 - 0  0.0 0.3 0.0 0.0 
c.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 
1.6 52 E- 14 1.6 52E- 1 9 1.6 5 2  E- 1 il 1.6 52E- 1 4  1.6 523- 1 4  1 - 65 25- f 4 1.65 2E-14 1.6523- 1 4  1.652E-I U 1.6 5 OE- 1 4  'f.645E- 1 4  
c.0 0.c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 
0.0 0.0 0.0 0 - 0  0.0 0.0 0.0 0 .0  0 - 0  0.0 0. rJ 
3.267B-18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
e - 0  0 - 0  0.0 3.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 5.0 0.0 0.0 0.0 0.0 0"  0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 
6.0 0.0 0.0 0 . 3  0.0 0.0 0.0 0.0 0.0 3.0 0.0 
0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 . 5  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0" 0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 - 0  
0.0 
0.0 
0.0 
0.1) 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
Ir. 3612-23 
0.0 
3.0 
0.3 
0.0 
0.0 
0 - 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 

0.0 
0.0 
0.0 
1.58'lE-14 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0. 0 



0'0 
0'0 
0'0 
O'C 
0 '0 
0'0 
0'0 
0 '0 
0'0 
0'0 
0 '0 
0 '0 
0 '0 
G'O 
0-0 
0'0 
0'0 
0'0 

0'0 
0 '0 
0 '0 
0'0 
0'0 
0 '0 
0'0 
0'0 
0 '0 
0'0 
0'0 
0'0 
0'0 
0 '0 
0 '0 
0 '0 
0'0 
0'0 

0 '0 
0 '0 
c '0 
0 '0 
0 '0 
O'C 
0 '0 

0 '0 
0-0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 

a -0 

0 '0 c '0 Q '0 0 'C 0 '0 0 '0 0'0 0 '0 0-0 0'0 E9-a8hZ'Z 9s-ISOE'L 
0'0 0 '0 0 '0 0 '0 0'0 0'5 0'0 0 'C 0 '0 0 '0 0 '0 0 '0 
0'0 0'0 0 '0 0-0 0 '0 0 '0 0 '0 0 '0 0 -0 0 -0 0'0 0'0 
0 '0 0 -97 0 '0 0 '0 0 '0 0'0 0'0 0 '0 a -0 0'0 0'0 0'3 
c-0 0'0 Q '0 0 '0 0 '0 c '0 0'0 0 '0 I2 '0 0 '0 0'0 0'0 
0'0 0'0 0 '0 0 '0 0 '0 0 '0 0'0 0 '0 c '0 0 '0 0'0 8'3 
0'0 0 'C c '0 0'0 C '0 0 '0 0 '0 0 -0 Q '0 0-0 0'0 0'0 
0 '0 0'0 c. '0 O'C 0 'C 0 '0 0 '0 0 '0 0 '0 C'O 0'0 0'0 
0 -0 0 '0 a -0 0 '0 0-0 c. '0 0'0 0 '0 0'0 0 '0 0 '0 0'9 
0'0 0-0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0'5 LS-I95F'b 
0'0 0 '0 c '0 0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0'0 0'4 
0'0 0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 c '0 0'0 0'0 
0'0 0'0 0 '0 0 '0 0 '0 c '0 0'0 0 '0 0 '0 0'0 0'0 0'0 
0'0 0 '0 0 '0 0-0 0 'D 0 '0 0'0 0 '0 0 '0 0'0 6'0 0'0 
0'0 0'0 0 '0 0'0 0 '0 0 '0 0'0 0 '0 0 '0 0 '0 Q'U LS-2S8L'F 
0'0 0'0 o -0 0'0 0 '0 0 '0 0'0 0 '0 Q'O 0 '0 0 '0 0'3 
c -t? 0 'C 0 'C 0 '0 0 '0 a '0 0 '0 c '0 0 '0 O'E! a-0 0'0 
0'0 0'0 0 '0 C'C 19-S865'6 O$-X3Zb'L EE-806b-b EE-XO6L'L EE-ZO6t 'b EE-ZC6L'b EC-IBSL 'i EE-3C61-1 

0'0 0'0 0 '0 0 '0 0'C c '0 0 '0 o *a c '0 0'0 90-XELh'E Et-Z0LZ-S 
0'0 0'0 0 'C 0 -a 0'0 C'C 0 '0 c '0 C '0 0 'C 0'0 0'3 

0-0 0'0 0 '0 0-0 0 '0 0 '0 0'0 0 '0 0 '0 0 '0 0-0 0'0 
0'0 0'0 0 '0 0 '0 c '0 o -a 0-0 0 '0 0 '0 0-0 0'0 0'3 
0'0 0 '0 0 '0 0 '0 0 '0 0-0 0 '0 0-0 o -e 0'0 0'0 0'0 
0'0 0'0 0 '0 0 '0 a '0 0 '0 c '0 0'0 0 '0 0'0 0'0 0'3 
0'0 0 '0 0 'C r: 'C 0 'C 0 '0 0 '0 0'0 0 '0 0'0 0'0 O'D 
0 '0 0 '0 0 '0 0'0 O'C I: '0 0 '0 c '0 0 '0 0 '0 0'0 0'3 
0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 c '0 0 -0 0'0 O'C 0'0 
0'0 0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0 -0 0 '0 C'O 0-9 C'O 
0'0 0 '0 0 '0 0 '0 C'O 0 '0 o -a 0 'C 0 -0 0 '0 0'0 3'3 
0'0 0 '0 0 -0 0'0 09-ZSLO'L Otl-XO61'L EE-38SZ-L EE-EBSZ'L EE-PBSZ'L CE-BRSZ'L EE-3852'1 EE-a8SZ'I 
0 '0 0'0 0 '0 0'0 0 '0 0 '0 0'0 0 '0 0 -0 0-0 Ch-3EOb'Z Zt-Zt3L'E 

€2-BOSO'I EZ-ZLLE'I CZ-390it'l CZ-ZSLB'L €2-88bB-L CZ-3Bbb'L EZ-38bh-L Et-aSb tl'L CZ-Zk3be'L tZ-38bB't EZ-XOLtr'b EZ-a[86tr'L 
0'0 0'0 0 '0 0 '0 0 'C 0 -0 0 '0 0 '0 0'0 
0'0 0 '0 0 '0 0'0 CE-3b61'L OZ-3E96-L LL-BZ9Z-L 4E-FiSZE'L. 91-LLB9'E 

0'0 0'0 0 '0 
0'0 0'0 3-0 
0'0 0'0 0'0 
c 'C O'C O'C 
0 '0 0'0 0'0 
0 '0 0'0 0'0 
0'0 0-0 0'0 
0 '0 0'0 0'3 

0 '0 0'0 ZZ-3LL.b-L 
0'0 0'0 0'5 
0'0 Zb-BOhb'8 fil-Xl9R'h 
0 '0 0'0 0'0 
0 '0 0'0 0'0 
0 '0 0'0 ti-ZELb'h 
0 '0 0'0 C'O 

0 '0 0'0 C 'Q C'C I: '0 0 '0 0 '0 0 '0 0 '0 0 '0 0'0 o-a 

0 '0 0'0 0'0 0 '0 0 '0 0 '0 0 '0 r? '0 0 '0 0 '0 0'0 a-o 

0'0 0'0 0-0 

0'0 
c '0 
0 '0 
0 '0 
0'0 
0'0 
0'0 
0 '0 
0 '0 
0 '0 
0 '0 
0'0 
0 '0 
0 'C 
0 '0 
0 '0 

0 '0 
0 '0 
0 '0 
0'0 
0'0 
0 '0 
0 '0 
0 '0 
0 '0 
0'0 
0 '0 
0'0 
0 '0 
c '0 
0 '0 
0 '0 

0 '0 
0 '0 
0 '0 
C'C 
c '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
0 '0 
c '0 

0 '0 
0 '0 
0 '0 

0-0 

0'0 
O'C 
C '0 
0 '0 
0 '0 
0'0 
0'0 
0 '0 
0 '0 
0'0 
0'0 
0'0 
0 'Q 
0'0 
0'0 
0'0 

a -0 0'0 
0'0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0 '0 0 'C 
0 '0 0 '0 
0 '0 0'0 
0 '0 0 '0 
0 '0 0 '0 
0 '0 0 '0 
0 'C 0 '0 
0 '0 0 'e 
0 '0 c '0 
0 '0 0 '0 
0 'c. 0 '0 
0 '0 0 '0 

01 IX 'E AX 'b 86 'OOE 



T a b l e  8 . 2  ( c o n t i n u e d )  

DECAY O E  PRB STRUCTURAL B A T E R I A L  AAS'PE: 33.000 K%D/!ITBK 
OFTPUT UNIT = 6 PAGE 43 

ACTIVATIGN PRODUCTS 
F 9 q E R =  1 . O O O C O E  OOflP, BURNUP= 

NUCLIDE TABLE: 
0 NE 

S I W O . O ~ %  F 3. YR 

C E l 4 2  
CE143 
CE144 
CE145 
PR141 
PI; 142  
PP142M 
PP143 
PR144 
PR145 
NE142 
NE143 
RE144 
R E 1 4 5  
RE146 
BE147 
NU148 
N C 149 
NE150 
R E 1 5 1  
p a 1 4 5  
PB11)7 

PP148* 
PrllY9 

P n i w  

pn150  
p n i 5 1  

s n 1 4 4  
?'9152 

s11145 
S B 146 
S N 147 
SE148 
St149 
S1150 
S t 1 5 1  
SL152 
Si-$53 
SR153 
Sm155 
E0151 
F U l f 2  
EL1152K 
Ell153 
E11154 
E0155 
Ell156 
GC152 
GC15t 
CC154 
G015SH 
G C  155 

0.0 0.0 0.0 
0.0 0.0 0.0 
1.6122-29 1.6123-29 1.6 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
1.2022-27 5.796E-52 0.0 

1.00000E OOMWD; PLrJX=' 1.OOE OON/CH**Z-SEC 

BADIOACTIVITY, C U R I E S  
ONIJE OF INITIAL f f E A V , I  METAL AT A REPROCESSING TIME OF 160 DAYS 
0. Y R  30. Y R  100. Y R  300. YR 1. R Y  3. K Y  10. XY 30. K Y  100. K Y  1. MY 

0.0 0.0 
0.0 0.0 

22-29 2.961E-37 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 -  0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.593P-29 1.593B-29 1.5933-29 2.926E-37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.368E-23 3.5563-53 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
8.19UE-20 3.8642-20 1.136E-20-7.883E-21-7.3202-29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7.323E-23 3.2C62-28 I.40OE-4'P 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
1.21813-21 5.7633-27 1.328E-45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.d 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 - 0  
0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0" 0 
0.0 0.0 0.0 0.0 0.0 0 - 0  0.0 0.0 0.0 0 ,  0 0.0 3 . 0  
0 .c 0.0 0.0 0.0 0.0 3.0 0.0 0 -0  0.0 0.0 0.0 0.3 
0 .Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3.584E-45 3.585E-45 3.585E-45 9.493E-45 9.4933-45 9.493S-QS 9,493E-QS 9.4932-45 9.493E-45 9.492E-45 q.493E-45 9.493E-45 

8.033E-31 1.865E-30 2.534E-30 3.0052-30 2.812E-30 2.8123-30 2,812e-30 2.812E-30 2.8t2E-30 2.812E-30 2.832E-33 ?.8123-30 
3.OC5E-33 3.287E-33 3.9433-33 5.819B-33 1.138E-32 3.1143-32 9.679E-32 2.844E-31 9.4092-31 2.819E-30 9.382E-30 9.3792-29 
9 -961E-28 9.9613-28 9 - 9 6  IE-28  9.9612-28 9.96 1E-28 9.96 113-28 9 . 9 6  1E-28 9.96 1E-28 9.96 ?E-28 9.96 13-28 9 I 96 1E-28 9.96 1E-28 

4.806L-12 4.6962-12 4.45OE-12 3.9153-12 2.2252-12 4.7683-13 2.178E-15 4.447E-22 0.0 0.0 0 - 0  0 - 0  
0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 3.0 0.0 0.0 O,G 
0.0 0.0 0.0 0.0 0.0 0 - 0  0 * 0  3.0 0 - 0  0.0 0 - 3  0.0 

0 -0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 - 0  0.0 
7.483E- 1 4  6.  U22E- 14 4.4952- 1 4  1.6221- 1 4  4.578E- 1 6  1.7 1 &E-20 5.299E-36 0.0 0.0 0.0 0.0 0.0 
0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0" 0 0.0 
~ . O ' P ~ B - O ~  8.454E-05 & . ~ o F E - o ~  9.5932-06 3.3703-08 3.3653-15 0.0 0.0 0.0 0.0 0.0 0.0 
5.869E-05 3.859E-05 1.451E-05 8.862E-07 4.393E-11 3.6152-23 0.0 0.0 0.0 0.0 0.0 0.0 
1.224E-06 2.320B-28 0.0 0. a 0.0 0.0 0 . 0  0.0 0.0 0.0 0,o 0.0 
1.083E-18 1.0838-18 1.083E-18 1.083E-18 1.0833-18 1.083E-18 1.083E-18 1.083E-38 1.083F-18 1.083E-IS 1.083Fl-qE 1.083E-18 
9.892E-C4 4.267E-05 2.818E-08 2.3103-17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 
0 .o 0.0 0.0 0.0 0.0 0.0 0.0 a. o 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 3 = 3 
0 .O 0.0 0.0 0.0 0.0 0.0 0-0 0.0 0.0 0.0 0.0 0 -  3 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 - 0  0.0 

0.0 0.0  5.0 0.5 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0. e 
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DECAY OE P U R  STB'JCTURAI. R A T B R I A L  W A S T E :  33 ,000  B F ' D / R T H N  B C T I V A T I C N  F R S D U C T S  
Ti'rlEP= 1.OGOOOE OOMP, BURHOP= 1.03000E OONWD. ?LOX= ?.DOE 30N/CH**Z-SEt  

G C 1 5 6  
G D 1 5 7  
GD158 
GD159 
G C 1 6 0  
GC161 
GC162 
TE157 
? E  154 
T E 1 6 0  
T E l t l  
TE162 
D Y 1 5 6  
DY 157 
DY 158 
D Y  1 5 9  
D Y  160  
3 Y 1 6 3  
SY162 
DP163 
DY164 
DY165 
DY4651 
DI155 
H 0 7 6 3  
HC165 
110766 
E O l 6 6 f l  
E6762 
ER153 
Ef i164  
EA165 
ER766 
E 5 4 6 7  
ZE167B 
Z E 7 6 8  
FEY69 
E E l 7 0  
E6771 
BE172 
'TI9769 
Til170 
TN170E 
T X 1 7 7  
TN172 

YE168 
Y1'169 
Y E 1 7 0  
YE171 
YE172 
Y E 7 7 3  

~8'173 

N U C L I D E  TaeLE: R A D T O A C T X V I T Y ,  CDRISS 
O N E  T O N E E  OF I N X T I A L  H E A V Y  AETAL AT A REPROCESSING T I Y E  O F  '160 D A Y S  

SMtO.05X 'F 3. Y R  10. Y R  30. YR 100. Y R  300. YF 1. K Y  3. Y Y  10. 

0 -0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0 .0  0.0 0.0 0.0 3.0 0 .0  
0.0 0. 0 0.0 0.0 3.0 0.0 
0.c 0.0 0.0 0.0 0.0 0.0 
0.c 0.0 0.0 0.0 0.0 0.0 
0.C 0.0 0. 0 0.0 0.0 0.3 
0.0 0.0 0.0 0.0 0.0 0.0 
1.72(11-33 6.727E-08 1.071E-18 0.0 0.0 0.0 
6.Q39E-10 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.c 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 3.0 0.0  
0.0 0.0 3.0 0.0 3.0 0.0 
0.C 0.0 0.0 0.0 0.0 0.0 
0.C 0.0 0.0 0.0 0 . 3  0.0 
0.C 0.0 0 - 0  0.0 0.0 0.0 
0.0 0.0 0.3 0.0 0.3  0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0 - 0  0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0 .0  
0.0 0.0 0.0 0.0 0.0 0.0 
2.031E-2C1 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 3.0 0.0 0.0 0.0 
0 - 0  0.0 0.0 0.0 0.0 0.0 
2.S87E-20 0.0 0.0 0.0 0.3 0.0 
3.312E-09 1.3Y0E-09 4.3053-09 1.290E-09 1.239E-09 ri.13ciE 
c.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0 - 0  0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.3 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0. 0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.0 0.0 
6.6092-115 0.0 0.0 0.0 0.3 0.0 
0.0 0.3 0.0 0.0 0.0 0.0 
C.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
1.742E-10 4.658E-13 4.817E-79 3.835E-36 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
2.842E-92 9.6212-13 7.5852-34 5.6232-17 5.9562-28 0.0 
1.1369E-24 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 3.0 0.0 0.0 0.0 0.0 
0.0 0.3 0.0 0.0 0.0 5.0 
0.0 0.0 0.0 0.0 9.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0. 0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0. a 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0. 0 0 .0  
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0  0.0 0.0 
0.0 0.0 0.0 
0. Q 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

.09  7.365E-7G 2.3208-10 U.070E- 
0.0 0.0 3.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.3  
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 3.0 0.0 
0.0 0.0 0 - 0  
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0 .0  0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 0.0 

K Y  30. K Y  100. 

0.0 0.0 
0.0 0.0 
0.0 0.0 
3.0 0.0 
3.0 0.0 
3.0 0.0 
0.0 0.0 
0.0 O . G  
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.0 0.0 
5.0 0.0 
3.0 0.0 
0.0 0.0 
0.3 0.0 
0.3 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3 .0  0.0 
0.0 0.0 

- 4 2  3.913%-77 4.039E- 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0. 0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.3 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

KY 1. HY 

0.0 
0.0 
0.0 
0.0 
3.3 
3 . 3  
0.3 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
3 . 0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.  3 
3 . 3  
0.0 

. 3 4  0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . :I 
0.3 
c.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4 

P 
0 
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T a b l e  0 . 3  ( c o n t i n u e d )  
OiJTPWT 3 N I T  = 6 PAGE 4 9  

DECAY OI FWR STRUCTURAL BATERIlL WASTE: 33.000 flWD/MTHII ACTIVATIOEl  PRODUCTS 
P O K E R -  I.000OOE OOnb!, BURNUP= 4.00000E OOflIlli). FLUX= 1,00E 008/CH**2-SEC 

ILERBNT TABLE: R A D I O A C T I V I T Y ,  CURIES 
O B 3  TOlNE OF I R I T I A L  HEAVY NETAL AT A REPROCESSING T I a E  OF 160 D A Y S  

SM+O.O5X Y 3. P R  10. YR 30. PR 100. Y R  300. YR 1. R Y  3. K Y  10. RY 30. K Y  100. KY 1. MY 

HO 
EB 
TR 
YE 
LU 
HF 
TA 

il 
BE 
0 5  
I8 
P I  
A U  
T L  
P E  
B I  
PO 
PC'IAL 

1.31 2 E- 09 1.3 10E- 0 9  
6.809E-14 0.0 
1 . 7 4 0 E  10 1.628E- 12  
3.6CBE-20 0.0 
3.539E-03 2.6351-05 
4.195E 01 6.4362-05 
1.371E 01 1.8563-05 
6.436E 00 9.410E-04 
3.322E-01 5.880E-06 
S.7C6E-06 2.9762-1 1 
6.664E-04 2.9222-08 

2.266E-29 0.0 
8.5S6E- 12  8.5963- 12  
S.130E-13 9,1303-13 
5.987 E- 12 9.9 8 1 E- 1 2 
1 .0463-05  4.3322-08 
(1.667E 04 8.7772 03 

i.545e-118 I . ~ E - O B  

1.3053-09 1.2902-09 1.2392-09 1.1045-09 7.3652-10 2.3203-10 4.070E-12 3.9138-17 1.079X-34 0.0 
0.0 c. c 0.0 0.0 c. 0 0.0 0.0 0.0 0.0 0.0 
7.6861-111 5.6232-17 5.954E-28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.120E-10 2.6753-11 2 . 6 7 9 -  1 1  2.675E-11 2.6752-1 1 2,675E-11 2.6752-11 2,6753-11 2.6753-1 1 2.6752-1 1 
'4.166E-07 4.166~2-07 4.166E-07 4.1662-07 4.3653-07 b.165E-07 4.1623-07 4.156E-C7 4.134E-07 3.857E-07 
9.203E-07 U. 1663-07 4.1663-07 4 . 1 6 6 ~ 0 7  4.1652-07 4 .  1653-07 4. ?62E-07 4.?56E-07 4.139E-07 3,857E-07 
3.111E-10 2.2192-28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  
1.398X-08 1.398E-08 1.398E-08 1.3483-08 1.398E-08 1.3982-08 1.3983-08 1.3983-08 1,3983-08 1.398E-08 
1.325E-11 1.3153-12 4.045E-16 3.7383-26 0.0 0.0 0.0 0.0 0.0 0.0 
5.1843-09 4-8833-09  3.991E-09 2,2453-09 2.9992-10 9.5403-13 7.7223-21 0.0 0.0 0.0 
1.5233-08 1.4823-08 1.345E-08 1.019E-08 3.8513-09 2.413E-10 1.473E-14 1.340%-26 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  
8.5963-12 8.595E-12 8.S95E-I2 8.5953-12 8.5942-12 8.590E-12 8.5763-12 8.536B-12 8.3992-12 6.8222-12 
9.1303-13 9.13013-13 9.13OE-13 9.7303-13 9.13CE-13 9.1293-13 9.128E-13 9.124E-13 9.109E-13 8.9212-13 
9.9813-12 9.981E-12 9.9813-32 9.980E-12 9.5773-12 9.968E-12 9.936E-12 9.847E-12 9.552E-12 7.0553-32 
1.5383- 1 3  3.452E- 1 4  3.4523- 1 4 3 . 4 5 2 ~  1 Q  3.45 1E-14 3 - 4 5  DE- 14  3.44 0E- 14 3.42 BE- 1 4  3.37 3E-1 U 2 78 OE-? 4 
3.0552 0 3  6.7032 02 3.1633 0 2  7 .5981 0 1  7.8022: 00 7.096E 00 6.1693 00 4.704B 00 2.446E 00 1.5783-01 



T a b l e  8.4. S a m p l e  O R I G E N Z  s u m m a r y  n u c l i d e  r a d i o a c t i v i t y  t a b l e  

D O T P D T  3NIT = 6 
D E C A Y  !J$ PWII STRUCTURAL K A T E R S A L  WASTE: 33,000 MWD/ETI-IM ACTIVATICS PROSIJCTS 

WUER= 1.000GOE 301161. BORNUP= ’ i . f i O O 0 O E  30KW3, FLUX= 1.00E 03FI/CM**2-SEC 

P A t i E  50  

c 1 4  
CS 51 
14N 54 
FE 5 5  
co 5 8  
cc  6 0  
111 59 
N I  6 3  
Z R  9 2  
ZR 95  
N E  9 %  
N E  94 
U E  95 
V E  953 
6 0  9 3  
S h l l 3  
S N 1 1 9 M  
SN723 
S E I 2 5  
TE125M 
SUFTCT 

TCTAL 

5 3 K 4 B R Y  TABLE: S A D I O A C T I Y I T Y ,  CZRHIES 
O N E  TONXE OF I A I T I A L  H E A p Y  METAL AT A REPROCSSSINF TTVE OF 463 D A Y S  

Sfit0.053 F 3. Y R  10, PR 30,  1 3  100. YR 3 0 0 ,  Y R  4 .  K Y  3. K Y  10. KY 30.  K Y  100. K Y  4 .  M Y  

Y.412E-07 9.408E-01 9.4008-01 9.378E-63 9.299E-01 9.0763-04 8.339E-01 6.547E-07 2.R07E-01 2.Y97E-02 5.240E-06 0.0 
€.23EE 02 7.7722-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5.8Ci3E 01  5.9862 00 2.073E-02 1.504E-09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 
16-@31-P C3 2.17’iE 0 3  3.3596 0 2  7.6263 09 f .278E-38 0.0 0.0 0.0 0.0 0. 0 0.0 3.0 
1 . 4 3 8 ~  03 3 . 1 4 3 ~ - 0 2  4.1942-13 0.3 0. c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7.2216E 03 4.91IE 0 3  1.956E 0 3  l.L;(59E 0 2  8.1(’133-32 5.3138-14 P.3 3.0 c. 0 0.0 0.0 0.0 
5.154E 00 5.9543 00  5.1542 CO 5. t53E 00 5 . 7 5 0 E  00 5 - ? G ? E  00 S.17C5 0 0  5.022E 30 4.727E 90 3 .975E 0 0  2.367E 0 0  9.077E-04 
6.55112 02 6.4’282 0 2  6.079E 02 5.228E 02 3.086E 0 2  6.838E 01  3.500E-01 9.9986-08 0.0 0.0 0.0 0.0 
1.2662-03 1.266E-01 1.266E-01 1.2663-01 1.2662-01 1.2653-01 7.265E-0% 7.2642-31 1.260E-31 1.249X-03 1.21OE-01 8.045E-02 
8 . 5 6 6 2  03 5.989E-02 5.597E-74 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9.263E-03 2.50013-02 5.357E-02 9.6282-02 ?.?96E-01 1.2023-0’1 1.202E-01 1.201E-01 1.197E-01 1.:86E-01 l .149E-07 7.543E-02 
1.2832 00 1.2833 00 1.282E 00  7.2812 00  ’i.2782 0 0  7.270E 00 1.240E 00 1.158E 0 0  9.116E-OF 4.605E-0; 4.219E-02 1.949E-15 
9.652E 24 1.3305-01 1.20.3E-13 0.G 0.0 0.0 (5.0 0.0 0.0 0.0 0.0 2.0 
6.355Z 3 1  3.4433-04 4.752E-75 0.0 0.3 0.0 C.0 0.0 0.0 0.0 3.0 3.0 
2.524B-02 2.5232-02 2.549E-32 2.509E-02 2.435E-52 2.3762-02 2.030E-02 1.393E-02 3.YEiOE-93 6.617E-135 6.2692-11 3.0 
3.485E 02 4.7502-07 9.7753-08 7.682E-27 0.0 0.0 0.0 0.0 0.0 9.3 0. 3 0.3 
4.206E 03 3.8952 0 2  1.3698-38 I.&S’iE-lO 0.3 0 .0  0.0 0.0 3.0 0.0 0.0 0.0 
1.420E 02 3.9682-01 16.365B-07 4.1233-24 0 .0  0 .0  0.0 0.0 0. 0 0.0 0.0 0.0 
1.4U8E C3 6.8336 0 2  1.185E 02 7.957E-01 1.962E-00 0.0 0.0 0. 0 a. o 0.0 0.0 3.0 
3 . 4 4 3 2  C2 1.668E 0 2  2.892E 0 1  1.9405-03 4.7888-09 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
4.655E 016 8.777E 0 3  3.054E 0 3  6.739E 0 2  3.162E 0 2  7.597E 0 1  7.8012 0 0  7.095E 0 3  C.968E 00 (1.704E 0 0  2.445E 0 0  7.578E-01 

U.667E OG 8.7772 0 3  3.3552 03 6.733E 02 3.163E 0 2  7.590E GI 7.802E 0 0  7.0962 0 0  6.16‘3E 0 3  4 .2043  3 0  2.1146E 0 3  1.578E-01 

P 
0. 



C 
CP 
3# 
FE 
CO 
NI 
ZR 
N E  
N C  
SN 
SE 
TE 
SUM 

T a b l e  3.5. S a m p l e  O R I G E ? I Z  cumniary e?emen t  r a d i o a c t i v i t y  t a b l e  

DECAY 04 P W R  STRUCTURAL NATERIAL WASTE: 33.000 NWD/BTH(I 
POHER= 1.00OOOE OOAU,  BURNUP= 7.000001 O O I l W D ;  

SUNYARY TABLE: R A D I O A C T I V I T Y ,  
ONE TONNE OF INITIAL 

SMt0.05FI F 3. YR 10. YR 30. YR 

9 -4 12E- 01  
0.236P 02 
6 ,803E 01 
4,863B 03 
8.725E 03 
6.6062 0 2  
8.566E 03 
1.659E 04 
2.524E-02 
4.7COE 03 
1.451E 03 
3.454E 02 

TCT 4.659E 04 

9.408E- 0 1 9.400E- 01 
7.772E-10 0.0 

2.171E 0 3  3.3592 02 
9 .911E 0 3  1 .9563  03 
6.460E 0 2  6.130E 0 2  
1.8 6 5 E- 0 1 1.2 6 62- 0 1 
1.441E 00 1.3363 00 
2.523E-02 2.5 19E-02 
1.909E 0 2  6.3733-01 
6 .8332 0 2  1 .185E 02  
1.668E 02 2.8923 0 1  
8.7773 0 3  3.0553 03 

5.9863 00 2.0732-02 

9.378E-01 
0.0 
1.9043-09 
1.626E 00 
1.4092 0 2  
5 .2803 02 
1.266E- 0 1 
1.376B 00 
2.5093-02 
3.7913-01 
7.951E-01 
1.940E-01 
6.7433 02 

T C I A L  4.667E 04 8.777E 03 3.0553 03 6.7433 02 

CDAULATIYE 

AP+FP 4 .6673 04 8.777E 03 3.055E 03  6.7433 02  
ACItPP c.0 0.0 0.0 0.0 

PAGE 51 CUTPUT UNIT = 6 
A C T I V A T I O N  FRODUCTS 

PLUX=' 1.00E OON/CN+*Z-SEC 

CURIES 
H E A V Y  n B T A L  AT A REPROCESSING TIME OF '160 DAYS 

100. Y R  300. YR 1. K Y  3. KP 10. R Y  30. K Y  100. RY 1. MY 

9.299E-01 9.0762-01 8.3393-01 6.5472-01 2.807E-01 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0 .0  0.0 0.0 
1.2783-08 0.0 0.0 0.0 0.0 
1.413E-02 5.311E-14 0.0 0.0 0 - 0  
3.137E 0 2  7.352E 01 5.4603 00  5 .0223 00 4.7273 00 
1.2663-0 1 1.265E-01 1.265E-01 1 = 2643-0 1 1.260E-0 1 
t-396E 00 1.390E 00 1.360E 00 l .278E 00 1.031E 00 
2.475E-02 2.37 8E-02 2.07 CE-02 1.393E-0 2 3. 9802- 05 
l .436E-01 8.9613-03 5.44CE-07 4.B71E-19 0.C 
1.9623-08 0.0 0.0 0.0 0.0 
4.788E-09 4.3611-13 4.361E-13 4.3613-13 4.361E-13 
3 ,1633  0 2  7.598E 01 7.801E 00 7.0953 0 0  6.1682 00 

2.497E-02 5.24OE-06 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0. c 0.0 0.0 
3.975E 0 0  2.1673 O C  Y.071E-0'4 
1.249E-0 1 1.210E-01 8 .045E-02 
5.791E-01 1.57173-01 7 .6432-02  
6.617E-05 5 .26%-11 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
4.36 13- 1 3  4.36 1 E - 1 3  4.36 1E- 1 3  
4.7043 00 2.4458 0 0  1.578E-01 

3.1633 0 2  7.5982 01 7.802E 00 7.0962 00 6.169E 00 4.704E 00 2.4463 00 1.578E-01 

TABLE TOTALS 

3.1633 0 2  7 .5981 01 7.802E 00 7.0962 0 0  6.1692 00  4.704E 00 2.4463 00 1.5782-01 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 A 

3.3532 0 2  7 .59% 01 7.802B 00 7,096E 00 6,169E 00 U.704E 0 0  2.446E 00 3.57RE-01 
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Appendix B .  3 :  Sample Neutron Production Rate Tables 



Tsble  6 . 6 .  S a n p l e  O R I G E N Z  ( a l p h a , n )  neu- t ron  p r 3 G c c t < o n  : a b l e  

PAGE 5 2  OUTPUT 3 N I T  = 6 
DECAY OP PWR STRUCTURAL MATERIAL WASTE: 3 3 , 0 0 0  M H D / M T H M  

(ALPHA, N J  N E U T R O N  S O U R C E ,  SEUTBOMS/SEC 
BASIS= O N E  T C I I I E  OP I N I T I I E  IlEAFY ilBTBL AT A BEPHOCESSING T I 3 2  OP 160 D A Y S  

C C + O . O 5 %  P 3. Y R  10. YR 30. Y R  100. YR 300. YE 7. K!? 3. K Y  'IO. KY 30. K Y  100. X Y  1. M Y  

BIZ11 
PO210 
PCZ13 
PO214 
P C 2 1 5  
P C 2 7 8  
B T Z ? 7  
RNZ19 
RY222 
PR221 
3A223 
RAZ26 
A C Z 2 5  
TH227 
TH229 
THi30 
P A 2 3 1  

0233  
0234 
0 2 3 6  

iYF237 
PO233 
PO239 
PO240 
PUZU2 
AM243 
XU243  
CM243 
CR244 

0 2 3 8  

8,4472-07 3.1382-06 8 . 3 2 1 ~ - 0 6  2 . 2 9 0 ~ - 0 5  
3.7832- i o  3.0383-09 3. ~ O ~ E - O B  5.6913-07 
2.318E-07 2.516E-07 3 .2151-03  6.8212-07  
6-3171-08 2.5123-07 3.2223-06 8.3022-00 
1.2781-06 4.747E-06 1.259E-05 3.4633-05 
2,553E-CB 1.017E-07 4.945E-07 3.3593-06 
1.232E-07 1.380E-07 1.764E-07 3.74ZE-07 
9.7841-07 3.6353-06 9.6382-06 2.6523-05 
1.8422-08 7.3363-08 3.568E-07 2.4242-06 
8.815E-08 9.5672-98 1.2223-07 2.5932-07 
5.557E-07 2.0803-06 5,5142-06 1.5173-05 
1 .1 15E-08 4.43EE-08 2.1593-07 1.467E-06 
6.725E-08 6.648E-08 8.4943-98 7.802E-07 
6.019E-07 2.244E-06 5.9512-06 3.6373-05 
3.755E-08 4.0973-08 5.23UE-08 1. I ? l E - 0 7  
1.529E-05 3.2333-05 7.3253-05 1.983E-04 
8 - 7 8  1 E- 06 9 - 547E-06 1.1332-05 1.64 18-05 
8.7331-06 1.133E-05 3.723E-05 3 .4552-05  
5 -67  2 E- 0 1 6.7902-0 1 7.0592- 0 1 7.74 873-0 4 
1.21 YE-01 1.2 15E-0 1 1.2 15E- 3 4 7.2 172-0 1 
7.1SUE-01 l.ld4E-01 1.1842-01 7.18UE-01 
2.258E-0? 2.3323-01 2.3233-01 2.4433-04 
2.2352 0 3  2.318E 03  2.3952 33 7.874E 0 3  
2.3761 02 2.374E 0 2  2.3752 0 2  2.374E 02 
4.145E 02 4.347E 0 2  4.3512 0 2  4.154E 02 
1,1422 '20 1.1422 00  1 . 1 4 2 E  O C  i . 1 4 2 E  00 
1.8962 02 7.390E 0 2  1.741E 0 3  3.224E 03 
1.59'1E 0 1  1.511E 0'1 1.510E 0! 1.507E 0 1  
2.086E O f  4.9393 0 1  1.6363 09 'I.306E 01 
3.3C31 3 3  1.5123 03 7.2332 0 3  5.7352 02  

9.2752-05 2.139E-01s 7.291E-34 2.1392-03 6.9263-03 11.9252-02 4.415E-02 5.4452-02 
1.2762-05 1.8392-04 2.6822-03 1.S87E-02 1.1472-01 3.9932-01 9.099E-011 4.034E-01 
4.0723-06 3.677E-05 5.7032-04 6.852E-03 7.5305-02 4.351E-01 1.5972 0 0  4.124E G O  
8.951E-05 8.878E-04 1.037E-02 7.681E-02 4.435E-01 1.SUUE 0 0  3.5182 0 0  1 . 5 5 9 3  00 
1.100E-04 3.2353-04 1.I03E-03 3.223E-03 1.048E-02 2.9322-02 6.678E-02 8.236E-02 
3.6222-05 3.593E-04 4.195E-03 3.108E-02 1.795E-01 6.246E-01 1.423E 0 0  6.310E-01 
2.2013-06 2.0173-05 3.1323-04 3.755E-03 4.120E-02 2.387E-01 9.309E-07 2.2628 00 
8.425E-05 2.Q77E-04 8.445E-04 2.4682-03 8.022E-03 2.2303-02 5.114E-02 6.3072-02 
2.614E-05 2.593E-04 3.027E-03 2.243E-02 1.295E-01 9.5071-07 1.0275: 0 0  4.554E-31 
7.5262-06 1.398E-05 2.171F-04 2.6053-03 2.8553-02 1.65UE-01 6.452E-01 1.568E 00 

1.587E-35 1.5682-0Q 1.8313-03 1.357E-02 7.8352-32 2.727E-03 6.215E-01 2.755E-01 
'1.060E-06 9.7163-06 7.508E-OQ 1.810E-03 1.984E-32 1.450E-01 4.483E-01 1.089E 00  
5.202E-05 1.5292-04 5.2142-04 1.524E-03 4.952E-03 1.3772-02 3.157E-02 3.8945:-02 
6.533E-07 5.988E-06 9.295E-05 1.716E-03 1.223E-02 7.084E-02 2.7633-01 6.7142-01 
7.17 OE-04 2.500E-03 9.365E-03 2.883E-02 9.354E-02 2.517E-01 5.7452-03 2.560E-0 '1 
3.4203-05 8.5ClE-05 2.6263-04 7.6733-04 2.494E-03 6.93133-03 4.5903-02 1.961E-02 
1.047E-JU 3.872E-04 2.9753-03 7.974E-03 2.9533-02 8.733E-02 2.533E-07 5.567E-01 
9.459E-01 1.3302 00 1.17tE 03  1.771E 00  1 .151E 0 3  1.099E 0 0  9.345E-07 2.465E-04 
1.2223-01 2.2365:-03 7.285E-01 1 .406E-31  7.6132-01 :.885E-01 3.91lT-01 I.360E-011 
1.164B-31 7.1&4E-01 1.18UE-01 1.184E-OT 1.18UE-01 1.784B-37 4.1843-01 4.1845-03 

u . a 2 i ~ - o 5  T . U I ~ E - O ~  4 . 8 3 2 ~ - 0 4  i . u i 2 ~ - 0 3  4 . 5 8 9 ~ 0 3  1 . 2 7 ~ ~ - 0 2  2 . 9 2 6 ~ - 0 2  3.6082-02 

d 3.068E-0 7 4.6122-G 1 7.3669-03 8.636E-0 1 8.67OE-04 8.6153-07 8.112 1E-07 6.2922-33 VI 
1.079E 0 3  2.2322 0 2  9.5533-07 8.495E-06 '1.1492-99 0 - 0  0. 0 3.3 0 
2.3702 0 2  2.3572 02 2.312E 0 2  2.T893 0 2  9.8028 02  1.022E 02 4.365P 0 1  2.724B-08 
4.1333 0 2  4.0117E 02 3.758E 02 3.040E 32 5.4473 02  1.736E 0 1  1.038E-02 4.477E-07 
Y . I O l E  3 0  1.1413 00 1.14GE 00  1.136E 0 0  1.122E 00  1.082E 0 0  9.5473-01 1.9042-07 
3.7U3E 0 3  2.741E 0 3  8.94SE 02  3.611E 0 1  9.6623-03 1.797E-03 5.992E-06 0.0 
?.b97E 0 1  1.Y69E 01 1.37EE 07 ? . Y I O E  01  5.9072 0 0  9.0282-04 1.2661-03 3.16EE-08 

3.9352 0 1  9.864E-02 6.918E-11 5.9433-11 6.913E-11 6.9122-71 6.9082-?* 6.65SE-19 
1.833~2 0 0  9.41472-02 5.71CE-40 4.2853-33 0.0 3.0 0.0 0.0 

TClBLS 
T B E L E  4.963E 03  5.358E 03  5.8553 03 6.3533 03 5.531E 0 3  3.6222 03  '3.517E 03  5.740E 0 2  3.3562 32  1.28EE 02 2.9283 01 4.5532 01  
ACTPJAL 4.963E 03 5.358E 03 5.855E 0 3  6.3532 0 3  5.531E 0 3  3 .622E 03 1.547E 03 5.7UOE 0 2  3.3562 0 2  1.286E 02 2.928E 07  4.5532 0 1  



., L . ..- I . " I 

T a b l e  E . 7 .  S a m p l e  O R I G E P i 2  s o o n t a n e o u s  f i s s i o n  n r u t p - u n  p r o d u c t i o n  t a b l e  

OUTPUT UNIT = 6 PAGE 5 3  
DECAY OF PHR STRUCTURAL MATERIAL PASTE: 33,000 flWD/NTHb 

SPONTANEOUS FfSS lDN BBUT9OPI SOURCE, NEVTRONS/SeC 
BASIS=  ONE TONNE OF I N I T I A L  R E A V Y  IIETAL AT A REPBCCESSING TIM3 OF 150 D A Y S  

S!4+C.05% F 3 .  Y R  10. YR 30. YB 100. Y R  300. YR 1. KP 3. KY 10. KY 30. K Y  100. RY 1. MY 

U218 6.304E 00 6.304E 00 6.304E 00 6.304E 00 6.3043 00 6.304E 00 6-304E 00 6-304E 00 6.3042 00 6-304E O C  6.30% 00 6 - 3 0 6 E  00 
PO238 1.6472 02 1.678E 0 2  1.589E 02 1.357E 02 7.813E 01 1.616E 01 6.9TC.E-02 6.1511-07 8.3219-21 0.0 0.0 0.0 
'U240 1.143E 03 1.144E 03 1.145E 03 1.146% 03 I . lUOE 03 1.116E 03 1.036E 03 8.3831 02 3.9913 02 4.787E 01 2.8623-02 1.2353-06 
P U i 4 2  4.682E 02 4.6823 0 2  4.682E 02 4 . 6 8 2 E  02 4.6813 02 4.6802 02 4.674E 02 4.658E 02 4.6COE 02 4.436E 02 3.9153 02 7.808E 01 
C Y 2 4 2  6.4110E 09 6.2323 02 9,6673 00 8.8133 00 6.4053 00 2.5733 00 1.057E-01 l.14lE-05 1.5933-19 0.0 0.0 0.0 
CM244 1.061E 05 9.4588 04 7,2353 04 3.3652 04 2.3092 03 1.09UE 00 4.059E-09 4.057E-09 4.0572-09 4.0562-09 4.054E-09 4.025E-09 
CM246 4.272E 02 4.270E 02 4.2663 0 2  4.2533 02 4.210E 02 4.088E 02 3.590E 02 2.7532 02 9.8712 0 1  5.2692 00 1.852E-04 1.77OE-28 

---------------------------------------------------------------------------------------------------__-_____________________ 
TC'IALS 
TAELE 7.7271 05 9.742E 04 7.4573 04 3.5843 04 4.4308 C3 2.0203 03 1.880E 03 1.586'6 03 9.6463 02 5.037s 0 2  3.982E 02  8.4Y9E 01 
AC'I'JAL 1.727E 05 9,742E 04 7.457E 04 3.584E 00 0.4303 03 2.020E 03 1.88073 03 1.586E 03 9.646E 02 5.0373 0 2  3.982E 02 8.449E 0 1  
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Appendix B. 4 :  Sample Photon P r o d u c t i o n  Rate Tables 

~ . . . . . 



EtEAN 

1 - 5OOE-02 
2.500E-02 
3.750E-02 
5. ?503-02 
3.500E-02 
1.250~3-0 1 
2.25OE-01 
3.750E-01 
5.7503-01 
8.500E-0 1 
1.250E+00 
1.750E+00 
2.250E+OO 
2.7503+00 
3.500E+00 
5.0008+00 
7.000E+OO 
8 .  1 0 0 2 4 1  

IOTBL 

MFY/SEC 

E#3BN 

1.5003-02 
2.5OOE-02 
3. 750E-02 
5.150E-02 
8.5OOX-02 
1.25OE-04 
2.2532-04 
3.753E-Of 
5.?533-01 
8.500E-01 
3.250E+00 
I. ?5!?E+DO 
2.250E+00 
2.750E400 
3.500E*00 
5.030E+00 
7.00CIE400 
1.100B+;)l 

W?AL 

G A B  PO# 

T a b l e  B . S .  S a i r p l e  O R I G E F I E  a c t 7 v a t i o n  o r o d u c t  p ' l o t o n  t a b ' e  

OUTPU': URTT = 11 
V A O T C U  SPECTRO8 FOR \CTIVPTIOW PRODUCTS 

DPCAY OF PWR STYUCTOTPL V A T 3 R I A I .  8 9 S T E :  23,000 MWJ/STR'4 
POWER= 1-00 qg, SUBNU&'= 1 .  XWD, FLUX= 1.00E*00 N/CR**2-SEC 

? a  GSOWP P K O T O H  X E L E R S E  E ~ T X S ,  PROTONTISECOND 
BASIS= 

S!5+0.05% P S.OYA 1O.OPQ 

7.827E+ 1 3  1.21EE+13 4.?403+ 1 2  
1.226E+lU 2. t 8 6 E + l ,  3 .64QEt12  
1 - U3BE+ 1 3  5.37UE4 1 2  1.149E+ 12 
7 .127E+l i  1.22813+1; U.54-E+1? 
2.59UE+12 1 ; . 8 8 5 E + l l  4 . 8 0 1 E a l l  
2.2102+12 2 .8962+11 8.68UE4lO 
5 . 2 3 7 ~ + 1 2  I. 5 9 5 ~ + 9  2 2.886347 4 
2.1733+13 9.1602+3; '1.5922+12 
U.O43B*13 1.7762+'13 2.039E412 
e . a w P + i u  ~ . ~ u o E + I ~  9 . 3 9 5 ~ + 1 0  
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6.R1OE-OS 2.920E-07 1.001?-12 2.247E-13 2.247C-13 2.2471-13 2.2472-13 2.246E-13 2.242E-13 2.232E-13 2.1Q6p-13 1.734"-13 

PRINCIPAL PHOTON SOUaCES I A  CRCUP 16,PYOTOc4S/SEC 
?EA? ZNE6CP 5. OOOEEV 

YUCLTDE 

XUCLX'DE 

912103 
eo210  

SM+O.OST F 3.0YP IO.OYR 30.0YR 100.0Y~I 200.0YI! 1.OKY 3 . O K Y  1 0 . O K Y  30.ORY 1 0 O . O K Y  I . 0 P Y  

1.666E-lf 1.656E-11 '1.6662-11 1.666E-11 1.E669-11 7.6669-19 1.666E-11 1.6653-11 1.66ZE-11 1.6552-17 l.628P-11 1.3232-11 
2 I 026 E-0 5 8 . 3  96 E-0 8 2.98 1 E-1 3 6 - 6 9 1 E- 1 U 6.69 1 E- 1 4 6 .  6 90 F- 14 6.68 9E- 1 4 6 -  6 8  6% 1 4  6.6753- 14 6.64 5s- 1 4  6.538E- 1 4 5.3 1 1 E- 1 U 

P P I N C X F A L  PHOTON SOURCES I N  GRO!J? 17.?ROTONS/SBC 
fiEkS ENEFGY= 7.000i19V 

S?l+O.05% P 3.0YP 10.OYP 3C.OYR 7 O O . O Y P  300.0YR 1. ORP 3.OKP 1 0 . O K Y  30.OKP 1OO.OFY 1.oNr 

1,079E-12 1.07QE-12 1.07qE-12 1.073E-'12 1.079E-12 1.079E-12 1.079E-32 1.0'83-12 1.076E-12 1.072E-12 1.954E-12 9.5642-13 
1,316E-06 5.918E-09 1.9342-19 U.341E-15 4.341E-15 4.3412-15 4.34OE-15 4.338E-15 4.3318-15 4.3118-IS 4.242%-15 17.4465-15 

PRXNCIPAL PHOTON SOURCES IN GROUP IS,PHOTOIS/SEC 
NEAN EAEFGY=?1.000XEV 

NUCLTD E 

BI2lr)M 
ooi'lo 

SR+0.05% P 3 . 0 2 8  1 O . O Y R  30.OYR 100-OYR 300.OYR 1.OKY 3 , O R Y  10.ORY 30.OKY lO0.OKY i . c w  
6.8 31 E- 14  6.8 3 1 E- 1 4  6. B 3 1 E- 1 4 6.8 3 1 E- I U  6. A 3 1 E- 1 4  6.83 1 E- 14 6 . 8 3  OE- 14 6-82  7E- 1U 6.0 162- 1 4 6 . 7 8 4  E- 14 6.6753- I 4 5.42 2 P-1 9 
@.319E-08 3.445E-10 1.223P-15 2.745E-16 2.7453-16 2,745E-16 2.745E-16 2.743B-16 2.7393-16 L.726E-16 2.6833-16 2.179E-16 





APPENDIX C: SAMPLE ORIGENZ TABLE OF CONTENTS 
(OUTPUTVNLTS 12 AND 13) 



T a b . l e  C . l .  S a n i p l e  O A I G E N Z  i a b : e  o f  c o n t e n t s  f o r  u n i t  6 

TABLE OF CONTENTS O N  UNIT  = 12 FOR OGTPUT UZIIT = 6 
I N P U T  ECHO: READ 08 5 L I S T  D A  6 COPY TD 50 
NZ3TRON XIBLD P3R NEUTBOY-1310BCZD FISSION 
JAZ?HA,N) NEOTROA Y Z E L B  PER F I S S I O N  

SPONTB3ZODS P i S S I O N  NELITROX YIXLD PZSi FISSM 
INDIVIDUAL ELB3SXT FRACTIONAL RE'COBSLIIES 
GX OUP EL E EIENTB L P B BC TI 0 N A L R ECOY EX1 E S 
EL Efl E NTA t A SSI 6 M N E E B T TOPX AC B EC G 2 0 E P 
ELEMENTAL CBEFiICAL TOXICITIES 

PAGE 
7 
S 
6 
7 
8 

70 
1 1  
12 

13 ORIGEM INSTRUCTIONS FOR T H I S  CASE 

15 NUCLIDE DATA S I B R A B I E S  

95 3 3 C k V  3BTB LLBXA3Y-------- 

-' 2 DECAY DATA LIBRARY-------- 
4Y CROSS SECT1013 LLBRARY----- 
57 CR O S  S SECT XOZi L I B R A R Y --- - - 
59 CROSS SECTIOY LIBRABY--- - -  
75 PBOTON T I  B98BY------------ 
8 2  PBOTON LIEMARY------------ 
8 5  PEOTGN LlRXhRY------------ 

29  D E C A Y  3 a T A  r.iaRAaY-------- 

93 O'JTPUT 
93 

9 2  
91, 

108  
110 

?73 

375 
1'7  
41 €! 
119 
724 
131) 

LIGHT NUCLIDE DECAY LIBRARY 
A C T I N 1 3 5  DECAY L I B 8 A R Y  
FlSSIOY PRODUCT DECAY LIBRARY 

STRUCTXPAL dB'PERIAt  C h E T I V B T I O N  PRODUCT XSEC LIBRARY--PWX. 'J 
ACTlMIDE A N D  DAUGHTER NUCLIDES XSEC L I B R A R Y - - P F R . E  
FISSSrjN P93DUCT XSSC A I D  YIELD EIFlRARY---PN3.11 

UdDATED PK3TD14 L I B R A R Y :  BCTTYBTIOM PRODCCTS 
E ?  DATED PEi3T3N LIBRARY: ACTI: ' ID3S A B D  DA3GiiTEQS 
UPDBTSD PHOTON LIBRBPY:  FISSSOY PR33CCTS 

TABLSS--TTTLE= I P R A D I A T I O X  38 OX'S M E T S I C  TON OF PWR; F'JEL PECVCZE 8 = 3 
3 E A C T I V l T P  AN9 3 U B X U Z  DATA 
*ACTIVATION PRODUCTS*****ACTIVATIOV B R 3 D 3 C T S * * * * * A C T a V A T ~ ~ ~ I  PRODUCTS*sa"*AC'~XBBTION PRODUCTS**** 
C 0  NC E BTR RIP I O N  S I iB A fl S SBEf iBRT TABLE: 
RBDIOACT?VITY. C U R I E S  N3CLIDE TAEIB: 
RADIOACTIVITY,  C U R I E S  ELEREBT TABLE: 
X A D I O X C T I V I T Y  CURIES SU14IJ;ARY TABLB: 
*BC?'INIDES t D ~ U G E T ? R S * * * A Z T I N ~ 3 E S  t DAJGETERS***ACTINIDES + DBUCHTERS***ACT=ST33S JAOGhTERS** 
CO Ne B N T? AT X 0 N S I 
*FISSIO?? P R O D 3 C T S * + I * * * * * P ; S S ~ O ~  ?53DUCTS***+*"**PISS13N ? R O D U C T S * * ~ * * ~ * * F I S S X O K  PRO3GCTS******* 

G ? A 4 S S Y T Y Z R Y  TABL3: 

tO NC %I THAT ION S , G R A l l  S S D K ' I X R ' Z  TABLE: 
(BIPHR,N)  NEUTBDX S O U R C E  
SPONTRNEOUS FISSION NEOTROS SOURCE 
L I T E  N K L I D 2  PHOTON TABLE 
ACTINIDE N U C L I D E  PHOTON TABLE 
FISSION PRODVCT NiJCLiDE PHOTON TABLE 

EECYCLE 3) = 0 ?38 @UTPFT TABLES--TITLE= IXRWDIATIOB OF ZIRCIIL ' JV4  INZONEL 4 NICROSRAZE 50 AT 133% F L U X  
?38 EEXCTIVITY AND 337NPP DhTk 

439 CONCSNTRATIONS, GBARS S3MIIARk'  T h E i B :  
1 4 1  SHBIOACTTYXTY cc.arzs NiiCLSDE TASLE: 

* A C T I V A T I O X  P R 0 3 C C T S * * * * * k C T 3 V A T ~ D ~  ?RODUCTS**%**ACTI~ATION ?aODUflS*"***ACTT~n~30S PR033CTS****  

155 RADIOACTX7ITY i. C U R I E S  ELEMENT TABLE: 
157 RADIOBCTIVITY C U R I E S  S'JF!EXUY TABLS: 

159 CO NC EXTR AT ION S , G f! A H  S SUdE9ARY TABLE: 
*ACTINIDES t DAUFETEBS**+ACTINIDES t DRUGBTERS*4*ACTINIDES + DAUGHTERS* '**ACTT~~IDES t D A U G H T E R S * *  

.*FISSION PRODUCTS++*****4FISSION 2 B 3 D ~ C T S * * * * * * * * T I S S ~ ~ ~  P R O D ~ C 4 S * * * P x * * r ? I S S . ~ O ~  ?ltODUCTS******* 
76 1 CPNCEXTRATIOZS,  tiP,A?IS S U I I R A S Y  TABLE: 
i 63  <ALPHA,S) BEUTRON SOGRCS 
76Q S P O X T A N E O ~ S  PIssroN N E U T R O N  S O ~ B C P  



PAGE 
165 
169 
174 

T a b l e  C . 1  { c o n t i s u e d )  

TABLE OF CONTEHTS O N  UNIT 12 POR OUTPUT U N I T  = 6 
L I T E  NUCLIDE PHOTON T1BX.E 
ACTINIDE NUCLIDE PAOTOH TABLE 
F I S S I O N  PRODUCT NUCLIDE PIIOTDN TABLE 

182 ORXGETl IBSTRUCTIONS FOB T H I S  CASE 

184 OUTPUT TABLES--TITLE= DECAY OF HIGH-LEVEL PWR-U WASTE; E U R N ' J P = 3 3 , 0 0 5  PIWD/ETIHR RECYCLE R = C 
184 REACTIVITY AND BURNUP DATA 

185 CO NC EN TB A TION S , G R AM S SUMBARP TABLE: 
187 RADIOACTIVITY, CURIES X U C l I D E  TABLE: 
20 1 RADIOACTIVITY, C U R I E S  ELEBENT TABLE: 
20 3 RADIOACTIVITY, C U R I E S  S'JNPIARY TABLE: 

*ACTIVATION PRODUCTS*****ACTIVATION PRDDUCTS*****ACTIVATIO?I PRODUCTS*****ACTIVATION PRODUCTS**** 

*ACTINIDES + DAOGHTERS***ACTINIDES + DdIJGETERS***ACTIAIDES + DAUGHTERS***~CTINID2S + DAUGHTERS** 

* F I S S I O N  PRODXTS********FISSION PR3DUCTS********PISSION PRODUCTS********PISSIDN PRODUCTS**+**** 
25 5 CO NCENTR AT1 ON S , G R A PI S SUPIfiARY TABLE: 

207 CONCENTRATIONS, G R A M S  SUKHARP TABLE: 
2 0 9  (ALPHA,N) BEUTRON SOURCE 
21 5 SPONTANEOUS F I S S I O N  NEUTRON SOURCE 
21 1 L I T E  NUCLIDE PHOTON TABLE 
216 ACTINIDE NUCLIDE PHOTON TABLE 
22 3 F I S S I O N  PRODUCT XUCLIDE P H O T O N  TABLE 

2 2 6  OUTPUT TABLES--TITLE= DECAY OF PYR STRUCTURAL SATEBIAL WASTE: 33,000 BBD/NTHM 
2 2 6  R E A C T I V I T P  A N D  BIJRNUP DATA 

RECYCLE t = 0 

*ACTIVATION PBODOCTS*****ACTIVATIOI PRDDnCTS*****ASTIVATION PRODUCTS++*+*aCTIBATI3N ?R03UCTS**** 
22 9 CONCENTRATIONS, GRAMS S U i S I I A R Y  TABLE: 

245 RADIOACTIVITY, CWRIES ELEHENT TABLE: 
23 1 RADIOACTIVITY, C U R I E S  NUCLIDE TABLE: 

247 RADIOACTIVITY, C U R I E S  S U K K A R Y  TABLE: 

249 CONCENTRATIONS, G R A X S  S V K K A R Y  TABLE: 
*IICTINIDES + DAUGHTERS***ACTINIDES + DBUGATERS***ACTIBIDES 4 DA!YGHTERS***PCFINIDES + DAUGHTEPS** 

*FISSION PRODUCTS********PISSIOM PR3DUCTS********FISSION PRODUCTS********FISSION PRODUCTS******* 
25 1 COBCENTRATIOAS, GRAnS S U M M A R Y  TABLE: 
25 3 (ALPHA.R) NEUTRON SOURCE 
2 5 4  SPONTANEOUS F I S S I O N  NEUTRON SOURCE 
255 L I T E  NUCLIDE PHOTON TABLE 
259 ACTINIDE NUCLIDE PHOTON TABLE 
26 7 F I S S I O N  PRODUCT NUCLIDE PHOTOR TABLE 
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APPENDIX 13; SAMPLE ORIGEN2 VAKI.ABLE CROSS-SECTION LNFORMATLON 
(OUTPUT U N I T  16)  



IRRACIATION 0% O N E  METRIC T O N  OF P H R U  PUEL 

BASIS = ONE KETRIC TON OF PWRU FUEL 

RECYCLE # = 0 UNIT= 24 

I N I T I A L  YECTCE = 

N =  1 P =  0.0 

N =  8 P= 0.0 

N = 7 5  P= 0.0 

L NUCLID XSEC 
TYPE 

1 922340  1 
2 922350  1 
3 922350  Q 
4 922360  1 

6 932370  1 

8 942380 4 
9 942393  4 

9C 942396 4 
l't 942400 'I 
1 2  902410 4 
1 3  942410  4 
I 4  942420  4 
1 5  952470  1 
96 952470 2 
1 7  952a30  1 
1 8  9521r30 2 
1 9  962420  4 
2 0  962440  Y 

5 922380  7 

7 942380  9 

u TOTBL 4CT G - 8  = 4.181 E 03 MWD/G-A = '1. 194E 3 0  TO 2.3902 0 0  ANTICIPA'TIDN F A C T O X =  2.002V 0 0  

N =  2 P= 0.0 

N =  9 F =  0.0 

N=16 P= 0.0 

MCAP {I) 
I= 
750 
7 5 1  
7 5 1  
752 
750 
7 6 1  
7 6 9  
7 6 9  
7 7 0  
3 7 0  
7 7  'B 
7 7 2  
7 7 2  
7 7 3  

7 8 0  
7 8 3  
7 8 3  
785, 
791 

780  

N =  3 F =  4.551E-01 N= 4 P= 4.940E-01 R= 5 F= 5.0952-02 N =  6 F= 0.0 

N = 1 0  P =  0.0 

N=17 S= 0.0 

A(N) PP YIELD 

1696  0 
1701 0 

0 7 
1 7 0 4  0 
1709 0 
1 7 2 5  0 
1749  0 

0 0 
1 7 5 6  0 

3 2 
176 1 3 
7765  0 

0 3 
1 7 6 7  0 
1 7 8 4  0 
978 2 0 
1 7 9 0  0 
1788 0 
1797 0 
1 8 0 3  0 

N =  I N D I C  A R R  

N=11 F= 0.0 

N=18 P= 0.0 

F I S S ( 3 )  A(??) 

66 5.6 742-09 
6 7  2.9592- 09 
6 7  7.863E 65 
68 2.244E-09 
7 0  2.579E-10 
7: 9.452E-09 
85 9.505E-09 
85  7.663E 6 5  
85 1 .  Y81E-98 
86  7 . 8 6 3 2  55 
87 5.2773-08 
88 4.151iE- 0 8  
88 7.8633 6 5  
8 9  8.5882-09 
96 3.7272-08 
96 3.863E-09 
99 5.485E- 10 
99 1. D42E- 08  

fc.5 1.576E-09 
1 t.7 9.682E-IC 

N=12 P= 0.0 X=73 P= 0.0 

N =  

TOCAP 11) 

7 . 9 S l E  01  
5.571'5 C 1  
5.550E 09 
7 . 9 3 9 2  00 
9.952E-01 
3.372E 01  
3.517E 05 
3.5172 01 
1.794E 02 
1.784E 0 2  
1.826E 0 2  
7.603E 02 
1.598E C2 
3.008E 01 
4.2252 0 2  
4.2252 0 2  
3.897E C Y  
3 . 6 1 3 2  09 
5.656E GO 
(1.261E 00 

A W )  
fP YIELD 
3 . 5  9 2E- 1 4 
3.512E-11: 
8.630E-21 
8.63 0 E-2 1 
8.6302-27 
8.6 30E- 2 1 
8.6302-27 
8.63 02-2 'I 
8.6 3 0 E-2 1 
4.0 80 E- 19  
4.0803-19 
h .0862-1 c 
1.124E 0 1  
1.121E 0 1  
1.121E 0 4  
1.121E 0': 
7.121E 3: 
7.1212 '31 
1.121E 3: 
4.121E 01 

FI5S  {J) 

1(. 504E-01 
ri.550E 0 1  
11.530E 0 1  
1.9753-0 T 
1.0 C4E-01 
5.2442-(5 1 
2.396E 00  
2.394E 0 0  
1.146E 0 2  
4 . 2 a o 2  0 2  
5 . 8 4 0 ~  C 1 
4.2C5E 0 2  
7.200E 0 2  
4.579E-01 
1.319E G O  
1.339B 00 
3 . 5 7 ' ~  E-€! 1 
3.571 E-0 1 
2.20118-0 3 
8 . 5  29E- C 1 

N =  7 F =  0.0 

N = 1 4  F =  0.0 

OLD 
XSEC 

1.935E 04 
1 .023E  0 1  
4 .550E  0'1 
7.7132 0 0  
8.883E- 01 
3 . 2 7 1 E  01 
3.252E 0 1  
2.396E @ O  
6 . 5 9 8 s  0 4  
1. tQ6B 0 2  
4.8392 02 
U . C O O E  07 
1.205E 0 2  
2.951E 0 1  
1.084E 02 
7 . 3 4 0 2  0 1  
1.906L 00  
3 . 6 2 2 3  0 1  
5 . 4 2 6 3  O C  
3 . 4 O O E  00 

NEW 
X 5EC 

1.936E 0 1  
' 1 .020E 01  
4.530E 01 
7.739E 00 
8.893E-0 1 
3.260E 09 
3.276E 09 
2.394E 0 0  
6.4@6E 0 1  
1.140E 0 2  
1 .8202  02 
3.781E 01 
1 .2002  0 2  
2.9623 07 
1.078E 0 2  
1.332E 01 
? . 8 9 9 E  00  
3 .5942  0 -  
5.U362 00 
3 .9082  0 0  

F P  Y I E L D  BDJtSTLIENT PO3 UNCONNECTED ACTIBSDZS: C O N R B C T l D  RCT=922350LARGEST UNCOHNECTE3 ACT=92236GNE8 R A T I O  = 1.8002623 
CLD RATIO = 4.0000954 FP Y I E L D  I N  R = U.86107E-17 



I R R A C I A T I O N  OF ONE KETRIC TUN OB PURU PtJIEZ 

BASIS = ONE NETRIC TON OF PWRU FUEL 

I N I T I A L  V E C T C E  = 5 TOTRL ACT G-A = 4.159E 0 3  EWD/G-A = 

N =  1 P= 0.0 N =  2 F= 0.0 

N =  8 F= 1.141E-01 N =  9 P= 0.0 

N=15 P= 0.0 

L N U C L I D  XSEC 
TYPE 

1 922340  1 
2 922350  1 
3 922350  4 
4 9 2 2 3 6 0  1 
5 922380  1 
6 932370  1 

8 942380  4 
9 942390  I 

10 942390  4 
11 942900 1 
1 2  942410  1 
1 3  942410  4 
1 4  942420  1 
1 5  952410 ? 
16  952410  2 

18 952430  2 
1 9  962420  1 
2 0  9 6 2 4 4 0  1 

7 9 ~ 2 3 8 0  7 

17 952430  I 

N=16 P= 0.0 

TOCAP (It 
I= 
7 5 0  
75 1 
7 5 1  
752 
754 
7 6  1 
7 6 9  
7 6 9  
7 7 0  
770 
7 7  1 
7 7 2  
7 7 2  
773 
7 8 0  
7 8 0  
183 
7 8 3  
7 8 9  
7 9 1  

N= 3 P= 0.0 

N = l O  P= 0.0 

N=17 P= 0.0 

A(N) FP Y I E L D  

1696  Q 
1 7 0 1  0 

0 1 
1 7 0 4  0 
1 7 0 9  0 
1 7 2 5  0 
17Y9 0 

0 0 
1 7 5 6  0 

0 2 
176 1 0 
1 7 6 5  0 

0 3 
1 7 6 7  0 
1 7 8 4  0 
178 2 0 
1 7 9 0  0 
1788  0 
1 7 9 7  0 
1803 0 

N =  I N D I C  ARR 

N= 4 P= 0.0 

M=11 P- 0.0 

N=18 P= 0.0 

P I S S ( J )  A(N) 

6 6  5.7 082-39 
6 7  3.OU9E-09 
67 7.8631 6 5  
68 2.2623-09 
7 0  2.6373-10 
7 7  9.7 30 E-09 
85 9.907E- 09 
8 5  7.863E 65 

8 6  7.863E 65  
87 4.4 87 E-08 
88 1.171E-08 
8 8  7 .8632  6 5  
8 9  8.9152-09 
96 3.138E-08 
96 3.878E-09 
9 9  5.6 58E- 1 0  
9 9  1.075E- 08 

1 0 5  1.610E-09 
t 07 1.010E-09 

8 6  1. 8693-08 

U N I ? = 7 6  BECYCLE 8 = 0 

2.3962 0 0  TO 3.598E 00 ANTICIPATION PACTOR= 1.502E 0 0  

N= 5 + 4.382E-01 N =  6 F =  0.0 

N=12 F= 0.0 N - 1 3  F= 0.0 

N -  

TOCAP(1) 

1.977E 0 1  
5 .5623  01  
5.63013 01 
7.836B 00 
9.981E-01 
3 .3453  0 1  
3.5923 C 1  
3.59UE C 1  
1.772E 0 2  
1.7542 0 2  
1.5242 0 2  
1.596E 02 
1.5962 C2 
2.995E 01 
1.208E 0 2  
1.206E 0 2  
3.821E 01 
3.865E C 1  
5 .668E 50 
4.271E 00 

A (N) 
PP YIELD 
3.5782-3 4 
3.578E-1U 
8.928E-21 
8.92 8 E-2 1 
8.9 28B- 2 1 
8.9 282-2 1 
8.928B-21 

8.928E-21 
4.0 9 2E- 19 
4.09 22- 19 
4.092E-19 
1.1159 0 1  
7.115E Gf 
1.115E 0 1  
l . l l 5 E  0 1  
1.11SE O’f  
1.115E 01 
1.115E 07 
1.115E 01 

a. 9 2 8 ~ - 2  i 

F I S S  (J) 

4.504E-01 
4.530E 0 1  
4.598E 0 1  
1 .975  E-0 1 
1.0 C4E- 0 1 
5.2443- 0 1 
2 . 3 9 4 1  OG 
2.416E 00 
1 .140E  0 2  
1.122E 0 2  
5,840E-Q 1 
1 .200E  0 2  
1.2COE 02 
4 1.319E - 5 7 9  E-0 00 1 

1.319E 00 
3.57 1 E-0 1 
3.57 1 E-0 1 
2.204 E-0 1 
8.529E-01 

N =  7 F =  4.U76E-01 

N = l U  P= 0.0 

OLD 
XSEC 

1.936E 01 
1 .020E  0 1  
4.530E 0 1  
7.739E 00 
8.8933-0’1 
3.260E 01  
3. 2 7 8 3  01 
2 .3942  c.c 
6.486E 0 1  
1.140E 0 2  
1.8iOE 02 
3 .981E  0 1  
1.200E 0 2  
2.962E 0 1  
1 .0783  02 
1.332E 01 
1 . 8 9 1 5  0 0  
3.594E 0 1  
5.436E 00 
3.4C8E 05  

N E W  
X SEC 

1 .9323  01 
1.032E 01 
4.598E 0 1  
7.656E 00 
8.9201-03 
3 .2933  01 
3 . 3 5 3 8  01 
2.416E 0 0  
6 . 3 2 4 3  0 1  
1.122E 02 
1.518E 02 
3 . 9 6 4 2  01 
1.200E 0 2  
2.949E 0 1  
1.062E 02 
1.312E 01  
1 .915E  0 0  
3.638E 0 1  
5.448E 0 0  
3.418E G O  

FP  Y I E L D  ADJOSTMENT FOB UNCONNECTED ACTINIDES: CONNECTED ACT=922350LARGEST UNCONNECTED ACT1922360NEW RATIO = 1.0004616 
CLD mTrc = 1 .0002623  PP  YIELD IN a = 5 . 0 2 8 9 6 ~ - 1 7  





APPENDIX E: SAMPLE O R I G E N 2  DEBUGGLNG AND 1 NTEKNAL I N F O R M A T I O N  OU'L'PUT 
( O U T P U T  U N I T  15)  



N3MBEQ O F  COBMANE= 
NUMBER O P  C O R M A N D =  
NOMEER OF CORflAND= 
NUMBER OF CORMAND= 
NOMBER OF CORMAND= 
N U M B E R  OF COMflANL!= 
NWMBER O F  COB?lAND= 
NUNBER OF COMMAND= 
NUMBER OF CO?IMAND= 
NUMBER OF COBHAND= 
N U M B E R  OF C O N M A N E =  
N U M 3 F R  O F  C O M E A N C =  
NO MEER O F  COBM A N  D= 
NUMBER OF COI!NAND= 
NUMBER OF COMMAND= 
N U B E E R  O F  COMMANE= 
NOMBEB OF COMMAND= 
NC?BEER 09 COMEAND= 
NtiRBER OF C O R M A N D =  
NUMBEB OF COlltlAND= 
N W R B E R  OF COIIBANL!= 
NUMBER O S  COBflAND= 
N U A B E R  OP CORPIAt iE=  
NUBBER OF COYRAND= 
Nti?B$R CP COBMAND= 
N D M B E R  O F  C O X M A N E =  
NDMBER OF CO?IRANE= 
NUMBER OF COBMAXC= 
NUMBER OP COFMAND= 
NUMBER OF COMMAND= 
N3MBER O F  COMMANT= 
NUMBER O F  COB?!ANE= 
NUMBER OF COMM9NC= 

1 : T H I S  I S  INSTRUCTION 
2 ; T H I S  I S  INSTRUCTION 
3 : T H I S  I S  INSTROCTION 
4 : T H I S  I S  INSTRUCTION 
5 : T B I S  I S  INSTRUCTION 
6 ; T H I S  I S  IXSPBUCTION 
7 ; TRSS I S  INSTRUCTIOY 
8 : T H I S  I S  INSTRUCTION 
9 : T H I S  IS INSTRUCTION 

1 0  : T R I S  I S  INSTEUCTION 
11 ; T H I S  I S  INSTRUCTION 
1 2  ; T H I S  I S  INSTRUCTION 
13 : T H I S  I S  1NSTRKTT';ON 
1& : T H I S  I S  INSTRUCTION 
1s : T H I S  I S  INSTRUCTION 
1 6  : T H I S  I S  INSTRUCTION 
3 7  ; T H I S  I S  INSTROCTiON 
38 ; T H I S  I S  INSTBUCTION 
1 9  : T H I S  I S  INSTRUCTION 
2 0  ; T H I S  I S  INSTRUCTION 
2 1  ; T H I S  I S  INSTRUCTION 
2 2  : T H I S  I S  INSTRUCTION 
2 3  : T H I S  I S  INSTRUCTPON 
2 4  ; T E I S  I S  INSTRUCTION 
2 5  : T H I S  is INSTRUCTION 
2 6  ; T H I S  I S  INSTRUCTION 
2 7  : T H I S  I S  I N S T R E T I O N  
2 8  : T H I S  I S  iNSTXOc'TI3N 
2 9  : T H I S  I S  INSTRUCTION 
30  ; T B I S  I S  XNSTRUCTIOH 
3 1  ; T H I S  IS INSTRUCTION 
3 2  ; T H I S  I S  INSTRUCTION 
33 ; T H I S  I S  INSTRUCTION 

9 OUT O F  A 
1 OUT CP A 
2 OUT OF A 
3 OUT O F  A 
4 OUT O F  A 
5 OUT OF A 
6 OUT OF A 
7 0 3 T  O F  A 
8 OUT O P  A 
1 OUT OP A 
1 OUT O P  A 
'I OUT OP A 
2 OUT OF A 
3 OUT O F  A 
U OUT OF A 
4 OUT O P  A 
1 OLTT OF A 
1 OiaT 08 A 
9 OUT O F  A 
1 OUT OF A 

10 OUT O F  A 
2 OUT OP A 

11  OUT OF A 
3 OUT O F  A 

4 2  OUT O F  A 
1; OUT O P  A 

13 OUT CP A 
5 OUT O F  A 
2 OUT O F  A 
1 OUT O P  A 
1 OUT O F  4 
7 OUT Of A 
7 O U T  OF A 

TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL O F  
WTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OP 
TOTAL OF 
TOTAL O P  
TOTAL OS 
TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OP 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OP 
TOTAL OF 
TOTRL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 

1 *BAS * I N S T R K T I O N S .  UNIT=15 
78 * R E A  * INSTRUCTIONS. UKIT=15 
98 * R E A  4 INSTRUCTIONS. UNIT=' I5  
18 * R D A  .Z INSTRUCTZONS. U N I T = 1 5  
1 8  * R D A  * INSTROCTIONS. U N I " l 5  
96 *RDA * INSTRUCTIONS. WNIT=15 
18 * R E A  * INSTRUCTIONS. UNIT=15 
48 *REA * INSTRUCTIONS. UNIT=15 
7 8  * R D A  * INSTRUCTIONS. U N I T = 1 5  

1 *COT * INSTRUCTIONS. UNIT=15 
7 * L I P  * INSTRUCTIONS. UNIT=15 
4 *LPU * INSTRUCTIONS. UNIT=15 
4 *L1U * INSTRUCTIONS. U h I T = 1 5  
4 *LOU * INSTRUCTIONS. UNIT==75 
4 *L?U * IBSPRUCTIONS. U B I T = 1 5  

9 *THO * INSTRUCTIONS. UNIT=15 
3 *TIT * INSTRUCTIONS. U 1 I T = 1 5  

18 * R D A  * INSTRUCTIONS. UNIT=15 
5 *INP * INSTRUCTIONS. UNIT=15 
18 *RDA * INSTRUCTIONS. UNIT=15 
5 * I N P  * INSTRUCTIONS. U P I T = 1 5  

'18 *REA * INSTRUCTIONS. TJNIT=15 
5 *:KP * LNSTRUCT13NS. UNIT=' l5  

18 *RDA * 1NSTRUCTIOXS. 3N1?==:5 
5 *iKP * XtiSTRUCTIOFS. U N I T = t 5  

1 6  * R E A  * INSTRUCTIONS. UNIT=15 
5 * I N P  * INSTRUCTIONS. U N I T = 1 5  
3 * T I T  * INSTRUCTIONS. U N I T = 1 5  
5 * B O Q  * INSTRWCTIONS. U N I Z = 1 5  
2 W E D  * INSTRUCTIONS. UNIT=15 
2 *BWP 4 INSTRUCTIONS. UNIT=15 
0 *PEP * INSTR3CTiONS. UNIT=15 

1 * L I B  * I b S ' i R U C T I O B S .  U N 1 ' 3 3 5  

S S C =  2 .337E 06 DEET= 2 . 3 0 7 3  06 T!= 7 . 4 6 f E - 0 7  EPF'!= 2 . 0 1 8 2  0 2  FDO?= 5 . 0 2 8 2 - 0 3  E P P 2 =  2 . 5 6 5 2  0 2  PDDOT=-9.997E-40 B P P 3 =  2 . 1 3 7 3  3 2  
:"2= 3 . 2 2 9 2 - 0 9  'I?= 5 . 1 1 9 E - 3 0  T3?l= 1 . 5 0 5 3 - 3 a  T2E= 5 . 1 2 5 E - 5 7  T3M= 9 . 6 2 9 3 - 0 8  EPFAVG= 2 - 0 1 9 E  0 2  FLUX= 2 . 9 0 0 E  74 POYER= 3 . 7 5 0 2  01 
N O R B E R  OF COEMANC= 3 4  : T K I S  I S  IWSTRUCTIOX 2 OUT O P  A TOTAL OF 0 * I R P  * TRSTRUCTIOFS. 3 N I T = 1 5  

T S I C =  5 . 7 6 3 2  0 6  DELT= 3 . 4 5 6 E  0 6  T 1 =  7 . 4 5 3 E - 0 7  E P P 1 =  2 . 0 2 1 E  0 2  PDOT= 3 . 3 0 6 2 - 0 3  EPF2= 2.852.E 0 2  FDDOT=-8.284E-10 E P F 3 =  2 . 1 4 2 2  0 2  
T 2 =  3. 1 7 3 3 - 0 9  T 3 =  9.34CE-10 '!';E= 1 . 5 0 6 3 - 9 4  T2R= U - 5 4 2 3 - 0 7  T3!+ '3.764E-03 EPPAIGz 2 .023E 0 2  FLUX= 2 , 8 9 7 E  11.1 POWER= 3.7503 01 
NOWBER OF COEMANC= 35 ; T H I S  I S  INSTRUCTION 3 OUT O F  A TOTAL O P  0 * I B e  * INSTRCCTIOXS. i l H I T = T 5  

T+EC= '1.152E 0 7  DELT= 5.7511E 06  T1= 7.458E-07 ZPP'I= 2 .025E 0 2  PDOT= 1.UOOE-03 E P ? 2 =  1 . 1 0 9 E  0 3  FDDOT=-5.96UE-10 E P P 3 =  2 . 1 5 2 2  0 2  

N O f l E Z R  O F  C U f i I l A A C =  3 6  : T H I S  PS INSTRUCZION 4 OUT GF A TOTAL O P  G * I 6 P  * INSTRTJCTIONS. 'u 'NIT=?5 

TSEC= 2.331iE 07  DEL:"= 7 . f 5 3 E  07 T1= 7 . 5 0 9 3 - 0 7  E????= 2 . 0 3 2 2  0 2  PDOT=-1 .5073-03  3 ? P 2 =  4 . 4 7 3 2  0 2  FDDO:"=-3.FiS&E-'l(1 E P F 3 =  2 . 1 3 3 8  0 2  
T2=-U. 8 9 6 E - 3 9  '13= 1 , 3 9 2 E 4 9  T7H= 1 . 5 2 6 E - 0 4  T % f l = - 7 . 4 3 3 2 - 3 6  T3B= 8 . 4 2 1 8 - 0 7  EPPAVG= 2 . 0 3 7 6  0 2  ?EWK= 2.919E 7s PO.3ER= 3 . 7 5 0 E  51 
NUFIBER OF C O R N A N D =  37 ; T H I S  I S  INSTRUCTION 5 OUT OP k TOTAL O P  G *YRP * I N S I I R K T I O K S .  UNIT=?$ 

T S % C =  3 . 4 5 6 E  07 CELT= '1 .4526 07 T I =  7 . 6 7 4 E - 0 7  EPFY= 2 . 0 4 1 E  0 2  FDOT=-U.6382-03 E P P 2 -  1.8U8E 0 2  PDDOT=-8.381E-11 EPP3= 2 . 4 0 8 E  0 2  
T2=-4. 573E-Oe T3= 4 . 5 2 1 E - 0 9  ??Pi= 4.566E-04 T2R=-3 .5452-06  T3M= 2 . 9 5 7 E - 0 7  E P I A Q G =  2.0U5E 0 2  FLUX= 2 . 9 8 3 3  3 4  POWER= 3 . 7 5 0 E  0 1  
NUABEN OF COBiYAHD= 38 : T H I S  I S  I N S T R K T I O N  6 OUT OP A TOTAL OF 0 * I B P  * INSTRUCTIONS. 3 N I T = 1 5  

T S X =  3 .802E 07 DEL?= 3.U56E 06 T7= 8 . 0 5 5 E - 3 7  E ? F ? =  2 . 0 4 9 2  3 2  PDOT=-5.804E-03 E P F 2 =  !.978X 0 2  YDDOT= 3 . 4 7 4 E - 1 1  ETS3= 1 . 6 k 3 E  3 2  
72=-6 .50BE-09 T 3 =  2 . 5 2 4 3 - 7 9  74H= 7 . 6 5 0 8 - 0 4  T2K=-7.U2UE-06 T3N= 4 . 9 2 3 E - 3 9  BP?AVG= 2 . 3 5 0 3  0 2  FLEX= 3 . 7 3 7 2  ?I, 50;?ER= 3.7591" 01 
N U t l E E R  OF C O ? 9 M A N T =  3 9  ; T I i I S  IS INSTRUCTTOX 7 OiJT U P  A YOTBL OF (3 * I R P  4 INSTRUCTIONS. OhiIT=15 

TSEC= 4.608E 07 DEST= 8 . 0 6 1 3  06  T I =  8 . 2 2 7 E - 0 7  E P P l =  2 . 3 5 1 E  0 2  PDOT=-5 .6352-03  E P F 2 =  1 . 9 2 1 E  0 2  FUDOT= U.285E-11 EPF3= 1 . 7 2 2 2  0 2  
T2=-1. 5 3 7 3 - 0 8  T 3 =  6.88olE-41 T l K =  1.6872-OU T2B=-3.365E-06 T 3 W  1 . 2 7 9 E - 3 8  ZPFAVG= 2 . 0 5 3 3  0 2  FLUX= 3.19EE 1 4  ?OVER= 3.7502 (11 
NUflBER OF C O M B A N D =  8 0  : T B I S  I S  INSTRUCTION 8 OUT OF A TOTAL OF 0 * I R P  4 INSTROCTIIOES. U N T 7 = = 1 5  

T 2 =  ?.6012-09  T3= 1 . 8 3 5 2 - 0 9  T?,'i= 1.513E-OU T2S= 5 - 3 2 2 3 - 0 8  T3K= 3 . 4 9 0 E - 3 7  BTJ?AVG= 2 . 0 2 9 3  0 2  FLUX= 2 . 8 9 9 E  111 ?ObdER= 3.7503 O ?  
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75 ; ?HIS I S  I J S T R U C T I O N  
7 6  ; ':'flIS I S  INSTROCTION 
17 ; THIS I S  INSTRUCTION 
78 ; T H I S  'ES INSTaUZTIGM 

El0 ; T t I I S  IS ; '~STBKTTION 
8'1 ; '?HIS IS IWSCRUCTION 

2 : TKIS IS IMSTRSCTIGM 
3 ; T H I S  I S  INSTRUCTION 

5 ; TfIIS  I S  INSTRUCTIOH 
6 : THIS IS I H S T B B C T I O N  
7 : TEIS I S  I f 4 S T I D C T I O N  
5 : T H I S  I S  INSTRDCTION 
9 ; T n I S  I S  IdS'?R:KTION 

10 ; TXIS IS I ~ S T R W T I O W  
1 7  ; T B T S  I S  INSTRUCTION 
7 2  ; T i i I S  IS ISSTRUSTTOW 
13 ; TFl IS  IS I N S T R W T L O N  
16 ; T H I S  IS I N S T n K T I O N  
7 5  : T H I S  T S  INSTROCTION 
''6 ; Tff lS  LS INSTROCTIOX 
'17 ; T H I S  IS INSTRDCTIUN 

?!? : TkIS :is :BST33C%TOG 
2 3  : TBlS  I S  I B S T R X T I O S  
2': ; T R i S  IS INST%UCTIOS 

2 3  ; T H I S  IS :NSTH,JCTION 

25 ; THIS I S  Z N S T R X T I O B  
2 6  ; T H E  is TNSTRCCTIO>:  
2 7  ; TEIS I S  lNST2UCTIOK 

79 : T H I S  1s XNSTR3CYION 

3 ; TSZS 1s X # S T I U C I I O N  

4 ; T H I S  1s INSTRKCTIOM 

1 8  ; TETS ss :NSTILTC!?zOW 

2 2  ; T B I S  is I L S T K U 2 T I O N  

2 4  ; T W ~ S  IS I ~ ~ S T ! ~ U C T - ~ O ~ ~  

3 f  ; PHI5  i s  INSTKUCT13V 
3 2  ; ?SI. 15 TNSTXtSCFIOB 

34 ; TESS 1s I X S T B K T I O ? ;  
3 3  ; T H I S  IS INSTRUCTION 

15 OUT OF A TOTAL O F  
5 OUT D? A TOTAL OF 
1 OUT C P  R TQ'TAL O F  
2 OUT U P  A T3T.4L 07 
3 O U T  O F  A T3CAL 95' 
4 O J T  OP A T O T A L  Of 
1 OUT OF A TOTAL O F  
f OUT 07 R TOTkL O F  
3 OUT O F  A TOTAL OF 
1 OUT O P  A !POOTWL OF 
7 OUT OF A TOTAL OF 
1 OUT OP A TOTAL DP 
1 OZT Of ZI TOTAL 01 
'i OGT OF A m?AL OP 
? GUT O P  :I T3PAL. 3F 
2 O D T  OP A TOTAL O? 

1 OUT OP A ? $ T A L  SY 
2 GUT 0 7  A WTRL OF 
3 OUT O F  X TOTAL OF 
(i OUT OP X TOTAL G P  
2 OUT OP X TOTRL OF 
3 03T O F  TOTP.Z O? 
3 Oil? O F  A TOTAL OF 
2 OFT 3.F A TOTAL ClP 
': OUT O? A TOTAL O f  
2 OilT OP A TOTAL OP 
3 GUT C P  ir ' T O T R 5  3P 
(1 OUT O F  A T ; r l A I .  ii? 
5 OUT U P  x TO?YtL CiY 
5 OpJT CP X TOTAL OF 
7 OUT OF A TOTAL OF 

9 uii'l S P  A TclTR"L O? 

1 OWT OF A w r A L  O P  

I C s  OUT Of k 7!03E:;\i 3F 
'15 OUT O F  t W T R b  OF 

5 *NOY 4 ISSTBDCTIONS.  U Y I T = 1 5  
5 *MOT * INSTRUCTTONS. UNKT=15 
4 4PCR * INSTR3CTIONS.  U N I T = ? S  
4 *PCS * IWSTRUCPIOHS. UNIT=tS 
4 *PC% * XNSTRUCTIONS.  UNIT= ' I5  
4 *PCH * I N S T R X T I O B S .  F N I T = 1 5  

2 * 3 A S  * INSTBUCTPOWS. UNIT=!5 
3 *CUT * INSTRUCTIONS. UNIT='15 
1 * L I P  4 INSTRUCTIONS. UNIT=95 
'9 *LPU * INSTRUCTIONS. D I I T = 1 5  
1 * L I B  * iNSTRVCTIOKS. IJMTT=75 
1 *PH3 4 YNSTRUCTIOFS. PNIT=75 
S *MOV * INSIRUCTIOXS.  G N I T = 1 5  
€ *RDA * :NS9EUCTIO 
E, "32A * INSTRGCTIG 
ii * 9 E C  * XBSTRUCTIONS. V N I T = 1 5  
Y ++?RO * INSTRECTIONS.  L!MIT=?5 
U *Pl?O * ;NSZRUCTTONS. UMIT='I5 
?) 3 P Z O  * INSTRUCTIONS. UNlT= . i5  
4 *PnO * IXSTRUCTICNS. Ut!IT='iS 
2 *BAS * INSTRUCTIOXS.  BN?T='15 
6 *PDh * I N S T R Z C T I O F S .  GNIT=75 
2 * T I T  * I Z S T R X T T O  
5 4 f l O Y  * i1!STRX'.*'IO 
2 * X E D  9 I)iSTEiJCTIGKS. E&,':"=35 
0 *DEC 3 I N S T R J C T I O i i S .  IJNZT=15 

I *sye  * INSTRUCTTONS.  ~ ~ 1 ~ = 1 5  

3 *D2C * ISSTBFCTSONS. QNIT=?5 



APPENDIX F: LISTING OF SAMPLE PCH COPPIAND OU'IIPUT 
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‘ 1 2 9 0 6 4 0  
3 3 0 0 6 4 0  
1 4C0680 
1 3007’10 
1 310710 
1 32Q710 
I 3 2 0 7 4 6  
1 330750  
1 380780 
1 3YB900 
’B 390900 
3 39093Q 
4 J40C910 
1 1406950 
1 1110930 
1 13 70951 
1 tt10980 
1 48209363 
a a20970  
1 4421010 
1 440990  
1 441030 
1 ~1510’30 
1 “451051 
1 061050 

1 (r61170 
1 U71081 
-I 1177106 
1 1481060 
1 sRl ld0  
1 487730 
5 h3’0160 
1 4 R d 2 1 0  
1 u91150  
1 4911?l 
1 ra912oi) 
1 5 3 1 ? 3 1  
1 501170 
1 561199 
1 501220 
3 501250 
1 511229 
1 511251) 
1 521230 
1 5 2 1 2 5 1  
1 524290 
1 531270  
1 ‘331301 
1 51r7291 
1 ??&I320 
4 451330 
7 6C1480 
T 6141bR7 
1 691520 
9 627500 
1 6275836 
1 6315211 
1 6.31560 
4 641551 
1 sa3sr?o 
1 641620  
1 65162C 
4 661636) 
1 664660 
9 681660  

9 4f i1080 
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1 681690 
1 631630  
1 709700 
1 701740 
1 721760 
1 739821 
1 741820  
1 7 4 1 8 5 0  
1 7 4 1 8 8 0  
1 757870 
1 761860  
1 761900 
1 761920  
1 7 7 1 9 2 0  
1 771941 
1 7819al) 
1 78197C 
1 791990  
1 002010  
1 8 2 2 0 4 0  
1 822080 
1 832100  
1 8rS2110 
2 20040 
2 822060  
2 822100  
2 832090  
2 832110  
2 842100  
2 842150  
2 8S2180 
2 872210  
2 8822Y.O 
2 892250  
2 902270  
2 902310 
2 912310  
2 9123140 
2 922320  
2 922360 
2 922400 
2 932350 
2 932401 
2 942370  
2 9 4 2 4 1 0  
2 942450 
2 952U10 
2 952441 
2 962410  
2 962450 
2 9621s90 
2 972510 

2 932530 
2 162500  
3 10030 
3 40100 
3 290670  
3 300691  
3 310710 
3 300720  
3 280430 
3 320730 
3 290740  
3 270750 
3 310750 

2 982520  

1.3034E-12 68'8709 
8.1740E-12 691700 
3.4U48E-13 701740 
1.6099E-20 701750 
3 -  6578E-214 721770 
5.772'7E-15 931830 
1.9093E-03 7Q 18 31 
6.1 12 6E-0 6 70 7 8 5 1 
3.6586E-09 741890 
8.2672E-04 751880 
1.3517E-05 761870 
5.4257E-07 '76190 1 
rS.1268E-3 1 761930 
7.15702-10 771921 
8.9425E-21 781920 
3.56872-11 781950 
5.3351E-21 781371 
4.9825E-22 801980 
6 . 5 4 5 2 ~ - 2 3  802020 
6.7 Y O  1 E-05 82 2050 

1.8843E-03 832101  
3.71659E-20 8Y2111 
5.4434E-02 812070 
2.7527E-16 822070 
2 ,8611E-" lQ  822110 
5.7287E-20 832090 
2.9 6 9 8E-18 8 3 2 1 20 
2.7302E-16 8421 10 
4.1352E-23 842160 
1.3228E-23 R62190 
3.9012E-18 872230 
2.0370E-11 882250  
1.1 704P-14 892240 
3.8634E-14 902280 
6.0 0 3 7 E -0 9 90 23 20 
1 . 1 3 07E -0 6 9 9 2 3 20 
1.0722E--11 312350 
e. 0 4 C 8E-07 92 2 3  3 0 
1.6773E 01 922370 
2.8526E-07 922410 
3.1447E-07 932370 
2.5 99 0 E-0 7 9 3 24 0 0 
1.46@1E--07 9Q.2380 
5.0754E 0 0  992420  
3.3253E-09 942460 
1.2381E-01 952Y21 
1.094rSE-05 952b90 
2.5272E-12 9621920 
4.9343E-04 962660 
5.463UE-13 962500 
7 -036 8E-17 98 2490 
1 . 2 8 1 7 ~ - 1 1  982530 
2.7255E-14 992544 
4.9342E-09 0 
1.8870E-02 30060 
1.2852E-05 601140 
3.0220E-18 300670 
9.8151E-20 310690 

2 . 5 3 0 2 ~ - 0 3  822090 

i . 2 1 7 3 ~ - - o e  270720 
i . 0 9 0 6 ~ - 0 6  310720 
9.1312E-13 290730 
6.091 1E-OY 3207 31 
5.4905E-12 300740 
9.7 131E- 1 7  280750 
S . S B O Z E - ~ ~  3 2 0 9 m  

5.126OE-16 681710 
7.981aOE-I3 691710 
9.23633-15 701720 
1.7998E-2.3 411750 
1.62 8 SE-2 5 33 18 1 0 
3.9336E-09 741800 
2. 3174E-13 7161830 

1.3473E-23 751850 
3.6422E-07 75188'1 
1.000l8E-14 761883 
3 . 1 2 2 6 ~ 1 6  7619 10 
'I. 0 8 35E-14 4619 40 
7.6023E-13 441930 
8.1380E-10 381930 
2.0060E-IQ 781951 
2.6779P-23 791970 
2.58023-  20 801990 
1.7384E-24 812950 

6.90033-13 832080 
'J.4478E-07 8321 1 0  
2,78723-20 0 

3.9546E-83 822080 
5.03333-17 8221 2 0  
1.7885E- 1 3  8321 0 1 
2.34053-13 832130 
3.64333-23 842129 
9.66343-13 842180 
9.2018E-20 862208 
Y.6935E-19 882220 
1.8096E-14 882260 
l .7866E-11 892280 
3.8521E-09 902290 
7.1235B-07 982330 
lr,681663-09 912330 
3.. 55149X-17 922390 
6.0%!OE-O6 922390 
B. 6852E-02 922380  

1.8211E 0 0  932380 
9.7080E-06 9324 IO 
5.36153-01 942390 
1 . 9 0 1 9  0 0  942430 
2.62633-31 952390 
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4.21 1 8 E - l U  45 10 90 
1.7 7 75E- 1 3 47 10 9 0 
l.4736E-20 U21100 
1 -6366E-18 45110 1 
3,8260E-10 481100 
5.1 Ol OE-17 UU 11 10 
9.53373-14 471110 
3.50803-16 421120 
7.1348E-16 461120 
6.8093E-21 431930 
1.134YE-14 471130 

1.3057E-19 441140 

3.25173-13 421150 
2 -  67612-16 46 1150 

1.1 058E-I0 U31160 
8.2563E-16 6 7 1  160 
6.1 863E-16 49 1 1 6 1  
1 -0401E- 1 9  4 5 1  170  

3.4838E-13 501170 
5.34123-18 461180 
1.94lSE-13 491180 

6.7 4 8 5 ~ -  09 35 0970 

9.482m-11 491130 

3.86092-16 481 1 4 0  

i . 5 0 8 6 ~ - 1 1  4 a i i 5 i  

1.7 o 3 IE - i 6 48 1 i 7 o 

2.871UE-11 390901 7.05153-16 400900 

8.8063.E-11 390910 1.30303-08 390911 
4.U1 25E-2C 350920 6.8528E-18 360920 
2.90863-11 390920 3.8245F-11 la00920 
3.4441E-16 370930 9.6261E-15 380930 

1.60473-17 370940 2,4563E-15 380940 
1,73753-07 4 1 0 9 U O  3.39093-13 410941 
8.9241 E-1 8 370950  1.S9332-16 380950 
2-42123-08 410950 1.3067E-08 410951  
1. 4737E-22 360960 1,19023- 18 370960 
5.770OE-13 400960 1.96033-07 a10960  
2.7166B-20 370970  5.4 27QE-I8 380970 
2.939933-10 ((10970 2.1146E-11 a 1 0 9 7 1  

1.5U33E-13 U l 0 0 8 0  3.0658E-16 410981 

7.42833-14 4111991 3.8499E-18 420990 
1.0396E-IO 440990 6.85693-13 371000  
5.2073E-16 401000 3.21602-14 411000 
2. 4 l l 9E-07  U31000 1.5806E- I4 Q41000 
2.2349E-16 401010 9.5274E-15 411010 
4,5773E-72 443010 2-06983-07 381020 
U.8866E-14 411020 1,3100E-114 421020 
2-02363-15 441020 2,141U.E-07 381030 
1.20753-15 1011030 5.0289E- 14 U21030 
1.8944E-08 45 103 0 1 33 08E-07 451 0 3 1 

5.5701E-42 441040 1.81r72E-07 451040 
6-0199E-08 391050 8,0633E-21 401050 

5.6139E-lIU 461050 1.3816E-07 401060 
1.7799E-TU 431060 1.1979E-13 441060 
1.0422.E-12 461060 7.1008E-08 391070 
1.5744E-47 421070 U.7301E- 15 431070 
3.6618E-112 461070 8,99503-08 461071 

4 . 4 8 8 7 ~ - 1 9  350910 7 . 2 7 5 6 ~ -  17 360910 

1 . 6 5 3 a ~ - o 7  ~10930 i . 2 4 1 5 ~ - 1 ~  410931 

a . 7 2 9 1 ~ - 2 1  370980 1,06873-18 380980 

6.1023s-20 380990 a , r 8 7 4 ~ - 1 7  390990 

1 . 4 ~ 8 6 ~ - 1 9  4 0 1 0 ~ 0  6.aoa73-16 411040 

1-90 18~-113 ~ 3 x 1 5 0  2 . 1 0 3 7 ~ -  12 m i 0 5 0  

I . ~ ~ O I E - ~ O  4 i i o a o  i . i 3 8 7 ~ - 1 8  421080 
s . 2 7 4 1 ~ - 1 3  4 5 i o a o  3 . 3 1 2 8 ~ - 1 4  4 5 1 0 ~ 1  
5.87343-21 471081 U.6700E-16 481080 
2.. 9546E-19 421090 6.77673- 17 431090 
1.12933-13 451091 3 . 1 3 7 0 ~ ~  14 461090 

2.45173-17 431100 9.963UE-17 4141100 
1.237UE-16 4611 00  2.00363-08 471 100 

3. 473UE-15 451110 1.9U33E- l U ,  4611 10 
2.0652E-10 471111 2.0584E-14 491110 
3.3493E-19 431120 4.51922-18 441 120 
1.17723-1 1 471120 1.83883- 12 481 120 
1.5390E-18 441130 1.3836E- 16 451130  
2-16803-12 471131 8.4373E-16 481130 
3.90213-12 4911 31 1.12833-22 421140  
1. i 2 6 l E - 1 6  451140 9.97203-17 461140 

3.17693-0a 471091 5 . 9 4 3 2 ~ - 1 4  481090 

1 . 3 2 3 6 ~ - 0 a  ~ 1 1 1 1 ~  i . 5 5 6 3 ~ - 2 1  421710 

7.96832-09 491140 i 1 6 9 a 5 ~ - 1 8  491141 
2.74333-23 431150 3 , 5 3 a 0 ~ - 2 0  441150 

2. a 6 7 5 ~ - 4  1 4 9 1 1 ~ 0  8 . ~ 0 9 5 ~ - 1 0  497 157 
3.D390R-15 4711 50  7.1 874E-lll 471 151 

1.0466E-21 441160 J.2990E-18 451160 
5.28UUE-15 U71161 3.Ul?BE-  16 481160 
1.12893-13 501160 2.46OBE-09 431170  

3.9925E-13 4811 71 2.8404131-33 491 170 
2.7412E-09 501171 4.3181E-13 441180 
7.36953-16 471180 1.55773-36 471181 
3.2179E-16 491781 7.5418E- 18 501180 

i . o 7 o a ~ - 1 7  461170 2 . 5 4 3 5 ~ - 1 6  471170 

3.237 CE-09 
1 0676E-14 
4 ,461  52-12 
1,2632E-45 
1.4007E-07 
1 6203E-72 
8.10832-14 
2.6238E-13 
1.830SE-18 
8.4326E-14 
9 ., 91 6 2E-I2 
3,14253-77 
8.50 16E-13 
2.4452E-15 
2.75093-13 
4 2 9U 5E - 1 5 
1 1) 55783-11 
1,21172-15 
’I, 3O2OE-09 
7.658 1E-21 
7.05U 8E-15 
2,IUSlE-08 
3.4656E-14 
1.90282-19 
3.5876E-12 
2.229 le-2 1 
3.3386E-13 
1.6929F-11 
1.6566E-15 
11.2166E-13 
1.3P.Cl6E-17 
7.1196E-11 
2.3352E-18 
7.120 IE-08 
1,97963-24 
5,324 8E-14 
6.066 8E-18 
3.1048E-16 
6.5660E-15 
(3,1725E-16 
2 .) 4 94 7E - 1 4 
7,27663-1 1 
1.0619E-18 
8.3700E-15 
1.65803-1 4 

4.1778E-13 
1.0599E-08 
5.6 463E-17 
6.22903-09 
9 .. Cr 1 3 9E- 1 7 
5,8733E-11 
1.13513-21 
1.21263-14 

1 = 0 4 2 4 ~ ~ 1  a 

3.a75ie-14 
7.664 Q E - ~  a 
3.9236E-16 
1.21572-12 
1.752 1 E -  1 7  
2.7336E-09 
5.626 773-2 3 
2,35292-15 
1.0409E-13 
1.43 16E-78 
8.3063E-17 
2.6998E-09 



3 451190 
3 481191 
3 501191 
3 4 7 1 2 0 0  
3 501200 
3 481210 
3 5 0 1 2 1 1  
3 471220 
3 501220  
3 ‘A51230 
3 491230 
3 511230  
3 U71240 
3 511240  
3 881250  

3 e61260  
3 SO1260 
3 481270 
3 501279 
3 531270 
3 501280 
3 531280 
3 501290  
3 521291 
3 481300 
3 511301  
3 5U1300 
3 511310  
3 5U1310 
3 501320  
3 531320  
3 511330  
3 531331 
3 491340 
3 521340 
3 541341  
3 501350 
3 541350 
3 561350 
3 52’1360 
3 551360  
3 521370  
3 561350  
3 537380 
3 561380 
3 531390 
3 571390  
3 551400  
3 521410  
3 561410  
3 521U20 
3 551420  
3 591U21 
3 551430  
3 591430 
3 5574QQ 
3 591480  
3 554450 
3 591450 
3 561460 
3 661460 
3 591Q-70 
3 6111rlO 
3 579406 
3 611488  

3 5 0 1 2 5 1  

6.5215E-19 461190 
6.1 846X- 1 5 49 1 190 
1.8890B-1 1 4011200 
4.8126E-17 481200 
2 - 7  01 9e-09 U5 12 10 
7.991YE-15 491210 
1,06141.:-12 511210 
1.8024E-18 481220 
2.91 01E-09 51 1220 
4,80&UE-23 U6123Q 
3.14963-16 491231 
2.97C5E-09 52123Q 

2.4L166E-11 5112Ul 
6.1 779E-19 Q9 1250 
5,0671E- 1 4  511 250 
2,9397E- 2 2  471 260 
7.8340E -09 51 1260 
1.0555E -17 491 270 
3.1205E-fQ 511270 
1.500EE-08 471280 
2.63333-12 511280 
5.9518E-lrS 54 1280 
1.7974E-13 501291 
a. 852lE-’0 0 5 3  1290 
1.0 651.E- 7 8 491300 
5.8963E-13 521300 
2,6240E-09 4813 10 
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5.5554E-09 561391 
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2.2311E-07 571380 
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2-13892-64 521400 
2.8819E-33 561400 
2.98183E-20 531410 
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7.2768E-21 531420 
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1.4967E-15 561430 
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4.5612E-12 511261 
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6.1325E-14 511290 
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2.2404E-13 531361 
3.8467E-09 561361 
5.156SE-14 541370 
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4,0107E-12 5513 80 
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1. U202E-13 5513 90 
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2.6699E-15 501 240 
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1.19862.:-09 521251  
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2.2768E-15 521260 
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2.769OE-08 
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1.3507X-1U 
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4.0848E-14 
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1.2639E-09 
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2,1845E-07 
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2 -  108nsE-07 
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1.281 OE-1 1 
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3 571090 2.73443-16 581U90 
3 611U90 3.5064E-10 621490 
3 571500 1.269OE-17 581500 
3 611500 2.5391E-13 621500 
3 591510 1.9102E-15 601510 
3 631510 1.9376E-12 561520 
3 591520 1.8058E-15 601520 

3 571530 1.4480E-20 581530 
3 611530 1.12E8E-13 621530 
3 571540  2.70333-22 581540 
3 61lSU0 3.5977E-10 611541 
3 641540  4.0107E-10 581550 
3 611550 4.9744E-15 621550 
3 641550  1.4698E-11 581560 
3 611560 1.03933-15 621560 
3 581570  2.02U5E-22 591570 
3 621570 3.418%-14 631570 
3 601580 8.8356E-18 611580 
3 6B1580 4.70783-09 591590 
3 621590 3.06353-15 631590 
3 501600 1.6555E-20 611600 
3 641600 3.5259E-10 651600 
3 611610  6.7341E-20 621610 
3 651610  3.7U22E-12 661610 
3 631620 3.5319E-16 641620 
3 661620 1,0220E-10 621630 
3 651630  1.2003E-15 661630 
3 641640  4.8451E-16 6516U0 
3 531650 2.3542E-20 6U1650 
3 661651  7.3537E-17 671650 
3 671661 3.8103E-13 681660 
3 681680 2.1839E-12 681690 
3 6 91700 2.2523E-15 701700 
3 701710 1.1074E-16 681720 
0 0.0 0.0 

3 621520  2 . 7 a i 8 ~ - 0 8  631520 
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3.5 1 4OE- I 3  6 115 20 
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2- 50543-10 631530 
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5.4101E-20 591550 
2.12733-13 631550 
8.38603-2 1 591560 
3.57862-72 631560 
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5.7261E-12 641570 
U.9459E-17 621580 
9.79081-23 601590 
2.48142-1U 641590 
U.7667E-19 621600 
2.4790E-11 661600 
2.412UE-17 631610 
1.127633-10 611620 
1.4 307E-15 6 5  16 20 
6.6846E-20 631630 
7.9555E-11 621640 
8.3147E-17 661640 
1.24113-17 651650 
3.8394E-11 661660 
1.2171E-11 681670 
9.79993- 16  6 9 16 90 
2.1 507E- 1 5  6817 10  
1.0361 E-25 691720 

0.0 

1.61 19E- 13 601U90 
1.8388E-23 561500 
1,0327E-14 601500 
2.5018E-18 581510 
7.24 99 E- 1 1 6 2  1 5  10 
9,59352- 20 581 520 
1.2880E- 13 611521 
9.1927’15-15 641 520 
5.5 4 27E- 16 6 0  1530 
2.20262-08 64 1530 
2.36UOE- 17 601  5UO 
8,86393-09 6315U0 
7.0738E-38 601550 
2.8133E-09 641551  
3.6 9 85 E- 79 60  1560 
7.9881E- 10 641560 

2.04493-11 591580 
1.0 3691  -1  3 6 3 1580 
1.5479E-19 611590 
1.8944E-12 651590 
2.3759E- 15 631600 
U.9790E-11 601610 
1.91 O B E - 1 6  641 6 10 
9.6721 E - 2 2  621 620 
1.0Se2E- 15 651621 
4.4953E- 1 8  6Q1630  
9.4416E-21 631640 
1.1978E-11 621650 
6.6 1 42 E- 18 661 650 
4.22163- 14 671660 
8.23593- 13 681671  
1.3866E-1U 681700 
4.4639E-23 691510 
8. U536E-20 701720 

3 . 0 3 8 6 ~ - 1 7  611570 

7.604 8E-12 
4.7016E-19 
3.521OE-08 

2.89 1 OE-0 9 
4. 0791E-7 6 
4.5956E-65 

2.063 7E-14 
2.3113E-12 
1 e 1 6 5  93-1 0 
7.3955E-09 
1 ./ 7 54UE-15 
4. 6259E-23 
1. 491 1 E - 1 5  
1.2302E-08 
2.6792E-15 
2.1135E-21 
1, i584E-13 
1.2718E-17 
7 ,179  1E-10 

3.0989E-22 
1. l729E-15 
4.6310E-18 
5,785IE-16 

1.293 6E-19 
1.2625E-22 
1 . 9 8 6 2 E - 1 4  
6.5492E-lU 

3.2558E-18 
2.0464E-16 
8,4733E-18 

I. 270933-7 6 j  

2 , 0 8 a 4 ~ - 1 2  

5.31 89E- i  6 

a. B ~ ~ ~ E - I T  

3 , 3 5 7 3 ~ - 2 0  
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ORNL/TM-7175 
Dist. Category UC-70 

INTELWAL D I S T R I B U T I O N  

1. 
2 .  
3 .  

4-8.  
9. 

1.0. 
1.1. . 
1 2 .  
1 3 .  

14-18. 
1 9 .  

20-24. 
25. 
26. 
27  * 
2 8 .  
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